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NNPEAUC/IOBHUE K BOCbMOMY U3IAHUIO

Kuura A. I', Kacamxuna «OcHOBHBIE TpOLEcchl H allllapaThl XHMHYECKOH
TeXHOJIOTHH» Oblja BUepBhle W3faHa B 1935 r. u ¢ Tex mop npuobpesa MIHPO-
Kylo nonyaspHocth. IIpH xu3sHu aBTOpa OHa BhIAEpXKaja ceMb H3JaHUH U
ceirpaJsa GoJblIyio poJb He TOABKO B KauectsBe yueOHHKA JJIA CTYAEHTOB XH-
MHKO-T€XHOJIOTHYECKHX BY30B, HO H KaK DYKOBOACTBO JJIsl MHXEHEePHO-TeX-
HHYECKHX paGOTHHKOB XHMHUYECKOH U POACTBEeHHHIX efl orpaciiedl NpoMbILIIEH-
HOCTH.

dro nobyauio kadenpy «lIpoueccoB u ammaparos» MockoBckoro opieHa
Jlenuna u opaena Tpynosoro KpacHoro 3HaMeHH XHMHKO-TEXHOJOIHYECKOro
uderuryTa uM. . M. Menneneesa, pykosonureseM KOTOpOH B TeyeHue psaja
aer 6bi1 A, I'. KacarkuH, u usgarenbctBo «XuMHA» NPERNPHHATL TPYA MO
NOArOTOBKe W BHINYCKY {OCMepTHOro u3fianusa yuebHuka A. [.” KacarkuHa.

3a rofsl, NpoieLIHe CO BpeMeHH BBIXOJa B CBET NOCTELHEro H3jaHua KHUTH
(1960 r.), MOCTHIHYTH 3HA4YUTENIbHBIE YCNeXd B pa3paGoTKe HayuHBIX OCHOB
XMMHYECKOH TeXHOJIOrUH, CO3RaHHW HOBHIX HHTEHCHBHBIX H BBICOKOIIDOU3BO-
IMTeJIbHbIX NpOIECCOB M alllapaToB, a TaKXe B COBEPLIEHCTBOBAHHH YXKe H3-
BECTHBIX IIpOLECCOB H allllapaToB. DTH ycmexd OOGYCJOBHIH 3Ha4YHTeJbHBIH
TeXHHUECKHH mporpecc XHMHYECKOH TeXHOJOTHH.

HNupexktusamu XXIV cresna KIICC mo nsaruaerdeMy miady pa3sBUTHA
nHapoxpHoro xossiicrsa CCCP na 1971—1975 rr. naMeueHo jajbHeiilee ycKO-
peHHOe PasBHUTHE XUMHUYECKOH W He(pTeXHMHUECKOH NpPOMBILIEHHOCTH, Npeny-
cMaTpUBaeTcd «. .. IIMPOKOe BHeJApeHHe [pOrpecCHBHBIX, OCOOGHHO Hempe-
PBIBHEIX, TeXHOJIOIMYECKHX IpolLleccoB; YCKOpeHue pa3paboTKH U NPOMBILIIEH-
HOrO BHEJpeHHs HOBBIX HPOIECcOB XHMHYECKOH TexHosoruu». Orciofa BbiTe-
Kaer HeoOXoRHMOcTh yriyOJeHnsi ¥ cOBEpLIEHCTBOBAHHS HayKH OO OCHOBHBIX
npoueccax u amnmapartax, paspeuieHHs Haubosee CJOXKHBIX mpoljeM THAPO-
AMHAMHMYECKHX, TeIJIOBhIX, MacCOOOMEHHBIX W JApyrux mnpoueccos. Bce sTo
noTpe6oBao OCBETHTh B HOBOM M3JaHUH KHHIH pSJ HOBBIX BONIPOCOB U Gosee
yriyGJeHHO H3JI0XKHTh HEKOTOphle pasfelbl Kypca. '

Ilpa nepepaboTKe KHHIH YYHTHIBAJOCb, YTO OCHOBHBIE pasliesbl Kypca
IPOLECCOB H- aNllapaTOB Pa3BHJHMCH 3a UOCJEIHHE [OJbl B CaMOCTOATENbHbIE

. TeXHHYECKHE JHCUUIIHHE, KOTOPHLIM IOCBSLIEHHl clenualbHbie MOHOrpaduH
u yaeOHble noco6us. Kpome toro, o6bem KHHIH JoJIKeH ObITh OrpaHUueH COAep-
XKaHHeM y4eGHOH nporpaMMbl O KYPCy H KOJHYECTBOM OTBOXHMBIX 4acOB JAJs
ero u3yyenus. [losToMy B yueGHUKe NpHBELeHb! JHIIL CBENEHHUs, JOCTATOUHbIE
IJIA ySAICHEHHUSl ¥ aHa/lH3a PU3HKO-XMMHYECKOH CyIIHOCTH IPOLECCcoB, HX Mexa-
HU3Ma M ONTHMAJbHLIX YCJIOBHA NpPOBENEHHS, a TaKkKe PACCMOTPEHH IpPHH-
UMNEl YCTPORCTBA THIIOBBIX amnapaToB M oblias MeToAuKa MX pacyera.

Bousee moppo6ueie MaTepHasbl, B TOM YHCJE Pa3/JdA4HblE PACUETHHIE SMITH-
puyYecKHe W NMoJNysMIHPHUYECKHEe ypaBHEHHs, JaHHbIE KaTaJOXHOro xapakrepa
06 anmaparype, 3HaueHUsl (U3HYECKHX KOHCTAHT M T. A., UMTaredb Hafiaer
. B CHeLHaJIbHOH M CIPaBOYHOH JIHTepaType, Ha KOTODPYI0 HPHBOIATCH CCRIIKH
B TEKCTe H B KOHUE KHHIH.
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Hekoroprie 4acTH TekcTa, HaleuaTaHHblE MEJIKHM wipudTOM, NpeaHasHa-
yeHnl AA5i yrayO6JeHHOrO M3yuyeHHsl npeiMera HJH hpeacrasasiior coGofl pac-
YeTHBIE 3aBHCHMOCTH, NPHBOJHMbBIE B KHHI'€ B OCHOBHOM B KaueCTBE NPHUMEpOB.

B cBs3yu ¢ TeM, 4TO A5 yueGHOMH nHTEpPaATypH NIPHUHATA KaK NPEANOUTHTENb-
Hag MexnayHaponnas cucrema (CH), Bce pacuerHble ypaBHEHUS M YHCJIOBBIE
3HaUeHHs BeJHYMH NDHUBEJEHB! B 3TOH CHCTeMe, IpHYEM B pfle CayyaeB yKa-
3hIBalOTCA (B CKOOKaX) 3HauyeHHUs TeX e BeluukH B cucreme MKI'CC.

IlpH peueH3HDOBaHHH [AHHOTO H3JaHHS KHHUrH 3aBedylOmUM Xadenpoi
«[1poueccoB # annaparoB» I'OpbKOBCKOro MOJHTEXHHYECKOrO HHCTHTYTA Npod.
B. H. Mampo3sogbim v JIPYTHMH pEleH3eHTaMH ObLIM CleJaHbl LEHHble 3aMe-
YyaHHs, YYTEHHbIE NPH OKOHYaTeJbHOH IOArOTOBKE PYKONHCH K neusartu. Koa-
JEKTUB aBTOPOB, y4aCTBOBAaBLIHX B nepepaboTke yueSHHKA, CUHTAET CBOHM
MPHUATHBIM JIOJIFOM BhIPa3HTh MPH3HATENLHOCTh BCEM, CHOCOOGCTBOBABLIUM Jy4-
1IeMy H3JI0XKEHHIO Kypca.

Kuury nepepa6oranu yyeHuku 4 corpysHuxu A. I'. KacaTkuHa: raasy [ —
C. 3. Kazan u B. M. Jlexae; rnaBy 11 — H. A. F'uavdenbram u C. 3. Kazan;
raaset 111, IV u VI — B. I'. Tpyxaros; rnasy V — B. A. Kyocuros (pasaeinn
«CDHJIprOBaHHe» H «llenTpudyruposanues) u I'. C. Bopucoe (ocTanbHbi€: pa3-
genbl); raassl VII n VIII — B. M. Jlexae; raasnt 1X, X11 u XV1 — JI. H. Ea-
kun; raasel X u X111 — C. 3. Kaean; rnasy X1 — J0. H. Humnepckui;
raasel. X1V, XV u XVII -~ E. H. Cepnuonosa;, riaBbl XVIII—-— XX —
0. I1. Kysneyos.

Kxura BeixofHuT noj obuieft penakmued npod. C. 3. Kaearna (maBm 111,
Iv, v, VI, VII, VIII, IX, XI, XII, XIV, XV u XVIIyu npod. B. M. Jexae
(rmaeer 1X, XVI, XVIII, XIX u XX).

NPEONC/IOBHME K OEBATOMY H3IAHHIO

Bocsmoe, mepepa6oranfoe uspanue kuuru A. I'. Kacarkuda «OcHoBHbie
DPOLECCH U aNNapaThl XHMHYECKOH TEXHOJOrHH» GBICTPO Pa3oLIIOCh H NOJY-
Y110 MOJIOXKHTEJIbHbIE OT3bIBbI PELEH3EHTOB H guTaTeJed. DTo BbI3BalO HEoO-
XOAMMOCTh NlepeH3laHusl KHUrH. B 1eBsTOoM H3aHUM HCIpaBJ/eHb OOHApyXKeH-
Hble OMIHGKH W OleYaTKH, c/lejlaHbl HEKOTOPhie NONOJHEHHS, a TaKXKe yyTeH
pAl ToXelaHH#H, BBHICKA3aHHBIX B OT3hIBaX.

ABTOPCKHI KOJJEKTHB BhIpa)kaeT 6JarofapHOCTh JHUAM, [PHCAABLIMM
CBOM 3aMeYaHHs MO BOCHMOMY HM3[aHHIO KHHTH, H IpH nepepaboTKe MaTepHaJa
K TOCJAeNyIOHIUM H3jaHHAM OoJiee NOJHO yUTeT NOCTYyIHBLIHE IIPEAJIOXKEHHS:
C TeM, 4TOObl OTPA3HTb HEKOTODHIE acHeKTH OBICTPO . pa3BUBAIOUIEHCH HaAyKH
0 mpoueccax M annaparax.



rmasa |/
OBUIHE CBEJLEHHA

1. Mpeamer xkypca «[Ipouecchl M annapartsi»

B XHMHUECKOH NpPOMBILIJIEHHOCTH OCYIIECTBJSIOTC pasHOOOpasHBE Mpo-
tecchl, B KOTOPhIX HCXOJHble MaTepHaJsbl B Pe3yJbTaTe€ XHMHUYECKOro B3aHMO-
JeficTBUS TpereplieBaioT r1y6GOKHe mpeBpallleHHs, coNPOBOXKAAMIMeCcsT HaMe-
HeHHeM arperaTHOro COCTOSHHUS, BHyTPeHHeH CTPYKTyphbi H COCTaBa BEIIECTB.
Hapsiny ¢ XHMHYECKHMH DEaKUHSIMH, SBJSIOMUMHCS OCHOBOH XUMHKO-TEXHO-
JIOTHYECKHX TIPOLECCoB, NOcaefHHe OORYHO BKJIOYAIOT MHOroUucJeHHble (hPH3H-
yeckue (B TOM UuCJIe MeXaHHYeCKHe) H PU3HKO-XUMHUUecKHe npouecchl. K Takum
npomeccaM OTHOCATCA: INepeMemeHHe JXUAKOCTeH H TBepAblX MaTepHaJsos,
uaMesnbuenue d Kiaaccupukanusa TMOCNeAHHX, CKATHE U TPaHCIOPTHpPOBaHHE
rasoB, HarpeBaHHe H OXJa’kAeHHE BellecTB, HX NlepeMelIHBaHHe, pa3jesecHue
JKMAKHX M Ca30BblX HEONHOPONHBIX cMecefl, BhIlapUBaHHE PacTBOPOB, CyLIKa
marepuanos u Ap. [Ipy 3ToM cnocob npoBeneHHUst YKa3aHHBIX IIPOLECCOB 4acTo
omnpefiesisieT BO3MOXHOCTD OcylllecTBaeHusl, 3(HeKTHBHOCTE U PeHTabeNbHOCTD .
[IPOM3BOACTBEHHOIO NpoLecca B LEoM.

TakuM 06pa3oM, TeXHOJOrHA NPOU3BOJCTBA CaMbIX Pa3HOOGPA3HBIX XHMH-
yecKHX NpPOAYKTOB H MarepHasoB (KHCJOT, uienodeil, coyjieit, MUHepasJbHBIX
yroGpeHu#t, Kpacurejeil, NOJHMEPHbIX H CHHTETHUECKHX MaTepHAJ/IOB, NJAaCTH-
yecKUX Macc 4 T. A.) BKJAHOUAeT PAN ORHOTHIHBIX (PH3HYECKHX U PU3HKO-XUMHU-
YyecKHX IPOLECCOB, XapaKTepH3yeMblX OOHIHMH 3aKOHOMEPHOCTAMH. DTH MpO-
ecchl B Pa3JIHYHBIX MPOH3BOACTBAX UPOBOAATCA B aHAJOrHYHBIX MO NPHHIHIY
JNedACTBUSA MalllMHAX Hu ammaparax.

[Tpouecch ¥ annapatsl, oflide A Pa3JdUHBIX OoTpacied XUMUUECKOH TeX-
HOJIOTHH, TOJYUHJIH HA3BaHHE OCHOBHB X NI POMECCOB M anma-
partosB. Hampumep, oiHHM H3 OCHOBHBIX MpOECCOB fABJAAETCA Mepe-
r o H X a (pekruduxanua) — npomecc pas’iefeHus XKUIKHX CMecedl, OCHOBaH-
Hbifl Ha pa3/iMUUM JaBJeHHA MapoOB KOMIOHEHTOB CMeCcH. 3TOT Mpouecc MpH-
MeHsieTcsl /1 pasfielleHHs XKHUJAKOro BO3AYXa B NPOHU3BOJACTBE KHCIOPOAA, Pas-
JelleHus BOJAB H a30THOH KHCJOTEI B IPOH3BOJACTBE a30THOH KHCJOTHI,
pasjieJleHHsl CJIOXHOH cMecH OPraHWYeCKHX MPOAYKTOB AJIA NOJNyUYeHHS JHBH-
HUJA B [POH3BOJCTBE CHHTETHYECKOTO Kay4YyKa H BO MHOTHX ADYLHX XHMH-
yecKHX TPOU3BOJACTBaX.

K uucny OCHOBHBIX alapaToB OTHOCATCA TapeJbuarble H HacajouyHbie KO-
JIOHHBI, IIMPOKO MpHMeHseMbie He TOJBKO AJsT MPOBENEHHS NPOLECCOB PEKTH-
pHKaLKH, HO TaKXKe s H3BJIeUeHHs KOMIOHEHTOB M3 ra30BBIX WJIH IapOBHIX
cMecell XKHUAKHUM morjorureneM (mpomecchl abcopOUHH), OUUCTKH ra3oB OT Mbl-
JH H T. 1.

Hacocht u Komnpeccophl, ¢GUJABTPEl H HEHTPHDYTH, TENNOOOMEHHUKH H CY-
IHJAKH TakK¥Xe OTHOCSTCS K YHCJIY OCHOBHBIX allapaToB ¥ MaUIMH, KOTOpbie
B Pa3HbIX COYETAHHAX COCTaBJSIOT THIOBOE 000pyJOBaHHE GOJNbLIMHCTBA XH-
MHUECKHX IPOH3BOLCTB. .

B xypce «Ilpolecchl H anmmapaThl» H3y4alOTCA TEOPH S OCHOB H B X
HnpoUEecCOB, IpPHHUHIOB ycTpPOHCTBA # METONH pac-
yeTa annapaToB H MallHH, HCIOAb3yeMbIX I/ MNPOBEIEHHS
3THX mpoueccoB. AHa/iu3 3aKOHOMepHOCTeH OCHOBHBIX NPOUECCOB H paspa-
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6orka OOGOCHIEHHBIX METOJOB pacuera annapaToB IIPOH3BOASTCA HCXOAA M3
yHAaMEHTaNbHBIX 3aKOHOB (U3HKH, XHMHH, (QU3HYECKOH XHMHH, TepMOAH-
HaMHMKH, 3KOHOMUKH ¥ JPYyTHX HayK. Kypc cTpouTcst Ha OCHOBE B Hi 1B J € -
"HHsS aHaJgOTlHH BHEIIHE DA3HOPOIHBIX ITPOLECCOB M anmapaToB Hesa-
BHCHMO OT OTPaciH XHMHUYECKOH NpPOMBILJIEHHOCTH, B KOTOpPOl OHM HCNOMB-
3y10TCA.

B sToM Kypce H3y4alTCl TaKXe 3 aKOHOMEPDHOCTH mnepe-
X 0 1 a oT 1a60paTOPHBIX MPONUECCOB U aNNapaToB K IPOMBIIIEHHBIM. 3HaHHE
3aKOHOMepHOCTeHl mepexofa OT OfHOro Macwraba K ApyroMy H nepeHoca JaH-
HBIX, NOJIYYEHHBIX Ha OJHOH CHCTeMe — MOJE/H, Ha JPYrylo CHCTeMy, Npef-
CTaBJAAILYI0 CO00H 00LeKT HaTypasibHOH BeNudHHBI (MOAETHPOBaHHUE), HEoG-
XOAHMMO ]/l TPOEKTHPOBaHHA OOJbIIMHCTBA COBPEMEHHEIX, OOBIYHO .MHOTO-
TOHHAXHBIX, MPOU3BOJACTBEHHbIX IPOLECCOB XHUMHYECKOH TexHosnoruu. Tak,
HalpHMep, XHMHYEeCKHH mpolecc, H3yYeHHBIH B JabopaTopHu (B MaJjoM Mac-
mrabe) ¢ TOUKHU 3DEHHsI MEXaHHW3Ma DeaKlHH, 3aKOHOMEpHOCTeH ee NpoTeKa-
HHS BO BpeMEHH H T. Il., 1aJIE€KO He BCeria MOXeT GbiTh BOCTIPOU3BEJIEH C TEMHU Ke
oKa3aTeJqsIMH B KpyOHOM MacwTabe. [lJs ocymiectB/eHHs mporecca B Mpo-
MBILIJIEHHOM peaKTOpe MOMHMO XHMHYecKO# cyllHOCTH TIpolecca LOJMXKHbI ObITh
YCTAHOBJIEHBl €ro mapaMeTpbl B 33BHUCHUMOCTH OT KOHCTPYKUHH ailllaparTa,
CTPYKTYpbl TOTOKOB H PEXHMOB HX ABHXKEHHS, CKOPOCTH NepeHOca Temsia u
Maccel ¥ Ap. COBOKyNHOE BJIMsHME 3THX (HAKTOPOB ONpelesiseTl Tak Ha3biBae-
MyloO MaKpPOKHHETH K Y Iporecca, CBA3aHHYIO ¢ MacCOBHIM ABHXeHHEM
MaKpouacTHL, — Ny3blpeil, Kanenb, cTpy# ¥ T. 1.

B nayke o nponeccax W annapatax H3ydaercsi MAKPDOKHHETHKA OCHOBHBIX
npoueccos XHMHueckKod TexHoJorud. IIpu sToM ucnoaesayioTes jJaHHBIE IO
MHKDOXKHHETHKE, XapaKTepPH3yeMOH 5JeMeHTapHBIMH, HE3aBHCHMO IIPOTEKalo-
IHMH Ha MOJIEKYJSDHOM YpPOBHE mpoleccaMH, TaKMMH, KaK TelJjoNpoBOJ-
HOCTb, MOJIEKYyJsipHast AH(dY3Hus U T. A., KOTOpblE pacCMaTPHBAIOTCH B (hH3HKeE,
tusnyecKod XHMMHH, XHMHUECKOH TepMOAHMMaMHKe M JIPYrHX HayKax.

CkaszaHHBIM ONpefenasercs 3HaueHue Kypca «[lpouecchl W amnmapaThl» A
H3yueHHs He TONbKO GQH3HYECKHX, HO U XHMHUECKHX MPOMBIILJIEHHBIX TpoIec-
- COB, a TaKXe€ alnapaTos 1Js HX MPOBeJeHHs, NpuueM NpobaeMs! MaciuTabupo-
BaHUsl U MOJENHPOBaHHA OCOGEHHO MHTEHCKBHO pa3pabaThiBaloTcsl B HOCJEN-
HHe TOjbI.

Takum 06pa30M Kypc «I"Ipoueccm W annaparsi» ABsIETCH HHXKeHepHO#
AHCUMIIMHON, NPEACTABJAIOmEeN cO60R B a XX HEBIH pa3 ey TeopeTH-
JeCKHX OCHOB XHMHUecKOH TeXHOJIOFHH 10T KYypC
MOXKHO OXapakTepH30BaThb KaK COCTAaBHYI0 4YacTh KOMIJIEKCA JHCLHIIKH,

OCBEMIAIOHX Pa3/IMUHbie acHeKThl XMMHIECKOH TEXHOJIOrMH KakK Hayku. K Ta-
KHM JHCIHIJIHHAM OTHOCATCS Kypchl O0HIeH XHMHYECKOH TeXHOJOrHH H TeXHOo-
JIOTHH KOHKDEeTHBIX oTpacijiefl XHMHYecKOH IPOMBIIIIEHHOCTH, AJSl KOTODBIX
IpPOU3BOAUTCA MOArOTOBKA HHIKEHepOB (XHMHKOB-TeXHOJMOros). B uacTHoctH,
¢ xypcoM «I1poueccel 1 anmapaTbl» TeCHO CBSi3aH y4eSHBIH Kypc «O6mas xuMH-
yeckKas TeXHOJIOrHfl», B KOTOPOM TaKKe H3yyaioTcsa OOHIHE 3aKOHOMEpPHOCTH
XUMHYecKoH TeXHOJOrH# nyTeM 0BGOGLIEHHS NPHHUWIOB NOCTPOEHHsI MPOH3-
BOJCTBEHHBIX CXeM XHMHKO-T@XHOJIOTHUeCKHX NpOLECCOB H aHaJ/H3a BOUPOCOB
HauboJlee PallHOHAJBHOrO, KOMIIJIEKCHOTO HCIOJIb30BaHHUS CHIPbA, SHEPLHH H
np. Oba xypca ocBemaloT 0 6 Ml K e H a4 aJa, KOTopble A0JKHbI ObITh CHH-
TETHYECKH HCIIOAb30BaHbI IPH pa3paboTKe HaHboNee 3¢peKTHBHBIX ¢ TEXHHKO-
SKOHOMHYECKOH TOYKH 3DEHHs IIPOLECCOB MPOHM3BOACTBA B JOOGBIX OTpacifix
XUMHUECKOH TeXHOJIOTHH.

[TpuMeHeHHe METOLOB M TeXHHYECKHX CpENCTB COBpPEMEHHOH KuﬁepHeTHKH
3HaYHUTEJBHO obJjleryaer MOJENHPOBaHHE XHMHKO-TeXHOJOrHYeCKHX MPOLECCOB,
BKJIOYas MaTeMaTHYeCKoe MOJeJHPOBaHHe, OCyLIecTBAsAeMOe IIpH IOMOLLH
5JEKTPOHHBIX BRIYHCAHTENbHBIX MalluH. Ilosromy cBf3b Kypca «IIpotleccht
H annaparhl» ¢ KypcoM «X HMHUecKast KuOepHeTHKa» sIBJIsAETCA Haubosee mjo-
JLOTBOPHOH [J1f1 H3YUeHHs] H IIPOEKTHPOBAHHS CJOMKHBIX, B TOM HHCJE XHMH-
YecKHX, MPOLECCOB XHMHYECKOH TeXHOJOrHH.
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2. BosHHkHOBEHHEe M pa3BMTHE HAYKH O NpOLECCaX W annaparax

XuMuueckass NPOMEIIIJIEHHOCTE Hagala co3faBaThed Ha pybexe XVIII u
XIX BeruB W 3a HCTOPHYECKH KODOTKHH MNEepHOH, HACUYUTHIBAIOMUH BCero
120—150 ner, npeBpaTHJACE B TeXHHUECKH Pa3BUTHIX CTPaHaX B OAHY U3 OCHOB-
HBIX ¥ BeAyLUIHX orpaciell HapoagHoro xossificrea. C pa3BuTHeM XHMHYECKOH
NPOMHIILIEHHOCTH BO3HUK/IA NOTPEOHOCTE B HHXKeHeDHO# Hayke, obobulalonied
3aKOHOMEPHOCTH OCHOBHBIX NDOHM3BOACTBEHHHIX MPOLECCOB ¥ pa3pabaTeBalo-
wiefl METOABI PacueTOB aNflapaToB Ha OCHOBE HX pamHOHAJBHOH KJAacCHPUKAUHH.

B nameft crpane ures of oSMHOCTH PAJa OCHOBHBEIX MPOUECCOB M ANMNapaToB, MPHMEHSTEMBIX
B Pa3/iMYHBIX XHMHYECKHX MPOH3BOACTBAX, Obiia BBICKa3aHa mpop. ®. A. JleHucoBbM eme
B 1828 r. *. IMoaguee ananoryyueie NpHHUMIE! pa3susanuck 1. M. MenneneesniM, npepoxus-
IIHM COBCTBEHHYIO KJIACCH(HKAUMIO OCHOBHBIX NPOUECCOB XHMUYECKOH TeXHOJIOrHY **. ITH HieH
JIerJli B OCHOBY HOBOH yueGHOH IHCLHIVIHHAL 110 pacyeTy W NPOEKTHPOBAHHIO OCHOBHEIX MpOLeC-
COB K anmnaparos, Kotopas Onia ssefena npod. A. K. Kpynckum B kKonue 90-x ronos npouioro
Bexa B [leTep6ypreroM TEXHOIOIHYECKOM HHCTHTYTE d HECKOMbKO no3fnee npop M. A. Tumenxo
B MockosckoM Briciiem texundeckoM yuuurme. LIMKA Jiekunt, 9UTABIIHXCA ITHMHM YYEHBIMH,
MOXKHO PaccMaTpHBaTh Kak Mpoo6pa3 COBPEeMeHHOro Kypca 110 OCHOBHBIM fpolieccaM H anmnapa-
TaM XHMHueckolt TexHoioruu. [Moaromy A. K. Kpynckui 1 M. A. THinexKo o npaBy cYUTaOTCH
ocHoBonoioKHHKamu Kypca «[Ipoueccer M amnapaTe» B HaWlel CTpaHe.

Kuura A. K. Kpynckoro ¢HauanbHbie IiaBsl yyeHHSt O HPOEKTHPOBAHHH (10 XHMHUeCKoOR
rexHogordy» (1909 r.) Gwuia, Mo CYywecTBY, OZHOH H3 NEPBbIX MOMBITOK OOOOHIEHHST TeOpUH
OCHOBHBEIX (DH3HUECKHX M (DH3HKO-XHMHYECKHX MPOUECCOB HE3aBHCHMO OT OTPACIH XHMHYECKOH
MPOMBIJIEHHOCTH, B KOTOPOX oK HermosssytorTed. B CLIA ananoruunniit Tpys VYokepa, Jlbiouca
# Mak-Anamca «[IpHHUKIE HAYKH O mpolleccax u annapatax» suiues B cseT B 1923 r. Heckoinb-
ko ner cnycth B CCCP 6buta w3agaHa KHura npog. A. A. KupoBa mo annapaType H OCHOBHBIM
IponeccaM XHMHueckoll Texxogorwy (1927 r.).

Bosisloit BRJIaA B pa3paboTKy OTAebHEIX Da3fiesiOB HAYKK O lpoueccax K annaparax BHECHH
M. A. TuuieHko, aBTOp TEOPHUK pacdera BhIMapHBEIX ammaparos ***, 1. [1. KoHosaJioB, 3a/0KHB-

. HIKH OCHOBH TEOPHH MEePEroHKH Kuaxux cMecedt **** JI. . oxkuu u K. ®. [Tassos, cosnaBuine
OpHIUMHAJBHBE H [JIYyGOKHE MO CONEepIKAHUIO MOHOrpadHH MO OCHOBHEIM MPOLECCAM K anmapa-
taM **¥** U3 3apyGeHoil JiHTepaTyphl, MOCBANIEHHOH NPHHUMIAM PacyeTa OCHOBHLIX Mpolec-
COB, YCTPOIICTBY H pacyeTy THIOBBIX alllIapaToB, MOXKHO OTMeTuTh BbinymenHyo 8 CIIA (1931 r.)
kuury B. Bamkepa u B. Mak-Ks6a, uanaunywo Ha pycckom a3uike B 1933 r. nop uaseanHem
«OcHoBHBIe TIPOUECCH H annapaThl XHMHYECKHX MPOH3BOACTBY. :

B TeueHue mocAefHHX NATHIECSTH Jer HayKa O MPOieccax W ammapaTtax
HenpepsrBHO pa3BuBastachk. Ee pojap u 3HaueHue B pa3paboTKe Ha HayYHHIX
OCHOBaxX anfaparypHO-TeXHOJOIrHYeCKOr0 OQOpMIEHHS XUMHUYECKHX TpOU3-
BOJACTB, HX HHTeHCHPHKAUHH, a TAKXKE B CO3MaHHH HOBBIX NMPOH3BOACTB HEU3-
MeHHO Bo3dpacTand. Tak, eme B 30-Xx rogax XHIKOCTHast 3KCTPAKHHS HCIO/b-
30Bajiach B XHMHUYECKOH TeXHOJOIHH B OCHOBHOM /15 NperapaTHBHLIX H aHa-
JHTHYECKHX HeseH M He paccMaTpHdBajack B JHTEpaType MO MnpoieccaMm H
anfapaTaM TOrO BpeMeHH KakK OfHH H3 OCHOBHBIX npoueccoB. B HacTosiuee
BPeMs 3TOT MEPCNEKTHBHBIA METOA Pa3jfe/eHHsT KUAKHX cMeceil NoNy4u 3Ha-
UHTeJbHOE NPOMBINIIEHHOE NPHMEHEeHHEe H JJISL ero OcyuiecTBJAeHUs pa3pa-
GoTaHa pa3HooGpa3Hasi annaparypa HHTeHCHBHOIO feficTBud (cM. ryasy XIII).

. B KauecTBe ApYroro NpHMepa MOMHO yKa3aTb Ha NPOLECCH aacopOGiuH
IJsl pasfgeseHHs ra3oBblX H napo-rasoBelx cmeceii. Co BpemeHH u306pereHus
akan. H. J{. 3eJHHCKHM yHHBEpCaJbHOTO YroAbHOTO npotusorada (1915 r.)
ajncopGunsl MpUMeHsach B NPOMBIIIEHHOCTH TVIaBHBIM 06pa3oM AJsl pekyle-

*Neuncos ®. A. [lpocTpanHoe pyxoBoacTBO K o6uiell TeXHONOrHH WIK K MO3HAHKIO
BCeX pgdor, CpefCcTB, OPYRHI K MAUKH, ynoTpebiseMsX B PA3HEX XHMHYECKHX HCKyccTBax. M.,
1828. 548 c. .

* Cra6uugos B. H . U MeupeneeB u nayxa o npoueccax H annaparax. — B c6.;
Xumuueckoe mMawpnoctpoenye. Bein. 11, Kues, «Texnixa», 1970. Cm. c. 50.

*** Tumenw ko K. A. OcHosHele mpoueccs! M anmapaTel XHMHY4ECKOH TeXHOMOrHH.
Bem. 1—2. M., 1913—1914, 161 4 240 c. .

4% Kouosamos J. I[I. MarepHairsl U npoueccsl XHMH4Yeckoit Texuosorud. Y. 1.
JI., Focuspar, 1924. 104 c.; Kouwosanos J. [1. Marepuans u mpoueccsl XUMHYECKOH
texnoaoruu. Y. 2. JI.—M., Focuspar, 1925. 275 c.

*exi: @ o x uu JI. ©. Metonsl u opyaus xumudeckoil TexHuxi, U. 1. OGpaborka rasos.
Ierporpag—Mockaa, Focuafar, 1923. 295 c.; Dok un JI. ®. Meronst u OpyAHT XHUMHYe-
ckolt texuuku. Y. 2. O6padorka wugrocreir. JI., Tocusgar, 1925. 540 c.
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pauuy 3 BO3ZyXa NMPOU3BOACTBEHHBIX MOMEUIEHUI NAPOB JRTYYHX DAcTBOpH-
Tenefi — Gen3oJa, auetoHa u 1. n. Eme gsanuath nATh g€t TOMy Hasag npo-
flecc MPOBONHJCS TOJNbBKO B IPOMO3AKHX NEPHOLHYECKH AEHCTBYIOMIMX alma-
paTtax C HEMOABHIKHBIM C/I0EM 3EPHHCTOTO ancopOerTa (AKTHBHPOBAaHHOTO yIJIst).
B nacrosimee Bpemsl YCHeIHO BHEAPSIOTCS] BhICOKO3(eKTHBHBIE HENpPepHBHO
JeficTByIOIIMe afCcOPOIMOHHBIE YCTAaHOBKH € JIBHKYMIHUMCS H KHIALUUM CJ0eM
agcopbeHTa, a IPOHECCH ajcOPOUHH LWIHUPOKO NPUMEHSIIOTCS AJAS BbILEJEHHS
WHEHBHAyaJbHBIX Ta30B (3TH/EHA, METaHa, AUETHJAEHa M JpP.) U3, rasoBHIX
cMeceif, oGoraiieHust C1abblX HUTPO3HLIX Ta30B H T. A. AACOPGUHOHHBIE NPO-
Hecchl M annaparsl MOJAy4aloT faabHellnee pa3BUTHE B CBSI3H C HCIOJMb30BaHHEM
LS pasfelieHHsl Ta3oB MOPHCTBIX KPHCTaJI10B (MOJEKYJSPHbIX CHT) H HOHO-
OOGMEHHBIX cMOJI (MOHHTOB), BONPOCH [PHMEHEHHS KOTOPHIX PacCMaTpPHBAIOTCH
B ryiaBe X1V,

Eille ogHHM HarJAsAHBIM 0PHMEPOM JOCTHIKEHHH HAVKH O NMpoteccax H anna-
paTax sBJsIeTCSI CO3AaHHE 33 IOCJAENHHE TOAbl BBICOKONPOU3BOAUTEABHON
annapatyper € NCEBAOCOXKHXKEHHBIM (KHISLIUM) C/I0EM 3ePHHUCTOrO0 MaTepuaJa,
No3BOAOMeHl MHTEHCHPHILNPOBATL HE TOJIBKO NMPOUECCh! aicOPOIHH, HO B PAJL
LpYTHX reTepOTeHHBIX IPOUECCOB (CYIIKa, KPHUCTaMIH3AUHSA M JP.).

PaspaboTka yKka3aHHBIX BhIILIE OCHOBHBIX MPOHECCOB U alllapaToB, a TaKKe
IDYTHX MPOTPECCHBHBIX METOLOB Ppasie/ieHHs H OYHCTKH BEUIECTB CTHMYJIH«
pyercsl HeNmpepbiBHO pacUIMPSIOIIKMCS 3a MOC/AeAHHE TOfbl [1POMBIIUIEHHBIM
HUCIOMB30BAHHEM aTOMHOH 3HEPrHH, 3HAUUTEJABHBIM Da3sBHTHEM NPOU3BOACTB
H30TONOB HEKOTOPKIX 3JIeMeHTOB (ypaHa, BOAOPOAA H AD.), MOJAYIPOBOLH HKOBHIX
MarepHaJoB, MOHOMEDOB, MOJYNPOAYKTOB AJs CHHTETHYECKHX MaTepHaJtIoB
H T. J. DTH OTPAc]y HOBOW TEXHHKH TNPENBSBJASIOT NOBBIUEHHbIE TPEGOBaHHA
K UMCTOTE HPONYKTOB M YETKOCTH pas3jiefeHus cmeceit. i peieHus 1opob-
HBIX npobGiem paspabarmiBaloTesl NpOLeCCH [VIEHOYHOH peRTHhHUKAuUH, MO-
JeKyJasipHo# aucTHANSAuMM (rmaBa XII), 3KCTpakuHOHHOro paspeneHust
(rmaBa XIII) u npyrHe: . '

3HaynuTeNbHBIE TEOPETHUECKHE H 3IKCIeDHMEHTa/bHblE HCCAEIOBAHHS IPO-
BOAATCS MO MONEJIHPOBAaHHIO NPOUECCOB W alllapaTOB Ha OCHOBE NMPHHUIUIOB
Teopud nopobusa (raasa lI), H3ydeHHIO THAPABAHKH H MeXaHH3Ma Maccool-
MeHa B CJOXKHBIX IBYX}asHHX H MHOTO(a3HBIX CHCTEMax. '

, X HMHYeCKHE afinaparhl ¥ MamlHHBl OYeHb 4acTO PaboTalT Npu GOJbLIHMX

ckopocTax pabodynx Cpex, BBICOKHX HaBJeHHAX, AOCTHTawomux 6-10% #/m?
(~6000 am) u GoJee, B IHPOKOM AHalNlazoHe Temneparyp (ipuMepHo ot —200
go +1000°C) u B cuJbHO arpecCHBHHX cpepax. /s TakHX ycJaoBHi Heob-
XOAHMBI anflapathl HaleKHOH KOHCTPYKIHH, H3TOTOB/IEHHBIE H3 Pa3HOODPa3HbIX
KOHCTPYKUMOHHBIX MaTepHasoB, BKJ/IOHasl JErupoBaHHbIe, KHCJOTOCTORKHe
¥ KapONpOuHbIe CTaJH, MJIaCTHYECKHE Macchl, KepaMHKy # gp. HeobGxopumbl
Takke aBToMaTH3auusl paboTel XHMHYECKOTo 00OpYAOBaHHS M JHUCTaHIUHOHHOE
ynpaBJenne UM (0cOGEHHO BO BPENHBIX ¥ B3pLIBOOMACHBIX XHMHYECKHX MPOU3-
BOACTBAX). B cBsA3u C 3TuUM AJs BHegPeHHS NOCTHXXEHHH HAyKH O npoueccax
H anmapaTax BaxHOe 3HaueHUe HMeeT Pa3BUTHE XHMHUECKOrO MAIHHOCTPOEH HSl.

B HacTrodulee BpeMs OTeYecTBeHHOe XHMHUECKOE MAUIMHOCTPOcHHE OCBOMJIO M OH3BOJCTBO
LHHpOKOﬁ HOMEHKJIATYPBl MALIWH W annapartos. Tax, HanpuMmep, Ans CKATHA aSOTOBOﬂOPO}IHOﬁ
CMEeCH B ITPOH3BOACTBE aMMHAaKa BHIITYCKAlOTCH LHeCTHD 51 fHbIe ‘KOMHPECCOpr NIPOU3BOAHTENIEHOCTBIO
16 600 m3/y, gaBnenuem 3,2. 107 u/m* (320 am) u MommocTbio npuboga 5000 kem, a pist mpous-
BOLCTBA TOJIM3TH/IEHA pa3paGoTaHbl KOMIPeccophl Ha faBJenue 3- 108 x/x? (3000 am). Hanaxen
BBITYCK aBTOMATHYECKHMX HEMPEPHLIBHO JEHCTBYIOMMUX HEHTPHOYT GOnblLOH MpOUBBOAUTENHHOCTH
(xo 50 m/u u Gonee), repMETH3UPOBAHHKIX B3DEIBOOMACHHIX LEHTPHOYr RIS NOJMMEDHEIX MaTe-
pHaJoB H Ap. B cBs3H ¢ WIHPOKUM KCMOJIb30BAHHEM MPUPOAHOrO rasa B Kayecrse XHMu4eckKoro
ChIpbLA N 3HAYUTEAbHBIM pacmupeHHeM npousaozxcraa a30THLIX yl[oGpeHHﬁ CO3AaHbl BOSKyXO-

a3eNHTENbHEIR YCTAHOBKH NIPOM3BoAHTeNbrocTho 15 000 4#5/4 a3oTa BLICOKOM CTENMEHH YRCTOTE!
(99,998% N,) u 8000 4%/« xuciopopa. IIpousBOAHTENBHOCTE KHCJIOPOLHEIX YCTAHOBOK B GJIH-
waiiuwem Gyaymenm npesbicut 70 000 43/4 O,

TpuBeaenHEie MPUMEPH XapaxTEPH3YIOT 3HAYUTEJBHO BO3POCHIME TeXHMYecKHH ypOBeHDb
XHMHUECKOTO MallMROCTpoeHus. Oanako AasibHelillee pa3BHTHE XHMHYECKOH ITPOMBIILIEHHOCTH
BbLIIBHTAET TNepen Hay}(Oﬁ O rponeccax H annaparax H XHMHYCCKUM T\laUIHHCCTPOEHHEM ee Gostee
CJIOXKHbI€ 3ajady, CBSI3aHHBIE C BHEJPEHHEM HOBOH, NPOrpecCHBHOH. TEXHOJOTHH M CTPOHTENb-
CTBOM [iDOH3BOJCTBEHHHIX arperatoB GoabOR MOUJHOCTH.
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HayKa O nIpoteccax ¥ anmnapatax nIpusBaHa CbIl"paTb GOJIBHIYIO poJib B Aadlb~
HelmeM YCKOpDEHHH TeMNOB Da3BHTHA XHMHUYECKOH - HpOMbILLIJleHHOCTH N .TeM
CcaMbeIM CHOCOGCTBOBATh pemeﬂmo OCHOBHOM . HCTOPH‘{ECKOPI 3aja4yd ~- ¢o3ng-
HHIO MaTepHalbHO- -TeXHHUecKo# 6a3bl KOMMYHH3ME B Hame# cTpaye.

3. Kaaccudukanns OCHOBHBIX HPOLECCOB

KnaccuHpuKauds OCHOBHBIX TNPOLECCOB XMMHYECKOH TEXHOJOrHHM - MOMKET
6LITH NpOBeSEHA Ha OCHOBE Da3JM4HBIX NMPH3HAKOB.

B 33aBHCHMOCTH OT OCHOBHBIX 33KOHOB, onpenenmomux cxopoch npouec-
COB, pa3/qHYaloT:

1. I'napoMexaHHYECKHe NPOUECCHI, cr«opocn: KOTOprX onpene.nﬂeTca 3aKo-
HaMy THIPOAMHAMHKH — HayKH O IBHXKEHHH KuikocTedl n rasos. K srum
npotieccaM OTHOCATCS [lepeMelleHHe XHAKOCTel, cxKaTHe H nepeMelileHne rasos,
pasfe/NeHde MKHAKMX U a30BEX HEOLHOPOAHBIX CHCTEM B TOJE CHI TSXKECTH
(oTcTamBanue), B noje ueHTpOGeMHblx cua (ueHTpUDyrHpoBaHue), a. TAKKe
nojx AeACTBHEM Pa3HOCTH NaBJCHUA MPU JBHKEHHH qepes TIOPHCTHIA c.nou
(busbTpOBAHHE) H IEDEMEINHBAHHE XHIKOCTEH.

2. TennoBble APOLECCH!, NPOTEKAIOUIHE CO CKOPOCTHIO, onpeﬂ,enﬂemou 3aKo-
HAMK Ten/onepefauy — HAYKH.O crocofaX pacnpocTpaHEHHS Telsa. TaKHMH
mpoueccaMyu ABJSIOTCA HarpeBaHHe, OXJaKJeHWe, BHIaDHUBAHHE W KOHJEH-
canys napos. K Ten/oBsIM npoueccaM MOTYT ObITb OTHECEHB! H. MPOUECCH. OXJa-
JKNeHHST 10 TeMmIepaTyp Gosee HH3KHX, YeM TeMiepaTypa OKpyxkaloulel cpenbl
(rIpoteccs yMepeHHOro i ray6okoro oxaaxaenus). OnHaKo Be/AeCTBHE MHOMHX
cRenupuuecKNX ocobeHHOCTEHA 3TH NPOUECCH Bhife/leHbl HHXE B ome.nbnyio
rpynny XOJOAHJBHBX NpPOULeCCOB.

~CKOpPOCTb TENJIOBBEIX IIPOLECCOB B 3HAYHTENBHOH CTeNeHH 3asncwr oT nmpa-
‘IMHAMHYECKHX YCJIOBHH (CKOpOCTeH, pPeXHMOB TeueHHs)), NPH KOTOPHIX OCY-
INeCTBJAETCS [EPeHOC TemJsa Mexay OOMEeHHBAIOWMMHCS . TEIIOM CpelaMH..

3. MaccooOmenuble (AHdy3noHHBIE) NIpoLEcChl, xapaKTepnsylomHecn ne-
PEHOCOM OZHOrO HJH HECKO/JbKHX KOMIOHEHTOB HCXOZHON CMecH H3 OfHOM
dassl B IpYrylo 4epe3 NOBepXHOCTL pasfena ¢as, HaunbGonee mMepaeHHo#t # nmo-
3TOMY OGBIYHO JHMHTHpYWOIIEH cTainell MaccOOOMEHHHIX NTPOLIECCOB. ABJSLTCHA
monekyasipHass guddy3us pacnpegensieMoro semiecTBa. K ato#t rpynme mpo-
11eCCOB, OMHCHIBAEMbIX 3aKOHAMH MaCCONepenayH, oTHoCATCA abcopbuns, nepe-
ronka (peKTH(HKauns), 3KCTPAKIHA H3 pacTBOPOB, pacTBOPEHHE [H 3KCTPaK-
us W3 MOPHCTHIX TBEPABIX TeJ, KpUCTaANK3auns, afcopbuns K cyluKa. ‘

[MpoTrekaHne npoueccOB Maccoo6MeHa TECHO CBSI3aHO C THIPOIHHAMHUYE-’
‘CKHMM yCcIOBHsIMH B a3axX ¥ Ha rpaHHLe HX pasfes]a H 4acTo — C COmyTCTBYIO-
UMK MaccooOMeHy NpotleCccaMH fepeHoca TenJa (TennoobMeHa).

4. Xumuueckue (peaxuuouuue)‘ npouecchl, KOTOpPLIE NIPOTEKAaIT CO CKO-
poOCTbIO, Onpene/sieMOl 3aKOHAMH XHMHUUYECKOH KHHETHKH. ONHAKO XHMHUUECKHM
peaxku UM OOBIYHO COMYTCTBYET NMEPeHOC MacChl H 3HEPrHH, H COOTBETCTBEHHO
CKOpPOCTE XHMHYECKHX MPOiIecCcoB (0COG@HHO I POMBHU/IEHHBIX) 3aBHCHT TAKMKE
OT TUADONHHAMUYECKHX yCnoBHA, BceJeacTsve 3TOrO CKOPOCTbh peakuui mof-
uypHsiercsl 3aKoHaM MakKpPOKHHETHKH H Onpefensiercs Hanbosiee MeAJEHHBIM M3
“1I0C/ICfOBATE/NBHO MPOTEKAIOUIHK - XUMHUECKOr0 B3aHMOICHCTBHS U AH(PY3HH.
Ofi e 3aKOHOMEPHOCTH NPOTEKaHHS] XUMHUECKHX MPOUECCOB M MPHHIHNL
ycTpoiCTBa PEaKTOpOB pacCMaTPHBAIOTCS B CHeHHaJbHON JauTepaType *.

- 5. Mexaunn4eckne NpouEcchl, ONHCHIBAEMBIE -3aKOHAMK MEXaHHKH TBEPJBIX
Tesl. OTH NPOUECCHl HPUMEHSIOTCA B OCHOBHOM /151 NOATOTOBKH HCXOAHBIX TBEp-
IblX. MaTepHaJ/IOB H OOpaGOTKH KOHEUHBIX TBEDABIX NPOAYKTOB, a TaKxe K
TPAHCHOPTHPOBAHHSI KYCKOBHIX M CbiIy4HX MaTepuanos. K MexaHHuecKuM
MpoueccaM OTHOCSTCS H3MeNbYeHue, TPAHCMOPTHPOBaHHE, copmpoaxa (Knac-
cHbHKAHS) U CMEINEHUE TBEPABIX BEHJ.ECTB

* Cu., Hanpmwep Jeu6ur K. I Teopus xumuueckux peaxtopos. [lep..c aura.
Iozn pen. axan H. M. )Kasopoukosa. M., «Hayka», 1968. 191 c.
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Ocobyto rpynny MexaHHYecKHX [IPOLECCOB COCTAaBJAIOT IPOLECCH nepepa-
60TKH XHMHUYECKHX NPOAYKTOB B U3LeNHA — [IPECCOBAHHE, JUTHE, BKCTPY-
3Hsl ¥ Ap. DTH MPOUECCH U MAIMIMHBE A5 HX NPOBeNeHUus creuddHyHbl s npo-
U3BOACTB CHHTETHUECKHX MAaTepHa/JOB ¥ pPacCMaTPUBAKOTCS B CHEUHAJbHHIX
Kypcax. -

Ilo cnoco6y opraHM3auyH OCHOBHEIE NPOLECCH XHMHYECKOH TEXHOJOTHU
LeJISITCSl Ha nepHoiHdecKHe M HeNpephBHLIE.

IllepronHYyecxHne mpouecch NpOBOAATCA B alnaparax,
B KOTODbIE Yepes ONpefe/eHHbIE IPOMEKYTKU BpeMeHH 3arpyKaloTcsl HCXORHBIe
MaTepHaJel; ocie uX o6paboTKH H3 STHX aNapaToB BBIFPYKAIOTCS KOHEYHHe
nponykth. Ilo OKOHYaHMM pasrpy3kM amnapara W ero NMOBTOPHOH 3arpysku
npouece NOBTOpsAeTCA CHoBa. TakuM o6pa3oM, MepHOAHYeCKHH mpouecc xapax-
TepU3yercsl TeM, 4YTO BCce€ €ro CTajgfH¥ 4 NPOTERAT B OJHOM
MecTte (B OXHOM amnnaparte), HO B pasHoe BpewMmi.

HenpepoBHBE mpouecCCcH OCYWECTBASGTCS B [IPOTOYHBIX
annaparaX. IlocTynjeHune HCXOZHBIX MaTepHaJOB B annapar ¥ BHIPy3Ka
KOHEYHBIX NPOLYKTOB NMPOM3BOAATCA OXHOBDEMEHHO M HenpephiBHO. CiemoBa-
TeJbHO, HENPEepPHBHBIA NpoLecc XapakTepU3yeTcs TeM, YTOBCE €ro ¢Ta -
I¥¥ NPOTEeKalwT OZXHOBpPEeMeHHO, HO pas3obGumedsn
B OPOCTPAaHCTBE, T. €. OCYIIeCTBJISETCS B PA3JIMYHLIX HacTsSX OZHOrO
annapara WK JKe B PasJUYHBIX anapaTax, COCTABJSIOU X JaHHYIO yCTAHOBKY.

M3pecTHb! TakXk¢ KOMOMHHpPpOBaHHBE npoueccsh. K HuM
OTHOCATCS HenpephiBHbIC NPOUECCH!, OTAEMbHbIE CTAIHH KOTODBIX MPOBOASATCH
IlepHORHYECKH, NHGO NepHONHYECKHE HPOIecCh!, OKHA UM HECKOIBKO craguii
KOTOPHIX [POTEKAalOT HeNpPepuIBHO.

OcuoBHBIE IPEHMyIILECTBA HellpEePLIBHHIX [IPOMECCOB N0 CPABHEHHIO C HepH-
ONHYeCKUMH cjepyiomiye: 1) HeT mepepHBOB B BRINYCKE KOHEUHHX MPOAYKTOB,
T. €. OTCYTCTBYIOT 3aTpaThl BpeMeHH Ha 3arpy3Ky amnmnapaTypbl HCXOJHBIMH
MaTepualaMH H BRITDY3KY H3 Hee NPOAYKUHU; 2) GoJsee Jerkoe aBTOMaTHUECKOe
pery/J4poBaHHNe H BO3MOXKHOCTE 6o0J/iee nojHol MexaHu3auuH; 3) yCTORYHBOCTD
pexKUMOB NpOBeAeHUA H COOTBETCTBEHHO GObmIast CTaGHILHOCTH KauyecTBa
HoJyuaeMelX MpOAyKTOB; 4) 60,bl1asi KOMIAKTHOCTH OGOPYAOBAHHS, UYTO
COKpallaeT KaluTa/lbHHEE 3aTpaTtel H 3KCHJYyaTauHOHHLIE pacxXoasl (Ha pe-
MOHTHl M MIp.); 5) Gosiee NMOJIHOE HCIOJb30BaHHE MOXBOZMMOrO (MJIH OTBORHU-
MOro) Temja Hpd OTCYTCTBHH NepephiBOB B paGoTe aNapaToB; BO3MOXKHOCTBb
UCHOJNB30BaHMA (peKylepauuy) oTXOAsAMEro TemJa.

Biaronapsi yKasaHHBIM [OCTOMHCTBAM HeMpephIBHBIX MPOLECCOB MPH HMX
IpOBeIeHHN YBeJIHYHBACTCS! MPOHU3BOLUTENBHOCTL alllapaTyps, YMeHbIIaercsd
norpeGHOCTE B OOCJAy’KHBAlOHleM MepcoHaJje, YJAy4IIalTcs YCJAOBUA Tpyaa H
HOBHIUAETCA KauecTBO NPOAYKUHH. II0 3THM HpPHUHMHAM B. MHOTOTOHHAMXKHBIX
XHMHUECKHX IIDOH3BOJACTBAX HMEETCs TeHAEHIHA OCYHIeCTBJATEL NpeHMymie-
CTBEHHO HenpepbiBHBIe Npoueccsl. IlepHoguueckye npoueccH COXPaHAOT CBoe
3HaueHue TrJaaBHLIM 00pa3soM B - IPOU3BOACTBAX OTHOCHTEIBHO HeGOJbIIOro
Maciutaba (B TOM UHCJe B ONBITHBEIX) C Pa3HOOOPa3HLIM aCCOPTHMEHTOM NMPOXYK-
LLHH, TAe TPUMEHeHHE YKa3aHHBIX NPOLECCOB 103BOJNHET JOCTHYL 60/bIIOH rH6-
KOCTH B HCNOJb30BaHHM 060pYAOBAHHS NPH MEHbIIMX KAMUTAJbHBIX 3aTPaTax.

Henpepeitbie 1npoueccsl OTJAHYAOTCS] OT NMepHORHYECKHUX N0 paclpexnene-
HHIO BpeMeHY NpebeIBaHHA YaCTHL Cpegsl B anmaparte. B nepuonuyecku geit-
CTBYIOIIEM annapare BCe YaCTHup! Cpelnl HaxXoadATCsl OJHHAKOBOE Bpemsd,
B TO BpeMsl KAK B HelpephIBHO ZeHCTBYIOLIEM annapaTe BpeMeHa Npe6bBaHUsA
X MOTYT 3HauUHTeNbHO pasnuuyatbes, Ilp pacnpefieneHuio BpeMeH mnpelol-
BAHUS pasjiMyaioT JBe TEOpeTHUECKHe (IipeflebHbIE) MOJeNH allllapaTOB Helpe-
PBIBHOTO AEACTBHA: HIeANbHOTO BHITECHEHHSA M HAEAJBbHOro CMemIeHHs.

B annmapaTtax HAealbHOro BHTECHEHH A BCe UYacTHUH
IBH)KYTCSI B 3alaHHOM HAlpaBJ/eHWH, HE MepeMeluuBasich C JBMIKYLIUMHCH
BNEpPEIXM M €33 YacTULAMH M HOJHOCTHIO BHITECHSS Haxoadlliyecs Bliepenu
yacTHUH NOTOKa. Bce yacTHiiBl paBHOMEPHO pacnpene/eHsl N0 Mo Al norne-
pPeuHOro ceueHHs TaKOro admapara H JeHCTBYIOT NpH ABHXKEHMH NMOno6GHO TBEp-
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noMy nopusio. Bpemsa npebolBaHusl BCeX YACTHW B annapare WAeaJbHOrO Bhl-
TeCHeHHUs OJHUHAKOBO.

B anmnnapaTax HAeallbHOTO CcMeHN eHHUS: TNOCTynawollHe
YacTUOL CPa3y Ke MOJHOCTBIO MepeMeluuBalOTCsl ¢ HAXOAAMMMHUCH TaM 4acTH-
maMu, T. €. paBHOMEDHO pacnpelensioTcs B obbeme annapata. B pesyib-
TaTe BO BCEX TOUKAaX 00beMa MTHOBEHHO BHIDABHHUBAIOTCS 3HAUSHHS [1apaMeTpoB,
XapakTepHayouHx npouecc. Bpema npebniBaHdsa YacTdi B aniapare Hiealb-
HOTIO CMeIleHHs! HeOJAMHAaKOBO.

PeanbHbie HenpepoiBHO AeHCTBYWOMIME annapaTthl NpeACTaBJsAioT co6of
annmapaThb NPOMEXYTOUYHOro Tuna. B HuXx Bpemsas MNpebul-
BaHHs YacTHL pacnpefelsfercss HECKONBKO GoJjlee paBHOMepHO, YeM B annapa-
Tax HAealbHOTO CMelleHHs, HO HHKOTa He BHIPABHHBAeTCs, KaK B alnapaTax
uaeaJbHOro BhiTecHeHHs. BoJsee MogpoGHO BONPOCH CTPYKTYpHI NOTOKOB B all-
mapatax M HX BJAHAHHA HAa NPOTeKaHHEe [IPOLECCOB PACCMOTpPEeHHl B rJaBax
II n X.

INpoueccs! MOTyT GHITD Takske KJAaccuPUUHPOBAHBl B 3aBHCHMOCTH OT H3Me-
HeHHs] HX TapaMerpoB (CKOpocTel, Temmneparyp, KOHUSHTpaudh u Ap.) BO Bpe-
mend. [To sToMy Npu3HaKy Npoteccs AeJaATCSI HAa yCTAaHOBHBM HeC A .
(cTaumoHapHBE) H HEYyCTaHOBHUBmMUEGCH (HeCTAaUHKO-
HapHHe HUJIH NDNepeXOLHEE). ‘

B yCcTaHOBHBIUHXCHA Mpoueccax 3Ha4YeHHS Ka)JIOrO H3 napaMeTrpoB, Xa-
pakTepu3yIOIHX NpPOUECT, NOCTOSHHb BO BPEMEHH, 3 B HEYCTAHOBHBLIHXCS —
NepeMeHHBl, T. €. SIBJAIOTCH QYHKIHAMH HE TOJIbKO MOJI0XKEHUsT KaXXI0# TOUKH
B NMpPOCTPAHCTBE, HO H BPeMeHH. AHa/IH3 XapaKTepHCTHK HeyCTaHOBHBIUHXCS
MpOiIecCOB NPEeACTaB/sAeT HaHOOMBIIMH HHTEPEC NS Ue/eHd aBTOMaTHYECKOro
peryJMpoBaHHsa. B XMMHUECKOH TEXHOMOIHH HeyCTAaHOBUBIIMMHCS SBJSIOTCH
MeHee pacmpoCTPaHEeHHBIE NMepHOJHYecKHe npoieccel. i HenmpepbuiBHEIX MpPO-
IECCOB H3MeHeHHe MapaMmerpoB BO. BPEMEHH JO/MKHO YYHUTHIBATBCA [IpH
U3MEHEeHHH pelkyMa paboThl H B [IepHOJl MyCKa YCTAaHOBOK, OfHAKO 3TOT NepHOX
SIBJISIETCS KPAaTKOBDEMEHHBIM M B pacueTe UM IIpeHeGperaror.

4. O6wye NpHHUMNOBI aHAAM3a M pacueTa
IpoueccOB H anmapartoB

PacueTsl NpoeccoB M anmnapaTtos OOBIMHO HMEIOT CJeLYIONIHe OCHOBHEE
LeaU: a) ofpeleleHHe YCIOBHH NpPeAelbHOro, WJIH DaBHOBECHOrO, COGTOSIHUS
cHcTeMHl; 6) BBIUHCJ/ISHHE PACXONOB MCXOZHBIX MAaTepHaJ/IOB H KOJHUYECTB M0JY-
yaeMbIX POAYKTOB, a TaK¥Ke KOJIHYeCTB noTpebHON 3HEpruy (TemJa)  pacxoia
TeIoHOoCHTeNeHl; B) ONpejfe/eHHE ONTHMA/NbHBIX DPEXHMOB pa6oTel H COOT-
BeTCTByIOme MM paboueft NoBepXHOCTH WX pabodero ofpbema anmapaTos;
r) BbIUHC/IeHHE OCHOBHBIX Da3MepOB allliapaTos.

Oty 3ajauH ONpELe/SAIOT COAep)KaHHE M IOC/]eLOBaTeNbHOCTh pAacyeros.
HcxogHelM 3TaroM sIBJASIIOTCSl pacyeT M aHAaAH3 CTa T H K H [Ipouecca, T. €.
paccMOTpeHHe NaHHLIX O PaBHOBECHH, HAa OCHOBE KOTODBIX ONpENEeNsiioT H a -
npaBJeHNE H BO3SMOXHBIE II peJjeJ ol OCYIECTBISHHs Ipouecca.
Tlonb3ysich 3TUMH JaHHBIMH, HAXOLAT NpPeJeNbHbIE 3HAUCHHS TapaMeTpoB Mpo-
mecca, Heo6XOLUMEIe L/151 BRIYHC/AGHHS ero ABWXKYIeH CHbl (cM. HUXKe). 3ateM
COCTaBJSIIOT MaTepHa/bHble H 3HepreTHYeckHe GanaHCH, HCXOAS H3 3aKOHOB
coxpaHeHHst Macchl i 3HepruH. Ilocaeayomuit stan npencrasisier co6oi pacuet
KMHETHKH [potlecca, onpegessiomeit ero ckopocts. [lo JaHHBIM 0 CKOpPOCTH
U ABMXKYyleHd cHJle NpH BeiOpPaHHOM ONTHMAJbHOM peXHMe paboTel anmaparta
HaxogsaT ero paGouyto NOBePXHOCTh WIH 06beM. 3Hasl MOBEPXHOCTb HJH 06hem,
OnpenensiOT OCHOBHBIE DasMephl annapara.

Marepuanbubrit 6ananc. Ilo 3aKOHY cOxpaHeHHs1 Macchl Macca MOCTYHAo-

mux BemecTs 3y G, ZO/MKHA GHITH paBHa macce BemecTs Y G,, MoMyyaeMBIX
B pesyJbTaTe NPOBEIeHUs npouecca, T. €. 6e3 ydyera NOTeph

% 6= N6
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OnHaKo B MNPAKTUYECKHUX YCJOBHSIX HeusOe:kHbl HeoOpaTHMbIE. MOTEpH

BelecTs, 0603Hayas KOTOpHe yepes 3, G, HaXOLuMm cielyloiee ofiiee Bbpa-
JKeHUe MaTepHaJabHOro GasaHca:

EGH=EGK+EGH Ly

Matepuanbublil 6ananc COCTaBJAAIOT LJs1 IPOUECCa B [e10M HJIH JJId OTAe/b-
npix ero cragufi. banaHc Moxer GbiThb COCTaBJEH /S CHCTEMBl B {IEJMIOM HJII
MO OJHOMY H3 BXOAAUHX B Hee KOMNOHeHTOB. Tak, MarepuaabHbl GataHC
npoiecca CyWKH COCTaBJSMIOT KaK 110 BCeMy BJaXXHOMY MaTtepHaJly, ocTynakwo-
lieMy Ha CYHIKY, TaK H N0 OAHOMY M3 €ro KOMIIOHEHTOB — Macce abCOJIOTHO
CYXOro BellecTBa HJAW Macce BJarH, cogepkaiuefics B BhICYLIHBaeMOM MaTe-
puaJge. basnanc cocraBasiiorT H6O 3a eNMHUIY BPeMeHW, HampuMmep 3a 1 4, 3a
CYTKH (HJI¥ 32 OJHY OIEepaudio B NepHOZHUYECKOM hpomecce) JHGO B pacderTe
Ha eWHMIY MAaCCHl MCXOZHBIX W/IH KOHEUHBIX HPOLYKTOB. :

" Ha ocuoBe mMarepuasapHOro 6GajaHca onpefensiior B bl X 0 I NPOAYKTa, nojg
KOTOPHIM NMOHUMAIOT BBIPAYKEHHOE B NPOLEHTAaX OTHOUIEHHE MOJYYeHHOro KO-
JuyecTBa {Macchl) NpojyKTa K MaKCUMaJbHOMY, T. €. TEOpeTHYECKH BO3MOXK-
HOMY. ' ’

VHorna moHsITHIO B bl X O I NPHAAIOT HHOH CMBIC/, PACCUHTHIBAA YCJOBHO
BbIX0J4 KAaK Maccy IpOJAYyKTa, OTHECEHHYIO K eIUHHMIIE MacChl 3aTpPaueHHOro
ceipbsi. IIpH 5TOM B C/Ayd4ae HCHOJAB3OBAHHA HECKONbKUX BHAOB ChIPhS BEIXOL
BHIDA)XAIOT MO OTHOLIEHMIO K KakoMy-nu60 ofnHOMY M3 HuX. IlpaktHueckuil
pacxog HWCXOLHBIX MaTepuUa/oB OGHUHO INpeBHILAeT TEOPETHYECKHH BCael-
CTBHE TOrO, YTO XHMHYECKHE DeaKuHH He MPOTeKaloT N0 KOHIa, NPOHCXOAAT
NoTepH pearHpyIOUHX BelllecTB (uepe3 HEMJIOTHOCTH ammapaTypel H T. I.).

AnepreTnyeckuit Gananc. 3ToT GanaHC COCTAB/SIOT Ha OCHOBE 3aKOHA COXpa-
' HeHHsl SHEPTHH, COr/IacHO KOTOPOMY KOJIM4ECTBO SHEPTHH, BBEJEHHOR B Ipo-
1ecC, PaBHO KOJIWYECTBY BBIAEANBLICHCS SHEPTHH, T. €. NPHXOA 3HEPrUM paBeH
ee pacxoay. IlpoBeneHHe XHMUKO-TEXHONOTHYECKHX npoueccoa O6BIUHO CBSI-
3aHO C 3aTpaTod Pa3NNYHLIX BULOB 3HEPriHMd — MEXaHHUecKoH, 5/1eKTpUYeCKOH
H Ip. 3TH NpoteccH 4acTo CONPOBOXKAAIOTCH H3MEHEHHUEM 5HTAJ/bIINH CHCTEMDI,
B 4acTHOCTH, BCJEACTBHE H3IMEHEHWUs] arperaTHOTO COCTOSHHS BELECTB (ucna-
peHHust, KOHJSHCAUHWH, NJaBJACHH U T. &.). B XxHMnueckHx Mporeccax OueHb
GosibuIoe 3HAYEHHE MOXKET HMETb TelJIoBOH >dxbeKT mporexalomux peakini.

YacTpio sHeprernueéckoro GajaHca sBjasiercss TenJJOBOH 6aJqaHc,
KOTOpBIH B OOileM BHIAE BblpakaeTcs ypaBHEHHEM -

N =%+ X : (4,2)

Ilpu sTomM BBOAHMOE TemIo
2%-@+%+%

The Ql -— TEeMNJi0, BBOAUMOE ¢ UCXOAHLIMH BeleCTBAMH; Qz - TenJio, MOABOAHMOE U3BHE, HATIDH-
Mep C TenJOHOCHTeaeM, O6orpeBalOiIHM anfapar; Qz —— TeNI0Bo# scpcpem hHu3HYECKHX HIIH XHMH-
YeCKHX NpeBpameHut (ec.nu TelJio B XOje Mpolecca MOrJoUAercs, TO 3TOT 4WieH BXOAMT C OTPH-
LlaTe/IbHBEIM 3HAKOM).

Otsoanmoe tenno 3y Q, CKIaBBAGTCS 3 TenJa, yAaJsioulerocs ¢ KOHed-
HBIMH HPOALYKTAMH H OTBOAMUMOrO C TeMJOHOCHTeNeM (HanpHMep, ¢ CXJa-
KJAIMUAM areHTOoM). .

B sHeprernueckoM GaJslaHce, KpOME TenJ/a, VUUTHIBAIOTCH NPHIOL H DacXon
BCEX BHJOB 3HEPTHH, HalpuMep 3aTpaThl MeXaHW4ecKol 3HeprHH Ha Lepeme-
LIeHHE MKHAKOCTeH HJIH CXarhe H TPaHCNMODTHPOBaHHe rasos.

Ha ocHoBanuu TenjoBoro GanaHca HaxOLAT PacXOf BOAAHOTO mapa, BOAH
¥ APYTHX TeNJoHOCHTeNeH, & Mo JaHHbIM Heprernueckoro 6GanaHnca — o6u1pm
pacxoj, 3HeprHH Ha OcyllecTsJEHHe Npoiecca.

HuTeHcHBHOCTDb NIPOLECCOB W annapaTos. [l aHa/an3a u pacueTa npotec-
COB XMMHUYECKOH TeXHOJOTHH HeoGXONHMO, KpOMe NaHHBIX MaTepHalJbHOro H
3HEpreTHYeCcKOro 6afaHCOB, 3HATh HHTEHCHBHOCTB [IPOLECCOB M almnapaToB.
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Bce ykasaHHBIE BhIlUE OCHOBHBIE NPOLECCH (FHIPOIHHAMHYECKHE, TeflJIo-
Bble, MaccOOOMEHHBIe H [p.) MOT'YT NPOTEKAaTh TOJBKO mOg AeHCTBHEM HEKOTO-
poR XBH XKyl e# CH.J b, KOTOpas M5 IHAPOMEXAHHYECKHX IPOLECCOB
OfpefeNsieTcsl PasHOCTBIO AaBJEHUH, A/l TENJOOOMEHHbIX — Da3HOCTBIO TeM-
nepatyp, A8 MaccooOMeHHBIX — Da3sHOCTBIO KOHUEHTpaudil BedlecTBa H T. L.
BrulpaxkeHHs1 NBHXKyme# CHJbl IS PasMHUHBIX BHJIOB NpoueccoB GyAyT pac-
CMOTpPEHH B COOTBETCTBYIOIHX IJaBax Kypca.

B nepBoM npHG/IHKEHHH MOXHO CUHTATh, YTO pe3yJbTar npouecca, xapax-
Tepusyemsill, Halprmep, Maccol M nepeHeceHHOro BelleCTBa UM KOJHIECTBOM
nepejaHHOro Temja, TPONOpUKOHAaleH ABHXKyule# cuiae (oGo3HauaeMoii B
ofluem BuHIe Yepes A) BpeMeHH T M HeKoTopol BenauuuHe A, K KoTopofl
OTHOCSIT HHTEHCHBHOCTb npouecca. Tako#i BeanuuHo#l MOxeT ObITb pabouast
NOBEPXHOCTb, HYepe3 KOTOPYI MNPOHCXOZHT MEPEHOC 3HEePruH HJIH MacCH,
pa6ounii o6beM, B KOTOPOM OCYIIECTBJIsieTcs fpouece, u T. n. ClegoBaTensHO,
ypaBHeHne JT0OOro Mpouecca MOXKET ObITb NPEACTaBJACHO B ofLleM BHAE:

Kosdduunent nponopurcHaisHocTy K B ypasHeHun (I,3) xapakrepusyer
CKOpOCTb I[IpOUeCCa H, TaKWM 06pa3oM, MpencTaB/ser cOGOH KHHETHYECKHH
KOS(pPHUHEHT, WU Koacpcbu UHEHT CKOpPOCTH npouecca (xo3p-
¢dhUUHeHT TellJioNepenaus, KOS(HUNEHT Maccomepefadr u T. 1.). Kosddu-
uueHT K oTpakaer BaHsHHE BceX QaKTOPOB, He YUYTEHHBIX BeJHYHHAMH, BXO-
IAWAMH B IPaBYIO YacTb ypaBHeHud (I,3), a  Takxe BCe OTK/OHEHWs peallb-
HOro [1pouecca OT 3TOi YIPOIEHHOH 3aBHCHMOCTH.

[lot THTEHCHBHOCTDHIO I PO eCCa NOHHMAIOT pe3yJbTaT €ro,
OTHeCEHHBIH K eIHHHE BpeMeHH U efHHHUE BeluunHsl A, T. e. Benuunny M/Ar,
HanpUMep SHEPruio WIH Maccy, Mepemelmylo B elHHHLY BDEMEHH Yepes ejH-
yHuy pabGoueli mosepxHOcTH (MO0 NepeHeceHHOR H3 OAHON asel B APYyryto
B enuHHue pabodero o6bvema). Ma ypasuenus (1,3) caenyer, uto

M
At

=KA (I,4)

CooTBETCTBEHHO BeJHYHHY K MOXHO paccMaTpHBaThb Kak Mepy HHTEHCHSB-
HOCTH fTpoLecca — HHTEHCHBHOCTb, OTHECEHHYIO K efUHHLE ABUKYUISH CHJIBL

W HTEHCHBHOCTD NpPOLECCa BCETAA NP ONMOPU HOHAJAbHA ABHXKY -
meid cuge A u o6paTHO NPONOPUUHOHAABHA CONIPO-
THUBJEHHI R, KOTOpoe sIBJsIeTCsl BeJHYuHOH, obpaTHOf KHHETHYeCKOMY
KospduuueHTy (Hanpumep, THIDABVIHYECKOE COMPOTHBJICHHE, TEDPMHYECKOE
COMpOTHBJICHHE, CONPOTHBJAEHHE Macconepenage u T. A.). Takum ofpasom,
ypaBHenne (I,3) moxer 6oiTh BhIpAXKEHO TaKkKe B popme

ATA

M=

(1,5)

Us ypasuenns (I,3) wuau (1,5) HaxogAT HeoGXxonumyio paGouyio MOBEpX-
HocTh HJIH pabouuii o6beM anmnapaTa II0 H3BECTHBIM 3HAUEHHSIM OCTaJbHBIX
BelHMUYHH, BXORAIMX B ypPaBHEHHE, HJIH ONPeAe/sioT pe3y/bTaT [Npouecca npu
3aJaHHOM INOBEDXHOCTH (O0DbeMe).

Ot HHTEHCHBHOCTH fpouecca CjefyeT oTAuYaTb 06 b eMH y 0 HHT € H-
CcHBHOCTbAaNMapara— HHTeHCHBHOCTb, OTHECEHHYIO K eluHHUE ero
obuero obbema. C yBeqnueHHeM OO0BeMHOH HHTEHCHBHOCTH YMEHBIHAIOTCS
pasMmepsl annapaTa H CHHJKAeTCsl pacXOi MaTepHaJsoOB Ha ero H3roTOBJEHHE.
OxHako o6heMHasl HHTEHCHBHOCTb MOMKET JHIUb A0 ONpejlef]eHHOH CcTeneHH
C/yXKHUTb MepOH COBepIUEHCTBA anmnapaTa. JTO O6bSCHAETCS TeM, YTO O0bBEM-
Hasl HHTEHCHBHOCTH anpapara cBsidaHa ¢ HHTEHCHBHOCTBIO mpolecca, HO ¢ yBe-
JnueHHeM KoapHIHeHTa CKOPOCTH polecca erc HHTeHCHBHOCTb OOBIYHO BO3-
pacTaeT J{IIb O W3BECTHOrO npeneia. ¥YBeaduenne Kosdpuuueuta CKOPOCTH
CBepX HEKOTODPOro 3HayeHHs 4aCTO CONpPOBOXKAAETCS YMEeHbIUeHHEM ABHXKYuIeH
CHJIBI, YTO MOXeT NPHBECTH K MPEKDPalleHHIO YBEJAHYCHHS HHTEHCUBHOCTH
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npornecca. Bmecte ¢ TeM nosnillleHHe HHTEHCHBHOCTH [poluecca He BCerxa
CONPOBOXKJAeTCd  3KBUBAJIEHTHEIM MNOBBIIIEHHeM OOBEeMHOH HHTEHCHBHOCTH
annapaTta, Tak Kak Hapaly ¢ yMeHblleHHeM ero pabouero ofbemMa MOXeT
norpeGoBaThCA 3HAYHTENbHOE yBeJMYeHHe BCIOMoratejbHOro obwvema, Heol-
XOAUMOro, Hallpumep, A5 cenapauuy ¢as u T. II. [TosToMy noBbillieHHe 06beM-
HOH WVHTEHCHBHOCTH annapaToB 3a cUeT yBeJHYeHHs] CKOPOCTH IIpoliecca He
MOXKET ABJATHCA CAMOLENBIO NPH HX MPOSKTHPOBAHHUM H 3KCINIyaTaUUH.

Ilpu oneHke KOHCTpYKUHHW aNnapaTa MM pexuMa ero paboTel pellaiollee
3HaueHHEe JIO/KHE! UMEeTh TE X HH KO-3KOHOMHUYECKHE Xapaxk-
TEepHCTHKH JaHuoro annaparta. OntumanpHbeiM OyAer Tako# anmapat
(uny Takofl pexuM ero paGoTel), KOTOpbIf OOecmedHT 3afaHHBIH pe3yJabTaT
C HauMEeHbUIHUMH 3aTpaTaMH.

3arpaThl Ha OCYuleCTBJIeHHe NIPOLeCca CK/afBBAIOTCA H3 KaNHTalAbLERIX 3aTpaT ¥ SKCI/yaTa-
IMOHHEIX PAcXof0B. ¥YBeJiiyeHHe OGBeMHON HHTEHCHBHOCTH NMPUBOLMT K YMeHbLIEHHIO Pa3MepoB
annapaTta K COOTBETCTBEHHO K CHI)KEHHIO KaNHTAJbLHBIX 3aTPaT. DKCIIYaTalMOHKbIE JKe PaCXOLH
NPpU 3TOM, Kak MPABHJIO, BO3PacTaloT, TAK KaK HHTEHCU(HKALHA Nponecca cCompoBOXKAaeTCS
OGLIYHO YBEJNRYEHHEM SHepreTHYecKHX 3aTpaT. MUHHMYM CyMMBI 3aTpaT OTBeyaeT ONpeiesieH-
HOH 00beMHOR HHTEHCHBHOCTH alflapara, KOTopasd B ABJARETCH ONTHMAJBLHOH.

OnpefiencHue OCHOBHBIX pa3MepoOB alliapaTos. Homgsyﬂcr: ypaBHEHHEM
(I,3), BBIMHC/AAOT OCHOBHBIE pa3Mephl HENMPEDHIBHO AeHCTBYIOUIEro annapara.
Ecau n3BecTed o6neM Q cpes, MpOTEKalONlel Yepes annapar B eAHHHIY Bpe-
MEHH, H 3aJaHa HJH TNPHHATA ee JHHeHHas CKOPOCTh w, TO IJoMajsb Ho-
HepeyHoro ceyeHust S anmapara HaXosT M3 CIEAYIONIEr0 COOTHOUICHHS:

s={% (1,6)

ITo BennuuHe S onpenensioT OIHH M3 OCHOBHHEIX pasMepoB annapara, Ha-
fpuMep IJsl annaparta udJAnHgpHuecKoH ¢opmel — ero nuamerp D.

JlpyruM OCHOBHBIM pasmepoM siBasleTcl pafouasi BeIcOTa (MM AJauHa) H
annaparta. Y3 ypasnenus (I,3) HaxopaT paGounii o6rem annapata (ecau A =
= V) nau nosepxHocts F, TpeGyeMmyio A/ npoeefenus npouecca. 3Hasd F n
10/Ib3ysACh 3aBHCUMOCTRI0O F = aV/, The a — noBepXHOCTb, NPUXOASIIAACA
Ha enuHuNy obbeMma annaparta (yHZenbHas MOBEPXHOCTb), PACCUHUTHIBAIOT €r0
pabouunii o6vem. Ilo Beauuuse V onpepensiior BeicoTy H, NpHMeRsis COOTHO-
meHde V = SH. Pabouuli o6vem V nepuognueck¥ neHCTByIOHlero anmnapara
onpegeasioT Kak I[pOH3BeleHHEe 3aJaHHOH NPOM3BOLMTENLHOCTH (Halmpumep,
Q m®/cex) W mepuojga mpouecca T Cek, BKJIOYAIONIErO HpOlIOJ‘I}KHTe./'II:HOCTb
€caMoOro npouecca, a Tak)Xe BpeMms, 3aTpaulBaeMoe Ha 3arpyskKy, BHIPPY3KY'
W IApyrue BCIOOMOTaTeJbHEE OHNEpauMH:-

V=20Q1 (1,7

Mopenuposande H ONTHMH3auHa TponeccoB W anmapartoB. MccaepoBanue
IpOLIECCOB H alinaparoB B MaciiTabax ¥ ycJOBHAX INPOMBIINICHHOrO NPOHU3BOA-
CTBa siBJseTcs, KaK NpaBdJO, CJIOXKHBIM, AJUTENBLHLEIM U JOPOTOCTOSIIHM.
B cBa3u ¢ aTuM 60/bIIOe 3HayeHHEe HMeeT MO L eJ M p O B a H H e — H3yye-
HHe 3aKOHOMepHOCTeH MpoueccoB Ha MOZENsAX NPH yCJOBUAX, AOMYCKalOHIHX
pacnpocTpaHeHHe [OJyYeHHBIX Ppe3yJLTaTOB Ha BCe Mpouecce, ioAo0HbIe
H3YYeHHOMY, He3aBHCHMO OT Macmitaba annapara.

O6mye NpHHUKIE MONENHPOBAHUS BBITEKAIOT U3 TEOPHH NOfo6GUs, OCHOBEHI
KoTopo#l usnoxkeHs! B rJaaBe II, CorsacHo TpeGOBaHUAM 3TON TEOPHH, HOJXKHBI
co6moaaThCs CAeNyIOHIHe MpaBH/aa MOLSAHPOBaHMUS:

1) HeoGxoaumo, 4ToGE! MpoHeccht B MOJRAN M anfapate HaTypaJbHOrO pas-
Mepa (OpMruHaje) ONHCHIBAJHCh ONHHAKOBEIMH auddepeHUHATBHEMH ypas-
HeHHsSIMH;

2) MOZe/b ROMKHA GLIThb TeOMETpHYECKH NMoNoOHA OPHTHHAMY;
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3) yHC/eHHLle 3HAueHHs HayaJbHBIX W TPAHHYHBIX YC/AOBHH, BHIpaIKeH-
HelX B Oe3apasmepHod ¢opme, IJs1 MOZEAM U OpHIHHAAA JOJKHE 6511'5
paBHBI;

4) Heo6xoxuMO, uTOGH BCe Ge3pa3MepHble KOMIIEKCH (PH3HUECKHX U Teo-
METPHYECKHX BeJHUHH, BJMSIIOWHX HA [pouecc (KpUrepuu nojnobus), Gulaun
paBHbl BO BCeX CXOACTBEHHBIX TOYKaX MOLeJNHd H OPpHIrHHAMA.

Ecau nocnepHee TpeGoBaHHe HEBHIIOIHUMO H [POTEKaHHE MPOLECCA MPaK-
THYECKH MaJIO 3aBUCHT OT TeX WUJH MHBIX KPHTepHeB nojpobus, TO paBeHCTBOM
HX B MOJEIH H OpHruHa/e npedeGperawmT, NPOBOAA M pUOGI UK EHHOE
MOJeNHpOBaHHe.

MogenupoBanHe [IpoLeccOB MOXKHO TakKXKe OCYLIeCTBJISATH HAa OCHOBE MaTe-
MaTHYECKOH aHaJOTHH —— OJHHAKOBOH (OpPMBl ypaBHEHHH, OMUCHIBAMOWIUX (hH-
3HYECKH P a 3.1 M 4 H B e ABJeHud. JIpH HCHOIB30BaHHH JEKTPOHHBIX Bbl-
YUCAHTENbHBIX MalUHH MaTeMaTHYeCKOe MOZe/IUPOBaHHe I03BOJsteT 3HAYH-
TeJbHO VCKOPHTH HCC/AeAOBaHHe Hanbo/ee CJOXHBIX [IPOLECCOB XHMHYECKOH
texHosorun. ObillHe OCHOBH MOZENHPOBAHHA IPOIECCOB ¥ anmapaToB H3JI0-
xensl B raase II. .

3aK/MoYHTENbHBIM 3TAIOM MOE/AHPOBAHUS IPOLIECCOB ABAACTCA HXO N T H -
MH3alHs— BoIGOD HAWJYUIUKHX, UIH ONTHMAJNbBHLIX, YCAOBHE NMpOBeneHHUS
npouecca. OnpenedeHHe 3THX yCJOBHH CBA3aHO C BLIGOPDOM K P HTeEe P U f
OONTHMH3 ALl UH, KOTOPHA MOXeT 3aBHCETb OT ONTHMAJBLHBIX 3HAYeHHH
psiaia napaMeTpoB (HaNnpHMep, TeMOepaTyphbl, AaBJeHHs, CTENeHH H3BJeye-
HUS U AD.). MeXny yxasaHHbIMH MapaMeTPaMH OGLIYHO CYINECTBYET CJOXKHAA
B3aHMOCBS3b, YTO CHJABHO 3aTpyAHsieT BBIOOD eHHOr0 KpUTEPHSI, BCECTOPOHHE
xapakrepusyiomero 3h@gekTHBHOCTb Npouecca. 3ajaya CBOAHTCS K HOHCKY
SKCTPEMa/bHOro 3HaueHHUs (MHHHMYMa HAH MaKCHMyMma) Ue/leBOH GYHKUIHH,
Bhipa}aioulel 3aBHCHMOCTE BEJHYHHBI BBIOPAHHOrO kaTepHﬂ ONTUMH3AUHH
OT BJHMSIIOWHX Ha Hero (axkTopos.

OcHoBHBIE XapakTepPUCTHKH MNpoueccd, KaK MpPaBUJI0, CBA3aHBl MeEXIy
co6ofi Tak, yTo BO3pacTaHue ero 3QGEKTHBHOCTH MO ONHOA U3 HUX CHHIKAET
B TOH WM MHOH CTereHH >PPeKTHBHOCTL NaHHOrO poUecca MO APYrHM Xapak-
TepucTHkam. Tak, Hanpumep, B JOGHX poueccax pasjeneHus cMecefl (pekTH-
(HKanHs, 3KCTPaKuHsl, rPOXOYeHHe W AP.) MoJjHoe pa3fe/eHHe HeZOCTHXKHMO.
KauecTBo *e'KOHEeUYHOro HNpOAYKTa, onpegenseMoe co-
Iep}KaHHeM B HeM He/NE€BOr0 KOMIIOEEHTAa (HJIHM HEeCKOJbKHX KOMIIOHEHTOB),
yJyuniaercss ¢ yBeJiHueHHeM MOJ HOTHB pas3neneHdsa OgHako npu
3TOM MNpPOLUECC YAOpOMaeTcss, a N POH3BOJAHUTEeNABHOCTSBH anmnapa-
Typbl yMeHbluaercsi. B cBA3H ¢ 3THM 3ajaua ONTHMH3ALHU CBOLWICH, 1O CY-
LECTBY, K HaXOXKASHHIO HauGoee BHIMrOAHOI0 KOMIIPOMUCCA MeX 1y 3HaYeH HAMH
rapaMeTpoB, aHTarOHUCTHYECKH BJUSIOLIHX Ha [POIecC.

Hau6osee yHuUBepca/bHBl 3> KOHOMH Y E@CK H € ' KDHTEPHH ONTHMH-
3alMH, HHTErpajpHO OTpakaloillne (B CTOHMOCTHOM BhIpa’X@HHH) HE TOJBKO
OCHOBHbIE TeXHHUECKHE XaDaKTeDHCTHKH, MOJOOHBIE YKa3aHHBIM BBIIIE, HO
¥ 3arpaTel Ha 3Hepruio, .pabodyrw cuay u T. A IIpHHUHD HaxOXKAEHHSA
3KOHOMHUYECKOTO ONTHMyMa I/ OTHEAbHBIX OCHOBHBIX IMIDOUECCOB H3JO0-
eH B COOTBETCTBYIOUIHX raaBaX Kypca. OxHako HeOGXORHMO OTMETHTb, UYTO
ONTHMH3AUHs Ha OCHOBE 3KOHOMHUYECKHX KpPUTEpHEB CBsI3aHa C HaJHUYHEM
ru6Kkofi cHcTembl UeH, ONEepPAaTHBHO OTpPaXkaloUHX H3MEHeHHe CTOMMOCTH Mpo-
LYKTOB (B TOM 4YHCJe NMPOMEXKYTOUHBIX) C PasBUTHEM HAayKH ¥ TEXHHYECKOro
mporpecca.

B 3aBUCHMOCTH OT KOHKpETHBIX YCJAOBHH NPHMEHSIOT TaKXe TEeXHOJOTH-
yecKHe, TEPMOLHHAMHYECKHe, CTATHCTHYECKHE H JpyrHe KpHTEepUH ONTHMH-
3aUuM. '

Jnasi onTUMH3auHN NMPOLECCOB MIMPOKO HCMOJB3YIOT KHOepHeTHuecKHe Me-
TOABl K MPH 3KCNEPHMEHTAIbHOM H3YYeHHH —— CTATHCTHYECKHE METOHBl I J a -
HUPOBAHHS 3KCHEDHMEHTOB, [I03BOJSIONIHE Ha OCHOBE NpegBapHTE/b-
HOrO0 MaTeMaTHYeCKOro aHaau3a COKPATHTb YHCJO ONBITOB JO MHHHMAaJBHO
Heo6XOLHMOro.
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_ OcHOBHbIe MaTeMaTHYeCKHe MeTOLB! ONTHMH3AUHH (knaccuqecxuﬁ MartemMa-

THYeCKMH aHalu3, BapHauHOHHOE HCYUC/EHHEe, JMHEAHOe H JHHAMHYECKOE
NPOTrpaMMHPOBAHKE, IPHHIUI MAKCHMYMa M Ip.) ONHCHIBAIOTCS B CHeHa/bHOHK
autepatype *.

5. PasjanuHble cHCTeMBbl eIHHUI H3MEPEeRHS
thn3uueCKuX -BeNUUYHH )

Uncnosble 3Ha4YeHHs] BeJMUHMH, MOJYUYaeMbie B pe3yJbTaTe TeXHHYECKHX
pacueroB, 3aBHCHAT OT BbIGOpA eIMHHII H3MepeHus. ITosTomy Heob6xomnmo mpa-
BHJBHO YYWUTHIBATD €AVHHUBI H3MepeHHS BeNHYHH, BXOASLUIHX B DacUeTHhHIE
tdopmMyaul M ypaBHeHds. [ns1 BHpaKeHus BeJHYUH HUCAOJAB3yIOT pa3J/iHuYHELIE
CUCTEMB €AHHHUIN H3IMEDEeHHSs, COCTOSUHE H3 OCHOBHBIX (He-
3aBHCHUMBIX) M NPOU3SBOAHBIX eNUHHU. [Ipon3BOAHBIE eNHHHUILI BbIpaXaioTes -
yepes OCHOBHHIE efHMHUIUBI. KpoMme TOro, B pacueTHOl MpakTHKe ynoTpebasioT
H HEKOTOpHe BHEC U CTEMHBl e elHHHIB H3MepPeHHS.

IlpumeHeHNe pa3NM4YHBIX CHCTEM EfHHHIl, a8 TAKKe BHECHCTEMHHIX EIHHHIL
YCJAOKHSIET pacueThl ¥ HEPENKO ABJSETCS NPUYUHOH CePbe3HbIX OLIHOOK B TeX-
HOJIOTHYECKHUX pacuerax. ' '

CornacHo rocylapcreesHomy cradaapty (I'OCT 9867—61), B Haweft cTpane
NpUHATA KaK [pelrnoyTHreibHass Mex nynmapopgHasa cHCTeMa
enunH uu (CH). INepexon Ha enunylo u yHHBepcaabHylo cucremy ennuun CHU
ofecneunBaeT enNHOOOpa3He H3MepeHwui, TNOBHIIAeT- X TOYHOCTb, @ TaKiKe
ynpoliaeT HeKOTopee hopMydan **.

W3 ocuosneix eannut CH B pacuerax nmo npoueccam u annapartam HCNOJb-
3YIOT UETbIDE eNMHHIBI MeTp (#), xuaorpamm (x2), ceKyHAay (cex) W rpamyc
KeanBuna (°K). M3 nepsrix Tpex eI¥HHL, COBNAalOWiUnX ¢ OCHOBHBIMH €IHHH-
uamu cucremsr MKC, o6pasyioTcss Bce MpOH3BOAHBIE MEXaHWYECKHE €IHHHIH,
a Ha ocHoBe K — Npon3BOJHEE eMHHHUB! A/15] H3MEPEHUsT TENMOBLIX BEJAHUHH.
HekoTopble 4acTo HcrofbayeMele B pacyerax npousponubie enunnus CH npu-
BeféHbl B Taba. 1-1, rie ykasaHbi Takke 3HaYeHMs NEPEBOAHBIX MHOXKHTENEH
19 npuBeneHts eanHun cucteM MKI'CC, CFC H BHECHCTEMHBIX eIHHHUIL K COOT-
BercTBylomuM efnHnnam CH.

- TlepeBoanbie MHOXHTEAH &1 APYrHX DacYeTHHIX BeHYHH npuBeJeHsl
B COOTBETCTBYIOIIUX IJaBaX KHUIH.

Mexnynaponnas cucrema eansnn (CH) npuspana samenuTb JO CHX MOp
npHMeHsieMbie B pacuerax eiuHuuw npyrux cdereM (CI'C, MKICC u 1. n.),
pasnvuHble BHECHCTEMHEBIE eHHHIB! (MUTp, aTMocdepa, Kajlopusi, JoOMagHHAA
CHla H AP.) ¥ o6pa3oBaHHblE M3 HHX IIPOH3BOIHLIE EXHHUIN (HanpuMep,
KKaa/4), a TAKXKE HEKOTOpble KpaTHbIe U NOJbHbIE eIUHHIbL, o6pa3oBaHne Hu Ha-
HMEHOBaHHE KOTOpPLIX npotuBopeunt CY (Hanpumep, MEUKPOH, LHEHTHep H T.IL.).

Jlo mocnegHero BpeMeHM B pacyeTax IO NpoieccaM W annapartam LWHPOKO
ucnosbsobajack cuctema MKI'CC, oCHOBHEIME eIHHHIIAMU KOTOPOH SIBJASIIOTCS:
MeTp (#), KuiorpamMm-cuia {kec) v cekyHna (cex). CyllecTBeHHBIA HeJOCTATOK
TOH CHCTEMBbI 3aK/Io4yaeTcss B TOM, YTO B KaugcTse ONHOH H3 OCHOBHHIX €e
eIMHULl INPUHATA eMHHUA CHJIbI, 8 NPOH3BORHOH CJAYKHT €IHHHUUA MAaCChl —
TaK Ha3biBaeMas TeXHHYecKasl efuHuila Maccl (l T. e. M.). YuuThBas, 4TO
CHJ1a paBHa Macce, YMHOMEHHOH Ha ycKOpeHuWe, NOAYYUM

1 xec __9,81v ke-1 Mm/fcex?
1 mficex® I m/cex?

1 T.e. M.= = 9,8] ke

Npyrumu cnoamu, 1 T. e. M. noutn B 10 pa3s npeBbluaeT eAWHUIY MAacchl
B MeTpuYeCKOH cucTeme, paBHYIO | k2. IDTO HecooTBeTCTBHE ABASIETCSl YacTOH

* Cm., HanpumMep: Bospuuos A .M., Kadpapos B. B. Merogs ontTHMu3auun
B XHMAdecKoil Texnosoruu. M., «Xumus», 1969. 564 c.

** Bosee nogpo6uo cm., nanpumep: -Bypayw I'. JI. CrnpasounHk no MexiyHapoiHOH
cucreme einuuu. M., Msa-Bo cranmapros, 1971. 232 c.
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Ta6anuoa l-1. EJuHMNEl H3MEPSHUS BeAMYUH U MEPEBOAHBIE MHOXKUTEH

B eauHMus CH

PacueTHas Cucrena e £ ) fleperonHoit
BesuUnHa 4 Ma efRWHHL BHHHUA HaMepeHHs MIOKHT eJlb
B eguHuny CH
Hanna CH Metp (m) —
MKI'CC Merp (a1) —
CIC CaHTHMETD (ca) 10-2
Macca CH KHyorpamMu («xe2) —
MKI'CC TeXHHYeCKad efHHHIA Maccht (T. e. M.) 9,81
Kac* ceK>/m
CIC rpamm (2) 10-%
Cuna CH HBIOTOH (H) —_
MKICC KHJOTpaMM-cHaia (Kac) 981 .
crc ndHa (Our) 1075
Jannaenue CH HBIOTOH Ha KBAanpaTHHH Merp (#/m?) —
MKTCC KUJIOTPAMM-CHJIA HA KBAaAPATHBUL MeT] 9,31
(rec/m>)
CIC JHHA HA KBAgPAaTHLINl CaHTHMETp 10-t
(Ousfcm?)
BirecucTemuble | Gap (6ap) . 16-3
eMHHH b TexHH4yeckasi atMocdepa (am, 1 rzc/cu?) 9,81- 104
MHJIIHMETP BOAAHOTO , cTonGa 9,81
(mMm 600. cm.)
MHJAJIMMETP DTYTHOTO cTon6a 133,3
(mm pm. cm.)
Pa6ora, sueprus CH 1KOyNb (3%) —_
MKICC KMJIOTpaMM-CHIa-MeTp (Kkac* M) 9,81 .
Crc apr (3pe) 10-7
Buecucremibie | BarT-4ac (8m-4) 3600
eqHHHIB! KHJIOBATT-4ac (kam- ) 3,6-108
JoWAagHHas cHaa-dac (4. - ¥) 2,65- 108
Mourocts CH BarT (8m) —
MKTICC KHJOT pAMM-CHJIA-METD B CEKYHAY 9,81
' - (kec- mjcex)
crc 3pT B CEKYHAY (3pa/cex) 10-7
CH IKOYNB (3%) —
Tennora BuecucreMuas | xkunoxanopus (xxax) 4190
efHHH1A )

NpUYMHOKH OUIHGOK B pacyeTax, a TaKme B 0003HAUGHHAX CAHHHIL M3MepeHHA
BeJHUMH, T. €. MpUMEHEeHHe T. e. M. A/ BbIPAXEHHA DPa3/JHYHBIX BESIHYHH,
OTHOCHMBIX K €IHHHIE MACChl, MpakKTHYecKH HeylodHo. [losromy, nanpumep,
YACTbHOH TENJIOEMKOCTH, eJHHHIA KOTOPOH NpH HCNO/Ib30BAHHH CHCTEMb
MKTICC u BHecucTeMHbIX enHHHU paBHa [c] = [xxaa/(r. e. M.-2pad)], B Tex-
HHUYeCKON JuTepaType mpugaior Boipaxenns lc] = lkxaa/(kz-2pad)} nau
el = [kkaa/(xec-2pad)}. Ykazauuble BbIpaKeHHsl HEBEPHBI, [OCKOJIbKY K
WIH K2C He aABpaaercsa equHuiell maccol B cucreme MKI'CC. Croab ke QpH3HYECKH
HE OnpaBiaHbl YacTo ynorpebjsiemMble MPH MPUMEHEHHH 3TOH CHCTEMb! TaKHE
HaMMeHOBaHWA BeJHYMH, KAaK BeCOBOH Dacxof, BecoBas yje/bHas TelJIoeM-
KOCTBb H T. A.

Boipaxas B cucreme MKI'CC xosHueCTBO BepleCTBa 4epes3 ero Bec, He yuH-
THIBAIOT, YTO Macca (k2) Tesa, OGBLIYHO OmpejesnseMas C [MOMOUIbIO PbIYaXHBIX
BECOB, JiMUIb NPHOJIMIKEHHO paBHa Becy (kxec) Tena. [lpupaBHHBasg 4uC/OBbIE
" 3Ha4YeHHA BeCa, BbIPAXKEHHbIe B K2C, M MacChl — B K2, AOMYCKaloT OWHOKY,
nocturaomyo 0,5%. Jroit owubko# npeHebperaoT, NOCKOIbKY OHA [e mpe-
BbIlIIA€T TOUHOCTH BHIYHCJIEHHH Ha JorapuMHueCKOHd JHHeHAKe.

Takum o6pa3oM, BaHOe JOCTOHHCTBO MexIyHapOAHOH CHCTeMBl €IHHHL
(CH) cocTtouT B TOM, 4TO OCHOBHOH B HEH ABJIAETCA eAMHHIIA MAcChl, KoTopas
NOCTOAHHA B JIIOGOH TOUKE 3eMHOH MOBEPXHOCTH M BOCIPOH3BOAHTCA Ooijee
TOUHO, YeM eJMHHIlA Beca, IpHYeM eHHHIIbI Macchl ¥ Beca B 3TOH CHCTEeMe YeTKO
pasTpaHHdeHbl,
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Enununs CH MOXHO OTHOCHTB KaK K 1 k2, Tak M K BHECHCTEMHOH efuRune *
KoJiMuecTBa BeluecTea — K 1 xmoas. Hanmpumep, moibHaf yRenbHas Temo-
€MKOCTL MOKET Bblpamarbcs B kkaa/(ke-zpad) w Odxc/(kmoas - epad).

B Tex cayuasix, KorAa oTAenbHble eRMHHIB CH 0KasbBaoTCA NpakTHUECKH
Mano yAoGHbIMH, meNecoo0pasHo ANA 3alMCH YHCJIOBOLO pe3ysnbTaTta pacuera
TIPUMeHATb KpaTHble W ROJNbHBIE 3HAUEHUf STHX CAMHMIL, HaHMEHOBAaHHUA H
o6o3nauyenus Koropsix npexycmorpedn CH. Tak, us ta6n. I-1 Bummro, uro
YHC/OBLIe 3HAYCHHs AABJICHHS B #/M? OUEHB MaJBl [0 CPABHEHHMIO C ero 3Ha-
YEeHUSAMH B TEXHHUECKUX aTMocepax, B KOTODHIX TpPaXyHpOBaHbl U3MepHTENb-
Hble Ipubopkbl. B RaHHOM Ciryuae nenecoo6pasHO HCNOMb30BATL KPATHYIO BesH-
YHHY — MEraHblOTOH Ha KBaApaTHull Merp, npuuem 1 Mu/m? = 10° n/m? =
= 10,2 kec/em?. TIo aHaNOTHUHBIM COOOpa!KeHHAM MOXKHO, HallpUMep, SHTAJb-
fIHI0 BBIPaXKaTh B KPATHHIX eRMHMIAX —— KWJIOLKOYAAX Ha KHJIOrpamMMm
(1 kdac/xe = 0,24 kxaa/xe).

Ilpu nepexope k exununiam CH Heo6xoRMM nepecuer BeJUYHH, B YaCTHOCTH
KoadduiuenTo sMnupudeckux ¢opmyn, Ilepecuer npousBoRuTCH B cneﬂyromen
NOCIeR0BaTeLHOCTH:

a) ‘HaXOKAT OTHOIUEHHS eWHWIN, B KOTOPBHIX BHIPaXKeHbl BEJHYMHE B ypaB-
HEeHHH, HOLJexauleM IepecueTy, K cOOTBeTCTBylowiuM eiguHuunam CH;

6) KaXAyl OYKBEHHYIO BeJHUYMHY B JIeBOH M [paBOM 4acTAX HCXOAHOrO
ypaBHEHHA REJAT Ha YKa3aHHOe BhIlle OTHOIIEHWE WM YMHOXKAIOT Ha obpart-
Hoe oTHOWweHHe (oTHomeHue ennHuUbl CH K exuHMOe BeNHYMHEI B HCXORHOM
ypaBHEHHUH);

B) BCe NOJyuYeHHBIE MHOXHUTETH O6BEXUHAIOT B ORHH, Bblpa}KaIOUlHPI YUCTO-
Boe 3HaueHue Kod(HuHMeHTa ypaBHeHus B eamunuax CH.

* EnBHBilA KONH4YecTBa BeUIeCTBA (KMOAb, MOAL) NpUHATA XIV I‘eHepaanou KOHpepeH-
nHedl no mMepam  BecaM (oKTs6pL 1971 r.) B KadecTe ceapmoit ocHoeHoH epunuus CU. B TOCT
Ha EJMHHLE (H3HIECKHX DBeJIMIHH 3Ta €JMHHLA TOKa He BBeleHa,



THIPOMEXAHHYECKHE HMPOIIECCHI

rmaiABA Il

OCHOBbI THIAPABJIMKHU. OBIIHE BOIPOCHI
NMPUKJAAHOU TUAPABJIUKU B XUMUUYECKOW ATIIAPATYPE

~ Muorue TtexHo/JOrH4eCKHe MPOLECCHl XHMHYECKOH [POMHIIJIEHHOCTH CBS-
3aHBL C JBHKEHUEM HKUAKOCTEH, [a308 WK HAPOB, MepeMeiluBAHNEM B KHUIAKUX
cpenax, a Takme C pasje/seHHeM HEONHODOAHBIX CMeCeH MyTeM OTCTaWBaHH,
¢unbTpoBaHua W uenTpudyrupoanus. CKOpPoCTh BCeX yKa3aHHHIX (u3uue-
CKMX M[pOLECCOB OMNpeRessercs 3aKoHaMHM THApoMexaHukH. [lostomy Takue
[pONecCH HasLBAT TH A POMEeXaHHUYECK UM U

3agOHBl THAPOMEXAHMKM U MX {paKTUYEeCKHe [PUIOKEHHA H3YUaloTCH
B THApaB/IHMKe, KOTOpas COCTOMT M3 ABY X pa3JeJoB: FUAPOCTATUKU
W ruApodMHaMuKM. T M ApocTaTukKa paccMaTpusaeT 3aKOHbI PaBHO-
BECHA B COCTOSIHMM MOKOA, a T U X p OAMHAMHK a— 32aKOHBl ABHKEHUA
JKURKOCTEH M rasos.

3HaueHHe HU3YUCHUSA rmpaannxn L5  HHMKeHepa-XMMHKAa He HCYepIbl-
Baercs TeM, YTO €€ 3aKOHB! JIeKaT B OCHOBE THAPOMEXAHHYECKUX MPOHECCOB.
FuppoauHaMHuecKHe 3aKOHOMEDHOCTH 4acTO B 3HAYHUTE/NbHOH CTEneHH ompe-
ReJAI0T XapakTep NpPOTeKaHHs MPOLECCOB TemJaonepefadu, Macconepenayd u
XUMHUYECKHX pEaKIHOHHBIX IIPOIECCOB B MPOMBIILIEHHBIX allapaTax.

1. OcHoBHblE onpeje/eHUs

B rugpapauke NpHHATO 0OBbeAUHATH XKHUAKOCTH, I'a3nl H Mapel NO4 eAHHbLIM
HAUMEHOBAHHEM — ¥ U 1 K 0 C T . IDT0 OOBACHASTCH TEM, UTO 3aKOHBI JBH-
JeHUA KHAKOCTe# M ra3os (IapoB) MpakTHYECKH OAMHAKOBHL, €CJAH HX CKO-
POCTH 3HAYHTEJNbHO HHKE CKOpPOCTH 3BykKa. [losroMy B JanbHeHUIEM XKHAKO-
cTAMY OYAYT Ha3BIBATBCA BCE BeUleCcTBa, 06/1afaiouiHe TEeKydyecThbl) NDY NpH-
JIOXKeHUW K HUM CaMBbIX He3HAUHTeJIbHBIX CHJ CHBHra.

O6umiie 3aKOHbl PABHOBECHA M ABHMKEHHA XKHUAKOCTEH BBHIpAXAlOTCA OOBIYHO
B BUie AupdepeHIHaMbHbIX YpaBHEHUH, MOJyyaeMbX Ha OCHOBE paccMoTpe-
HHA XUAKOCTH KaK CIJIOIHOH ofaHoponuo# cpenst. [Tpu sToM npene6perator
TEM, YTO 3JeMEeHTApHBIH 06beM HHAKOCTH ABAAETCH COBOKYNHOCTBIO MOJIEKY,
pacHoJ/IoKEeHHbIX HAa HEKOTOPBIX pAacCTOAHMAX OAHA or apyrofl. Takoe gomy-
[I€HHEe BO3MOXKHO, MOCKOJbKY pa3Mephl 3JeMeHTapHOTo ofbeMa BCerka MOTYT
OBITH B3ATH 3HAYUTENLHO OONBHIUMH CcpelHell AJMHBI HYTH CBOGORHOTO [IpO-
fera MoJleKy.JI.

CBOHCTBOM CILVIOIIHOCTH CYHTAIOT 00/ajaloliMMH ¥ OTAEJNbHBIE YACTHIBI
JKHUIKOCTH, MPHYEM HCHOAb3YeMblfl B ruipaB/iNKe TEPMUH «YACTHIIA» OTHOCAT
He K MUKpOYacTHIaM, T. €. MOJeKyJaM, a K MakpoyacruuaM. TakHe 9acTHIH
MOCYT MepeMewiaTbCl OTHOCHTE/NBHO LPYr Apyra B [OTOKe, HO KaxAas U3
HHUX IBHIKETCS Kak eiWHOe Ilesoe. i

[Ipu BHIBOAe OCHOBHBIX 3aKOHOMEPHOCTEH B THApABJNMKE BBORAT HOHATHE
O runoteTHYecKofl H Aea b HOMH HKHUIKOCTH, KOTopas, B OT/IHYHE OT
peasbHOHN (B#A3KOMA) KHUIKOCTH, aGCOMIOTHO HECHKHMaeMa Noj ne#-
CTBHeM JlaBJIeHHA, He U3MeHAeT IJIOTHOCTU [IPH HU3MEHEHUH TeMiepaTyphl M HE
ob/1afaer BA3KOCTBIO,
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PealnbHble RMUAKOCTH AeNATCH Ha KalesdbHble ¥ YIpyrue (rassl WIH mapsl.
KanenbHBl @ XHIKOCTH NPAaKTHYECKH HeC)KHMaeMb H 06Janalor OueHb
ManhiM Ko3hhHIEHTOM 06beMHOro paciiupenus. O6beM y 1 p y T H X HUIKO-
¢Tell CHNLHO H3MEeHSeTCA NPH H3MeHeHHH TeMNepartyphl HAH AaBAEHHA.

2. Hekoteprie thnanueckue cBoiicTBa XHAKOCTeH

PaccmoTpuM HekoTOpble (H3udecKHe CBOMCTBAa KMAKOCTEH H MapaMeTpHl,
HCTIONb3yeMble NPH pacyere NMPOUECCOB XHMHUECKOH TeXHOJOIHH, npo*rexaio-
WHX B NOKOAWeHCA WIM IBHKYWeHCA KUIKOCTH.

NMnotHocTs ¥ yHeabHBbIt Bec. Macca enuHuubp ofbeMa KMAKOCTH Hashl-
BaeTCA NN OTH O C T b 10 # 0O03Ha4YaeTCA yepes p:

m
p= 3 (1

Tle M — Macca MUAKOCTU; V — 06ben KHIAKOCTH.

B exunnuax CH naordocts u3amepsierca ¢ k2/#*, a B cucreme MKICC, rae
Macca BBIPAKACTCH B KaC-Cexk?/m, elMHHUA NJOTHOCTH Oyner Kec-cex*/mt.

Bec enunune o6bemMa JKUAKOCTH Ha3blBaeTcs Y AeNbHBM BECOMH
o6o3nauaetcs 4epes y, T. e. '

G
= 11,2
Y=-v (11,2)
B equnnnax CH yrenwnwiil Bec uaMepsiercs B #/m®, a B cucreme MKI'CC,
rie eluHuKuel Beca sBAAETCH kec, — Kac/ mP.
Macca u Bec cB3aHbl Mexay coGoH COOTHOLICHHEM
G
n = —
g

TIe g — YCKOPEHHe CBOGOAHOTO Tianenus, A/cex?,

INoncraBup 310 3nauenwe m B 3asucumocts (I1,1), ¢ yderoMm Bbpae-
nua (11,2) nonyuum cooTHolleHWe MeWAY YAeNbHBIM BeCOM H IVIOTHOCTBIO!
Y=0pg : (11,3)
IlnoTHoCTE H ynesnbHBIH Bec KanedbHBIX YKUAKOCTeH 3HAYMTENBHO BHILIE,
YeM COOTBETCTBYIOUINE XapaKTePUCTHKH YNPYrHX XKUAKOCTeH (rasoB) U cpaBHH-
TebHO MaJ/O M3MEHAIOTCA Mol AefiCTBHEM AABJAEHHA UNH NpH U3MEHEHHH TeM-
nepatypel. I110THOCTE rasoB ¢ Gosbliledl WIH MEHbIUECH CTeNeHbIO TOUHOCTH
MOXKeT OBITh pacCYWTaHa Ha OCHOBE YypaBHEHUsd COCTOAHHS LIS HAeaJbHHIX
rasos:

pv_—_../’%_m (11,4)

rie npH Hcno/dp3oBanuu enundn CH ¥ cOOTBeTCTBYIOmEM BhipaKeHHH LaBNeHHSt p B H/mM%, Tem-
nepatypul T B °K u Macent | «moas (MONbHOM Macchl) ra3a M B k2/kMo4p yHUBepcasibHas ra3osas -
nocrosiunas pasua R = 8314 duc/(kmoas- 2pad).

Us ypasuenus (11,4) cnemyer, uto .
m _ pM (11,5)

VO RT
O61beM, 3aHnMaeMblil €iMHULEN MacChl rasa, HWJIM BeJaWdHHa, ofpaTHad
HNJIOTHOCTH, Ha3blBaeTcs yAe A bHB M 06 be MOM U oG0o3HAUACTCH Yepes U:

1 _RT
b oM

HaBnenue. )KHIKOCTb OKasniBaeT JaB/eHWe HA JHO H CTEHKH COCYAa, B KO-
TOPOM OHa HAaXOAMTCA, H HA MOBEPXHOCTBb JOGOro NOrPYKEHHOTO B Hee Tesa.
PaccmoTpuM HeKoTOpPYIO 3/eMeHTapHyIO IIomanky F BHYTpH oGbeMa MOKOS-
mencs KuakocTH, HesaBucHMo or MosoXKeHHA NJIOMAZKH B JaHHOH TOUKe
o6bemMa XKHUAKOCTL GyReT RaBHTb Ha Hee ¢ HeKOTopo#l CH/ofl, paBHoi P u Ha-

14
U=T= (II,G)
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(paBJIeHHOH [0 HOPMAJM K MJIOWAfKe, Ha KOTOpYIO OHa aedctByer. Ee na-

3bIBAIOT CHJA OH THUAPOCTATHUYECKOTO faBJaeHdusa OTHoume-

uue P/F nmupexcrasasieT cofofi cpefHee TFTHAPOCTATHYECEKOE

AaBJeHHe, anpelea 3Toro oTHoweHHA npi F — O HOCHT HasBaHHMe T U 1 - -
pPOCTATHYECKOTO gaB/JAeHHUA B TOYKeE, HIH OPOCTO 4 aB -

JeHH

p=lim (_P-) a1,7)
F->0 F !

Yepes Kamxayl TOYKY BHYTPH MKHMAKOCTY MOXKET NpPOXOAHTb GECKOHEUHO
BOJIbILIOE YHCJIO 3/eMEHTapHbIX maomaJok. IIpu sTom cura P B m06oi Touke
HampaB/JeHa MO HOPpMaJa M K KaxIoH Takof maomanxke, Ha KOTODYIO
oHa JeHcrByeT. Muade 3Ty cusmy MOXHO ObLTO Gbl Pa3/IOKKUTh HA HOPMANbHYIO-
U napa/ielbHyi0 NJIOCKOCTH IVIOHIAAKH COCTaB/AIOUIHE, H MapanjenbHas CO-
cTaBadomIas Bel3Basa Gbl MepeMeflieHHe CJIOeB KHAKOCTH, 4TO HEBO3MOKHO,
TaK Kak MO yCJOBHIO XXHIKOCTh HaXOAWTCA B nokoe. JaBjenue B mo6ol Touke
KUAKOCTHORMHAKOBO MO BCeM HalNpaBJeHHSI M, IOCKOTbKY
B MPOTHBHOM CJIy4ae TaKxKe MpPOHUCXOAM/IO OBl mepemelleHHe KUAKOCTH BHYTPH
3aHHMaeMoro e obObeMa.

M3 onpepenenns naeieHusa cienyer, uro ero enmuuua B CH Beipamaercs
B H/M?, a B cucreMe equnui, MKT'CC — B xac/m?.

B pacuerax naBsieHue 4acTO BBIPAXKAIOT TaKXKe B (U3MUECKUX H TeXHHUe-
cKMX arMocdepax M4 B eRUHHIAX BBHICOTH /1 cTOI6a MaHOMETPHYECKOHN. XKHA-
KOCTH (BOIBI, PTYTH M Ip.). ~

Mexnay naBrenueM, BblpakeHHBIM B #/m? (WIH B Kec/mM?) ¥ B’ eMHHIAX Bbl-
COTB! CT0/I0a MUAKOCTH, CyUIeCTBYeT [pocras CBf3b:

p = yH = pgH (11,8)
B coorBercTBUM € 3THM MOMKHO YCTaHOBUTL CJeAyilolide COOTHOLICHUSA
MeXAY Pas/HUHBIMA eAUHHIAMU LaBJCHHSI:

:

I atmocdepa cdusnueckan (1 amm) = 760 mm pm. cm. = 10,33 n 6od.
em. = 1,033 gec/em? = 10 330 xzc/m? = 101 300 w/a?;
1 armocdepa Texunveckas (1 am) = 735,6 mu pm. cm. = 10 m 600. cm. =

= 1 kec/cm* = 10 000 kec/m® = 98 100 n/m?.

IIpuGopw 1t w3MepeHus LaBJeHHA (MaHOMETDHl MW BaKyyMMETpH) IO-
Ka3blBalOT He a 6 C O J1 10 T H 0 € JaBJIEHHE P,g. BHYTDPH 3aMKHYTOrO 0OnLeMa,
a pasHOCTb MeX1y a6COMIOTHEIM U aTMochepHBIM, HJAH GapOMETPHYECKHM, 1aB-
JIGHHEM P,ry. DTY Pa3HOCTb HA3bBAT M3 6 BITOY HB M JaBICHHEM pP,q,
ecny RaBldeHHe B ofbeMe mnpesbillaeT aTMocdepHoe, H pa3peXR eH HE M

Ppasp» €C/H OHO HHKe aTMocdepHoro (B cucreme Bakyym). Takum oGpasom
Pa6e = Puas 1 Paru (11,9
“ N
Pace = Parm — Ppasp (11,10)

- Bsiakocth. Ilpm ABUMXKEHUM peasbHON KHAKOCTH B HeH BO3HHMKAIOT CHJIH
BHYTPEHHETO TpeHHsl, OKa3blBalOHIMe CONpPOTHBJEHHE ABHIKEHHIO. IDTH CHJBI
AEHCTBYIOT MEXAY COCeAHHMMM CJOAMH MKHIKOCTH, NepeMemjalouiuMucs Apyr
oTHoCHTe/NbHO Apyra. CBOHCTBO KHUAKOCTH OKA3bIBATh COMPOTHBJICHHE YCHIIH M,
BHI3LIBAIOMIHM OTHOCHTENbHOE NepeMelleHye ee YacTHIl, Has3bBaercd B A 3 -
KOCTbhHK.

[MpencraBuM cebe cJiofl KUAKOCTH, HAXOXAUIUACA MKy ABYMSA apaJsienb-
HBEIMH TOpH30OHTaAbHBIMM OnacTiHaMu (puc. 11-1, a). daa Toro 4rto6el nepe-
MellaTh BEPXHIOW [JIACTHHY OTHOCHTe/NbHO HHXKHEeH B TOPH3OHTAJbHOH MJIO-
CKOCTH C HOCTOSTHHOH CKOPOCTBIO, HYKHO NpH/IaraTb HEKOTOPYIO [MOCTOAHH VIO

- KacaTeJbHYIO CHJIY, TaK Kak BA3Kas MKMAKOCTb OKa3blBaeT CONPOTHBJCHUE
takoMy nepememien o, COOTBETCTBEHHO B KHAKOCTH NMPH HAJMHINM YKA3aHHOTO
fepeMelieHdsl BO3HMKHYT ¥ OYyAYyT CYUIECTBOBATb KacaTe/bHbie HaNpAXKeHH:
MeXLY OTTebHEIMH ee CI0AMH, Becb C/oH MKUAKOCTH, PACIONOKEHHOH MeXAy
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MJIACTUHAMY, NIPH 5TOM MOXKHO NPEACTABHTb COCTOAMMM M3 GeCKOHEUHO GONb-
1IOTO YKCJA 3JeMeHTApPHBLIX cJIoeB TOMIHHON dn xamawiéi. OueBHIHO, HaNps-
AKEHHUA CEBHIa OynyT BOSHHKaTb MeKJAy JIIOOLIMH COCeAHHMH 3JeMEeHTapHLIMH
CNIOSIMH BCJIEACTBHME TPEHHA MEXAY HHMH BIOJb [OBEPXHOCTH COIPHKOCHOBE-
Hyd caoes. Ha puc. 1I-1, 6 npeicraBjeBsl IBa TaKMX HapalJefbHbIX CJIOsS
nnaomagpio F Kaxpplf, npHueM pacHOJIOXKeHHHIH BEIlle CJOH NBHXKETCA €O
CKOpocThiO (w -+ dw), GoJbiuel, YeM CKOPOCTb PacloNOXKEHHOTo HHIKe CJIos,
Ha OECKOHEUHO MaJyi0 BeNHUHHY dw,

OnbiT nokasbiBaer, 4To KacaTesbHas cHna T, KOTOpylo Hago IpHiarath
K BEPXHEMY CJIOK0 RAfA €r0 PaBHOMEPHOTO CABHTA OTHOCHUTENILHO HIDKHEro (WiH
OPOTHBOMOJIOXKHO HaNnpaB/jeHHas Cuia TpeRHs T, C KOTOpOH HIXKHHH CJIOH

/F T wrdw

Puc, 11-1. K xapakTepuCTHKe BSSKOCTH.

COMPOTHBJIAETCA NepeMeHieHHI0 BepXHero), TeM GoJibllle, 4eM GoJplle T'p a =
i dw . :

" AHEHT CKOPOCTH ——, XapaKTepU3YIOI1A H3MEHEHHe CKOPOCTH, NpH-
XOAsIlleecs Ha eNMHUUY PACCTOAHHUA IO HOPMAaNH MeXRy cnoamu. Kpome toro,
Kaxnas u3 cun T nponopUHOHaNbHAa MJOWIaZAM CONMPHKOCHOBEHHs F cmoes,
Caenosarenbso

dw

1T |=pF | —

(11,11)

FAe B — KO3(hGHIUHeHT NPONOPLUHONANLHOCTH, XapaKTepPHHl LA NAHHOR KHIKOCTH.

Ornowenne Benpuuub | T') X MOBEPXHOCTH CONPUKOCHOBEHHA CJI0eB 060-
3HAYAKT Yepe3 T M Has3wLBaloT HaNpAKEeHHUEeM BHYTpPEeHHeTrO
TPeHUSHd, aTakKKe HanpaXeHUEeMCABHUTA UWIM KacaTedb-
HBM HanpidxXeHHewM, CoorsercrBenHo ypasHenue (1I-11) npunumaer
BHJ ‘

(11,12)

T4k kak. BeqHUMHa T BCerja noJoXKHUTENbHA, TO 3HAK Nepex npaBoﬁ 4acTbKO
3aBHUCHT OT 3HaKa rpajxueHTa

dw
B —— PRI
YpaBHeHHUs, BKJKWUAKOHIET0 He an an ?

CKOPOCTH. ¥YCNIOBMMCA BO BCeX CNIYUasiX POBOANTb HOPMAJb 71 K NOBEPXHOCTH F
CONPUKOCHOBEHHS NepEeMEelAlONIHXCA OTHOCUTENbHO APYT Apyra CJIOeB XKUA-
KOCTH B HalpaBJIeHHWH YMeHblLieHHA CKopocTH (cM. puc. 11-1). Torma rpaguest
CKOpOCTH BCerha OyneT oTpuuarenbHbM, H ypaBuenue (I11-12) npeo6pasyercs
K BMAY :

, a

=— —“11-‘3— (11,12a)

Ypasnenue (11-12), man (I11-12a), Bbipakaer 3aKOH BHYTpEH-
Hero TpeHus HewoTona, cormacso KoTopomy Hanpaxcetue enympen-
Heeo mpenus, 603HUKAIOULEE MeNcOY CACAMU HUOKOCIU NPU ee meueHUl, npamo
nPONOPUUOKAALHO epaduenmy cKopocmu. '

3nak munyc B npaBo#l yactu ypasuenus (11-12a) B cOOTBeTCTBHM C BbIlle-
H3JI0XEHHBIM YKa3BIBAeT Ha TO, YTO KacaTeJbHOe HalpsKeHHe TOPMO3UT cJIOH,
ABHKYIIMACA C OTHOCHTENLHO GOJNbINEH CKOPOCTBIO (MJM PasrOHAET OTHOCH-
TeJbHO MeAJIEHHO ABHXKyluufics cJo#), Jpyroe o6ocHoBanue BHIpaXkewus 3a-
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koxa Heiotona ypaBuenuenm (I1-12a) nano HeckosbKO HHKe IPH PAaCCMOTPERHH
e1e OAHOro (PU3UYECKOTO CMBIC/]IA 3TOr0 3aKOHA.

Kospduiuent nponopiHonanbuoct p B ypasHenuu (1I,11), wnu (I1,12),
Ha3bBAETCAA MHAMUUYECKHUM KOG PUULUEHTOM BA3KOCT H,
AHMHAMHUUYECKOH BA3KOCTDbLI, WIH NMPOCTO BA3KOCTH IO,

Baskocrs B CHl Belpaxkaercs cieAyOmiUM 0OpasoM:

(7] R H-cex
(1w = =[— = [25]
[w] . g M m*
L ar Tal ™ ekom
a 8 cucreme CI'C
on OR-ceK
p]= — |~ [ e ——] == [nyas]
cex-CM

B cnipaBouHo# siMTepaType 3HadeHHsT BA3KOCTH 4acTo PUBOAATCA He B IMya-
3ax (n3), a B canTunyasax (cns), pasusix 0,01 n3.
CooTHouleHe MeXNY eAHHHIIAMHE BA3KOCTH B cuctemax eaunuy CH u CI'C:

100 000 .
. 2 . 2 - —
1 n-cex/m 10000 OH - CeK/CM 10 n3 = 1000 cn3

B cucreme MKI'CC BAskocTh u3Mepsiercss B TEXHMYECKMX €AMHHLAX BA3-

KOCTH:
b] = Kec T xec-cex
w= M - M2
v

CeK-M

CoOoTHOUIEHHE MEXAY TeXHWYeCKOH eNHHMUEH BA3KOCTH M eAMHHIAMU BA3-
koctu B cucreme CIC:

981 000

mau-cex/cm- == 98,1 n3=9810 cna

1 xec-cex/ms =

Muorna BA3KOCTb MKUAKOCTEH XapaKTepH3ylOT KMHEeMaTHUYECKHUM
KosppuunuueHToM BABKOCTH, WIHM KHHeMaTHHYEeCKOMN
8A3KOCTHh IO:

v=1 - P& (11,13)
[ Y

Eannune#t kuaematndeckoil Baskoct B cucteme CI'C sapanercs cToke (cm),
paBubA 1 cm¥/cex, uan 100 cautHcTOKcaMm (ccm). B cucremax CHM u MKICC
eIHHHIlA KMHEeMAaTHYeCKOH BA3KOCTH paBHa | m%/cex = 10* cm.

BaskocTh KanedbHBIX KHIKOCTEH Kojeb/aeTcA B MIKPOKMX npenenaX. Tak,
_nipH KOMHATHOH TeMmepaType BA3KOCTb BOAB COCTaB/sAeT ~1 cns, a BA3KOCTb
“ranuepuHa — okKoso 1500 ¢n3. BA3KOCTb Ta30B 3HAYHTENLHO HHXKE: HapHMep,
BA3KOCTb BO3AyXa npubnausutesbpHo B 50 pa3 MeHblle BA3KOCTH BOAHL.

BA3KoCTh Kane/MbHBIX KULKOCTEH 3HAUNUTEBHO CHHUIKAETCA C BO3pacTaHUEM
TeMmnepaTypsl. BA3KocTh rasos, HaoGOpOT, YBEJHYHBAETCH C €€ HOBBIUIEHHEM,
[Tpu yMepeHHOM HaB/JE€HUH BA3KOCTb Ta30B NPaKTHUECKU OT HEro He 3aBUCHT,
OAHAKO, HAUMHAA C HEKOTOPOro AaBJIeHMHd, BO3PACTAaeT NPH ero yBeqHYEHHH.

[Tpuunuer paznuyHOro BJAMAHUA TeMOEPATyPH Ha BSISKOCTb KaleabHBIX
KUAKOCTEl H ra3oB, a TAaKKe OTMEUEeHHOro Xapakrepa BJAWSHHS [IaBjieHUs HA
BA3KOCTh MOC/JAENHUX OOYC/AOBJAEHB! TeM, YTO BA3KOCTb Fa3oB MMEEeT MOJeKy-
JISPpHOKHMHETHUECK IO NPUPOAY, a BA3KOCTb KanedbHBIX XKUAKOCTE#l B OCHOBHOM
3aBHCUT OT CHJI. CIIEIJICHHA MEeXAY MOJIeKyJaMH.

3HaueHHUs BA3KOCTEH KaNeIbHBIX MUAKOCTEH M ra3oB MNPUBOAATCA B crpa-
BOYHOI JUTEpaType, HO MOTYT 6bI’I‘b onpejeseHbl TaKKe [/l YHCTBIX BElUleCTB
"M HMX cMecell pacyeTHbIM myrteMm *

* Cwm., Hanpumep: Bpertmuatigep C. CsoficTea rasos A ugkocrefi; Hﬂkeuepuue
meTogsl pacyera. Ilep. ¢ moasck. [Tog peg. [1. I'. Pomankosa M. —JI., «Xumus», 1966. 536 c.
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Ypasuenuto (I1,12a) MoxnO MpULATH H apyro# cbnanecxnﬁ embicat. Caoii
JKHIKOCTH Maccoil m, NPUMBIKAIOWNA K mepeMelllaeMOH BepxHe# IacTHHe
(em. puc. 11-1), npuoépeTaeT HEKOTOPYIO CKOPOCTb M, CJE10BAaTENbHO, KOMH-
YeCTBO IBHXKEHHS, WIH HMMIYJAbC (Mw), B HanpaBNeHUH fepeMetlleRus. IDTOT
CJioH NPUBORUT B [BHIKEHHE CHeLYIOUiHH, NepejiaBas eMy HEKOTOPYIO 4acTb
WMIyAbCa, U T. K. — OT cJ1ofl K caow, CaelopaTelbHo, IPH TEUEHHH KHUAKOCTH
NpPOHCXOAUT NEepeHOC KOMNHYEeCTBAa ABUXKEHHUA(MMOYABCa)
B HanpasJieHHH, MNepneHAUKY/JAAPHOM HaNpaBJieHHI0 CKOPOCTH MKHIKOCTH.
CooTBeTCTBEHHO KacaTelbHOe HampseHHe T (H/m?) MOMKeT paccMaTpHBaThCS
KaK Y2€eJNbHbB H NOTOK BMINYJbCa, HIH KONUYECTBO ABHIKEHHS,

' niepelaBaeMoe 4epe3 eAMHHIY IJIOMWANH B €AMHHIY BpeMEHH:

1) = [;:,_2_] - [xa-(ﬁzlcefcz)] - [ rca;l%:zx) ]

TaxkuM ofpasom, cornacHo ypasuenuwoo (11,12a), ydeasmoii nomox roau-
uecmea OBUNCEHUA NPAMO NPONOPUUOHAAEH 2paduenmy CKOpOCmu.

3HaK MHHYC B JaHHOM ypaBHEHHH yKa3blBaeT Ha TO, YTO [EPeHOC KOJH-
YyeCTBA [BHIKEHHMA OCYUIECTBJSAETCH B HaNpaBJeHHH YMeHbIIeHH: CKOpOCTH
(HanmpaBJieHusi IOTOKA HMNYJAbca ¥ BO3pacTaHUsi CKOPOCTH TNPOTHBOMOJOMXKHHI).
['panuenT ckopocTH IpH 3TOM MOXKHO CHHTaTb ABIHXKYUleH cuJoi nepeHoca
UMIyJbCa,

Takaa unrepnperanus ypassenus (l11,12a) nossonsier BrABHTL aHAJOTHIO
MeXAy NepeHocOoM MeXaHHUeCKoro ABUXKeHMs (TpeHHs), Tellja M Macchl, pac-
cMaTpuBaeMyio B rsiase X. Kpome Ttoro, ona orBeuaer QU3HUECKOMY MeXa-
HHU3My, JleXalleMy B OCHOBe 3aKOHa BHyTpeHHero Tpenud. Tak, npyu ABHXEHHU
B TIOTOKe rasa ABYX COCENHHUX 3JIeMEHTapHHX CJIOeB C HeCKOJBKO OTJIHYHLIMH

dw
CKOPOCTAMH (Mexmy HHMH UMeeTCH TpagHeHT —E{'), BCHEeACTBUE X40THUYECKOro

KBMXKEHMA MOJEKYJ BO BCeX HANpaBJeHUAX, uacTb UX u3 GoJsee GHICTPO ABH-
XKyueroca cnosi, rnonafasa B 6onee MeRJIeHHBIH CJIOH M CTajlKHBafch C €ro
MoJnekyJnaMu, OyZeT yckopsare nocnepnuit. Hao6opor, MOJIEK YIB! U3 BoJee
MeNJIeHHOTO ¢JIod, nonajas B GoJee OBICTPHI cocepHmit ciol, O6yayT eray
8aTOpMaXKHBaTh., 06meH MOJIEKY/laMH MeX]y CNOSIMH W BHI3bIBaeT Nepesoc
KOJIHYeCTBa ABMIKEHHUA IOIepeyso cxoﬁocm C/I0€B, NPUYEM AJIA NPEOROJECHHS
CHJBI CONPOTHBJECHHA MeXIy caosaMu Tpebyercs npunararh olpefieIeHH Y10
CHITY.

JKuaKOCTH uauie BCEro NONYUHAIOTCA 3aKOHY BHyTpeHHero tpenus Heio-
ToHa. TakHe KUAKOCTH Ha3HIBAIOT HOPMAJNBHBIMH, WIH HbIOTOHOB- |
¢ Xk u M Hu. ORHAaKO B NPOMBIIEHHON INPAKTHKE HPHUXOAUTCH HMeTb AeNO M .
CHEeHBIOTOHOBCKHUMHY XHUAKOCTAMH, OONaJaloOMIUMy aHOMaJbHBIMH
csoficrBami. He clegyior 3akony Hetorona pacTBOpEl MHOTHX [OJIHMEDPOB,
KOJIMOUAHEE DACTBOPE!, TYCThle CYCNEH3HH, IacTel M AD. Hexkoroprle Xapax-
TepUCTHKN HEHbIOTOHOBCKHX KHUAKOCTEN pacCMOTpeHbl HUXKe (cTp. 92 ca.)
B CBSI3U C OCOGEHHOCTSAMH UX ABHUIKEHHsl.

Baskocrb okasbiBaer CymieCTBeHHOe BIHsIHHE Ha PEXHMMBI TeUeHHs KHIKO-
CTeH M Ha CONPOTHBJEHMA, BOSHUKAOUINE NPH UX ABUKeHHU. [105TOMY MHTEH-
CHU(pHKANHA MEOTHX FMAPOJHHAMHYECKUX, @ TAKIKE TEMJIOBRIX H MaCCOOOMEHHBIX
MIPOIECCOB 9acTO ROCTHLZeTCR NPHM YMeHbIEHWHM BA3KOCTH CpPeAB!, HalpHMep
IyTeM MOBBIIIEHHS TeMNepaTypsl KaneJbHBEIX KUEKOCTEH. )

MoeepxHocTHOE HaTsKeHue. B pajse nporeccoB xuMuueckoH TeXHOJOTHH
. KamesbHasg XKHAKOCTL NPH JBHXKEHHM CONDHKAcaercs ¢ rasoM (uau nap0M)
HAU C npyrou KamenbHOH »MAKOCTBbIO, NPAaKTHYeCKU He CMellHBaiomencs
c nepson IToBepxHoCTh pasfena Mexay PasaMmyt CTpEMUTCS K MHHHMYMY MOA
JpefcTBHeM NMOBEPXHOCTHHX CHIL. CooTBeTCTBEHHO Kamiy, B3BelIeHHble B rase
(mape) uAM B APYTOH KHAKOCTH, W NY3HIPbKH [asa B KHAKOCTH MPHHHMAIOT
dopmy, Gosee MM MeHee O/M3KYI K mapoobpasHoii. 1o o6bACHAETCHA TeM,
YTO MOJEKYJH XKHAKOCTH BHYTPU ee o0beMa UCHBITHIBAIOT NpPHMEPHO ONHHa-



2. Hexomopsie ¢ususeckue ceoidemsa scudxocmeri 29

KOBOe BO3JEHCTBHE COCeJHHMX MOJIEKYJ, B TO BpeMs KaK MOJEKYJbl, HaXOHs-
uiMecs HeroCPeACTBEHHO Y TIOBEPXHOCTH pasjena a3, MPUTATHBAIOTCH MoJe-
Ky/JaMH BHYTPEHHHX CJIOEB XKHAKOCTH CH/IbHEE, YeM MOJEeKY/JaMH OKpyKaio-
mell cpeasl. B pesy/sbTaTe Ha MOBEPXHOCTH KHIAKOCTH BO3HMHKaeT AaBJeHHe,
HanpaBJeHHOe BHYTPb MHUIKOCTH [0 HOPMAJH K €e MOBepXHOCTH, KOTOpoe
M CTPEMHTCA YMEHBUIHTb 3Ty MOBEPXHOCTb JO MHHHMyMa.

CreflosaTe/IbHO, WIS yBeJHYCHHA MOBEPXHOCTH, T. €. A/ CO3LAHHA HOBOH
MOBEPXHOCTH, HEOOXOAHWMa HEKO Topas .3aTpaTta 3uepruu. Pabory, TpeGyemyio
AJsi o6pa3oBaHus efMHHUB HOBO il MOBepXHOCTH, HA3LIBAIOT M € X ( a 3 H bi M,
WiH 10OBEepXHOCTHB M, Ha TAXEeHHeM H ob60o3HAYaAOT dYepe3 o,

[loBepxHocTHOE HATAXKEHHE BbID aiKAeTCS B CACAYIOUIMX €AMHHIAX:

B cucreme CH

[0] = [Oc/m?] = [n-m[M®] = [n/#]
B cucreme CI'C '
|0] = [spefen?] = [Oun cmfer®| = [Qur/cm]
B cucreme MKI'CC
[6] = [Kkec m/m?] = [Kec/m]

U3 npuBeseHHBIX BHIpaXKeHUH O CAERyeT, 4TO MOBEPXHOCTHOE HATAXKeHHe
MOXKHO paccMaTpUBATL TaKKe KaK CHay, AeHCTBYIOULYIO HA eAMHHUIY IJIHHBI
NOBEpXHOCTH pasfiena KHAKOCTH M CONpHKAacalouleics ¢ Hell ¢pelbl.

[ToBepXHOCTHOE HATAMKEHHE YMEHbUIAeTCH C YBeJNUMEeHHEM TeMOepaTyphl.
C BeAWYHHOH O CBA3AHB XapaKTepUCTUKU CMAUYMBAHHA KaUeJbHBIMH KHUAKO-
CTAIMH TBEpIBIX MaTepHaJsoB; CMayMBaHHE OKa3blBACT CYLIECTBEHHOE BJHAHHE
Ha THAPORMHAMHYECKME YCJOBUS NPOTEKAHUA MPOLECCOoB B abCOPOIUOHHBIX
U peKTHUMHKALHOHHBIX anfaparax, KOHAeHcaropax NapoB U Ap.

B cnpasouHo#t uTepaType oOGBIYHO NPUBOAATCA 3HaYeHHUS MOBEPXHOCTHOTO
HATS?KEeHUs Ha TpaHHile XHUAKOCTb — Bo3AyX. Harfkenue ke, Bo3HuKarllee
[PH CONPHKOCHOBeHHH HeCMelIMBAIOMUXCA (MW YACTHYHO CMellHBAOUIMXCS)
KanelbHBIX KHAKOCTeH, HA3bBAOT TakXe TPAHHUHBIM HaTAXeE-
H ¥ e M. [locnenHee, Kak NpaBu/IO, 3HAUHTEJNBHO MEHblile HATSKeHHMA Ha rpa-
HUNe KUAKOCTb—ra3. Tak, Ha TPaHHlUE Boda—BO3LYX O == 73 Oun/cm (npu
20° C), a Ha rpanuie Bola—G6eH301 & ~ 35 Jun/ch.

[panndHOe HaTAMNKEHHME 3HAYHUTENBHO BJHACT HA AUCHepTHpOBaHHe OLHOH
HKHIOKOCTH B IPYrofi, c Hell He cCMelINBaOWEHCs, H TIOITOMY CYLIECTBEHHO CKa-
3bIBaEeTCH HA CHAPOAMHAMHUECKHUX YCJIOBHSX POBEASHHA MPOLECCOB HKHUAKOCT-
HOH 3KCTPAaKIlHA.

A. THAPOCTATHKA

B ruapocraTHre M3yuyaercid paBHOBecHe KHUIKOCTell, HaxopsuHxcs, B 06-
mem clydae, B COCTOAHWH OTHOCHTEJ b HOT O MOKOA, MPH KOTOPOM
B JIBUKYUIEHCA RKUAKOCTH ee 4acTHIBl He MepeMellaloTcs Apyr OTHOCHTENbHO
Apyra. I1pu 3TOM Cu/IBl BHYTPEHHEro TPeHHsA OTCYTCTBYIOT, 4TO MO3BOJIALT CUH-
TaTh XKHAKOCTh HAeabHOH.

B coctofiHuM OTHOCHTENbHOrO MOKos (opma o6bema KHAKOCTH He H3Me-
HAETcs, U oHa, NoJOGHO TBepIAOMY Tesay, NMepeMeulaeTcs Kak elNHOe IeJsoe.
Tak, KMAKOCTb HAXOLUTCA B OTHOCHTEJBHOM [IOKOEe B MepeMeuiaillemMcs
cocyie (HampHMep, B WHCTepHe), BHYTPH Bpallaloulerocss ¢ NOCTOAHHON YIJo-
BOH CKOpocThio OGapabaHa UEHTPHPYru H T. A. B nofo6HBIX caydasiX MOKOH
paccMaTpHBaloT OTHOCHTENBHO CTEHOK JBHMKYLIEroCs COCYZAa.

JKHAKOCTL B HEMOABUIKHOM COCY/e HaXoAUTCA B a6 C O M0 TH O M NOKoe
(OTHOCHTE/NBHO MOBEPXHOCTH 3€MJIH), KOTOPBIH B TAKOM TMOHHMaHHUH ABJSACTCH
YACTHBIM CJy4aeM OTHOCHTENBbHOro MOKOA. ‘

HesaBucumo oT BHAA MOKOA Ha MUAKOCTb AEACTBYIOT CUJIBI TSIKECTH U AaB-
Jenusi. B ciayuae OTHOCHTENBHOrO HOKOA CJefyeT YYHTHIBATD TaKXe CHIY
HHEPUHH epeHOCHOTo (BMecTe ¢ COCYHOM) ABHXKEHHUA XURKOCTH.
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~ CooTHOIIEHHe MeXAY CUJaMH, REMCTBYIOUIMMH Ha XXHIKOCTb, KOTOpas Ha-
XOIUTCA B COCTOSIHMM IOKOS, ONpefelsiollee YCAOBHSA paBHOBeCHs XHUIKOCTH,
Bripaxkaercs AuboepeHnHalbHBIMH yDaBHEHHSMH paBHOBecHs Oiljepa.

3. Hudibepenumanbuble ypaBHeHUs paBHOBecHs Jiinepa

B of6peMe KUAKOCTHM. HAXORAWIEHACA B TNOKOE, BHISJAMM 3JIeMEHTapHBIH
napajaenenuner obvemom dV ¢ peGpamu dx, dy u dz, pacno/IoXKeHHBIMH HapaJ-
JeJIbHO ocAM KoopauHat x, y u 2z (puc. 11-2). Cuna TaxectH, AeficTByloulas
Ha napansesenunes, Buipa)kaercs NpOU3BeJileHNeM ero Macchl dm Ha yCKOpeHHe

CBOGORHOTO NafieHus g, T. e. paBHa gdm.

z p*%dz Cusia ruppocTaTUuecKoro AaBJeHHs Ha Jlo-

6ylo u3 TpaHefl papaJ/eNenuIefa pasHa

/" NPOH3BERCHUIO THAPOCTATHYECKOTO RaBIEHHU A

~ /l p Ha OJomlagb 3Tod rpanu. DyzAem cuurarth,

=1 "’ p‘(? 7z UTO RaBreHue p sBNAsieTcsl GYHKUMEH BCex

4 )l__ _d_z_-:—:———f TpeX KOOpAMHAT: p ={ (x, y, 2). Beiacue-

. HWe BHAA 3TOH (QYyHKUUH, T, €. B3akKoHa

}, | pacnpefefeHus THAPOCTaTHYeCKOro RapJje-

// ! HHUSl 0O 00BEMY KMAKOCTH, M SABJSETCA Ha-
jgd ll/, . - wefl 3agaueit,

7oy \um CorsacHO OCHOBHOMY NMPUHIMIY CTAaTHKH,

cymma npoekyutl Ha ocu KoopduHam 6cex
cua, OelicmsyiowUx HA 348 MEHMAPHBLIE 00TeM,
4 Haxo0awulcs 6 pasHoeecul, pasHa HYyaw.
Puc. 11-2, K Busogy ispdepenun- D TIPOTHBHOM ciydae OpOUCXOZwIO Ol
anpHBX ~ ypaBHeHMH  paBHopecus II€peMellleHHe XKUJIKQCTH.
Onuepa. ~ Paccmorpum cymmy npoexiuHil cHI Ha
ock z. Cuna TAXeCTH HanpaBJeHa BHU3,
napanjiebHo ocH 2, IlosToMy nipu BLHIGPaHHOM MOJOXHMTENLHOM Halpas-
JeHuu OcH z (cM. puc, 11-2) cuna taxectu Gyner npoektupoBarbes Ha 5TY OCh
CO 3HAKOM MHHYyC:

—gdm=—gpdV = —pgdxdydz

Cuna rHAPOCTATHYECKOTO AaBJIeHHs HAeCTBYeT Ha HUXKHIOW FpaHb Hapal-
JAenenuneRa No HOpMalH K Hel, M ee MPOEKIHUs HA OCb z paBHa p dx dy. Ecau
H3MeHeHHe M'MAPOCTaTHYECKOrO AaBJeHUs B AAHHOH TOYKe B HallpaBJEHHH OCH 2

0 o
paBHO %g—, TO 1o Bece# aauHe pe6pa dz oHO cocTaBnT—gga dz. Torpa ruapocraru-

. g
HecKoe 1aB/IeHNe Ha NPOTHBONOJNOXKHYIO (BEpXHIOW) [paHb PaBHO (p + ’5% dz)
H NPOEKUUA CUJIBI THAPOCTATHYECKOTO NaBJEeHHA Ha OChb 2

. dp
——(p—l——a—;dz) dx dy
[Tpoexnua paBHOmeHCTBYlOmEH CHAB! NaBJEeHUS Ha OCb 2

pdxdy—-(p—{——g—g-) dxdy-s——@—-dzdxdy

az
CyMMa npoekuH# cusl Ha OChb z paBHa HYJO, T. €.
——pgdxdydz——-gg-dx dydz =0 (11,14)

HJY, YYMTHIBasi, 4TO oObeMm Napannenenunena dxdydz = dV < 0 (BequuHHa,
32BEJIOMO He DaBHAs HYJIO), NOJYyYUM

gz
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Tpoekuuy Cusl TANECTH HA OCH X H Y PAaBHBL HYJLIO, [Tostomy cymma mpoek-
LHH CHJI Ha OCb X

dp
pdydz-—(p—l—a—xdx)db/d- =0

OTKyJa II0CJ€ DACKPBITHA CKOGOK H COKpallleHHusaA HaXOIHM

dp .
HJIY ‘
_o
dx
CoOTBeTCTBEHHO [UIfl OCH Y
. %
———a—y—dxdydz—-o 4 . (IL,146)
HaH
ap __
——6_57-— 0

Takum 06pa3oM, YC/AOBHS PABHOBECHSl 3JEeMEHTAaPHOI'O IapaJjiiesenuresna
BLIPAKAIOTCs1 CHCTEMOH ypaBHeHHH:

dp

9 o _ (11,15)

Vpasuenusa (11,15) mpexcrasasior coboil AudpepeHuHaNbHEE
ypaBHeHUA paBHOBecHd DiHJaepa.

Jasa mojydeHus 3aKOHa paclpelle/ieHus JaBleHHd BO BceM oObeMe I1OKOA-
Ieica KHUAKOCTH CJaelyeT NpPOMHTErpupoBaTh cuctemy ypasHenu#l (II,15).
HHrerpajioM 3THX ypaBHeHHH AB/ISETCS OCHOBHOE ypaBHeHHe I'HAPOCTATHUKH,
ILHPOKO HCIOJBb3yeMOe B HHIKEHEPHOH NpaKTHKe,

4. OcHOBHOe ypaBHeHHE [HIPOCTATHKH

' 13 ypasuennit (II,15) ciemyer, uTo JaBjeHue B MOKOAWEHCA >KHAKOCTH
U3MeHsIeTCA TOJBKO II0 BEPTHKAJHM (BAOJL OCH 2, pHC, 11-2), octaBasch ojuHa-
KOBBIM BO BCEX TOYKAX JitoG60H rOpH30OHTANbHOI [IJIOCKOCTH, TaK KAK H3MeHeHHs
JlaBJeHuil BAOJb ocell x U y PaBHH HyJo. B cBfA3HK C TeM, 4TO B 3TOH cHcTeMe

o ap- 17
ypaBHeHHH vacTHhle IIPOK3BOAHEIE a—z H p paBHbBl HyJIIO, YacTHad IpOu3-
d d
BOAHAA a—f MO3KeT ObITh 3aMeHeHa Ha -EZ—- U, CJeJ0BaTeJbHO
d
Orciona
—dp-—pgdz—-o (11,16)

PdBIIEJIPIB JCBYIO H npaByxo HYAaCTH NOCJECIHEr'0 BBIpAaXKEeHUA HA Ppg H mepe-
MeHHB 3HAKH, IIPEACTABHM 3TO YpaBHEHHE B BHIAE

|
dz 4 ——dp =0
og 7P
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Jlna HecxxmmaeMon OAHOPOILHOﬁ KUAKOCTH IJOTHOCTb (OCTOAHHA #, clle-
jpopBateJibHO

dz—}—d(
I3

o)
(o)

OTKVYA2 TOC€ WHTErpUpOBaHUA IHOJYYHUM

Wiy

p
—_— t 17
z-- o7 cons (11.17)

st ABYX HPOM3BOJBHEIX ropnsomanbnbrx miaockocTel 1 u 2 ypaBHe-
‘une (11,17) Bripaxaior B dopme

P _—_ Ps I1,18
z; + og 2y 4 02 (I1,18)

Ypasrenue 11,17) uam (I1,18) saBnasierca ocHOBHBHM ypaBHE-
HHEeM THUHADPOCTATHEKH. -

B ypaBHeHHH (11,18): 2z, u 2z, — BHICOTHI pacnofoXKeH#s AByX TOUEK BHyTpPI
NoKOoAMeHCA OHOPOAHOHA KameJbHOH XKHIAKOCTH Haj NPOH3BOJbLHO BeiOpaHHOM
TCPH30HTAJbHOR MNOCKOCTBIO OTCUeTa (IVIOCKOCThIO CPABHEHHSA), a Py U Py —
. THApOCTATHYECKHE JABJIEHHA B 3THX TOUKAaX.

PaccmoTpuM, Hanmpumep, ABE YaCTHUB! KHAKOCTH, U3 KOTOPHIX ‘OfHA pac-
nojoxeHa B TouKe ] BHyTpu oObema xuakocTu (puc. 11-3) — Ha Bricote 2

= — OT [pOH3BOJbHO BHIOPAaHHOH NJOCKOCTH

»i/ao cpaBHeHus 0—0, a Apyras HaXxonuTcs B TOY-

Ke 2 Ha NOBEPXHOCTH JKHIAKOCTH — Ha BhI-

coTe z, OT ToH ke muockocTH. [lyets p u

po — LaBleHHs B TOukKax [/ H 2 COOTBercCT-

perno. Ilpu sTHx 0603HaYeHHAX, COracHO
N ypasienuio (11,18) .

Z

Py
= 2z, 11,182
%0 g ( )

g S g

Puc. 11-3. K ocHoeHOMy ypaBHenwio —
THAPOCTaTHKH. —B—Efl == 2 —2 (11,186)

HJIH

UneH z B ypaBHeHuu ruapocratiky [ypasnenue (11,17)], npencraBasomui
COBOR BHICOTY pACIOJNOXKEHHS [NAHHOH TOYKH HaJ NpPOH3BOJNLHO BHOpaHHOH
IJIOCKOCTbIO CPaBHEHHs, Ha3blBaeTcd HHBe A HpPpHO A BB COTOH Ona,

KakK # llpyI‘Oﬁ YJE€H 3TOr0 ypaBHEHHs _F-J%-’ BbipaKaeTcsa B eAHHRLAX IJHHB]

(1= 5] -m) = [5] -w

unu B cucreMe MKICC
[F]- [ = 5] -

" Bennuuny ‘”——F;—‘HasbmaroT HanopoOM nNaBJEeHHS, WIH Nbe3o-

METPHUYECKHM HanopoM.

ChnezoBatenbHo, corsacHo OCHOBHOMY ypaBHeHmo THAPOCTATHKH, 041
Kancdol mMOUKU NOKOSWecs oCUGKOCIMU CYMMa HUGEAUPHOT BbICOIMbL U Nbesn-
MEMPUUECKO20 HANOPA ecimb 8eAUMUARA NOCMOAHHAA.
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YJleHb! OCHOBHOrO ypaBHEHHsl THAPOCTATHKH HMEIOT orpeleseHHbA 3HEp-

o HM
‘TETHYECKHH CMBbICJIL. Tax, BhIpaXKeHHE YieHa T)%— B0 COKpauleHus [T] =

due .
= [T] XapakTepusyeT y 1eJ b HYI 3HepTr HIo, T, . 3Hepruio, Mnpu-
KeC M

: Goic w
XoAAmyocad Ha eAHHHOY Beca KHUIAKOCTH [—H—' HJaHu ]. AHxanorudunift
[ .

3HepreTHUecKHHA CMBICJ I[IOJyYdaeT W HHUBEJNHpPHAA BBHICOTA, €C/IH ee BHIpaxe-
Hue [M] yMHOXKHTL ¥ 3aTeM pasfenuTb Ha eJHHHULY Beca JKHUAKOCTH.

TaxuM o6pa3om, HHBeJNHpHas BLICOTA 2, Ha3LIBaeMasd TAKXKeT €O M e T P H-
YeCKHUM (BBICOTHB M) HaloOpOM, XapakTepusyer yaeabHYIO
MOTEHUHAJNbHYIO SHEPIHIO NONOXKEeHHUS HaHHON TOUKH HaX
BHIOpaHHO# MJIOCKOCTRIO cpaBHeHud (cm. puc. I1-3), a mbesomerpuueckuil Ha-
nop— yJlelbHYy© NOTeHUHAJBHYIO 3HepruHio lJaBJjae-
HU A B 310/ Touke. CyMMa YKAa3aHHBIX 3Hepryil, HaswBaeMasg 1 OJ HH M
TUApPOCTATHYECKHM HANMOPOM, HWIIHTIPOCTO CTATHYECK UM
HamnopoM, paBHa ofued NOTeHUHAJBHOR 3HepruH, IpHXOAAUlefica Ha
e[lMHHIY Beca XHIKOCTH.

CnepoBatesbHO, OCHOBHOE ypaBHEHHe THAPOCTATHKH MpeAcTaBisdeT coOoOf
YyacTHBRIH cayvyaldl 3aKOHa CcOXpaHeHHS 3HEPTHH: YOeAbHAA NOMERYUANbHAA
3Hepeus 80 8CeX IMOYKAX NOKOAWECA HUOKOCMU ecrme SeAUdUHA NOCMOAHKAA.

Ypasnenue (I1,18a) MoxkHO 3amucaTe u B ¢popme

P -+ pgz == pg -+ PgZo (11,188)
HJIH

p==py+pPg(2—72) (11,18r)

INocnennee ypaBHeHUe sBJIserca BolpaxeHueM 3akKoHa [lackauaa,
COTJIaCHO KOTOpPOMY Oasaerue, coadasaemoe 8 aobotl mouke nokoawelca Hecotu-
maemol acudkocmu, nepedaemcs 00UHAKOBO 8Cem modkam ee 00vema. [leHcTBH-
TeJbHO, B cooTBeTcTBHH c ypaBHeHueMm (II,18r), npu so6oMm u3MeHeHHH J1aB-
JIeHHS po B TOUKE 2, JaBJeHHe p BO BCAKON JpPYroll TOUKe KHUIKOCTH H3MEHHTCSH
HACTOJBKO Ke,

5. Hekoropble mpakTUYecKHe NMPHJIOKEHHA OCHOBHOIO
yPaBHEeHHsI FHAPOCTATHKH

OcnoBHoe ypaBHeHHe THADPOCTATHKH, BHIpAXKaeMO€ 9acTO B BHJAEe 3dKOHA
Hacxanﬂ, HMeeT PAJl BaXKHBIX NMPAaKTHYECKHX HpPIJIO)KEHPIﬁ; HEKOTOPLIE M3 HHX
PACCMATPHUBAIOTCH HHUIKE,

Puc. 11-4. YciaoBnsi paBHOBecHSI B COOGLIAIOUMXCH COCYlaX:
a — o;mvopoguaa KHEKOCTb; 0 — Da3HOPOAHEIE (HECMEUIHB2IOUACCA) KALKOCTH

IMpuHUMN co0OWAIOUIHXCH COCYHOB H €ro HCiosib3oBaHHe. IIycThb [1Ba oOT-
KPBHIThIX coofulaomuxca cocyaa (puc. [I-4, a) 3amonHeHB! KUAKOCTBIO MJIOT-
HOCTbIO . BrifepeM MpoW3BOJIBHO NJOCKOCTb cpaBHeHus 0—~O0 U HEKOTOPYIO
TOYKY A BHYTpPH MKHIKOCTH, JIeXKaulyio B 3ToH MJIOCKOCTH. -Ecau cuurathb
TOYKY A npuHal/exaledl 1eBOMY COCyAy, TO, corjiacHo ypasHenuwo (II,18r),
JaBJieHHe B JaHHOH TOUKe

p= Pam + pgzo
2 A.T. Kacarsng
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Ecnn xe cyuTaTh TOUKY A npHHaaaexkawel npaBoMy COCyAy, TO AaBJeHue
B HeH

P= Pary + pgz;

(2 = 2" = 0, Tak Kak nJockocTb 0—0 NpPOXORHUT yepe3 TOYKY A).

[Mpu padBHOBecHH IS KamJIOH TOYKH JaBjheHue OLMHAKOBO B JIOOGOM Ha-
npaBJeHNH (B NPOTHBHOM cllyyae INPOHCXOAHAO Gbi NepeMelieHHe XKHIAKOCTH).
Cre10BATENILHO

Pary T P820 = Papy + 082,
I ‘

’ "

=2 (11,19)

AHANOTHYHBIA BBIBOJ MOXKET GBITh CAeNaH JJsi ABYX 3aKPBITHIX COO0MIalo-
MyXcA COCYJOB, B KOTOphIX J[aBJeHus Hal CBOGONHON NOBEpXHOCTBIO XKHI-
KOCTH OJIHHAKOBBI.

Puc. 11-5. K onpegesiednio Buico- Puc. 11-6. TluesMaTtnuecknii H3Me-
THl THP 2BJIHYECKOTO 3aTBOPA B He- pHTe/Nb YPOBHA MKHAKOCTH.
TIpepEIBHO JICHCTBY IOHIEM KHAKOCT-

HOM cemapaTtope.

Takum 06pa3oM, 8 OMKpbLMbLY UAL SAKPbLMbLYE HAX00AUUXCA NO0 00UHAKOBHIM
‘Gasaenuem coobugarouguxca cocydax, 3an0aneHnbix 00HOPOOHOR acudKocmbIO,
YpOBHU ee pacnoasazaromca KA 00HOL BbICOME HE3aGUCUMO OMm GopMbL U nonepey-
HO20 cederus cocydog. DTOT NPHHIKHN HCIOJb3yeTcd, B YaCTHOCTH, ANA H3Mepe-
HM5l YPOBH# >XKHAKOCTH B 3aKPLITHIX alllapaTax ¢ NOMOMIbIO BOAOMEPHBIX CTEKOI.

Ecnau coofuwaioutpeca cOCyAbl 3alloOJHEHH! ABYyMs HeCMellMBAIOIUMHUCSH
XHAKOCTAMH, HMEOMUMH IVIOTHOCTH ' (JeBulil cocyn) u p” (npashifl cocyn),
TO NpH NPOBEleHHH NJI0CKOCTH cpaBHeHHA (—0 uepe3 rpaHHLY Pa3fe/na XKHLKO-
credl (puc. 11-4, 6) ananoruyHo npelbIAyLIEMY IOJYyYHM

p'zg=0p"2 (11,20)
HJ/IN ,
o o (11,202)
2y o’

Orciona cieyer, 4To B COOBmIAIOMKXCH COCYAAX BbICOMbL YpoaHed pPasHo-
POOHBIX sicudKkocmell HA0 NOBepXHOCMbIO UX pasdeaa o6pamuo nponopyUOHANbHbL
nAOmMHOCHAM Imux scudkocmeil,

Ecnu cocynbl 3ano/iHeHbl OAHOHN JKHUAKOCThIO NJIOTHOCTBIO P, HO AaBJleHHA
Haj ypOBHEM XXHJIKOCTH B HHX HEOJMHAKOBH W paBHLL p’ (JeBbill cocyl) u p”
(npaBHi cocyx), To ) :

P+ pgzg=p" + pgz

OTKYyJAad pasHOCTb ypOBHEﬁ KHUJIKOCTH B coCcydax

” ’ p’—-p" (11,21)
o= g
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Ypaerenne (11,21) npumensior npu u3MepeHuAX NaBJeHHH WIH pasHOCTeH
JAaBJEHHH MeXJAy Ppas/AHYHLIME TOYKaMH C INoMowbio auddepeRNHANbHBIX
U-o6pasHbix mMaHOMeTpOB (cM., Hanpumep, puc. I11-16 u I1-17).

¥YcaoBua paBHOBecHA XHJAKOCTEH B COOGCINAIOUIMXCA COCYAAX HCIOAL3YIOT
TaKiKe JJs Ofpejle/leHusl BLICOTE! THAPABJIHYECKOTO 3aTBOPa B Pas/HUHBIX arl-
naparax. Tak, B HerpepLIBHO IeiictByrowux cenaparopax (pwuc..I1-5) cmecs
JKHAKOCTEH pa3iH4YHOR NJOTHOCTH (3MYJbCHA) HenpephiBHO NOCTyNaeT B afl-
napar I no ueHTpa.HbHOH TpyOe 2 u paccnauBaeTcs B HeM, NpudeM OoJlee JerKas
*KHIKOCTb MJOTHOCTBIO p yAansieTca cBepxy uepes wryuep 3, a 6ogee Taxejad
MMejomas MAOTHOCTh P, — CHU3y 4epe3 U-oGpasuwiil satsop 4. Ecau npu-
HSITB, YTO yPOBeHb TpaHHUB pa3jiesa (a3 moijep:kuBaeTcs Ha IpaHHMIe UH-
JUHIPHUYECKOH M KOHHYeCKOH yacTefl anmapaTta
M [poBeCTH 4Yepe3 3Ty TpPAHHIY ILIOCKOCTH
cpaBHeHus O—0, To . HeoOxoiuMMas BRICOTA
THAPABIHYECKOTO 3aTBOpa, COIJIACHO ypaBHe-
uo (I1,20), coctaBuT )

’
’

2= 2 —g,,— (11,206)

Ilpu sroM foflyckaercs, 4TO JaBJeHHe Haxk
KHAKOCTBIO BHYTPH anmnapata H Ha BBIXOLe
M3 3aTBOpAa OAMHAKOBO. Puc. II-7. Cxema rngpasanue-

ITHeBMaTHuecKOe H3MepeHHe KOJH4ecTBa CKOro Tpecca,

- KHAKOCTH B pe3epByapax. [aa KoHTposas 3a

o6beMOM KHAKOCTH B KAaKOM-AHGO pe3epByape I, Hanpumep NOL3eMHOM
(puc. I1-6), B mero nomewawroT TpyOy 2, HHKHHA KOHel, KOTOPOH HOXOIHT
MOYTH 1O [HMINA pe3epByapa. JlaBjeHde HaJ IKHAKOCTbIO B pe3epByape
paBHO po. Ilo TpyGe 2 nojaiotr cxaThld BO3AYX HJH JpYroit ras, rnocrerneHHo
MOBHINIAA ero JaBJeHHe, 3aMepsaemoe MmaHoMeTpoM 3. Koraa Bo3ayx npeopoJieer
CONpOTHBJEHHEe CTON0A KHAKOCTH B pe3epByape M HauHeT 0apBoTupoOBaTh
CKBO3b XKHAKOCTb, [aBJIEHHE p, (QHKcHpyeMOe MaHOMETpOM, NepecTaHeT BO3-
pdCTdTb u OyZeT paBHo, corsacHo ypaBHenuto (I1,18r)

p = po + Pg20
OTKyAa YpOBeHb XKHIKOCTH B pe3epByape

—_P—Peo
2 o7 (11,22)

Tlo BenwyuHe 2, M M3BeCTHOR MJOIIAfH [ONEPeYHOro CeyeHHs pesepByapa
ompenensoT ofbeM HaXOAsIIeHCs B HEM KHIKOCTH.

FuppocratHyeckue mamunbl. Ha Acnonp3oBaHuE OCHOBHOTO YpaBHEHHS
THADOCTAaTHKH OCHOBaHa paboTa THAPOCTATHYECKHX MAILMH, HAUpPHMep T U 1 -
paBaudYecKHX npeccos (puc. II-7), npumensiempix B XHMHUECKO#
NIPOMBILVIEHHOCTH JUUIsSl [IPECCOBAHHA M OPHKETHPOBAHHUS Pa3J/JHYHBIX MaTepua-
JoB. Ecin npuioXuTh OTHOCHTENBHO HeOOJbLIOE yCH/IHMe K NOpIuHio I, nABH-
KymeMycd B UHAHHADe MeHbllero fnuaMerpa d,, W CO3harhb JaBjeHHe p Ha
nopuieHb, To, coraacuo 3akony Ilackand, Takoe e naBieHue p Oyner NpH-
XOJHUThCA Ha nopuenb 2 B uuAHHApe GoJbiiero guamerpa d,. Ilpu atom cuia
JaBJIeHHs Ha nopuleHb / COCTABHT

d? ' “
Pr=p——

4 CHJa JaBjieHHs Ha fopiuleHb 2

P mig

B pesyastate nopuieHr B umaHHApe GOJbIIErO K¥aMeTpa NepefacT CHAY
_laBJIeHHUsi, BO CTOJbKO pa3 Go/bllylo, YeM ciJa, NPHJIOKEHHAd K NOPIUHIO
B WHJIHHAPE MEHbIIEro AHAMEeTPa, BO CKOJIbKO TONepeyHoe cedeH e UANHApPA 2

» 35
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Gosbiite, 4em uuanKLpa 1. Taxum crnocoGoM ¢ MOMOMIBIO CPABHHTEJ/IBHO He-
6onbmux yCHAUA OCYIIECTBJAIT Npeccopanke MaTepHasia J, MOMEIEHHOTO
MeXJLy NopliHeM 2 U HeMOABHKHOA mjuTOH 4. -

JlaBjiende XUAKOCTH HA JHO M CTeHKH cocyia. Ecii XMAKoCTb noMemena
_ B COCYA /1t060#i GOpMEI, TO THAPOCTATHYECKOE JaBJeHHe BO BceX TOYKAX TOpH-
S0HTA/IbHOTO JiHAa COCYJa ONHMHAKOBO, AABJIEHHE e Ha ero GOKOBEIe CTEHKH
Bo3pacTaeT C yBeJHYEHHeM rJyOHHBL [IOTpYyKEeHHA.

I'uppocTaTHyecKoe n1aBjeHHe p HA ypOBHe AHA COCYXa (CM puc. II- 3) Kak
U Aa8 Ji060i TOYKH BHYTPH JKHAKOCTH, onpesensierca ypaBHenueMm (II,18r),
HO [UId BCEX TOYEK JHa BeJHYHHA (2 — 2) NpejcTaBisAeT CO00H BHICOTY KHI-
- KocTd B cocyne, O6o3HayuB nocnefHion gepe3 H, moayyum

™~ p=po+pgH (11,23

Taknum o6pasom, cuna faBneHns P Ha TOPH3OHTA/bHOE IHO COCYNla He 3a6iL-
.cum om opmat cocyda u o6vema sudkocmu 6 wem. TIpH HaHHOH NJIOTHOCTH
KUIKOCTH 3T CHJa Onpedessemcs Aub eoicomoti cmoaba xudkocmu H u nao-
wadsio F OHa cocyda:

P = pF
HJIHN / ’ .
= (po + pgH) F (11,24)

l“nnpocm'mqecxoe JdBJIeHHE XKHJIKOCTH HA BEpPTHKAJbHYIO CTEHKY COCyAa
n3MeHsieTcs no BuicoTe. COOTBETCTBEHHO CHJA [aBJeHNsa Ha CTEHKY TaK¥Ke pas-
JUYHA IO BBICOTE COCy/a. HOSTOMy

== (po +.Pgh) F : (11,24a)

rne h — paccTosiHHe OT HeDXHero ypPOBHs 3XHIKOCTH RO ueﬂ'rpa THXECTH CMOYEHHOR nJo-
magn F crenku.

B ypasuennu (11,24a) Bripaxkenne B cxobkax NpeICTaBisAeT cobo#t rugpo-
cTaTH4eCKOe [aB/IeHue B LIEHTpPe TAMXKeCTH, CMOUeHHOH mJiomanu creHku. Ilo-
3TOMY cuAq OOBAEHUS HA BePMUKAALHYI) CIMEHKY PASHA npoussedenuio ee cmo-
HeHHOT naowadu Ha 2udpocmamudeckoe 0asAeHUe 8 YERIMpPE madtecmu CMO%HHOLL
naouladu cmenku.

Touka npusnoxenus pasHOpeficTBytomedi P cun ILaBJIEHHﬂ Ha CTeHKY
Ha3plBaeTCd M e HTpPOM HAaBJeHHUd. Jra TOYKAa PaClNojokeHa Bceraa
HHXKe LeHTpa TAXKECTH cMoueHHOH njowmand. Ecau laBnenue p, nepenaercs
JKUAKOCTBIO B OfMHAKOBOHN CTeNeHH KaXKAOMY 3JeMeHTY CTEHKH, He3aBHCHMO
OT ray6uHBl €r0 NOrpy:XeHH:A, H, CJeNOBaTeNbHO, PaBHOAEHCTBYIOWAsA cHJa
ITOrO AaBJEHHS NPUJIOKeHa B LEHTPE THAXKECTH CTEHKH, TO [aBJjeHHe CT0J06a
*KHJKOCTH HA CTEHKY TeM GoJiblile, YeM IJIy6Ke pacnoNoXeH COOTBETCTBy}OHLHH
ee ajeMeHT. B pe3ysbTaTte, B 4acTHOCTH, AJISl BEPTHKaJbHOI NPAMOYTOJLHOH

CTEHKH IEHTP NaBJEHHA PACHOJJOXKEH HA pacCTOAHHH 3 H ot BepXHEro ypoBHsl

3KHKOCTH,
B. THIPOJUHAMHKA

JBuxymell cuiol npu TeUeHHH KHUAKOcTefl #ABJSeTCA PAa3HOCTH
K aBJaeHHH, KOTOpas Co3jaeTcsi ¢ NOMOIIBbIO HAacOCOB MJJH KOMIIPECCopoB
aubo BejefcTBHE PasHOCTH YPOBHefl WJIM IIIOTHOCTEH XHUAKOCTH.

3HaHue 3aKOHOB THAPONHHAMHKH NO3BOJSET HAXONUTh PA3HOCTb JaBJeHHH,
HeOGXOMUMYIO [/l NepeMemeH s JaHHOTO KOJUYecTBa XKHUAKOCTH ¢ TpeGyeMoil
CKODPOCTBIO, 2 3HAYKT, ¥ PACXOJ SHEPTHH HA 3TO NepeMellieH e, Wil Hao0opoT —
OnpefesIsiTb CKOPOCTh H PACXOJ KHAKOCTH [PH H3BECTHOM Ilepenajie AaBJieHHsA.

PasquyaloTBH YyTpPeHHIOI0 M BHelIHIOIO 3alaul THAPOAHHAMHKH.
BHyTpenHunas 3ajaya cBsi3aHa ¢ aHAJH30M ABHIKEHHS MKHAKOCTEd BH Y TP U
Tpy6 4 KaHaMoB. BHeuHell 3anaveil TUApONHAMHKY ABJfAETCA H3YyyeHHE 33KO-
"HOMepHOCTe# 0 6 T e K a H M 5 KUIKOCTAMH DasuyHbIX TeJ (IpH MexaHHge-
CKOM NepeMeIlHBaHHH, OCAMIEHHH TBePABIX YaCTHL B XKHAKOCTA H T. I. )
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Bo MHOrux ciygasx, HanpuMep NpH IBHXKEHHH XKHAKOCTH Yepe3 3epPHHUCTHIA
ClI0fl TBEpHOro Marepuaja, ©HA NepeMelllaeTcss BHYTPH KaHAlOB CHOXKHOH
(opMBl H O1HOBpeMeHHO o0TeKkaeT TBepAble YacTHubi. Takue ycoBHUst HabJio-
naloTeda B npoieceax (GUABTPOBaHHA, Maccomepefayd B annapartax ¢ Hacal-
KaMH, B XHMHYECKHX IIpolieccax, OCYLIECTB/IAEMBIX B PEakKTOpax C TBepAbIMH
KaTaju3aTopaMy, H T. K. AHaJH3 [BHXEHHA XKHIKOCTEH B caydasx Takud
cMemaHHON 3alad¥ TrUAPONHHAMHKH INPOBOAAT, KAaK I[paBWJIo, [PH-
6JHKeHHO CBOJS €re K peuleHHI0 BHYTPeHHeH njn BHeLIHeH 3ajau.

6. OcHoBHBble XapaKTepHCTHKH [JBHNKEHHS XKBIKoCTed

CkopocTs H pacxod XHIKOCTH. PaccMoTpuM ABHIKEHHE XKHIAKOCTH ro Tpybe
IIOCTOSIHHOTO CeYeHHd. _ '

KosnuecTBo KHUAKOCTH, NpoTekamllell gepe3 nonepegHoe cegeHHe NOTOKA
(ero «xkuBOe» cedeHHe, T. €. 3aTOIIEHHOE CeyeHHE TPyOOMpPOBONA) B ENHHHLY
BPEMEHH, HA3bIBAIOT PACXOAOM X RAKOCTH. Pasnnyaior 06 b e -
H Bl B pacxon, M3MepsieMblil, nanprMep, B M%/cex nau #3/4, uMaccO B B &
pacxon, H3MepsieMblll B Ke/cek, kela, H T. ..

B pasHbIXx TOYKAX KHBOIFO CeyeHHS MOTOKA CKOPOCTb HACTHIL HHIKOCTH
HeolHaKoBa. Kax moxasaHO HHIKe, OKOJIO OCH TP yGbl CKOpOCTh MAKCHMAJbHA,
a mo mepe mpuUGIMKeHHd K CTeHKaM OHa ymeHbinaeTcsd. OZHAKO BO MHOTHX
cayyasiX 3aKOH pacnpene/eHnsi CKOPOCTeit B [IorepeyHoM Ce9eHHH HOTOKA HeH3-
BeCTeH HJIM ero TPYyAHO YygecTb. IloaTomMy B pacyetax OOBIYHO HCHONB3YIOT
He MCTHHHB e (10OKAaJbH B €) CKOPOCTH, a GUKTHUBHYIO ¢ P € L H [0 IO

' CKOpOCTb. 3Ta CKOPOCTb W (M/ceK) BbIpaXkKaeTcsl OMHOULEHUEM 06TBeMHo20 pac-
xoda scudkocmu Q (m3[cex) K naowadu wmusozo cewerus S (m*) nomoxa; '

OTKyZa o0beMHEIN pacxon ‘
Q=wS : (11,25)

Maccosrift pacxon M (kelcex) onpenensietca npou3BegeHHeM

) M= pwS (11,25a)
rlie p — TJOTHOCTbL XHAKOCTH, K2/s3.

Beanunna pw npeacrasaser co6oil MaccoBYIO CKOPOCTb  KHIKOCTH
[B xal/(m®-cex)]s '

W = pw ' (11,256)

BriGop ckopoctefl KanenbHbIX XKHAKOCTeH, rasoB H MapoB NMpH pacuyeTax
TpyGONPOBOAOB paccMOTpPeH HHxe (cTp. 95).

OTMeTHM, YTO NpHBeNEHHBIE OCHOBHBEIE XaPAKTEPHCTHKH JABHIKEHHS KHIKO-
cTefl OTHOCATCA K HX IIEPEMElleHHIO B KaHaJaXx c cedeHueM Jt06oil dopMEL

FugpaBauueckuii paguyc W sSKkBUBajfedTHBbii guameTp. Ilpun pABHKeHHH
| KHAKOCTH yepe3 ceyeHHe Ji000# ¢opMel, oTauuHOR OT Kpyriol, B KadyecTse
pacyeTHOro JIMHEHHOro pasMepa NPHHHUMAIOT rUJpaBAHUYeCKHHA pa-
AHYyC HIH 3KBHBAaMeHTHBHH AHaMeTD)D.

[lon rugpaBiuyecKuM panuycoMm r, (#) IOHHMAIOT OMHOWweHue naowadu
3amonaeHHoeo0 ceveHus mpybonposoda Ul Kanaaad, 4epe3 KOMOpoe npomeKGenn
HUOKOCMb, M. €. JHUB020 CEYEHUR NOMOKA, K CMOMEHHOMY Nepumempy:

o= 5 (I1,26)

rae S — niowagh ceueHHsd noToka XHAKOCTH, 4% [1 — cMouennm nepuMerp, M.
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Haa kpyrioft Tpy6bl ¢ BHYTPEeHHUM AHaMeTpoMm d M, 3HAUHT, IVIOWALBIO
cBOGOAHOTO ceveHHd S = nd?/4 NpH CIVIOUIHOM 3aNOJIHEHHH ero }KPII.IKOCTI:XO-
Il = nd, oTkyna ruapaBiInYecKHli paiuyc

pom S _md4 _ d
TN md T4

llname'rp, BHIPAXKEHHLIA Yepe3 THAPABIHYECKHH palMyc, NpencTaBiser
co6oil 5KBHBaJeHTHHH IHAMETD: ,

'd=dy=4ry - (1L,2D)
CaenoBatesibHO, corjacHo ypasaerHio (11,26)
4S :
TR e—— ,27
dy =5 N (11,27a)

SkBHBA/EHTHLIH AMaMeTp paBeH AHAMETPy THUIOTETHYECKOro TpybonpoBoaa
KPYTJIOTO ceYeHHus, 1Js KOTOPOro OTHOIIeHUE IIOmAalH S K CMOYeHHOMY NepH-
metpy IT To e, STO M /ISl NaHHOTO prﬁonposoaa HEKPYIJIOTO CeuyeHH .

Ias xavana ﬂpﬂMOyI‘OJIbHOI‘O CeueHHA CO CTOPOHAMH a M b, NOJHOCTLIO 3aNOMHEHHOrO XKHA-
KOCTBIO, FUJpPaBIHYeCKuH painyc

; S __a __ ab
T T 222 2(a+b)
a 3KBHBAJIEHTHHH JAHaMeTp ..
: 4ab 2ab
=A== 5o ~ aLb

Jaia KaHala KOJbLEBOro NONepeyHOro cedeHusl, B KOTOPOM XHJKOCTb OrpaHHieHa BHYTpeH-
Helt B HapYXHOR OKPYXHOCTAME C JHaMeTpaMH dp 1 d,( COOTBETCTBEHHO, SKBHBAJNEHTHAIA RHaMeTD

(ndf, ndﬁ)

B .k 2 __p

48 r) 4 dy —dy

ds R =3 == dH — dB
I sidy -+ ndp dy+-ds

Haa xpyraoll Tpy6u d, = d.

YcTaHOBHBIIHACA H HEYyCTAHOBUBLIMACA NOTOKH. JIBHIKEHHE MKHIKOCTH
ABJAETCA YCTAHOBHBIMUMCH, WIKCTAL HOHADP H B M, €CIH CKO-
pOCTH uacTuIl NOTOKA, a TakiKe BCe JpYrHe BJHSAIOmMHE Ha ero ABUKeHHe dak-
TOpb! (IJIOTHOCTH, TEMIIEPATYphl, NaBJEHHS H LP.), He USMEHAIOMCA 60 GpeMerU
8 Kanxcdod ¢pukcuposantol mouke npocmpaxcmea, depe3 KOTOPYIO NPOXOAUT
XKHUAKOCTb. B 3THX yc/I0BHAX /1 KAXKIOTO CeyeHHs NMOTOKA PACXOMbI XKHAKOCTH
' IIOCTOSIHHBI BO BPEMEHH.

IIpu cTanvoHAPHOM ABHIKEHHH modou 3 YKa3aHHLIX (GAKTOPOB, HANPHMED
CKOPOCTb @, B HEKOTOPOM HaNpaBJ/eHHN X, MOXKET HMeTb PasjHyYHbe 3HAYEHHS
B pasHbiX Toukax [w, = f (x, y, 2)], Ho B /mOGoO# TOUKE CKOPOCTL He H3Me-

ow
HAETCA CO BpeMeHeM, T. e. —% = 0.

Ilycrs, HampHuMmep, ycTaHOBHBIIeecs ABHMKEHHE JKHIKOCTH IPOHMCXOXHUT IO
Tpy0Oe nepeMeHHOro ceyeHusi. Ec/ii 3a HAaYa/l0 KOOPAHHAT NPHHATL HEKOTOPYIO
(DHKCHDOBAHHYI} TOUKY Ha ocd TpyOHI, TO CKOpOCTh w, 6YIeT NepeMeHHa B. IIpO-
CTPAHCTBE, YBeJHUHBASCh C yMEHbIICHHEM ILIOWaJH TONEPEeYHOro CeyeHHs
TPYOH! 110 OCH X ¥ YMEHbIIAsCh BAOJB OCei Y H 2 10 Mepe NPUGIHIKEHHS K CTeHKe
Tpy6nl. OfHako ckopocTh W, GylAeT NMOCTOSIHHA BO BpeMeHH B /060 Touke.

B oTixgHe OT CTAaHOHAPHOrO NP HEeYCTAHOBHBIIEMC 5, HIHU
HEeCTAal HOHaAapHOM, notoke $akTopsl, BIudiolNlHe HA ABUXKEHHE KHUI-
KOCTH, U3MeHAmca 60 spemeru. Tax, CKOPOCTb KHIKOCTH B ONpele/eHHOM
HanpasJeHHd x B J060H TouKe ABJSETCA He TOJNbKO (pyHKIHEH NpocTpaHCTBEH-
HBEIX KOOPAHHAT X, ¥ H 2 JaHHOI Toq}m HO TAKIKEe BpPeMeHd T, T. €, W, ==

[ (x, y, 2, ). 3HaquT, npu 3TOM —x= + 0.
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[TpuMepoM HeyCTaHOBHMBINEroc IBHIKEHHS MOXKeT CIAYXHTb HCTEYeHHe
JKHAKOCTH M3 OTBEPCTHS [PH NepeMEeHHOM YpOBHE ee B pe3epByape: G INOHH-
JKEHHeM BBICOTH CTO6A JKUAKOCTH B HEM CKOPOCTb HCTEYeHHsi yMeHbIUaeTcst
BO ‘BPEMEHH. :

YcTaHoBHBILHeC YCJAOBHSA [BHXKEHHS JKUIKOCTH XapaKTepHbI AJd Hempe-
PBIBHBEIX [POLECCOB XHMHYECKOH TexHosoruu. HeycTanoBHBIUeecs NBUXKEHHE
HAKOCTH TPOHCXONMT IIABHBIM 06pa3oM B MEepHOAUYECKHX NPONeccax HJH
BO3HHMKAEeT KPATKOBPEMEHHO IIpH MYCKAaX, OCTaHOBKAX, 4 TAKKe H3MEHEHHSX
pekuma paboThl annapaToB HeIPephIBHOrO Je#cTBHS.

XapaKrepH3ys pa3jiHude MexX1y YCTAHOBHBIIUMCA H HeyCTAHOBHBLIMMCA
LBHIKEHHEM JKHAKOCTH YaCTHOH NpPOHM3BORHOH II0 BpeMEeHH HEKOTOpOro mapa-

Jw
MeTpa MOToKa (Hanpnmep, CKOPOCTH at"), MEl paccMaTpHBaJH H3MeHeHHe

9TOro napaMeTpa B (PUKCHPOBAHHOH TOYKe NPOCTPAHCTBa, UMeloulel MOCTOAH-
Hble KOOpPAHMHATHIL. ‘

Jasa Kamxaofi yacTHUBl ABHXKYylIeHCH XHUAKOCTH H3MeHeHHe ee NapaMeTpOB
BO BPeMeHH ¥ B NPOCTPAHCTBE BhIpaxaeTcsd He YaCTHOH, a NOJHOH NPOH3BOAHOH
[0 BpeMeHH, Ha3biBaeMO#l B FHIPOJAMHAMHKE CYOGCTAHUHOHAABHOH
npousBoanoi Ilo cBoeMy cMBICTy 3Ta [pPOU3BOAHAA  MOMKET
ObITh Ha3BaHA TaKKe I PDOH3BOLHOMH caefgyomed .3a 10TO-
K O M.

O6o3nauum uepes u mobyio BeJHYHHY, H3MEHSIOULYIOCH B NOTOKE KaK BO
BpEMeHH, TaK H B NPOCTPAHCTBER, HANPHMep NJOTHOCTh, TeMIepaTypy, AaBJje-
HHe, KOHUEHTPAUMIO KHUAKOCTH HIH JIOOY0 M3 COCTaBASIOMHX W, W, H W,
ee CKOPOCTH @ B HaNpaBJEHHAX ocefl KOOPAHHAT.

Homyctum, 4To Mbl Ha0a00aeM 33 ABHIKEHHEM NOTOKA ¥ MOMeM MIHOBEHHO
perucTpHpOBaTh 3HaUeHHUs U B KaXJAblfl MOMEHT BpeMeHH B RaHHOH TouKe IO-
Toka. Eciu Hab/onaTe/1b HENOABHMKEH, TO H3MeHEHHE 4 32 €IHHHNY BPeMEeHH
‘B PMKCHDOBAHHOHR TOYKe NPOCTPAHCTBA (X, Y, 2) = const BEIpaKaeTCH YACTHOH
IIPOH3BOAHOH —g:-, a U3MEeHEeHHe u B YKa3aHHOH Touyke 3a GeCKOHEUHO MaJibIH
NPOMEXYTOK BpeMeHH dT cocTaBJsieT ——gfi‘«
HB M, WIH JIOKaJbHBb M, H3MEHeHNeM JaHHOH NepeMeHHOH, KOTOpoe,
KaK OTMEYAJOCE, NPH YCTaHOBUBILEMCSH NBHUIKEHWH PaBHO HYJIIO.

Ecau nabmojatenp nepeMeijaerca BMecTe ¢ MOTOKOM (C KaKofi-auGo ero
gactHuedl), To, U3MEpAA 3HAUYCHHUA U, MOXKHO YCTAHOBHTH, UTO H3MEHeHHe ITOH
BeJIHYHHBl CKJAaAblBaeTcsl U3 ABYX COCTaBJAIOUHX.

[TycTeb 32 BpeMa d7 yacTHIA XKHUAKOCTH nepeMecTHiIach W3 ToukM A ¢ xoop-
AHHaTaMH X, y ¥ z B TodKy B ¢ KoopauHaramu (x -+ dx), (y -+ dy) u
(z + d2).

B pesyJabTrare nepemellleHHs YacTHIb B IPOCTPAHCTBE U3 TOYKH A B TOUKY B

dt. DTa BeJUYHHA ABAGETCA MeC T -

Ju
H3MeHeHHs u, COOTBeTCTBYIOIHE NpoeKUUAM NyTH dx, dy u dz, paBHEl 5 dx,

du du )
— ~— dz. DTN u3MeHEeHNUd He CBA3aHbl C U3MEHEHHEeM U BQ BpeMeHH B Ka-

dy 0z
KO#H-1H60 (UKCHPOBAHHOH TOYKE NpOCTpaHcTBA. TakHM 06pa3oM, ecau Gbl
IBHIKeHHE 4YacTHIbI OBIJIO YCTAaHOBMBILHMCH (JOKAJBHOrO H3MeHEeHH: u He
6b110 Gbi), TO NIpH Nepexone U3 A B B u3MeHeHHe U BBIPa:Kasoch Gbl

d

u Ju du

dy u

OTo BHpaxKeHHe XapaKTepHU3yeT KOHBE KTH B HO € H3MEHEeHHe pac-
CMATPHBAEMOro MapameTpa u.

BcaencrBye H3MeHeHHA u BO BpEMeHH B KaX 01l TOUKe IPOCTPAHCTBA B YCJIO-
BHfX HeyCTaHOBHBIMerocs ABHXKeHnd u = f (x, y, 2, T), ¥ 3a BpeMmd dt 3Ha-

u
YEeHHE YKA3aHHOTO NapamMeTpa TaKXKe H3MEHHUTCHA Ha s dt. 3Ha‘-lPIT, NOJMTHOE®
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H3MEHeHHe u NPH HeYCTAHOBHBLIEMCSH NBHIKEHHH SIBJSCTCA CYMMOU AOKAABHO2O
U KOHBEKMUBHO20 UBMEHEHUL: :

ou du " du du
OTKYIa
st_6u+6u dx Ou dy | Ou dz
v = o Tex Tan toy ar T e T
Onnaxko

ﬁx dy dz

=Wy, —— =W, B —— =W
dt ' Tdt R 2

FNe Wy, Wy H W, — COCTABJAAIOIIAE CKOPOCTH BJOJAb COOTBETCTBYICUIHX ocet KOOpAHHAT, Ha
KOTOpble MOXKHO PasJOKHTb CKODOCTb . ’

Orcrona
du du du du du
e 22 e == —_ 11,28
dt 6‘c+ax w"+6y @y + 3z “ ( )
: u
B YaCTHOM CJlydae YCTaHOBHBILIEroCsHd npoueccea, Korma Tajr— = 0
du “Ou o du du
== —_ — 11,28a
dv Ox wf“+ oy Wy + e ( )

Ypasuenusa (11,28) u (11,28a) BripaxaioT cyGcTaHUHOHANBHYIO NPOH3BOJ-
HYIO HaHHOro napaMerpa. McnoabsoBanue crneuaJbHOro TepMHUHA A1 HAaHMe-
HOBaHUA * NOJHOH mpou3BORHOH cJOKHOA (yHKuHH OOYCJOBJIEHO TeM, 4TO

. dx dy dz =
N — e et TOPOH
COCTABJAIOMHE CKOPOCTH IO OCAM KOOpAHHAT ( = ae B ), C KOTOp

nepeMelaeTcsa HabJOfaTe]b, He POU3BOJNBHEl, 4 NPHHHMAIOTCA PABHBIMH CO-
CTaBJISIOWHM CKOPOCTH YaCTHUBI XHAKOCTH (W,, W, H W,), TaK Kak Habmona-
TeNb NepeMelaeTcss BMeCTe ¢ NOTOKOM.

Cy6CcTaHuHOHaNbHAA IPOH3BOAHAs XapaKTepu3yeT H3MeHeHHe KaKoro-JH60
napaMeTpa WJd cBOHCTBA MaTepHH (CyGCTAHLMH) BO BpeMeHH NpH nepemetne-
HHH MaTepHaJbHbIX 4YacTHI, B NpocTpaHcTBe. B 4acTHOCTH, NpH JABHIKEHHU
YacTHUB XHAKOCTH CO CKOPOCTBIO W KOHBEKTHBHOE H JOKAJbHOE U3MEeHEeHHH
NpeTepreBanT BCE COCTABJSAIILINE CKOPOCTH BIOJL ocefl KOOpAHHAT (W@, W,
H w,). Bripaxkenus cy6GcTaHUHOHAILHOA NPOHU3BOAHOHR NPHMEHMTEJbHO K OT-
AeJbHBIM COCTABJISIOMUM CKOPOCTH mpupesieHsl Hixke [cm. ypasuenus (11,47)
u (11,47a)]. B atom cayuae npousBojsbie i;%-‘—, %‘;—’J— 74 g;—”f— XapakTepH3yiloT
COCTaBJAIOIHE YCKOPEeHHS BOJb COOTBETCTBYIOUIMX Oceil KOOpAHHAT.

- s PeuMbl IBUXKEHHS XHMAKOCTH. Pasiuunble peXuMbl TEUEHHS HKHIKOCTH
MOMHO NpOC/AeJHTb, BBOAA B NOTOK NOAKPalleHHYIO CTPYHKY MHAKOCTH HIH
KaKoH-a1160 HHOH HHAMKATOP.

BriepBhle pe:xuMEl TeUeHHs KUAKOCTH H3ydanuch O. Pefinoabacom B 1883 F.
Ha ycTaHOBKe, H306pamenHofl Ha puc. 1I-8. K cocyny /, B KOTopOM NOLAEP-
JKHMBAeTCA NOCTOSIHHbIA YpOBeHb BOJbI, NMPUCOEJHHEHA TOPH30HTaNbHAasd CTEK-
nsinHasa Tpyba 2. B 3Ty Tpy6y mno ee ocH 4yepe3 KanuJJsApHylo TPYyOKy 3 BBO-
AMTCA TOHKas CTPYHKa OKpalleHHOH Boabl (MHauKartop). [lpw HeGOJIBIIOH
CKOPOCTH BO[EI B TpyGe 2 OKpailleHHasi CTPYHKA BHTATHBAETCA B TOPH30HTAJb-
HYIO HHTh, KOTOpasi, He pa3MbIBasch, OCTHTaeT KoHua TpyGul (puc. 11-8, a).
STO CBHAETEJNBLCTBYET O TOM, YTO NYTH YACTHI NP AMOJHHEHHB ¥ NapajJe]bHbl

Apyr Apyry.

* YuurniBas cneundHUHOCTL NOHATHA O cySCTaHUKOHANLHON NpOHW3BOAHOHK, ee HHOrja

du Du
0603H2YAI0T BMECTO -——— CHMBOJIOM ———,
dz Dt
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Takoe ABhIKEHHE, PH KOTOPOM BCE YACTHLUBI X HUAKOCTH ABHKYTed MO Hapan-
NeJbHBIM TPaeKTOPHAM, HA3HBAOT CTP Yy H Y4 aTHI M, HIH JTaMHHAp-
H B M. :
Ecnu ckopocTs Bogbl B Tpy6e 2 yBeJHUYHBATH CBEPX OMpEeREICHHOro mpe-
Iena, TO OKpalleHHasd cTpYHKa CHayaja npuobperaeT BolHOOOpa3Hoe INBHXKe-
HHe, a 3aTeM HAYHHAeT Pa3MHBATHCHA, CMeIUBAsCh ¢ OCHOBHOH MAacCOH BOXHL.
310 06BACHAETCH TEM, YTO OTAENbHBIE YACTHIE XHUAKOCTH IBHKYTCHA yHKe HE
napanJiebHO APYP APYTY M ocH TPyOhi, a [epeMellHBATCs B MONepPeyHOM Ha-
npasiaenuu (puc. I1-8, 6).

Takoe HeynmopsaRodYeHHOe JIBHIKeHHe, MpH Ko-
TOPOM OTHZE/IbHbIE YACTHIR MKHEKOCTH JABHXYTCHA
Mo 3anyTaHHBIM, XAOTHYECKMM TPaeKTODHAM, B
TO BpeMs Kak BCH Macca XKHAKOCTH B eJIoM Mepe-
MelllaeTcsi B OXHOM HaNpaBJeHHH, HAasHIBAIOT
rTyp6yJsieHTHH M.

"B ryp6y/eHTHOM HOTOKE IPOHCXOIAT Oy JA b -
calMy CKOpOCTe i, NOR AeHCTBHEM KOTO-
pBIX 4aCTHIB XHAKOCTH, JABHXYyWHECH B IVIaB-
HoM (OCeBOM) HAMPABJEHHH, MOMYHAOT TaKKe
nonmepeuHb e DepeMeU eHHU A MpPH-
BONASIIME K HHTEHCHBHOMY ODepewme-
Il M B AHHI [OOTOKA [O CeYeHHIO H TPeOyroHIHe
cooTBercTBeHHO OGoJabmell  3aTpaTh
5HEepTHH Ha IBHXKeHHe XKHUIKOCTH, YeM MpH
NaMHHApHOM [OTOKe. ‘

OnwiT .NOKa3LBaeT, YTO HEpeXof OT JaMHUHApP- Pye, [1-8. Onur Pefinonbaca:
HOIO Te4YeHHS K TYPGYJEHTHOMY NPOHCXOBHT TeM 4 — navmmaproe awenue; 6 —s
Jerye, ueMm Gosbille MaccoBas CKOPOCTh JKHIKOCTH TypGY/eHTHOS ABHKeHHE.
pw H guaMeTp TpyGel d H 4eM MeHbllle BS3KOCTh
KHUAKOCTH W. PeflHONBAC YCTAHOBHJ, 9TO YKA32HHBIE BeJHYHHBEI MOXKHO 06Dbe-
IMHATE B Ge3pasMepHBIH KoMIuIekc wdp/u, 3HAaueHHe KOTOPOTrO MO3BOJSET
CYAHTH O peXHMe IBHXKEHHS MKHEKOCTH. IDTOT KOMIJIEKC HOCHT Ha3BaHHe
Kputepusa Pednoasnpca (Re);

Re = wdp

foacra

(11,29)

Kpumepui Re asasemcs mepod coomHowenus mexndy curamu 6s3Kocmu u
uHepyuu 8 Osuscyuiemcs nomoke (cTporoe o6OCHOBAHHE BHAA TOr0 KPHUTEPHS
# ero QH3HYeCKOro CMhICIA NAaHo HHXKe, crp. 79). B camom mene, BeposTHOCTS
HapyIIeHHs JIAMHHAPHOTO PeXHMAa TeYeHHS H BO3HHKHOBEHHS XaOTHYECKOTO
nepemellieHHsl YacTHIL TeM GoJibille, YeM MeHbIIe BA3KOCTb KHJAKOCTH, NpensT-
CTBYIOLLAS 3TOMY HapYIIEHHIO, H 4eM 60/blle ee JIOTHOCTh, MPeiCTaBJIsouAs
cofofi Mepy HHEpLHH OTKJIOHHBIIHXCS OT NMPAMOJHHEHHOTO NBHKEHHS YACTHIL.
[ToaTtomy npH paBHBIX CKODOCTAX HNBHMKEHHS DAa3JHUYHBIX XHIKOCTEH B Tpy6ax
OIMHAKOBOTO IHameTpa TYpOyJIeHTHOCTh BO3HHKHET TeM Jerde, yem GoJiblie p
M MeHblUe §, HJIH 4eM MeHbllle KHHeMaTHyecKasd BA3KocTb v == pu/p. CooTBeT-
cTBeHHO KpuTepuil PefiHoNbaca MoXeT GHITH 3aIMCAH B BHJIE

Re:.%"i (11,292)

[Tepexon oT naMUHApHOTO K TYpOY/JEHTHOMY HBHXKEHHIO XapaKTepH3yeTcs
KpHTHYeCKHM 3HauveHueM Re,. Tak, npu IBuxeHun xuikoctedl o
npAMBM FJdaakum Tpy6am Re,, ~ 2320. Tlpu Re <G 2320 reuenue
0oOBIYHO ABJSETCH JAMHHAPHBIM, [TO3TOMY AaHHYIO o6/acTh 3HavenHil Re Hasbl-
BalOT 06JacThi0 YCTOHYHBOTrO NAaMUHADHOT O PEXHMA TEYCHHS.
[Ipu Re 5> 2320 yame Bcero Habmonaerca TypOy/JeHTHBIA XapaKTep IBHXKe-
muf. Onnako npu 2320 <a Re <@ 10 000 pexum TeueHus eule HeycT O it -
yuBo TypOyaAeHTHBH H (3Ty ofacTe H3MeHenHs 3uadenunil Re wacto
Ha3blBAIOT Nepe X oxHoOIM. Xord Typ6yJeHTHOe IBHXKEHHe MPH TaKUX
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ycnoBHAX 6oJiee BepOATHO, HO HHOTAA MU 3THX 3HAYeHHsx Re moxeT HabMo-
AaTbCsl M JlaMMHApHHIHA notok. Jluime npu Re £ 10 000 Typ6ynenThoe aBHXKEe-
HHe CTAHOBHUTCH YCTOHYHBHM (Da3BHTBH M).

Yrazannoe sHauenue Re,, = 2320 sBJseTcs YCIOBHHIM, T4K KaK OHO OT-
HOCHTCH JHIUb K CTaGHJH3HDPOBAHHOMY H30TEDMHYECKOMY IOTOKY B MNDAMBIX
Tpy6ax C oueHb MaJIOH 11epOXoBaTOCThIO CTeHOK. Hanuuue pasnHyYHBIX BO3MY-
meHH#, o6yC/IOBJAEHHBIX I1epOXOBATOCTHIO CTEHOK TPYGH, H3MEHEHHEeM 3Ha-
YeHHs] CKOPOCTH MOTOKA HJIH ee HanpaBJjeHHs, GJH30CTbIO BXoga B TpyGy H
T. 0., MOXET CYIIeCTBeHHO CHHKATh BelnynHy Re,,. Kpurnyeckoe snavenne Re

v o) z
\ § w 1
\ o
i of |
. /’. & b
/. £
{/ 77 72
Z
a / 3

Puc. 119, K onpenenenuio pacnpegefienns ckopocTefi B pacxona XHIKOCTH MPH
JIAMUHAPHOM [BHKEHHH.

YMeHbIlaeTC H MPH HEeH30TePMHUYHOCTH NOTOKA IO CeyeHHio TpyOH H3-3a BO3-
HUKHOBEHHsI KOHBEKTHBHbIX TOKOB XHIKOCTH B HallPaBJEeHHH, NEPTIEHAUKYASIP-
HOM K OCH TPYOHI.

i ra3oB MIOTHOCTb NPHMEPHO Ha TPH, a BA3KOCTb Ha 1,5—2 nmopsaaka Huxe, geM ans Ka-
NeAbHBIX )m:nxocq-eﬁ. Tak, npu HOp:daJIbeIX' TEMOEPATYPax Py o = 1000 xz/M3, Pooan =
~~ 1,29 xe/m®, Py o == 0,001 a.cex/m?, W, =~ 0,00002 #- cex/m?. (EOOTBETCTBGHHO VH,0 "
72 1.1078, a vyoap ~~ 15. 1078 u2/cex. TlosToMy Reyp # TYPOy/eHTHbI PeXHM NBHMKEHHA VA
ras’oB AOCTHrAKOTCA NMPH 3HAUHTEALHO GGJBIIMX CKOPOCTAX, YEM JUIS KamleJbHEIX XKHAKOCTeH (TpH
pPaBHbIX d).

B cjyyae NBHXKEHHS XKHUAKOCTH yepe3 KaHallbl HeKpYIJoro Cede€HHs NpH

.pacuere KpuTepusa Re BMecTo d HCONB3YIOT 5KBHBaJeHTHHIH NHameTp, onpe-

peqsieMbli otHomenuem (I1,27a).

B Boipaxenue ana kpurepus PeiiHonbaca BXOZHT CpeRHsisi CKOpOCTb
HOTOKA, XapakTepHayemas ypaBHernheMm (11,25). [leficTBHTeNbHEIE e CKOPOCTH
MHIKOCTH HEOAMHAKOBH B Pa3HbIX TOuKax ceuedus TpyGonposoza. [Ipm stom
pacnpesesieHHe YKa3aHHEIX CKOPOCTEH [0 CeYyeHHIO NOTOKA Pa3/IHYHO L5 JIaMH-
HAapHOTo M TYPOyJeHTHOro nBuxeHds. Jlig JaMHHApHOro MOTOKA BHJ pacipe-
JeJIeHHsl CKOpOCTeH MOXKeT ObITh YCTAHOBJIEH TEOPETHYECKH.

Pacnpenenenne cxopocrtelfi B pacxol MHAKOCTH HPH YCTAaHOBHBINEMCS
JaMHHapHOM foToke. B ciyvae JamMHHAapHOrO ABHXKEHHS BA3KOH XHIKOCTH
B npsAMof TpyGe KPYrJjoro ceueHHs BCIO XKHAKOCTb MOXHO MBICJIEHHO Da3GHTh
Ha PAJ KOJBLEBLIX C/IoeB, COOCHHIX ¢ TpyGoit (puc. 11-9, a).

BenencTBHe peACTBHS MeXAy CNOSIMH CHJI TPEHHH CJIoH GYRYT ABHIaTBCH
C HEOXMHAKOBBIMH CKODOCTSAMH. LIeHTpasbHbId LHIHHApHYECKHH CIOH y ocH
Tpy6bl HMEeT MAKCHMANBHYIO CKOPOCTh, HO, [0 Mepe YjajeHHs OT OCH, CKO-
pocTh 3JIeMeHTapHHIX KOJMbUEBLIX c1oeB GyneT ymenbmarscs. Henocpeacrsenso
Y CTeHKH XHIKOCTb Kak Gbl «IPHJHNALT» K CTEHKE, H ee CKOPOCTb 3/iech o6pa-
1aercd B HyaAb. :

BeizeruM B NOTOKE KHAKOCTH, JIAMHHAPHO ABHXKYIEMcs no Tpybe pasuy-
com R (puc. I1-9, 6), nununapuueckuil cioil nauHol ! u panuycom r.

IlBukeHue CNIOs IPOHCXORHUT NOJ AeHCTBHEM PA3HOCTH CHJI 1aBJeHHs Py H P,
¢ ofenx TOPUOBBIX CTOPOH HHJHHAPA:

Py — P, = (py — py) nr?

The pj, D3 — TMAPOCTaTHYECKHe JaBJeHHs B ceuenusx J—I @ 2-—2.



6. Ocrosnsle xapaxmepucmuru Oguncedus wcudxocmedl 43

JIBHKEHWIO UMJIMHIPA OKa3hiBaeT CONPOTHBJEHHE CHJAa BHYTPEHHEro Tpe-
nua T, aaa xotopo#, corsacHo ypasuenuio (11,11) ¢ yuerom (II,12a), cnpa-
BEHJIMBO BBHIpAXEHHE

dw,
dr

|T|=—uF

Tie W, — CKOPOCTb NBHIKEHHS JKHIKOCTH BAOJbL OCH (HJHMHAPA ha PACCTOSIHUM r OT OcH; F =
= 257/ — HapyXHAs NOBEPXHOCTb WUHJHHIPA;, N — BH3KOCTb MKHAKOCTH.

"3HaK MHHYC YKa3biBaeT Ha yGbIBAHHE CKOPOCTH C yBeJIHYEHHeM paaHyca r
(npu r = R sennunna w, = 0).

[Ipu ycranoBuBIlleMcs ABHMKEHHH Pas3HOCTb cua nasjeHus P,—P, 3atpa-
YHBAeTCH HA MpeosoJeHHe CHIL TPeHHus T, W cymMa MPOEKIHH BCeX 3THX CHJ
Ha OChb MOTOKA HOJXHA GBITH paBHa HYJIO. BelencTBHe TPEHHSA NBHKEHHE pac-
CMATPHBAEMOrC UMIHHIPHYECKOTO CJIOSI TOPMO3HTCS, 3HAYHT, CHJA TPEHHS,
NpuNOKeHHast K ero GOKOBOH [OBEPXHOCTH, HalpasJieHa MPOTHBOMNOIOXKHO
paswocti P, — P, u NpoeKTHpyeTca HAa OCb, HANpaBJeHHe KOTOpPOH CoBHa-
naeT ¢ HalpaB/JeHHEM NBHIKEHHS, €O 3HAKOM MuHyc. CllefoBaTe/bHO

dw
PyFr? — pyr? — (——pF drr ) =0
HJIH

. dw"
dr

(py — p2) w7t = —p2mr!

OTKyla, MocJje COKpalleHHs H pa3ie/IecHHHA NEePEeMEHHBIX, NOJMYYHM

P1— P» _
——2-,’7[— rdr = —dw,

[Tepexons ko Bcemy o6beMy XHUAKOCTH B TpyGe, DPOHHTErpUpyeM 310 Audie-
peHIHAJbHOe YypaBHEHHEe, YYHTHIBAs, YyTO PAAMyC B JEBOH YacCTH YPaBHEHHS
‘u3MensieTcsl OT r O r == R, a nepemeHHasl CKOPOCTb B [paBoH YacTH — OT
w= w, 10 @ = 0 (y cTeHKH, r'fe r == R);

R )
Py — P2 —
I ———m— rdr = Idwr
r w’_
Torna
Pr—py (R®
ol ( 7T 7g )‘ @r
HIlH
W, = ’117;_;1-’12_ (R? — r%) (11,30)

CkopocTs HMeeT MakKcHMallbHOe 3HauyeHue Ha ocH Tpy6wl, rme r = 0:

@imax = ’32-4%1535- R? (11,30a)
Conocrasnss seipaxkenus (11,30) u (11,302), naxonum

R2—12 r?
wrzwmaxmkﬁ‘“:wmax(l_"'é‘r) (I1,31)
Ypasnenue (I1,31) npeacraBasier co6oit 3 a ko H C To K C a, BHpaxkalo-
MK napaboaudeckoe pacnpedesenue crkopocmell 8 ceqeHuu mpybonposoda npu
AAMURAPHOM OBUNGEHUL.
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[ns onpenejieHHss pacXoxa MKHUIAKOCTH NPH JaMHHApDHOM [BHXKEHHH pac-
CMOTDHM 3JIEMEHTApHOE KoJblieBoe ceyeHHe (puc. 11-9, 6) c BHYTpeHHHM panuy-
COM.7 U BHELLHHUM PaigHycoM (r -+ dr), nJouiane KoToporo paBHa dS = 2nrdr.
O61beMHBbIH pPacXOX XHUAKOCTH Yepe3 5TO CeueHHe COCTABJAET

dQ = w,dS = w,2nrdr

HaH ¢ yuetoMm ypassenus (I11,30)
—.H—lpl (R? — ) 2rurdr

HuTerpupys nociefnee ypaBHeHHe, MNOJYYHM oﬁuma pPACXOL KHIKOCTH
yepe3 Tpyb6y:

dQ =

R R R
= P1L— P2 j 2__ .2 o P1—Ps z.[ . J 3 —P1 P
Q Ty ) (R? — r®) 2mrdr i 2nR ) rdr 2n0 ridr Vi R4

(11,32)

INoxcraBnsas Bmecto R gHamerp Tpy6ul d = 2R u o6o3nauas (p; — p,) ==

= Ap, OKOHYATEJILHO HAXOLHM
nds Ap
Q= Tog (11,32a)
Ypasuenune (11,32) unu (11,32a), onpegensiomee pacxon ¥KHIKOCTH NPH ee
JaMHHAPHOM ABHMKEHHH MO KPyrJo# npaMoHd Tpy6e, HOCHT Ha3BaHHE Y p 4 B -

HeHusqa Ilyaseiias.

CooTHolleHHe MeXK Y cpegHell CKOPOCTBIO W H MAKCUMANbHOH CKOPOTHIO W,y
MOXHO [OJY4YHTh, COMOCTaBUB 3HaueHHe Q u3 ypasuenu#i (11,25) w (I1,32):

Q=wS=waR? u uR2w=£l—8~_ﬁ£3-nR4

OTKyza

P D 2
w=Lm P R (11,33)

CpasruBas ypasuends (11,30a) u (I1,33), naxonum

w=‘”_";’£. (11,34)

Taxum o6pasoM, npu samunapHom nomoke ¢ mpybe cpeOHsA CKOPOCTLb HUd-
KOCMU pasHa NOAOBUHE CKOpoCcmI no ocu mpylbut.

CooTsercTBeHHO NapaGoJHYeCcKHll 3aKOH pacnpeaeleHUs cKopocTeil mno
ceyeHHIo TpyGul, BeIpaxaemull ypaBuenueMm (I11,31), Moxer GHITE npeacTaBleH
B BHje

r2

STOT 3aKOH, BHIBEJEHHBIH TEOPETHYECKH, XOPOIIO MNOATBEPKNAETCH SIIO-
paMH CKopocTelf, MOJYYeHHBIMH ONBITHEIM myTem (puc. I1-10, a).

HekoToprle xapakTepucTuku TypOyJeHTHoro notoka. B TP OMBILLIEHHOH
npakTHke HauboJee pacopocTpaneHo TypOyJleHTHoe IBHMXKEHHe XHIKOcTefi.

Ipu Typ6yJieHTHOM ABHXEHHUH M3-32 XAOTHYECKOTO ABHMKEHHS YaCTHIL NPO-
HCXOAHUT BHIpaBHHBAHHE CKOPOCTEH B OCHOBHOH Macce NOTOKAa M HX pachpeneie-
HHE MO ceyeHMIO TPYGH XapakTepuayeTcss KPHBOH, OTaIHuaouigics no dopme
oT napa6oasl Ha puc. I1-10, a; kpuBasm uMmeeT 3HauuTeNbHO GoOJee IHPOKYIO
sepuuny -(puc. 11-10, 6).

OnbiT 10Ka3BIBAET, YTO CPERHSAS CKOPOCTh W NPH TYpOY/AeHTHOM ABHKEHHH
He paBHA NOJIOBHHE MAKCHMAaJbHOH (KakK 1JIs JJAMHHAPHOTO [BHIKEHHUA), a 3Ha-
YHTEeNbHO GoJibile, npHYeM w/w,,, = f (Re). Haupumep, npy Re = 10 cko-
pocth @ =~ 0,8 Wyay, @ n1pd Re = 10° Bennurna w =~ 0,9 @y,
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B cBfI3H €O CIOXKHBIM XapaKTepoMm TYpPOYJNeHTHOrO ABHIKEHHS He IPelCcTaB-
JiieTcsl BOSMOXHBIM CTPOTrO TeopeTHYeCKH HOJNYYHTh npouab pacnpenesedus
ckopocTell U 3HauyeHHe W/ Wq,,. Kpome Toro, npu Typ6yJenTHOM nOTOKE npo-
¢uab ckopoctelt (puc. 11-10, 6) BuIpaxaeT pacnpere/ienne He HCTHHHBIX, @ OC-
pPeIHEeHHEX BO BPEMECHH
cCKopocrTei.

B kaxpo# touke TypOyJeHTHOIO
noToKa HCTHHHas CKOPOCTb He
0CTaeTCsi MOCTOAHHOH BO BpeMeHH
H3-32 XAOTHYHOCTH [IBHXKEHHs 4Ya-
ctun. Ee - MrHOBeHHBIC 3HAYeHHA
HCIBITHIBAIOT bnyKkTyauHH, Puc II-10. Pacnperenenne cxopocrell npu

=i

HJAHUH H e p er y g A p HEBlE p yJI b~ PAa3JHYHBIX peXHMaX ABHXEHHMA:
¢anuHu, HOCHALLHe xao’rnqecxuﬁ Q .« JJAMAH2DPHHH NOTOK; O — vyPOYJACHTHR I DOTOK.
XapakrTep. .

TunuyHas KapTHHA H3MeHeHHs COCTaBJSIOMEHd HCTHHHOH MrHOBeHHOR cKo-
.pocTH W, (BIOJb OCH X NMOTOKAa) A/ HEKOTOPOH TOYKH B 3aBHCHMOCTH OT Bpe-
MeHHM T mpenacrasieHa Ha puc. I1-11. Camy HCTHHHYIO CKOpPOCTH H3MEPHTH
NPAKTHYECKH HEBO3MOXHO H3-33 XaOTHYECKOro MepeMellleHAs YacTHILL BO Beex
Hanpaejenusix. Kak BHIHO H3 PHCYHKA, CKOPOCTH NYJbCHPYIOT OKOJIO HEKO-
TOPOTC OCPEAHEHHOTO BO BpeMeHH 3HAYEHHS, CTAHOBACH To Goblile, TO MEHbLle
, . - ero. [Ins naduo#l T0uxu ocpen-
’ HeHHasd BO BpeMEHH CKOPOCThb
w, MoxeT GbITh HaligeHa H3
COOTHOUICHUS

wr

5 /‘MA‘H_ I/W\ ,/'4'”\» M NN L 1:wxdv
N W \”‘\j” WWW 5x=—‘£—-w—— (11,35)

Tagum o6pa3zoM, BeJHUIHHA

W, PaBHA BHICOTE NPAMOYIOJb-

HHK2, DPABHOBEJNHUKOro IJIO-
7~ 1lajH, 3aKJIOYEHHOH Mexny

NYJbCAHOHHOH KPHBOH H
Puc. I1-11. HcruHHee ® ocpeinenHas JokaiabHple OCBIO abcuuce B npepengax us-
CKOPOCTH MHAKOCTH NpH TYPOYJEHTHOM IBHKEHHH. MEHEHHUSH BpeMeHH OT 0 0 T

' (cM. puc. II-11).

PasHocTh MeXy HCTHHHOH H OCPeIHeHHOH CKOpPOCTAMH HA3bIBAIOT MTHO -
BEHHOH DYyJbCAaNMHOHHOH CKOPOCTSH K H 0603HAaYaOT Yepes
Aw (uHpeKc x 37ech W Jafdee OMycKaem):

w—w=Aw , . - (11,36)

\

Cornacho pHc. II-11, BesuunHa Aw HMeeT nepeMeHHBbIH 3HAEK, OO3TOMY
w=w + A (11,36a)

[lorATHe ocpexHEeHHOR CKODPOCTH W He cjegyeT nMyTaTh C BBe-
JNeHHHIM paHee MOHATHEM CpeaHel cKopocTu w. [locneguss npen-
craBisieT cofol He CpelHIOID BO BPeMeHH CKOPOCTb B JMAHHOH TOuke, a CKO-
pPOCTh, OCPeAHEHHYIO JJIfl BCero fornepeydHoro CeyeHHs TPyGonposona.

HecmoTps Ha Kaxyluyloca GecrnopsiiloyHOCTb HM3MEHEeHHs! CKopocTell mpH
TypOy/JeHTHOM ABUMXKeHHH, 3HAYeHHe OCPENHEHHOH CKOPOCTH 33 JOCTATOYHO
60MbilI0H MPOMEXYTOK BPEMeHHU T OCTAeTCA NOCTOAHHEIM. [1pu 3ToM OCTaTOYHO
OOJIBIIHM MOXET CYHTAThbCA yXKe NEepPHOA BPEMEHH, H3MepSieMblHl CeKyHAaMH
UJIH JaXe ROJAMH CeKYHIBl, TaK KaK "dACTOTa NYyJbLCALHH CKOPOCTH OYeHh
BeJnka. [losToMy BMeCcTO H3MEHEHHS MIHOBEHHBIX CKOPOCTedl MOXKHO pac-
CMaTpUBaTh HE32BHCHMOE OT BPEMEeHHW H3MeHeHHe OCPefHEHHBIX CKOPOCTeH 10
ceueHHI0 Tpy6onposoza (eMm. puc. I1-10, 6), xors 1yp6yJeHTHOE ABUKeHHE MO
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CYIIECTBY HE SIBJAETCH YCTAHOBHBIIWMCH. Takum o6pazoM, OcperHeHHe CKo-
pocTeif Bo BPeMEHH NO3BOJISeT NPUG/HIKEHHO CYHTATh 5TO JBHMKEHHE CTalHO-
HapHbIM. B 3ToM cMmEIiCTe TypOyJeHTHOE ABHMXKEHHE MOMET PacCMaTPHBATHCA
KABK KBA3HCTaULHOHAPDHOeE.

METeHcHBHOCTh TYPO6YyJeHTHOCTH BHpPAaXaeTcd OTHO-
yleHHeM

Aw :

@ ;
rre Aw — CpeAHee KBanpaTHUHOE 3HayeHue ﬂyJIbcaI_XPIOHHOH CKOPOCTH, C NOMOUIBIO KOTOPOro
OCpPeAHAIOTCA BO BCEX HanpaBJ/ieHHsAX MIHOBEHHbIE MYJIbCAILHOHHBIE CKOPOCTH MO HX a6cooTHOH
BeJIHYHHE.

WHTeHCHBHOCTD TYPGYJNEHTHOCTH NABJSIETCS Mepoli nyavcayull 6 aauﬂou
mouke nomoka. Ilpu Typ6ynestHom Teuermu no tpy6am I, ~ 0,01 — 0,1.

Ecan cpensue nyJbcanyH CKOPOCTH OMHAKOBLI TIO BCEM HANpPaBJCHHSM,
TO Takas TYpOyJIeHTHOCTb Ha3blBaeTcss M3 O TP O I H O H.

TypOy/eHTHOCTE NpaKTHHECKH BCEraa B TOH WM HHOH CTENEeHH OT/HYaercs
OT H30TponHOH, NpUGIHKasAchk K HeH BGIH3UW OCH Pa3BHTOrO TYPOYJAEHTHOrO
MOToKa M BCe GoJbIle OTKAOHAACH OT Hee B [MONEPEYHOM HANPABAEHHH, 10’
Mepe npubaHKeHHs K CTeHKe TPyOsl.

IToMuMO HHTEHCHBHOCTH [, ApYI'MMH BaXKHBIMH XaDaKTEDPUCTHKAMH Typ6y-
JIEHTHOTO JBHXEHHS SBJAAIOTCH Macmtab Typ6yneHTHOCTH H TypGyJieHTHas
BA3KOCTb.

Hem 61u:Ke APYr K APYTY HAXORATCH ABE YACTHLH XKHAKOCTH B TYpGYJIeHT-
HOM noToKe, TeM OoJiee OJIH3KH HX HCTHHHBEE (MTHOBEHHBIE) CKOpocTH. B 1o Xe
Bpem# Y AOCTAaTOYHO YJAJeHHBIX ONHA OT APYrofi 4acTHI COBCEM HET CBHA3H
MeXay KoseGaHHAMH, HJIHM NYJbCaUUsMH, HX cKopocTell. [locTaTouHo G6IH3KO
pACHOJIoXKeHHble YacTHLB!, NBHKYUIHECH COBMECTHO, MOXHO CYHTATh TPHHAJI-
JexaluMH K HEKOTopoH efHHOH COBOKYMHOCTH, Ha3bhiBaeMo# OOBLIYHO B H X -
p e M. Pasmep Takux BHXpeH, MM IMyGHHA HX NPOHHKAHHA A0 Pa3pyilleHHus,
KoTopas npHU6JHKEeHHO MoXKer GBITh OTOXKAECTBJIEHA C PACCTOSHHEM MEXAY
AByms GJMXKallUMMK YaCTHIAMH, Y:Ke He NPHHANIeKAUIMMH K ONHOMY BHXDIO,
3aBHCHT OT CTeNeHH Pas3BHUTHA TYpOYJAEHTHOCTH B TOTOKE, HJH ee MacumTaba,
H MO3TOMY HOCHT Ha3BaHHe MacumiTa6a Ty p6yJEeHTHOCTH.

B ykasannoM Bhlllle CMBIC/IE TEPMUH ¢BHXPb» — YC/OBHOE MOHSATHE. BuxpepuiM ABAAETCA
M JIAMHHADHOE [BHXEHHe, KOTOPOe XaPaKTePH3Yercs pa3jHyHeM CKOPOCTed MO CeYeHHio TPyGH
(cMm. puc. 11-10, a). Kaxnas yacTHma MAKOCTH JBHKeTCH MO TPYGONPOBOAY MOCTYNAaTENbHO,
OIHAKO NOTOK B JII060OM CeyeHHH MOXHO CYHTaTh KaK Gbl BPAILAIOLIHMCs BOKPYT €r0 TOYEK, HaXo-
AAIMXCH Y CTEHKH, Tle CKOPOCTb JKHJAKOCTH pPaBHa HY/IO. TakuM o6pasoM, OT/JIHYHE JiaMHHAp-
HOTIO TEYeHHA OT TYPOYJIEHTHOTO COCTOHT HE B TOM, YTO NOCJIEAHee SBJAETCH BUXPEBHIM, 8 B HAJH-
UHH XaOTHYeCKHX QIYKTyalluH CKOPOCTH B Pa3/JMYHLIX TOYKaX TypOYyJEHTHOrO MOTOKA, MPHBO-
ASINMX, B YaCTHOCTH, K MepeMelieHHI0 YacTHI, B HanpaBjieHHAX, NONEePeyHbIX ero OCH.

[nsi xapakTepHCTHKH TypGyJeHTHOH BSI3KOCTH DAcCMOTDHM JABE YacCTHUH
HKHJKOCTH B TYpGY/IEHTHOM NOTOKE, JIBHXKYIIEMCS B HapABJIeHHH OCH X, lapaJl-
JeJpHo ocH TpyOel. IlycTh paccTosiHHe MeXny YacTHHAMH B HaNpaBleHHH,
nepneHAHKYJIsIpHOM OCH TPYGH, paBHo dy. CocTaBasiioliHe CKOPOCTH HaCTHIL
O HanpapJeHHIO NOTOKA W, , H W, , OTIHYATCS ZPYr OT Apyra Ha dw,
mpHYeM BCAEICTBHE PA3HOCTH CKOPOCTEHl BO3HHKAeT KacaTeipHOe Hampszke-
HHe T, onpejensieMae no ypaBHeHHwo (11,12a):

o dwy - d, 3
Ta = —p = Y £ (11,38)

rAe U ¥ v — AUHAMHYecKas H KHHEMaTHYecKas BA3KOCTH; P — MJOTHOCTb XHIKOCTH; HHJEKC ¢HP
. MIpH T 03HAuaeT «HBIOTOHOBCKOE».

B samHHapHOM NMOTOKe T, OBJIO OBl €IHHCTBEHHHIM HaNpsXKeHHEM, BO3HH-
KaoUHM MeXAY PacNoJOXKEHHbIME Ha DPacCTOAHHH dy CHAOAMH XKHAKOCTH.
OnHako B TypOyJIeHTHOM HOTOKE YaCTHIE! XKHIKOCTH MepeMeuiaioTcsl OTHOCH-
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TeJABHO APYT ApYra He TOJbKO B IPONOJBHOM (BMECTe C IOTOKOM), HO H B fofe-
pPEeYHOM HANpaBjeHHH. JTO CO3JaeT JAONOMHHTENbHOe KacarellbHoe Hamnpsxe-
Hue T, (HHAeKC «T» — TypG6yJeHTHOe), KOTOPOe N0 aHAJOMHH ¢ T, MOXHO BbIpa-
3UTL ypaBHEHHEM

dw,

Tr == —P¥r ay

(11,39)

Bennuyuuy v, HaszeBawT KosdpunmHeHTOM TypGyaenTHoOH
BA3KOCTH, WIH OPOCTO TY PO YN EeHTHOH BA3KOCTS IO.

Typ6yneHTHass BS3KOCTb, B OTVIHUHE OT OGLIYHOH BA3KOCTH, He SIBJAETCS
(hH3HKO-XHMHUECKOH KOHCTaHTOH, omnpenensemoli NpHpoxo#l KHAKOCTH, ee
TeMmmoeparypoil u AasjeHHeM. TypOyJaeHTHas BA3KOCTb 3aBHCHT OT CKOPOCTH
HKHAKOCTH H IPYTCHX mnapameTrpos, oOOGYCJOBIHBAIOLHX CleleHb TypGVJIEHT-
HOCTH IOTOKA (B YaCTHOCTH, PACCTOSHHSA OT CTEHKH TPYObl 4 T. 1.).

CyMMapHOe KacaTellbHOe HallpsKeHHe B [0TOKe onpepensercs, CJejloBa-
TeJIbHO, KaK BA3KOCTbIO MKHAKOCTH, TAK U TYPGYJIEHTHOCTBIO MOTOKA:

dw,
11,40
M (11,40)

T= Ty = —p (v vy d

U3 puc. 11-10, 6 BugHO, 4TO B OCHOBHOH MAacce IOTOKA CKOPOCTH MHAKOCTH
B 3HAYHTEJNbHOH Mepe BbIpaBHEHbI Mo ceyeHHIO TpYOrl. OnHako BOIH3H CTEHKH
TpyGEl CKOPOCTEL PE3KO CHUXKAETCHA, ofpallasch y caMo CTeHKH B HY.Jb. B Hemo-
cpeacTBeHHOH GNH30CTH OT CTeHKH, ¢ NMPUGJIHIKEHHEM K Hei, NBHKEHHE XKHI-
KOCTH CTaHOBHTCS Bee MeHee TypGyJIeHTHBIM H Bce 6oslee JAMHHAPHEIM, BCJeA-
CTBHE TOTO 4TO TBepIas CTEHKA Kak Obl «racHT» TYPGyJ/IeHTHHIE NYALCALHH B [O-
IIepeyHOM HAampaBJeHHH.

YC/I0BHO pa3H4aoOT HEeHTPANbHYIO 30HY, HJIH OCHOBHYIO MACCy XKHIAKOCTH,
Ha3LBAEMYIO T 1 POM MO TO K 4, B KOTOPOH ABHKEHHE SIBJSETCS Pa3BHTHIM
TypOy/NeHTHbIM, H THAIPOXHHAa2MHUYEeCKHH HDOTPAaHHUYHEH
CJ1 0 # BGJU3H CTEHKH, e NPOUCXOAMT [epexol TYpOYJIeHTHOro ABHIKEHHSA
B JlaMHHapHOe.

BHyTpH 3Toro clios1 HMeeTcsl TOHKH I nojxciof (y cTeHKH TpyGhl) ToaUiHHOH 6,
TAe CHJIBI BI3KOCTH OKa3BIBAIOT MIPEBANHP YIOUiee BJAHSIHHE HA NBHIKEHHE XHJ-
KocTH. Ilo3ToMy XapakTep ee TeYeHHs B [IOJCJH0e B OCHOBHOM JIAMUHAPHBIH.
[panueHT cKOpoCTH B MTAMHHADHOM NOTPAaHHYHOM HDOACJHOE
oueHb BBICOK, pHYeM Yy CaMOH CTEHKHM CKOPOCTb paBHA HYJIIO.

JlaMHHapHBIR Noxciofl B TYypGyJeHTHOM NOTOKE XapaKTePHU3YeTCs OdYeHb
MaJIoH TOJIMHOH (COCTaBJAOUel HHOrAA JOJH MH/LTAMETPA), KOTOPAs YMEHb-
aeTcs ¢ Bo3pacTaHHeM TypOy/JeHTHOCTH noToka. OXHAKO SBJEHHS, TPOHCXO-
JsiHe B HeM, KakK Oyjner BHAHO k3 JajlbHEHIIero, OKasbIBAIOT 3HAYHTENbLHOE
BJMSIHHE HA THAPABJMYECKOE CONPOTHBJEHHe MPH NBHXKEHHH KHIKOCTH,
a TaKiKe Ha NMPOTEKAHHE NMPOUECCOoB Temao- H MaccooGMeHa,

Mexny sizpoM MOTOKA H JIaMHHAPHBIM MOACJIOEM CYHIECTBYET I e p € -
XOMAHAsA 30Ha, NPHYEM JaMHHApHBLIH MOACAOH M 3TY 30HY MHOrZA Ha3bl-
BAIOT THAPOAHMHAMHYECKHUHMNOTCPAHHYHBM caoeM. Toa-
I[HHA ero ompeensercs TeM, 49TO HANPAXKEHHS CIBHra MEXIY YacTHIIAMH
MKHIKOCTH B NOTPAHHYHOM CJIOe, O6YC/IOBJIEHHHE €€ BA3KOCTbIO H TypGYJIeHT-
HBIMK NyJbCaiHAMH, 2 CJlefoBaTe/lbHO, 3HayeHHs v H v, [cM. ypasHe-
uue (I1,40)] craHOBATCH CpaBHHMBIMHM MO MOPSAKY.

W3 npusenenHoro ymnpoleHHOTO NpencTaBAeHHs O CTPYKType TypGyJseHT-
HOTO NOTOKA CAeAYeT, 410 mypbyreamuoe O0susserue gcezda conposoxcdaemcs
AaMuHapHbim 'y TBepNo# CpaHHIBl NoToka (y CreHKH TpyGol). B neficraurenn-
HOCTH CTPYKTypa TypGyJeHTHOrO NOTOKa sIBAseTcs Gofee CNOXKHOH, TaK KakK
YeTKHX IPAHHIl MEX1Y Ha3BaHHBIMH 30HaMH He cyliectsyer. [lostomy Tounee
HCIONB30BAaTh MpPeCTaBleHHe He O YHCTO JIAMHHADHOM, 2 © BA3KOM I O i-
¢/ oe, B KOTOPOM BJAHAHHE BS3KOCTH MpeoBnalaeT Hajy BJHSHHEM Typ6y-
JIEHTHBIX NYJAbCALHH, T. €. ero TOJUIHHA XapaKTePU3YeTCss TeM, YTO B ITOM
[OJCN0e V > V.. ‘
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7. YpaBHeHHe HepaspHIBHOCTH (CNJOLIHOCTH) MOTOKa

YcTaHOBHM OGITYIO 3aBHCHMOCTb MeX1Y CKOPOCTAMH B NOTOKe XHJKOCTH,
AJIS1 KOTOPOI'O cofonaercs yCAoBHe CNAOMW HO CTH, HAIKHE P A3 PDH B -
HOCTH, IBRXeHHS, T. e. He obpasyeTcs- NyCTOT, He 3aMOJHeHHEX JKHI--
KOCTBIO.

BrijeauM BHYTPH NMOTOKa 3JeMeHTapHHI mapaanenennnen o6vemom dV =
== dxdydz, pe6pa KOTOpOrO OpHEHTHPOBAHBI NApa/JieIbHO OCAM KOOPAMHAT
(puc. 11-12).

[lyeTe cocraBnsioniasg CKOPOCTH NOTOKA BAOJL OCH X B TOYKaX, JleXallHX
Ha JIeBOHl FpaHM napadJfesienHneja nJjouansio dS = dydz, pasna w,. Toraa,

_ _ Mypedz \ My corsacio ypasHenmuo (11,25a), uepes
z b / 3Ty TrpaHb B NapaJuiesenHiesn Bofier
- Z BJOJb OCH X 33 €RMHHHY BPEMEHH
. p N My Macca XHIKOCTH pw,dydz, a 3a npo-
' =2 - i g —f——w,  MEXKYTOK BpeMeHH dT — Macca XHIKO-

ﬁ y | CTH |

s e : M, = puw,dydzdx
M e IMz IIe P — MJIOTHOCTh MHAKOCTH HA JIEeBO# T'paHu

yray . napannenenuneia.
z :

: . Ha nporuBononoxuofi (npasof)
Y : rpaH¥ mnapaJJellenuiiefla CcKOPOCTh H
Puc. I1I-12. K Busony anddepetinans- TWIOTHOCTb IKHAKOCTH  MOTYT OTJIH-
HOIrO YPaBHEHHS HEPA3PHIBHOCTH MOTOKA. 4aTbCd OT COOTBETCTBYIOIIHX BEJAHUHH

Ha JeBo#t rpaHd H GyAyT pPaBHH
0w,

(wJr + —_-a}i dx) H (p -+ —gs— dx) . Torpa uepes npaByl rpaHb HapaljJele-

nHneja 3a TO Xe. BpeMs dtv BHiNeT Macca JKHAKOCTH

. d (pw
Myyar= [pwx 4 -—(%;i)—dx] dydzdz
[Npupaimenne Maccel MUAKOCTH B HapajJjellenunene BIOJAb OCH X!

My = My — My, gy = -—‘7-‘%@- drdydzdz

Ecnn cocraBasiiomue CKOPOCTH BAoab Ocell ¥y B 2 PaBHBl W, H W, COOTBeET-
CTBEHHO, TO TpPHPAINEHHA MAacCH B 3J1eMEHTapHOM 00BbeMe BJIOJIb STHX OceH
0 aHaJIOTHH COCTABAT: '

dMy=—'—-2—(g!—;@- dgdxdzd’:

aM; = -—-—a-—(—%(—:——Z)'dzdxdydr

O6iee HaKOT/IEHHE MaccH XHIAKOCTH B NapajjesenHneie 3a BpeMs dT
PaBHO CyMMe ee NMpHpalleHHH BROJB BceX ocedl KOOpPAHHAT:

__Ta(w) | 3(omy) | (o)
dM--—-[ 5+ .ay”+ az’]dxa!ydzdT

BmecTe ¢ TeM M3MeHeHHe MacChl B NMOJHOCTBIO 3aNOJHEHHOM KHIKOCTBIO
o6beMe TapaljeNienHnesa BO3MOXHO TOMbKO BCAeJCTBHE H3MEHeHHs IMJIOT-
HOCTH XHAKOCTH B 3ToM oGbeme. [losTomy ' :

- _ 0p v
. dM = e dx dy dz dv |
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[IpupasnuBas 06a Beipaxenus dM, cokpauiasi Ha (—dxdydz) U neperoca

—g—%— B JIEBYIO YaCTh YPaBHECHHSH, OKOHYATENLHO HOJIY'-IHM
" Bp |, O(pwy) 9 (pwy) 0 (pws) __
vt ax + % + =5 (11,41)

¥Ypaeuenune (11,41) npencrasisier cobofi audbbepenuunanbrnee
ypaBHeHHEe HEpPpA3pPLIBHOGTH NOTOKA AN HeyeTa-
HOBHBINIeFOGSH XBHXEeHHSR CXXHUMAaeMGH X HAKOGTH,

¥pasueune (11,41) moxker Obrth sanucano u B HecKosibko uHol dopme. [Tposons nugpdepen-
HHPOBAHHE MPOM3BeNeHHH pPW, NONYydHM

. d Jdw d
—a?+“5rwx+':a‘y“”y+“£‘wz+ % 0 w’“"’+ 5 ? ="
. L dp | 8 a 8
. wx wy ow,
o' dT + + 37 =0 (11,41a)
rie —‘;—2- — CY6CTaHUHOHA/MbHAA NPOM3BOAHAS MJOTHOCTH (cM. cTp. 40).
B YETaHOBHBLIEMCHl NOTOKE NIJIOTHOCTL HE H3MEHSETCHA BO BPeMeHH, T. €.
—g—s— 0, u ypasnenne (11,41) npunuMaer BHX
d(pwy) , G(pwy) | O(pw,)
x Tt T & =0 (11,42)

Juia kanenbHBIX )KPIJIKOCTeﬁ KOTOpBIE NPAKTHUYECKH HEeCXKHUMAaeMH, a TakKxke
JJ11 ra3oB B yCJOBHAX uaorepmaqect(oro NOTOKA HPpH CKOPOCTAX, 3HAYUTEABHO
MeHBUIHX CKOpOCTH 3BYKa, 0 =~ const H, cAen0BaTeJNbHO

aw,, + a" + az 2 =0 (11,43)

Ypasuenue (11,43) sBasercas nHpPepeHuL HAABHEBEIM y paB-
HCHHeM HEepDAaA3pHBHOCGTH ONOTOKAa HeEeCHKHMAaeMOR
KHIK®CTH.

CymMMa H3MeHeHHH CKOPOCTH BAOJB Oced KOOPAMHAT B JIEBOR YacTH ypas-
pennna (11,43) nasbiBaeTcsl RMBEPreHIHEHl BeKTOpa CKOPOCTH H 0603HagaeTcs
yepea div w. [To3TOMy ARaHHOe ypaBHeHHe MOXHO MpPEACTABHTH KAk

dive=10 (11,43a)

IOns Toro utoGel mepelTH OT 3JemeHTapHoro ofbema KO BceMy 06beMy
JKHUAKOCTH, ABHXYIeficd COJOMHBIM NOTOKOM (63 paspuiBOB M NYyCTOT) MO
Tpy6onposony nepemesnoro ceyerus (puc. 11-13), npounTerpupyem anddepen-
uyainHoe ypasuenue (I1,42).

Ecau 6u miomiags cedenHs TpyGonpoBoAa He H3MeHANack, TO A yCTa-
HOBHBLIErOCsl OXHOHANPABJIEHHOTO JBHKEHHSA (B HaOPaBJIEHHH OCH X) HHTErpH-
posanue ypapuenus (I1,42) nane 66 3aBHCHMOCTB

pw == const
rie W — cpefiHAs CKOPOCTh MKHAKOCTH.

Ecnu xe miomans cedenuss S tpyGonpoBoja mepeMeHHa, T@, HHTETPHPYS
TaKXKe N0 [VIOMAfH, N0JY4YHM

pwS == const (11,44)
Ilnsa tpex pasauunbix cevenufi ({—I, 2—2 u 3—3) Tpybonposoxna, H3o6pa-
xeHHOro Ha puc. [1-13, umeem ‘ ,
P12y Sy = 033 S; == Py Sy (11,44
HJTH
M, = My = M,
tae M = pwS -~ MaccoBElfl pacxol MHLKOCTH, Kz/Cex.
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Bripaxenune (I1,44) unu (I11,44a) npencraBnsieT coboii ypaBHEeHHE®
Hepa3pHBHOCTH (COAOMHOCTH) AHOTVDKA B ero HHTE-
FpaabHO# GopMe aad yCTAHOBHBLIErocs ABHMKEHHA. IDTO ypaBHeHHe
Ha3bIBAGTCH TaKXe YypPaBHEeHHEM NOCTOSHCTBA pacxona.

CorntacHO YpaBHEHHIO NOCTOSIHCTBA PACX0La, NPY YCMAHOBUGLUEMCS O8UdiGe-
HUU 26UOKOCTILL, NOAKOCTbIO 3anoaxsowell mpybonposod, 4epes Kaxcdoe e2o none-
Ppeuroe ceverue npoxodum 6 eQuNuYy BpeMeHl O0HA U ma %ce Macca K UOKOCTL.
Jna ganeJdbHBIX MHLKOCTEH P, ==

7 2| 3
. | = Py = Py = p = const, u ypasHe-
P : = Hue (11,44) npunumaer BuI
e : Jl ]I , wS = const (11,45)
i i CrenoBaTeJIbHO
; 21 U =4 WS, = W,S, = WweSg = const (I11,45a)
J HJH
Puc. 1I-13, K BHBOLy ypaBHeHHs no- Q=0Q:=0Q4
CTOSHCTBA pacxona. rge Q = wS — o6beMHBIR  pacxol  KHIKO-
ctH, milcek.

W3 ypaBuenus (I11,45a) cnenyer, uto cKkopocmu xaneavHol xcudxocmu
8 PQ3AUYHBLX NONEPeYHbIX CeueHuUax mpybonposoda o6pammo nporopYUORALbHbL
naowadam smux ceqeHuli.

CornacHo ypaenenuto (11,44), MaccoBHi pacXoX XKHIKOCTH yepe3 Hadallb-
HOE ceyeHMe TpyOGonpoBOja paBeH ee PAcXoly 4epe3 KOHeUHOe ceuyeHHe TPYGO-
npoBoja. Takum 06pasoM, ypaBHeHHE NOCTOSTHCTBA PACXOAA SABJASETCA 4 2 C T -
HHM CAy9aeM 32KOHAa COXpPaHeHHd MacCCH H BHpaxaer
MaTepHanbHLH® 6asaHe NOTOK a. '

B HekoTOpHX C/Iyd4asx, HAanpHMep NpH BCKHNAHHH KHIKOCTH BCJEACTBHE
pPe3Koro NOHHXeHUs JaBJeHHs, ofpa3yeTcs map, YTO MOXKET TPHBECTH K pas-
peIBY moToka. B rarux ycnoBusix, HaGloRaeMBIX HHOPIA npu paoTe HACOCOB,
YPaBHeHHE HEpa3PHBHOCTH MOTOKA He BLINOJHSETCS.

.

8. NInddepenunancusie ypasHennsa asuxeHus diiaepa

PaccmoTpuM ycranoBuBIIHfics NOTOK HueaJbHOH KHpKocTH. Kak yxe
FOBOPHJIOCH, OHA He o6JialaeT BASKOCTBIO, T. €. ABHXKeTcs 6e3 TpeHHus.

Kak ® OpH BeIBoje KuddepeHnuanbHBIX YPaBHEHHEH paBHoBecHsi DHaepa,
BEIZEJIHM B 1IOTOKE 3JIeMeHTapHBIH napadienenunexn obbeMoM dV = dxdydz,
OPHEHTHPOBAHHB!IH OTHOCHTENILHO ocell KopopauHAT (cM. puc. 11-2).

Beime 6e110 nokasano (cM. crp. 31), uTo NpoeKIHH Ha OCH KOODAHHAT CHJI
TAXKECTH H AaBJieHHUs, ACHCTBYIOIIMX Ha mHapajyieslefiunesl, COCTABJSIOT:

LJIsS OCH X

ap
Ias ocH ¥y

ap
LA OCH 2

op
(og-+-2-) asdyas

CorsiacHo OCHOBHOMY TIPHHIMNY AHHAMHKH, cymma npoexyull cua, Oed-
CMBYWUX HA O8UNYULLcs snemenmapHbll 06Bem AudKocmu, pasHa npous-
6e0eHUI0 Macchl HUOKOCMU Ha ee ycKopeHue.

Macca xugkocTH B ofbeme mapaJsfiesenunena

dm == pdxdydz
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dw

dt ?
. dw,  dwy dw,
a MPOEKUHH YCKOPEHHA HA OCH KOODLHHAT: %, —F H —%, rle w,, w,
w, — COCTaBJIAIOLIHE CKOPOCTH BAOJb OCedl x, y H z. PasymeeTcs, npu 3ToM
COOTBETCTBYIOLLHE NPOH3BOJIHbIE MO BPEMEHH He 03HAYal0T H3MEHEHHH Bo Bpe-
MEHH COCTaBJAIOIIUX CKOPOCTH B KaKOH-JTHO0 QUKCHPOBAHHOH TOYKe MpO-
ow ow - Ow

cTpaucTBa. TakHe H3MEHEHHA —* 6T~” H 6: PaBHbLI HYJIIO B paccMaTpUBae-

Ecau XHIKOCTb ABHXKETCA CO CKOPOCTHIO W, TO €€ YCKOPEHHE PaBHO

dw, dw, dw,
dt ’ d: H ar °T
BeYaloT M3MEHEHHIO BO BPEMEHH 3HaYeHHH W, W, H W, NPH NepPeMelleHHH
4acTHIB! KXHIKOCTH H3 ONHOH TOYKH [POCTPAHCTBa B APYryoo (HaGjaonaTesb
B JaHHOM cJlydae CBA3aH ¢ ABHXKYyIIEHACA 4aCTHUed NOTOKa).

B cooTBeTCTBHH C OCHOBHBIM HPHUHUMIOM JHHAMHKH

MOM cJy4a€ yCTAHOBHBUIEIOCA IOTOKA. Hponasozmue Xe

dw. op
pdxdydz ——= = — = dxdydz
dw, . op
d dz Yy = __F 4.
odxdydz — 3 dxdydz
pdxdydz cg’f = (._ g — L. ‘;: )dxdydz
HJIH [0CJ€e COKpAallenHA
doy,  0p 3
dtv ox !
dw, op
=— 46
P& 3 | (11,46)
w, op
P =—PE—3; J

rae, corqacio ypasnenuto (I11,28a), npusenenHomy Ha cTp. 40, cyScraHiuo-
HaJbHble [POH3BOJHBIE COOTBETCTBYIOUIHX COCTABJMIOIIHX CKOPOCTH pPaBHAI

dw,  Ow, ' 0w, ow, _

v ox ¢ + ay T ¢

dw, ow, a : a

= o et c;zy wy + e | (I1.47)
dw, _ Ow, dw, 0w, [

dv T ax W + oy T J

Cucrema ypasHeHuft (I1,46) ¢ yuetom Bbipaxenuit (I1,47) npeacrasnser
coboli nHpPepeHUHaJbHBE ypaBHeHHSN IBHXEeHHSH
HaeadbHOH XHAKOCTH DiNepa AJAA YyCTAHOBHBIIE-
rocd mOTOKa.

[Ipn HeycTaHOBHBUIEMCH [BHXKEHHH CKODOCTb JKHIKOCTH H3MEHAETCA He
TONBKO [PH MepeMelleHHH YACTHLBl [OTOKA H3 OJHOH TOYKH MPOCTPAHCTBA
B IPYTrylo, HO H C TeueHHeM BpeMeHH B Kaxjnof Touke. [losromy, B cooTBeT-
ctuH ¢ ypaBuenuem (I1,28), cocraBasionixe yckopenus B ypasHenuu (11,46),
BeIpa)kaeMble CyOCTAHIHOHAJbHbIMH MPOH3BOLHBIMH LJSl HEYCTAHOBHBIIHXCSH
YCJIOBHH, HMEIOT BHA:

dw, _ Ow, Ow, 0Wy, Jw,

T e T e Ut gy Wt 5 w, |

dw,  Ow, Owy ow, owy

dt ot + Ox w"+Wwy+Twz (I, 472)
dw, dw, ow, , 0w,

0w,
— 1. —_, —_—.
T ox Wy + oy Wy T 57

w
dt z
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Cucrema ypaBuennil (11,46) ¢ yuetom Beipaxkenuil (11,47a) npencrasasier
cobol nudpdbepennHaAnbHBle YypPaBHeHHSH JBHXeHHUS
UWaieanabHOH XHUAKoOoCcTH Dlinepa AAA HEYyCTAaHOBHE-
merocsds ONOTOK a. ’

Kak nokasaHo Huxe (CTp 54 cJ.), HHTerpasoM YpaBHEHHUHA NBHXKEHHS
Sfiiepa 17151 -YCTAHOBHBILErocs MOTOKa fABJNsAETCH ypaBHeHHe Bepnynnw, wim-
POKO Hclosb3yeMoe I/ pelleHHS MHOIHX TeXHHUYeCKHX 3aznad.

9. HuddepeHuuanpyble ypapHeHHs JpHxkeHHa Hasbe—Crokca

Ilpn npuxennH peanbHol (BASKOR) KHAKOCTH B NOTOKE XKHAKOCTH IOMHMO
CHJl JaBJieHHS H TAXeCTH NeHCTBYIOT TaKXe CHJBI TPEHHSA.

HefictBue cuJ Tpenns T Ha BbIZeNeHHBIH B NOTOKE BA3KOH KHIKOCTH 3Jle-

MeHTapHbli napajnenennnen (puc. I1-14) nposiBisercs B BOSHHKHOBEHHH Ha eTro

NOBEPXHOCTH KacaTe/JbHHX HanpskeHUH . Pac-

CMOTPHM [EPBOHAYAJbHO OTHOCHTE/BHO MPO-

o 4 CTOH cJayuall O AHOMEPHOFO IJOCKOro

435702 = IOTOKa KamMeJ b HOH KHIKOCTA B Hampa-

i BJIEHHH OCH X, KOrja NpOeKIOUs CKOPOCTH W,

¢3’)_75"_ 34aBHCUT TOJILKO OT PACCTOAHHSA Z J0 TOPH3OH-
T TaJbHOH MJIOCKOCTH OTCYeTa.

B 3THX Yyc/lOBHAX KacaTesbHBlIE Hampsxe-

HHA BOSHHKAlOT JIMIIb HA NOBepXHOCTAX dF

BepxHe# N HUXHeH rpane#l 3jeMeHTapHOro

- napasienenunena, npudeM dF = dxdy. Ecau

KacaTe/IbHOe HalpsiKeHHe HA HUXKHeH TpaHH

g napajanenenumnesna paBHO 7, TO Ha BepXHe# OHO

Pac, 11-14. K BuBOfY ypaBHeHH# ( = o
‘ " Habbe o Cronca, cocTaBpasieT 1—{- T dz). [Tponsponnas 3

BBIpazxKaer HSMQHGHHE KacaTeJqIbHOro HanpH-
KEeHHusd B).'lOJIb OCH 2 B ToO4uKaX, JIeXalluxX Ha HuXKHel rpaHH napaJme.nenH-

nena, a——dz nNpencCTaBJadALT co6oii u3MeHeHHe 3Toro HanpsaxXeHud BIOAb

z

Beeli L[JIHHI:I dz pebpa napaaJenenunexna.

Ykasanueie Ha puc. I1-14 crpenkamu HanpaB/IeHHs CHJ TPEHHS, NPHIO-'
JEHHBIX K Napajnesenuneny Ha ero HUXKHell H BepxHefl rpaHsax, 06yc/IOBIEHH,
Hanpumep, TeM, 4yro GoJiee MEAJIEHHBIE BblIIENEKAIHe CIOH XKHIKOCTH 3aTop-
MaXHBalOT CJI0H, B KOTOPOM HaXORHTCHA NapaJjiienenunen, a Oosee OblcTpble
HHXeNeXallHe CJAOH «PasrOHSAIOT» ero (BCIOMHHM, 4TO Ha CTp. 26 MBI YCJIOBH-
JIACh NPOBOAHTL HOPMajb K [OBEPXHOCTAM CONPHKOCHOBEHHS [epeMellaio-
IHXCA OTHOCHTEJBHO APyl Apyra cJ0eB B HaNpaBJeHHH YMeHbIUEHHA HX
CKOpOCTH).

Torza mpoeknus paBHOEHCTBYIOUEH CHJI TPEHHS HA OCh X

vdxdy — (1 + —g:— dz) dxdy == — —g;— dxdydz

IMoncraBus B 3T0 BHIpaM<eHHe 3HaUeHHe KacaTeJbHOIO HANpSKeHHs T No
Jw,
ypaBrenuwo (I1,12a) [t = —p —-6;"-, re b — BA3KOCTb JKHAKOCTH ], monyuum

(22)
;L——————g—————dddz [Tt 2 wa d,\dydz

B Gonee ofuem cayyae TpeXmepHOrO MOTOKA COCTABJRIOLLAA CKOPOCTH 10,
6yneT usMeHATbCA HE TOJLKO B HaNpaBJEHHH Z, HO H B HanpaB/eHHAX BCeX
Tpex ocedl Koopamuar. Torga mpoeknus paBHo;(eHCTBylomeH CHJI TPEHHA Ha
OCb X TpHMeT BHJ

(azw,, + ?w, 2w,

@ tToE T om )d"dydz
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CyMMy BTOPBIX MPOU3BONHBIX [0 OCAM KOODXHHAT HA3LIBAIOT OMEpaTopoM
Jlannaca:

0w, 0w, 0w,

. Ox? + dy? + 022

= yiw,

CnenoBaTesbHO, MPOEKUHs paBHOZeHCTBYIOWEH CHA TpeHHA Ha. oCh X
MOXeT OHTh TpecTaBleHa Kak ' :

wvew,dxdydz
COOTBeTCTBEHHO NMpPOEKNHH PAaBHOINEHCTBYIOLLEH CHJI TpEHHS:
Ha OCb Y

uviw,dxdydz
Ha OChb 2

nwyiw.dxdydz

IMpoekuHu Ha OCH KOOPAHHAT pAaBHOAEHCTBYIOUIEH BCEX CHJ (TSKECTH,
IaBJEHHS M TPEeHHd), HeHCTBYIOIIHX Ha 3JIeMEHTapHbIA oObeM KanesbHOH
HKHIKOCTH (C YUETOM MNPOEKIHA CHJ TAKECTH H [IABJCHH:A, HOJYYeHHHX MpH
BbIBOJE ypaBHeHHA Dityepa), COCTaBJSAIOT:

Ha 0Cb X ,
a 2
(-—- —E,:—- + pv~wx) dxdydz
Ha OCb ¥ .
(— p + nviw, ) drdydz
oy ¥
Ha OCh 2

0 B
(- pg — ~a-§- + uv?wz) dxdydz

CyMMbl NpOeKUHH CHJ Ha OCH KOOPAMHAT, B COOTBETCTBHH C OCHOBHBIM
IPUHIIMOOM IHHAMHKH, NOJKHH GbITh PaBHBI POH3BENEHHIO MAcChl KHIKOCTH
pdxdydz (0 — TJIOTHOCTb XKHAKOCTH), 3aK/IIOYEHHOH B 37€MEHTapHOM O0beme,
H3 NPOEKLHH YCKOpeHHA Ha OCH KoopauHar. [losTomy, npHpaBHHBas HpoOeK-.
uny paBHojeficTBYIOmEH NPOM3BENCHHAM MacCH HA HPOCKUHH YCKOPEHUS,
mocje cokpaileHus Ha dxdydz, TOayYHM

dw, a

dw 5}

dw ap
e

rIe COOTBETCTBYIOU[He CYOCTaHLIHOHAMbHEIC [POH3BOIHHE BHIPAXKEHH IJIH
YCTAHOBHMBUIETOCA W HEYCTAHOBMBIIErocsi noTokos ypasuenuamu (I1,47) und
(I11,47a). . :

Ypaeuenusi (I1,48) npencraBnsior co6oli ypaBHenuss Hasbe —
CroKca, OOHCHBAaWIHBHe IBHXeHUe BA3ZKOHN Kanedanp-
HOH MHIKOCTH.

[pu asuxexun CxumaeMofl XulxoctH (raza) B Heil JOMONHHTENLHO BO3HHKAIOT BLI3BaHHbIR
TpeHMeM CHJB CXarus ¥ pacTaMeHHs, nosroMy ypasHenus HaBbe—CrOKca NMpHHHMAOT BUA

80

dw, dp 2 1
P =~ +u Vet 5 5)
dw, __ dp ( . 148
e = T oy TRV (11,48a) .

, 1 o8
Pr =*-g—7+“(vwz+—3""a‘:)]
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/8 ao " 06
ox ' Jy 0z
CBA3AHHEE C JeACTBHEM CHJ CXKATHA H PACTHAKEHUd, MPpHUeM

rie 4dactHble NpOou3BOAHLIE BRIDAXKalOT H3MEeHEHUA CKOpPOCTH IO OCAM. X, Y, 2,

- 6wx alQJg
0= + + az = divw

Jlesble wactu ypaBHenni (I1,48) BelpakaloT npoH3BeeHHE MacChl €IHHHIH
ofveMa p Ha MPOCKLUHIO ee¢ YCKOPEHHSH, T. €. NPEACTaBJAT COOOH NpOEKUHH
paBHoAeHCTBYyOIE# CHJ HHEPIHH, BO3HHKAIOWIHX B ABHKYIIEHCA KHIKOCTH.

B nmpaBHIX yacTAX Tex Ke ypaBHEHHH IPOH3BENCHHE pg OTPAXKAeT BJAHAHUE
CHJl TAJKECTH, YacTHble [POH3BOLHBLIE %5—, -g—’yl H —-ggi — BJIHAIHHE H3MEHEHHS
FHAPOCTaTHYECKOTO [aBJIeHHA, & [POH3BEACHHA BA3KOCTH HA CyMMY BTODBIX
NPOH3BOAHBIX NPOEKIHH CKOpOCTH — BJHAHHE CHJ TPEHHA Ha mamxymyfoca
KHIKOCTh.

Kaxneli uynen ypasHenuidl (I1,48) nmeer pasmepHOCTH coonaemmyromen
CHJIEl (TAXKECTH, [JaBJEHWf, TPEHHS HJH HHEPUHH), OTHECEHHOH K eIMHHUE
o6beMa KHAKOCTH.

[MpH IBH)KEHHW HueasJbHOH KHAKOCTH, KOTJ@ CHJbl TPEHHA OTCYTCTBYIOT,
npu noacraHoBke p = 0 B ypasHenHs (I1,48) mocsennue coBrnazaloT ¢ ypas-
Henuamu (I11,46), T. e. ypaBHeHHs ABHKeHHA Diilepa MOXHO MONYYHTb Kak
yacTHBIA cayualt ypasHeHuli Haspe—Crokca,

IMonHoe omucaHue ABU>KEHHA BR3KOH KHAKOCTH B ero Haubojee obmiel
¢opme BO3MOKHO mnyTem peuleHHs ypaBHeHH#t HaBbe—Crokca COBMECTHO
C ypaBHEHHeM HepaspbIBHOCTH noroka. Ojuako ypaBHenus Habbe—Crokca
He MOryT GHITb pelueHb! B oflieM BHAe. [TosyyeHbl pEINECHHS 3TOH CJOXKHOH
CHCTeMBbl YPABHEHHH TOMLKO A/ HEKOTOPHIX YacTHHIX c/ydaeB. Tak, ajaa ycra-
HOBHBIUErocs JJaMHHaDHOTO IBHXKEHHS XKHIKOCTH pelueH e ypaBHeHu i Happe—
Crokca [03BONACT BBIBECTH ypaBHEHHE Hyaaemm DOJyd4eHHOE BHIILE APYTHM
cnoco6om.

B GosbuuHcTBE Xe HaHGOMCE BaXHBIX JJIA [POMBIIICHHOR [PAaKTHKH
clyyaeB npHMeHeHHe ypaBHeHHA HaBre—Crokca CTaHOBHTCA BO3MOXKHBIM
160 npd pAle YNpPOWIAIOWHX NONYUIeHHH, JH60 NpH peobpasoBaHHH 3THX
YPaBHEHHH METOJaMH TeopHH nonobus (cM. cTp, 78 ca.).

o 10. ¥Ypasuenne DBepHyanu

4

Pemenne ypaBHeHRH [BHKeHHA Dijlepa I/ yCTAHOBHBILErOCSl HOTOKA
UPHBOJHT K ORHOMY W3 HaH6O/Iee BaXHBIX H LIHPOKO HCMNOJBb3yeMBIX ypaBHe-
HHA MHIPONHHAMHKH — ypaBHeHHI0 BepHysin.

YMHOXKHB JIEBHIE H TpaBhle YaCTH Kaxjoro u3 ypasHenuit (I1,46) coorser-
CTBEHHO Ha dx, dy H dz W pa3fejuB Ha WJIOTHOCTb P-KHAKOCTH, NOJTYUHM

dx 1 op
Wl i i e
dy o 1 Op
a =T oy
dz 1 .ap
o A= —gdz— - dz
dx dy dz
CJIO}KHM 3TH ypaBHemm y‘IHTbIBaH qTo HpOHSBOILHbIe Fol d‘l: d_ Bblpa-

JKalT HPOEKIHH W,, W,, W, CKOPOCTH HAa COOTBEICTBYIOLUIHE OCH KOOpIMHAT.
Torga

wxdwxﬁ—wydwy—}—wzdwz:_gdz_%( dp dx 1 a; dy L 98 GP dz)
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Cnraraemble JIeBOH YaCTH 3TOTO YpABHEHHA MOr'yT ObITh [pENCTaBJEHHE KaK

w? ) o’
wdw, =d 5> wAw, =d 5> w,dw, = d 5
CJ1e10BaTeJNbHO, HX CYMMa N
2 2 w? 2 2 2 2
w, w, W +w, +w w
o5 ral ) al ) o Frsiret) ()
2 2
The @ = [w] —_ cxopocn:, COCTaBAAIOUIHE KOTOPOR BOJL COOTBETCTBYIOmIMX oceit paBHH Wy,

Wy ¥ Wy

B To e BpemMs CyMMa WJIEHOB, CTOSILMX B CKOOKax B MpaBO#l 4acTH 3amH-
CAHHOrO ypasHEHHs, [IpeacTaB/Aer co60d noAHHE nudpepeHUHAT 1aBTeHHA.dp
(UpH yCTaHOBHBIUHXCA YC/NOBHAX [aBJCHHE 3aBHCHT JIHWb OT [OJOXKEHHs
TOYKH B [IPOCTPAHCTBC, HO B KAX/0H NaHHOHA TOYKE HE MEHACTCS CO BpeMeHeM).

3uauur .

PaspesnuB o6e 4aCTH 3TOr0 ypaBHEHHA Ha yCKOpeHHe cBOGOHOrO NajeHHA g
¥ mepeHecsl BCE €ro WIeHhb B JIEBYIO YacTh, HAXOLHM

d( )+ tdz=0

npuueMm InJs HECKHUMaeMOoi O,L[HOPO,L[HOH KHUAKOCTH O == const.

Cymma nubdepeHInanoB MOXKeT GbTh 3aMeHeHa nﬂ(p(pepeﬂuﬂanom CYMMB,
CJIeIOBATENBHO

(erfr i) -0

OTKyza
z-{--——— +—-——~~const (11,49)

Ypasuenue (11,49) nna mobelx AByX nonepeunslx ceueHHd I u 2 moToka*
(Tpy6onpoBoaa) MOXKHO MPEACTABHTL B BHIE
2 2

Wy
2+

T (11,50)

2 2g

YpaBHeHHe (1149) ABJSETCT YypaBHEHHEM Bepny.nnn ATA
HoleaJbHON XHIKOCTH.

BennuuHy (z—i—-f’-——i-—-——) Ha3HBAT MOJHBM THAPOLHHAE-

MAYCCKHM HaMOpOM, HIH NPOCTO FHAPOAHHAMUIECKHM
Hamop oM.

CnejpoBaTesNbHO, COFJIaCHO ypaBHeHHI0 DepHyaaH, dan ecex nonepeursix
cedenull YCMAHOBUBILESOCA NOMOKA udeaabroil mcudkocmu eudpodunamuyeckud
HAnNop OCMAemcs HEeUSMEHHbLM.

TuaponHHaMHUECKHH HaNOp BKAIOYAeT TPH ClaraeMblX, H3 KOTOPHIX MepBbe

Ba cJjaraeMblx, z H —p—-, BXOIHJ/JIH B OCHOBHOE ypaBHEHHE rHIpOCTATHKH, pac-

cMOTpeHHOe Bhlle (cM. cTp. 32):

* CKOpOCTH @ M JaBJedHs p HEOJMHAKOBHW B DA3JMUHEIX TOYKAX JOGOTO MONEpPEyHoro
cegenus (cM. puc. [1-10). [Tostomy, cTporo rosops, ypassuenne (11,49) otHocuTca He K ceyeHUAM
B LEAOM, 2 K JIOGoH nape CXONACTBEHHBIX TOUEK B STHUX ceveHHsx (nanpumep,[x Toukam, Jexa-
U.LHM Ha ocu TpyBonpoBoid). [lpn conocrasiennu COOTBETETBYIOUMX BENWYHH HE LIS TOYEK,

a s mednx ceuenudt MPHOIMIMKEHHO NpefnosaraioT, yro 8 ypasHeuue (I1,49) sxomat cpeguue
3HAYEHHST @ W P U COOTBETCTBEHHO — CPEQHHME 3HAYEHMS 2 A7 OGOMX ceueHui.
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Zz— HUBeJAHpHAasd BHCOTAa, HashiBaeMasA TAKKE F€OMETp ¥ -
YeCKHM, HIH BH COTHH M, Han0p0M(h,,) npeacTasiser coboi
YyIENBbHYIO NOTEHUHAJNBHYIW BHEeprHIO NOJOXEHHd
B JNAHHOH TOuKe (N3aHHOM CeueHHM);

p

—E'-—Hanop naBaenusa (hy,,), Hiu NnbesoMeTpHue-

CKHH Hamop, XapakTepusyer y 1eJbHYyIl0 NOTEHLHANbBHYIO
5HeprHio 1aBJAEHHUS B IAHHOA TOUKe (JaHHOM cet{emm)

CymMma (z + ——), HaskBaeMas MOJHBLIM THIPOCTATHUECKHM, HJH HPOCTO

cratTHuecKkHuM Hanopowm (), CIen0BATENbHO, BHIpAXKaeT 0 O J -
Hyo yaAeJNbHYIO NOTeHHHAJNBHYIO 5HEpTrHIO B JaHHOA
TOYKe (NaHHOM CeYeHHH),

Bennuuuel z u —.f;—moryr GHITH BHIpaKeHbl KaK B eIHHHIAX JJIHHBL, TaK U
B eNMHHOAX yHedbHOM SHEpriiH, T. e. SHEpTuH, npuxofsAlleAcs Ha eIHHHIY
Beca XUIKOCTH.

wTPETbﬂ cocTaBJsoman, TAK2Ke BBIpaXeHa B €MHHHNAX INJTHHH

2g ’
w? ] _ Mz-cerfi] — [n
[ 2g —'[ cextem | T ]
HJTH TIOCJIE YMHOMEHHS H NeJeHHs HA eqHHHLY Beca (¢ — B CH uin xec —
B cucreMe MKI'CC) :
[ ] =541 - ]
" 2g —'[ 1 L~
[ ]=[5]
2g ) L we

o? .
Bennuuny —-— Ha3bIBAIOT C K O OCTHB M, WIH AHHAGMHYECKHUM,

HITH

/
Hanopowm u obosHauaior yepes h,. CkoOpocTHOA Hamnop XapaKTepH3yeT
YAE€NbHYH KHHETHYECKYIO SHepruio B JaHHOH Touke
(nanHOM cedeHHH).

TakuM o6pa3om, coriacHo ypaBHeHHIO BepHysuin, npu ycmarnosusiuiemcs
Osusiteru uOeaabHoll HUOKOCIY CYMMA CKOPOCIMAHO20 U CMAMUYEcKo20 Hanopos,
Pasras 2udpoOurRamu4ecKomy Hanopy, He Mersemcs npu hepexode om 00H020
NONEPEUHO20 CeveHus nomoka K Opyzomy.

Bmecre ¢ TeM U3 ypaBHeHHsl BepHyJH B COOTBETCTBHH C 3HEPTETHYECKHM

CMBIC/IOM €O YJIEHOB CJELyeT, YTO npu ycmaﬂoeuememc;z O8udceRuL UOearbHOL
2

” -‘ s (W
HCUOKOCMU CYMMA NOMEH UAALHOLL (z+ ) U Kuremu4eckot (_QE) SHep-

euu scudKocmuy 08 Ka#dozo us nonepetmbzx ceqeruL NnoMmoKa ocmaemcs Heus-
MeHHOL. :

IlpH u3MeHeHHH NONEPeYHOro ceyeHusi TPpyGONPOBOAA H COOTBETCTBEHHO
CKOPOCTH IBHKEHHS XKHAKOCTH NPOHCXONUT MpeBpajeHHe SHEPruH: pH CyxKe-
HHH TpPy6OOpOBOAA YacTb MNOTEHHHAJBHOH 3HEPruH NABJEHHA IIEePEeXOLHT
B KHHETHUYECKYIO H, Hao60pOT, NPH paclIHPeHHH TpyOoIpoBOLa YaCTh KHHETH-
YeCKOH 3HepTHH MEePEXONHT B NOTEHIHAAbHYIO, HO OflIee KOJHYeCTBO 3HEepPTrHH
ocTaeTcs nocroadHbIM. OTclofa cienyer, 4TO A HueaJbHOH XKHIKOCTH KOJH-
YeCTBO SHEpriM, NMOCTYMNalollell ¢ MOTOKOM 4Yepe3 HayajbHOE CeueHHe TPyGo-
NpoBOAAa, PABHO KOJIHUECTBY 3HEPTHH, YAAIAIOUIEACA C MOTOKOM Yepe3 KoHedu-
HOe ceueHHe Tpy6ONpPOBOAA.

Takum o6pasoM,y paBHenue BepHynnusaBasiercsa yacrT-
HHM cJHy9aeM 3aKOHa COXPaHeHHR 3HeDPTI HH H BHpa-
XaeT sHepreTHUYecKHE 6anaHe MOTOK a.
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Ec/iH YMHOKHTDb JIEBYIO H npaByio YacTH ypasHeHHus (I1,50) Ha ynenbusiit
BEC XXHIKOCTH y == pg, TO ypaBHeHHe DepHYJANH I0Jd HIeasbHOH KHIKOCTH
MOKeT ObIThb Npe[CTaBJeHO B BHIE

pw; puy
Pg21 + Py + —5— = P4z + Py + 5 (11,50a)

B ypasuenns (I1,50a) kaxabiii uleH BoIpakKaeT yIeqbHYHO 3HEPTHIO B JaH-
HOH TOYKe, OTHECEHHYIO He K eJHHHIIE Beca, a K eIHHHIE 06beMa KHAKOCTH

(1 #3). Hanpumep
=[] =[5 ] = [5F]

B cayyae ropHSOHTa/JbHO pacOOJOKEHHOro TpyOONpoBOna 2; == 2, H
ypaBHeHHe DepHynsH AJ1A HAeaJbHOH XUIKOCTH YIPOUIAETCS:
: 2 : 2
01 @y P3
P R S g R SUp 11,51
g T g og T % (ILSH
[IpounntocTpupyeM NpHMEHeHHE ypaBHeHHA DepHYJ//IN Ha NpHMepe MoTOKa
HIeaNbHOH XKHIKOCTH, IBHIKYILEACA Yepe3 NPOU3BOJLHO PACHOJOKEHHBIH
B TpocTpaHcTBe Tpy6onposon nepemeHHoro ceuenuns (puc. [I-15).
{Iycte ana Todek, JeXalllHX Ha ocH TpySoupoBoia B [HONEPEUHHIX ceue-
HUAX I-—1 W 2—2, HUBeJHUPHBIEe BBICOTHl DPABHBI Z; H Z, COOTBETCTBEHHO. YcTa-
HOBHM B KaXjoH H3 3THX TOYeK [Be

BEepPTHKaJbHbIE OTKPHITHIE TaK Hase- 2 i
BaeMble Mbe3OMeTpHUECKHE S T
TpyOGKH, Yy OIHOH H3 KOTOPHX - YRS
HHXHHA KOHel 3arHyT HaBCTpeuy fo- /T

TOKY XHIKOCTH B Tpy6ompoBoze.

B mpsMbIX BepTHKa/bHBIX TpyOKax
(¢ He3arHYTHIMH HHKXHHMH KOHIAMH)
KHIKOCTh MONHHMAETCS Ha BHICOTY,
OTBEYAIONIYI0 THAPOCTAaTHYECKOMY JaB-
JIEHHIO B TOYKaX HX MOrPYyMKeHHHA, T. €.
3TH TPYOKH OGYAYT H3MEPATb nbe30- \S‘
MEmpudecKue Hanopst B COOTBETCTBYIO- . N
UIHX TOYKEX.

B Tpy6kax c HHXHHMH KOHILAMH,
HanpaBJIeHHbIMH HaBCTpEUYy T[IOTOKY, Puc. 11-15. K ypasuennwo DBepuyann pas
ypOBeHb JKHAKOCTH OyIeT BhHIle, 4eMm RIEATbHOR IKHIKOCTH.
B COCEJHHX BepPTHKAJbBHBIX TpyO6Kax,
TaK Kak TpYOKH ¢ 3arHyTHIMH KOHIAMH GyAyT HOKa3bIBaTh CYMMY Nbe30MempU-
wecko2o u Oumamuueckozo (cxopocmuoeo) xanopos. OpHAKO, COrJIacHO ypaB-
uenuo (I11,49), Bo Bcex TpybKax € 3arHYTHIMH HHXXKHHMH KOHIAMH XHIKOCTH
NOLHHMAETCSA HA OAHY H TY K€ BHICOTY OTHOCHTENHHO IPOH3BOJALHOH ropH30H-
TaJbHOH WMJOCKOCTH CpaBHeHHHA, PaBHYIO THApONMHAMHuYeckKoMy Hamopy H
(cm. puc. I1-15).

[Tnomiank TonepeyHoro cedeHus 2-—2 TpybonpoBosa MeHblle cedenus I—1.

HOSTOMy CKOpOCTh KHAKOCTH W, INPpH NAaHHOM e€ pacxole, COrJiaCcHO ypaBHE-
‘ 2

; wy
HHIO Hepa3pBIBHOCTH MOTOKa, Oyner Gogplie wj, CoOTBeTCTBEHHO —22;— >_9?'

B ao6om molepedHoM cedeHHH TpyOGonpoBona ckopocmroll Hanop MOMHO
M3MEDHTb MO PA3HOCTH MMOKa3aHHH yCTAHOBJEHHHX 31ech TPYOOK (¢ 3arHyTHM
M HpAMBIM HHXKHHMH KOHuamH). CienoBatesibHO, 3Ta Pa3HOCTh JOJIKHA ObITh
Goaplie AnA CeueHHA 2—2, 4eM AnA ceuenHus [—I]. Bmecre ¢ TeM H3 ypaBHe-
Hus DepHya1nm cielyer, 4TO BHICOTA YyPOBHS MMAKOCTH B mpAMOH TpyOkKe
B CeueHHH 2—2 noJxHa ObITh MeHbIIe COOTBETCTBYIOLLEfl BLICOTHI B mpAMOH
Tpy6Ke ceueHHsi I—] HACTONBKO Xe, HACKOJBKO CKOPOCTHOH Hamop B ceye-
HHH 2—2 GoJblie, 4eM B cedyeHHH [—I.
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.

TIpHBeneHHH NpHMep IeMOHCTPHPYET B3aHMHBIA NepeXold NOTeHIHANLHOH
3HepruH B KMHETHYECKYIO W Hao60pOT NpH H3MEHEHHHM IJIOWAAH CeYyeHHUs Tpy-
GonpoBona, & Tak»Ke OCTOSHCTBO CYMMb] 3THX 3HepTHH B JIIoOOM MOIEepeyHOM
ceyeHUH TpyOGOIpOBOLA.

[Tpu nBH»KeHHH pea’JbHBIX XKHIKOCTefi HAauHHAWOT ACHCTBOBATHL CHJIBI BHY-
TPEHHEro TPEHHA, O6YCJOBJEHHbIE BA3ZKOCTLIO XKHIKOCTH H PEXHMOM ee JBu-
JKEHHs, & TAKKe CHJbl TPEHHA O CTeHKH TPy6bl. DTH CHJBI OKa3blBalOT COMpO-
THBJIEHHE IBHIKEHHIO XXHIKOCTH. Ha npeoposeHHe BOSHHKaOWEror HA D a2 B -
JHYECKOIro CONpPOTHBJAEHHSA HOMKHA PacXoloBaTbCA HEKOTO-
pasi 4acTh 3HepPruH MoToka. IlosToMy ofliee KoJMHYECTBO 3HEpPrHH MNOTOKA
no pauHe Tpyborposona GyreT HelpepbIBHO YMEHbUIAThCA BCJICACTBHe nepe-
XO[la MOTEeHIHANbHOH SHePrHH B NOTEe p s  HH Y0 3H e p I HI0 — 3arpa-
YHBAEMYI0 Ha TpeHHWe H 0e3BO3BPaTHO TepAeMYI0 [pH pacCeHBAHHH Tellsa
B OKpYXaloUWylo cpeny. .

" Ilpn sTom py1a IByX nro6blX cedenu I—1 n 2—2 tpy6onposoia, pacuoJio-
KeHHbIX MO XOAy ABHIKEHHA peasbHOH KHAKOCTH (cMm. pue. [1-15)

p w}
21+—b;,—+"2*é—>22+

Pe _;__.u_’%_
rg 2

[IpH nBHXKEHHH peasibHOH KHUIKOCTH BBLICOTH ee MNogbeMa (OTHOCHTEJNBHO
IJIOCKOCTH CpaBHEHHs) B TPyOKaX ¢ KOHIAaMK, OOpalleHHBIMH HaBCTpeuy
NOTOKY, y>Ke He 6yILyT paBHbl B ceueHUAX [—I] u 2—2, Kak 6blio [IOKasaHo
Ha puc. 1[-15 nNpHMeHHTeNbHO K IBHMKEHHIO HIeasbHOH XKHUAKOCTH. PasnocTs
BRICOT B 3THX TPyOKax, o6ycJoBJeHHas [IOTepsIMH 3HEPTHH HA NYTH XKHAKOCTH
oT cedeHua [—I] J[o cedeHus 2—2, XapaKTepusyeT N OTepAHHB#
Hanop h,

Ins cobawoienns GanaHca SHEPTrHM NpPH ABMKEHHH peaslbHOH XHIKOCTH
B npaBylo 9actb ypaBHeHHUA (11,50) ponkeH 6biTh BBEJEH UJieH, BHIPAXKAIOMIHH
norepaHHbI Hanop. Torka nonyyum ypaBHeHnue BepHyaau naa
peaNnpbpHHX XHLIKOCTEMH:

+ Ay ’ (11,52)

INorepanublét Hanop h, xapakTepu3yer yneqbHYyI0 (T.e. OTHeceH-
HYIO K eNHHHLE Beca »MJIKOCTH) 3 HEepTrHIO, pacXodyeMyl Ha
NpeofoNeHHEe FTHAPAaBJAHYECKOIr0o CONPOTHBJAEHHSH
OpH NIBHXEHHHU peasbHOH XKHAKOCTH.

Ypasuenue (I11,52) moxker 6biTh HpencTaB/ieHO B HECKOJbKO HHOM BHIE,
€CJIH YMHOXHTbL 06e ero 4acTH Ha pg: : ’

2
wy

2
pw
pgzy + pr+ = pgtr + ps + —5— + Apn (11,52a)

"B ypasuenun (I1,52a) Benuunna Ap,— noTepsiHHOe NaBJae-
H H e, paBHOe

. App == oghy (11,53)

uOnpe,ueneHne notepb Hanopa WJH LaBJIeHHS ABJASETCS NPAKTHYeCKH BaxK-
HO# 3a/layeif, CBA3aHHON C pacueTOM 3HEPrHH, KOTopas Heo6XOAHMa LJs nepe-
MeUIeHHA peaNbHBIX JXKHAKOCTeH IpH NOMOIIY HACOCOB, KOMHOPECCOPOB H T. A.
TpyanocTh pemenns sToii 3ajaunm o6yc/OBJieHa TeM, 4YTO pellleHHe CHCTEMSI
AuddepeHuHalbHbiX ypaBHEHUH, ONHCHBAIOMAX IBHKEHHE PeaNbHOA XHIKO-
CTH, B GOJILILHHCTBE CJIyYaeB OKAa3bIBACTCA HEBO3IMOMKHEBIM.
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11. Hexoropsie NpakTHuYECKHe IPHJIOXKEHHS YypaBHeHHs
Bepuyaau :

PaccmoTpuM TpHMeHEHHEe ypaBHEHHs1 DepHYJIH 1A ONpeleseHHsA CKO-
pocTeil H paCXOAOB H BPeMeHH HCTeUeHHHA KHAKOCTel H3 pe3epsyapoB. Hcrnonb-
30BaHHe YypaBHeHHs DepHy/uIH 1J14 ONpejeleHHA Halopa HacOCOB ONHCAHO
B raase III.

TIpHHuHbl H3MePeHUsI CKOPOCTH H pacxoja XHAKOCTH. [{1s onpepeseHus
CKOpOCTeH H PacXOiOB KHIKOCTEH B MPOMBILULICHHOH HPaKTHKe OObIYHO NPH-
MEHSIOTCA Jpocce/bHble IpHOOPL H ITHEBMOMETpHYEeCKHe TPYOKH.

IMpuHuun pa6orel NHEeBMOMETDHYECKHX Tpyb oK, HalpH-
mep Tpy6ku [luto—IIpanHnTna, Moxer GbITh HOACHEH ¢ HoOMoOMLbIO puc. 11-15.
B ka;xIoMm cedeHHH pa3HOCTb YpOBHeH XKHIKOCTH B TPyOKax, n306pakeHHBIX
Ha pHCYHKe, BLIDa)KaeT CKOPOCTHOH Hanop A, B TOUKe ceueHud, JexauieH
Ha ocH Tpy6H.

%- " Juagpaems

1
r’

e St W10, ]

e =
Puc. " 1I-16. Hamepenue ’ 9

CKOPOCTH JKHAKOCTH MHEB-

MOMEeTpHUecKoll  TPYGKOH. Puc. 11-17. Mepnaa amabparma.

PasuocTs ypoBHeit pa6odelf KHAKOCTH B Tpyb6kaX yjo0Hee H3MepATh
He MOCpelCTBOM [ be3OMEeTpHYeCKHX TpyboK, Kak [0OKa3aHO Ha
puc. I1-15, anpunomoits 1 H pepeHU HAaJBbHOTO MaHOMETpa
(puc. II-16). Ero U-ofpasnas TpyOka 3arojHeHa KUAKOCTbIO, KOTOpasd
He cMellHBaeTcA ¢ paGouell H HUMeeT 3HAYUTENbHO OG/bIYI0 OJOTHOCTb, YeM
nocsefHss (HarnpHMep, BOLA HJH COHPT — NPH paboTe C rasaMu HJIH PTYTh —
pu paboTe ¢ KalleMbHBIMH JXKHIKOCTAMH). 3TO MO3BOJNACT H3MEPATh Aeperamnsl
IaBJIEHH B cjydyae 3HaYHTENbHOr0 H3GHITOMHOrO IaBJCHHA (HAH BaKyyMa)

B Tpy6ONpOBOAE NPH OTHOCHTENBHO HEOOMLINOH BhIcOTE IpHUGOpA.
2

o w )
[lo pesyabTataM H3MepeHHHA h,, = 57 HAXOLAT MaKCHMalbHYIO CKOPOCTh

KUAKOCTH BAOJb OCH Tpy6ompoBopa. Jl1si onpelefeHHs cpelHedl CKOPOCTH
JKHIKOCTH JHG0 CHMMA!OT 3MIOpYy paclpeleseHHss CKOPOCTEH M0 CEUeHHIo
TpyGonposona (cM. puc. [I-10), nepepsurasa nHeBMOMETPHUYECKYIO TpPYOKY
B pa3jiH4Hble TOUKH CeYeHHs, JHGO HCIONb3YIOT COOTHOIICHH MEXIY CpenHel
H MaKCHMaJbHOi , CKODOCTAMH [PH JIaMHHAPHOM H TYDPOyJEHTHOM pexHMax
TegeHHa (cM. crp. 44). Pacxon XHIKOCTH HaxoAdAT, YMHOXKaa CPEAHION CKO-
pOCTb Ha MJIONLAJlb [ONEepeyHOoro cedeHua Tpybomposona.

Taxo# cnocob onpeneseHHs CKOPOCTH H PAacXOia KHIKOCTH IPOCT, HO He-
IOCTaTOYHO TOYeH H3-3a TPYAHOCTH YCTAHOBKH [THEBMOMETDHYECKHX TPYOOK
CTPOro BAOJb OCH TPy6OnpoBOAa.

BoJjee wWHPOKO pacnpocTpaHeHO ONpENeNeHHE CKOPOCTe# H DPACXOROB
KHIKOCTeH ¢ MOMOIBI0O A pOCCeNbHHX NpHOOpPOB, OPHHIHD
paboThl KOTOPHIX OCHOBaH HAa H3MEPEHHH Mepernajga Aas/eHHH MPH H3IMEHEHHH
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nonepeqHoro ceuenuss Tpy6Gonposofa. IIpy HCKyCCTBEHHOM CyMKeHUH CedYeHHS
MOTOKA IMOCPENCTBOM APOCCEJNBHOrO NpHGOpa CKOPOCThL H, COOTBETCTBEHHO,
KHHETHYeCKasi 3Heprus NOTOKa B 5TOM 60Jjiee y3KOM CEYeHHM BOSPACTAIOT, YTO
IPHUBOAHUT K YMEHbUIEHHIO MOTEHIHaJbHON 3HEPrHH NaBJleHHs B TOM XKe cedye-
- Hun. IosTomy, nsmepus nuddepeHunanbHEIM MaHOMETPOM Nepenaj AaB/ieHu#
MKy cedeHHeM TpYGOIpOBO/a [0 €0 CyKEeHHs U CeueHHeM B CaMOM CyIKEeHHH
-(n1 BG/IHSH HETO), MOXKHO BEIYUCIIHTb H3MEHEHHe CKOPOCTH Mexny CeuenUsMH,
a Mo HeMy — CKOpPOCTb M PACXOR XHAKOCTH.

B kauectBe jpoccesbHHIX NPHGOPOB HCNIONB3YIOT  MEpHHIE nua(bparmu,
comyia H Tpy6sl Benrypu.

Mepnas nuadparma (puc. II-17) npencrasaser co6ofi TOHKHA
RMCK C OTBEPCTHEM KDYTJIOLO CeYeHHsl, UEHTP KOTOPOrO PAcIOJIONEH Ha OcH
Tpy6el. MepHoe conano (puc. TI- 18) sipasieTcss HAacCaLKOM, HMEIOLIHM

N1aBHO 3aKpYI/ICHHBIA BXOA H LIHJIHHAPHUECKHH
V§{§ BeiXON. [lupmMaHoMerphl MepHBIX conen (a Takxe

' % —4 nuagparM) HOPUCOEAHHSIOT K  TPyG6ONpOBOLY
Z s dyepes KOJIblleBble KaMephl g, COelHHeHHBIE
Fse30merpuvérhoe
{06140
1
'
N - u
3
!
i
Pac. 11-18. Mepnoe comno. : Pac. 11-19. Tpy6a Bex«i’rypn.

€ BHYTPeHHHUM NpOCTPAHCTBOM 1pyGonpoBoja OTBEepCTHSIMH, paBHOMEPHO
PacOONIOXKEHHBIMH TI0 OKPYXKHOCTH, HJIH AByMa KaHalamH b.

Tpy6a Bentypu (puc. II-19) umeer mocTeleHHO CyKaioleecs
ceyeHue, KOTOpOe 3aTeM paciliupsieTcs N0 mepBOHAuaJbHOro pasmepa. Begen-
CcTBHE TakoH ¢opMmel Tpy6rl BeHTypu moreps naBjeHHs B HeH MeHbINe, 4eM

B IuadparMax WIH conaax. Buecre ¢ TeM 4JHHA TPYOH Benrypu ouenb Befinka -+

‘TI0 CPABHEHHIO ¢ TOJNIUMHOR NHadparMbl HIH COMJA, KOTOPHE MOTYT GHITh ycra-
HOBJIEHBl MeXIy ¢uaHnamu TPyGOmpoBoAa.

nd?
B tpy6e BenTypH u B comile nJollafb CEYEHHA CIKATOH CcTpyd Sy = -—41—

- ' : nd? nd?
paBHa MJOWAAK CaMOro OTBepeTHsl So = ——\Sj = —7— == miomane cede-

#insi Tpy6ONpoBON2, Ha KOTOPOM YCTaHOBJIEH ApoccenbHBI npubop). B nnma- .
¢parme S, <7 S, (cM. puc: 11-17).

Cqma;x pr6onposon FOPH3OHTA/NbHEIM, 3anulleM AJd JABYX CeyeHHi,
.-Mepenan LaB/leHHA MeX1y KOTOPHIMH H3MepsieTcsi AH(depeHIHaabHEIM MaHO-
MeTpoM, YypaBHendHe DBepHyssn. B coorBercTBHH ¢ OGO3HaYeHHAMH Ha
prc. II: 17 H npeHe6peraﬁ noTepedt Hamopa, UMeeM

p 1 p "-’%
P =P
0g T3 og + 2
OTKYZAa ‘
YW p—ps_,
.2z 28 og

Pre h — nepenan (pasHocTh) JaBjeHui, HaMepreMbil nuq)q)epenunanbnuu MaHOMETPOM
H BHpaNaeMuii B Me'rpax cron6a paGoyedt XUIKOCTH.
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Hro6bl onmpenesnuTb CPENHIO CKOPOCTH H PacXOf KHIKOCTH B Tpy6olpo-
BOAE, BbIDA3HM CKODOCTb W B CeYeHHH TPYGHl Yepes CKOPOCTb W, B Y3KOM
CeyeHHH CTPYH 3a JaHadparMofl, B KOTOPOM 3aMepsieTcsi HaBJieHHe p,, MOJb-
3yACh ypaBHeHHeM Hepa3pbIBHOCTH IOTOKa

2
W = w4 S = w i
LT T
FloncrasuM 3HayeHHe W] B BBIpaXeHHe Pa3HOCTH CKOPOCTHBIX HAMOPOB
2 2
o ( dy \* _p
2 % dl) N

OTKYyHa
_ 2gh
Wy = ‘/ —T
: ( )
4

O6nemublit pacXon KHAKocTH Q B ceyeHHH S, orBepcTHs auadparmsl
(a 3HaudT, M B Tpybomnposone) 6yAeT paseH

. an o 2gh
Q="a \/T——(_ET_‘* (11,54)
%)
rie ¢ — nonpasounblit KobdHUHeHT (@ <J 1); STUM KODOHUHUEHTOM YYHTLIBAETCA yMeHbIle-

HHE CKOPOCTH w, B CedeHHH S, 1O CPABHEHHIO CO CKOPOCThIO W, H3-38 CyXEHHR CTPYH
(So > S3), a Takxke moTeps Hamopa B gHadparme.

Koadduunent o HasbBacres KosdbdHUOHeHTOM pacxopna
apoccenbHoOoro nmpu6opa. Ero 3HauedHe 3aBUCHT OT 3HaYeHHS
Kpurepus PefiHosbaca AJIA XKHAKOCTH H OT OTHOLUEHUS JHaMeTpa OTBEPCTHA
LKpoccespHOro nputopa K AMaMeTpy Tpy6omposona:

a=f (Re, -g':—) (11,55)

3HayeHus o, ONpeje/leHHbIE ONBITHLIM MyTeM, NPHBOAATCH B CIEUHAbHOA
H CIIpAaBOYHOHR JHTepaType *.

Iuamerp npoccenbHOrO ycTpoicTsa 06bI4HO B 3—4 pa3a MeHbllUe guaMeTpa
Tpy6GomnpoBsojia, Mo3TOMY BesuyHHOK (d,/d;)* B ypasuenuu (I[,54) MmoxkHO
B MEepBOM NMpPUGJMKEHHH NpeHeOpeYb H HAXOAUTL PACXOJ MKUAKOCTH IO ypaB-
HEHHIO

Q=" V2gn (11,56)
CpeHIOI CKOPOCTh XKHIKOCTH B TPy6GonpoBoje onpenensioT, pasaeius Q Ha
nJowans ceyeHus TpyGonposoja. Onyckas uHAEKCH «1» y Wi H dy, NONy4yHUM

w=a(—4g°~)2 Vagh (11,57)

B ciyuae paforsl cO CKHMAeMBIMH KHAKOCTAMH (ra3oM WJIH MapoM) MpH
GosibIMX Mepenanax Aaejenuit B ypasHenus ([1,56) u (11,57) BBousT elie onuH
HNoMnpaBoYHKA KOS(PHUHEHT, YYHTHBAIOWIHA H3MEHeHHe I[JIOTHOCTH rasa
(mapa).

Hcreuenune muakoctell. OnpenenuM pacxox MHUIAKOCTH NMPU €€ HCTe Y e-
HHHU 4Yepe3 KpYyrjgoe OTBEepCTHe B TOHKOM JHHUE
OTKPBITOrO cocylla, B KOTOPOM IOLJIepXKHBaeTcd MOCTOS HHBIH ypo-
BeH b H xurkocru (puc. [1-20, a).

* Cm., wanpumep: Kpemaesckubt IL I1. Pacxogomeper. M.—JI., Mawrus, 1963.
655 c. .
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Beitekaioollas u3 Takoro oTBePCTUS CTPYSl Pe3KO C:KHUMAETCH IMPH BbIXOAE
BCJICICTBHE HHEPIUOHHOrO ABHIKEHHS HYacTHI JKHAKOCTH, NPHOJHKAOWIUXCS
BHYTPH COCYyAa K OTBEDCTHIO MO KPHUBOJNUHEHHBLIM TPaeKTOPHAM (HEKOTOopble
H3 HHX Raxe HellOCPENCTBEHHO Mepef BLIXONOM €llle CKOJIb3AT IIOYTH mapalji-
JieJIbHO JHHLLY, TO ecTb MepleHAUKYAAPHO ocH cTPyH). PaccrosHue oT nHHiNa
BO CKaToOr o cedeHHA (BCJEA 3a KOTODPLIM AajbHefllee CyXeHHe CTDYH
u3-32 yBeJHYEHHs1 CKOPOCTH Majaiouiell JKUAKOCTH BbIpAXKeHO ropasao ciabee)
HEBEJIHKO W COCTaBJ/IsIeT OKOJIO [OJIOBHHLI AuaMeTpa OTBEPCTHA.

Bui6paB niockocTh cpaBHeHHst 0—( napaJjelbHOR RHHIY cocyla, HamH-
iieM ypasHeHue DepHyJiH (CUHTAas XKHAKOCTL HAeaJbHON) nJis ceyeHus I—I,
COOTBETCTBYIOILET0 BeDXHEMY YDOBHIO KHAKOCTH B COCyHe, H cegeHus 2—2,
IJIOCKOCTL KOTOPOro MPOXOAHT 4epe3 yKasaHHoe CXKaToe ceueHHe BbITeKalolleh
CTpyH:

2 9

P @ ps @2

2 — —_— 2, - — —re
1+ og 22 g -+ o -+ 52

Puc. 11-20. McreueHue XuAKOCTH H3 cocyja:
@ — NpPH TIOCTOSHHOM YPOBHe; § = IIPH TlepeMEHHOM YypOBHE.

HIlna orkpelToro cocyma pj = p,; KPOMe Toro, NpH MOCTOAHHOM YpPOBHE
JKHAKOCTH cKopocTh ee w, = 0. [IpeHeGperasa HeGoJILIIHM paccTOsTHHEM
OT IJIOCKOCTH OTBEPCTHA B AHHIIE cocyla RO MJIOCKOCTH CKAaTOro CeYeHHH
CTPYH, MOXHO NPHHATH, YTO 2; — 2, ~ H. Orciola

2
Wy _

2g
CiienloBaTebHO

w, = V 2gH ' (11,58)

YTO COOTBETCTBYeT H3BecTHOH ¢opmyse TopuueH. :

Ilpu nBHXXeHHU peasibHOM XHIKOCTH YacTh Hamopa [ Tepaerca Ha TpeHHe
H IIpeojloJieHHe COMPOTHBJIEHHsS, O6YC/IOBJIEHHOTO BHE3AMHBLIM CyXXeHHEM
NOTOKa B OTBEPCTHH. Ilo3TOMy CKOpOCTb peasibHOA XKHIKOCTH B CXKATOM
CeYyeHHH:

w, =@V 2gH

rge @ — nonpaBoYHui K03(duuHeHT (@ < I), HasmBaemnlh K0S GPHUHL HEHTOM CKO-
P O CTH, KOTOPbIM YUHTHIBAIOTCS MOTEPH HANOPA NIPH HCTEYEHHH Yepe3 OTBEPCTHE.

O6vemnubift pacxon Q (M®/cex) XUAKOCTH paBeH MNPOHM3BEIEHHIO €€ CKO-
poCTH W, Ha OJIOUIAAL CXAToro ceyeHus S, crpyd. OGo3HauuM OTHoOlUEeHHe S,
K MJIOLUIA/H MOMNepeynoro ceyeHHsa S, OTBEPCTUA B AHHLIE yepe3 & ITO OTHO-
meHue € = S,/S) Ha3nBalOT KO3 D OHUHEHTOM CXKATHHA CTP Y H
Torna :

Q = 0,S, = @V 9gHeS,
HJIH
Q= aS, V 2gH (11,59)
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KoadrpurneHT o npeacrasisaer coboh KosbPHULHEeHT pacxona
H Bblpaxaercs [pousBeleHHeM KO3(PQHIUEHTOB CKODOCTH H CKATHA CTpyH:

a = ge (11,60)

3ror KoshdbHIHEHT ONMpele/NAlOT ONLITHHIM [yTeM, ero 3HauyeHHs 3aBHCAT
oT 3HaueHua KpuTepua Re u MoryT 6biTh HaiilleHbl B CIIPABOYHHUKAX B 3aBHCH-
MOCTH OT CBOHCTB H CKODOCTH KHIKOCTH, a TaKXXe OT (JopMBl OTBEPCTHS, €ro
pa3Mepa M yAajeHHOCTH OT CTEHOK cocyla.

W3 ypasuenua (I1,59) caenyer, uto pacxod scudkocmu, ssumexarowieil wepes
omeepcmue 6 MOKKOM OHUWE, 3A8UCIN OM 6bICOMBL NOCMOAHHO20 YPOBHA K UOKO-
cmu Had omseepcmuem U OM pasmepa OmMBepCmus, HO He 3ABUCUITL OM (Hopmbl
cocyda. To ypaBHeHHE NMPHMEHHMO TaKXKe JJ1A ofpelle/leHHA pacXoja *KHAKO-
CTH, BbhITEKalOLIEH Yyepe3 OTBepCTHE B TOHKOH OGOKOBOH CTeHKe cocylla, €ecJH
cyHTaTh [1 paccToAHHEM OT BepXHEro YypOBHfl XKHAKOCTH JIO OCH OTBepCTHA.

Iina KunxocTedl, M0 BA3KOCTH MaJIo OT/IHUAKOUIMXCA OT BOABI, MOXKHO MpH-
HUMaTb B NMEPBOM NpHOJHXeHHH o ~= 0,62. [IpH HcTeyeHHH >XHAKOCTH yepes
KOPOTKHMH UMJIHHIPHYECKHH NaTpybOK (HAcaloK) MPOHCXONHT IOMOJHHUTEb-
Has MoTeps Hamopa Ha BXOAE H BHIXOAE XHIKOCTH, YTO MPHBOIHT K CHHXKe-
Huio ¢. BMmecre ¢ Tem cTpya NpH BXOle B NaTpyOOK MOc/e HEKOTOPOro C:KaTHsA
CHOBa paciUMpsieTCA H BbITEKaeT, 3aMOJIHAA BCE €ro CeYeHHe, T. €. MOXKHO CUH-
taTb & = 1. B urtore kKo3gpHIHEHT pacXolla XKHIKOCTH MPH HCTEYEHUH yepe3
HacaJlok oxa3blBaerc GOJLIIMM, YeM [IPH HCTEYeHHH Yepe3 OTBEpCTHE, H JJIA
BOJIBI MOXKET ObITh MpPHHAT o ~ 0,82 ,

Ecau cocya, M3 KOTODOTO BBITEKAeT XXHIKOCTb, 33aKDLIT M JABJIEHHE D,
Haj XHAKOCTHIO B HEM OTJHYAeTCA OT HAapyKHOTO JaBJjleHHA p,, TO NMpH Ompe-
Iejenun pacxoma mo cdopmydae (I1,59) BmecTto H B Hee cllenyerT MOACTAaBHTH

H+ Lp;—p‘—, rie p — MJIOTHOCTb HIKOCTH.

Tenepb pacCMOTPHM HCTE4YeHHEe NPH NepeMEeHHOM ypPOBHe
KHUILKOCTH B COCyIe C LUeJbIO ONpefe/eHH BPEeMEeHH OMNOP O XK -
HeHHHA COCYIOB.

[lpu Takom Hcreuenuu XHAKoctH (puc. [1-20, 6) ee ypoeenr H B cocyle
CHHKaeTcsl BO BPEMeHH H, corjlacHo ypasHeHuio (II,58), ymenbinaercsa takxe
CKOpOCTb HCTeYeHHA @,. Cie0BaTesIbHO, MPOLUECC HCTEYEHHSA HOCHT HeCTa -
ILHOHAPHBLH Xapakrep.

OmnpeneniuM BpeMsi, 32 KOTOPOe YpOBEHb YXKHIKOCTH B cOCylle OMYCTHTCA
OT MepBoHaYajbHOM BbICOTE H; N0 Hekoropo# BeicoTsl H,. 3a GeckoHeuHO
MaJlblH POMEXYTOK BPEMeHH dT, B COOTBeTcTBHH c ypaBHenuem (I1,59), yepes
OTBEpCTHE B JIHHILE BhITE€YeT O6BEM JKHIKOCTH

dV = Qdt=aS, V igH dt
rie S, — nJomajgh NONePeuHoro ceyeHHs OTBepCTHA B QHHUIE COCYAA.

3a TOT Ke mpOMEeXYTOK BpeMeHH dT ypPOBEHb KHAKOCTH B COCYJe IOHH-
3UTcA Ha OGECKOHEYHO MaJjlylo BejHYHHY dH, u npu OocToaHHOHR nJjolanH
nornepeyHoro ceueHuss S cocyla y6blab KHIKOCTH B HEM COCTaBHT

ay &= — SdH

3Hak MHHYC B MPABOH 4acTH YKa3blBaeT HA yMeHbIUEHHe BLICOTHI *KHIKOCTH
B cocyle. )
anpaBHHBaﬂ, COrJlacHoO ypaBHeHmO HEPAa3pbLIBHOCTH IIOTOKA, 3TH 06'beMb[,
noJsy4uMm
aS, V 2gH dt = — SdH

OTKyna

Sdf

dT T e
aS, V 2gH
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T1poHHTerpupyeM 5710 BHpaKeHHe, IPHHHMAS, YTO KO3(h(HIIHEHT PACXORE &
MOCTOSIHEH, T. €. He 3aBHCHT OT CKOPOCTH HCTEUEHHA:

_ SdH
5 aS, V 2gH

H;

H,
___S —1/2 gpr
"“‘a‘s'..Vz)zrf” = V=V

2

TakuM oOpa3oM, BpeMs OHODOXKHEHHA - cOCcyla, HMEIlero HOCTOAHHOE
notiepeqyHoe ceyeHHe, OT BoicoTl M RO BHICOTH H, cocTasJjser

. QS(V_H—I-"' Vﬁ;) i 61
T == GSOVZ’ . (i1,61)

B cayuae nosHoro onopoxHeHHA pesepByapa H, = 0 u ypaBhnenue (I1,61)
MPHHHMAET BUJ
231/111

5.V 52 (11,612}

Pemass 3agayy o BpeMeHH ONOPOMHeHUs cocyAa, MJIoAAb HOMEPEYHOro
ceyeHUs KOTOPOro H3MeHAETcA 10 BbicoTe (HampuUMep, HPH HCTEYEHHH H3 KOHH-
yeCcKHX pe3epByapoB, NOPH3OHTAJIBHBIX IIHCTEPH W T. 1), cjenyeT MpU HHTe-
IrPHPOBaHHH BBIpaxeHHA dT yd4ecTh 3aBHCHMOCTb NJIOWAfu cedeHHA S OT
ypoBHss H XupkoctH, T. €. yuectb BHA ¢yHKuuH S = f (H).

12, OcHoBLI TeopHH NMOAOGHA H aHaaH3a pa3MepHOCTEH.
TpHHO¥NLI MOAEAHPOBAHHA

IyTH HCCnepOBaHHA NPOLECCOB XHMHYECKOH TeXHOJOrWH. CyMHOCTL Teo-
pun mopoOum M mogednpopanHs nponeccos. Hayuenue mpoueccos ¢ wmedbio
nojiy4eHH ypaBHeHHH, HeOGXOJMMBIX IJIA MX aHaJu3a M pacuerTa, MOXHO
[POBOJHTb YHCTO TeOpeTHYec KU Iror HauGosee KeJlaTeJbHBA NMYTh
HCCJIeAOBAHHA CBOJMTCHA K COCTABJIEHHIO (Ha OCHOBE CaMblX OOLIHX 3aKOHOB
(PHu3HKH B XMMHH) ¥ DeleHHI0O MaTeMaTHYeCKHX 32aBHCHMoOCTed, uallle BCero
AudepeHiHa/IbHLIX ypaBHeHHH, HOJHOCTLIO OMHCBHIBAIOLIHX Mpollecc.

[lpumepoMm Ba’XHBIX AJIA NMPAaKTHKH pacdeTHLIX 3aBHCHMOCTeH, HoJydeH-
HBIX pelleHUeM COOTBETCTBYIOUWHX AH(depeHHaNbHbIX YpaBHeHHH, ABJAIOTCH
pacCMOTpDEHHBIE BBILIE OCHOBHOE YypaBHeHHE THIPOCTATUKH H ypaBHeHne
BepnyJin.

HubdepennHalbible ypaBHEHHS] ONUCHLIBAIOT [esbIH KJacc OIHOPOAHEIX
Mo cBOeH CyILIHOCTH fBJEHHH, H JJIS1 BLIIEJEHUS] H3 HEro KOHKPETHOro ssJe-
HHSl HeoOXOJ¥MO OrpaHHuUMBATh YyKa3aHHbIE YPaBHEHHS AOMOJHHTEbHEIMH
YCNOBHAMH (YCTOBHAMH OZHO3HAYHOCTH).

YcnoBUS OIHO3HAYHOCTH BKJIIOYAIOT: TeoMeTpH4YecKHe GopMy H pasMepH
CHCTeMBl, T. e. annaparypsl, B KOTOPOH MpOTeKaeT Hpolecc; CyllecTBeHHbIe
AJIf LAaHHOTO npouecca GU3HYecKHe KOHCTAHTHl yYacCTBYIOIUHX B HeM BEINEeCTB;
HadaJibHble YyCJOBHA, K YHCJYy KOTOPHIX OTHOCATCA HauajbHash CKOPOCTh,
HauaJibHas TeMmmeparypa, HauyajbHafd -KOHUEHTpALHA M T. i.; IDaHHuHbIe
YCJIOBHS, XapaKTepH3YIOlIHe -COCTOAHHE Ha TIPAaHMLlaX CHCTEeMbl, HalpHMep
paBeHCTBO HYJIO CKODOCTH KHAKOCTH Y CTeHOK TpyObl, H T. A.

TakuM ob6pasoMm, nauddepeHUHa bHEIE YypaBHEHUA JOJDKHbLI pelraThbes
B COBOKYMHOCTH C YCJOBHAMH OJHO3HAYHOCTH B YCTAHABJUBAaeMLIX rocjel-
HUMH Tipelesax.

-OnHaKo MHOr'He MpOIECCHI xmvmqecxon TEXHOJIOTHH XapaKTepHu3yloTcs
GoIbLIAM YHCJIOM [epeMeHHHX H HACTOJBKO CJOXKHBI, YTO 3a4acTylo yraercs
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1aTh JIWiIL MaTeMaTHuecKyio (OpMy/JHDOBKY 3aBa4d H YCTAHOBHTL YCJIOBHA
onHosHaunoctH. [Tosyuexnsie xe audpepeniualdbHble ypaBHEHHMA HE MOTYT
65ITE - pellleHbl M3BECTHBIMH B MATEMaTHKE METOLAMH. ‘

Wamocrpanuelt stoMy aABaswoTcA ypasHenua Haswe—Crokca, pellenue
KOTOPBIX OKa3bIBAETCS1 HEBO3MOXHBIM JUA GO/BLIMHCTBA BaXKHEHLIMX MPAKTH-
yecKHX c/yyaeB, B YaCTHOCTH AJ1fl olpeJeleHHsl TEOPEeTHYECKHM IIyTeM IoTepb
Hamopa (FHAPABJ/HYECKOTO .COMPOTHBJIEHHA) MPH TypOyJEHTHOM NBHXKEHHH.

C auaJIorHYHBIMH TDPYAHOCTAMH MPHXOAHTCA CTAJKHBATLCA IIDH TEOPETH-
YeCKHX HCCJENOBAHMAX IPOLECCOB TEMJo- H MaccoobMmeHa B TypOYJIEHTHBIX
NOToKaxX, a TakKe [POUECCOB, [pPOTEKAlUUX B peakUHOHHLIX amlaparax,
B KOTOPBIX XHMHYECKHE MDEBPALLEHUS] OCJIOXKHEHB ABHMKEHHEM [OTOKOB H
TemJo- U macconepenadeil. bosiee Toro, 1J1a O4eHb CJOXKHBIX [POLECCOB RaXKe
He/lb3fl COCTABUTH cucreMy IH(depeHi(HaJbHLIX ypaBHEHHH, HCHepIbIBaloOLle
OMHCHIBAIOWIMX JaHHBIA Opolece. p

" 'Taxum 06pasoM, TeOpeTHYECKHH BHIBOJ pacyeTHBIX 3aBHCHMOCTeH, HEoGX0-
AMMBIX 1151 HPOEKTHPOBAHHA ANNAapaTypbl, YACTO OKA3BIBAETCA HEBO3MOMKHbBIM.
B Takux cayuaax IaA HaXoXKIEHHS CBA3H MEXKAY BeJHYHHAMH, XapaKTepH-
3YIOUIMMH Mpouece, NpuberaloTr K 3 KCNepHMEeHTaJbHOMY Hccle-
HOBaHHIO, T. €. K [POBEJECHHIO ONBITOB.

Ha ocHoBe ONMBITHHIX JAHHBIX HAcCTO [OJYy4alOT 3MIHPHHECKHe ypaBHeHHH,
KOTOpbIe ABJATCA YACTHBIMH H HE MOTYT OBITb PaclpOCTPaHEeHHl HA yCJIOBHA,
OTJIHUHBIE OT TeX, A/ KOTOPLIX OHH MOJYHeHbl. DTH YACTHbie SMIHPHYECKHE
ypaBHEHHA HMEIOT H3BECTHYIO IEHHOCTb H HCIOJIL3YIOTCA B HHKEHepHOMH
NpaKTHKE, '

" OnHako HauGoJjee MJIOAOTBODHO TAaKOe OCYILECTBJECHHE 3KCIIepHMEHTOB,
KOTopoe No3BoJiAeT 0606 aTh pPe3yJadbTaTh ONBITOB H pac-
OpOCTPAHATL HX HA IIMPOKHA KPYT ABJIEHHI, NOXOGHLIX H3YUYEHHOMY, HO OTJIH-
YAIOUIHXCA HYHCJAEHHBIMHM 3HA4eHHAMH XapakTepHbIX MapaMeTpoB, HampuMep
pa3mMepoB anmapara, OCHOBHBIX (PH3HHECKHX CBOHCTB cpeibl H T. 1. 3TO
JocTuraercs MpH HCMNONb30BaAHHH A/ 06DA6OTKH OMBLITHBIX AAHHHIX METOAOB
TEOPHH MNORO6HA. ‘

Teopusa nopob6us ABJAAETCA ydeHHEM O METOHAX Haydsoro oGo6-
uieHua 3xkcnepuMenta. Ona ykasbiBaeT, KaK HaRo CTaBUTH OMbITHl M Kak o6pa-
6aTbiBaTb HX pe3yJ bTaTbl, 4TOObI MPH NMPOBEJNEHHH HeOOJbIIOrO YHCJIA 3KCIe-
PHMEHTOB HMETb BO3MOXKHOCTL 0606ILAThL ONBITHBIE AAHHBIE, MM0Jy4asd eRUHbIE
ypaBHeHHs AJiA Bcex Nofobubix ABjaeHHH. IIpumeHenue Teopuu nmonobus yacro
103BOJIAET BMECTO JOPOrOCTOAILHX TPYHOEMKHX OMNBITOB HAa [1POMBILIIEHHOMH
annaparype BbITOJHSTL HCCJAeNOBAHHA HA M O M €J1 1 X 3HAaYUTEJbHO MEHb-
1Iero pa3mMepa; MOMHMO 3TOrO, OMKBITH MOKHO {IDOBOAUTHL HE C paGoUHMH (4acro
BPeRHBIMH H ONACHLIMHM) BELIeCTBAMH H HE B JKECTKilX (BBLICOKHE TeMIneparyphl,
CHJIBHO arpeccHBHbIE CPEeAbl) YCJAOBHAX peasbHOrO [1POU3BOIACTBEHHOIO [pO-
uecca, a ¢ ApPYrHMH (MOIeJbHBIMH) BelleCTBAMH B YCJIOBHAX, OTJIHYAMOUIUXCH
OT MPOMBILLJIEHHBIX. )

[MpoBenetine onuITOB Ha MOJENsIX, N0 METKOMY Bhipaxkenuto Bakenanpa,
N03Bo/feT Ae/laTh OIHOKH B MaJloM macuuTabe, a BHrogs! MoJy4aTh B G0JABILOM,

Takum oOpazoM, MeTOAB TE€ODHH HoOoZOOGHMA JaAexar
B OCHOBe MacwWTabHUPOBaAaHHUA H MOKEJHPOBAHHUA
IpOLLECCOB.

B wwupokoMm cMbicie Mogx MOAeJ HPOBAHHEM MOHUMAT METON
HCcC/elloBAaHHA, NPH KOTOPDOM BMECTO HENOCPEACTBEHHO HHTEpecylollero Hac
npouecca MJH sABJEHHA, NMPOTEKAIOUIETo B KAaKOM-To oObekTe (Hatype), H3Y-
yaercs COOTBETCTBYIOULHA mpoilecc Ha ApyroM o6bekTe (MOKEJH).

Cnenyer oTMETHTh, YTO B JIMTeparype MOA TEPMHHOM «MOJeJab» He Bcerga
MOHUMAIOT MAaTepHaNbHYIO MOAeab, Ha KOTODOH MPOBOAATCA ICC/AEI0BaHUS,
Yacro Moienblo CHUTAOT HEKOTODPYK I03HABATENbHY!0, MM MbICIEHHYIO,
¢H3MYeCKYI0 MJAH MaTeMaTHYECKYI0O MOJeab, T. €. CXeMy, ¢ TOH WJH HHORM
CTEMeHbI0 TOYHOCTH OTPAXKalollyo HaHboJee CyLIeCTBEeHHblEe CTOPOHBL H3yuae-
Moro npouecca. Takne MOjge/lH, KOTOPbi€ B OTJIHHHE OT M AT € p H aJ b H bl X

3 A. I. Kacatkua
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MOJXKHO TaKXe Ha3BaTb HJ e aJlbHBb MH, KIAAYT B OCHOBY HCCJIefOBAaHUA
JLAHHOTO npouecca Uiy ABjaeHudA. IlpyuMepaMH MOT'YT CIYKHTbL MOJEIH CTPYK-
Typbl IIOTOKOB B anmnapaTax, MoAe/H Macconepeiayd H Ap., pacCMaTpuBaeMbie
B Hacrtosiuiem Kypce. Ha ocHose npuusitTof ugeaabHo#l pusuue-
CKOH MOAEJ U COCTAaBJIAIOT COOTBETCTBYIOLLYIO € MaTeMaTHUe-
CKYI MOJIeJ b, T. e. MAaTeMATHYECKOE OMHCaHUe IMpoLecca.

OnHako B paHHOH rJlaBe MO TePMHHAMH «MOZREIbL» H «MOIEJHPOBAHHE»
N0Jpa3yMeBalOTCsl B OCHOBHOM (32 HCKJ/OYEHHEeM pasjiesa O CTPYKType NOTO-
KoB, cM. cTp. 117 ca1.) maTepuanbHOoe MojeMpoOBaHHE W MaTepHaIbHbE MO-
nenu. Paccmorpensl riiaBHbIM 06pa3oM. OCHOBbl M3 H U4 E€CKOIr O MOJe-
JHPpOBaAHHS, NPH KOTOPOM B ONBITAX HA MOJEJM MeHsoTca (O cpaBHe-
HUIO C NPOM3BOACTBEHHBIMH YCJOBHAMH) JIMIIbL MaclITal yCTaHOBKH, HCIOJb-
3yeMble BellecTBd, TeMleparypHble ycJOBUA U T. ., HO (U3HYECKAA CYUHOCTD
M3yyaemoro B MOJEJH Npouecca OCTaercs TOH Xe, 4TO H Y MOJEJHPYEMOro
npouecca (B HaType).

Bwmecte ¢ TeM Meroasl TEOPHH MOAOOHS YACTO MPUMEHAIOTCA H [PH UCIOJb-
30BaHHH APYTHX BHIOB MOJEJNHDPOBAHHS, B KOTOPbIX MOJAEJHD YIOUHE MPOLECChH
OTJHYAITCA OT MOAENHDYeMbIX MO (H3HuecKoll npupoje. Baknefilinm H3 HUX
ABJfIETCS MaTeMaTHYeCKOEe MOLEeJHpPOBaAaHHE, NIPpH KOTOPOM
pasJji4Hbie MPOLECCH BOCIHPOM3BOAATCS! HA 3JIEKTPHYECKHX MOJAENAAX —- 3JeK-
TPOHHBIX BBIYHCJHTENbHBIX MalUHHAX.

IlporpeccuBHOe 3nauenHe TEOPHHU MOROGUA U MOJEIHPOBAHUA, MO3BOJAAIO-
ekl OblcTpee M 5KOHOMHHYHEE HCCJAeROBATH IPOLEcCH H ¢ JOCTaTOYHOH cTe-
NeHbl0 HAAEXHOCTH IEpPeXOAHTh OT JjabopaTopHbX MaciutaboB K MpPOH3BOI-
CTBEHHbIM, COXPaHAA NPH 3TOM HHTEHCHBHOCTb H JPYyrHe onTHMAa/bHbIE IOKA-
3areJiH JaHHOTO Npolecca, Mo JOCTOMHCTBY OLEHEHO B pAje oTpacjel TeXHHKH,
rae Teopust Mogo6us RalIa WMPOKOe NpHMeHeHHe (KOTJocTpoeHue, Kopabie-
CTPOEHHE, CAMOJIETOCTPOEHHE, CTPOUTENLCTBO MHIPOCTAHUHE H T. A.). B Xumu-
YeCcKOH TeXHOJOrHH 0606LIeHHEe SKCIePHMEHTAJIbHBIX JaHHBIX METONAMH TEODHH
nofobHa BHEca0 GOJILWION BKJAaJ B H3ydeHHe 3aKOHOMEDHOCTEH IpOLEccoB
THIPaBJIHKH, TEMJIO- H MaccolepesayH.

OnHako, HCMO/B3yA METOAbl TEOPHH MOAOGHA, yKasblBalolHe PallHOHab-
Hble MYTH NOCTAHOBKH ONBITOB H O6PABOTKH MOJIYYEHHBIX 3KCMEPHMEHTANbHbIX
IaHHBIX [J1A BbIBOAA OGOGILEHHBIX pACUETHbIX 3aBUCHMOCTeH, HAfo HMETb
B BHAY, YTO TEOPHA NoN06HA He MOKeT AaTb Gosblue TOro, YTO COJAEPIKHTCA
B HCXOAHBIX ypaBHEHHMAX, OMHCHIBAIOIIHX MccJenyeMbilt mpouecc. OHa JHIB
MO3BOJIsIET NMOCPeACTBOM 06OOIIeHHA pe3y.JbTaToB ONLITOB HAHTH MHTErpaJib-
HBIe DeLICHHMA 3THX ypaBHeHHH, [eHCTBUTENbHBIE AJA FPYNNL TOROGHBIX
ABJIeHUH B HCCNENOBAHHBIX npenenax, 6e3 npopejleHHs COOCTBEHHO WHTErpH-
posanuf. Eciu HcXonHble ypaBHEHHA HEBEPHO ONMHMCHIBAIOT (QH3MUECKYIO cyul-
HOCTb NpOLleCcca, TO H KOHEYHbIE, Pe3y,/1bTaThl, M0Ay4yeHHbIe IPH HCHOAb30BAHHH
MeroJIoB TeopHH MoJobHdA, OYRYT HellpaBHIbLHLIMH.

3a nocaegHHe TOAK Cepbe3HbIe YCNeXH B H3YueHHH pasJHdHbIX [POLECCOB,
B TOM UHCJE M TAKHX CJOXHLIX, KaK XHUMHUYeCKHe NpPOLUeCcCH B TPOMBILIIEHHOH!
annaparype, IOCTHIHYTHl 6jlarogaps HCIOJIb3OBAHHIO MATEMaTHYECKOTOo Mole-
JIHPDOBaHHA. DTO HampasJ/ieHHe HCC/e[OBaHHH MpORoJIKaeT ycleUlHO Pa3BH-
BaThLCA.

Ycnosua 4 Teopembl nogobus. Iogo6Guoe npeoGpasosaHue AHhepeHIHANb~
HbIx ypasHeHH#. OnHH H3 OCHOBHHIX MPHHUMIOB TEOPHH MOAOOHA 3aKJIOHAETCA
B BbUISJIEHMH W3 KJacca fABJeHHN rpynnsl nofobHuix fBjeHuit.. Hampumep,
Takue pa3Hble, Ha MepBbLIA B3TJAM, ABJEHHA, KaK ABHXKEHHE OKPYXKalOULero
HAac aTMocepHOrO BO3AyXa H ABHXKEHHE KarejbHOH XKHAKOCTH Mo Tpyoorpo-
BOJLy B OCHOBE CBOH OHODOJHbI, TAK KaK [0 CYIeCTBY MpPeACTaB/IA0T cobo#t
nepeMeleHHe BA3KOH KHIKOCTH Moj feHCTBHEeM Da3HOCTH aBJeHHH; MOATOMY
JaHHBIE SIBJIEHUA OMMCHIBAOTCA eluHbIMH ypasHeHuamH HaBbe—Crokca H
NpUHAAJIeKAT K OfHOMY Kjaccy. Bmecre ¢ teM aBHKeHHe BASKHX XKHIKOCTEH
(kamesbHLIX M YNPYrHX) yepe3 TPyOBl H amnapatsl pasJH4HOrO NpodHIIA H
pasMepa CcOCTaBJisieT rpynny MoAoOHbIX fBJAEHHH, BXOUAULYIO B 3TOT KJjacc.
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TTod06HbIML HA3LIBAOM  SBACHUR, 0N KOMOPLIX NOCMOSHHOL OMHOUHUS
xapaxmepusyrouwux Ux CX00CMEEeHHbIX 6eAUHUH.

Yenosusa nopoGua paccMOTpPUM NEPBOHAYAJbHO Ha MpocTefiueM mpuMepe
reomeTpuueckKkoro moxpob6usd Kak u3sBecTHo H3 reoMeTpuH,
M3 KJacca OJIHOPOIHbIX MJIOCKHX (HUryp (TpeyroibHHKOB, MHOTOYIrOJIbHHKOB
¥ Ap.) MOXKHO BbIJeJIHTh IPYyNnsl MOAOOHBIX GQHTYD, HAIDHMED TPEYrOJbLHHKOB,
CXOJICTBEHHbBIE JIHHEHHBIE PA3MeDPhl KOTOPLIX MapaJJesibHbl, a OTHOWEHHA 3THX
pasmepos nocrofinHel. [TonoGHele QUTYDHI OTJIMYAIOTCA APYT OT Apyra TOJbKO
macirTaGoM H MOTYT ObITh [TOJiyHeHbl OAHa 3 ADYTOH YMHOXEHHEM CXOACTBEHHBIX
pasMepoB OJIHOM H3 HHX Ha HEKOTODLIH MOCTOSAHHBIA MAcIUTaGHbIA MHOXHTEID.,

Be3pa3mepHble MaciuTaGHbie MHOMXKHTENH, BbIpakalollHe OTHOWEHHA OJHO-
POIHBIX CXOJICTBEHHbLIX BEJHUMH MONOGHBIX GHryp (MM JOGBIX MOA00HBIX
cHCTeM), Ha3piBaloTCA KOHCTaHTaMHu nojobusna Hanpumep, ecau
pasMepsl CTOPOH OJIHOTO TpeyroJbHHKa pasHel a’, b’ u ¢’, a paamepnl cxox-
CTBEHHBIX CTOPOH MOJNOGHOTO eMy TpeyroJbHHKa cocras/fior a“, b” u ¢”, 10

—;—=-—bT=—C,7-=k1=const
rie k; — KOHCTaHTa FeOMeTpHYECKOoro nogobus (uHgekc ! ykasniBaer Ha nopobue AHHeRHLIX
pa3Mepos).

[TonoGue moxer ObITh OXAPAKTEPH30BAHO TaKXKe HHBADHAHTAMH
‘Nnono6HA, KOTOPLIMH, B OTJHYHE OT KOHCTAaHT NOAOOHS, BblpaxKaloUIHX
OTHOILIEHHA CXOJCTBEHHbIX BEJHUYHH pasHbIX QUryp, Has3blBalOT 6e3pa3sMepHbIe
OTHOLIEHHS] KaKHUX-AH60 ABYX pa3MepoB. OXHOH H3 (uryp, paBHbIE OTHOLICHHIO
CXOACTBEHHLIX pa3MepoB Mopo6HOi ¢urypel. Tak, n/aA paccMaTpHBaeMsIX
HOAOGHLIX TPeyroJlbHHKOB

,al arl i

7=—F=u=const
rie i; — MHBapHAHT I'eOMeTPHYECKOro NORo6Hs.

HnBapuaHTsl NoJM06HA MPEACTABJASIOT cO00H Bblpa:KeHus BeJHYHH B OTHO-
CHTe/NbHBIX €[HHHLAX, T. e. B Ge3pa3MepoM Buzae. Hanpumep, B paHHOM cay-
yae ofHa H3 CTOPOH (@) MOROGHLIX TPeYrOJbHHKOB Bbipa)K€HA B OTHOCHTENb-
HBIX €IMHHUAX, NPHYEM B KadecTBe MacluTaba aiA ee H3MepeHUA BuGpaHa
HX Apyras cropoHa (b). B Tex xe eauHuumax, o4eBHIHO, MOXKHO BHIPA3HTH
TAKKe TPETbi0 CTOPOHY (€) MONOGHBIX .TPEYTOJbLHHKOB.

Ona nonobusa ¢HU3H4ECKHX aABJeHHH cobioneHHe [€OMETPHYECKOro MORO0-
6us cucTeM (anmaparoB), B KOTOPLIX OHHM MPOTEKaloT, ABAAETCH HeoOXOMHMBIM,
HO He JOCTATOYHBIM VCJAOBHeM. [Ipu nodobuu gusuueckux npoyeccos JOANCHDL
Goimy nOOOOHbL 8ce OCHOBHOLIE (DUSUHECKUE BEAUMUHbL, BAWAIOULUE HQ NpPOUecC.
OTH BeJHYHHBI H3MEHAOTCA 0 Mepe MIpOTeKaHHs lipouecca (BO BPEMEHH)
H B pasJIHYHBIX TOYKAX almnapara, T. e. B IpocrpaHcrse. [losromy TexHOMOrH-
yecKHe Mpolecchl MOoROOHBI TOJLKO IMPH YCJAOBUH COBMECTHOTO COGJIIONeHHA
reOMETPHYECKOTO H BPEMEHHOro MopolHsA, MoLo6GHua noJell (QHIHYeCKHX BeJlH-
YHH, 4 TaKXe Nofo0HA HAYaJIbHLIX H PAHHUYHBIX YCJIOBHH.

ChopMynupyeM 3TH YCJIOBHA Ha IpHMepe HOAOGHOTO ABHIKEHHA BA3KOH
XHIKOCTH B HaType (B IIPOH3BOACTBEHHOM TPYGONPOBOLE) H B €6 yMEHbILeHHOH
mozneau (puc. II-21). Jlaa storo paccMoTpuM Jl06ble CXOJCTBEHHHE TOUKH,
JlexxauiHe, Hanpumep, Ha ocH Tpy6: Ag u Ag (Ha Bxoge), a Takke Ai u Aj,
A uw A2 u T. .

eomerpuueckoe nono6ue cobaonaercs NPH paBeHCTBE OT-
HOWEHHH BCEX CXOACTBEHHBIX JIHHEHHBIX DPa3MepOB HATYpbl M MOLEH:

' : Lo
—%,r=—PD7=7%§—,?=.--=const=k[ (11,62)
rie L’ w L" — npauna uatypst 1 Mofenw; D' u D" — puamerp uarypet u momeaw; 4, Ijw I, I
H T. L. — NOYTH, I'lpO"XOlIHMbIe CXOACTBEHHBIMH YaCTHLAMH XKHAKCCTH OT BX0Za .0 npOHBBO.anOl"l
TOYKH, CXOACTBEHHOH [/ HATYPbl M MOCIEIH.
-
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Ilpu nonoGHOM JBUXKEHHH CXOJCTBEHHbIX YAaCTHIL HX TPAEKTOPHH B HaType
¥ B MOJE/NH TaKkKe JOIKHb OblThb MONO6GHBI. DTO yCJOBHE HHOIAA HA3BIBAIOT
KHHeMaTHYE€CKHM NogobHEM

IMocroAHHan BeIMYMHA k;, XapaKTepH3ylollad COOTHOLUEHHE MEXKAYy reome-
TPpHYECKUMH MMapaMeTpaMH NofoGHLIX CHCTEM H NO3BOJsOLLAA NepelTH OT pas-
MEPOB ONHOU CHCTEMbI K pa3mepaM IpYyro#, NpeicTaBiseT coboil, KaK yKashl-
BaJloCh, KOHCTAHTY IeOMETPHYeCKOro MoJo0H1.

; . [} ’ ’ 1" II " ’
Ay /q//(’z:/ » Wy 2y y_/”—h--) /qzl ~ ﬂ (Z uov_/"tﬂ )/72 =
——0 —FR -——?— &y
&= i = g)
gl N i f”
? ! , |
- L” i
- L

Puc. 11-21. K dopmyasupoBke yc/ioBH 10700HA NOTOKOB B HATYype H B MOJIE/IH.

BpemeHnnde mongo6ue xapakrepH3yercs TeM, YTO CXOACTBEHLHIE
HYaCTHIR B FeOMETPHYECKH ﬂOIlO6HbIX cucreMaX, JBHrasfacChb Mo FeOMETPHHECKH
NIOROGHLIM TPAEKTOPHAM, NPOXONAT FeOMETPHUECKH MoRoOHbIe MYTH 3a lpoMe-
KYTKH BpEeMEHH, OTHOlLlIeHHe KOTOpb[X ABJIACTCS MOCTOAHHOH BeJlHqHHOﬁ, T. €.

’
—Z‘—,,——_—l,l,————v—T—z———-»--=const=k1 (11,63)
T Ty T2

rae T, T“ — BpeMs NPOXOKIEHHS CXOLCTBEHHHIMH HaCTHLAMH BCEro TpyGonposoga (HaTyphl
H MOJIeNH COOTBETCTBEHHO); Tj, -r1 B T) T, HT. ). — BPeMs NPOXOXKAEHHS CXOACTBEHHbIMH Ya-

cTHLAMH nofoGHEIX nyTefl ll,l u b, 12HT I, kg —KOHCTAaHTa BpeMeHHOTrO
OOROOCHH4.

[lpu cobioneHNH reOMeTpHYECKOro H BpemeHHoro nono6ua 6yner coémo-
BarbcA TaKXe mojgo6He cKopocTeid

—_— = e == —S- == ... == const = &y, (11,64)

Mono6ue pusuveckKUux BEeJHYHH [pegnoaaraer, 4ro 114
IBYX JIOGBIX CXONCTBEHHBIX TOYEK HATYypbl M MOJE/H, pa3MelleHHbIX MoaoGHO
B MpPOCTpPAHCTBE H BpeMeHH (T. e. MPH COOJIIOJEHHH TeoMETpHYECKOro M Bpe-
MEHHOTO MOJOGHA), OTHOMUIEHHS (PU3MYECKHX CBOHCTB SIBJAAIOTCA BETHUHHAMH
nocrosHHbIMU. Tak, HallpuMep, ec/H ABHXKYLLHeCs MO TPyOOnpoBOAaM HKHIKO-
CTH MMEIOT BS3KOCTb W, MJIOTHOCTH P H T. R., TO ANA CXOLCTBEHHBIX TOYEK
HaTypH U MOJesu :

. , ~

Po P Po

e = e =~ == -+ = CONSE = kp (11,65)
fo 01 P2 ’

1; , " . )
Fo M _ M const=t, (11,65a)
Ho Ml Ko ‘

T A

MMogno6ue tavuaJbHB X H TPAaHHYHBX yCJOBHIM mpea-
10JIaraeT, Yro OTHOLIEHHA OCHOBHBEIX NMAapaMeTpOB B Haya/lde M Ha TpaHHUe
HATypbl H MOAEIH HABJSIOTCA COOTBETCTBEHHO BeJHYHHAMH MOCTOAHHLIMH.
ViHbiMH ciioBaMH, AJIA Haya/bHbIX ¥ TPAHHYHBIX YCJAOBHH HOJXHO cobJio-
Aarbca reoMerpHyecKoe, BpeMeHHOe H (HU3HyecKoe moaobue, Kak M /11 NPYruX
CXOJCTBEHHHIX TOYEK HATYPHl H MOJEJH,
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Koncmarnmet nodobusn Ry, ky, ke, ko, R, ¥ T. 1., BbIPAXKAWOUHE OTHOLICHHA
. pas/MYHBIX ONHOMMEHHBLIX BeJHYMH B HATYPe H B MOIEJH, NOCMOAHHbL 044
DA3AUMHBIX CXOOCMBEHHOLX MOYeK Nno00OHbIX CUCMeM, HO UIMEHAIOMCA 6 3aik
CUMOCMUL OM COOMHOUICHUA PA3MEPOS HAMYPbL U MOOEAU.

OTMeTHM elle OJHO Ba)KHOe CBOMCTBO KOHCTAHT MoA0OUA: BXORAILHE B HUX
ONHOMMEHHBIE BeJIHYMHEI MOTYT B3 aHMHO 3aMeHATHC . [losTomy
OMHOUWIEHUS NPUPALUEHUE IMIULX BEAULUH MONHO 3AMEHAMb OMHOUIEHUA MU CAMUX
‘seauqurn. Hanpumep:

ky w,l, w; w,{-—— w; A P B 511,66)
U T. & .

[Nonpo6xe notokos B Harype u monedad (puc. I1I-21) moxHO oxapakrepH3zo-
BaTh TaK:Ke C [TOMOIWLbI0O HHBADHAHTOB NOAOGHA, BbIpaxKas Bce MOJOGHbLIe BeIH-
YLl B OTHOCHTE/JBHbLIX €AMHHIAX, T. €. B BHJAE OTHOUICHHH CXONCTBEHHBIX
BeJIMYHH B npefenax Kaxnofl cucremsl. Tak, us ypassenus (I1,62) ciemyer:

L
T;—=T,—,-=mv=;dem=i[ (11,67)
npH4eM inv, HJH idem, — o3HayaeT HHBApHAHT H O, HJIH <«OJHO H

TO Ke».

BenuuuHa i, npexcrasiiser co60f HHBADHAHT MONOGHA reoMeTpHYecKHX
BEJIHYHH. '

[1pu BolpakeHHH M06OH BEJHYHHbLI B OTHOCHTEJNBHEIX eIHHHUIIAX B KAYeCTBe
Maciitaba ee H3MEpeHHA MoxKeT GbITb BLIOPAHO 3HAYEHHMe 3TOH BeTHYHHD
B JI0G0H TouKe cHcTemsl. Hanpumep, B Boipaxcennn {I11,67) 3a macura6 smecto
puebl TpY6 L' M L” MOXHO mpuHATE MX JAHaMeTpsl H T. I. ’

AHaJsorH4HO cilepyer: A

u3 ypaBHenus (II,63)

noon .
= =g (11,68)
u3 ypasHeHusa (I1,64)
w w;
—_ = Loy, (11.69)
Wy Wy
uz ypasuenunst (11,65) '
o P :
B (11,70)
Py O¢ :
neoom .
—}—: -—,1,—= iy (11,70a)
Ko i)

B smipamenuax (I1,69) u (I1,70) 3a macwra6 nepemeHHmiX NPHHATH WX
3HQUEHHS HA BXONe B CHCTeMy, T. €. HX HauajbHble 3HAYEHHA, HampHMeEp
Wy, Wo U T. 1.

Hneapuanmer nodobus iy, iy, iy, iy, iy H T. L. Mo2ym Boims HEOOUHAKOBYL
OAR PA3AULHBIX CXOOCMBEHHBLX MOoUeK NOOOGHBLX CUCmeM, HO He 3ABUCAIM OMm cOOM-
HOWEHUR pA3MePos8 Hamyper 4 modeau. DTO O3HAUAET, 4TO npu nepexode om
ooHolU cucmemst K Opyeoii, et no0obHOL, uneapuanms no006US HE MEHAIOM COOUX
BHaueHul.

IlpuBesieHHbIe - Bblllle HWHBAPDUAHTH MOJOGHA, BHIPAXEHHBIE OTHOLICHUEM
1BYX OIHOPOAHBIX (PU3HYECKUX BeJIHUMH (MapaMeTPOB), HA3BLIBAIOTCA M a p a -
METDHYECKHMH KDHTEDUSAMH, WIH CUMIOJAEKCAMH.

Oniako HHBApHAHTLI TONOGHS MOTYT ObITH BEIPAXKEHBI TAKKE OTHOEHHSAMH
Pa3sHOPONHbBIX BEJNHYHH, T. €. MpPEACTaB/]ATb coboif Ge3pasmepHbie K oM -
mJeKcs 3TuX BeauuuH. Hanpumep, xak nmokasaso Huxke, 1JA CXOZCTBEH-
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HbIX TOYeK MOAOGHBIX MOTOKOB B TPy6ONpOBOAAX paBHbI MHBAPHAHTHI TIOROOHA,
COCTOSILIIHE M3 PAa3jiH4HBIX (H3HYECKHMX BeJUUUH, HJIH OGe3pasMepHble KOM-
IUIeKCHI, ABJAIOLINECS yXKe H3BeCTHhIM HaM KpurtepueMm PefiHosbiaca:
w'd'p’  wdp’
T

Eciu uHBapuaHTsl MOJOGHA BbIPaXKalOTCA KOMIJIEKCAMH BEJHYHH, NOJY-
YeHHBIMH NpeofpaszoBaHHeM [H(depeHIlHANbHEIX ypaBHEHHH, OMHCHLIBAIOLIHX
npouecc, TO HX Ha3plBAlOT KPHUTEepPpHAMU mopAobwusa Kak 6yrer
BUAHO M3 RajlbHEHWero, Kpumepuu nodobus écezda umeront husuveckull cMoica,
ABAAACO MELAMU COOMHOWEHUSL MEHCOY KaKumu-mo Dsyms sppexmanu (criamu
W m. n.), CYUECMEEHHbIMU OASL DACCMAMPUBAEMO20 NPOYUECCA.

Kpurepun nojo6us o6aanaioT BCCMH CBONCTBAMM HHBapHAHTOB: OHH Ge3-
pasMepHbl, MOTYT H3MEHATb CBOe 3HAa4YeHHe OT TOYKH K TOUKe NaHHOH CHCTEMHI,
HO BJIA CXOACTBEHHBIX TOYEK NONOOGHBIX CHCTEM He 3aBHCAT OT OTHOCHTEJNbHBIX
pasMepoB HATypsl H MoJlesIH. B cH/y Ge3pasMepHOCTH YHC/IOBLIE 3HAUEHHA KPH-
TepHeB MOJ06HA, KaK H KOHCTAHT U HHBaDHAHTOB MoAO6HA, He 3aBUCAT OT MpH-
MeHAeMOH cHCTeMbl eJMHHIL.

Kpurepun monobua Moryr ObiTh HOJlydeHsl AjaA JOGOro mpolecca, ecjH
M3BeCTHBl daHAJHTHYECKHE 3aBHCHMOCTH MeXJy XapakTepH3yOIHMH €r0 BejH-
YHHaMH — AH(bepernualbHEIe yPaBHEHHA, OMHCHBAlOUHe npouecc. Bmecre
C TeM clelyeT OTMETHTb, YTO ORAHMH H TOT Xe Mpolecc, KOTOPOMY COOTBET-
CTBYeT onpeneneHnoe AuddepeHuHaNbHOe YypaBHeHHe, MOXKeT OHITb HHTe-
FpajJbHO OMHCAH NPH HCIMOJIL3OBAHHH DA3JHYHLIX CHCTEM KDHTEpPHEB.

Be3spasmepHble CHMIIEKCH HJH KOMIJEKCh BEeJHYHH, B YaCTHOCTH KpHTe-
pHH MojOOMUA, HA3BIBAIOT TaKxkKe OGOOMEeHHBMH TIMHepeMeH-
H Bl M H.

OcHoBHblE TOJI0XKEHHA TeOPHH Moao6uA 0606UlatOTCA TeOpEeMaMH MORoGHS,
[PHBOJAHMBIMH HHXKe. DTH TeopeMbl JeXar B OCHOBe IPaKTHYeCKOro npHMeHe-
HHA TEOpHH [0A0OHUA.

[leppana teopeMa nogob6usa Guaa ccpopmmeposaHa Hetoro-
Hom. CorjlacHO 3Tofl Teopeme, NMpH MONOGHH cHCTeM Bcerja Moryt ObITh Hak-
lleHpl Takue Ge3pasMepHble KOMIJIEKCH! BEJHYHH, KOTOPbIE JJIl CXOACTBEHHBIX
TOYEK NAHHBIX CHCTEM ORHHAKOBBI, T. €. n0006HbIE ABAEHUS XAPAKMEPUIYIOMCS
YUCAEHHO DASHbIMU Kpumepuamu nodobus.

[Tokaxem 310 Ha mpuMepe [BHXKEHHA TeJl, OMHCHIBAEMOro OOLIHM 33KOHOM
MeXaHHKH, — BTOPEIM 3aKoHoM HewToHA:

== jdem = Re

Boigeaum B RByX nogoGHeIX cucTeMaX (HaType ¥ MOJeJH) JBe 4acTHILI,
ABHKYWHeca noao6Ho. Ilycte B Hartype Ha wactuuy Maccoit m' AefictByer
!

o dw .
cuja f', coobuiasa efl ycKopeHHe —77 B MOJle/lH CXOACTBeHHAsA 4acTHUA Mac~

”

o o dw
coit m" mon peficTBHEM CHJIB f” MpHOGpeTaeT ycKOpeHHe o
[lo Bropomy 3akony Hsloroua. '

dw' dw"
’r __ ’ — ”
fr=m dt’ uo f=m dv”

ITpu mono6HOM NBHXEHHH YacTHIL AJd CXOACTBEHHBLIX TOYeK HATypHl H.
MOJIe/JH KOHCTAHTBI I'I01106HH BbIpaxKarwTCa OTHOUIEHHAMH
ml wl T'
=k =k o=

CriefcTBHeM MOROGHS 3THX MepeMeHHBIX ABJAETCA MOAO6HE CHIL:
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OrtHouwlenue cul, OCYCNOBJMBAOUIMX ABHKEHHE 9aCTHI, OAOJKHO ObITh
pPaBHO OTHOMIEHHIO BO3HHKAIOWHX IPH 3TOM HHEPUHMOHHBIX CHJI. 3HAUHT

' dw’
A

f” ha " dwn
dav”’

HAH
P mdw de
f”

= mll dwll dT'

Kak orMmeuasoch Bblllle, OTHOLIEHHS MPHpalleHHil BEJH4HH, BXOAALUIAX
B KOHCTaAHTHI ﬂOlIOﬁHﬂ, MOXHO 3aMEeHHTb OTHOIUIEHHSIMH CaMHX BenH4YHH, T, €.
3HaKH AHQdepeHLHanoB MOryT OMTb oTGpolueHnl. TakuM oGpasom

i’___ ‘m'w'y”
fl/ - mnwn_‘/
HJIH
kmk,
b= U
>
oTKyaa
kiky
C= 2% 1,71

Beauunny C, COCTaBJEHHYIO M3 KOHCTAHT MOoJOGHS, HAa3LIBAIOT M H I H «
KaTopoM nmojgobus. _ ,
3amennn B Boipamenun (I11,71) KoHcTaHTH 10LOGHST OTHOLIEHHAMH COOT-
BETCTBYIOUIHX BEJHYHH H fiepeHoCs B JIEBYIO 4HacTb BCE BEJIHYHHK llJ]H'HaTypbl,
a B MpaBylo — AJIS MOJEJIH, HaXOAHM
't e

mlwl - muwr/

Takum ob6pasoM, nonyqeH Ge3pasMepHblfl KOMIJIEKC BeJNHYHH, 3HAYeHHA
KOTOPOro OJHHAKOBB! AJIS1 CXOACTBEHHBEIX TOYEK OOEHX CHCTeM. DTOT KOMi/eKa
HaspBaloT KpuTepueM HpioToHa u ofosnauaror

T idem = Ne (11,72)
mw

WJH, yYHTBIBasi, 4T0 T = l/w

{
r_nf—w'3= Ne (11,72a)

Kaxk BuaHO H3 NPHBEAEHHOIO0 No 06 Horonpeo6GpazoBaHHUSA,
KpurtepHii HbproToHa xXapakrtepHayeT OTHOWeHHe [AefiCTBYyIOLIeHd Ha YacTHUY
CHJBL K CHJle HHepUHH. D10 o3HayaeT, uyTo KpHTepull Hetorona (kak # Jr06oi
HHBAPHAHT NOLOOKMS) BHIPAXKAET BeJHYHHY JelcTByloilell Ha YacTHUY CHJB
B OTHOCHTE/IBHRIX €AMHHIAX, NPHYeM 3a MaciuTal CHJbl IPHHATA CHJIa HHEPIHH.

Kak Gyner nMoKasaHo HHXe, DAL KPUTepHeB MHADPOLHHAMHYECKOTO NOROOHA
oTpaxaeT COOTHOIIeHHS MEXAY AeHCTBYIOUIMMH B IIOTOKE CHJIAMH, & HMEHIC
MEK/1Yy CHJAMH TSXKecTH, JaBJeHHs, TPeHHs, u cHJoii uHepuuH. Takum oGpa-
30M, 3TH KpPHWTEpHH MNPEINCTABJAOT CO6OH, MO CyUlecTBY, YacTHbie CJAyYaH
Kputepusa HbioToxna.

Ha ocunoBannu suipaxenus (I1,71) mepBas teopema mopo6ust moxer ObiTt
copMyIupoBaHa TaKXke CJAeAyIOWHM 06pa3oM: y nodobnoix fAsaeruil UHOUKA-
mopbt nodobusn pasHo eQuruye.
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AxasornyHo ToMy, Kak Oblo HafiieHo BoipaxkeHue Kputepusi HoioToHa,
MOXKHO NyTeM NofoGHOro npeolpa3oBaHHA COOTBETCTB yOUWHX AH(GbepeHURaTb-
HBIX YpPaBHEeHHH NOJy4uTh BEIPAXKEHHs APYIHX KPHTEPHEB noznoGusi. Ilpocie-
AUM TOC/Ie/0BaTelbHOCTE TAKOH OnepauuH Ha nprmepe nojobHoro npeobpa-
20BaHusl Broporo 3akonHa Hoioroua.

) dw
. 3nas anddepeduuansHoe ypaBHeHue, [ = m———, ONHChIBAKOLlee NaH-

npil KJaace sipdeHui, dopMmyJ/aupyoT nopobue ycJOBHH OAHO3HAYHOCTH AJA
IPynnbl NOROGHEIX SIBJEHHUI, T. €. 3a4310T KOHCTAHTH NOAOOHS, BhpPaKaloLlHe
OTHOILUEHUA (H3HUYECKHX BEJIYMH, BXOAAIIHX B 5TO ypaBHeHHe,— ki (s
CHJI), k, (ans wmacc), k, (A4s ckopoctel) W k. (114 BpeMmeH).

Kaxnyio BennuumHy, BXomsimywo B AxddepeHunanbHoe ypaBHeHMe,
}MHO)Ka}OT Ha codTBETCTBYIOULYIO KOHCTAHTY NONOOHS H BBIHOCST KOHCTaHTHI,
KaK {IOCTCAHHBIE BEIMYHHBI, 32 3HaK AHddepequuana:

d (ko)  bpke  dw

kif = k'",n'm = —Er—_ m—_—

Ilpn sToM ecsik B ypaBHEHHe BXOAAT NPOH3BOAHBIE 6onee BLICOKHX nOPsf-
KOB, 4€M NepBpiH, 4151 J000H QH3NUeCKOll BeJHYHHBL (1)
d" (k) k. d™w

d (kex)" K dx

3. HcxonHoe n npeoGpa3soBaHHOe TakKuM 06pa3oM ypaBHEHHSI MOTYT ObiTb
TOMAECTBEHHB! JHIIL NPH YCJOBHH, YTO HHAMKATOPH NofoGHA paBHEl €lH-
nuue. B nanHoM cayuae 310 ycnoBHe HMeeT BHA

' k
C= e _
bmky

4. 3amenstioT MaciiTabHble MHOXHTENH B HHAMKATOpe NOAOGHA OTHOLIE-
HHUAMH COOTBETCTBYIOLIMX BEJHYHH M HAXORST KPHTepHHM noAoOHA:

() ()

HJAHN
fixt
m/w/ - m”w”
OTKYyJa
T
r?fzﬁ = idem = Ne

Takast nocseqoBaTesibHOCTb NEHCTBUE [JIS MOJYYeHHs] KpuUTepHeB NolobHs
NpHMEHHMa npu MNofo6HoOM npeofpa3oBaHHH JOOBIX AMpdepeHlHaNbHbIX
ypaBHeHu.

OpmHako Bo3MoxeH TakxKe (Qopmanbio IRpyroét u o0wuHo OoJiee npocToH
cnoco6 nogo6Horo npeo6pasoBanus AuddepeHnHaNbHbBIX ypaBHEHHH: Kpume-
puu nodobus Haxodam, Oean 00HY Hacme YpasHerus Ha Opyeyo u ombpaceBan
BHAKW MAMEMAMUHECKUX ONepamopos. ;

T

HeficteuTenbio, mosydeHHuill Boiue Kparepuii Ne = —-— MOXHO pac-’

© dw
CMaTpHBaTb KaK 4acTHOe OT AeJeHHsA fHa, m —— NocJIe OTﬁpaCblBaHHﬂ 3HAaKOB

dz
dw w
AMpdepeHUHana, T. e. YUHTHBAS, YTO o—~—.

B cayuae npeoGpasoBanusd ypaBHEHHH, B KOTODHIE BXOAAT NPOH3BOLHBIE
He 1epBoro, a Gojiee BLICOKOrO NOPAAKA (B 4aCTHOCTH, BTOPOro), NpH orbpa-
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ChIBAHHH 3HAKOB oNepaTopoB coﬁmo}lae'rcn YKa3zaHHoe Bhillle NMpaBHJIO 3aMeHbl
nepemeﬂﬂmx, BXOAAUIHX B KOHCTAHTELL HO}IOGHH, Hanpmwep
A 02w w

W (11,73)

[Tpun 3TOM npocTpaHcTBeHHAst KOOPAHHATa X, TAaK Xe KaK KOOpAHHATA Y
WJIH 2, MOXeT ObITb 3aMeHeHA Ha HeKOTODbi XapakTepHbIH JMHEHRHBIH pas-
mep / ¢ mpHBJEYEHHEM MapaMeTPHYECKHX KPHTepHeB, HJH CHMIJIEKCOB reome-
TpHUECKOro MOA00HS.

ITepsas meopema nodobus yxazwaem, KaKue GeAULUHBL cxzeagem uamepams
npu nposederuu onsimos, pesyasmams Komopsix mpebyemes 0606wums: Hado
uaMepAmb Mme BeAUHUHbL, KOmopbie 6xo0am 8 xpumepuu nodobus.

Bropas Teopema noaob6us Obua foka3zaHa DBsxuuremowm,
denepmanom H Adanacweboii-dpendect. CornacHo 3Toll Teopeme, pewerue
2106020 OuPeperyuaIbrO20 YPABHERUA, CBA3BIBAIOIYE20 MedcdYy cobot nepemen-
Hble, BALAIOUUE HA NPOYecc, Mmoxcem Goums npedcmnasieHo 8 8ude 3a8uUcUMOCHU
Mewcdy 6e3pa3mMepHbiMU KOMRACKCAMU 3MUX 8CAUMUH, M. e. MeNcdy Kpumne-
pusamnu nodobus.

Ecau 0603HaYHTh KPHTEPHH TTOA00HA Yeped Ttj, Ty, Ny, . . ., M, TO pelle-
uue AH(depeHHANLHOTO YypaBHeHHst MoKeT OwiTh mpeicTaBjaeHo B obileM

Buae:
@My, My Mgy o ... Tg) =0 (11,74)

Taxkue ypaBHeHHS HA3biBalOT ypaBHEeHHAMH B o6o6UIEeHHBX
NepeMeHHB X (0O6OGUMEHHB MH), HWIH KPHTEepHAJAbHHEMH
YpaBHEHHSIMH.

Kputepun nofo6Hs, KOTOpPLE COCTABAEHE! TOJNBLKO U3 BeJHUHH, BXOAAMIHX
B YCJOBHS ONHO3HAYHOCTH, HAa3LIBAlOT oM peleJsou uMHu Kpure-
PHH Ke, BKJIOYAIOULHE TAKKe BeJHUHHBI, KOTOPLIe He ABJIATCH HEeoOXOAH-
MBIMH IUISl OLHO31IaYHOH XapaKTepHCTHKH AAHHOTO mpolecca, a camH 3aBHCAT
OT 3THX YCJIOBHH, HAa3bIBAlOT oM pe neq aeM b MH. Kakoll 3 Kputepues
SIBJSIETCS ONpejlesiieMbiM, 3aBHCHT oT (opMyJHpoBKH 3ajzaun. Hampumep,
B cJydae ABHMKeHHS KHLKOCTEH Mo TpvﬁaM ecJiH 3aaaHbl Gopma Tpyows (T. €.
OTHolleHIle LJHHBl €e K gUaMeTpy), (puanqecxne CBO#ICTBa2 KHJIKOCTH (BR3-
KOCTB, TJIOTHOCTB) H paclpejefeHre cKopocTefl y BXoaa B Tpyby u y ee cre-
HOK (T. e. HayaJbHele H IpPAHHYHbBIE YCJAOBHSA), TO COBOKYIHOCTb 3THX YCJOBHH
O[HO3HAYHO omnpefe]sieT CKopocTs B J060l TouKe TpyOu K nepenag AaBJeHHB
(Hanopa) mexny JmoObiMH ee AByMa Toukamu. [lpu Takoit dopmynunpoBke
3ajauH, Koria HaxojuTcs Nepenal HAasJjeHuH, KpuUTepuil THApPoAHHAMHYe-
cKoro nojo6usi, B KOTOPHIf, KpoMe YCJOBHH OXHO3HAYHOCTH, BXOAUT BeJH-
yyHa Ap, 3aBucsulas OT HHX, OyAeT ompefessieMbIM.

[13 kpuTepna bHOro ypaBHeHHs], MPEACTABJSIOUIErO COBOA PYHKUHOHAMD-
HY!0 33aBHCHMOCTb MEXAY KPHTEDHAMH NOR0o0HA, pAacCUHTaB NPeABAPUTEILHO
3HaueHHst onpefe/asOWHX KPHTepHeB, HAXOAAT 3HAYeHHe ONpPeiessieMoro
KpHUTEpUs, a H3 HEro — 3HaYeHHe HHTepecymoLled HAC BeJHYHHEL. Takum
00pa3oM, C/AH OnpellesieMbM fBJAETCH HEKOTOPh# KpHTepuil 7, TO ypas-
nenne (11,74) ynoGHee mpeAcTaBJsATL B BHIe

= f(ng T ..., Tp) (11,74a)

Bmopas meopema nodobus omsewaem na éonpoc, kax obpabamssams pesyab-
mamst onbimos, nposedennsbix Ha modeanx: ux nado npedcmasaams 8 sude Pynk-
LUOHAABHOL 3a8ucuMOCmU MeNDY Kpumepuamu nodobus.

Tperpbs Teopema moxobHs, uin teopeMa M. B. Kupnuuesa
#n A. A. T'yxmana, ¢opmy/IHpYyeT HeoOXOAHMbie H J0CTATOUHBIE YCJIOBHS 11010-
Bust ABeHuit: noJdoOHbL me ABAeHUs, KOMOpbie ONUCLIBAOMC 00HOU 1 mol e
cucmenotl Jughepenyuanbusix ypasHenul u y Komopsix cobarodaemes nodobue
ycaosul odrosnaqrocmu. [Tono6u0 Ke ycJaOBHH. ONHO3HAUHOCTH NPU HAEHTHY-
HOCTH AnddepeHRHaANbHHX YypaBHeHHH, OOHKCBIBAIOUIMX MNpoLeccsl, oTBeyaer
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paBeHCTBO OMpPeleAONHX KPHTepHeB mnoaobus. 3HAYHT, TPeTbA Teopema
nofoGHs MoXeT ObITh CPOPMyNMPOBAHA M TAK: A6AeHUsA noaoéubz ecau ux onpe-
Oeasrowue Kpumepuu 4UCAeHHO DABHSL.

CnencteBneM paBeHCTBA ONPelelsoUIMX KPHTEPHEB, COIJIACHO YpaBHe-
nuro (11,74a), sBasiercss paBeHCTBO onpepefsieMblX KPHTEPHeB AJIA MOMEJH H
Hatypul. [losTOMy 3aBHCHMOCTB THIA ypaBHerus (11,74a), nonyyenuasi 06oG-
lleHHeM Pe3yJ/bTaTOB ONBLITOB HAa Mope/dbHOH ycTaHoBKe, OyleT cnpaBelnnBa
(B Tex e mpeflesax H3MeHeHMs ONpeAe/sIOUIKX KpuTepHes) AJs BceX nono0-
HbIX MPOLECCOB, B TOM uHCJe A8 HATypH.

Takum ofpasoM, HcC/eOBAHHE TNPOLECCOB METOAOM TeopPHH [oxoGHA
NOJIXKHO COCTOATb H3 CJERYIOIMHX 3TanoB:

Ilony4ynB nosiHoe MaTeMaTHYECKoe ONHCaHHe [pouecca, T. e. COCTABHB
anddepeninalbHOE ypaBHEHHE H YCTAHOBWB YCJIOBHHA ORHO3HAYHOCTH, MpO-
BOAAT mofobHoe npeo0pasoBaHHe 3TOro ypaBHeHWS M HAXONAT KPHTepPHH
nonpoGus. .

2. OnpITHEIM NyTeM Ha MOJeJAX yCTaHAB/JIMBAlOT KOHKPETHHIl BUJ 3aBH-
CHMOCTH MEXJY KPHTepPHAMH Tmoaobus, npuyeM noaydenHoe ofobuieHHoOe
pacdeTHOe ypaBHeHHe CIpPaBelJIHBO AJIs BCeX NOZOOHBIX ABJEHHH B HCCIeRo-
BaHHHIX Npefe]aX H3MeHeHHS ONpelesfioHX KpPHTepHeB NoAoOHS.

"Mpunupnnst ananorpn. CyHHOCTE MaTeMaTHYECKOro MOJeNHPOBaHH#. Jaa
BeCbMa CJOXKHBIX XHMMHKO-TEXHOJOIHYECKHX II1POUECCOB, NMPOBONMMBIX, HaTIPH-
Mep, B XMMHYECKHX PEAKTOpax C KaTaju3atopamH, nolobHoe npeoGpasoBaHue
AuddepeHInaNbHBIX ypaBHeHHH NDHBOAHT K BbIBOAY 3aBHCHMOCTEH - MeX1y
GonblInM 9HCJIOM KPHTepHeB nofobHa. HanexHoe MoleHpoBaHKe, TAKUX IPoO-
eccoB Ha Majofft ONbITHOH YCTAHOBKE C MNOC/AEyWOULHM pacnpocTpPaHeHHeM
NoJIyYeHHBIX RaHHBIX Ha MPOH3BOACTBEeHHbIE YCJOBHSA, T. €. MDPHMEHEHHe H3J0-
JKEeHHBIX Bbillle MPHHIKNOB (PH3HYECKOro MOJE/JHPOBaHKS, 1PAKTHYECKH HEBO3-
MoxHo. [IpHuHHA 3TOro cTaHeT sicCHA HA npHMepe Gojlee MPOCTOro Ciydas —
rHApOAHHAMHYECKOro nopobus (cM. crp. 81).

B cBA3H ¢ 3THM HCC/IefOBaHHE yKa3aHHBIX NMPOLECCOB NPHXOIHTCS IPOBO-
JuTh MOCAe0BATENLHO HA pPsle ONBITHHIX YCTAHOBOK, IOCTENeHHO NPHGH-
>KawUHXes Mo Macwtaly K npPOMBbIUJIEHHBIM yCTaHOBKAaM, UYTO COMPSKEHO
¢ GoJBLIHMH 3aTpaTtaMH BpeMeHH H CPEACTB.

3HauuTenbHO Goslee SKOHOMHUYHO H 3(0(heKTHBHO H3yUYeHHE XapPaKTEPHCTHK
CJOXKHBIX SIBJIEHHH HAa MOAe/sX, NMPOLEecChH B KOTOPHIX HMEIT HHYI0 dH3HUe-
CKYI0O CyHUIHOCTb, YeM Mpouecchl B Harype. B nocientine rofnl Takoil Meron
BCe IUHpe NPHMEeHAeTCs B HHXEHEPHOH mpakTHKe.

B ocHoBe JaHHOIO MeTOAa JIEXKHT CBOHCTBO H3oMO p d H3Ma audde-
peHUHANbHBIX ypaBHEeHHH, sIBJASIONIeecs oTpakeHueM efNHHCTBA 3aKOHOB IIPH-
poibl. To CBOACTBO 3aK/IOYAETCS B TOM, YTO C NOMOUIBI0 CHCTEMB! OfHOTHII-
HBIX AuddepeHUHATbHBIX yPABHEHHH MOXHO ONHCHIBATbH Pas3/H4YHbie N0 CBOEH
(hbH3HYECKOH CYLIHOCTH SIBJEHHSA. Hanpumep, aHa/oruyHele ypaBHeHHs MpH-
MeHHMB! JJIf1 OfHCasgHs noJeil cCKopocTefl, TemMnepaTyp, KOHUEHTPaUHH H T. [,

Takum o6pasoM, CymecTByer aHaJOTr H A H MeXAY GU3HUECKH pasHo-
poaHblMH npoueccamu. Ilonobue dH3nYecKH OXHOPOJHBIX TNPOLECCOB MOXKHO
paccMaTpHBaTh KAaK YaCTHBIA CJy4alt aHaJIOTHH.

Brnepsreie Takasi anajorusi Oblla npHMeHeHa IS TeXHHUECKHX LeJel
akap. H. H. TlaBioBckum B Hauase 20-x ropos. IIpH sToM HCHoJIE30BanOCh
eHHCTBO CTPYKTypbl ypaBHeHHH, OIHCHIBAIOHIKX CTOJb Da3jHUYHbIE, HA Mep-
BBIH B3TJIAA, npoHecchl, KakK (GHJALTPANHA XKHUAKOCTH CKBO3b MODHCTHE CJIOH
H pacnpocTpaHeHHe 3JIeKTPHYECKOro ToKa B 3/1eKTPONPOBORHOH cpene. DHib-
TPaUHs XHAKOCTH B IPDYHTAX PA3JIHYHOH NMOPHCTOCTH MO MJOTHHOH MOAENH-
poBajlach Ha 3JEeKTPHYECKOH MOJeJH — BaHHe C 3JIEKTPOJHTAMH DasHOH
3JIEKTPONPOBOJHOCTH; AHAJOIOM MJOTHHBEL CJYKHJ JIEKTPOH30JSATOP, TOrpy-
KEHHLIH B PacTBOp. DKCHepHMeHTAIbHOE onpefieeHde B 3Tofl BaHHe Xapaxre-
PHCTHK 3/JeKTPHYeCKoro noJsi (npoduas KpuBHIX PaBHOTO MNOTeHUHasaa) TNpPH
HaJIOXEHHH pPasHocTel NOTeHUHAJIOB, COOTBETCTBYIOHIHX Das3JIHYHLIM pasHo-
CTAM ypoBHel XHAKOCTH A0 H noc/ie NJIOTHHL, N03BOJAAET YCTAHOBHTL 3aKOHO-
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MepPHOCTH (GHJLTPALHH BOIbl CKBO3b NMOuBeHHBlE CJIOH Noj NJoTuHoH. Kousu-
YeCcTBEHHOH XapaKTEePHCTHKOA TaKoH aHaJOCHH sBJSETCS KPHTeDHHA, mouay-
yeHHbll TOROGHBIM peoGpasoBaHkeM OAHOTHIHOTO AHbdepeHHHANILHOTO ypaB-
HeHHusl, CduceiBamuero o6a mnpouecca. [Jns coGmofeHHs aHAJOTHU MEXRY
THAPOAHHAMHYECKOH HATypod H 3/eKTPHUECKOH MOMEeNbI0 3HAYEHHS 3TOrO
KpHTEPHS LIS HATypbl H MOLENH NOJKHbl ObiThb OJHHAKOBHL

Taxkum ofpa3om, B AaHHOM cJaydae MJIS MOLETHPOBAHHS HCMOJL3YETCH
3]1eKTPOTHAPOAHHAMHYECKAs aHajorHsA. [IpH HccneloBaHHH NpPOLECCOB XHMH-
YyecKO# TEXHOJIOTHH YKAa3aHHYIO aHAJIOTHIO NPHMEHSAIOT MJs1 H3yYeHHs pacrpe-
JIeJeHHsl CKOPOCTedl MOTOKOB B amnfaparax, 3amojiHeHHHX Hacajkoil, Kara-
JuszatopamMu, agcopfeHTaMH, MJIA H3YHEHHS DEXMHMOB (DRJABTPOBAHHSA CYCIEH-
3ufl M T. L.

AnaJiorisi CYULeCTBYeT MEXAY 3JeKTPHUYeCKHMH, . TEMJIOBEIMH M Maccool-
MeHHBIMH IIPOLECCAMH, 4 TaKXe MeXAY FHAPOAHHAMHIECKHMH, TENJOBhIMH H
Maccoo6MeHHBIMU TpoleccaMH. TTo3ToMy NpH HCCJeloBaHHHK TENJIOBBIX, Macco-
OGMEHHBIX HJH THADOZHHAMHYECKHX IMPOLECCOB MOKHO HCHOJb30BaTh Oosee
npoctoie B KakoM-l1HGo orHoluieHHH Gojee ylRoOHbie, weM HATypa, MOIeJH,
B KOTODHIX TPOTEKaeT coBceM APYrod duanuecKnii npouecc. EnnHcTBeHHOE
yc/oBHE MPHMEHHMOCTH TaKOro cnocofa HCC/AeloBaHHS 3aK/I043aeTcss B TOM,
yto o6a mpouecca AOMKHBEI ONHCHIBATHCH OAHHAKOBBHIMH MO BHAY AuddepeH-
UHaJbLHEIMM  ypaBHeHHsiMH. Tax, HanpuMep, sJeKTporensonas aHaJorHs
MoxeT ObiTb NpHMeHeHa [yTeM HCHOJB30BAHHS OMHCAHHOTO Bhillle MeToAa
3J1eKTPOJHTHUECKOH BAHHB JJI1 HCCIelOBAHHA MoJlefl TeMilepaTyp B PEaKIHOH-
HBIX anmaparax.

Bonbinoe mpakTHyecKoe 3HayeHHe HMeeT MPHMEHEHHE 3 JE€KTDPHUYE -
CKHX MOJedJae i, 4TO CBA3aHO CO 3HAYHTENbHO GOJbllell CKOPOCTBIO pac-
IpocTpaHeHHA 3JeKTPHYECKOI'O TOKA MO CPABHEHHIO CO CKOPOCTBIO Pacrnpo-
CTpaHeHHs Tel1a HJH BEWeCTBa. 3TO NMO3BOJAET 3HAYHTETLHO YCKOPHTb MpO-
BefleHHe ONEBITOB HAa MOJENsIX. )

Kpome Toro, 15 coOMIOfeHHS! TOJHOro NMoRo6Hs ABYX (H3HYECKH OJHO-
POIHBIX MPOLECCOB (B YacCTHOCTH, NBHXKEeHHS MXHAKOCTH, cM. cTp. 81) wgacto
TpeGyeTcs, 4YTOOB HEKOTOpble (H3HYECKHe CBOHCTBA Cpelbl, HCNOJNb3yeMoil
B MOJE/IH, 3HAUHTEJbHO OT/IHYAJHCHL OT COOTBETCTBYIOUIHX CBOHCTB paGoueit
cpellsl B Hatype. [lostoMy B psile ciydaeB OKa3piBaeTCsl MPaKTHYECKH HEBO3-
MOXHBIM Nono6parth A5 ModenH cpelly ¢ TpeGyeMblMH cBoficTBamu. B noao6-
HEX YCJOBHSX BecbMa MJIOJOTBOPHO HCHO/bL30BAHHE 37eKTPHUECKOH MOJEIH.

[IpuMepoMm 3TOMY CJAYHKHT PACCMOTPeHHBIA Bblllle CAy4aH 3JeKTPOrHApaB-

JH4eckoro Moflenpobanus. [Ipn ¢uandeckoM MogesHpoBaHuu npouecca Gub-
TpauKu KHAKOCTH CKBO3b TPYHT HA MOJ/IH IJIOTHHGLI OBIIO Obi BecbMa TPYAHO
HJIH HEeBO3MOXHO MeHATb B HYXHBIX Ipefejax NOPHCTOCTb (UILTPYolIek
cpenpl; B 3JeKTPOJHTHUECKOH e BaHHe H3MeHeHHe B IUHPOKHX INpefelax
3JIeKTPOTPOBORHOCTH PAcTBOPA, ABJSIOUIEACS AHANOTOM MOPHCTOCTH Cpefbl,
He npeicTraB/isieT HHKaKHX NMPAKTHUECKHX 3aTpyIHeHHH.
" HanGonee nepcrlexTHBHBIM MeTOJOM MpHUMEHeHHs] aHAJOTHH MeXIY (H3H-
YyeCKH Ppa3HOPOIHBIMH IPOLECCAMH ABJAETCH MeTol MaTeMaTrTHYeE-
CKOr'oO MOAEJHUPOBAHHIA, CBA3AHHLIA ¢ HCNO/NBL30BAHHEM 3JIEKTPOH-
HBIX BBIYHCJIHTENbHBIX MAUIHH.

MareMaTnueckHe MallHHBI MOXHO 3(deKTHBHO NPHMEHsSTh B TeX cJayuasx,
KOraa HeoOXoluMble [JIsS BBIBOJA pacCUETHHIX 3aBHCHMOCTel pellleHHsl audde-
peHUHAJbHLIX yPaBHEHHH OCYWISCTBHTE JAPYTHMH choocofGaMH oYeHb CJIOXKHO
WJH TpaKTHYeCKH HEBOCMOXHO. Ha MaimnHax TakHe pelleHHs NoOJyyawoT
au6o B Bule HenpepolBHLIX 3dBHCHMOCTeH (aHasoroBeie MatuuHel *), JaHGO
B UH(ppPoBoM BHIe (RHCKpPeTHbie, HJAH HH(pPOBbE, MAIIHHL).

[Mpunnun paGoTsl COBPEMEHHBIX AHAJOTOBBIX MAIlHH OCHOBAH HA HCIOJb-
30BAHHH AHAJIOIHH MEXIY VIeKTPHUYECKHMH SIBJIEHHAMH H MaTeMaTHYeCKHMH

* PaccMOTpeHHasl BHIE 3JeKTPHYEcKasd MOJelb B BHIe 3JIEXTPOJHTHYECKOH BAHHBLI TAKKS
SIBJSIETCH aHAJOTOBLIM YCTPOHCTBOM.
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nefictBHAMH. TakuM o6pa3oM, NpHMeHeHMEe NMPHHUHNA aHAJOTHH peBpaulaeT
B JJaHHOM CJlyyae MOJeJb B CUETHO-Peulauiee YCTPOHCTBO. 2TO B 3HAUHTE/b-
HOHl cTeneHW ycTpaHseT pas/iH4yHe MeXjy TeOpeTHUYECKUM HCC/JIefoBaHHeM
(pelleHHe NH(pdepeHLHANbHEIX yPaBHEHHH) H 3KCHepHMEHTAJbHBIM HCCJeno-
BaHHeM (MOCTAHOBKA ONLITOB HAa MOAENAX H- nocjelywoliee obofuieHHe HX
pe3yabTaToB). ‘

MarteMartH4yeckoe MoJe/HpoBaHHe Bce (oJiee MIMPOKO HCNOAb3yeTCH A/
HCeJleloBaHHS H NMPOEKTHPOBAHHS PA3/IMYHBIX NPOLECCOB XHMHYECKOH TEXHO-
Jorun. AHaNH3 H MoJeNHpPOBaHHE TAKHX CJIOXKHBIX HPoOHeccoB, KaK paspene-
HHe MHOTOKOMNOHEHTHHIX cMecefl (MeToRzaMH peKTHdHKannd, aGcopOUkH,
3KCTPaKHKH K AP.), XHMHYeCKHe DeaKHHOHHBLIE MPOLECcChl, NpoBefeHHe KOTO-
pPbiX B IPOMBIIIVIEHHBIX annapaTtax OcJOXKHeHO I'HAPOAHHAMHYECKHMH, AH(dy-
3MOHHBLIMH W TENJIOBHIMH- (PaKTOpaM#, NPaKTHUECKH HEBO3MOXKHbI Ge3 npHMe-
HEHHS COBPEMEHHO! 3JeKTPOHHO-BLIYHCIUTENLHOH TEXHHWKH.

ITpy H3yueHHH TaKHX npolleccoB HaHOOJee MIOJOTBOPHBIE Pe3yJLTaThl
MOT'YT OHITH NOJY4YeHb! NPH NPaBHJABLHOM COYETAHHH MeTOAoB (PM3HYECKOTO H
MaTeMaTHYECKOI'0 MOJEJHpPOBaHUS. '

OcHOBHble NPHHUHNBI METOJa aHaAH3a pasmepuoctedt. Kak ormeuansocs
Bbillle, MHOTHE TPOLECCH XHMHYECKOH TEeXHOJOIHH 3aBHCAT OT TakKoro 6ob-
IIOro 4YHCJ/a pasauuHpiX (aKTOPOB, 4TO JJs HUAX He yRAeTcs MOJYYHTH TNOJ-
HOr0 MaTeMaTHYeCKOro ONHCAHHA; MOXHO JHIIL B caMoM ofllieM Bhze npel-
CTaBHTb 3aBHCHMOCTb MEXAYy pPa3NHYHBIMH TeDeMeHHBIMU, BJIHSAIOUIHMH Ha
NpoTeKaHHe npouecca.

Ecnu, Hanpumep, corjacHo MNpakTHYECKHM JAHHBIM, HEKOTOpas BejH-
YHHA o 3aBUCHT OT mapaMerpoB B, y, O # 0, To o6kl BHI 3aBUCUMOCTH MEXAY
JaHHLIMH BeJIHYHHAMH

(e, B,y 0, 0)=0 | (11,75)
HJ/JAH
=f{. v 6 6 (11,75a)

s oThICHaHHS KOHKDPETHOTO BHAA 3TOH (PYHKOHOHA/IBHON 3aBHCHMOCTH,
T. e. VI HAXOXAEHWs PacUeTHOro ypaBHEHHS, MOXKeT GbiTh NPHMEHEH MEeTOR
a”aJjy3a pasmepHoCTEH.

B ocroBy Meropa mosiokeHa m-Teo pewa DBskuarema, corsiacHo Koto-
polt 06wyr0  PYHKYUOHAALHYIO 3ABUCUMOCTE, CEA3BIBARWYI0 Mexdy cobold n
NepeMeHHbIX BeAUMUH NPU MM OCHOBHLIX eQuHULAX UX USMEPEHUs, MOXCHO
npedcmasums 8 sude sagucumocmu mexcly (n—rm) 6e3pa3MepHbIMU KOMNACK-
Camu 3Mmux 8eAUMUH, A npu Haruduu nodobus — 8 sude ceasu meswdy (n—m)
Kpumepuamu nodobus.

Tak, HanpuMep, ec/ld pacCMaTpHBaeMoe sIBJE€HHE OMHCHLIBAETCS B oOLIEM
Buge coornoweHneM (L1,75), cBsispIBarOUIMM NATb KaKHUX-TO (H3HYECKHX
BEJIMYHH, H eCJH 5TH BEJHUHHB! BLIPAXKAIOTCH TMOCPEACTBOM TPEX OCHOBHBIX
eIHHHL H3MepeHus, To n = 5 M m = 3. CregoBarenabHo, (n — m) = 2, u
YKa3aHHas (pyHKUHOHAABHAA 3aBHCHMOCTbL MOXeT ObiTb NpeAcTaBjena B Bule
(hYHKUHHA MeXAy HeKOTOPHIMM AByMA Ge3pa3MepHBIMH KOMIVIEKCAMH Ty H 7T,

P(my, M) =0 (11,76)
HJH
Tty = f (759) (11,76a)

PaccMOTPHM HCTIONBL30BaHHE METOAA aHaJH3a pa3MepHOCTell Ha 3TOM NpaMepe, NPHHAB, ¥TO
Pa3sMEPHOCTH BCeX MATH BEAHYHH, XapPaKTePH3YIOIMX NpOLecT, BHPAKAWTCH Yepes OCHOBHHE
enunnib H3MepenHs B CH, a uMenno — eanHHUB! JaHHE L (&), BpeMenn T (cex) u maccnl M (ke).

IMycTs, Kak 3TO ¥aCTO OKa3LIBAeTCH BO3MOMKHBIM NMPH ONHCAHHH NpoileccoB, GyHKLHMA 0fmero
BHaa (11,75a) moxer 6biTh MPUGAHIKEHHO NPEACTABJEHA B BHAE CTENEHHOM 3aBHCHMOCTH MEXAY
BeMHIHHAMH &, B, ¥, 6 1 O:

a = xfYy* 6" (11,77)

‘Te %, Y, 2, U, U-— HEH3IBECTHHE YHCJOBBlE KOPPUIHEHTHL
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BripasuM pa3MepHOCTH BeJHYHH o, B, ¥, 6 H O B eIMHHUAX NJIHHbL, BpPeMEHH H MacCHhl:
a} = [L® T M4 [8] = [L®+ T2+ M®4]
(Bl = [La Tt me2] 16] = [LAsT"s M%)
[y] = [Lo* TPs M%)

B 5THX BrIpa)keuusx pasmepHocredd nokasartenu crencun npu L, T u M — gegortopsle onpe-

. feNeHHbe Yucaa.
YeurniBag, 4To pasMepHOCTH oﬁenx vacreit ypasnenns (I1,77) onunakosH, a x — Gespas-
MepHH# xostpqmungm 3aMeHHM B HeM BCe BeJHYHHLI HX Pa3MEDHOCTAMH

la] = [B1“IvI° [8])* [6)° ' (11,78)
HJIH nipH TOACT3HOBKE KOHKPETHOIrO BBRIPAXEHHA Pa3MEpPHOCTH Ka)xnbi'{ BEJTHY HHbBI
L& Tb, MOt = (La. sz Mc,)y (La, Tba Mc,)z (La. Tb‘M”‘)” (La,Tb,,Mc,)u

PackpniBa® CKOGKH B npapofl YaCTH 3TOrO YPaBHEHHA H TPYNNUPYA~ OLHOPOLHHIE UJeHH!,
OJYYUM

L% Tb,Mc, — La,y+a,z+a4u+a,va:y+b,z+b4u+b,,vMc2y+c,z+c,u+csv

Tlokasatenu cretenefl rMpH ORUHAKOBHIX OCHOBHBIX ezumuuax B 0BEHX 9acTsIX YpaBHeHHS
ZoJiHbl 6bITh paBuel. [losTomy

@y = @y + azz + au + ago
b'l = bzy + baz + b4u -+ by,v (,11,79)
€y = Calf -+ €32 + Cqu + CV

B 370il CHCTeMe M3 TPeX ypaBHEHHH HMeeTcsl YeThIpe HeH3BECTHRIX: Y, 2z, «, vu. Jliobble Tpu
M3 HHX HCErha MOXKHO BHIPa3HTL Yepes wersepTyio. Hanpumep, Buipasus 2, u u v yepes y, Haligem

z=Ay+ B u=Cy-i;D v=Ey+| F
rie A, 8, C, D, E u F — onpezenednele ygcaobble KO3qbHIUHEHTH], 3HaUEHHR KOTOPRIX oOripe-

JeasioTea u3 cuotenmsl ypaBHerHit (11,79) no sanaveHHAM Beex yHCMOBHIX KOabdHUHEHTOB @, b U C.
[MoncraBuM Tenepb 3HaueHHsl Z, 4 H v B ypaBHenue (11,77):

Q== xﬁyYAy+BaCy+DeEy+F
%

o = xﬁ!’yAyyBécy(SDﬂE” eF
oTkyna, nepexoas K GeapaamepHod dopme, MOAYUHM.

;‘BEQD-eF = £ (py48-eE) (11,80)

B ypaBuennu (11,80), B cooTBeTCTBHHM C T-TEOPEMOIl, CBA3b MeKIY NATHIO MCXOAHLEIMH BeJH-
yunaMu &, f, ¥, 8§ u O npefcraBieHa B BHAe 06OGUIEHHOM 3aBHCHMOCTH MeXny AByMs Gespas-
MEDHLIMH KOMIJIEKCAMH 3THX BEJHYHH:

S o
1 YBBDBF
H
g = ﬂy“’ﬁCGE

Jlns HaxoxneHHs KoHKpeTHoro Buaa ypasHexus (I1,80) Tpebyercs omnpe-
LeJIHTb HYHC/IOBble 3HAUEHHMS HEH3BeCTHBIX BeJHYHH — Koddduuuenta x H
oKasareJssi cTenexH . JTo MoXeT ObiTb CHe/1aHO NMyTeM 3KCICPHMEHTAJbHOTO
HCC/IeOBAHHSl HA ONBITHOH YCTaHoBKe (Molesqd) H OGpaGOTKH -PE3yabTaTOB
3KCIepHMEHTOB B BHIe 3aBHCHMOCTH MeX1y Oe3pasMepHBIMH KOMILJIeKcaMu
7j H ,. B nrore mojyyamT pacueTHyi0 3aBHCHMOCTb, NPHIORHYIO LIS LeJOH
rpynnel MOROGHBIX NpoleccoB, HO B H3YUEeHHHIX NpefenaX H3MeHeHHS 3Ha-
yeHH# mi H T,

s nons3oBaHMs METOAOM aHaNH3a Pa3MepHOCTeli HeoGXoxHMO 3apaiiee
3HaTh, KakKHe MepeMeHHble NOJKHB BXOAHTH B 3aBHCHMOCTE ofulero BHaa
thna 3asucusocti (I1,75). Ecam mpH cocTaBieHns Takod HCXOAHOH 3aBHCH-
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MOCTH He yYeCTb TeX HJIH HHBIX NapaMeTpoB, KOTOPHIE CYIIECTBEHHO BJIHSIOT
Ha NpOLEecC, TO 3TO MOXKET NPHBECTH K CePbe3HbIM OILHGKaM NPH MOJYYeHHH
KOHEYHOTO pPacYeTHOTO YypPaBHEHHH, YTO HABJAETCS HENOCTAaTKOM MeTojia aia-
auza pasMepHocrefi. [IpH OTCYTCTBHH HajeXHbIX HCXOAHBIX JAHHLIX, BbITe-
KapouHXx H3 GH3HYeCKOH CYUIHOCTH npolecca, B clydyae NpHMeHeHHs AaHHOro
MeToAa AJIst HX BbIICHEHHA HepPelKO NMPHXOAUTCS HCMOJNb30BATH HHXKEHEepHYIO
MHTYHIHIO,

PaccMOTpHM npuMeHeHHE METONOB TeopHM MofoOWs Y aHajH3a pa3MepHO-
cTel K rHAPOJHHAMHYECKHM Mpoueccau.

13. TuapopnHamMuyeckoe nopobue

MopoGuoe npeoGpazoBanne ypaBHenuii HaBbe—Crokca. OCHOBHBIE KpH-
TEPHH THIPOAHHaMHYeCKOro mnojaobus. Briue yxxe oTMeuasnock, 4TO aupde-
pennuasbinie ypabHeHus Hasbe—Crokca HeBO3MOXHO pellnTb AJas Goilb-
UIMHCTBA NMPAaKTHYECKH BAYKHBIX CJIyYaes.

Teopus nopobus nozsossier npeo6pas3oBarh ypaBHeHHﬂ Happe—CroKea 1
NOJYYHTh U3 HHX HEKOTOPYIO OOUIYIO0 GYHKIIHOHAJBLHYIO 3aBHCHMOCTb MeX]y
KPHTEPHAMH Nopno0Msi, XapaKTepH3YIOIIHMH CHJB, AeHCTByOIIHe NPH [ABH-
XKEHHH BSI3KOM KHAKOCTH.

[Mepenuiiem ypaBHeHHe HaBbe—CroKca A KanenbHOH XHAKOCTH (CM.
cTp. 53) B pa3BepuyTOM BuIe IJA ORHOH H3 ocefl — BEPTHKAJIbHOH OCH 2:

ow, awz awz Jw,\
P(' "a,c"‘ 1~ W, + Y dy +w2 0z )—

_ dap 0%w, " 0w, 0w,
= — 0g — oz e P( Ox? T ayz + 072 )

Ilna nopobHoro npeo6pasoBaHHs 3TOTO ypaBHEHHS BOCMOJb3yeMcsl paee
chopMyHPOBAHHBIM (CM. PHC. 72) npaBHJOM: KPHTEDHH MOJOOHA MOMKHO
NOJMYYHTb NyTeM JeJieHHS ONACH uacTH AnddepeHUHAJbHOro ypaBHeHHS Ha
IPYTryio H fiocjaenyrouiero otépacb8aHus 3HAKOB MaTeMaTHYeCKHX-ONepaTopoB.

Ecan aBHXeHHe XKHAKOCTH YCTAHOBHBIIEeCs, TO ee CKOPOCTb HE 3aBHCHT

. Jw »
OT BpeMeHH, T. €. ujeH —aTz- = 0. I'lpu sroM, 3aMeHsiA B JieBOH HacTH ypas-
HeHHsl, Xapaktepusywoouleli cHny HHepuuH, AHbdepeHnHaabl KOHEUHBIMH BEJH-
YiHAMH, HAXOLHM

aw aw w w?
p( L )fva—[———%—

rie ! — onpepeasiomHufi JHHEUHHIR pa3mep.

B npaBofi yacTH ypaBHeHHS§ ujieH, oTPaKarouluil AeHCTBHE CHJBI THAXKECTH,

0, o "
paBen pg. Yaen —ag——, XapaKTepH3YIOMHUH NeficTBHE CHJb JABJEHHS, MOXHO
. 5 _
3aMeHUTh OTHOlleHHeM —7—, T. e. ~E:L~—7—. Hakoten, noc/iefiiee cjaraemMoe

npaBoH 4acTH, OTpaxarollee JeHCTBHE CHJIK TpPeHHS

(asz 0%, , 0%, pw ‘ .
Ox? oy T o2t ) X

PaznennM ujeHbl OXHOM uacTH ypaBHeHHs HA WIeHbl APYrod ero 4actH H
HafileM TaKkuM o6pa3oM BbIpaKeHHs!, XapaKTepH3ypmHe COOTHO M e HH A
MEXJAY COOTBETCTBYWIMUMH CHAAMH H cuJo# mHep-
LK H, WIH, HHAUE TrOBOPH, BHIPA3 MM 3TH CHJAB B OTHOCH-
TenbHB X e€NMHHODAX, NIPHHAB 3a MacwTtab cuay
HHepnHU. B pesynbrate noayuuM Ge3paaMepHhe COOTHOLIEHHS BeJH-
9HH — KpPHTepHH noAoOHA.
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Buipakenne, xapaKTepH3youlee OTHOIUEHHE CHJIBI THAMKECTH K CHJE HHEp-
OHH, HMeeT BHI
g’ __ gl
pw

|

2

1o
Py
~

Bespaamepuriit Komniekc gl/w? mnpeicraBaser coGofi K puTepH i
® pyna uobosHauaercsa yepes Fr. Ytobwt H3bexaTb unces, MEHbLIHX €XH-
HHLBI, NPEATOYHTAIOT MOJb30BaThCA OOpATHLIM BhipaXeHHeM, H, TaKHM obpa-
soM, KpureprneM @Dpyna oObiYHO HA3LIBAOT BENHYHHY

Fr = —— (11,81)

Kpumeputi @pyda ompanxcaem 8ausrue cus magxcecmu, usld cobcmeerHo2o
geca, na deuxceriue scudxocmu. B Bune Buipaxenus (11,81) oH siBasieTcss Mepoit
OTHOUIEHUS CHJbI HHEPUHH K CHJE TAXeCTH B MOXOOHBIX NOTOKaX.

CooTHolueHHe MEXIY CHJAAMH NaBJIeHWs K HHEPUHH MOXKeT OblTh OXapak-
TePH30BAHO BhIPAXKEHHEM

p/l p

pw?/l pw

]

[MonyueHHwlfi Kommaekc pl;;’l Ha3bBalOT KpHTepuHeM DHaepa

H obGo3Hauaror yepe3d Eu. O6biuHo eMy npuHAalOT HECKOJABKO HHOM BHI, BBOAS
B Hero BMmecTO aGcoMIOTHOTrO AABJIEHHA p pa3HOCTL AaBJeHHH Ap Mexiy Ka-
KHMH-JAH60 ABYMS TOUKAMH MXHIKOCTH:

Ap

Eu= ot (11.82)

Kpumepud 3Sdnepa ompaxcaem 8éausnue nepenada 2udpocrmamuyeckozo
dasrerus Ha Osuscerue xudxocmu. OH XapakTepu3yeT OTHOUIEHHE H3MeHeHHA
CHJIbI THAPOCTATHYECKOI'O AABJEHHS K CHJEe HHEPUHH B NOAOGHBLIX MOTOKAX.

Haitnem Bripa)keHue, saBjsioileecsl MEPOM OTHOIIEHHS CHJIbI TPEHHSH K CHJE
HHEpPLHH, NPHHAB 32 KpHTepHH nofobust (A1s TOro Yrobbi H3GexaTh YHCEN,
MeHBIIHX eJHHHLE) 00paTHOe OTHOILEHHE:

pw?/l wlp

pew/ 2 p

= Re (I1,83)

" " " wlo
IMoayyenneift Ge3pasMepHbill KOMIJIEKC BeJIHUHH —, hassiBaercs,, Kak

HaBecTHo, KpuTepueM Pefinoanbaca,

Taxkum obGpasoM, kpumepuil Pedroasdca ompaxcaem BAuAHUE CUAbL MPEHUR
Ha O8uscenue xcudkocmu. OH XapaKTEPH3yeT OTHOILEHHE HHePUUOHHLIX CHJI
K CHJAM TpeHHsl B NMOJOOGHBIX MOTOKAaX.

Besnunna [ B Kpurepnn Re, KaK H B Apyrux KpuTepHsX nofobusi, mpen-
crapJjder coGol onpelensiouHi JHHEeHH pa3Mep. [Ipu ABHIKEHHH KHIKOCTH
yepe3 TpyOonpoBoAb! HJH anfapaTtel 32 TAKOH pa3Mep NpHHHMAaeTcs HX AHa-
Merp d, a B cjaydae HeKPyIJoro ceyeHH MOTOKA — 3KBHBAJEHTHBIH JHA-
Merp d,. g

[Tpn HeycTaHOBHBIUEMCS [JBHAKEHHH MXHIKOCTH B ypaBHeuun HaBbe—

ow; .
CTOI\'Ca E> —rJ= 0. 3aMeHHB H/jieH, OTPaXKalUHH BJAHAHHE HeCTaUHOHaPHOCTH

ow w o
ILBH)KBHPIH( a,: NJ—)T——)’ oxapakTepH3dyeM COOTHOIIeHHe MeXJy CHJIOH

HHEPUHH H 3TOH BeJHYHHOIL:
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o wr
Bespaamepﬂbm KOMIIJIEKC T Ha3bIBAGTCA KPpHTEPpHUEM TFomMO-

XpoHHoCTH u obo3nauaercs yepez Ho. CrenosarenvHo

Ho=$ (11,84)

Kpumepuid eosmoxpornocmuy yaumesaem reycmanoguetiuica xapaxmep 0su-
aeHus 8 N00OGHBLX NOMOKAX.
Bo Bcex cxolcTBeHHBIX TOYKaX ABHIKYUHXCA MOJOOHO JKHAKOCTEH

Fr’ == Fr” Eu’ = Eu" . Re’ = Re” Ho' = Ho"
Cor.1acHo BTOpOH TeopeMe noloGusi, peulledre ypaBHenwuil HaBve—Crokca

MOZKHO Ternepb MPeACTABHTL B BHAE (JYHKUHOHAJABHON 3aBHCHMOCTH MEXKAY
no.1y4eHHBIMH KPHTEPHAMH nouoﬁnﬂ, T. €.

= (Ho, Fr, Eu, Re) =0 (11,85)

B pane cayuaep 3aBucumocts (11, 85) NoJIKHA OblTh NOMNONHEHZ CHMILIEeK-
camu redMeTpHYeCKoro nofobus. Ilpu ABHIKEHHH JKHAKOCTH uepe3 TPyOs HJIH
KaHaabl TaKIIM CHMIJIEKCOM SIBJSETCs OTHollledHe AauHBl [ TpyOnl K ee aHa-
MeTpy d HJIM 3KBHBAJIEHTHOMY AHAMETDPY d,.

Toraa kpuTepna/nbHOe ypaBHeHHe NPHHHMAET BHI

@ (Ho, Fr, Eu, Re, Hl“) =0 (I1,85a)
3

Ilpn HauGosiee BaxkHOH A5l MPaKTHKK GOPMYyJIHPOBKE 3a1a4gd BCce BXOIS-
e B ypaBHeHHE KPHTEPHH, KpoMe KPHTepPHs DHjepa, CJAyKAT onpenelsio-
HIHMH, TaK Kak OHH COCTaBJIEHBI HCKMIOYHTENbHO H3 BEJIHUYMH, BHIPAMKAOUIHX
YCIOBHMS ONHO3HAYHOCTH. B KpHTepuil Ke Dillepa BXOAMT BeJHunHa Ap,
3Ha4YeHHe KOTOpOoH npH ABHMEHHH KHIKOCTH MO0 _Tpyle NOJHOCThIO oﬁycnoa-
JaBaercsd  ¢opmolt TpyObl - (OTHOWEHHEM l/dg) (HU3HYECKUMH CBOHCTBaMH
XKHAKOCTH (1, P) H pachpefeNieHHeM CKOpocTeli y BXoma B TpyOy H y ee cTe-
HOK (HayaJbHbIE H TpPaHUuHBE YCJA0BHA). [TosToMy, corsacHo TpeTheH Teopeme
nopobusi, Ajas nogobusi HeoGXOAHMO K AOCTATOYHO cobJ/iofeHHe paBeHCTBA
sHayeHufi Ho, Fr, Re n l/d,. CaencrsHeM BHITOJIHEHHS 3THX YCJOBHHA Oyler
TaKXe pDaBEHCTBO 3HAUEHHH omnpelensieMOro Kputepisi Eu B CXOACTBEHHLIX
- TOuKax nojoOHeiX moTokoB. [Tostomy ypaeHenue (I1,85a) npencraBasiloT Kax

Eu=f (Ho, Fr, Re, a-l-) (11,856)

3asucumoctn (11,85), (11,85a) wuan (I1,856) naspiBaror 06oOureH-
HbIM, WIH KPHTepPHAJbHHRM, yYypaBHeHHEeM THADORH-
HaMHEKH. ' '
dyuknuio (11.856) HanGosee wacTo annpoKCUMHPYIOT CTeneHHOH 3aBHCH-
MOCTBIO, T. €. MPHAAIOT 3TOH (DYHKOHH BHA
Eu= 4 Re™ Fr" Ho (EL)" -~ (11,86)
3

HJIH nocJe MNOoJACTAHOBKH COOTBETCTBYIOMIHX 6e3pa3mepﬂblx KOMIJAEKCOB

BeJHYHH
Ap (wdgp '"(wz "(wt p(_l._)a 11 86a
ows u) gd) ds) d, (11,862)
[lyrem o6paboTkH ONBITHBHIX AAHHEIX, MOJyYeHHbIX HA MOIIeJIﬂX HaXOAAT

YHCJAOBLIE 3Hayenuss kosppuuuenta A u mokasarteneil creneHedl m, n, p, 4
NPH COOTBETCTBYIOUIHX KPHTepHAX *.

* [Ipy obpafoTke H OGOCWEHHH OMHITHBIX JAHHHX C HOMOLIbIO CTENEHHbIX 3aBHCHMOCTER
tBna ypasHenua (11,86) pe3yabTaThl SKCIepHMENTOB OOLMHO TNPEACTABJINIT TpadHuecKH
B JIOTaPHMHYECKHX KOOPAHHATAX. DTO [O3BONAET MONYuaTb NMPAMHE, TAHTEHCBE YIJa HAK/IOHA
KOTOPBIX UHCJEHHO PaBHE 3HAYeHHSIM TOKaszaTeled Crenededd, a orpeaxn, oTceKaeMble Ha OCH
opAHHaT, — JorapupMam koapdHuresTOB A. .
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M3 nonyuenHoro ypaBHeHHs OObIYHO OMpelenslioT BeAHUYHHY Ap, BXOns-
wyo B KpuTepuit Eu. B 4actHocTH, npH NBHKEHHH KHIKOCTH 4epe3 Tpy6o-
npoBoAbl H annapaTbl TaK HAXOAMTCA MOTeps AaBieHHs (Hamopa).

Ecnv nBuKeHHe KUIKOCTH SBJISCTCA YCTAHOBUBIUUMCS, TO KPHUTEPUit
TOMOX POHHOCTH MOXeT ObITb HCKJItoueH u3 ypasuendit (11,85) u (11,86). Creno-
BaTeNbHO, LSt YCTRHOBHBIUEFOCH NBHKEHHsi 0000LieHHOE ypaBHEeHHe HApo-
JUHAMHKH HMeeT BHJ

l
Eu:f(Fr. Re, _d—;)‘ (11,838)
unn B Gosee obiueil gopme C
. Eu=f"(Fr, Re, [}, Ty, [5,. .) (11,85r)
rae [y, [y, [y ... — CHMDJIGKCH [EOMETPUYECKOTO MOLOGHS. '

Npubankennoe moaeauposanue. ABTomMopenbHOCTh. lIpH MoZennpoBanuu
MHOMHX TMPOLUECCOB XUMHUECKOH TEXHOJOTHH He ydaemca coOACmiL noAHoE
nodobue, T. €. pPABEHCTBO BCeX ONpeAeAIOIHX KpUTEepHeB MofobHs s
HaTypui H MOJeNH, Kak 3Toro TpebGyeT Tperbsl TeopeMa MONOGHS.

[Mycte, Hanpumep, HA MoleNH H3y4aerTcsl NMpoulecc, ONpelessieMbiii JHUIb
JABYMsi KpHTepusiMH — KpHtepusmu Peftnonenca u Ppyna. Has nomHoro
mono6us npoueccoB Kputepuu Re’ u Fr’ ans Hatypsl N0MKHBl 6bITh COOTBET-
CTBEHHO paBHbpl KputepdsiM Re” u Fr” mna momenu, T. e. \

i Re’=Re" u Fr' =Fr"
WY B Da3BEDHYTOM BHJAE :
w'l’ w'l”

v = v ’ (A)
(@) _ (@
—g'IT" - gnl” (5)

rgpe v = u/p — KHHeMaTy4deckas BA3KOCTb.
Ipumem, uToO yCKOpEHHE EHJIbl TAKECTH g =-const ¥ paGOuHe KUAKOCTH .
B MOJe/d H HAaType OJHHAKOBbl, OTKyAa v’ = v”. Torpa u3 Bulpamenu# (A)
u (B) CoOTBeTCTBEHHO NOJyuyaeM CJejylOWHe YCJIOBHS MOMHOro mnoxobus:
. ll . w’l l, _ (wl)2
TEW Y T T wR
OnHOBpEMEHHOE BLINOJHEHHE 3THX YCJAOBHH BO3MOXHO Juulb npu I = 17,
T. €. ecld Mojeldb H HATypa HMEIT ONHHAKOBble pa3Mepbl. Takoe ycloBHe
CBOJHT HA HET CaMYi0 HICI0 MOACJTHPOBAHHS, W €0 pEATH3alUHA MPAKTHUECKH
HCKJTI0UaeTCs.
Flostomy B MOje/lH, O4€BHAHO, 1€NeCO06PA3HO HCMOAb30BATh NPYTYI0 KHI-
KOCTb, OTJIHUHYIO 110 BeJHUYHHE KMHEMATHYeCKO# BA3KOCTH OT paGoued. B nau-
HOM cayuae (npH g = const) u3 Buipaxennét (A) u (B) caenyer:

w v " w’ l/ I
w” V” ll wrl - lu

[NpupaBHuBas npaBble YaCTH 3THX COOTHOUWEHHH H MPOBOAS MPOCTbIE Mpe-

06pa3oBaHusl, MNOJYUHM
v (L)a/z
_ v o\

Dro 03HAyaeT, YTO e€CAH MOAEAb B /1 pa3 MeHbiue HaTypbl, To B Hell Haxq
MPOBOHTH ONBITBl C JKHEKOCTbIO, HMEWllell KHHEMAaTHYCCKYI0 BA3KOCTh
B n37 pasa meHbuyio, YeM y pa6ouedl KHAKOCTH B HaType, YTO BO MHOHX
clyyasiX MPaKTHYECKH TPYLHO OCyWeCTBHTL. Tak, ecid pabouedl :KHIKOCTHIO
B HaType IBAAETCA BOxa, a pasMep MOJAeJH b 4 pasa MeHbllle pasMepa HaTypsi,
TO v XKHIKOCTH B MOjeJH O/KHA ObiTb B 8 pa3 Medbllue, ueM y BOJBI.

[lpr uucse ompefensiiOWiNX KpHTepueB GoJibilie ABYX BBINONHEHUE yCJIO-
BHH MOJHOTO MONETHpDOBaHHs ellle Gojee 3aTPyAHSIETCsl HAH BooGWwe Heso3-
MOXHO.
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OznHako NpH NPOBEREHHH MOLENMPOBAHHS YacTO MOXHO yIOBJNETBOPHTbCA
coGJI0leHUEM He MOJHOoro nonobHs, a Jub NonobHs Tex ¢akropos, KOTOpbIe
HanGoJee 3HaYMTENLHO BJHAIOT HA HCClenyeMbifl mpoiece, T. €. OCYUIECTBHTD
NpHOMTHUXKEHHOE MOJLEJHDOBAaHHUE,

Tak, Hanpumep, OpH TypOyJEHTHOM ABHMKEHHH KaNedbHBIX MKHIKOCTEH
H rasoB, NepeMellaeMplX C MOMOLBI0 HACOCOB H KOMNPECCOPHBIX MAIUHH, BAHSA-
HHe cOGCTBEHHOro BeCa KHMAKOCTH (CHJIBI TAMECTH) HAa pacnpene]eHHe CKOpo-
creil u mepenasn aas/jenuii ouenp Mano. Ilostomy ycrosHeMm papeHcTBa 3Haue-
Hu#l kKpuTepust Ppyla, OTpaxKaoWeEro BAHSHHE CHJBL TAXKECTH, HNPH MOAENH-
pOBaHHWH MOXHO npeneGpeub H ynpocTHTb ypasaenue (I1,85B), mpenctaBHB
ero B BHIE

Eu=Ff (Re, é) (11,851)

Ecan xakoil-n1n6o napamerp He BJHsIET HA OpOTEeKaHHWe Nporecca, TO Npo-
1eCC HA3bIBAOT @ BTOMO 1 €J b H Bl M 10 OTHOLIEHHIO K 3TOMY fapaMerpy.
IlosTOMY yKa3aHHOE BbIIE BBLIHYMKACHHOE TYypOyJEeHTHOE IBUIKCHHE KHUIKO-
cTeil MOXHO CUHTATh ABTOMOAEJbHbIM MO KpHTepHio Ppyra.

Onue ¥ TOT e KpUTepuil (B HaHHOM cilyuae kpHrepHii Ppyna), BAHsAHHE
KOTOPOro B OIHHX NPOIECCaX MOXKHO He YUHTbIBATb, B APYTHX mporeccax okKa-
3BBAET ONpEJeNAOUIee BJHSHHE HA OpOTEKaHHe mnpolecca, HanpHMep NpH
fepeMelleHHH XKHAKOCTH 1oy JeHCTBHEM PAa3HOCTH TJIOTHOCTEH B PA3IHUHBIX
TOUKaX ee ofbema.

ABTOMOJENHLHOCTD MOXKET HACTYMNHTb OPH H3MEHEHHH YCIOBHH MpOTEKaHHs
npouecca. THOHUHBIM APHMEPOM CJYXKHT CONPOTHBJIEHHE CHJI TPEHHS JBHKe-
HHIO BA3KOH XHUIKOCTH. Kak mokasaHo B jgaibHelineM, OpH 3HAYCHUSX KpH-
TepHsi PefHONbACA HHUXKE OnpenefeHHOro npele/a OHO 3aBUCHT IJIaBHbIM 06pa-
30M OT 3TOTO KPHTEPHSA H B MAJIOH CTENEHH ~ OT 1IePOX0BATOCTH CTEHOK TPYOH.
OnxHako OpH yBseJMYeHHH Re cBepX HEKOTOPOTO KPHTHUECKOTO 3HAYEHHs
¢dakTOpOM, ONpPENe/sioNIHM CONPOTHBACHHE, CTAHOBHTCS HMEHHO IIEpOXOBa-
TOCTb CTEHOK TPYyOnl. ConporuBieHue nepecraer 3asucerb or Re, T. e. mpouecc
CTaHOBHTCS aBTOMOJIJIbHBIM TIO 3TOMY KpuTepHio (cM, ctp. 88).

B cayuae aBTOMONeNbHOCTH M0 HAHHOMY KPHTEPHIO MOKa3aTelb CTENeHH
npH HeM B 06OOUIEHHOM ypaBHeHMHM THna ypasHenust (11,86) noayyaercs
M3 OMbITA PABHBIM HJIM OJIM3KHM HYJIO.

MoaudmunpoBaunsie u npoussonubie KpuTepud nonoGus, Kak caexyer
M3 TEOPHH NOJOGHS, HEKOTOpble QH3HUECKHE BeJTHUHMHBI, BXOAALIHE B KpHTe-
pud mojo6Hs, ienecoo6pasHO 3aMeHsiTb Ha APYrHe, UM MPOINOpPUHOHAJbHbIE,
Tak npH onMHCaHHH MPOLECCOB MepeMelHBaHUsl, NOACTaBJsAs B Re 3Hauenue
OKPY¥HOH CKODOCTH MeWaNKH, HCKJIOYAIOT U3 BbIpaKeHH sl CKOPOCTH MOCTOS H-
Hbl@ MHOXKHUTEJIH, T. €. NMoJACTaBJsioT B Re NponsBeleHue AuaMeTpa MellasNKH
Ha 4HCJ0 ee 060poToB (cM. raasy VI). [Tonyuaemble npH 3TOM BHIOH3MEHEHHBIE
KPHTEDHH Ha3biBAIOT MOIZH(QHIIHPOB AHHbLIMH,

B psne cnyuaes okasbiBaeTcst 3aTPYAHHTEJbHBIM HJIH AaKe MPaKTHUECKH
HEBO3MOXKHbIM OMPEeJeNIHTh WJIH BEIMHUCAHTD TY HJH HHYIO PH3HYECKYIO BEJH-
YHHY, BXOJASLLYI0O B KPHTepuil noRobusi. Torma 3Ty BeJHUUHY HCKAIOYAIOT
MyTeM COUeTaHHsa ABYX WUJH GOJBIUErO YUC]a KPUTEpPHEB H NOJYYEeHHS CJ0MK-
HbIX, WIH T P O H 3 B O g H bl X, KpHTEPHEB NoA0GHA, COCTABJEHHBIX H3 OCHOB-
HpiX. IlpH 3TOM HCK/TIOUEHHYI0 BeJNHUHHY OOLIUHO 3aMEHSIIOT Ha ApyLyio,
efi NPONOPHHOHAMbHYIO, ONBITHOE HJH pacyeTHoe ONpejeleHHe KoTOpoH
ABAsieTCs1 60Jiee MPOCTHIM.

Taxk, HanpuMep, OpH eCTeCTBEHHOH KOHBEKIHW, BO3HHKaUEH noa gel-
CTBHEM DA3HOCTH IIOTHOCTEH >KHMIKOCTH, OGYCJNOBJEHHOH pasJHYneM Temile-
patyp B pasHbIX €€ TOYKAaX, OYeHb TPYAHO ONPEAESHTh CKOPOCTb KOHBEKTHB-
HbIX TOKOB. OfHAKO 3Ta CKOpOCTb BXOIMT B Kputepuit Ppyaa, oTpamarouiui
nogo6ue Takux nporeccoB. [103ToMy HCKIIOYAIOT CKOPOCTb MyTEM COYETAHHS
Kputepuep PefiHoabaca u Ppyaa: -

Re? _ wPp/p® _ [Pp2g
Fr ~—  wigl —  p?
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TTosryueHHBIH KOMIUIEKC BETHYHH MPEACTaBAsieT Co60fi MPOU3BOAHBIA KpH-
TepH#, KOTOpblIl HOCHT HasBaHHe KpPpHTepHa [aaunesa:

1202

Ga=—5F (11,87)

YMuoxasa 3ToT KpHTele'fl Ha pa3HoCTb TJIOTHOCTEH KHIKOCTH B Pa3JHUHbBIX
B0 —

ee ToukKax, BhIPDAKEHHYIO B OTHOCHTE/BbHBIX €NUHULAEX, p (31'3 Pa3HOCTHb

. o
ABJISICTCH NPHYHHOH BO3HHKHOBEHHSI KOHBEKTHBHbBIX TOKOB), HaxoJsT HOBBIY

NPOM3BOAHLI KPHTepHH — KpHTepu i Apxumega:

Bp’g pg—p ‘
Ar___.T_._..____. 8
e 5 (11,88)
Po—1P

Ecnu 3aMeHHTb CHMIJIEKC NpONOpPIHOHAABLHOH eMy OTHOCHTENbHOH

pa3HOCTHIO TeMmepatyp, 6osiee yl06HO#! 1151 ONpese/ e s 8 ONbITAX, TO MOXKHO
NOJYy4HTh HOBbIH IPOU3BOLHBIA KPHTEDHH, ABJISIOWHHACSH KpHTEpHeM TemJo-
Boro nogo6us [pacroda (cM. raasy VII). - :

Cobaiogesue paBeHcTBa kpurepues Ga uiau Ar HeoOXOLHMO NPH MOJENH-
POBaHHUH Pa3HbIX NPOLECCOB, MPOTEKAIOUIHX MOJ ACHCTBHEM CHJbI THMKECTH.

flpumeHenue aHaIH3a pa3mepHocTed 8 ruapoaHHamMHKe. [IpousniocTpupyem
npuMeHeHHe OOUMX MPHHIHIOB aHA/AM3a DPA3MEPHOCTEl K uaCTHOH 3ajave
onpenelieHdsi B oflleM BHAE M€Penaja NABACHU{ NPH ABHKEHHH KHIKOCTH
no Tpy6onpoBony.

HonyctuM, 4To audbepeHiHanbHble yPasHEHHA, OMHCLIBAIOUIHE NPOLECC
(ypasuennss HaBpe—CrOKCa), orcyrcTBylOT. M3pectHo Jauiub, 4TO mpH ycra-
HOBUBILIEMCA JBHXKEHHH XHAKOCTH No mpsiMoil TpyGe mepenan naBJeHHd Ap
3aBHCHT OT CKOPOCTH »KHUAKOCTH W, €€ MJIOTHOCTH p H BA3KOCTH W, YCKOPEHHS
CHJIbI TAXKECTH g, WIHHBL TPYObI [ H ee 3KBUBaJEHTHOrO JHaMerpa d,.

TakuM o6pa3oM, H3BECTHA TOJNBKO (PyHKIHOHA/IbHAS 3@BUCHMOCTb OGLIErO
BUJAA: :

Ap=f(w. 0, p, g L dy)

[Monb3ysicb AHANHW30M pPAa3MEPHOCTEH, 3aMEHUM 3Ty (YHKUHIO 33BHCH-
MOCTbIO MEXAY KPUTEePHSAMH NOROOHs. B JaHHOM CJAyuyae 4HCJIO HepeMeHHbIX
p = 7, UACIO HX EIUHULL H3MEpeHHs (NITHHBL, BpEeMEHH ¥ wmaccol)) m = 3.
Toraa, CoryacHo m-Teopeme, YHC/I0 6e3pa3MepHbIX KOMIJIEKCOB, OMHCHIBAIOIIHX
polecc, AOMKHO 6bITb paBHO (1 — m) = 4.

[MpescraBum HCXoAHYl0 QYHKUHMIO, MO aHanorud ¢ ypasueddem (11,77),
B CTE[eHHOM BHJE:

Ap = xwlpn“g 15d!

Enuuuusl u3mepedust B CH H pasmepHocTd BeJNMUHH, BXOASAWHX B 3Ty
3aBHCHMOCTb!

cex® . m? Mo cex?

(ap1 = tapat] = [ | = [ | = L)

[w] = [#/cex] = [LT]
[p] = [xe/#®] = [ML™?]

] = [u‘aﬂg_] - [Ke-.u-cerc] - [ K2 ] = [ML-1T1]

M2 cer® . m? M- CeK
lg] = [w/cex?] = [LT-?]
1] = [u] = [L]
[ds] =[] = [L]

Toraa awamoruuto ypasHenuio (I1,78)
[Ap] = [w]’ o1 [p1* g1 [4° [, ]
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HIH, HOHCTaB}]ﬂﬂ BBIpAXKeHHUSA pa3M3pHOCTEH
MLY% o= (LT=YY (ML=3)2 (ML= =YY (LT-2) LsL

PackpbiBas CkOGKW B npasofl 4aCTH M TPYHONHUPYd OQHODONHbLIE YJ/EHE,

HaXonHM
ML‘_IT"I == M2 Fupy—dz—utrtsttp—y—u—2r

HpHpaBHHB noKasateJay creneHep npH OJHHAKOBLIX OCHOBHBIX eIUHNIax
B O6eHX 4aCTX yPaBHEHHA, IOJYYHM CHCTEMY, dHAJOTHYHYIO CHCTeMe ypaB-
wenuit (I11,79):
l=2z4u
~l=y—3z—ut+r+s+!?
—2=—g—u—2r

B nannoli cucreme 123 Tpex ypaBHeHMIi — IIECTh HEM3BECTHLIX, NO3TOMY
JM06Be TPH H3 3THX MEpEeMEeHHbIX MOXKHO BHPa3HTb yepe3 TpH Apyrux. Beipa-
3UM, Hampumep, y, Z ¥ f yeped u, r ¥ s:

Yy=2—2r—u
z==]l—u

[==fe—S—yu

TloncTaBum 3HayeHHs mokasareselt cTeneHed y, z v { B HCKOMYIO CTereH-
HYI0 YHKILHIO
2 27—y 1 8§ g7 o S
Ap = xw**~Hp gl dl
HJIH
Ap = xwgw“Q’w‘"pp phg tdld;d e
CrpynnupoBap Tenepb OTAeJNbHbIE BEJHUHHKE, HAXOAHM O606IIeHHYIO 3aBH-
CHMOCTL fJ1d onpeae/eHHs nepenana ﬂaBneHHﬁ:

Ap (wdsp ,u< w? \—r (] \s
=X =
pw n ) gds) (da)

Taxum o6pa3oM, HCKOMas PYHKIHSA TPeACTaBJieHa, B COOTBETCTBHH C Ti-Teo-
peMO#t, B BH/E COOTHOIIEHHS MEXKJY UETHIPLMS Ge3pasmepHbIMH KOMIJEKCaMH
BEJIHYHH, B JaHHOM Cilydyae — KpHTepHsmH Diinepa, PefiHonbaca, ®pyna u
CHMMNJIEKCOM reoMeTpHueCKoro nofobusi. UncioBble 3uauedns KoadxpHUHEHTa X
W noxasatefiefl cremeHefl — w, —r H S NO/DKHBI ObITh HAHIEHBI OMBITHBHIM
nyteM. B KOHeuHOM MTOre TOJNydaiOT pacueTHOe ypaBHeHHe Ui omnpeiee-
HHA Ap.

Hafinennas 0606u1eHHaﬂ 3aBHCHMOCTb HAEHTHYHA YDPABHEHHIO (11,86a),
€CJIH yueCTh, YTO IIPH YCTAHOBHBILEMCS NBUIKEHHUHU JKHUIKOCTH KPHTEpHH romo-
xponnoctd (Ho) u3 Hero Hago HCKIIOYHTH.

Takum 06pasoM, NpH NPaBHIALHOM Bb}6ope BEJMUHH, BXOAAUIKX B HCXOI-
Hyl0 QYHKUHIO, METON aHANH3a pa3MepHOCTeH No3BoJsieT (He UMed TOJHOro
MaTeMaTHueCKOro OMHCAaHHA NpOLEeCCa) MNOJMYUHTh Ty K€ KOHEUHyio. 06oOIIeH-
HYI0O 3aBHCHMOCTb, KOTOpast MOXeT ObITb BHIBEJeHa nopoGHbim 1peoGpa3oBa-
HHeM JHpdepeHHanbHLX ypaBHenHit HaBbe—Crokca.

14. T'mppasauveckue CompoTHBAeHHs B TpyGonposoaax

Pacyet riapaB/n4eCcKoro cornpoTHBACHHS] HPH IBHXKEHUH PeaIbHbIX XHIKo-
creil no Tpy6onpoBoaaM ABJAETCS OJHMM H3 OCHOBHBIX MPHKJIaZHBIX BOIPO-
COB THAPOAHHAMHKH.

Baxxoctb onpenenenus notepu Hanopa h, (uu moTepH naBJeHHs Ap,)
CBsi3aHa C HEoOGXOAMMOCTHIO pacyera 3aTpaT 3HeprHH, TpeGyeMmbiX I1s KOM-
NEHCAIMH 3THX TIOTEpb H NepeMellleHHs! XKHAKOCTeH, HampuMmep, C MOMOIILbIO
HacCoCoB, KOMMPECCOPOB i T. A. HamomHum, uto Ge3 3HaHHsI BEJTHYHHB A
(nnn Ap,) HEBO3MOXKHO HpHMEHEHWE ypaBHEHHsl BepHymm I8 peaNbHOR
®uakoctH [ypasxenue (11,52)1.
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[Tomepu nanopa 6 mpybonposode 6 obwem cayuae obYCI08AULAIOMCA conpo-
MUBAEHUEM MPEHUR U MECMHbIMU CONDOMUBACHUAMU.
ConpoTHBJNEHHE TPEHH s, HA3HIBAEMOE TAKXKE COMN P OT H B -
JeHHeM Mo AJHHE, CYHeCTBYeT NPH ABHXKEHHUH peanbHOH KHAKOCTH
no Bcel gnuHe Tpy6onpoBoaa. Ha Hero okasbiBaeT BJHSIHHE DEXXUM TEUSHHA
KHIKOCTH (JlaMHHApHBIA, TYypOYJEeHTHLH, CTerneHb pa3BHTHS TypOyJeHT-
Hoct). Tak, TypOWIEHTHbIA NOTOK, KAaK OTMeYaJoch, XapaKTepH3yercs
He TOJIbKO OGbIUHOMN, HO H TypOYJEHTHOH BSI3KOCTBHIO, KOTOPAs 3aBHCHT OT TH-
IPOAHHAMHYECKHX YCJIOBHH H BbI3bIBAT JONOJHHTENIbHBIE HOTEPH 3HEpTHH
Opd- ABHXKEHHH KHAKOCTH. :
MecTHBe CONPOTHBJEHHSA BO3HHKAIOT npu 066X UIMeHE-
HUAX BHAYEHUS CKOPOCMU NOMOKa usu ee Hanpasienus. K ux uucay otHocsres
. BXOJ MOTOKA B TPYGY M BbIXOJ H3 HEE MMAKOCTH, BHE3aMHBIE CYXKEHHs U pac-
WHpeHUst Tpy6, OTBOAbI, KOJeHa, TPOAHHKH, 3amopHble W pery.nupy;oume-
yCTPOHCTBA (KPaHbl, BEHTHJIH, 3BABHIKKH) U Ap. .
TakuM o6pa3oM, MOTEPSIHHBIA HANoOp SBASETCS CYMMO#l [BYX CJaraembix:

hn=hrp+hu.c (”,89)
rle fyp W Ay, ¢ — notepu Hanopa BCJIEICTBHE TPEHHA H MECTHLIX CONPOTHB/IEHH COOTBETCTBEHHO.

B cayuae namHHApHOro ABHXKEHHs Mo npsiMod TpybGe noteps Hamopa
Ha TPEHHe (T. e. ero moreps Mo JIHHe) A, MOxeT GbITh OmpejpesieHa Teope-
THUECKH HA OCHOBAaHHH ypaBHEHHf I‘Iyasemm (I1,32a).

‘ JleficTBuTeabHO, COrMacHq ypasHeHuio DepHynau, pis TOPH30HTAJIBHOTO '
tpy6onposona (z; = Z,) NOCTOSHHOIO Ce4yeHHs (W, = w,) HANop, TepsieMblfl
Ha TpeHHe

p—pPs _ Ap
g pg

[1pn noxcraHoBKke Ap = pgth-B ypaBdernue (11,32a) 1 3ameHe oGbemudro
pacxona Q MpOH3BEJEHUEM CpejiHeH CKOPOCTH MOTOKa W Ha MJoMajk noneped-
HOro ceueHust Tpyobl nd*/4 momyunm

nd? ndpgh ™

O S T

rie | 4 d — AVIMHA 4 Z¥aMeTp TPYOhl; L H P “— BA3KOCTb H IVIOTHOCTH *KHAKOCTH.

Otciona, noc/jae COKpauieHHi, HaxogHM NOTepsiHHbIA Hanop:

32wpl
"> = " ped

VMHOXast dHCAHUTENb M 3HAMeHaTelb NpaBofl 4acTH Ha 2w H TpynmUpys
BEIHYHHBI, OKOHYATEJTbHO MOJYUHM

th-’:—gg"T'—*— , (11,90)

T. €. no"rep;mm,xii Ha TpPeHHMe Hamop BbIPa)KaeTCsi. uepe3 CKOpOCTHOH Hanop
h. = w?2g.

BeauunHy, NOKa3bIBAIOIYI0, BO CKOAbKO Pa3 HANOp, MOTEPSHHBIA HA Tpe-
HHE, OT/IM4aercs OT CKOPOCTHOro HAMopa, Ha3bBalT KO3OGHUUHEHTOM
morepb 3HEPrHH NO HAJIHHE HUIH KO3DPHUHEHTOM
CONpPOTUBJAEHHWS nNO LJAHHE HIH KO3DPHULHEHTOM
COnpoTHBAEGHHS TpEHHS, U 0003HAYAIOT CUMBOJOM §,,, -2 OTHO-
iwewne 64/Re, Bxogsuiee B 3Ty BeJdHYHHY, — KO3 pdHuHenToOM

CK
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rUIpaBAUYEeCcCKOTO TpPEeHHA,, HIH NpocTo KO03bdHILHAeEH-
TOM TpeHHSs, H obozHayaioT yepe3s A. ITosromy

" 64
=g , (11,91)

. !
tp="H — (11,92

CneposarensHo, ypapaedne (11,90) moxer 6mTh npencraBleHo B BHJE

I o?
hop = Lop o T A = '—'*-Qg (11,93)-

HJIH 118 MOTepH JaBleHns Ap., (C yd4eroM TOro, uro Apyp = pghyp)

! pw?
Ap,p=x—d—-—7-— (11,933)

YpaBrenune (11,93) npu A = 64/Re xopouwo cornacyercsi ¢ ONbITHBIMH JaH-
HBHIMH 1J51 YCTaHOBHBILErocs JamHHapHoro pasienus (Re <3 2320). B srtux
YCJIOBHAX KO3(DOhHUHEHT TPEHHA NPAKTHYECKH He 3aBHCHT OT LIEPOXOBATOCTH
CTEHOK Tpy6onpoBoja.

Hns kanamnos HEKPYIJIOTO CeYeHHsi B y paBHEeHHe (11,93) BmecTO nuamerpa d
NOACTABJIAIOT 3KBHBAJEHTHHIE AHaMmerp d,, npHyeM

B

A= © (11,91a)

rae B — kosdduunenT, 3HaueHue KOTOPOro 3aBHCHT OT GOPMLL MOMEPEYHOTO ceueHus (s KBl
paTtHOro ceueHns B = 57, nnsa koableBoro cedenus B = 96 u 1. 1.)

¥YpaBuexue Toro xe Buaa, 4ro u ypasuerue (I1,93), Moxer 6biTb HCHOMb-
30BaHO /15 ONpefeJeHHsl NoTepb HANOPa Ha TPeHHe TakXKe NpPH: TypOyJeHTHOM
IBHXKEHUH KUJAKOCTH. OHAKO BHIpPa)KeHHe sl Ko3dgbhHlHeHTa TPEHHs B JaH-
HOM CJlyuyae He MOXET OblTh BhIBEIEHO TEOPETHYECKH H3-32 CJOXKHOCTH CTPYK-
Typsl TYpOYJEHTHOTO MOTOKAZ H HEBO3MOMHOCTH pellleHHsd JIJs1 Hero ypas-
nenuit Hasbe—Crokca. Tlostomy pacyerdsie ypaBHeHHs st onpeleleHHs A
npu TypOyNEHTHOM JBHXEHHH NOJyuaioT o0obleHHeM pe3yJbTATOB 3KCNepH-
MEHTOB METONOM TEOpPHH TNORoGHA.

TpencraBum oGobiienHoe ypasuende (11,851) B crenennoit dopme:

Eu== ARe™ (-—l—-)q
d

B pesy/pTare oéoémeﬂuﬂ 'ONBITHBIX JAHHBIR, MOJYYEHHbIX NPH ABHKEHHH
HHUJKOCTEH B TPyOonpoBoaax ¢ IIajKHMH CTEHKaMH B mpefenax Re = 4000—
10G 000, nafineHsl caenyiouiie YHCIOBHE 3HAueHHst KoadpHunedTa A H noka-
sareseit crenedefi: 4 = 0,158; m = —0,25; g = 1.

CrnejoBaTebHO, pacyeTHoe ypaBHeHHe MPUHUMAeT BHJ

Eu = 0,158 Re—0:25 (.é—)

Ilpu noacranoske B 3TO ypaBHeHHe BulpaxkeHus Eu = Ap/pw? (c yuetom
Toro, yro Ap = pgh,,) nmonyunm

pgh'.l‘p —0,25 l
HJH TIOC/E 3JIeMEHTAPHBIX I1peo6pa3oBaHHil
we _ - (11,94)

—0,25 1
hep = 0,316 Re™ %% %
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Conocrasnenne ypassedus (11,94) ¢ ypasxenuem (I1,93) nokasmBaer, uro
npd TypOyJeHTHOM ABHXKEHHH B riagkux tpybax (Re = 4.10%--10% kosp-
GHLHMEHT TpPeHHs Bbipaxaercs o6O6LIEHHON 3aBHCHMOCTBIO

0,316
4 e
V' Re

Takum 06pa30oM, eC/TH OPH JIAMHHADHOM JBHMKEHHH MOTepsi Hamopa Ha Tpe-
HHe MPOMOPUHOHANbHA CKOPOCTH XKHIKOCTH B MepBoil cTemeHu [cM. ypaBHe-
#ue (I1,90) ], To npu TypOyeHTHOM ABHKEHUH 3TA MOTEPs HAmopa B GOJbuIei
Mepe 3aBHCHT ' OT CKODOCTH — MOTEPAHHBIH HAamop nponopuHoHateH w!75,

ITpu TypOy/IeHTHOM MOTOKE KO3PDHIHEHT TPEHHsl B OGLIEM Cllyuae 3aBHCHT
He TOJIbKO OT XapakTepa ABHXKEHHS MHIKOCTH (3HAaueHMs Re), HO H oT uepo-
XoBaToCTH cTenoK Tpy6. M3 puc. 11-22 BuaHo, uto MpH TypGYJIEHTHOM pekHMe

A= 0,316 Re™ "% = (11,95)
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Puc. 11-22. 3asucumoctb A ot kpuTepus Re:

! — raagkve W WepoXxosaThe TPpy6H; 2 — raagkue TpySH (MeAb, NaTyHL, CBHHEN, CTEKJO);
3 -~ wepoxosaTbie TpyOb (CTanAbL, YYTyH).

[t~

3HayeHUs A ajisl HermagKHX TpyO Bblule, ueMm caenyet H3 ypasuenus (I11,95).
Ha pucyHke nokasano, uTo B HeGO/bWIOH 06/1aCTH BO/IH3H KPHTHYECKOTO 3Ha-
yeHHs1 Re pexuM JBHXKEHHA SBJAETCS HeYCTOHUHBBIM H BEJUUHHY A HaLEKHO
ONpenesHTh HeJb3s. ' .

HlepoxoBaroctb TPy6 MOXKeT ObIThb KOJHUYECTBEHHO OIEHEHa HEeKOTOpod
yCpenHEHHOH BEeJHYHHOH aOCOJITHOH WEPOXOBATOCTH A,
npeacrasisiouleil cofoli CPeLHIO BHICOTY BLICTYMOB IIEPOXOBATOCTH Ha BHY-
TpeHHeH noBepXHOCTH TpYy6. [10 ONBITHBIM JaHHBIM, N5 HOBBIX CTA/NAbHLIX TPY6
A a~ 0,06—0,1 mm; pns ObIBIIHX B 3KCMJAyartalldH, HO He CHJABHO MOJBEPrHy-
THX JASHCTBHIO KOPPO3HH CTanbHblX Tpy6 A = 0,1--0,2 mm; ans crapbix
3arpa3HeHHbIX CTa/AbHBIX H UyTYHHBIX Tpy6 A =~ 0,5—2 umm u T. L.

BausiHHe 11epOXOBAaTOCTH Ha BEeNHUHHY A ONpege/siercsl COOTHOILEHHEM
MeXJly CpegHel BLICOTOH BBHICTYNOB UIEPOXOBATOCTH A M TOJMNIHHOH BsI3KOTO
HoAcAOsl §, HBHXEHHE MHIKOCTH B KOTOPOM MOMHO CYHTATb NPAKTHYECKH
JaMHHApHBIM (cM. cTp. 47). B Hekoropo# HauaJjbHO# 06/aacTH TypOyJeHTHOrO
IBHXKEHHsI, KOrJa TOJLHHA BA3KOrO MOACA0A OOJbile BHICOTH BBLICTYIOB
wepoxoBatoctH (8 > A), XHAKOCTb I/1aBHO OGTEKAaeT 3TH BHICTYNbl H BJIHSA-
HUEM 1UepOXOBAaTOCTH Ha BeJHUMHY A MOXHO npeHe6peub. B ykasaHHoi
061a¢TH TypOYJEHTHOro IBHXKEHHs1 TpyObl MOXHO pDacCMaTpHBAaTh KaK T H -
JpPaBIHYECKH IJTAaJRKHWE H BbUKCIAATL A nmo ypasHeHuwo (II,95).

[Tpu Bozpactaunu Re BenuunHa § ymeHbuaercs. Korja oHa craHoBHTCA
cpaBHHMOi ¢ abcomoTHOl 1wepoxosatoctbio (8 ~ A) u meHbwe ee (6 <G A),
BSI3KHH MOJCJOM - YK€ HE MOKPBbIBAET BBLICTYMOB 1UEPOXOBATOCTH. B Ttakux
yCIOBHAX KO3(PPHUIHEHT TPeHHsi BCe Go/blie HAUHHAET 3a8BUCETb OT IEpOXo-
BartocTH. [Ipu 3ToM BeJqHuHHA A, a ClefoBaTeNbHO, H MOTEpPsl Hamopa Ha Tpe-
HHMe BO3pacTalT MOA NEACTBHEM CH/1 HHEDUHH, BO3HHKAIOUIMX BCJAEACTBHE
JOMOJMHHTENbHOIO BUXPeo6pa3oBaHHsl BOKPYT BLICTYIIOB WIEPOXOBATOCTH.
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TakuMm oOpasoM, C yBelHueHHeM KpuUTepHs PelHOMbACAa 30HA rJaj-
KOT O TpeHHUs, B KOTOPO# A 3aBHCHT JHWb OoT Re, mepexonur cuauaJa
B30HYy CMeW aHHOTrO TpeHHSH, KOTJa Ha BeJHUHHY A BJIHSIOT U Re
H UIepoXOBaTOCTb, @ 3aTEM B a BTOMO 1 €J b H y 10 (N0 OTHOWeEHHIO K Re)
30HY, KOrja BeJHUYHHAa A NpakTHYEeCKH MepectaeT 3aBHCETb OT KpHTEepHsA
PefiHoJibiCa M OMpeneseTcs UL [LIepOXOBAaTOCTbIO CTeHOK TPy6 (puc, 11-23).

“ABTOMOenbHY0 06aCTb Ha3bIBAIOT TAKXKe 06/acTbl0 KBajapatHu-
HOro 3aKOHa COMNPOTHBJEHHU A, TAK KAK, CONVIaCHO ypasHe-
uHo (I11,93), opu OTCYTCTBHH BAHAHHRA Re (T. €. CKOPOCTH) HAa BEeJHUYHHY A
CONPOTHBJNEHUe TPEHHN CTAHOBUTCA MPOMOPLMOHAJBHLIM KBajpaTy CKOPOCTH.
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"Puc. 11-23. 3aBucuMOCTh A OT KpHTepHS Re NpH pas/MuHBIX OTHOCHTEb-
HBHIX LIEPOXOBATOCTAX. .

Kpurhueckue snauenus Re,, ,, MpH KOTOPBIX I11€POXOBATOCTh HAUHHAET
BIMATL HA KO3(DQHIHEHT TPeHHs, @ TaKKe KDHTHYECKHe 3HaueHus Re,,,,
MpH KOTOPHIX A CTAHOBHTCH (yHKIHEA TOALKO [IEPOXOBATOCTH TPYGBI (CM.
NyHRTHp Ha pHC. 11-23), 3aBHCAT OT OTHOCHTENbBHON WEPOXO-
B@TOCTH &, BbIPaXaeMOH OTHOLIEHHeM alCOMIOTHOH WWepoXxoBatocTH A
K JAHamerpy d TpyoOH:

A
e=— ' (11,96)
3nauenust Reyp 1 W Regp, s ODHEHTHPOBOYHO OMpEfeAIOT MO YPAaBHEHHAM -
0 .
Rewp, 1~ - (11,97)
Reyp, 9~ 220~/ (11,97a)

Tpu pacuere xoadpuuuenrta Tpeuus A1s Bcex obmacrelt (30H) Typ6ynent-
HOTO JIBHXKEHHs] NMPHUMEHHMO ofuiee ypaBHEHHE

1 e, (681 \08
= 2[5 ()] (a1,98)
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ILnst 06,1aCTH T/1aAKOrO TPEHHSI pacuet A MPOH3BOASIT 1o ypasHeHHio (I1,95)
HaH no ypasueuuo (I1,98), H3 KoToporo HCKJIIOUEHO MEPBOE CaraeMoe B KBa-
APATHBbIX CKOGKAX. JTOT UJeH OTPakaeT BJHSIHHE ePOXOBAaTOCTH H ABJASIETCS
L JaHHOH 30Mbl mpeHeGpe:KuMO MaJaofl BedHuHHO#. CoOTBETCTBEHHO

1 6,81 109
Y (”R'e") =1,81gRg — 1,5. (11,99)

. s aBTOMopesnbHoO# o6iacTH, Korja A mepectaer 3aBHCeTb OT Re, B ypas-
Henun (11,98) moxxHO mpeHebpeub BTOPLIM CaraemMblM B KBagpaTHHX CKoOOKax,
M OHO MPHHHMAET BHJ

(11,100)

Tpennoxed Takxe paj APYTHX YpaBHeHHH [/1s1 pacuera A, mOJyyeHHbIX
o60bIleHHeM ONbITHbIX NAHHLIX *.

B cayuae nBuskenus ra3oB no Tpy6GonpoBoiam GoJblIOH MPOTAKEHHOCTH HPH pacyere Heob-
XOIHMO yuMTHIBATb W3MeHelHS [JIOTHOCTH rasa u3-3a yMeHblUEHHA faBleHHs (B peayinTaTe
norepH Hanopa) no AnaHe TpyOul. Ecau Asnxenne rasa mpu 3TOM CONPOBOMKIAETCS 3HAYHTEJb-

HbLIM H3MEHEeHHEM TeMnepaTypsl Mo AIKHe TpyGonpoBoaa, TO HYMKHO YYHTHIBATD H3MEHEHHEe MJIOT-
HOCTH la3a M BCJIE[CTBHE H3MEHEeHHS TeMmepaTryphl.

[TpHBegeHHblE pacyeTHble YPaBHEHHA MOJMYYeHB JJs H30TEPMHUECKHX
yClOBHH TeueHHst KHIAKOCTH. [lpn HarpeBaHHM WJH OXJaXKINEHUH IBHIKY-
welica XMHAKOCTH yepe3 CTEHKH TPYObl B pe3y/bTate H3MEHEHHs TeMIepaTypsl
MEHSETCSl H BA3KOCTb XHIKOCTH MO CeyeHHIo TPyGbl. 3TO BLI3bIBAET HEKOTOPOE
u3MeHeHHe npodH/si CKOpocTed MO JaHHOMY CEUeHHIO U, COOTBETCTBEHHO, W3-
MeHeHHe BeJqHudHbl A. OcoGeHHO CylleCTBEHHO BJHAHME Tel1006MeHa Ha Be-
JHUHHY A OPH JIaMHHADHOM DEXKHME -TeYeHHS, KOrja IOMepeyHoe Mepeme-
[UHBAHHE - KUJKOCTH OTCYTCTBYET M IpPaiMeHT TEMMePaTyph 0 MONePeuHOMY
ceyeHHto TPyGLl B OCHOBHON Macce :KMIKOCTH 3HAYHUTEJbHO Bbllle, YeM B Typ-
6yaeHTHOM MOTOKE. '

[Tostomy, ecau CpelHsAs TeMNepaTypa NOTOKA 3HAYUTEIbHO OT/AHYAETCS OT
TeMIepaTypbl CTEHKH TpyObl, BO BCE DACCMOTPeHHble Bblile YyPAaBHEHUA OJIs
pacuetra A [uckmwouas ypasuende (I1,100) ans aBromomenbHo# o6aacTH, rie
A He 3aBucHT OT Re] caenyer BBOAKTL MONPABOYHbLIE MHOKHTEIH, KOTOPhIe Ha-
XOIAT MO CMellHanbHbIM GopMysIaM, APHBOAUMBIM B CIPABOYHOH JHTepatype.

Tenepb paccMOTpPUM pacyeT MOTEpPb Hamopa Ha IIpeOjoJeHHe MeCTHBIX

COMpOTHBJEHU, T. €. onpefeaente hy . B ypasHenuu ([1,89). )
" B pa3nuuyHbIX MECTHbIX CONpPOTHB/EHHSIX MPOHCXOASIT M3MEHEHWs 3Haue-
HH CKOpoCcTH MoTtoka (cM., Hanpumep, puc. 11-24, a, 6), ee Hampasienus
(puc. I1-24, ¢, 2) WM ONHOBPEMEHHO W 3HAYEHHs, H HAMPaBJIeHHs CKODPOCTH
(puc. [1-25). TIpu 3ToM BO3HHKAIOT AOMOJHHTEAbHbIE HEOGpAaTHMble MOTEPH
3Hepruy (Hamopa), KpoMme NoTepb, CBSAI3aHHbIX C TPeHHeM. Tak, 0pH BHE3aMHOM
yBeMueHHH cedeHHsi TPy6wm (puc. I[-24, @) uamop Tepsiercs BcJeAcTBHe
ylapa IOTOKa, BbIXOAAWEro ¢ Go/bluel CKOPOCTbIO W3 4acTH TpyGompoBoaa
C MeHbIIHM JHAMETPOM, O MOTOK, ABHIKYIMUICA MelJeHHee B 4actH TpyHompo-
Boga ¢ 60JbUWIHM JHAMETPOM; NPH 3TOM B 06/14CTH, NPHMbBIKAOLIeA K IPAMOMY
yray tpy6bl Goee IMPOKOTO CEYeHHsl, BO3HHKAOT OOpaTHbIE TOKH-3aBHXpe-
HHs, Ha ofpa3oBaHHe KOTOPbIX GecrnoJje3Ho Tparutca 4dactb sHeprud. [lpu
BHe3amHoM CyxeHHH Tpybomposoaa (puc. 11-24, 6) nomonnurenbHas noteps
3Hepruu ofyCcNOB/JEHA TeM, YTO CeyeHHe MOTOKa CHaya/la CTAHOBUTCS MeHblle
ceueHHs caMoil TpyObl M AWIL 3ateM MOTOK -pacilHpsiercsi, 3amojHAs BCiO
Tpy6y. [lpu H3MeHeHuH HanpaBieHus notoka (puc. [1-24, g, 2) o6pasosanue
3aBUXPEeHHIl NPOHCXOLHT BC/IEACTBHE JeHCTBHA HHEPUMOHHBIX (UEeHTpoGexK-
HbIX) CHJ. :

* Cu., nanpumep: CopaBounnk xuvuka. T. 5. M.-—J1., «Xumuna», 1966. 974 c.
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HOTepu Hanopa B MECTHLIX CONPOTHBJEHHUSX, KAK H NOTEPH HA TpPEHHE,

BBIDAXKAIOT Yepe3 CKOPOCTHOH Hanop, OTHOINeHHe MOTepPH Hanopa B JaHHOM
w?
MECTHOM CONPOTHBJIEHHH A, . K CKODOCTHOMY Hamopy hg = —g HasHIBaioT

KosbdunueHTOM norepb HEeprHW B MECTHOM COMNpoO-=
THBJEHHWH, HIM NPocTO ' KO3PPHIHEHTOM MECTHOTO CO-~

Puc. 11-24. HekoTopre MecTHHE CONPOTHBAEHHSR: Pac. 11-25. Hekotopie

a =—‘BHe3anyoe paciHpeune; 6 — BHE3ANHOE EYXKEHHe; 3anopHO-pery/npylo-
8 - NmJapHHA DoBOpoT Ha 90° (0TBOA); ¢ — Pe3KHA HOBOPOT line yCTpOHCTBa:

o
ua 90° (xonero). a — npo6xoBrEA kpaRn; 6 —

craslapTHMA BeHTHIb;
g — TIpSIMOTOYHEIA BEHTHJDb
C HaKJOHHKM IIITHHAEEM.

NMPOTHBJEHHU A, H 0003HAYAIOT Ueped Ly o CnelloaaTeJleo AJIS pas3jiHg-
HBIX MeCTHBIX COIpPOTHBJIEHH

wﬁ

2g

. e, 1 = Lu. [

w?
Ay, c, 2 CM et "5 2g

. w?
by, con="{um. c, n"@'

HJIM CyMMapHO — /sl BCeX MEeCTHHIX COMpOTHUBJIeHHH TpyGonpopoza
w?

2

e = Thc (11,101)

Kosdduunentsl pasiHuHbIX MECTHHX CONPOTHBJEHHH B GOJbIUHHCTBE CTY-
yaeB HAXOLSIT ONLITHBIM [YTeM; HX CPelHHe 3HayeHHA NMPUBOIATCA B COpaBoY-
HO#H nutepatype. B Taba. II-1 npexcrasiensl np uMepHble 3HAUEHHS Ko3tpdH-
LHeHTOB HauGoJiee WHPOKO DACHPOCTPAHEHHBIX MECTHEIX COMPOTHBJIEHHH.

C yuertom Buipaxennit (I1,93) u (I1,101) pacuernoe ypaBuerue (11,89) anst
onpejleneHusi obwell notepH Hanopa MOXKeT 6bITb NPEJCTaBIeHO B BHIE

w? w?
fn= g‘rp

M =3

rie 2 [ — cymma xosddunuenton conporussienus (CONPOTHBJIEHHA TPEHHS M MeCTHHX CONPO-
THBJEHHIi).

(11,102)

Takum oBpasoM, noTeps Hanopa HaXoZHTCS NO YyPaBHEHHIO

ho= (Ao + Zhu.c)

wa
2%

(11,102a)
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Ta6arnua II-1. KoahdHuneHTsl MECTHBIX CONPOTHBEHHIT

MecTHHI CONPOTHBJIEHRSA ‘M. ¢

Bxox B Tpy6y H3 cocyla GoAbUIOro obreMa
npH OCTpOH BXONHOH KkpoMEe . . . ... 0,5
NpH OCTpOH BXOAHOH KPOMKE H BhICTyNe

TpyGbl BHYTPb Cocylda Ha pacCTOsiHHE

GoJipile NOMOBHHBL JWaMeTpa TpyOul . . . Io 1,0
Buixon 3 Tpy6H B cocys 60/bUIOrO o6beMa . . . 1,0
Bresanuoe pacuuupenne (puc. 11-24, a)

(mpu pacuere CKOPOCTHOTO Hanmopa 0O CKO- S \?

DPOCTH B MeHbLIEM ceyeHUH) . . . . .. . . ( —“g;)

Buesanunoe cyxenne (puc. [1-24, 6)
(npu “pacuere CKOPOCTHOTO Hamopa no CKO- = =
POCTH B MeHbLIEM ceyeHHH) S1/8; | 100 l 0 i 2 ‘ L,25 f {

Tw.c| 05 | 0,43] 0,3 | 0,15 |

Orsox nps a==90° 5 R == 3d (puc. 11-24, ¢) . . . 0,14
Koneno npu a==90° (puc. 11-24, 2) Ges 3aKpy-
TeHHS- . . e e e e e e e 1,1—1,3
[poBounniit KpaH (pHC. I 25 a)
OTKPBITBIA NN e e e e e e e s 0,05
PH YBENHYEHHH O o-r 20 go 50° ... .. Or 2 no 95
npu a=67° . . . . .. oo

Bentunp craniapTHLIA (puc 11 25 6) npn noa-
HOM OTKDBITHH

oph d=13 mm . « . . . .. .00 . ’ 11
Oph d=20 MM . . . « ¢ « v e e e . 8 -
npu d= 40 MM B 6OKEE . . e o e . 4—5

BeHTu/b NPAMOTOYHBLT ¢ HAKJIOHHBM WInHHAe-

nem (puc. 11-25, 6) 119 d=25 mm K Gojlee nph

NOJTHOM OTKPBITHH « « + o« o o « o o & o + & Mo 1

CoorBeTcTBeHHO [oTeps AaB/jeHHs (¢ y4yeTom TOro, 4TO0 Ap == pghy)

2
Apy = (xdi + zgm) put (11,1025)
X )

Beaduuna A, B ypasueruu (I1,102a) sripaxaerca B s cTonéa KULAKOCTH H
He 3aBHCHT OT POZa KHAKOCTH, a NMOTepH JaBJjenus Ap, 3aBUCAT OT ee IJOT-
HOCTH.

B pacuerHofi npaxTHKe IPH BHIYHCACHHH [10T€ph HANOPa B MECTHBIX COMPO-
THBJAGHHAX HHOTIA BMECTO pacuera ¢ AOMOUbo Ko3dduuKentoB §, . yCJAOBHO
[IPUPABHHBAIOT 3TH CONPOTHB/AEHHA MOTepsM Hamopa Ha TPeHHe B HEKOTOPOH
CHIOTETHYECKOHA npaMoi TpyGe SKBHBAJEHTHOA NJIHHBL [y, Takoi mnpueM
J2eT BO3MOXKHOCTb HCIOJ1b30BaTh JJIs pacyera MOTepHU HANOpa B MECTHHIX CONPO-
THBJEHHAX 3aBHCHMOCTb- TOTO ke BHAa, yro u ypasHenue (I1,93). auny
TPyObl, 5SKBUBAJEHTHYHO [AaHHOMY MECTHOMY COHDOTHBJEHHIO, BBIPAKAQT
OOLIYHO B BHAE [POM3BEleHHS AHAMeTpa TpyShl Ha HEKOTOphiH - KO3PGhH-
LHEeHT n, ONpeLeaseMbid OINBLITHBIM NYTeM:

lyge = nd ’ (11,103)

B 3sroMm ciyuyae ypaBHeHHe IJIA pacyera obU{HX MOTepb HAllopa HA TPEHHE
M MECTHBIE COMPOTHBJEHHA HMeeT BHI

a N 3 ) 3
hn:k’.i%ﬁz.%::;h_’_';&. ‘;g ="(‘¢IT+ zn)—‘gé— (11,104)

3HaueHHA A MPHBOAATCS 8 CIIPABOYHOI JHTEpaType.

luppasiHuecKkHe pacyeTsl PasJHYHBIX anMaparoB, IPHMEHAEMbIX B XHMHU-
YeCKOH TeXHOJOTHH, B MpPHHIHUAE He OTAHYAIOTCA OT MPHUBEAEHHOrO pacyera
TPpyGONpOBOAOB H PacCMaTPHBAIOTCA B COOTBETCTBYIOUHX pasjenax Kypca.
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15. TeyeHHe HEHLIOTOHOBCKHMX XMAKOCTEH

3aKOHOMEPHOCTH ABHXKEHHS HEHBIOTOHOBCKHX JKHAKOCTeHl HMeT pajx ocobenHocTeld. -
151 OGBIYHBIX, WKW HBIOTOHOBCKHX, JKHAKOCTEH SaBHCHMOCTb MeXXAY HaNpAKeHHeM CABHra T

dw o
H TPAJHEHTOM CKOPOCTH —— BbipaXxaercs *, coraacHo ypasuennio (11,12), npsmo#t, npoxonamef

Yepes Haya/Jo KOODAHHAT, C TaHFEHCOM YIJa Hak/IOHAa, PaBHBIM BSI3KOCTH [ (IHHHA ] Ha pHC.
11-26). Bs3skocTb >Xe HEHBLIOTOHOBCKHX JKHAKOCTefl MPH JAaHHLIX TeMllepaType H JaBJeHHH He
OCTaeTcs NOCTOSAHHOH, a H3MeHAeTC B 3aBHCHMOCTH OT CKOPOCTH CABHra, €r0 ITPOJOJIKHTeNb-
HOCTH, WJIH CIPEABLICTOPHH® XKHAKOCTH, a TaKKe-OT KOHCTPYKUWH annaparta. [lostomy 3aBucm-

w -
MOCTH T OT H ANA HEHbIOTOHOBCKHX XHAKOCTeH SBASIIOTCH KpHBOJIHHEeHHBIMH. Bun stux 3aen-

CHMOCTEH, HasHBaeMEIX K P HBBI M H TeYeHnd,
OTAHYAeTCS] ANS HEHbIOTOHOBCKHX KHAKOCTEH pas-
JIKYHBIX THIIOB. ’

HeRbIOTOHOBCKHE KHAKOCTH MOXHO Da3lesHTh
Ha Tpy Gonbllde rpymmeL.

K nepsofi rpynne OTHOCATCA TaK Ha3biBaeMbie
BA3KHEe, WMIMH CTaUHOHAPpHDBeE He-
HbIOTOHOBCKHE XHIKOCTH [rsa stux

z

. dw
KHAKOCTEH GHYHKUHA i [ (1) He 3neucum om

spemenu. Tlo Buay naunoit Qyuruun (KpHBOA Teye-
HUH) Pa3NHualOT CJEAyloUHe Pa3HOBHAHOCTH KHI-
KocTel 3Tol TPyNIH.

aw a)y BPHEraMoBcKHe NAACTHYHEE
an X U AKOCTH, KOTOPHE IPH MalblX HanpsKEHHAX

Puc. 11-26. 3aBHCHMOCTH MexAy Hanps-  CABHIa T JIHIIL HECKOJAbKO neopMHpYIOTCS  H
JKEeHHeM H CKOpOCTBIO CABHIa (KpHBbIe HauHHAOT Teub TOJbBKO NpH yBEJHHUEHHH T 1o

TeueHusn): HEeKOTOPOro 3HaueHus T,, Ha3biBaeMOro npeje-
NoM TekyuecTH [lpennonaraercs, YTo Ha-

! — HbLIOTOHOBCKHE XHAKOCTH; 2 — OMH- p )
FEMOBCKHE NAacTHYRME IKmakocrn; § — Y&y TeYeHHs COOTBeTCTBYeT paspylleHHe paHee
.TICeBAON/IACTAYHbIE MHAKOCTH; 4 ~ qunaTant-  [POYHOH CTPYKTYpH KHJKOCTH, H NPH T > T; OHH-
HHE KHAKOCTH. TaMQOBCKHe JKHAKOCTH TeKYyT NONCOHO HBIOTOHOB-

: o CKHM- XHAKOCcTAM. [lpr o6paTHOM yMeHbIIEHHH
" HanpsAXeHHA A0 T<G Ty CTPYKTYpa OHHIaMOBCKOH XXHAKOCTH OGpaTHMO BOCCTaHaBJHBaeTCH.

I GHHTaMOBCKHX MHAKOCTEH, K YHCAY KOTOPHIX OTHOCATCA OYeHb CyCTHe CyClNeH3HH,
RAcThl M ULIaMbl, YPaBHeHHe KPHBOY TeueHMS WMeeT BHA

dw
dn

The Py — KO3(dHUKEHT MHPONOPLUHOHANBHOCTH, HaskBaeMbli MaacTHYeCKOA BA3-
KOCTbhIo .

3asucumoctb (11,105) Hsobpakaercst na puc. 11-26 nunmuet 2 ¢ TaureHcoM yriaa HaKk/JIOHa
tea = pug. .

6) [lceBaonnacruynue XHAKOCTH, KOTOPble HaUHHAIOT TeéUb, KaK H HbIO-
TOHOBCKHe, ye NPH CaMbiX ManelX 3HAYEHHAX T; ONHAKO AJA 3THX MHIKOCTed OTHOIIEHHE Ha-,
NpsXKeHHS CIBHIA K IPAJIMEHTY CKOPOCTH, Ha3klBaeMOe K a x y e icf B3 K OC T b 10 (Ug),
8aBHCHT OT BesHYHHB T (KpHBast & Ha puc. 11-26). 3Hauenns Py, CHHKAIOTCA C BO3paCTaHHEM

dw
5 ¥ KPHMBaR TeEHHs [OCTENEHHO NEPeXOLHT B MPAMYIO C NOCTOSHHBIM IiPEACTbHHM HaKIO-

HoM P, (BSSKOCTb MpH GeCKOHedHO GOJLIIOM CLBHIE).

T— To= Un

(11,105)

: dw
B norapudMHueckHx koopauHaTax (YHKuUHA s [ () Ans nceBAONAACTHYHLIX JXKHAIKO-

CTell B WAPOKHX Npele/iaX M3MEHEHHS MepPeMEHHHX (KpoMe Kpafiero yuacTka, ThAe P, == R_)
0GbluHO 6.1H3Ka K JIKHEMHOH H, CJIQAOBATEIbHO, 3Ta (QYHKUHS NpPHOIHIKEHHO MOMKET ObiTh BHIpa-

¥KeHa 3aBHCHMOCTLIO .
dw m ¥
'c_.k(—?g—) (11,i06)

Iie 2 H m — KOHCTAHTHI.

Beanunna k BO3pacTaer ¢ yBesquyeHHEM BS3KOCTH H SABJASETCS MepOH KOHCHCTEHUHH XKHi-
Koctd. Besnnunna m mennine I (mexay O u 1), puyeM uem MeHblle 3HaueHHE m, T€M 3HAYHTEbHEH
OT/I{uaeTCsl TeyeHHe [CeBAONNACTHYHON XKHAKOCTH OT HBIOTOHOBCKOM (4N nociepHedt m = 1 u,-
CleoBaTeNibHo, B = u).

dw
* B srom naparpade cuMmBoiloM —— 0603HaYena BeNHYHHA

an , MpHYEM 3HaK MOZYyJAs

dn
YCJIOBHO onyiueH.
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Xapakrep H3MeHEHHS [y AJS NCEBAOMIACTHYHEIX JKHAKOCTeA, HAanpHMep AJs PacTBOPOB
MHOTHX NIOJIKMEPOB HJlM CYCIeH3HH C aCHMMETPHUHLIMH YacTHUAMH, YacTO CBA3aH C OPHeHTauHeR
HX YacTHU (MOJeKy/) B HaNpaB/eHHH NepeMemeH s KHAKOCTH. Tak, ATHHHBIE MOASKYAL TNOMH-
MepoB KaK Gl BLITACHBAIOTCS B NapajijiefibHble OfHa APYroil LENOYKW NPH 3HAYHTENBHHLIX CKO-

¢ dw
POCTSiX CABHIa; B pe3y/bTaTe BeJNHYHHE! —; ¥ ¥ CTaHOBATCA NPONOPUHOHANLHLIMH YT APYTY

(npamonrHelinnlil yyacTok kpHso# 3 Ha puc. I1-26).
By lunatanTHHEe KHAKOCTH, B OVIHYHE OT NCeBAONACTHYHBIX, XaPaKTepH-

. dw
3yI0TCA BO3PACTHHEM [y C YBETHUEHHEM —— (kpuBas 4 na puc. 11-26). Iasa uux Takxe nprme-

uuMa 3asuckmoctb (I1,106), Ho nokasarenb cremend m > 1. JIH/aTaHTHBIE KHAKOCTH MeHee
pacnmpocTpaHeHhbl, YeM NCeBAONJIACTHYHbIE, H OGLIYHO MPeACTaBASIOT COGOH CYCNeH3HH ¢ GOJbIIHM
coflepxanHeM TBeploR dasnl. ) -

. . : dw
Ko propoil rpynne oTHOCATCS HEHBIOTOHOBCKHE XHAKOCTH, Y KOTOPLIX 3aBHCHMOCTb morT
n

usmennemea 60 spemeru. ISt 3THX MHAKOCTeH KakKyllasics BA3KOCTb Wy ONpeaesisieTcsl He TONbKO
TPaHEHTOM CKOPOCTH, HO H MPOROMKHTEJNbHOCTBIO CIABHIa, T. €. MPEALICTOPHEN MKHIKOCTH.

B coorBercTBHH ¢ XapaKTepOoM BHSHHSA NPOAONKHTENBHOCTH CABHIA HA CTDYKTYPY KHIKO-
CTH B 3TO{ rpynne pa3fH4YalOT THKCOTPOLHLIE W PEONeKTaHTHbLIE KHAKOCTH.

Orsr TEKCOTPONMUB X KHIKOCTEHR C yBeJHYEHHEM NPOJOIKHTENBHOCTH BO3-
HefCTBHsI MOCTOSHHOIO HaNpsIKeHHs CABHIa CTPYKTYpa paspyllaeTcs M TeKyYeCTb BO3pAcTaer.
OfHako noc/ie CHATHSA HanpsiKeHHs CTPYKTYpa MHAKOCTH MOCTENEHHO BOCCTAHABAHBAaercs, H
OHa mepecraer Teuyb. K UHCIy TaKHX KHAKOCTEH OTHOCATCH, HANPHMep, MHOTHE KpacKH, 6aaro-
Aapsi THKCOTPONHBIM CBOMCTBaM KOTODHIX OOJIerduaeTcs HaHeceHHe W 3aJepIKHBAEeTCs CTeKaHHe
KDACKH, HAHECEHHOH Ha BEPTHKAJbHYIO NOBEPXHOCThb. JIErKO Ha6JI0aTh ABJEHHE THKCOTPOIKH
TaKXe Ha [pHMepe TAaKHX MOJOYHBIX NMPOAYKTOB, KaK [POCTOKBalla, KepHp H T. M., BA3KOCTb
KOTOpHIX yMeHbllaeTcst: IpH B36asTLIBAHHH.

. PeonerTanTHHeEe XHAKOCTH ONIHYAIOTCA TeM, YTO HX TEKyueCTb C yBeJHue:
HHEM NPOOJIKHTENbHOCTH BO3JeACTBHA HANpAMEHHS CABHIAa CHHXKaercs.

K rtperbeéi rpynme oTHocATcd BH3 KOYNPYTHeEe, WIH MAKCBeJNAJOBCKHE,
X HAKOCTH, KOTOphle TeKYyT [OA BO3feHCTBHEM HANPSIKEHHN T, HO [OCJE CHATHS Hanpsxe-
HHS YacTMYHO BOCCTaHABJHBAIOT cBOI0 (opMy, WONOGHO YNPYTWM TBEepAblM TeaaM. |aKHMH
CBOHCTBAMHK XAPAKTEPH3YIOTCS HEKOTOpHle CMOJHEl K BellecTBA TecTOOGpasHOl KOHCHCTEHIHH.

Kaxyusecs BA3KOCTH BCeX HEHBIOTOHOBCKHX XHAKOCTell OOLIYHO 3HAYHTENbHO MPEBHIUAIOT
BSA3KOCTb BOJABL. . ~ ’

B HacTosmee BpeMs HajeXHHISI pacyeT MOTEPH Hanopa B TPyGONpPOBOAAX W KaHajax Bo3-
MOKEH JIUUIb QA BA3KHX, H/JH CTAUKOHAPHLIX, HEHBIOTOHOBCKHX KHAKOCTEH.

[Nps namMunapHOM ABHKEHHH MJIaCTHYHBIX MXHAKOCTell MO TpyGaM KpyrJoro CeueHHs HX
pacxog Q cBsizaH ¢ nepenajoM AaBieHHst Ap 3aBHCHMOCTBIO

g [ () (e o

rae R u [ — paguyc B AJIHHA TPYOH ; Wy H To — NJAaCTHYECKAan Bs3KOCTb H Pefen TeKydyecTd
COOTBETCTBEHHO. .

Ypasuenne (I1,107) BuiBogHTCS aunanoruuHo, ypaBHenkio [lyaseitna (I11,32) ans wueioro-
HOBCKHX XHAKOCTeH, U ODH To = 0 3TH ypaBHeHHS COBNAJalOT APYF C. APYTOM.

Takum Ke a6pa3oM 4/ [CeBJONJIACTHYHBIX H AHNATAHTHLIX XKHIKOCTeld MOxeT GBITb loOJy-
4eHo ypuBHeHHe

. m RAp 1/m 3 -\
Q=" (—m ) AR (11,108)

rie m B k — xosbbuuuentsl ypaBHennd (I1,106), nocrosHHble A1s JdaHHOR XKHAKOCTH NPH -
JAaHHKOH TeMmeparype W onpeje/sieMble ONBLITHLIM NyTeM.

Ypasnenne (I1,108) npy m=1 u k= p Takmke obpauaercs B ypaBHeune [lyazefins.

[lps TypGy/neHTHOM ABHXEHWH, KOrja TpaAHEHTbl CKOPOCTH AOCTATOYHO BEJHKH, Kaxy-
WasAcs BA3KOCTb CTAUHOHAPHLIX HEHBIOTOHOBCKHX XHAKOCTEH CTPEMHTCH K 3HAUEHHIO W, H OHH
10 CBOEMY [OBeAeHHIO NPH TeYeHHH NMPHOTHXKAIOTCH K HBIOTOHOBCKHM JXHIKOCTAM.

Pacuer noreps Hamopa Ha TpeHHe JJIA CTAUHOHAPHLIX HEHBIOTOHOBCKHX KHAKOCTEl MOXHO
NPOBOAHTHL [0 YPABHEHHIO TOTO e BHA, YTO W A/ HbIOTOHOBCKMX KHAKOCTEH, T. €. N0 ypasHe-
nuo (I11,93).

[1pu naMuHApHOM ABHXeHHH TipeoGpasoBanke 3aBHcumocteit (11,107) u (11,108), anamoruy-
HOe pHBefeHHOMY Bhille (cM. cTp. 85) npeoGpa3oBanuio ypaBuenHs [lyaseiins, noxassisaer, uTo -
KOI(pDHUHEHT TPEHHNA A MOXHO PACCYHTLIBATH MO YPABHEHHIO

A= ot (11,91a)
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. Bro ypasHeHHe coBnajaer no gopme c ypasuennem (I1,91), no xpurepuit Re’ npeacrasaser
co6oit MopnduuHpOBaHHBLIE KpHTepuid Pelinonbgca:

___wTmdmp
Re’ = _k_(em+2 — (11,109)
8 m )

[pu m= 1§ k= p komnaexc Re’ o6pamaercs B o6huHOe Bhipakenuwe Kpurepus Re.
[Ips Typ6ynenTHOM ABhXKEHHH BSI3KHX HEHBIOTOHOBCKHX XXHAKOCTell B IVIaAKHX Tpy6ax

A= a(Re’)™® : ‘ (11,95a)

Ypasrenne (11,952) nosyueno o6o6uieHneM ONLITHHIX AAWHLIX B Npepenax Re' = 3.10% —
— 1. 105. Ono anadoruuno no Buay ypasuenHio (I1,95) A5t HBIOTOHOBCKHX MKHAKOCTEH, HO YHC-
JieHHble 3HAUeHHS KOa(HIIHEeHTOB a 1 b ABAsIOTCH QYHKLHAMH NOKa3arteas CTelleHH m B ypaBHe-
uun (I11,106). 3nzauennn a u & npuseneHer Ha puc. 11-27, nmpHueM npu m == | OHH NPAKTHYECKH
coenagawt co 3nayenusmy 0,316 u 0,25 AN HBIOTOHOBCKHX KHAKOCTEH.

a5 -85 «
Y
S
030 - .30 Ry
. « 8
025 - 025 £
, ™
L
0.20 ! ' { ! 020 S

0 04 08 42 16 20 S :
mn - a
Puc. 11 27 3HaueHHS KOHCTAHT B ypaBHe- Puc. 11-28. K onpejenennio ontu-
unu ([1,95a). ManbHOTC JHaMetrpa Tpy6onpo-
BoAa.

Ypasnenns (I1,91a) u (I1,95a) Moxno Hcnonb3oBath H AJs pacieTa NOTEPH Hanopa Ha
TPeHHe y HeCcTAaUHOHApHBIX (HanpHMep, THKCOTPONHBIX) HEHBIOTOHOBCKHX XHAKOCTEH, eClIH OHH
ye NOABEPIJIHCh CABHIY M HX TeUeHHe cTai0 ycTaHoBHBUIMMCH. OLHAKO /ISl NPHBEJCHHUS ITHX
XHAKOCTeH B ABHKEHHE HACOC JONKEH HMETh 3HAYHTENbHYIO YCKOBYIO MOWIHOCTb, KOTOpasi 3ateM
PEe3KO CHHXKaeTcsi C pa3pyllleHHeM CTPYKTYPHl H HayaJoM TeUeHHS XKHIKOCTH.

HuxenepHele npobneMbl PeoJIOTHH HEHBIOTOHOBCKMX XHAKOCTEH, CBA3aHHbIE C HX JBHXKe-
. HHeM Yepe3 TpyOl W anmmnaparhbl, NepeMelldBAaHHEM, a TaKxe HAaTPEBAHHEM H OXJaXKACHHEM, nog-:
POGHO paccMaTPHBAIOTCS B CllellHaNbHOR JIHTepaType *.

16. Pacuer gnamerpa TpyGonpoBopnos

CTOHMOCTb TPyOONpPOBOJOB COCTaBJASET 3HAUYHTEJIBHYIO YaCTh obeft crou-
MOCTH 000pyNOBaHUA XHMHYeCKHX npeanpuaTtuil. Kpome toro, skcnayaranus
TpyO6ONpOBOIOB CONpSXKEHA C 3aTpaToff 3HAYUTENLHBIX cpeacTB. IlosTomy
NpaBH/bHBIA BHIGOp AHaMerpa TpyOonpoBOAOB HMeeT (0/bLIOe TEeXHHKO-IKO-
HOMHYeCKOe 3HaueHMe. _

Ilpy sajaHHOH MpOH3BOAUTENLHOCTH AHAMeTpP TPYGOMpPOBOAA MOXKET ObITh
BLIYHC/AEH HCXOAA H3 ypaBHenus pacxopa (II, 25):

nud?
Q =wS=uw —4—
OTKYyAa
' a=1/ 29 (11,110)
T

rie d — BHyTpeHHuH AHaMeTp TpyGonpoBona, M; Q — o6beMHBII pacxop KHAKOCTH, #3/cex;
W — CPeflHAs CKOPOCTb  KHIAKOCTH, Mlcex.

Takum ofpasoM, pasmép auameTpa TPy6OMpoBOAA OAHO3HAYHO OMpEAe-
JfeTCs BHIGOPOM 3HAYEHHS CKOPOCTH ABHXKYWEHCA B HEM >KHIKOCTH.

Uewm BhIIe BHIGpaHHAS CKOPOCTb W, TEM MEHblIE, COIVIAaCHO YpPaBHEHHIO
(I1, 110), morpeGHublil Auamerp préonpoaozla T. €. TeM MeHbllle 3aTPAThl MaTe-

* CuM., nanpumep: Y uamk i nc o H Y. JI. Henblotonosckne xupkoctu. THApoMexaHKKa,
NepeMelunBatye H TemnoobGMen, [lep, c anra, Ilog pex, A, B, Jinikosa M., «<Mup», 1964. 216 c.
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pHaja Ha ero H3roTOBJEHHE, 4 3HAYMT, ero CTOMMOCThb, 4 TAK)Ke CTOHMOCTH
MOHTaxKa U peMoHTa TpybonpoBoja. BmecTe ¢ Tem npu yBesvyeHuu CKOpocTH,
B cootBerctBHH ¢ ypasuenuuem (I1,102), - pacryr norepu nancpa B tpyGonpo-
Boje, T. €. yBe/JMYHBaercA fepenaj AaBJeHHs, TpeGyeMblil A/ fepeMerienH s
JKHMAKOCTH, H, C/eA0BaTe]bHO, BO3PacTaloT 3aTPaThl SHEPIUH Ha ee Hepemelle-
nye. IlosToMy Ans pacyera o THMAaJabHOTO AHaMmerpa TpyGorlpoBoaa
HEOOXOAMM T€ X HU K O-3KOHOMHUUYQCKHUH MO A X 0, YYHTLIBAIOLLHH
NpOTHBOpeuHBOe B/IHAHUe pasiuuHelx (axrtopos. [Ipu omruMabHOM JHa-
meTpe TpybonpoBoaa ofecneyHBaiOTCd MHHHMAJbHBIE 3aTPaThl HA ero 3kKc-
MJIyaTailHo.

[Myctb cymmapHBle FONOBBIE pacxonbl Ha 3KCIVIyaTalHio TpPyGOnpoBoAa
cocrasanioT M pyb/eod. DTH 3arpaThl CKJAALLIBAIOTCS H3 TFOJOBHIX PACXOAOB
Ha aMOpTU3auHio* U peMOHT (A pyb/eod) U CTOMMOCTH 2HEPTHH, HeoOXOJHMOKH
sl [epeMelleHHs KaleJbHOH IKHAKOCTH HJAH Tras3a [no Tpy6onpoBoAy
(D pybleod).

TUnNHYHBIR BHJ 3aBHCHMOCTH 3THX PacXofoB H OOLIMX TOLZOBBIX 3aTpaT OT
AuaMerpa TtpyGompoBoaa noka3aH Ha puc. [1-28, duamerp TpyGomposopa
dyqry OTBEYAOLIHA ONTHMAABHO BHIOPARHHOH CKOPOCTH ABHIKEHHA IKHAKOCTH,
COOTBETCTBYET MHHMUMyMy Ha Kpuod M = A -} 3.

Auanoruusslfi moaxod MPHMEHHM H VISl pacyeTa ONTHMAaJbHOrO AHaMeTpa
anmnaparos,

Ha ocHoBe TeXHHKO-3KOHOMHUECKHX CO00paKeHHH YCTaHOBJAEHBI PEKOMEH-
Ayemble npefiesibt H3MEHeHHA CKOPOCTeH XHUAKOCTeH, Fa30B U NapoOB B MPOMBIUI-
JeHHBIX TPYGONpoBoAaX. 3HAUCHHS 3THX CKOpOCTeH MPHBEAEHH HHXKe.

CKopoCTH ABHIKEHHA -MANOBA3KHX KAane/lbHBX JKUAKOCTEH He [OJIKHEI
mpesblilaTh ~3 M/cex; AJS BASKHX KamnedbHuIX mkuAKocTed ~1 m/cex. Tlpu
IBHIKCHHH KaNe/JbHBX KUAKOCTEH CAMOTEKOM CKOPOCTH HX OGBIYHO COCTABAA T
0,2—1 m/cex, a B HarHerare/ bHbIX TPy6oNpoBOAAX (IPH MEpeKayKe HacOCaMH)
— 1-—3 micex.

CkopoeTH rasoB M mapoB KoJAeGJAIOTCA B CJACLYIOULIHUX Ipejenax: I/ ra3on
IpU CPaBHUTEbHO HEGOMbLINX H3OLITOUHBIX AaBJeHUAX (HanpHMmep, pa3BuBae-
MBIX BeHTHIATOpaMH) — 8—15 m/cex, Ans rasoB mnop nasaeHHeM — 15—
25 mlcex, IS HACHIMIEHHOTO BoasiHOro mapa — 20—30 m/cex u gasi meperpe-
Toro soasioro napa — 30-—50 wm/cex. :

Kpome yKa3aHHOro TeXHHKO-3KOHOMHYECKOTO pacyeta ONTHManbHOTO AMamerpa TPyGonpo-
BOJIOB HAa NPAKTHKE, B 3aBHCHMOCTH OT MOCT2HOBKH 3a/1auH, HEPENKO NPHXOIHTCH HCMOJb3OBATh
W HHble IOAXOAb K pacueTy AHaMeTpa NPH 3aJaHHONR NPOH3BOAMTENBHOCTH. TakK, HanpHMep, eclth
OlHOBPEMEHHO 3alaH W Hanop (T. €. €CJAH pacnojaraioT OnpejefieHHbIM Hanopom), To 3ajaua
0 HaXOMKICHHH HCKOMOrO jAuameTpa TPyGOnpoBORa CBOAMTCA K COCTAaBJCHHIO H DELIEHHIO COOT-
BETCTBYIOWErO YPABHEHHS, COLTAaCHO KOTODOMY MOTEPSIHHbI HAanmop NpH ONDefeqcHHOM AHa-
MeTpe paBHsJICA Gbl pacnosaraeMoMy Hamnopy.

17. JIBHiKeHHe Tex B KMAKOCTHAX

ConpoTHBAeHHe JBHKeHHIO Ted B KHAKOCTAX. [IpoBeneHue paja npoueccos
XHMHYECKOH TEXHOJIOTHH CBA32HO C ABHXKEHHeM TBEPABIX Tel B KallelbHBIX
KHAKOCTAX HJH rasax. K Takum npomeccaM OTHOCATCH, HanpHMep, Ocaxie-
HHe TBepAbIX YaCTHl M3 CyCAeH3HH H Nbwlefl nop neHCTBHEM CHJ TAXKECTH H
MHEpUHOHHBIX (HANPHUMEpP, UEHTPOGEXKHBIX) CHJ, MEXaHHYecKoe MepeMeLlH-
BaHHE B XKHAKHX Cpeaax u Ap. Kak ormeuasioch, H3yyeHHe 3aKOHOMEPHOCTE .
3THX IPOLECCOB COCTABJsET BHEWIHIO 3aa4yy THAPOAHHAMHKH.

Ilpu nBHIKEHHHU TeJ1a B KHAKOCTH (HJH NpH O0TeKaHHH HEMOJBHKHOrO Tesa
IBHKYLEACA KHIKOCTbIO) BO3HHKAIOT COMpPOTHUBJIEHHSA, M [PECao/eHts
KOTODBIX U OGecreyeHHsi paBHOMEDHOTO NBHKEHHA Tela JOJKHA GhiThb 3aTpa-
yeHa ompejeseHHas 3Heprusi. Bo3Hukaioulee CONpPOTHBJICHHE 32BHCHT [VIaBHBIM
o6pa3oM OT pexHMa [ABH:KEHHA H Gopmbl O6TekaeMoro reJa.

* AMOPTH3AIMOHHble Pacxofbl NOAY4AIOT AeeHHeM obllel CTOHMOCTH COODYIKeHHS TpyGo-
npoBoda (KanHrajbHbBX 3aTpar) Ha NpeLycMOTPeHHOE YHC/IO JeT ero paGoThl.
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Ilpu naMuHApHOM ABHIKEHHM, HAGMIOAA0IEMCs NP HeOOoJbIIHX CKOPOCTAX
H MaJBblX pasMepax TeJ HJIH NDH BHICOKOH BASKOCTH Cpelbl, TEIO OKPYKEHO
MOTpaHUYHBIM CJI0eM XKHUAKOCTH H I/1aBHO ofTekaercsi moTokoM (puc. 11-29, a).
Ilotepsi sHeprHu B TAaKHX YCJAOBHAX CBSi3aHa B OCHOBHOM JHIIb C npeonoJe-
HHEM CONDOTHBJEHHH TPEHHS,
~ C passuriem TypOy /IeHTHOCTH NOTOKA (HallpuMep, ¢ yBeJHYeHHEeM CKOPOCTH
ABHXKEHHs Tesa) BCe GOMBLIYIO poJib HaUHHAIOT MrpaTh cHbl HHepuHHu. Ilog
JeHCTBHEM 5THX CHJ NOTPAHUYHBIA cJOH OTpbiBaercs OT MOBEpPXHOCTH Tena,
UTO NPHBOAMT K TNOHIXKEHHIO JaBJeHHs 3a ABHKYLUIHMCs TeJoM B Hemocpen-
cTBeHHOH 6JHM30CTH OT Hero M K 06pa3soBaHUi0 GecrnopANOYHLIX MECTHBIX 3aBH-
xpennil 8 fayHoM npocrpaHctse (puc. [1-29, 6). Ilpu sTom pa3HocTh AaB/eHHHA
XKHAKOCTH Ha NepefHiolo (10608yi0) MOBEpXHOCTh Tesa, BCTpeyarollyio ofTe-
KalolulHii [I0TOK, ¥ Ha ero 3alHiol0 (KOpMOBYIO) I0BePXHOCTh BCe Goiblle IPeBHl-
[IaeT pasHOCTh AaBJjeHHH, BO3HHKAIOUWIYIO [PH JIAMHHAPHOM OGTeKaHHH Teja,

; 07 « Janow Cmonca U-2%
3 Re
@ 107
2
55 7%= Jaror
/0'r_ lpomencymod~~_ Feroimona 6=04%
Mol 30 KOH
V4 L0 €=
| al | — !

t\ /A
w0t 0. W w0t W

a 6 Re
Prc. 11-29. IBuiKehne TBepjoro Pue. 11-30. 3aucuMoctb § oT kputepHs Re
TeNa B XKHAKOCTH: NpH ABHXKEHWM TeA 1apoobpasnoi Q)oprl

" @ — JaMHRapHHB NOTOKY 6 — Typ- B MHAKOCTAX.

Gy/NeHTHRE NOTOK.

Hauunas ¢ Hekorophlx 3HaueHuH KpHTepHs PefiHonbiaca, poJb J1060BOro
COMPOTHBJ/ICHHS CTAHOBUTCA MPeobJanaiouiell, a COnpoTHs/eHHEM TPEHUS MOKHO
IpaKTHYecKd npeHeGpeub. B naHHOM cliyyae, Kak u NpH ABHKEHHH KHAKOCTH
no Tpy6aM, HacTyrnaeT aBTOMOZENbHHIA (MO OTHOWIeHH:O K kputeputo Peifi-
HOJIBJCA) PEeKHM.

Cuaa conporuBieHHs R(u) cpeawl ABHXKYLieMycsi B He# Teay MOXeT GbiTh
BLIpaxeHa YypaBHEHHEM 3aKOHa COMpOTHBJEHHS:

w? .
R=1st (11,111)
2
rie S — HJIOULalIb NPOeKUMH Tela Ha MJIOCKOCTD, nepHEHAHKmepHle HANpaBJIEHHKIO ero B~
AeHwus, 4% W — CKOPOCTb, M/CeK; P — NJIOTHOCTD cpenu ke/m3; [ —KoadpHlLUeHT conpOTHBIe-
HHA CpE}.‘lbl

Ornomedue R/S npencrasiser coboit mepenan Aasaenuil Ap (w/m?), npe-
opo/eBaeMbili nBHXyumHMca TenoM. [lostomy, pewmus ypabrenue (II, 111)
OTHOCHTENBHO [, MOXKHO YCTaHOBHTb, 4YTO KOS(pUUHEHT compoTuBJeHHs §

Ap
nponopuuoHalted kpurepHio diinepa Eu = W (¢ ornmuaercs or Eu axnbe

mHOXKHTe1eM 2). COoOTBETCTBEHHO ypaBHEHHs AJs pacuyera { INpH pas/HYHBIX
THAPOAHHAMHUECKHX peXHMAax MOryt ObiTh NOJydeHb 06paGOTKOH ONHTHBIX
JLaHHBIX B BHIE OOOGLIEHHBIX 3aBHCHMOCTEH MeXJAy KPHTepHAMH rnnponuua-
MHUYECKOTO NOonoOusfi.

Ha puc. 11-30 npeacrasnena saBucuMocTb § OT KpUTEepHS PEHHOJIbﬂ.Ca npu
IBHXEHHH lIapooGpasHBIX YaCTHL AuamerpoM d. DTOT JHAMeTp M fBJfeTCH
onpejensoNldM pasMepoM B KpuTepuu Re. M3 rpaduxra BuaHo, 4To Ccymecr-
BYIOT TPH PA3/IMYHBIX PEXHMA ABHIKEHHS, KAXKNOMY H3 KOTOPbIX COOTBETCTBYET
OHPEILE.'IEHHHH xapakTep 3aBHCHMOCTH § oOT Re.
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JaMHUHAPHBH pexuM (o6racte aefictBus 3akora Croxca) upu-
6ausuTenbHo npuH Re <52

24

== 11,112
=% ( )

nepexofHEH pexum nmpd Re = 2—500

1
C="€S‘;-’—55 (11,112a)

aBTOMOAEAbHBH pex M (06sacTh AeACTBHS KBajApPaTHYHOTO
3aKkoHa conporuBieHus HeiotoHa) npu ~2-10° > Re > ~500

£ = 0,44 = const (11,1126)

[NozcranoBka B ypaBHerue (I1,111) kaxporo u3 npuBefeHHBIX BHILIE ypaB-
HeHu#l ana { MokaswiBaeT, YTO MPH JaMHHapPHOM pexHMe CHJIA CONpPOTHBJCHHHA
NPONOPIUHOHANbHA CKOPOCTH B NEpPBOH CTerneHH, T. e. R ~ w, npu mnepexox-
HOM pexuMe R ~ wh4, a NpH aBTOMOAE/NBLHOM pexuMe R ~ w?.

[Tpu mBu:KEHHM TeJ, OTIHYAMHMXCA Mo (opMme OT lWapa, 3Ha4YeHHA KO3h-
¢uiHeHTa CONpPOTHBJEHUS GOJbllle X 3aBHCAT He TOJbKO OT KpurepHs Re,
Houor baktopa ¢dopmMu@, T e

{=f(Re, D) (11,113)
3mecs
Fu -
o="2 | (11,114)

rge F, — nosepxHOCTb l1apa, HMEOUIEro TOT Ke 06beM, YTO H paccMarTpHBae-
Moe Teso nmosepxHocTeio F. Hanpumep, ana ky6a @ = 0,806; ans uuiuHapa
BhicOTOH, B 10 pa3s npessnuatwouiet ero paguyc, © = 0,69; naa aucka, BbCOTa
koroporo B 10 pas meHsiue paguyca, @ = 0,32. 3unaueHusa D npusogarcs
B CNpaBOYHHKAX.

Hapo 3amertHTh, 970 Ha caMoM fese ponb daktopa GopMbl He Bcerga MOxeT GHITh CBefeHa
JHUb K COOTHOLIeHHIO noBepxHocreh. [TostoMy HauGonee HajgelKHble JaHHEE O YHCIEHHLIX 3HA-
ueHuax @ ans Ten pasnH4YHON (DOPMEI MOJAYUAIOTCSH 3KCNIEPHMEHTANBHO.

Has rten HewapooGpa3sHo# ¢OpMbI OMpelessiioUUM JTHHEHAHBIM pa3MepoM
B KpuTepHd Re cnyxuT fuaMeTp 3KBHBaJeHTHoroumwapad,
PaBHBIH NHAaMETpy liapa, HMEIOUIEro T2 "o ke ofiteM, 4TO U AaHHoe Teso. Ecau
o6beM Testa V, ero macca m, a IJIOTHOLTD O, TC sHauyeHHe d MOXeT GblTb Hali-
JEHO H3 COOTHOUIGHHS

m nd*
V= — = —
Pr 6

OcaxJeHHe 4acTHU AOA AelCTBHEM CHJIBI THXKECTH. PaccMOTpHM IBHMKEHHE
Tela B XHAKOCTH HAa [pHMEpe OCaXJeHHsI TBepLOH YaCTHIbI B HEMNOJABHUXKHOH
cpene noj AeHCTBHEM CHJBI TskecTH. JIpyrol npumep, cBs3aHHBINA C aHAJH30M
JBHKEHHS B MHAKOCTSIX MEXaHHMYECKHX MellajoK, INpuBeied B rjase VI.
~ Ecam wacruua maccolt m (4 BecoM /mg) HauHHAeT MajaaTh NojJ ACHCTBHEM
CWJIbl COOCTBEHHOTO BeCa, TO CKOPOCTb €€ JBHMIKEHHS MepBOHAYAJLHO BO3pa-
craer Co BpeMeHeM. [IpH MOJHOM OTCYTCTBHH CONpPOTHBJICHHSI Cpenbl CKO-
pOCTb @ MeHssachb Obi BO BpeMeHH MO H3BeCTHOMY 3aKoHy w = gr. OfHako
C yBeJHYGHHEM CKOpPOCTH OYAeT pacTH, corjacHo ypasenuto (II,111), compo-
THBJIEHHE ABHMKEHHIO YACTHIB U COOTBETCTBEHHO :YMEHbILATHCSA ee YCKOpeHHe,
B pesyabrare uepe3 KOpPOTKHH MPOMEXYTOK BPeMeHH HACTYIHT paBHOBECHE:
CHJIA TAXKECTH, MOJ JeHCTBHEM KOTODOH YacTHia ABHXKETCs, CTAaHeT paBHA CHJe
conpoTHBJeHHA cpepbl. HauuHas ¢ 3Toro MomeHTa, yCKopeHHe ABUXKeHHs OyaeT
pasHO HyJ0 H 4YaCTHUA CTAHeT JBUCaThCA pPaBHOMEPHO — ¢ [OCTOSHHON

4 A. T. KacaTknn
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CKOpocThio. CKOPOCTh TAKOTO pABHOMEPHOTO ABHKEHHS YaCTHIIH B CpPelie Hasbl-
BAlOT CKOPOCTHIO O0CAaXAeHHSA H O603HAYAlOT CHMBOJIOM Woc,

Cuna, ABHKYIIASA [1apO06Pa3Hyo YACTHILY AHAMeTpoM d, BBIPAXaercs pas-
HOCTBIO MEXAy €e BEeCOM H BBITAJNKHBAOMEH apXxuMmejoBOH CHJIOH, paBHOM
BeCy KHIKOCTH (cpefnl) B o0beMe YaCTHILI:

nds
T eer—0)
rAe P — NJIOTHOCTb TBepAOl‘:i 4acTHUH; P -—— NJIOTHOCTb CpEeAHl.

Cuia conpoTHBJIEHHS Cpefsl, B cooTBeTcTBHU ¢ ypaBHenuem (II,111)
=t pu?
T4 2
CxopocTb OCaKAGHHS Wo. MOXKHO HANTH U3 yCJIOBHA DPaBEHCTBa CHJBI, ABHU-
XKYUIEH YaCTHIY, H CHJIbl CONPOTHBJICHHS Cpenbl:

2
mi 4 nd?  PWs
(pr—p)=t—F—
OTKYAa
_V‘lgd(pr—p) (11,115)
3p -

3HaueHue Ko3hdHIHEHTA CONPOTHBJICHHA § MOxeT ObITh ONpPEAeeHO [0
oaHO# u3 3aBucumocteii — (I1,112), (I1,112a) uau (11,1126). I'lpu noacranoske
B ypasHenue (11,115) suipaxenna (I1,112) paa namuHapHO# 061aCTH HAXOLHM
dopmyay
Lg(pr—p) (11,116)

Woe = 18”,

TAe W — BSI3KOCTb CPeAbl.

3T0 ke ypasHeHHE MOXHO NOJNYYHTb W NPM HCNOAB30BAHHY Bhipaxenus 3akoHa Crokca,
COTJ1aCHO KOTODOMY CONPOTHBJAEHHE CDejbl IPH OCaXKAEHHH B Hefl MEJKHX 4YacTHL Bblpamkaercs
SaBHCHMOCTBIO

R = 4ndpwee (11,117)
[IpupaBunBaeM [eHCTBYIOUYIO CHIY CHJE CONPOTHBJIEHHS CPeAH!

nd3
—G—g (pp — D) = 3ndpwge

H, ONpE/le/IHB H3 3TOTO BHIPaXKEHHS Woe, NoMyyaeM ypaBnenne (I1,116).

MaxkcumalpHBIH pa3sMep YaCTHL, OCAaXKAEHHEe KOTOPbIX MPOHCXOAHT [0
3akoHy Crokca, MOXHO Haiitd, nogctaBuB B ypasuende (I1,116) Bmecto cko-

. o Re
POCTH OCaXJeHHS €€ BhIpaxeHHe yepe3 Kpurepull PeilHoabAca W, = ”dp "
npunas Re = 2, T. e. — npeneibHOMYy 3HaueHuio Re ns1a JjaMHHapHOH 06-
jgactd. Torpa

3/ =gz -V S E—
36u2 V u? .

d =]/————~1,56 —e (I1,118)
ax pg (P — ) p(pr—P)

CyuiecTByer ¥ MHHHMA/IbHBIH pasMep 4acTHI, HHXKe KOTOPOro Hab/oaaiTCs
OTKJOHeHHs oT 3akoHa Crokca. HuxHuii nmpepen NpHMEHHMOCTH 3aKOHA
Crokca .coorBerctByeT Re =~ 1074, Ilpu Re << 107% Ha CKOpPOCTh OCaXAeHHs
OYeHb MEJKHX YaCTHIL HaYHHAeT BJHATH TElJ0BOE ABUMKEHHE MOJIEKYJ Cpelkl.
B takux yCl0BHAX pasMephl d uacTHi CTAHOBSTCH COM3MeDHMBIMH CO CpejHeil
AMUHOH A cBOGOAHOTO npoGera MoJiekyJa cpeabl. [IpH 3ToM CKOPOCTH OCAXKACHHA
OKa3biBaeTcs HHXKE paccyuTaHHoil no ypasueduio (11,116). Ilosromy Besau-
UHHV @, omnpeaeneHHyio no ypasHeHuio (II,116), ciaeayer pasienuTp Ha
nonpaBoYHbil Kos(duuueHT

k=1442 (11,119)
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-

npuuem BeauuHHa A meHserca B npeaenax ot 1,4 ao 20 (ans Bosnyxa A =
= |,b). ‘

Pacuerbl MOKa3bBAOT, 4TO fIpH OCAakKJICHHH B BO3AYXe YaCTHI[ MbLIM pas-
mepom d >> 3 mxm KospdHurent k£ = l. Ilpu d =~ 0,1 mxm neuib He ocax-
paercs, a HaGJ/OAAeTCs UL XA0THUECKoe GPOYHOBCKOE ABHIKEHHE ee YAaCTHIL.

B cayuae nmnepexopHo#i o6aactH 2 < Re <7500 mnociie mnomCTaHOBKH
B ypaBHenue (I1,115) Buipaxenus (11,112a) pas { u HekoTOopeIX MpeoGpasoBa-
HHA [OJyYHM

043 (p, — p)0-715

0,285 0,43
p Iy

AnajoruuHo pJsa apToMmopedsHOH obaactu (npu Re > 500), coriacHo BH-
paxenuo ([1,1126), noncrasus § = 0,44 B ypasuenue (LI,115), Haxonum

oo s 5,46 V‘L("Tp—“@ - (11,1166)

Woe ~0,78 (11,116a)

Ias Toro uto6bl BHIGPATh pacyeTHOe ypaBHEHHE, COOTBETCTBYIONIeE JAaHHOH
06/1aCTH OCaXAeHH4, T. e. oAHO u3 ypasHenu# (11,116), (I1,116a) uau (I1,1166),
HEOOXOAHUMO MPEeABAPUTENABHO 3HAThH 3HAaYeHHE KpHUTepHsi Re, B KOTOpHH BXO-
JAHMT HCKOMa§ CKOPOCTb OCAXKIAEGHHA Wy.. [TosTOMY pacuer w,, MO NpHBEACHHHM
BBILIE ypABHEHHSIM BO3MOXEH TOJABKO METOJAOM I[OC/eNOBaTesbHbIX MpHOAU-
kequ#. [lomyckas, YTo OCa)K[AeHHe MPOHUCXOAMT B ompejejeHHOA 067acTH,
HanpHMep JaMHHAPHOH, 'pPACCYHTHIBAIOT MO COOTBETCTBYIOWEMY YypPaBHEHHIO
W, M MO 3TOMY 3HAYEHHIO BBIYHCAAT Re. 3ateM npoBepsior, JEeXKHUT JH Hall-
JeHHoe 3HaueHHe Re B npepeaX, OTBeYAOUIHX NPHHATOR OG/MACTH OCaXKICHUA.
B cayyae HecoBnmajeHus pacyer MOBTOPSIOT A0 MOJyUYeHHS CXOAUMBIX pe3yJib-
TaTOB.

BcaepctBHe TpyL0eMKOCTH METOAA MOC/eLOBaTe/bHBIX MpHGAHKEHUH GoJlee
YA06HO AJA OMNpeNeJeHHs W, MOJB30BAThCH APYTHM METOAOM; MpelJoXKeH-
i [1. B. JlameHko. DTOT MeTO] OCHOBAH Ha Mpeo6pasoBaHHM ypaBHeHHH
(I1,115) nyrem 1oACTAaHOBKH B HEro CKOPOCTH OCaX/eHHS, BhIpa)KeHHOH uepes
Re, u BossegeHus ofeux uacTefl ypaBHeHWUS B KBajpar:

Re?n? 4gd (pr — p)
dép? 4tp

Orcrosa

BripaxeHue B npapofi 4acTH 3TOr0 ypaBHEHHHT NPUHIHIHAJLHO HE OTJH-
yaerca oT BoipaxeHua (I11,88) aas xputepusa Ar:

352 —_
Ar= 202 P—p (11,88a)
B P

B nannHoMm cayyae 3a onpepensioUlHiA JHHeHHbIA pa3Mep npHHAT KHaMeTp
YACTHIIBI, 4 3@ MaciiTa6 PasHOCTH MJOTHOCTEI YacTHIlbl U Cpejhl — MAOTHOCTH
cpeasl, B KOTOPON MNPOHCXOAHT OCAXKACHHUE.

B xpurepufi ApxuMesa HCKOMas CKOpOCTb OCa:KjJeHHS He BXoauT. OH
COCTOHT M3 BeJIHYHI, KOTOpble 0ObIYHO JAHGO 3aaaHbl, AHG0 MOryT OBITh 3apa-
Hee ofpene/eHsl.

Takum o6pa3oM .
4
3

INoncTaBuB B 3T0 0600UIEHHOE ypaBHeHHE KpHUTHYeCKHe (rpaHHuHble) 3HA-
yeHHA KpuTepds Re, oTBeuaroliive nepexojy oAHOHN 06/12CTH OCAXASHUA B ADPY-
T'yio, MOXHO HAATH COOTBETCTBYIOMIHE KPHTHYECKHE 3HAYEHHsS KpuTepus Ar.

L]

[Re? = —— Ar (11,120)
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IOas obaactu neficrBus 3akona Croxca (Re <% 2) npu NOACTAaHOBKE BHpa-
xeuus {, cormacHo 3asucumoctu (I1,112), B ypaBrenue (II1,120) monyuyum

24, 4
ReRe —-—E—Ar

OTKyJa
: Ar
= 11,120a
Re = 5= ( )
BepxHee npepesbHOe, HJH KpHTHYeCKoe, 3HAueHHe KpHrepus Apxumena
AJis 3Tod 06aacTH
Argp, = 18-2 =36
CaenoBatenbHO, CYILECTBOBAHHE J1IAMUHAPHOTO pexmma ocaxjeHus CoOT-
BeTCTBYeT ycaoBuio Ar << 36.
Oas nepexoano#t o6aacru, rae 2 << Re << 500, noncrasnﬂew 3nauende §,
corsacHo 3asucumocty (II, ll?a), B ypasHenue (I1,120). Torza

14 4 _Ar
R =—7"-153
HJH
Re = 0,152Ar% 715 (11,1206)

Ilpu moxcranoske B ypaBHeHue (II,1206) kpuruueckoro sHauenus Re =
= 500 HaxozsT BepxHee npejejbHOe 3HayeHwe AT A1f mepexodHOH o6sacTy

0,715
500 = 0,152Ar%.73

OTKY a8
Aryp,s = 83000

Takum o6pasoM, nepexofHas 06JacThb OCaXJEHUsI COOTBETCTBYET H3MeHe-
HHio Kputepusi Ar B npejenax 36 <G Ar <q83 000.
Ins aBroMozenbHoO# o6aacth, rae Ar > 83 000, saBHcuMOcTh Mexny Re
u Ar MoxHO HafiTH, noxcrasus { = 0,44, B COOTBETCTBHH C BBIpaXKeHHEM
(I1,1126), B ypaBuenune (II,120):
Re= 1,74V Ar (11,1208)

Takum o6pa3oM, paccunTaB KpHTepHit Ar, ompenessiioT NO ero 3HayeHHIo
06acth, B KOTOPOH MPOHCXOAHT OCa)KieHHe. BhUHCAAIOT, MOJAb3ysACh OXHHM
u3 ypasHenuit (I1,120a), (I1,1206) uau (I1,1208), orBeuawmouiuM 310k 061acTH,
3HauyeHHe Re 1 HAXOAAT MO HEMY CKOPOCTb OCAMJIEHHA

p-Re 11,121
w, =
o do (11,121
3Hasn 06/1aCTh OCAXKIACHHS, MOXKHO TAKKE€ PACCYHTATh CKOPOCTh OCAXJIEHHS
no oxHoMy u3 ypasuenudt (I1,116), (II,116a) uan (11,1166).

Iaa pacueToB MomkeT GLHITh HCNOJAB30BAHA W €AHHAS HHTEPHOJsUHOHHAR

3aBMCHMOCTb, CBA3bIBawOLIAA KpUuTepHu Re H Ar /11 BceX peXXHUMOB OCaXIeHHs:

Re = Ar - (I1,122)
18 40,575V Ar
[Tpu Mmanbix 3HaueHHAX AT BTOPHIM CJjlaraeMbiM B 3HAMeHaTesle MOXHO
npeHe6peun, W ypaeHenue (II,122) npeBpamaercs B ypaBuenue (II,120a),
COOTBETCTBYIOLIEE 06aacTH AedcTBHsA 3akoHa Crokca; Opu GoJablUIAX Xe 3Ha-
ueHHAX AT npeHeGpeyb MOXHO yXe MEpPBBIM CjaraeMbiM B 3HAaMeHaTele, H
ypasrenue (I1,122) npespamaercs B ypasuenue (I1,1208), orBeuatouiee apro-
MOZieabHOM 06s1aCTH. '
CKOpOCTb OCamJIeHHS Wo. YAaCTHI HEUlapooGpasHof (opMbi MeHblile, yeM
CKOPOCTh OCaX</eHHs MmapoobpasHbIX 4acTHil. YToGnl ee paccyuraTth, 3Haye-
HHE CKOPOCTH OCaMKIECHHUS Wy, LJ5. L1APpOO6GPA3HBIX YaCTHIL HeOGXOAHMO YMHO-
¥KUTh HA NONDPABOYHBIA KoadduumeHt ¢, HaspBaeMbil KkosdbuuneH-
TOM dopMH

’

Wy = Py, (11,123)
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Kosdguuuent @ <i 1, # ero 3HayeHHS ONPENSNAIOT ONbITHRIM MyTeM. Tak,
IJ15 . 4aCTHL OK pyryofi ¢opmul @ =~ 0,77, Aas yrjosaTeix 4actHu ¢ = 0,66,
JJ1si TPOROJITOBATHIX YacTHL ¢ == 0,58 ¥ 1J1d MIacTHHYATBIX dacTHU ¢ ~ 0,43.

KpoMe Toro, npu pacyere CKOpPOCTH OCax<J€HHs YacTHil HewapoobpasHoi
¢OopMBl B COOTBETCTBYIONIHE YDABHEHHS IJIA ONpelejieHHsi CKOPOCTH CJeayeT
NOACTAaBJATH yKa3aHHLIA Buillle (cM. crp. 97) nvaMeTp 3KBHBAJIEHTHOTO iflapa.

TIpHBeneHHBIH PACUET Woc H Woe OTHOCHTCA K CKOPOCTH CBOG6O A HOT O
ocaxAeHHSs, NPH KOTOPOM OCaXKAAIOLIHECS HaCTHUbl MPAKTHUECKH He
OKa3blBAIOT BJAMSIHHSA Ha ABMIKeHWe Apyr Apyra. Ilpu 3HauMTeNbHOH KOHILEH-
TpauHH TBepALIX YaCTHLL B cpeJie TIPOMCXOJHT CTECHEHHOE oCa K e -
H H e, CKOPOCTb KOTOPOFO MeHblle, yeM CBOGOZHOIO, BCJIEACTBHE TpEHHSA H
coylapeHHH MexIy dacTHUamu. PacueT w,, Np¥ CTECHEHHOM OCaKIEeHHH pac-
CMOTpEH B Iy1aBe V, MOCBALIEHHOH pa3fiesleHHIO HEOJHOPOAHBIX cMeceil. Pacuer
CKOPOCTH OC2)KIEHHSA YaCTHU O] AefiCTBHEM LEHTPOGEKHOH CHJlbI, B MTPHHIHIE
aHaJIOTHYHBIA TpUBEJEHHOMY BbIllle, TaKXKe H3JIOXKeH B 3TOH IJase.

B cnyuae ABMIKEHHSA >KUAKHX Kamesb B rase WIH B IPYTOH *KHLAKOCTH H
Ny3bIpbKOB ra3a B XXHAKOCTH ypDaBHEeHHs MJfi pacyeTa W, YCJIOXKHAKOTCS
Jiaxke NJis ONMHOYHBIX Kanesdb H Ny3blped BCJeCTBHe H3MEHEHHS NpH ABHXKE-
HUH ux Gopmbl. ‘ , :

18. JIBHXeHHe XHIKOCTEH yepe3 HeMOABHKHEIE
3ePHHCTBIE M MOPHCTRIE CJIOH

Bo MHOrux mpoueccax XHMHYECKOH TEXHOJIOTHH TNPOHCXONMT MABHIXKEHHE
KaneJIbHbIX JKHMIKOCTEH HJIM ra30B 4yepe3 HEMOJBHXKHbIE CJIOHM MaTepHualios,
COCTOSILLHX H3 OTAEJbHBIX 3JIEMEHTOB.

dopMa # pasmephi 3JIEMEHTOB 3epHHMCTRIX CJIOEB BecbMa pa3HOOOpa3HbL:
MeJibYailive YacTHibl cJIoeB ocajika Ha (puabTpax, rpaHylbl, TabGJeTKH H KY-
COYKH KaTalu3aTopoB HJIH aJicopbeHTOB, KpYyIHble HacajouyHble Tesaa (B BHJE
KoJiell, cejlesl ¥ T. I1.), TpUMeHsieMble B a6copOUHOHHLIX H PeKTH(HKAUHOHHBIX
KoJioHHaX. [1pu 3TOM 3epHHUCThIE CJIOH MOTYT GBITEM O HO A HCTI € PCH B MH
HWIH DOJNHIHCINEePCHHNMH B 3aBUCHMOCTH OT TOrO, ONHHAKOBBI WJIH
pasJMYHbI O pa3Mepy YacTHUbI OJHOIO U TOrO XKe CJIOos.

Ilpy nBHKEHHH XKHUAKOCTH UePe3 3ePHUCTHIH CJIOH, KOrAa MOTOK MOJHOCThIO
3anoJiHsAeT cBo6OfHOe NMPOCTPAHCTBO MEXKIY YaCTHUAMH CJI0A, MOXKHO CUHTATh,
YTO KHAKOCTH OHOBPEMEHHO OGTEKaeT OT/e/IbHbIe 3JIEMEHTHI CJIos H IBHKETCH
BHYTPH KaHalloB HeNnpasBuJIbHOH (opMbl, o6pa3yeMblX MYCTOTAMH H ITOpaMH
Mex1y 3JemeHTamH. M3ydeHHe TaKOro gBHaKEHHs, KaK YKa3bIBaJIOCh, COCTaB-
JIieT CMeWaHHYI0 3aJa4y THUAPOAMHAMHKH.

ITpu pacuere THApPaBJHYECKOrO CONPOTHBJIEHHS 3€PHHUCTOTO CJIOA MOXKET
6biTb HCIIOJB30BaHA 3@8BHCHMOCTD, aHaJjorvyHas no BuAy ypaeHenuio (11,93a)
JJ1s olpejiejieHHs NOTepH JaBJIeHHS Ha TpeHue B TpyGompoBojax:

=3 L. pw?
AP=A g3 (11,124)

Onnako kospduunent A B ypaBHeHuu (I1,124) auwp dpopManbHo orBeuaer
Kosbuurenty TpeHuda B ypasHeHuu (I1,93a). OH oTpaxkaeT He ToJbLKO BJHA-
HYE CONPOTHBJIEHHSA TPEHHS, HO H JOMOJHHTEIbHBIX MECTHBIX CONMPOTHBJIEHHUH,
BO3HHKAIOUWHX MPH ABHXKEHHH »KHJIKOCTH 10 HCKPHBJIEHHBIM KaHaJjaM B cJoe
¥ OOTEKaHHH €0 OTAE/bHBIX 3J1eMEeHTOB cjlosi. TakuM o6pa3oM, A B ypaBHEHHH
(11,124) sBasercs o6wHM KO3(pHLMEHTOM COMPOTHBJIEHHS, .

OKBUBAJIEHTHbIH JHAMeTp d,, COOTBETCTBYIOUMH CYMMapHOMY mnonepeu-
HOMY CeYEHHIO KaHA/I0B B 3ePHHUCTOM CJIO€, MOXET GbITh OMpefesieH CJeAYIOUWUM
obpasoM. :

3epHHCTbIN CJIOH XapaKTepH3yeTCs Pa3MepoM €ro YacTHIL, a TAaKxkKe ylelb-
HOH NMOBEPXHOCTbLIO U Josleil cBoGOAHOTO o6beMa.

YRenbunasnosepXHocTb a(u?/u®) npercrasinsier coboit nopepx-
HOCTb 3JIEMEHTOB, HJIM 4acTHI MaTepHaJa, HaXoNAIUMXCA B elHHHUE o6BbeMa,
33HATOrO CJIOEM.
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HJdons ceBoboaHoro o6remMa, WiH IOPO3HOCTHb g, BHpa-
}KaeT 06beM CROGOJHOTO NPOCTPAHCTBA MEXKAY YaCTHUHAMH B eldHHIe 00beMa,
33HSITOTO CJI0EM.

Ecna V — obwmuit o6beM, 3aHuMaeMblH 3epHHCTHIM cloeM, #H Vy — obbeu,
3aHUMAEMbI CaMHMH 3JIeMEHTAMH, WIH 4acTvuaMe, ofpasyrouluMH cJo#, TO
e = (V— V,)/V, T. e. ABAsieTcsi BeuuuHOH Ge3pa3MepHOH.

Ilycts nonepeuHoe ceyeHHe ammapaTa, 32M0JHEHHOTO 3€DHHCTHIM CJIOEM,
cocrasJsieT S (M?), a BbicoTa cios pasHa H (m). Torna obvem ciosa V = SH
u obvem Vo = SH (1 — g). CootBercTBeliHO cBOGOAHLIE 0o6beM caos V., =
= SHe, a NOBepXHOCTb 4ACTHI, PABHAS [IOBEPXHOCTH 0OpPa3yeMblX HMMH Ka-
HaJIoB, cocraBaser SHa.

Juist Toro uTo6bl ONpeaeuTh CYMMapHOE CeueHHe KaHaJoB CJI0si, HJH CBO-
6oHOe ceueHue a0, HEOOXOANMOE AJSl BhIUKC/AEHHS d,, HAAO Pa3felHTb CBO-
OofHLIH 06beM csos V., Ha AaMHy KaHajoB. OfHako UX ANHHA He OQHHAKOBA
H J0JKHA GulTh ycpenHeHa. Ecau cpeaHsis ANyWHE KAHAJNOB NpeBbiliaer obiulyio
BBLICOTY CJIOSl B o, pa3, TO CpefHss IJMHA KaHaJjop paBHa a.ff, a cBoboaHoe
ceyeHue cjaos cocraenaser SHe/a H = Se/a,, rtae o, — Ko3ppHLHEHT KpPH-
BH3HBI KaHAJIOB. y

CmoueHHBIH MepuMerp CBOGOJIHOTO CeyeHHsi ¢JIOst MOXKeT ObITb BbIYHCIIEH
jJeseHreM oOUleH MOBEPXHOCTH K&HAJOB Ha HX CpeAHIO IJIHHY, T. €.
SHa/aK-H = Sa/ax.

CnegoBaTeltHO, 3 KBHBaJeHTHH U fHaMeTp KaHaloB B 3ep-
HHCTOM CJoe, corjacHo ypasHendwo (11,273), Bblpd3sHTCA OTHOLIGHHEM

(5)

doe NOx/ . f8 (11,125)

s Sa T a !
o

Taxum 06pasom, sxsusasenmuoiiouamemp 02838 pHUCMOS0 CAOS ORPECLASLMCS
Oeseruem yuemeeperrotl doau c60600H020 00BEMA CA0A HA €20 YOeAbHYIO noepX-
HOCMb.

OKBHBaJICHTHBIH 1HaMeTp d, MOxKeT ObITb BbipaxceH TaKXKe uspe3 pa3mep
YacTHI, COCTaBAsOUINX cjoil. [Tyers B 1 M3, 3aHMMaeMOM cJIOeM, HMEETCH 7
yactul. O6bvem caMux yactuy paeeH (1-—- €);, 2 UX MOBEPXHOCTb COCTABJISALT 4,

CpenHuit o6beM OJHOH YacTHILBI

v, — 1—e _ ndd
T T 6
a €€ INOBepXHOCTb
a nd?
Fq="“_'='_"
n (1]

rie d — JHaMeTp SKBHBAJIEHTHOTO mafa, HMEIOILEro TOT Xe o6beM, YTO H YacThna; ® — daxtop
dopMbi, onpenedsieMuit ypapHenneM (11,114); nas wapooSpasubix gactum @ = 1.

Toraa orHoleHHe NNOBED XHOCTH 4YaCTHLbI K €e o6bemy

e _ 6

1—e @d -
OTKy/a

—80—¢) 11,126

a= ©d . ( ’ )

[Toacrasue 3HaueHue a B ypasuende (I1,125), moayuum

oMe d (11,127)

b=30—e
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Hns MOJHIHCIEPCHBIX 3EPHHCTHIX C/oEB pacquHui’x AHaAMETP d BHIUYUCIAIT U3 COOTHOWEHHS

d= ' (11,128)

7]
dq
i=l

rie x; — o6beMHasl HJH, NPH ONHHAKOBOA MJIOTHOCTH, MaccoBas AOMA YacTHL ¢ JHaMeTpoM d.

[IpH onpexeseHHH THCNEPCHOrO COCTaBA CHTOBLIM aHAIH3OM 3Ha4eHHA d; NPeACTaBAAIOT
co6ofl cpefHHE CHTOBbie Pa3Mephl COOTBETCTBYIOUIMX (paKiHi, T. €. CpeiHHe 3HAUEHHS MeXAY
pasMepaMH [1POXOXHOI0 M HelpoxoxHoro cHT (ctp. 680).

B ypaeuenue (11,124) BXxonMT feficTBHTE/NbHAS CKOPOCTD MKHUAKOCTH B KaHa-
Jax ¢J10s1, KOTOPYIo TpyAHO HafiT. [ToaToMy Henecoo6pasHo BeipasuTh ee yepes
CKOpOCTb, YCJIOBHO OTHECEHHYIO K ITOJIHOMY IOINePeYHOMY CEYEHHIO CJI0S WMJIH
annapara. JTy CKOPOCTb, PaBHYIO OTHOLIEHHIO OGBEMHOTO PACXOAa KUAKOCTH
KO BCcefl M.owaid NonepeyHoro ceyeHHs CJ10si, HA3bBAOT G M KT H B H O i
CKOPOCTSBH IO H 0603HAYAT CHMBOJIOM W,.

[1pu 3toM pas pacyera JeHCTBHTEJbHOH CKODOCTH yCJIOBHO NpeHeOperaioT
KPYMBH3HOH KaHa/J10B, [0 KOTOPbIM ABHXKETCH MKHAKOCTh B CJIOE, T. €. CYHTAIOT
CpeLHo AJMHHY KaHaJloB paBHOH Bbicote H cios (a, = 1). Hpu l = H cym-
MapHOe cedeHHe KaHa/loB cocTabaseT SHe/H = Se; nmpousseseHue 3Toro ceue-
HMsl Ha CKODOCTb W B KaHa/laX DaBHO O0GBbEMHOMY DacXoiy, KOTODbIH MOXKHO
onpelesdTb Takxe mnpousseseHneM Sw, Orciopa Sew = Sw, Coorser-
CTBEHHO 3aBMCHMOCTDH MeX]y JEHCTBHTE/]bHOH CKOPOCTBIO W H QUKTHBHOMN CKO-
pPOCTBI0 W, BbIPAXKAETCH COOTHOLIEHHEM

. Wo

= =0 9
w=— (I1,129)

Ha camoM feJie Be1H4MHA w MeHblIe CKOPDOCTH XKHJIKOCTH B pealibHbIX KaHa-
JAax, MpUYeM TeM B 60Jibliledl cTeneHH, yeM 6o ble KOIPOHILMEHT KPHBHIHBI & .
OnHako 3TO pas/iHyHe HE OKa3bIBAET CYILECTBEHHOTO BJIHAHHS Ha BHJ PacueT-
HOTO ypaBHEeHHs /A THApaBJidyecKoro conporus/ienus. Ilostomy B ypashe-
uue (I1,124) noxcrasnsior w, cornacuo Beipaxenuio (I11,129), a BMecTo LIHHEI
KaHaJoB [ — obwyio Bbicotry H cinos. Kpome Toro, Bmecto d, 8 ypasHeHHe
(I1,124) nmoxcTaB/sIOT €ro BbIpaKEHHe B COOTBETCTBHH ¢ 3aBucHMocTbio (11,127).
Torga noayuator

p(—w°)2
H €
Ap”"‘[ L )
T—e |
HJIH
_3(1—e) . H 09 (11,130)
br=—9mp *a 7T

KosddruueHT conpoTHB/AeHHs A, KaK H NMPH ABHKEHHH KHIKOCTH B Tpybax
M JABHXEHHH TeJ B KHAKOCTAX, 33BHCHT OT THAPOJHHAMHUECKOTO DEXKHMA,
ofnpejenseMOro 3HayeHHeM KpHTepHs PefiHonbaca. B ganHom ciyuae mocse
nopcTaHoBKH w u3 Bhipaxenus (I1,129) u d,, coraacHo 3asucumocts (I1,125),
BolpaKeHHe KpHTepHs PefiHosbAca npuUHHMaeT BHJI

Re = wd,p _ welep

1 sap
HJIH
Re = 220 _ 4W (11,131)
au  au

rie W — maccoBas CKOPOCTb KHAKOCTH, OTHECEHHAs K I #% ceuenus annapara, e (M’ CEeK).
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INpu samene B BoipaxkeHud (I1I,131) ynenawvHolt noBepxHOCTH a ee 3Hade-
Huem H3 3aBHcumoctH (11,126) uan npu npsiMoit mogcTaHoBKe B Re BeslMYHHBI
d,, cornacHo ypasHeHuwoo (11,127), monayuaroT cooTHoLIenHe:

2, ® wmd 2 @ 11,132
Re_T.I—E. u =3 I—SReo ( ’ )

rje

Re, = '”0:‘9 (11,133)

Bespasmepubiil Kommiekc Re, npencrasisier co6oift MORHGHUKDPOBaHHBIMH
KpHTepuil PeftHONbACA, BHpakeHHbIH Hepe3 QHKTHBHYIO CKOPOCTb KHAKOCTH
W pa3Mmep YacTHl ciosi (d — auaMerp, Wiapa, HMEIOULEro TOT ke 00beM, 4To
W 4acTHIa).

[pennoxen psax 3asucumocTefl ass pacuera KosdHIHEHTa COMPOTHBIIE-
HHSL A TIpH Das3JIMUHBIX PEXHUMAX ABHIKEHHsI >KHAKOCTH uepes cjoil. Bce atu
ypaBHEHHs TOJyueHbl 0GOGIEHHEM OMNbITHbIX AAHHBIX DPAa3JIHYHBIX HCCJENo-
BaTesiell ¥ JaloT 6oJlee WM MeHee COTJIACYIOULMecsi MeKIy cOO0H pe3yJibTaTsl.
JAs Bcex pexIIMOB JBHXEHHS NPUMEHHMO, B 4acTHOCTH, 000OlieHHOe ypas-
HeHHe ' :

_ 133
b= o 2,3 (11,134)

B srom ypaeuenun kpuTepHii Re Bripamxaercs 3asucumoctsio (I1,131)
anu (11,132).

Caiegyer OTMETHTH, UTO IIDH ABHXEHHH XHILKOCTH (rasa) depes 3epHHCTHIA
CJ10# TypOYJIEHTHOCTL B HEM Pa3BHBaeTCs 3HaYHTEJNbHO paHblile, YeM MpH Teue-
HHH 1o Tpy6aM, NpHUEeM MeXAY JIaMHHapHBIM H TYPOYJEHTHLIM PeXXHMAMH HeT
peskoro nepexona. JIaMHHapHbIH peXHM NpPaKTHYECKH CYLECTBYET 1P HMEPHO
npu Re < 50. B nanHoMm pexxume ans 3epHucroro ciost A = A/Re [cp. ¢ ypas-
nenusimu (11,91) u (11,112)1. )

IIpn Re <Gl BrOpRIM cslaraembiM B npaBoii uactH ypaBHeHus (11,134)
MOXHO npeHefpeyb H ONpefesisiTh A MO ypaBHEHHIO

133
=03 1,134
Re (I a)

IIpn Re & 7000 Bactynaer aBToMozeNbHAst 06/12CTh TYpOYJIEHTHOTO peXKHMa
JBHIKEHHS B 36DPHHCTOM CJ10€, KOI'la MOXKHO IpeHefpeub [1epBbIM YIeHOM B Npa-
Boil yacTu ypasHenus (11,134), B stom ciyuae

A~22,34 = const  (11,1346)

lep. c Boipaxennsamu (I11,100) u {I11,1126) aas TedeHus xugkocTd nmo Tpy6am
H [Js [BHXEHHA Tell B MHIAKOCTAX I,

Ypapuenne (I1,134) npuMennmo 1151 3epHHCTHIX CJIOEB ¢ OTHOCHTENbLHO DABHOMEDHEIM pac-
Npeje/ieHHeM [TyCToT (C/I0H IUapoB, TpaHyJl, 3€peH, YacTHL HenpaBHIbLHOH dopMbl). B To Xe BpeMs
BN KOMbLeoGpasHEIX HAcafOK 3HAYEHHH A MO BTOMY YDaBHEHHIO NIDH TYPOYJEHTHOM peKHUME
NO/Y4alTCsl 3aHHMEHHEIME H3-32 TOrO, YTO BHYTPEHHME IOJIOCTH KOJell HapylUaioT paBHOMep-
HOCTb pacnpejieleHHst nycror. PacyerHbie 3aBHCHMOCTH JJisi JAHHOTO CAydas NpHBefeHbl B
raase XI, .

PaccmorpuM Goslee NMOAPOGHO JaMHHEZDHOE ABHMKEHHE MKHIKOCTH Yepes
3€PHHCTLIA cjloH. TakoH pexHUM TeUeHHs XKHAKOCTH 4acTo HabJiofaercs B Of-
HOM H3 pacnpOCTpPaHEeHHLIX NPOUECCOB pasfiesleHHs HEOLHOPOAHbIX CHCTEM —
QHABTPOBAHHH Yepes NOPHCTYIO cpeny (cJol ocazka H OTBepPCTHs GHIBTPOBAJIb-
Ho#l neperoponku). IIpu MasoM fHameTpe NOp H COOTBETCTBEHHO HH3KOM 3Ha-
YeHHH Re (MenbllleM KPHTHYECKOrO) ABHKEHHE XKHAKOCTH NpH QHIABTPOBAHHH
ABJIACTCA JaMHHApHBIM. [logcTaBHB A u3 ypaBHenus (11,134a) u BeIpakeHue
(I1,132) nns Re B ypaeuenue (11,130), nocse semenTapHbIX npeoGpasoBaHHil
NoJy4HM ‘
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(1 — &) uH Pao(l —e) pf .
Ow—wa~= 150-_837——‘% (”,130)

Ap== 15
rie ¢gq — KospduunenT QopME, CBS3aHHbIA ¢ (PaKTOpPOM Q)opMu COOTHOILEHHEM
¢o=£f : (I1,1352a)

Ypasuenue (I1,135) Moxer ObiTh HCHONB30BaHO Ajsi pacyera yHebHOTO
CONpOTHBJIEHHST OCAJKa, KOTAA PasMep €ro YacTHi [OCTaTOYHO BEIHK (CM.
crp. 197).

Hs ypasnenus (I1,135) BuaHO, 4TO rHipaBiiMuecKoe CONPOTHBJIEHHE 3ep-
HHUCTOTO CJIOA TPH JIAMHHApPHOM [BHXEHUH KHMAKOCTH ITDOMOPIHOHAJBHO ee
CKOPOCTH B NepBO#l CTeNeHH.

C ysesuueHHeM TypOy/IeHTHOCTH BJHAHHE CKOPOCTH XKHAKOCTH Ha THApaB-
JiiuecKoe CcOMpoOTHBJEHHE Bospacraer. B npefene — Ans aBTOMOZe/bHOM
obnactH — nojacranoska B ypasHeHde (I11,130) znaueHusi A u3 BblpaxKeHus
(I1,1346) npHBORMT K KBaapaTHYHOH 3asucHMOcTH Ap oT cKopocTH.

3Hauenud €, a, O (HIH Qg) LA pa3jMYHBIX MaTepHalloB NpH pasHbLIX CNO-
co6ax MX 3arpy3KH HaXORATCS, KakK NMPaBHJIO, ONBITHLIM NMYyTeM H NPUBORATCSH
B CNpaBOYHOH JHTepaType *

3xcnepumentanbio @ (MH Qg) YaCTO ONMpelessiOT, H3Mepsisl FHIAPaBJIHIECKOe COMPOTHBIE-

HHe CJIOf, COCTOAILErO H3 YacCTHIl JaHHOTO MaTepHaljla COOTBETCTBYIOIIErO pa3Mepa, C H3BECTHOR
Aoneii cBoGogHoro o6bemMa. 3aMepHB Ap NpH ONpejeneHHOM 3HaYEHHH Wy, OTBEYAOIEM JAMH-
HapHOMY DEeXHMy, H QHKCHPOBaHHOH TeMnepartype (a 3Ha4uT, H BASKOCTH) XKHJKOCTH, BLITHC-
asoT © (WIH @g) MO ypaBHEHHIO (11,135).

[ToposHocTb & B 3HAYHTENLHOH CTeNeHH 3aBHCHUT OT croco6a 3arpy3KH CJIos.
Tak, npu cBoOojHOM 3achinKe CJiosi mapoobpa3HbIX YacTHI JoJis cBOGORHOTO
0o6beMa 3epHUCTOTO cJloA MOXeT ObITh B cpefHeM npuHara & = 0,4. Oxuako
NpaKTHYECKH € B JJAHHOM cjlydae MoxeT u3MmeHsATocsi oT 0,35 fo 0,45 u Gonee.

KpoMe Toro, BeJlHYHHA & MOXKeT 3aBHCETb OT COOTHOLUEHHS MeXJLy JHaMeT-
pom d dacTdil U fiMamerpoM D annapata, B KOTOPOM HaxXxomuTCs cjod. ITo CBsI-
38HO C TaK HAa3blBaeMblM M PHCTeHOUYHBM 3bdeKTOM: MNIOTHOCTD
YNAKOBKH YacTHI, MPHJIETAIOUHX K CTEHKAM anmnapara, Bceria MeHblile, a' 110po3-
HOCTb CJIOSi y CTEHOK BCE€rja Bblllle, yeM B LEHTpa/bHOM YacTH anmnapara. YkKa-
3aHHOE pasjHyve MODO3HOCTH TeM 3HaYHTeldbHee, YeM GoJiblie oTHoweHue d/D.
Tak, npu d/D = 0,25, T. e. Korga pHaMerp anmapara MpeBblllaeT AHAMETP
YacTHll ¢J105i JHIIb BYETBEPO, MOPO3HOCTD CJIOA MOXKeT ObiTh NpuMepHo Ha 10%
fosibille, ueM B annapare, B KOTOPOM BJHAHHE CTEHOK NpeHeGpexHMo- MaJlo.

Benencreue 3Toro npH MOAENHPOBAHHH NPOMBILIJIEHHBIX aliapaToB C 3ep-
HHUCTBIM CJIoeM AHaMeTp MOJeNH J0JIKeH NpeBblllaTh AMAMETP YacTHIl C10s HE
meHee yem B 8—10 pas.

[pucreHoynsill 3¢dEKT He TONLKO H3MeHAET NMOPO3HOCTb CJI0S, HO H MpPH-
BOIUT K HEPaBHOMEDHOH NMOPO3HOCTH €ro Mo CeueHHIO anmnapara. 1o, B CBOIO
ouepelib, BbI3BIBAET HEPABHOMEDHOCTb pacnpefeieHHs CKOpocTed MOToKa:
CKODOCTH Y CTEHOK, I'Jie 10Jisl cBO601HOro o6beMa cJios GoJiblue U CONpOTHBIIE-
HHe IBYXKEHHIO HH2Ke, NIPEBLIILIAIT CKOPOCTH B LEHTpabHOH YacTH anmapara.
Takum 06pasoM, B NPHCTEHHBIX CJOAX MOXET NPOHCXOAUTBL NPOCKOK («Gail-
nacuposaHuer) Gosibliell Hax MeHblIeH HacTH NOTOKa Ge3 HOCTATOYHO TPOAO-
JKHUTEIBHOTO KOHTAKTa C 3epHHCThIM cjoeM. [1o Tof e mpuaHHe MoXKeT HabJlio-
JAThCS H HEepaBHOMEDHOCTDb pacnpefie/ieHus XKHIKOCTH NPH ee NJIEHOYHOM Teye-
HYH B HacajloYHblX abCcopOUHOHHLIX H PEKTH)HKALHOHHKX KOJOHHAX (CM.
rnasy XI). '

HekoTtopeie anmaparbi paboraloT ¢ NOABHX HBM 3€PHUCTHM CJHOEM ABH-
MeHHe Ta30B (pexe XHAKOCTEH) MPOHCXOIHT CKBO3b MEIJEHHO IBHXKYyUlHecsd CBEpXY BHM3 (mox

* Hnorga smecto ¥ B cNpaBOYHKKAX AaHEN 3HaYeHHA MOARdHUHPOBaHHOTrG thakTopa hopMEls
paBuoro 2/3®@ (3uauenue 5TOro Gakrtopa Lad Wapa paBHO He 1, a 2/3), H COOTBETCTBEHHO — MOAR-
¢duuuposantoro kosdguunenta GopMul Py, B 3THX cayuasax tpefyeres coorBercTByROWMI Mepe-
cyer.
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AeficTBHEM CHMJI THAXECTH) IVIOTHbIe 3epHHCTBIE C/OH. [lo TakoMy mpHHIMOY AeHCTBYIOT, HalpH-
Mep, aacopfepel ¢ ABHXYILHMCH CJIOeM 3€pPHHCTOrO copbenta (cM. riasy X1V). I'mgpasanueckoe
CONPOTHB/IEHHE NBHIKYIIETOCHA 3€PHUCTOTO ¢JIOA OTJIHYAETCH OT CONPOTHBJIEHHS HEMOXBHKHOTO
BCJIEICTBHE YBEJIHYEHHS JIO/H CBOOOAHOTO 06beMa CJI0A NIPH ero ABHXEHHH, a TAKKe HEKOTOPOro
‘yBJIUEHHA Ta3a (MM XHIKOCTH) ABHXYILMMCH caoeM. JlaHHHe A1 pacyeTa THAPaBJIHYECKOTO
CONPOTHBJICHHA IIOABHKHBIX 3€PHHCTHIX CJOEB NPHBOLATCA B CHEUHANbHON JHTepaType *.

19. T'uaponMHamMHuKa KHNAWMX (NCEBLOOKHIKEHHbIX) 3ePHRCTHIX CJOEB

3a nocJief(HHe 1Ba JeCATHJICTHA 3HAYHTENTbHOE NpPHMEHEHHe B XMMUUECKOH
W ADYTHX OTPACAsiX MPOMBILJIEHHOCTH MOJIYYUIY Npolleccsl, CBsi3aHHble ¢ B3a-
HMOJEHCTBHEM [a30B (peXe — KameJbHbIX KHAKOCTEH) CO clIoeM MeJKopas-
JApO6JIEHHBIX TBEPABIX YacTHU, HAXOAAIIMXCH B KHISALIEM, HINH MCEBJIOOXKH-
JKEHHOM, COCTOSIHMM. Annaparsl ¢ KHIISIIUM CJOEM HCOOMB3YIOTCA AMfA Tepe-
MELIEHHS H CMEIIMBAHHA CLIYYHX MaTepHasoB, AJAsi POBEAeHHs IMPOLECCOB
06KHura, TemoobMeHa, CYWKH, aACOPOUHM, KaTaJWTHYECKMX M APYTrHX Npo-
ueccos. Takoe LIMPOKOe pacmpocTpaHeHHe MPOIECCOB B KHMAMEM cjoe o6yc-
JIOB/IEHO PSNOM HX MPEHMYVIIECTB, KOTOpbie 6YAYT pacCMOTpelisl B rjaBax XIV

| Py
NHE \ |
TSR SELaN
(AT LA RN
] EHK FU
a 1 g

Puc. 11-31. [IBumeHHe rasa (KHAKOCTH) uepe3 CJAoH TBEPABIX YaCTHI:

2 ~— HeNOABHXXHWH canoff; 6 — KEnNguWHA (NCEeBROOKHKeHHHN) caoH;, & — yHOC
TBEPABMX YaCTHIL NOTOKOM.

u XV, nocesameHHbIX npoueccam afcopbuuy ¥ cymky. 31ech OTMETHM TOJIBKO,
YTO NCEBJOOKHKEHHIO NMOJBEPraloTCs YaCTHUBl 3HAYHTEbHO MEHBIIHX pasme-
pOB, YeM YacTHUB MaTepHaJOB, HAXOASIUIHXCS B HEMOABHKHOM cioe. I'Hapas-
JIHYEeCKoe CONpPOTHB/IEHHe KHMSALIETro €J10A NPH 3TOM OTHOCHTE/bHO HeBeJHKO,
a yMeHbIlleHWe DasMepoB YacTHIL NPHBOAMT K YBeNHYEHHIO NOBEDXHOCTH HX
KOHTaKTa C [OTOKOM H CHH)XaeT CONPOTHBJAeHHe AubGY3HH BHYTPH HACTHIL
NpH B3aHMOJEHCTBHY MEXAy TBepAOH H ra3oBod (MaH XHAKOH) dpasamu. B pe-
3yJipTaTe BO3PacCTaeT CKOPOCTh NMPOTEKaHHs MHOTHUX NpPOIECCOB.

3aKOHOMEDHOCTH [BHIKEHHS MXHAKOCTH uepe3 3epHHUCTbE CJIOH, PACCMOT-
peHHble Bhllle, . COOMIOAAIOTCS NPAKTHUECKH HpH JIOObIX CKOPOCTSAX TOTOKA
JUIIb NPH ABHXKEHHH ero cBepXy BHu3. Koraa moTok ABHXKeTCs CHHM3Y BBEpX,
3TH 33KOHOMEDHOCTH NMPHMEHHMbl JIMILL TIPH YCJAOBHH, YTO CKOPOCTH MOTOKA
He NpeBbIlIaeT TAKOro 3Ha4YeHHs, MPH KOTOPOM HENOABHIKHOCTL CJIOsi Hapy-
mwaercs. ,

Ha puc. 11-31 nokasaHs! TpH BO3MOXKHBIX COCTOAHHS CJIOS TBEPAbIX YACTHIL
B 33BHCHMOCTH OT CKOPOCTH BOCXOXSAIIEro IOTOKA. '

ITpu oTHOCHTENBHO HEGOJIBIIMX CKOPOCTSAX 3€PHUCTHIM CJI0H ocTaeTcs Hemo-
aBvkHbIM (puc. 11-31, @), u ero xapakrepHcTHKY (yLe/bHas MOBEPXHOCTb, N0-
PO3HOCTb H T. [I.) HE MEHSIOTCA C H3MEHEeHHeM CKOpOCTH noToka. JKHAKOCTDH
npH 3TOM NpocTo GuAbTpyeTcs yepes ciofl. OnHaKo, Korja CKOpocTh LOCTHIAeT
HEKOTOpPOH KPHTHYECKOH BeJIHUHMHBI, CJIOH nepectaeT GbiTh HEINOABHXKHbLIM, €ro
NOPO3HOCTh H BBICOTA HAUHMHAIOT yBeJHYHBAThCHA, CJIOH mpHOOpeTaeT TeKy-

* CM., nanpumep: 3ab6pogckuft C. C. Tuoponunamuxa H TelTooOMEH B MCEBNO-
OXHKeHHOM (Kuuswenm) caoe, M.—Jl., I'ocsuepronsgar, 1963.
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YyecThb M NEpPeXOfMT KakK 6bl B K HnsAmee (MceBAOOXHXKEHHOE®)
cocTosiHHe. B TakoM cJjioe TBep/ibie YaCTHI B HHTEHCHBHO NepeMelllaioTCs B IOTOKE
B pasJ/iM4HbIX HanpaBjaeHunx (puc. [1-31, 6), u Bech c/10ff HaNOMHHACT KHUIISAILLYIO
JKHMIKOCTL, OrpaHHUYEHHYIO SCHO BBIpaKeHHOH BepxHedl rpanuuedl pasjena
¢ NOTOKOM, npouefinuM cloi. [Tpu pasipHefilieM yBenH4eHHH CKOPOCTH NIOTOKA
MOPO3HOCThH CJIOS H ero BHICOTa MPOROJIKAEKT BO3PACTaTh BIJIOTH IO TOrO MO-
MeHTa, KOrjfia CKOpOCTb JOCTHF&eT HOBOTO KPHTHYECKOro 3HayeHUs, NMPH KOTO-
pOM CJIOH pa3pyllaeTcs M TBepAble YacTHUbl HAaYHHAIOT YHOCHTBCH MOTOKOM
(puc. 1I-31, ). SlB/enue MaccoBoro yHoca TBEpAbIX YacCTHL [OTOKOM Tra3a
Ha3plBAlOT N HEBMOTDPAHCHOPTOM H HCIONL3YIOT B MPOMBIULIEH-
HOCTH [/ IepeMelleHHs ChIMyYHX MaTepHaJIoB.

" TununuyHbte TpadUKH H3MeHEHHS BBICOTH 3@DHHCTOrO CJOS W Mepernana Aas-
JeHduH B HeM (THAPABJHYECKOrO COMPOTHBJAEHHA) B 3aBUCHMOCTH OT QHKTHB-
HOH CKOpPOCTH rasa (CKODOCTH, OTHECeHHOH
KO BCeMy CeueHHIO anmnaparta) npeiacTasJle-
ubl Ha puc. [1-32.

CxkopocTb, NpH KOTOPOH Hapyulaercs
HEelMoABHKHOCTb CJIOS H OH HAYHHAET mepe-
XOAUTH B IICEBJOOKHIKEHHOEe COCTOfIHHE,
Ha3bBAOT CKOPOCTbLK MHCEe€BJIO-
OXHXeHHa H 0003HAYAIOT Yepes wWpy..
Ilpu yBend4eHHH CKOPOCTH rasa JI0 3Haye-
HHsl, DaBHOIO ., CONPOTHBJEHHE 3€pHH-
CTOTO cJ101, Kak chaeayer u3 puc. 11-32, 6, Bos-
pacTaer ¢ yBeJIHYeHHeM W, 4 ero BblcoTa
IpakTHYeCKH He H3MeHseTcs (auHHa ABC
ua pdc. I1-32, a).

Hauanro ncesdoorcuncerun nacmynaem npu 2z
pasexcmge cuabt 2u0paBAUYECKOz0  COM POMU-
8AeHus caos eecy ecex ez2o dacmiy. ORHAKO
B AeHCTBUTEJ]bHOCTH nepenajn JABAEHHHA  pyc  [1.32. 3aBHcHMOCTH BHICOTH!
8 cJjoe, COOTBETCTBYIOUWLHH TOUKe B 3epHHCTOro cJjos (@) H ero ruppae-
(puc. [1-32, 6), T. e. HeMOCPEACTBEHHO I[Iepej  JHYECKOro COMpOTHBJAeHHA (0} or
HayaJoM [cesJooXMkKeHHs (Touka C), He- CKOpOCTH MOTOKA.
CKOJIbKO OoJiblie, 4eM 3T0 HeoGXOAHMO AJs
MojsiepKaHUsA CcJIosl BO B3BEWIEHHOM COCTOSSHHH. IJTO 0OBACHAETCH JeHCTBHEM
CHJ CUeNJIeHHs MeXAY YaCTHUAaMH cJ0f, Haxopisillerocs B nokoe. Koraa
CKODOCTb IMOTOKA JOCTHFaeT 3HAYeHHA W, 4YacTHUBI MPEO0JIeBalOT CHJIbI
cuelJieHHs W Mepenaj NaB/J€HHH CTAHOBHTCA DABHBIM BeCy HYacTHIl, IIPHXO-
AslieMyCcs Ha eQMHHLY MJOWaAH HOMePEeyHOTo CeueHHs annapara.

M3 puc. 11-32, 6 BHIHO, 4TO yKa3aHHOe YCJOBHE BhITOJHSETCH A Beefl
06/1aCTH CyUWeCTBOBAHHA MHCEBAOOXKHXKeHHoro cjos (nuHua CE), BRd0TH JO
TOrO MOMEHTa3, KOFjJa CKODOCTb CTAaHOBHTCS TaKOH, MPH KOTOPOH ClOH paspy-
WaeTcs H HauyMHAEeTCH MACCOBLIA YHOC YaCTHI[ MTOTOKOM. DTy CKOPOCTh HAa3sbl-
BAIOTCKOPOCTHIO Yy HOC 4, HIH, HHaYe, CKOPOCTHI CBOGOJ-
HOFO BUTAHUYS YaCTHU, H 0003HAYAIOT CUMBOJIOM W,,. [Toc/ienHee Hassa-
uHe 00yc/l0BJIeHO TeM, YTO IPH MaCCOBOM YHOCE MOPO3HOCTD CJIOfl CTONb BEIHKA
(e npubauxaercs K 1), uTo ZBHXKeHHe OTAEJbHbIX HACTHI MOXKHO CYHUTATh HE
3aBHCALIAM OT BO3JEeHCTBHA APYTHX YacTdil csod. Kaxkaas oTaesbHas 4acTHLA
cBOGOJHO BHTAET, T. €. He 0CaXKA4€TCA M He YHOCHTCSH MOTOKOM, NPH YCJIOBHH,
YTO ee Bec B cpele ypaBHOBELUMBAETCS CHJAOH CONPOTHBJ/IEHHS, BO3HHKAIOIEH
npH o6TeKaHWH YacCTHLbI NOTOKOM. 3HaueHHe W,, MOXKeT ObITh HaMleHO HCXOAs
M3 3TOr0 ycJ/oBdsi. MaJiefiiiee mpeBbllIeHHe CKOPOCTH W, Hal BeJHUHHOH W,
NpPUBOXUT K YHOCY YacTHIBI.

TakuM 06pa3oM, ycJaoBHe BHTAHHS YACTHHbI B BOCXOASUIEM NMOTOKe HIeH-
THYHO YCJOBHIO PABHOMEDHOIO OCAXKAEHHS 4HACTHUbI B HEMOABUIKHOH cpele
{cM. cTp. 98). ITosTOMy CKOPOCTH W, MOXKHO ONpefeNsTh T4aK e, KaAK CKO-
POCTH OCaAeHHA W..
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B cnyuvae ymeHblieHHs CKODOCTH IOTOKa NOC/JE MNCEBIOONKHKEHH: Cl0A
HabJroflaeTCd sBJIEHHE THCTEpe3Hca: 3aBHUCHMOCThL THIPaBJHYECKOTO COMpo-
THBJIEHHS HENOABHXKHOTO CJIOf OT CKOPOCTH MOTOKA BbIpakaercs He JHHHeEH
ABC (puc. 11-32,6), a npawmoit CD, pacnosioxesHoft HHxKe. DTO CBA3AHO C TewM,
YTO NOPO3HOCTh HEMOABHIKHOTO CJO0A 1O OKOHYAHHH €ro INCEBIOOKHKEeHHS
CTaAHOBMTCS HECKOJILKO BbILIE, YeM Jo NMceBrooxHkKeuus. Ilocnenuee noprsep-
JKAZeTCA TaKxke JNaHHbIMH pHe. 11-32,2 — BhicoTa HeNMoABHIKHOTO ¢J10fl Nociie
NICeBJOOXKHKEHHA (OpAHHATA JIHHHH CD) 6onpiue, yeM OHa Obljla [0 MCEBIO-
oxmxenus: (opanHaTta auHuu AB). Ecan sHoBbL HayaThb nonaqy rasa B ofpa-
30BaHHbIl MyTeM MCeBAOOXKHKeHUsi 6ojlee NMOPO3HHH CJoOH, TO MpH ysenuye-
HUM CKODOCTH [M0Jy4YaeTcsl 3aBHCHMOCTB, COOTBercTBYylomlas JauHud CD, H
fiBleHHe THCTepesHca yxke He HabJiofaercs.

[Tpefenn cymecTBoBaHHA NCEBROOKHKEHHOTO CJIO0S OTpaHHYEHH!, CJeAo-
BaTeJIbHO, CHH3Y CKODOCTbIO MCEBLOOXKHIKEHHR W, H CBEpPXY -— CKOPOCTHIO
BHTaHHSA W,

Hapno 3aAMETHTD, YTO pe3KH17{ fnepexox OT HENOABHXHOTO K MCEBAOOXHIKEHHOMY COCTOAHHIO
3€PHHCTOTO CJI0A XapakTepeH JHWDb JIJf CJNOeB UacTHLU OJLHHAKOBOH AHCNEPCHOCTH. Jas nosau-
JUCTIEPCHBIX CJI0eB CYLIECTBYET He CKOPOCTE IICEBIOOXHMKEHHSA, a 061acTh CKO pocrTe i
NCEBAOOXKHXEHHH, B KOT0p017{ HAYyHHAeTCs] H 3aBeplaeTcsa INePexol OT HEeNOJBHXKHOTOo
K ITOJHOCTHIO NCeBAOOXHXEeHHOMY CJIolo.

OrHoweHue paboyeil CKOPOCTH W,, 3HaUeHHE KOTOPOH NOMKHO HAXOAHTHCS
B Npefenax MeXNy W, U @, K CKOPOCTH HAayaja ICEeBAOOKHKEHHS HAa3bl-
BalOT YUCJOM NCEBAOOKHKEHHSA H 0603Ha4a0T CHMBOJIOM Ky!

= Yo 11,136
@ Wne ( )

UHesno 1ceBIOOXKHKEHHSI XapaKTepH3yeT WHTEHCHBHOCTDH lepeMellinBaHHs
YacTUll H COCTOSIHHE [ICEBLOOXKMKEHHOro cJios. OmbITHBIM NyTeM HailAeHo,
UTO BO MHOT'HX CJlYyYasiX MHTEHCHBHOe NepeMellMBaHHe JOCTHraeTcs yxKe NpH
K, = 2. OntuManbHbie 3HayeHusi K,y ycTaHaBIUBAIOTCA OOLIYHO MPaKTHYECKH
IS KaXA0To KOHKPETHOTO TeXHOJIOTHYECKOro npoiecca H MOT'YT H3MEHATHCS
B J0OBOJbHO LIHPOKHX Mpefesax. .

Ilpn wy > w,, T. €. npu Ky >1, XapakTepHCTUKH KHIAIHX CJloes
HEOLHHAKOBL NPH HX ICEBJOOKHIKEHHH C IIOMOULBIO Ia3a HJH KanelbHoH
KHIKOCTH. 3TH XapaKTepHCTHKH 32BUCAT TaKKe OT BeJHUHHB K.

TTonHOCTbIO OAHOPOAHOE NMCEBXOOXKHMKEHHE NPAKTHIECKH
BO3MOHO JIHIIb NPH MCEBIOOKHKEHHH TBEPABIX UaCTHI B MIOTOKE KaMelbHOH
XKHIAKOCTH. I1pH 3TOM yBesHyeHHe CKOPOCTH CBepX W, MPHBOAHT K COOTBET-
CTBYIOILEMY BO3PaCTaHHIO BLICOTHI CJIOA 6e3 KakHX-1H60 3aMeTHBIX KoJebaHHH
ero sepxHeill rpaHuubl. PaccTosinke Mexay YaCTHUAMH B JaHHOM cjlydyae yBe-
JIHYHBAETCS TOCTENEHHO, @ XXHAKOCTb [ABHIKETCA B CBOOOLHOM 0GBeMe Memny
HHMH CIIJIOUIHBIM TOTOKOM.

OpuHako yaille BCero B IPOMBIILIJIEHHOCTH HCIOJbL3YIOT MpOUEcCH TMCEeBJo-
OXHIKEHHSA B cUcTeMe ra3 — Tepias ¢asa. [ 3Tofl cHCTeMb! MCeBLOOKHKeE-
HHue, KaK NMPaBHJIO, ABJSETCA HEe O N H O P O A H Bl M : YacTh rasa ABHXKETCA
yepes cJI0f He CMJIOUIHEIM [IOTOKOM, a B BHJe Ny3bIpefi, KOTOPhIE pa3pyluaoTcd,
AOCTHTHYB BepXHeH TpaHHIBI CJOA, YTO BbI3bIBAeT KOJEGaHHS BHICOTHI CJOf.
Ha puc. 11-32,a nokazaHsl MyHKTHPOM (Jmmm CE u CE,) npenenu KoneGaHus
BBICOTHl NICEBJIOOKHIKEHHOrO C/I04.

[Toka 3HayeHHs YHCJIA NCEBLOOKHMKEHHS HE OueHb BEJIHKH, HEONHODOL-
HOCTb CJIOAl He OKasblBaeT OTPHIIATE/bHOro BO3NEHCTBHA HA €ro XapaKTepH-
CTHKH, a JBHXYIIHecs Ny3blpH, HA0OOPOT, HHTSHCHQHIHPYIOT MepeMelIH-
BaHHe uacTul B cjoe. OAHAKO NpH 3HAYHTEJIHHOM yBelHYEHHH CKOPOCTH rasa
HEOHOPOAHOCTD CJIOSi BO3PACTAET: CKBO3b CJIOf BCe yalle npopbrBalores Goliee
KpyIHble NY3bIPH ¥ HayuHaeTcs HHTEHCHBHOE BhHIOpAachIBAHHE TBEPABIX YaCTHY
Ha) noBepxHocTeio caof (pHuc. I1-33, @). Tly3bipu rasa mMoryT yBeJIHYHBATbCS
B 06beMe CTOJIb 3HAYHTENbHO, 4TO, HaKOHell, HX pa3Mep AOCTHraeT JHaMeTpa
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armnapara (puc. 11-33, 6). I'lpn 3TOM nceBAOOKHKEHHEIH CJIOH pasjensercs Ha
OoTHeNbHbIE YacTH Ta30BbIMH «Mpo6KaMH»; 4acTb CJOs, Haxopswascs Hajy
npo6Ko#t, MoAGPacLIBaeTCA BBEPX, YTO PUBOAHT K 00JIbIIOMY BbIGPOCY TBEPJHIX
4acTHIL.

Tako#t pexum paboTbl HA3bLIBAIOT NOP W HEBHM MNCEBJLOO XKHM-
WMeHHeM Ero BO3HHKHOBEHHIO CIIOCOOCTBYIOT, KpoMe BO3pacTaHHs CKO-
pocTH Fasa, yBeJiMUeHHE pa3Mepa YacTMIl M yMeHblIeHHe AMaMeTpa anmaparta.
[MopuiseBofl pexxuM HexxesaTelleH, TaK KakK NPH HEM Pe3KO yXyjliaeTcs pas-
HOMEPHOCTb KOHTAKTa MEXKJY Ia3oM H TBEPJbIMH YaCTHIAMH. '

[Npu nceBAOOKHKEHHH HEKOTOPLIX MATepPHa/loB OIHOPOLHOCTH CJOSI Hapy-
Haercsi TaKKe BCJEICTBME KaHaJloo6Gpa3oBaHHS NPH KOTOPOM
NPOHCXOAHT MPOCKOK («GaiiNacHpoBaHHe») 3HAUMTEJILHOTO KOJHYeCTBa rasa
(>KHIKOCTH) 4epe3 OAHH HJIH HECKOJbKO KaHajloB, o6pas’ylomdxcs B CJloe.
Kauanoo6pasosahue oco6eHHO uacTo HabJronaeTcs MpH NpHMEeHeHHH MaTepua-
JIOB C OYEHb MEJKHMH HJIH CJHMAIOULIHMHCS 9acTHUAMH, CKJAOHHBIMH K arjioMe-
pauud. IlpenenbHbIM CilyyaeM KaHalloo0-
pasoBaHHsi siBJsAeTCA GPOHTAaHHPO-
BaHHeE [pH KOTOPOM NOTOK rasa (HJH
JKHMIKOCTH) NPOpPHIBAETCA CKBO3b CJOH 110
ofHoMy OoOJIbLIOMY KaHally, BO3HHKalo-
meMy 6aH3 ocH ammnapara.

Pexx#M 1CeBIOOKHKEHHA, COOTBETCT-
BYIOUIHH HM3MEHEHHIO CKOpOcTeil B npeje-
Jax oT Wy, N0 W, Ha3blBAOT nces- [
JOOXHMXeHHEeM B NJOTHOH [
¢ a 3 e, BOT/JHYME OT PEXKHMA, NIPH KOTO-
POM Wy > W, ¥ MPOUCXONKT IHEBMOTpPAHC-

LTS
9008

ob

NOpT TBEPAbIX FacTHU B pa3baBJiieH- T oa

HO# ¢a3e KuIAleEro c1os. Puc. 11-33. BospacTaHHe HepaBHOMep-
OcHoBHbIe THIPOAHHAMHYECKHE XAPAK-  HocTH NCEBIOONHIKEHHS C YBeJHYEHHEM

TEpHCTHKH INCEBIOOKHKEHHBIX €JI0E€B Ha- CKOpPOCTH Trasa.

XOAAT CJeAYIOULHMH MEeTONaMH.

CKOpPOCTH TICEBAOOXKHKEHHS W, HaHboJee HaleKHO ONpENeNsoT Ha Jabo-
PaTOPHLIX MJH MOJYNPOMBILIIEHHBIX YCTAHOBKaX, M3Mepsisi CONMPOTHBJIEHHE
Ap cnosi B 3aBHCHMOCTH OT GHKTHBHOM CKOPOCTH W,. Pe3ynbTaThl H3MepeHH
00biYHO MpeACTaBJAIT IpadHyecKH B BHIE 3aBHCHMMOCTH THIIA NpPYBelEHHOMH
ua puc. 11-32, 6.

PacuerneiM nyTeM BeHuMHA @, MOXeT ObiTb ONpelesNeHa MCXOAS M3 yKa-
3aHHOTO BBl YCJOBHS paBeHCTBAa CONMPOTHBJIEHHS CJos Becy TBeploil dassl,
OTHECEHHOMY K €IMHHUE NJOWAAH MOMepPeYHOro CeueHHs annaparta.

B snuTepartype npepsioXeH psij 3aBHCHMOCTEH 1151 BHITHCJIEHHS W, MOy~
YeHHBIX Ha OCHOBE Pa3J/IHYHbIX YPaBHEeHHMIT /1Sl pacyeTa rHpas/iH4ecKoro Conpo-
THBJeHHa chaos. Tax, npH moiacranoeke Boipakenusi (II,134) ansa kosddu-
LHEHTa COMpoTHBJeHHs A B ypasHende (I11,130) Haxoaum ciepymioulyio 3aBH-
CHMOCTb THAPAaBJHYECKOTO CONPOTHBJIEHHS OT PasjHuHbIX QakTOpOB

3 1—¢ (133, H e
bo=5 "o (EE“‘2'34>T' 2

HJIH nocjle MoacTaHOBKH 3HauyeHus Re u3 Boipaxenus (11.132)
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Bec TBepabIx yacTuu B cioe Gy, oTHeceHHbIH K 1 m? nonepeunoro ceyenns S
annapara (C yYyeToM apXHMeloBOH cHAb), paBeH

Gr r— SH (1 —
<= (e p)gs d-9 =g:—p) (1 —e)H

INpupasuuBas Ap senuuuHe G/S u NPOBOAS  COKRAIIEHHS, MOSYIHM

1 w0 p
150 S + LTS i a:f&)d =&e—0

¥YwmHoxkuM 06€ yacTH 3TOrO ypasHeHHs Ha d%p/p?. Torna

‘2‘2‘2

(1 — &) wpcdp @nodp _ 4% pr—p
150 ——-———-—-8302 + 1,75 T , P
HIIK
1,75 .
150 3CD4 Re0 e -{—830 Reo ne = Ar (11,137)

rme Ar — xpHrepuit Apxumesna; Rep pe — KpHTHYecKoe 3HaueHHe MOAUQHIIHPOBAZHHOTO KPH-
Tepus Pefidonbiaca Reg [cum. Bupaxenne (I1,133)], coorercTpyiomee Hauany NCeBIOOKHIKEHHS.

st yacTHil okpyraoit popmsl, 6,1H3K0i K 1mapooGpa3Hoi, 3HaYeHHe noBepX-
HoctHOro dakropa @, onpejensemoro ypasHenuem (I1,114), 6;1u3Ko K eauHHLe,
a cpeaHsis MOPO3HOCTb CJIOS & MOKeT ObIThb NPHHATA paBHO# ~0,4. B nanHom
clyyae nyTem MNpHOJHXKEHHOTO peleHHs KBaapaTHoro ypasHenus (11,137)
NoJIy4aloT cllefyiollee BbipaXKeHHe KpHTHYecKoro 3HayeHHs Re,, npu Koro-
POM HAYHHAETCH IMCEBLOOMKHKEHHE:

Ar

_ (11,138)
1400 4- 5,22 V Ar

Reg,ne =

Ilpu pacyeTre CKOPOCTH IICEBLAOOMKHIKSHHS C IOMOIIBIO 3TOrO ypaBHEHHs
BHIYHCJSIOT CHayaJsla 3HaueHHe KpHTepHs Ar no Buipaxenuio (11,88a), npu-
BeleHHOMY Ha cTp. 99, 3areM HaxomAT BelnuyuHy Rey ;. H3 ypaBHeHusd
(11,138) u nmo Heil, nonpsysach BhipaxeHueMm (I1,133), — BenmunHy wg,.

B cayuae w,' > w,. ¢ yBeJIH4E€HHEM CKODOCTH CJIOH DACIIMPACTCA H JOJs
‘ero cpobogHoro o6bveMa Bospacraer. [lpd 3ToM BBICOT@ FCEBILOOXKHKEHHOTO
chos H,. v mepBoHaya/ibHas BbICOTA HEMOABHXKHOTO cjiosi /1, cBfA3aHH 3aBH-
CHMOCTbIO

Hpe (1 — &nc) = Hy (1 — eg) o a189)°

Pacyer CKOpOCTH BHTaHHS W, NPH KOTOPOH NPOHCXOXMT paspylleHHe
CJI0A H MaccOBHIl YHOC YacTHI, KaK YKa3blBaJloch, POBOLAT aHAJIOTHYHO pac-
YeTy CKOPOCTH CBOGOLHOTO OCaM/eHHs YacTHll W,.. Hanpumep, Mo ypaBHeHHIO
(11,122), npuronHoMy NJIst BCeX PEXHMOB ABHXKEHHS 4acTHIL e e e e

Ar
C0c® = 181 0,575V Ar

Tpu paGore ¢ MOJHAHCNEPCHEIMH CJIOAMH, eCJIH NpPH PacieTe wpe C NOMOIIBI) YpaBHEHHS
(I1,138) MOXHO HCNOJB30BaTb CPEJHHH pasMep YacTHU, CKOPOCTb HauaJja pa3pylleHHs rceBpo-
OMCHIKEHHOTrO CJIosl Hajgo onpefenats no ypaesenuw (I1,122a) gi1s caMmblx MeNKHX YacTHI,
HaH6oJiee JIETKO BHIAYBa€MLIX H3 CJIOA.

Ypasuenue (11,138) anst Bbruucaenus wpe npH € = 0,4 u ypasrenne (11,122) pas onpene-
JIeHHS Woe MAH Wep NPH € = 1 HMeloT onHHakoByi0 hopMy. Takylo e CTPYKTYpy HMEET 3aBHCH-
MOCTb My KPHTEpHAMH Req u Ar M npu npomexyrounsix suavenuax 0,4 <y e<3l. O6oGme-
HHEM ONBITHBIX IAHHBIX B 3THX YCTOBHSX IolyueHna QopmyJia

4,75 -
Re, = Are™? (11,140)

18 40,6 1 Aret ™
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[To 3To# Qopmysie MOXKHO BBIYHCAHTb CKOPOCTh Wy, HEOOXOXHMYIO IJA AOCTHXEHHSA M0G0
NaHHOW oW cBOGOXHOro obbema cJios.

Ilns pelieHHs TPOTHBOMNOJOXKHOH 3aXay¥ — pacdeTa € NPH KAHHOM 3HaYeHHH @, — dop-
myaa (I1,140) npuBOAHTCA K BHAY

( 18 Reg +- 0,36 Reg )0'“
£ =
Ar

(11,1402)

20. daemeHTH rHAPOIHHAMHKH NBYXha3HbIX MOTOKOB

Muorue mnpoueccs! XMMHYECKOH TEXHOJOTHH HPOBOAATCH NPH ABHKEHHU
yepe3 TPyGONpPOBOAB! M aNnapaThl ABYyX(a3HbIX MOTOKOB. B 3THX motokax ogHa
H3 $a3 oOblyHO sABAAECTCA A HCMNEpPCHOH, a Apyras —cOJAOWHOH
(tvcmepcuHoOHHAadA cpeaa), npuiueM neppas pacrnpeneieHa B oGbeMe
BTOPOH B BHJ€ HaCTHIl, Kaleab, My3blpedl, JIEHOK K T. 1. B3aumHoe Hanpase-
pue ofeux ¢as B moToKe MOXeT OblThb pa3auyHeiM. Hanpumep, meuxKeHue
TBEpABIX YacTHL, M [OTOKA rasa Np# MHEBMOTpaHCIOpTe, Hy3bipell mapa u
KHIALEH XKHAKOCTH B BEPTHKAJBHBIX TpyOKax BeIMAapHLIX allapaToB C ecTe-
crBeHHON nupkyasuued (cm. rrasy [X) HanpasieHO B OZHY CTOpOHY, T. €.
ABJAAETCA NPAMOTOUYHBIM. Bo MHOrHX Apyrux ciaydasix ¢asbl ABHKYTCH
B [POTHUBOMOJOXKHBIX HANpaBJeHUAX, T. €. UX ABHXKEHHE I POTHBOTOVY -
H o e. [Ipu npotuBoTOoKe a3 OCyWeCTBAACTCH, B YACTHOCTH, B3aUMOAeNCTBHE
IJIEHOK CTeKallell BHU3 XUAKOCTH ¢ BOCXOAAULMMHU MTOTOKAMH ra3a WJid mnapa
B IJIEHOUHBLIX WJH HAcaXOYHBbIX a6COPOIHOHHBIX ¥ PeKTHPUKAIHOHHBIX KOJIOH-
Hax, B3aUMOJCHCTBHE Kamne/b C NOTOKOM APYyro# xupkocTy (cnaouwHol ¢aszoi)
B IOJIbIX WJIY HAcaJOYHBIX KOJOHHBIX 3KCTpakTopax (cM. raaeel X1 v XII) ut. 1.
KaptuHa B3auMHOrO ABHXKeHHA Pa3 B alnapare B [(€JOM HUJIH HA OTAEJbHBIX €ro
yuyacTkax yacto 6osee cJIOXKHAsA, yeM pH NPAMOTOKE HJAH IPOTHBOTOKE, HApH-
MEp B ammapartax C HCeBIOOKHMKEHHBIM CJIOeM WM Ha Tapeakax maccoobmer-
HHIX anmapaToB npu OGap6oraxe (cum. raasy XI).

B nByxdasHpiX noToKax, KpoMe TpaHHUlbl pa3jena Mexay CIaouHo#i ¢a3of
H cTedKaMH TpyOONpoBOAa WJIHM amnmapaTa *, uUMeeTcs aApyras Cpaduua, pas-
aenstiowiasi obe gBuKyudeca ¢aspl. B 3aBncHMOCTH OT Bia 370 rpaHHUUbl pa3-
JAU4aloT ABa pojAa NByX(]asHbIX MOTOKOB:

[IOTOKH, B KOTOPBbIX CIIOWHOHR ¢a30il fABJASETCH Ta3 WJIH XKIAKOCTb, a JHC-
mepcHo# — TBepaas ¢asa,

[IOTOKH CHCTEM Ta3 (Map)—KHUAKOCTb U MKUAKOCTb— KHAKOCTb (T. €. IOTOKH
IBYX HECMELUHBAIOUIHXCH MXHAKOCTEH).

OcHOBHOe pa3jHyHe MeXaHH3MOB JBHXEHHS NBYX(}a3HbIX MOTOKOB MEePBOrO
¥ BTOpPOrO pojla COCTOHUT B TOM, 4TO TBEpAble YacTHLI B TAKHX IPOLECcax, KaK
ocak/ieHue, ICEBJOOKHKEHUEe, MHEBMOTPAHCIOPT, NPAKTHYECKH HE MEHSIOT
cBoefl GOpMbl ¥ MacChl, B TO BPeMs Kak 3JeMeHTbl THCMEpCHLX (a3 B MOTOKaX
CHCTEM Ta3— 3 KWAKOCTb H KHIKOCTb—IKHAKOCTb (MY3bipd, KaljH, MJAEHKH)
OOBI4HO MEHSIIOT MpH ABHKEHHH CBOIO (GOpMYy (M3-332 NMOLBHKHOCTH TpPaHHIbI
pa3zena ¢as), a 4aCTO H Maccy (BCJICACTBHe CAHAHUS HIN KPOOJEHHS OTAE/b-
HBIX Ty3bIpeH ¥ Kamesb).

napoanHaMuueckye XapakTepUCTHKH ABYX(a3HbX MMOTOKOB MEPBOTO pofa
Obl1H paccMOTpPEHbL BhHILIE.

MartemaTHueckoe OMHCAHHE [BUIXKEHHS CHCTEM Ta3—KHUAKOCTb H KHI-
KOCTh— XKHAKOCTb H MOJyYeHHe ypaBHEHHH AJA THIPABAUYECKOTO pacyera
anmapatos, B KOTOPHX OHH JBHXXYTCH, SIBJISIETCH 3HAYHTEAbHO Gojiee CAOXK- |
HbIM, YeMm s ofgHodasHbiX NMOTOKOB. Ilo3ToMy NMpHXOZHTCH OGBIYHO HCIOJb-
30BaTh 3KCIEPHMEHTAJbHBEIA MyTh H3yyeHHs ABYX(ha3HbIX MOTOKOB, MPOBOAS
OMbITH Ha MoAeNsix H o6obuiasi pe3yJbTaThl 3KcnepuMenTtos. OfHA H3 TJaBHBIX
TPYRHOCTEH TAaKHX HCCAEIOBAHMU CBSi3aHA C TEM, YTO XaPAKTEPHUCTHKH Teye-
HHA KaXI0# ¢da3el BO MHOTUX CAYYasX 3aBHCAT OT YCJAOBHI TeyeHUs LpyroH
dasbl.

* Tlpu nBuxeHWH AByx(ha3HbIX MOTOKOB Yepe3 HeNoABHIKHBIE 3ePHHCTHIE CJAOH 3TA TpPaHHLA
pa3geisieT MOTOK H 3JEMEHTbl, CcOCTaBJsIOlLMe CJOH.
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J1s o6o0inenns pe3vabTaTOB ONMLITOB Ha ABYX(a3HBIX CHCTEMaX HepelKO MPUMEHSIOT MeTON
aHaaM3a pasmepHocTelr (cM. cTp. 76 ci1.) IlpH 3TOM nmosiBaAsieTcs HeOOXONMMOCTH YUHTHIBATh
B YHCJe MepeMeHHbiX, OT KOTOPHIX 3aBHCHT NPOTeKaHHe MNpolecca, B YaCTHOCTH, MexhasHoe
HaTsXkeHHe 0. B pesysibraTe moJy4aloT NOMKHMO PacCMOTPEHHBIX Bhile KpUTepHeB THAPOAHHAMH-
YecKOro NoxoGHs ellle ofuH 6e3pa3MePHBIl KOMILIEKC, Ha3biBaeMHA K puTepueM Bebep a.

We = 22 (11,1406)

rae | — xapaxkTepHH} reoMerpHyeckKull pasamep (HaTipuMep, AHaMeTP Kan/am).
Kprtepuit We sBAsieTCA MepOi OTHOWEHHA CHJ HHEPUHH K CHaaM Me(asHoro HaTSKeWHs
H XAapaKTepPH3yeT MOCTOAHCTBO 3TOIO OTHOWICHHA B CXOACTBEHHBIX TOYKAX UOZI06HbIX NOTOKOB.
Kpome Toro, mpu onncanuu nopejeHHst JBYX(Ha3HbIX CHCTEM YacTO OKA3LIBAaeTCA HeoGXOLH-
MbIM HCIOJIb30BaHKe HOMOJHHTENbHBIX CHMILIEKCOB, X4PaKTepH3YIOLWNX OTHOWeHus CBOACTB
ofenx (a3, HanpHMep P1/Pg, Wy/Uy ¥ AD.

-TuapaB/iHyecKHe XapaKTEpHCTHKH ra30-XKHAKOCTHLIX [TOTOKOB B amnapaTax
pa3/IMYHBIX THIOB, a TaKKe YPaBHEHUA AJd IUAPABJHYECKOrO pacuera 3THX
anmapatoB OyAyT NpHBEAEHBl B COOTBETCTBYIOUIMX TJaBax. 31ech ke B Kaue-
" CTBE NpHUMEpa KPAaTKO paccMOTpHM (PU3HYECKYIO KapTHHY H OCHOBHBIE Xapak-
TEPUCTHKH ABYX DacllpOCTpPaHEHHBIX B NpPOMBIILIEHHOCTH npoueccos: Gaplo-
Ta)ka rasa (fiapa) CKBO3b XKHAKOCTb H IIJIEHOUHOI'O TEYEHHS KUIKOCTH, CONPH-
Kacawuefics ¢ ra3oM (mapom).

bap6otax. [Ipu Gapbotaxke rasa (nmapa) ckBO3b XKHAKOCTb rasosas ¢asa,
pacrpesesnsieMasi 4epes OTBepCTHS PA3/HYHBIX YCTPOHCTB, AMCTEPrHpyeTcs,
B nocjepHel B BUAe My3pipell. BosHHKaOWy©0 NPy 3TOM AHCIEPCHIO HA3LIBAIOT
neHo# * Takasa neHa aBnasercd HecTaGUABHOH M pa3pyluaercAs cpasy XKe
nocJe npexpameﬂnﬂ nogauu rasza. CrabGusbHble neHsl MOTYT 06pa3OBBIBATHCS
JHWIE NMPH 106aBJEHHH K KHAKOCTH [TOBEPXHOCTHO-aKTHBHBIX BELIECTB.

[Tena MoxerT O6bITh OXapakTepH3OBaHa ra30CoeplKaHHEM H YAETbHOR
NOBEPXHOCTBIO KOHTAKTa ra3a M XKUIKOCTH.

INlopn rasoconepxauuem (rasoHamOJHEHUEM) IOHHU-
MaT R0 oO6beMa & ra3oBod ¢asm B oflieM oO0beme MeHbl. STy BEJHUHHY
MOKHO ONpefesiuTh ¢ MOMOUILI0 H3MepeHHs obuwero ofbeMa MeHsl M o6beMa
«CBETJION» XKHAKOCTH (NOCTAeTHHA H3MEPSAIOT MOCJe NMpeKpale s NOfayy rasa).

YaenbHO# NMOBEepXHOCTH WO a(#*/mP) Ha3bIBAOT MOBEPXHOCTD
$a30BOro KOHTaKTd MEXAY ra3oM H KHUIKOCTbIO B eJuHHHIE OObeMa IeHHI.

3Has 3TH XapaKTEPHCTHKH, MOXHO YCPEIHHTh pa3Mep ny3ssipell, Haxops-
IUXCA B TIeHe, K ONpeeuTh cPe A HU U HOBEepPXHOCTHO-006beM-
Helfl 1uaMeTp NYy3npsa dg [as ero HaxoxaeHus JIOl'IyCTHM 4TO

B obveme V 3 conepikuted n nyampen Torja rasoconepraHue & = nndcp/GV

a ylenbHas MOBEPXHOCTb @ = naudop/V. Onpegensis o6beM V H3 BeIpaKeHHil
1] £ H a ¥ npupaBHuBas o6a 3HaueHusd V, monyuum

a

nndgp nndgp
T T 6 a
OTKylla nocJ/sie CcokpaleHud
6
dep = — : (11,141)

Ecan ras pacnpegeisiercss B XKMIKOCTH, NTPOXOAA 4epe3 OAHHOUHOE OTBEp-
CTHe, TO MPH OTHOCHTEJIbHO HeBO/bIIOM pacxone OH 6apbOTHPYET CKBO3b KHI-
KOCTh B BHE OTAEJbHBIX CBOOOAHO BCIHJIBIBAIOUIUX My3bipel (cB o6 0OAHOE
IBUKEHHE).

Buluncium nuaMerp d nys3sips B MOMeHT ero orpuBa. OGozHauuM yepe3 d,
IUAMETp OTBEPCTHS, Py H O, — MJOTHOCTH KHAKOCTH U Ia3a COOTBETCTBEHHO H
0 — MOBEPXHOCTHOE HaTsXeHHUe.

* XapaKTePHCTHKH KHCIEPCHI KHAKOCTb——IKHIAKOCTH (3M YA b C H ) BO MHOIOM aHa-
NOCHYHbl XaPAKTEPHCTHKAM Ta30-XXUIAKOCTHLIX AHCNepCHH, obpasyiomuxcs npu Gap6orawe.
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ITpu cBoGoxHOM ABHIKEHHH 06pa3ylOUIHACH y OTBEPCTHS My3LIph CHayasaa
yBeJIHYHBAETCH B JMaMETPe, a 3aTeM OTPLIBAeTCH, KOraa MOLbeMHasi (apXu-
nd3
MeI0Ba) CuJa, —— & (Px — P;), U CHJIA CONPOTHBJEHHS OTPHIBY, 3aBUCALIAS
OT MOBEPXHOCTHOTO HAaTsKeHHs (R = nd,0), CTAaHOBATCH PaBHLIMH APYT APYTY.
OrtcioAa BripakeHHe /s pacyeTa 14aMeTpa Iy3blpsi B MOMEHT OTPhIBA:

d= Y _ b 11,142
V Fon—p0 (11,142)

U3 ypasuenns (I, 142) cnenyer, uto npu cBOGOAHOM ABUIKEHHH NHAMETP
My3Hpst He 3aBHCHT OT pacxofa rasa, a ofpefensiercl THAMETPOM OTBEpCTHS
u dpu3HYeCKUMHU cBOHCTBaMH XuakocTH. C yBennyenreM pacxosa rasa Q (#%/cex)

/BO3pacTaer JHILb YHCJIO NY3blpell, OTPLIBAIOUIHXCA B €IUHHIY BPEMEHH, HJIH
yacTOoTa OTQpBH Ba, paBHas 6Q/nd® cex-!.

Koraa pacxof rasa HOCTHraeT KPUTHYECKOTO 3HaueHHs Q,, MOCAEN0Ba-
TeAbHO OGpa3yioliiecs y OTBEPCTHS TYy3blpH HE yCIEBAIOT OTOPBAThCS OAHH
OT APYroro W ABMXKYTCSA B BHJe UENOYKH, COPHKACASCH APYT C APYTOM.

" 3nauenne Qup NMpPH 3TOM paBHO:

nd? nw 6d,0 s
Qup = Wy = — [ - ] 11,143
P 6 " 6 g (Px — Pr) (L143)
Ifle Wy — CKOPOCTb NONbeMa ny3bipefl, alcex.
TIpr pacxofie rasa Bblille KPHTHYECKOrO HAMETD My3bipell YBEJHUHBAeTCA ¢ BoapacranueM Q
M cocraBsiseT

4= 6Q (11,144)
Wy

_ CropocTh nofgbemMa ny3sipell HeGoNBHIOro JHaMeTpa HaXOAUTCS aHaJOTHYHO
CKOpPOCTH CBOGORHOrO Ocax<ieHHs gacTuu (cM. cTp. 98) — H3 ycsoBus paBeH-
CTBA MOABEMHON CHJIbI K CHJBI CONpPOTHBJEHHS cpeanl. [Todyuaemoe pacueTHoe
ypaBHeHHe M5 w, aHaJoruudo ypasHeuuw (II,115), B KoTopoMm mjIoTHOCTH p,
TBEpAOH 4acTHUBl 3aMeHSeTcsi IJIOTHOCTBIO P, ras3a; MJOTHOCTh p Cpembl —
IJI0THOCTHIO P, KHIKOCTH, a 3HAK Mepej NpaBofl 4acTbio ypPaBHEHHT MEHAETCH
Ha ob6paTHbIH.

_Pexum [BHKEHHS My3blpeil omnpegessiercd 3HaueHHeM Kputepus Peil-
HOJbACA RISl MYy3BIpA : :

Ren — Wn dp)l(
Mok

IPHYEM W, — BSI3KOCTb KHIKOCTH.

Pacuer guaMerpa nysuipelt (TPH YCJIOBHH, ITO OHH COXPaHAIOT MPU IBAMEHHH Wapoobpas-
HY!0 GOPMY) MOXKHO MPOH3BOLHTb MO YPABHEHHAM:
pH JaMHHapHOM 1BHKeHHH (Re; <G 9)

)
4= [M_—losu’KQ ] o (11,145)
ng (Px — Pr)

npr TypGyJentHoM IBmkeHHH (Reg > 9)

720%Q2 ]‘7_. ,
d= | 5—r2< 11,145
[nzg(pm —0r) ( 2)

Vpasnenus (I1,145) u (11.145a) npurofns! JHuIb A5 Oy3eipedl AHaMETPOM
He Gosee 1—1,5 mmu.

3aROHOMEPHOCTH ABHMKEHHs Ny3biped Gonbuiero auamerpa OyAyT OTJIH-
YaTbCH OT YKa3aHHBIX BbILE€ 3aKOHOMEDHOCTeH NBHKEHHS NMy3niped mo cie-
xytoweit npuunte. Ha nyssipe rasa (mapa), BCJILIBAIOMIKA B MUAKOCTH, AeH-
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CTBYIOT TPH CHJIbI: IOABEMHAA (apXHMEL0BA) Cujla, CHJa CONPOTHBJCHUA OKPY-
KapIeN XUIKOCTH U CHJIa MOBEPXHOCTHOrO HaTtsxeuus. baaronapa geficteuio
CHJIBI TOBEPXHOCTHOT'O HATSIKEHHS Ny3bipb CTPEMUTCS COXPaHAThL apoobpas-
Hyio GopMy, IpuyeM, YeM MeHblle My3bpb, TeM GOJblUe CH/A NOBEPXHOCTHOTO
HATsIKEHUs ¥ TeMm ycTofiyuBee IapooGpa3sHast popMa ny3uips. C yBeqHyeHHEM
pasMepa Mys3bips H3-32 HEpaBHOMEPHOCTH NABJEHHS 110 OKPYKHOCTH MY3bIPb
Bce Gosblue AeopMupyeTcs, OTKJAOHsAACH Ho dopme ot wapa. [las 6onpiux
ny3sipeit BAHAHHE TOBEPXHOCTHOr'O HATSAKEHUS CTAHOBNUTCS MaJibIM IO CPaBHE-
HHUIO ¢ AMHAMHYeCKHM BO3[elICTBHEM XHAKOH cCpefH, M My3upb NpHoOpeTaer
neycronuuByto dopmy (puc. II-34): cHawana saauncoumzanbHyto (npu d =
= ]—5 ma), a 3aTeM rpH6oo6pasHylo (mpu d 1 > 5 muu). H3menenne dopmu
@ GoNbIUKX My3blpedl BO BPEMEHH IPH HX BCIJIbIBAHUH
NPHBOAHT K KOJIEGAHHUSIM CKOPOCTH NBHXKEHHS My3Ebl-

peil W OTKJOHEHUSIM HANpapJeHHs HX ABHXEHHUH OT

@ BEPTHKANLHOrO. [IBUXKEeHHe TaKuX My3blpel HHOrja
[IPOHCXOAUT MO CNHPAJbHbLIM TPAEKTOPHAM.

@ Kaptura maccoBoro 6GapGoraxka B IPOMBILLJIEH-

HBIX annapatax I[pd HCTEYeHHH rasa H3 MHOTHX

OTBEPCTHH 3HAYUTEJbHO CJOXHEe ONMHCAHHOH BHILUE.

DTO CBA3aHO C TeM, 4YTO NMY3LIPH BCOJLIBAKOT He CBO-
4 60AHO, a CTeCHeHHO, BO3EHCTBYA APYr Ha
Apyra, HMHOTAA CJHBasCb ORMH C APYrHUM (ABJeHHE

Puc. 11-34. Gopmm e y'5 a9 tecme Huu) MM Apobsach Ha Gonee Med-
BAlOILHX My3blpell passiHy-
KHE My3blpd ¥ T. A. AHanu3 pa3/InyYHBIX THAPOLHU-

HHX pa3MepoB:
I —d <~1,5 wm 2— . HAMHUECKHX DEXHUMOB M pacyeTHble 3aBHCHMOCTH

~18<d <=5 ww 3 —~ ]IS MAacoBOro Gap6oraxa npusBefedsl B rjase XI
N G RS0 ubonce” T TPUMEHHTE]BHO K TapeibyaThM MACCOOGMEHHBIM arl-
napatam.

MneHounoe TeueHHe muaxocTeil. B psaje nponeccoB XMMHYECKOH TEXHOJO-
ruM (abcopbuua, pekTHdHKANHA, BEINapHBAHHKE Y p.) IPUMEHAIOTCA anaparTsl,
B KOTOPHIX XXHAKOCTb JBHXETCA 110 MOBEPXHOCTH B BHJAE TOHKHX IJIEHOK.
Or XapaKTePHCTHK TeUEHHUs IJICHOK, HX TOJMIKHB H CKOPOCTH IBHXEHUS B 3Ha-
YYTEJbHOH Mepe 3aBUCAT CKOPOCTH 3THX IIPOLECCOB.

PaccMOTpHM CHaya/ja CTeKAHHE MJIEHKH MKHAKOCTH MOA AEACTBHEM CHJIBI
TSXKECTH M0 BePTHKaJbHOM NOBEPXHOCTH MpPH yCJIOBHH, 4TO ra3oBbIi (1apoBoi)
[IOTOK He BJIMSIET HA ABHXKEHHe XUAKocTH. [locienHee ycJjoBue cobJiofaercs
npHu HeGOMBIIMX CKOPOCTAX rasa.

luapoauHaMuuecKuil peKHM [BHIKEHHS IVIEHKH ONpejeaseTcd KPHTepHeM
PeiiHonbaca aAsA 1JIeHKH:

wdspx
Kx

Repn =

rpe w -— cpelHnAss CKOPOCTb ABHXEHHA TICHKH; ds —— SKBHBa/JeHTHBbIH AHaMeTp NJICHKH.

OKBUBAJIECHTHBIH NHaMeTp MJeHKH TOMuHHOH & onpenejfdeTcs MJIOUIAAbIO
ceueHus mieHkH S == JI6 u nepumerpom Il moBepxHOCTH, MO KOTOpPOH HABH-
XKeTcsi IJIeHKa:

dy= —— =4 (11,146)

(O0pu ABMXKEHWU MJIEHKH MO BHYTPeHHeH mnosepxHoctd T1pyOm Il == nd, rae
d — BHYTPEHHMH AxHaMerp).
HNoncrapus 3sHauenne d, B BbIpaxkeHwe aas Re,,, NOJYyYHM

Regn = _z_e;___46pm

150
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HM3-3a TpyAHOCTH H3MEpEHHs TOJIIHHBI H CKOPOCTH JABHKECHHA MJIEHKH
yao6Hee HcroONb30BaTh B pacyeTax MpousBefeHHe wdp,, BXOA’MIEE B BhIpaXe-
Hue 1as Re,,. 310 npousseseHne Moxker GbiTh 3aMHCAHO B BHAE

_ wlldpx  wSpx
F—--——IT————H— (11,147)

Benuyuny I [ke/(#-cex)] nasmBalor nuuefinofl MmaccoBofi maor-
HOCTbBIO OPOMWEHH 5. Ona npeacrasJisier co60i Maccy XUAKOCTH, Mpo-
XoAsiuie# B eJHHHIY BDEMEHH Yepe3 elHHHIY JIHHBI MepHUMEeTpa MOBEPXHOCTH,
no Kotopo# Teder miaeHka. [Ipu nmoacranoske I' = wlp, B BeipaxkeHHe Re,,
MoJy4yaloT cjefyiolulee BbipakeHHe KpUTEépHs PefiHOMbACA 415 MJEHKH:

Regy = —L.
€ua P (11,148)

ONLITHEIM MYyTeM YCTAHOBJIEHO HaJHYHE TPEX OCHOBHHIX PEXHMOB ABHXKe-
HHs NUJIEHKH:

JaMHHApHOE TeYeHHe IJIEHKH Cc TrJanko# (6e3BonHO-
BOoifl) moBepXHOCTBIO paslera ¢ rasom (Re,, <i ~12);

JaMHHAapHOE TEYCHHE IVIEHKH C BOJHHUCTOH moBepXx -
HocThbK pasgera ¢as (~12 <q Re,, <i ~1600);

Typ6yaeHTHOe Teyenue miaeHkd (Re;, > ~1600).

JLAs 1aMHHapHO-BOJHOBOro TedeHHs, B CBOIO OYepelb, Pas/iu4aioT ABa pexknma. [IpH cpas-
HATEAbHO MaJbiX PacXofaX XHIKOCTH, KoTla 3HagexHe Rey, mpessitiaer 12, Ho we Bhiue 100—
200, nox AefcTBHEM CHJBl TAXKECTH MPEHMYNIeCTBEHMHO 0OPa3yIOTCA CPAaBHHTENbHO ¢IMHHUBIE?
rpaBuUsalHoHHBHe BoMHEL [/IHHA WX YMeHbUIAeTCA C BO3PACTaKUeM CKOPOCTH CTeKaHHA
naedku. Been3astuMuepBH M JAaMHHAPDHO-BOMHOBH M peXxnMoM (IpH 66/bIIHX
3HaueHHAX Reqy) HacTynaer BTOpo#li MaMHHapHO-BOJANHOBOR pexuM. [as Hero
XapaKTepHO' MOSBJEHHE HA MOBEPXHOCTH MJIeHKH CKODOTKHX® K a T HJIJ A P H B X BOJH, HIH
«pAbu», BO3HHKaOUeH NOX ZefCTBHEM CH/I HOBEPXHOCTHOrO HATHKEHHA (KaOHIAADHEIX CHJ).
C jaJbHefillIEM yBeJHIeHHEM PAacXola MHAIKoCcTH B Regy >> ~1600 (xpurrieckoe suauenue Rep,
N0 RAHHBIM Pa3MMIHBIX HCCIeloBaTesleft, cocrasiaser ot 1000 go 2500) sonkooGpasoBakue Ha
MTOBEPXHOCTH npuodperaer Bce Gosee xaoTuyecKuil XapakTep, NpHIeM 1O TOMULMHE ILTEHKH BCe
CH/bHee PAa3BHBAETCA MNONepeTHoe NepeMellHBaKHe, THOHIHOE IAA TYPOY/MEHTHOrO peXxxuMa.
IMepexox oT BTOPOro JaMHHAPHO-BOMHOBOIO DeXHMA K TYDOY/IEHTHOMY PEXHMY TeUEHHS TOHKHX
[JIEHOK MeHee PE30K, 4eM NMPH ABHXKEHHH XKUAKOCTH B Tpy6ax. YTo KacaeTcs IUCTO JJAMHHADHOrO
(6e3B0/1HOBOrO) TeUEHHA ILIEHOK, TO OHO MOXeET ObiTb LOCTHTHYTO NPH 3HaueHHAX Reps, Xapak-
TepHBIX /51 JTaMUHAPHO-BOMHOBOTO PeXHMa, JHKUIb MyTeM [100aBJeHHS K XKUAKOCTH MOBEPXHO-
CTHO-aKTHBHBIX BelIECTB.

ITpu JMaMEHAPHOM TeTeHHH MIEHKH C MIaIKOA MOBEPXHOCTHIO CKOPOCTDb MO TONIIHHE ee n3Mme-
HaeTcd N0 napaboJqHYecKOMY 3aKOHY OT HYJIA y TBepRO# CTEHKH IO Wmax ¥y cBOGOAHOA nosepx-
HOCTH, MPHYEM @Wmax = 1,5Ww, rie @ — cpenHsAs CKOPOCTb IMJIEHKH.

Pacder cpenueli CKOPOCTH @ MJIEHKH H TOUHHE! 8 MVIeHKH NPH JaMHHADHOM Te9eHHH. TPOK3-
BOAAT MO TEOPETHYECKHM YPaBHEHHAM:

we L 3 g
6 SO

R
5= l/_._‘*’;*‘* (11,150)
. P ’

Ec/u noBepXHOCTh Me BePTHKA/IbHA, 2 HAKJIOHeHAa NOJ YIJIOM & K FOPH3OHTY, TO B 3TH ypasue-
HHA BMeCTO g BBOAAT NPOH3BeNeHHE g 5in .

INpu Typ6y/enTHOM TedeHHH @ B § MOXKHO PACCIHTHIBATH (10 yPABHEHHAM, NOAYUEHHEIM 0606-
WeHHeM ONBITHHX LAHHBIX:

(11,149)

1 '/l
w=o3( L) L (11,149a)
Ox /s

Ux

2/l.l["/ll

8= 0,433”—”%7'—,—
g

(I1,150a)
apxﬁs



116 Ta. 11. Ocnoewt eudpasauxu. Obujue onpocel npuxiadsofl eudpasiuxu

I XapaKTePHCTHKH TJIEHOUMOrO TeUEHHS HHOTJA HCHOAb3YIOT MOHATHE TAaK HasklBaeMof
npuBeAEHHON TOAMUHN nAeHKH Omp. CoorHowlenne Mexny NefCTBHTETLHOH
M NpUBeNeHHON TOMUHHAMH VICHKH MoNyYaeTcss NpH 3amede B ypaeHenuu (11,150) seawunnm I’

Ha —‘ll— pxRepn [B coorBercrBuH ¢ ypabrennem (11,148)1:

1} .
8=V 5 8upRe (11,151)
rae . pZ \' . .
Bup = [ — (11,151a)
P

Teuenue NMJIEHKH NPOMCXORUT Noj AefcTBHEM CHJAB Taxectd. IloaroMy Ang ero-onncasuf
c/enyer, MOMEMO KpHTepus PeliHosbjca, NMpuMeHATh JuGo xpurepu#t ®pyna, aubo npoussos-
HBblil OT Hero Kpurepu#t Ianunes (cm, crp. 83):

l3p2 g , .
Ga= —5— : (11,87)
Mo

rie | — onpefensiiomu# reoMeTpHyeckuil pasmep.

OueBufHa CBS3b MEKLy BHpawenueM Las Ga H sbipaenseM Ais 8p, — mpuBejerHoro
auueliHoro pasmepa. I1osToMy Oyp HCO/NB3YIOT YACTO NPH ONHCAHMH TUIEHOYHOTO TEYEHHA
Bvecto Ga. Ilpu sToM &y, uMeer paamepHOCTb ANHHMH, YTO H NM03BoAWAO (opMaibHO HA3BATh
JaHHYI0 BeJIHIUHY NODHBeJCHHOR TOMUHHOR NVICHKH. .

Ilpu cTekaHUH NJEHKH XUAKOCTH NO BHYTDEHHEH NOBEPXHOCTH BepTH-
KaJIbHOH TpyObl, MO KOTOPOH MPOTUBOTOKOM K MHUIKOCTH, T. €. CHH3Y BBepX,
IBHKETCS MNOTOK rasa (mapa), CKOPOCTh NJIEHKY H €€ TOJIIIHHA He 3aBHCAT OT
CKOPOCTH Ta3a 10 TeX Mop, MoKa 3Ta CKOPOCTh AOCTATOYHO Maja. B nanuom
cly4Yae KacaTeJbHOE HanpsXKeHHe B NJEHKE MaKCHMAaJbHO Yy TBepROH CTEHKH U
yMeHbIuaeTcss 10 Hyss Ha cBoGopHo# moBepxHocTH. OAHAKO C Bo3pacTaHueM
CKODOCTH ra3a CHJIa ero TDeHHS O MOBEPXHOCTh KHUAKOCTH YyBENHUNBaeTCH.
Kak B rase, Tak ¥ B XHJKOCTH Yy TOBEPXHOCTH UX pPasjiesia BOZHUKAIOT PaBHEE,
HO NMPOTHBOMOJIOXKHBIE N0 HANpaBJeHHIO KacaTeJbHbe HanpAxeHus. Ilpu atoMm
ABHXXEHHEe XHAKOH INJeHKU HauWHAeT TOPMO3UTLCH, MPHYEM €e TOJIIHHA
yBeJIHYHBACTCH, CPENHAS CKOPOCTb CHMXKAaeTcs, a THApPABJHYECKOE COMpo-
THBJIEHHE aNnapara ra3oBOMY MOTOKY Boapactaer. Ilpw onpegeneHHO#l cKo-
pocty rasa (~5—10 m/cex) gocturaercss paBHOBECHe MEXIY CHUJIOH TSKECTH,
noj AeACTBHEM KOTOPOiHl ABHIKETCS NJIEHKA, W CHJIOH TpeHHs y NOBEPXHOCTH
NJeHKH, TOPMO3AMER ee ABHKeHHE. JTO NPHBOAHT K 3a X/ e6H BaHHID
amnapara; HacTyIlJIeHHe 3aX/1eGHBaHUs CONPOBOXKAAETCS HAKONJIEHHEM KHLKO-
CTH B anmpapare, HayaJloM ee Boifpoca W Pe3KHM BO3pacTaHHEM THADABIHYE-
CKoro comnpotusieHus. IlporuBorounoe nBHKeHue B3auMmoneficteyiomux das
NPU CKOPOCTSIX BHIIIE TOYKH 3aXJieGblBaHUS HeBo3MoxHO. TloaToMy mouka
saxnebbiBarus  coomeememayem eepxHemy npedesy cKopocmi O nNpomuso-
MOYHLIX RPOYUECCO8 8 annapamax MOLX Munos. ’

Tpu nanbHeiiiieM yBeJHYEHHH CKOPOCTH Tasa B BEPTHKaJnHOI Tpy6e NBH-
KeHHe NJEHKH JKHAKOCTH ofpallaerci,, H OHa HaUYWHAeT «BCHOJ3aTh$ CHH3Y
BBepx. Hacrymaer pexuM BocXopasllero mpsaMOTOKAa Trasa H
XKHIKOCTH. I'MapaB/iMuecKoe CONpOTHBJEHHE NIPH 3TOM CHAayaJjJa CHHXKaercs
(Mo cpaBHEHHIO C CONPOTHBJEHHEM, OTBEYAIOUIUM TOYKE 3aXJeShIBaHHA) 10
HEKOTOPOro MHHHMMAJLHOTO 3Ha4yeHHs, a 3aTeM CHOBa BoapacTaer. I1pu yBemu-
YeHHH CKODOCTH Tasa Bulle- 15—40 m/cex wauuHaercss 6 pH3TOYVHOGC,
NIPH KOTODOM XKHIAKOCThL OTPHIBAETCS OT NOBEPXHOCTH NJIEHKH B YHOCHTCS ra3oM
B BHJe OpLI3T. ‘

B cnyyae nBuKeHHS cBepXY BHH3 (HHCXOJN AW UNA NpPAMOTORK)
ra3 yBJieKaer NJIEHKY XHJAKOCTH, YBeJIHYMBAs CKOPOCTH MJIEHKH W yMeHbIuas
ee ToawuHy. IIpu OnHHX H Tex Ke CKOpPOCTAX rasa TMAPABJIHYECKOE COMPO-
THBJIEHHE JJIS HHCXOAAWIETO NOTOKA HUXKE, 4eM AJS BocXoasfulero. Ycroifiyu-
BRI peXKHM HUCXONAIMEro NPsSMOTOKAa CYIIECTBYeT TNPH CKOPOCTAX rasa.
okono 15—30 m/cex, BbIIIE KOTOPEIX MPOHCXOAHT OPBLISTOYHOC.
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OnucaHHbIE AIBJGHUS OKa3bIBAIOT CH/IBHOE BJHSIHHE HAa CKOPOCTH Maccome-
penauyH H HCHOJb3YIOTCA LIA HHTeHcHPHKAUHH OpOLeccoB B pa3pabaThiBae-
MBIX B Hacrosiiee BpeMsl annaparax CKOPOCTHOrO MaccoOGMeHa, PacCMOTpeHs
Heix B raBe X1. B 370t e raBe mpuBegeHb! HEKOTOPbIE T'HUAPABJIHYECKHE
XapaKTepHCTHKH MIHPOKO PaclpOCTPaHeHHbIX B MPOMBIULIEHHOCTH a6copBiue
OHHBIX H peKTUOUKAUMOHHBIX KOJOHH C MJEHOYHBIM TEYEHHEM XHUIKOCTeIl.

HMogpoGHbie cBefeHHA O XapaKTEPHCTHKAX ABHXEHHS MYy3blpell H Kamesh
H [JIEHOYHOTO TeYeHHs B PA3JIUUYHBIX YCJAOBUAX, B TOM UHCJE NMPH BO3LEHCTBUM
Ha HHUX MPONECcCOB TeMJO- H MaccooOMeHa, coAepiKatcsi B CIEMaJbHON JHTEs

patype *
21. CTpykTypa MOTOKOB H pachpefeieHAe BpeMeHH
ﬂpeﬁblBaHHﬂ XHAKOCTH B anmnapartax

Ha mHorue npoueccet, rM1aBHbBM 06pa30M TEMJIOBLIE, MACCOOOMEHHBIE B XHMU-
yeckue, GosblIOe BJIUSHHE OKa3plBAeT CTPYKTypa I[OTOKOB B anmnaparax.
Jlaxe npu nmepBoHayaJbHOM DAaBHOMEDHOM paclpefe/]eHHH BXOASIUHX MTOTOKOB
{4to camo mo cebe yacTo OpeicTaBJsieT TPYAHYIO 3aLa4y) KapTHHA UX NBHKe-
HUsl BHYTPH MPOMBIULTEHHOrO anmnaparta JOBOJIbHO cJoxHa. Kak mnpasujo,
CKOPOCTH MMOTOKAa HEOJMHAKOBHI 10 CEHEHHIO alnaparta, MONepeyHoMY K OCHOB-
HOMY HampaBJeHHIO NBHXKEHHS, [IPHYEM pacrnpeieseHHe, HIH npodusb, CKo-
pocTeft U3MeHSETCA OT CeYEeHHs K CEHYEHHI0 MO [JHHE (BHICOTE) amnmapara.
YacTHup! MOTOKA ABHXKYTCS MO KPHBOJHUHEHHBIM, YacTO AOBOJBHO CJOMKHBIM
TpaeKTOpHsIM, HHOT/A H B HAlpaBJEHHH, NPOTHBOMOI0XKHOM OCHOBHOMY Harmpa-
BJEHHIO OTOKA. DTO HPHBOIHT K TOMY, YTO HEKOTOPBIE YACTHIIBI MOTYT OBICTPO
«IPOCKOYMTL» Yepe3 ammnapar, HanpuMmep B cJydyae KaHal000pa3oBaHHf H
«GaiinacupoBaHusi» yacTd moroka (cM. ctp. 105 n 109). Bpems npeGuiBaHus
5THX 4YacCTHLl MEHbIIe CPefHero, B TO BpeMs KaK [PYyrue 3aiepiKUBaOTCA
B ammapaTe fOJblLIE; 3a4acTyio B HeM 06pa3yloTcs 3acTOHHBIE 30HBI, B KOTODBIX
BpeMsi npeGhiBaHHS YacTHU OKa3blBAeTCs BECbMa 3HAYHTEJbHBIM.

Ons noaoro anmapata (puc. [1-35), Hanpumep, Bpemsi mHpeGuHIBAHHA
YaCTHI, ABHXKYIWHXCH IO TPAEKTOPHAM, 0o003HAa4YeHHBIM CTpeJKamu I, cyue-
CTBEHHO MeEHblUe BpeMeHH NpeOblBAaHUA YacTHO, KOTOPHIE LUHPKYJHDYIOT MO
CTpeKaM 2 WM MOnajalT B 3aCTOHHbLIE 30HBLI 3.

JlpyruM OpuMepoM, WIJIOCTPUDYIOUMM pa3jn4ue BpeMeH mnpeOblBaHHs,
MOKET CJYXHTb pacCMOTPeHHe NMpoduas CKOPOCTEH MpH ABHKEHHH XKHIKOCTH
mo Tpy6e (cm. puc. [I-10, cTp. 45). Pa3inyusi B cKOPOCTAX MO CEYEHHIO HAU-
Gojiee BEJTHKHM [pH JaMHHAapHOM TeueHHH. [lostomy uacTHubI, ABHKYyUIHECH
B6JM3U OCH TPYOB!, OGTOHSIOT YACTHUbI, ABHXKyIUHecH OJHIKE K ee CTeHKaMm,
¥ HaXopATCA B TpyO€ 3HAYUTENBHO MeHbllee BpeMs, yeM mnocjeguue. [1pu Typ-
6y/IEHTHOM TEUEHHH CKOPOCTH pachpeeseHbl Mo cedeHuto TpyOul Gosee paBHo-
mepHo. OHAKO # B JaHHOM cjyyae Bpemsi MpeObiBaHHsS DPA3HBIX YACTHLL KHJ-
KOCTH HEOJHHAKOBO, 4TO 00YCJOBJEeHO TypOyJeHTHBIMH NYJbCAallHAMH, MOR
feficCTBHEM KOTOpHIX [POMCXONHT MepeMeliHBaHHE 4YacTHI, HIM Ty p Oy -
NeuTHasa Aubby3ua pasTHYHAEIE YacTHUBEl [BHXKYTCH B PasHbX
HanpaBJeHUAX [0 OTHOIIEHHIO K JBHKEHHIO OCHOBHOH Macchl MOTOKa, B TOM
yHcJae M B momepeudoMm (panuadbHasds gubdpysus), U B APOROILHOM
(ocesas auppysus). OceBas anddysus moxeT Kak COBNAZATH [0 HAMNpa-
RJIEHHIO ¢ ABHKEHHEM OCHOBHOM Macchl MMOTOKa, TakK U ObITb Halpas/eHa B
06paTHYI0 CTOPOHY, B pe3yJbTare 4ero BO3HMKAIOT DPA3JIHYUA BO BPEMEHH
npe6biBaHHsi YacTll KHAKOCTH. PanuaipHan ke AudOy3us, BbipaBHUBAA
npodub ckopocTe, Ha000pOT, COMMKAET BpeMs NMpeOblBAHUA PAa3HBIX YACTHILL,

Bo MHOrux npoMbILIEHHBIX anmapatax KapTHHa paclpefesieHust CKopo-
creil (moJjie ckopocrefl) 3HAUUTE/IbHO CIOXKHEE, YeM B MPHUBEAECHHBIX BbILIE OTHO-
cutenbHO npocTeix npumepax. [lone ckopocted, B cBOWO ouepenb, B 3HAYH-

* Cwm., nanpumep: Kytatenanae C.C, Crupuxosny M A Tugpasruxa
raso-xuaKkocTubix cucrem. M.—JI. Tocaneprouagar, 1958, 232 c; Pamm B. M. A6cop6-
uust rados. M., «Xumusi», 1966, 767 c.
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TeJbHOH cTenmeHH onpeaenaser npoduip TeMmepaTyp H KOHIEHTpauu#t, OT
KOTOpHIX, Kak Oyner mokasaHo Huxe (cM. raassl VII u X), 32aBHCHT CKOpOCTD
TENJIOBBIX ¥ MAacCOOOMEHHBIX MPOLECCOB H, B YACTHOCTH, HX ABYXKylas cHJa.
Te ke ¢axkTOpbl CHJBHO BJHAKT HAa CKOPOCTh XHMHYECKHX (DEaKIHOHHBIX)
NPOLECCOB. .

Ilns yacruw motoka, Haubosee GLICTPO NMPOXOASAIHX alnapar, BpeMs Ipe-
OblBaHHA B HeM HELOCTAaTOYHO AJA LOCTH:KeHUs TpeOyeMOoH NOJIHOTHI pOoTeKa-
HUs mnpouecca. B To xe Bpemsa AN YacTHll, MONaBUIHX B 3aCTOHHBIE 30HBHI,
BpeMs npeCblBaHUA CAMIIKOM BEJAHKO, B 3TH yYacTKH anfapaTa HCHoJb3yloTcd

He3hpeKTHBHO, a HHOrAAa B HHX MOTYT BO3HHKATh
TaKiKe HexKeJaTeNbHbEE mpoueccel (Hampumep, nobou-

HHIE DEaKIHHu).
: HruopupoBanue peficTBHTENBLHBIX MOJEH CKOpO-
7 /| creil, TeMIepaTyp W KOHUEHTpAuHil H MpHMEHEHHE
Q YOPOWEHHBIX MpeICcTaBJeHHHA O CTPYKTypE IMOTOKOB
O6bIYHO NPUBOZHT K CYUIECTBEHHBIM OWIHOKAM Npu
pacyere NpOM3BOACTBEHHBIX anmnaparoB. bes yuera
CTPYKTYphl MOTOKOB B GOJbLUIMHCTBE C/JY4aeB HeBO3-
‘ MOXHO HCHOJIb30BaTh 3KCIHEPUMEHTAJbHBIE NaHHBIE,
Q MOJyYeHHblE HAa YyCTaHOBKAaX JabopaTopHOro HJu
NoJy3aBOACKOro Macraba, nJ81 [POEKTHPOBAHUS
NpOMbILUIIEHHOH amnmaparyphl. Macmrta ycTaHOBKH
2 ¥ Aaxe He6o/blIHe H3MEHEHHs KOHCTDYKUHH OObIYHO
- A CHJBHO CKAa3blBAlOTCH "Ha CTPYKType NOTOKOB. ITO
BbI3bIBAET, KaK MPaBUIO0, CHUKEHHE 3(PPeKTHBHOCTH
J 7 npouecca B 6ojiee KpPYNHBIX ammnaparax 1o cpasHe-
Puc. 11-35. [Ipuienne HHIO C OXHZaeMOH Ha OCHOBaHHM JaGOpaTOPHBIX
TNoToKa B mosoM anmapare.  ONbITOB. IlostoMy mpy macmTa6HOM nmepe-
"X O0Jde OT JabopaTOPHHIX YCTAHOBOK K IMOJYy3aBOA-
CKHM H 3aTEM K NPOMBILLICHHBIM 11€71ec006pa3HO NPOBOJUTE ' H L DA B J H -
yeckoe MoAedHnpoBaH#ue OHO 3akaoyaercs ™ B H3yUCHUH OBHXKE-
HHSI TTOTOKOB Ha «XOJOZHB X» MOZEJad X, HMEIOMWUX OCHOBHBIE
pasMepsl MOJEJUpYyeMBIX alilaparoB, HO H3rOTOBJEHHBIX U3 0oJee JereBalX
MatepHasios. Kak npaBujIO, SKCICPHMEHTbl Ha TAKHX MOLENSX OCYLIECTBJAIOT
He nmpu paboynx, a npu 6ojlee HU3KHX TeMNepaTypaX, H He C pabouumy,
a c GoJsiee ynoOHBIMM [JIS HCHBITAHHI BEWECTBAMH (BO3AYyX, BOZa H T. IL.).

Haun6onee Tounsle faHHEIE O CTPYKTYpe MOTOKOB MOXKIO GbII0 OBl MOMYYHTH
NyTeM HEMOCPEACTBEHHOrO0 W3MEpEeHHs CKOpOCTeil BO MHOTHX TOYKaX BHYTpPH
annapara uju ero moaesd. OgHAKO BBINOJHEHUE TAKUX M3MEpPeHHH aJA amnma-
paToB CJIOKHOH KOHCTPYKUHH NpeacTaBsieT cofoil BecbMa TPYRHYIO U 4OPOro-
CTOAWIYIO, a 4YacTO M MNpPaKTHYECKH HeocywecTsuMyio 3azady. Kpome Toro,
[axe B cJ1yyae yCTaHOBJIEHHsI MOJHOA KapTHHL pacnpele/eH s MOTOKa B arma-
paTte HE Bcerjga yAaeTcs Ha NpakKTHKE HCNOJb30BaTh 3TH AAaHHBIE 1J1s pacyeTa
IpOBOAYMOro B anmaparte npouecca. BeaeacTBue Toro 4to CKOpOCTh ABJAAETCH
GyHKUMER BceX KOODAMHAT, ypaBHEHHs, XapaKTepusyiouiye IoJe cKOpocTef,
CJAOXKHBI, M YacTO HMX pPeUIeHHE B.COBOKYIHOCTH C YpPaBHEHHSIMH AJS CKO-
pOCTEeH TenJjo- ¥ MacComepeNay¥ M XUMHYECKHX peakilHil HEBO3MOXKHO HJIH
CHJIBHO 3aTpYyJIHEHO.

Mo srum npuuunam Goaee y1o6Ho, a 3a4acTyio NMpPaKTHYECKH €AMHCTBEHHO
BO3MOXHO, MOJyyaTh HE HENOCPEACTBEHHYI0, a KOCBEHHYIO HHGOpMAlHIO O
noJie CKOpOCTe! MyTEM U3YYEHUS pacnpedeseHus OmOeAbHbIX HACMUY HUOKO-
cmu no epemenam ux npebeigarus B annapate, T. €. BbIABJAATb, Kakas A0JfA
NMOTOKa HAaXONMTCH B allapare TO HJH HHoe Bpemsi. [lJs 3roro, Hampumep,
BBOLAAT B II0TOK, MOCTYNAIOWM B anfapar, NpUMech KAKOT0-1H00 Beuectsa —
HHAKKAaTOpa H, aHAJU3NPYyA BO BPEMEHH COAepKaHUEe NaHHOro Beue-

N

2

(lgé;)ﬂoupoﬁﬁee CM., HAaNpHMep: Posen A. M, Kpnuaos B. C. TOXT, t, 279
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CTBA B BUIXOMSIIEN U3 anmaparta «OMeYeHHOH» XKHUIKOCTH, HAXOAAT NPOJOJIKHU-
TEJBHOCTb MpebbIBAHHUA B annapare OTA/bHBIX ee yacTHu. B kadecTse uuim-
KaToOpOB MpPHUMEHSAIOT pa3J/HuHbEe KPACKH, PACTBOPHL COJIEH, H3MEHSIOMUX 3JeK-
TPOIPOBOXHOCTh KHUAKOCTH, PafHOaKTHBHBIE Npenapatel U APYIHE BeuUecTBa,
KOHIEHTPAUHIO KOTOPBIX JIErKO H3MePHThb. OTK/IHK Ha BO3MyILIEHUE, BHECEHHOE
IpH 3TOM Ha BXOJe B anmnapar BBOJAOM MHAHWKATOpAa, NPEACTABJSIOT B BHIE
KPHBBIX 3aBHCHMOCTH KOHUIEHTDAUHH €ero B BbIXOAfHIeH KHIKOCTU OT Bpe-
MEHH, KOTOpbl€ Ha3blBalOT BH X OLHB MH KPDHBBIMH, WIH KPH -
BEIMY OTKJAHKaA (CM. HUXe). :

[Ipy TakOM MeTOfE HCCAELOBAHUS MEXaHH3M HBJEHHH, HPOHCXOMAMIHX
BHYTPH armapara, BCKPbITb TPYLHEE, TAK KaK CaMO MOJe CKOPOcTell ocTaercs
Hen3gecTHbiM. OAHAKO JOCTOMHCTBA YK&3aHHOro MeTO4A YACTO KOMIEHCHPYIOT
3TOT €ro HEeJOCTaTOK. _

[lanHble 0 pacnpeieseHHH BpeMeHH IpeGblBaHHA NOJTYYHTh MpPOWE, YeM
BBISIBUTH HOJHYIO KapTHHY pacnpefenedus ckopoctei. [las atoro xoctaTodHo
MTPOBECTH COOTBETCTBYIOUIME HM3MEpDEeHHS JUIIbL HA BXONE H BbIXOAE IOTOKA.
KpoMme Toro, Jjierde okasblBaercl KOJIMYECTBEHHAR TPAKTOBKA NIOJNYYaeMEIX
pe3yJabTaToB NS pacyeTa TeXHOJOTHUYECKOro Mpolecca W YIPaBJEHHS HM,
TaK Kak 31eCb MPHXOAHUTCA HMETb [0 ¢ (PyHKIKEH yxe He HeCKOJbKHX, a
eJMHCTBEHHO! mnepemMeHHOH — BpemedHd. [IpM 3TOM 3HaHU® pacupeje/NeHus
BpeMeHH MpeObIBAHMSA YacCTHL >KUAKOCTH BO MHOIHX cJydyasixX BIOJIHE JOCTa-
TOYHO AJs1 pacyeTHbiX ueqed. HaxkoHen, gasHble O pacrnpefesieHHM BPEMeHHU
npeGeiBAHHS HepejKO MO3BOJSIOT NPHOTHIKEHHO CYAUTh B O CAMOM MeXaHu3Me
JBHIKEHUS [OTOKAa, T. €. O €ro CTPYKTYpe BHYTPH ammnapara.

FMomeTuM, HampuMmep, MOPLUHI NOCTYyMAKWed B KAKOH-TO MOMEHT B ammna-
paT XUAKOCTH NMYyTeM MTHOBEHHOrO BBOJAa BO BXOAALIHHA MOTOK HO BCEMY €ro
AOTIepeNHOMY CEYeHuo KaKo#-1u60 KpackH (dMIyJbcHeIA BBOL). Yepes Hexo-
TOPBIA MPOMEXYTOK BPEMEHH, aHaJM3NDYs CONEpKaHHe KpPacKH B MOTOKE Ha
BLIXOZE, Mbi OOHADYKHMM, YTO BCA KPAcKa TaK K€ MIHOBEHHO BHIHJET W3 ammna-
pata. DToT pe3yJhTaT OAHO3HAYHO O6YyIeT CBUALTENBCTBOBATh O TAKOH CTPYK-
Type NOTOKa BHYTPH annapara, Ipd KOTOpo# BCe HaCTHIEl XKHAKOCTH ABHXKYTCH
napajnienpHo ApYr APyry ¢ OLHHAKOBBIMH CKOPOCTAMH, He OOrOHsisi OCHOBHYIO
Maccy moTtoka H He orcraBast or Hee. ITorok auiKercsi Kak Gbl aHAJOrHYHO
TBEpAOMY [OPIIHIO M [03TOMY HA3blBAeTCA MO P W H e B bl M. Ammapate
C TOpLWHEBLIM ABHXEHHEM XHAKOCTH Ha3biBAlOT anmnaparaMM uxea b -
HOTO BBTECHEHHH. :

Bpemena npeGuBaHUS T BCeX YACTHI[ TOTOKA B aNllapaTe WA bLHOro BHITEC-
HeHWs OAMHAKOBHl H PaBHBI CPeAHEMY BpeMeHU TpedblBaHHs T, (cex), KOTopoe
OTpefieIsieTcs YACTHRIM OT eJeHHA LJHHB [ HX MYTH Ha JHHERHYIO CKOPOCTh W
KULKOCTH, HJIH

To = — = o= (11,152)

rae S — njoiank NONepeyHOro cedeHus amnapata, #% V — obbem annapara (nas aByXdas-
HOTO NMOTOKa — 06beM, 3aHUMAaeMblii IOTOKOM paccmaTpuBaemol ¢a3st), #%; Q — oGbeMHHIH pac-
xopn, ®uxxocts (pasei), s3/cex.

Bup xpusofl OTKJIHKA INpH HACAJbHOM BBITECHEHHWHM MPENCTABJEH Ha
puc. I1-36, a. HauuHas ¢ MomeHTa T == 0, KOTla MHAHKATOD 6bl1 BBEACH BO
BXOAANIHH MOTOK, ¥ M0 MOMEHTa T = T,, UHAUKATop He OOHADYKUBAeTcHd B
BHIXOASIIEM U3 alapaTa noroxke. B MOMeHT e BpeMeHU T = T, KOHIeHTpauus
¢ MHIHKATOpPa HAa BLIXONE MIHOBEHHO BO3pacTaeT (TeopeTHyecKku — 10 Gecko-
HEYHOCTH), 4 3aTeM cpasy Xe BHOBb CHuKaercsa Ao Hydsa. HMuaukarop mnpo-
XOQHUT yepe3 annapaT Hepa3MbiBaeMbIM TOHYAAIIUM caoeM (Kak 6ol MOBEpX-
HOCTbIO TBEpAOTO MOpPLIHSA), ¥ CHI'HaJ, PUKCHPYEeMbIH HA BbIXOAE B MOMEHT Ty,
B TOYHOCTH COOTBETCTBYET CHTHaJly Ha BXOje B MOMeHT T = 0.

HneanpHoe BbITECHEHHE XKUIKOCTH B YHCTOM BHIE HHKOrLa He peaju3yercs
Ha npaktuke. ITosroMy annapat H/A€3a/JbHOrO BBLITECHEHHSA SIBIASETCH W L € a -
JH3HpOBAaHHON MOIe bto. OLHAKO B psijie C/1yyaes MOTOK B pealib-
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HBIX anmaparax GoJee uau MeHee npubauxkaercs K mnopwHeBoMy. CpaBHH-
TeAbHO GJU3KH K amnapary HiealdbHOrO BbITECHEHHS, HalpHUMEpP, anmaparhl,
B KOTOPHIX XHIKOCTb (ras) ABMKETCH MO IJMHHBIM TPyOKaM, 3amoJHEHIHbIM
3epHUCTRIMM MaTepHaJaMu (KaTajJu3aTopoM, aacopOeHToOM).

B 6osbLinHcTBe cayyaeB CTPYKTYpa [OTOKOB B alnapartax 6oJiee Wi MeHee
3HaYUTeJbHO OTJUYAETCHA OT CTPYKTYpBHI, OTBEHalOWeH H1ealbHOMY BbITECHE-
HHI0. JTO MOXKeT ObIThb CJAEACTBHEM pa3JIHYHBIX IPHYMH, B TOM YHC/IE — mepe-
MelIMBaHHUs YacTHIl >XKHAKOCTH BAOJb OCH ammnapaTa, pa3jduus CKOpOCTeH
110 MONepeyHOMY CeYeHHIO JJaMHHapHOro NMO0ToKa, 6alinacH poBaHUA YacTH MOToka
BCJeICTBHE KaHaj000pa3oBaHHs, o6pa3oBaHus 3acTOMHBIX 30H H T. A

ITepeMelsBan ke BAOJAbL OCH aNNapaTa npH 3TOM, B CBOIO 09epe/ib, MOXKET BLISHBATLCA CaMbIMH
pa3HoO6pa3HbIMu NPHYHHAMH, OHO MOXeT NMPOMCXOIUTb NOL AeHCTBHEM MeXaHHYeCKOH MellalKu
WIH BCJEICTBHE ECTECTBEHHOH KOHBEKUUH, OOYCJOBJIEHHOH PA3HOCTHIO MJOTHOCTEH MHAKOCTH
B PA3/HYHbLIX TOUKAaX (HANpHMep, B BHIMAPHBLIX aNNapaTaX C eCTECTBEHHON LHPKYyJAAllpeil, omu-
caupix B rmase 1X). OHo MoxeT OuTh TaKike ofyc/ioBieHo TypOyentHolt auddyaneit unn ysie-
YeHHeM JaCTHL TOTOKa O4HOH u3 da3 NoTokOM APyroi Gasbl IpH KX MPOTHEOTOYHOM B3aHMOfef-
CcTBUM (HAPHMEP, NMPU 3aXBATE HEKOTOPOH JOJIH ABYXKyIueHcs BHU3 KHAKOCTH MOJHHMAIOUHMACS
ny3bIpsIME rasa npu 6ap6oTame) M APyTuMH NPHYHHAMH.

cy . c (2

\\

0 () T 0 7 T 0%, Toals 7
a & & -

Puc. I1-36, KpuBble oTK/i#Ka UPH MTHOBEHHOM BBOJE HHJMKATOpa:

@ = aDNaPaT HACANBHOIO BHWITECHEeHHUHA; 6 — anmnapaT HAealdbHOro CMeELIeHH#; & — annapaT npo-
MeXYTOUHOro THNA,

OnHako kKako#t 60 HY OblJIAa NPUYKMHA OTKJIOHEHHH OT MAeajJbHOro BhITECHe-
HUs, OHU NPOABJSAIOTCA B TOM, YTO BpeMeHa npebblBaHHA T pa3JU4YHBIX 4aCTHL
yiKe HEeOLHHAKOBbl H OTJHYAITCA OT CPeAHero BpeMeHH NnpeOblBaHUA T,, Onpe-
neasiemoro no ypasHenuto (11,152). Oquu yacTuusl 06roHsilOT OCHOBHYIO Maccy
NOTOKA H IMOABJAIOTCH HA BBIXOAE U3 almapara paHplie ee, ZPYrue 3agepiKu-
BAalOTCA B amnmapare.

HesaBucumo oT MeXaHu3aMa Jio6oe OTKJIOHEHHE OT UAEaJbHOTO BBHITECHEHHS
YacTO YCJOBHO HAa3bIBAIOT MEe€pEeMEelUMBaHHEM, WIH O0pPaTHHM
nepemMemuBaHHEeM B 3ToM cMHCIe NpOTHBOMOJOKHOH anmnapary
HE€AJLHOrO BBITECHEHHS HACATH3HPOBAHHOA MOIE/NBLIO HElpephlBHO REHCTBYIO-
KX allapaToB CYHUTAIOT amnmapar HAeadbHOTro NepeMelluBa-
HUS, HIKH HAeaJbHOTO CcMeIUIEHHd.

Ecnay B KaKyo-To HOPUHIO HENpephiBHO BXOAAIIEr0 B TaKoil annapar MoToka
BBECTH Ol pejeJieHHOe KoJHYecTBO M ; Kpacku, To OHa MrHOBEHHO DaBHOMEpPHO
OKDPAacHT BCIO XKHIKOCTb i(HJH a3y — npH AByX(]asHOM [OTOKE), coxepiKa-
mytocs B annapate. Konuenrpauus (c,) duuankaropa B jo6oit ToUKe anmapara
B 9TOT MOMEHT OyieT paBHa

Co= 3~ (11,153)

Tocsie 3TOro KOHIEHTPAUUsA ¢ KpacKH B annapaTe HauHeT yOBBATh BO Bpe-
MeHH, TaK KaK Kpacka HeNpepuiBHO BHHOCHTCH NMOTOKOM, a BXORAWAN XKHI-
KOCTh KpackK# yxe He coiepxur. OaHako B 1060 MOMEHT KOHUEHTpalHus
KpPacKu OcTaercsi OAMHAKOBOH BO BceX TOYKAX almapara. i

M3 cooTsercTBytomeit KpuBo# orkiauka (puc. 11-36, 6) BHgHO, 4T0 6OMbUIAS
9acTh HHAWKATOpa BBIXOAUT B 3TOM CJyyae M3 anmapara 3a BPeMs Mexny
MOMEHTOM ero BeoAa (T = () U MOMEHTOM, COOTBETCTBYIOWIUM CPelHEMY Bpe-
MEHH IpPeObIBaHUS T, ONpefenseMomy no ypasseduto (I1,152). ns BoMbiBa-
HHSi OCTAJIBHOW 4aCTW MHAMKATOPA TEOPETHUECKH TPefyercs GecKOHeyHoe
BpeMA.
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Ilnst onucanusa 3aKoHa H3MEHEHHSA BEeJHYHHBI ¢ BO BDEMEHH COCTABHM ypaB-
HeHwe maTepHa/pHOro 6asanca no nuaxkartopy. Ilycrb 3a npousBoabHbIi NMpo-
MEXYTOK BpeMeHH 4T M3 almnapaTa BbIXOAHT (BbIMbLIBAETCA) KOJHYECTBO HHAH-
karopa dM. ITo NPHBOAMT K U3MEHEHHIO (—dc) KOHUEHTPALHH HHAHKATOPa
B ofbeme V, mpuueMm MHHyC yKasslBaer Ha yGblBaHHE KOHUeHTpauuu. Toraa

dM = —Vdc=cQdx
rie Q — o6beMHBIt pacxoj MOTOKa 4Yepe3 ammapat, s3/cex.

Orcroga ¢ yuerom Beipaxenus (II,152)
dc Q

—_— g = — — dT

c 1% Ty
D10 ypaBHeHHE MOKeT ObITb MPOHHTErPHPOBAHO B Mpededax oOT ¢ (NpH
T = 0) 2o ¢ (B NPOM3BOJbHBEIH MOMEHT BpEMEHH T):
[} d T
c 1
—_——= = | dT

c T,
Co

B pesynprate HHTErpHpOBaHHA MOJYYHM 3aBHCHMOCTD

c T
In-< =X
Co To
HJIH
S
c=cpe To (I1,154)

KoHueHTpauuio HHAHKATOpAa H BpPeMs. MOXHO BbIpa3uTb B BHIEe OTHOCH-
TeJNbHBIX (Ge3pa3sMepHbIX) BEeJHYHH, NPHHAB 33 MaclUTab KOHUEHTPAlHH 3Ha-
yeHHe C,, onpenensieMoe ypaBHerueM (II,153), 3a macwra6 spemenu — cpea-
Hee BpeMms npeObiBaHHA Ty, Onpegeasemoe ypasHeHuem (II,152). O6Go3nauus
C =clcy, u 0 = t/ty, nONAyUUM

C=e¢"° (11,154a)

IIpuMmepom ammapaTta, ycJOBHA B KOTOPOM OJIM3KH K HAeallbHOMY CMelle-
HHIO, SIBJSAETCA COCYA C MHTEHCHBHO paboraiouiefl Memanxoii, 4epe3 KOTOpHIH
HernpepolBHO [BHKETCA MAaJIOBA3KAA KHAKOCTb IIPH HeGOJIBLUIOM ee pacXofie.
Biau3ko kK HaeaNbHOMY CMELUEHHIO H JABHIKEHHe TBepAOH a3kl B KHIIALIEM CJIOe
3epHUCTONC MaTepHasia MPH OLHOPONHOM IICEBAOOKHKEHHUH,

KapruHa aBuKeHHs MOTOKOB B GOJIBIUHHCTBE HENPEpPHIBHO JefiCTBYIOUHX
annaparoB He OTBeYaeT HH HAEaJbHOMY BbITECHEHHIO, HU HAeaJbHOMY CMelue-
Huto. [To cTpyKType MOTOKOB 3TH annaparsl MOXKHO CUHTATh annaparaMi i p o -
MeXyTOUYHOTO THIaAa. [IpumepHslit BuA KpuBOH OTKJIHKA IJIA TAKHX
annapatoB npejactaBieH Ha puc. [1-36, 8. BBeneHHbIA MIHOBEHHO (HMITYJ1bCOM)
BO BXOAAIIMH MOTOK HHAHKATOD IOsIBJASIETCA Ha BhIXoAe MO3JHee, YeM IIPH
HJealbHOM CMelleHHH — Yepe3 HEKOTOpOoe BpeMs T, [IocCJe MOMEHTa BBOJA
T == 0, Ero KoHleHTpau#a Ha BBIXOJe CHayaJa yBeJHYuBAeTcsl BO BPeMeHH
JAO MOMEHTA Ty, H JIHLIb 3aTEM HAYHHAET YMEHbIUATHbCHA, CTPEMACH K HYJO
npu T — oo. KpuBas orkanka Ha puc. [1-36, ¢ Tem 6am:xe mo Gopme K KPHBbIM
ua puc. 11-36, a nau I1-36, 6, yem Gnmxke ABHIKeHHe MOTOKA B ammapare
K YCJOBHAM HJEaJbHOTO BBLITECHEHHS HJIH HAGAJbHOTO CMEIUeHHA COOTBET- .
CTBEHHO.

s MaTeMaTHYeCKOTO OMMCAHWSA paclpefesieHHsA BpeMeHH M[pebbiBaHuA
KHAKOCTH B oOlIEM CJydyae CHOBAa COCTaBHM ypaBHeHHe MaTepHaJbHOro
6asanca 1o UHAKKATOPY. [1ycTh 32 6eCKOHEYHO MaJblit MPOMEXYTOK dT MexAy
MPOU3BOJNBHLIM MOMEHTOM BpeMeHH T M (T -+ dt) u3 annapara BuHAET KOJH-
yectBo uHAuKatopa dM. Ecau KOHUeHTpauus HHAHKATOPAa B BHIXOAALIEM
NOTOKe PaBHa ¢, TO 3a BpeMs dT MOTOK YHOCHT W3 annapara ¢ Qdt uHauKaropa.

CrepoBaTeabHO:
dM = cQ dt
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Jlias onpenenexHus Bcero koJudectsa M, WHAUKATOpa, BBEAEHHOrO B anmna-
PaT ¥ NOJHOCTBLIO YAAJSEMOro H3 Hero 3a BpeMA T — oo, NPOHHTErPHPYEM 3TO
BbipaXXeHHe B COOTBETCTBYIOLIHX Ipelenaax:

M,

6[ dM=M0=QJ.cd1: (11,155)
1]

Iepexons K Ge3pasmepHbiM KouleHtpauun C = cic,, Bpemenu 0 = t/t,
n noxcrasaas B ypaBHenue (11,155) ¢ = Ccy u 1 = Oy, moayunM

(-]
Mo = Qcqty f cdo
0

IMoncrasaaa My = ¢, V, cornacHo 3asucumoctu (I1,153), u @ = Vit
B cooTBerctBuu ¢ Bhipaxenuem (II,152), umeem

o
oV = ——1—/——6,,1:,J J Cdo
To
OTKYyJ4

(11,156)
0

KpuBbie oTKNHKa Yalle Bcero CTPoOAT He B KoopanHatax ¢ — 1 (puc. 11-36),
a B 6e3pa3MepHbix kKoopauHataXx C — 0. Ilpu 3toM muomane moj KpuBoO#
otkauKa (puc. I1-37) Buipaxaer, B coorBercTBun ¢ ypaBuenueM (11,156), obmee
OTHOCHTE/IbHOE KOJIHYeCTBO HHIHKATOpa (MJAH BCEH «MOMeYeHHOH» XKHIKOCTH),
npHHUMaeMoe 3a efHHHNY. B To xe
BpeMs BenuunHa CdO (3awrpuxo-
BaHHAs HakKpecT Muouwagka Ha
puc. 11-37) xapakrepuayer pomo
oblIero KoJu4yecTBa HHAHKATOpA,
yIaJseMyi0o H3 anmapaTa 3a BpeMms

A
[%

35

R

oo
o2

2

—
s

‘Tl Gzl 6(6+26 .z
au Za mazx ,[0 ) _[0

Puc. 11-37. ®yHKuus pacnpefefieHns BpemeHH

npeGLIBaHMs (KpHBasi OTKJHMKa) B Ge3spasmep-

HBIX KOODAHMHATaX AR amfapara MpoMeXyTod-
HOrO THRA.

d9, waM JOJMI0 XKHUIKOCTH, MpebblBa-
HUe KOTopOoH B anmapaTe COOTBeT-
CTBYeT MNpPOMEKYTKY BpeMeHu oT 0
no (0 -+ do).

3aBHcuMocTh KoHueHTpauud C
or BpeMeHH O HaswiBaerca A H O -
bdepeHunmanbuol GyHK-
uHe#

pacnpejeJJeHHud

BpeMeHH npe6uoBaHWA
XKHUAKOCTH B annapare. YacTHuiit BUA 5ToH (YHKuUMH AIA annapaTta HAea/b-
HOTO CMelleHHs1 BhIpAaXeH ypaBHenHeM (11,154a). -

3aBHCHMOCTb OT O BeTHYHHBI f Cdb, xapaxTepusyiowef 10/10 HHIHKATOpA,
0

BbIIIEALIErO M3 annaparta 3a Bpems or 0 10 NpPopM3BOJBLHOTC MoMeHTa 0, Hasb:-
BaloT HHTerpanbHO#W GyHKLHelH pacnpepeJJeHHSH.
B uyacTHOCTH, 3almTpHXOoBaHHAsA MNapaeNbHBIMH JIMHHAMH IUIOMAAb  Ha
puc. I1-37 xapaxrepusyeT poai0 HHAMKATOpa, BHINEAUIEro H3 annapara
K MOMEHTY BPEMEHH, PABHOMY CpeJHeMYy BpeMeH:: 11peGbiBaHHsS To, T. €. HOJIV
XHIKOCTH, BpeMsi npebbiBaHHsA KOTOpOH B anmnapare He GOJBILE Tg.
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d>yu£<uua pacnpefenieHus BpeMenu npeCulBaHHA [0TOKA B amnapare ABJSeTCH THIRIHOI
Ppyuriumeit pacnpeseseHHa Cay4annol sennuynbl. [T HaXOMACHHS CPeAHETO 3HAYCHUS BpeMeny
npebbBaHHs, KaK R LA J000ft cilydafiHOll BeJHYHMHBI, HMCMOAB3YeTcs *3aBHCHMOCTD
Tcde
1o = (I1,157)

cdt

Ol § | Pty 8

Buecre ¢ Tem, cornacuo supaxennio (II,152), cpenuee spems npebusanns 1, = V/Q, orxyaa

Tcdt
Ve=Q—mm— (11,157a)

cdx

Ot__.e S8

Ypaeuenne (II,157a) npuMensa0T gns onpejeneHus o6bema V, 3anuMaeMoro B jgByxdas-
HOM [1O0TOKe BHYTPH anmnapaTa ofHOH M3 (a3, pacXoi KoTopo#l cocTasnser Q, HanpuMep obulero
obbvema Kanean (gucnepcHol dase) H CnNOWHOA (asbt JIf CHCTEMBl KMHMAKOCTb — MHAKOCTb
B 3KCTPAaKUHMOHHBIX alnapartax H T. M.

IMonb3ysice paHHbIMM O paclpefesleHHH BpeMeHH MpeGblBaHHs, MOXHO peluaTb ¥ Apyrde
NPuKJIajubte 3agaun. Tak, ¢ noMowsio ypasreunit (I1,157a) wan (I1,155) Moxno waiite pacxog
JKRAKOCTH Yepe3 Tpy6onpoBof, ecln OGbMIbIE MeTO/b, ONHCaHHbIe Bbllle (CM. CTP. 59 ca.), Helb3s
[PHMEHHTD.

[Tpu npoBegeHHH XUMHYECKHX, MAacCOOOMEHHBIX HJIH TEIJIOBLIX MPOIECCOB
B anmapartax H/JeasibHOro BHITECHEHHS KOHUEHTPAUHMH pabouyHX BellecTB (MJH
TEMIIEPATYPh) HEMpepbIBHO MEHAIOTCA OT BXOAA K BBIXOLY MO AJIIHe (BbICOTE)
anmapara. B annaparax HaeaJbHOTO CMelleHHs MPOUCXOLHUT MOJIHOE BbIpABHU-
BaHHe KOHUEHTpAaUUi (MK TeMilepaTyp) Mo BceMy ammapary, NpH4eM B Ji1o6o#i
TOYKe OHH paBHBI 3HAaYeHHAM COOTBETCTBYIOULHX BeJIHUMH HA BhIXOJe MOTOKA.

Llna oboux 3THX caydaeB MeTOAB! pacyera cKopocTell npoleccoB H Pa3MepoB
COOTBETCTBYIOUWIMX aNMapaToB MpH H3BECTHHIX KHHETHYECKUX KoahPuilneHTax
xopouwio paspaGotaunl. Oy 6ynyr mogpob6Ho onucanbl B raasax VII u X.
3Ha4YuTENbHO TPYAHEE OMHCATH H YUECTb DeasibHOE NOJIE KOHUEHTPAaUHH HAH
TeMMepaTyp NMpPH pacyeTe alnapaToB [POMEXKYTOYHOTO TUMA,

Jns onucaHua KeficTBUTENbHOM KAPTHHBl U3MEHEHHA KOHUEHTpauui (H/aIu
TEMIIepaTyp) B 3THX alnaparax HeoOXOAHMO HUMETb KaKYIO-TO KOJHUUYECTREHHYIO
Mepy CTeMeHH [epeMelldBaHHA, T. €. CTENeHU OTKJOHEHHA pealbHOH THApPO-
JAMHAMHUYECKOH CTPYKTYDB! MOTOKA OT CTPYKTYPhI, OTBeuarolleH HAeaJbHOMY
BBITECHEHUIO WJIH wWjeaJbHOMY cMmeweHuio. Utobbl HANTH Takylo Mepy, Belpa-
JKEHH Y10 YHCJEHRBIMY 3HaYeHHAMH KaKoro-1u00o OJHOrO HIH HECKOJbKHX Mapa-
METpPOB, OObIYHO NMPHOErar0T K OMHCAHHIO CTPYKTYDbI MOTOKA MPH MOMOMIH TOH
WJIH WHOH ympoueHHOH Mopeiu, wiaH (Qu3HYecKO! cxemsi, 6ojiee HJIH MeHee
TOYHO oTpaaiollell feHCTBUTENbHYIO PU3HUECKYIO KADTHHY ABHKEHHA [TOTOKA.
Jroll nieanusupoBaHHOH (H3uUYecKOH MOJeJH OTBeUaeT MareMaTHYecKad
MOJIeJIb — ypaBHEHWE HJH CHCTEMAa ypaBHEHHUH, [MOCPEACTBOM KOTOPLIX pacye-
TOM Omnpejeasercs Buf GyHKIUY pacnpefeleHus BpeMeHy npebuiBanus. Hajee
COMOCTABMAOT PEAJbHO MOJAYYEHHBIH OIBITHHIM MyTeM (W3 KPHBBIX OTKJHKA)
BuJ PyHKUHM pacnpefeseHHs ¢ Pe3y/bTaTOM pacdera Ha OCHOBAHHUH BuiOpaH-
HOH uAeaJbHOH MoJeNu NMpH pa3/HYHbIX 3HAUEHHUsAX ee nmapaMerpa (U napa-
MmeTpoB). B pesyibraTe cpaBHeHHA yCTAHABJIUBAIOT, COOTBETCTBYET JIH ¢ JOCTa-
TOYHOH CTEMEHbI0 TOUHOCTH BeIOpaHHAsA MOJeNb pealbHOH MHAPOAHHAMHUYECKOH
CTPYKTYpe€ [OTOKa B alnnapare JaHHOTO THMA, T. €. aJ €K B aTH a JIH MOJIeJb
00BbeKTy. 3areM HaXOHAT Te YHCJAEHHble 3HAYEHHs MMapaMeTpoB MOAEJH, NpH

* Cm., Hanpumep: Cm e pros H.B.,, Hynuun-Bapkoscxkui H B. Kypcreopun
BEPOATHOCTK H MaTeMaTHUeCKOH CTAaTHCTHKH JJs TeXHHYeCKHX npmioxennit. M., «Haykav,
1969, 51l c.
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KOTOpLIX COBMafileHHe OMNLITHORM H pacueTHOoR (QYHKUKHA pacnpejeseHHs HaH-
Jyyniee. YKa3saHHble 3HAuUeHHS B Ja/ibHeflleM MpHUMEHAOT NpH pacdeTe Mpo-
necca B KOHKpeTHoM anmapare. O606ias 3TH AaHHbLE, MOJY4AIOT ypaBHEHUSA
LA pacueTta 3HAueHHN mapaMeTpoB MOJEJH IIDH Pa3HbIX THAPOIHHAMH HECKHX
ycjaoBHAX paboTbl U pasMepax anmnapaToB AAaHHOTO THMA.

" B Hacrosuee BpeMs AJS OMUCAHHA CTPYKTYPH MOTOKOB B ammaparax mpo-
MEeKYTOYHOr'o TuMa HauGoJiee LIMPOKO HCMOJB3YIOT AueedHYIO H Aucddy3HOH-
HYIO MOJeJH. .

B cootBercTBuM ¢ AYeeYHOHW MO e b annapar paccMaTpuBaercd
KaK OH COCTOAIMHM M3 pAAA MOC/Aef0BaTe/JbHO COEIHHEHHBIX MO XOAY IOTOKA
OJHHAKOBbIX sueeK, HJH KackKala fAueex,
B KaXIOH HU3 KOTOPbIX MOTOK HAEAJTBHO
nepeMellaH.

Han6onee 6ausko 3TO0f Mopgenu OT-
BedyaeT MOTOK B peasibHOM Kackaje anmna-
patoB ¢ wmemankamu (puc. II-38, a).
TlpuMeHeHHe siueeyHOH MOJe/aH JaeT XOpO-
LIHe pe3y/abTathl TaKXKe JJIA Maccoob-
MEHHBIX alnapaToB CTYMeHYaTOro THIA,
HanpuMep [IJs1 TapeabyaTblX KOJIOHH,

20+ =20 onucannbiXx B raasax XI u XIII, u ana

- APYTHX anmnapaTtoB, CeKUHOHUPOBAaHHHX
ST 0 O XOAy MOTOKa. 4

S L EfuHCTBEHHHIM NapaMeTpOM

2, g AYeeuyHON MOLENAH ABAAETCH

d YHUCJIO 71 TAKUX AUYEEK, HA KOTOPhiE HYXKHO

. 12 MLIC/IEHHO pa3buth anmapar, 4to6bl MoJay-
- e e YUTh peajbHO JOCTHraeMyl0 B HeM CTe-
0 05 , ;5  [eHb [epeMelluBaHWA  MOTOKa. Ecau
7 YHCJIO sYeeK oOxa3biBaercs OJH3KHM efH-

‘9'7,, HHUlle, TO [OBIKEHHe MOTOKA B annapare

s npubJIHXKaeTCA. K  HAeaJibHOMY cMelle-

Puc. 11.38. K sueeunoll Momenn cTpyk-  gyo.

TYpH MOTOKa:

YPEI HOTOX dyHKUHA pacnpemeNeHHsi BpeMeHH
@ ~— K OnpeAesieHHIo Moaenn; 6 — BUAB 6 o
&YyEKUAY pacnpefiesieHHsi BpeMeHn npebwmsa- 1PEOBIBAHHUA  AJiA AYeeyHOH MOJEJIH
HER IS PAsAMSHUX epesexuB napaMerpa B yacTHOM cJyyae n = 1 onuchBaercs

ypasHenuem (II,154a). Hcnoawsya me-

TOJN, AaHANOTHYHLIA [IPUMEHEHHOMY IpH BbIBOAE 3TOTO YypaBHeHHR, AJA
J1060T0 3HAUEHHA n HAXOAAT YHKIHIO pacrnpeneseHuss oblero BHaa:

€=l gn—1,—nb (11,158)
T =1l !

. Bun KpHUBBIX OTKJIMKA, COOTBETCTBYIOWIHX 3TOA GyHKUHWH pacnpefieseHHA
NpH pa3IHYHBIX 3HAYEHHAX 71, noKa3aH Ha puc. [1-38, 6. C yBenuueHneM uncnia
fYeeK CTPYKTypa MOTOKa B amnmapare Bce (oJee OTKJIOHAETCA OT, HAEeaJbHOTrO
CMellleHHsI W NPHOJIHKAETCA K HIeaNbHOMY BHTeCHeHuI0. MaeanbHoe BHTecHe-
HUe JIOCTHraercs NpH n — oo. TakuM o6pa3oM, annapar KAeaJbHOTO BhiTeCHe-
HHUA MOXHO MPEACTaBHTh KaK GECKOHEUHYIO TOC/AeN0BaTeNbHOCTh AueeK Hfe-
aJIbHOTO CMeLUeHHS.

BochoBy nnddy3sHOHHOR MO JeJH NOA0KEHO JONYILIEHHE O TOM,
4TO [JIA MAaTeMaTHYECKOTo OMHCAHHA Mpollecca NepeMelliHBaHHA MOTOKA MOMKET
GbITb HCMOJBb30BAHO YpaBHEHHe, aHaJOTMYHOE ypaBHeHU:o KHpdy3HH B LBH-
XKyuwehca roMoreHHON cpefie. 3HAUHUT, 3TA MOJENb HUCXOLHT U3 MPHUOIHKEHHOHR
anarozuu mexoy nepemeuiusanuem u Ougpgysueii. CornacHo AHMDY3HOHHOK
MOze/IH, BcAKOE OTKJOHeHHe pacripefe/ieHHs BpeMeHH NpeOHBaHHA YACTHIL
MOTOKA OT pacfpejesieHHs OPH KIeajJbHOM BHITECHEHHH, HE3aBHCHMO CT MpH-
YHHBI, BHI3BABLUEH 3TO OTKJOHEHHE, CYHMTAIOT CJEACTBUEM MPOJQJLHOrO Mepe-
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MelUHBaHHA (BIOJb OCH MOTOKA), YCJOBHO OMHCBIBAEMOrO ypaBHeHHeM aud-
dy3uu ¢ HeKOTOPBIM QHKTHBHLIM KosdbuureHToM Aubdy3ui.
* B coorBercTBHH ¢ MpPHHATOH anajorued, eciu B ABHXKYweMca (HamnphHMep,
no Tpy6e) MOTOKE OKPACHTh TOHKHH [IOMepeuHblfl C/10# *KHAKOCTH, TO Kpacka
6yner pasmelBaThCA B 00e CTOPOHBI OT ABHMIKYUIErOCH OKPAIIEHHOrO cedeHHd.
Kak u B caydae ofpluHOH MoJeKkyNsapHo# Auddy3HH, pasMmblBaHUE KPacKH
B 3THX HanpaBJ/eHHAX OOyCJIOBJIEHO Ha/JHYHeM FPajHEHTa ee KOHUEHTPAalUH.
OaHaKO CKOpOCTbL TAKOTO Pa3MbIBAHHA OoJiblile, YeM B CAyyae MOJAEKY/APHOH
anddy3uu. [lostomy 1A KOJUYECTBEHHOH XapaKTEPUCTHKU CKOPOCTH MpO-
JHOJBHOTO MepeMeliuBaHuA BMecTo Kosdduuuenra auddysun D, wucnoassye-
MOTO B H3BeCTHBIX 3aKoHaX Puka, BBOAAT HEKOTOPHIH (G M KT H B H bl H
Kosbduumwent aAuddysun E, nHasuiBaeMbill Takke KO3 P O H -
HHEeHTOM NPOXOJBHOTO NepeMellWBAaHHUS

Hubdy3ua B ABHKYIIEMCA [OTOKe OMHCHBaeTcA ypaBHeHueM (X, 19),
noApo6HO paccMaTpHBaeMsIM B TMlaBe X. 3amHChbiBasf 3TO ypaBHEHHE B MPHJIO-
JKEHHH K DacCMaTPHBAaEGMOMY CJIy4al0 OAHOHANpaBJeHHOH aupdy3uu HHAH-
Katopa (Jdlib BAOJb OCH X [IOTOKAa) M 3aMeHAA B HeM KO3DPUUUEHT MOJeKY-
asapuoii auddysun D kKospdulveHTOM MpoAoabHOro MepeMelinBaHusa E,
NoJy4HM

de dc d?c
: w0 tEam (1,159

Pemwenue ypasredus (I1,159) ansa caydas MrHOBEHHOTO BBOAA MHAMKATOPA
BO BXOAAIKHA B anmapar MOTOK MPHBOAHT K CJAEAYIOUIEMY BbIpaXeHHIO GOYHK-
" UM pacrpele/eHHsl BpeMeHH MpebblBaHusA:

Pe. _ Pey L6-1= -
C= ik SRR 11,160

3necy Pey — OGe3pasmepHbifl KOMIJIEKC BeJHYHH, BBIpa)KaeMblii COOTHO-
HeHHeM

Pe, = —= (11,161)
rge | — ANMHA HJAH BLICOTA anmapara.

DT0T KOMMJEKC Ha3plBalOT Kputepuesm [lekae gasa npo -
AOJBbHOTO MepeMelW HBAaHHA.

Takoe nassanue. Kommexce w!/E MONySRJ MOTOMY, STO €ro BHIPAXeEHHE aHANOMHYHO Aud-
¢pysnonomy xpurephio [lexne Pe’ = wl/D, npuMeHseMoMy npy pacueTe NPOLECCOB Macconepe-
aaun (cM. rmasy X), B Koropom BenrunHa D 3amenena ua E. Hepenko Bo nadexanne myTaHuMilbl
KommJleke wl/E Ha3nBalOT TakKXke K pHTepHeM Bogenuirte#f na n ofo3Haqaor CHM-
sozoM Bo.

Kputepuit Pey nB/Asercs eIHHCTBEHHHIM MapaMeTpoM AHGPY -
3HOHHOHN MoOAenau [lo ero 4ucjleHHOMY 3HAYEHHIO MOXKHO CYAHTb
0 CTPYKTYype NOTOKa, ONpefe/ss KOJHYECTBEHHO ee OTKJIOHEHHA OT HAeabHOTOo
BbITECHEHHs, NMpH KOTOpoM Pey = oo, WJIH OT HIealbHOTO CMEIeHHA, KOTO-
pomy orBeuaer Pey = 0. [Toctpous, nosassysace ypasuenuem (I1,160), audrpe-
peHIHaNbHble (YHKUHH pacrpeieNeHus MPH pa3/HYHbIX 3HaueHHax Pey,
MOXKHO YBEeAHTBCH, YTO BHJ COOTBETCTBYIOUIHX KPHBBIX MEHASTCA C H3IMEHEHHEM
Pey mpubausuTesbHO TaK e, KaK MPH H3MEHEHHH n B cjaydyae MPpuUMEHelus
siueeuodl mogenu (puc. I1-38, 6).

3nauenue Pey, KaK H n 2/ AiYeeqHol MOJe/H, 3aBHCHT OT KOHCTPYKUHH U
pa3MmepoB anmapaTa W OT TFHAPOJHHAMHYECKHX ycioBui B Hem. OHo ompeje-
JIAETCA TAKIKE MYTeM COMOCTABJEHUA OMBITHHIX KPHBLIX OTKJIHKA C pacCHlTaH-
HhMH 00 ypasuenuto (II,160) * gna pasanuHeix 3HaueHudi Pey.

* Ypasuenne (11,160) npuronso nJs ONMHCAHHS NMPOMEMYTOYHBIX C/ydaeB, HO HE AJdA OMH-
Cauns MOPIUHEBOro MOTOKAa H HAEAIbHOTO CMELIeHHs.
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Huddy3nounyio Monesb HCMOJIb3YIOT MPEHMYILECTBEHHO IJIi OMHCAHHSA
CTPYKTYDHI NIOTOKOB B ammaparax, He pasfiejieHHLIX Ha CTyMeHu, HarmpHMmep
B MAacCcOOGMEHHBIX alMaparax ¢ HenpepbBHHIM KOHTaKTOM ¢a3 (cM. raasn X
u XI.)

Korna 3nauennsa Pe;, WM n nocTaTouHo BequKH (paBHbl WM OGosbiue
NeCATH), pacyeThl Ha OCHOBe NHPGY3HOHHON M AueedHOH Mojesed OGLIYHO
AaroT 6/1H3KHe pe3yJabTaThl; NOTOMY B TAKHX YCJIOBHAX OKasbiBaerca Oe3pas-
JIUUHEIM, KaKYi0 H3 3THX MoJejeft DpHMEHATH.

Slueennas u AnddysnouHas MOENH, XOTA H LIHPOKO HCNOJL3YIOTCS Ha NPaKTHKe, HO He
MOTYT TOYHO OMHCAaThb CTPYKTYPH MOTOKOB BO BceX peasbHBIX ammapartax. [lostomy xpome HHX
pa3spaGoTanbl APYTHE MOJETH; HEKOTODHIE H3 HHX XapaKTePH3YIOTCA He ONHHM, a 6OIbIIHM YHCIOM
napamerpos. TakoBa, RanpHMep, AByxnapaMeTprieckas Anddy3noHHas MOReNb, MapameTPaMu
KOTOpO# sBAAOTCH KO3(XDHUHEHTH MepeMellBAHHA B OCEBOM M DalHalNbHOM HAMpaBleHHsAX.

Dosee moxpoGro Bompockl, KacalouiHecs CTPYKTYDB! MOTOKOB, B YaCTHOCTH APYyrHe METOAH
BHIYHC/IEHHA pacnpejlejieHHss BpeMeHH npeGuiBanus, Gojee TOYHblE METOAB aHaJH3a KPHBBIX
OTKJIHKA /151 pacyeTa napaMeTpob Mojeself, a TaK)Ke BAHAHHE CTPYKTYPHI MOTOKOB Ha CKOPOCTH
npolieccOB B MPOMHIIVIEHHON annapaType, pacCMaTpHBawTcsd B ChenHaJlbHo# JnTeparype *.

B rnaBe X Gynmer nmoxkasaHa BO3MOMKHOCTb HCIIO/B30OBAHHA MapaMeTpoB,
XapaKTepH3YIOWHX CTPYKTYPY MOTOKOB, AJA pacyera MpPOHECCOB Maccolepe-
nagu,

* Cum., nanpumep: Kad apoes B. B. Meroatl kn6epHeTHKH B XHMHH B XHMHYECKOA TeX-
HonorkH. H3n. 2-e, nepepaGor. M., «Xumus», 1971. 496 c.; Jlese H mn uab O. Huxeneproe
?g)ggmgeuue XHMHYeckrx npoueccos. [lep. ¢ aura. [log ped. n ¢ gon. M. I', Canbko M., «X nmusy,

. 624 ¢, '
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MNEPEMELWEHHE )XUAKOCTEA (HACOCHI)

1. O6mue ceegeHus

B Xumuueckofl MpOMBIIUIJIEHHOCTH Ba)KHOE 3HAYEHHE HMEET TPAHCIOpPTHPO-
BaHHe XHIKHX HJIH [a3000pasHbIX MPOAYKTOB MO TPyGONpPOBOAAM KaK BHYTPH
MPeANPHSITHS MeXK/1y OTAETbHLIMH aNNapaTaMu ¥ YCTAHOBKAMMU, TAK U BHE €ro.

[Buxerue XKuakKocTel Mo TpyboNnpoBojaM H 4epe3 anmaparsl CBA3aHO
¢ .3aTparaMu 3Hepruu. B HekorTopblX ciydasax, HampuMep MpH ABHXKEHHH
c 60J/lee BBICOKOrO YpOBHA HA 60jiee HU3KUH, MKHAKOCTb HEPEMEUIAETCs CaMo-
TEKOM, T. e. 6e3 3aTpar BHeluHeH 3Hepruu, BCJAeACTBHe NpecGra30oBaHUsA 4acTH
cOOCTBEHHOH MOTEHUHANbHON 3HeprHH B KHHeTHYeckyio. [Ipw mepeMeuleHuH
MHAKOCTH MO FOPU3OHTAJNbHBIM TPYOONpPOBOAAM H C HU3LIErO yPOBHA HA BBIC-
WHi NpUMEHSIOT Hacockl. Kpome TOro, B npOMBILIIEHHOCTH HCIIOJAB3YIOT YCT-
pofictBa AJA TPAHCIOPTHPOBAHUSA KHAKOCTEH C NOMOLLBK) CKATOTG rasa
(Bo3yxa) — rasaudrbl U MOHTEKIO.

H a c oc bl — ruapasiuyeckue MamHHb, KOTOpble MpeoGpa3yioT MEXaHH-
YeCKYyI0 JHEPTHIO ABUCATENs B 3HEPrHIO MepeMeliaeMol KHAKOCTH, MOBBIILAA
ee gaBjeHue. Pa3zHocTo JaBjeHUH XHAKOCTH B Hacoce H Tpy6onpoBoze obycJio-
BJAHBAET ee [epeMelleHHe.

Pa3auuaior Hacockl ABYX OCHOBHBIX THMOB: JHHAMHUYECKHE H
O6BeMHBLE.

B nunamMuuecku x Hacocax XKHAKOCTb Mepemeliaercs pu BoO3jeH-
CTBUM CHJ HA HE3aMKHYTHII 06BbEM KUAKOCTH, KOTOpHIH HempepbliBHO €O06-
aeTCsl CO BXOJOM B HACOC W BBIXOAOM H3 HETO.

B o6 beMHBI X Hacocax XHAKOCThb MepeMeliderc (BHITECHSETCA) MPHU
NepHOAHYECKOM H3MEHEHHUH 3aMKHYTOro oObeMa MHIKOCTH, KOTOPHIH MepHOAH-
YeCKH CoOGUIAeTCs CO BXOJOM B HACOC U BBIXOIOM H3 HETO.

JuHaMuyeckue HAcochl N0 BHAY CHJ, AeHCTBYIOUIHX HA XKHIKOCTb, MOApa3-
JeJAOTCA Ha JIOMACTHHIE H HAcOCHl TPEHHA.

KiaomacTH o M OTHOCATCH JHHAMHYECKHE HACOCH, B KOTODbIX 3HEp-
rus nepefaercs KHAKOCTH MpH oOTekaHHH Jonacrefi Bpawa Lerocd pabo-
yero kojeca (HJIH HECKOJbKHX KoOJiec) Hacoca.

JlomactHble Hacock!, B CBOIO Ouepelp, JelATCA HaL e HT PO G Ee XX Hbl € H
OceBsle MpPHYEM B LEHTPOOEKHBIX HACOCAX KHAKOCTB JBHMKETCA Yepe3
paGouee KoJeco OT ero LEeHTPa K mepudepuH, a B oCEBbIX — B HANpaBJeHHH
OCH KoJieca.

Hacocs TpeHHSA npeIctaBiasioT cob0ofl AHHAMHUYeCKHE HAacCOCHI,
B KOTOPBIX KHAKOCTDH IepeMeliaeTcs IPeHMYIIEeCTBEHHO MOJ, BO3AeHCTBHEM CHII
Tpenusa. K HacocaM TpeHHA OTHOCATCA, B YaCTHOCTH, BHXpeBble H CTpYHHbIE
HACcOCHI. ’

['pynna o6beMHbIX HACOCOB BKJIIOYAET HACOCHI, B KOTOPBIX KHAKOCTH BhiTe-
CHAETCSA M3 3aMKHYTOrO MPOCTPAHCTBA TeJNOM, ABHMYUHMCA BO3BpPAaTHO-MO-
cTymateNbHO (MOpIUHEBbIe, IIMYHMKepHBle, 1HadparMoBble HAcOChl) HJAH HME-
WM BpaularefbHoe JBHKeHHe (llecTepeHHble, MJac¢THHYATHIE, BHHTOBhIE Ha-
COCBI).

Hacocel kaxnof U3 yka3aHHBIX Bble CPYMM Pa3jaHYaAIOTCA MO KOHCTPYK-
TUBHBLIM [Ipu3HakaM. OCHOBHBIE KOHCTPYKIIHH HAcOCOB, MpHMeHsAeMble B XHMH-
yecko#f MpOMBILLTEHHOCTH, OyAyT PaccMOTpeHbl HHXKe.
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2. OcHoBHble NapamMeTpbl HACOCOB

OcCHOBHLIMH [IapaMeTpaMH Hacoca Jo60ro THMa fABJAAITCH MPOH3BOIH-
TeJbHOCTb, HAlOp M MOLIHOCTb.

[TpoW3BOAMTEAbHOCTH, HIHM MO AZaua, Q (u%cex) onpene-
Jsierca O6BEMOM JKHIKOCTH, NOJABAEMOM HACOCOM B HAarCHeTaTesbHbIH TPy6o-
IIPOBOJ B ENHHHIY BpEMeHH.

Hanop H (m) xapakrepu3yeT yAeJbHYIO 3HepTHiO, KOTOpas cooB-
flaeTcsl HAacOCOM eIMHUUE Beca NEPEeKauWBaeMOH KHAKOCTH. JTOT [apaMeTp
[I0KAa3LIBAeT, HACKOJLKO BO3pacTaeT YAenbHAs SHEPrHsl MKHAKOCTH IIPH Mpo-
XOXK/IEHHH ee uepe3 HAcoc, M ONpenessercsi C IoMolbio ypaBHeHusa bep-
HYJJIH (cM. cTp. 54). Hanop MOXHO MpE/CTaBHTh KaK BHCOTY, H3 KOTOPYIO
MOKeT ObITh NOAHAT | K2 MepekauuBaeMOH KHAKOCTH 3a CUeT IHEPTHH, CO00-
waemoil et HacocoM. [losToMy Hamop He 3aBHCHT OT YIeJILHOTO Beca y (xec/m?)
WIH IJIOTHOCTH P (k2/m®) nepekauMBaeMOH MKHIKOCTH.

ITonesnaa momHuocTs Ny 3aTpaunBaeMas HacoCOM Ha coobuie-
HHE JKHIKOCTH JHePTHH, PaBHA [IPOH3BEJEHHIO ynenbﬂou sxepruu H Ha Beco-
BOH pacxoa yQ KMIKOCTH!

= yQH = pgQH (111,1)

Mom#aocTtps Ha Baany N, Godble MOJe3HOM MOLIHOCTH B CBA3H
C MOTepAMH SHEPTHH B HAcOCe, KOTODhIe yYHTHIBAIOTCA K03(phHUHEHTOM M0JIes-
HOro pedcTBHA (K. 1. A.) Hacoca n,,.

H .
¢ "]a Mu ( )

Kosdppuuuentr nosmesHoro geficTBHA ¥y XapaKTepH-
3yeT COBEPILEHCTBO KOHCTPYKUHMH WM 3KOHOMHUYHOCTb 3KCIJyaTallHH Hacoca.
Besanuuna 1), OoTpa)KaeT OTHOCHTE/IbHBIE MOTEPH MOIIHOCTH B cCaMOM Hacoce H
BbIPAXKAETCA MPOU3BEACHHEM

Nr = NyMrlpex : (I11,3)

B Buipaxenue (111,3) Bxonar cnenyroure senududn: ny = Q/Q;— K 0 3 ¢-
buHuMeHT Nofayu, WIHOGDbEMHB i K. N. 1., TNpeiCTaBJIAIOLIHA
co6oi OTHOIIEHHe NEeHCTBHTENbHOH MPOH3BOIMTEILHOCTH Hacoca Q K TeopeT-
yecKoH Qp (YUHTHIBAET MOTEPH MPOM3BOAMTEJNBLHOCTH IPH YTeyKax MHAKOCTH
yepe3s 3a30pbl W cajJbHHKH Hacoca, a TaKMKe BCJEACTBHE HEOLHOBPEMeHHOro
NepeKkphITHA KJAalaHOB H BbIAENEHHA BO3AYyXa M3 NepeKauyHBaeMOH XKHIKOCTH
IIpH JaBJeHHH HHXKe aTMochepHOTO — BO BpeMs BCACHIBAHHA); My — [ H A -
paBJHuecCKHH K. I — OTHOIIEHHe JeHCTBUTEJbHOIO HANIOpPA Hacoca
K TeopeTHYeCKoMy (yuHTBIBAeT MOTEPH Hafopa NpH [ABHXEHHH JKHIKOCTH
Yyepe3s HAcoC); Muyex —MEXaHHUECKHA K, M. h., Xapakrepusyiowmuh
NOTepH MOLIHOCTH HA MeXaHHUYecKoe TpeHHe B Hacoce (B MOAHIMMHHKAX, calb-
HHKaX H Ap.).

3HaueHHe 1), 3aBHCHT OT KOHCTPYKIIMH M CTEMEeHM H3IHOCA HAcoca H B cpef-
HEM COCTABJAET: AJA LeHTPoGeXHbIX HacocoB 0,6—0,7; AN NOpIIHEBHX HACO-
cos 0,8—0,9; nasa Hanbosee coBepHIeHHBIX HEHTPOOEKHBLIX HACOCOB 60JbILIOA
npousBogurenbHoctu 0,93—0,95. -

MowmwmHuocTh, noTpeGaisgeMan ABUHTATEJEM UIHHOMH -
HaJibHasfd MOWHOCThL ABHTrateasa Np, O60aplie MOLWHOCTH
Ha Bajly BCJENACTBHE MeXaHHWYeCKHX IoTeph B Ilepefaye OT 3/J1eKTPOABHraTe/A
K Hacocy H B CAMOM 3JIeKTPOJABHTare/e. ITH MOTEPU YUHTHIBAIOTCA BBEleHHEM
B ypapHenue (III,3) K. m, & mepepnaum Ty, H K, M. A ABHTA-
TEeJada Mg

: N, Ny
Nnepas - NuNnepNar

ITponsBenenHe MyMpep Ny, MpPeACTaBiAsieT Co60H MOJMHB A K. M. A
HacoCHOH yCcTaHOBKH 7, KOTOpDHH onpejesnsercs Kak OTHOLIEHHE

Np.g:- (IA,4)
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noie3doit mMouikocTH N, K HOMHHAJbBHOH MOIMHOCTH ABHratens Ny W Xapak-
TepH3yeT MOJHEple NOTePH MOLLHOCTH HAacoCHOH YCTAaHOBKOM:

N V
n= N T = NuMnepas (111,5)
I8

Wa ypasuenust (I11,3) u (I11,5) cllefyeT, YTo MOJHbIA K. M. J. HACOCHOH
YCTAHOBKH MOX¥ET GbITb BblpaxKeH MPOH3BEJEHHEM MATH BeJHUYHH:

N = NyNrNuexnepas (111,6)
YcranoBoYHAasA MOWHOCTDL ABHTaTtena Ny, paccuu-
TbIBAeTCS MO BeJNHUHHE N, C yUETOM BO3MOXHBIX MepPerpy3oK B MOMEHT MycKa -
HACcOCA, BO3HHMKAWIUIHX B CBA3M C Heodxounmocnm pEeoJONeHH HHEPUHH
noKosAuwelcs Macchl KHAKOCTH:
Nycr'=BNpg (I11,7)
3mech P — KOo3hQHUHEHT 3amaca MOUHOCTH; €rc 3HaYeHUs OMpeAeaAioT
B 3aBHCHMOCTH OT HOMHHAJbBHOH MOWIHOCTH ABHraTenst N

Npggo 08m .« . . . . . . Meneel 1—5 5—50 BoJsee 50
B e s e s e e e e . 21,5 1,5—1,2 1,2—1,15 1,1

3. Hanop Hacoca. Bricora BcachiBaHHf

Hanop. PaccmoTpuM cxeMmy HAacOCHOH YCTAHOBKH, [MpeNcTaBJeHHOH Ha
puc. [11-1. BBenem o6o3HaueHusi: po — AABJEHHE B EMKOCTH 1, u3 Kotopoi#
HatoCOM 2 3acachiBaeTcs HHIKOCTb (Ha30BeM ee YCJOBHO IPHEMHOH eMKOCTbIO);
p. — AaBleHUe B RAMOpHOH eMKoctH J; p,. — AABJEHHE BO BCACHIBAIOLIEM
matpy6ke Hacoca; p, — [AaBJieHue B HanopHoM narpy6ke Hacoca; My —
BbICOTA BcachiBaHHuA; H, — BbicoTa HarHeTanus; H — reomerpuueckas BhCOTa
nojauy# KHUIKOCTH; h— paccrosiHHe Mo BepTHKaJIPI MeKAy YPOBHAMH yCTa-
HOBKH MaHoMerpa M u Bakyymmerpa B.

[ns onpepefeHusi Hamopa Hacoca Mpu-
MeHUM ypaBHeHue BepHyJaH.

IIpumeM 3a maOCKOCTH CPaBHEHHS ypo-
BEHb JKHIKOCTH B IIPHEMHOH eMKOCTH (cede-
Hue 0—0).

¥YpaBuenue Bepuynnu nas ceuenuit 0—0
u I—I:

9 a

P B0 Pac. , U

b= Hpe 228 4
0g 2 et “og 2g

i hn. BC.

(111,8)
¥ paBuenue Bepuynnu gns cevenutt ['—1I’
ull—II:

2

w ..
LN = HC. -I. Cxema wnacocroft ycra-
Hoe + h -+ L1 i Pre. 111, C y
0g 2g . HOBKH: .
9 .
Pa 9 1 — npHeM#asi eMKOCTb; 2 -— Aacoc:
= Hgc+h+ Hy b= Ay 3 — HamopHasi eMKocTb: M — ‘VlaHOMeTp.

¥4 2g : B —pakyyMMeTp.
(I11,9)
B 3Tux ypaBHeHHEX:
W, B Wy — CKODOCTH MHIKOCTH B MPHEMHOR H HamopHOH eMKocTsIX (B ceueHmsAX (—(
# [/ —[] cooTBeTcTBeHHO);
Wpe M W@y — CKOPOCTH XHAKOCTH BO BCACBHIBAIOMEM H HarHerarejgbHOM naTpybxax Hacoca;
Ao geMhg. g — nmepu Hanopa BO BCAChiBAWOUIEM M HAaTHeTaTeJabHOM TPy6Onposofax.

CKopocTh XHAKOCTH Wy MPeHe6peKuMo MaJa Mo CPaBHEHUIO CO CKOPOCTLIO

BO Bcac L(BalouleM TPyBONpOBOAE, T. €. CPABHHUTENBHO C Wy, H MO3TOMY MOXKET

6biTh HekJioueHa M3 vpasHeHua (111, 8). Torna us storo ypaBHeHus yjaenbHas
aHeprus £, XHKOLiH HA BX @ B Hacoc:
2

Poc , Yse _ Po
F se + og " 2 = og A 2o (111,8a)

A, . cal TF
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Ananoruuno w, < w,; npeHeGperas BeJHYHHOW w, H YYHTHIBaA, 4TO
Hy. + h -+ H, = H,— reoMeTpHuyecKoil BHICOTe MOLbEMA MKHUIKOCTH, OIpe-
neanm no ypasnenuto ([11,9) yneabHyio sHepruio KUIKOCTH Ha BbIXOJe H3
Hacoca:

o 2

Pu wH
Esux=Hsc+h+’5g— 2g +——‘+hn H (111,92)
Briuutaa u3 nesoit yactm ypapHenus ([11,9a) neBylo yacTh ypaBHeHus
(I11,8a), Haxomum uHamop Hacoca:
2 2
_ W, —wg,
Ho=Eyux — Epy = h o+ PU2P00 4 20 (I11,10)

Ypasrenue (I11,10). nokaswBaer, 4T0 Hanop nacoca pasem cymme mpex caa-
2aeMbix: 8blcOmbl no0vema HUOKOCMU 8 HACOCe, PA3HOCIMU Nbe30MEmpUUecKux
HAnopos u pasHocmu OUHAMULECKUX HANOPOE 8 HAZHEMAMEAbHOM U BCACHIEAIOU4EM
nampybrax nacoca.

O6bluHO HarHeTaTeJbHbIH H BCachBAIOWHME maTpyGKu Hacoca HMEIOT OIU-
HAaKOBBIA JHAaMeTD; COOTBETCTBEHHO w, = w,. u ypaBHexue (II1,10) ynpo-
"HIAETCH:

.

_ Ou — Dsc
| H-h—}- o (111,11)
Ypasueuns (111,10) n (I, 11) npnmeﬂmo*r ISl pacyeTa HaNopa npH Nnpo-
EKTHPOBAHHH HACOCOB,
Lln1a onpepeneHua Hanopa [eficTBYIOWIETO HAcoca MOJIb3yIOTCA MOKAasa-
HMAMH YCTAHOBJIEHHBIX Ha HeM MaHoMeTpa (p,) U BakyyMmmerpa (p,). Bripasum
6COJIOTHBIE NaBJEHHS P, H p,. YePe3 IOKa3aHUA MaHOMeTpa M BaKyyMMeTpa:

Pu= pu+ Pa Psc = Pa— Ps

npHuyeM p, — aTtMmocdepHoe JaBJieHMHeE,
Henaa nojcraHoBky 3THX Bulpaxenuit B ypasenue (III,11), monyuum

H=h +”_M::-’12- (11L12)

Takum 06pa3oM, Hamnop HEACTRYIOWEro Hacoca MOXKeT GbITh OMpesesieH
KAK CYMMA NOKA3AHUL MAHOMEMPA U BAKYYMMEmpa (6bLPANCEHHBIX 8 M cmoaba
nepeKequeaemoti AHUOKOCMu) 1 pAaCCMOAHUA NO GePMUKANL MENCOY MmOoLKamu
PACNOAOKCRHUR dSMuxX npubopos.,

Ecan mMaHoMeTp MPHMOAHAT Ha 3HAUHTEJNBHOE DPACCTOSIMME fiy MO BEPTHKAJH OT TO4KH OpH-
COeHHEHHA MaHOMeTPHYeCKO#d TPYOGKH K JIHHHH HarHeTeHHs, TO HaJO YYHTHBATb, UTO py ==
= pm+ pat hi1Pg, TaK KaKk MaHoMeTPHYECKas TPYOKa B OTNHUKE OT TPYOKK BaKYyMeTpa 3anod-
HEHa nepexaqusaemoﬁ KHAKOCTEIO.

Huoe BelpaxeHue n1s Hamopa Hacoca Moxer ObITh BHIBEAEHO, €c/IH M3
npaBofi uvactd ypaBHeHus ([11,9a) Brwectp mpaByio 4acTb ypaBHEHHA
(111,8a). Ilpu atom moJayuyuMm ypaBHEHHE '

H=H, +ﬁ5_g—”?—+h,, . (111,13)

ThAe Ay == hg g+ hp se — cyMMapHoe THIpaBlHYeCKOe conpm‘nmenne BcacblBaloNlel0 H HarHe-
TaTeJLHOI0 TPyGonpoBoOOB.

Coraacno ypasnenuio (I11,13), B Hacocuo#t ycraHoBke ranop nacoca sampa-
YUBQEMCA HA NEpeMelyerie HUOKOCMU HA 2eOMEMPUYECKYI0 6bicomyY ee nodvema
(H.), npeoBosenue paswocmu Oasrenuil 8 RaAnopHoll W npueMHoil emMKOCMAX
(ﬂ;gﬂ) U cymmaproeo 2udpagaudeckozo conpomuéerenus (hy) 60 ecacvigaro-
Wem U HAZRemameasHoM mpyGonpoeodax.

YpaBuende (I11,13) ucnoap3yor npu moj6ope HAcCOCOB AJA TEXHOJO-
rMYecKUX YCTAHOBOK,



3. Hanop wnacoca. Bewoma ecacetsariun 131

Ecau naBiieHus1 B NpHEMHOH H HaNOPHOH eMKOCTSIX OAMHAKOBH (p, = p.),
TO ypaBHeHWe Hanopa MNPHHHMaeT BHI

H= H.+ hy (111,14
* Ilpu, mepekayHWBaHHHM KHIKOCTH 1O T[OPH3OHTaJbHOMY TpybonpoBoly
(H, = 0):

Pe — Po ’ : .
H= 2 2. L4 I11,14a
7] + hy ( )

B ciyuae paBeHcTBa HaBJeHHI B NMPHEMHOH H HaNOPHOH eMKOCTAX IS
ropH3oHTanbHOro Tpybonposona (p, = p, 1 H, = 0) Hanop Hacoca

H=h, (111,146)

Bricota BcacwiBaHMsi. BcacbiBaHHe XHAKOCTH HAacoCOM NPOHCXOJHT MOJ

neffcTBUeM Pa3HOCTH [aBJICHHI B MPHEMHOH €MKOCTH Py H Ha BXOJE B HacoC Py,

WJIH MOJ JefiCTBHEM Pa3HOCTH HAMOPOB {é’— — %’;—. BricoTa BcackBaHHS MOXKET
6Tk onpelleneHa u3 ypastenus (II1,8):
2 2
HBC=-Z—;-— (%4_—-———-‘”“2; %y hmc) (111,15)
ITpuHHUMass BO BHHMaHHE, UYTO NPAKTHYECKH CKOPOCTh W, = .. MOJYYHM
Po Pac wgc
HBc=Fg"'— (_EE-'—T_‘_ hn.ac) (11L,16)

Takum o6pa3oM, 8biCOMA 6CACHIBARUA HACOCA YSEAULUBALMCA C 803PACMANUEM
0asaeHUs Py 8 NPUEMHOU EMKOCIMU U YMEROUIALMCS C YeeAUMEHUEM 0QBAEHUSL Py,
ckopocmu HulKoCmu Wy, 4 nomeps Hanopa hy ., 60 ecacwearoujem mpybo-
nposode.

Ecau XKHAKOCTh NepekauHBaeTCsi H3 OTKPBLITOH eMKOCTH, TO JaBJIeHHE p,
pasHo atMocdepHOMY p,. [laBieHre Ha BXOJIE B HACOC P, AOJXKHO GBITH Gosblue
JaBJIEHHS p; HacHILIEHHOro Napa nepeKkaudBaeMoH XHJIKOCTH IIPH TeMiepaTrype
BCAaCHBAHHA (p,. ©> p;), TAK KaK B NPOTHBHOM cJyuyae XKHIKOCTB B Hacoce
HayHeT kunerb. IlpH 3TOM B pe3yJ/braTe HHTEHCHBHOIO BBIJENEHHS U3 KHIKO-
CTH MapOB H PacTBOPEHHBLIX B Hell ra3oB BO3MOXKEH pa3phIB MOTOKa H yMeHbllie-
HHe BBICOTHl BcachiBaHus 10 Hyas. CleloBaTenbHO

2
Pa pt , Ync
Hsc<—*—(ﬁ+_3§+hn.sc) (1,17)

N3 ypasuenus (I11,17) caenyer, uto BhicoTa BcachiBaHUA 3aBHCHT OT
atmocdepHOro jaBJeHHA, CKOPOCTH JIBHXKEHHA d NJOTHOCTH NMepeKaunBaeMof
AKHIKOCTH, ee TeMnepaTypel (M COOTBETCTBEHHO — JaBJeHHs ee IIapoB) H
THJPaBJHYECKOr0 CONMPOTHBJEGHHA BcacklBamollero Tpybonposoja.

ITpu mepekauHBaHUH H3 OTKPEITHIX pe3epByapoOB BBICOTZ BCAacChIBAHUA He
MoxkeT ObITh GoJblUe BBLICOTEL cTOJ6a IepeKkaudBaeMod MKHAKOCTH, COOTBET-
cTByIOWEro arMocdepHOMY - JaBJeHUI0, KOTOpOe 3aBHCHT OT BHICOTHL MeCTa
YCT2aHOBKH Hacoca HaJl ypoBHeM Mopd. Tak, HanpHMep, NPH NepeMelieHHH
BoApl npu 20° C BhICOTa BCAChIBaHHSA JaKe TEOPETHUECKH He MoxeT GhiTh 6o-
jgee 10 # Ha yposHe mopsa ¢ 8,1 m Ha Bricote 2000 m (8,1 M — 3HaueHHe
atMochepHOro 1aBJeHHsT B M 600. cm. Ha 3TOH BHICOTE).

JlaB/eHue HAaCHILEHHOTO Napa KHIKOCTH YBeJHMYUBAeTCs C TOBHILIEHHEM
TeMOepaTypel M CTaHOBHTCH pPaBHLIM BHewHeMy (atMocdepHOMy) AaBJeHHIO
npu Temnepatype kuneHua. Ilpu yBeJndueHHH TemmepaTyphl NepekaudBaeMol
KHUIKOCTH BBICOTA BCaChIBAHWs Hacoca ymeHbiiaercs. Kak caepyer u3 ypashe-
uua (II1,17), BeicOTa BcachlBaHUA A5 KHAKOCTEH, HMEIOUIMX TEeMNepaTtypy,
613Ky K TemmepaType KHMeHHA NpH YCJOBHAX BCACHIBAHHA, MOMET OKa-

2
3aTbca pasHoll Hyao | H,. = 0 npwu 7% = ;’Tt + m;:; + Ay, Bc). ITostomy
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NpH NepeKauyHBaHHH FOPAUHX KHIKOCTEH HACOC YCTAHABJHBAIOT HHKE YPOBHS
NpHEMHOH eMKOCTH, YToOnl O6eCNeyHTh HEKOTOPHIH MOANOD €O CTOPOHLE BCa-
ChIBAHHSA, HJH CO3JA3I0T H30bITOYHOE JaBJjeHue B IpHeMHOH eMKOCTH. Taxkum
yke o6pa3oM NepeKauyrBalOT BLICOKOBSA3KHE XHIKOCTH.

ITpu pacuere BBICOTH BcachiBaHHs MOpPIUHEBBIX HACOCOB HAJ0 YUYHTHIBATH
NIOTepH Hanopa Ha NpeofloNieHHe CHJl HHEPILMH BO BCAchIBalolleM TpPYyOGONpoBoOJe.
Ot norepH 06YCJOBJEHH HepPaBHOMEDHOCTHIO MOJAYH [OPILHEBOTO Hacoca
(cm. cTp. 143), B pe3ynbTaTte Yero Ha CToJA6 KHIKOCTH, HaxoidleHca Bo BCa-
ChIBAIOIEM TPYGOMPOBOJE W ABHKYLMEHCA ¢ HeKOTOpPHIM NMepeMeHHBIM YCKope-
HHeM, JeHCTBYeT CHJIa HHeplUHH, HallpaBJeHHasi B CTODOHY, [POTHBONOMIOK-
Hle HanpasJjleHHIO JBHXKEHHUS XKUIAKOCTH,

‘MlotTepn HaNoOpa Ha MpecROJAECHHE CHAJI HHEPHHHU Ahy B NIOpUIREBHIX

Hacocax MOrYT ObIThb PaCCYMTaHBl M3 YPABHEHHs, CBS3LIBAIOLErO AaBieHHe, AeficTBYlolee Ha
nopuleHb, ¢ CHJOH HHEPUHH cToAfa XKHUIKOCTH, -ABHXYuielics Bo BcachiBaiomeM TpyOonposoje:

rae I — Bhicota crona MAZKOCTH B TPYOONPOBOZE (NIPH HaJMMMUH BO3LYIIHLIX KOJIAKOB —
PacCTOsiHHE OT OCH Hacoca B0 YPOBHsl XKHIKOCTH B KOJIIaKe); g — YCKOpeHHe CHJIbI TSKecTH; [ U
[1 — nnowage ceveHHsl TOPLIHS H TPYOONPOBOAA COOTBETCTBEHHO, W — OKDYXKHAs CKOPOCTb
BpalleHHsi KPHBOWHUNA; F — PagRyC KpHBOUIMMA.

Ha nonyctuMyio BEICOTY BcachiBaHHA HAaCOCOB OKasbIBaeT TaKiKe BJHSHHE
ABJIeHHe KaBHTAaIlHH,

KaBuTalusa BO3HHKAeT MPH BHICOKHX CKOPOCTSIX BpalleHHd PaGounx
KoJjlec I1eHTPOGeXHbLIX HACOCOB H MPH MepeKauHBAHHH TOPAYMX KHIKOCTeH
B yCJOBHAX, KOIJa MPOHCXOAHT HHTEHCHBHOe NMapoobpa3oBaHHe B MHUIKOCTH,
Haxojdlledca B Hacoce. [ly3nippKH Napa nomnajalT BMecTe € KHIKOCTBLIO
B ofJiacTb GoJiee BHICOKHX JaBJeHHi, rje MCHOBEHHO KOHAeHcupyiorcs. JKua-
KOCTb CTPEMHTEJbHO 3aM0JIHAEeT NOJOCTH, B KOTODBIX HaXOAMJCA CKOHJEHCH-
poBaBIUHHACS Map, YTO COMPOBOXKJAeTcs THApPaBJIHUECKHMH yJAapaMH, L1yMOM
# coTpaceHHeM Hacoca. Kasuranus TPHBOJHT K GHICTPOMY pa3pyIlUeHHIO Hacoca
3a cYeT THIPAaBJHYeCKHX YAapOB M YCHJEHHA KOPPO3HH B HepHoJ, Mapoobpa-
3oBaHusA. [Ipu KaBHTAIHH MPOH3BOJAMTERBLHOCTE M HANOP HACOCA PE3KO CHH-
XKaTcs,

SIBneHne KaBMTaUHHK INIPHBOZHT K yMEHBIIEHHIO RONYCTHMOH BaXyyMMeTpHuue-

CK O} BHICOTHl BCACHIBAHMS, IOZ KOTOPOH TNOHHMAIOT Pa3HOCTL AaBJeHHil B IIPHEMHOH eMKOCTH
H BO BCAChIBAIOWIEM na-rpyéxe Hacoca, BHIPAXKEHHYIO-B M CTo0J10a IepeKauMBaeMOR KHAKOCTH

Po—‘ Pac :

rg
BeJIMYHHON W), TaK KaK wW; & Wye. 1A TOro utofbl NpefoOTBPaTHTb BO3HMKHOBEHHE KaBHTaLMH

npu pa6ore Hacoca, RONYCTHMoe 3HayeHWe BAKYYMMETPHYECKOH BEICOTH BCAChIBAHHSA (HBaK)

- NPUHUMAIOT, BhuuTast U3 Hpqy, HalifenHyio u3 ypasuenns (111,8), nexoropyio BricOTY, HasbiBae-
Myl0 KaBHTaUHOHHHWM 3anacoM (Ah, #). Takum oGpaSOM

H, =HBaK_AhK

BaK

Haay = 3nauenne Hy, MOXMO onpefenuts u3 ypasuennsa (I11,8), npenebperas

npuueM 3HaueHusi Ahy (uin Hg,,) npuBOgATCA B Karajorax Hacocop npu p == 1 kec/cm® ==
=~ 10 » 600. cm. u ¢t = 20° C. [lpyu OTK/NOHEHHHU OT 3THX YCJOBHIl JOMKHbI OLITh YUTEHbl GaKTH-
Yeckoe arMochepHoe NaBJeHHE H [aBjeHue HACHIUEHHHX [apOB NepeKayHBaeMOH >XHIKOCTH NpH
ee remneparype.

Hpa}(mqecxn BBLICOT3 BCaChBIBAHHs1 HAcOCOB MNpPH NepeKaynBaHHU BOJH He
npesoplmiaer CAeAYIOIIHX 3H3YeHHH: .

Temneparypa, °C . . . . . . . 10 20 30 40 50 60 65
Bucora BcachiBanus, # . . . . B 5 4 3 2 1 0

4. llentpobexHple Hacoch

FipuHuHn aeficTBHA M THNH HacocoB. B neHTpoGexHBIX Hacocax BcacHBa-
HHe H HarHETaHHe KHJAKOCTH MPOHCXOJHT DAaBHOMEPHO H HelMpephiBHO MOJ ReH-
CTBHEM LIeHTPOGEKHON CHJIbI, BO3HHKAIOIEH NMPH BpalieHuu paboyero Kojeca
C JIONaTKaMH, 3aKJIOUeHHOrO B cnHpaseoGpasHOM KOpHyce.
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B oAHOCTYyNneHUYAaTOM UeHTpobexHom Hacoce (puc. [II-2) wun-
KOCTb M3 BcachiBaioulero TpyGonposoja I mnocTymaer BIOJNL OCH PaGoyero
Koseca 2 B kopnyc J Hacoca M, nonajas Ha Jonatk 4, npHoGperaer BpauiaTelb-
Hoe asixkenue. LlenTpoGemnas cuna orbpacniBaer KHUAKOCTb B KaHaJ mepe-
MEHHOTO CEUYeHHS Mex#ly KOpPIycoM H pa-
GOuKMM KOJIECOM, B KOTOPOM CKODOCTh
MKHIKOCTH yMeHbLIaeTcsi A0 3HAauYeHdd,
PaBHOI'O CKOPOCTH B HarHETaTeJlbHOM TPY-
Gonposone 5. Ilpu 3TOM, KaK cienyer u3
ypaBHeHHA DepHyJ/IH, IPOUCXOIAHT mpe-
ofpazoBaHrde KHHETHYECKOH 3HeprHu no-
TOKa MHJIKOCTH B CTaTHYECKHH Hamop,
uyro ofecneuyrBaeT NOBLILIEHHe AaBJeHHA
xkulkoctd. Ha Bxopne B Koseco cosfaercs
NOHHMKEHHOe AaBJieHde, W KUIKOCTh H3
MpHEMHOH eMKOCTH HeNnpepbiBHO MNOCTY-
naetr B Hacoc.

JlaBaelne, pa3pHBaeMoe ILEeHTpoGex-
HBIM HAacOCOM, 3aBHCHT OT CKOPOCTH Bpa-
weHus- paGouero Kosaeca. Beseacrere 3Ha-
YUTEJBHLIX 3a330DOB MEXAY KOJecoM H
KOPNYCOM Hacoca paspeKeHHe, BO3HH-
Kamwllee IpH BpalleHHH KoJjeca, HeNO0- Puc, 111-2. Cxema uenrpobexuoro Ha-
CTATOYHO A/ MNOABEMA KHJKOCTH 10 coca:
BCachIBawLEeMy pr6OHpOBO}1y, ~€eCJIH OH / — BcacHBaiOWMU TpyGonposof; 2 ~~ paGo-
¥ KOPIyC Hacoca He 3alHTH KUAKOCTBL. °° 5“ﬂ”ff;’;mf,,;,;‘,?E,’,}yﬁ,yﬁ"o,;o’;‘;’:’“":
[TosTomy mnepen nyckom ueHTPoOeKHEIN
Hacoc 3aJHBAIOTy MePeKauHBaeMoR KHAKOCTHIO. UTOOH KHIKOCTL HE -BHLIMBA-
Jach M3 HacoCa H BcacelBawulero Tpy6onpoBoja NPH 3aJHBKE Hacoca HJIH MPH
KPaTKOBpPeMeHHLIX OCTAHOBKaX €ro, Ha KOHIle BcachHBamullell TpysHl, norpy-
MeHHOM B KHIKOCTb, YCT@HaBJHBAIOT O6paTHbIPl KJanaH, cHabxeHHBIH ceTKoi
(Ha pHCYHKe He MOKa3aH).

Hanop oaHocTyneHYaTEX HEHTPOGEKHBIX HACOCOB (C OAHHM pabouuM KoJte-
coM) orpasHyed u He npesniiuaer 50 m. Jlis co3nanus Goslee BLICOKHX Hanopos -
NPUMEHSIIOT MHOTOCTYyHNeHYa-
Te e Hacoce (puc. II1-3), umerouine
HeCcKOJIEKO pabounx kosec [ B ofuieM
Kopnyce 2, pacHOJIOKeHHBIX MOCJeloBa-
TeJIbBHO Ha anoM.»Ba.ny 3. JKunkocTs,
BLIXOAAWLAs N3 NepBoro KoJeca, HOCTY-
naer no creuHalLHOMY OTBOJLHOMY Ka-
‘HaJay 4 B Kopmyce -Hacoca BO- BTOpOe
Kosneco (rae el coobuaercs JOMNCJHH-
TeJbHAsl 3HEPrHs)), H3 BTOPOro KoJeca
- \; yepe3 OTBOJHOH KaHaJl B TDeTbe KOJIeco

H T. a. TakdMm o6pa3oM, OpHEHTHPO-

BOYHO (6e3 yuyera moTepb) MOXKHO CYH-

; ) ) _ * TaTb, YTO HAMNOP MHOrOCTYIEHYaToro Ha-
— paboyee KoJeco; 2 — Kopmyc; 3 — BaJi; N

4 — oTBOAHOI KaHaJ. CoCa paBeH HamNopy OJHOro KoJeca, YM-

HOXEHHOMY Ha YHCJI0 KoJsec. YHHeJo

pafourXx KoJeC B MHOFOCTYNEHUaTOM Hacoce OOGLIMHO He MpeBLIIaeT MATH.

OcHosHoe ypaBHeHHe UeHTpoOeXHBIX malHH Jitiepa. B kanajgax mexny
JonaTkaMH pabouero Ko/eca KHIKOCTb, JBHrasch BAOJbL JIONATOK, OLHOBpe-
MEHHO COBepilaeT BpawaTelbHOe [BHKEHHE BMECTE C KOJEeCOM.

OnpejenuM no/MHBIA HAMop, pa3sBUBaeMblii PaGOYHM KOJIECOM NDH MepeKa-
YHBAHHH H]€aJbHOH KHIKOCTH. JIOMYCTHM, YTO KOJIECO HEMOJABHIKHO, @ Kull-
KOCTb JABHXKETCSI MO KaHajaM MexAy JONaTKaMH C ToH e OTHOCHTEIbHOM
CKOPOCTBIO, 4TO H BO BPALLAOUWEMCA KoJece, AGCO/IOTHBIE CKOPOCTH JBHIKEHHS

i

“Puc. TI1-3. Cxema MHQIOCTYNE€HHaTOro
Hacoca:
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JKHLKOCTH Ha BXOJI€ B KOJIECO C; H Ha BBIXOJe H3 KoJieca ¢, ABJAIOTCS Kamaas
reoMeTpHuecKoH CyMMoOH OTHOCHTEe/NILHOH M OKDYXKHOH CKopocTedl, MO3TOMY
HX MOMHO Pa3jioXuTh (puc. 111-4) Ha OTHOCHTeNbHEIE COCTABJSIOUINE Wy H W,
(HanpaBJieHHBle BAOJb JIONATOK) H OKPYKHEE COCTABASIOUIME ULy H Uy COOT-
BETCTBEHHO (HanpaBJIEHHbIE O KacaTeJbHO! K oKpyKHocTH Bpaulenus). Ilpu-
HHMasi 33 VIOCKOCTb CPABHEHHsI MJIOCKOCTL paboyero KoJeca, cocTaBuM 6asaHc

o,

pg'

Puc. I11-4. K BLiBolly OCHOBHOTO YpaBHEHHMS UeHTPOOEXHLIX MaluMH.

3HePrHH MMAKOCTH NpH NPOXOXKIEHHH ee yepe3 Ko/ecO HO ypaBHeHHIO bBep-
HYJMIH (2, = 2,):

Hpu Bpamemm KoJieCca ¥KRIAKOCTL Ha BLEIXOJIE HpﬂOﬁp&TaET JIONOJHHTEN b~
Hy10 3Hepruio A, pasHyw padore HeHTPOOEKHOH CUJIBI Ha IYTH AJHHOHA ry—7 .
Torna ,
Py wg p w% . -
Py P 2 g (111,18)
rg + 28 pg ' 2
Ecnn pa6ouee Koseco Bpamaercs ¢ yrjJoBOH CKOPOCTBIO ®, TO IEHTPOOEK-
nasa cuna C, geficTBymollas Ha YaCTHUY KHIKOCTH Maccod m, pasHa

1

C = mei = —g—-(ozr
g

rae G — Bec YaCTHUW; 7 — TEKYMHHE pajHyc BpameHHsl 4acTHLHL.

‘Pa6ota Ag, coBepuiaemas LEHTPOGEXKHOH CHJIOH NMpH NMepeMeIeHHH 3TOH
e 4acTHubl Ha NYTH ry — ry, COCTaBJSIET

£
2
Aa=j-g—m2rdr=-%(§—(r§—rf)
Iy

[TponssesienHe YIJaoBo# CKOPOCTH ® Ha pajMyc BpallleHHs 7 PaBHO OKPYX-

HOH CKOPOCTH u, NO3TOMY

W= o= i

Pabota Ag BBIpa3uTCs ypaBHEHHEM

2 2
G Uy —uy
Ag= v ('——5——>

VYnenvuaa paborta, oTHeceHHas K eJHHHIE Beca »KHJIKOCTH, DaBHa YJeb-
HOM 3Heprud, npuotperaeMoll MHAKOCTBIO B Hacoce. [Toatomy

e B
=5
IToactaaasa sto Bhipaxenue B ypaBHenue (I11,18), moayuum
2 2
@ 2 W
P L Py 2
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OTKYyZa

2 2 2 9
pp—p _ 1% i Uy — Uj

pe 2 2g

(111,19)

B cooTBercrBHH ¢ ypaBHeHHeM DepHyJ/JIHM Hamopel XKHUAKOCTH Ha BXo/e. BO
Bpaulaomeecs Kojaeco H; u BeIXole H3 Hero H, cocraBaT:

TeoperHuecKHH Hanop H, Hacoca paBeH pa3HOCTH HaloOpoOB
Ha BXOJle B KOJIECO H BEIXOJle U3 Hero:

. 2_ 2
. €5 —

H=H——H=p2—pl 2 1

e g T %

Ps— Py

g

wi—wy  uwp—ul o

Hy =
’ 5¢ T g T 2g

floncraBus BHIpaxeHHe N5 - u3 ypasuenus (I11,19), mosyunm

(111,20)

M3 mapasenorpaMMoB CKODOCTeH Ha BXOJe B KOJIecO M BLIXOJE M3 HEro
(cM. puc, 111-4)

2_ 2., 2 2 2
w? = u? ¢} — 26, cos g w3 = 1 + cf — 2u,L,cos 0y

Torna ypasuenue (111,20) 3anuiercsa B Buge™

Hy= U£,Cy COS O3 — U£;Cy COS Oy
rE

VYpaBuenune  (II1,21) Ha3sbiBaercs OCHOBHBM YypaBHEHHEM
neHTpoOeKHB X Mall HH H MOXKeT GbITh NPHMEHEHO K PacueTy Bcex
IeHTpOoGeKHEIX MaIlHH, B TOM 4uc/e TypOora3ofyBoK, TypGOKOMNpPeccopoB
¥ BeHTHJAATOpOB (cM. riaBy IV). OHo BepHO B TOM clyuae, Kora BCE YacTHLUHI
KUAKOCTH JBHAKYTCA B HAcoce MO NOJOOHBIM TPAEKTOPHAM. DTO BO3MOXKHO
JHILIb MPH YCJOBHH, UTO pabouee Kojeco HMeeT GeCKOHeYHO GOJIbILOE YHCJIO
JIOMAaTOK H ceYeHHe KaHaJa ]I NPOXOAa KHIKOCTH HEBEJIHMKO.

OGBIYHO KHIKOCTB, MOCTYNAas W3- BCACHIBAIOLIEro TPy6GonpoBoja, ABUKETCS
Mo KoJieCy B pajHaJ/bHOM HanpasJjeHuu. B stom caydae yroJ MexJy aGcosior-
HBM 3HaueHHeM CKODOCTH KHJKOCTH Ha BXO/e B pafouee KOJIeCO H OKPYKHOH
cKopocThbio &3 = 90° (UTO cooTBeTCTByeT yC/a0BHIO Ge3yjapHoro BBOJA MKHIL-
kocTH B Koseco), Torna ypasuenue (I11,21) ynmpomaercs:

(111,21)

UyCy COS Uy
g
H3 napannenorpamma ckopocreil Ha BHXoje M3 kodeca (cM. puc. I11-4) maxogum:

Hy=

Cy COS Oy == Uy — W,y COS Py
otkyna

ul w
Hy= *g?— (1 — u—: cos pz) (111,22)

Ypasrenue (I11,22) noxaseiBaer, 4To Hamop HacoCa NPONOPUHOHANEH KBAADPATy YHCJA
060pOTOB paboyerc Koieca (Tak KakK uy = 7D yn) H 3aBUCHT OT HOpPMbL JIOMATOK,
[Ipu 3TOM BO3MOXKHBI TPH CJayyasi:
1. Jlonarku 3arsyTel B HanpaBieHHH BpameHHa paGouero Koseca: gy > 90°, cos §,<7 0
uH_ > uz/g
. JlonaTky 3arHyTel B HanpasJeHHH, o6pATHOM HalNpasJeHMio Bpalenus koJeca: §, < 90°,
cos 62> 0n H,.< ug/g.

3. Jlonatku fle #MeT HakaoHa: Py =90, cosfPy, =0 u H = ug/g
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Orciona cieayer, YTO TeopeTHYeCKH HaUOOMNLIUKA HANOP JOCTUTAeTCs B HAcOCe C JIONaTKaMH,
3aruyTHIMH B HaNpaBJeHHH BPAIleHHs KOJeca, HaMMeHbIIHIl — B MPOTHBOMNOJOKHOM HalpasJje-
HuH. HecMOTpPS Ha 5TO HACOCH! H3rOTaBAMBAIOT ¢ HeGoaswumy yraamu (B, < 90°) HakJoHa Jona-
cTell, TaK, KaK C BO3pacTaHueM B, yBenuuuBawTCsl rmppaBJHuecKHe IIOTEPH H YMeHbLIaeTCH
THApaBJHYecKHi K. Il. J. Hacoca. : .

CnocobrocTh paGodero KoJeca CO3JaBaTh H30bITOYHOe AapieHHE XapaKTePH3yeTcd CT e -
NeHb PEAaKTHBHOCTR Koleca pp = H/H, rae Hc; — crarnuecxnii Harop, cosna-
Baemulft Kosecom. [Ipu ymenbmienuu yraa f§, ckopoets ¢, (cm. puc. I11-4) yMenbluaercs u pp
Bo3pacraer. [Ipu 3ToM Géabluas Aoist Hanopa Hacoca / cosgaercsi B BUAe JAaBJeHHsl (NOTeH-
LuaJpHON 3HEPTHH) B CAMOM Kojlece Hacoca.

He#tcrBuTEeNbHB A Hanmop Hacoca MeHbile TEOPETHUECKOroO,
TaK KaK 4acTh 3HEPrHH XKHJIKOCTH pacXOAyercss Ha NpeojoJeHle T'HIADaBJIH-
YeCKHX CONPOTHBJIEHHH BHYTPH HACOCA H KHJIKOCThL B HEM IIDH KOHEUHOM YHCIE
JIOMATOK HE JIBUXKETCs MO MOJAO0GHBIM TpaeKTOpHAM. JleficTBHTe/ bHBIN Hanmop
COCTaBJIAeT '

H=Hme

rze 1y — THAPaBIrdeckHf XK. n. A. Hacoca, paBuwfl 0,8—0,95; & — KO3(XpHLHEHT, YUHTHIBAIO-
IHA KOHEYHOoe YHCJO J10MaToK B Hacoce, paBHLi 0,6-—0,8. :

3HauHTeJBHLIE MOTEPH Halopa, BO3HHKAMIIHE B UEHTPOoOEeKHOM Hacoce,
00yCJ0BJMBAIOT CHHXKeHHe ero ofllero K. M. X, .

Npou3BOAHTEAbHOCTDL IeHTpoGexHoro Hacoca Q cooTBeT-
CTBYEeT PacXoly XKHIKOCTH Yepe3 KaHaJbl IUHDHHON b; H b, MEXAy JIONaTKaMH
pabouero KoJeca {cMm. puc. I11-4): s

Q = by (nD; — 8z) ¢y, = by (D, — 82) ¢y, (I11,23)

rae 8 — TonMMHA JIONATOK; z — YHUCJIO JNONATOK ; by U by — IUHpUHA paGouero Kojeca Ha BHY-
TpenHell B BHELIHEA OKPYXKHOCTAX COOTBETCTBEHHO; €, H Car — PajallbHble COCTaBJsONHE abco-
JIOTHBIX CKOPOCTEH Ha BXOJle B KOJECO K BhIXOJe M3 HETO (Cy, == €1). :

Jis yMeHblieHHs THADaBJIHYECKHX TMOTePb Ha BXOJE KHAKOCTH B pabouee
KOJICCO CKOPOCTD €y, MPHHHMAIOT paBHOH CKOPOCTH KHAKOCTH BO BCACHIBAIOLEM
TpyGolnpoBoje. .

3akoHbl NPONOPLHOHAALHOCTH. [1pOU3BOAHTENLHOCTD M HaNOP HEHTPOGEX-
HOro Hacoca 3aBHCAT OT YHcja o6oporoB paGouero KoJeca. K3 ypasHenus
(I11,23) cnenyer, 4To NPOM3BOAHTENLHOCTL Hacoca MPSAMO NPONOPHHOHANLHA
pazHaJbHOR cocraBasiollell aGCOMIOTHOR CKOPOCTH Ha BEIXOJe H3 KoJeca, T. €.
Q oo ¢,,. Ecan u3MeHHTH 4HC/IO 06OpPOTOB Hacoca OT 7, AO 71y, UTO BLI3OBET
H3MeHeHHe IPOH3BOJIMTENBHOCTH OT @, 10 Q,, TO, NPH YCJOBHH COXPaHEHUs
Nnoj1o6Hs TPAEKTOPHM JBHIXKEHH§ YacTHIl KHIKOCTH, MapaJjiieorpaMMbl CKO-

. pocTeld B JI0OBIX CXOICTBEHHBEIX TOUYKaX MOTOKOB GYAYT reOMETpHYECKH Mo-
n1o6um (puc. 111-5). CoorBercrBeHHO

c u,
Q _Cr Y aDyny (111,24)

Coraacno ypasserHio (111,22), nanop ueHTpo6ekHOro Hacoca NPONOPLHO-
HaJIeH KBaJpaTy OKPYKHOH CKODOCTH, T. €.

f\2
u 2
) H_ (22 =(.’_‘1_) (111,25)
H, Uy ny :
Momtocts, mnorpefasieMas HacocoM, ‘TIPONOPLHOHAJILHA MPOHM3BELEHHIO

npoussoauTenpHoctd Q Hacoca Ha ero Hanop H [cm. ypasnenue (II1,2)].
C vuerom sapucumocredt (I11,24) u (I11,25) nonyuum -

N n, \?
=) (111,26)
Ypasueuns (111,24)—(111,26) Hocsar Ha3BaHHe 32 KO H OB T ponop-

HHOHAaJAbHOCTH, B cooTBercTBHM ¢ 3THMH ypaBHEHHAMH H3MeHeHHe
YyHcaa 060pOTOB paboyero KoJec: . n, 10 N, NPHBOLHT K H3MEHEHHIO NPOH3-
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BOIMTENLHOCTH Hacoca MPONOPHHOHAABHO YHCIY 060POTOB, BHICOTH Hamopa —
NpPONOPLUHOHAJBHO YHC/IY 0OOPOTOB BO BTOPOH CTemeHH, a MOMHOCTH — MpoO-
MOPIHOHAJLHO YHCAY OOODOTOB B TPETheH CTeneHH. _

ITpakTHyecKH TaKoil CTPOroi 3aBUCHMOCTH MeXy apaMerpaMH Hacoca HeT.
3akoHbl MPOMOPIHOHANABHOCTH COBJIONAIOTCS MPH H3MEHeHUH YHcjaa 060poToB
Koseca He GoJlee uem B ABa pasa. '

XapaktepucTHkH Hacocoe. [paduueckHe 3aBucHMocTH Hanmopa H, momt-
HOCTH ‘Ha Baay M, ¥ K. I. JI. Hacoca 1), OT ero MpoH3BOAHTEJbHOCTH Q npH mo-
CTOSIHHOM uHc/Je OGOpPOTOB £ Ha3BBalOTCHd X apaKTEepPHCTHKAaMHU
Hacoca (puc. 111-6). DTH 3aBHCHMOCTH NMOIYy4alOT NPH HCMBLITAHHAX IleH-
TpoOeKHEIX HacocoB, U3MEHSAs CTelMeHb OTKPHITHS 3aMBHKKKM Ha HarHeTaTelb-
HOH JIMHWH; OHU NPHBOAATCH B KaTaJoraX Ha HacoChl.

A2 nzconst
H
?H
Ne

q
Puc. I11.5. TonoGre napaneno- Puc. III-6. XapakrepucTuka
rpaMMOB CKOPOCTER NpH H3MeHe- LeHTPOGEKHOTO Hacoca.
HUH uHucJa o6opOTOB KoJdeca OT

ni RO na.

U3 puc. 1I1-6 cnepyer, uto ¢ yBesHueHHeM NPOU3BOLUTENLHOCTH NPH 11 =
= const Hanop Hacoca ymeHbluaercs, NoTpebiaseMas MOIIHOCTBL BO3pacTaeT,
a K. 1. JI. IPOXOAHT uepe3 MakcuMyM. Hebonbinol HauadbHBIH y4acTOK KPH-
Boii H——Q, rne Hanop cserka$o3pacraer ¢ yBeJHUeHHeM NPOU3BOAUTEILHOCTH,
COOTBETCTBYeT HeycToHuuBOHl paboTe Hacoca.

Taxoii xapaktep 3aBucumocrei H, N, u my ot Q 115 HeHTPOGEXKHBIX MACOCOB BRITEKAET
M3 aHa/lK3a OCHOBHOIO YPaBHeHHS LEeHTPOGeXHLIX MalUKHH, npeoGpa3oBankoro k sugy (I11,22), u
ypaBHeHus npoH3eoauTesnpHocTH Hacoca (I1,23).

Kak caenyer u3 napaanejorpamma ckopocrel (cm. puc. 111-4), pagnansuas cocrasadiomas
CKOPOCTH >KHAKOCTH Ha BHXOJle M3 KoJleca paBHa Cj, = W, sin f,; u3 ypasnenus (111,23), npe-

wefperas Tonuuuol Jonatox (8 = 0), noayuum Q == 1D ,b,w, sin fs win wy, = ——me |
aDyb, sin By
[ToacranoBka nocnefnero Buipaewns B ypabuense (II1,22) npuBOAMT K 01HO3H2YHON CBA3H
MeXAY TEOPETHUECKHM HAnopoM My M NMPOH3BOEHTEBHOCTBIO § UeHTPOobeXKHOro Hacoca, KOTopas
HMeeT BHI ) :
u2

v=7 ('~ opmn)

U3 sToro ypasHeHHs cjeRyer, 4TO NPH MOCTOAHHOM yHcae o0OpPOTOB paouero Koneca, Korna
JIONATKKH ero 3arHyThl B HanpaBJeHHH, ofPaTHOM HalpaBJeHHIO Bpawenust Koleca (f§5 <G 90°
u tg B, > 0), Hanop Hacoca Najaer ¢ yBeJHyeHHeM MPOM3BOAHTENLHOCTH H NPH HEKOTOPOM Mpe-
IeJbHOM 3HaueHHH ee Q = Qmax MOXeT cTaTb PaBHBIM Hya10. [lorepu Hanopa, Bo3HMKaOuUIMe
npu ABHKEHHH KHAKOCTH Yepe3 pabouee KOJeCO, NPHBOLAT K TOMY, HTO XapakTep AeficTBHTENb-
woft _3aBucHmocTH H — Q OTKJOHSETCSl OT TEeOPEeTHUECKOll, ONUChIBAeMON ITHM YPaBHEHHEM.

Momuocts Ha Bany N, He 6yleT paBHa HYJIO Ha BceM HHTepsaJse of Q = 0 10 Q == Qpuax
M3-3a HaJHUHSl PA3/UYHOTO POAa IOTEPb, OTMEYEHHBIX BhIIE, Ha KOMIIEHCAUMIO KOTOPHIX Heob-
XOIMMO 3aTPauMBaTh 3HEPLHIO. JTH IOTePH BO3PACTAIOT C yBENHHYEHHEM I[POH3BOAUTEN]BHOCTH
Hacoca, nostomy rpapux N, — Q (cMm. puc. II1-6) umeer xapakrTep MOHOTOHHO Bo3pacratomeil
(GYHKUHEH C HAYa/IOM B HEKOTOPOH TOYKe Ha OCH OpAHHAT,

K. nm. 3. Hacoca My, Kak caegyer u3 ypaeteHnus (II11,2), paBen oTHomenuio noseauoit Mou-
noctd Ny = pgQH k mowHoctn N. Iosesyas MOmHOCTL, 3aTpaunBaeMast Ha cOOOLIEHHe mnepe-
KAa4MBAeMOil KHIKOCTH 3HEPTHH, PaBHA HYJIO NpH 3HadeHuaAX ¢ = 0 0 Q = Qmax (TaK Kak npu
Q = Quax Hanop H = 0). [1pn 3THX Ke 3HAUEHHSX MPOU3BOAHTEIbHOCTH PaBHA HYJIO U BesH-
YHUHA M. [ToaToMy Ha ocHOBaHMH TeOpeMbl PO/ 3aBHCHMOCTD My — Q B uHTepBate or Q = 0
10 Q = Quax LONKHA NPOXORUTH Hepe3 MAaKCHMYM, HTO NOATBepP:KJaeTcs rpapukoM, npusegeH-
ueiM Ha puc. I1I-6. .
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Hacoc norpebasier HanMeHBIIYIO MOIMIHOCTL NpPH 3aKPHLITOH HamopHOH 3a-
nBuxke (mpu Q = 0). HanGosee GnaronpHATHBIH pexHM KCOJAyaTallu Uel-
TpoOeKHOrO Hacoca NPH JAaHHOM uHCJe OGOPOTOB COOTBETCTBYET MaKCHMYyMY
Ha kpuBol .M, — Q.

CHuman xapakTePHCTHKH Hacoca NMpH Pa3JHYHEIX YHCaaX 0GOPOTOB Hacoca
(ni, g, Mg .o - .), MoJay4aT pax 3aBHcumoctel H—Q (puc. III-7). Ha ka-

KIOH KPHBOH H-—Q BHIENSAIOT TOUKH, OTBE-

0 ,u\\ag : 4aIOLlHE HEKOTOPOMY MOCTOSHHOMY 3HaYEHHIO
s | . K. 0. 1. (M, Ma, M’ - ..), KOTOPHIE COE-

e = Q’q@ | IMHSIOT Mex1y coGoll nJaBHoOH JHHHEH. DTH

w 7'7\ & —L|  JIHHHH OTPaHHYHBAIOT 06.IACTH, BHYTDH KOTO-

| 7 4 ) pHIX K. M. JI. Hacoca HMeeT 3HaueHHe He

ne [ 0 MeHblllee, 4YeM YyKa3aHHoe. Ha TpaHHle of-

. / / .|  smactu. JlMHHSL p—p COOTBETCTBYET' MAaKCH-
T W 1 MaJbHbHIM 3HayeHHAM K. 0. 1. IPH JaHHBIX
o190 / yHcaax o6oporoB patouero Koaeca. [loay-

/ YEeHHbIE TAKUM NyTeM rpaduuecK He 3aBHCHMO-

0 i CTH MEXIy HalopoM, K. M. J. H NPOH3BOLH-
TeJbHOCTBIO HAcOCa MPH PA3JHUHBIX YHCIaX

(RN 06OPOTOB  KOJeca Ha3blBAIOT y H B e p -
CalbHBIMH XapaKTEPHCTHKAaMH.

r0f 20?7  310%  [lonb3ysck yHHBEpCaJbHON XapaKTEPHCTH-

a,mcen KOH, MOKHO YCTaHOBHTh npejiessl paGoThl

Puc. 111-7. YEeupepcanibmad xapak- HacOCa (COOTBETCTBYIOLULHE MaKCHMaJbHOMY

.TEPHCTHKA LEHTpOGEXHOro HacoCa.  3HAYEHHIO K. 1. . ) H BHIOpaTh HauboJgee
6/1aTONPHATHBI pEXKHM ero paGoTH.

Pabora HacocoB Ha ceTh. [lpu BriGope Hacoca HEOGXOAMMO YUYHTHIBATH
XapaKTepHCTHKY ceTH, T. €. Tpy6onpoBoiia U annapaTos, uepes Koropue nepe-
Ka4HBaeTCs XKHIKOCTD.

XapakTepHCTHKa CETH BbIpamKaeT 3aBHCHMOCTb MEXJY PaeXoloM KHIKO-
cTH Q u HanopoMm [, HEOOXONHMBIM [/ MEpEeMEIleHHsl KUIKOCTH MO AaHHOH
cetd. Hanop H Moxer 6LITb onpeleneH Kak cyMMa eOMETPHYECKOH BBICOTHI
nojauu f/. u morepr Hamopa h, [cM. ypas-
wenme (I11,12a)]. IlogcTasup 3Hadenme Hacoe
CKOpPOCTH @ M3 ypaBHeHHs pacxopa (II,25) - 2
B ypaeHeHve (II,102), u oGosnauas Vi,
yepe3 @, moJyduM, YTO NOTEPH Hamopa Mpo-
MOPIHOHANBHEl KBaJpaTy pacxoia KHIKO-
CTH:

n

Lermb

= &Q?
rge k& — kosddpuuMeRT NpolopuHOKaNEHOCTH.

Toraa:xapakTepHCTHKA CETH BHIPA3HTCA
'3aBHCHMOCTBLIO, Ipejcrasasiouefi cobol ypas-

Hetne HaPa60mﬂ- Puc. 111-8. CoBmemenne xapakTeph-
CTHK HAcoCa M CETH. - .
H = H, -+ £Q?

CoBMelueHHe XapaKTEPHCTHK CETH B Hacoca MOKa3aHo Ha pHc. II1-8. Touka A
nepeceyeHHs 3THX XapaKTeDHCTHK HasbiBaeTcsi paGouyefl T O Y K O H; oHa
OTBeYaeT HaWboJbILed NPOU3BOJAHMTEIBHOCTH Hacoca @, NpH ero pa60Te Ha
laHHywo cetb. Ecnu Tpebyerca Gosee BHICOKasi NPOM3BOAUTENBHOCTb, TO HEOO-
XOJHMO JIHOO YBEJHUHTL YHCJIO OGOPOTOB 3JI€KTPOABUTraTeIsA, JHGO 3aMEHHTH
RaHHbIi Hacoc Ha Hacoc GoJblueli MPOHU3BOIHTENLHOCTH. ¥ BEJIHUECHHE MPOU3-
BOJHTEJIbHOCTH MOKET OLITb JOCTHFHYTO TaKKe MyTeM yMeHblUeHUs THApaBJIH-
YECKOTO CONPOTHBJIEHHS ceTH A;. B sToM ciyyae paGouas Touka mepemecTuTcs
no XapaKTepHCTHKe Hacoca BNPAaBo.

Hacoc nomxen 6BITh BHIGpaH TakK, uToGH pafouasi TOUKA COOTBETCTBOBAJA
TpeOyeMblM NPOH3BOAHTENBHOCTH H Hamopy B 06/aCTH HauGOJBLUMX K. I, I,

b =t

G
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CosmecTHaa pa6ora Hacocos. Ha npakTeke MHOrAa NPHMeHsIOT nMapajJefbHoe HAH Moche-
JOBaTebHOE COEAMHEHHE HAcOCOoB, paGOTalOLIHX HA QaHHYIO CeTt.

[lppunapannennbHoM COeIMHEHMH OOULYIO X2DAKTEPHCTHKY HaCOCOB NOMYYAIOT C/10-
KeHveM abCiHCC XapaKTePHCTHK KaXIoro M3 Hacocos AAs jAanHcro nanopa. Ha puc. [11-9, a
[loKa3aHa XapaKTePHCTHKA IBYX OAMHAKOBBIX Hacocos, paborawmunx napaanenbso. CoBMelnexne
XapaKTePUCTHKH CeTH € ofilell XapaKTepHCTHKOH HAacOCOB IokassiBaer, 4ro paGoyas To4Ka B
B 5TOM CJ1yuae COOTBETCTBYET MPOH3BOAHTENBHOCTH Q, 60/bIel, YeM NPOH3BOAHTENLHOCTbL OIHOMO
nacoca Qg (touxa A). OnHako obmasi NPOM3BOAUTENLHOCTh Beerga GyReT MeHbLUe CYyMMb! NPOH3-
BOAMTENLHOCTEH HACOCOB, paboOTalOmMX OTAeNbHO APYr OT Apyra, HTO CBsI3aHO ¢ napabosuuecko
¢opMoll XxapaKTepHCTHKH CeTH. UeM Kpyuye 3Ta XapakTePHCTHKa, TEM MeHblle NIPHPAUEHHE npo-
W3BOAUTENbHOCTH. [103TOMY napafifesbHoe BKJiOYEHHE HACOCOB HCMNOMbL3YIOT ANsl YBETHUYEHMs
TIPOH3BOAMTENLHOCTH HACOCHOH YCTaHOBKH, KOTZAa XaPaKTEPHCTHKA CETH ABJAETCsS AOCTaTOMHO
fonorofl. YBesiMueHHe HAIoOPa NPH 3TOM He3Ha-

YHTeJbHO. o

[lpp nocAefOBaTEeNbHOM COelU-
HEHMH HAacOCOB OOuIYKd XapaKTePHCTHKY noay-
YaloT CNOMKEHHEM HAMOPOB HAcOCOB AJSl KaX-
[Or0 3HaYEHHUS NPOU3BOAHTENIbHOCTH.

H

=K

————-0,-’—~—J Q —-—a,——) { Q
s

Hy
I H/ ‘_]

Loy
‘-H/

02"'——‘ e
a

Puc. 111-9. CosMecTrag pafoTa Hacocos:

a — TnapaJaljieJbRoe COefHHeHRHE, 6 = nocJiejoBaTelbROE COoefHReRHe.

Ha puc. 111-9, 6 npeicrarnena ofmas XapaKTEPUCTHKA BBYX OXMHAKOBbIX HacOCOB, COelH-
HEHHBIX Toc/efoBarenbHO. ToUKa INepeceyedHsi 3TOH XapaKTePHUCTHKH C XapPaKTEPHCTHKOH ceTH
{paGouasi Touka B) coOTBeTCTBYeT CyMMapHLIM HAaNoOpy M Npom3BoAHTesnHOCTH (H 3 u Q,) Mocae-
70BaTe/bHO COEANHEHHBIX HACOCOB, PabOTaOmHMX Ha JaHHYIO ceTb. [IpH TakoM coelMHeHHHM Haco-
COB yAaeTcsl 3HAYMTENbHO YBEeJHHHTb HAaNop, €CAH XapaKTePHUCTUKA CeTH sBJseTcs JOCTATOYHO
KpYTOil. ;
Koadpuusenr OGbiCTPoXofHOCTH. JTOT Ko3(DPHULHEHT, Ha3HBaeMblil TakXe Y ZeJ b H bl M
YHCcAOM OGOPOTOB N, INPeICTaBAseT CO60H HHCAO OGOPOTOB TaKOM reoMeTPHYecKH
nogo6Hofl Mojesiy KoJjeca, KOTOpas [IpH OQMHAKOBOM K. 1. 1. ¥ Npou3BoguTtenbHocTd 0,075 md/cex
paszsuBaer Hamop 1 m. Kospduuuert GbICTPOXOAHOCTH ABJAsIETCA OCHOBHOH XapaKTepHCTHUKOI
cepuH Nojo0HBIX HacOCOB, HMEIOMUX ORMHAKOBHE YTl Gy H f3, (cM. puc. II1-5) i xostpduiru-
eHTH € u My (cM. crp. 136).

KoapuinenT GHICTPOXORHOCTH Mg (mu# ~1) MOMHO ONpPERENHTL MO yPaBHEHHIO

_ 3650V Q
s 4

V H3

rie n — yucao o6OpOTOB HACOCa, MUA™L; Q — IIPOM3BOJUTENLHOCTL HACOCA NPH MAKCHMAdbHOM
K. 1. k., #3/cex; H — noaxuil ganop nacoca, M.

M3 npuBegeHHOro ypaBHeHHMs cJefyeT, YTO IIPH IIOCTOSHHOM 4ucae OGOPOTOR Kojeca n
Ko3(puLMeHT GHICTPOXOLHOCTH ng BO3PAcTaeT C YBEJTHYEHHEM NPOU3BOAMTENBHOCTH H YMeHbille -
HHeM Hanopa. [TosToMy B o6meM ciydae THXOXOLHble KOJEca MPUMEHSIOT A NOAYydeHH s TOBLI -
LUEHHLIX HAMOPOB IIPH MaJIoH NPOU3BOAUTENLHOCTH, a GHICTPOXOAHpE — AJIA JOCTHMKEHHS BHICO -
KHX NPOH3BOLHTEJNbHOCTEN NPH HeGONBIUHX HATopax.

Koneca UeHTPOGEXHBIX HACOCOB B 33BHCHMOCTH OT 3HayeHHSl KO3(pUilHeHTa GHICTPOXOA -
HOCTH g AeJISITCS Ha TPH OCHOBHBIX THMA:

iy
Tuxoxoguete . . . . . . . . 40—80
Hopmaneume . . . . . . . 80—150
Bricrpoxogupe . . . . . . 150—300

Y HacocOB HEKOTOPHIX KOHCTPYKuMit BelHuyHHa ny Gonbwe. Tak, HanpHMep, y OCEBbX
(nponeanepHbix) HacocoB ng = 600—1200. :
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5. NopuiHeBble HACOCHI

MpuHuun peficTRuA W THABl HacocoB. B nopmuesom wacoce (puc. [11-10)
BCacHBAHHE W HAarHeTaHHe MKHIKOCTH NPOHCXOAAT TIPH BO3BPATHO-MOCTyNa-
TEeJbHOM JBHXXeHHHU nopluHs / B nuwineipe 2 Hacoca. TIpH ABMKeHHH MOPIUHSA
BNPaBO B 38MKHYTOM MPOCTPAlCTBe MeX]y KPLIMKOH 3 UHAHHIPa H NOpIIHEM
cosjaerca paspexenne. [lojx npeficTBHeM pasHOCTH 1aBJIeHHH B IpHeMHOH

"@MKOCTH ¥ LIHJANHIDE XKUAKOCTD
f ‘ ' NojHHMaeTcs MO BCACBIBaIO-
feMy TpyGonpoBoly H NOCTY-
naer B [HWJIMHID 4Yepe3 OTKPHI-
BaOWMACA NPH 3TOM BCachl-
paowrit ki1anan 4. Harsera-
TeALHBI KJanmaH J NpH Xofe
NOpWIHA BMOpaBO 3aKPHIT, Tak
KaK Ha Hero JeHcTByeT cHJa
t RABJIEHHS XKUIAKOCTH, HaXOLdA-
Puc. I11-10 .CXEM’ TOPH3OHTANBHOLO TI0 e WeiCA B HATHETATEADHOM TPy-
Hacocadnpof'roro nedcTBUA: priesore 60HpOBOD.e. HPH XOA€ Hopiis
I — nopmedb; .2 — UHMIAMHUAD; J -— KPHIUKA UHUJAUHAPA; BJIEBO B I.IHJIHHleeu BO3HHKaeT
4 — BcacblBalOBIMN HMallau; 5§ — HaTUeTaTeRbHbIi KNamaH; JlaBJieHHe, noja JeuCTBHEeM KO-
6 — KPHMBOWKHINHO-WATYHHbIA MEXAaHH3M; 7 — YINOTHHTENb-
Hble KoRbLa. TODOr'0 3aKphiBaeTCs KJanas .
4 W OTKpBIBaeTcs KJamnaH ).
JKuakocTh yepes HarseraTe/lbHbIfl KJaMNaH NOCTYnaer B HanopHHHA Tpy6o-
NpoBoJ H jaliee B HaNoOPHYK eMKocTb. TakuMm ofpa3oM, BcacbiBaHHe H
HarHeTaHHE JKHMJIKOCTH IMOpIUHeBLIM HAaCcQCOM MPOCTOro AeACTBHA NPOHCXO-
JAUT HepaBHOMEDHO: BCachiBalive — IIDH JBHKEHHH MOpPIUHA CJEeBa Hamnpaso,
HarHeTaHHe — NPH o06PaTHOM HanpaBJEHUH [BHKEHHS NOpUIHs. B JaHHOM
cjdydae 32 JABa XOJa NOPHIHA XKHAKOCTL OJHH pa3 BCACHIBAETCA H OJIMH pas
narteraerca. IlopiieHp Hacoca npUBOAMTCA B JBHMKEHHE KPHBOIUHNHO-1A-
TYHHBIM MEXaHH3MOM 6, npeoGpasyiomuM - .
Bpaulare/ibHOe JBHYKEHHE BaJla B BO3BpaT- L=
HO-IIOCTYNaTeJbHOe [BHIKEHHE MOpILHSA.
" Ilo uHcay BcachiBaHUH HJH Hardera-
HUH, OCYINECTBJASEMBIX 32 OIHH OGOpOT
KPHBOILHIA HJAH 33 ABa Xojxa MOpIUHA,
NopIiIHeBble HAcOCHl JeJATCS Ha HAacoChl
npocToro H ABOHHOTO JAeHcT-
BHA: B 338BHCHMOCTH OT KOHCTDYKIIHH
NOPIUHA Pa3JH4yaloT coOCTBEHHO nopi- -
HeBble H NJYyHMXEpPHSBbB e (ckaidb- Puc. I11-11. Cxema ropusonransbHoro
‘{aTbIe) HAacoOCH!. NJIYHXKEepHOoro Hdcoca IIpoCTOro ASI%CTBHH:

B nopuiHeBbIX HacocaX OCHOBHBIM pa- [ —maykwep (ckanxak 2 —umiusip: 3 —
6oudM OpraHoM SBJASIETCA MopiueHsb 7, HarueTaTenbHbH Knana.
CHaGXeHHBH yNMJIOTHUTENBHBEIMH KOJbNA-
mH 7 (cM. pHuc. [H-10), npHiindoBaHHBIMH K BHYTpeHHel 3epka/bHOl NoBepX-
HOCTH NuAHHApa. [lnyHxep, WK ckajka, He HMeeT YIJIOTHUTENbHBIX KOJen H OT-
JHyaeTcsl OT NOPILHS 3HAUHTENBHO GOJBIINM OTHOLUEHHEM JUIHHEI K JIHaMEeTpY.

Ha puc. IIl-11 npeacraBnes nnyH KepHBH# TOPH3OHTAMAD-
HBlfi HACOC NpPOCTOro JAeHCTBHS, B KOTODOM DOJb MOPUIHA
Wrpaer miayHxep I, ABHTaOHIMACA BO3BPATHO-NOCTYyNATENLHO B UKIHHADE 2,
NJyHXKep ynJoTHsAeTcs NpH nomoiu caigbHuka 3. IlayHmxepHble Hacochl He
TPe6yloT TakoH TiaTeqbHOH 06paGoTKH BHYTpeHHel MOBEPXHOCTH LMJAHHAPA,
KaK TOpILHEBble, a HEMJIOTHOCTH JIerKO YCTPaHSIOTCs NOATATHBAHHEM HJIH
3ameHOH Ha6HMBKM calbHHKa Ge3 fAeMOHTaxka Hacoca. B cBasm ¢ teM uto jas
NJIYHXepHbIX HacocoB HeT 11eo6XOLHMOCTH B TUlATeJbHOH NMpPHMTOHKEe NOpHA
H UHJMHAPA, HX OPHMEHSAIOT VIS NepeKayHBaHHWA 3aTPA3HEHHBIX 1l BA3KHMX
XHUAKOCTeH, a Takxe /A co3jaHusa OoJee BBICOKHX JaBJEHHH.

e
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B XUMuYeckoifl MpPOMBILJIEHHOCTH MIYHIKEPHYIE HACOCH 6osee pacnpo-
CTPaHeHBl, 4eM TOpUIHeBbIe.

BoJstee paBHOMepHo# mojaded, 4eM HAcoChl MPOCTOro AeHCTBHs, 06/iajfaroT
NOpLIHEBEIE U IIYHXKepHble HacoCel [BOHHOro pefictBusi. TOp U3 OH -
TaAbHB A NAYHXKepHBHA HacoC ABOHHOTO neﬁc-rsuﬂ
(puc. I11-12) MoxHO paccMaTpuBaTbh KaK COBOKYIMHOCTL ABYX HAcoCoB Mpo-
croro nefictBus. OH HMeeT ueThIpe KJamaHa -— JBa BCACHIBAIOUMX W JBa
HarHeTaTe/bHbIX.

[lpu Xojme niyHxepa [/ BMPAaBO XHAKOCTL BCACLIBAGTCS B JIEBYIO 4acTh
IAIKHADA 2 depe3 BCaCHIBAOWHH KjaamaH 3 H ONHOBPEMEHHO 4epe3 Harueta-
TeJbHbIH KJanaH 6 mocTynaeT U3 MPaBol 4acTH HWIMHAPA B HAMOPHBIH _Tpy6Go-
NPOBOA; MPH OGPATHOM XOfie TNOPIIHS BCachiBaHUe MPOHCXOAWT B MPaBOA 4acTH
NUJHHApA Yepe3 BCacCLIBAIOWMH Kjaanad 4, a HarHeraHue — B JIEBOH 4acTH

P T ~ -~
5 o - ) 5 =T 51—
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N — 4

f e

Puc. I1I-12. CxeMa ropu3oHTanbHOro RAYyH- Puc. 111-13. Cxena Hacoca Tpoit-
JepHOro Hacoca NBOHHOrO ReHCTBHSN: HOTO peficTBHA (TPHILIEKC-Hacoca):

1l — naynxep; "2 — UHAMRADPBE, 3, 4 — BcacsBalo- 1 — UHJAHHADSEL 2 — nayuxeps;

mHe Kaaraus; J, 6§ — HarHeTaTeJgbHSBIe ‘KJallaH. 3 ~— KoJieH4aTHHA paj; 4 — WaTyHH.
X :

LMJUHAPA Yepe3 KaanaH 5. Takum ofpa3om, B HacocaX ABOHHOTO AeiiCTBHA
BcachbiBaHHe W HarHeTaHue MPOHCXOAAT NMPU KaXAOM XOJe MOPLIHS, BCIEACTBHE
Yero NPOM3BOAHTEJBLHOCTH HACOCOB 3TOro Tuna 6obilie W Mojfaua paBHOMEp-
Hee, YeM Yy HAacocoB mnpoctoro neficTeus.

Eute Gonee papHOMepHOH fABJfAeTCs Molaya Hacoca TPoOHHOTO
neficTBUA, UJU TpANnJeKc-Hacoca (puc. III-13). Tpun-
- JIEKC-HacoChl MPEACTaBAsioT co6OH CTPOeHHBIE HACOCHI IPOCTOrO NeHCTBuS,
KPHUBOLIHIIEL KOTOPBIX paclosoxeHsl moa yriaoM 120° ApPyr oTHOCHTENbHO
apyra. O6ulas nopada TPUMJIEKC-HAcoca CKJIaAbiBaeTcsi H3 TMofay HacoCoB
OpOCTOro AEeHCTBUs, MPH 3TOM 33 OXHH OGOPOT KOJEHUATOTo Baja KHAKOCTD
TP pa3a BcachlBaeTCsi U TPU pa3a HarHeTaeTcsi. ’

[lo pony mpuBona mopiuHEBblE HACOCH AENSTCA HAa MPUBOAHBIE (OT 3J€K-
TPOLBHIaTeNsl) M NMPsAMOAEHCTBYIOIME {OT MapoBOH MalIMHE).

[IpsiMonedicTBytomHe MapoBbe HAaCOCK HMEOOT pH-
BOJI HCIIOCPENCTBEHHO OT MapoBOH MallUWHBI, NopileHb KOTOPON HaXOAHUTCS
Ha OJHOM ILUTOKe C NopluHeM Hacoca. Hacockl 3Toro THna HCMoMb3yiOT TIaBHBIM
06pa3oM Ha YCTAHOBKAX, e MO YCJIOBHAM 6e30MacHOCTH NpUMEHEHHE HACOCOB
C 3JMCKTPHUYCCKMM NPHBOJOM HEJONYCTHUMO (OrHe- M B3PLIBOOMACHbLIE MPOH3-
BOACTBA), a TaKXe MPH HaJH4YHH JetleBoro oT6POCHOro mapa (mojaua BOABI
B MapoBbleé KOTJIbI H T. IL.).

[To uncny o6opoToB KpuBOIIMNA (4HCAY ABOWHLIX XOLOB MOPIUHS) pasiu-
YaloT TUXOXO g Hble (n =45—60 mun~'), HopMaabHBe (n=

= 60—120 mun) u 6icTpoxogHb e (n=120—180 mun™) nopuwne-
Bble Hacochl. Y MPAMOZEHACTBYIOWIHX HACOCOB YMCJIO NBOMHBIX XONOB COCTAB-
asiet 50—120 B Munyty.

[MpouapoauTensHocTh, B nopuiHeBLIX HAcOCaX MKMAKOCTL MPH BCACHIBAHUH
3aHHMaeT B HUJHHApDEe ofbeM, ocBoboxnaeMutil mopuHeM. B nmepuon narsera-
HUSI 3TOT 06beM >KUAKOCTH BEITECHSIETCH MOPIIHEM B HAarHeTaTeNnbHHH Tpy6o-



142 Ta. I11. ITepemeuyerue sicudxocmed (nacocst)

nposox. CiepoBaresibHo, TeopeTuuecku (6e3 yTeyeK MKHUIKOCTH) MPOU3BOAU-
TeJbHOCTh MOPIIHEBOro Hacoca GyneT onpenenmbc;: 06 LEMOM, OITHCBIBAEMBIM
NOpIIHEeM B eAMHMHY BpPeMeHH.

B nopuHeBoM Hacoce HpOCTOro neHCTBHﬂ 06beM, ONUCHLIBAEMBIH MNODIIHEM
B €RHHHLY BpeMeHH, OYIeT paBeH APOU3BENCHUIO NJOMWALH ceueHust F mopliHs,
AMUHBL Xoza S MOpPIIHS W YHCJaa 0GOPOTOB 7 KPHBOLIMIHO-IIATYHHOTO MeXa- -
HH3Ma (MM YWCJA ABOHHBIX XONOB MOPIIHS, TAK KAK B-HACOCE IIPOCTOTO AEfi-
CTBHS HarHeTaHWe XHAKOCTH TPOMCXOIAMT ONMH pa3 3a [Ba XOAa MOPILHA).

Takum 06pa3oM, TeopeTHYeCKasi NPOU3BOLUTENBHOCTh (Qr Mm3/cex) macoca
NpocToro HeHCTBHA

Q, = FSn (111,27)
rae n — yucao o6opoTos, cex™t.

B Hacoce nBofiHOro neHCTBUs 3a ABa XO1a NMOPIIHS WM ONHH OOOPOT KPH-
BOLIMNA MPOHCXOAHT IBa pasa BCaChiBAHWe W. §Ba pa3a HarHetaHue. Hpn
p XOl€ MOpIUHsi BnpaBo (cM. puc. 111-12) c nesoh

CTODOHBI 3aCachiBaeTCsi 06HEM KUAKOCTH, PaBHBII
@=const FS, a c npaBoil — Harueraercs 00BeM (F—f) S,
rge f — nJowanb, NONEepPeyHOro CEUYCHHs IUTOKA.
Ilpu xome nopuwHs BieBo ¢ JeBOH CTOPOHBI Bhl-
TANKUBAETCS B HarHeraTeJpHul Tpy6onpoBos
obbeM FS, a c npaBol — 3acachiBaeTcs H3 Bca-
cuiBatowed JHHUM (F—f) S m® xuakoct.

ChnepoBaTestbHO, 3a n 0GOPOTOB KDHBOIUMMA
' WIH ABOHHBIX XONOB NOpIUHS, TeOpeTHYECKas Hpo-

& W3BOZMTENBHOCTBH HacCoca [BoliHOro nedCTBHUA CO-
Puc. 111-14. XapaxTepuctuka  CTaBUT:

MOPUIHEBOTO HACOCA. Qp=FSn -+ (F—f)Sn=(2F—f)Sn  (11128)

W3 sripaxenns (111, 28) ciaenyer, uto eciu npexe6peub 06bEMOM KHIKOCTH,
BhITeCHsieMbIM WTOKOM (f <« F), To NMpOHM3BOAMTE/LHOCTL Hacoca JABOHHOTO
IeficTBus 6yner 6dgoe 6oabule MPCH3BOAUTEIBHOCTH Hacoca MPOCTOrO AEHCTBUSA.

IleficTBuTeIbHAA MPOH3BOAUTE.ILHOCThL NOPIUHEBOro Hacoca MeHbllie Teope-
THYECKOH BCJICACTBHE YTEUKH XKHIKOCTH uYepe3 HeMJOTHOCTH B CajlbHHKAX,
K/JarmaHaX U MecTax CTHIKOBKH TPyGOiPOBOLOB, a TAKKe BbIACNEHUS H3- AKHAKOCTH
NpH IaBJEHHH HHXKe aTmocdepHoro pacTBopeHHOro B Heli Bo3ayxa. [Ipu He-
NpaBUIBLHOH KOHCTPYKIHK HAcOCA 3TO MOXKET PHBECTH K O6pa3sOBAHHUIO B IH-
JIMHJAPE BO3RYLIHBIX MEIIKOB», YMEHbLINAOUWIHX Mopauyy »XKHAKOCTH HACOCOM.
Bce 3TH morepu YuHTEIBAlOTCA KOS(DPHUHEHTOM MoAdauH, HJIH OOBEMHBIM
K. 1. &. Ty.

Je#icTBUTENbHAA MPOU3BORHTENLHOCTL HACOCa

Q=Qmy (111.29)

B coBpeMeHHBIX KPYMHBIX HacocaX KOpHUUeHT NoJauH JOCTHTaeT 0,97—
0,99; nns HacocoB cpenHell npousBopuTenbHoCTH (Q = 20--300 m3/4) vy =
= 0,9—0,95; nns HacocoB Manoit npoussogutensHoctH 0,85—0,

XapakTepHCTHKa HacocoB. 3aBUCUMOCTb Mexay HanopoM H n npousso-
IHMTeNbHOCTBIO Q mnopuiHeBoro Hacoca (puc. I11-14) uso6pz aercsa BepTH-
KaJbHOH mnpsMol. XapaKTepHCTUKA MOKa3wIBaeT, YTO MPOU3B00UMENLHOCHLL
NOPUIHEB020 HACOCA ECHb GEAUMUNA NOCMOAHHAR, HE 3a6UCAWAs OM Hanopa.
IlpaxTHyecKH, BCJEACTBHE YyBEJHUEHUs yTeUeK XKHUAKOCTH yepe3 HEeIJIOTHOCTH,
BO3pACTaIOMX C MOBLIIEHHeM AaBJeHHs, peajbHas XapaKTepHCTHKA (h306pa-
KeHHaa Ha puc. 111-14 nyHKTHpHOH JIHHHeE) He coBrnajaeT C TeOpeTHYeCKOoH.
C yBenuyeHHeM HaBJeHHs AeHCTBHTENbHAsl MPOU3BOAHTENbHOCTh MNOPILIHEBOTO
Hacoca HeCKOJbKO YMeHbIlaercs.

-

HepasHomeprocTs nonaun. CkopocTh MOpLIHS, TPHBOLMMOro B JBHXeHHe KDPHBOIIMIHO-
IaTYHHBIM MeXaHH3MOM, He fBJsteTcs noctosiHHol. OHa H3MensteTcs OT HYJS (B JJEBOM M NPABOM
KpallHMX TOJIOXEeHHAX) N0 HeKOTOpOro MaKCHMAJNbHOrO 3HayeHWA (MPM CPELHEM IONOMEHHH
NOPLIHS).
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Kak cnenyer u3 TeopHH KPHBOIIHMHO-MATYHHOrO MEXaHU3Ma, MOCTYMATeJbHAA CKOPOCThb
HBHEHHS MOPLIHA M3MEHRETCsi MPONOPLHOHANbHO CHHYCY YIJla NOBOpPOTa KpHBOWIHAA &. JKHi-
KOCTb CJlefyeT 3a nopliHeM Ge30TPKIBHO, NMOITOMY NOAaua Hacoca NMpocToro AefictHst Gyner usMe-
HATBLCA B COOTBETCTBMH C 33KOHOM JBMKeHMs nopwHs (puc. 111-15, a).

Hacocw npofinoro u tpoflHoro gefcTBHA (TpHIVIEKC-HACOCH]) OT/IMYAIOTCA Gosee paBHOMep-
Ho#l MoAavedl, npejcTaBasiomeR coGolfi cyMMy nmoaad ABYX HJIH TPeX HaCOCOB NMPOCTOro NeficTBHA,

Y KOTOPbIX NepHOAR HACHETaHHST U
BCacHLIBAHHA CABHHYTBI BO BpEMEHH.
. I'papuueckH mnojaya 3ITHX HaAcOCOB
/- u / MOXeT *ObITh M300paXeHa CHHYCOH-
1aMH, CMellleHHBIMH 110 (ase cooTBeT-

[} V4 n Jr L% 4 ST et
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Puc. [11-15. JimarpaMmsl NMOZauM MOPIUHEBHIX Ha- Puc. I111-16. Bosgywnee xon-
COCOB!: MaKky;
a « NMpoCTOro ReficTBHA; 6 — ABOAHOro AeACTBHA; 6 — 4 — Ha BCaCHBapluell JIHHHH;
TpoftHoro JefcTeus (TPUNiekc-Hacoca). 6 ~~ HAa HarHeTaTeNbHON JIHHHH.

creenno na 180° (y macocoB nBofinoro nedcreusi, puc. 111-15, 6) u 120° (y macocos Tpoitroro
peiicteus, puc. I11-15, 6).

Ina yMeHbllleHHS HEDaBHOMEPHOCTH MOJAYH H CMACrYEHHS FHAPABNHYECKHX YIAPOB (HanpH-
Mep, NPH GbICTPOM 32KDBITMH BEHTHJISI HA HANIOPHOM TPYOONDOBOAE) MOPLIHEBHIE HACOCH CHA-
HaloTcH BO3JNYWHBMMH Koanakawmu (puc. III-16), xoropue ycranap/uBaloT Ha
Bxone muakoctH B Hacoc (puc. I11-16, a) u eoixope ee u3 Hacoca (puc. [11-16, 6). Boagymneiit
KOMAaK npexcrasisier coboft Bydepuerit npoMexyTosrui#t cocyn, okoro 50% eMKOCTH KoTOpOro
33HHMAET BO3ZYX.

ITpr yckopeHMH NBHXKEHHS MOpILUHSA, T.e. KOrAA B BO3LAYUIHBIR KOJMNAK MOCTYNaeT HauGoIb-

1lee KOJHYeCTBO XHAKOCTH, BO3JYX, HAXOASULHICS B MOCAENHeM, CXKUMAeTCs. M3BbITOK XKHAKOCTH
nmocTynaer B KOAMAK M yAanseTcs M3 Hero,
KOCZA Tofada CTAHOBHTCS HHUXKe cpenHed. Z A
[Tpu 5ToM paBnienue BO3AyXa, Haxoasuero-
cA B KOJIMaKe, H3MEHSETCS HEe3HAuHTeNIbHO
(mockoabKy ero o6beM ropasgo Gosbile
ofbeMa nocTynamoued MKHAKOCTH) M ABHKE-
HMe XKHIKOCTH B HAaTCHeTaTeNibHOM (WJIH Bca-
cripaomeM) Tpy6onpoBofe CTaHOBHTCH GJIN3-
KUM K PaBHOMEPHOMY.

HupnkatopHas nmarpamma. Jrta JaHa-
rpaMMa nokasblBaeT 3aBHCHMOCTb aGCOMIOT- e
HOrO JABJIeHUS B UMJIHHAPE MOPUIHEBOro 5,{1/7
Hacoca OT TyTH, MPORJEHHOro MopillHeM, HITH
ofbema, onuchiBaeMoro mnopumHeM. OHa Bb-  Pye. [11-17. WHgrKaTopHas 1sarpaMa noplu-
9epUHBaeTCsi CMELHAIbHLIM  NPHGOpOM — HEBOLO HACOCA MPOCTOrO NEHCTBHS.
HHLHKATOPOM, YyCTaHABIMBaeMHM Ha
LHJIHHLPe paboTaiomWero Hacoca.

Ha pwe. I11-17 npeacraBnesa ynpomennas WAAMKaTOPHAas AMarpaMMa MOpIUIHEBOTO HACOCA
npoctoro fgeficTBuft. Jlunua ab cooTBercTRyeT mpoueccy BcachiBanHA. JlaBjienue B [uiHHApE
B 5TOT MEePHON Py MeHbIUE aTMOCPepHOro p,. [lon peficTBHeM pa3HOCTH faBliesuit py — p, BCa-
CbIBAOILUI KJIaMaH MOLJEPIKUBACTCA B OTKPBLITOM COCTOSAHMH. Touka b orBeuaer npaBoMy Kpait-
HEMY TIOJIOMEHHIO MOPMHA. B 5TOT MOMeHT BcachiBaIOWMIl KJlanaH 3aKpHBAeTCS, NOPIUEHDL HAYH-
HaeT ABHraTbCs BJIEBO M LaBNEHHE B MJIMHADE PE3KO Bo3pacTaet (MMHHA bC) 10 py, TPH KOTOPOM
OTKPLIBAeTCSt HArHeTaTebHEIA Kaanan (Toyka c). ITonaya XugkocTH B Hamopbll TPYGonpoBox
NPOMCXONUT NMPH MOCTOSIHHOM RaBJIEHHH py. TOUK2 d COOTBETCTBYET JIeBOMY KpafiHeMy mnoJoxe-
HHIO NOPLIHA, NOCJe KOTOPOro NMOpIIeHb HAYHUAET ABUraThCs BApaBo. Harnerarenbunlii kaanau
3aKpbiBaeTcs, JaBfieHHe B LUMJIMHADE PE3KO NajaeT N0 3HAYEHHT Py, IPH KOTOPOM MPOHCKOLHT
OTKpHITHE BCACBIBAIOMErO KNanaHa (TOYka a). B MOMEHTH OTKPHITHA KJanaHoB (TOYKH @ H C)
BO3HHKAEIOT HEKOTOpHie KONeGAHMS NaBJeHHs, BbI3BAlHLIC HHEDLMEH KJIanaHoB.

(4
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Ecau BuA MHIMKaTOPHON NHArpaMMbl OTJIMYAeTCsi OT HOPMaJibHOro, NpPeACTaB/IeHHOro Ha
puc. 111-17, To 310 yKa3niBaeT Ha HalHuHe RebeKTOB B paboTe Hacoca. . .

HuankaTopHass AuarpaMMa NO3BOJISIET ONPEReUTL HHA M KATOPH Y0 MOUHOCTD
Hacoca, PaBHYI0 B HeKOTOpOM MaclTabe niomasd MHAuKartopuo#i amarpammel. Hunuxkarophas
MOIHOCTL CBA3aHA € TOM€3HOH MolMHOCTBIO Ny [cM. ypasuenue I11,1)] ypaBHenuem

Ny
Nung

Ny =
I Muyg = MyNr — HHIHKATODHHI K. M. L.

.

6. CneuHaabHble THIbI MOPIIHEBBIX H LEHTPOGEKHBLIX HacOCOB

Ilna nepeMellleHHSi XHMHYECKM AKTHBHBIX H TOKCHUHRIX JKHUAKOCTeH,
a TaKxKe XKHJKOCTeH, COlepallHX TBepinle B3BECH, UCMONL3YIOT MOpIIHeBHe
¥ LeHTPoGeKHble HACOCHI CNelHaNbHEIX KOHCTPVKIIHH,
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Prc. 111-18. Cxema pradpparmoBoro Puc. 111-19. Cxema GeccanbHH-
(MeMOpaHHOro) Hacoca: : KOBOI0 Hacoca:
! — nRAHHIp: 2 ———nnyﬂmep; 3 — mna- 1 — xopnyc; 2-— paGodee KoJeco;
¢pparma (mem6pana); 4 — BcachiBaloOmMHH 3 — pobanoyHOe KoJieco; 4 — npy-
Knanay; S — RarperaTeJbHHH KJalaH. MWHa; § — BTyJKa.

Nunadparmosbie (memOpanHble) Hacochl. DTH Hacockl (puc. 111-18) oTHo-
CATCA B NMOpPLIHEBBIM HACOCAM IPOCTOrO NEHCTBHA W NMPUMEHSAIOTCH JUIA mepe-
KauMBaHUsi CYCMEHSHH M XUMHUYECKH arpeccuBHHX Muakocteit. Luaunap [
H OJyHxep 2 HAcoca OTHENEHBl OT mepekayuBaeMod XKHUAKOCTH 3JIaCTHYHOH
neperopoiko# .3 — nuadparmMoét (MemGpaHo#) U3 MATKOH pe3HHBI HAM CHe-
IIHAJTLHOH CTaNH, BCJEACTBHE Yero MJYHXKep He CONPHKacaerci C Nepekayu-
BaeMOH JKUJKOCTBIO H He NOJABepraeTcsi BO3AEHCTBHIO XHMHYECKH AKTUBHBIX
cpen WM spo3uu. IlpH ABHIKeHHH MAYHIKepa BBepX fHadparma MOf NeACTBHEM
pPasHOCTH naBJleHMH Mo ofe ee CTOPOHBI Mporu6aercs BNPaBO H MUAKOCTD
BCAChIBaeTCsi B Hacoc uepe3 apoBodl kaanad 4. Ilpu ABHKeHHH OAyHKepa.
BHH3 AHadparma nporubaercs BAEBO M KHAKOCTb uepe3 HAarHeTaTeNbHBIH KJa-
maH 5 BbITECHsieTCs B HamopHuifi TpyGomposox. Bce wacTu Hacoca, compHKa-
caioliecs C MepeKauHBaeMol MKUIKOCTbIO — KOpMyC, KJanaHHbie KopoOKH,
HIapoBLie KJaNMaHbl, H3rOTOBJSAIOT U3 KUCJOTOCTOAKUX MaTepualioB HIH 3allH-
AT KUCIOTOCTOMKHMM MOKPLITHAMH, :

BeccaabtukoBble Hacochl. s neHTpoGekHBIX HacocoB 60JbillOe 3HAYE-
HUe WMeeT HajeXHasi KOHCTPYKUHSI calbHUKOB — YIIOTHeHWH Bajta, obecne-
YHBAIOUMX YCTPaHEHNe yTeueK NepekaunBaemoll xuikoctu: Heynosaerso-
puTenbHas paGoTa CaJbHHKOE BJedeT 3a Co0Oi TaKKE MOBBILIEHHBLIH H3HOC
Bajsa, RJHTENbHBE H 4acThle MPOCTOM Hacoca, pe3Koe YBEJHYEHHe 3KCmaya-
TALHOHHBIX PAacXOJCB. .

[onHoe yCTpaHeHHE YTCUKM [IEPEKauMBaeMoil KMAKOCTH, HeH3OexHon
fIpH SKCMyaTalMH HAacoca ¢ CaNbHHKOBLIM YIJIOTHEHHEM, JOCTHIaeTcsi B6 e C -
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canbHHUKOBOM Hacoce (puc. III-19). B xopnyce / nomeuraercs
pa6odee Komeco 2. Ha HeMm ykpemnnexHo no6aBouHOe KoJeco 3, CHAGKeHHOE
pajMaJbHLIMH JIONATKAaMH, KOTODOE OTKaYMBaeT [POTEKHIYIO 3@ KOJMecO MKHI-
KOCTb B MOJOCTh HATHETAHHsl HACOCA, yCTPAHsiA TeM CaMbiM yTeuky mepeka-
yMBaeMOH XHUAKOCTH uepes 3a30phbl MeXAY BaJIOM H KOPMycoM Npu pabore
Hacoca. I1py ocTaHoBKe Hacoca yTeuka KHIKOCTH MPefoTBPamaercs CHenHaan-
HBM (CTOSIHOYHBIM) YMJIOTHEHHEM, KOTOpOe 3alupaeT 3a30p MexIy KOpIMycoM
¥ BaJOM B MOMEHT BHIKJIOYeHHA Hacoca. ['epMeTHYHOCTL 3TOTO YIJIOTHEHHUS
JOCTHTaeTcsi C MOMOULBI0 ABYX KOHHYECKUX MOBEPXHOCTEH — YANHHEeHHOM

o~ BTYJKH pa6ouero kKoneca 2 M BTYJAKU- I.
@M [lrotHoe npuseraHve KOHWYECKHX MOBepX-
} HOCTeH 3THX BTYJOK ofecneyusaercs [o-
Sl cpencTBoM MNpYyXuUHH 4. B MoMeHT mnycka

i Hacoca Bal HeCKOMbKO NepPeMellaeTcsi. BJeBO

[ I——{ 4——4 . _ U yNJIOTHAIOLIME MOBEPXHOCTH OTXONAT APYT

OT fpyra, pa3Mbikas CTOSIHOUHOE YIJOTHe-
HHe.

Bce geranu Hacoca, compukacamomuecs
C mepexauuBaeMoll KHEKOCTBbIO, H3TOTOBJSi-
I0TCS M3 AaHTHKODPO3HOHHBEIX MaTepuaJioB.
. [Morpyxubie Hacocel. PasHoBuanoCThIO
) 6eccallbHUKOBOIO LEHTPOGEKHOro  Hacoca
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Puc. 111-20. Cxema no- Puc. [11-21. Cxema repmernuecxoro
rpyx«HoOro Hacoca: HacQca:
! — pa6odee KoJeco; 2 — I — pabouee KoJeco; 2 — PoTop 3NeK-
BaJ; J — BcachBalomuit TpoABHraTeNsa; J—CcTATOp 3JeKTPOgBH-
narpybox; 4 -— HanopHue: raredid;, 4 — 3KpaH; -5 — TOQUIMOHMAKY;
Tpy6si; 5 — NMOpIIHIHEK. : . 6 — kopnyc.

MOMHO CuuTaTh MOrpyx Ho# wHacoc (puc. III-20). Pabouee Ko-
neco | yKpenJeHO Ha HHXXHEM KOHUe BEePTHKANLHOrO Baja 2 ¥ NOTPYHKeHO
B mepekKauyuBaeMyio MHIKocTb. IlpHBOJL Hacoca pasmellieH 3HAYHTENbHO BhIlLE
YpOBHA UAKOCTH B MpPHEMHOH eMKoCTH. JKHIKOCTL 3acachiBaercsl uepes
natpy6oK 3 u MojaeTcs Mo HanmopHeiM Tpy6aM 4, Ha KOTOPHIX [IOABELIeH KOPIYC
Hacoca. .,

lepmeTHYeCKHE HAcOChl. 3TH HAcoChl IPUMEHSAIOT I/ NepeKaduBaHHs
XMMHYeCKH arpeccHBHBIX M TOKCHYHHIX KHAKocTefi. PaGouee koseco / TakKoro
nacoca (puc. I1II-21) ycraHoBieHO HeNmoCpeACTBEHHO Ha Baly aCHHXPOHHOIO
. 3AeKTPOABUTaTeNsi (HaXOAAIerocst B Koprnyce 6), potop 2 KOTOPOro MOrpyxKeH
B MepeKauuBaeMyto XHAKocTb. Porop oTheneH oT cratopa 3 repMeTHuecKum
5KpaHOM 4 — UMJAHHApHYECKOH 06O0JOUKOH K3 HEeMarHHTHOH HepraBeiowed
craad. IlepekauuBaeMas XKHAKOCTb CJHYKHT CMa3skKol [Jsi NOALIHMIHHKOB &
poTopa ¥ OZHOBPEMEHHO OXJaXJaeT ero.

B repMmeTHYeCKHX HAcocax C 3KPaHHPOBAHHLIM 3JEKTDOABUraTesNeM yBeJu-
YHBAIOTCA 3JeKTPHUeCKHE [OTePH M CHHXKAeTCA K. I. 1. ABUrarTess, -OIHaKO
JHOCTHraeTCsl MOMHAaf FepMETHYHOCTh, KOTOPAas HeBO3MOXKHA y HAaCOCOB ¢ Callb-
HUKOBBIMH YIJIOTHEHHAMH. ['epMeTHYECKHe HACOCHl HAJEXKHLl B 3KCILIYaTalHH
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(oco6GeHBO NpPH MQBHILEHHBIX RaBJEHUAX HA CTOpOHe BCACHIBAHHA) ¥ HaXORAT
Bce GoJlee MIMPOKOe MpHMEHeHHe B XMMHUECKOH NpPOMBILIEHHOCTH.

Hacochl ¢ sKkpanyupoBaHHBIM 5]€KTPOLBHraTe/ieM OTHOCATCS XK HaCocaM
€ repMeTusalvedi M0 BHYTpPpeHHEeMY KOHTYypY, Y KOTOprX B pa6ouyio
KHJKOCTb DNOTPYXeH TOJbKO POTOpP 3JEKTPOIBUIaTeNs.

CyuiecTByloT KOHCTPYKHUHH FepMeTHYeCKHX HacocoB, B KOTOPBIX repme'm-
3alus OCYLIeCTBJASIETCSS MO BHEIHEeMYy KOHTYPY NYyTeM .3alOJHEeHHA
BCel MOJIOCTH 3JeKTPOABHUraresnsi XHEKOCTbiO. B Hacocax storo tuma potop
M CTAaTop NOrpyXeHbl B MNepeKauHBaeMyio cpepy. MHoraa mosocts poTopa
H CTatopa 3amoJHAIOT HeHTpaJbHBIM [a3oM, a TMOTPYXKeHHBIM B KHAKOCTb
OCTaBJIAIOT TONBKO pabouee Koseco. [IpumeHeHie WHepTHoro rasa mpefoxpa-
HAeT OT pa3pyuleHUs U30JAIMHM CTaTopa W poTopa, HO yXYIIlaeT OTBOJA Bblle-
JseMoro npn pabore sJeKTpPOXBUraTelst TemJaa.

7. Hacocbl apyrux Trnos

[Mponeanepubie (ocemble) Hacochl. DTH HACOCHI MPHMEHSAIOT I MepeKayu-
BaHHf GOJBIIMX KOJHYECTB KHIKOCTeH MpH HeOoJabIUMX Hamopax. Ilpomes-
. JepHble HAacOChl MCHOJb3YIOT IJIABHHIM 06pa3oM EJAsi CO3LAAHHS UHPKYJASUHH
XKHIKOCTeH B pa3/IHYHBLIX amnnaparax, HampHMep, MpPU BbiNapuBaHuU. Pabouee
koneco I macoca (puc. 111-22), no dopme 61u3koe K rpeGHOMY BHHTY, pacro-
JOXeHo B Kopayce 2. JKHAKOCTB 3axBaThiBaeTcsi JonactsiMu pabouero KoJeca
H MepeMelaeTcs B OCeBOM HanpaBJleHUH, OHOBpPEeMeHHO
yuacTBys BO BpaulaTeJbHOM [BHXKeHHH. 3a HacocoM
YCTAaHOBJIEH HampaBJsoWUe anmapar 3 Ads npeobpa-
30BAHUS BPAWATENLHOTO IBHXXEHUS KHIKOCTH B NMOCTY-
naTeapHOE. ’

Buxpesbie Hacochl. B sTux Hacocax jans nepegaun
3HEeprum OT pabouyero koJjeca K XWUAKOCTH U CO3NAHUA
Hamopa HCMNONb3YyeTcsi 3Heprusi BUXPEBOTO NBHIKEHHS
.xuakocTH. Cos3faBaeMbli Hamop 4YacTHYHO ofecreyu-
BaeTcs U.eHTpoﬁe)KHbIMPl CHJIaMu, Ho GOsbIlast ero 4acThb
onpepensiercsi sHepruefl Buxpeil, o6pa3yiolUXCA B KHI-
KOCTH NpU BpalleHuud pabouyero KoJjeca.

Ha pHucC. 111-23 cxeMmaTuyHO MOKAa3aHa ONHA U3 KOH-
CTPYKHHMH BHXpeBoro Hacoca. B kopnyce [ Bpatlaercs
pabouee Koseco 2 ¢ Bolppe3epOBaHHEIMH JOMACTAMH.
Ilo nepudepuu Kojeca B Kopnyce Hacoca HMeeTcs
KOJIbIeBOH KaHal 3, 3aKaHYMBAIOWIMACS HarHeraTeNb-
HeIM natpy6koMm 4, O6Ggacts BXojgHOro okHa A W Ha-,
NOPHLIA NaTPyGOK OTAENAIOTCA YILIOTHSIOUIHM Yy4acT-
Puc. 111-22. Cxema KoM Kopnyca B. Ha stom yuacTke 3a3op MexLy Kop-
.poTie/iNiepHOTO Hacoca:  OycoM M KoaecoM He - mpesoimaer 0,2 mm. Taxum
1+~ pabouee Koseco; 2—  00pPa3OM CO3[aeTCsi YMJIOTHEHHe, TNpeoTBpallaollee
KOopnyc; 8 — HarnpasJifio-

wln anmapar. NMepeToK KHUAKOCTH M3 TMOJOCTH HACHEeTaHUA B MOJOCTh

BcachlBaHHsi Hacoca. )XHIKOCTh MOCTYMaeT yepe3 OKHO
A K OCHOBaHHsM JIOmacTel, OT6pachBaeTCs HeHTPOBeXHON CHIOH B Kojblie-
BOA KaHak, B KOTOPOM npuoépe’rae‘r BUXpeBoe ABHIKeHHe, U NepeMelaercs
BROJNL KaHaja K BRIXOZHOMY matpy6ky. Ha 3ToM myTH XUAKOCTBL HeEOJHO-
KpaTHO AoMajaeT B MPOCTPAHCTBO MEXAY JONACTSMH, I'Je el NONOJHHUTENBLHO
coobllaeTcs MeXaHWYecKas 5Heprus. B pe3ynnTaTe MHOIOKPAaTHOIO KOHTaKTa
MeXAY MEePEeKauHBaeMOH MHAKOCTBIO U paGouMM KOJIeCOM JOCTUIaloTCA 6onee
BBICOKHE HAMoPHl, YeM y HEHTPOGEKHEIX HacOCOoB.

B BHXpeBHIX Hacocax HEKOTOPLIX KOHCTPYKUHH {CO CrenHalbHbIMH TpH-
CrocoBNeHHAMH) BO3MOXHO CaMoBCachiBaHHe KUAKOCTH. OTauyuTensHol
0COGEHHOCTBIO BUXPEBLIX HACOCOB SIBJSETCSA TAKKe Pe3Koe Bo3pacTaHue Haropa
U noTpeOisieMOH MOIIHOCTH C yMeHbleHHeM MPOH3BOJIMTRIBHOCTH.

JlabupnHTHNE Hacochl. B stx Hacocax B mamop npeofpasyeTcs BHXDeBOe ABHMEHHE
#uaKocTH, OCHOBHBIM paGouHM OpranoM J1aGHPHHTHOIO Hacoca Cly2KHT BHHT C MHOr03aXOfHOH
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Hapeskol, BpalaoIHACH B HENOABHKHOR BTYJIKe C TaKO! JKe Hape3KOH, HO MPOTHBOMOJOXKHOTO
HanpaefieRHA. JIaGHPHHTHBIE HACOCH OT/IMYAIOTCH NPOCTOTOR GopM pabounx OPraOB H OTCYT-
CTBHEM MEeXaHHYECKOrO TPEHHMA MeXXIy BHHTOM H BTYJKOH, UTO MO3BOJISET M3TOTABJIHMBATL 3TH
HacoChl U3 Pas3JMYHEIX MATePHaJOB (I1aCTMacc, KepaMHKH, rpadura, pesuHsl U T. i1.) M NPHMe-
HATb MX JUJIS NepekauyHBaHHUS DA3NHUYHLIX XMMHUYECKH AKTHUBHHIX cpej (HalpUMep, MJiaBHKOBOI
KHCJOTHL). )

IHecTepennbie Hacoch (puc. 111-24). B kopnyce [ Taxoro Hacoca saxJio-
yeHb! ABe LleCTepHH 2, OJHA H3 KOTOPLIX (Beryuiasi) HpUBOAUTCA BO BpallleHHe
ot 3nektpoasurarens. Koraga sy6es iecreper BHIXONST M3 3anelieHHs, ofpa-
3yercsi paspekeHHe, MNOX [AeHACTBHEM KOTOPOLO MPOHCXORMT BcachiBaHHe

e

Puc. 111-23. Cxema BuxpeBoro Hacoca:

- 4
A — pxoaHOe OKHO: B — YNJOTHMWWRA yuacTok; ! — kopnyc; 2 — pa6oyee
KoJsieco; 3 — KOJIbUeBOA Kaunan; 4 — HalHeTaTeNbHuIH [AaTPYy6OK.

xuakocth. OHa .MOCTYNaeT B KOPNYC, 3aXBaThiBAeTCsi 3YObLAMU ILlecTepeH
¥ fdepeMelllaeTcsi BAOJb CTEHOK KOpAyca B HalpasleHUH BpaumeHuda. B o6racty,
rae 3y6bsi BHOBb BXOAAT B 3allelJeHHe, XKHAKOCTDb BHTECHRETCS M AOCTYMaer
B HanopHuIH TPYy6OMpPOBOA. -

Bunrtosbie Hacochl. PaGounM opraHoM BWHToBoro Hacoca (puc. 111-25)
SIBASIOTCA BeIyulHH BUHT / H HECKOJNBKO BEIOMBbIX BHHTOB 2, 3aK/IOUEHHHIX
B o6oitMy 3, pacmo/oXeHHyi0o BHYTPU Kopmayca 4.

[lpenMymecTBenHoe pPaclpocTpaHeHHe B  MPOMBILIEHHOCTI! NOAYYHIH
HacoCHl, HMellHe TPU BHHTA — OINMH BeAYulM# W 1Ba BeuOMbIX (xak mo-
Ka3aHO Ha PHCYHKe). O6oiima 3 wuMeer moJaocTs,
BHYTPH KOTOpPOH BpalalOTC TPH BHHTA, « HMEIOUIHX
napajajenbHble OCH: CPeAHHH — Belyuiuél — U jBa
OIIMHAKOBBLIX BeJOMBIX BHHTAa MeEHBIUEro HapYXHOTO
gMamerpa. BuHThi HaxoasTca B 3alendedud. Ha-
pe3ka BHHTOB HMeeT creHnuatbHyio hopMy M- obpa-
3yer B MecTax B3aMMHOTO KacaHHs BHHTOB Trep-
MeTH4YeCKHe yINJOTHEHHsl, KOTOPble pa3feNsiioT Hacoc
No AAMHE Ha PAX 3aMKHYThIX Homocredi. Hampase-
HHE Hape3KH KajKAoro BeIOMOr0 BHHTAa NPOTHBO-
NONOMHO HallpaBJieHHI0 Hape3KH Bepylero. Taxk,
HanpHMep, ecAU BejyWHH BHUHT WMMeeT MpaByio Ha- Puc. II1-24. Cxema we-
pe3ky, TO BejoMbie — JeByio. Bce BHHTH OOBIMHO CTepeHHOro Hacoca:
BHINOMHAOTCA ABYX3axopHbiMu. CooTHOWIeHHs pa3- ! — kopnye; 2 — mecTephn.
MepOoB BHHTOB BHIGpPaHBI TAKHMH, YTO BeOMbie BHHTHI
noayyaloT BpallaHWe He OT BeAYUIero BHHTA, a MOJ JeHCTBUEM NaBJeHUs
nepekaunBaemofl XuAKocTH. [To3ToMy HeT Heo6XOAMMOCTH B YCTaHOBKe 3yO-
gaToit Mepenadd MexAy BefylUlHM H BeOMLIMH BHHTAaMH.

[Tpu BpallleHHH BUHTOB XHAKOCTh, 3aNOMHSIOMAS BIaguHbBI B Hapes3Kax,
nepemelaeTcs 3a ORHH o6OPOT BROJBL OCH Hacoca Ha paccTosHue, paBHOe.
wary BHHTA. BegoMsie BHHTBI OPH 5TOM HIPaiOT POJTb TepMETH3HP YIOUIMX
YNJOTHAIOWKNX OOKJAfOK, TINPENsaTCTBYIOUMX MepeTeKaHuio MKUAKOCTH U3
Kamepbl HATHETAHHA B KaMepy BcachiBaHuA. M3 KaMephl HarHeTanHs XHIAKOCTh
BHITECHSIETCSl B HanopHetél TpyGomposox. Kak BunHO H3 onucaHus npuHUMNa
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nefCTBHS BHHTOBLIX HACOCOB, OHH JOJIXKHBI 6LITh OTHECEeHE! K OOBeMHEIM IHa-
cocam.

JlaBseHne, pasBuBaeMOe BHHTOBBHIMH HAacoCcaMmH, 3aBHCHT OT YHC/d LDAros
BHHTOBOH Hape3KH U YBeJHYHBAeTCH C BO3pacTaHHeM OTHOLIEHHs AJTHHBI BHHTA
K €ero Juamerpy,

i
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e ey paeagy Ry , Puc. 111-25. CxemMa BHHTOBOrO
/” . - 7 . .Hacoca:
. 1 — pepywmu# BHET; 2 — BCHIOMEIR
2 4 BHHT}I.? -— o6okma; 4 — Kopmyc.

OnHOBHHTOBbIE (repOTOPHbie) Hacochl (puc. 111-26). B kopnyce I Hacoci,
B KOTOPOM 3aKJIOYeH LUAMHAP 2 C BHYTPeHHEH npoQUIHPOBAHHOH BHHTOBOH
MOBEPXHOCTLIO, HAa3biBaeMblii o06OHMOMH, YCTaHABJIHBAeTCS ORHO3aXOLHAKIH
BHHT 3. Mexny o6ofiMOH W BMHTOM 06pa3yloTCs 3aMKHYThIE NOJOCTH, 3a00J-
HsieMble NpH paboTe HAcoca HAKOCTLIO; TPH BpalleHUH BHHTA OHH MepeMe-
IAOTCA BAOJL OCH Hacoca.

B npou3BoJSBHOM CeyeHMH Hacoca, B TOM YHCAe H B CeYeHHH, COOTBETCTBY-
IOLIeM BXOLY HAKOCTH B HAcoC, MPH BpalleHUH BHHTA o6beM MONOCTH 4 He
ocTaerci NOCTOSIHHBIM, MBMEHHHCb or 0 10 HeKOTOPOTO MAaKCHMAJLHOIO 3HA-

: yeHHs! (ApH ONpejeseHHOM
* & yrie  noBOpPOTa  BHHTA).
C ysenuuenuem obwema mo-
JIOCTH 4 NPOUCXOLHT BCACHI-
N/ N i BaHHe XWAKOCTH, KOTopas
—‘[\\ { 3aXBaThLIBAeTCA BHHTOM H
VA 7 7 ] \ _ mepeMeillaeTcs B OCEBOM
! 2 3 4 HanpaBJeHHH K HalopHOMY
Tpybonposony 5.
1 — Kopnyc; 2 — UWJABRAP; & — BHHT, 4 — BrcacHBawman O6OHMH ORHOBUHTOBBIX
NOAOCTH, 5 ~ HanopHHA TpyGONpOBOA. HacoCoB W BHHTBl MOTYT
6BITb M3TOTOBJIEHBl H3 pas-
JHYHEIX KOPPO3HOHHOCTORKHMX MarepHasoB, YTO MO3BOJAET HCHOIb30BaThH
3TH Hacocwl AJIA MepeKaudBaHUA AarpecCHBHBIX JKHAKOCTEl.
. Maacrunyatbie Hacocw (puc. 111-27). Taxoit nacoc mpeactasasier coGoit
MAacCHBHBIH UWJAHHAP [/ C MNPOpe3siMH MOCTOSAHHON INHPHHBI (POTOP), KOTOPLIH
pacnoJoxeH 3KCLUeHTPHYHO B Kopnyce 2. Baa poropa depe3 caJbHHK B TopIle-
BOH KphIIKE BBIBOAUTCS M3 KOPAyCa AJA COEJHHEHHS C BAaJOM 3JIeKTPOABH-
ravens. B mpopesu UHAHHApA BCTABMSIOTCS MPAMOYTOJbHBIE MJACTHHH 3,
KOTOpHe TNPH BpalleHuH poTopa nox neHCTBHeM LEeHTPOGexKHOH CHJIBI IJIOTHO
MPHKHMAIOTCH K BHYTPEHHEH MOBEpXHOCTH UHJIMHAPA, PA3lessisi CeprnoBHJ-
Hoe paGouee MPOCTPAHCTBO 4 MeXAy KOPIyCOM H poTopoM Ha Kamepsl. O6beM
KaX{JIoH KaMepul yBeJNHUHBABTCH NMPH ABHMKEHHHI NJACTHHBI OT BCACHIBAIOLIETO
natpy6Ka & K BepTHKaJbHOH OCH Hacoca, B pe3yJbTaTe 4yero B KaMmepe oOpa-
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Pac. 111-26. Cxema ozHoBHHTOBOTO (repoTopHOro) Hacoca:
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3yeTcst pas’pexeHHe U MPOHCXORMT BCachiBaHHe MHAKOCTH uepe3 matpybok 5.
Ilp¥ RBHXKEHHH MJIACTHHBI OT BEPTHKANBHOH OCH ‘B HaNpaBJeHHH BpalleHHs
06BbeM KaMephl YMEHbINAeTCsi M KUAKOCTb BHITECHSIETCA M3 HAacoca B Hamop-
. HBli Tpy6onposox 6.
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Puc. 111-27. Cxema nnactus- Puc. I11-28. Crpy#innth nacoc:
Jaroro poTalHoHHOro Hacoca: [ — pabowas xupKocTe; [] — nmepeKauusaeMas XHI-
{ — porop; 2 — Kopmyc: '@ ~— KocTh; [II — cMecs; [ — comno; 2 — Kopnyc Ha-
nnatunn; 4 — pabogee mpocT- coca; 3— auddyaop.
PaHCTBO; § ~— BCACHBAWINUA Na-
TpYyGOK; 6 — HarHeraTe/qbHBIH
narpyGoK.

Crpyiinbie Hacocwl - (puc. [11-28). B 3Tux nacocax gn1d nepememeHus Xui-
KOCTed M CO3JaHWSA HAamnopa HCHOMbL3YIOT KHHETHYECKYIO SHEepruio Apyrof
JKHAKOCTH, KOTOPYIO HasniBailoT -pabouedi. B KauecTBe paGouuX MHIKOCTEH
o0biYHO HPHUMEHSIOT Map WIH BOAY. , : .

Pa6ouasi xunkocts / nocrymaer ¢ 60ablI0R CKOPOCTHIO M3 comaa [ uepes .
KaMepy cmemeHusi 2 B pauddysop J, yBiekas 3a cyeT MNOBePXHOCTHOTO
TPeHUsi MepekauuBaeMyio KHIKocTb /. B HauGosee ysko#i uactu auddysopa,

,\‘

“_.__T\:.___.

\
:\
\\_

Puc. 111-29. Mowurexio: : Puc. 111-30.  Boapywnuit

1 — kdpnye; 2—6 — Kpausl; 7 — NMoJbeMHHUK:

Tpy6a AAA MepeAaBaHBAHHA. ! — rpy6a MR oAU CKATOrO
BO3RYyXa; 2 —- cmecuTeaNb; 3 —
nogbemMuas Tpy6a;, 4 -~ OT6OR-

HUK; § — cGOpHHK.

CKOpoCTh cMecH pabouell ¥ MepeKauynBaeMOH KHUAKOCTeH focTHTraeT Hauboub-
ero 3HayeHHsi, a CTATHYECKOe AaBJjeHue MOTOKa, B COOTBETCTBHH C ypaBHe-
uueM DBepHynnu, craHoButTcsi HauMeHowvM. Ilepenan naBieHuii B Kamepe
cmetueHus u audpysope obecrieynsaer nogayy XHAKocTH [/ B Kamepy cMe-
lleHHsa W3 BcaceiBarouwled JauHud. B puddysope ckopocTe HOTOKA yMeHb-
iaeTcsi, HO yBeJHYMBACTCH MOTeHUHaNbHAS 3HePrus NaBJeHHs, H XKHUAKOCTHb
noj HalopoM HOCTylaeT B HarHeTaTelbHbl TpyGONpOBOL.

[TapocTpyitHbie Hacochl NPHMEHSIOT B TeX Cay4yadAx, KOrAa IOMYCTHMO
CMeLIeHHE MepeKayHBaeMoil KHAKOCTH C BojoiH, o6pasyiowencs MpH KOHAEH-
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calHMu mapa, ¥ OLHOBpeMeHHo ee HarpeBaHue. TakHe HACOCHI 4aCTO HCAOJb-
3YIOT AJS MOJ2YM BOALI B NMapoBble KOTJIHI. '

Montexio (puc. 111-29) npencrasnsier coboil ropH3OHTANBLHBIA HIN Bep-
THKaJLHBIH pe3epByap I, B KOTOPOM /s NMepPeKayuBaHUA MKUAKOCTH HCHOJb-
3yeTcsi 3HEpTHsi CXKAaTOro Bo3AayXa MJW MHEpTHoro rasa. MonTtexio paboraer
"TTepHOZHUYECKH,

JKHAKOCTE MOCTYNaeT B MOHTENIO MO TPpy6Ge HamoJHEHHs Yepe3 OTKPLITHINA
KpaH 2, AJIsA 4ero OTKPLIBAIOT KPAH-BO3AYIUHUK 3 (€C/IH HAMOJHEHHE MPOHC-
XOAUT mop atMocdepHbIM AABJeHHEM) UAH KpaH 4, COefMHSIOUIHH MOHTEXIO
C BaKyyM-JIUHHeH (€cJH HanoJHeHHue MPOHCXOAMT NOK Bakyymom). Ilpu nepe-
LaBJHBAHHU XKHAKOCTH 3aKpbiBaloT KpaHe 2, § u 4 H OTKpHIBAIOT KpaH 6
Ha HarHeTaTesNbHOH Tpy6e 7 M KpaH § MOLa4u CKATOTO rasa, AaBjeHMe KOTO-
pOro KOHTPOMHUPYIOT Mo -MaHoMeTpy. Ilocie onopoHEHHS MOHTEXKIO 3aKphl-
BalOT KpPaHH & W 6 H OTKPHIBAIOT KpaH 3 AAs CooOlLleHHs MOHTEXIO C aTMo-
cdepoit. ‘

JIOCTOHHCTBOM MOHTEXKIO SiBAAETCS OTCYTCTBME B HUX ABIXKYIIMXCA 4acref,
KoTopele HauboJjee OBICTPO paspyINAlOTCA H3-38 MCTHPAHHS W  KOpPPO3UH.
INosTOMY MONTENKIO TPUMEHSIOT 115 EPeKaYHBAHUA 3arPSA3HEHHBIX, X HMUYECKH
arpeCCHBHLIX H paJlHOAKTHBHBIX XKHUAKOCTEH HeCMOTPA Ha HH3KHH K. I A
(10—20%). , :

BoanywHsie nogbeMuukn (apangthb). IToxbeMHuk coctout us Tpy6ul 1 ans
nojlauu CxKaToro Bo3gyxa U cmecureas 2 (puc. 111-30), rme o6pasyercs raso-
XKHIKOCTHAS CMeCh, KOTOpAasi BCJAEACTBHE MEHbLIUero YIAENLHOTO Beca MOXHH-
Maercs mo tpy6e 3. Ha BeIxojze M3 Hee raso-»HIKOCTHas CMech OrubaeT OT-
GoriHuk 4. Ilpu 3TOM H3 cMecH BHZEJsIeTCS BO3AYX, 4 KHAKOCTb MOCTyNaer
B c6OpPHUK &.

BosayuiHpe NOABEMHMKH HMEIOT CPaBHHTENbHO HHU3Ku# K. m. A. (25—
35%). JloCTOHHCTBOM MX SIBASIETCSi OTCYTCTBHE NBHXKYLIMXCSi dacTell.

8. CpaBHeHHe M 06JaCTH NPHMeHEHHst HACOCOB
Pa3JHUHBIX THNOB

LlaHHBle O HaAcocax, BBIIYCKAeMbIX OTEYECTBEHHOH [POMAIIIEHHOCTHIO,
cobpaHbl B CeHHaNbHbIe KaTadord. Beifop Hacoca NpOU3BOAST Mo 3ajaHHOM
NPOU3BOAHTENILHOCTH H HAmopy, KOTOPbLIH PACCUHTHIBAIOT B COOTBETCTBUH CO
cxeMod Tpybomposona lcMm. ypasaenue (111, 13)]. [IBurarenn K Hacocy mox-
6KHPAIOT MO YCTAHOBOUHON MOLIHOCTH, ompepedsiemoil Hu3 ypasmenus (I11,7),
M uHcay 06opoTOB. ’

Haun6onbimee pacnpoctpalenue B XUMUUYECKOH NPOMBILIJIEHHOCTH IO YYHIH
HeHTPOGeKHEe HACOChl, KOTOPhIE WMeIOT Mepel MOPLIHEBLIMH DS BaXKHHIX
npeumymects. K HHM oTHocsiTcs: 1) BHICOKasi NPOH3BOAHMTENBHOCTh U DABHO-
MepHasi mojadya; 2) KOMAAKTHOCTh W GHICTPOXORHOCThL (BO3MOXKHOCTH HEro-
CPefCTBEHHOro NMPHCOEJHHEHHs K 3JeKTpoaBurareno); 3) Mpocrora ycrpo#-
CTBA, 4YTO NO3BOJIS€T H3rOTAaBAUBATL HX U3 XUMMYECKHU CTOMKMX, TPyAHO moi-
Ha0IUXCsi MeXxaHH4YeCKoH obpaborke MarepHanos (Hanmpumep, deppocuianpa,
KepaMHK¥ W T. M.); 4) BO3MOXKHOCTb NepeKauMBaHHUs MKHUIKOCTeH, comepxa-
IiUX TBEpAble B3BelEHHbIe YacTHUBl, Gaarofaps GoJbINMM 3330paM MEKAY
JONATKaMH W OTCYTCTBHIO KJiamaHoB; 5) BO3MOXKHOCTh YCTAHOBKH Ha JeTKHX
dbyHraMeHTax.

K. n. 1. Hau6osee KPYNMHBIX H TUIATENBHO M3rOTOBJEHHBIX LEHTpPOOEKHBIX
HacocoB pmocruraer 0,95; k. m. 1. nopmHeBmx Hacocos 0,9, Onuako
LeHTpOGEKHBIe HACOCH HeGOMbUION W CpenHeil NpPOW3BOAMTENHLHOCTH HMEIOT
K. . . Ha 10—15% HuxKe, ueMm mHopuiHesnble. 310 O6YCAOBJIEHO HajH-
"yHeM GONBLIMX 3a30POB MeXAY MOJOCTAMM BCACHLIBAHMS W HATHETAHUS, 4epes
KOTOpble BO3MOMXeH MepeToK KHUIKOCTH, a TaKwme 3aTPaTaMH SHepPruH. Ha
HeusbexHoe BHXpeo6pa3oBaHMe BOAM3M KDOMOK JIONATOK Bpallaiollerocs
¢ Gosnblioil CcKopocThio paboyero Koseca, Kotopasi npeo6pasyercsi B Terlsio
H paccenBaercs B OKpyaiwoulel cpesie. Takne morepu pe3ko BO3pacTaioT LIs
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‘BLICOKOBA3KHUX JKHAKOCTeH, MepeKauuBaHHe KOTODLIX [EHTPOGEKHHIMH Ha-
COCaMH, BCJEICTBHE Pe3KOTO CHMMKEHHUA K. II. A., SKOHOMHUYECKH HEBHTOLHO.

K Hepoctatkam MMeHTPOOGEKHBIX HACOCOB CJEAYET OTHECTH OTHOCHTEIbLHO
HU3KHE HATIOPBl, a TAKIKE yMEHbUIEHHE TTPOH3BOAHTEJIBHOCTH TIPH YBEJIHUEHHH
COTIPOTHBJIEHUA CETH H pe3Koe CHHXKeHHe K, . A. NPH YMEeHbIUeHHH MPOU3-
Bopuresbuoctu (cMm. puc, III-6).

[lopiuneBble Hacochl He1eco06pa3sHO TMPHMEHATH JHIIb NMPH CPABHHUTENLHO
HeOOJIBIIHX IMOAAaYaX H BHICOKMX JAaBjenuax (B auanasonHe 50—1000" am u
BhIlle), AJA TIepeKayuBAHHA BBICOKOBA3KHX, OTHe- H B3DHIBOOMNACHBLIX KHUAKO-
creil (apoBbLIE HACOCHI), a TaKiKe MPH AO3MPOBAHUM KHAKHX Cpel. ,

B o6aactu Gosabiuux mojau (Ro 1500 m%/muwx) npu HeGosbmMx Hamopax
(2o 10—15 M) NpuMeHSIIOT TpPOMENJEPHbE HACOCHl, OTJAUYAUIHECH BHICOKHM
THAPABJHYECKUM K. 1. L., KOMIAKTHOCTbIO H GLICTPOXORHOCTBIO. DTH HACOCHI
NPHIOAHB AJIA MePeMEeleHns 3arpA3HeHHbIX H KPHCTA/IHYIOMHXCA KHAKO-
cret.

BuuroBble Hacockl MOTYT OBITb UCMOMB30BAHB AJIA nepeKauynBaHUA BBICO-
KOBSI3KHX KHAKOCTeH, TOM/IHB, HEPTENPOAYKTOB M T. NH. DTH HAcOCHl MpH-
MeHSIOT B 06/1aCTH mofad Ao 300 #3/4 u faBsienuit g0 175 am np#-ckopoctd
ppaiteHus Ao 3000 06/mun. BuntoBhle Hacochl 06rajaoT psAOM HOCTOHHCTB:
OLICTPOXOLHOCTBIO, KOMIIAKTHOCTEIO, OeculymMHOCThIO. [Ipou3aBoaHTENBHOCTD
BHHTOBBIX HACOCOB MpPAaKTHYECKH He M3MEHSercsi NMPH H3MEeHEeHHH JaBJeHus.
K. n. A. 3THX HacocOB AOCTATOYHO BRICOK M jocruraer 0,75—0,80.

O6sactb MpUMEHEHHA OZHOBUHTOBLIX (T€pPOTOPHBIX) HACOCOB OrpaHHYeHa
npousBogurenbHocthio 3,6—7 m¥/4 u paBienuem 10—25 am. Ilo croumoctH
M3TOTOBJIEHHA U 3KCIJYaTallMOHHBIM PACXORAM 3TH HACOCH GJH3KH K LEHTPO-
GeKHBIM HacocaM MaJsIOH TPOH3BOAHUTE/LHOCTH, palOTAIOMHX NPH JaBJEHHAX
3—5 am, ¥ 3HAYHTEJbHO SKOHOMHUHEe TOC/AEAHMX, €CJAH AaB/JeHHe HarHera-
Hua mpesbiuiaer 10 am. OaHOBHHTOBBIE HACOCH HCTIOABL3YIOT AIA MepeKauHBa-

HHUA 3al‘pﬂ3H6HHbIX M arpeccHBHBIX JKHAKOCTeH, pacTBOPOB H IJIacTMAacC C Bhl-
COKOHl BA3KOCTBIO.

[TnacTHHYATRIE HACOCHI TIPHMEHSAOT AJ15 NMEpPeMElleHHs YHCTHIX, HE cojep-
XKaMUX TBEPALIX MpHMeceHd XKUAKOCTEH NMPH yMEpPEeHHHIX MPOH3BOAUTEbHOCTAX
H Hamopax. '

s nepekauHBaHHA BA3KHX KHUAKOCTed, HE coepKallUX TBEpPABIX TpH-
Mecedl, NpH HeGOABIUMX Mojadax (He Belie 5—6 m3/mun) U BLICOKHUX ‘AaBJe-
Huax (100—150 am) HcnoAb3YIOT ulecTepeHHBIE HACOCHI.

BuxpeBhle HacoChl MPHMEHAIOT A [EPEMElIEHH: YHCTHIX MaJIOBA3KHX
KHAKOCcTeH ¢ HeGoMpIIHMU mofadamu (A0 40 u3/4) U cpaBHUTENBLHO BBICOKHMH
manmopamu (2o 250 ), B HeCKOJILKO pa3s [peBhUUAIONIHMH HAMOphl UEHTPO-
6exxubIx HacocOB, K AocroMHCTBAM BHXPEBBIX HACOCOB CjedyeT OTHECTH Mpo-
CTOTY KOHCTPYKIIMH, KOMIAKTHOCTh M BO3MOXKHOCTb MOJy4eHHs GoJiee BBICO-
KUX HamopoB, 4eM B HEHTPOGExKHBIX Hacocax. HemocTatkoM BHXpeBHIX Ha-
cocoB sABJasercs HU3KHA K. M. & (n, = 20—50%), 410 06yc/0B/IEHO 3HAYH-
TeNbHBIMH [IOTEPAMH TIPH TIEPEHOCE SHEPTHH BUXPAMH, @ TaKKe HEMPHIOAHOCTD
A7 TIepeKauyHBAHHA BASKUX XKHAKOCTEH U mmxoc"reu copepKalluX TBEpAbIe
B3BECH.

Crpy@Hble HACOCH, MOHTEXKIO M BO3AYIUHBIE MOABLEMHHKH HCIOAB3YIOT
B IPOU3BOACTBAX, [AE Ha/IHuKe ABHXKYIWHUXCA H TPYIHUXCA YacTeid HeAOTYCTHMO.
Kak yka3biBa/oCh, CTPYHHBIE HACOCHI MOXKHO MPHMEHATD JUIIb B T€X CaAydasx,
KOT1a NOMYCTHMO CMeLleHHe NepexauynBaeMol XHuaKocty ¢ pabouell. CrpyiHble
HACOCh!, MOHTEXIO H .MONBLEMHUKH MOTYT ObITb HM3TOTOBJIEHL U3 XHMHYECKU
CTOMKHX MaTepHa/oB, HO 06/1a3a10T HU3KHM K, I. A.



rTABA IV

NEPEMEIMEHHE M- COKATHULE TA30B
(KOMITIPECCOPHBIE MAILUWHDLI)

I. O6mue cBeaeHHs

Ha npennpusiTHAX XHMHYeCKOA NPOMBIUIJIEHHOCTH NOABEPTAIOTCA mepe-
paboTKe 3HauyWTe/bHble KOJHYECTBA ra3oB H HX cMmeceill. [lpoBeneHHe MHOTHX
XHMHYECKHX TIPOLecCOB B rasoBoil ¢ase npu naB/JeHUH, OTIHYHOM OT aTMO-
cepHOro, YacTo MPUBOJKHT K YBEJIHYEHHIO WX CKOPOCTH H YMeHbIIEHHIO HEOO-
XOAHMOro o6neMa peakuHOHHOH ammapatypsl. Cxkarde rasoB HCIOML3YIOT AA
nepeMellleHHs] HX 1O TPyGOmMpoBOAaM H .ammapaTtaM, CO3JaHHA BaKyyMa.
CxkaThle Tas3bl NPHMEHSIIOT AJs [epeMeilHBaHUsA, pAaCHbLICHHA XKHAKOCTEH
u T. Nn. MHrepBan naB/eHuH, MpHMeHSEMbIX B XHMHUECKHX NPOHU3BOACTBAX,
kose6sercss B WHPOKHX npenenax — ot 1073 go 10° w/m® (1075—10° am).

Mauyel, mpefHa3HaueHHble AJA TepeMellleHHsA H CKaTHs rasoB, Hasbl-
BalOT KOMNPECCOPHBMH MAawWHHAMH.

OrHowenne KOHEUHOTO NaBJeHHA P,, CO31aBaeMOTO KOMIIPECCOPHOH Ma-
. IUHHOM, K HaYa/JBHOMY [aBJEHHIO p,, NPH KOTODOM IMPOHCXOLHT BCachiBaHHe

rasa, HasbBaeTcssi CTeNeHb0 CXaTHH., i ) ‘

B 3aBHCHMOCTH OT CTEIMEHH CXKATHS Pa3JqHYaT CACAYIOUIHE THIIR KOMITpeC-
COPHBIX MaIlHH:

1) BeHTHASATOpH (%f— < 1,1) — 15 TepeMellieHHs OOJIBLILHX KO-
. 1 . .
JINYeCTB Ta30B; ‘

2)TasonyBKH (1 1 < £ <3, 0) — AJS TIepeMelleHHs] FasoB Tpy
OTHOCHTEJIbHO BBICOKOM COI‘lpOTHBﬂeHHH razonpoBofsie cerH; ‘

3) KkoMnpeccopH ( e 3, 0)— JJISl CO3NAHHA BBHICOKHX NaB-
JIeHHii; ‘

4) BaKyyM-HacoCBhb — Jf OTCachiBAHHA Fa30B TNpH JNaBJeHHH
HHXe aTMocthepHOro. ’

Ilo mpuHLUNY AeHCTBHA KOMMpPECCOpPHBIE MAIIHHLL JGAATCA HA [OPILIHEBLIE,
pOTaUHOHHEE, UEHTPOGEXKHbIE H OCEBhIe.

B nopmHeBbH X MamHWHAX CXKATHe Ta3a MPOHCXOLHT B Pe3yJbTarte
yMeHbllleHus 06beMa, B KOTOPOM 3aKJIOYeH ras, MpH BO3BpaTHO-NOCTYIaTe b+
HOM JBHXXEHHH IOPUIHA. .

CxaTtve rasa B pOTAamHOHHB X MallHHaX O6YCJAOBJAEHO yMeHb-
lleHHeM O6BbeMa, B KOTOPOM 3aKJ/IOYeH ra3, NpH BpaLU.eHHH 3KCIIEHTPHYHO
PacIo/IOKEHHOTO  POTOpa.

B nenrpo6exHBb X MawWHAX 3HepTHsa Mepejgaercs MOTOKY Trasa
CHJIOBbIM BO3JeHCTBHeM JOmaroK pabodero Kojeca, B pe3yJasTaTe 4Yero npo-
HCXOJIUT CXKATHE W MNOBHIIIEHHe KHHETHUeCKO# SHeprHH rasa. Dra 5Heprus
npeo6pasyercs B JABJEHHE B HENOABHXHEIX 3/EeMEHTAaX MallHHBI.

B oceB B X MamMHAX Ta3 CXKHMaercs NpH ABHXXEHHH €ro BLOJbL OCH
pabodero KoJsieca H HanpaBJsAIONIEro ammaparta.

B KauecTse BaKyyM-HAacoCOB MOT'YT ObITh HCIO/JbL30BAHBI JIOGhIE KOMIpPEC-
copuble MamuHbl. OCHOBHOE OT/IHYHE BAKYyM-HAacOCOB OT KOMIIPECCOPHBIX
Mall¥H APYFUX THMOOB COCTOHT B TOM, YTO BCACHLIBAHHE B HHX MPOH3BOLHTCA
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NpH [aBJEHHHM 3HAYMTENLHO . HHKE aTMOC(epHOro, a HarHeTaHHe — MpH
~ JaBJEeHHH, HECKOJbLKO [pEeBHILAKMEM armochepHoe. )

B xumuyeckON MpOMBILIJIEHHOCTH MPHMEHAIOT TAKKE CTP Y A H Bl € KOM-
Mpeccopk! H BaKYyyM-HAcOChi, MO YCTPOHCTBY MOJ0GHBIE CTPYHHEIM Hacocam
IJs nepeMenieHtsa Kugkocred. B cTpyHAHBEIX KoMOpeccopaX H BakyyM-Hacocax
OTCaChiBaHHE H 'CXKATHe [a30B OCYIIECTBJAETCA 33 CUCT KHHETHYECKOH SHEpruu
CTPyH BCIOMOraTe/bHOH XKHAKOCTH HJH Mapa.

BeHTHAsITOPbl ¥ Ta30RyBKH O6OJLIION . MPOM3BOAUTENBHOCTH, CO3AAlONLUe
pa3pexeHHe, Ha3blBalOTCA 3 KCraycrtepaMu Hia noayyenusa Gosee
ry60KOro BaKyyMa MPHMEHAIOT MOpPpUIHEBHE H POTANMUOHHEE
BaKyyM-HACOChI, He OT/IHYAIOUIHECA MO MPHHLHNY RefCTBHA OT KOMIIPECCOPOB.

2, TepMOAMHAMHMYECKHE OCHOBLI MPOUECCA CKATHA ra3os

YpasHeuusn COCTOAHHA ra3a M TepMOAMHAMHYecKHe Auarpammbt. Cxkatne
peanpbHOro rasa COMpPOBOXKAAETCA H3MEeHEHHeM ero obbeMma, AaBJeHHS H TeM-
nepatypbl. COOTHOIIEHHE MEXAY 3THMH llapaMerpaMu MpH AaBJeHHH He GoJee
10° u/m* (~10 am) xapakTepH3yeTCs ypaBHEHHEM COCTOAHHA WAEAJbHEIX
ra3oB. ,

[pu paBaenusix Gosee 10° n/m® (p = 10 am) cnepyer nmonp3oBathcs ypas-
HeHdeM Bau-gep-Baansca uaM Zpyrum ypaBHeHHeM, 6oJiee TOYHO OIHCHI-
BAlOWUM 3aBHCHMOCTH MexAy OGBeMOM, [aBJeHHeM H TeMIepaTypod rasa

npu NoBhiIeHHEEX AaBJEHHAX. ;

Ypapueune Bau-gep-Baaasca umeer Bug
(p+ -52—) (0—b)= RT (IV.])

Tae p — aBJeHHe rasa, #/m% U — yle/b-
HbIT o0beM rasza, #°/xe; R = 8314/M —
rasosas nocrosudas, Ouc/(ke. 2pad); M —
macca | xmoas, ke/kmors, T — temnepary-
pa, °K; a, b — BeauyuHbl, NOCTOSHHBIE L5
JaHHoro rasa.

Ilpy OTCYTCTBHH CHPABOYHHIX JAHHLIX
NOCTOsIHHbIE @ ¥ b onpeleAsiOTCH 0O KpH-
THYECKHM [apaMeTpaM ra3a —— KPHTHYECKH-
My TemrepaTypoli Typ U IaBACHHEM pyp: S

212 T
o= 27R°T yp b= Ig &P Puc. IV-1. T—S-guarpamma.
64pyp Pxp
OﬂHaKO AJ1A MPAaKTHYECKHUX pPacyeroB HauboJee y}LOGHa H HaexXHa TEPMO-
AWHAMHYECKas ZHarpamya Temilepatypa—3HTpPONus, uau T—S-guarpamma,
KoTopaa CTpDOHTCA Ha OCHOBAHHH OINBITHLIX' AAHHBIX,

Ha T—S-guarpavume (puc. IV-1) HaneceHa norpauuduas kpusas AKB, MakcHMyM Ha KOTO-
poit cooTBeTcTBYeT KpHTHYeckol Todke K. B ob6nacTy, orpantyenHod 3TOH KPHBOH H OCbIO a6CLHCC
(o6acTb BAAMHOIO napa), CAHOBPeMEeHHO COCYIMECTBYIOT LBe (a3bl — KUIKOCTbL M map. JleBast
BeTBb KA morpanu4Hod KpUBOH COOTBETCTBYET MOJHOM KOHAEHCALUHMH napa (MCue3HOBeHHIO Napo-
Bo#l ¢a3er). laa nee creneds cyxocty x == 0. [Ipasasi BeTBh KB cOOTBeTcTBYeT NO/MHOMY Hcriape-
HUIO XKUAKOCTH (HCUE3HOBEHHIO XKUAKOH da3nl) U 06pa3oBanuio cyxoro napa. Jlas sered KB cre-
neub cyxocTH x = 1. CneBa OT MOrPaHHUYHON KPUBON HAXOAMTCH OBACTb CyLIECTBOBAHHS TOJIBLKO
KHIKOH ha3sr, cnpasa — TOABKO MapoBoil (rasoo6pasunoil) ¢asul. KoopauHaThl ‘KPHTHYECKOI
To4kH K XapaKTepu3yloT KPHUTHHYeCKHe [apaMeTPbl rasa.

B o6aacty BJa)Horo napa nposelexsl JHHHH NOCTOSHHOHR BAaxHocTH (x = const). JluHun
MOCTOSAIHHBIX TeMnepaTyp (u3otepmst) u sutponuu (7 == const u S = const) napaaneibHbl CooT-
BeTCTBeHHO abcuyHcce ¥ opaunaTte. M3obaper (p = const) s o6sacTh neperpeToro napa HanpasJieHbl
KPYTO BBepX, a B 06/acTy BJaXHOro napa cOBMAaialoT C H30TepPMaMy, TaK KaK TEemJo 3jgech pac-
XO4yeTcd Ha HcrmapeHHe XKHUIKOCTH 6e3 uaMeHeHHs TemnepaTypel. B obnacTd xkuikoil ¢asuw uso-
Gapul- IOYTH MOAHOCTHIO CJAHBAIOTCH C NOTPAHHUHOM KDHUBOH BCJEJCTBHE HE3HAUMTENIbHON CiKH-
MaeMOCTH JKUAKOCcTeR u ¢Ja6oro BAHAHHSA AaBJaeHHd HAa HX (H3udeckde cBoicrsa.

Ha gmarpamme T—S HaHeceHhl TaKXe JHHHH ITOCTOAHHOM 3HTanbmuM i = const (M303H-
Tadbnbl). JHTAAbNUA DeafbHbIX ['A30B 3aBHUCUT He TOJNBLKO OT TEMNePaTyphl, Ho H OT JaBJAEHHS,
NO3TOMY H309HTAAbIIA peasbHBIX T430B He COBMAajaeT C H30TepMOH.

Bce napamerpsl rasa na T—S-juarpamme otHecesn K | ke rasa.
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B cooTBercTBHH € TepMOAHHAMHYECKHM ONpejiesleHHeM SHTPONHH NPHpalledye ee Aas obpa-
THMOrO npouecca cocrasiisier

_dQ
d. = , (1v.,2)

ITo 3TOMY ypaBHEHmo MOXXHO BRIYHCIOHUTDL Termo'ry H3MeHeHHAa COCTOSHKA rasa:
Q= j TdS (1V.3)

Takum oGpasom, Ha auarpamme T—S nJjomass nolk KpHBOR, onMChBalOWedl u3MEHEHHe
COCTOSIHHSI ['a33, YHCJEHHO paBHa TelJloTe HSMEHEHHS COCTOSHHSA.

[lpumenenne quarpaMmel LaBlienne — ofbeM (p — v) AJis NpoBeNEHHs TEXHHUECKHX pacde-
TOB BO3MOXXHO, HO BHI3bIBaeT 3HAUHTENbHEIE TPYAHOCTH B CBSISH €O CJOXKHKOCTBIO ONpelesieHHun
TENJoThl H3MEHEeHHsl COCTOSIHUSA T'a3a Ka 9TOR AHarpamme.

INpoueccr cxartua ra3os. KoHeunoe jaBjeHHe rasa MpH CKaTHH 3aBHCHT
0T YCJOBMH Temsoo6MeHa rasa ¢ Okpyxawoled cpepoil. TeoperHueckH BO3-
: MOXKHBl [Ba NpefeJbHHIX cliydas

Pe CHKaTHA:

1) Bce sBHzensiouieecs npn
CXATHH TEMJO MOJHOCTBIO OTBO-
IMTCA W TeMmieparypa rasa TpH
. CKATHH OCTaercs HeM3MeHHOH —
H30TepMHUGCKHH TMpO-
mecc

2) remioobMeH rasa C OKDy-
}Katoule# cpenoft moOaHOCTHIO OT-
CYTCTBYeT H BCE BBIAE/IAIOLLEECs
TIpH CXATHH TEIJIO 3aTPavyHBaAETCH
Ha yBeJuYeHHe BHyTPeHHER 5Hep-

s, S, SFS, ¢ THH Tasa, NOBLIIAg €ro Temme-
parypy, —anuvabaTHue-

Puc, 1V-2, Hso6paxenne npoueccos cxatds rasa CKHH mpoiumecec,
Ha T—S-guarpamme. B peficTBuTeNBHOCTH CXKaTHe
. rasa Juiib B 60JbIIEHR HAH MEHb-
ei creneHH NMPUOMHIKAETCA K OJHOMY M3 3TUX TEOPETHUYECKHX IpPOLECCOB,
Ipu cxartuu rasa Hapsily C U3MeHEHHEM ero 06beéMa M JaBJEHHA NPOHCXO-
JAHT H3MEHEHHE TeMMepaTyphl M OAHOBPEMEHHO YacTh BLIIEAMOLIErocs Tenaa
OTBOAHTCA B OKPYXKaloUlylo cpefly. TakoH mpollecc CKaTHA Ha3blBaerca Mo -

NTHTPOONHIECKH M.

PaGora cxaTha u notpebGasemasi MomuocTb. [Ipolecc M30T€pMHUECKOTO
C’KaTHsl Ta3a OT AaBJeHHA p, N0 JaBJeHUA p, H3oGpamaercs Ha T—S-IHa-
rpamme npsmoid AB (puc. IV-2), nposenennoil mexay usobapamu p, H p,
no JuHuH T4 = const.

Ko/nuyecTBo Tenja ¢,,, KOTOpOe HeO6XOLHUMO OTBOAHTL NMpPK H3OTEPMH-
YECKOM CXaTHH | Ke rasa oT RaBjieHUsA p, 1O AABJEHHS pg, UNCJIEHHO PABHO
YAe/bHOK paboTe H30TEPMHUECKOTrO .CxKaTHA l,,, BhlpakeHHON B Oa/xe. Bet

JHYHHA ¢,, MOXKeT ObITb OTpeje/NeHa H3 AHATPaMMbl C MOMOILLIO [1POCTOTO
COOTHOILEHHA:

7

> Tan

Tas = lns = TA (SA - SB) (Iv.4)

Ilpouecc aanaGaTHYeCKOTo CkaTHA Ta3a XaPAKTEPH3YETCA MOJHBLIM OTCYT-
CTBHEM TeloOOMEHa MEXNY rasoM H Okpyxatwoueil cpepoit. [Npu aguabaru-
4eCKOM cxKaTuM rasa dQ = 0 u us ypasreuus (IV,2) caenyer, uro dS = 0.
Takum o6pasom, B mpoilecce anMabaTHUECKOrO CXKATHA T[a3a HEM3MEHHON
OCTaeTCs ero SHTPOMHsA, W 3TOT mpouecc u3obpakaeTcs Ha Auarpamme 7—S
npsmoit AD (cm. puc. IV-2), nposepenno#t no nunuu S, = comnst.

Kosnnyecrso temsia, BhlAensieMoe NMpH afuaGaTHYecKOM cxXaTHH 1 2 rasa
OT [1aBJIEHHA P, JO AABJEHHA p,, YHCJEHHO paBHOe yleabHOH pabore ajnaba-
THUECKOTO CXKaTHA [y, Ompele/sercd MO JHarpaMMe CJAEAYIOWHM 06pasoM:

o=l =1p —ig=1c,(Tp—Tp) (Iv.5)
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[Tpouecc MOMUTPONMHYECKOTO CXKATHA ra3a OT JABJEHHS p, AO AABJEHHA D,
u3obpaxaerca Ha Auarpammer T—S wnHakjoHuoit upamoii AC. Koauuectso
Ten/ja, BHedsfeMOe NPH [OJUTPONHYECKOM CaTHH | .xke rasa, UYHC/IEHHO
paBHOe YyAeJbHOH paboTe MOJHTPOMHYECKOTO CKATHUA [y, HAXOAUTCA TPH-
G/IHKEHHO Y3 [HArpaMMbl 10 COOTHOIUEHHIO

T, +T
A c
Tron = lnoa™ (Sa— c) 3 + ¢ Tg— TA) (1v.6)

3uas KOoHeYHOe [aBJIEHHE P,, MOXKHO ONpeNeNuTh YACAbHYIO paBory cxka-

tus. [ takxke aHanutHuecku. Ona paBHa:
AJisl M30TEPMHUYECKOTO CXKaTHus

lys=p, In L (Iv.7)
P1

A8 anuaBaTHYECKOrO CXKATHA

T e
z,,,l.—_kalplu1 (%’f—) S (1V.8)
AJsl NOJHTPOMUHYECKOro CHaTHA
F e
hon = pion | (22) " -1 (1V.9)

B ypaBuenuax (IV,7—IV,9): v, — yneanuelfi 0o6beM rasa mpu BcachiBa-
HUH, M3/ke; k = c,/c, — moka3saTenb agnabaThl (OTHOUIEHHE TEMJOEMKOCTH
rasa npH MOCTOAHHOM BaBJEHHH K TelIOEMKOCTH TIPH ITOCTOAHHOM 06beMe);
m — nokKa3sate/b TOJUTPOIILI,

3HayenHe MOKa3artess MOJHTPONLI m 3aBHCHT OT NMPUPOALI Ta3a U YCAOBUH
rens1o06Mena ¢ okpy:xatwomel cpeRoil. Tak, HanpuMep, npH CXKAaTHH BO3AyXa
B KOMIipeccopax, pafoTalowMx C BOAAHLIM OXJaXK/JEHUEM rasa, NpHOIUKEHHO
MOXHO TpHHATL m = |,35. B Kommpeccopax 6e3 oXJaXXAeHHA CXKATHe MOXKET
npoTeKkath Mo aguabare HJH 1O MOJHTPONE C TOKasaTelem m > k.

Haumenbmas pa6Gora 3aTpaudBaercA TPU H3OTEPMHUYECKOM CXKaTHH, IO~
3TOMY [AEUCTBUTENLHLIfl MpOLEcC CXKaTHA CTPeMATCA MPOBECTH B YECJIOBHAX,
MpHOAMKAOUEXCA K H30TepMUUecKuM. [ 3TOro BhUienAmOmEecs MpH cXKa-
THH TElI0 OTBOZAT MyTeM OXJaXKIeHHs rasa.

Temnepatypa rasa T, mocsae cxarus:

JUTA M30TEpPMHYECKOro mpoilecca

Tg = T]_ (IV, lo)
AT a1ma6a'mqecxoro npouecca

A1,
Ty = l(ﬁﬂ_) k (V,11)
h
LA TMOMHTPONHYECKOIO mpolecca
rn;-l
r2=71(£1)_”‘ _ 2 (IV,12)
P1 ‘

Teopernueckana MowHoctTb N, (6m), 3arpaudBaemasn Ha
CXKaTHe ra3a KOMIPeCCOPOM, ONpeAeaAercs YMHOXKEeHHeM MPOH3BOAHTEILHOCTH
komnpeccopa Vp (ke/cex) Ha yaenabHyio pabory cxkarus [ (Ox/xe), MOACUHTEHI-
BAaeMYyIO M0 OJHOMY M3 NpHBeJeHHLIX Bbile ypaBHeuu#t (IV,7)—(I1V,9):

Np=Vpl (IV.13)

rn;e V — ofbeMHas NpOH3BOAMTENbLHOCTb Kommpeccopa, m3/cex, p = 1/v — nnotHocTb rasa,
re/m3, ' :
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Ecan o6beMHafd NpOU3BOAUTENBHOCTb KOMIPECCOpPa H MJOTHOCTb ra3a
npuBeleHEl K YCIOBHAM BcacbiBaHus (T. e. eciu V = V, u p = p, = l/v,),
70 ¢ yueroM ypasHeuu#t (1V,7)—(IV,9) noayuum

Ne, ys= piVy In —f;f— (1V.13a)
i—-—_l_

Ne.oa = = B4V, (%) g (1V,136)
E:'_].

Nf.nog=;l—g—1p1V1 (%’:') R (1V.138)

Smemuaﬂocm KOMIIPECCOPOB -HEJb3A OLEHHBATb OBBLIYHBIM SHepreTHYe-
CKHM K. 0. L., IPeACTaBJAAOMUM cO60H OTHOLIeHHE SHepTHH, npuobperaemoil
rasoM B MallluHe, K 3aTpayWBaeMoli snepruu. IlpH Tako# oueHke 3QeKTHB-
HOCTH HAWUMEHBUIMM K. M. A. 06/1anaau Obl MallWHL C MHTEHCHBHLIM BOAAHBIM
OXJIQXJICHHEM, TaK KaK 3HAUMTE/NLHad YacTb SHEPrHH CKATHIX B 3THX MallHd-
HaX Ta30B OTBOJNMTCA B BUJE Temsa C oXJaXnawuled Bopoki. Onnako, Kak H3-
BECTHO, 3ajlaHHOe MNOBbLIIIEHHE [aBJeHHA rasa AOCTHraeTCAd C HaWMEHbLUEeH
3aTpaToll 3HePTUH HMEHHO B MAUIHHAX C HHTEHCHBHLIM BOASHEIM OXJIaXKAECHUEM.
IMo3ToMY R8s OueHKH 5(()eKTHBHOCTH KOMIMDECCOPHHX MallHH HCeMOJb3YIOT
OTHOCHTE/IbHBIA TepPMOIHHaMHW4YeCKHH K. A., OCHOBaHHBLIH Ha
‘CpaBHEHHWW AAHHOH KOMINpPeCCOpHOH MallWHBl ¢ HaHOOJiee 3KOHOMHYHOH Ma-
IUHHOH TOro XKe KJacca.

MaluyHbl ¢ BOAAHBIM OXJaXKJCHHEM CPaBHHBAWOT C YCJOBHOH MallHHOH,
CKuMaoued ras mo u3orepMe. Takas MalllWHa HasblBaeTcd H30TE P M-
H 0 #. OTHOIIEHHE MOIMHOCTH M30TEPMHOHA MawuHb N, ,, K $aKTHYECKOH
MomHOCTH N NaHHOH MamlnHbl, paboraloulell ¢ OXJaXKAeHHeM rasa, Ha3blBaeTcs
H30TeEPMHUYECKHM K. M L 7Ng,!

My = 1Tt (IV.14)

B kommpeccopax, pa6GOTalOIlHX 0e3 OXJaXIEeHHs ‘ra3a, MPOMCXOAUT JO-
MOJHUTEeNLHEH Harpes ero B pe3yJbTaTe OTCYTCTBHS OTBOJAA 1emJ/a, Bhesasie-
" MOTO NPU TPEHHH OHICTPO ABHXKYIIUXCA neTajed malluHbBl O ras, BCJAENCTBHE
THAPABJIHYECKHX COMPOTHBJAEHHN H. APyrux mnpuyud. CKaTHe rasa B TakKHX
MallHHaX [pOTeKaeT Mo NOJHTPONe, MoKa3aTelh Kotopoh m > k. llostomy
MOLIHOCTb CXKaTHA B HeoXJaXXaaeMblX KOMIpeccopax NPHHATG CPaBHHBATDb
C MOILHOCTBIO CXKATHAl B YCJOBHOH MalllHHe, CXKHMalolled ras mo aaHabare
(H303HTPOMHO). DTa MalllMHA Ha3bIBaeTcd M3 03HT P O N HoO # H ABAsercs
HaHOoOJIee KOHOMHYHOH MalIHHOH H3 KJacca KOMIIpeccopoB, paboTalolHX
6e3 oxJsaxaenus rasa. OrHomeHHe MOIHOCTH CXKATHSl H303HTPOMHOH MallHHEI
Ny ox K MouHocTH N panHOro Kommpeccopa, paGoTaollero 6e3 OXJ/aXKAeHHs
rasa, HasblBaeTCs H303HTPOMHBLM (AalHabaTHYeCKHUM) K. . 1.0y,

NT. en

Napn = - (IV,15)

MoumuocT » Ha Baay N, KOMNIpeccopa paBHa MOWHOCTH N,
3aTpauHBaeMOli Ha CXxaTHe ra3a, JeJeHHOH Ha Me XaHHUE CKHH
K. M. . Ty, XaPaKTEPHU3YIOUIHN norepn MOILHOCTH Ha MeXaHHYEecKue Tpe-
HHEe B Koxvmpeccope

Ny= N (1V.16)
Numex
HJIH ¢ yueToM BhIpaxeHusa (1V,14)
NT. A3 ’ (IV, 17)

Ne=

Nuatmex
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IlpousBegeHue H30TEPMHUYECKOrO H MEXaHHYECKOTO K. I1. . HAa3bBaercs
MOJHBM H30TepPMHUYEeCKHM K. [.-J. KOMIOPECCOPA T .4

Nn. w3 == Nuativex

MowmuocTts ABHTaTeasa N, 6oiblle MOUHOCTH Ha Baly KOM-
npeccopa BCJAEACTBHE MOTEPh MOLUIHOCTH B Mepejaue H B CaMOM J[BHrarteJe.
DT MOTEpH OUEHHBAIOTCA K. M. A. MepeRadYM Ngp WK M. I ABH-
ratTeqaa Mg

N
Npg = Iv,18
e NinepYige ( )

YcranoBouHaf MOUHOCTb ABHrarteuas Ny, obbuHO

npuHumaercad ¢ 3amacom 10—15%, T. e.

Nyep = (1,1 — 1,15) Npg (1V.19).

3HaueHHe ajMaGaTHYECKOTO K. M. A. T,, GJH3KO K €AHHHIE H H3MeHAeTcA
B npexenax 0,93—0,97. Msorepmuuecku#t K. m. Aa. 1,, B 3aBHCHMOCTH OT
cTeMeHH cXKaTHA HMmeeT 3HauenHe 0,64—0,78. 3Hauenue MeXaHHYECKOro
K. M. &. Ny KOJebierca B mpegenax 0,85—0,95.

3. [lopuieBbie KOMIpeECCOpPhE

Tunst komnpeccopos. llopliHeBble KOMMIpEccOphl AENSITCA MO YUCAY BCa-
ChIBAHU{ M HaCHETAHHH 3a OAMH ABOHHOH XOJ MOPIUHA HAa KOMIIPECCOPLIII P O -
cToro (0QHHApHOrO) H ABO U HOT O pgedicrBUA. 3a ofUH ABOHHOH XOI
MOpLIHsA KOMIIPECCOP MNPOCTOro AeficTBHSA MPOU3BOZHT ONHO BcachlBagHe U
OJHO HarHeTaHHE, KOMIpeccop ABOHHOrO AeHCTBHA — ABa BcaChHIBAHHUA H ABa
HaCHeTaHHA,

CTynmeHb CcXaTHA Ha3bBAeTCA YacTb KOMIPECCOPHOH MalIHHBL,
rie ras CxxMMmaercd 40 KOHEYHOTO HJH NPOMEXYTOUHOTO {mepef moCTYIJIeHHeM
Ha CJEAYIOmYI CTYIMeHb) AaBJEHHA.

Ilo w4wcny crynmeHeR mMoOpIMHeBble KOMIPECCOPHl MOAPA3AeAfAOTCH Ha
OAHOCTYymeHUYaThle H MHOTOCTYHNEeHUYATH & KOTOpbIe,
B CBOK O4epelb, MOTYT OblTb FOPH3OHTA/JIbHBIMH H BEPTUKAJbLHBIMH.

OnHocTynenyatoe cxaTtue. B OjHOCTYMEeHYATOM KOMIIpECCOpPE ra3 CKH-
MaeTcsl A0 KOHEYHOTO /JaBJeHHSl B OAHOM HJIH HECKOJbKHX WLHJIHHADAX, pa-
forarolMXx NapaaaensHo. B mociepnem ciaydyae ofgHOCTyMeHYaThle KOMITpec-
COpbl HA3bBAOTCA MHOTOUHJHHAPOBBLIMH.

OpuHocTtyneHYaTH# TOPH3OHTAJAbLHBE KOMOpec-
cop mpoctoro pgeficrBusa (puc. IV-3,a) umeer uwiuuap /,
B KOTOPOM MepeiBHraeTcs nopuieHs 2, cHabKeHHbIH YIJIOTHHTENbHBIMY MOPIU- -
HEBhIMH KOJbIAaMH (Ha DHCYHKe He TOoKasaubl). LIMAuHAD 3aKpHT c oRHOH
CTOPOHBI KPBIWKOH, B KOTOPOH DacnoJ/oKeHbl BCachlBaOLMHA K/JaanaH 3 H
HarHerareabHblll knanan 4. [opuieHb coeAMHEH HEMOCPEACTBEHHO C IIATYHOM &
H KpuBoIMMOM 6, Ha Ba/ly KOTOPOrO yCTaHOBJeH Maxosuk 7. Ilpu Takom
COEQHHEHHH TOPIUIHA C INATYHOM GTIAaZaeT HeOOXOAUMOCTb B YCTAHOBKE IOJ-
ayna (kpe#iukonga). Kommnpeccoprl ¢ HemocpeACTBEHHLIM COeZMHEHHEM Ila-
TyHa C MOpIUHEM HA3bBAT GecKpe AU KOMNGHLM H.

[Tpu xome mopmuA cjaeBa HampaBO B NPOCTPAHCTBE “MEXKAY KpHILIKOH
HUJHHApA ¥ TOpIuHeM co3faercd pa3pexenue. [log gelicTBHEM pasHOCTH
JAaBJeHHH BO BCACHIBAIOUIEH JHHWUH W LMJIHHADE OTKPblBaeTca Kjaamad d # ras
nocrymaer B uuadHap. [IpH Xxome mNopllHA crnpaBa Ha/JeBO BCaCbiBAKOUIHH
KJalaH 3aKpbiBaeTcs, a HaXOAAWHKACA B HAMHAPE a3 CKHMMaeTcA MOpLIHEM
A0 HEKOTOpOro [aBJeHHsd, MPH KOTOPOM OTKPBIBaeTcsl KianaH 4 H ra3 Bbltas-
KMBaeTcsl B HarHeTATelbHBIA TpyGONpPOBOA. 3aTeM LHKJ MOBTOPAETCS CHOBA.

B oaHoci aneyguaToM KoMTOpeccope [LBOHHOTO
pelcTBHs ipge. 1V-3, 6) ra3 B uuauHApe | MomepeMeHHO €XXUMaercsl Mo
c0e cTopoHbl moplwHA 2. 3a OAHH ABOMFOH A0 MOPUIHA MPOHCXOAHMT ABa pasa
BcachlBaHHe M ABa pas3a HarHeraHde. {Ha.n:ap cHabxeH ABYMA BcacHlBa-
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IOIKMH KJanaHaMd & H ABYMsi HaTHeTaTeJbHLIMH Kiaamanamu 4. Komnpec-
COpbl ABOHHOIO gneficTBHA uMeloT 6oJiee CJIOXKHOE YCTPONCTBO, HO 06Jaaarot
MOYTH BABoe OOJsbINeli MPOU3BONHTEIBHOCTBIO, 4eM KOMIIPECCOPHI TIPOCTONQ
neilcTBHA Tex ke rabapMTHbIX Pa3MEpPOB K TOro XKe Beca. .

YBeqHueHHe TIPOW3BOAMTENBLHOCTH - JOCTHI@eTcd TaKXXe B MHOPOMNH -
JHHIPOBBH X KOMIPECCOpax MPOCTOr0 HJAH JBOHHOrO Ae#CTBHSA.

OdByXuMJAHMHAPOBHUA KOMIOpPpEeceop NPOCTOTrOo Ael-
cTBuSA (puc. 1V-3, 8) npeacraBasier cobod mo CyUlecTBY JBa KOMMpeccopa
0poCTOro AeHCTBUA C NMPHBOAOM OT OLHOIO KONEHYaTOro Baja ¢ KPUBOIIMNIAMK,
CABHHYTHIMH LPYT OTHOCHTeJbHO apyra Ha yroa 180° uau 90°.

\L'—: 5

Puc. 1V-3. CxeMbl olHOCTYNeHUaTHIX MOPUIHEBEIX KOMIPECCOPOB:
a — OAHOLMJNMHAPOBHH NPOcTOro AeficTBHA; 6 — OANONRMJAHHAPOBHHA gBOAHOIO
BefCTBYHA; 6 — ABYXUHJIHHAPOBBIA NPOCTOrO peficTBHA; | — UWAHHAP; 2 —
MOpWeEHb; 3 — BCaCHB2MOWKA KJanNaH;, 4 — HarkeTaTeJbHHEE KJanau; § =
WaTYH; 6 ~— KPHBOWKI; 7 — M2XOBHK; 8 — nosayn (kpeflukond).

.12 0TBONa BHIRE/AIOLIErOCS TPH CKATHH Ta3a Ten/a CTeHKH HHJHHAPOB
KOMIIPECCOPOB, a MHOTAA H KpBILUKHM HHJIHHAPOB cHaGXaworcs pyGarikami,
yepes KOTOpble NMPONYCKAalT OXJaXKJaWIylo BoAy. XOTH TaKUM NyTeM H He
ynaercs MOJHOCTBIO OTBECTH BBILE/NSIOEECA NPH CXKATHH TEIJO, OXJaXKIAEHHC
CYUIECTBEHHO yMeHbINAeT 3aTPaThl 3HEPTUM Ha CKaTHE Pa3a.

BeprukanbHble OfHOCTyNEHYAThIE KOMIDPECCOPE HMEIOT PAJ TPEHMYIUECTB
nepef TOPH3OHTANbHBIMH: OHH GoJsiee ObICTPOXOAHH (AJMA COPHU3OHTANBHBIX
KomnipeccopoB  n = 100—240 o06/mun, naa BepTHKadbHbIXx n = 300—
500 06/mun w Goaee) m, caefloBatenbHO, GoJee NPOU3BOAUTENbHBl, 3aHUMAIOT °
MeHBINYI0 TPOM3BOACTBEHHYIO MIOMIAb; TOPIUHN H HH/JAUHADE BEPTHKAIbHLIX
MallHH H3HAUWHBAIOTCA 3HAYHTe/bHO MeHbiue. [IpH rOpH3OHTaJIbHOM pacnio-
JIOXKEHHH NHIWHApA, ocobeHHOo GOJBIIOrO AHaMerpa, TPOUCXOAUT HEPABHO-
MepHOE ONHOCTGPOHHEee M3HAIUHBAHUE MOPIUHA NOA ACHCTBHEM CHMJIH TAMXKECTH.
JTO NPUBOAMT K HeOGXOLHMOCTH YMENBINATh CKOPOCTb JBMXKEHHS NOPLIHS.

Ilisi ymeHblleHHsi HEPaBHOMEPHOCTH TOJAYH H CMATYEHHA TOJIYKOB ra3
nocje CXKaTHA B NOPUIHEBHIX KOMIpPeccopax NpeaBapHTe/NbHO HaNpaBsloT
B cOOpPHHK (pecHBep), e OH OAHOBPEMEHHO OYHIAETCS OT Mac/ia H BJArH.

Wupukatopran gumarpamma. s KOuTposas 3a pa6oToil MOPLIHEBHIX KOM-
peccopoB CHHMaeTcs HMHAMKaTopHas BHarpamma (puc. 1V-4), npeacrasnas-
rouas co6oil 3aBHCHMOCTb MEXKLY JaBJeHHEM p u o6beMOM V rasa, BcacbiBae-
MLIM H HarHeTaeMblM KOMINPECCODOM 3a OAMH ABOHHOH XOR mopluHA (HJIH 3a
OauH 06OPOT- KOMEHYATOrO Basa).

Paccmotpnm nmepBoHaua/bHO HHAHKATODHYIO 1MAarpaMMy HAea/JbHOTO KOM-
npeccopa. B Hem BcachiBaHHe HauWHaeTcsd Cpasy e ¢ MOMEHTa Hadasa IBH-
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XKeHus MOpIIHA, BIVIOTHYIO MOAXOAAINErc K CTeHKaM nuauuzpa (puc. [V-4a).
lopusontanbuas npamada AB coorBercTByer mpoueccy BcachiBaHHA ra3a,
auuus BC — npoueccy CXKATHA rasa B UMJIHHIAPE OT AaBJeHUS D, 10 AaBJe-
Hus p, (n3orepmuyeckomy BC uau agnaGatuueckomy BC’), ropusoHrtadbHas
auudss CD — npouecey HarHeraHus rasa. 3alITpuxOBaHHas MIomajib AHa-
rpaMMmbl cooTBeTCTBYeT paboTe, 3aTpauHBaeMoOM Ha CXKaTHe rasa (B JaHHOM
clyyae — Ha H30TepMHUECKoe CXKaTue). :

-Ha puc. 1V-4,6 npeacraBiena HHAUKATOPHAs AHarpaMma peastbHOCO
MOPIHEBOro KOMIIpeccopa.

[Tycts Toyka D (cm. pue. IV-4) cootBeTcTBYeT KpaifHemy JIeBOMY MOJOKE-
HHIO [ODUIHAI, KOTOPbI- B pE€aJbHOM KOMIIpeccope HHKOrga He MOLXOLUT
BIVIOTHYIO K KpbilIKe HHIHHAPA. [IpocTpaHcTBO MEXAY KPHILKOH LUJIHHADA
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Puc. IV-4. MngukatopHas guarpamMMa ofHOCTY{leHYaTOTO NOPIHEBOro
KoMIpeccopa:

a = BReaJbHHA KoMMpeccop; 6 — AeHCTBHTENLHAIA KOMOpeccop.

H OpIIHEeM, HaXOASIIHMCA B JIeBOM KpaHHeM MOJIOKeHHH, Ha3blBaeTcAM € p T »
BoiM mnpocTpaHcTBOoM OGbeM Meprsoro mnpocrpaHcTBa OGBIHHO
BhIpAXaloOT B AosX pabouero obbema V, uH/inHIpa, HIH 06beMa, OMHCHIBae-
MOro mopluHeM 3a OZHH XoX. Dror ofbeM paBeH &£V, rie & — OTHOLIeHHE
o6beMa MEpPTBOLC NMpOCTPaHCTBA K 0ObEMY, OMHCHIBAGMOMY IMOpIUHEM, T. €.
OTHOCHTEJbHBIA 0GbEM. MEPTBOIO MPOCTPaHCTBA. B 3aBHCHUMOCTH OT KOHCTDYK-
LHH KOMIIpeccopa M pPacllo/IoXKeHHs K/JalaHOB B IHUJIHHADE 3HAYEHHE & H3Me-
Hsierca B npefenax 0,025—0,06.

MepTBoe mpocTPaHCTBO, KaK cJAeIyeT H3 JajbHeHlero, yMeHnaeT Npo-
M3BOAHTENLHOCTb KoMIpeccopa. B 1o xKe Bpemsl HaJHuHe MEPTBOTO MPOCTPaH-
CTBa He CBA3aHO C CYIIECTBEHHLIMH MOTEPSIMH SHEDPrHH, TaK KaK TeOpPeTHYECKH
3Heprdsf, 3arpaudBaeMasi Ha CXKaTHe rasa B MePTBOM [POCTPAHCTBE, BO3Bpa-
1aerca MpH pPacCIIHPEHHH rasa B TeYeHHe XOJa BCachIBAHHA.

Fas, "Haxoasamuiicsi B MEPTBOM NMPOCTPAHCTBE, CXKaT A0 AaBJEHHA p, B Ha-
rHerare/bHOM TpyOomnposode; abcuuccofl Touku D sBafercs o6bem.MEPTBOTO
npocrpaHcrBa eV, a ODAHHATOH — JaBJIEHHE p,.

[Tpu gBuXeHUH MOPLIHA K3 JIEBOTO KPaHHEro MOJOXKEHHs BIPaBO HauyH-
HaeTcA pacliMpeHHe rasa, HaxXOAALWErocs B MEPTBOM MpPOCTPaHCTBE. ITOT
npouecc (nuuusg DA) conpoBoxnaercs yBeJHUeHHEM 00beMa U YMEHbUICHHEM
JAaBJIeHHA rasa H NpeKpamaeTcs TOTAa, KOrAa AasJieHHe p, B LUHJIHHAPE KOM-
peccopa CTaHET HECKOJBKO MeHbIle AaBJeHHS p, BO BcachlBalOUEd JTHHHH.
B moJioKeHHH MOPLIHSA, COOTBETCTBYIOMEM TOYKe A, noj AeHcTBHeM pa3HOCTH
AaBJE€HHH p,;—p o OTKPBIBAETCA BCachlBAOMHN KJamad H ra3 MocTynaer B KoM-
npeccop. BcacoiBanue (Muuua AB) nponoskaerca A0 AOCTHXKEHHS MOPLIHEM
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npasoro KpadiHero mnosoxeHus (trouka B). O6beM BcachiBaeMoro rasa V,,
nponopuuoHaney orpesky AB W moxeT GbiTh Belpamen B nosfax pabodero
obbema nuauHapa: V.. = AV,, rae A, = V, /V, — obbemubiit K03Pu-
uHeHT Komnpeccopa (crp. 161). - :

IIpn ABHXKEHHHW TOPIUHA H3 KpaHHEero NMpaBoOro TMOJOMEHHS BJEBEG BCACH-
BaloIH# KJanaH sakphiBaetcsl W HAYMHAETCA NOJHTPONHYECKOE CXKaTHe rasa
(anuua BC) no naBiieHHs, HECKONbLKO TMpeBBLIIAOILET0 1aBJICHHE p, B HaCHe-
TaTenbHOM TpyOomposone, npH KOTopoMm (B Toyke C) OTKphIBaercs HarHera-
TenbHBH Kaanad. Harueranne npoucxoant no nuuuu €CD. lnuma orpeska CD
nponoplHoHalbHa o6GbeMY HarHeraeMmoro rasa.

HupMkaTopHast MOMIHOCTb M MHAHKATOpPHOe pmaBieHue. [liomanb WHAHKA-
TODHOH JHarpaMMbl B HEKOTODOM MacllTabe.COooTBETCTBYET MoJe3HOH pabote,
COBepillaeMOd KOMITPeCCOPOM TPH C3KaTHH ra3a 3a OfiuHH oGopor Baja H OTHe-
CeHHOH K enHHHLe maomani nopmuda. CooTBeTcrByloWas 5Tol paGoTe H H I H -
KaTopHafA MOWMHOCTDB _KOMOpeccopa MOXeT OuhTb OlpejeeHa
€ NOMOILBIO IHarPaMMbl U3 yPaBHEHHSA

N = F_M"fnﬂ"pi (1V.20)

rie F — nnomank NonepeyHoro ceueH ks NOPUIRS; - N — YHCA0 ZBOAHLIX XONOB NOPLIHS HJH YHCAO
060POTOB KONEHYATOTO BaNd; [uyy — OJOWMAAL. MHIMKATODHOH JHATDAMMbL; Mpp — maciuta6
NPyXHHL HHRKKATOpA.

Macuita6 npyKHuel HHAMKATOPA My, NOKasbiBaer, CKO/IbKHM EJHMHHUAM J3BJEHHS COOT-
BETCTBYeT €AMHHLA JNHMHLI OpPAHHATH KHIHKAaTOPHOH AHArpamMbl.

YMBOXHM H pasjenuMm ypasenue (1V,20) na S — pjuHY X012 NOPILHS;
TOrAa

FSnfupn

SH- = VaPumn (v.21)

Nm,m‘-‘—,-‘

re Vy= FSn — obbeM, npoxopuMuHii nopumHeM sa n 06opoTOB, HWAH 06BeM, OMHCLIBAEMBLIN
NOplUKeM B eAHHKLY BPEMEHH; Pyyg = -S%"— — OTHOMWeEHYe NIOMALY HHIMKATODHO! KHArPAMMbI
n

K LJIMHE XOJa NMOpUHA,; HAH CpellH ee HHllHKaTOpHOE JaBJANEHHE.

Cpennee MHIMKaTOPHOE AaBJEHHE MOXHO OMPENENHTbL (B HEKOTOPOM Mac-
wrabe) Kak BBICOTY h DaBHOBEIHKOTO NPAMOYTOJbHHKAE, MOCTPOEHHOTO Ha
HHIHKaTOPHOH JAHarpamMme, ¢ OCHOBaHHEM, PaBHBbIM AJHMHE JHAarpaMMbl, Tak
Kak o0beM, MPoXoiuMbid nopuineM, V, A/1a paHHOro kKommpeccopa (mpH
MOCTOAHHBIX F H n) nponopuHoHadeH ninHe xopa nopwmHa S. Ha puc. 1V-4
MJIomaak NPAMOYTOJAbHHKA 3alUTpHXOBaHA. ’

HNunukaTopuyo MOIHOCTD AJIS. KOMIOpEccopa ABOHHOrO JefCTBHA HAXOLAT
IJisl KaXJOH CTODOHH NHMJIHHAPE B OTAEAbHOCTH W MOJYYEHHble 3HAUeHHS
CKJIaabIBAIOT. ]

Mpon3asopurenbHocThb. Jl15. MOPIIHEBHIX KOMIPECCOPOB TNPOU3BOLHTE/b-
HOCTb ompejensielcs O6beMOM rasa V, nojlaBaeMoro B €IUHHIY BPEMEHH
B HarHeTaTe/bHLIA TpyOGONpOBOA M NPHBEIEHHOro K YCJAOBHAM BCachiBaHHSA.

TeoperHuyeckasn mnpoHsBoLHTeNBHOCTs Q, KOMmpeccopa paBHa
o6pemy V,, OmnHchIBa€MOMY MOpLIHEM B eIHHHLY BPEMEHH, H MOXET ObITh
paccunrana no ypasHenusm (I111,27) u (111,28) nas mopiuneBbIX HACOCOB.

HedcTeMTeabHAan NPOH3BOAHIENLHOCTD KOMIpeccopa '

V = Ava= AVVU (IV,22)
rre Ay — xosbduLHeHT nonauu.

s MHOTOUMJIHHAPOBHIX KOMIIPECCOPOB MPOM3BOAHTELHOCTL, HaleHH Y0
no ypasHenuio (1V,22), cienyer yMHOXHTD Ha i — 4YHC/IO UHJIHHAPOB.

[lpousBonnTe/bHOCTE MHOMOCTYNEHYATHIX KOMIPECCOPOB  OMNpelesseTcs
NpOH3BOJHTE/NbHOCTLIO TepBod crynmeHd. B, namnoMm cayuae V, — ofbem,
OnKChIBaeMbI NOPWIHEM 3TOH CLyNeHw
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Koatpduument nopaun. Kak caenyer u3 ypasrenus (IV, 22), koaddu-
IUeHT MojauM Ay MpencTasifeT coboil OTHolLleHHe obfbeMa V rasa, mopaBae-
MOTrO B HarHeTarteJblblil Tpy6ONpoBOA, HO HNPHBEIEHHOTY K YCJIOBHSIM Beachl-
BaHudA, K ofbemy V,, ONuCBIBaeMOMY MOpILHCM

Kos¢pduurertoM noxaun YyUHTHIBAOTCA BCE [IOTEPH MPOU3BOLHTEJBHOCTH
KoMIipeccopa KakK oTofpaxaeMble, Tak H He oToOpaxaemble Ha HHIHKATOp-
Hoit puarpamme. K mepBeIM OTHOCATCS [OTEPH, CBA3aHHbIE € YMEHbIIEHHEM
noJje3Hore ofbemMa LUJUHAPA MpPH paclldpeHUd ra3a, Haxolsllerocs B MepT-
BOM [POCTPaHCTBe. DTH IOTEPH YUHTHIBAIOTCA OObEMHBIM KOI(M(HIHEHTOM A,.
Ko BTOpbIM OTHOCSITCA MOTEpH MPOU3BOAMTENbHOCTH MyTEM yTedyek rasa yepes
HelJIOTHOCTH B IMOPILHEBBIX KOJbLAX, KJjalaHaX, calbHHKaX, a TakKXe 3a
CYeT paclIHPEeHHS BCachblBAEMOrO Fa3a MPH COMPHUKOCHOBEHHH €ro ¢ ropsiuuMH
CTeHKAaMU LHJIHHApa ¥ CMellleHHH ¢ HarpeTbiM ra3oM H3 MepTBOrO IPOCTPaH-
cTBa. ¥ KasaHHbIE MOTEPH YYHTHIBAIOTCA KO3((MHIHEHTOM TFepMETHYHOCTH A,
41 TepMHYeCKUM KO03(dUOUEHTOM A, COOTBETCTBEHHUL.

TNosToMy k03dxbHUMUEHT MOAa4YUd MOXKeT ObITh ONpPeAeJNeH Kak IpOoH3BeledHe
Tpex KO3(QHUHEHTOB:~

Ay = A A (1v.23)

Ilns coBpemenHbiX goMrpeccopoB A, = 0,95—0,98; A, = 0,9—0,98.

O6bemubiit Koadguuuent, Kak ykasbiBajoch paHee, of6beM rasa, BCachl-
BaeMoro komnpeccopom V.., MeHblle paGouero oGbeMa uuaungpa V.. OrHo-
wennHe obbeMa ra3a, BC3CbIBaeMOT0 KOMNpeccopoM, K pabouemy oObemy
UHJMHAPA Ha3blBaercd 06bBeMHBHM XK03bGOUNHEeHTOM A, KOM-
npeccopa:

Vee _ Vo
Va Qs

O603naunM Hepe3 x OTHOUIEHHE Pa3HOCTH MeXIy IOJHbIM oObeMOM [OH-
aupapa (V, = V, +eV,) u daxruadeckn BcachiBaeMbiM oObeMoM rasza (V,. =
= M V,) Kk 06neMy V, ONHCbIE@aEMOMY MOpILHEM:

AQ= (IV,?4)

V__V(‘I_VBC _ VoL eV — AoVn _
= o= ; =14e— 1,

OoTKyna
o=14+e—x (1v.24a)

Ilponecc pacii¥peHHs rasa B MepTBOM NPOCTpaHCTBE MOMHWO CUHTaTh
MOJHTPONHUECKUM ¢ IMOKa3arteJeM MOJUTPOIbl PACUIUPEHUS M, HECKOJIbKO
MeNBINUM NIOKa3aTess NOJUTROIB! CiKaTud m (Tak, HanpuMep, AJ1A ABYXaTOM-
HbIX I'a30B MOXHO NPHHATL my, = 1,2). [lostomy

P2 (eVa) P = py (Vo— Vae) P = p, (xVq) P

rae xVy = Vo — Vpo — o6bem, KoTopeIf 3anumaer rad moc/e paclUiupeHns €ro B MEPTBOM
NPOCTPaHCTBE OT JaBJEHHA Py A0 AaBjeHMA py (cM. puc. 1V-4).

M3z sroro YpaBHEHHA OnpepenuMm

1/m
X =t (_’_).2..) P
P

[TogcraBuB nosayuedHelll pedyastaT B Beipaxcuie (1V, 24a3) pasa 2, naitiem

1/m
o= 1 —e[(—”i) P—l] (1V,25)
Py '

Taxnm of6pasom, o6beMHBIT KO3hduUHEHT A, KOMIOpeccopa 3aBHCHT OT
Pa
1
H [0Ka3aTe/isi MOJHTPONBI PaclUHPEHUs /M, ra3a, T. €. OT KOHCTPYKIHH KOM-
PeccopHoil MalUMHBl H CBOACTB CXKHMaeMoro rasa. [lpousBomHTenbHOCTb

OTHOCHTEJILHOro o0bema MEPTBOTO I[IPOCTPAHCTBA &, CTeleHH CXKaTud

6 A.T. Kacatkuu
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Komupeccopa Oypetr TeM GoJsblle, 4eM MeHblLe CTelleHb CXaTus H o6beM MepT-
BOTO NpocTpaHcTBa H ueM OGeoJblle Noka3aTelk KpPHBOH pacIluPeHHs rasa
B 3TOM [IpOCTpaHCTBe.
lipegen ognoctynenuyatoro cxkatuda. Kak ciaenyer us ypasuenus (1V, 25),
00beMHBIH  KO3(hpHUUEHT A, yMeHbllaeTcd C yBeJUYEHHEM CTeleHH CXKaTHd
M NPH HEKOTOPOM ee 3HaYeHHH MOXeT cTaTk paBHbIM HyJo. Crenenb
cXaTusa (%’—)7L o IpH KOTOpo# o6beMHbIH Ko3(hdHLHEHT KOMIIpeccopa cTaHo-
1 0= . )
BUTCA DaBHbIM HYJIO, Ha3blBaeTcd N pepgeioM CXaTHSH.

[lpu npenenbHOM 3HaueHHH CTENeHH CXKaTHS a3, HaXOAAUIHHCA B MePTBOM
NpeoCTpancTBe, paclldpsiach, 3aHuMaeT Bechb 0o6beM uHAkHApa. BcaceiBanue
rasa B LUMJHHED npexkpauiaeTcd H [POH3BOIH-

7 onr TEeJbHOCTD KoMmIipeccopa CTaHOBUTCH paaﬂoﬁ
T 19 HYJIO. B
r' Ha unaukatopro# puarpamme (puc. IV-5)

‘ JHHHH CXaTHf H pacllHpeHHs CIHBalOTCA

& \ B OfHY JIHHHIO; [LIOUlalb HHIUKATOPHOH nHa-
Eﬁ \ rpaMMbl M, cJefoBaTesbHO, HHAHKaTOpHaA
T MOIHOCTb [PH Npejlefle CKaTHA paBHbl HYJIO.

L ; Ilpepes CXaTHsi RPH NOJAHTPONMYECKOM PACIUHPEHHM

l S I ] ) rasa B MepTBOM NPOCTPaHCTBE MOXET GHTb Ofpejened

‘ — ' ¢ nomouw,  vpasuenns (I1V,25) #3 ycaosus A, = 0:
""! i—‘—!/n”—'——'! 4 Pa t p
&V l—e| == —1]=0
n Pi/x,=0
Puc. IV-5. Hnauxatopras am:-  WiIH
rpaMMma . KOMnpeccopa npM npe- 1 my,
Jiese CKITUA. (ﬂ.) = (— + 1) (1V,26)
P17 =0 g

B nmeficTapTeNbHOCTH B KayecTBe NpefesbHOM NPMMHMAIOT 31AYMTENbHO MEHbWIYIO CTeneHb
cKaTHA. I1pu 3TOM CYHTAIOT, YTO KOMRPEcCOpbi, HMejomue o6beMHBH Ko3dxpuuueHT Meree 0,7,
NpakTHYecKy HeBHIOAHH. CooTBeTCTBYIOWHH 2TOMy 0 6beM HH B I P € ]l € J1 CTENEHH CXKa-

THA (ﬁ’-) HaXOHUTCA M3 VpaBHEHHA
Q

P
/m
1~e{(-”1) "~1]=o,7
P1 /o

(20),- (224"

Crnenyiomnm orpanpyenseM, o6yc/I0OBIMBAIOWAM CPABHHTENbHO HeGOIbIINE CTENEHH CHKATHSA
B OIHOCTYREHYAaTHX KOMIOpECcOpax, SBJSETCH TeMnepaTypa rasa NOCIAE CXKaTHA, KOTOpasHe
aoaxHa OuiTh Bbiule 150—160° C. Ilpu Gosee BHICOKMX TeMnepaTypaX HaUMHAeTCA BbilesieHHe
JIETYYHX M3 CMa304HOr0 Macja, KOTOPhIE, COEAMHAACH C CXKHMaeMEIM [a3oM, MoryT o0pa3oBHBaThL
B3phiBYATHIE CMECH.

Ipenensuylo cTeneHs cxaTis B 3aBMHCHMMOCTH OT TEMNepaTypbl B KOHIE CXKaTHA (—%—)T
1

MOXHO BHYHCJIHUTH c nomoilbio ypasnenun (IV,11) uau (IV,12). Tpu anuabaruueckoM cKaTHH
k

(2~ (3

VIMeloTcs TaKMe KOHCTPYKUMHM KOMMPECCOPOB, B KOTOPHIX CTENEeHb CXKATHs NpeBHUIaeT onpe-
nensieMyio no ypashenuio (IV,28). Cmaska B 3TOM ciaydae OCYI(ECTBJAAETCS BRPHCKHBAHHEM
B LUMJHBAP BOAH, 4TO ofecHeuyBaeT TaKxe YaCTHYHOE OXJIaXKIEHHE CIKMMaeMoro rasa.

TlpakTHUeCKH CTeneHb CXKaTHA MPH OXJaXAEHHH HHJIHHAPA He NPeBhllIaeT
5 (32 HCcKkMOYeHHeM MaJblX KOMIPECCOpoB, s KOTOPLIX CTeMeHh CXKaTHA
MOXeT ObITh MOBBILEHa 0 8) W B cpegHeM cocTaBiaser 3—4.

Muoroctynenuyatoe cxarue. MHorocrynenyaTtoe cxKaTue TPHMEHSIOT AJA
NOJNy4eHHs BLICOKHX JaBJjedul rasa. [Ipolecc MHOrOCTyNeHuaTOro cxKartus
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OCYIECTBIAIOT B MHOTOCTY M e H9aThl X KOMIPECCOPax, B KOTOPHIX
ras MNPOXORHUT NOCJAEROBATeJbHO PAL CTyNeHedl, MOCTeNeHHO CKHMAACh HO
KOHeYHOTo pRaBjieHHA. Mexay cTymeHsMH Tra3 noABepraioT OXJamIeHH!o
B NPOMEXKYTOUHBIX XOJonMabHHKaX. OObeMbl UHJIHHIPOB {IOCTENEHHO YMelb-
alpTcss OT NepBOH K [OCHeRHEeH# CTYHeHH.

PasinuaioT MHOrOCTYIEeHUAaTble KOMIPECcCOpPbl €O CTYHNeHAMH CXKaTds
B OTZEeJbHO YCTaHOBJEHHBIX uMJaunapax (puc. IV-6, a, 6, 6) H co cTyneHAMH
CXKaTHd B ONHOM HHAMHApe H AuddepeHUHanbHbIM mopliHem (puc. V-6, &).
[lpu V-o6pa3Hod ycTaHOBKe UHJHHAPOB OCH ULHAUNAPOB pacriosaraiorcs
Hox HeKOTOPbIM yr.nom (puc. 1V-6, 6).
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Puc. IV-6. CxeMa mHOroCTyneH4aThX NOPLIHEBLIX KOMIIPECCOPOB:

a, 6, ¢ — CO CTyNeHAMH CXaTHA B OTAEJBbHBIX LUHWJHHADPAX (d — OXHOPAXHOTO HCMOJHeHHS; 6 — ABYX-
PARHOTO HCNOJHEHHNH; 8 — C V-00pasHBIM pacro/ioKeHHeM LHJHHAPOR); & — ¢ gudbepeHunadbHbIM NOPL -
HeM;, | — LHJHHAP, 2 — MOPIIEHK; § — BCaCHBalOWHA KJanmaH; 4 — "arHeTaTeJbHBIA KAamaH: § —
watyu; 6 — Non3ys (kpeftukond); 7 — KPHBOIWIHIT; 8 — MaXOBHK; 9 — NPOMEXYTOUHBI XOJOAKABHHK

MHorocTynenuaTHe KOMIPeccopbl CO CTYHNEHAMH CXKaTHA B OT 1 €J b HO
ycTaHOBJEHHEBb X HHJAUHADPpAX MOryr ObiTb OZHOPRLHOTO
(puc. 1V-6, a) u maeyxpsamnoro (puc. 1V-6, 6) HcrnosHeHUsT ¢ PacnoJOXKEHHEM
LHIHHAPOB [0 OJHY CTOPORY Bajia. TakHe KOMIIPeccopbl UMEIOT 6OJbIIOHR Bec
B KpynHble rabapHuTHbIE PasMephl, TaK KaK 3HaYHTejbHble HeypaBHOBeLleHHbIe
CHJBI HHEePHHH, BO3HUKaWOUlHe NPpH paboTe 3THX MaillHH, HE [O3BOJIAIOT H3TO-
TOBASATL UX ¢ 60IbLIMM YUCTOM 060POTOB KoJeHuaToro Bana. [lostomy B nocaen-
Hee BpeMs IOJ1YYHJIH IHPOKOE NPHUMEHEHHE O T O 3 H T H bl € KOMIIPECCOPhI
CO B3aUMHO MPOTHBOMNOJOXHBIM HalpasJjeHHeM [BHXeHHs mnopiuHed. Llu-
JUHIAPEl STHX KOMIIPECCOPOB pachoJaraioTcs N0 ofe CTOPOHLI KOJEHUATOro
BaJsa.

OnnosnTHEIE KOMIPECCOPHI XOPOLIO AHHAMH4YeCKH ypaBHOBellenbl, 6G.aaro-
naps 4eMy CKOPOCTb BpallleHHS KOJEeH4aToOro Baja MOXeT GbITh yBeJHUYcHa
B 2—2,5 pasa ¥ TeM caMbiM MOBbIlIEHZ MPOU3BOLHTENbHOCTh MalllHbl. Bec
TagHX KOMIIpeccopOB, a TaKxKe 3JieKTpoaBHraTeaell ¥ nuM Ha 50—609% MeHbiLe,
YeM KOMIIPeCCOPOB C pacnosioXeHweMm LHJAHHAPOB NO O4HY CTOPOHY BaJa,
np# 3HaYHTeNbHOM CHHMXeHHH raGapHTHbIX pa3Mepos. s yCTaHOBKH omrio-
SHTHBIX KOMIIPecCOpoB TpebyeTcs MeHbllafd IJoWaxb ¥ HeGosbiune GYyHAa-
MEHTEL.
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Komnpeccop ¢ nudpbepeHuManbubiM NDOpUWHEM MOXeT
HMeTb HECKOJbKO cTyNeHeHd cxaTuf, oOpa30BaHIblX JIIOBEPXHOCTbIO HHJIHHADA
¥ ropilHeM nepemeHHoro (nupepenunansHoro) cevenus. CooTHOUEHUE
MeX1Y CeYeHUSAMH [OPINHS 33BHCHT OT CTENEHH CKaTHA B KaXIOH CTYNEHH.

O6bluHo nHpQepeHUHaNbHbIE NOPIIEHb NPUMEHSIOT B MallHHAX MaJjoi H
cpenHeHd MPOU3BOJHTENLHOCTH KIS ABYXCTyNeHYaToro cxaTusf. B Kpynmeix
MallliHax B CBA3H C MaJjibiM OTHOLWIEHHEM JJIHHb] MOPLIHA K JHAMETPY BO3MOXKHO
3aKJHHHBaHHe nUdPepeHLHalLHOTO NOpILHS.

V-o6pasnasi ycraHOBKa UHJIHHADOB I[03BOJIf€T 3HAUHUTEJIbHO YMEHbLIHTDb
mioilanb, 3aHHMaeMyl0 MaulMHOH, M 00eclneydTh HEOCpeACTBEHHOE COeauie-
HHe ee C 3JeKTPOABHraTeseM.

Crenenb cXatug B KaXHOH CTymeHd MHOTOCTYNEHYaTOTO KOMIpeccopa
BLIOUPAIOT TakKoH, utobbl HauGosee 3(PeKTHBHO HCIONL30BaTH OGBEM LHUJHH-
IpOB, YBEJHUYHTb OOBEMHbIH KO3DPULHeHT KoMnpeccopa M CHH3HTB Pacxol
3HePrHH Ha CXaTHe, a TaKkKe TeMIepaTypy rasa B KOHLE CXAaTHd.

s T

Au

L emynene

Jcmyness

a.

Pue. 1V-7. Wupuxatopnas (a) w surponHilHasg (6) Luarpammbsl MHOCOCTY-
_ MEHYATOro CiKaTHA rasa, -

TeopeTnyecku paboTa CXKaTHA CTAaHOBUTCH MHHHMaJbHOH, KOTAAa CTeleHA
CXaTHA T BO BCEX CTYINEHSAX PaBHEl, T. e.

- ]7 Px (1V.29)
2 )

rape z ~— ufucio CTyHEHEl‘:l CHATHA, Px — KOHEYHOE NaBJIEHHE; p; — HayaJbHOE JlaBJC€HHE.

[IpakTuyecku BeaencTBHe rOTepb aBjeHHsT MeXay cTyneHsMH (B KJana-
HaX, XOJOIHJIbLHHKAX H T. I.) CTeNeHb CXKATHA B- KaXKIAOH CTylleHH HECKOJbKO
GoJsibllie TeOpeTHYeCKOH H PACCYHTHIBAETCSH H3 YPaBHEHHsA

2
-r:ﬂ:'l/ Px (IV,30)
. P ‘
rae P = 1,1—1,15 — kosdPruHEHT, YUMTHIBAIOmMMA [OTEPH AABJIEHHA MEXNY CTYIECHAMH.

M3 nocnepnero ypaBHeHHSI MOXHO omnpefeluTb HeoOXOAHMOE UYHCIO 2
CTyneHedl CXKaTus:

_lepx—lgp IV 31
T g 1w (V.31

Ilna toro utoGhl TeMrepaTypa ra3a B KOHLE CXKaTHsl He TPeBHIlana J0-
I1yCTHMOTO [pefena, cTeneHb CXKaTua B KaXAOH CTyneHd OObIYHO MPHHHMAIOT
T = 2,6—3,5. .

Ha puc. 1V-7 npencraBienbl HHAWKATOpHAR AHarpamMMa TPeXCTyNeHYaToro
CXKaTHA NPH OMIHAKOBOH CTereHH CxaTHa B Kaxkjod crymend (puc. 1V-7, a)
H u3zobpaxeHHe 3TOTO nponecca Ha T—S-auarpamme (puc. 1V-7, 6). Tlpn
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NOCTPOEHHH AHAarpaMM MPHHATO, 4YTO ra3 OXJaxpaercs B [POMEXYTOUHBIX
XOJIORMJIBHEKAX IO TeMrnepaTypbl HCXOLHOTO ras3a, a MepTBoe [pOCTPaHCTBO
B KaX10¥ CTYNeHH H NOTepH AaBJeHHA B XOJOXMJIbHUKAX PaBHbLI HYJIO.

Jlunua BC Ha nuarpaMMax OTpa)Kaert rpouecc cXards rasa B | cTyneHn
OT 1aBJleHHs p; N0 NaBJIEHHS P,. 3aTeM ras oxjaxnaercs no usobape (nu-
aua CE) no ucxonHo#l Temnepatypbl 7', # noctynaeT B uwuauuap Il crynens,
rae cxumaercsl 10 ZaBjeHHA p, N0 AUEMH EF, u 1. 4. [lpouecc TpexctymeH-
YaToro CXKaTHf ra3a oT HaBJeHHd p, 10 HaBJeHHR P, C OXJamIeHHeM rasa
uso6pasurca Jgomaho#i BCEFGHK. .

Jluaus BEGK coOTBETCTBYET H30TEPMHUECKOMY CXKaTHIO NO NaBJeHHA p,
B OJHOCTYIeH4YaToOM KoMIipeccope, a JHHHA BCL — noJuTpOMHYecKoOMy cxa-
THIO B ToM XKe KoMnpeccope. Kak BHaHO H3 npHBeNeHHBIX ndarpamm, OpoLece
MHOTOCTYIEHYaTOro CXKaTHs ¢ [IPOMeXYTOUYHBIM OXJaxleHHeM rasa GoJee
6JH30K K H30TEPMHYECKOMY H, cJeloBarenbHO, TpeOyeT MeHbIUHUX 3aTpaT
3HEPrUd, 4eM [pOoLecc OXHOCTYHEHYATOro CKarus B TeX Xe Npejesyax 1aB-
~eHHH. .
[Tnomane, orpaHHueHHas HHAHKATOPDHOR AuarpaMMoii, H mJaowalb MO
.omanoil aunued BCEFGHK na T—S-guarpamme paBubl pa6GoTe MHOro-
cTyneH4YaToOro CXaTusi (B COOTBETCTBYMOLleM MaciuTabe). 3aliTpHXOBaHHas
IJIOLLafb [OKa3blBaeT BBIMIPRIL B pafoTe NPY MHOTOCTYNEHYATOM CXKaTHU
0 CPaBHEHHIO C OJHOCTYMHEHYATHIM.

JloManas nuHUA MHOTOCTYNEHYATOrO CXKaTHs TeM GiuXKe pacroJaraercs
K u3orepMme, deM GoJgbile 4duciao cTynenell. ORHaKO YHCAO HX HPHXOIMTCS
OrpaHHYMBaTh MNATBHIO-IIECTHIO, TaK Kak NpH OoJbllieM Yucae cTyreHell yse-
JHYUBAETC CTOHMOCTL MallMHbl H yNOPOXKaeTcs ee 3KCIUIyaTalusi, a IKOHO-
MUd B pacXojle SHEPTHH He KOMIEHCHpPYeT BO3DPacTaHUs KaluTaJbHbiX 3aTpar
I 3KCIJIyaTallHOHHbIX pPacXOfoB.

Ecau crenenu cxaTHs B KaXAOf CTyrneHH ONHHAKOBbI H Ta3 MOJHOCTHIO
0XJIaX1aeTC sl B 1POMEXYTOUHBIX XOMOAHABHEKAX (A0 TeMOepaTtypbl HCXOLHOTO
rasa), To paboTbl cXaTHA [0 OTAEJNBHEIM CTYNeHSM paBHblL. |eopeTHyeckas
pa6oTa MHOTOCTYNEHUaTOH KOMIIPEeCCOPHOH MalludHbl 415 agHabaTHYyecKoro
cxarug | K2 rasa B 3TOM CJy4ae COCTaBJAsieT

k-1
k P\ 2*
T (p—l) —1 (1V.32)
[lpenenbnas TeMriepaTypa B KOHUE CXaTus
k-1
k
'TK=T1(-p—“) : (1V.33)
PL
Teoperuueckuil 06beMHBIR KO3hPHUHEHT MalIHHB
1/zk
Ao=l—e[(—p—“)12 —1] (IV.34)
P

Teopernyeckan paGoTa cxKaTus, TeMiepaTypa B KOHLE CXKaTHS H 06beM-
Heli KO3(QULHEHT NPH MOJHTPONHYECKOM CXKATUH MOryT ObiTh OrpeneaeHsl
‘H3 ypaBHeHu#l (IV,32)—(1V,34) c 3amenofi B HHUX noKasatens aguabaThl Ha
NOKa3aTejb [OJHTPOIb! /M. '

B nefictsutesbHOCTH paboTa CXAaTHA B CTYNEeHAX KOMIPeccopa He Bceraa
OJMHAKOBa BCJIEACTBHE PasjHUUs B NoOKasarejsx [OJUTPOIBI MO CTyNelsM,
HepaBeHCTBA MEPTBLIX MPOCTPAHCTB, HENOJHOTO OXJlaXKAeHHs rasa B MpO-
MEXYTOYHBIX XOJOLHJbHHKAX M T. I

4. PorauyuoHHBbIE KOMIPECCOPBI H .ra3oAyBKH

[lnacTunuaTeie komnpeccopb. B kopnyce I koMupeccopa (puc. 1V-8) Bpa-
waeTcs poTop 2, 3KCUEHTPHHYHO PACHOJIOXKEeHHbIH OTHOCHTEJILHO BHYTpeHHel
nosepxHocTd Kopryca. [lnactunn 3 cBo6GoAHO mepeMeniadTcs & Oa3ax poTopa
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H OpH ero BpallleHdd BhIOPACLIBAIOTCH LeHTPOOeKHOH CHaol H3 MmasoB. IJra
e cusla NJOTHO MPUIKHMAaeT MIacTUHb K BHYTPeHHeH MOBepXHOCTH Kopryca.
fakuM oOpasom, cepnoBuiHoe paboyee NPOCTPAHCTBO MEXKIy DOTOPOM H
KOpPIyCcOM pa3fesisercs ¢ IOMOWbIO MJACTHH Ha PAX HepaBHbIX MO o6beMmy
Kamep.

I a3 nocrynaer H3 BcachiBawuero natpybxa # 3amojgHAeT MOJOCTH. Kamep.
B kamepe, Haxozpsuefics B nosoXeHdH B, BcachiBaHHe lpexpauiaercs (Tak
KaK oHa pas3obuieHa co BCacblBaOUIEM NPOCTPAHCTBOM) M HaYHHaeTCs CKaTHe
rasa. Ilpn BpalleHHH KaMmepbl BNpaBo 00beM ee YMeHblLIaeTCA U ras, HaXons-
UHica B Hel, cxkuMaerca. CxxaTHe 3aKaHYUBaeTcs, KOTAa KaMepa LOCIHraet
nonoxenus C. B 3toM monoxenud nosocTh kamepbl coobulaeTcs ¢ HarHeTa-
TEeJNbIILIM TPYGOIIPOBOJOM, IOCJe Yel'0 IIPOMCXOANT HarHeTaHHe rasa. B mogo-
XKeHHH D ra3 NoJHOCTBIO BbiTecHsieTCs M3 pabouell KaMepbl. 3a30p MeXiy
pO1OpOM H LUJIHHIPOM B HUXKHell yacTH obpasyer mepTBOe mpocrpancrso E.
Or nonoxenus D no A npoHcxondT pacillipeHHe ra3a B MepTBOM IpOcTpaH-
ctBe. B Touxke A HauHMHaeTcs BcacCbhiBaHde rasa. 3aTeM LHKJ [OBTOPSIETCS.

Ilpounecc cxkaTus rasa B N1acTHHYATOM POTAHOHHOM KOMIpeccope HJLIIO-
CTpUpyeTCs HNAMKATOPHOA Huarpammol, npusegennoft Ha puc. IV-8. Ona nc
MOXeT GbIThb CHAATA ¢ ITOMOULbIO MHAMKATOPa, TaK KaK RIS 910T0 NPHULIOCH
6b BpaiiaTh HHIHKAaTop BMecTe C pOTOPOM, H sB/IS€TCS NO3TOMY YCJOBHOH.
Jas yno6crBa nocTpoeHHst gMarpaMma loBepHyTa Ha 90°.

3

S
£

Puc. 1V-8. Cxema pOTAalHOHHOIO NJACTHHYATOIO KOMMpeccopa:
1 = KOpPNYC; 2 -~ poTOP; 3 — CKoAb3AIlHe NJACTHHH.

PorauuoHHbe njacTHHYaTbhle KOMIPEECOpbl W3rOTOBJSIOT OXHO- H IBYX-
CTyreHYaThiMH. ¥ ORHOCTYNEHYATbIX KOMIIPECCOPOB HaBJ/ieHHe HarHeTaHus He
npeseiiiaer (2,5 — 4)10° w/m®* (2,5 — 5 am), y JAByXCTyHeHYaThX -—
(8—15)10° #/m?® (8—15 am).

[IlpousBOAHTENbHOCTSH DOTALHOHHOrO IIaCTHHYATOrO KoMnpeccopa V¥ (#3/cex),
NPHBEleHHasdA K YCIOBHSM BCAaCHBaHHs, MOXKeT GThb onpejefena H3 ypaBHEHWs

V, = 2len\y (nD — 82) (1v,35)

rle | — naMHa NaCTHEH, M; € — SKCLEHTPHCHTET pOTOpa, M; 7 — 9YHCI0 O60pOTOB POTOPA,
1/cex; D — BHyTpeBHm# fuaMeTp Kopnyca, #; 8 ~— Toimuna naactuun, #; 2 = 20--30 — yucio
NJacTHH.

3h1veHHe SKCUEHTPHCHTETA € TpPMHHMAIOT TaKHM, 4ToGe ofecneuuts orsouwenue e/D =
= 0,06 1,07.

K 'ddmuuenT nonmaymu XoMmnpeccopa paccydThiBAIOT MO yPaBHEHHIO

Ay=1—k 22 B (1V,36)
1

rie k= 0,05 119 KpynHbIX Malluy (NPOHSBORMTeNbHOCTbI0 Gonee 0,5 m¥/cex); k= 0,1 pas
MaJlbix MallMH (NPOM3BOAMTeNbHOCTEIO Menee 0,5 m3/cex).
MowHOCTr Ha BaJay pOTALHOHHOLO KOMIIPECCOpa OMPEREAsIOT 110 yPaBHEHHIO

Vipy In 22
Np= ——Pr 1V 37)
N~ pe.
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Boaokoabuesbie komnpeccopul. B kopnyce I komnpeccopa (puc [V-9)
IKCUEHTPHUHO paclojioXeH potop 2 ¢ JjonaTkaMd njaockoil ¢opmel. [lepen
NyCKOM KOMIIPeccop 3amoJHAeTcs NpHMepHO HAamMOJOBHHY BOAOH, KOTOpas
npH BpalleHHH poTopa OTOpackiBaeTcsi K Nepudepud v ofpasyer BOAAHOE
KOJIbIIO, COOCHOE C KOPHYCOM KOMIIpeccopa M 3KCHEHTPHUHOE M0 OTHOILEHHIO
K poropy. KoanuecTBo XHAKOCTH, 3a1HBaeMOe B KOMIpeccop, N0JKHO Gbllb
TakKHMM, 4TOGBl KOHIE! BCeX JONaTOK GbLIH NOTPYXeHbl B BOASHOE KOJbLO.
Mexny JnonaTkamu poTropa B BONSIHBIM KOJbUOM 0O6pa3yiorcs suelikd, ofbem
KOTOPbIX 32 BPeMs [epPBOil NONOBHHL 060poTa PoTOpa yBeHUMBaeTcs, a 3a
ppemMs BTOPOH MOJIOBUHBI — YyMeHbliaeTcsi. [a3 3acachiBaetcs B Ade#Kn,
06BeM KOTOPLIX BO3DAcTaer, yepe3 OTBePCTHe J B TOPUOBOH KpbILIKE KOMIIpec-
copa. IlpH nanbHelileM BpalleHHH POTOPa ra3 cXHMaercss BCJIEACTBIie yMEeHb-

3
b
g
L3
33 Boga
RN
x
[
R
e 2
a 117
Puc. 1V-9. Cxema poTalMOHHOro BOXOKOJbLUEBOro xoMnpeccopa (a) Puc. 1V-10. Cxema pota-
H cXeMa ero Y(TaHOBKHM AN OTKa4KH rasos (6): UMOHHOH ra30fyBKH:
! — xopnyc, 2 — poToD, 8§ - BcacehliBalolnee oTBepcTHe' 4 — HarHeta- [ — Kopnyc: 2 - Gapa6au
TeJqbHOe OTBEpCcTHe; § — 0aqyox; 6 — repeaHBHas Tpyba AJA 3arnoJHeHHs (MoplueHs), ? — BcachiBalo-

BaKyyMm-Hacoca XHAKOCIbIO. WK natpybok; 4 — Harue-
TaTeJbHHA NaTpyOokK.

menusi o0beMa fYeeKk ¥ B KOHie 060pOTa BHITAJIKUBaeTCS B HarHeTaTelbHOe
uTBepcThe 4 B KpbllllKe KoMapeccopa. ¥ craHoBKa cHabxkeHa 6aykoM & H rnepe-
JauBHO# TpybGo#l 6 nns 3ano/iHeHHs KOMIIpeccopa BOAOH

B xkomnpeccopax Takoro Tdma XHIKOCTHO® KOJIBHO HTPaeT [0 CYIIECIBY
pOJb ‘HOPIIHA, C NOMOWBIO KOJMbUA H3MeHseTca oObeM pabouux kamep. [lo-
510My 3TH KOMOpPEccOopbl Ha3LIBAIOTCA TaKXe KOMNOPpEecCOpaMH
¢ XHIKOCTHBM NODIIHEM.

Komnpeccopsl ¢ XHAKOCTHLIM NOPIINEM NMPHMEHSIOT, HaNPHMep, NpH NepeKauyHBaHHH ra-
a006pa3noro xaopa. B nanHom caydae paGoueh XHAKOCTHIO CYXKKT KOHIEHTDHPOBaHHasA cepHas
KHCAIOTa, KOTOPasl 3aJMBaeTCA B KOPNYC 3MJAMNCOBMIHOMN GopMbl. 3a oXun 0o60poT Bala pOTOpa,
pacnosaraeMore no OCH Kopnyca, 06beM fYeex XBa Pas3a yMEeHbIUAeTCH M [Ba Pas3a yBeJH-
YHBAETCH.

Poraunonneie BOJOKOJBLEBLIE KOMMPECCOPbl CO31A0T OYeHb HEGOJbIIoe
u36LITOUHOE JaBjI€HHE H M03TOMY HUCNOJNb3YIOTCA B OCHOBIIOM B KayecTBE Ia3o-
AYBOK HJH BaKyyM-HacoCOB.

laszonysxu. B xopnyce / rasonysku (puc. 1V-10) Ha aByx mapansenbHpix
Ballax BpainaloTcs ABa Oapabana, HAH nopwHa 2. OQ¥H W3 HHX NPUBOAHTCH
BO BpaleHHe OT 3JeKTPOABHTaTe]s, BTOPOHl cBs3aH C IepBLIM 3yGyaToil Hepe-
nayed, MepefaToyHoe YUCJIO KOTOPO# paBHO endHHUe. [1pH BpameHdH nopwny
NJOTHO MNpHJEralwT OAHH K APYIoMYy H Kk CTeHKaM kopryca, ofpasys ase
pa3obieHHble KaMepbi: B OJHO# M3 HHX MPOHCXONUT BCackiBaHHe, B APYTOH —
HarHetan#e. ['a3 nocTymnaeT B rasofyBky uepe3d BCachlBalOLHY narpybok 3
H riepeMelaeTcs NOPLUHAMH MO nepudepud ra3sonyBKH (Tak e Kax B lUecTe-
peHuatoM Hacoct). [Ip¥ nmocTynsieHHH B HarHeTaTeNbHul narpy6ok 4 ras
CXXHMaeTCsl H BblTalKHBaeTcsl B HaloOpHBIA TPYGONpPOBOL.
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5. LlenTpolexHble MalliHHbI

Mpununn nelicTBHA ¥ TeopNA UEHTPOGEXKHLIX MAIIIH pasA CKaTHs H Hepe-
MellleHHA Ta30B aHaJOTHYHbl OPHHLHOY AelCTBHS ¥ TeOpHU UeHTPOOCKHBIX
HacoCoB.

Bentuaaropel. llenTpoGexinie BeHTHJIATOPLI VCAOBHO HENATCS Ha BCH-
THAATOPEL H H 3 K O T 0 naBjeHus (p <G 10% w/m®), cpenuero nasje-
Hug (p = 10° — 3-10° w/m*) m BBiCcOKoOT O paBaenus (p = 3-10° —
10% #/m?).

B cnupaneo6passom kopnyce I Bemtmastopa (pdc. IV-11) Bpallaercs
pabouce koaeco (6apabGaH) 2 ¢ GoabHUM yHcI0M JlonaTok. OTHOLEHHE IHPHHEL
JIONaTKH K ee AJHHe 3aBHCHT OT Pa3BHBAeMOro AaBJEHHst H SBJASETCA HaH-
MeHbIUUM HJTA BEeHTHJAATOPOB BLICOKOIO gasjeHds. a3 mocrynmaer mo OCH
BEeHTHaATOpa uyepe3 maTtpvbor 3 U yla-
Jaserca W3 Kophnyca 4epes Harierarelb-
HbIl marpyGok 4.

Jlonarku BEHTHJASTOPOB OOLIYHO BBI-
MOMHAOT 3arHYTHIMH Brepen (yroa B, o>
> 907, cm. puc. I[11-4), uam 3aruyThIM
Hazan (P, <G 90°) mo HanpamJeHUIO Bpa-
leHHA KoJeca. [IpH nomarkax, 3arHYThIX
. BHepen, 3afaHHbINl Harop MONy4aloT Npu
Puc. IV-H.KCrxema BEHTH.JIHTopa HH3- MeHbllef Opr}KHOﬁ CKOPOCTH KOJIeca,
! — xopnye: Zo_iizi::m'mneco_ ,_  COOTBETCTBEHHO — NPH MEHblUEM €ro lna-
BCacmBamwWul NaTpy6ok: 4 — narneratear- ~METPE, 4eM IIPH JiONatkax 3arHyTbiX

HBU DaTpyGoK. Ha3aj; ORHAKO TIHIpaBiHuYecKoe CONpo-
THUBJEHHe MOCJefHHX HHMKE.

Pa6oyne Koneca BeHTHNATOPOB HH3KOTO H cpejHero jaBJeHus, of.ana-
IOIHX OGONbIUHMH [POU3BORUTENLHOCTAMH, HMEIOT OTHOCHTEJbHO OGOJELIYIO
wHprRy. s toro 4to6bl ofecneddTb OPOYHOCTh H HECTKOCTh UIHPOKHX
Koslec, OKPYXKHYIO CKOPOCTE HX Heo6X0aHMO orpaHuuuTh (He Gosnee 30—
50 M/cex). Tlostomy paGoude Koseca TaKHX BeHTHJSTOPOB H3TOTaBJIHBAIOT
¢ JNoriaTkamH, 3arHyThiMu Brneper (B, = 120—150°), He cuHTasich C NOHH-.
JKeHHEM THAPaBJHYeCKOTO K. . 4. 1), BEHTUJATOpa.

Y BeHTHJSITOPOB BBICOKOTO naBjeHHsi, 06JajaiouldX MeHblleld NpOU3BO-
IUTebHOCTBIO, WHPHHA KOJIeC OTHOCHTENbHO HeBesuKa. [10sTOMY HX JIONATKH
OObIYHO 3arHyThl Hasag.

X apaKTepUCTHKH UeHTpOGEXHbIX BEHTHUJIATOPOB, KaK W APYTHX LEHTPO-
OeXHbIX MallHMH 18 NepeMelleHHsT ¥ CXKaTHA rasoB, MOJOOHBI xapakrepl-
CTHKaM LeHTPoOexHbIX HacocoB {(cM. puc. I1I-6), a 3aBHCHMOCTbH NIPOU3BO-
JHTEeJbHOCTH, Hamopa H MOIIHOCTH OT 4HCJa OGOpOTOB Bhipa)kaeics ypas-
Henuamu (111,24)—(111,26). PaGouuii pexHM ycraHaBAMBAETCS MO TOYKeE
nepeceyeHHs XapaKTEePHCTHKH LEHTPOOEXKHOrO BeHTHJASATOPA C XapakTepucTH-
Ko#l cetn (cM. puc. I11-8).

MowHOCTs Ha Bany BeHTHIATOpa N, HAaX0JuT IO YDaBHCHHIO

H A
No= Yipg  VAp (1V,38)
Me s
rie V — npousBoauTenbHOCTs BEHTHAATOPA, #%/cex; H — wanop sentmistopa, x; p — NJ0OT-
HOCTb Trasa, xe/u®; Np= A/ThNmex — K. N. L. BEHTHIAATOPA, onpenenﬁemuﬁ KaK NpPOH3BCAEHHE
Ko3(hdHIMeHTa 110/1auH Ay, THAPABIHYECKOrO f|r H MEXAHUYECKOTO Myex K. M. A.

Hanop Berruasatopa H paccyuThIBAOT ¢ IIOMOULLIO YP3BHEHUSA
(111,12, 6) wnu onpcueasior no pabouell TouKe.

TypGorasonysku. B kopnyce I Typ6orasonysxu (puc. iV-12) Bpamaercs
paboyee Koseco Z ¢ monaTkamy, nogoOHLIMH JioaTkaM HEeHTpoOexHoro Hacoca.
Koseco o6biYHO noMelnaT BHYTPH HanpaBisiolero anmaparta 3, B KOTOPOM
NPOUCXOAUT MPeoGpa30oBaHe KHHeTHUYEeCKOH 3IHepruy ra3a B MOTeHUHAaAbHYIO
SHepru HaBaends. Hanpasagowuil annapat npeicTasjfeT coCoil 1Ba
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KOJIbUEBbIX IHCKA, COERUHEHHbIX MeXAY co6oi JonatkamH ¢ HaKJIOHOM, IpO-
THBONOJIOXHbIM HaKJOHY JIONaToK padouyero koJieca. ['a3 mocrymnaer B Typ6o-
ra3oflyBkYy uyepe3 naTpyOox 4 H BbIXOZUT H3 HarHeTaTeJbHOTO HaTpybka 5.

OnHoecTyneHZaTbs e Typ6ora’oayBkd HMeIOT HA Baly ORHO
paGouee Koseco. Eciw Ha Bany Typ6ora3onyBKH YCTaHOBJEHbl HECKOJbKO
Kofec, TO Takue TypOorasoayBKu
Ha3LIBAlOTCl M HOTCOCTYyMNeH -
TaTBh MH

Mrorocrynenuaras  TypGoraso-
nyeka (puc. IV-13) umeer B kop-
nyce I Heckoabko (06elyHO 3—4)
pabouux Konec 2. a3, npoiing gepe3
IepBoe KOJeco, MocTynaer B Hampa-
BJAAIOMIHE annapar 3 H ob6paTHbli
KaHal 4, no KOTOPOMY IOABOLUTCS
K cleayoweMy koaecy. O6GpaTHbil
KaHanm 4 cHalXeH HeNOIBUXHLIMU Puc. 1V-i2. Cxema TypG6orasofyBKH:
HanpasJdA0LHMH pe6paMH, nocpel- ! — Kopnyc; 2 — paBovee KoJeco; 3 — HaTpa-
CTBOM KOTOPBIX ra3y coo0liaioTes —PARounit amapam 4 — seatunaiomf narpyGok:
3a/laHHOe HaNpaBJeHHe H CKOPOCTh.

JuaMeTps! paGouux KoJiec MHOrocTyneHuatol Typ6ora3oiyBKH IOCTOIHHbI,
HO IIHPHHY HX B COOTBETCTBHH C U3MeHEHHeM o6beMa ra3a NpH C2KaTUH YMEeHb-
IIAIOT B HaNpaBjeHdd OT NepBOr0 Xo.1eca K nocjenHeMy. TakuM nyrtem HOCTH-
raeTcss BO3MOXHOCTb CXKaTHSl rala B KaXAOfl Nocjefyioulei crynedd Ges
H3MeHeHHS CKODOCTH BpallieHHs M (OPMul JjonaTtok pabouyux koJec,

r
, s/
fo ¥
8
T2
g A
S
Puc. 1V-13. Cxema MHoro- Ruc. 1V-14. Dutponuitnan amna-
ctyuenyatoli  TypGoraso- rpaMsma cxaTus rasa B TypGora-
AYBKH: 301y BKE,

{ — kopnye; 2 — paBogee Ko-
Jeco; S — Har paBAsiOWMA an-
napat: 4 — oOpaTHHIfl KaHaJs.

CreneHs cXaTif B Typ6ora3onyBkKax He npesniiaetr 3—3,5, [O3TOMY
raz3 B TypOOrasoRyBKaX He OXJaxJjaloT.

HMugukatopryo ndarpaMMmy TypOOra3oiyBKH (Tak e KaK pPOT3aMHOHHOIO
KoMOpeccopa H TypGoKoMNpeccopa) CHATH HEBO3MOXHO, MO3TOMY MOIIHOCTb
TaKHX MalldH onpejeastor no ypaeHeruwo (IV,37).

TeopeTuueck# npouece CKaTHA B HeOXJAaxklaeMmoli Typ6orasonyeke 6An30K K aguabarHuey
ckoMy (nuuna AB ua nuarpamme T—S8, puc. [V-14). BeaejcTsue ndTeps SHEPruH 1A TPEHHE raza
B KaHaJax padovero KoJeca H Hampap/siOLIeM annaparte (pakTHIeCKd 3aTPauHBAEMAAd 3HEPTHF
6yaet Gonbiue. DHeprusi, pacxoiyeMas Ha NpeojoJeHHe TPeHHA ra3a, MPaKTHYECKH MOJHOCTHIO
NepexoIHT B TENNO, NO3TOMY TeMneparypa rada T, B KOHUE C:KaTUs GYIET HECKOJBKO BHILUE,
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yem Temnepatypa T,, CooTBeTCTBYIOWAA aAHaGaTHyecKomy npoueccy. JleAcrBuTeabHBIA npolece
CKATHR OT 1aBjeHHs p, IO KaBJeHMs p, H306pasdTCsa nuHueft AC, PacnoJoxeHHOH Crpasa OT
anua6atl.

CremeHb coBeplIeHCTRA Npolecca CXKaTHA B TYp6OrasoiyBKe XapaKTepH3yeTCs BeTHYHHOR
114abaTHYECKOFO K. N A, Typ6orasonyBKH Tay, NPeACTaB/IsAMWEr0 COGOH OTHOLIEHHE
pal0Thl agMabaTHUecXoro C:KaTHA K 3aTpayeHHoi paborte:

_lan (T, —Ty) T,—T,
Nag=—F—=—"—

5 = —% (1V.39)
c, T2-—T1) To—T

Temnepatypy T, paccumteiBalor no ypassenmio (IV,11), a temnepatypy T, 3amMepfIoT Ha
BEIXOJE [a3a H3 TypOOrasoJyBKH.

Typ6okomnpeccopbl. [nsi nonyueHus Gojiee BLICOKMX CTeleHedl CXKaTHS,.
yeM B Typ6orasoiyBKaX, OpPHMeHSIOT TypGOKOMMPEccopsl, M0 YCTPOHCTBY
aHaIOTHUHble MHOTOCTYTNeHYaTeiM Typborasonyskam (cM. puc. IV-13). Onnako
145 NOBbILIEHHS J1aBJeHHd HarHeraHds B TypOGoKoMIIpeccopax, B OTJHUHE
oT Typ6OorasonyBoOK, YBeJHYHBAIOT YHCIO PaGo4yuX KoOJec H H3MeHSIOT HX

pa3mepbl (B TOM YHCie H gHaMeTp)
HJIH YBeJHUHUBAIOT CKOPOCTh Bpallle-
Aus  gosec. OKpyXHble CKOPOCTH
pabouux KoJsiec TYpOOKOMNPeccopoB
nocturator 240—270 a/cex u GoJee
B 3aBUCHMOCTH OT IIDOYHOCTH Ma-
TepHana KoJjec, a IaBJieHHe Harme-
tavig — (2,0—3,0) 10° #/m® (25—
30 am),

B rtyp6okoynpeccopax O Mepe
nepexona X CTylneHsMm OoJiee BbICO-
KOTO J[aBJieHHs YMeHblUaeTcsi He
TOJMLKO ILMpHHA, HO H JuaMeTp pabo-

= UHX KOJeC, ORHaKO YCTPOHCTBO
§  RaA rnpeo6pa3oBaHHA KUHETHUECKOH
Puc. IV-15. dutponufinas auarpamma cxartus SHEPrud rasa B [OTeHUHAJbHYIO
rasa B MHOTOCTYyNEHYaToM TypGOKoMIpeccope.  5HeprHio faBJeHHs (HarnpaBJsioliuil

annoapart) ¥ VCTPOACTBO AJiA NMOABOAA
rasa K rocjeaywileld ctyrnedH cxarda (o6paThbii KaHat) OPHHLHIOHANLHO
He OT/NUYalOTCS OT MpHMeHsieMblX B TypGorasoayexkaX (cM. pHe. IV-13).

Pa6ouue xoieca TypOOKOMIIPecCOPOB HacTO CEKLHOHUPYIOT, pasMeilas
HX B ABYX HJH TpeX KopnycaX. B cBs3H cO 3HauHTEJNbHOH CTeMeHbIO CKaTHA
rasa B Typ6okomnpeccopaX H COOTBETCTBYIOIIUM yBeJHUeHHeM TeMlepartypsl
ra3a BO3HHKaeT HeoOXONMMOCTb B OXJaXIE€HHH CXHUMaeMOro rasa, Koropoe
OCYILeCTB.JISIOT JHO0 NyTeM [MOoxaye BOAbl B clelnHasJbHble KaHalJbl BHYTPH
Kopnyca, JHO0 B BBIHOCHBIX [1POMEXYTOUHBIX XojJondabHHKax. Oxnaxkjenue
ra3a B XOJOAHJbHHKAX, YCTAaHOBJeHHbIX MeXAy TpyMNaMd HeoxJaxlaeMbIX
Kosec, Gonee 3¢beKTHBHO ¥ o6JeryaeT OYHCTKY [MOBePXHOCTH TemnJjlooOMeHa.

Ha puc. 1V-15 npeacrasiaesa sutpoiiniiHas AHarpaMMa CKaTHa Fasa B TypGoKoMIpeccope
C ABYMS TIPOMEXYTOYHBIMH XOJNOAMIBHHKAMH H OXJaXKJIEHHEM rasa Nocje nocJelseif CTynenu.
JlnarpamMMa nocTpoeHa npH JONYINEHHMH, YTO a3 oX.Jaxiaercd (mo H306ape) B XOJOAWTBHHKEX
IO HayaJbHOH TeMnepaTypsl 7', MCXOJHOrO ra3a H NOTepH NaBJIEHHA B XOJOAMJIBHMKAX DABHHI
wymo. [Tpouecc usob6paxaercs Aomanoit ACDEFGH. 3amrpyxoBanHas nIowaksb SKBHBANEHTHE
BRIMTCPBIUY B paGoTe, NOJAYY3aeMOMY 1O CPaBHEHMIO CO CxKaTHeM ra3a 6e3 NpoMexXyTo4HOro oxJa-
KICHHS. ‘

Tponecc cxkaTHs rasa B TYpGOKOMIIPECCOPAX aHAJNOTHYEH CHKATHIO F'a3a B Typ6OrasofyBKax.
Kak BunHo H3 puc. IV-15, nocie cixaTva B rpynne HeoxJaKJaeMBEIX KoJec TYpGOKOMIIpeccopa
(anunn AC, DE u FG) ras umeer Temneparypy T, 60Jiee BHICOKY!O, YeM TeMnepatypa T, B KOHlle
agnabatdyeckoro cxartHa (tToukd B). Tak :Ke kKak W B Typ6orasonyskax, yBeJHueHHe TeMnepa-
TYpBl F'a3a CBepx ajxHaGaTHUECKOH NPOMCXONHT BCJIEACTBHE ZONOJHHMTENBHOrO Harpesa rasa 3a
cyeT TenJa, BBIZE/SeMOro NpPH TPEHHH €ro O JIONATKM M MJOCKOCTH BPallialolHXCsA PpaGouHX
KoJIeC. :
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Crenenb npubIHKEHHUA npouecca CXKATHA B TypOokomnpeccope ¢ OXJaax-
JeHHEeM ra3a MeXAy CTYNeHAMH K M30TepMHUYECKOMY XapaKTepH3yercs H 3 0 -
TEepMHUHUYUECKHUM K. 0. I 1N, MOpeACTaBAAKINM c000#l OTHOLIEHHe
paGoThl M30TEPMHMYECKOrO CXKAaTHS K 3aTpayeHHOH pabore: :

Naa == - IT (IV.,10)

3HauyeHHe H30TepMHYeckoro K. m. A. kosebsercs B8 mnpeienax 0,8—0,7.
MouisocTs TypGoKOMmpeccopos omnpefensoT no ypassenuio (IV,37).

6. OceBble BEHTHASATOPBI U KOMMPECCOPHI

Ocenbie BeHTHAATOPH (puc. [V-16). Takoii BeHTHAsiTOp HMeeT Kopmyc [/
B BiiJe KOPOTKOI0 y4acTKa LMJIUHAPHHYECKGi TPYyObl, B KOTOPOM Daclo/0KeHO
pabouee Koseco 2 —- npomesep ¢ JonaTkaMM 3, M3OTHVTHIMH [0 BHHTOBOH
nmosepXHocTH. BeHTuaaTop kpenutcs B pame 4. [Iph rpalleHud pabouero
KoJeca JomaTKH 3aXBaThIBAKOT a3 M MNepeMellaloT ero BIOJb OCH Ko.jeca.
BenencTsue HH3KOrO COMPOTHBJEHHS, OKa3bIBAeMOro BEHTH/IATOPOM JBUXKY-
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Puc. IV-16. Cxema oceso- Puc. IV-17. CxeMa ocesoro Kommpeccopa:

Fo BEHTHJATOpA: I — gopnyc; 2 — poTop; 3 — JaonaTku; 4 — Ha-

{ — xopnyc; 2 — pabouee Ko- MpaBAAOWHA anmapar.

neco; 3 — Jomarkd; 4 — pama.

weMycsi NOTOKY I'a3a, M He3HaYyHTeJbHOCTH NMOTePh Ha TPEeHHE ['a3a O JNOoNATKH,
K. 0. . OCEBbiX BEHTH/IATOPOB CYLIECTBEHHO Bbillle, 4YeM Y UEHTpoOeKHbIX.
B To e BpeMsl Hanop, Pa3BHBaeMBIH OCEBLIMH BEHTHJSATOpaMH, B 3—4 pa3a
MeHblIlle, YeM Yy UEHTPOOGEKHBIX BEHTHASTOPOB, MMOSTOMY OCEBbie BEHTHJIATOPHI
NPHMEHSAIOT AIA NepeMellleHus 60JbLIHX KOJIUYECTB Ia3a Npu He3HAYHTEJIbHOM
conpotus/eHuH ceTH. OceBbie BEHTHJATOPHI Yallle BCErOo H3rOTOBJSKT OLHO-
CTYMeHYaTHIMH, XOTA CYUIECTBYIOT W JHBYXCTyNeHYaTole BEHTHJIATOPBl TaKOTO
THOA.

Ocenbie KOMApeccophi. JTH MAlIMHbI HAXOAAT NpHUMeHeHHe MPH GOJABLIUX
nolayaX M OTHOCHTEJNBHO HEBLICOKMX cTemeHsx cxaTtua (3,5—4). [lpusox
OCEBLIX KOMIIPECCOPOB OCYIUILECTBJAIGTCS OT MapOBBIX HJH Ta30BBIX TypOHH
co ckopoctbio_spateHus 5000--5500 o06/mun.

CxeMa oceBoro koMmhpeccopa mpejacTtasjaeHa Ha puc. IV-17. B kopnyce [
pacrosioxeH poTop 2, HAa KOTOPOM pasMellleHbl JonaTtku 3, uMerouiue dopmy
BHHTOBO# MoBepXHOCTH. [IpH BpaineHHWH poropa ¢ GOJBIIOH CKOPOCTBIO a3
3axXBaTLIBAeTCS JONATKaMH U MepeMelllaeTcs BA0Ab OCH KOMIpeccopa, yyacTBys
OJHOBpPEMEHHO BO BpalllaTeNbHOM [BHXKEHHUH BMecTe ¢ poropoM. Hss ycrpa-
HeHHS BpalllaTeJbHOr'O ABH)KEHHA ra3a Ha CTeHKaX Kopmyca annapara ykpemn-
JSAIOT HeMoABHMXKHEIE JIONAaTKH, oOpasyiolulHe HanpapasioWHN annapar 4,
no KaHaJjaM KOTOpOro ras moctynaer B CJeyIOlULYl0 ¢TyneHb WJH HanopHbIH
Tpy6onpoBoa.

OceBble KOMIIpeccOPbl HMeEOT 3HauHTeNbHOE yHcao cryneHein (10—20)
u paGotaioT Oe3 oxJaXIeHua rasa.

7. BuHTOBBIE KOMMNpPECCOphi

Bunrtosoii komnpeccop (puc. IV-18) umeer asa potopa { u 2 ¢ napaaie.n-
HBIMH OCAMHM, BpalllawlUiHecs B Kopnyce 3. PoTop [/ npeiacrasaser coboi
UMJHHAP C HECKOJbKHMH 3yObamu (0ObIMHO 3—4), pacnosoxeHHBIMH Ha
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UHJHHApE [0 BHHTOBOH JuHMM. Ha portope 2 umeiotces yray6GiaeHus, Takie
pacnoJioKeHHble .10 BUHTOBOH JIMHHH H COOTBeTCTBYiOUlHe no dopme 3y6bsim
potopa [. Ilpu Bpawienun poTopa / BHHTOBbie 3yObsi BXOAAT B 3alienerie
¢ yrayGaeHUsIMH Ha poTope Z M BBITECHSIOT ra3, HaXOASUWMACS B MOJOCTAX,
2 OrpaHHYeHHbIX MOBEPXHOCTAMH POTODOB H KOp-

nyca, nepeMellas ero B NPOJZOJBHOM Hamnpas-

| /L/ 7 JIeHHH,

=] e HByXcTyneHyarsie BHHTOBLIE KOMIPECCOPL
J M3rOTOBJIAIOTCA Ha JaBJieHue 10 8 am; cKo-
—_— poCcTb BpalleHUsT POTOPOB 3THX MALUHH JOCTH-

L______:I:\EBEB— raetr 10 000 o6/mun. Tlpu- paBijeHusx 6osee

<2 2 am BHHTOBble MalUMHBI MMeIOT K. M. 1.
60/1biIMH, YeM MaluMHBI APYrux THmoB. HMx
AOCTOHHCTBAMH  SIBJIIIOTCH  KOMMAKTHOCTH H
ObICTPOXONROCTL, a TaKXe 4Yuc10Ta fojasae-

Moro rasa. K nezoctaTtkamM BHHTOBBIX KOM-
o= AL MPeccopos CJleayeT OTHECTH CJIOKHOCTb H3ro-
-,-—EEE’ TOBJIEHHA BHHTOBBIX DOTOPOB H BBICOKHH YpO-
rj /_._2 BeHb wWIyMa MpH paboTe 5THX MalIHH.
‘ 8. Bakyym-Hacocsl
Puc. 1V-18. Ciema BHHTOBOFO Oco§eHuocrmo BaKyyM-HacocoB, ompeje-
KoMnpeccopa: JfoWed HX KOHCTPYKTHBHOE OTJIHMYHE OT KOM-

1, 2 — potops; 3 — xopmye. IPeccopoB, SABJAETCS BLICOKAas CTEIIeHb CXKATHS.

Tak, Hanpumep, ecaH BaKyyM-HacoC OTCachl-

BaeT ras (Bo3ayx) npu aasieHudn 0,05 am (paspekenne 95%) u cxumaer

ero o 1,1 am Ha Bbixoje u3 Hacoca (M36plToyHoe Aassaenue 0,1 am Heo6-

XOAHMO 1/ [PEONOJEHUS COMPOTHBJEHHS HarHerare/lbHOrO KJanaHa H
Tpy6o11poBosa), TO CTEMeHb CKaTHA COCTaBJAET

B TO BpeMs Kak A/ OLHOCTYMEeHYaTbIX MOPLIHEBBIX KOMIIPECCOPOB CTeNeHb
C)KATHS He MOpeBbliiaeT 8.

Ilpu cTob BBICOKHX cTemeHAX CKaTus 0o0beMHBIN KoyhdUUHeNT U Nponz-
BOJMTE/NbHOCTh BAKyyM-Hacoca pe3ko cHHxawoTcs. [lostomy nna Gosee noJ-
HOr0 MCNOJb30BaHUSA pabouero o6bema Hacoca CTPEMSATCS CBECTH K MHHHMYMY
ofbeM MEpTBOTO NpocTpaHcTBa B HeM. Hsst 3Tofi umesnM B BaKyyM-Hacocax
MHOTHX THINOB, HaNpHMep MNOPLIHEBBIX W POTAUHOHHBIX MJaCTHHYATHIX, HC-
MOJNb3YIOT NPHEM BhIPAaBHUBAaHHA AaBJeHUs (CM. HHKe), NMOBBILIAA 3THM KO3¢-
¢duuMeHT nojaud BakyyM-HacocoB 10 Ay = 0,8—0,9.

NMopmuerbie Bakyym-Hacocbl. DTH MAIUWHBL AENATCA HAa CYXHE H MOKpbIE.
Cyxue BakyyM-HacoChl IPHMEHSIIOT [II1 OTKAYKH TOJBKO ra3a, MOKpbIE — 1A
OTKAUKH ra3a H >XKHIKOCTH OJHOBPeMeHHO, HalpUMep B KOHIeHCATopaX cMe-
weHus (ctp. 338).

Cy x ¥ e BakyyM-Hacochl KOHCTPYKTHBHO He OT/THYAIOTCH OT MOPUIHEBBIX
KoMmnpeccopoB. Has ysesuueHus oGbeMHOro KospdHUHEHTa HEKOTOpble U3
5THX MaluuH cHAGXeHbl 30JIOTHHKOBBIM pacrpele/lHTeNbHbIM MEXaHH3MOM.
C noMoubio 30/I0THHKA MepTBOE MPOCTPAHCTBO HACOCA B KOHIle TIepHOAA CXKa-
THA coefuHSIeTCA € KaMepoll BcachlBaHMs, B KOTOpPOH JaBjeHHE B [aHHBIHA
MOMEHT paBHO JaBJeHHIO BcachiBaHus pji. CKaTHi 10 AaBieHUS p, ras H3
MEpTBOrO NPOCTPAaNHCTBA NepPexXoiuT B Kamepy ¢ aasjeHHeM pj. Tlostomy
lasJjeHHde Ta3a B MEPTBOM MNpOCTPAaHCTBE NajaeT (MPOHCXOJHT BhlPaBHHBaHHe
JaBsieHuli p, U p,) U BCachiBaHHe ra3a HayHHaeTcs NOYTH B caMOM HauaJje Xoia
BCaChIBaHMUS TIOPLWIHS BaKyyM-HAcOCa, YTO YBENHYMBaeT ero MPOH3BOLHMTENb-
HOCTb.
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MoK pHl € BaKyyM-HacoChl He HMelT MeXaHHM3Ma 30JI0THUKOBOTO pac-
npelesieHHsa, a BCAachiBalOUHil W HarHeTaTeJbHBIA KJanaHbl HX HECKOJIBbKO
yBelHYeHs B CBfI3H C HEOGXOAMMOCTbIO OTBOJ2 3HAUHTENHHOIO KOJHYECTBA
KHIKOCTH, CKOPOCTb TEUEHHs1 KOTOPOH Yepes KjamaHel No/kHa ObITb MEHbUIe,
9eM CKOpoCTh ABH)KEHUS rasa. [1o3ToMy MOKpbIE BaKyyM-Hacochl HMEKOT yse-
JIMYeHHblT 06'beM MePTBOrO MPOCTPAHCTBA H CO3AAI0T Pa3peXKeHHe 3HAUHTENbHO
MeHblllee, YeM CyXHe BaKyyM-HacOCHI.

Jlpuratesd pjsi CYXHX MOPLIHEBBbIX BAKYYyM-HacocoB moaGHpaioT ¢ yueTom
1TPOM3BOJNTENIBHOCTH Hacoca Mo BeJHYHHE MAKCHMasbHOH paBorel CXKaTus,
COOTBETCTBYIOLIEH OCTAaTOYHOMY JAaBJeHHI0 pi == 0,33 am (npu ycnosuu, yro
JaBJleHHe HarHeTaHHs p, pasHo | am).

[MockoabKY TeMJIONpPOBOJHOCTh Pa3peXeHHOro ra3a oYeHb Majia B TemIoofMeH CO CTeHKAaMH
UMJIHHAPA NPAKTHYECKH OTCYTCIBYET, CXKATHETa3a B CYXHX BaKYyM-Hacocax Mpt HCXOAMT ajlnaba-
Tudeckd. Kak creayer u3 ypasHeHus (1V.8), ynenbnas pa6ora ajinabatHyecKoro C:KaTHs [y ==
= 0 npH po/p, = 1, T. e. B HauaJbHLIK MOMEHT, KOTAa p, = p; = | am, W NpH IOCTH %€ HH
a6coMoTHOro BakyyMa (KOr[a HarHeTaHHe NpeKpaimarcs H3-3a OTCYTCTBHS rasa). 1akuM o6pa-
anM, QyHKuKa l.q = f(p;) UMeeT [Ba ONMHAKOBLX 3HayeHHa B uaTepBate (0 < p, << 1), yr0
yKaselBaeT Ha HalHyHe 3KcTpemyma QyHxuuK B 310M HHTepsaje. [TpoxnddepeHuuposas ypas-
Henue (IV,8) u npHpaBHAB NPOH3BOLHYIO HY.IIO, NMOJYUYHM

dt k Pt A
_Ztan o R oy R — ,
= [k P Py 1] 0 (Va1
kb
H A
Pr— g (iV.4la)
4

Bass BTOpYI0 MPOH3BOANYIO, yGeAHMCS, UTO OHA HMEET OTPHUATe/IbHOE 3HayeHHe, TaK KakK
BEJAMYAHEl 2, Py H Do, BXOJSLLHE B BbIPaXKEHHE /Il BTOPOK NPOM3BOLHOM, IOJOKHTEIbHbL:

dl L g-21-;
—2 - —pf py F<O (Iv.42)

CnenoBatento, byHKUNs [y, = f (p,;) Ha yuacTRe 0 <z py=< | NPOXOTHT uepe3 MaKCHMYM.
[Moacrasus B ypasuenne (IV,41a) 3navenHe noxasarteas anmabatel £ = 1,4 1Js BO3yXa,

onpelesiuM CTENeHb CIKaTHSA -zi, NpH KOTOPOil paGoTa BaKyyM-HAcoCa MAKCHMANbHA:
1

P2 1435 =33
P

3 mocnepHero BbipaKeHHs CJAeAyeT, YTO NpH P, = | am faBneHne B cocylle, KOTOPOMY
oTBedaeT MaKCHManbHadA pafoTa c:KaTHdA, pasHo p; = 0,33 am.

B MOKPBIX BEK;’yM-HaCOCQX npouecc U3MEHEHHA COCTOSAHHA 'a3a ABJAAETCH
NPAKTHYECKH H3O0TEePpMHYECKHM BCJACACTBHE HHTEHCHBHOIO TenJoobMeHa 1a3a
CO BCachBaeMOH »KHMAKOCTBIO, obsanatoouleil, Mo CpaBHEHHIO C ra3oM, 3Ha4H-
TeJbHOH TelJ0eMKOCThIO.

Pa6ota cxkatust luyy (Ox/k2) AJsl MOKDPOro BaKyyM-Hacoca MOMKET GBITb ONpejeneHa ¢ Mo-
MOIUBIO ypPaBHEHHS

lys = pyoy In 22_:;_23 (IV.43)
1

roe p, — NapIHalLHOE NABJeHHE Napa B KOHIEHCATOPE, KOTOPOe 33aBHCHT TOJAbKO OT TeMuepa-
Typu, /iM% p; — napuHaNbHOe faBJeHHe ra3a B KoHAeHcaTope, w/#?; vy — yIeJdbHbli ofneM
rasa Npu YCJAOBHAX BCACHBaHHA, m3/ke; p, — NaBJEHHE HaTHeTaHHusd, /2.

MomHocers Ha Baay N, (6m) MOKpPoro BaKyyM-Hacoca CKJAaAblBAETCA H3 MOIL-
HOCTH, 3aTPauHBaeMOl Ha OTKAYMBAHHe KHJKOCTH, H MOILHOCTH M30TEPMHUYECKOro CXaTHs:

Wpp -+ pyVy In F e '
N, = 1 (1V,44)

Nn. a3

rie Wp — o6beM OTKayHBaeMOH KHIKOCTH, a3/cex; p — NOJIHOE NaBJEHHe, pa3BHBaeMoe Ba-
KyyM-HacocoM, H/m?; V| — o6beM OTKAYHBAEMOro ra3a NpH YCJAOBHAX BCACHIBAHHS, m3/cex;
Mn. ns = MuaVmex — [TOKHEBIH H30TEPMHUeCKHHA K. M. 4. Hacoca.
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PorannoHHbBIe NIAaCTHHYATbIE M BOAOKOJBIEBLHIE BaKYYM-HAcOChl. DTH Ha-
COCbl KOHCTPYKTHBHO NONOOHBI COOTBETCTBYIOLUMM KoMilpeccopam (cM.
puc. iV-8 u IV-9). B poTauHoHHBIX HacocaXx ¢ BhIpaBHHBAHHEM JaBJIeHH:
nepenyck rasa ocylllecTBJAsieTC IPH MOMOUIH clelHaJbHOTO KaHana, coeiH-
HSTOIIEro MepTBOE MPOCTPAHCTBO C KaMepoHdl HauMeHbLIEro AaBjeHHA. Takum
nyTeM [OCTHTAeTCl cylUlecTBeHHOe yBeauuenHe oGbeMHOro Ko3(gdhHUHeHTa
BaKyyM-Hacoca. Pa3peixeHHe, CO3LaBaeMoe BOJOKOJbLUEBBIM BAKYYM-HacOCOM,
TCM MEHbIUE, YeM Bblille TeMleparypa W NapuHasbHoe JAasJjieHHe pabouyell
JKMIKOCTH, 3a1uBaemol B Hacoc. [lo3ToMy BOZOKOJbLUEBbIE BaKyyM-HACOCH
3a,TMBAK0T ZKHAKOCTBIO C BO3MOXKHO 6oJsiee HU3KOH TemmepaTypoH.

Crpyiinble Bakyym-Hacocel. [1lo mpHHIUNY JeHlCTBHA 3TH BaKyyM-HacocChl
aHaJIOrMYHbl CTPYHHBIM HacocaM /1Sl MePeKaYHBaHus XKUAKOCcTeH (cM. cTp. 149).
Kaxk npaBujo, B KayecTBe paGoyell KMAKOCTH B CTPYHHBIX BaKyyM-Hacocax
Hcrnoae3yeTcss nap. IlapocTpyfiHbie Hacocel, W3roToBJEeHHBIE H3 XHMHUECKH
CTOHKMX MaTepHaJoB, IIHPOKO MNPHMEHSIOTCA [J/fl OTCachlBaHHA KHCJBIX
napos.

PaspexxeHHe, co3laBaeMOe OJHOCTYNEHYATHIM MAPOCTPYHHBIM HACOCOM,
He npessbiwaer 90% a6comoTHoro. dasa noaydyenus Gosee r1y6oOKOro BaKkyyma
NpHUMEHSIIOT MHOTOCTYNEHYaThle MapoCTPyHHbIE BAKyyM-HAcochl ¢ KoOHAEHCa-
uieii orpafoTaHHOro mnapa MeKAY CTYNEHSIMH, COCTOAIIHE H3 HCECKOJBKHX
nocJ/e0BaTesIbHO COejIHEHHBIX MapoCTPYHHBIX HAcocoB, MEXKAY KOTODBIMH
VCTAHOB.J1€HH KOHJeHcaTophl cMeluenud. KoxpeHcauusi orpaboTaHHoro napa
MeXJy CTyNeHAMH ycTpaHsAeT Heo6XONHMOCTb B CXKaTHH oTpaboTaHHOTrO napa
B KaxXJo#l noc/efyrouledi CTyMeHH H CHHXKAeT TeM CaMbIM OOULHH pacXo SHepruH.

9. CpaBHeHne M 06JAacTH NpPHMEHEHNS KOMIIPECCOPHbIX
MalliHH Pa3JHYHbIX THIIOB

B xmMuueckoif OpPOMBIUIJIEHHOCTH HaHGoJbluee paclpocTpaHeHHe noJy-
YHJH MOplUHEBble H ULeHTPoGeKHble KOMIIPeccopHble MallHHBL.

TypGokomnpeccopsl H Typ60rasofyBkH OT/IHYAIOTCS KOMIOAKTHOCTHIO,
IIPOCTOTON YCTPOHCTBA, PaBHOMeDHOCTbIO nofayH. CylIeCTBEHHBIM JOCTOHH-
CTBOM HX ABJSETCS YHCTOTA T0JAaBaeMOro rasa, He 3arpsA3HEHHOro cMaskoii,
YTO 4acTo onpefeJssaer BeIGOD THOa KoMmpeccopa. OTCyTCTBHE HHEPUHOHHBIX
YCUJIMHA U ObICTPOXONHOCTL MO3BOJIAIOT MOHTHPOBAaTh TyPOOKOMIIPECCOPHl Ha
6osee nerkux ¢yHaaMeHTaX ¢ HelOCPEACTBEHHBIM NPHCOE]HHEHHEM K IIPUBORY
(Kak TNpaBHJIO, K Ta30BOH HJH NMapoBoil TypOHHE) HJH 4Yepe3 NOBHIAMULYIO
yucso o6OPOTOB Mepefauy — K 3JeKTPOABHraTe/l0, TaK KaK CKOPOCThb Bpa-
LIEHHA 3JeKTPOABHUTATeNsl 4YacTO HeJOoCTaToyYHa.

Mo 3HayeHHUIO K. 0, A. TypGoKoMIpeccopsl ycTynawoT nopirHesbiM. OnHako
TypGoKOMNpeccopsl MpoH3BoaHTenbHOCThIO 6000 #%/4 W Bhllle 4acTO 3KOHO-
MHYecKH GoJlee BBIIOJHbI B CBAI3H C yMeHbllleHHeM KaNHTaJbHBIX 3aTpaT H
SKCM/1yaTallHOHHHIX pacxoaoB. IlosTomy TypGokoMnpeccopsl OGBIY4HO HMpH-
MeHSIIOTCA B NPOM3BOACTBAX, rje TpeGyeTcd mojaya 3HAUHTEbHBIX KOJIHYECTB
rasa (10 000—200 000 x%/4 u 6osee) npu nasaenusx po 30 am (B cpenHeM
10—12 am). CoBpemeHHble MHOTOCTyNEHYaThle TYPGOKOMIIPECCOPDI MO3BOJAIOT
nosy4ats nasjaeHus go 300 am; TypGokommnpeccopsl. 3(pPEeKTHBHO HCHONB3YIOT
B Tex c/y4asix, KOrJa NpeabsiBJASIOTCA NOBHIUIeHHble TpeGoBaHUs K UHCTOTE
nojasaeMoro rasa. \

B o6nactH Menbwiux nogau (zo 10 000 #%/4) B wHpoKoM HHTepBase Aas-
Jgeuuit (o 1000 am) npHUMEHSAIOT MOYTH HCKJIIOYHTENBHO MOPIIHEBHIE KOMIIpec-
CODHI.

PoTaioHHBIE U BUHTOBBIE KOMIpeccopsl, 06/1anas JOCTOHHCTBAMH LEHTPO-
6exKHBIX, HMeloT 6oJee BBICOKHE K. M. 4., 4eM TypOOKOMODEeccopsl, W MpH-
MEHFIOTCS NPH MPOU3BOAHTENBHOCTAX 06biuHO He Gosee 6000 %4 n naBae-
HUAX He Bbile 1> am (AByXcTyrneHuyaTble MJacTHHYaThle POTALHOHHBIE KOM-
npeccopul). HenocratkamMH pOTallHOHHHIX KOMIPECCOPOB SBJAKTCA CJIOXK-
HOCTb H3rOTOBJIEHHSI M OOC/Hy:KMBAHMS, @ TaK:Ke BBHICOKHUl HM3HOC IIACTHH
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poTopa, H3-3a 4ero 4acTo HapyliaeTcs repMeTHYHOCTb paGouHX Kamep H mpo-
HCXOAUMT yMeHblIEHHE CTeMeHH CXKaTHA.

Ocesble KOMIIPECCOPH], OTJIHYAOUWHECT KOMITAKTHOCTBIO H BHICOKHM K. 1. 1.,
HCMIONB3YIOTC NPH BBICOKHX monauyax (80 000 %/« u Gonee) W HeGonblIMX
ngasJjeHuax (no 6 am).

OGaacTs npHUMeHeHHS BaKyyM-HAacocoB onpege/sieTci BeJTHUYHHONR co3za-
B2EMOrO HMH BaKyyma.

Mokphie MoplUHeBble BaKyyM-Hacochl co3AaloT paspexenne 80—85%
aBcoJiloTHOro, a HauboJslee coBepllUEHHblE KOHCTPYKUMH 3THX MallHH — 93—
97%. Cyxde nopluHeBble BaKyyM-HaCOCH ¢ BhIDaBHHBAHHeM JABJEHHA MOTYT
ofecrednBaTh paspexeHde, pasHoe 99,9%. IlpenenbHulfl BakyyM, co3naBae-
Mblii POTAIlHOHHBIMH MJACTHHYATHIMH BaKYYM-HacocaMH C BBIPaBHHBAHHEM
nasjeHus, cocrasasier 98—99%, Ges srnipaBHHBaHHA 95—96%.

Jna nonyuenus ymepenHoro paspexkeHus (10 90—95%) u nepemetnenus
arpecCHBHBIX, B3DbIBOOMACHLIX M BJ2MKHbIX T'a30B H NaPoB HA XHMHUECKHX
NpeanpHATHAX UWHPOKOe NpHMeHeHHe HAULIH BOJOKOJbLEBLIE BAKYyM-HAcOCH,
obyanaroulie Mo CpaBHEHHIO C TOPIUHEBHIMH BCEMH JOCTOHHCTBAMH H NMpEUMY-
ecTBaMH UEHTPOGEMHBIX MallHH, HO HMelolHe Gosee HU3KHE K. n. a. Co3na-
BaeMoe BOJOKOJbLUEBLIMH BaKyyM-HacocaMH paspexeHHe OrpaHuYeHO BEJH-
yuHOH NapuHaJbHOTO JaBJEeHHs fapa paboyed KHIKOCTH, 3aBHUCAUIETO O1
TEMIEpaTypHl.

Jlna mosyueHHs OCTaTOYHOro pasjeHHs He Gojee 0,05—0,1 mm pm. cm.
HCIOJB3YIOT CllelHasbHble KOHCTPYKUHH POTAUHOHHBIX BaKyyM-HacocCoB.
Takue AByXCTyNneHuyaTble MalIHHBL 00eCHEYHBAIOT OCTATOYHOE JaBsieHHe IC
0.005 um pm. cm., a Tpexcrynenuateie — g0 0,001 mm pm. cm.

Paspexxenne 95—99,8% pmocTHraeTcsi € NOMOULBIO MHOTOCTYHEHYATH}
napocTpy#HbIX BaKyyM-HacocoB. K JOCTOHHCTBAM 3THX HAacocoB cJlejpyel
OTHECTH IHPOCTOTY YCTpoHcTBAa H OTCYTCTBHE ABHXKYULHXCA yacTeH, B CBA3F
'C yeM OHH ¢ YCMeXOoM MOI'YT MDHMEHATHCA AJA OTCACBIBAHHUS XHMHUYECKH aKTHB
HbIX rasos. /11 yCTaHOBKH mapocTPyHHBIX HAacOCOB He TPeGYITcs HH MPHBOL
nu GyHAAMEHTEl, TO3TOMY HX MOXXHO YCTAHOBHTB MPAKTHYECKH B JIOGOM MecTe
HexoctaTkH napocTpyHHEIX BaKyyM-HACOCOB: 3HAYMTEIbHBIA 0acXol iap:
H BO3MOKHOCTb CMELI€HHS OTCachlBaeMOro rasa C HapoM.



r1ABA V
PA3AEJMEHHE HEOAHOPOAHLIX CHCTEM

1. HeOlIHOpOJ_IHbIC CHCTEeMbBl H METOABI HX pa3jaefenns

HeonHOpOLZHBIMH, MIHTETEpPOTrEeHHBL MH, CHCTEMaMH Ha-
3BIBAIOT CHCTEMBI, COCTOSIIHe M3 ABYX W/IM HecKoabKux ¢as. Pasml, cocras-
JSIOHE CHCTEMY, MOTYT ObiTh, B MpHHLHIE, MeXaHHUYECKH OTAe/leHnl OJHa
oT ApYro#.

Kak ykaswiBaJgoch (cMm. raasy 11), mobas HeolHopoaHas GHHaplias cHcTeMa
COCTOMT H3 AucrmepcHoHd (BHyTpedHeil) (asel M AHCMEPCHOHHOH CpeAbl, HJH
cnnowHoll (BHewideil) ¢a3bl, B KOTOpPOi# pacnpefeseHbl YacTHILI AHCMepCHOM
da3snl.

B 3aBHCHMOCTH OT (H3HUECKOro COCTOSIHHS (a3 pasmiqaio'r CyCMEeH3HH,
3MYJIbCHH, IeHBl, NBLIH, ABIMBI H TYMaHBIL.

CycmneHsHHn— HeOJHOPCAHBIE CHCTEMBI, COCTOSIIHE W3 KHJKOCTH
H B3BeUIeHHBIX B Hefl TBepAwIX yacTHU. B 3aBHCHMOCTH OT pasMepoB TBePAbIX
yacTHL (B MKM) CYCNSH3HH YCJOBHO MOApasfesitor Ha rpybuie (Gonee 100),
toukue (0,5—100) u mytu (0,1—0,5).

Ilepexonnyro o06sacTb MeXKLY CYCOEH3HSIMH H HCTHHHBIMH DPacTBODaMH
{romoTeHHbIE CHCTEMBI) 32HHMAIOT KOJJIOHAHBIE PACTBOPHI, B KOTOPBIX pa3Mephl
Y4CTHL, HAaXOAANIMXCHA B JKHUIKOCTH, ABJAIOTCA CPeAHHMH MEXKLY Da3Mepamy
MoJieKyJs H 4acTHi B3Becefl. I'paHula MeXAYy CYCHEH3MAMH H KOJJIOHIHBIMH
paciBopaMy MoxeT ObiTb B IMepBOM NPUOJIHKEHHH 0XapaKTepH30BaHa MOAB-
JeHHeM GPOYHOBCKOrO JBH:KeHHMS TBepAbIX YaCTHLU, C BO3HHKHOBEHHEM KOTO-
pOro 5TH YaCTHUBI. HE MOT'YT 0CaXKAaTbCH NOM AEHCTBHEM CHJBI TSXKECTH.

OMYJIbCHH— CHCTEMBl, COCTOSIIHE M3 KHIAKOCTH H pacrnpefe’deHHbX
B Helf KaneJb ApYro#f »KHIKOCTH, He cMeluuBamomieHica c repsoii. Pasmep
4acTHIL AUCTepcHOH ¢a3bl MoxeT KonebaTbcsi B LUMPOKHX mnpenenax. Ilox
NefiCTBHEM CHJIbI TAMECTH 3MyJbCHH DacC/aHBalOTCH, OXHAKO NMpPH He3HauH-
TeabHBIX pa3MepaXx Kamneab (Menee 0,4—0,5 mxm) uav npn po6aBieHHH cTa-
GHIH3ATCPOB SMYJIbCHH CTAHOBSITCH YCTOMYHBBIMH H He pacC/lauBaroTCs
B TeyeHHe ;UIHTeabHOro BpemedH. C yBesHyeHHEM KOHUEHTPAUMH AHCHEPCHOH
tasel nosBJAETCS BO3MOXKHOCTb O6pallleHHs (H HB e p ¢ H u) da3. B pesysn-
TaTe c/USHUA (KO aJec 1l eHIilHH) Kanelb aucnepcHas ¢asa CTaHoBHTCA
cnyowHoA; B HeH OKAasblBAIOTCH B3BeleHHBIMM YacTHUbl ¢a3wl, OblBIIEH 10
3TOr0 BHeIUHeH.

®du3RuecKHe CBOACTBA (NJOTHOCTD, BS3KOCTb) CYCNeH3uH M SMyJbcHil onpelelsioTcs o6beM-
HHM COOTHOLIERHeM (a3, COCTaBAFIOIIHX CHCTEMY, ¥ HX (QH3HueCKHMH cBoiicTBaMH. CpespHsist
MIOTHOCTb CYCNEH3HH H IMYJABCHIT Pey (K2/4%) BBIYHCIALTCS MO ypaBHEHHIO

Pem = P20 + Pc (1 — @) (V.1)

“lle Py H P — IIOTHOCThL AMCNePCHOIT H crlomHof (a3, ke/m%; ¢ — ofbemHast 10AA AuCNePCHOMN
ba3swl.
BR3KOCTb CYCTEH2HH fiey (K- cex/m?) 3aBuCHT oT KOHUCHTPALHA TBEpAOH (23bl, HO He 3a-
JHCHT OT pasMepa TBePAbiX YacTHIl. Bs3kocTb cycnenanii onpegensercs CeAYiOUIHM 06pa3oM:
npH 06beMHON KOHUEHTPALKH TBepaoii dasel He Gosee 10%

Pen = e (1 - 25‘?) (V.2)
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npu o6BbeMHOH KOHIEHTPALKH TBepRoil dassl Gosee 10%

Bew = e (1 +4.59) (v.3)
rae |io — BS3KOCTb CIIOMHOA dasul, H-cex/s?,
BsI3ROCTL IMYABCHI Py (4 cex/#?) HAXONMTCH MO ypaBHEHHAM:
npu o6BEMHOH KOHLUEHTPALHA JHCIEPCHOI (a3sl He Gosee 50%

2
Mg+ 5 He
= 1 2,5 —_— 4
Pou = fic + 2,59 T, V.4)
npa o6beMHOH KOHUEHTPALUKKM LHCNEPCHOI cpaju Gonee 50%
fow = P — (V.5)

LI

P

Tae Jig H [iy — BA3KOCTb CIUIOWIHOH M mucnepcHOit da3, w-cex/a?.

ITe H bl — CHCTEMbI, COCTOSIIHE H3 KHIAKOCTH M pacnopelesieHHbIX B Hef
Ny3bIpbKOB Tra3a. JTH ra30-KHAKOCTHbEIE CHCTEMBI N0 CBOHM CBO/ACTBaM GJH3KH
K 3MyJbCHAM. \

[Tel1W M 4Bl MBI — CHCTEMBI, COCTOSIIIME H3 ra3a W pacnpefeeHHbIX
,B HeM yacTull Teepaoro Beulectsa. IluiM o6pasyioTcsi 06LIUHO NPH MeXaHHUe-
CKOM pacnpejesleHHH 4acTHI B rase (NpH JApoGJeHHH, CMEIIMBAHUH U TPaHC-
MOPTHPOBKE TBEDIbIX MaTepHas oB H AP.). Pa3Mepn TBepABIX YacTHL, MblleH
cOCTaBJSAIT NPUOAH3UTENbHO 3——70 mxm. [lbIMBL DosyyaroTcsl B mponeccax
KOHJEHCALHH Mapos (rasos) NPH mepexoje HX B XKHAKOE HJIH TBEPIOE COCTOs-
HHe, OPH 3TOM 06pa3yloTcs TBep/ble B3BelUeHHBIE B Ta3e YacTHIbl pa3Mepamu
0,3—5 mxas. Ilpu obpasoBaHuH AHcrnepcHoH (asbl U3 YacTHI MKHAKOCTH DPH-
MepHO TakuX e pa3Mepos (0,3—5 mxm) BOZHHKAIOT CUCTEMbl, Ha3bIBaemble
TyMmaHaMH. [IbH, IeiMbl B Tymanbl npeacTasifaioT coboil aspoxucnepce-
Hble CHCTEMBI, UJIH a3 P 03 O J1 H.

YxaszaHuple cHCTeMbl MOI'YT 0Opa30BLIBATHCA TaKKe IMPH XHMHUYECKOM
B3aUMONeICTBUY ra3os, NpoTeKaleM ¢ 06Pa3oBaHUEM TBEPAOH WJIH KHUIKON
¢aspl. [Ipu sTOM JMcIepcHOCTb cHcTeMbl OyfeT onpenensiTbesi CKOPOCTHIO
06pa3oBaHiisi LEeHTPOB (AAep) KOHAEHCAUHH H CKOPOCTBIO HX DOCTa.

B xuMuyecKoil TEXHOJOrHH IUIHDOKO pacnpocTpaHeHHl NMpOIecCH, CBS3aH-
HbIE C pa3je/ieHHEM JKHIAKHX M [a30BbIX HEOJHOPOAHLIX cHcTeM. BriGop Metona
HX pasjeseHus 00yc/OBJHBAETCSA, IM1aBHEIM 06pa3oM, pa3sMepamMH B3BeLUEHHBIX
4acTHI, PA3HOCTBLIO MJIOTHOCTEH AHcnepcHOH W crowwHof a3, a TakXke BfA3-
KOCTbIO cmjiolHOH (asul. [IpHMeHAIOT clenyioliHe OCHOBHbIE MeTOAn! pa3je-
Jgenusi: 1) ocaxxnaeHue, 2) ¢uapTpoBaHue, 3) ueHTpudyruposanue, 4) Mokpoe
pasgeseHde. DTH MeTOAbl JI€KAaT B OCHOBE THAPOMEXaHHYECKHX [1POLEecCOoB
pa3fie/leHHs HeOJNHODOJHBIX CHCTEM.

OcaxneHHue npeicrasiser coboif mpolecc pasiesleHHsi, NPH KOTO-
pOM B3BelUeHHbIE B KHAKOCTH HJIH Ta3e TBEp/ble HJIH XKUIKHE YacTHIbl OTIe-
JAI0TCA OT CNJIOWHOR da3sl 101 NeHCTRHEM CUABI TAMKECTH, CHJI HHEPIHH (B TOM
yucie UEHTPoOeXHbIX) MMM SeKTpucTaTHueckuX cuj. OcaxkjaeHue, OpOHC-

" Xojsulee noj AefiCTBHEM CHJIBI TSXKeCTH, Ha3blBaeTCsi OTCTAa HBAHH e M.
B ocHOBHOM oTCTauBaHHe MpHMeHfieTcsa MJA [OpeABapuTeabHOro, rpyéoro
pa3lelieHHs HEeONHOPOAHLIX CHCTEM.

OuasbTpoBaHHe—npouecc pa3lleeHHs C HOMOLIBO NopHCTOM
neperopoiixu, cnocoGHOH MPONycKaTb KHAKOCTb HJM Ta3, HO 3alepXKHBAThb
B3BellleHHbLIe B cpefle TBepAble yacTHel. OHO ocyulecTBiasieTCA MoK AefiCTBHEM
CHJI JaBJIeHHS WJH UeHTPOOeKHKX CHI M MpyMeHsierca Mas 6Gosee TOHKOIO
pa3feseHUsn cycred3uil U ObLIEH, YeM HyTeM OCaKIeHHS.

HeHTpudyTrnuposadHue—polecc pa3fesleHHss CyCneH3ud H
3vyJbcHil B mose ueutpobexiublx cui. [loa geficteBHeM 3THX CHJ ocaxKIeHHe
coueraerci € YILTOTHEHHeM o0O6pasyloluierocss ocagka, a ¢IIbTpoBaHlle —
C YIJIOTHEHHEM H MeXaHHYEeCKOH CyIIKOH ocaika.
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Moxpoe pas3neneHHe— NpolecC YJABJIHBAHHA B3BEIIEHHBIX
B rase YacTHIl KaKOH-AHG0 xuakocTblo. OHO NPOHCXOAHT Mol AeHCTBHEM CHJ
TAKECTH WJIH CHJ HHEPUHH H NPUMEHAETCS IS OYHCTKH [a30B H pasjieneHHs
cycrmensufi: [Ipn oOpaGorke cyclneH3Hii MOKpoOe pasje/eHHe HCNOoAb3YIOT
B KOMOHHAUMH ¢ APYTHMH criocoG6aMH pas/efieHHs (mpOMBIBKAa OCafKOB B Npo-
eccax OTCTaWBaHHA H (HIBTPOBAHHA).

Hecmotpss Ha 06LIHOCTH NDHHUHNOB pDa3fiejleHHA MHIKHX H Ta30BLIX He-
OHOpPOJHBIX CHCTEM HEKOTODHIE METOIbl MX pa3fe/ieHHs, a TAaKXKe IpPHMEHse-
Moe o6opyhoBaHHE B psijie CJyyaeB HMEOT chnegHdHYecKHe OCOBEHHOCTH.
[lostomy mpouecch! pa3ze/eHHs XKHUIKHX U ra3oBbIX CHCTEM HHIKE PACCMOTDEHHI
pasnenbHO.

PABREJEHHE )KUHAKHX CHCTEM

2. MaTtepuaabupiii Gananc mpoilecca pasjieseHus

TlycThb paszgesieHHIO MOAJIEXKHT CHCTEMA, COCTOALLAA H3 BelleCTBa a (CIJIolu-
HO# ¢a3bl) H B3BELIEHHBIX YacTHI BeulectBa b (mucrepcHoil ¢asbl). Beenem
0603HaYEHHS:

G Gocpy Goc — Macca HCXOLHOM CMECH, OCBETJIEHHON XHAKOCTH H NOJY-
YaeMoro ocajka, Kz,

Xems Xoens Xoo — COJEPIKAHHE BellecTBa b B HCXOHOM CMecH, OCBeTJ/IEHHOH
JKUIKOCTH H OCajKe, MaccoBble AOJIH.

Ilpy oOTCcyTcTBMHM MOTEphL BeUleCTBA B IMpOLECCE PA3LE/€HHs ypaBHEHHSR
MatepualbHOro 6anaHca UMET BHA:

no o6lUIeMy KOJHYECTBY BEIECTB

GCM = Goca + Goo (V.6)
no gucnepcHold dase (semtectBy b):
Gewxem = GocaXoes + GocXoc vV.7)

Cosmectnoe pemenue ypasHenuit (V,6) u (V,7) nossosisier oOnpeaetnTsb
MacCy OCBEeT/JeHHOH KHUAKOocTH G,., H Maccy ocagka G, moJydaeMbix OpH
3a/laHHOM COep:KaHHH BeuecTsa b B Ocajke H OCBETJIEHHOH >KHIKOCTH:

Xoe — Xcm
Goep = Gy ————-

(v.8)

Xoc — Xocs

- Xem — Xocn
Gox = Gy 20— Tocr v.9)

Conepxanue B3BEIIEHHBIX YaCTHI B OCBET/IEHHOH JKHAKOCTH H B OCajiKe
BLIOHpaeTcs B 3aBUCHMOCTH OT KOHKPETHBIX TeXHOJOTHYECKHX YCJOBHI Mpo-
necca pasgenenus. IIpH stom conep:xanme BelllecTBa B OCBET/IEHHOH KHIKOCTH
OOBLIYHO OrPaHHYHBAETCS HEKOTOPHIM HHXKHHM MPEAE/IOM,

A. OTCTAUBAHHE

3. CKopocTh CTeCHEeHHOro ocaXjeHus (OTCTAMBAHHSA)

B raaBe II 6buiH paccmoTpenbl 3aKOHBI ABHXKEHHS TBEpABIX TEJ B JKHAKO-
CTAX H ONpeJeneHa CKOPOCTb CBO OO HOTIO OCaKACHHS YacTHL MNOA
HeHCTBHEM CHJIBl TAXECTH B HEOrPaHHYEHHOM of6beme. DTH 3aKOHBI, KaK yKa-
3bIBAJIOCh, NMPHUMEHHMBI JIHIIL B TOM CJy4Yae, €CJIH KOHUEHTpPAnHUA JHCHEPCHOMH
¢a3bl OYeHb MaJsia H €€ YaCTHIB MPH ABHKEHHH HE CONMPHKAcalTCs OfHA C JIpYy-
roii. B npOMBIJIEHHOCTH TpouEecCH OCa)KJAEHHSt O4€Hb YacTO NPOBOAATCH
B OorpaHHYeHHOM 06beMe NpH GOJbHIOH KOHIEHTpauuH JUCHepcHod ¢asml, T. e.
B yC/JI0BHAX, KOrA3 OCeJaiOUlHE YacTHULI MOTYT BJIMATH HAa ABHXEHHE ADyT
ipyra.
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OnbiT noxa3biBaeT, YTO MPH OTCTAHBAHHH HEONHOPOAHBIX CHCTEM HabJIio-
JIAaeTCSl MOCTEIIEHHOE YBEJHYEHHE KOHIEHTPAauHH JHCIEepPrHpPOBAHHBIX YACTHIL
B annapaTe MO HanpasJjeHHio cBepXy BHH3 (pHc. V-1). Hapg caoem ocanxa
(30Ha I) obpasyercsi 30HAa Crywml€HHOH CycneH3HH (30Ha 2), B KOTOpPOH npoHc-
XODHT CTECHEeHHOE OocaX/JeHHUe UacTHI, CONMpoBOXKIaLleecs
TpPeHHeM MeX1y UYacTHUAaMH ¥ HX B3aHMHBIMH CTOJIKHOBEHHAMH. [IpH 3ToM
60/1ee MeJIKHE YaCTHilbl TOPMO3AT JABHXKeHHe Gojlee KpyNHbIX, a8 YaCTHUH 60JIb-
IWHX pa3MepoB yBJEKalT 32 co60li MeJKHe YacTHUbl, YCKOPAA HX ABHIKEHHE,
B pesysbrate HabJ0AaeTcs TEHACHUUS K COTHKEHHIO CKOPOCTeH ocaKieHHs
YaCTHL Pa3/HYHHIX PA3MEPOB; BO3HUKAeT K OJ 1€ K THBHOE, HIHCOJ H -
LapHOe, O0CaXICHHE YacTHi ¢ OJH3-

E—|
KHMH CKODOCTSIMH B KaxKgOM CE€YEHHH
annapara, HO Pas3JHYHBIMH CKODOCTAMH
1no ero soicotre. [loctenenxoe yaJ10T- & c
a
[H -
LH—F== 3’
a
T
Pue. V-1. Cxema npouecca or- Puc. V-2. 3aBucHMOCTb CKOPOCTH
CTaHBaHHS: ) OTCTAaHBAaHHS OT BpPEMEHH.
! — cnoft ocanka (waamMa); 2 — 30Ha
crymennolt  cycreudauyd; J -~ 30Ha _
CBOBOGHOrO OCaMAeHns; 4 — ocmer- HEHHE 06yCJIOBJI€H0 YMEHBIICHHEM CKO
nerdnas HHRKOCTH. POCTH 4aCTHU O Mepe ﬂpH6JIH>KeHH${

K JHH.Y annapara. 3aMejsieHHe 06b-

fC°  2TCAl TOPMO3ALHM JEHCTBHEM MKHIKOCTH, BBITECHAEMOH 0ca»KIaUIHMHCA

CMUAMH M JBHXKYUIEHCH OT HEMmOABUMKHON :1eperopoikH (IHHILA) B HANDAB-
AU, OOpPaTHOM ABHKEHHIO YACTHIL.

Kak sugHo us puc. V-1, o6pasyerca SICHO BhIpaKeHHad rpaHHUa MeX1Y
30HOH CTecHeHHOro oca)XieHus (30Ha 2) W Haxopsuleiics BhIle 30HOH cBo6Oj-
Joro ocakpeHHus (30Ha 3), HaJl KOTOPOH pacrnojiaraeTcsl OCBETIEHHANA KHUIKOCTh
(rov . 4). Takas cxema HECKOJbKO YIpOulaeT JeHCTBHTE/NbLHYIO KapTHHY Opo-

a OCaxKJIeHHsS, KOTOpasa OOLIUHO ABJAeTcH eule 6oJee CJAOXKHON BCJEICTBHE

Qa30BaHUS MEXAy YKa3aHHBIMH BHIILIE OCHOBHBIMH 30HAMH [1pOMEXKYTOYHBIX
{€pexXOAHbIX) 30H.

[lpu mepuoaxuecKoM Mpoiecce OTCTaHBAHUS BHICOT2 OTAENIbHBEIX 30H H3Me-
HfIeTCH BO BPEMEHH JO MOMEHTa MOJHOr0 pacc/OoeHHA HeONHOPOIHOH CHCTEMBI
Ha OCaJlOK H OCBETJIEHHYIO XHAKOCTb. JTO siBJIseTCH CJIeACTBHEM H3MeHEHHS
CKOpPOCTH OTCTAaHBAHHSA W, BO BpeMmeHH T (puc. V-2). B Havase orcrauBaHus
0CaXKAI0TCH HpPEeHMyULeCTBEHHO 60Jiee KpymnHbIe YacTHIbI, BLI3LIBAIOMIHE HaH-
6o/ee MHTEHCHBHOE oOpaTHoe ABHKeHHe xHAKocTH. OJHAKO 10 Mepe yMeHb-
IEHHS KOHUEHTPAUHMH 3THX dHacTHI TOpMO3fllee BJHAHHE 0ODATHOrO TOKA
JKHAKOCTH oc/abGeBaeT H CKODOCTb OTCTaMBAaHHMSA Bo3pacTaeT (OTpe3ok ab Ha
puc. V-2) 1o MOMeHTa yCTaHOBJIEHHS JHHAMUYECKOTrO DABHOBECHS MEXAY
nefictByioliiell CHJIOK (BECOM) H CHJION conmpoTHBJEHHS cpefbl. B mocsenyomni
nepHOl BpPEMEHH COBMECTHOE (KOJIJIEKTHBHOE) OCaKJAeHHE YaCTHI, MPOUCXOJHT
¢ nocTosHHO# cKopocTbio (oTpe3ok bc). 3asepluaroman u HaubosIee MeLJIEHHAA
CTajusd npoueccd.— YIJIOTHEHHE 0CcajKa, KOrja YacTHIbl B HEM pacloJ/araiTcs

_HacTo.IbKO OJIH3KO JApPYrT K APYTrY, HYTO BHITECHEHHE XHJKOCTH CTAHOBHTCH
Bce Gosiee 3aTpynHHUTeNbHbIM. Ha 3TOR cTragMM npouecc orcTrauBaHHA mnpore-
K3eT ¢ yMeHbLUAIUIEHCA CKOPOCThIO (OTpe3oK cd).

CKOpOCTb CTECHEHHOrO OCaXKAeHHsT M€ H b il € CKOPOCTH CBOOOJHOrO
ocaxjeHHs. 310 00bACHAETCSH TEM, YTO MNPH CTECHEHHOM OCAXKIEHHH YACTHUBI
HCOLITHIBAIOT HE TOJMBbKO GoJbliee COnpoTHBJIEHHE cpeibl, HO H J06aBOYHOE
CONMpoTHBJIEHHE, 06YCAOBIEHHOE TPEHHEM H COY IapeHHAMH YacTHIL. Y BeAHYeHHe
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COMpPOTHBJIEHHA cpeLLbI.CBHSaHO B NAaHHOM cJydae ¢ AHHAMHYECKHM BO3-
JeficTBHeM Ha Hee BceH Macchl OCa)KNalULMXCS YaCTHI, KOTOPO€ NpPHBOAHT,
KaK O0TMeYasoch, K BO3HMKHOBEHHIO BOCXOASLIETO MOTOKA Cpelsl, a TaKxke
C BO3pacTaHHEM BF3KOCTH Cpejwl.

C ruapoaHHaMHYecKoil TOYKH 3pEHHA CTeCHeHHOE OCaxJeHHe aHaJIOrHYHO
onpejeseHHOMY COCTOSIHHIO B3BELIEHHOTrO (NCeBIO0XHKEHHOr0) 105 TBEpAKX
4acTHL, onHcarHoro BraaBe [I. CkopocTh cTecHeHHOro OCa*KAEHHS COOTBET-
CTBYET BEpXHEeMy Mpeiesy CylUleCTBOBAHHS B3BELIEHHOrO CJ10sl, KOrJa CKOpOCThb
MOTOKa Cpejabl NOCTHraeT 3HaYeHHs, TPH KOTOPOM jajbHeillee ee yBeJHYeHHe
NPHBOAHT K Hauyajy yHOCA YaCTHI H3 NCEBIOOXHKEHHOro cJos.

IMostoMy, Kak ykaswBajoch (cM. ctp. 107), ycioBHe paBHOMEpHOro oca-
MJIEHHS UYACTHI B HENMOIBHXKHOH cpelle HACHTHYHO YCJOBHIO BHTaHHS 4acTHI
B BocxojsimeM mnoroke. CienosareslbHO, 33aKOHOMEPHOCTH CTECHEHHOIO oca-
KIEHHs yJOOHO H3y4aTb MNPH JBHMKEHHH BOCXOIAIIEro MOTOKAa >KHAKOCTH
(rasa) yepes cs10#f B3BELWIEHHBIX B HeM YacTHI. IIpH 3TOM CKOpOCTb CTECHEHHOTO
OCa)kgeHHs paBHA CKOPOCTH MOTOKa Cpejbl yepe3 B3BELIEHHbIH CJO0H YacTHI
M 33BHCHT OT KOHIEHTDAauHH YacTHI B MHUAKOCTH (rase). OueBHIHO, NIPH KOH-
LEHTPauUH 4YacTHi, OPHOIMKAIOUEHC K HYJIO, CKOPOCTb CTECHEHHOro oca-
KIEeHUA NpuGIHXKaercd K MaKCHMyMy — CKOPOCTH CBOGOZHOTO OCaXKIeHHS.

Jas Toro 4roGbl MOKa3aTh, YTO CKOPOCTb CTECHEHHOTO OCAMAEHHS ®Wer PaBHA CKODOCTR
MOTOKAa CPellbl @, ¢, HEOGXOAWMOR IJs1 B3BENMIHBAHHSA CJIOST YACTHI[ TOH Xe NOPO3HOCTH, YTO H
KOHLEHTPHUPOBAHHAsL CyCIIEH3HS, DPacCMOTPHM YCTaHOBHBUIMiCHA IPOIeCC OTCTAaHBAHHA, NpHA
KOTODOM BEeJIHYHHA Wcr NOCTOSHHA, T. €. KOI'la BeC PaBHOMEPHO MAJAIOIHX YaCTHU ypaBHOBE-
IIHBAETCS] CHJIOK CONPOTHBJCHHS INOTOKA.

Ocaxpaloniecss YaCTHIb! BLITECHSIIOT BBEPX PaBHHA WM 96beM >kmakocTH. IIpu stoM cko-
POCTL T KHUIKOCTH B CBOGOAHOM CeyeHXH ClNoA (OTHOCHTENbHO CTEHOK annapara) MOXeT GHThb
ofpeliefieHa H3 YCJIOBHS DABEHCTBA OGBEMHHIX PaCXolos nmoToka M YacTHu. O6bemuas RoJst
¥HIKOCTH B HEOJHOPOJHOH KHIKOH CHCTeMe, 06beM KOTopoil paBeH CyMMe 06bEMOB MHAKOCTH Vi
H yacruu Vg, cocrabjser .

Vx

€ =5

Vi~ Vi

Torpa ofbeMHBI pacxold KHAKOCTH, NPHXOAAUIMACA Ha eNHHHUY M.JIOWAAH €BOGOLHOTO
CeueHHsl annapara, paseH NMDOH3BENCHHIO UE, a 06beMHBll pacxol TBepnofi ¢asel onpegessercs
npoH3sefeHHeM Wer (I — €), Tle ey — CKOPOCTh CTECHEMHOIO OCAXKACHHUT OTHOCHTENILHO CTe-
HOK anmapara.

TaknuM o6pasom:

U8 == Werp (1 - B) (V,IO)

CropocTh ABHKeHHS KHIKOCTH OTHOCHTEJBHO YACTHIL C YYeTOM MPOTHBOTOKA (a3
Wory == U ~— (— Wer) == 0 -+ Weq (V,11)

rlle 3HaK ¢MHHYC» Mepe] UYJIeHOM Wey MMOKA3bIBAET, YTO BEKTOP CKODOCTH YACTHU HanpasjeH
B CTOPOHY, NPOTHBOMNONOKHYI BEKTOPY CKOPOCTH MOTOKZ KHIKOCTH.
TNoacrasaas BMecTo v ero 3HaueHHe U3 Bhipamenus (V,10), momyumm:

wer (1 —¢
Wory =‘—L(e‘_—L + Wep = U.:-,- (V.12)

Iinst Toro yTo6H CHA CONPOTHBJEHHST MOTOKA MUAKOCTH yDaBHOBEUIHBANA BEC oCaXAaio-
HHXCS 4aCTHU, OTHOCHTENLHAR CKOPOCTb Wy AOMKHA N0 A6COMIOTHOMY 3HAYEHHIO PABHATHCA
CKOPOCTH MOTOKA B CBOGOJHOM CEYEHHH ammnapara (wy, ¢/8), HeoGXOXHMO# /s B3BEIIWBAHHA
YaCTHIL B CpPeJie U NOJNyYeHHsT B3peIEHHOTO CJIOs Tof JKe MOPO3HOCTH, YTO H KOHUEHTPHpOBauHas
cycnedsus. ChefoBarenbo, TpeyeTcs COGMIONEHHE PaBeHCTBa:

Wa. ¢
€

Wotn =

Crciona cnefyer {c yYeToM BhipameHHs (V,12)], uro

Wer _ Wn.e

g &

HJIH
Wer == Wy, e (V.13)
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Takum ofpasom, obiias pacyeTHas 3aBHCHMOCTb AJIfl ONpeAe/ICHHS CKO-
POCTH CTECHEHHOIO OCAXAEHHHA AO/KHA GbITb AHAJIOTHYHA 3aBHCHMOCTH, OMH-
chiBaiouieil CKOPOCTh NMOTOKA BO B3BelleHHOM cioe [ypasuenwe (I1,140) ], 7. e.
BblpaxkKaTbead (GyHKUHEH

Reg, cr = f(Ar, &) , (V.14)

- HutepnonsiuHoHHOe YypaBHPHHE, TNPHMeHHMoe Ljis Bcex obsactell oca-
KACHHS, TOJAYYEHO OGOOIEHHEM OMBITHBIX JAHHBIX H HMeeT BHJA, HACHTHUHBIH
ypasHenuio (II,140):

A 4,75
Reo, cT = re (V,15)

18 4-0.6) Aret

Kputepnu Re, ., 1 Ar BelpaikawTtca corjacHo cootnomenusm (11,133) n
(11,88, a).

Onpege 4B o ypasHerHio (V,15) kputepuil Rey, o, HAXOAAT U3 BEIPAKEHHSA
i1 Rey, o CKOPOCIb C(TECHEHHOTO OCAKACHHH Wer.

HMetotcs Takke Npyrue 3MIHPHYECKHE YPaBHEHHS ANA BHIMHCIEHHS CKOPOCTH CTECHEHHOTO
ocaxneHus. B pacueTHOH npakTHKE MONb3YIOTCA, B YaCTHOCTH, CJENYIOUIHMH (GOPMYyMaMH:
npu > 0,7

Wer = Woce” - 101182 (1—8) (V,16)
npu £ 0,7
' 2 3
N (V.16a)

Tl Woe — CKOPOCTb CBOCOAHO ocamAamouieiics YacTHIb, onpefensieMas no ypasuenuio (I1,115).

Ypapuenus (V,15), (V,16) n (V,16a) mo3onsioT paccuuThiBaTh CKOPOCTD
CTECHEHHOTO OCAXKIEHHST W, (M/cex) B HemoaBHXKHON cpexe wWAapoo6pasHBIX
YaCTHIl OAHHAKOBOTO pa3Mepa OTHOCHTE/NBHO HEMOABHUKHBIX CTEHOK anmapara.
[Ipu BuIBOZE 3THX ypaBHEHHH He YUHTBIBAJOCH BJUSIHUE DACMpPEAC/CHHS da-
CTHIL IO HX pa3MepaM H ¢opMe Ha CKopocTb ocaxaeHuda. [losromy mpu oca-
JKAEHHH 9acTHIL Hemapoo6pasHOH GOPME BEJHYUHA We, MOJYYeHHAS MO MpH-
BefleHHLIM BBIlIE YpPaBHEHHAM, [OXKHA OuiTb YMHOMKEHA Ha [ONDPABOYHbIN
KO(pPHIHEHT, MEHbUIHH elHHHUbl,— TaK Ha3biBaeMbll KO3 DU UHEe H T
¢bopMBl @, OPHEHTHPOBOUHBbIE 3HAUEHUS KOTOPOro npusenens! wa crp. 101,
OnHako A1f1 oOnpefefeHHs MONPABOYHOrO KO3(pPHUMEHTA, YAHTHLIBAIOULErO
BJAHAHHE Da3JHYHA pa3MepOB OJHOBDEMEHHO OCAaXKIAIOUHXCH YACTHU, 0O CHX
nOp HET HAJEXKHBIX JaHHbIX. BJHsAHHe aBUAEHUS CpPelbl HA CKOPOCTh OTCTaH-
BAHHA, CBA3aHHOE C OTK/AOHEHHAMH NAjaloUlHX 4YaCTHIL OT BEPTHKAJIbHOIO
HalpaBJeHHs ABHIKeHHS, TAKXKe [10Ka He MOAMAETCA PACyeTy, a NMPUHUMAETCH
IO ONBITHBIM JIAHHbBIM.

4, Koaryasiuus 4acTul RUCMepCHOH ¢a3bl

U3 paccmotpenust ypasHenus (V,15), a Taxxke ypasnenuit (V,16) u (V,16a) ¢ yuetom BHI-
pasenust (I11,115) MOXHO 3aKMOYHTb, YTO CKOPOCTb CTECHEHHOrO OCAXAEHHS 4aCTHU OyAeT
BO3pAcTaTh C yBEJIHUCHHEM Pa3Mepa YaCTHIl H HX YASNBLHOTO BECA, C YMEHbIIEHHEM YASTbHOrO
Beca cpeln! M ee BA3KOCTH H C MOBHIUCHHEM CTeMleHH pa3GaBnends cycneH3un. OQnako H3MEHATh
yaeJqbHbEle Beca TBEPABIX HacTHIL H MKHAKOCTH NPAKTHYECKH HE MPEACTAB/AETCS BO3MOKHBIM,
2 pa3baBJATh CYCNEH3HH Helesecoo6pasHo, TaK KaK B Mpoliecce OTCTAHBAHHS HEOGXOAHMO MOJY-
qaTb OCafiKH C HaHOOJbINEd MIOTHOCTBIO.

CHHXEHHe BA3KOCTH Cpelbl MpH NMOMOIWM XHMHYECKHX PEareHtoB H/IHM NyTeM HarpeBaHHs’
3HAYMTEJbHO YBENHMYMBAeT 3aTpParthl Ha NpOBeJeHHe Mpouecca pasgenenus. ITo3ToMy a4as ycko-
pEHHs OTCTAHBAHHS YaCTO YKPYMHSIOT YAaCTHUBI RHCTIEPCHOM (askl, BH3LBAA HX KO AT y J A -
IL ¥ 10 TMOR AeiicTBHEM Hekotophix BemectB, Koary/asuHsi oco6eHHO KenaTefsHa B TeX CIydasx,
KOTZA OCBETJSAEMYIO KHIKOCTb HEOGXOJMHMO OTJGMHTb OT YCTOHYHBOH B3BECH BECHMA METKHX HITH
KOJVIOHAHEIX YaCTHI.

Koarynsmusa ocymecTa/aseTcss NMyTeM Jo6aBneHHs B Pa3felsaeMyi0 HEOLHOPOAHYIO CHCTEMY
BEIIECTB, PA3PYWAIOUIKX CONBBATHPOBAHHEE OGONOUKH H YMEHbAWHX AH(DY3HOHHYIO HaCTh
ZBOIHOTO 3MEKTPHYECKOTO C0S Y NOBEPXHOCTH BIBeIeHHBIX 4acTHi. B pesysnrate sT0r0 MeXAY
YACTHIIAMH BO3HHKAIOT CHJIBI CLEMJIEHHS, MPHBOAsAMHE K 06Pa30BAHHIO arperaTos Yactai, o6aa-
paromax Goabwed Maccoit. OcaxcaeHHe 06Da3YOUHXCA ArperaToB NMPOHCXOAHT COOTBETCTBEHHO
¢ 6o.iblIEH CKOPOCTBIO, H TpoLece Pa3/eNieHUs CYMEeCTBEHHO YCKOPSIeTcs.
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B kauecrse KOaryiasHTOB NP HMEHAIOT 06bIYHO 3JIeKTPOJIUTDI, dallle BCEro paCTBOPHMbIE B BOJIe
CONM, KOTOPBIE, THLPOJNH3YACH, O6PA3yIOT XJOMbLEBUAHBE I'MApaThl OKHCJIOB MeraantoB. Hanpu-
mep, npH po6GasieHHH cynbdaTa HIH XJOPHAA aNIOMUHHS H H3BECTH MOABIAIOTCA XJOMNbA, CO-
CTOAIHE B OCHOBHOM W3 'HAPATOB OKHCJIOB aMIOMUHHA. B HEKOTOPBIX cAyYasx UCHOMb3YIOT Opra-
HHYECKHE TIOJHMEDHbIE KOaryJJddiHTbl Ha OCHOBE TIOMUCTHPONAA H BHHHJNHPHIAHHAE.

KpoMe KoaryNMsiHTOB K OCReT/sieMOli KHAKOCTH JOGaBISIOT TakK:Ke HeOONbIIHE KOJIHYECTBa
(0,4—2% wmacce! TBeproit Pasel) PN OKY N1 4 HTO B, CHOCOOCTBYIOMHUX CJAHIMTAHHIO arPEraTHBHO
HEeYCTOHYHBLIX TBEPABIX YacTHLU. a5 Toil Xe LeNy OTCTaHBAHUE 3aYacTyio NMPOBOAST NPH C/1aboM
MEXAaHH4YECKOM IIepeMelIHBaHHH CpenHl.

Hau6onee pacnpocTpaHeHHLIMH GJIOKYJAAHTAMH SBIAIOTCH NOJHAKPUNAaMHA H AKTUBHPO-
BAHHAs KpeMHeBas KHCJOTAa, moJyyaemas 11yteM o6pab0oTKH pacTBOpPa TEXHHYECKOro XHAKOro
cTeKsa cepHOH KHcAoroH. [eficTsHe QrOKyMsiHTA 3aKMIOYaeTCs B aACOPOUAH €ro MoJEeKyn Ha
YyaCTHUAX H 0ObeAHHEHHH HX B 6o/ee KPyMHble H MPOYHLIE arperarsl. 3T0 APHBOAHT K YBETHUYEHHIC
CKOPOCTH OCaMJCHHS, OCOORHHO B HayasbHOH CTaaHH mpouecca. Besencrsue peixaoctd obpa-
3YIOLIUXCA XJOTILEB XUHEYHAA CTaAHfR OTCTaHBaHHA, CONPOBOXKAAMOIAACA YNJIOTHEHHEM lLJ1aMa,
MOMKET HECKOJMBLKO 3aMENNATLCA.

5. OTCcTOMHNKH

YerpoiicrBo. OtcranBaHie sABjAsiercst GoJjiee fellieBHIM MPOLECCOM, YeM
OpYTHe MpOUecChl pa3fieeHHA HEOJHOPOAHbIX CHCTEM, HAmpuMep ¢HJABTPOBA-
Hye. OTCTanuBaBHe KCNOAB3YIOT B KaYecTBe NEPBHYHOrO npouecca pasneeHus,
MPOBEJEHHE KOTOPOTO 4acTo MO3BOJMAET YCKOPHThL (PH MPOYUX PABHBIX YCHO-
_BHSIX) (GHIBTPOBAHVE HAH LEHTPHYTHPOBAHHE CYCNeH3HH.

OTcTavpanye NPOBOAAT B aNNaparax, HA3bBAEMHX OTCTOH HH K a M H,
HId cTycTHTen amH. PasnuuaoTr annapatel nepHOAHYECKOrO, Hempe-
PBEIBHOTO H TIOJIyHENPEpLIBHOTO AeHCTBMA, MpHYEM HempepeiBHO AeficTRyioliye
OTCTOHHHKH, B CBOIO Ouepejb, NeJAATCHA Ha OAHOAPYCHbE, ABYXBAPYCHBIE K
MHOTOSIpyCHBIE.

Tlepronnuecks peficTByOILHE OTCTOMHWKH TIPEACTABJASAIOT COOOH HH3KHe
Gacceitne! Ges mepeMelIMBAKILKX YyCTpoHcTB. TaKoll OTCTOHHHK 3amOJHAETCA
CyCreH3nel, KOTOPas OCTaeTcsi B COCTOSIHWY IMMOKOSI B TEYEHHE OMNpenesieHHOro
BpeMeHH, HeoOXOZHMOro NJS OCefaHHA TBEPABIX WACTHI HA JHO ammapara.
[Tocsie 3Toro €/iol OCBETNEHHOH KHAKOCTH NEKaHTHPYIOT, T. €. CAHBAIOT Yepes
CHOHHYIO TPYOKYy HJM KpaHbl, DAaCIOJOKEHHBIE BbIIE YPOBHS OCEBLIEro
ocagka. Ilociennu#l, oOblyHO MpencTaBAAOMIHE COG0H HOIBUKHYIO TEKYUYIO
TYCTYIO XHIKYIO MacCy — lLiJiaM, BHIIDYKAKOT BPYYHYIO yepes BEpX anmnapara
HJIH YIansiloT 4epes HIKHHH COYCKOBOR KpaH.

Pasmeps! 4 ¢opMa anmapaToB mepHOAMYECKOTO AEHCTBHA 3aBHCAT OT KOH-
LEeHTpalUUU AHCIeprdpoBaHHoON ¢(asel W pasmepoB ee wacTHu. YeM KpymHee
4aCTHIH H 4yeM OoJibllle HX INJIOTHOCTb, TeM MEHbIUHH fHAMETDP MOXKEeT HMeTh
annapar. CKODOCTh OTCTAUBAHHA CYIIECTBEHHO 3aBHCHT OT TEMNEPaTYpH,
C H3MEHEHHEM KOTOpOH H3MEHSeTCH BA3KOCTh AKHAKOCTH, NpPHYEM CKODOCTh
0CaXkAeHHST 06PATHO MPONMOPUHOHANBHA BA3ZKOCTH, a4 MOCHAEIHAS yMeHbIlaeTcs
C yBEeJHYEeHHEM TEeMHEpPaTYpHI.

Jns orcrauBaHust HeGOJBUIHX KOMHYECTB AKHIKOCTH MPHMEHSIIOT OTCTOH-
HUKH B BHJE LUHJHHIPHYECKHX BEPTHKAJBHO YCTAHOBJIEHHBIX pe3epBYapoB
C KOHHYECKHM MHHILEM, YMEIIHM KPaH HAHW JIIOK A8 Pasrpy3KH ocajka H
HECKO/MbKO KDAHOB N/ CJHBA KHAKOCTH, yCTAHOBJEHHBIX Ha KOpnycCe Ha
pasHoil BhICOTE.

s OTCTA¥BAHHA 3HAYHTENBHBIX KOJHYECTB KHIKOCTH, HampuMep MJs
OYHCTKH CTOYHBIX BOfJ, HCOOMB3YIOT OeTOHHBIE GaccefiHbl GOJIBLIHX PasMEpoOB
HJIH HECKOJIbKO MOC/Me0BATEIbHO COeJHHEHHBIX pE3epBYyapoB, paloTaloLiHX
NOJyHenpepeIBHbIM CIOCOOOM: XKHAKOCTb MOCTYNMAET U yAaJAAETCSl HENpephIBHO,
a 0CafOK BBIFPYXKAETCS1 H3 anmapaTta mepuofHYECKH.

Ha puc. V-3 nokasaH oTCTOHHHUK NMOJNYyHeNpPepbBHOTLO
ReACTBHA C HAKJOHHBMHU meperopoakasH. Hcexonxan
CYCIICH3HA nojaercs yepes wTyuep / B Kopmyc 2 anmapaTa, BHYTPH KOTODOro
pacHO/IOXKeHb! HAKJIOHHBIE MEPEropoAKH J, HANPAaB/AAIOLIHE TOTOK MONEepEMEHHO
BBepX H BHU3. Manuuue meperoponok ysenuuupaer Bpemst NpeGuIBAHUA XKHJ-
KOCTH M TMOBEPXHOCTh ocamjaeHHs B anmapare. Ocafnok cobHpaeTcs B KOHHYe-
CKHX nHumax (6yHkepax) 4, OTKyJa NepHOQHYECKH yaasisieTcsi, a oCBeT/IeHHas
WKHAKOCTh HENpepuBHO OTBOAHTCA W3 OTCTOHHHUKA yepes [mTyuep J.
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B npowmeiusieHHOCTH HaH6O/iee pPACNpOCTPaHeHbl OTCTOHHHKHM HempepblB-
HOrO NEHCTBHA.

OTCcTOHNHUK HempepunBHOro pefdcTBUHA ¢ rpebxosoil
meutaJko# (puc. V-4) npeacrasiser co6ofi HEeBBICOKHH UHIHHAPHYECKHIT pe3ep-
Byap I ¢ NJIOCKHM CJIerKa KOHHYECKHM [HHUIEM H BHYTPEHHUM KOJbLEBbIM

xesjofom 2 BAO/Ab BepXHero 5

kpast annapata. B pesepsyape 2 4 / s
yCTaHOBJieHa Mellajka J ¢ Ha- \ N

KJOHHBIMH JIONACTAMH, Ha KO- ~

TOpHIX HMeloTcA TpeOKH 4 1A

s -
\

T

Puc. V-3. Orcroiiiuk ¢ HakJoHHbIMH  Puc. V-4. Otctodnuk HenpepsiBHoro fefcTsus ¢ rpe6-

neperopoiKaMH: KOBOH Metnaskoi:-
! — wTynep ansA BROZA HCXOARHOR cyc- I — xopnyc; 2 — KOJbUeBOA xeno6; § — Mewanaka; 4 —
rneusuH; 2 — kopnyc; J — HAKJIOHHhIE snonactd ¢ rpe6KaMH; 5 — Tpy6a AJA MOKATH HCXOZHOM
neperoponkn; 4 -— OyHKepa XA OCajKa; CYCMEH3HH; § -~ WTYUep AJA BbIBOAA OCBETJEHHONA XKUJIKO-

5 — wirynep pgsA OTBOZAa OCRETAeHHO# CTH; 7 =— pa3arpy3odqoe YCTPOACTBO AN OcajKa (aama);
KHAKOCTH. . 8 ~ 37eKTPOABHTATENb.

HempepeIBHOrO MepeMellieHHs OCAXKAAIOWerocs MaTepuastia K pasrpy3ouHoMy
orBepctHio 7. OpnHOBpeMeHHO IpebKH cjerka B36a/TeIBAIOT OCAaJOK, CIOCO6-
ctBys 31uM Sonee sddekTHBHOMY ero obe3BoxkHBaHUO. Mewaska gesaer oOT
0.015 10 0 5 06/mun, T. e. BpaLLAETCA HACTOJNBKO MELJIEHHO, YTO HE Hapyllaer
apouecca ocaxaenus. HMcxopnas xHakas cMeCh HENMpepbIBHO MORAETCH yepes
Tpy6y 5 B cepenvHy pesepByapa. OcBer/ieHHas XHIKOCTb MEpeNHBACTCSA
B KOJIbUEBOH XKes06 U yradasercs uepes wryuep 6. Ocajgok (WwjaMm) — TeKyyas
floomsiBrsre

,____E Aodes 1

|

Lycnersus

Pacmbip

é Ceadon

Puc. V-5. Cxema HenpepbIBHOH NPOTHBOTOYHOI OTMBIBKH ocajka
OT ilJKOCTH.

CrYIIEHHAs CYCNeH3Hs (C KOHUeHTpanHei TBepaoi dasbl He 6onee 35—55%) —
ynassieTcst M3 pe3epsyapa npH MOMOUIH nHadparMoBoro Hacoca. Baja mewmanku
MpPHBOLHTCA BO BpAIUECHHE OT 3JIeKTPONBHraTenst 8 yepe3 pepyKTop.

BMecTe ¢ ynassieMbIM OCAZKOM 4aCTO TepAeTCS 3HAYWTENbHOE KOJIHYECTBO
MKUIKOCTH, MO3TOMY AJIA YMEHBbILIEHHS ee MOoTepb Y BhbIEJNeHHA MKHAKOCTH W3-
CTYIIEHHOH CYCHeH3HH OCAafOK H3 MepBOro OTCTOHHHKA HAMpaBJAIOT B ADYro#
OTCTOMHHK IJf OTMBIBKY BOJOH H mocjepyoiiero orcransanus. Ocanok, noay-
yeHHbI#l BO BTOPOM amnnapare, Oyaer copep:KaTh TAKOE Ke KOJNHYECTBO KHUIKO-
CTH, 4TO H OCAJIOK B IEPBOM OTCTOHHHKE, HO YK€ 3HAYHTE/ILHO pa3bGaBieHHOH
Bonoil. IIpH Ha/JIMYHM HECKOJbKHX MOC/AENOBATEJNbHO COENHHEHHBIX OTCTOHHH-
KOB MOXHO yIa/JquTh U3 ocanka go 97——-98% wxupkoctu. [AA yMeHbIIEHUS
KOJHUYECTBA MPOMBIBHBIX BOJ OTCTAUBAHHE MNPOBOAAT MO NPUHUMIY MPOTHBO-
ToKa (puc, V-5): 0CaJOK MOC/JeJOBAaTe/NbHO ABHKETCH H3 MEePBOFO OTCTOHHHKA
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B TIOCJeAHHH, a BOAA — B HampaB/E€HHH, OOPATHOM ABHMKCHHIO OCajka: oT
mocJdegHerc OTCTOHHHWKA K mepBomy. IlpOMbiBHBEIE BOAB WCHOMBL3YIOT 3aTeM
it NPHrOTOB/JAEHHHA HCXOHHOIH CYCNeH3HH.

Kpome HempephIBHOCTH AEHCTBHS 4 GONBIIOH NMPOU3BOAHTENBHOCTH (COCTAB-
aapomein ydorga 3000 m/cymxu ocapgka) rpeGKoBele OTCTOHHWKH 06/aAaior
ClelyIOUliMH JOCTOHHCTBAMH: B HHX JOCTHIAeTCsl DPABHOMEDHAA IIOTHOCTh
0CazKa, HMEETCA BO3MOXKHOCTh PeryJIHpOBAHHSA €€ MyTeM H3MEeHeHHF IIpOH3BO-
AYTeNBHOCTH, obecneuxBaercs OGosee addekTHBHOE 00E3BOKHBAHHE oOCaznKa
BCJEACTBHe JEerkoro B36aJ/IThIBAHWUA ero Mmemajkoil. Pabora TakHX OTCTONHH-
KOB' MOXeT ObIThb MOJHOCTBIO aBTOMaTH3MpoBaHa. K HejgocTaTKaM 3TdX ammpa-
paToB CJieIyeT OTHECTH HX IPOMO3AKOCTh. I peGKOBBIE HOPMAJIH30BAHHBIE OTCTOMH-
HHKH HMeloT nHameTp or 1,8 no 30 #, 28 B HEKOTOPBIX NPOH3BOACTBAX, HAIpUMEp
JJIS OUHCTKH BOJBI, OTCTOHHUKH gocTuraior B auamerpe 100 .

/

a

Puc. V-6. Muorospycuble orctolinukd 3akpbitoro (a) u cbaiaHcHposanioro (0)
THIIOB:

1 — pacnpenejATET> HCXCAHOA CycClleH3uH; 2 ~— TPyG3a~—LTakaH AJ9 BBOAA CYCNeH3HH
B KaXkAuil 8pyc; 3 — KoaJaekrop gis cOopa ocseTnenHoll KEAKOCTH; 4 — COOPHHK ocaa-
. Ka (mJama).

Ilpu 1eo6XonWMOCTH YCTAHOBKH PAja OTCTOHHHKOB 3HAYHTE/BHBIX AHa-
MeTpPOB 3aHHMaeMast HMHU IJomanb OyaeT BenHKa. B nenAaX yMeHbineHHs 3TOH
nJoWAany NPHMEHAIOT MHOTOAPYCHbIE OTCTORHHKH, COCTOAILME H3 HECKOJNBKHX
anmapaTtos, YCTAHOBJEHHBIX APVE HA APYra. PasnuyaioT MHOrospyCHBIE OTCTOH-
HHKH 3aKpHTOro 4 c6anaHCHpPOBAaHHOIroO THNOB.

INTpocTefwuf i MHOTOSAIPpPYCHB H OTCTOHHHEK 3aKDH -
Toro Tvma (puc. V-6, a) npeacrasiiser co60it HeCKOJbKO OTCTOHHHKOB,
MOCTABJIEHHBIX ADYT HA ApPYra u HWMewMHX oOmHA Baja AnA rpe6KOBLIX Mella-
JIOK U COOTBETCTBEHHO — 0Ot npusoa. Ha puc. V-6 ana npocToTsl noKa3aHm!
JULIbL IBA PACIO/JOXKEHHHX OAMH Hal APYTHM OTCTOHHHKA. B mecrax mpoxona
BaJjia CKBO3b JHHIIE KaxXKIOr0 OTCTONHHKA YCTAHOBJIEHB! YNJIOTHSIOUIHE CAJb-
HUKH. TakHM o6pa3oM, B 3THX OTCTOAHHKAX CJIHB OCBET/ICHHOH XKHAKOCTH
4 BBITPY3Ka 0CAafKa OCYILECTBJIAIOTCA Pa3fesbHO H3 KamkAOTo spyca.

Bonee cosenmeuHBIMH £BAAIOTCA MHOTOADPYCHBE OTCTOM-
HUXH Cc6GadaHCYpPpOBAHHOIO HJH YyYpaBHOBEWEH-
Horo, Tuna f{puc. V-6, 6). Takue OTCTOHHHUKH TaKike HMeloT ofILHe BaJj
H NPHBOJ, HO, B OTJHYHE OT OTCTOHHHKOB 3aKPBLITOTC THIIA, UX APYCHI MOC/e-
IOBaTeJibHO COEAMHEHB! MO LIJIaMY: CTAKAH AJS YHAJEHHS UIaMa H3 KaXKioro
BLINIEPACTIONOKEHHOIO Apyca OnyileH HIKHHM KOHIIOM B Cjoli CryumeHHoOro
m/IaMa, HHKEePacmoNoKeHHOro spyca.

OtcroitHuku paboTaloT cleayiomuM o6pa3oM: HCXOAHAA CYCNEH3HA H3
pacrnpene/HTeibHOro ycTpoiictsa [/ MOJAeTCA depe3 CTakaHel 7/ B KaXJIblH
sapyc. OcBeT/ieHHAst XHUAKOCTH 4epe3 CJHBHHE MAaTpyOKH coGHpaercsi B KOJ-
nekTop 3. CryieHHBlH ocajloK NpPH NPHMEHeHHH OTCTOHHHKA 3aKPBITOrO THIA
yAAJAETCA pa3s/esIbHO H3 KAaXAoro sipyca B COOPHHUKY 4, a B C/1yyae OTCTOHHUKA
chasaHCHPOBAHHOIO THIMA — TOJBKO H3 HIXKHEro spyca.

Taknm o6pa3oM, B anmaparax 3aKphITOro THOA IHO KaXJAOro sipyca BOC-
TDHHKUMAET NaBJICHHE BCeHl Macchl HaXOAAUIEACA B HEM CYCNEeH3HH, a y OTCTOH-
HHKOB COAMaHCHPOBAHHOTO THHA HATPY3KY Ha AHO HCHEITHIBAET TOJNBKO HWHXK-
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HUui fApyc. B orcTofiHukax c6anaHCHPOBAHHOLO THIA He TpeGyercs ChenHasb:-
HbIX YNJOTHEHHH B MECTaX MpOXOja Baja CKBO3b AHHIIA SAPYCOB.

[ToMuMO MHOrosipyCHBIX OTCTOHHHKOB OOJblUAA [OBEPXHOCTb OCAKAECHHS
JOCTHTaeTCA TaKXe B OTCTOHHHKAaX HENMpPpEpPBIBHOIO gpeifl-
CTBHHN C KOHHYECKHMU MoakaMmu (puc. V-7). Pasnensiemasn
CycrmeH3us mojaercs uepe3 wryuep ! M pacnpeiesnsieTcs MO KaHATaM Mexay
KOHHYeCKUMH MoJKaMK 2 (4epe3 OfHY), Ha HOBEPXHOCTH KOTOPBIX MPOUCXOMLLT
ocaxjaeHue TBepAplk uacTHU. OceBlIMe YacTHOB! CIOM3AIOT MO HAKJOHHBIM
NOJAKAaM K CTeHKaM KOpAyCa W 3aTeM MepeMellalnTcA BHH3 K wryuepy J AJA
ynanenus waama. OcBeT/eHHas KHIKOCTb OTBOAUTCA IO KaHaJiaM 4 Mexny
JBYMSl Bhile/IeKalm WM MOJMKAaMH H BBIBOLMTCA H3 anmapara yepes wrtynep J.

, JIOCTOMHCTBOM OTCTOHHHUKOB 3TOro THMA fBAAeTCH

&/’5 OTCYTCTBHe [BHKYLLHXCS 4YacTell M mpocToTa 00-

,_/__ CJIyKHBAHHUSA.

" Ha puc. V-8 nokasaH HempepbBIBHO
LedCTBYyIOUHA OTCTOHH HK JIA pas-
nesieHHst smyabcud. On npexacras/isieT coGoil ro-
PU3OHTAJbHBIH pe3epByap, BHYTPH KOTOPOro Mpo-
THB BXOLHOro wiTyuepa / ycradoBJeHa mepgopH-

[panuya pasdena

was3
Puc. V-7. OrcroitHuk He- * Pue. V-8, Orcrofinnk HempepbiBHOro ZedCTBHHE AIA
NpephiBHOFO AeHCTBUS C KO- pasjesieHust 3MYJbCHH:
HUYECKHMH MOJKaMHu: . 1 — WTyuep gas MOZBOZAa 3MyJbcHR; 2 — NephOpHPOBaH-

HasA neperopogka; & — TpyGONpPOBOJ AJA OTBOAA Jerko#
tdasn; 4 =~ Tpybonposoj gaAA OTBOAA TaAXeao# dasmb; 5 =
YCTpPOACTBO ANA pa3phlaa cHdoHa.

1l — wryuep aas nogsoaa
pasfensieMORl Cycnensuu; 2 —
KOHHYECKHE MOJAKH; 3 — WITY-
uep ANA 0150Ka Winama; 4 —~
B omePA2 0% hopanHas oT6oiHAR meperopogka 2. OHA CTy®HT
uep ana ;‘;‘;;f:c;’:}m"e““°"‘ LJf  TPEAOTBPAILEHHS BO3MYLWEHHH KHIAKOCTH
cTpyefi moctynamwmed amyanscuy. [lomepeynoe ce-
yeHHe OTCTOHNHKA BLICHPAIOT TAaKHM, 4TOOBL -ABHAKEHHE KUIKOCTH B KOpmyce
anmapara OblJIO JIAMHHADHBIM MJIH  OJIH3KHM K HEMy (CKOpPOCTb — He-
CKOJIbKO Mm/ceK), 4To cnocoGCTBYeT yCKOpeHHIo oTcTauBalus. Jlerkas xujpkas
¢aza ygnasasercs M3 anmapara mno TpyGomposomy 3, Tsmeldas — no TpyGonpo-
Boay 4. Ha nocJsenHeM HMEeTCs YCTPOHACTBO 5 A/l pa3phiBa CHGOHA, NpERy-
npexuaoliee MOJHOE ONOPOXKHEHHe pesepByapa. '

Pacyer. OTCTOMHHKH NPOEKTHPYIOTCA B pacyere Ha OCamKAECHHE CaMblX
MeJKHMX YacTHU, HaXoAsmMxcs B HcxopHoél cMecH. [losromy Bpemsa mpebniBa-
HUA cMecd, ofpabaTbiBaeMOil B JAHHOM anmnapare, NOJKHO ObiTh Oosibuie HaH
GOJIbLIEr0 BPEMEHH OCAXKIEHHUs HJIU B Mpejeje PaBHO BPEMEeHH, HEOOXOAUMOMY
ISl CTECHEHHOTO OCaXIEHHA 4acTHUL HaHMeHblUero pa3Mepa Ha JHO anna-
para ¢ 3aJlaHHO# BBICOTHL.

[lycTs B OTCTOHHUKE NMPAMOYFONLHOIO CeYEHHS, HMewleM AIHHY [ (#)
¥ WMPHHY b (M), cycneH3us pa3jiejiseTci Ha OCajoOK M cJioff OCBET/IeHHOMN
AHIKOCTH BpICOTOH A (a). [IpOH3BOAMTENBHOCTL OTCTOMHHKA MO OCBETJEHHOH
XKHAKOCTH Qo (M3/cex) B 3TOM ciyyae BeIpa3suTCs ypPaBHEHHEM

Qoce = Wrbh (V.17)
TAe Wy — CKOpPOCTb MoToKa KHAKOCTH BROJbL amnmapara, M/CEK.

Bpemsi mpoxoxaeHHst T (cex) cycnexsuedl OTCTOHHHUKA COCTABHT
1

Wy

(V.18a)

T =
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3a 370 e BpeMms YaCTHIBI, OCAXKNAIOUIHECS CO CKOPOCThbIO .. (Micer),
AO/DKHB! npofAtH Haubombwtid nyTh % (m). CilegoBaTenbno, Bpems OTCTauBa-

HHsl ONpeaeJHTCsl H3 ypaBHeHHs
h

Woc

TlpupaBHuBas npaesle yacTH ypaBnenuit (V,183) v (V,186) n noacraBass
BMECTO W, €ro 3HaueH’e M3 ypasuenus (V,17), nonyuum

“h l lhb

== =

Woc wr Qocs

T== (V.,186)

OTKVaA NPOH3BOAKTENBHOCTD OTCIOHHHKA MO OCBETNEHHOH HKHIAKOCTH COCTABHT
Qocs = Woclb = WocF (v, Ly,
rae F ~ MopepXxHOCTL OTCTOMHHKA B miiane, M3.

YpasHenue (V,19) mnokaseiaer, 4T0 NnpoussodumesbHOCMb OMCHOLHUKA
He 3a8uUcCuUm 8 SI6HOM 8Ude Om €20 8bICOMbL, A 3ABUCUM MOALKO O CKOPOCIMU U
nosepxrocmu ocascoenus. T103ToMy OTCTOHHUKH HMEIOT 3HAUMTENLHYIO IOBEPX-
HOCTh OCAXIECHHSI NMPH HeOOJBbLIOH BHICOTe, KoTopas OOLIYHO He NpeBHIIUAET
1,8—4,5 u, a pin OTCTOHHUKOB oueHb OOJBUIHX AUAMETPOB — He GoJice 7 #.

Heo6xonvmyio moBepXHOCTb ocaXneHHst (B %) HAXOLHM M3 BBIPAKEHHS

Fe Qocs (V.20)
Wey
OGbeMHEIA pacXol OCBeTNeHHOM KUAKOCTH Qo NPH €8 MIAOTHOCTH Poca (K2/MP)
coctaBifeT Qup = Gocw/Pocsr Tl Goop = MACCOBHIH  PAcXOn  OCBETJAEHHOH
JKHAKOCTH B Ke/cex. Toraa
G
F = . Joca (V.21)
PocaWWer

IloncraBnss u3 ypasueuns (V,8) 3uauenne G,, B Belpawxenue (V,21),

ONnpeje/idM NOBepXHOCTL OCAXKJCSHHS:

F= GCM ( Xoc — Xcm ) (v'22)

Poca@er \ Xoc = XocB

Ilpu BeiBOje ypasHenust (V,22) He yuHThIBajach HepaBHOMEpPHOCTb IBH-
KEHHA KHIKOCTH N0 BCeH NJIOHMIagH OTCTOMHHKA — OT TOUKH BBOJ@ €€ B amma-
paT Lo MepesiuBHOrO YCTPOHCTBA. B ¢BA3H ¢ 3THM jomycKafoch, YTO B anmnapare
OTCYTCTBYIOT 3aCTOHHbBIE 30HBI H He MPOHCXOAHT BUXPeoSpa30BaHUs! KUAKOCTH,
BbI3BAHHOIO HEPABHOMEPHOCTbIO OCaXKAeHHs wacTHU. Kak NnoKaswBaeT OMNHIT,
3TH SIBJIEHHSI YMEHBLIAIOT CKOPOCTb OTCTAHBAHHS B NPOMBIULIEHHBIX OTCTOM-
HHKax. KpoMe Toro, mo Mepe ABHXKEHHs pa3fieisieMOil CHCTEMLI UEPE3 30HBI
oTcTauBanus (cm. crp. 179) conepxanne B3pelleHHoM das3nl B Hefi MOCTENEHHO
YBeNHYHBACTCS H, CJIENOBATENLHO, CKOPOCTh OTCTAMBAHHA MOCTENEHHO YMEHb-
uaeTcs. Y4ecTb KOJHYECTBEHHO BJAHAHHE YKA3aHHBIX (HAKTOPOB HA CKOPOCTb
OTCTAHBAHUS NOKA HE NPENCTABMsSeTCsl BO3MOXKHBIM. [103TOMY B HHMKEHEPHBIX
pacuerax mnoBepXHOCTb OTCTOHHHKa, ONpegefieHHyl o ypaBHeHuwo (V,22),
OObIYHO = yBEJNHYHBAIOT, COIVACHO BSKCIEPHMEHTANbHHM JAHHBIM, OpHEHTH-
poBouHo Ha 30—35%.

Tlpu pacuere MHOrOApYCHBIX OTCTONHHKOB O6Iiyl0 pacueTHYI0 NOBEPXHOCThb
OCaxKAEHHH JeNAT NOPOBHY MEXKAY SIPYCaMH.

B.” ®UJIbTPOBAHUE

6. O6uue cBefeHHs

QU bTpPOBaHUEM HasHBAOT mPONECC pa3feJeHHs CYCMeH3HH
C MCNONBSOBAHHEM MOPHCTHIX NeperopofioK, KOTOpHIE 3alepXKUBAOT TBEPAYIO
dasy cycneHsuH M npomyckaloT ee XHAKYIO a3y,
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PasnesieHHe CYCneH3HH, cOCToswed H3 3KHAKOCTH H B3BELICHHBIX B Hefl
TBEDABIX YACTHL, NPOH3BOAAT NIPH MOMOWH ¢ K I b T p a (pHc. V-9), koTophlit
B npocCTeHlIeM BHIE SABJACTCHA COCYAOM, Pa3ieN€eHHBIM HA JB€ 4aCTH ¢ U JI b -
TpoBaJbHOH nmeperopogkoid. CycnedsuHio NOMEWAlT B OLHY
yaCTh 3TOTO COCYZIAa TaK, 4TOCbl OHAa CONMpHKAcaJach ¢ (UJABTPOBANBLHON Mepe-
roponkofi. B pasnesieHHBIX 9aCTAX COCYJa CO3JAT PAa3HOCTH AaBJae-
H H #, moip geficTBMEM KOTOPOH KHIKOCTb NPOXOJHUT Yepe3 Mopbl (HABTPO-
BaJIbHOH TNEPEeropoiku, NpPHYEM TBEpIbIE 4YACTHIbl 3aJEPKHBAIOTCA Ha ee
nosBepXHoCTH. TakHM 06pa3oM CYCHeH3Hsl pasfesercs Ha YHCTHIH G H A b -
TpaT u BJAAXKHBIA 0Ca 1 0K. ITOT NPOUECC pasfe/eHus CYyCneH3uH Haspl-
BawTpuAbTpoBaHHEM cobpasoBanuem ocapka. Huorna
TBEPJbie UACTHUBI MPOHHKAKT B TOPB (UIBTPO-
Ba/bHOH MeperopoakH H 3aJepPXKHBAIOTCA TaM, He
ofpasysi ocagka. Takod Inpouecc HasblBaoT

pHABTDOBAHHEM C 3agRyNOpPUBA-.
AAEM u 0 p. DO3MOKEH TAKXKE MPOME K Y -
TOUYHGB B BHI (UIBTPOBAHHSA, KOrja TBepjple
YacTHiBl TIPOHWKAIOT B NOPbl (DH/ALTPOBAJIBHON
meperopoikKH H o0pa3yloT Ha Hel CJOH ocanxa.

Bo3HHKHOBEHHE YKa3aHHbLIX BHIAOB (PHJILTPOBAHHA CBf-
33HO CO CJOXHOH B3aHMO33aBHCHMOCTBIO MEXIY CBOHCTBaMH
CYCTMeH3HH H (QUAbTPOBANbHON MEPeropoixH.

. TeepaAbie 4YacTHUBl, YBJACKAEMblE MOTOKOM KHAKOCTH
K OGUAbTpOBalbHON meperopojke, MOMAjalOT B Pa3fidumele | —_ ~— - =7~~~ Vl':'
ycious. TBepias yacTHuA 3aJepKHBAETCs HA MOBEPXHOCTH — LT T
&UIBTPOBATLHONH NEperopojiK, €ClH pasMep [OP HA 3TO#
MIOBEPXHOCTH MEHblIe pasMepa YacTHuei. [IpH ycloBHH, uTO
pasmep TBEpAOH uYacCTHULI MeHbLUE Da3Mepa TOpPbI B CaMoM
Y3KOM ee CeYeHHH, YacTHua MOKET MpOoHATH yepe3 QHUALTPO- Puc. V-9. Cxema npouecca
BANbHYIO NEPEropoAKy BMecTe ¢ PUABTPATOM. unbTpOBAHHKS:

Oanako OHaA MoOXert 3agepKaTteCa BHYTPH Q)H«‘Ipro- 1 -~ GuALTP; 2 — (GUALTPOBANb:
BaJbHOH MeperopoiKH B pe3yabTaTe ajcopOLHH ‘HA CTeHKax  Has mneperopopka; J — cycnes-
NOpHl HMH MEXAHHYECKOrO TOPMOMEHHA HA TOM ee yuacTke, 0 4 — ¢uaeTpaT: 5 -~ ocapox
KOTOphI HMeeT HempasHaAbHYIO ¢opmy. Takas 3sactpsasuwias
yacTHua 6yAeT yMeHblaTh 3(xpeKTHBHOe ceyeHHe MOpPbi, H BePOSATHOCTb 3ajiep:KHBanHs B Hell
NoCJEYIOmUX TBEPAWX YacTHI YyBelHuHBaeTCA. Bo3MoxeH Takie cayyal, Korjaa oTienbHaf
TBEpAAS YACTHUA [OJHOCTBIO 33KYNOPHBAET MOPY H JejaeT €€ HeNpOXOAHMOR Ans Apyrux
yactHu. Haxouey, neBosibuas MO CPABHEHHIO C MOPAMH TBepAas YACTHIA MOKET, HECMOTPSA HA
370, HE BOHATH B MOPY H OCTATbCH HA MOBEPXHOCTH QHILTPOBAJNbHOK MeperopoikH. 3To mMpo-
HCXOIMT, eclH Hajl BXOJAOM B MOPY Ha {10BEPXHOCTH meperopOiKH o6pa3yeTcsl CBOJHK H3 He:
CKOMbKHX OTHOCHTEAbHO HeGOJBLIIMX TBEPABIX HACTHIL, KOTOPBIH NPOMYCKAeT XKHAKOCTb H 3a-
JepKHBaeT JpYyrHe TBepanie wacThibl. OOpasopatue CBOAHKA [POHCXOAMT AHLIb APH LOCTA-
TOYHO BHICOKON KOHLUEHTPALHH TBEPIAHIX HACTHL B CYCHEH3HH.

PasuocTh jgaBieduit mo o6e cTopoHel (QHJABLTPOBAJIBHOH NEPEropoiKH CO3-
JaKT pa3HBIMH CIOCOGAaMH, B pe3y/blaTe 4Yero OCYWECTBJISIOT pasH4Hble
npouecchl GHILTPOBAHUSA.

Ecau npocrpaHcTBO Haj CycmeH3HeH coo0mamwT C HCTOYHHKOM CXKAaToro
rasa (oOblYHO BO3JyXa) WAH TIDOCTPAHCTBO INoj PUIbTPOBAJIbHOH TIEperopon-
KOl TIpUCOEIHHART K HCTOYHUKY BaKyyma, TO TPOHCXOAMT mpouecc
GHABTPOBAHHWHSA NPH MOCTOSAHHON PA3HOCTH JaBae-
H U B, TIOCKOJNILKY [aBJjleHHe B pecHBepax TMNOANEPKHBACTCSI MOCTOSHHBIM.
[IpHu 3TOM CKOPOCTh NPOUECCA YMEHBLIACTCS B CBA3H C YBEJHUEHHEM COMPOTUB-
JIEHHSl CJIOSl 0CajKa BO3paCTaiouied TOJMIHHBI. AHAJOTHUHLIE nmpouecc ¢H/b-
TPOBAHU#A, BCTPEYAIOWIHHCH B NPOH3BOACTBEHHBIX YCJIOBHX OTHOCHTE/IbHO
pENKO, TPOMCXOAHT noj JAeHcTBHEM PA3HOCTH JaBJeHUH, OBGyC/lOBJAEHHOH
FHAPOCTATHYECKMM JABJCHHEM CJ/IOA CYCHeH3HH MNOCTOSIHHOH BBICOTHl, HAaXO-
asmedcss Hal GUJIbTPOBANBHOH TEeperopoiKoi.

Ecau cycnensuio mogatoT Ha (HJIBTD TOPLIHEBBIM HAcOCOM, MNPOH3BOIHM-
TeJbHOCTh KOTOPOro NpH JaHHOM yHcJsIe 000pPOTOB 3/AeKTPO/IBHIaTe /A TOCTOAHHA,
TO OCyLleCTB/sieTcss npouecc GHUALTPOBAHHS NMPH MOCTO-
AHHOH CKODOCTH, HpH 3TOM Da3HOCTb [ABJEHHH yBEIHYHBAETCH
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BCIENCTBHE YyXKe YIOMHHABIIErOCs YBEJHYEHHS CONPOTUBJIEHHS ClOs oCanka
BO3pACTAIOWEH TOMLIHHEL.

Ecau cycnedsHio TPaHCMOPTHPYIOT HA (HABTP LleHTpoﬁerKHblM HacoCoM,
[POH3BOAMTENLHOCTh KOTOPOTO NPH AAHHOM 4Hcoe 060pOTOB 3/eKTPOABHIaTeNs
yMeHbluar - TMpH BO3PACTAHHH CONPOTHBJEGHHA OCAajgKa, 4To O0YCJOBJHBAaeT
NOBLIEHL. PA3HOCTH NABJEHHHA, TO NMPOHU3BOAUTCA mMpouecc GHJAD-
TPOBAHHSA NMpPH MepeMeHHbL X PAa3HOCTH AAaBAEHHH
H CKODPOCTH.

B npou3Boactee ¢uIbTPOBaHHE OOBIYHO NPOBOAAT HNPH CAeRyIOIIHX pas-

HOCTAX JaBJeHHH: -
Iox BakyymMoM . . . . . . . . 5:108—9-10% u/m2 (0,5-100—0,9-10¢ xac/m®
Tlox naB/eHHEM CXKATOrO BO3AYXA He 6Gosee 30-10% n/m? (3-104 xec/m?)
Tpx nomaye NOPLUHEBHIM NITH LIEH- :
TpoGeXHBIM HacocoM . . . .  Jo 50-10¢ n/m2 (5-10% kec/m?) u Gosee
Ton ruApOCTAaTHUECKUM: faBie- : )
HHEM CNOsi CYCIel3u# . ., . . Hdo 5-104 u/m? (0,5-10% xec/s®)

HauGonee xenarenbHo ¢uabTpoBaHHe ¢ ofpa3oBaHHeM OCajKa, Korua
3aKyNopHBaHUA nop (HALTPOBANBLHOH NEPETrOPOAKH TBEPIBIMH YacTHLAMH
€ COOTBETCTBYIOILHM YBE/NHYEHHEM €€ CONPOTHBJEHHS IOYTH He IPOHCXOLMT.
Taxoit Bux ¢uILTpOBaHHA HAOJIONACTCS NPH HOCTATOYHO BRICOKOH KOHUeEHTpa-
LUK TBepHOH (pa3wl B CYCNEH3HH, MPHYEM 3TY KOHUEHTPAUHIO YCIOBHO MOXKHO
npHHATL Gosiee 1 o6veMH. %. IlpH yka3zaHHOH KOHUEHTPAaUHH HAX BXOJAMH
B 1Nopbl (GHILTPOBAJBHOH Meperopofkn OeICTpO 00pa3yloTcs CBOAHKH H3
TBEPJABIX YaCTHL, NpONYCKaIOWHe XKHAKYIO a3y CyCleH3HH, HO 3aJeprKHMBa-
IolllHe JApyrHe TBEpJble HACTHIBL.

s npenoTsparieHHs 3akyNOpHBaHHA [Op (HJALTPOBAJLHOH NeperopoiKH
NpH pasjelleHHH CYCNeH3HH C OTHOCHTeIbHO HeGoJbwOfl KOHUEHTpauHeH
TBEpAOH (pa3el, HanmpuMep B npeaenax 0,1—1 obvemH. %, Takylo CyCHeH3HIO
nepen pasgelieHHeM Ha (QUJBTpE uejecoo0pa3HO CryCTHTb B OTCTOMHHKAaX.

IloBriienne KOHUEHTPAauUH TBepAOH (asbl OCYIIECTBAMIOT B Psilie CAy4yaes
TaKXKe B (PHIBTPAX-CTYCTHTEIAX, H3 KOTOPHIX TBepiad (asa yjpajsercst He
B BH]E BJIAKHOTO 0CajKa, a BBHIE CT YU eHHOH CyCcnmeHS3HH,

Haumenee xxenatenbHO (UJABTPOBAHHE C 3aKymopHBaHHeM MOp (HALTPO-
BaJIbHOY TNEPEeropoJKH, TaK KaK pereHepanusi ee B JaHHOM CJyuae CHJBHO
OC/IOKHACTCS, a HHOTJA CTAHOBHTCR HeBO3MOXHON BCJENCTBHE TPYIHOCTH
W3BJICYeHHs1 TBepAbIX 4YacTHU W3 nop. Takoll Buj ¢(UILTPOBAHHA HA3BIBAIOT
TdKXe OCBEeTJNeHHeM, NpPHYEM OpPHEHTHPOBOYHO MONKHO NPHHATH, 4TO
OHO NPOUCXOIUT TNPH KOHUEGHTPALHH TBEPABIX YaCTHI, B CYCNeH3HH MeHee
0,1 o6pemu. %.

Tlpu pasjeneHHu cycCreH3u# ¢ HeGO/BLIOH KOHUEHTpauMell TOHKOpHCHepC-
HO¥ TBepAoH (a3bl 4acTO NPUMEHAT G H T bTPOBAaJbHEE BCOOMO-
rareJbHBE Belie€CTBa, NPENATCTBYIONHE MNPOHHKAHHIO TBeEp-
IbIX YacCTHLL B MOPHI (bymmposa.nbﬂoﬁ neperopoakd. B kagecrBe Bcnomora-
TeJbHBIX BeleCTB, MPEACTABAAIIWIMX COGOH TOHKOAHCHEpCHhIE HJAH TOHKO-
BOJIOKHHCTBIE MaTepHa/bl, HCIOMB3YIOT AMATOMHT, NEPJHT, acbecT, UeNII0N03Y,
8KTUBHPOBAHHLE Yyroib, LPeBeCHYIO MYKY.

Jnisi monyyeHHst BCNIOMOraTe/jbHOrO BEWIECTBA NpPHPOJHBIE AHATOMHT H
nepJiuT mofBepraiorca ocoboil o6paboTKe, B YaCTHOCTH HAarpeBaHUIO, H3MelNb-
YEHHIO H KJacCHUKANUM.

BcroMorare/ibHble BemecTBa HAHOCAT MpejBapHTeNbHO HAa GMJIBTPOBAJb-
HYIO NEPEropoiKy B BHAE CJIOA TONLUIHHOA He Gojee 50 mm MAH B KOJNHYECTBE
okosio 1% or Maccel cycneH3uH [A06aBASAIOT K Hell nepel pasjeneHdeM Ha
¢usaeTpe.

Cno#i BcoMmorareJLHOrO BeileCTBAa HAHOCSAT Ha (QHABTPOBaJbHYIO Iepe-
,foponxy B pe3ynbTare pajjefleHust Ha (HAbTpe CYCHEH3HHM 3TOro BelieCTBa
B ’KHIKOCTH, HAMpUMep BOAE HJ/IH 3apaHee nosyueHHoM ¢uibTpare. Ecau cloit
BCIOMOraTebHOro BewecTsa TOMWHHON 50 MM HaHeceH Ha (HJIBTPOBAJBHYIO
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neperopojiKy Bparawomerocs 6apabanHoro Gu/AbTpa HENpepEBHOrO pelicTBUA
(c1p. 205), To BHeUlHHe YACTH CJI0S TOMUHUHOR npumepHo 0,1 mm HenpepwuiBHO
Cpe3aloT HOXeBblM YCTPOHCTBOM, KOTODOE MOCTENEHHO C OYeHb HeGOJbLIOH
CKOPOCTBIO MNpHOGIHKAETCA K (HABTPOBAJBLHONH meperopoaxe. Bcaejcrsue
3TOr0 CYCTMeH3Hs BCe BPeMsl CONPHKAcaeTCsl CO CBexKeH MOBEPXHOCTBIO CJOf
BCIIOMOraTe/JbHOI'O BelleCTBa.

[Tpu noGasneHud BCOMOraTesibHOrO BeIECTBA K pa3fesieMofl CyCleH3un
KOHUEHTPAUHS TBEPABIX YaCTHU B Hell yBEJHYHBAETCH, YTO G/ArompHATCTBYET
0o6pa3oBaHUI0 CBOLUMKOB HAJ BXOJAMH B IMOphi (HALTPOBANBHON MEpPeropoiku
H TIpejoTBpaumaer, TaKHM 06pa3oM, 3aKyNnopHBaHHE 3THX NOP.

AKTHBUpPOBaHHBLH yro/ib, KpOME 3aJepKHBA0ILEH CHOCOGHOCTH 110 OTHOLIE-
'HHIO K TBepJIbIM 4acTHiaM, 06/afaer W aacopOUHOHHBIM AeHCTBUEM; OH afcop-
GHpyeT pacTBOpEHHBble B KHIKOCTH BEILIECTBA, HANDUMED BeUleCTsa, OKpallH-
BaiollHe KHIKOCTh.

a

Puc. V-10. Bsaumusie HanpaBsjeHuss JeHCTBHS CHJBl TAMECTH H ABHAESHHA
dHabTPaTa B GHJAbTpAX:

a -~ HanpaBJeHHs COBMAfAlOT; 6 — HaMpaBJeHHs MMPOTHBOMNOJOKHL, 8 —HalpasJe-

HHA [MepMeHAHKYASPHb, CHJIOWHLIE CTPeJKH -— HaOpabjeHHe ACHCTBHA CHJAB TA-

KECTH, NYMKTHPHBIE CTPEJIKH — HalpabBJeHHs JABRHXeHus ¢uHAbTparta; [ — duabr-

poBaibHed feperopogka; 2 -~ ocajOK; 3 — CyCneH3Hs; 4 — (puAbTpart: 5 — 4qucrasn
KHAKOCTb.

[Tpouecc ¢GUABLTPOBAHHA YACTO COMPOBOKIACTCA CTECHEHHBIM HJH CBOOOJ--
HbIM OC2XJCHHEM TBEPABIX YACTHLU CYCMEH3UH MO AeHCTBHEM CHJIBI THKECTH.
[Tpu sTOM HanpaB/ieHUs JAEHCTBHSA CHJIBI TAKECTH W JBHXKEHHF (u/bTpaTa
MOTYT COBMAafarh, GbITh IPOTHBONOOKHBIMH HAH MePNEHAHKY IAPHBIMH B 3aBH-
CHMOCTH OT TFOPH30HTZ/bHOrO HJIM BEPTHKAJBHOIO NOJOXKEHHA (bHABTPOBA/L-
HOH [eperopojkH, a TakXKe HaXOXIEHHFA CYCNMeH3WH HaJ] Neperopoikod HJH
non Heli. B3auMHple HANpaBJieHUA JeHCTBHA CHJbl TAMKECTH H JBHMKEHUA
¢uaBTpaTa C COOTBETCTBYIOUIHM paclpefejieHHeM CJIOEB 0CajKa, CyCHeH3HH,
¢unbTpaTa U 9HCTOH KHAKOCTH CXeMAaTH4YHO MOKas3aHkl Ha pHC. V-10.

Ocaxpenue TBepPIbIX YaCTHU YCJIOKHAeT mpouece (GpHIbBTPOBAHMA U BAHSAET
Ha €ro 3aKOHOMEPHOCTH, IPHYeM 3TO BJAMAHHe Pa3/UYHO NPH PA3HBLIX HANpPaB-’
JIeHUAX NeHCTBHA CHJIN THAXKECTH H ABHKEHUA ¢uabTpaTta. Tak, ecjaH cycheH-
3usl HaXoJAMTCA Haj GUABTPOBaNbHOH meperopomkoi (puc. V-10, a), ocaxpe-
HHe TBepAbX YaCTHIL IPHBOAHT K GoJiee OhICTpOMY 06pa30BaHHIQ OCaKa C MOMy-
ueHHEM YHCTOH KHAKOCTH, KOTOpas MOXeT OwTb yjpa/eHa H3 (H/IbTDA NEeKaH-
ragHeii. Ecld cycned3nsi HAXOZMTCA MO GUIBTPOBAJIBLHON mNeperopopkoi
(puc. V-10, 6), ocaxkpende TBepAbIX yacTuy Oyjger mpensTcTBoBaTh ofpasoBa-
HMIO OCajKa, 4TO Bbi30BET HEOOXOAHMOCTB B MepeMeLIHBAHHHU CYCIeH3UH JLJIs-
NOJIePIKAHUA €e ONHOPONHOCTH. »

OcagkH, noJjiyudaeMele Ha GUABTPOBAJIBHOH Neperopopke MNpH pa3geseHHH
CyCHeH3ui, Noipa3jelsioT Ha HE€CXK U MAaeMhe H CXHMaeMbele.:
ITon HeckUMaeMbIMH MOHUMAIOT TAKHE OCANKH, B KOTOPHIX TOPHCTOCTb,”
T. €. oTHowexHe o0bemMa NMOp K OO0beMy OCajKa, He yMeHbLIAeTCS MPH YBEJIH-:
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YeHHH PAa3HOCTH JaBjaeHHi. [lopHCTOCTD CxKHMaeMHX OCALKOB YMEHbIUAETCH,
a MX TH)IPaB/IHYECKOE CONPOTHB/ICHHE MOTOKY XHAKOH a3kl BO3pacTaer ¢ yse-
JUYeHHEeM Pa3HOCTH AaBieHuil. K WHCAY NMPAaKTHYECKH HECKHMAeMLIX MOXHO
OTHECTH OCAJKH, COCTOAlLIHE W3 YaCTHI HEOPraHHYECKHX BEIeCTB pPa3MEepOM
6osee 100 mxm, BanpHMep M3 YACTHIL MeCKa, KPUCTaJAJI0B KapOOHaTa Kalwllus
1 OugapOoHara HaTpHsd. K CH/ABHO CXKHMaeMblM OTHOCATCA OCaiK# THIPATOB
OKHCEH MeTansioB, HalpuMep aMIOMHHHA, XKeJe3a, MeLH, a TAaKKe OCalKH,
COCTOAIIHe H3 JETrKo AeQOpMHDYEeMHX arperaToB, KOTOpPhleé 0OGpa3yioTcs U3
NEPBUYHBIX MEJNKHX KPHCTAJIJIOB.

s mofyyesHs OTHOCUTENBHO TPYAHO NeDOPMHDYEMBIX arperaTtoB Ha3
TOHKOIUCHEPCHBIX MEPBHYHBIX YACTHLl CYCHEH3HH K Hel n006aBJSIOT mepen ee
pasjeieHHeM Ha GUJILTPE PA3MHYHBIC KOATYAAHTHI H QuoryasHTel. O6nenvHe-
HHE TOHKOLHCIIEPCHBIX YacTHL B 6ojiee¢ KpyIHBbIE arperaTel IPHBOIHT K yBe-
JIHUEHHIO pa3mepa Nop B 0CajKe, COOTBETCTBYIOUIEMY YMEHBILEHHIO ero THAPAB-
JIMYECKOr0 CONMPOTHBJICHHA H TIOBBILIEHHIO CKOPOCTH (GHJIBTPOBAHHSA.

B npon3BoACTBeHHBIX YCJAOBHAX MOA GHALTPOBAHHEM MTOHHMAOT He TOJIbKO
onmepalyio pa3fiefIeHHa CyCNeH3HH Ha QHAbTPAT H OCaAOK C IOMOILBIO IOPHCTOH
NeperopojikH, HO H IOCHeAVIOLLHEe ONepalHH NP OMBIBKH, NTPOLYVBKH
H CyIl KH OCajKa Ha ¢uabTpe. - .

IMTpoMuBKY o0Cagka BHIOIUSIOT cnocoéalvm BBITECHEHUSA H
pasfbaBaeHHaA.

Cnoco6 BRHITECHEHHSA COCTOHT B TOM, YTO [IPOMBIBHYIO XHIKOCTb
3a/IHBAIOT Ha MOBEPXHOCTb OCAJKA B BHJE CJIOS HAH NOAAIOT B NHCIIEPrHPOBaH-
HOM COCTOSIHHM H3 pasz6phI3THBAIOIHX YCTPOHCTB, NpHUEM INPOMBIBHAA KHI-
KOCTb 1O JefiCTBHEM pa3HOCTH NABJEHHH NPOXOAWT CKBO3b HOPbl OCAAKa,
BBITECHAET H3 HHUX XKHIKYI0 a3y H cMemuBaercs ¢ Hell. DTOT cnocol mpuMe-
HAIOT, KOIJa OCaJ0K MPOMbIBAETCHA JETKO W HE COEepKHT NOp, HeAOCTYMHEIX
IJisi TIPOMBIBHOH HIKOCTH.

Cnoco6pas6baB/aeH s xapakTepH3yeTCsl TeM, 4TO OCAJOK CHUMAEICH
¢ (UABTPOBAILHOH TEPEropofKH W MEepeMElIUBAETCA B COCYHe, CHAGHKEeHHOM
Mella/KoH, C MPOMBIBHOH KHIKOCTBIO, MOC/e 4ero o0pa3oBaBIIAACA CyCIIeH-
345 pa3jensiercsl Ha ¢uaAbTpe. Takol Crmocol npUMeHsIOT, €CJAH OCafoK Npo-
MBIBaeTCsi TPYIHO.

B pesynprare NpOMBIBKH MOJYYalOT JOCTATOYHO pa30aB/ieHHYIO CMeECh
XKHIKON (a3el CyCHeH3HH W npoMbiBHOH XKuakoctu. Eciu ®upkas ¢asa conep-
KHUT UEHHBIE BEIIEeCTBa, WX H3BJEKAIOT M3 MNOJyueHHOH CMecH KpHCTaaiHsa-
Mel, BbMapHBaHWeM HJH pekTHpHKauueH. IlostoMmy KesartesnbHO, YTOGHI
PacXox NPOMBIBHOH XHIKOCTH OblJ IO BO3MOXKHOCTH HEBEJIHK, 3 KOHUEHTPAIHsA
pPaCTBOPEHHBIX B Hell NEHHHIX BelllecTB Obia HACKOJBKO BO3MOXKHO BBICOKA.
Ilpu onnokparHO# (oaHOCTYNmEHYATOH) NPOMBIBKE 0OBEM MPOMBIBHOH KHIKOCTH
B 1,5—2 paza npesniliaer 06beM xHAKOA (a3el, ocTaBwielics B Mopax ocajka
nocje pasgneseHust cycned3ud. [Ipuw MHorokparuo#i (MHorocrymenuato#l) mpo-
MBIBKE, KOTOPYIO MOXKHO BBIIIOJNIHATH CNOCO0AMH BbITeCHeHHSt H pa30aBleHHSA,
OCaji0K MOCJENOBATELHO MPOMBIBAIOT, WCIOMB3YS NPOMBIBHYIO IKHAKOCTD
CO BCe BO3pacTrawllell KOHIeHTpauHell paCTBOPEHHBIX B Hell UeHHbIX BeLlecTB.
Ilpu sTOM CBexkas NPOMBIBHAS KUAKOCTh IOCTYNMAeT Ha [OYTH IPOMBITHIH
0CajoK, a HaHbo/jee KOHUEHTPHPOBAHHAS — HA elle HEe TNPOMBIBABIUMHCA.
Tax ocymiecTB/AIOT MHOTOCTYNEHUYATYI0O NMPOTHBOTOYHYIO NPOMHBKY 0CajKa
(ctp. 209).

ITponyBKY ocagka OpOM3BOAAT C UEJbIO. BHITECHEHUS H3 ero Iop
OCTaBIUEHCS MPOMBIBHOH XKHAKOCTH. [/l MPOAYBKH OOHIYHO HCIIOJBL3YIOT BO3-
AYX, 8 TaK»Ke HHeDPTHHIE rasel (a30T, JBYOKHCH YIyiepofa), €ClH B OCajKe NpH-
CYTCTBYET BelecTBO, JAl0Hmiee ¢ BO3NYXOM B3phIBUaTyi cmeck. IlponyBkoh
MOXKHO yJaJHTh TOJBKO YaCTb XKHIKOCTH H3 MOp OCajKa J0 LOCTHIKEeHHs paBHO-
BeCHOH BJIAXKHOCTH.

CymxKy ocagka Ha QUIbTpe HArpeThIM WJM NPEABAPHTE]BLHO OCYIUEH-
HBIM BO3JyXOM NPHMEHMIOT, KOrAa JKeJaTeJbHO MOJYUHTh Ha (HIBTPE 0CaJOK
C OKOHYATe/bHOH BJIAXHOCTBIO ME€Hee pPaBHOBECHOH.
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7. YpasdeHua ¢puabTpOBaHAA

Ckopoctb duabrpoBanna. OObYHO BBHAY HeGOMBIIOrO pasmepa Nop B Cloe
ocajka H (DHALTPOBAJLHON HEperopojke, a Takxke MaJjoi CKOPOCTH JBUIKEHHS
XKHUAKOH (a3pl B MOpPaX MOXKHO CYHTATh, YTO (PHUIBTPOBAHHE [POTEKAET B JaMH-
HapHo#l ob6nacTH. Kax nmokasbiBaeT ONbIT, IPU TAKOM YCJIOBHH CKOPOCTb (HJIb-
TPOBaHUS B KaX/blH JaHHbIH MOMEHT NpPSAMO NPOMOPLHOHAbHA PA3HOCTH JAaB-
JIEHHH, HO OOPAaTHO NPOMOPLHOHAIBHA BA3KOCTH KHAKOCTH ¢asnt U ofuemy
FHPaBAHYECKOMY COMPOTHUBJEHHIO CJOS Ocajka W (UIbTPOBANbHOH mepe-
ropoaku. Tak kak B o0weMm c/yyae B npouecce GpuIbTPOBAHHA 3HAUCHHA pas-
HOCTH JaBJeHHH M HAPABJHYECKOro COMPOTHUBJICHHS CJAOA OCajlKa C TeYeHUeM
BPEMEHH H3MEHSIOTCH, MEepPeMEeHHYI0 CKOPOCTb (DHALTPOBAHHMSA (#/cex) Belpa-
JKawT B AddpepeHuHaNbHOR ¢dopMe:

. dv
W= Sdic (V.23

B COOTBETCTBHM C H3JI0XKEHHBIM OCHOBHOE AU(XbDEpPEeHIIHAILHOE ypaBHEHHE
QUABTPOBAHUSA HMCET BUI
dv Ap
o = V.24
Sdt B (Roc + Ren) ( )

rae V — o6vem duabrpara, #3; S — nosepxHocTb GHILTPOBAHHA, M2, T — NPOAOJIKHTENb-
HOCTb pHIBLTPOBAHH?T, cek, Ap — pa3HOCTb XaBJeHHH, H/M?; L — BA3KOCTb MHIKOM da3u cyc-
neH3uu, H-cex/m?; Roc — CONPOTHBJIEHHE CIOA OCAfKa; Rgn — CONPOTHRJIEHHE (HHILTPOBAb-
HOH NeperopolkH.

YpaBueuue (V,24) aBas€TCas 4YACTHLIM CJydaem 6ojiee oOLIEro 3aKOHA,
B COOTBETCTBHM C KOTOpPHIM CKOPOCTH [pOlecca MPAMO [PONOPLHOHANBHA
JABHXKYyILEH cuie W oOpaTHO MpONopHHOHAa/dbHA CONpoTHBAeHHIO (cTp. 17).
B naHHOM csy4ae pasHOCTb JA4BJEHHH MpeacTaBaseT cOOOH ABUKYIULYIO CHAY,
a ofuiee COMpOTHBJEHHE CKJ/AJBIBAETCA M3 COMpPOTHBJAEHHH ocagka (UWR,.)
¥ (pUALTPOBAJIbHOH MEperopoiku (WRy;). Ob6a ykaszaHHble COMNPOTHUBJACHHS
ABJAOTCA CJAOKHBIMM DYHKIMAMH MHOIMX MepeMeHHbIX. Tak, BeiuuuHa R,
TeMm OoJjibllie, YeM MeHbILUe MOPHUCTOCTh OCaZiKa H OoJiblie yiejbHAas MOBepX-
HOCTb COCTABJISIIOUIMX €r0o TBepAblX YaCTHil, Ha BeJHUHHY R, BJIMAIOT TaKiKe
pasmep H dopma vactHu (cTp. 100).

M3 ypassenud (V,23) n (V,24) caenyer, uto R,. ¥ Ry, BeIpaxawrcs
B #~1. Beauunny Ry, B npouecce GpuabTpOBaHUA MOXKHO CYMTAThL NpPHOIH3H-
TeJIbHO TOCTOSIHHOH, MpeHeOperas HEKOTOPHIM BO3MOXHGLIM ee yBelHdeHHeM
BCJEACTBHE [POHHKAHHA B [MOpbl MeperopoiKH HOBBIX TBEpbIX YACTHI.
Benuunna R, C BO3pacTaHueM TOJLIHHBI C/10s OCaJKa M3MeHseTCs OT HyJs
B HauaJjie (PUIBTPOBAHHA JO MaKCHMMA/JbHOI'O 3HAYEHHs B KOHIE [polecca.

Has uurerpupoBaHua ypaBHeuusa (V,24) HeoDXOAMMO yCTaHOBHTH 3aBH-
CHMOCTh MKy CONPOTHBJCHHEM CJIOSl 0CajKa M 00BbeMOM MOJYy4YeHHOro (GU/b-
Tpara. YuuTbiBad MpONOPIHUOHAIBHOCTE 00BEMOB OCaaka W ¢uabTpara, 060-
3HaydM OTHOLIeHHe obbeMa ocajka K obbemy ¢uasTpara uepes x, Toraa
obbem ocajka Oyaer pase x,V. Bmecte ¢ Tem 00BbeM ocajgka MoxKer ObiTh Bbipa-
Xed rnpousBegeHueM h, S, rae h, — BbicoTa ciaosa ocagka B x. Caejora-
TeJbHO,

xQV::hocS

OTKyJa TOJIIHHA PABHOMEPHOIO C/I0Sl 0CajKa Ha (GUALTPOBAALHOMN Meperopojaxke

COCT4aBHT
|4

Foe = X —_ V,25
for == Xo (V.25)
COHPO’THBHQHH@ CJIoAd oCcagKa MOXKHO BbIPaSHTb paBEHCTBOM
v
Ro: = roftoc = ro%o 5 (V,26)

[N

rle 7o — ylenbHoe CGBeMHOE COMpoTHBIeHue CJIof ocadka, ™ 2.
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Hs papenctna (V,26) ciaengyer. 4To BeJHYRHA 7, XAPAKMEPUSYEN CONPOMUE
Ae:iue. OKA3bIBACMOe NOMOKY NHUOKOU (Pa3vl PABHOMEDHbIM CAOEM 0CAOKA moA-
wunod 1 m. .

Nopctapus 3ravenne R, n3 paesenctBa (V,26) B ypaBneune (V,24), nony-
4l

av Ap

< =V= - -—V—+R (v.27)
Pv(foo S qm)

Hepexko BMec10 x, HCNOB3YIOT OTHOLIEHHE Xp MacCH TBepPALIX HacTHLL, OTNOXHBIIHXCA Ha
hunbTPOBANLHOR NMEpEropojke, K 06beMy GHILTpara, a BMECTO ro NMPHMEHAIOT YAenbHoE
MacCcoBCe CONPOTHBJAEHHe oLaika rp, T. €. CONPOTHBAEHHE, OKa3bBaeMoe NOTOKY
HHAKOH a3sl pABHOMEPHBIM CJIOCM TBEPABIX YACTHH, OTVIOHHBIIHXCA Ha (HIBTPOBATbIGH niepe-
ropoake B Koanuectse 1 xe/m®. [lna nepexoja oT 06BEMHBIX eIMHHL K MacCOBBHIM XOCTATOMHO
B ypaBueHdH (V,27) 3aMeHUTb roXo HA rpXs.

[lpuHsaAB, YTO CONpOTHBAEHHEM (UILTPOBANLHON [EPeropoiKH MOKHO
npenebpeup (R, = 0), ¢ yuwerom papenctsa (V,25) u3 ypasHenun (V,27)
Haiigem

< Ahp
ro= —————phocw (V.28)

Tpu p =1 n.cex/m?, hoe =1 m u W =1 mlcex BenuuuHa r, = Ap.
Takum o6pasoMm, ydeavroe conpomugernue oCaAOKA HUCAEHHO DPABHO PA3IHOCHLU
Oagrenuil, Heobxo0umol 043 mozo, 4mobe scudkas gasa c esskocmoto™ 1 1 -cex/n*
thurvmposarace co ckopocmsto 1 m/cex, cx803b caoli ocadka moauunol 1 m.
OuyeBHHO, YTO 3Ta MIOTETHYECKAS Pa3HOCTb AaBJeHHH, KOTOpas Ha MpaKTHKe
He HCOoJb3YyeTCs, J0/KHAa ObITh O4YeHb Beduka. JIisg CHABHO CHKHMAEMbIX
0CajKOB 3HaueHue r, nocturaer 10'? »~* u Gouee,

[lpunsis V = 0, yTo coorBercTByeT Hayaly ¢GUILTPOBaHHA, Koraa na
¢uabTpoBaibHON Neperoposike eille He o6pa3oRadics cjofl Ocajka, U3 ypaBHe-
Hua (V,27) nonydum

Ap

Ry = _p,l_V_ (V,282)

Ilpu p = 1 n-cex/m® ¥ W = 1 m/cex Benvunna Ry, = Ap. D1C O3Hauaer,
HTO CONPOMUBAERUE (UABIMPOBALHOL NepeeOPOOKU HUCAEHHO DUBHO DA3HOCHIU
Oasgaenudi, HeoOxo0umot 048 moeo, umober suoxas ¢asa ¢ esscocmoto 1 1-cex/m?
npoxoduaa CKeo3v uabmposarbryro nepezopodxy co ckopocmsto 1 mlcex. Ilas
PAAA PUABLTPOBAJILHEIX MEPErOpoNOK BeauyHHa Ry, umeer mopsjck 101 x~t.

YpaBueHHe (HALTPOBAHMA NPH NOCTOAHHON pa3HOCTH aaBaeHui. [lpu
Ap = const n HeuameHHO# TemnepaType A GHALTPA AAHHON KOHCTPYKIUH
M BbIOpaHHOH (QUABTPOBANLHON IIEPEeropofKH BCe BXOASIIME B YpaBHeHHe
(V,27) BenuunHel, 3a HCKAIOUEHHEM V H T, NOCTOAHHLI. [IpOMHTErpHpyeM 3TO
ypaBHeHnue B npesenax or O po V v or Q 0 T:

T

V
A _[ B ( ’oxo'}sl— +R¢n) dv = J ApS dr (V,29)

0 0
HaH

Ve
Woto 55 + BRpnV = ApSt

Pasnenu ofe 4acTH moc/iegHero ypaBHEHHS Ha proX,/2S, OKOHYATEJbHO
noJ1yuHM

RinS ApS?
ro%o Uroty

T (V,30)

* Baskocrs Boae npr 20° C pasna 1073 x. cen/m2
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YpaBuenue (V,30) MOKaspiBaeT HENOCPEACTBEHHO 3aBHCHMOCTDL [POJIO/IKHU-
TEJALHOCTH (UJILTPOBAHHA OT ofbveMa (HIbTpaTa; peluas €ro OTHOCHTEJILHO
V, nmoayyum 3aBHCHMOCTb oObema (HJIbTPaTa OT MPOJOIKHTETBHOCTH (PUJb-
TPOBAHUA. DTO ypaBHEHHE IPUMEHMMO K HECXKHMAEMBIM U CXKMMAEMBIM 0Ca1KaM,
MOCKOJAbKY MpH Ap = const BeJHYHHSBI ry H X, TAKXKE [TOCTOAHHBI.

M3 ypapunenus (V,27) caenyer, 4to nopu Ap = const no Mepe yBeJHYeHUs
ofveMa (UAbLTpPATa, a CJAEJOBATEALHO, W MPOLOJIKHTENBHOCTH (HUIbTPOBAHUS
CKOpPOCTb (pUJIBTPOBAHHA yMEHbIUAETCA.

YpaBHeHue (PHABTPOBAHHS NPH TNOCTOAHHOH CKOPOCTH MpoHecca. /s
(GUABTPOBAHUA MPH MNOCTOAHHOH CKOPOCTH Npou3BOIHYIO dV/dt MOXHO 3ame-
HHTb paBHbIM OTHOIUEHHEM KOHEedHbIX BeauyuH V/v. [locne Takoil 3ameHsl.
peluas ypaBHeHHe (V,27) OTHOCHTENIBHO Ap, HaXOAUM

%4 1%
Ap:P’oxo‘Sz—T‘FHR(pn—bT Yoo

YMuoxus u paseyiuB MepBoe cjaaraemMoe npaBoﬁ 9aCTH 3TOro ypaBHEHHS
Ha T W MPHHAB BO BHHMaHHE, YTO NMOCTOAHHAA CKOPOCTH (bHJIprOBaHHﬂ

1% . :
. W= < (V.32)
TOJy4HM
Ap = proxoW?t -+ pRyaW (V.33

Ypasuenue (V,33) noxaswisaer, 4rto npu W = const pa3HoCTb AaBJeHHil
BO3pacTaeT MO Mepe yBeJHUYEeHHS [POAOIKHTeJIbHOCTH (UIBTPOBAHHUSA.

270 vpaBHeHHe MPHMEHHMO K HPCXKHMMAEMbIM OCajKaM; [pH HCIONb30Ba-
HUWH ero 1jis CKHMaeMmblX OCaJAKOB CJEIYEeT HMeThb B BHjy 3aBUCHMOCTb yjiesb-
HOI'0 COMPOTHBJIEHHA OCALKa OT Pa3HOCTH JaBJeHHE.

YpasHeHHe (PHALTPOBAHHA NMPH MOCTOSHHBIX PA3HCCTH AABJAEHHH H CKO-
poctd. Takoit Buj GuabTPOBAHUSA OCYILECTBHM, €CAH YHCTAsi KUAKOCTH (hub-
TPYyeTcsl CKBO3b CJOH OCajKa HeM3IMEHHOHN TOJIHHLI [PH [OCTOSHHON pasHo-
cTd paBiaesudt. ITpomelBKY Ocafika Ha (GUJAbTPe CIOCOGOM BLITECHEHHS, KOraa
HaJl OCaJIKOM HAXOJWTCA CJIOH MPOMBIBHON KMAKOCTH, MOXHO paccMaTpHBATH
KaK (pHIBTPOBAHHE MPOMbBIBHON MKUAKOCTH CKBO3b CJOH OCajAKka Heu3MeHHOil
TOJILLMHEL [IPH MOCTOSIHHBIX PA3HOCTH JaBJEHHHA H CKOPOCTH.

[Ipunss B ypaBHeHuu (V,27) B cooTBeTcTBHH ¢ paseHcTBoM (V,25) BMmecTO
x,V/S 3KBUBAJIEHTHYIO 3TCMYy BBIPAXKEHHIO TOMUHHY CJ0sA 0CajgKa Ha (puHAbTpe
Ay W 3aMEHHB B YIIOMSIHYTOM ypaBHeHHH dV/dt Ha noctosHHoe 3HaueHue V/T,
npH Ap = const Hafgem

ApS

= W(rohoc T Ram) (V.3

270 vpaBHeHHe JaeT 3aBHCHMOCTb oOBbeMa (HJABTpPaTa OT [POJAOJMHTENb-
HOCTH (DH/IBTPOBAHHA YMCTOM KHUAKOCTH, B YACTHOCTH MPOMBIBHOH KHIKOCTH.
[Tockonbky B paccmaTpuBaeMom ciaydyae Ap = const, ypaeuenue (V,34) npu-
MEHHMO NIl HEeCxHMaeMblX H CIKHMAaeMblX OCaJKOB.

Hauboabwas npon3soauTEsbHOCTb (HALTPOB. 3 OCHOBHOro ypaBHeHHs
¢uapTpoBanua (V,27) ciaesyer, YTO MpH [POYHX PaBHBIX YCJOBHAX CKOPOCTb
GuIbTpOBaHHMA TeM 0OJblI€ H MMPOH3BOANTENLHOCTL (DUIBTPA TEM BBIILIE, YeM
MeHbplie O0beM [OJYyYEeHHOro (HUABTPATAa WM [POIOPIHOHANBHAR 3TAMY
obbeMy TOJIIHHA CJIOSL OCajka Ha (HILTpOBaNbHOH Neperopoike. [MosTomy
AJA TOBBIIEHHA [POM3BOAMTENBLHOCTH (UABTPA HEOOXOAUMO CTPEMHTHCS
K BO3MOXKHO OBICTPOMY yJaleHUI0 O0CajKa ¢ (DUIbTPOBAJbHOH [eperopoaKH.

Hasa ¢uapTpoB HenpepslBHOTO AEHCTBHA 3TO DAaBHOCHABHO TpeOOBaHHIO
yAanATE C QHILTPOBAILHOH MEPErOPOAKH CJIOH 0CaJKa HAHMEHbLIeH TOMLUHBL,
00yC/I0BICHHOH CBOHCTBAMH OCajKa H oco6eﬂﬂoc1‘ﬂmu yCTpOHCTBa, MpHMeHse-
MOT'O /11 ero CHATHA C MEpPEeropoiKH.

7 A. . Kacatxus
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HOas GuabTpoB nepHogHyecKOro JeMCTBHA XapakTepHO, YTO onepauus yia-
JIeHHsl 0CajKa Bei3bIBaeT MpeKpaueHue GUAbTpoBaHUs. [ToaHbd DHKA paGoThl
Ha TaKOM (U/BTpe COCTOMT H3 oOMNepauui NONrOTOBKH DHALTPA, 3arry3kKH
CyCrieH3uH, (UAbTPOBAHMA, MPOMLIBKM OCajka, MPOAYBKH ero H yJajeHHs.
PuibTpOBaHHe, NPOMBIBKY H [POAYBKY Ha3biBAlOT OCH OB H LI MH Olle-
DAIMSAMH, DPHYEM MPOJOJAKHTEIBHOCTD HX BO3pacTaeT ¢ yBejluyeHuem o6bema
GbunbTpaTa WM TOAWMHBL Oocagka. [loaroTroBxy ¢uabTpara, 3arpy3Ky CycreH-
3MM W ypalleHHe ocajka 00BegHHAIOT KaKk BCHN OMOTaTeJadbHBIe ole-
panuH, MpOJOKHUTEIbHOCTD KOTOPHX B TIPAKTHYECKHX pacyeTax MOXKeT ObITh
{ipHHATa HE3aBHCUMOH oT oObeMa (pHAbTpara HJM TOJILUMHBI OCajKa.

Jas yBeldueHHs mnpPOH3BOAHTENbHOCTH MEPHOAMYECKH [eHCTBYIOLETO
¢GUAbTPa MO OCHOBHBLIM ONEpanHAM iesecoo0pa3sHOo KaK MOMKHO yalye [OBTO-
pATb UHKJBI ero paboTel, nojgaBafd Ha GHJILTP 10 BO3MOMXKHOCTH HeGOJblUHe
nopuuy cycrnensuu. OJHaKO 4acTo€ MOBTOPeHHe MUKJA0B paboTel (HUJIBTpa
06yCJIOB/IHBART CTOJb XK€ YacToe IIOBTOpeHHE BCHOMOraTe/bHbIX OrepauHi,
Korja OCHOBHbIE onepanHH npepmBaiotca. OTCloga ciaejgyer, 4TO B Kawa0M
cjyyae CVIIeCTBYVeT Takasf ONTHMaJjbHasf NPOAO/KHUTEJNBHOCTS HKJIa paboTH,
npy xotopofl puALTD 0baagaeT HAHOOMbIUEH MPOU3BOAHTENBLHOCTDIO.

Haiingem ONTHMalbHVIO MPOJOMKHTENBHOCTH HHKJAA paboTel Ha (HIbLTpe
NepHOAHYECKOr0 EHCTBHA A/ NPOCTOro Cayyas, Korja olepalHy MPOMbBIBKH
H NPORYBKH OTCYTCTBYIOT, a CONPOTHBJEHHEM (hHIBTPOBAJBLHON MEpPEropoikH
MOXHO mpeHeOpedb, npuyeM (GUABTPOBAHHE MPOH3BOAHTCA HpPH MOCTOAHHOMH
pasHocTH jgaBaeHUH.

[lponsBoauTebHOCTE (PHABTpPAa MOXKHO BHIPa3WTb YCJOBHOH cpejgHel CKO-
pocteio dunsTpoBanus W, ., (#/cex), KOTopas mojsiyyaercs oT JeleHus obbema
¢uabTpara, cOOpaHHOro 3a OnepauHio GUILTPOBAHHA H OTHECEHHOIO K enH-
HUIE [IOBEPXHOCTH (DUABTPOBaHA, ¢ (#°/m3, WIH M) HA MPONONKHTEIBHOCTD
MK Ty, PaBHYIO CyMMeE NDOAO/IKUTENLHOCTEH OCHOBHBIX Ty (CEK) H BCHO-
MOraTelbHbIX T, (Cex) omepanmui.

Bocnosb3yemca ypaBHeHHeM (HJABTPOBAHHA TpH IMOCTOAHHOH pa3sHOCTH
Jasaeuuit (V,30). IlpuHsiB B HeM, B COOTBeTCTBHHM C [PHBEJEHHLIMH BHIILE
yCAOBHAMH, Ry, = 0, T = Ty, B g = V/S, mocie npocTelx npeo6pazosa-
HHA HaligeMm

g=V Avacn (V.35)
rae nocrtosfsHHaa B AaHHHX yCJ]oBPlHX BeJIHUHHA

2A
=" (V.365)
WroXo
Hcnonp3ys 3HaueHue g U3 paBeHctsa (V,35), Ha ocHOBAaHMH JaHHOrO paHee
onpejeneHus yCJIOBHOH cpejHeil CKOpOCTH (GHALTPOBAHMA MOXKHO HAMHCATh

_VAvocn _ (V.37)

|14 =
yer Toca + Tsen

Has HaxoxjeHHs MaKCHMalbHOro 3HaueHuss W, , 370 ypaBHEHHE clelyer

npoguddepeHnMpoBaTs MO NepeMeHHOH BENHUYHHE T, H NEPBYIO TNPOH3BOA-

Byl0 mnpHpaBHATh Hyao. [locae audibepeHnupoBaHHsi paccMaTpHBaeMOro
' YPaBHeHHS H COOTBETCTBYIOIHX npeoGpasoBanuil GyneM HMeThb

dWyen - Vi('rscn — Tocu) (v.38)
dToca 2 VTocu (Tocn + Taen)?

[TockoJIbKY 3HaMeHarelb MpaBOd YacTH MOCJeJHero ypasHeHHs He paBeH
HYJIIO
Tacn — Toca = 0
HIIH
Tocu = Tpen : (V,Sg)
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[py Ty = Teen BTOPAs DPOM3BOAHAs OTpHuATelbHA. TakuM obpasom,
HauGosblIasi [POH3BOAMTENBHOCTh [EPHOIMYECKH JAEHCTBYIOLIEro (uAbTPa
p4 YCJIOBHH, HYTO CONPOTUB/IEHHEM (HALTPOBAILHOH MEPErOpOAKH MOKHO
npeHefpeyb, AOCTHIAeTCs MPH OJUHAKOBOH MPOJOJIKUTENBHOCTH OCHOBHBIX H
BCIIOMOI'aTE/IbHBIX ONepaluH.

VCTaHOBJAGHO, YTO NpPH 3HAYHTENLHOM CONPOTHBACHHH (HUALTPOBANLHOR [EperopoIKH
HaH6O/IbIIAA NPOH3BOIHTELHOCTL MEPHOSHYECKH NEHCTBYIOUIETo (GHABTPA NOCTHLAeTCA NpH
T-ey > Tpen. TaK, NPH OTCYTCTBHH B LHK/Ie pa6oTsl GUALTPA onepauHii MPOMBIBKH U NPOAYBKH

NpUMEHHMO YpaBHEHHE
- “R?b
n
Toey = Taen + 2 / m Tsen (V,40)

B NpOM3BOACTBEHHBLIX YC/IOBHAX COMPOTHBJEHHE (H/ILTPOBAILHON TIEPErOPOJKH MOMKET
HE3aKOHOMEpDHO M3MEHAThCA OT ONEpauHH K ONepalHH B pe3y/bTate 3aKyNOpHBAHHA ee MOP
TOHKOIHCIEPCHLIMH TBEPAnIMH YacTHLaMH. COOTBETCTBEHHO 3TOMY GYIAeT H3MEHAThCS M ONTH-
MaJibHasi MPOJOJIAKHTENLHOCTL OCHOBHBIX OMepauuii, oTBedapulas HaH6o/bLIeft NPOH3BOAKTE/b-
HOCTH (H/IbTPa. DTO 3aTPYAHSAET NPAKTHYECKOE HCMOJIb30BaHHe ypaBueHHs (V,40). Ognako ana-
JIUTHYECKHM HyTEM YCTAHOBJIEHAa 3aKOHOMEDHOCTb, YCTPaHSIOmAs YKa3aHHOe 3aTpyIHEHHe:
028 docmumxcerus MAKCUMAALHOL NPOU3EOOUMEALHOCIIL GUALIMPA NPU NePEMERHOM CONPOMUBACHIUL
PunbmposabHOL nepecopodxu credyem noayuams 3a 6dun yuKa éceeda maxoii o6vem puismpama,
KAKOL C00MBememeyem MaKcumarbHod npousse0umensHocmuy GuaAbmpa npyu conpomusAeHuL Huib-
mpoaarsrol nepezOpodKu, PAsHOM HYAL.

JKOHOMHYECKH ONTHUMAJIBHAA MPOJO/IKHTENbHOCTD IHUK/AA (BHILTPOBAHHA,
PaGora ¢HALTPOB MepHOJHYECKOro JEHCTBHA MNpH HAWGO/AblLEH TPOH3BOLH-
TEJbHOCTH OOBIYHO HE COBMAajgaeT C 3KOHOMHYECKH Le/]ecoo0pasHbIMH YCa0-
BHSIMH (UABTPOBAHHS. DTO CBA3aHO C Te€M, YTO A JOCTHKEHHS Haubosblueil
MPOU3BOAUTENBHOCTH (UABTPA HEOOXOAHMO JOBOJBHO HacToO [POU3BOAHTH
BCIIOMOTATEJAbHYIO ONepanHio pasrpy3kH ocajaka, KoTopas, Kak [pPaBHJIO,
TpeGyer onpejeneHHON 3aTpaTel TPyJa WJH 3HEPTHH.

PaccMoTpuM npHOAHKEHHRIH, HO NPAKTHYECKH NpHMEHUMBIH crnocob Haxo-
MIEHHS IKOHOMHYECKH ONTHMAJIbHOR MPONONKHTENBLHOCTH UHKJIA (HJIBTPO-
BaHHs NpH MOCTOSHHOH pasHocTH naBenui. Ilpumem, 4TO AJf HEKOTOPBIX
ycaoBUH paboTsl (puIbTPA BelnuuHa A, BeiuMcIeHHas 10 ypaBHenHio (V,36),
paBua 1,266 -10"% m%/cex, a T,.; = 600 cex. Bocro/nb3oBaBMCh ypaBHEHHEM
(V,37), onpenenum a1s paja 3Hau4eHHH T, B npegesnax 0—5000 cex coorser-
CTByIOlLHE BelnuuHH W, ., HaHeceM HaHJEeHHbIe TAKHM 00pa3oM TOYKH Ha
rpaguK B KOOPAMHATAX Toy— Wy, (pHC. V-11) ¥ coeauHHM 3TH TOYKH M1aB-
HOH KpHBOH. Kak ¥ c/efoBasio 0XHAaTh, H3 YKA3aHHOIO rpadguka BHAHO, YTO
makcuMa/dbHoe 3Hauewue W, ., = 2,29.107% m/cex COOTBeTCIBYET Toy =
= T,., = 600 cex. Kpome ToOro, u3 paccmaTpuBaeMoro rpapHka BHIHO, YTOQ
kpuBas W, = [ (To,) HMMEET CpaBHHUTENbHO HeGOMbINOH HAKAOH BIIPaBO
OT MakKCHMyMa. JTO MO3BOJISIET, 3HAUHTENbHO YBeJIHUYHMB IMPOAOAKHTENBHOCTD
OCHOBHHIX oOmeparnuH, obecrneunTb paboTy GHUABTpa MPH JOCTATOYHO BBHICOKOH
NPOH3BOAHTENBHOCTH, TaK ,IPH YBEJHYCHHH T, OT 600 no 3000 cex, B pe3y.b-
TaTe Yero omnepaLHH pasrpyskH ocaika OyiyT NpPOHM3BOAUTECA B 5 pas pexe,
Bennuuna W, ymesnmaercs ot 2,29 - 10-% 70 1,72-107% m/cex, T. e. TOJABKO
Ha 25%.

dna GuUALTPOB MepHORHYECKOro AeHCTBHA B KayecTBe OpPHEHTHPOBOUHOU
3a8BHCHMOCTH MOXKHO NpHHATHL (npH Ap = const u Ry, = 0)

To = (4 —6) Tocn (V.AD
1€ Ty =— 3KOHOMHYECKH ONTHEMAa/NbHaA NPOROJIKHTEJBLHOCTb IIHKJA, CeK.

OrnpeaenenHHe TOCTOAHHLIX B ypaBHeHHsX (HabTpoBaHusa. [loj mnocTosH-
HBIMH B ypaBHeHHAX ¢uabTposanus (V,30), (V,33) u (V,34) noHHuMaOT OTHO-
wernne o0beMa ocafka K o0beMy GHIBTPATa X,, YAeAbHOE 06BeMHOE COMpOTHB-
JeHWe ocajKka 7, W COMNPOTHBJeHHe (WIBTPOBAJbHOH NEPeropofgkH Ry
Jaa ocankos, BCTPEYAIOIHXCH B XHMHUECKHX [POM3BOACTBAX H COCTOSLIMX,
KaK [paBH/I0, H3 YacTHl, pazmepom MeHee 100 mkm, 5TH BeJHUHHH HAXOAAT
3KCIIepHMEHTANbHO,
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FacCMOTPHM OJMH M3 CIIOCOOOB OnpeneleHHs ONbITHBIM NYTEM. Yy Ka3aHHBIX
BeJIMYHH B ypaBHeHUH (HJIBTPOBAHHUA LPHM [OCTOAHHON pPa3HOCTH JaBJEHHH
1V,30), xapakTepHuavioulHics 60abINOH TOYHOCTLIO NOJYY2eMbiX PEe3YJ/bTaToB.
A1 sToro mpeofpazyeM YIOMSIHYTOE VpaBHEHHe K BHAY

7. My - N (V.42)

rae
M= ”A’;";z (V.43)
- %chs_ (V.44)

[Ips MOCTOAHHHX TeMIIepaType W Pa3iOoCTH JaBJAEHHA BCE BeJHUYHHH, BXO-
asilliie B npaseie yactH pasencTB (V,43) u (V,44), nocroauuet. [losTomy 3ua-
venHs M 1 N TakKe noCTosiHsi, H ypasHeHHe (V,42) siBAfdeTcs ypaBHEHHEM
NpYMOR JIMHHM, HAKJIOHEHHOHE K FCDH30OHTAJbHOW OCH NOA yrJOM, TaHIeHC
KOTOpOro paeeH M, u oTceKarollelt

2
};;;?‘ N T Ha OCH OpJHMHAT OTPE30K N. dns
[m IOCTpPOEHHA yKa3aHHOH IIpsAMOH
2001+
!
s |
Syt X
S (20— v i x
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2 60— : N
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34 ! ' M=tgel
, : i ] A J |
!

L L 1 ‘
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[ ' v, m7
Puc. V-11. 3asucumocto Wyen OT Toca Puc. V-12. K onpegene-
. HHW YyJAeabHOre conporHB-
B Koopanuarax V-—t/V HaHOCAT paj Touex ?:g?fﬂuscqa)ﬁﬁiTpr:J?:Efgf;
Ha OCHOBaHWHM M3MEPEHHbIX 3 OMhTe N COOT: HeperaponsH.

BETCTBYIOIMX O0AHO JpyroMy 3Hauenui V

u v/V (puc. V-12). 3aTem no rpaguky Ornpeul.1ioT BeaHyHHel M u N, nocae
yero u3 paseHcTB (V,43) u (V,44) BBIUMCIHAOT r, U Ry, Beanuuny x, Ha-
XOIAIT B pe3yJ/bTaTe HelocpesCcTBeHHOro H3MepeHHus OG‘bEMOB ocaika H d)mbr-
para.

BLIGONHHB CepHIO SKCNMEPHMEHTOB NPH pas3/HdHBX, HO NOCTOSHHLIX I8 KaXIOro OfHTa
pasHOCTAX JaBJECHHH, MOKHO HAHTH 3aBUCHMOCTb YJAEJBHOrO 05bEMHOI'O CONPOTHBJEHHS CXKH-
MaeMOI'o OCajKa OT DPajHOCTV 1aBjieHHH. YCTAHORJEHO, YTO TaKasl 3aBHCHMOCTb OGLIYHO BHIpa-
AETCH OJHUM H3 CJEIV.OUIMX SMTUDHYECKHX YpaBHEHAHL:

ro=r, (oS (V,45)
RJH
- s
ro=r1g - a(Ap)°. (V.46)
rae r ,S’, 8", @ — nocrosHuue, onpejensieMele H3 OMKTA.

Bennqm{u S' ¥ 8" pas BCTpewalomuxcs bA GpaKTHKe 0CajKOB OGBIYHO H23OAATCSH B npe-
peaax 0—1, xoTa B oueHb peaKHX C1yd4asx OHH MOI'yT GHTb 6oJiblie 1. 2TH BeJMiMHBL XapaKTe-
pH3YlOT CTENeHb CHKUMABMOCTH OC3JAKOB M HasLlBaloTcd NOKa3alfeJAMH CHKHMae-
MOCTH.
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Jas ocaakos, pa3mep 4acTHIL KOTOPBIX HOCTATOYHO Be . (mopsaka | mm
v Gosee), BEJNHUYHHY.r, MOXHO BBIYHC/HTH, MOJbB3yAck ypaBHeHHem (II,135).
Ilsia TakMX OTHOCHTENILHO KPYIMHBIX YaCTHIL MPOIECChl MeNTH3alHU H arpera-
LIHH, a TakKXe [OBEepXHOCTHLIE SABJAEHHA HE HIpaloT CYIIECTBEHHON pOJH.
B nauuom ciyuae nporecc GUIALTPOBAHHS MOXKHO pAacCMaTNUBATh KaK [HIPO-
JIHHAMHYECKHH MpOLecC TeUeHHA KHUAKOCTH CKBO3b IIOPHCTYIO Cpeny.
Conocrasass vpasHeuus (V,28) u (II,135) u yuurtweiBas, urto H = h,,
H w, = W, noayuum
1 —¢g)?

= P (
fg = 150——-—-@2——

rae e — foJis CBOGOIHOrO OGBEMa, WJH TOPHCTOCTb CJIOf; Qg — Koddpduuuent dopmsy; d —
AHaMeTp Wwapa, MMEILero ToT Ke 06beM, YTO H YacTHua.

{V.46a)

8. ®HILTPOBAABHLIE MEPErOPOIKH

@®uUAbTPOBATBHAA TIEPErOPOAKA NPENCTaB/aseT co00H CYHMIeCTBEHHYIO 4aCTh
¢uIbTpa M OT MpPaABHIBLHOIO BeIOOpPA €e BO MHOTOM 3aBHCAT [POH3BOAUTE/]b-
HOCTH (PHJIBTPOBAJAbHOI0 0DOPYAOBAHHMA M UMUCTOTA [10JY4YaeMOro QUJIbTpAara.
lpexsapuTebHbil BoIOOP (UILTPOBAIbHON NEPErOpOAKH OCHOBBIBAETCS HA
COMOCTAaBJAEHHH CBOHCTB pa3jiefiieMOH CYCHEeH3HH H XAPAKTEPUCTHK pasJiHy-
HBIX MEPeroposiOK; OKOHYATe/bHLIH BHOOp MPOH3BOAMTCA [10OCJ]E 3KCIEpPHMEH-
TajbHO# npoBepkH. IlpaBHibHO BLIGpaHHAA (UIBTpOBAJbLHAsA [epPeropojka
JIOMXKHA MMeTb [Opbl [0 BO3MOXKHOCTH OOJBIIOrO pa3mepa, YTO yMeHbIUaeT
ee IHJpaBJHYECKOe COMpoTHBJeHHe. OIHAKO pa3mep MOp HE JOJKEH [peBbLi-
IaTh HEKOTOPOro 3Ha4eHHs, OOEeCHeYHBAIOLIEr0 XOPOLIYIO 3aJepKHBAIOLLYI0
crocoGHOCTs MEeperopojKH [0 OTHOIIGHHIO K TBEpPAbIM YacTHUIAM CYClIeH3iH
H [oJydeHHe ¢UIbTpAaTa HEOOXONMMOH YHCTOTHL.

B Hnactosimee Bpems M3BECTHO 0O./blLIOE YHCAO Pa3HOOOpa3HBIX MO CBOIi-
CTBaM (hHABTPOBA/bLHBIX NEPeropoaoK, H3roTaBJHBaeMbiX M3 HEOpraHHYecKHX
M OpraHHYeCKHX MaTepHasioB. Bce GHAbLTpPOBaIbHbBIC MEeperopogkH MOTVT ObITh
nofpasjesieHbl Ha pasjH4YHble TPYMIb M0 HECKOJbKHM MpH3HAKaM.

[lo mpuHOHMMY AEHCTBHA pa3iM4alOT MOBEPXHOCTHHE W rayGHHUbIE QUJIb-
TpoBa/bHble Meperopogkd. ITOBEe€p X HOCTHDL € [eperopoakH OTJIH-
Y3IOTCA TeM, YTO TBEpJbl€ HACTHIL CYCIEH3HH NpU ee pas3jesieHHd B OCHOBHOM
3a/IepKHBAIOTCA HA WX MMOBEPXHOCTH, He MMpPOHUKAsA B nopbl. [ 1y O M H H LI €
NeperopojkH, KOTOPHLIE HCMONb3YIOTCA [PEHMYLIECTBEHHO s OCBeTJeHHs
JKUAKOCTEH, COjepiKalluX TBepjable YacTHIE B HeOOJAbIIOA KOHIEHTPAalHH,
XapaKTEePH3VIOTCS TeM, YTO YaCTHUBl CyCNEH3WM B MPOIECce ee pa3jeseHns
[POHHKAIOT B HX [OPBI H 3aJepPKHBAIOTCA TaM.

@ uAbTPOBabHbIE IEPETOPONKH MOTYT GbITh KJIACCH(QHIIMPOBAHbE 1O M a T e-
puanaM, H3 KOTOpPH X OHM H3TOTOB.JEHEBL|, HANpUMED HA
MeperopofKH, BbIIOJHEHHbIE M3 XJIOMNYaTOOVMaXKHbLIX, WIEPCTAHBIX, CHHTETH-
YECKHMX, CTEKJ/AHHBIX, KEPaMMYECKHX M- MeTa/lJIMuecKuX MarepdatoB. Takas
KJ1accHpuKanusa ynobHa npH BoIGOpe NeperopomkH C ONpejeneHHOl €nocod-
'HOCTbIO MPOTHBOCTOATD: AEHCTBHIO XHMHUYECKH arpecCHBHLIX BEIeCTB.

[To cTpykType QUALTPOBANbHLIE NMEPEropofKH Nonpasgetsores Ha r U O -
KHe U Her b KHe. [ubkHe neperopogkH MOryT GbITb METAMJHYECKHMN
UM HEMEeTa/JJH4eCKHMH, HerMGKHe MEeperopoNKH — KeCTKHMH, COCTOSIIHMH
M3 CBA3AHHBIX TBEPAbIX YACTHIL, HJAH HEKECTKHMH, COCTOSUIMMHM W3 HeCBSi3aH-
HbIX TBEpJBIX HacCTHH,

Fn6kne MmeTaNnNnMueCKHEe DEPETrOpPoO XK K OCOSEHHO NPUrOTHB AN PAGOTH
¢ XHMHYECKH arpecCHBHBLIMHM XHIAKOCTSAMH, [IDH MOBHIUEHHOH TeMAepaType H B YCJOBHSX 3Ha-
YHTe/IbHBIX MEeXaHHYeCKHX Hanpsixeuuit. OHR M3roTaBMMBAIOTCS B BHAE NepQOpPHpPOBAHHBIX JTH-
CTOB, CETOK H TKaHed H3 yrJIEPOAMCTOH HJIH HEPKaBelollei CTajH, MeldH, JaTyHH, 6pOH3bl, aiio-
MHHHS, HHKe/d, cepe6pa M pa3/HYHHX cnjaBoB. [lepdopupoBaHHBIe JIHCTB! HCNONB3YIOT AJ5
pasfieNleHHst CYCHEeH3HH, COIepKalluX rPy6oAHCHepCHAIE TBEpALle YacTHILl, @ TAKXKEe B KauecTse
OMOPHHIX NMEpPeropoiocK ANs (HUIbTPOBAIbHHX TKaHeH U OyMmaru.

Fn6krne uemMmeransnuueCcKHe MepPeropoaKkH Haubosee pacnpocTpaHeHsl;
MX H3rOTaB1132I0T B SHAe TKaled W/H CJI0eB HECBA3aHHLIX BOJIOKOH (HeTKaHble Meperopoik),
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peske — B ¢opme nepbopHpoBaHHEIX JHCTOB. Mcnonbaylor acGecToBbie, CTEK/sHHBIE, xJonya-
TGy MaXKible H LIEPCTAHBIE TKAaHH, @ TaKxKe TKaHH W3 CHHTETHYECKHX BOJIOKOH: NOJHBHHHJAXJIO-
praybie, TepXJOPBHHUIOBLIE (XJODPHHOBbLIE), JIaBCAHOBHE, NO/HAMHAHLE, NOJHIPOIMH/IEHOBbIE
p pn. lInuMenseMble B HaCTOALLEE BpeMsA TKAaHH H3 CHHTeTHYECKHX BOJIOKOH M0 CBOHM CBOHCTBaM
BO MHOTHMX OTHOLUEHHAX IPEBOCXOJAT 1KallM H3 BOJIOKOH DacTHTE/LHOTO H MKHBOTHOTO TIpOHC-
xuXueHHsi. DosbLIHM NpenMylecTBOM TKaHeH H3 CHHTETHYECKHX BOJIOKOH SABJAETCA MX cnocol-
*JOCThL COYETaTh BHCOKYIO MEXAHHUYECKYIO NPOYHOCTL C TepMHYECKOH (KPOMe HEeKOTOPHX TKaHeil)
H XHMHYECKOH CTOHKOCTBIO, a TaK)Ke YCTOAYHBOCTb K ReHCTBHIO MHKPOOPraHH3MOB. DTH TKaHH
e 06HAPYKHBAIOT YCalKH NPH CONPHKOCHOBEHHH C XKHAKOCTblo. HeTkaHne meperoponku naro-
T4BJIHBAIOT B BHJE JIEHT HJIH JIHCTOB M3 XJIOMYATOOYMAXKHEIX, IEDCTIHB X, CHHTETHYECKHX H ache-
CTOBHIX BOTOKOH HJIH 4X cMecelf, a Takxe H3 6yMaxHoi macchl. Hx HcHosb3ylor ans O4HCTKH
KHIKOCTEH, CofepKaluX TBepAble UaCTHIE B BeGOMBLUIOH KOHLUEHTPALHH.

Hern6xue ecTKHe NeperopogKH BHIOIHAIOT B BHAE IHCKOB, HJAHTOK,
narpouoB. OHH COCTOAT H3 4acTHIL TBEPJOrO MaTepHana, XKecTKO CBA3aHHBIX MEeX1Y COG0H nyTeM
HEeNOCPEACTBEHHOrO CHEKauHsa WM Cnekauds B NPHCYTCTBAM CBA3YIOWIErO BeiecTBa Tak, 4TO
3TH 4aCTHUBI 06pa3yIoT NOpPbl, NPOHHIAEMbIE AA MHAKOCTH. [INa H3rOTOBJIEHHS KeCTKHX fiepe-
FODOAOK IIPHMEHAIOT METaANHYECKHE, KepaMHUeCKHe, CTeKNAHHEE, YroJNbHEe NOPOLWKH, a TaKXKe
IHATOMHT.

Hern6kxne H HexeCTKHe HepPeroponNKH COCTOSAT H3 COTPHKACAIOUIHXCS
HKECTKO HeCBA3aHHBIX TBED/AHIX YaCTHL|, HanpHMep KaMeHHOro, ApeBeCHOro M »HBOTHOro yrJjef,
11€CKa, HEKOTOPBIX HEOPr aHHYeCKHX co.iefi. OuM OTJIHYAIOTCA AellIeBH3HON, HO MOT'YT 1P HMEHATHCA
TONBKO Ha TOPH30HTAILHON ONOPHOH Meperopoike.

9. YcrpoiictBo duabTpoB

OpHOll M3 OCHOBHBIX XapaKTEPHCTHK, HCHOJAb3yeMbIX A5l KJaacCHdHKalHH
GUALTPOB, ABIALTCA NEPHOAUHHOCTD UJIM HeMPephIBHOCTD UX JEHCTBHSA, B CBASH
C 4eM OHH MOJPa3AeaATCA HAPUJAbBTPHI I € PHOJUYECKOTCH Henmp e-
pelBHOrO jgeficTBHA. Jaa ocylecTsleHHs MpOLECCOB (HABLTpOBa-
Husi C 0Opa3oBaHHeM OcajKa IPpUMEHAIOT KakK epHOIHYECKH, TAK H HellpepEIBHO
Jeficteyioe ¢uasTpel. [AAa nposeieHus nporeccoB QUALTPOBAHHUA C 3aKy-
MOpHBaHHeM [10p HCIIOJAb3YIOT GUALTPLL NepHoanyeckoro aeictaua. Ha ¢uib-
TPax NepHOAHYECKOro AeHCTBUS OCYLIECTBAAIOT /M0O0H pexHM QHILTPOBAHHS,
Ha HABTPAX HENPEPBIBHOTO JAEHCTBHUA [PAKTHYECKH — JHUIb PeXHUM (HIb-
TPOBaHHUS NPH [OCTOAHHOH Pa3HOCTH naBjeHHH. [as NPOH3BOACTB Manof
MOLIHOCTH MPpH OONBIIOM ACCOPTHMEHTE BBIIYCKaeMbiX NMPOAYKTOBR MOTYT GBITh
peKOMEHJI0BaHbl (UJIBLTPBl NepHoauyeckoro paeficteua. Jlas npodsBoxncTs
SOABIION MOLIHOCTH M NPOW3SBOACTB € HEMNPEPHLIBHHIM TEXHOJOTHUYECKHM TpO-
'1ecCOM HeoGXOAHMMbl (GUJIBTPHl HENpPephiBHOTO AEHCTBHSA. .

[To crocoby co3jaHus PasHOCTH AaBJEHHI (GUALTPOBAAbHOE 060pyA0BaHHE
MOxKeT ObiThb IOJpa3sjeneHo Ha GUALTPLL, paboTaomHe 104 BAKY Y MOM,
¥ GuaAbTph, paboTalomue NOo A AaBJeHHUEeM. B pale ciyyaeB Quantp,
B OCHOBE JEHCTBHSI KOTOPOTO JIeKHUT OMNpejeseHHbll. NPHHIHMI, MOXeT pado-
TaTh H 107 BAKYYMOM, H II0J] jJ4BJEHHeM [IpH COOTBETCTBYIOLEM H3MEHEHUH
ero KOHCTpYKIHMH. [lo KOHCTDYKTHBHBIM COOOpaKeHHAM [esiecoofpasHo
ACIIOJIB30BAaTh, A€ 3TO BO3MOXHO, (UABTPH, paboTarollue IMOJ BaKyyMOM,
MOCKOJIbKY (HALTPH, paboTaioude mnoj jaB/ieHueM, NO/UKHBH OBITb MeXaHH-
yeckH Gosee npoyHbiMd. OHAKO B Te€X CJAy4asax, KOrja ocaok o0jaajaer cyme-
CTBEHHLIM ['MIPABJHYECKHM CONPOTHBJCHHEM, HO HE CAMIIKOM OO/IbLUIOH CHH-
MaeMOCTblo, Leaecoo6pasHo MPHMEHATb (GHJLTPH, pafoTaiomue MOA AaBJie-
HHEM. '

[puHsATa TaKKe KAACCHPUKALHA 110 B3IAHMHOMY HATIPABJIEHHIO CHJIBI THXKE-
CTH W sBMKeHHs ¢uabTpaTa. Takas KjaacCH(HKAlHUA OCHOBAHA HA TOM, 4YTO
IJisl TIPOBEIEHHA MNpONeccoB (GUILTPOBAHHA H CO3[aHHMS ONTHMAJbHBIX yCJ0-
BUE nas paboTh (UABLTPOB 0O/bllOe 3HAaYEHHE HMEIOT NPOLECCH OCaXKJAEeHHA
TBEpARX YacTHi CYCNEeH3WH noj AeHCTBHEM CHJK TAXKeCTH. B coorserctuH
c 3TOH KJaccHupUKauuel pasanyaT (UJIBTPH C MPOTHBOMOIOKHBIMH (yrol
180°), coenapatomumu (yroan 0°) u nepnenaukyaspueiMd (yroa 90°) manpas-
JEHHSIMH CHJBI THXECTH H ABHXEHHA (HJIbTpara.

Uncno KOHCTpYKOH# ¢(uIbTPoOBa/dbHOro 06Opya0BaHHA OYEHb BEJHKO.
Huzxe 6yayT pacCMOTpeHB NPUHIHN AEHCTBHS U OCHOBHLIE OCOGEHHOCTH JIHINb
HEKOTOpHIX Haubosee paclpOCTpaHEHHBIX THIOB (PHJILTDPOB.
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Hvru-duabrpol. HyTtu mnpencrapaser coGoit HauGosee npocToll (GHABTP
nepuoaHdeckKoi TeHCTBHA, paboTallHi Moy BakKVVMOM HJH 1aB/JIeHHEM,
B KOTOpDOM HANpaBJCHHA CHJBL TAMKECTH H JBUMKEHHUSI (pymm-para CoBl1agaroT.

Hyrtu, paborTalomuii nog BaKyyMOM, H3ITOTaBJAUBaeTCH
B BHJE MPAMOYTOJIBHOTO HJAH KPYrjaoro OTKPBITOro pe3epByapa C MJOCKHM
HAHW BBLINNYKJOM JHOM, Haj KOTOprM' Ha HEKOTOpPOM pacCTOSHHH HAXOAHTCH .
JIOJKHOE JAHO, [MpejHasHa4eHHOe [1f MOJAEpKAHHSA TOpPH3OHTANAbHOH (H/b-
TpoBanbHOH meperoponaxkd. Cyclensus 3aiupBaeTcs HA HVTY CBEPXY H B Mpo-
CTpAHCTBE 11OJ JTOKHBIM JHOM CO3aeTcss BaKyyM, B pPe3yJ/ibTaTe 4ero Kujakasd
$asa CyCrneH3WH MPOXOJUT B BUJAEe (U/AbTpaTa CKBO3b (DUILTPOBAJILHYIO epe-
ropojky H yjajisieTcsi 13 HyTya, a TBepjas jasa
CYCNEeH3HH B BHJI€ O0cCajkKa HaKanJHuBaeTcsad Ha 2 @ 0
3Tof mneneropojke. [IpeMMylecTBOM Takoro HyT- T P
4ya ABJJACTCA MPOCTOTA KOHCTPYKIIMH, 3 HEAOCTAT-

KOM — HEOOXOAHMOCTb yjajleHHsa ocajka Bpy4- /
HYIO.

CyurecTByeT HECKOJbKO 6oJ1ee CNOMHLIX KOHCTPYKTHBHBIX
MoAHDHMKauui ONMCAHHOIO HYTYa, Pa3paGoOTaHHHX C LEJbo
HCKJOYUHTb YlaJewne ocagka H3 HyTua Bpyudywo. K ux &
YHC/y OTHOCATCA: OMPOKHILIBAIOHIMACA HYTY, HYTY C OTKHA-
HBIM JHOM H HYTY C NOJHHMAIOUIEHCA MELlaNKoil, IPH NOMOLILH 7
KOTOPO/i 0CajloK B3MYUHBaeTcst H YAansgercss H3 QHAbTPA () ,«:3
B BHIE CYCMEH3HH.

OxHako 3TH H3MEHeHMS He pAa3pelwnNB NOJHOCTLIO
BONpPOC O PALHOHANBLHOM cnocobe YAaNEeHHs OCajKa M3 HyTua: & p . 5
pyYHoii TpPYA OTHYacTH COXpPaHHJCHA; YBeJTHYWIach BbLICOTA
fIOMEIIeHHS B CBA3H C YCTPOMCTBOM GyukepoB (Ana npueMa

acajgKa € ONpOKHAbIBANOUEracs ilqua) H NOAHHUMAKIIH XCA

MewWa/oK; BO3MOXKHOCTH ylanenHs OCeika B uge cycnewsmu D HC. V-13. Hyry, paGoraio-
orpanuuesa. WHA FoA AaBieHHeM 1o 3 am:

- ! — kopnye; 2 — Gamka; 8 —
OiHa H3a KOHCprK[LPlH HyTUua, pa 6o0- cbeMHas ipumxa;p‘; — nepeme-
wapineecst AHO; § — GHABTPO-

Taouwero Nox fasJdeHuneMm He 6o- Banbnaﬂneperoponxa;6¢—-onop-
aee 3am, nokasaHa Ba puc. V-13. Hytu coctour Has nepzroponxa; 7 — JawKTHASR
, o o cerKa; — KOJblleBast Hepero-

K] }\opnyca Ic py6amxon 2, CbeMHOU KPbILIKH 3 poaka;, 9 — u;'ryuep ans ngna'-m
. CYCIIEH3HH; 0 — wTyue &%

H nepeMelmarierocsa aia 4, (i)HﬂbTPOBaJIbl;[aﬂ ne- NOAAYH CHKATOTO aoam‘r{xa? ”n___
peropoaka 5, pacnoJjiokeHHas Ha ONOpHOH rnepe- wryuep Ans yA2JAeHHA QuUALTDA-

ropoake 6, HpeﬂCTaB.IIIHeT co6oil TKaHb WK cAolt 1 T A anagpanHTeARHUE
BOJIOKOH (B MOCJEJHeM cJay4ae Haj [eperopopkoi

5 NOMeAT 3aWuTHyo ceTky 7). Hax ¢uasTpoBansnoil neperopoikoil
HaXOJIUTCA KOJIbIeBast meperopoaka & BulcOTOR 150 mm, NOAJepIKHBAIOAA
0CafoK BO BpemA ero BeIrpy3kd. OOe MeperopojkH ykKpernJeHs Ha jHe
HYTHa, KOTODOE /A yhaneHHst ocajka onyckaerca Ha 200 mm u nmosopadu-
BaeTCA HA TAKOH yroJ, yToObl 0CAajI0K MOMKHO OblI0 CHATH C (UALTpOBATLHON
neperopogkd BpyuHyo. [1/ifl MOAAYH CYCHEH3HH H CXKATOTO BO3AyXa CIYXKAaT
wryuepa 9 u 10, paa ynaneHus puabTpata — wmrynep /1, buabLTp cHabxex
TaKXe INpefOXpPaHHTEeNbHBIM KJjaarnawom 12,

B mpocrefitiem ciyyae UHKA paGoThl HA OMMCAHHOM HyTYe COCTOMT M3 CJe-
AYIOUWHX ONepanHi: HAMOMHEHHE HyTYa CycleH3Weil, pa3jefieHHe CyCHeH3HM
noj JaBJEHHEM CXKATOro rasa, yjajeHHe ocajka C (GUIBTPOBAAbLHOH nepe-
FOPOJIKH W perexepanus nocnepHed. Takue HyTuu HMeoT aHamerp 10 1 # u
eMkocTh g0 0,50 m3.

UI_LOCTOHHCTBOM BCEX HYyTYeH ABJACTCA BO3IMOXKHOCTb PaBHOMEDHONH M MO/-
HOH NPOMBIBKH OCAa/Ka, MOCKO/bKY MPOMBIBHAS KHAKOCTh MOXKET GhiTh paB-
HOMEDHO pacrpejiesieHa no BCed ero nmoBepXHOCTH B HEOGXOAUMOM KOJIHYeCTBe.
O6wHi HepoCTaTOK  HyT4ell — OTHOCHTE/ILHO _GOJbIiasi 3aHUMaemMas HMH
INOWANb [OMEWeHHA, MpHXOfAmwancss Ha | m® NOBEPXHOCTH (HALTPO-
BaHHS.

B HacTosiiee BpeMsl COXPAHH/M 3HAYCHHE JIMIUb CPABHUTENBHO HEGOAbLIHE
HYT4H, KOTOpbI€ HCMOMBL3YIOTCA A1A 1aGOPaTOPHBIX W MOJNY3aBOACKHUX paboT,
a TaKkke /A pa3jie/leHHsi CyCIIeH3HH B MPOM3BOACTBAX Ma/JOf MOLIHOCTH.
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®uabtpnpeccsl. PHABTPOM NCPHOIHYECKOro AelicTBHs, PabOTAIOIIHM [OA
laB.1eHueM, dABasgeTcs GHUAbBTpPHOHpecc € BepPTHKAJAbHbB MK
paMamMu (WIHTOYHO-pPAMHBIM (HIBTpIpecc), B KOTODOM HaNpaBJ/ieHHs
CHJIBI TSXKeCTH W ABVW/KEHHS (BHIbTpaTa NEepneHiuKyJ/spHbl. IDTOT (QHABTP
MOZHO pacCMarpHBaTh KaK DAJ Hyrtdyes HeGOJIbIUOH BBICOTb M 0OCO0O#H KOH-
CTPYKUHH, Pa3MEIlEeHHbIX BEPTHKAJbHO BILIOTHYIO OJHH K JPYyTOMy, B De3y/b-
Tare 4Yero JocTHraercs Goabllasg NOBENXHOCTh (MHAbTPOBAHHS, OTHECEHHAs
K €JIHHHUCe [‘[pOHSBOlC’IBEHNOﬁ Taoumanm, 1dH IMaeMOi thﬂprOM.

‘T n\t_m — —,} }f&i
N .
' ; Jll

Puc. V-14. ®uabrpnpecc ¢ BepTHKAILHEIMH PaMaMy (MJIHTOYHO-DAMHEBIR (HUABTD-

.ioeccY
! — nantel; 2 — paMbl; 3 -— OMODHLIA 6pyc; 4 - HENOABHMHa® WAHTA;, & — HOABHKRAA
NAxNTa, § — rHAPaBAHYeCKas CHCTeMa; 7 — wuITVIeU .as MuJadyH JyCneH3HH, 8 — UTY-

Tep sl TIOZANH NPOMBIBHON KHAKOCTH, ¥ ~— KpaH, ANA “T2JeHHA DUNBLTPATA.

DuabTprpecc ¢ CePTHKAMbHBIMH paMaMH (pHC. V-i4) 1CCTOMT 43 yepepy-
IOWHXCcA NJAHT [ B paMm £ OAMHAKOBbIx pa3MmepoB. [1iHThl ¥ paMbl ONHPAIOTCs
OoKkOBBIMM pydYKaMH Ha jABa napaijenbHblX Opyca 4. Mexny cornpukacalou-
MHCH TIOBEPXHOCTAMH TIJIAT H NAM UMEIOTCA TKaHeBble (pUJBTPOBaJIbHBIE [€pe-
TOpOAKH. PaMbl ¥ TJIUTHE, VILIOTHEHHblE NO NepUMETpPy KPasM{ 3THX [Mepero-
POAOK, MPHUKHMAIOTCS K HEMOABHAKHOMN JIHTE 4 pH [OMOILY AepeMellalouledcs

& 5 ¢ & 56

444 ‘
LA

. 2
"Prc, V-15. Tliute # paMel Qu/bTphpecca:

a — nnuTa; 6 — pama;, { — (NaaKaa [OBEPXHOCTL NAHTHL 2 -— Xenobok;

8 — duabTpOBanbHan [reperopoaka; 4 — KaHal AnA YyAanNeHHS GHABT-

paTa M TIDOMLIBHO[l KHAKOCTH; 5 — OTBEPCTHH JI18 NpPOXofa CYCIEH3HH,;
6 — oTBepcTEH AJA NpoXxoda DPOMLEIBHOH XHAKOCTH.

Ha POJIMKaX MOABHKHOMH [IJUTH 5, Ha KOTODVIO AeHCTBVET 1aBJIeHHe KHIKOCTH,
pa3BHBaeMoe ryipaBj14eckKor cucTemol 6. CycneH3ua mOCTynaer Mo wryuepy 7,
a NpOMBIBHAA XHJAKOCTb — MO wrynepam 8. Ultyuepa 7 u 8 pacno/fiomxeHn
Ha HEMOJBHXKXHOH MJHTE W COOOLIAIOTCA C KaHajaMH, KOTOpbie 06pa3oBaHbt
COBMAfalOMHMH OTBEPCTHAMH B MJHTaX M paMax. PUIbTpaT W 1POMbIBHAA
JKHUJIKOCTb YJIAJAIOTCA 4Yepes KpaHH 9.

ITauter (puc. V-15) uMerT no kpaAM IVagkylo MOBEpXHOCTb [, a B cepe-
AlHe — pHbnenylo ¢ Kenobkamu 2. I1auTel NOKPEITH (hHIBTPOBaABLHON mepe-
TropofkoH 3 u CcHaOXMeHBl Kpanamu AJds YyJaleHHs ¢GHAbTpPaTa ¥ [1POMBIBHOH
xujakoctd. KpaHsl uepes kaHazasl 4 U ABa APYTHX, MOYTH MEPIEHIAKYJIAPHBIX
MM KaHasa (Ha pHCYHKE He [0Ka3aHbl), OKAHYHBAIOIHXCSA ¥ KENOOKOB, COELH-
HEHBl C IPOCTPaHCTBAMH BHYTPH ABYX paM, CMEXKHBIX ¢ AaHHOH nauToi. B miu-
TaX M paMax BLIIOJHEHH OTBEPCTHA 5 H 6, KOTOpbie 00pa3yloT KaHasbl 11as
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NpoXona CyCHeH3HH H NMPOMBIBHOH XKHUIAKOCTH. B ¢puabTpOBaIbHBIX Neperopos
Kax cjefaHbl OTBEPCTHA, TOUHO COBMNANAIONIHE C OTBEPCTHAMH B pamax W ILid-
TAY.,

LxeMa paboTH MJHTOYHO-paMHOro GuABTPHpeEcca rokasaHa Ha pHC. V-l1u
B craguu GOuAbTpOBAHHA CYCNEH3HR MO CpeiHeMV Fkauajdy I u Kadajaam 2
nocTynaer B MPOCTPAHCTBO 4, OrPAHHUYEHHOL 47! ma (HWIBTPOBAJbLHBIMH Tepe-
“ 'OFKAMH (IPHMBIKAIOIHMY K pHQJIEHBIM DOC P XHOCTHAM NJHT 4) ¥ BHYTpen-
Hell MOBEPXHOCTRIO Pam i o, JhHAKAd (as” CVCIEeHINW ONHOBPEMEHH. MPo

“opm) denes ove (QHAbLTPOBAJbHEIE HENEropofjk. Mocjie der 110 Kejgobam
¥ kadaJaM 6 TOcTynaeT K KpaHam ¢, KOTO-

. : ) WA
pole B 3TOH cTaguu paboTel guaIbTpHpecca ;. PGRRAGURD
otkpuiThl y Bcex naut 4. Korzma npoctpan- 2 |RNY A N A AR
cTBO 3 OyneT 3amo/fHEHO OcafkoM, nojady . INY N N N f
CYCVEeH3HH IpeKpauan v v ol \\

B cragu# NpPOMBIBKH IO JBYM GOKOBLIM
"KanHasaM 8 ¥ KaHaJaMm 9, KOTophle HMerTcs
TOMILKO Y MOJIOBHHBEI TIJIHT 4, MOAAIOT TIPOMBIB-
HVIO XHIKOCTb. BO BpPeMsi NMpOMBIBKH MOJO-
BMHA KPaHOB ¢ 33KpBITA TakuM o0Opasom,
YTO NMPOMBIBHAA KHIKOCTh I0OCJER0BATEIbHO
NPOXVAUT OAHY (PUABTPOBAJIBHYIO I€pero-
pPOIKY, CJOH OCafKa, BTOPVIO GHILTPOBAND-
HYIO Neperopoiky, Noc/ie 4ero no KaHazaam
6 H OTKpPLIThIM KpaHaM 7 OTBOLHTCA U3
duasTpnpecca. [lo OKOHWUAHHH TPOMBIBKH
Ocafiok B HJLTPrIpecce MpoLyBaOT CKATHIM
BO3IVXOM HJH MapoM. 3aTeM OTOABHIaloT
NOABHXKHYIO TIUTY, PasbeOHHAIOT MJHTH H
paMel H OCajOK yaansior B OyHkep.

KOHCTPYRKIMH NJMT H paM ¢uabTphnpecca pas-
HOOﬁpaRHbI H OTJHYAITCH RIANUMHEIM paCNoJIOKEeHUEM
KaHaJ0B, MO KOTOPHIM MPOXQInT CVCNEH3Hs, MPOMBIB-
Has KUIAKOCThL H CHa1hlit BO3AYX, @ 1. HaJlUyHeM

HI¥ OTCYTCTBuPY Vry, e TOHOCHTENEn WK
OXJaMAAIOUIHX JKHAKOCT™ . H O6uero Ka-<ad uJas

NN
q*:\lm

N
“Nl K\\“dl
ZLN \\\_‘

N~ B
w5 N7 AN M t s,

yaanenus: ¢uabTrara. IMTH » (2. MOTYT HMETb
MPSMOYTOJAbHYIO HJIh KPYT -vio (POPMY ¥ H3roTaRnw
BaTbC M3 CTAJdH, YYTYE., KEPAMH4YCCKHUX MaTepHaaoP
M 1z=pei..

YyryHubie pamMel HMEIOT pasmepst Zo 1000 1000 s
¥ TonuuHy a0 45 usm. [loBepxnocTh GHABTPOBAHUSA
¢uasTpUpECcCa C TAKHMHA PaMaMH JOCTHraeT 14u M-, xo-
nycTumoe gamaenne 10 am.

OnucanHble GUABTPIpECCH A0 HACTOA-

Puc. V-16. Cxema pa6oTr NMINTOYHO-
pPaMHOro QHJABLTPIpECCa.

a — ctapua duaAbTpoRadus 6 — cTagus
TTPOMHBKH: J — cpel~Wil KaH3.~ Jfia
LpOXoA™ CVCTeH3HH; 2, 9 -- KaHaJjh;
3 OpOCTpah TBO MeXAY ABYMA [IH-
Ter 1 4 —- DIAHTH, pawma, — Ka-
HaJ AJA OTBOAA MJIbLTPaTa H [POMKIB-
HOW XKHAKOCTH; 7 — KpaH; § — 60OKO-
BO# KaHar JAnd ApOX0ga NPOMRBHON
KHAKOCTH -

IIerc BpeMeHH paclIpOoCTPaHeHbl B M1POMBILL

ARHHOCTH, OCOGEHHO [/15 pa3je/ieHHa CyCrneHsuit ¢ HeGoabIIoH KOHUEeHTpaIl ek
TBEPABIX dacTWy, KOrja TpyJOEMKHE onepauHyu pa3bopKn, pasrpy3xkd H
COOpKH MPOHU3BOAATCHA OTHOCHTR/IBHO PeiKO. UM MpHMEHHMBI TaKkKe s pas-
IeleHHsl CyCMeH3Hil NMpU IIOBLIUIEHHOH TeMnepalype, OXJaKICHHE KOTOPHIX
HefOonyCTHMO, HamnpHMep, BCJIEICTBHE BHINANEHUS KPHCTAMJIOB H3 KHIKO-
CTH.

K nocTonHCTBaM 3THX (QHUALTPNPECCOB, KAK YXKe OTME4asnoch, OTHOCHTCS
60/biIas MOBeNXHOCTh (HUJIBTPORAHUA HA €NHHHILY 3aHUMaeMol HMH MJoLLagH
MMOMEILEHHsi, & TaKXKe BO3MOXKHGCTb OTK/IOUAaTh QTAeAbHbIE HEHCIPABHEL.
IJIHTL, 3aKpblBasi KPaH Ha Buixofe GH/IbTPATa, ¥ OTCYTCTBHE IBHIKYLLHX::
yacTey B Mpouecce 3KCmayatauMd. K HexoctaTKaM TakHX (HILTPIIPeccon
MOXHO OTHEC1;: HEOA¥ONHMOCTh B PYyYHOM OOGCHYIKHBAHUM, HECOBEPLIEHIIyk!
NpOMBIBKY Ocajka M ObiCTpoe H3HaAHIMBaHHe (HUIbTPOBaJbHOH TKanu. Cylie-
CTBYIOT (PHJIBTPIIPECCEl ¢ MEXaHH3UPOBAHHOR BRIrPY3KOH OCajgka, B KOTOPHIX
HCMOJL3YIOTCA YCTPOHCTBA JJiA NEPeMEnleHHs MJIHT U pam.



202 Ia. V. Pasdesenue neodnopodnerx cucmes

®uabTpnpecc ¢ THApPAaBAHYECKON BHIrpPY3KOH oCajfKa OTIH-
9aeTcsi TeM, YTo YJajeHHe MOCAEJHEro MoMeT HPOM3BOAHTLCA 6Ge3 pasiBHrandst paM H IUINT.
BMecTo 3T0ro ocajiok B3MYYHBAIOT B paMaX NMOTOKOM BOAW M YAadslOT M3 GMALTpa B BHIe Cyc-
NeH3HH.

QHabTpnpecec ¢ MEXaHHYECKOM BHTFPY3KOH OcCcajka uMeer
Kpyr/isie BepTHKaAbHLE PaMbl, KOTOPhle OTKHAKBAIOTCS NPH NOBOPOTE BOKpPYI Baja, MoCje 4ero
M3 HHX JIETKO yJaNsieTcst 0CafoK.

JInctoBbie GHALTPLL. ITH GUALTPHI OTHOCATCH K paboTaromuM 1oj AasJje-
HHEM anmnapaTaM MEePHOAHYECKOro AefiCTBHS, B KOTOPBIX HaNpaBjeHHs CHJIbI
TAMECTH W [JBHXKEHUA (UAbBTpaTa NEpneHInKy-
AApHbl. OCOOGHHOCTBLIO JHCTOBOrO (HJALTPE, KakK
H TNJAWTOYHO-PAMHOTO (HJABTprpecca, fABJAAETCA
60/b1IasA NOBEPXHOCTL (PHILTPOBAHHA, OTHECEHHANR
K €IMHHLE 3aHUMaeMOH UM INJOmAAH MOMELICHHH.
DTO [OCTHraeTcs pasMenieHHeM BepTHKaJAbHBIX
(PHILTPOBANBHEIX JTUCTOB Ha HeGOJbIIOM PaccTos-
HUH OfHMH OT Apyroro.

CVIecTBYIOT HECKOJLKO KOHCTPYKLHH JHCTO-
BblX (uAbTpoB. PaccMoTpiM BepTHKAadb -
HbolH GHUABTP L NPAMOYTOJbHBMH
AHCTaMHu (puc.V-17), npuMensieMulli, B 4acT-
HOCTH, Ha XJIOPHBEIX 3aBOjax A/ QHUILTPOBAHHUSA
paccosia, NOCTYMAWOMEr0 B  3JEKTPOJIH3EphL.
DUALTP COCTOUT M2 UUAHHIPHYECKOTO pe3epBya-
pa ] ¢ KOHW4YECKHUM JHOM 2, CBEeMHOH KPHIIIKH J,
MIOCKHX (HUALTPOBANBLHBIX JHCTOB 4, OMNHpalo-
mIHXCs Ha NAAHKY §, H KOAJIeKTOpa AJ4 pHABTpaTa
6. CycrneHsus mocTynaer B GHALTp MO WTyHepy 7;
XKHJKass (asa ee NpPOXOAUT BHYTPb (HUABTPO-
BaJbHBIX JHCTOB, COGHpaercs B KOJAJEKTOpe kL
B Buie ¢HABTPAaTa YyXOAWT W3 amnmnapara uyepes
wTyuep &; TBepias ¢asa HaKanJHBaeTcs B BHIE
Ocagka Ha BHEIIHEH MOBEPXHOCTH (PHALTPOBAJb-
HBIX JIHCTOB, c6pacpiBaercd ¢ Hee OOpaTHBIM
TOJIYKOM C)KATOTO BO3yXa HMJIH BOAH H yiansiercs
M3 annapara no mryuyepy 9.

dUALTPOBANBHBIA JHCT MpeACTaBJAsAET cobo
CTaJbHY!0 TYMMHPOBAHHYIO paMmy, B KOTOpYIO
BCTaBjeHa pHdseHast ¢ oOeHX CTOPOH AOCKA H3
JlepeBa TBepAOH MOpOAml, MpHUEM paMa H J0CKa

Puc. V-17. BeprukaabHui Ju-
CTOBOH (HJBLTP:

I — UHAHHAPHYECKH{t pesepBYyap;

2 — KOMHYECcKOe AHO;, 3 — CbeM-

Has KpHIKA, 4 — NJAOCKHA
GHALTPOBANBHE JAHCT, § —

onopuas nianka; 6 — XoaJekTop
Ras GuAbLTpaTa; 7 — WTYUep wis
NoRayH CyCHeH3HHK, & — mTViep
DA oTBOR2 ¢uabTpaTa; 9 —
wWTyuep AAS YnalleHHs OCafKa.

OOTAHYTH TKaHbIO, HANpHMep MOJAHBHHHIXJAOPHL-
HOH.

[To cpaBHeHHIO C (GUALTPNPECCOM ONHCAHHBIH
dunbTp obecrneyuBaeT Jyyliue yCAOBHsS NPOMBIBKH

ocajKa, MeHbluee W3HaluHBaHHe (HIbTPOBaJbHOH
TKaHH u OoJsiee Jerkoe ofcaykuBaHve. K HepocraTkaMm 3THX ¢GHALTPOB OTHO-
CATCHA: TPYAHOCTb KOHTPOJA TOJUIHHB OCanKa, HEOOXOAHMMOCTh MEpeMellHBa-
HHSl CYCNEH3HH NyTeM ee pPeHHpKYAALHH (I8 NPEeAOTBpAIIeHHSA OCaXKAEHHS
TBEpJBIX YACTHI) H HECKOJbLKO CJIOXKHAsd 3aMeHa TKaHH.
Matponnsie ¢uanTpel, DTH GUABTPE NOAOOHO JHCTOBLIM OTHOCATCSH
K pa6oTaiollMM 1MOj AaBJeHYeM annapaTaM NnepHoiHyecKoro fefcTeus, B KOTO-
PHIX HampaBJeHHs CHJIbI THMKECTH M ABMIKEHUSA (QHAbTpaTa MeprneHAuKy/AfPHAL.
I'lo npuHuuny gelcTBUA JHCTOBOH M MAaTpPOHHBIA (HALTPH B OCHOBHOM &HAJIO-
THYHB!, HO. BMECTO IVIOCKHX (DHALTPOBANBHBLIX JHCTOB B HAaTPOHHOM (DHILTpE
HCIONB3YIOTCA UHAHHAPHUYECKHE (HABTPOBANbLHBIE NATPOHBI, YCTaHABJHBae-
Mble B BEPTHKAJbHOM TOJOXKEHHH B IIHIHHAPHYECKOM KOXyXe C KOHHUECKHM
JHOM H CBEMHOH KpPHILIKOH.
GuAbLTPOBANbHBIA NATPOH B NONEPEYHOM paspese MokaszaH Ha puc. V-18.
Ilatpon cocTOMT M3 mMOpHUCTEIX Kosel /, HAHH3aHHLIX HAa 3aKPHITYyI0 CHH3Y
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LEeHTPadbHYIO TPYGy 2 C pagHalbHLIMH OTBEPCTHAMH 8 H NMPOAOALHBIMH peb-
pamu 4. B mponecce pasaenenis CycneHsud QuasTpaT nocJaen0BaTelbHO po-
XOJHUT uepe3 cjoi 5 yxe o6pa3oBaBIIErocs 0cajka, CTeHKH Kojed / ¥ oTeep-
CTHst 8, [OCJIE Yero o BepPTHKaJbHOMY KaHaly 6 yXOIuUT U3 NaTpoHa B KOJ-
NeKTOp H vianderca 3 ¢uaAbTpa. ILisi H3TOTOBJIEHHWS MATPOHA MOTYT OkITh
HCMOAB30BaHbLI [a3/iH4HbIC IOPHCTBIE MaTepHa/nl (B YACTHOCTH, MOPUCTOE
CTEKJO HJIH KepaMHka), CIPecCOBAHHLIA AMATOMHT WJIH Yyroab. llpuMensiorcs
TaKXe MaTpoHH B BHAEC NepdopENOBAHHOTO METANIHYECKOTO UIIHHIDA,
OBTAHYTOTO (HIBTPOBAIBHOH TKaHLIO.

[pouecc pasgeneHuss CyCNeH3WH HA MNaTPOHHLIX QU/AbTpAX HENEAKO OCy-
MECTBJ/SIOT C NPHUMEHEHHEeM TMpelBapHTe/bHO HAHECEHHOTO CJNOA BCHOMOra-
TeALHOrO BellecTBa HJAM ajcopbeHTa (s ofecLBEYHBAHWA pacTBOPOB). ITH
(UAbLTPEL HCMIONABL3YIOT TAKXKE NJ1d CLYNIEHHS CYCHeH3WH; B JaHHOM cjyuae
ocafok cOpacbiBaeTcs C IOBEPXHOCTH NATPO-
HOB OGPATHBIM TOMYKOM (U/ALTPATa H B BHAE
CTYIIEHHOR CYCMEH3WH ylajdsercid H3 HUX-
HeH yacTH QuabTpa.

[IpeyMylIecTs0 MaTPOHHBIX (PHIALTPOB 110
CpaBHEHHIO C JIMCTOBLIMH COCTOHT B TOM, YTO
UWIHHAPHYECKas IOBEPXHOCTE HABLTDPOB?-
HHS € MaJBeM pajHycOM KpHBH3HHI 00Ja-
JaeT, NPH NpPOYHX paBHBIX YCJNOBHAX, 60Jb-
el MPOH3BOAUTEABHOCTBIO MO (GUALTPATY
HJAN OCalKy, YyeM paBHOBENIHKad el njockan
noeepxHocTs. [IpH  3TOM OTHOCHTE/MbHAR
IPOH3BOAHTENbHOCTh [IHJAHHAPHUECKOH Mo~
BEPXHOCTH BO3pacTaeT C yBe/JHUSHHEM TOJ- Punsmpam
IHHBI OCajKa M YMEHBIICHHEM DpaIHYyCd  pyc, V.18, GuisTposanbhbil HaTpos
KPHBH3HBI TiaTpoHa. B ronepeyHoM paspese:

#uabTpnpecchi € TOPH3OHTANBHBIMH | _ nopuctoe KoAblo, 2 — HeHTpans-
KamepamH, aBToMaTu3uposaHHbie (PITAKM).  hHes ;Ppgggnfﬂge VG e
Taxkoit ¢puawbTp sBJAseTcAd paboOTaWIHUM M0] ocagka; 6 — BepTHK anbHb# KaHas.
JaBJeHHeM annapaTtoM MepHogHueckoro aei-

CTBMS, B KOTOPOM HanpaBsJ/IeHHA CHJIBI TAXKECTH H IBHXKEHUS (H/IbTpara COB-
najaT. B 5ToM annapare oTedecTBEHHON KOHCTPYKIHH YAadHO OObLexMHEHL
npeHMyIlecTsa IPYruX ¢uAbTPOB. Ero MOXHO paccMaTpHBaTh Kak psp npd-
MOYTOJNBHBIX HYT4eH HEeGO/bHIOH BEHICOTEI H OCOOOH KOHCTPYKUHH, PasMelleH-
HBIX BIJIOTHYIO OAMH HaJ APYTUM, BCJIACTBHE Yero MOBEPXHOCTh (GHUJABTPOBAHHU A
nonyyaercs OGOJMBLIOR 1O OTHOIUGHHIO K MJOLLAfH, 3aHUMaeMoil (HABTPOM.

TaxkuMm ob6pa3oM, MEXAYy KOHCTPYKHHAMH QUABTPIPECCOB C BepTHKAJb-

. HIMH pamMaMd H TODH3OHTA/bHBIMH KaMEpaMH CYLUIECTBYeT OMpene/eHHOe
cxofcTBo. OHaKO B3aWMHBIE HANPaBAEHHSA CHJBL THAMKECTH H ABHKEHHT (QHIb-
Tpara B OGOHX (HJBTPrpeccax HeofWHAKOBHI, 4TO O6YC/IOBJHBAET HEKOTOPOEe
pa3/HuHe B XapakTepe INpoueccoB (PHILTPOBAHUS B CBA3H C BO3MOXKHOCTHIO
OcefaHKs TBEPAHX YacTHIL CYCNEH3HH B T'PAaBHTAILLHOHHOM IHOJE,

PaccMaTtpuBaeMblt puiabTpnpece NpejHasHaueH AJAA pasjefeHHs TOHKO-
AVCHEPCHHIX CYCNMeH3HH npH KOHUGHTDAauUHH TBepaol ¢asul 1050 we/m®
u Temneparype no 80° C

®OuALTpOBaNBHLIE INTHTHI 5TOr0 GHJILTPA MOKAa3aHb! B paspese Ha pHc. V-19..
Bepxuss wactb / KaXjaol NJuThl NMOKPBITA NepGOpHPOBAHHBIM JHCTOM 2,
M0 KOTOPBLIM HAXONHTCA MPOCTPAHCTBO AAA npuema ¢uiabrpara 3. HuxHas
4acTb, BBIOJHEHHAd B Bujie pamel 4, o6pasyeT MpE CKATHH MJAHT Kamepy 5
LS CYCMeH3uH M ocajgka. Mexay BepxHed M HHXKHeH qacTAMH (QH/ILTPOBA/b-
HBIX IVTHT PAachojioXKeHbl 3JaCTHUHBIE BOJOHENpOHHIlaeMble auadparmbl 6.
duawTpoBaibHAs TKAHb 7 Pa3MemaeTcs Ha nephopHpoBaHHOM JaucTe 2.

B nepuoasl ¢puALTPOBaHHA, MPOMBIBKH OCAfKa M €ro MPOLYBKH B Kamepsl §
NoCTynalT H3 KOJJAeKTopa & no KaHajaaM 9 mociefoBareibHO CyCHeH3Hd,
CBEXas NpPOMbIBHAA XKHAKOCTL H CXKaThli Bo3ayx (mosoxenue A). [Ipn sToMm
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¢huabTpaT, oTpaboTaBwast NPOMBIBHAS MHUIKOCTb W BO3AYX MpH arMochepHOM
IABJEHWY OTBOJATCHA H3 cpmmpa no kaHaiam J0 B Komnektop IJ. 3aTeM
OCal0K OTXKUMaeTcs auadparmoii 6, 115 4ero B NpocTpaucTBo 12 no KaHajau /3
nonaeics rOJA NOJA AIBJACHKEM (nonox\eﬂne B). llocne oTxards ocanka IIUTH
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Fuc. V-19. AsToMaTH3upoBaHHEI (GUABTPNIpPece € IopH3OHTadbHHMH Kamepamn (PITAKM):

4 —= BEPAHAS YacTh HJIHTH; 2 — nep@OpupoBaHHBIA JANCT, § — NPOCTPAHCTBO L5 TpHeMa (uUJbTpaTa;

¢ «— HHAHSs% 4aCTb NJHTH B BHRE PaMbl; & — KaMepa RJIA CYCNEH3MH M OCAanKa; 6 — 3]1aCTHYHAS BOAO-

renpoyHilaeMas panapparma, 7 — GuAbLTPOBaNbHas TKaHb, 8 — KOANEKTOP AAs NOJayH CYCICH3HH,

NPONBLIBHOA AHRKOCTH M CXKaTOro BO3RYyXa; 9, 10, 13 — KaHan; Il — KOJJAEKTOp RAS OTBORA ¢ulib-
TPaTa, NPOMbBIBHOH HHURKOCTH H BO3RYXa; 12 — NPOCTPAHCTBO AJAS BORBI

pasjBuraiorcst, o6pasys mesH, yepes KOTOpLIe OCajOK yIadfercsd H3 QUALTPpa
(nonoxeHue B)

CxeMa [enCTBHSE aBTOMaTH3HPOBAHHOTO q\nnbrpnpecca C rOPU30HTAJbHBIMH
Kamepamu noxasana Ha puc. V-20. OH COCTOHMT M3 rOPH3OHTA/IBLHO Pacnono-
MEHHbIX OJHA HAA APYToH ONHCAHHLIX BBILE (UILTPOBAAbHHIX MAHT [. ITH
NJIMTBl HAXOAATCA MEXAY ABYMA KpaiHuUMY
ONMOpPHBIMH NJIHTaMH 2, KOTOpbie CBA3aHH
OfHa C JPYFOH YeTHIPbMs BePTHKaJbHBEIMH
CTEPKHAMH, BOCIPHHHUMAIOIMIUMH HArpysKy
npu [Ae¥CTBHHM JaB/EHHA BHYTPH Kamep.
Mexpay nauTamu / npH MOMOIIHY HanpaBJaswo-
IHX POJAHKOB 3 NMPOTAHYTA QHALTPOBANLHAA
TKaHb 4, KOTOpas WMeeT BHjJ OECKOHeUHOH
JIEHTbl H INOIIEpPXKHBAETCH B HATAHYTOM CO-
CTOSIHHH THAPABJHYECKHMH YCTPOHCTBAMH
(na pucyHKe He nokasannol). Kak yxe cxka-
3aHO, CYCIIeH3Hs, CBexasd MPOMBIBHASA XHI-
KOCTb M CXaThii  BO3LyX MOCTYHaioT,
a ¢uabTpar, orpaborasiias MpPOMbIBHA
XKHUIKOCTb U BO3NYyX NpH aTMOCHEepHOM fga-
BJIEHHH OTBOAATCA MOCPEICTBOM KOJJIEKTO-
) . pPOB, KOTOpHIE Ha PHCYHKE [TOKa3aHbl yCJAOBHO
Puc. V-20. Lxema neficTeua asToMa-  y ofogHayeHsl COOTBETCTBEHHO 5 H 6. Oca-
TU3HPOBAHHOrO (PUABTPHOpEcCa C Ii

PHIOHTATbULIMA  KaMEpaM: IOK TpH  MEePHOJMYECKOM NEPEMEIleHHH
J — unrtpopansase nawts: 2 — onop.  PW/IPTPOBANBHON TKAaHW CHHMAeTCs C Hee
Hble MAHTH; § — HaNpasyiAlOLUIHE DOJHKH,; HOXKaMu 7‘ pacnosoXXeHHbIMH OKOJIO pOJmKOB,
B T . © T a TKaHb NPOMHIBAETCS ¥ OYHIAETCH B 0COGOM

VCTPOHCTBE (Ha PUCYHKE TAKKe He I0Ka3aHo).

LiHKa paboTw duAbTPNIpecca C TOPH3OHTANBHBIMH KaMepamu B obmem cay-
Yae COCTOHT W3 Onepaudil CkaTHA IJIUT, QUALTPOBAHHSA, MPOMBIBKH OCajKa,
€T0 NPOAYBKH, pa3ABHraHHA NJAWT ¥ pasTPV3KH ocajka C OJHOBPEMEHHBIM
nepeMelleHeM TKaHUW W ee npomeiBKOH. Ilpn sTom pabora ¢HiabTpa aBTOMAa-
TH3HpPOBAHA, YTO OOYC/OBAHBAaeT 3HAYUTENbLHOE YBeJHUEHHE ero NpoH3BOIH-
TEJbHOCTH NO CPaBHEHHMIO C GUILTPOpEccoM, O0OQCNYKHBAEMBIM BPYUHYIO.
Yrpasaenlie GUIBTPIPECCOM OCYILECTBJASETCS 3JEKTPOTH; aBJHYECKHM aBTO-
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M aroM; paboTa (H/IbTPa NOAHOCTHIO ABTOMATH3HPOBAHA C HCMOJNB3OBaHHEM
peJse BPEMEHH W KHOMOYHOrO yNpaBJICHHH.

ABTOMaTH3HpOBaHHbIE PUIBTPIPECCH C FOPHIOHT aJIbHEIMH KaMepaMH HMEoT
NMOBEPXHOCTb (uNbTpOBaHUA 10 25 m2%. OCHOBHBIMH NpeHMYHIECTBAMH 3THX
QUIBLTPNIPECCOB, KPOME WX IOJHOH aBTOMATH3aLMH, ABASAIOTCA pasBHTas
IOBEPXHOCTb (PUALTPOBAHHA, BO3MOXHOCTL MPH MOMoLLH AHadhparmel peryJiu-
pOBaThb TOMIIMHY H BJIaXKHOCTb OCajKa I XOpOIIHe yCJAOBHA LIS pereHepanuy
TKaHH B mpouecce paboTel GuaAbTpa.

bapa6auubie ¢uabTphl. PaccMorpiM 6apabavHHulH Baxkyyw-
¢uALTP ¢ HAPYXHOH NOBEPXHOCTLIO GHUIALTPOBA-
HHA. IT0T QUJALTP Ipen
craBasieT cofoit  amnmnapart
HEMpEpLIBHOIO  AEHCTBHA,

paGoTAIOUWHH MO BAKYyMOM o

it XapaKTepU3yomHuics /

B OCHOBHOM I1pOTHBONOJIOXK- / w

HBIMH HaNpaBJeHHAMH CHIILI ~

TSKECTH H [BHXKEHHUA PUIABT- & /pp- o,

para. Q§ MerBrag ;‘;, =
Quastp (puc. V-21) g edwocms) Ny ES

UMEeT TODH3OHTANbHHIH LH- <K Cyorenus |
JUHApPHYECKHH nepdopupo- §
BaHHEIA GapabaH I, TIOKpH- 3
TH CHAPYXH QUILT['0BAMb- %
HOR TKaHbio. bapaban Bpa-
maercs BOKDYT CBOGH OCH
n Ha 0,3—0,4 cpoeil noeepx-
HOCTH MNOTPYXKeH B CYCIeH-
3UI0, HaxoAfAIylocs B pe-
3epsyape 4. IloBepxHOCTb
$UTBTPOBAHHA GanabaHa
pasnenesa no ero o6pasyio-
DM HA psj  OpAMOyronb- Puc. V-ZI. Cxema neficteus GapaGa#Holo Baky yM-(UABT-

i

Goy,
4

Du pempanm

2
4 a0l

HBIX fiY€eK, H30JHPOBAHHBIX pa ¢ HAPYMHOR MOBEPXHOCTHI0 PHASTPOBAHHA:
% % ! — 6apa6am; 2 — coequuuTeabnam TDYE " F - -
ofHa OT [pYyroH. ueiiky rennod e botcraos g peaepsyapynm« “Hmy.?'a:cgﬁe,:eénu_

NpH JABHXKEHHH MO OKPYXK- Kayajpomasncs Meméa.nxa: 6, 8 — MOJOCTH pacnpen._.HTEALHEOrO
YcTpofivTBa, CoOOWAOUIHEL s ( HCTOYHHKOW BaKyvMma: 7 —-
HOCTH NMPHCOEIHHAIOTCA  paagpuarupaiomee ycTpolictso; 9 — OecKomedHas sieuta; 10—

B OﬂpEB,EJIEHHOI?l nocae oBa- :gnpasnﬂwuqm poauw; I/, I3 — NOMOCTH pacnpenenuTenn-
ro yeTpoficTBa, CoOGimalompecs ¢ ACTOYHHKOM CHKATOFO BO3-

TeJIBbHOCTH K HCTOUYHHKAM Ryxa; 12 — HOX JAAs CbeMa OCafKa.

BaKVyMa H C2KaToro Bo3fyxa

haxpasa syefika cCoeAHHAETCH TPYOKOR 2 C Pa3HUHBIMH MOJOCTSiMI Her o-
IABHKHO YacTH.pacnpeje/HTeJIbHOrO YCTPOACTBa 3, KOTONOP 5yieT OLRhCAHO
nanee. Ilpu aToM suefika NMPOXOMMT NOCNEIOBATENbHO 30HBI (HALTPOBAHMS,
nepeoro 06e3BOXKHBAHHs, MPOMBLIBKH, BTOPOro oGe3BOXKHBAHHSA, yaaNeHHs
ocajka ¥ pereHepauu¥ TKaHU.

B 3oHe ¢puabpTpOBAHMA SAUEHKAa COMPHKACAGTCH C CyNeH3uel, Haxogsuefics
B pesepeyape 4 C KauawmeHdcs Mema/dkon 5, H coepnHsiercss TpyOKo# ¢ noJjo-
CTbIO 0, KOTOpas coobulaeTcsi ¢ MCTOYHHKOM Bakyyma. IIpH 3tom duabTpar
uepe3 TpyOKy M MOJIOCTb YXOAHT B COOPHHK, 3 Ha NMOBEPXHOCTh syeliku obpa- -
3yeTcs OCafioK.

B 3oHe nepeoro o0e3BOXKMBaHHSA OCafOK CONPHKACAETCH & ATMOCHEpHbIM
BO31y XOM, @ iYefiKa COe AHHATCA C TOH XKe NoNnocTwio 6. [Noy neficTBuem Bakyyma
BO3yX BBITECHS€T H3 MOp OCajKa XHUAKYIO a3y cycneHsHii, KoTopas MpHCO-
eMHACTCH K (QHUIBTPATy.

B 3oHe npomeiBKH Ha YacTHYHO 0GE3BOMEHHLIH OCafOK M3 pPa36pLIrHBa-
IOIHX YCTPOHCTB 7 MOJAETCH NPOMBIBHAS KHAKOCTb, a AYeHKa coegHHAETCH
TpyOKO# € MONOCTBIO &, KOTOpasi Taxxe coobIaercs ¢ HCTOYHHKOM BaKyyMa.
IlpomblBHAst XKHAKOCTb 4epe3 Tpy6Ky H MOJIOCTh yXOAHT B Apyroi cGOpHHK.
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D soHe BTOPOro 06€3BOXKHBAHHA MPOMBITHI OCAfOK TaKXKe COMpHKAcaeTcs

¢ arMocthepHBbIM BO3LYyXOM, @ siyeliKa OCTaeTcs COefMHEHHOH C TOH JKe I0JOo-
CTHO €, NO3TOMY NMDOMBIBHAS KHAKOCTh BBHITECHSETCS M3 NOP OCanKa H yXOOHi
B cOOpHHK. Jlns nmpepoTspanleHHs 06pa3oBaHUA B OCafgKe 1peUIMH BO BDEMs
TIpOMBIBKH H MNOCJAEAYIOIero 06e3BOXKHBAHHA HA HEro HaKJaJnblBaeTCHA 4acTh
GECKOHEeUHOH JIEHTH Y, KOTOpas BCJENCTBHE TPeHHA 00 OcajoK nepemeliaercs
N0 HAnpasASOUWKM poaukaMm J0.

B 3ome ynanenus ocagka syefixa coeguHsiercs TpvOKo#t ¢ mosocteio 11,
KOTOpas coodiaercs ¢ HCTOYHMKOM C3KaToro Bo3nyxa. [lon geficteBuem nocnaes-
HEro OCajoK pas3pHXJsiercs H OT[Aensercs OT TKaHH. [O0CJe Yero CKOJIb3HT
MO NOBEPXHOCTH HOXKa I2 M mocTynaer Ha aaneHeilnyilo o6paboTky.

Puc. V-22. PacnpegenntesbHoe ycrpoftctBo GapaGaHHoOro BaKyyM-¢uJabTpa:

! -~ Bpawmawomasics namnda: 2 — coenHHHTEALHAas TPY6Ka: 8§ — Bpamaiomasncs wWmai6a;, ¢ — OTBEPCTHA

BC Bpamaloumeficys wahbe; 5 — HENOABHXKHWPA Kopnyc;, 6 — HeNORBHXKHAA CbeMHas waiba; 7—10 —

npope3n B HenoABHkHO#A mafibe, I/ — TpySonporoA Asns VianeHHs ¢puAbTpara, 12 -— Tp)GONPOBOR AN-

YRaJNeHHS NPOMWBHON XHKAOKOCTH; /3 — TpYOONPOBORR RAS MORayH CIKATOro BO3AYyXa, 14 — BaKkyyn-
MeTPhi; 15 < DOPY¥XHHa.

B 30He pereHepanuu TKaHb NPOAYBaeTCs CKaThiM BO3AYXOM B HanpasJje-
HWH, MPOTHBONO/JIOXHOM HanpaBJeHHIO ABHXKEHHA (hUIbTPaTa CKBO3b TKaHb;
NpH 3TOM BO3AYyX AOCTyNaer B fAyeHKy rio Tpybke U3 mosnoctH I3.

Pacnpepenurtennuoe yerpoiictBo (pHc. V-22) GapaGannoro BakyyM-¢uabTDa, Kak yxe
CKa3aHo, CAYXKHT AJst NOCAe0BAaTebHOI0 COeIMHeHNsT KaXo#H AYeilKH ¢ HCTOYHMKAMH BAKYyM3
H Cxatoro Bo3nyxa. Bpamaowascs nanda I ¢ tTpy6kamu 2, npHCOeIMHEHHBIMH K sTYeHKam
$uAbTpa, HMeeT Ha KoHIe wal6y 3 ¢ orBepcTHaMH 4. Hemoasuxumit Kopnyc 5§ pacnpenesuresb-
HOro YCTpPoHCTBA CHalXkeH YKpeIUIeHHOW Ha HeM CheMHOR waiiGoit 6, npHyeM KopIyc M luai6a
HMeloT coBrmapalowue npopean 7—I0. [lpu Bpamennn GapaGana KaXjas siveiKa C MOMOULbIO
TpyGKH 2 uepe3 oTBepcTHe 4 MOC/IeIOBATENbHO COEANMACTCS C Nipope3siMu 7 (30HH GUABTPOBaHHS
H nepBoro o6e3BoXHBaHHs), 8 (30HH NMPOMHIBKH H BTOPOro o6e3BOXKMBaHud), 9 (30HA ylajeHHs
ocanka) H 10 (3oxa perenepanuH TkanH). M3 pacnpenesnnrenssoro yerpoiictea GuiabTpar 4 npo-
MBIBHAS JKHUAKOCTh OCTYNAIOT B COOPHHKH COOTBETCTBEHHO 10 TpySonposofam I1 u 12. Cxarniig
BO3JyX MOMaeTCsi B pacnpefesHTesbHOe YCTPORCTBO mo TpyGomnposofam 13; BakyyM B 30HaX,
COOTBETCTBYIOLNX Tipope3sMm 7 M &8, u3Mepsiercsi sakyymmerpamu I4. Kopnyc 5 c¢ waiOo#t 6
npHxKUMaeTcs K Bpalaioumeiics waite 3 npyxuHoit 15.

Kpome onncannoro cnocofia yaanenKs 0CajKa ¢ TKaHH, MPHMEHSIOT CbeM 0Cafika npH MOMOILH
BaJHKOB, Ha KOTOpHE OH Hajumaer, H IIHYPOB HJIH CEeTOK, KOTOphIe BMECTE C OCANIKOM OTXOLAT
OT TKaHH; 3TH CMNOCOGH MCNONB3YIOTCs AN yHalenusi TOHKMX cjoes ocagka. CymectBylor Gapa-
GanHble BAKYyM-pHALTPR ¢ TKaKblO, CXOAduuelf ¢ nosepxHocTH GapaGana, yTO OGecneuHBaer
JyYIlIie YCJOBHs ee NMPOMEIBKH B ocofoM ycrpoiicTae.

DapaGauHblli BakyyM-QHJABTp ¢ HeGOMbILIONH CTeNeHblo morpvkeHus Oapa-
6aHa B cycneH3Hio Han6oJee NPHTOfeH AN pas3ieNeHHs CYCNeH3ud co 3Hayp-
TeibHbIM COAep KaHHEeM TBEPAHIX YacTHIl, MEAJEHHO OCeAAIOIHX Tio] AEHCTBhEM
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CHJIbI TAXKECTH U 06pasyIoIHX OCAOK C AOCTATOYHO XOpOIeH NPOHHILAEMOCThIO,
ITpu 3TOM CBOHCTBA pa3feffeMOH CYCNEeH3HH AOKHB GbITh MO BO3MOXKHOCTH
HEH3MEHHb). MOCKOJIBKY /15 3TOro QGHAFTPA B OT/JHUHE OT QH/ILTPOB MEPHOAN-
YyecKOTv [EeHCTBHA HEJAb3f HW3MEHSATb OTHOCHTENbHYIO MPOAO/IKHUTENLHU(Th
OTEeJLHBIX CTagHil npoiecca.

K zocTouHcTBaM paccMarpuBaemMoro Gu/bTpa, KpOMe HENPENBIBHOCTH ero
AeHCTBHS, MOXHO OTHECTH YJNOOCTBO OfCIVKHBAHHA H OTHOCHTENBLHO 67aro-
NPHATHHIE YCAOBHSA MPOMKIBKY ocafka. [HejpocraTkamu ero siBASAIOTCS HeGOMb-
asi MOBepPXHOCTb (DHJALTPOBAHHSA, OTIICCeHHAas K 3aHHMaeMOH MM MJomans,
M CpPaBHUTENbLHO BEICOKAsi CTOMMOCTb.

K Baxyy~ wacocy

cyrnen3us

J

/G Eﬁ

Puc. V-23. Cxema ycraHoBkH ¢ GapaGaHHRM BaKyyM-GHIBTPOM.

| — anmapaT AN Da3nedigeMOof CYCHEH3WH® 2 — HeHTPoGeHHH nacoc; 3 —

peaepBvap HIJAf CYCDeH3HH; ¢ — 6apaBanHbil BaKyyM-dHUIbTD' & — cenmapaTtop;

o — COOPHH¥ . — JOBYIlIKa, & — cOOpH¥¥* 4 — NpoMeXYTOYHWHA cocyn, [0 —
BO3AYXONYBKA.

’Jti e’

CxeMa GHILTPOBANILHON YCTaHOBKH ¢ 6apabaHHbLIM BakyyM-GUILTPOM NaHA
Ha puc. V-23. Cycnensus u3 annaparta / HEHTPOOEXKHBIM HAcOCOM 2 HaNpas-
asiercst B pesepsyap J G6apabannoro ¢unwrpa 4. HM306mTOK cycrmensuu B npo-
uecce paGorl guIbTpa yAajsercs MO nepesuBHOMy TpyGonpoBogy o6paTHO
B annapar I. PHAbTPAT H TIPOMBIBHASL XHAKOCTb NOJ NEHCTBHEM BakvyMa
HanpaeJasOTCA B OGUIMH cenaparop 5 s OTAeJIeHHsl OT BO31yXa. HOCTYIHB-
uiero B GuABTD BO BpeMs CTauil 0bE3BOXKHBaHHA M NpoMuiBKH. YKHAKOCTb
H3 cernaparopa 5 mo BepTHKaJbHOMY TpyOONpoBOLy BHICOTCH He MeHee 9 m
noj AeHCTBHEM FUAPOCTATHUECKOTO NaBJICHHA Nomajaaer B c6opHHK 6. Boagvx
U3 cerapaTopa 5 MOCTYNaeT B JOBYIIKY 7 AJs OTAEJEHUS OT yBJEYEHHBIX UM
KanejeKk KHIKOCTH, [10CJE€ 4ero yAafsercs BaKyyM-HACOCOM H3 CHCTEMEL.
JKHAKOCTb H3 JIOBYIIKH 7 CTeKaeT B COOpHUK & TakKe moj geficTBdeM THApO-
craruyeckoro aaeJjenus. CxaTulit BO3AYX nogaeTcsi B QUIALTP 4€pe3 MPOMEKY-
TOUYHBIHA COCyZ 9 NMpH NOMOILH BO3AYXONyBKH 0.

duabTpoBadbHEE YCTAHOBKH, BKJ/OUaOUHe BMECTO 6apabadHoOro BakyyM-
$HABTPA ApYrHE BaKYyM-QHJBTPHE HENpepniBHOrO [eiiCTBHA, B OCHOBHOM
aHaJIOTHYHb!I OTHCAHHOH.

HAnckosble BakyyM-¢uabTpel. Takoft GUABTP COCTOMT M3 HecKOJbKUX Bep-
THKA/MbHBIX JHCKOB, HAaCaXKEHHLIX NO LEHTPY HA MOJbH rOPH30HTAIBHBEIH Bpa-
IAOMHACA BajJl Ha HEKOTOPOM PACCTOSHHH OJMH OT apyroro. Kampmwiit guck
¥Meer C o0eHX CTOpPOH pH(}JIEHYIO [IOBEPXHOCTD H C OOEHX CTOPOH MOKPHIT
¢unbrpoBanbHOl TKaHblo. Ilog aucKamu HaxoguTcs pesepByap c pasjefse-
MOH CVCNeH3ueH, B KOTOPYyW TOYTH JO MOJOBMHBI NOTpVKeHbf aucku. [lpu
BPALIEHUH JHUCKOB (PHILTPAT nmoj AEHCTBHEM BaKyyMma NPOXOLHT uyepe3 TKaHb
H [0 XeJObKaM Ha pH{JIeHOH IOBEPXHOCTH HX INOCTYNMaeT B MOJOCTL Bana,
Ha OJHOM H3 KOHUOB KOTOpDOTO MMEETCA pachpejesNnTebHOe yCTPOHCTBO, KaK
M B ONMHCAHHOM Bhiie 6apabanHoM BaKyyM-puabTpe. Ocanok, 06pasoBasimiics
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tic MOBEPXHOCTH TKaHH, VAAJAETCS C Hee NPH NOMOLLK Hokel. PaceMorpeHHmtit
¢uabTp B 0COOSHHOCTH NPHIOIEH 1A pa3leseHHs CYCHeH3HH, comepmauinx
IOCTaTOYHO OJHOPOAHLIE H MEJJEHHO OCejalolliHe TBeplble YaCTHULl, KOTOphie
c0pasyioT He pacTPeckUBAILHICA ¥ He TpeOylomHil NPOMBIBKH 0CAJI0F .

Kapyceabtbie ¢uabTpbl. DTH QUALTPHI OTHOCATCA k annapaTam HempephiB-
HOro AeHcTBHS, PaboTALIHM NOJ BAKYyMOM, B KOTOPHIX HaNpaBJeHUs CHJbI
TAMECTH ¥ NBUMKEHWs QHAbTPAaTa COBMAZAIOT.

Cxema kapycesabHoro GuABTpa B NJaHe OKa3aHa Ha pHc. V-24. OH cocTonT
U3 psijia TOPK3OHTAALHBIX HYT4YeH I, pa3MelleHHbIX M0 KPYIV B HEIIOCPECTBEH-
HOH OJIM30¢ yH OJHH OT ADYTOTO H (OeHMHEeHHbIX F'HGKUMY LI1aHTaMH 2 ¢ pacnpe-
LeJMTeNbHBIM YCTPOHCTBOM 3, aHAJOTMYHLIM NpHMeHAemoMmy B 6apabaHHBIX
HJIM AHCKOBBIX BAaKYyM-QMJbTpax. Kaxabli HYTY MMEET B KauecTBe JIOXKHOTrO

IHa Pe3HHOBYIO OMOPHYIO nep-
fiodaya

npomelbroze (pOpHPOBEAHHVIO NeperoposKy,

vacmbopa MOKPHTYI0  (HHIBTPOBAJbLHOMN

7podybra TKaHbIO, H TNPH NepPEeMEIleHHH

/podyfra G030y z0m M0  KPYry [OC/Ie0BATEeNbHO
b030yT0M

COENHHAETCA C HCTOUHHKAMH
BaKyyma H CXKAaTOr0 BO3LyXa
" ¢ armocdepoii. Hyrun. onn-

fodpva pawTca  Ha  Bpalawomyrci

cbemcey pamv
npomeIbHOd

HUOHOCTIL Huka paborel HvTuya co-
edea, CTOUT M3 CTaunil UIBTPOBa-
oot J HUsl, OBE3BOKHBAHWS OCAKa
s (gma § NPOAYBKOH  BO3AVXOM,  He-
CObI4HOM 110~

CKOJABKHA MPOMBIBOK OCajKa
nomceHUL) rodvéna K p A

C MPOMEKYTOUHBIM O0E3BOKHU-:
BaHHEM €ro, yjajeHHs ocajka
M NpOMBEIBKH TKaHu. Bo Bpems
$uALTPOBAHHUA, [POMBIBKH H
Puc. V-24. Cxema KapycelbHOro ¢GuJbTpa B miaHo: 00e3BOXKHBAHUA OCAafKa HYTY
1= ropnaoHTATIAME HyTon 2 TwGni Jaancw = COCTUHEN C WICTOMHWKOM BaKY-

yMa, BO BpeMf ylaJjeHus
ocajka — C HCTOYHHKOM CIKATOro BO3AyXa, a BO BpeMs NPOMBIBKH TKaHW —
C.aTMochepol; NpH yAaNeHHH OCagKa H NPOMBIBKE TKAHHW HYTY ONPOKHIk-
BaeTCH, MOEJe Yero 3aHuMaer cHoBa o6kyHoe nosoxenwe. CyCrneHsus M npo-
MbIBHASE MHAKOCTh MOCTYNAlOT PAaBHOMEPHO MO BCeH AJHHE (PUALTPOBaNbHOH
NePeropofKu HyTYa U3 JO3HP YIOWHX YCTPOHCTB.

Flanuyye B KapycenbHOM (UABTPE OTAENbHBIYX, H30JHPOBAHHBIX OAHH OT.
Apyroro HyTues No3BOJASET MOJYYaTh KOHLEHTPHPOBAHHbIH, HE pazbaBJieHHbiil
IPOMBIBHOH KHIKOCTBIO PHUABLTPAT, @ TAKIKE NPOH3BOAHTHL MHOIOCTYIEHUATYIO
NPOTHBOTOUHYIO NPOMBIBKY OCajfKa MPH YMEPEHHOM KOJHUYECTBE MPOMBIBHON
KUAKOCTH; NMPHUHLHN TakoH NPOMBIBKH MOACHEH NPH OMHCAHHH JEHTOYHOIO
dunbTpa. K HOCTOMHCTBAM KapycennbHOro ¢HJIbTpPa, KPOME YKE YNOMHH&B-
IHXCs (HEeNPepLIBHOCTE JEHCTBHA H BO3MOXKHOCThL XOPOIIEH NPOMBIBKH 0CajlKay,
CJIeflyeT TaKKe OTHEeCTH BHICOKYIO NMPOH3BOIHTENbHOCTb W [JHTENbHBIH CPOK
cayx6bl OHABTPOBANBLHON TKaHH.

Jlentounsle duabTphl. TakoH ¢uasTp npencrasiser cofou anmapar He-
NpepuiBHOIO ACHCTBHA, paboTalolliy Mojg BaKyyMOM, B KOTOPOM HanpapieHu s
CUABl THAXECTH W JBHXKeHHs ¢uiabTpara coBnagaior. OnopHas pesuHoBas
Jgedra ] (puc. V-25) ¢ npopesamu H GopTaMH nmepeMelllaercs IO 3aMKHYTOMY
NyTH [PY NOMOILH NPHBOAHOTO 2 ¥ HaTsAXKHOTO 3 bapabanoB. PuabTpoBaIbHAA
TKaHb B BHAe OECKOHEWHOH JIEHTh 4 MPHXHUMAEeTcs K-OINOPHON pPEe3nHOBOH
JIeHTE NPpH HATAXKHUK ponukaMu 5. CycneH3us NocTynaer Ha GUALTPOBAbHYIO
TKaHb M3 JIOTKA &, & MDOMBLIBHA% XHUAKOCTh MojaeTcs Ha o6pa30BABILHMHCA
ocafok M3 ¢opcyHor 7. PuALTpPaAT NOf BaKyyMOM OTCAcChIBAeTCsi B KaMephl « .
Haxojsliluecss 110 ONOpPHOH PEe3NHOBOM JEHTOH, H Yepe3 KoJJIekTop 9 orse-

Mpomsibra
mHGHY ( HYP “anenue ocadra
onpowurym) (orporubobanue

Hymag

bo3dyxo
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auTcA B-c6opuuK. [TpoMbIBHASA KMAKOCTh, TaKXKe NOJL BaKyyMOM, OTCACHIBAETCSH
B Kameput /U 1 depe3s KoaAekTOp /[ vxomuT B apyro# c6opHuk. Ha npusoxsom
GapabGaHe (HABLTPOBAJbHAA TKaHb OTXOAMT OT DE3HHOBOH jeHTHl H orubaer
pONHK [2; Npu TOM OCafVK OTAEJsIeTcst OT TKaHH H najaer B 6yukep /3. Ha
nyTH MEXAy poJdHKaMH §
TKaHb [POMBIBAETCA HJIH
ouninaercs werkaMu. - Ha
OMUCaHHOM JIEHTOYHOM
duneTpe ocyiliecTBARETCH
OJAHOCTYNEHYaTas I[1POMbIB-
Ka ocajka. _

Ha puc. V-26 pana cxe-
Ma JABYXCTyneH4YaToR mpoTH-
BOTOUHOI NPOMBIBKH OCafKa
HAa  JIEHTOYHOM  BaKyyM-
¢unbTpe. Paspensemas cyc-
MeH3Hst MOCTVIaeT MO TPy-
GonpoBoay Ha PHUABTPOBA. 1L~

HVYIO neperopoiky [/ B 30He Puc. V-25. Jlentounefl Bakyym-QuabTp’
. I — onopuas peanHoBas JeHTa: 2 — MPHBOAHOIl 6Gapadadu;
(pHﬂprOBaHHﬂ, CpHJIpraT 3 — HaTaXHOW Gapaban: < ~ duAbTpOBaAbLHAR TKaHb‘? & -

HanpasJadAeTcs B CGOpHHK 2, ;am)xuue POJAUKH: 6 — JOTOK nn; rnogauu cycriedduy; 7 —
. OPCYHKH AAsl TOZaYH NPOMBIBHOR MHRKOCTH, 8 — BAKYYM-
NPUCOEAHHEHHDBIH 4YE€Pe3 J10- [ smepw ans guabrpara; 9 Pe RoMAeKTOp AAR QRAbTpaTa; 16 —

BYWKY 5 K BaKYyyM-HACOCY;  Riiniery nm neowsmiol wumorm, 1l seniesop
HKUIKOCTHL H3 J'IOByI_[IKHg cTe- 6yukep fas OcCapKa.
KaeT B COOpHHUK 4; U3 cbop
HUKa 2 (HILTPAT NepekaudBaeTcsl HAacOCOM 5 Ha NajbHelimyio nepepaboTky.
Ceexan npoMbiBHas XKHAKOCTb MOCTYIaeT o TpyOompoBony Ha QHALTP B 30HE
BTOPOH MNpPOMBIBKH, OTKYAa TME€PBaA INPOMBIBHAA >KHUAKOCTh HanpasJ/sieTcs
B COOPHHK 6, Tak:Ke MPHUCOEAHHEHHBIH K BaKyyM-Hacocy. [lepBas mnpOMBbin-
Hasi JKUIKOCTh [lepeKkaYyHBaeTcsi HacocoM 7 B HamOpHbE cocya &8, OTKynAa
s 7 ———h OHa MnoCTynaer Ha pUABTP
~ B 30HE MepBOil MPOMBLIBKH,
noc/ie Yero B KavyecTse BTOPOM
NPOMBbIBHOA JUAKOCTH COOH-
paercq B cOOpHUKe 9, H3 KOTO-
poro nepexauyuBaeTca HacoCoM
{0 Ha panbHeiurylo nepepa-
borky. Takum ofpasoM, cBe-
/ KAaA TPOMBIBHAA KHIKOCTh
B 30HE BTOPOH TNIPOMBIBKH
CONMpHKaCaeTc C  YacTHYHO
0. é,. g7 /4 MPOMBITBIM OCaJIKOM, a nepBas
— IPOMBIBHAS XKHLKOCTb, COAEP-
e *aulasgd H3BJeYeHHbIE H3 ocan-
Puc. V-26. CxeMa npoTusoTOYHOH [POMHIBKH ocalKa Ka BENIeCTBA B OTHOCHTEJBLHO
Ha JeHTOYHOM BAKYYM-QHJBTE: HeBoABIIONH KOHUEHTPALHH,

-

! — GuaAbTpPOBaAbHAA MeperopoAKa; I -—— COOPHAK  AafA ) -
duaLTpara; 3 — NOBywKa; 4 — cbobHUK, 5 — hacoc AAR B 30He HepBOH HpOMbIBKh co

nepek auyuBaHuR Qmm;'rpa'ra: v — COOpHHUK AR Meproit Hpo- MpHKacaercsd ¢ OCajKOM, SIS
MBIBHOP KHLKOCTH; 7 — Hacoc f1% NepeKauHBaHUn NepBOH
NPOMBIBHON XK HAKOCTH® § — HATOPHHH cocyA; 9 —~ CGOpHHK He MPOMBIBHIHMCH.

Ax sTopoll IpoNuianon wemkoeTi: 10, macoc ata fiepe  [IpeHMYWIECTBAMH JIEHTOY-

. HBIX  (UJABTPOB  SIBJASIIOTCA:
[pPOCTOTa KOHCTPYKUHH MO CPABHEHHIO CO MHOFHMH APYrHMH GHJIBTPATaAMH
HeNPepLIBHOrO JeHCTBHA  (OTCYTCTBHE pacipefe/uTe/ bHOru  yCTPOHCTBA),
4eTKOe pasneteHue GHALTPATA W NPOMBIBHBIX BOA, BO3MOXKHOCTB NPO-
THBOTOYHOM NPOMBIBKH ocanka. K HX HegocTaTkam OTHOCATCA: He(OJb-
Uias NOBEPXHOCTD (PHJABTPOBAHHSA N0 CPaBHEHHIO C 3aHHMAEMOH TJIOLALbIO MO~
MEIIEHHA ¥ HaJHyHe HEHCNOJb3YEeMBIX 30H HAa GUILTPOBANLHONH MepPeropoike.

loormsiBras

KOS
Cyenensus HuHOL:
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letntpobexnbie GHAbTPH. Takofi QHALTP COCTOHT M3 BepTHKANbHOIO LMIHHIPHYECKOrO
KOpryca ¥ pasMelIeHHOTO B HeM KOMIJIeKTa KPYTJ/IhiX FODH30HTalbHHX (HJIBLTPOBAThHHIX 3J1e-
MEHTOB, KOTOPBIE HACAXKEHHl H3 BEPTHKAMbHblL BZ . Fa HEKOTOPOM ;) ACCTOSTHHH OJHH OT Jpyrorce.
[1py BpameHHu Bajda 0Cajiok MOJ ACHCTBHEM HEHTDOOEXKHO™ rHIBI COPACHIRAe~CA € MOBEDXHNCTH
$HALTPOBAbHBIX 3JACMEHTOB H 3aTeM yJajiseTcs H3 Kopnyca ¢uabTpa. Takoll (HALTD no3so-
Jser paboTaTh ¢ TOHKHMH COSIMH OCa/1Ka IPH ROCTATOUHO BhICOKOH CKOPOCTH QHIbTPOBAHUY

BubpauHonnsie GUALTPH. DTOT GUALTP OTJIHHAETCSi TeM YTO CYCMEH3Hst NoflaeTcs MOJ
BHOpHpYIOULY!0 (HALTPOBANLHYK TNEPEropofiky, pPacrlofoXeHHyl ropHsoHTazbho. [ipr oTom
(GUALTPAT NMPOXOLHT CKBO3b €€ HOpPBl B HANpasACHHU CHH3Y BBEpX, a TBEp/bie 4acTHUb! noj JeH-
CTBHeM BHCpauHi OTGPACHIBAIOTCA OT Hee, HE MPOHHKAs B MOpb{, H HAKaMIHBAIOTCH Mojx nepe-
TOPOAKOH. :

Hurencngukaunn paborsl ¢uabTpoB. B cBsA3H cO 3HAUHTENLHBIM YBeNH-
yeHHeM Macltabos XHMHYECKHX MPOHM3BOJACTB ¥ HasiuyHeMm OGOJNBLIOrO 4YHCIa
OC&[KOB C INOBBUIEHHBIM THAPABJIHUECKHM CONPOTHBJIEHHEM BO3HHKaeT Heol-
XOAHMOCTh B IOBBIUEHHH IIPOU3BOJMTENBHOCTH (PUALTPOB. ITO MOXKET OBITh
JLOCTHTHYTO NMYTEM VBEMUICHHA [TOBEPXHOCTH (HILTPORAHHA OTACABNBIX (PHJ/Ib-
TPOB H MNOBHIL A CKOPOCTH (PHABTPOBAHHS 33 CYCT HAXOMKACHLA ONTHMAJ:-
HBIX VCJOBHH pasfielleHus CyCueH3uH.

B nacTosimee BpeMsi NOBEPXHOCTb (UILTPOBAHHA HEKOTOPHIX GapaGaHHbBIA
BakyVM-hunbTpoB pocruraer 140 u?, guckoBuix 300 m2, kapyceabHuix 190 #?,
JEHTOYHHIX 25 m?.

OnTuManeHble yc/JI0BHA pasnefeHHss CYCNEH3UH MOXHO 06ecrleddTh ¢ No-
MOILBIO TPEX TPYIIN CrocO60B: KOHCTPYKUHOHHLIX, TEXHOJIOTHYECKHX H (H3HKO-
XUMHYECKHX

K nmepsoft rr_ nne cmoco6oB OTHOCATCH aBTOMATH3alKd T1POLECCOB (Du/b-
TPORZTisl, PeBEPCHBHOE (MPH Manioifl TOJIMHE ocalka), AWHAMUYecKLC {(pH
HenmpepriBHOM CMBIBAHHHM OCaAKa), HeGTHOMepHoe (NpH 06pa3oBaHHH OcanKa Ha
IHJIHHIPHYECKOH NOBEPXHOCTH C MaJbiM PaiHyCOM KDUBM3HBI) ¥ BHGPALHOH-
Hoe (huJbLTPOBAHIC.

Cilocoob!l BTOpPO# TPYNMb COCTOST B TOM, YTO BHIGHPAIOT ONTHMAJbLHLIE 3HA-
YeHusi TOMNIHMHBI ~"aukd, PA3HOCTH [aBJeHHH, KOHUNEHTPAUMH CYCHEH3HH,
a Taw¥e NPOBOAAT NPEABAPUTEJbHYIO KNACCHPHKAIHIO TBEPALIX YaCTHIL CyCIeH-
3¥W Ha TOHKO U rpyboaucnepcHne

CymHocTs cnocofoB TpeTbeil TPyl CBOAWTCH K TaKHM (DH3HKO-XHMHYL -
CKHM BO3JEHCTBHAM Ha CYCIIeH3HIO, KOTOpbie O0YCJOBJHBAIOT 3HAYHTENLHOE
yMeHbI€HHe YAeJbHOIO CONPOTHBJEHHS OcafKa. 3TH BO3AEHCTBHSA MOT'YT npeC-
H3BOJHTLCA BO BPeMst MJIM NOCJ€ MOJNVUYEHHS CVCIEH3HH.

B nenson cayuae b pesyabraTe Bbibopa HaidexamuX ycaoBHE ob6pasosa-
HHA CYCNeH3HM {TeMliepaTyvpa, KOHIeHTPauus U Ap.) MOXKHO VBEJIHYUTHL DasMep
TBEPABIX YaCTHL, NOJYYHTb KpPHCTaAAHYECKHE YACTHUHE BMECTO aMOpP(HELIX,
NpPeJOTBPaTUTL 0OPA30BAHHE CMOJHCTHIX H KONJOWAHBIX MpUMeceH; NpH 5TOM
yAeJNbHO® CONPOTHBJAEHHE 0CajKa OJf OTAeNbHHIX CYClNeH3HH MOXeT ObiThb
YMEHBUIEHO B AecsiTKu pa3. Bo BTopoM ciiyyae nocsie npubaeieHns K CycHeHshu
arperHpymolMX HAX BCIIOMOTATENbHHX BEIIECTB YAeJbHOE CONPOTHBJEHHE
0cajKa TaKiKe 3aMeTHO yMeHbliaeTcs.

10. Pacuer dmravTpos

Pacyet ¢uabTpoB mpeacraBaser co6oh CJIOXKHYIO 33ja1y, Tak KaK Ha npouecc pasjeseHHs
CVCMEH3HK OKasbiBaeT BJHsHHE GOJbLIOE YHCIO Da3NHYHHX (aktopoB. [lostomy HuKe paua
ofuas cxema pacvera GHALTPOB NPH HATHYHH Psja JONymeHny, yNpollamKiX 3aKoHoOMep
HOCTH pa3fiesieHus cycrneH3ufi. K Takum jonyumleHMsM, B 4aCTHOCTH, OTHOCATCS OTCYTUTBHE
OCaXKJEHHS TBEPJbIX YaCTHI NOJ NEHCTBHEM CHJBI THXKECTH, H3MEHEeHHS CONMpOTHBJCHHS U -
TpOBaNbHOH MEepPEropojKH B-Npolecce ee paGoThl; H3MEHEHHA yAeAbHOIO COMPOTHBJIEHHSA OCAlKa
B OTHE/IbHHX ONepauHax IJs MepHONKHYeCKH NEHCTBYIOMKX QHALTPOB HJAH C TeYeHHEM BpeMEeHH
Ans GUIBTPOB HempepbiBHOIo jelicTBus. Ha NpaKTHKe OCamkJeHHe TBepAbiX YacCTHL Hepeako
NpEAOTBPAINAIOT NEepeMelInBanHeM, a B pacieTaXx NpHHHUMAIOT cpefiHHe 3HAaYeHHs CONPOTHBJIEHHS
(HABTPOBANbLHOH NEPEropPOKH H YIAEALHOTO CONPOTHBICHHS OCAAKa, HAXOLHMBIE OITLITHBIM nyTeM.

Pacuer nepuopnueckn peficTBylowux ¢HALTPOB. B 3ToM cjyyae onpejefsioT NPoK3BOAH-
TEJABHOCTb OJIHOrO (MABTPa C 3alaHHOM HJH BLIOpaHHOM MMOBEPXHOCTHIO (PHABTPOBAHHS M yCTa-
HABJIKBAIOT YHC/IO QUIBTPOB, HEOOXOAHMEIX AJsi obecneyeHusi obwel NPOH3BOLRTEALHOCTH ycra-
HoBKu. OGHA Xox pacuera eIy Ak,
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1. [Ipu ycnoeuy, 4To B UHMKJE paGOTH (MILTPA ONEPAIHM NPOMHBKH M [PONYBKM ocanka
OTCYTCTBYIOT, a IPOLIECC PA3NeIeHUs] CYCIeH3HH TIPOBOJUTCS TIPH MOCTOSIHHON PAa3HOCTH L aBJeHHIl,
o ypaBHeHH© (V,40) HaxoZAT ONTHMANILHYIO TPOJOJIMKHUTENLHOCTb OCHOBHHX OMEPAUHil Tocy,
COOTBETCTBYIOILYIO B JAHHOM CJIydae NMpOoJOJKUTENbHOCTH ofiepauuy QuabTpoBaHus.

2. [lo ypasuenuio (V,30) mocsie ero peleHUss OTHOCHTENLHO V H NOACTAHOBKH B HEro Tocy
BMeCTO T, UCNOMb3ysl 3ajaHHOe WJH BHOpaHHOE 3HaueHue S, onpefelsior o6beM (GHALTpaTa,
NoJiy4aeMoOro 3a OQUH UHKJ DPaGoTH (HIbTPA.

3. OGmee 9uc/Io NUKAOB PAGOTH QUALTDPA Nogy B CYTKH HAXOLAT IO YPABHEHHUIO

Qo

rie Qoo — MPUU3BOAHTENBLHOCTD YCTaHOBKH no (miabTpaty, m3/cymxu.
4. Yucao uukaoB paGoTel OXHOTO GUALTPA 7y B CYTKH BHIYHCJISIOT N0 YPaBHEHHIO
24. 3600
n=—— (V.48)

Tocn -1~ Tsen
5. HeoGxofumoe xonudectso Ng GMALTPOB YCTAHAB/AHBAIOT H3 3aBHCHMOCTH

o6y
n

Ny = (V.49)

B pacuete, ¢ Le/bl0 YMEHBIUEHHS YACTOTH BCMIOMOTATENIBHLIX ONEPAlHil, BEJIHIMHY Tocn
nosyueHHyio u3 ypaeHeHus (V,40), MOXKHO yBEHUHTb B COOTBETCTBHH C papeucTBoM (V,41).

[Ipu onpexefeHUH ONTHMAIBLHOTO BPEMEHH (QHJILTPOBAHUSA HAN0 YUHTHBATH, UTO TOMIIMHA
CJI0of OCaJiKa He JOJIAHA NIPEBHIATH [PedeMbHOr0o 3HAYeHHS, O6YCJOBJEHHOrO pPasMepaMH ail-
napara.

PacueT HenpepniBHo feficTBylomux ¢uabTpoB. B 3toM cayuae pacuer cBopHTCcE K Ofpe-
NEJIEUHIO CKOPOCTH TIEPEeMElIeHHUsl NoBep XHOCTH QU/IbTPOBaHUs Y uHcia GHALTPOB (o 3agaH-
HOH MPOU3BOAHUTENbLHOCTH); [IOBEDXHOCTb (HALTPOBAHHA MOXKeT GhITb 3ajaHa WM TPHHSTA.
[TpuMeHHTENIbBHO K 6apaGaHHOMY BaKyyM-QU/ILTPY NpH YGJIOBHH, 4YTO CONMPOTUBJACHHEM GHJb-
TPOBaJIbHOW MeperopoiKy MOXKHO NpeHe6pedn, oOmuit XoX pacueTa cijeRyoiui.

1. Ha ocHoBaHHH OnHITA NMPHHHMAIOT HAHMEHLIIYIO NOMYCTHMYIO TOMUIMHY CJIOH OCaxka,
4To6H o6ecneudTs HauGOJBHIYIO IPOU3BOAUTEIbHOCTD GunibTpa (cM. ctp. 193). Hanpumep, npH
CcheMe 0CafKa ¢ 6apaGaHHOro BAKYYyM-QHJILTPR HOXOM TOJHLHHA CJOS OCAafKa MOMWKET GHTh HpH-
HATZ ~5 MM (B 3aBHCHMOCTH OT CBOHCTB OCaxKa).

2. U3 paseunctsa xo = hocS/V maxomar

Xo

3. TMoacrapasior 3HaudeHue V u3 nocnemuero cootHowenus B ypaeHenue (V,30), npuudas
BHeM Rgpn = 0 H peinas ero OTHOCHTEJLHO T, NOJYHalOT YDaBHeHHE AJTsl ONpefe/eHUA [IPojoa-
MHTEJAbHOCTH (QuabTpoBaHus, HeoOxoguMO#l MAsi o0pPa3oBaHus OCaNKa NPUHATOH TOMUIMHBL

2
Brofloc
T= (V.,51)
2Apx,

4. Ucronbayst pacueTHHe YpaBHeHHs *, H/IH OMLITHBIM NYTEM YCTaHaBJMBAIOT ITPONOJINKH-
TEJbHOCTb CTalHH [POMBIBKH Tn-

5. TNpuaumator, 4T0 43 OOIEro uxcia CeKuu# GapabaHa n HaxXOXATCH B 30HAX NEpBOTO
06e3B0KHBAHHA 1l g, BTOPOTO 06e3BOKUBAHUA — Mg, YAANCHHUA OCaNKa H PETEHEPALUH TKAHH —
Nyp CEKUHHA.

6. IIpono/KUTENBHOCTb OTHEIBLHBIX CTafHH BHYHCIAIOT H3 CJACIYIOMHMX COOTHOLWEHMH:
nepeoe 00e3ROKUBaHHE

v’ n’
Tos = (v + ) 71::% (V.52)

rae fy, =n — (nmS +n,6 + nyp) — 4MCcsi0 ceKnui GapaGaHa, HAXONAMMUXCA B 30HaX ¢(uJb-

TpOBaHUA H TIPOMEIBKH *;
BTOPOE OGE3BOXKHUBAHUE

"

. Mos
Ty = (~c+rn)7;; (V.53
yhaJjieHHe ocajgka H pereHepauHﬂ TKaHH{
n
Typ = (T + Tn) YP (V.54)
Mpn

* Cwm., Hanpumep: )K y k K o B B. A. ®uasrpobanne. Teopns H NpaKTHKA pa3ieseHHs
cycnenauit. Uan. 3-e, fon. u nepepabor. M., «Xumus», 1971. 419c.
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7. OnpenensioT o6yl NPONOINKHTENLHOCTL NAKJIA (B cex} U3 paBeHCTBA

T, =T+ 1;6 -1 - ";C- -+ Typ (V.55)
6. Yacrory Bpamenus 6apaGana (B 060poTax B MHHYTY) BBHIYUCTAIOT H3 OTHOLLEHUS
v=5 ‘ (V.56)
Ty ) .

9. llenTpaabible yrJibl paalHYHKX 30H Npollecca HaXOAAT Ha OCHOBAK MU TOTO, YTO 3TH YIJH
NPONOPUHOHANALHE NPOAO AKHUTEALHOCTAM COOTRETCTBYIONIMX cTannfi. Hanpumep, uenTpadbusii
yroa 3oHW (PAJILTPOBAHUSA COCTaBJsET

= 0 (V.57)

10. NpuruMas Bo BHHMManue, uto Besn4YuHa V B paeenctee (V,50) mpencrasaser cobof
o6beM duabTpaTa, nosyuaemMoro co pcedf ropepxHocTH S 6apa6aHa 3a 1 o6opoT ero, MPOHIBOAH-
TeTLHOCTh QUIBLTPE Mo (UALTPaTY Q (#3/cymKu) HaxXOAAT M3 YpABHEHHS

Q = 3600-24 ?V- " (V.58)

i

11. 3Has o6mWYIO0 NpPOM3BOAKTENBHOCTL YCTAHOBKN 1o QuAbTpaTy Quan (M%/cymxu), ne-
06 XO/(HMOe KOJMHYECTBO OapaldaHHHX BaKyyM-QHJbLTPOB ONpefesioT M3 OTHOLEHHS

_ Qosum

Ny= =2 (V.59)

B. HEHTPH®YTHPOBAHHUL

11. OcHoBHBE NOJOXKEHHUS

Tlom neHTpudyrupoBaHHEeM MOHHMAOT NPOUECC pa3neeHUs
HEOAHOPOJAHLIX CHCTeM (3MYJbCHH H CYCHEH3Hil) B NoJie UEHTPOGeMHBIX CHJ
C HCTIOJb30BAHHEM CIIJIOIHBIX HJIH TPOHHUAEMHX JAs MKHRKOCTH neperopo-
nok. Ilpouecce ueHTpudyrupoBaHus NpPOBOASTCS B MalllHHAX, Has3BIBaeMbIX
neHTpudyramu.

Ilentpudyra npencraBnser co6ofi B NpocTefilieM BHAE PCPTHKANBHEH
UHJIHHADHYECKHA D O T O P €O CIVIOWHBIMH HJIH NepopHpOBaHHbIMH GOKOBLIMH
creHKaMH. PoTop yKpenJsiercs Ha BePTHKAJAbHOM Bajy, KOTOPEHIl MPHBOJHTCS
BO BpallienHe 371eKT'OABUI aTe1eM, H NOMeHlaeTCs B COOCHLIH UUJMHIPHYECKHE
HENOIRMWXKHEN KOXYX, 3aKpuiBaeMbll CheMHON KPHILIKOi; Ha BHYTpeHHeH Io-
BEPXHOCTH poTopa ¢ NephOpUPOBAHHBIMH CTEHKAMH HAXOAMTCH GUILTPOBAJL-
Hasi TKaHb WJIH TOHKas MeTaljudecKas ceTKa,

Ilon neficTBHEM LEeHTPOOEXHBIX CHJI CYCNIEH3Hs pasfensiercss HA0cCa [0 K
" XHAKYio a3y, HasuiBaeMylo d yra T o M. Ocajiok OcTaeTcsl B poTope, a XHJA-
Kas ¢dasa ypanseTcs u3 Hero. B

BorcTofivuwx neHTpHdyrax o CnJOUIHLMH CTEHKaMH NPOH3-
BOJASIT pasfefeHHe >5MYJBCHR H CYCNeH3HH NONMPHHUMNY OTCTaUBAHHS, NpHUEM
LeHCTBHE CHJBI TSMKEeCTH 3aMeHAETCs AeHCTBHEM UeHTPOOeXKHOH CHIHL.

B dunseTpytomux ueHTpUHdyrax ¢ NpoHHIaeMbiMi CTeH-
KaMH OCyIIeCTBAAIOT NPONeCC pasfejeHus cycneHsuil nmo npunnuny GuabTpo-
BaHHsA, NMPHYEM BMECTO Pa3HOCTH AaBJeHHH Hcronb3yercs nelcTBHE IleHTpo-
6eXXHOH CHJBL. _

B orcToiiHOH UeHTpHGyre pasiensieMasi CyCHEeH3Hs HJIM 3MyJbCHA oTGpa-
CHIBAETCA UeHTPOOEXkHOoM CHAOA K CTeHKaM POTopa, NpHYeM JKHAKas HIH TBep-
nas $asa c Goabplieli NAOTHOCTBIO pacrojaraercs GauXe K CTeHKaM poTopa,
a apyras ¢asa ¢ MeHblleil NJOTHOCTBIO pasMemiaeTcs GAHXKE K ero oCH; 0CaloK
(nnn dasa ¢ Gosblleil NNOTHOCTHLIO) o6pasyeT C/1oil y CTEHOK poTopa, a ¢yraT
nepejHBaeTCs uepes BepXHHH Kpail ‘poropa.

B dmarTpylomeit teurpudyre paspensemas CycneH3Hs TakxKe 0T6pachi-
BaeTCR K CTEHKaM poTopa H ¢a3bl pas’fensilorcs; NPH 3ToM XHAKas (asa npo-
XOIHT CKBO3b (PHABTPOBANBHYIO NMEPErOPOAKY B KOKYX H OTBONHICS H3 HETO,
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TBepnas ¢asa B BHJAe OCalKa 3aJepxHUBaeTcsd Ha BHYyTpeHHeH CTopoHe 3TOH
NeperopofkH, a 3aTeM ynajgferca H3 poropa.

Takum o6pa3omM, obiiHe 3aKOHOMePHOCTH UeHTPU(YTHPOBAHHSA HMEIOT CXOA-
CTBO C 3aKOHOMEPHOCTAMH OTCTaHBaHHA H GuabTposanus. OnHako mpouecch
B OTCTOHHBIX H QHJABTPYIOUIHX HEHTPHPYrax CJOXKHEe COOTBETCTBYIOWIUX NpO-
eCCOB B OTCTOHHHUKAX H QHAbTPAX. IT0 06YCNOBICHO TeM, UTO B HEHTpHDYrax
BMECTO CHJIB! TSIXKECTH H Pa3HOCTH NaBJIeHKH NeHCTByeT HeHTpobexHas cHia,
JocTHratonias GoJbUIHX 3HAYEHHH, a8 BMECTO NJOCKHX CJI0eB XHAKOCTH K ocanka
06pa3yloTcst CJIOH C UMIHHAPHUCCKHMH T'PAHHYHBEIMH NNOBEPXHOCTSIMH, YCJAOXKHA- -
IOLIMMH 3aBHCHMOCTE Tpollecca oT;TeoMeTpHUeCKHX haKTopos.

Pa3pesienye sMyJbCHH B OTCTOHHBEIX UeHTpudyrax ofptuHO HA3LIBAIOT C € -
napauued, aycTpoHCTBa, B KOTOPHIX OCylLeCTBAsieTc 3TOT Hpouecc, —
cenapartopamiu. IlpumepoM Takoro npouecca sBjsieTCs OTHeNeHHe
CJIWBOK OT MOJOKa. ' -

[pu pasneneHdH CyCHeH3HH B OTCTOHHBIX WEHTPH)Yrax passHualT npo-
uecchl yeHTpoOeKHOTo OCBET/IEHHS! H LeHTpobexxHoro orctauBanus. B nepsom
Ciyuae3 XHAKOCTH yIaNfIoTCs TBEPAble NPHMECH, CofiepKalliHecs B Heil B He-
3HauUTeNLHOM KOJHYecTBe, HanmpHMED NPH OCBETJEHHH JIAKOB H CMa30UYHBIX
macen. Bo BTopoM ciayuade pasfensieTcsi CyCHeH3Hsi, B GOJbLIOM KOJHUECTBe
conepxauias TBepAylo $hasy, B Y4aCTHOCTH CYCHeH3Hs YIJisl B BoJe.

Pasnenenue cycneHsuii B GHABTPYIOUIHX UEHTPHGYrax HasbiBAOT I € H -
Tpob6exHbM GHAbTPpOBAaHUeM [lpumMepom Takoro npomecca
ABASeTCA OTAeTEeHHe MATOYHOTO DPacTBOpa OT HHTpPo3odeHosa. AHAaNOTHUHO
npomeccaM pasfefeHHA CycneHsuit Ha OuabTpax Ha GHIBTPYIOLHX UEHTDPH-
dbyrax MOTyT HOCJ€[0BaTEbLHO BBHITOJHSATLCH onepaudH GuAbTpoBaHUS ¢ o6pa-
30BaHMeM O0CalKa, NPOMBIBKH H OTXKHMa €ro C Uenbl0 YMEHbLUEHHS BJiaX-
HOCTH.

IMpouecch! WeHTPHPYTHPOBAHHA OCYUIECTBASIOTCA MEPHOAHYECKH HJAH He-
npepniBHO.

B cBs3U €O CJIOXKHOCTBIO 3aKOHOMepPHOCTeH UeHTpupyrupoBauuda 1 pasHo-
obpa3ueM KOHCTPYKUHH NPHMEHSIeMbIX Ha NPaKTHKe UeHTpudYr paspaboTka
TEOpHH Npouecca H TOUHBLIX METONOB pacuera ero sarpyxnurtenpHa. Cienyer
CYyHTaTh, 4TO HauboJee HaneKHbIe fAHHBIE IS pacyera npouecca ueHTpudyru-
poBaHHS MOXKHO MNOJYUHTH Ha OCHOBAHHHM ONBITOB MO pasjesieHHIO AaHHOH
SMYJbCHH HJIH CYCNEH3HH Ha HeGoJsiblloH UEHTPH(yre, KOHCTPYKTHBHO MO
BO3MOMHOCTH BOCIIPOH3BOASLIeH paccunThiBaeMyto. ONHAaKo B HacTOsee BpeMsl
yCTaHOBJEHbl OCHOBHBbIE 3aKOHOMEPHOCTH, XapaKTepH3YIOUIHe Mpouecchi HeH-
TpoGeXHOro OTCTAHBAHHS H UeHTPOoGeXKHOro (pHAbTPOBAHHS H HO3BOJSIOLIHE
HaMeTHTh ONTHMAaJIbHbIE YCJOBHSA paboTol UeHTpHdyr *

12. LlenTpobexHass cusa H ¢akrTop pasieeHHs

Cosnanue UeHTPHOYT 06YCJIOBAEHO CTPEeMIEHHEM NOBBICHTL CKOPOCTh pasje-
JIeHHA HeoJAHOPOAHLIX CHCTEM B foJie LleHTpoée)KHbIX CHJI 1o CpaBHEHHIO CO CKO-
pOCTbIO pa3feleH s 3THX CHCTEM B OTCTOAHHKAX waH buiabTpax. [losToMy unene-
coofpa3Ho OUEeHHTh B 0O0leM BHAE OTHOLUEHHE LeHTPOORXKHON CHJb K CHJe Ts-
XeCcTH. DTO MOXKHO ClefiaTh CpaBHEHHeM YCKOPEHHH, NeHCTBYIOUIHX HA TeJo
B ueHTpOGe)KHOM H rpaBHTallHOHHOM IIOJIAX, TaK KaK NPHMEHHTEJbHO K Teay
onpeﬂenermof{ MAacCohl CHJbl NPONOPIHHOHAJNbHBI YCKOPEHHAM.,

Kak 1n3pectHo, B ofiem cJjyuae ueHTpobexnasa cuna C () Belpaxaercs
paBEHCTBOM

_mw?  Gw?

C="= o : (V.60)

*Cum. Cokoaos B. M. CospeMenHne nmpoMeiunleHHue uneHTpudyru. M., «Mauvao-
ctpoenne», 1967. 523 c.
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rie m — Macca Bpamalmerocs Teja, kz; G — Bec BpAIIAOmMErocs Tela, H; W — OKpYyKHas
CKODOCTb BpAlUleHHA, #/ce<: r — pajuyc BpAIIEHHA, M.
OKpy#Hasl CKOPOCTh RDAILEHHSI ONpPEAe,s seTCH paBelCTBOM

2nn ;
w——(ur_..—eb—r ) (\,61)

TAE ® — YTuiu~ » °°OPAPTL BpDamenus, pad/cer; n — YHCHO 060POTOB B MEHYTY.

Conocrasaasa paseHcrea (V,60) u (V,61), Haiizem

2
C= 7“5 ( ‘:U" ) (V.62)
Han
2
Ca %01‘0 (V.63)

M3 Bripaxcenuss (V,63) caenyer, uto ysesusenue uucaa obopomos pomopa
3HauumeabHo Boaviue 8ausem Ha so3pacmanue YeHmpobesHoll cubl, Hem yseau-
uénye duamempa pomopa yenmpupyeu.

W3 pasenctsa (V,60) BuaHO, 4TO VCKOpeHHEe B NOJie HeHTPOGEXKHLIX CHJ
coctapJisier w?/r. OTHOIEHHE NEHTPOGEKHOTO YCKOPEHHS K yCKOPEHHIO CHJEI
TSXECTH g HaspBaloTr DaKTOpPOM pas3ienehn u a:

w2

Kp= Ef— (V,64)

[Ipuuss Beauunny G = 1 », u3 coorsowenuit (V,60), (V,63) u (V,64) no-
JYUHM
rn?
900

Hanpumep, nist uenTpudyru ¢ poropom puamerpom 1000 mm (r = 0,5 m),
BpauammumMcs ce ckopoctbio 1 = 1200 o6opoToB B MUHYTY, dakTOp pasnene-
HLsi cocTaBJser

Kp = (V.65)

0,5: 12002
Kp = 500 = 800

@arTop pasjeNeHus ABASETCS BaKHON XapakTepHCTHKOH UEHTPHOYT, Tak
KakK, MPH NPOYHX PaBHBEIX YCJOBHAX, paspensioniee felcTBHE HeHTPpUdyru nos-
pacTaer IponopuHOHaNbHO BesnunHe K. PacueT CKOpOCTH OCZXLEHHS B ToJe
LeHTPOOEXKHBIX CHJT MOYKeT OBITh nponaBe,ueH no vpasHeHusm (11,120), (11,120a),
(I1,1206) u (11,120 B) npu noacTaHoBKe B HHX BMECTO Kpmepnﬂ]\'npouasene-
nus Ar-K,,. p

[Tponecce! B OTCTORHEIX U GUABTPVIOUIHX HEHTPHhVTax B ILEHCTBHTeJ]bHOCTH
NpOTEKalT He TakK GhICTPO No CPABHEHHIO ¢ COOTBETCTBYIOWHMH I POIRCCaMM
B OTCTOMHHKAX H (OHILTPAX, KaK 3TO CJAeNyeT H3 COOTHOIIEHHS UEHTPOGEXKHOH
H FPABUTAUHOHHOM CHJ WJIH pasHOCTH jAaBjeHu#i. IIpHYHHbLI 3TOrO PaCCMOTPEHB!
HHXKe NpPH ONHCAHHKH OCOBEHHOCTeH IIPOIECCOB B OTCTOMHBIX U OUABTPYIOIIHX
neHTpudyrax.

13. Tlpouecchl B OTCTOMHBIX uUenTpHyrax

B ofimem caydae pasjefieHHe CycrieH3HH B OTCTOAHbBIX UeHTpHdyrav ckia-
AbBAETCH M3 CTajuii 0C aX N e H H i TBePAbIX YacTHI Ha CTeHKaX poropa
M ynaoTHeEHH s olpazoBaBiierocs ocagka. [lepsast U3 3THX CTalHit npo-
TeKaeT 1Mo 3aKOHAM THAPOAMHAMHKH, BTOpas — No 3aKOHOMEpPHOCTSIM MeXa-
HHKH TDYHTOB (nopHCTHIX Ccpen).

Tlpu maJjiolt KOHUEHTPAUHH TBeplbiX YacTHW B HCXOAHOH cycmell3uu {nmpu-
6nusuTenbHO He Gosiee 4 o6beMH. %) naGmonaeTcs cBoGORHOE OCAXAEHHE HX
B poTope 6e3 06pa3oBaHHA YeTKOH MOBEPXHOCTH paszjena MeXLy YHCTOH KUA-
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KOCTbIO H ele Hepaccousleiicst cycnensueii. I1pu noBbilleHHH KoHUEHTpaHH
ofpasyeTca $5ICHasli TpaHHua pa3jena BCJIEICTBHE CTECHEHHOTO OCaXIeHHs
TBENABIX YaCTHL.

Ipoueccel pasfe/iedust CycneH3Hii B OTCTOHHHKAX H OTCTOMHBLIX UEHTpH-
¢dyrax cyuecTBeHHO pasJanualoTcs. B oTcTofiHHKAaX rpaBHTAHOHHOE NOJe O HO-
pPONHO, @ UHTEHCHBHOCTD NOJIA UEHTPOOEXHEIX CHJA, KaK Cle1YeT U3 BHPaKeHHsI
(V,63), Boapactaer no Mepe IBHKEHHsA 4acTHUBl K nepudepuu poropa, Jto
TIPUBOJMT K TOMY, YTO NMPU BPAIlEHHH POTOPA C ONPeleeHHBIM YHCIO0M 060po-
TOB Ha 4acTHuy XeHCTByeT BO3pacTalomlas UeHTpobexkHasi cuja, oGycjoBJH-
Baiomas yCKODeHHe ee NBHXKeHHsA. B OTCTOMHHKaX 4acTHubl NPOXONAT yepes
nocTosiHHble II0 TMJOMAaiH HONEePEeYHbis- CeYEeHHS NJIOCKOro CJIosl XKHIKOCTH,
a B OTCTOHHHX UEHTPH(DYrax oHH nepeMellaloTCsl yepes Bo3pacTallliHe no nJjao-
WagK nonepeyHble CeYeHHs KoJpleBoro ¢jjosi. [lostomy sakonomepHocTH mpo-
I[ecCOB B OTCTOMHHKAX He/b3ss PAaclpocTPaHHTE HAa INPOUECCH B OTCTOHHBIX
ueHTpudyrax.

e i g
‘ \../
flocmynnenue _—/// © Borzo0d
CYCeHIun . N . pyeama ey
n U\ i ‘Q} -
T e e

Puc. V-27. Cxema feilcTBust oTcToHHON NEHTpUDYri.

Paspensitonasi crioCo6HOCTb OTCTOHHBIX UeHTDUDYr XapaKTepH3yeTCs H H-
H€EKCOM NPOU3BOAUTENBHOCTH &, KOTOPHi ABJSETCS NPOH3-
BElleHHEeM MJIOWALH LHJIHHAPHYECKOK MOBEpPXHOCTH ocaXJIeHus F B poTope Ha
¢akrtop pasnenenus K

OTKyJa

YyuteiBasi, uro akTop pasjeneHus BhipaxKaeT OTHOLIeHHe CKOpOCTeH oT-
CTauBaHHs YacTHIl B OTCTOHHOH ueHTpudyre W oTCTOHHHKe, B COOTBETCTBHH
¢ pasetictBoM (V,67) BenuuuHy & cilefyeT CY4TaTh PaBHON NJOWAAH OTCTOH-
HHKa, 3KBHBAJEHTHOTO NO NPOH3BOAMTENBHOCTH [J/I51 NAHHON CYCMEeH3HH pac-
cMatpuBaemoil ueHTpudyre. MHIeKC NPOH3BONHTENbHOCTH X OTpaXaer BJHs-
HHe BceX KOHCTPYKTHUBHHIX OCOOeHHOCTell ocajnHTeabHOH UeHTpHdYTH, onpene-
JSIOMMX ee Pa3jieJHTe/NbHYI0 COCOGHOCTb.

PaccmoTpuM  BrIpaxkeHHe [J15 HHIEKCA NPOH3BOJHTENBHOCTH NPHMEHH-
TeJIbHO K UHJIHHIPHYECKOMY POTOPY UeHTPHDYTH, B KOTOPOM HaXOJHTCS CJo#
suakoctd. Ha puc. V-27 pana npocteiilnasi cXxeMa 1efiCTBHA OTCTOHHONH LEHTPH-
¢yru. Ha npakTuKe To/INIHHA C/10A XHAKOCTH /i 3HAYHTENBHO MEHbLUE THAMETpA
poropa D, nostoMy BennuuHy GakTopa pasiie/eHHA MOXKHO OTHECTH K CpefHeMy
nnametpy (D—h). Torna B cooTBeTCTBHH ¢ Bripaxenuem (V,65)

_(D—m)n?
Kp = 1800

[Miomaaps WHIAHHAPHYECKOH TIOBEPXHOCTH OCaxKJeHHA B poTope
F=n(D—#Hh)L

Orcrona

1D — h)? n? (V.68)
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Ecau NPHHATb, YTO XHIKOCTb B pOTOPE NepeMeniaeTcsi He N0 BCeMV KOJlbHt
BOMY TNPOCTPaHCTBY, 3ahiMaE} Lmy CJOEM, @ TOJAbKO MO TOHKOH BHYTpPEHHEH
30HEe KOJIbL SOTO MPQCTPAHCTBA (MOBEPXHOCTHBIH PEXHUM 1¢uciinn,, TN MDUOIH-
WEHHO K - sraraTi,

/p — PamiHyC CBOOGOIHOM TNOBEPXHOCTH >hHIKOCTH.

B sTo. cayuae .
E=FKp = 2nl - (V.69)

Lipu6anikeHHoe 3HaueHHe Z JJsl KOHHYECKHX POTOPOB B Cjyyae NoBepX-
HOCTHOTO MEXXHMa TeueHHs MOXKHO HalTH TakKe u3 ypasHeHus (V.69). Tounoe
sHaveHWe 2 A5 KOHHYECKHX, a TaKkiKe IHIUHADPO-KOHHYECKHX DOTOPOB onpe-
nendeTcs u3 Oosiee CIOXKHBIX 3aBHCHMOCTEH, B KOTODHIX YyYHTHIBAETCS H3MeEHe-
Hue (aKTOpa pasjesieHHs no AJuHe poTopa.

Pasenctro (V,66) npHMEHHMO NIpH VCJIOBHH, €C/H OCAXKAEHUE TBEPABIX Ya-
€111 CYCTEeH3HWH NPONCXONUT NpPH JIAMHHADHOM pexxume. Benencreue 60, p1ioro
3HayenHs IeHTPOOEXKHOH CHJAbI OCAaXKAEHHE YacTHI B LEHTPHUPYTrax Moxel
NPOKCXOAHTL B YCJOBUAX NMeNEXONHOTo ¥ TVPOHVIEHTHOro pexkuMos. Muieke
NpORsrNIH1LabHUCTH BbiPalXXaercst CJAeAYIOUIHM 00pasol

B MEPEXONHOM pexXuMe

3 = FKOTS (v.70)
B TypOy/JeHTHOM peXHMe

T = FKS , (V1

Kak Buano u3 paBencts (V,70) u (V,71), B 3THX cayuasx njoliafb OTCTOMH-
HHK&, 3KBHB&JEHTHOLu HO TNPOU3BOAMTENBHOCTH pacCMaTPHBAEMOH UWEHTPH-
¢dyre, Bo3pacTaer He nponopuHoHansHo HakTopy paspeieHHsi, a MeHee HHTEH-
CHBHO. ' '

[1pOU3BOAUTENRRNCTR OCAJHTENBHBIX HEHTPHGVT B NeACTBUTAIBHOCTH OKa-
3LIBAETCS] TIOHHXKEHHOM 1O CpaBHewrHIO ¢ NPOH3BOAHTE/bri « 1 blO, BHIYHCJIEHHOH
Ha OCHOBE PACCUHT4HHOU CKOPOCTH OCaXKJAeHHS TBEPAHX YacTHI B LeHTPOHeXk-
HOM roJie. Y MeHblIeHHe NMPOU3BOAUTENbHOCTH 06BbACHACTCS, B 4aCTHOCTH, Cae-
JAYIOUIHMHE THUYHHAMH: OTCTABAHHEM CKOPOCTH BpAalIeHHS XHAKOCTH OT CKOpC-
CTY BpallleHHsi poTOPA, MPHBOASILHM K YMEHBIHEHHIO WenTDOGEXHOH (o,
nefiCTBVIOMeP Ha YaCTHIV: HePaBHOMEPHOCTBHIO TEUEHHS KHAKOCTH BLOMb i
TODA F VBJEUEHHEM OCaiUBIIHXCS YacTHD C €ro CTeHOK; 06pa3oBaHHeEM BuIpe-
BbIX 30H, B3MYUYHBAIOUIHX YaCTHULI. B CBA3H C 3THM BBOASIT NOHATHE O KO3 -
bnnunente 50deKTHBHOCTH OTCTOANHOA UEHTPUDYTH

ta= @ (V.72)

rre Op 1 Qp — neficTBHTE/IbHAS H PaCCUMTAHHAS TIPOU3BONUTSILHOCTH UCHTPHDYTH, %/ cek.

3dayenne KosbuunenTa {, A1 OTCTOHHBIX UEHTPUDYT PasHBIX KOUCTPVY-
[MH DA3JTHYHO H HAXOAHTCH ONLITHEIM NyTeM. [Tons3ysce cooTHolennenm (V,72),
OLIPeLESAICT NeACTBHTENBHVIO NDOH3BOAHTENBHOCTE LENTPHPYTH.

14. Tlpouecchl B QHABLTPYIOWHX LeHTpHpyrax

P ofmem cnyvae paspenenne cycneHsuiét B GHAbTPYIOMHX LEHT! Uy ..
CK/1aJbiBacTCca . ~ CTafHr ofHhpasc»#H H VHOJAOCTHEHHS U Me-
AanHMUECKOM Ly vu ocanka, B neurpudyrax storo THma BosmMoxHa
NpoM o BKa ocamke.
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iTpouecchl paszesieHHst CycCleH3HHA Ha PHIALTPAX H QUABTPYIOUHX UEHTPH-
¢dvrax 3HayuTeqbHO pasanyaioTcH. Kak M 118 OTCTOMHBIX HeHTpHDYT, 3xech
CTeflyeT OTMETHTh 8.idAHHe BO3DACTAIOWHKX N0 PAAHYCY POTOpa UeHTPOGeKHOil
CHJILI I TIJIOMIANII fI0lIePEeYHOrO CeYCHHs! KOJIbUEBOTO CJIOfA, YTO e/iaeT HEeBO3-
“I0XKHDBIM iipHMeHeHHe 3aKoHoMepHocTell (QHABTpPOBAHHA K npoueccam B (uJb-
TpyloOHIX neHTpHpyrax.

lipu anasiuse cTanud o6pasoBaHHA OCalKa HEOOXOLHMO YYHTLIBAThH 3HAUU-
TesIbHbIE CXKHMAIOUHE VCHIHSA, JeHCTBYIOHEe HA 0CaZ0K B M0Je HeHTPOGEKHEIX
cHa. B npombluiieHHBIX UeHTpudyrax jaBjieHHe B JKHAKOCTH JoCTHIaeT
1,5-10° n/m? (15 am) BmecTo naBienuit, meubiuux 0,1-10% w/x* (1 am) B Bakyywm-
busabTpax v 06uIUHO He npeBbillalomHX U.0- 10® #/m? (5 am) B duabTnax, pabo- -
TaAIOIHX MO JaBJeHHeM. JTO NPHBOAHT K TOMY, YTO MOPHCTOCTb CHJBHO CHKH-
MaeMblX OCA1KOB MPH UEHTPHPYTHPOBAHHH 3HAUHTENbHO YMEHBIUASTCH, A HX
riipaB/auyeckoe CONPOTHBJEHHE CONTBETCTBEHHO Bo3pacraer. B pesvabrare
2, Z1eCTBEHHOTO MOHHIKEeHHS CKOPOCTH LEeHTPHOVIHPOBAHHSA MOXeT CJAYYHTHCH,
4T0 NpHMeHeHHe GHAbTPYIOLIEH UeHTPHPYTH BMeCTO MHABTPA OKaXKeTcs Heue-
Jecoobpa3HsiM. B OTAe/qbHBIX C/lyyasX He HCKJIIOHEHO, 4TO CKOPOCTh mpolecca
pasiesieHHa CyCleH3HH B QUABTDVIOWEH UeHTpupyre Gyaer Metblie, Yem Ha
(PUABTPE. NIPH OTHOCHTEJbHO JeGOoJbLIOH PA3HOCTH AaBjeHHH. 2O oCODEHHO
Be¢POATHO B TeX CJvuasiX, KOTAa NDH JefCTBUH UEHTNOEXHOR CHJbl TBEPIbie
(T 8 CJI0e 0CajKa, ComnpHKacawlleMca ¢ GHIbTPOBAIbHOU NEPEropoLKoii,
SyayT nedoOPMHPOBATLCA H 3aKPbIe4T- vcTha nop. llostomv Ha ventpudyrax
He BCerna creilver pasleaaTb CYCNeH3HH, KOTOphe 1al0T CHJILHO CHHMAaEMbI
OCA0K; CBOM~ rBa OCA KA HAJIEKHT HCCJ'eI0BATE NpenBapuTebao (cM. cTp. 195).

@uabTpyloUiHe LEHTPHPYrH TaKKe XapaKTepH3VIOTC HHuekueOM [1POH380-
IUTENLHOCTH I, KOTOPHI B QaHHOM CJydYae BbIpa)KaeTcsi COOTHOLUEHHEM (CM.
cHocky da crp. 213), orauuHbeM ot paBerctBa (V,66), u Koapduumenrom addek-
THBHOCTH, BbipaxkaembiM paBeHcTBoM (V,72).

15. Ycrpoiicrso uentpugyr

Mo aHauenuio hakTopa pasre"edds HeHTPHDYTH MOMKHO YCJIOBHO Nasne-
STl dd JABe (PYMibl: HOpMadbHbBE HeH.pddy oo 0 <3500
HcBepXuentTpudyru (K, > 3500).

[lopMmasbible UeHTOHDVIH TPHMEHSIOTCA TIVIaBHBIM 06DazoM 4SS vbasiese-
nilfl PdoJHYHBIX CyCMEH3Hil, 33 HCKJ/IOUeHHeM CyCMeH3HH ¢ OyeHb MaJaoi KOH-
ueHTpalHed Teepaoft Masel, a TakXKe 1A yAajderus BA4ATH M3 WITYYHBIX MmaTe-
pranon Caepxuev~pudyrH ey KaT A1 paldeJeHda 3IMyIbCHH H TOHKOHCIepC-
HBIX CYCIIEH3HH.

Hopsmasabnble weHTpHGYrH MOryT ObITh OTCTOAHBIMH H (HJIBTPYIOUHMH.
CBepXUeHTPpU(YTH SIBAKIOTCA afinaparaMH OTCTOAHOCO THUNA H NOAPA3Ae/SIIOTCH
HaTpyO6G4YaTuHe cBepXxUeHTpPHD yT H, UCTO/ib3yeMble NI pasfe-
JIEHHA TOHKONHCIEPCHBLIX CYCNIeH3HH, H KUAKOCTHB € cenapaTtop b,
CayXxallie LA DasiesleHHA 3MYJbLCHH.

CyuiecTBeHHbIM [PH3HAKOM "THIIA UEHTPHQYL sBASETCH Cnocob BLITPV3KH
H3 HHX ocajka. BeIrpy3Ka Mpou3BOAHTCS BPYYHYIO, NIDH NMOMOIIH HOXeH HIH
cKNeOKROB, UIHEKOB M NMOPUIHE, IBHXK YULHXCH BO3BPAaTHO-NOCTYNATeNbHO (Iy/ib-
CHUPVIOUHX), a TaKXKe Moj AeHCTBHEM CHJB! THMECTH H UeHTPOOEHKHOH CHJILL.

[To pacnoJjioXeHHIO OCH BpAllleHHs Pas3/vuyaloT BePTHKANbHbE, HAKJIOHHLIC
H TOPH3OHTa/bHble UeHTpHbvrH. Baa poropa BepTHKaJbHOH UEHTPHPYTH
HMeeT ONOpy BHH3Y HJH MNMOJABEILHBEETCA CBEPXY.

B 3aBHCHMOCTH OT opranHsaudH npouecca UEHTPHYTH JenATCa Ha MepHo-
JLUeCKH W HelpepLIBHO JAeHCTBYIOILHE.

Hirxke paccmarpuBaloTcsl yCTpPOMCTBO H NMPHHUHI AEHCTBHA HEKOTOPHIX TH-
MUUHBIX UEeHTPHOYT.

TpexkoJoHHbie HeHTPUDYrH, ANINapaTel 3TOCO THIIA OTHOCATCS K HOPMAa/ib-
HbIM OTCTOHHBLIM HJIH OHJABTPYIOIIUM LEeHTPHPYraM MepHoNHYecKoro lelcTBHA
C BBHIFPY3KOH OCanKa BPY4HY!O.
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B TpexkosnouHo#i dpunbTpyomwel neHTpudyre ¢ BepXHel BEITPY3KOH ocajika
(puc. V-28) pasnensiemass CycneH3us 3arpyxaercs B nepdopupoBaHHbIH pPO-
TOp I, BHyTPEHHS S NOBEPXHOCTL KOTOPOTO NOKPhITa GHALTPOBAJABHOR TKAHbIC
HJIH MeTaJlIMyecKoH ceTkoii. PoTop mpd nomowu KoHyca 2 YCTAaHOBJeH Ha
Bajgy 3, KOTODHIl NPHBOAHTCA BO BpallleHHe 3JeKTPOABHTaTeNeM MoCPeACTBOM
KJIHHOpeMeHHOR nepenaun. )Kuakas ¢pasa CycHeH3HH HPOXONHT CKBO3b TKaHE
(MJIH CETKY) H OTBEPCTHA B CTEHKe poTopa u cobupaercs B JHe CTaHHHE 4, no-
KPHITOH HEMmOABHIKHEIM KOXYXOM 5, OTKyJla OTBORHTCA AAA JanbHefmiel o6pa-
60oTkH. Ocanok, o6pasoBaBiyiics Ha CTEHKaX DOTopa, H3BJAEKaercsl, HanpHMeL
0pH NOMOULH JionaTKH, 1OCJe OTKPHBAaHHA KPLIKH KOXyXa 6+

Puc. V.28. lTpexKononHaﬂ neHTpudyra:

I — wephopupoBaHEHA POTOP; 2 -— ONOPHEA KORYC; 3 — Baj; 4 — AHO CTAHMHH; § —
HEMOABHKHLIA KOXYX; 6 — KDHBINKA KOXYyXa; 7 — CTaHHHa; 8 — Tsla; 9 — KOJOHKA;
1¢ -~ pyYHOR TOpPMO3.

Inst cMaryenns BospefAcTBHsl BuOpanuil Ha GyHIaMeHT CTaHHHA 7 ¢ yKpe
NJIEHHBIMH Ha HeH POTOpOM, NMPHBOAOM H KOMYXOM NOJABElNeHa NMPH NOMOLILE
BEPTHKANBHLIX TAT § ¢ 1AapoBbIMH TOJIOBKAMM Ha TPeX DACIOJIOXEHHLIX 110}
yraom 120° kosoHKaxX 9. 310 obecrneunBaeT HEKOTOP YK cBoGOy NpH BrbpalHi
poropa. HenTpudyra cHabxeHa TopMO30M, KOTOpBIFi MOMKET GbITH NPHBeser
B JleHCTBHE TOJILKO NOCJe OCTAHOBKH 3J€KTPOABHTATEN .

TpexkosoHHbie HEHTPHDYTH BLINONHAKTCH TAKXe C HHXHeH BHIPy3Koi
ocajika, uto Gosiee yA06HO B 1POH3BOACTBEHHHIX YCJIOBHAX.

PaccmaTtpuBaemeie ueHTpudyrd oT/anuaTcst HeGONBIUOA BHICOTOH H XOpPO
wed ycTOHYMBOCTBIO H TOJNYYHJIH pacnpocTpaHeHHe IJA TPOBENEHHS JJIH
TEeJbHOTO LEHTPHYyTrHpOoBaHus.

Monsecuble uenTpudyrn. Itu neHTpudyrn TakKe OTHOCATCS K YHCIY HOP
MAJIbHBIX OTCTOHHLIX WIH QHUABTPYIOLINX LeHTPUDYT NepUHOAHYeCKOro- JeHCTBHS
C BEPTHKAaJbHBIM POTOPOM ¥ YCTPOHCTBOM Jifl BEITPY3KHM 0OCajkKa BPYHYHYIO

Ha puc. V-29 norasana nopsecnasi orcToiiHas ueHTpudyra ¢ HHXKHEeH BH
rpy3koi ocagka. Mcxonnasi cycrneunsus nogaercsi no Tpy6onposony I B poTop .
CO CIJIOUIHBIMHM CTeHKaMH, yKpenJeHHBIl Ha HHXKHeM KoHNe Bajia 3. BepxHui
KOHeI[ Ba/la uMeeT KOHHYECKYIO MJiM INapoBYIO onopy (4acTo cHabxeHHylo pe
3HHOBOH NPOKJANKOH) H NMPHBOAUTCS B JEHCTBHE HENOCPEACTBEHHO COENHHEH
HBEIM C HHM 3/IeKTpoaBuratesem. Teepaas ¢asa CycrneH3uHd, TIOCKOABKY €€ NJIO0T
HOCTb GoJIbIle NJOTHOCTH XKHAKOH a3k, oT6pachiBaeTCs 1oy AedcTBHEM EHTPO
GexXHOH CuJIbl K CTEHKaM POTOpa u ocaxnaercs Ha HuX. )Kuakas dasa pacnosa
raeTcs B BHAE KOJbUEBOro cjost 6/v¥Xe K OCH POTOpa U MO Mepe pa3fiejeHH:
BHOBB HOCTYNAKUIHX NOPUHH CYCHEH3HH NepeHBaeTCss uepe3 BePXHHH Kpai
poTopa B NMpOCTPaHCTBO MEXAY HHM H HENOIBHIKHBIM KOXKyXoM 4. JKumkocT
ylransercs u3 UeHTpUdyrn uepes wryuep 5. [1s BLIrpy3KH 0CafKa MOAHHMAIY
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Ha 1enH KOHHYECKYIO KpBIWKY 6 H MPOTANKHMBAIOT €ro BPYUHYIO MeXAy pe6-
pamMH 7, KOTOpbi€ CAYXaT /151 COEJHHEHHs POTOPA C BauOM.

[TonBecHble OTCTOMHBIE BEHTPHPYTH [IpeAHA3HAUEHBI A9 Pa3fie/IeHHs TOHKO-
JAUCTTEPCHEIX CYCMEH3HH HeGOJbIIOH KOHUEHTDAUHH, YTO NMO3BoJseT MOXaBaTh
CyCNeH3HI0 BO BpallalouiHiicst POTOP HeNpPepblBHO A0 NMOJYyuYeHHS CJOSE OCaAKa
AOCTAaTOYHON TOJILKHEL.

B nonBecHplXx ¢uabTpyoliux uenTpubyraX ypajeHHe ocajka H3 poTopa
o6JIeryeHo W I03TOMY HX HCIOJNb3YIOT I/ NPOBeJeHHA KOPOTKUX NPOUECCOB
LeHTpHDYTrHpOBAHHA.

CoBpeMeHHbIEe NOABECHHIE [IEHTPHPYTH NOJHOCTHIO aBTOMATH3HPOBAHEI

H HMeIOT NPOTrpaMMHOE ynpaanenue JLOCTOHHCTBOM 3THX ueHTpmpyr ABJaAeTCH
JONYCTHMOCTh HeKoTopo# BHOpauuH
poropa. Kpome Toro, B Hux mnpex-
OTBPaHIAeTCst MoNafaHue Ha ONopy
H NPHBOJ arpecCHBHBIX XKHUAKOCTEH.
PGl & B Hacrtosiiee BpeMst nonsecHele

* LEeHTPHPYTH ¢ BBHIFPY3KOHl OCanKa
BDYYHYIO MOCTelleHHO 3aMeHSIoTCs
ueHTpudyramu 6ojee coBeglIeHHBIX

. j ‘(OHCprP\:;nYl.
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Puc. V-29. [logBecHas nextpuoyra: Puc. V-30. TopusonransHas ueHTpHdyra
1 — Tpy6onposopa ANA NOR44H CYCMeH3HH; 2 — poTop C HOXeBbIM ychoﬁcTBoM A yRalleHua
CO CNNOWHBIMH CTeHKaMH; 3 — s8aJ; 4 — HEUOABHX- ocazka:
HHA KOXYX; 4 — uryuep AAd  YAAJeHHA KHAKO- . .
CTH; 6 -— KOHHYECKAR KPLIUIKA; 7 == COeJHHHTENbHLE I = nepdopuponarumi portop; 2 — TpyGa
pe6pa. AAR  TIOA2YH CYCHEB3HHM; 3 — KOXKYX; 4 —
wTyuep AJAA YaaJdeHHA dyrarta; 3 — HOX;

6 —~ rMapaBJaHYecKH UHAHIAD AJ8 NogbeMa
goXa; 7/ — HaKJOHHHA Keso6; 8 — Kadat
. AN yAaJleHHs ocaaka.
rax HWXKHAS 4YacTh pOTOpa HMeeT kOHHYeCKyi (dopmy, npuueM yroJ Hak-
JOHA ee CTeHoK 6oJiblie yrjla ecTeCTBEHHOTO OTKOCA MOJyyaeMoro oOcafka.
[Tpu Takom ycTpoiiCTBe pOTOpa OCalOK CNOJ33eT C ero CTeHOK npu ocTa-
HOBKe UEeHTpUDYTH.

[as npeporBpaulenus BuOpauull, BO3SHHKAOUIHX B pPe3yJjbpTaTe HepaBHO-
MepHo# 3aTpy3KH poTopa B NMOABECHBIX HEHTPH(PYyrax, HCMOAb3YIOT KoJbUeBOH
KJanaH, uepe3 KOTOPHIH MOCTymaioouiasi CyCMEH3Hsi paclpefelisieTcs paBHO-
MEpHO 110 BceMy NepHMerpy potopa. [is objeruenus BLIrpy3KH oCafKa H3 MoJ-’
BECHBIX [EHTPpHOYT HHOTAA NMPHUMEeHATCA CKPedKH, Cpe3alouiie 0CaLoK Co CTe-
HOK poTopa NpH NOHHKEHHOH CKOPOCTH €ro BpauleHHs.

Fopu3oHTAAbHBIE LEHTPHPYIH C HOXKeBBIM YCTPOHCTBOM JAsl YAAJIeHHs
ocanka. LienTpudyru Tako#l KOHCTPYKIHH SIBAAIOTCA HOPMAJNbHBIMH OTCTOM-
HBIMH HJTH (PHJIBTD YIOLIHMH UEHTpUHYyraMy nepHoiHYecKoro AeHCTBHSA C aBTOMA-
TH3HPOBAHHBIM YN PaBJIEHHEM.

B ropusoHTa;nbHON (GHIABTPYIOMeH_ueHTpUDyre ¢ HOXKEBRIM yCTPOHCTBOM
(puc. V-30) onepauuu 3arpy3ky CyCneH3uH, NeHTPpHPYTHPOBaHHS, MPOMbBIBKH
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MexalHyecKol CyLIKH OCalKa B €ro PasrPy3KH BhINOJHSIOTCS aBTOMAaTHYECKH.
Uenrpudyra ynpaBasercs 37eKTPOTHAPABIHYECKHM ABTOMATOM, NO3BOJSIO-
MM 1o TOJIIHIE CJ08 ocafKa KOHTDOJNHPOBAaTb CTeNeHb 3amoJHeHHs
portopa.

Cycnensus nocrynaer B nepdopupoBaHubiil porop I no tpybe 2 u paBHo-
MepHO pacnpenessiercs B HeM. Ha BHyTperHelt 10BepXHOCTH POTOpA pacnoo-
AeHB MOAKAAN0YHbIe CHTA, DHIbTPOBALHAS TKAHL W pelleTka, Kotopas obec-
feunBaeT NJIOTHOe NPHJIeTaAHHe CHT K DOTOPY BO H3BexkaHHe HX BHITYyUHBAHHS,
YTO HEJOMYCTHMO NMPH HOKEBOM CbeMe ocaika. Porop HaXoauTcs B JIHTOM
KoxyXe J, cocToAllleM H3 HHKHeH CTANHOHAPHOH YaCTH W CHEMHOH KPBIIKH.
®yrar ynansercs U3 ueHTpudyTH uepes wrynep 4. OcanoK cpe3aercs HOXOM 5
(koTOpEI NPH BpanleHHH POTOPA NOLHHMAETCA NPH NOMOUIM THAPABIHYECKOTO
UuanHApa 6), NajaeT B HanpaBJASIOWHUHA HAKJOHHBIH XeJO6 7 ¥ yRa/IfeTCs U3
ueHTpudyrn depes Kanan 8.
Onucaunas Uentpudyra npeina-
3Ha4aercsl AJS pasieseHHus cpen-
He- U rpyGORHCNEDPCHBIX CVCHEH-
-3UH. -

" Hteutpudyrn C ny’ascHpywo-
IIKM TIOpILHEeM JJSl BBIrPY3KH
ocanka, DTH annaparbl OTHOCATCS
K  OUABTPYIOILHM lUeHTpudyram
HenpeppIBHOrO AeHCTBHA C TOpPH-
30HTaNbHEM poTopoM (pHc. V-31).
Cycnensus mo tpy6e / nocTynaer-,
B Y3Kyl0 4aCTb KOHHYECKOH BoO-
POHKH 2, Bpawamoueics ¢ Takow
e CKopoCTblo, Kak u nepdopu-
Puc. V-31. llentpudyra c nyascupyionwm nopw- POBAHHBIH pOTOp J, HOKPHITHIM

HeM A8 BLIFPY3KHM oOcapka: . H3HYTpH MeETANJHYECKUM . Hiene-

I — 1py6a AR NOCTYNJeHHs cycnensus; 2 — kowu- BBHIM CHTOM 4. CyCHeH3“Hﬂ nepe:
MerSn A serbe meners caTor 5 o apuente . wry.  MEILAeTCH N0 BHYTPEHHEH noBepX-
Uep AnR ypaNeuds ¢yrara; 7 — kaHad ans orsoma  HOCTH BOPOHKH M NOCTENEHHO NPH-
ocafKa; 8§ — WTOK; 9 — nonw#l Bax; 10 — AHCK, Nepe- ,

. MeuialoutHAcH BO3BPATHO-DOCTYOATENALHO, oépeTaeT CKOpOCTb, NOOYTH paB-
' Hyl0 CKOPOCTH BpallleHHsa poTopa.
3aTeM CycneH3us OTGpachBaeTCst yepe3 OTBepPCTHS B BOPOHKE HA BHYTDPEHHIOW

NOBEPXHOCTb CHTA B 30He mepen nopiudeM 5. [lox neitcTBHeM HeHTPEOEXHOH
CHJIbL KHUJKAs (a3a NPOXOAHT CKBO3b LIeIH CHTA H yIaJASeTCH H3 KOXKYXa LeH-~
Tpudyru no wrynepy 6. Trepnas dasa sanepkuBaeTcs Ha CHTe B BHAE OCalKa,
KOTOpEIA MEePHOAHYECKH niepemelllaeTesi K KPaw poTopa NpH JABHIKEHHH TIOPLIHA
BpaBo npubiu3uTeNbHO Ha Y/, AauHbl potopa. TakuM o6pasoM, 3a KaxAbill
X0l NMOpLIHA #3 pOTOpa yaanAsercs KoJHUYeCTBO 0CajKa, COOTBETCTBYIOLiee
JJivHe Xofa MoplUIHA; NMPH 3TOM NoplueHs coBepluaeT 10—16 xXonoB B 1 mun.
Ocapok ynansercs W3 KoXyXa yepes KaHas 7.

INopurens ykpenseH Ha wroke.§, HAXOAAWEMCs BHYTPH NoJore sasaa 9, ko-
TOPHIH COeJMHEH C 3J1eKTPOJBHTaTelleM ¥ coobuiaeT poTopy BpaulaTe/ibHOe ABH-
xenHe. [Tospi#t Bas ¢ pOTOpPOM ¥ IITOK C NOPLIHEM H KOHHYECKOHl BOPOHKO# Bpa-
aKTCA ¢ OJHHAKoBOH CKopocTbio. HanpaBnenue Bo3BpaTHO-NOCTYHATeNbHOTO

. ABRIKEHHA TIOpIIHs n3MeHseTcsl aBToMaTuyecku. Ha KpyroM KoHlle 1ITOKa Ha-

CaxeH NePNEHJBKYJAPHO ero ocH Auck /0, Ha NPOTHBONOJOXKHBIE NOBEPX-
HOCTH KOTOpOro B oCo60M yCTPOHCTBE NonepeMeHHO Bo3JeHCTByeT JAaBjeHHe
Macja, Co3faBaeMoe LIeCTepPeHYaTeIM HacOCOM.

B unentpudyrax ¢ ycrpoicTBOM ANS TPOMBIBKM OCajiKa KOXKYX pasfieneH
Ha JBe CeKIHH, Yepe3 OXHY H3 KOTODPbiX OTBOINHTCS HNPOMBbIBHAA XHAKOCTD.

Onucanuas UeHTpHdyra npuMeHAeTCs A/t o6pabOTKH T'pyGOAMCHEPCHRIX,
JIETKopasfesseMblX CycneHs3u, ocoGeHHo B TeX clyyasiX, KOria HexenaTeqbHo .
NOBpexeHHE YaCTHIL OCajKa npwu ero Buirpyske. K HepocTaTkaM ee oTHoOCATCA
yBJIeYeHHe TBepIblX YaCcTHIL GyraToM B TOT MOMEHT, KOTAA CyClI¢ H3Hs NOoNajaer
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Ha lilejeBOe CHTO HelocPeACTBeHHO Moc/e CMeLleH A ¢ Hel'0 OCafKa MOopLLIeM,
4 TakKe 3HAUUTEIbHBIH PacXoil 3HePruu MopuIHeM.

Hns o6padotku TpyAHopasleddeMblX CVCIeH3HH HCHOJIB3YIOTCA MHOFO-
cTylleHyaroie UeHTPUYTH ¢ NyJbCAUHOHHON BLITPY3KOH OCagKa, B KOTOPBIX
LOCTHraeTcH JIyullas 1IpOMbIBKA €ro H MOoBbIllaeTcsl YeTKOCTb pasfeseHus ¢y-
raTa 4 NPOMLIBHOH XHAKOCTH.

UenTpudyru co uHeKOBbIM yCTPOHCTBOM AJs yjaadeHHs ocaaka. llentpu-
dyru ITOrO THMIA ABJATCA HOPMAJbHLIMH OTCTOHHLIMH HJH (HJBTPYOLIUMU
UeHTpUPyTraMu HellpepbiBHOrO JEHCTBHA ¢ FOPU30HTA/AbHLIM HJIH BepTUKAb-
HhIM pPOTOpDOM.

g o 2 7 7 2 3

Puc. V-32. lleutpudyra co wHeKoBhIM YCTpOHCTBOM JA7
BblrprKH ocajKa.

1 — RapyXuaa rpy6a; 2, ¢ — OTBepCTHA AJA NpPOXOXKAeHHA CyC-

neH3aud; J3 — BHYTpeuuasa TpyGa; & — KouHYeCKH# poTop cCO

CNAOCIWHEIMY CTEHKaMHu; 6 — UHNMHAPHYECKOoe OCHOBaHHe lUHeKa;

7 — 1HeK; & —~— KOXyX; 9 — nojme Ranps; 10 — oTBepCcTHA

ASA MpOXOXAeHHA ocapka; Il — kamepa pjis ocaaka, /2 — oTeep-

CTUA ANA NPOXOKASHUA ¢dyrata; /3 — Kamepa [Jjina ¢yraTa.

Ha puc. V-32 u3o6paxena orctoifHasa ueHTpudyra, B KOTODYIO CyCleH3Hs
HoZaeTcel Yepe3 KoJblieBOe POCTPAHCTBO MeXAy Hapy»KHOH Tpybo# [ c oTmep-
cTdsMu 2 W BHyTpeuHe#l Tpy6oi <, NpeiHa3HayeHHON /A (0oJauH POMBIBHOH
AuakocTH. Hepes orBepcTus 4 cyCMeH3HA NMOCTyNaeT B 30Hy MeXAy KOHUYECKHM
pOTOPOM 5 CO CIJIOWHBIMH CTEHKaMH M UMJIMHADHYECKHM OCHOBaHueM 6
wHeka /. Porop Haxoautes B KaxyXe 8 u Bpaluaetcs B moJbiX nandax 9. Ilue-
KOBOe yCTpolicTBO Bpaluaercs B uandax, HaXoAALIHXCA BHYTPH uang poropa,
npHuYeM CKOPOCTb BpalleHHs LWHeKoBoro ycrpofictea Ha 1,5—2% wenblie
CKOpOCTH BpameHus potopa. [lof neficTBHeM ueHTpoOeKHOH CHJbl TBepAble
YacTHUb! CycMeH3UH OTOPACHIBAIOTCA K CTEHKaM poTopa H B BHAe Ocajka’ Mex-
_JeHHO Mepemeu(aloTcsi (BC/EICTBUE DasHOCTH CKOpOCTeH BpalleHHs poTopa H
H IIHExKa) K OoTBepcTH [0 B poTope [/ BbIIPY3KH Ocajka, KOTOpbIH yna-
asiercs uepe3 Kamepy /. OOGpasopaBiuasicA B pe3yJbTaTe OTCTaHBAaHUA TBep-
AblX 4acTHIL YHCTAR KUJAKaA (asa cycreH3WH B BHJe dyraTa OTBOAMUTCH Yepes
orsepcTHA [2 W KaMepy 13. ‘

[Ipu aBuiKeHHU B He3amoJHEHHOH cyclleH3Hell YacTH poTopa OCANCK AOMoJ-
HUTELHO yMJOTHsETCs, BCACACTBHE Yero cojepkKaHHe KHIKOCTH B HEM yMeHb-

~waetcs. Ocajok MoxeT GHTh MTPOMBIT B pOTOpe MyTeM Noja4H HpoMBIBHON MKHUJ-
KocTd mo tpybe J. ) A -

Pexnm paGorbl UeHTPUDYTH MOMXKHO pery.aupoBarb, M3MeHsAs MPOJOJIKH-
TeJIbHOCTb Oflepalluii OTCTAMBAHUA H VIJOTHEHHs IyTeM H3MeHeHHs CTeleHU
OTKPBHITHSA OTBepCTHH HJIM YHCjIa OGOPOTOB POTOpA U IUHEKA,

UenTpudyru C Bollpy3KOH OCajKa UIHEKOM XapaKTEPH3YOTCA BbICOKOH
[IPOU3BOAHTEJILHOCTBIO M [IPUMEHANOTCS MAJs pasje/eHHsi TOHKOLHCIEePCHBiX
cycreHsHit ¢ 60blIONR KOHIEHTpalHeH TBeplo# dasel, a Takxe /5 KJaccudu-
KalHH TBepApX YacTHL (10 pa3Mepy WM maoTHocTH. HexgocTatkamu Takux ueH-
TPUOYT SABJASIOTCA BHICOKHH PacXoll 3HepruM Ha rnepeMelleHHe OCajKa U 3aMeT-
HOe ero H3MeJuueHue.
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lenTputbyrn ¢ MHepUHOHHON BBHIrPY3KO# ocafika. OTH nNeHTpudyru npes-
CTABJIAKT COO0I HOpPMaJabHHE (GUALTPyIOliHe LleHTPUDYTH HelpepLIBHONO JeH-
CTBHA C BePTHKaNbHbLIM KOHHYECKHM POTOPOM.

CycneHsusi, cogepxamasi KpymHO3€pHHUCTHII MaTepHaJ/, HanpHMep Yrodb,
pyaAy, NecOK, NOCTyNnaer B NEHTPHYry CBepXy 4epe3 BOPOHKY / (puc. V-33).
[Ton neficTeneM neHTPo6GEXHOH CHILI CycleH3Hs OTOGPACHIBAETCH K KOHHYECKOMY
poropy 2 ¢ nepdopHpoBaHHbIMH creHKaMH. [1pu 3ToM XuaKas dasa cycreH3HH
TPOXOAHT CKBO3b OTBEPCTHS POTOpa M yRaaseTcst U3 LeHTpUDYTH Mo KaHaay 3,
a TBepAble YaCTHIH, pa3Mep KOTOpHIX J0JKeH ObITh OoJblile pasMepa OTBEP-
CTHH, 3alleP>XHBalOTCs BHYTPH poropa. O6pasopapluuics TaKuM oOpa3oM cJoi
TBEDALIX YACTHI, YroJ TPEHHR KOTOPOFO MeHbllle, YEM YroJ HaKJIOHA CTEHOK
poTopa, nepemelaeTcs K €ro HHXKHEMY KpPalo U OTBOAMTCS M3 NeHTpUYru Mo
kaHany 4. C nesbio yBelHYeHHs MPOZOJIIKHTEILHOCTH MepHOAd, B TeYeHHE KO-
TOPOro XHAKOCTbL OTJesifleTcsl OT TBePAbIX YACTHIl, ABHXKEHHE HX TOPMOZHTCS
UIHEKOM J, BpaIAIUMCA MejJleHHee poTopa.
Heob6xonumast pasHocTs ckopocteill BpalleHHs
pOTO 1 H IIHeKa JOCTHTaeTcsi [IpH TIOMOIIH
3y6r FOro pelyKTopa.
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Puc. V-33. lleHtpudyra ¢ HHEPUHOHHOR BHTPY3- Puc. V-34. )XunkocTHuii ce-
KOH ocCajkKa: napaTop TapeapyaToro THna:
1 ~— BOpOHKa AAsA TNOCTYMJIeHRA CYCReR3RMA; 2 — DOTOP; 1 — gpy6a p/is mnopans SMyJib-
§ — KaHall gAA yjpaneHHd XHAKOR ¢a3b; 4 — KaHaJs CRH; 2 — Tapeiku; § — OTBep-

cTHe ANA OTBOja GoJlee TAXe-

JOfl KHUAKOCTY; 4 — KoOJIbueroft

KaHaJl jJia OTBoaa OoJiee Jer-
KOt MujaKocTu; § — pebpa.

ANA YABNEHHR TREPABIX WacCTHU; § — IUHEK.

IeHTpudyrn ¢ uHepUHOHHOH BHIFPY3KOH OcagKa NPHMEHSIOTCA MJA pas-
JEJIEHUS CyCleH3UH KPYMHO3EPHUCTLIX MaTepHaJsos.

Hentpudyrn ¢ BHOpauuoHHO# BBITPY3KOH ocagka. llenTpudyru Takoit
KOHCTDYKIHH NpejcTaBisioT cofoH HOpMasbHble (UALTPYIOIMe LEeHTpHYTrH
HellpepLIBHOrO JeficTBUA ¢ BEePTHKAJNBHBLIM HJH TOPU3OHTAJbHLIM KOHHYECKHM
poTopoM.

Henocrarkom omucanHoil Bbille NeHTPUGYrH ¢ HHEPLUMOHHON BHIFPY3KOH
0cajKa sIBJSETCH HeBO3MOXKHOCTbL peryJHpPOBAaHUS CKOPOCTH JBHIKEHHS OCajKa
BIOJIb CTEHOK poTopa. DTOT HeJOCTaTOK YCTPaHeH B LEHTpUyrax ¢ BUGpauuoH-
HOH BHITDY3KOH OcajiKa, NPHHIHMN AEACTBHS KOTOPLIX COCTOHT B CJ/elyiolIeM.

Henrpudyra numeer KoHUYeCKHH POTOP C yr/IOM HaKJOHA CTEHOK, MEHbLIMM
yrja TpPeHHs ocajka 1o creHKe, Ilosromy ABuiKeHue Ocajka BJOJb CTEHOK OT
Y3KOro KOHIIa poTopa K UIMPOKOMY TOX AeHCcTBHeM LEeHTPOOeIKHON CHIILI OKAa3hi-
BaeTcsi HEBO3MOXHLIM. B NaHHOM ciyyae /s nepeMellleHMsl Ocajka B poTope
HCIIOJb3YIOTCS OceBble BUOPAIIHH, KOTOPHIE CO3MaIOTCS MEXaHUYECKUM, TUpas-
JIHYECKHM HJIH 3J€KTPOMArHHTHEIM ycTpoHcTBoM. IIpH 3TOM HHTeHCHBHOCTB
BUOpauui onpesesnsier CKOPOCTh epeMelieHUs Ocajika B POTOpeE, 4To MO3BOJseT,
R YaCTHOCTH, o6ecrneddTbh HEOOXOXUMYIO cTeneHb 06e3BOXUBAHHUA OcajlkKa.

KnpkocTnpie cemapaTopbl. JTH annapaThl SIBASIIOTCS OTCTOMHBIMH CBEPX-
NEHTPUPYTraMH HenpepLIBHOIO AEHCTBUS € BEPTHKAJIbHLIM POTOPOM.

B coorserctBun ¢ ypasuenuem (V,63) ueHTpoGexkHas CHjia BO3pacTaeT
NpOMNopHHOHaAbHO PafHYCy H KBaJpaTy yHcia oboporoB poropa, HanpsixkeHue



8 ero creHkKaxX, Kak [0oKasblBaeT COOTBETCTBVIOUIKI pacyerT, MOBIIAeTCH MDO-
NOpUHNHAJIbHO KBa/IPATV pallMyca M KBalpaTy uucia oboporoB. Kak y:xe oTme-
4anocs, .04 co31aHus GovbUIOH LeHTPoOGe:KHOH CHJb Lielecoodpa3Hee VBeJH-
YYBATh YHCJIO OOOPOTOB POTOPA; OJHAKO AJs MOHUXKEHHUS HAMPSIKeHUs B CcTeH-
Kax poTona 5IiHOBpPeMeHHO HeoOXOAMMO yMeHbluaTb ero paavyc. Ha ocrose
3TOr0 Da3paloTaHbl pdshbie KOHCTPYKUMH CcBepxUeHTpHbYFr, oTAHYaoLlHecs
60/1b1UMM YHCAOM OBOPOTOB MPH OTHOCHTENbHO HeBoJbLIOM pajuyce poTopa.

K 4Hey Takux cBepXUEHTPHUYF OTHOCATCS KHIKOCTHBlE CermapaTophl,
uMetoulHe poTop AdaMeTpoM 150—300 mm, Bpamalomuecs co ckonocrbio H000—
10 000 o6/mun. OHu mpenHasHAYalOTCA Jus DasjesleHUs 3MVJbCHI, a TaKiKe
I ocBeTJIeHUs MXHIKOCTeH.

B xupkoctHoM cemapaTtope Tapenbuaroro Tuna (puc. V-34) o6pabatniBae-
Masfl cMech B 30He OTCTaHBaHUA pasjesleHa Ha HECKOJBKO C/I0eB, KaK 970 [e-
Jaercsl B OTCTOMHHKAX Al yYMeHbIUeHHs TyTH, [1DO-
XOAUMOro 4YacTuued MpH OcCejaHHH. IMYJbCHR MO-
jaeTcsl Mo ueHTpajJbHOR TpybGe I B HUIKHIOW 4acTb
poTopa, OTKyZa 4Yepe3 oTBepcTHA B Tapenkax 2 pac-
npegessiercsl TOHKUMH c/JIOAMH MeXny HUMH. Bosee
TAXeJNad MUAKOCThb, MepeMelladch BJOJb MOBepX-
HOCTH TapesioK, orOpacbiBaeTcsl LeHTpPOOeKHOH cH-
JOi K mnepudepdH poTopa H OTBOZUTCS Yepe3 OTBep-
ctue 3. Bosee jierkas :xHAKOCTh TepeMeniaeTcH K 11eH-
TPy poTopa M yjajsieTcd depe3 KoJbleBOil KaHaa 4.

OtBepcrus B TapejxaX pacno/arainTcsi OpHeH-
THPOBOYHO [0 MOBEpPXHOCTH pasjesa. Mexny GoJee
raxesoif u Gosee jgerko#l xuikoctsamu. [as Toro . s
yToObl JKUAKOCTH He OTCTaBaja oT BPAMIAOWEroCs  py. V.35 Cxema ycrpoit-
poTopa, oH cHaGxeH pe6pamu 5. Iis TOH e UeJAH  crpa Tpy6uaToil cBePXLEHT-
TapeJKH WMEIOT BbICTyIbl, KOTOpblie OXHOBpPEeMeHHO pudyrau:
GUKCHPYIOT paccTosiHHe MexX1y HHUMH. I — KoXyx; 2 — poTop; 3 —

pagmnaJibMue JonacTa; 4 —

[Tpumepom cenapaTopoB TapesbyaTOro THIIA MO-  wnuupens; § — onopa; 6 —

YT CAyXHTb [IHPOKO PACTpPOCTPAHEHHBIE MOJIOYHble MNiRe 7 - g%ﬁgﬁ;“"g;cge;

cernapaTtophl. 3HH:6 9 — o‘rBepcruoﬂc; e‘l{ﬁeﬂ—l
T a Jifgd OoTBojaAa B -
JKuAKOCTHLIE CelapaTopbl MOPYT ObITb TaKKe T o ‘hoi smacecti.

HepHOAHYECKH 1efiCTBYVIOLLIHMH.

TpySuatbie ceepxueHTpHeyrd. [To cpaBHeHHIO ¢ KHIKOCTHBIMH cemaparo-
pamu rpy6uaTble LeHTPH(YrH HMSHWT DOTOP MeHbLIEro juameTpa (He oDoJee
200 um), BpamawpwHhcs ¢ 6oJablied CKOPOCTBbIO (4UCA0 060POTOB AOCTHraer
45 000 B MHHyTY). 3TO NO3BOJsieT MOJyyaTb B TPyOUaTLIX CBEPXIUEHTPUPYrax’
BHICOKHI (hakTop pasgeieHHs (gocturawoumdi 15 000) v pasgenats B HUX
BecbMa TOHKOAHUCIIepCHbIe CHCTEMbI, HallpUMep OCBETJAATh JaKH. [Jf TOro 4To0bl
YAYYUIHTL YCJAOBUSA pa3jesleHHs TaKMX CHCTeM, BHCOTa TPYyGUaThiX HeHTPHEYT
JIOMXKHA B HECKOJbLKO pa3 NpesninaTe HX pdamerp. BcjeacTBue 3Toro fyTh
XHUIKOCTU B poTope yanuHsAerca. Tpy6uyaTble cBepXLUEHTPHPYTH eaecoobpasHo
NpUMEHATb B TeX cJydasdX, KOrla Bblie/IeHHbIH OCajOK JOJKeH COjepxaTb
MHHYMAaJbHOE KOJHYECTBO XUIKOH da3nl. Hu3kas koHeuHas BJIaXHOCTb OCajKa
gocruraercs Gaarogapsa TOMy, YTO OH 3HAYHTEIbHO YMJOTHAETCA [IPH BBICOKHX
3HayeHHAX (akTopa pasieeHHs.

B TpyGuarsix cBepXueHTpHpyrax yao6Ho o6pabarTbiBaTh XKHIKOCTH, paboTa
C KOTOpbIMH TpeGyeT repMeTH3auuH 060pyHOBaHHsA, a TAKKe MPOBOAUTHL MpPO-
flecc Npu MpaKkTHYECKH MOCTOAHHOMNR TeMneparype (MOBLIUIEHHOA HJIH MOHUKEH-
HO#1), TaK KaK MOBepXHOCTb TeMJoNepejaid v HUX HeBesMKa. TpyO6yaTwie cBepx-
UeHTpU(yrH IIHPOKO NpHMEHAIOTCA AJA pas3fe/ieHHs CycleH3WA C He3HauH-
TeJbHBIM ColepKaH1eM TBepiofl dasel, a TaKKe /A pasjiejleHHs 3MYJIbCHH.

Cxema ycrpoitcTBa TpyOuaTol CBepXLEHTPH(pyYrd HoKasaHa Ha puc. V-35.
B xoxyxe I pacrnojoxkeH poTop 2 ¢ IMTyXHMH CT€HKamH, BHYTpPH KOTOpPOro
UMEIOTCsl pajualbHble JIONACTH 3, MpensTCTBYIOUHe OTCTaBaHUIO XM UAKOCTH OT
CTEHOK pOoTOpa IpH ero BpauieHdH. BepXHAA 4acTb pOTOpa XKECTKO COejHHEHa
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C KOHHYECKHUM IUMHHaeJeM 4, KOTOpbIH nojsele Ha oflope 5 H MPHBOAUTCSA BO
BpallleHKe [1pH [IOMOILH KHBa 6. B HuxkHel uyacTH poTopa paciiosioxeH 3na-
CTHYHBI HAIpaBAAOWMHA NONNATHHK 7, yepes KOTOPHI NpoXonuT Tpyba § naa
nojauH cycnensuu. IIpu JBHXXEHHH CYCNEH3HM B DOTOpPE BBEPX. HA CTEHKaX ero
0CenaioT TBepAble 4acTHubl, JIpHYEM OCBeTJEHHAs KHIAKOCTb OTBOJUTCS qepes
oreepcTHa 9 B TpyOy 10. [lo ucTeueHun onpeaeseHHOr0 BpEMEHH CBEPXIEHTPH-
(hyry OCTaHaABJHBAIOT W yJaJ40T 0CaJ0K, HAKOMHBUIHHACS B poTope.

Aas pasgeneHus 3MyJbCHH NPHUMEHAIOT CBEPXUEHTPH(YrH, OTAHYalOLHECs
f0J1e€ CI0MHBIM YCTPOHCTBOM BepXHEH 4acTH poTopa, YTO [03BOJSAET pasaebHo
OTBOJAUTbL PacCHOHBIIHECH MKHIAKOCTH.

16. Pacuer uentpudyr

B COOTBETCTBHH C OTMEUEHHBIMH BhIIe 0COGEHHOCTSIMH NPOLECCOB B LEHTPHPYrax TOUHBIE
pacuer HX 1IPOM3BOAHTENLHOCTH CVIIECTBEHHO CJQXKHee, YeM COOTBETCTBYIOULHN pacyeTr ajs oT-
CI0AHHKOB M GuabTpoB. Hike paccMOTpeHhl HEeKOTOpbIE yNpoLleHHbIe METOLbl pacuera NDOH3B0-
AMTEJLHOCTH LEHTPpHODYr 4 NpMBEJEHbI OOUIHE yKa3zaHHa no
pacdetry pacxojpa SHeprMH Ha LEHTpHYyruposanHe; Gonee
TOYHBIE METOJLl pacyeTa STHX annaparos 1auel B CHELHA]b-
HOJl AnTepaType (cM. chocky Ha ctp. 213).

Pacuer oTcrofinnx uewtpHgyr. Kak yxe ckasaHo
panee, HHIEKC IPOH3BOAHTEILHOCTH > (M%) Do BesiMUHHE
OTBedaeT IVIOWAJH OTCTOMHHKA, 9KBHBAJIEHTHOTO IO NPOM3-
BOMHTENBHOCTH lIeHTpHOpYTe. Hosromy, 3Has CKOPOCTb OcCaX-
JEHHS TBEPABIX UacTHL MNOJ lleHCTBHEM CHJIHl  THXKECTH
Woe (M/cerc), NPOH3BOAHTENBHOCTD OTCTOHHOR UEHTpHOYrH No
OCBeTVIEHHOH KHIKOCTH Qp (4®/cex) MOXKHO BhIDa3HTb pa-
BEHCTBOM

o Qr=wo3I (V.73

npudeM BeNHYHMY ¥ BaXOLST IO OAHOMY H3 NPUBEAEHHHX
BbIIE YPABHEHHH.

Hcnonbsys cooTHomenHe (V,72), JeACTBHTENbLHYIO npo-
H3BOLHTEILHOCTb HeHTPHDYru Qn ONpenessioT M3 DaBeHCTBa

o
Puc. V-36. K pacuery ¢puant- Qo= Lulr (V.74)
pyiomHx HEHTPHﬁ’)’ Henpe- Pacuer ¢GuALTPYIOWMHUX 1EHTPUDYr HenpepuiBHOro Jew-
pBIBHOTO J€HCTBHSA. cTBUst. PaccMoTpyM neHTpHYTY € HeNpephiBHOH BBIMpY3KOit

0Cajka, B KOTODOM Cpejsisi TOJUIHHA OCalKa hoe MOXeT
OhITb NPUHATA JOCTOAHHOR. YTpPOmWEHHBIH MeTOR pacueTa Takoll HeHTPHDYTH OCHOBAH Ha
NpPHMEHEeHHH ypaBHeHHs OHJILTPOBAHHSA TIpH  NOCTOSTHHEIX pa3sHOCTH LaBJIeHHH H CKOPOCTH
(V,34). Ilpunse B 5ToM ypaBHeHWH Rgpn = O M 3aMeHHB pasHOCTb Aasiesuil Ap Ha naBieHue
Py, 06ycioBaeHHoe jpeficTBHeM uempoéemﬂou CHJIBI, MOJYYUM

PuScp
— V.75
Q: W7 oFios (V,75)
rae Scp npeAcTaBisier co60H CPelHIOI0 MOBEPXHOCTL (H/ILTPOBAHHA, @
Vv
Q= = (V,76)

Has onpepenenus Qp no ypasHexuio (V,75) He0OGXOAHMO BLIYHCHHTb Py M fgc.

B cooTtsercTBHH ¢ pHC. V-36, Ha KOTOPOM CxeMaTHYHO NIOKasaHa 4aCTh KOJBIIEBOTO CJIOS
HHIKOCTH Ha NepHpepuH pOTOpa, 371eMEHTapHAs Macca dm MoMXeT OBITh BEHPAXKEHZ COOTHOWe-
HHEM

dm = pw2nrl dr . (V.77)

rie Px — NJAOTHOCTb JKHAKOCTH, K2/m3; r — nepeMeHHoe 3HaueHHe pajuyca, Mm; L - niHHa
LEeHTpHDYrH, M.

Vimes B Buny, uto G/g = m, H3 ypaBHenus (V, 62) c yuerom paseHcTBa (V,77) nojiyuum coot-
HOIIEHHE /IS 3JeMEeHTapHON HEHTpoﬁe}KHOH CHJIHI, JIeCTBYIOLCH HA CTEHKH pOTOpA, B BHAE

n2n?r
= 7 -7
dC = py2nrLdr 306 (V.78)

B ypasnennu (V,78) nponsesenenne 2nrL = S.
Orcrona

dC n2n? ‘

e = 9

S dpy = pPx 306 rdr (V.79)
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l'IpoHHTerpuposaB 3TO Bb]pa)KeHPIE ot 0 10 Py B OT rc 10 rp, HAXOIHM

..n2
J dpy = P —grp— 500 J rdr (V.,80)
:818:4
n2n2 2
u =P Tggo- (75— "e) (V.81)

TonmHHa ocajka MoXeT OBITb HalijleHa H3 COOTHOUIEHHS

rp,—Tre
hoc = _B.b_ (V.82)

rie BeJHUHHAa b umeeT A5 OnpejeseHHOd LEeHTPH(YId COOTBETCTBYIOUIEE 3HadedHe,
[Tocne noactaHoBKH B ypaBHeHHe QuabrpoBaHusa (V,75) 3HadeHHd p, ¥ Hoe H3 DABEHCTB
(V,81) u (V,82) onpegennm

Qr == bk8:pScp . (V.83

rie k= l/pr, — Be/iMYHHA, XapaKTepH3youlas YiaelbHoe CONMPOTHBJIEHHe ocakka, a Bep =
= Pxn?n’rcp/900 — BenMYMHA, NPONMOPLUHOHAJbHAA LEHTPOGEKHON CHiE, NMpHYeM

2 2
reo = r,—re _ ro+rc
p 2(rp—ro) 2

AHallorH9HO OTCTOHHEIM LeHTPHbYraM JefiCTBHTe IbHAS MPOH3BOAHTE]bHOCTb DHALTP YIOWHX
aeHTpudyr MoxeT OnTh Hafitena H3 cooTHoweHus (V,74).

Pacuer ¢HABTPyIOIHX UeHTPHdYr nepHopHuveckore HeicTsHa. JLis Takux UeHTpudyr
CYIIECTBYET ONTHMAIbHAS MPOJAIKUTENbHOCTb CTaAUH UEHTPHOYTHPOBAHHS, COOTBETCTBYKLAN
11an60J1bleH NMPOH3BOLHTEIbHOCTH LeHTpHOYrH. [IpakTvyeckuil cnoco6 onpegefeHus HauGoJb-
ejl JIpOH3BOJHTENBHOCTH LIEHTPHOYTH, NPHUMEHHMBIR .15 HECXKHMAeMBIX H CKHMaéMbiX 0CaLKOB,
COCTOHT B CJIEeAYIHOIIeM.

Bripasum yci0BHYIO CPELHIO0 NPOH3BOZHTENBHOCTh HeHTpubyry no dyrary 3a OAUH THKA
ee paGoTH Qycx (M*/cex) COOTHOWIEHHeM

Vi

— (V.84)
Tyt Tecn

chn ==

rae V, — ofbeM ¢yrata, NOJAYYEHHOTO 33 OIHH UMK/ IIEHTpubyrHpoBanus, x?; T, — npoao.-
KHTEJIbHOCTb CTaJlHH UEHTPHOYTHPOBAHHA, CeK; Tacy == Tor + Ta; Tor — [POLRODKHTENBHOCTH
¢TaflHu OTXKHUMa OCALKa, CeK; Ty — [POJOIKHTEILHOCTD CT2AHH BHIDY3KH 0CanKa, cek.

B nmanHoM caydae, Kak H 1A (HILTPOB NEPHORHYECKOro ACHCTBHA (cMm. crp. i93), aps
NOCTUSTHHOM 3Ha4Y€HHH Tpepn yMEHbUIEHHE Ty NPHBOJHT He TOJBKO K CHHMKEHHIO TOJILHHEL 0CajiKa,
YTO CONPOBOXKJAETCS NMOBBINEHHEM MPOHIBOIMTENLHOCTH LEHTPHPYrH, HO H K Gosiee qacToMy
NOBTOPEHHIO CTAajHH OTXKHMa M BHIFPY3KH 0Cajka, YTo ymeﬂbmaer [POH3BOAHTEIbHOCTD LIEHTPH-
dyra.

JLis HaxoXAEHHS ONTHMATbHOH NPOJLOJIKHTENLHOCTH CTalHH HEHTPHMOYTHPOBAHHA Tours
COOTBETCTRYIOmEH HauOosibwed NPOU3BOJAHTENLHOCTH LERTPHPYrH, npoasddepeHuUHpyem ypas-
nenne (V,84) no npoJOJIXKHTENBHOCTH CTajHH UEHTPHOYTHPOBAHHS M MEPBYI0 IPOH3BOLHYIO
npupasusem yyao. Orcioja nocie ne6odbmHx NpeoOpa3’oBaHHi NOJYYHM

dVl VOHT
= : V.85
dry Tont + Tecn ’ ¢ )
U3 conocraBaenus ypasHeuuii (V,84) u (V,85) caenyer, uto
dv
Qyen = —d'r: (V.86)

WanMH cloBamy, ONTHMadbHHA UMK/ UeHTPUQYTHPOBAHUS JOCTHTAETCS MPH TaKHX 3HAYEHHRAX
Vont U Tonr, KOTAa MTHOBEHHBI pacxol gyrata ¢V ,/dT, CTAHOBHTCA paBHLIM VCJIOBHOH cpeineif
NPOHU3BONHTEIbHOCTH UEHTPHPYTH Qycn; B STOT MOMEHT CTALHA LEHTPHQYrMPOBAHHA IOKHE
3aKaHYHBATHLCA.

Pasencreo (V,85) MokHO Hanucarb B BHJE

_ Vonr -
Tont = m — Taen (V.87)

Ins moGoro 3uavenus Vi, Brmouad Vong, oTHOWeHHe V,/(dV/d7,) npencrasnser coboii
HEKOTODYI0 (DHKTHBHYIO BETHYHHY, COOTBETCTBYIOILYI NPOACKHUTEILHOCTH CTaliHH LEHTPU(y-

8 A. T. KacaTknu



226 T'a. V. Pa3desensie HeoOHOPOOHbIX cucmem

PHpOBaHHs, HeOGXONUMOR Aad NoJyyeHua dyrarta B o6beme V, NPH MCHOBEHHOH CKOpOCTR LeH-
TpuYrHPOBaHHs B MOMeHT BpeMeHH Ty. O603HAUHB 3TY BeNHUHHY depe3 Ty, MOMHO HaIHCaTh

Ty == Tp — Teen (V,88)

Ha npaxTuke seludnna T MOXKET GHTh HalileRa JesleRHEM Bcero oObeMa ¢yrara, noJydes-
HOTO 32 BpeMs Ty, Ha MPHOBEHHYIO CKOPOCTbL HEHTPHGYTHPOBAHHA B MOMEHT BpeMEHH T,. Mruo-
BEHHVIO CKOPOCTb MOXHOC ONpee/HTh C JOCTaTOUHON A1 NpaKTHKH CTeNeHbIO TOYHOCTH, Nepelis
OT NPOH3BOJHOH K OTHOIEHHIO KOHEYHhIX NPHPAINEHHA H H3MeDHR Daj HeGobUIHX 0OBEMOB
yrara ¥ COOTBETCTBYIOLHX NIPOJGMKHTENLHOCTER HX NosydeHnd. Ecau Tenmepb B KOOpAHHATAX
Ty—(Tp — Tacy) HAMECTH SKCIIEPHMEHTAILHYIO KPHBYIO, TO Topy OYAET OTBeYaTh TOYKE, abCuMcca
H ODAHHATa KOTOPOH pAaBHHL.

Pacxon snepruu Ha ueHTpudyrupoBanwe. Tlpu pacyete YUMTHIBaeTCH pacxOl 3HeplHH

Ha BpailenHe poTopa (Coo6meHHe KHHETHIECKOH S3HEPrHHU KUAKOCTH, IPEOfo/IeHHe TPeHHsS poTopa

5 0 BO3AYX H B MOJWIMIHMUKAX), BHWIPY3KY OCaJKa H KOMITeHCallHIO

\ 7 noTepb B Nepejaye H 3/eKTPoABHraTesie, MoUHOCTb 3/1€KTPOABH-

ratens Josxua GuHTh Ha 10—20% Bbime pacyeTHoH, 4TO

06bscHseTCA HEOGXOJUMOCTbIO Npeoje/ieBaTh B HaYalbHEIf Mo-
MEHT HHEepUHOHHHE CHMJIN BceX BpailaloiUXCcs 4HacTed.

I'uapounknonsl. PasjeneHne xUAKUX HEOLHOPOA-

T} HBIX cHcTeM noj AelicTBHEM UEHTPOOEXKHBIX CHJ
b MOMXHO OCYECTBJATL He TOMIBKO B LEHTpHpyrax, HO
. M B anmnaparax, He UMeIOHNIUX BpAaIlatomiUXcsA 4Ya-
cTeh —rugpounukaonax. Kopnyc ruapo-
1HKJIoHA (puc. V-37) cocTouT U3 BepXHeH KOPOTKOH
LHAUMHApHYECKOH YacT [ M YJJIHHEHHOTO KOHHYe-
ckoro gHHma 2. CycreH3Hs nofaercsl TaHIeHIHaAbHO
yepes wWITynep 3 B IMJAHHApHUYECKYt0 yacTb [ Kopilyca

v npuobpeTaeT UHTEHCUBHOE BpauiaTesbHOE IBHXKe-
nve. Ilop peficTBHeM ueHTpoOOexHEX cull Haubogee
KpyIHble TBepJAble YacTHUR! epeMelatoTes K cTeHKam
annapara W KOHUEHTPHPYIOTCA BO BHEUIHHX CJOSIX
Bpamallerocsi [OTOKAa, 3daTeM OHH JBHXKYTCA [0
CTIHpaJbHOH TPAeKTOPHH BAOJIL CTEHOK MMAPOLHUKJIOHA
BHH3 K LITyUEePY 4, Yyepe3 KOTOPHLIH OTBOAATCA B BHAE
crymeHHoHd cycneHsud (uwiama). DBoOgablias gactb
XKHIKOCTH € cofgepXalquMHCA B HeH MeJKHMH TBEp-
IbIMH YacTHIAMH (OCBeTJIeHHasl XHIKOCTb) JBHXKeTCs

Puc. V-37. Tuapounkion:

1 — uusuuapHYecKas dacTb
KopRnyca; 2 — KOHHYecKoe
RHHLLE; 8 — wTyuep Ans
noaa4d CycneH3aud; 4 — WITy-
llep A BuBopa wWiama; 5§ ~—

BO BHyTPEHHEM CTHpPAJbHOM [OTOKE BBEpPX BJOJb OCH
annapara. OcgeT/leHHas MHAKOCTb, WJH CJIUB, yia-
JsieTca yepes3 narpy0oK §, yKpernJeHHLH Ha mnepero-
poike 6, U mtyuep 7. B nedcrBUTeNIBHOCTH KapTHHA
JIBHEHHSA [OTOKOB B FHIPOLHKJIOHE CJIOXKHee OIlH-

natpyG6ok; 6§ — fneperopoaka;
7 — wrygep AnA BBIBOAA

A CaHHOH, TaK KaK B afnapare BO3HHKAOT TakiKe pa-

AMajJbHBIE H 3aMKHyThle UHPKYJAUHOHHLIE TOKH.
Benencrsre 3HauyMTeJbHBIX OKPYIKHBIX CKOpOCTeil NOTOKA BOJb OCH IHApO-
IMKJIOHa 00pa3yerTcsl BO3LYyIUHBIH cTON6, naBjeHHEe B KOTOPOM HHXKe aTMO-
cdepnoro. Boapgymnoe sinpo orpaHuyuBaeT ¢ BAYTpeHHEH CTOPOHBI IIOTOK BOC-
XOAAIWMX MeJKHUX YacTHl H OKa3blBaeT 3HAYUTENbHOE BJIHAHHE Ha pasiensio-
miee aeicTsue CUIPOLUKIIOHOB, :

I'HApOUMK/IOHB! LIHPOKO MpHMEHSIOTCS /ISl OCBETJEHHS WJH oboralleHHs
cycneHszuil (crymieHde [IJIAMOB), 4 TakxXe MIA KjaaccHHKauuu (pasgenenude
MarepvaJ/oB Ha QpakuuH Mo pa3MepaM 3epeH) TBepAblX 4YacTHL, AHAMETPOM OT
5 no 150 mxm, ‘

Yem MeHbllle fHaMeTp FHAPOUMKIIOHA, TeM GoJblile pa3BHBaeMble B HEM LIEH-
TDOGEKHbIE CHJIBI H, CJEeJOBaTeNbHO, TEM MEHbIE pasMep OTAEAAeMblX YAaCTHL.
Ilpumensemble B KadecTBe KJacCHQUKATOPOB PMAPOUMKIIOHBI HMEIOT IHAMETP
300—350 mm u BbicoTy 1-—1,2 . Ins crymenus cycHeH3HH ycreuiHo HCnoJib-
8yioTCA THAPOIHKAOHK gHaMeTpoM 100 mu n meHee. [11s1 cryllleHHs1 M oCBeTJle-
HUA TOHKHX CYCMeH3WH NpPHMEHSIOT TMApOUUKAOHB nuamerpom 10—15 mam.
O6LIYHO THAPOUHKJIOHB MaJoro auameTpa oOBefHHAIOT B OGUIMH arperar,
B KOTOPOM OHH paboTaloT napajje/]pHO0~—~ MY JbTHT HA PO H KJ OHBH.
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YeTpoficTBO  MYJBTHEMJDOUMK/IOHOB aHAJOrHYHO YCTPOHCTBY GatapeldHblX
IHMKJOHOB AJA OUHCTKH 3anblieHHHX ra3os (cMm. crp. 231). Xopoulee pa3jene-
HHe cycHeH3Hi, ocofeHHO B Ipoiecce CrylmleHUs H OCBeTJEHHs, JOCTHraeTcs
B clydyae, KOUAa I'HMAPOUHKJIOHBI HMEIOT yAJHHEHHYI0 GOpMy € yrjoM KOHyC-
noctu 15° u naxe 10°. [Ipu Takoii hopme Kopryca yAIHHAETCA NyTb TBEpAbX
YacTHll, yBeJHYHBaeTcsA Bpems NpeGbiBaHUA HX B anmapare H, TakuM o6pasoM,
noBbilIaeTcs 3pHeKTHBHOCTL pa3/iesIeHHU.
[TpOH3BOAHTENBHOCTD THAPOUHKIOHOB Q (#%/4) npubauKeHHO MOXeT GbiTh
paccuyxdTaHa [C ypaBHEHHIO
Q== 319%c,DV Ap (v.89)
rie den — LUaMeTp CJIHBHOTO narpytka, w; D —nuamerp HHJIHHADHYECKOHR YacTH IIHKJIOHA,
m; Ap — nepenaj pasjieHHii B rUAPOUHKJIOHE, H/M2.

[ocToMHCTBAa THAPOIMK/IOHOB: BLICOKAs MPOH3BOAUTENbHOCTb, OTCYTCTBHE
B HHX JBHXKYILMXCA 4acTedl, KOMIAKTHOCTb, MPOCTOTA U JerkocTb 06CHyKHBa-
HHS, OTHOCHTENbHO HeOOJIblIAA CTOMMOCTD, d@ TaKke IIHPOKas 06JacTbh npHMe-
HeHHA (cryllieHde, ocBeTJIeHHe H KaaccHpHKauus). [HapOouUK/IOHBI, HCIOIb-
3yeMble B KauecTBe KJaCCHOUKATOpoB, 06eCleYnBaIOT TO XKe KayecTBO pasJiese-
HMSA, 4TO U MeXaHHYecKHe KJjacCHPHUKATopbl (cTp. 708), HO HMeOT GOJBHUIYIO
npousBogHuTenbHocTb. Kpome Toro, B ruApOUHKIOHaX MOXeT GHITL JOCTHFHYTA
6osiee TOHKaA cemapaudsa ¢ 60/bed MJOTHOCTbIO CAMBa H 6e3 YKpYMHEHHs
(PIOKYAALUHH) MEAKHX YacTHu.

OpgHako B 'HApPOLHKIOHAX MDOHCXOLHT CpPaBHHUTENbHO OLICTPHIH H3HOC OT-
Ae/bHBX yacTeH, ocobeHHO Kopryca. [LJs yMeHbIUeHHs] H3HOCA THAPOIMKJIOHH
4acTO H3rOTaBJHBAIOT CO CMEHHOH (yTepoOBKOK M3 H3HOCOCTOHKHX MaTepHaJsoB
(pe3uHbl, tenHanbLHOR KepaMHKH, MJIacTMace, MeTajlJMYeCKHX CIJIABOB H Jp.).

PA3JEJIEHUE TA30BbIX CHCTEM
(OYHUCTKA T'A30B)

17. O6ue cBeleHHS

[TpoMbilileHHas OYHCTKA Fa30B OT B3BEeLIeHHbIX B HUX TBEPAbIX HJIH XKHIKHX
YaCTHI MPOBORUTCA A1A yMEHbUIEHUA 3arpsisHEeHHOCTH BO31yXa, Y/aBJHWBaHHSA
U3 rasa HeHHbIX MPOAYKTOB HJH yAaJeHHS W3 Hero BpegHbIX mpumecel, OTPH-
uaTeJbHO BJIHAIOMIMX Ha Nocaenyouyio o6paboTKy rasa, a Takxe pas3pyliaio-
HIMX afmaparypy.

Ouncrka OTXOAfAMX NMPOMBIIJIEHHBIX Fa30B sipJjsieTcs OJHOH M3 BaXKHHIX
TEXHOJIOTHYECKHX 3a7a4 OOJNbIIMHCTBA XUMHUYECKMX MpoH3sojacTs. [losTomy
pasje/ieHHe ra3soBblX HEOLHODOAHLIX CHCTeM OTHOCHTCA K 4YHCJY LUMPOKO pac-
HpOCTpaHEeHHBIX OCHOBHBLIX [POLECCOB XHMHYECKOH TEXHOJOrHH,

B npombiuleHHBIX yCAOBHAX MblAb MOXeT 06pa3oBHBATbCA B pe3yJpTare
MEeXaHHYeCKOro H3MeJbYeHHA TBepAbX TeJ (IpH ApobleHuH, UCTHpaHHH, pas-
MaJ/biBaHHH, TPAHCIIOPTUPOBKE H T. X.), [IPH FOPEHHH TOMJIHBA (30JBHHIH OCTa-
TOK), HpH KOHjJeHCanHy Napos, a TAKXKe NPH XUMUYECKOM B3aHMMOJIEHCTBHH ra-
308, COMpoBoOXawmeMcs 06pa3oBaHHeM TBepaoro npoaykTa. Ionyuaemas B Ta-
KHX [Mpoueccax NbUb COCTOMT W3 TBepABIX YacTHU pasMepaMu 3—70 MKM
(opuentupoBouno). B3Becu, oGpasylomuecs B pesysbTaTe KOHJEHCAUKH NapoB
(HedTsAHBIE ABIMBI, TyMaHBl CMOJ, CEPHOH KHCJIOTH M Ap.), Yalle BCEro COCTOAT
U3 oYeHb MeJKHX yacTHll pasmepamu or 0,001 mo 1 mxm.

Paanngalor ciepyioiiie cnocobbl OYHCTKH rasoB:

1) ocaxpenHe mop AeficTBHEM CHJ TSIKeCTH (rpaBUTalMOHHAas OYHCTKa);

2) ocaxpeHHue MOL AEHCTBHEM MHEPLUHOHHBIX, B YAaCTHOCTH UEHTPOOEKHBIX
CHI;

3) ¢uabTpoBanue;

4) MoKpas OYHCTKE,

5) ocaxpeHue moj MeHCTBUEM 3JEKTPOCTATHYECKHX CHJI (3J1eprqucxaﬂ
OYHCTKA).
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Ha npakrtuke TpeGyemas cTerneHL OYMCTKH rasa He Bcerja MoxeT GHIThL JoO-
CTUTHYT@ B OJHOM ra3004HCTHTeJbHOM anmnaparte. [losToMy B psje caydaes
NPUMEHHAIOT ABYXCTYIIEHYaThle  MHOrOCTyleHYaThie YCTAHOBKH, BKJOYaoliHe
anflapaTsl OJJHOTO H TOrO XK€ UJIM Pa3HBIX THUIOB.

Crenenb ouncTkH (B %) rasa 1 onpejensieTcs CaenytouMm oGpasom:

- G,—G

n= 2.1009 = Vixy — Vaxy

-1009% V.90
G] lel 100 70 ( )

rie G; u G, — Macca B3BeUIEHHHX YaCTHL B HCXOIHOM (3arpsi3HEHHOM) H OYHILIEHHOM rase,
xelu; V) u V, — o6beMubifi pacxojl HCXOIHOFO U QUHINE HHOTO [a3d, NPHBENEHHOTO K HOPMATBHLM
yenosusaiM, m3/4; xy B X, — KOHHNEHTpaUHA B3BEWEHHHWX YacTHU B 3aMLUIEHHOM H OYHILEHHOM
rase, IpMBEJICHHOM K HOPMAJIbHEIM YCJAOBHAM, Ka/m3,

18. I'paBHTalHOHHAs® OYHCTKA rasoB

Orcrausanue TBepAblX YaCTHIL B ra30BOii cpene MOAYMHAETCHA MPUHIMITHAb-

HO TeM e 3aKOHOMEPHOCTAM, YTO H OCaKJeHHe HX MO/, AefiCTBHEM CHJl TAKECTH
B Kae/bHOM KuakocTH. Kak cnenyer us ypasuenus (I1,116), ckopocrs oreranu-
' BAaHHA [IPOINOPUHOHAJBHA,

[pH NPOYHX PABHBIX YCJHOBH-
AX, Pa3HOCTH [JOTHoCTeil
YaCTHL P, M rasa p.. YuH-
TBIBasl, YTO P, HA HECKOJIDbKO
4 . TOpAJKOB MEHblIe IJOTHO-
/ CTH KaleJbHOH KHIKOCTH
Ox, MOXHO 33KJIOYHUTh, 49TO

CKOPOCTb  OYHCTKH [as3oB

B ToJle CHJ THxKecTH Oyzer

Puc. V-38. Iluneocazutensuas kamepa: 3HAYHTEJbHO BbBIlIE CKOPO-
CTH OTCTAauBaHHUA B Kanejab-

J ~— KaMepa; 2 — ropuaoHTaJibHbe TlePeropoAaKH (NOAKH)
§ = oTpaxkaTeJbHas LePperopofka; 4 = ABepUH. HO-2KHAKHX cpenax. He-

CMOTpAA HA 3TO, OYHCTKA
rasa OTCTauBAaHHeM sIBJAETCHA OTHOCHTENbHO Maso3(PeKTHBHLIM T1POLECCOM,
TaK Kak JeHCTBYouiHe CHJbLl B 13aHHOM Clyuae HeBeJMKH CPaBHHTENbHO C 11eHT-
POGEXHBLIMH U APYTHMHU CHJIAMH, UCIOJb3YeMbIMH /s TOM Xe LeaH (CM. HUXKE).

IIbineocanntenbHble kamepbl. OUuucTKY rasos OT NBUIH N0 JeHCTBHEM CHJ
TSAXKECTH NPOH3BOAAT B NblJIEOCafHTENbHEX KamepaXx (puc. V-38). 3anniieHHBIH
ra3 nocrynaer B Kamepy [/, BHYTPH KOTOPOH yCTAHOBJEHLl FOPH3OHTa/JbHbE
neperopoikH (nojku) 2. UacTHuUb! NbIH OcepaloT W3 rasa MpH ero NBHMKEHHH
MEXNy MOJKaMH, PACCTOAHHE MEXKAY KOTOpLIMH o6biuHo coctasader 0,1—0,4 .
Ilpu Takol HeGobLIOH BHICOTE KAaHANOB MeXIy MOJKAMH yMeHbIIAeTcs myThb
OCaXJAIUHXCcA YacTHU TbWIH. BMecte ¢ TeM Ha/nuuue NOJOK MO3BOJseT yBe-
JHYHTL 3DPEKTHBHYIO TOBEPXHOCTb OCAXAEHWs UYacTHI. Y MeHblieHHe NYTH
YacTUL H yBeJHYeHHEe MOBEDPXHOCTH OCaXKAeHHUs CNocOBCTBYIOT yMEeHbUIEHHID
BpeMeHH OCaXKIEHHS M, C/eJ0BaTesbHO, NMOBBILEHHIO CTENIEHU OUUCTKH rasa H
[IPOH3BOAUTENBbHOCTH Kamepbl. OJHAK0O CKOpOCTh MOTOKA ra3a B Kamepe orpa-
HHYeHa TeM, YTO YACTHUB! NbIJIH JOMKHBl YCIIETh OCECTh J0 TOr0, Kak OHH 6y AyT
BhHIHECEHB! [TOTOKOM rasa M3 Kamephl. :

las, npolaa moaxku, orubaeT BepTHRANbHYI0 OTpa)kaTelbHYyI0 Nepero-
PolKy 3 (Npu 3TOM W3 HETO Oca’kaaeTcs Moy AeHCTBHEM CHJ HHEpIHH. JOTIOJ]HH-
T€1bHO HEKOTOPOE KOJHYECTBO MbUIH) U yaajgdeTcad H3 Kamepbl. OpHoBpeMeHHO
OTpar)caTesibHasl neperopojka crnocobersyeT Goslee PaBHOMEPHOMY pacilipejele-
HUIO 1a3a MeJly rOpU3OHTAJbHBIMH MOJIKAMH KaMmepel, TaK Kak B 3TOM cjyyae
THAPaBJHYECKOE COIMPOTHBJIEHHE KaHAJ0B MeXJAy HHMH OfMHAKOBO. [lblab,
oceBllas Ha MOJKaX, MePHOAHYECKH yHaJsAeTcs ¢ HUX BpYYHYIO ClIenHabHBIMH
cKkpeGkamH uepe3 apeplbl 4 B GOKOBOH CTEHKE WM cMblBaeTcs BogoH. [asa He-
NPEPLIBHON OUHCTKH ra3a oT NbIY KaMepy AeJT Ha Ba CAMOCTOATe/bHbIX OThe-
JIEHHs HJIH YCT&HAaB.UIBAIOT JABE NapaJae]bHo paboraoniHe Kamephl, B oaHoM
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orjeJeHHH (MM B OXHOH KaMepe) POU3BOAHTCS OYHCTKA rasa, B 3TO Ke BpeMs
Ipyroe oTpejeHde (Kamepa) OUHILAETCA OT OCeBIled B HeM [IbLJIH.

Pacyer pa6oyell noBEpXHOCTH MLLTEOTCTOHHBIX Kamep aHajOrHyeH pacyery
OTCTOHHHKOB JJISl #HJAKOCTH (CM. cTp. 183), ¢ TeM OT/IMYHeM, YTO HPU OYUCTKE
ra3os B GOJILLUMHCTBE CJyYaeB MOXKHO [PHUHATD X, = 1.

[Ton peficTBHEM CHJIBI TSKECTH yJaercs JOCTaTOYHO MOJIHO BhIJEAHTEL U3 rasa
JIHILDb KPYMHble 4acTHUH nbl1H. [TosToMy nblieocaguTesbHble KaMepbl HCMOMb-
3ylOT TOJBKO A/ NpeABapHTe]bHOH, IpY6OH O4YHMCTKH rasos, COAepXKalux
YacTHUHI NEVIH OTHOCHTeJbHO GOABIHX pa3mepoB (>>100 mxm). CreneHb ouu-
CTKH r'a3a OT NIBIIH B 3THX anmnaparax o6biyHo He npesoiiuaeT 30—40%. B Ha-
cTosilliEe BpeMs MNblJeocagHTebHbIE KaMephl BBHAY HX GOJbIIOH rpOMO3JKOCTH
H CpaBHHTeJbHO MaJoll 3(deKTHBHOCTH BBITECHAIOTCS ApYTHMH ammapaTaMH,
B KOTOPHIX NPHMEHSIOTCS OoJsiee COBepileHHble Crocolbl OYHCTKH rasa.

19. OuncTka ras3oB noj nefAcTBHeM HHepPUHOHHBIX
H UeHTPoGexHBIX CHA

Huepunonnnie nowieynosurend. [eficTsue mbljaeyjoBuTeNedl TaKoro Tumna
OCHOBAHO Ha HCMOJb30BAHHH HHEPUHOHHEIX CHJ, BO3HHKAIOMHX JIpH pPE3KOM
H3MeHEHHH HamnpasJleHHA ra3oBoro MOTOKa, KOTOpOe COHpPOBOXA4eTcA 3HauH-
TeJIbHBIM YMEHBILEHHEM ero CKOPOCTH. Y cTaHaB/HBas Ha NyTH ABHMKEHHA 3allbi-
JIeHHOrO ra3a (Hanpumep, B ra3oxojie) OTpakaTesbHble IeperopoiK: HJU IpH-
MeHsifi KOJeHYyaTele ra3oXojbl, H3MEHAIOT HalpaBJeHHe JBHXKeHHA rasa Ha 90
uan 180°. Tlpu 3ToM yacTHUH MbIJIH, CTPeMsiChb COXPAHUTL HampasJeHHe CBOEro
[epBOHaya/JbHOrO0 ABHXEHHA, yAaasioTcs M3 nortoka. Jas addeKTHBHOro
y/naBJHBAaHHA MbUIH CKOPOCTh [OTOKa ras3a [epej MEpEropoiKaMH JOJKHA
cocTaBnATH He MeHee 5—15 m/cek.

anw3udHbi ODHJAEeyJ0BHTEeADb (puc. V-39) cocroutr H3
cobcTBEeHHO HHEPLUHOHHOIO NepBHYHOrO MbljeyoBUTeAs! [ H BTOPHYHOIO MblJe-
yJOBHTeNA ~—— IUKJIOHA 2. 3anblIEHHLH ra3 MocTyHaer B TblieyJaoBHTeNb 1,
KaM03H 3 KOTOPOro npejcras/sior cofoll HaGop HAKJIOHHBIX KoJjell, yCTaHOB-
JIEHHBIX C 3230pOM 2-—3 MM M HEMHOrO MepeKphiBaloWKX Apyr gpyra. )Kamosu
HMeIOT KOHHYECKYIO (popMy /5 TOro, 4ToObl CKOPOCTh ra3a B pa3J/HYHbIX Mome-
peyHbIX CeYeHHMAX amnapara ocTaBajach NPHMEPHO [OCTOAHHOMH.

YacTunn nbiiM, yAapsAsch 0 KoJblia XaJjio3H, oT6packiBalOTCs K OCH KOHyca, -
a ocsoboxpaembl OT Haubojlee KPYNHBIX YACTHN MbIM a3 MPOXOJHT 4Yepes
3a30pH B KOHYce€ H ypajserca 4yepe3 nmatpy6oxk 4. Hebosbinas 4acTh rasa
(npumepHo 10%), B KOTOpOH KOHUEHTPHpyeTCHA OCHOBHAsA Macca YacTHll, {10-
cTynaeT B LHKJOH 2, rjie noj AeHcTBHEM UEHTPOGeXHEIX CHJ OcBoOOMKaaeTcs
OT OCHOBHOH Macchl MIbIM W BO3BpAalllaeTcA HAa ZOOYHCTKY B NEePBUYHBLIH XKa.llo-
3URHBA nblleyioBHTeb. IlblIb ypansercsi M3 uMKJIoOHA 4yepes naTpyGok 5.
JKanosuiiHble MbIeYJOBHTENH MOFYT YCTaHABJAHBATbLCSA B [OPH3OHTAJNbHHIX
H BepTHKaJbHbIX ra30MpoOBOjJax. '

HHepuroHHble Nbley/10BHTENH OTJHYAIOTCS MPOCTOTOR yCTpOHCTBA, KOM-
TaKTHOCTbIO H HE HMEIOT JBHXKYIIHXCA 4acTed, OfHAKO B HHX JOCTHraercs
HeBBICOKAsi CTeleHb OYHCTKM (npumepHo 60%) mbtiu (pasmep ypajsieMblx
yacTuy Gosee 25 mxm). K HemocTaTkam MHEPIHOHHLIX MblJeyJ/OBUTE el OTHO-
cATCA TaKXKe CpaBHHUTeJbHO GOJbllOe IHApaBJHYECKOe COMPOTUB/AeHUe, ObiCT-
pulit M3HOC U 3abuBaHHE MeperopojoK.

LlukaoH xoHCTPyKiMH HayuHo-HcclegoBaTe1bcKOro HHCTUTYTA MO CaHU-
TapHOH M npombiieHHol oudcTke raszos (HHMHOras) cocrout (puc. V-40) us
BEPTHKAJIbHOTO LHJIHHAPHYECKOro Kopriyca / ¢ KOHHYecKUM AHUIeM 2 U Kpblli-
Ko# 3. 3anbileHHBIH ra3 MOCTy MaeT TaHreHUHAAbHO CO 3HAYHTENbHO! CKOPOCThIO
(20—30 m/cex) uepes maTpyOok 4 MPSIMOYrOJNbHOIO CEUEHHs] B BEPXHIOIO YacCTb
Koprnyca uuKJIoHa. B Kopnyce MOTOK 3amblJleHHOrO rasa ABHXKeTCSl BHU3 IO
CMHpaJH BIOJb BHYTPEHHE! MOBEPXHOCTH CTeHOK LHKAoHA. IIpu Takom Bpama-
TeJBHOM JBHXKEHHH YACTHIB! NBIIH, KaK GoJee Tskesble, NEpeMelialoTcs B Ha-
npasJeHHll IeHCTBUA UEHTPOOEKHOH CHJbL GhICTpee, yem YacTHUBL ra2a, KOH-
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LEHTPHPYIOTCA B CJOSIX asa, NpMMBIKAIONIMX K CTEHKAaM annapara, U nepeHo-
CATCA TMOTOKOM B nuliecGOpHHK 5, 3jech Nbljib ocejaer, a OYHUIEHHBIH ras,
NpOJOJKaA BpallaTbCa NO ClHpaJdy, NOAHUMAETCH K BepXy H yJjajsercs yepes
BbIXJONHYI0O Tpyby 6.

JlBHKeHHe 4acTHI NBH B UHKJIOHE 06YCAOBAECHO B OCHOBHOM Bpallarelb-
HbBIM JBHXEHHEM [TOTOKAa ra3a Mo HaMpapJeHHUI0 K NblIeC6opHHKY (BAHSHHUE CHA
TSXKecTH YaCTHI HMeeT B JAaHHOM cjyyae 3HAYUTeJbHO MeHblllee 3HayeHue),
TlosToMy HHKJOHB MOXHO YCTAHABJAUBATbL HE TOJBKO BEPTHKaJbLHO, HO TaKXKe
HaKJOHHO HJH FOPH30HTAJLHO.

CreneHb OYUCTKH ra3a B LIMKJIOHe 3aBHCHT He TOJbKO OT pa3sMepon OTjelsie-
MBIX YacTHL M CKOPOCTH BPaUIEHHS [a30BOrO [OTOKa, HO OT KOHQHIypauuH
OCHOBHBLIX 3JI€MEHTOB M COOTHOIUEHHS TEOMETPHYeCKHX pa3MepoB IHK/OHA,
Kpome nuknonos HWMMOras cyumecrsyer 6osb-
uloe 4HC/J0 pa3sHOBHAHOCTEH LHKJOHOB, B KOTO-
pblX MOBbIIIEHHEe CTeNeHH OYUCTKH JOCTUraercs
338 CYeT YC/NOXHEHHA KOHCTPYKIHH H COOTBET-

AN
)
7 \\,
— -
JFansinenmsil
2a3
Puc. V-39. HuepuuoHHbH KaJIO3MAHLIA Mkl Puc. V-40. Uukiaou koH-
JIey 10BHTeJb: ctpykuun HUHOras;
1 — NepBHYHH XKaNOIHAHHHA NBIeYJAOBHTEND; 2 — 1 — kopnye; 2 — KOHuYe-
UHHJOH, 3 — Mallo3H; 4 -—— narpy6OK AJa O4HULeH- ckoe aHHue; & — Kpmu-
HOr'O rasa; § — OHJIeoTBOASIMHEA DaTpyGoOK. Ka; 4 — BXOAHOR natpy-

6ok; & — nnJaecGOPHYK;
6 == pHXJionHasas TpyGa.

CTBEHHO — ITOBLILIEHHs] FHAPABJIHYECKOr'0 CONpOTHRIEH A annapara. [Tostomy
151 OYMCTKH MPOMBIILJIEHHBIX ra3os HanGoJjee UIMPOKO NPHMEHSIOTCA IMK-
JoHb KOHCTpykuHH HHWMOras. Oanako gjs O4BCTKH BEHTHJSIHOHHOIO BO3-
AyXa 4acTO HCHOJbL3yioT Gosiee MpocThie 110 KOHCTPYKLHH, HO MeHee sbhdek-
THBHBIE UMKJIOHL!, yCTPOACTBO KOTOPBIX ONUCAHO B ClelHaNbHOR JHTeparype *,

B uukaonax HWMMOras ¢ auamerpom xopnyca or 100 no 1000 mu creneHb
OYHCTKH ras3oB OT NblIH coctasiser 30—85% (ansA yacTuu AHAMETPOM 5 MKM)
H C yBeJHdyeHHeM juaMeTpa yacTul mnoswbllaercs go 70—95% (ans gacrun
auametrpom 10 mxm) v panee po 95—99% (ana uacTHu nuamerpom 20 mxa).
Ilpu 3ToM conep:kaHHe NbIIH B OYULIAEMOM rase He JOJIXKHO npesplliats 0,2—
0,4 kz/m®. JIvwb aas1 uMxJoHoB AuamerpoM 2000—3000 mm pomyckaercs ype-
JIMUCHHe HayalbHOM KOHIEHTpauHH MhiJH B rase jo 3—6 xz/m®. TeoperHueckui
pacyer IXHKJIOHOB BecbMa choxeH. I105TOMY HX pPacCYUTHIBAIOT YNPOLIEHHO MO
TUAPaB/IHUECKOMY CONpPOTHBJEHHIO anmapata Ap (r/m?).

(DHKTHBHAA CKOPOCTb QUHINAEMOro I'asa (B #/cex) B UMIMHADHYECKOH Y4CTH LHUKJIOHA MOMKET
OHTbL onpejedeHa mo dopmyne
2Ap
&Y

Wy =

(v.91)

rIe p — OJOTHOCTH rasa, Ka/m3.

*¥Yxore B. H. Bops6a ¢ nuibio B npoMHutienHoctd. M., Tocxumusnar, 1962, 183 c.
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LOnas wHpoKo pacnpocTpaHedHblx nHkJoHos HHMHOras ortsowenue Ap/p pasuo 500-—
750 m2/cex?®. 3nauenne KO3QPHUHEHTA THAPABIHUECKOTO CONPOTHBJIEHHS §;, OTHECEHHOTO K Wi,
MPHHUMAIOT, COrJIaCHO ONGITHHIM JAHHGIM, FOC/e Yero onpefeqsior LHamerp D uMJIHHAPHYecKod
YacTH UMKJIOHa nmo ypasHeHuto pacxoga (I1,110). OcraibHbie pasmepnt afnapara Haxo4aT mo
3Hayenuo D.

CreneHb OUHCTKH Fa30B ONPeLEIAIOT 10 HOpMaAsM X HOMOTpaMMaM, COCTAB-

JIEHHEIM HA OCHOBE ONLITHBIX NAHHBIX, B 3aBUCHUMOCTH OT (paKIHOHHOrO COCTaBa
NELIH U €e MJIOTHOCTH, HayaJ/lbHOH 3aNbIIEHHOCTH Ia30B, ONYyCcKaeMoro r'Hjpas-
JIMYECKOTO COMPOTUBJEHHS H T. IL.
* llugJjoHBl M3 YyrJEpORMCTOH cTaju (HOpMAasH-
30BaHHbIE) MPUMEHSIOTCA [/ OYHCTKH Tra3os,
UMeWUX Temnepatypy He Gosee 673 °K (400 °C).
[a3bl ¢ GoJlee BHICOKHMH TeMIepaTypaMH OYHILAOT .
B HUKJOHAaX, H3TOTOBJEHHBIX H3 KAapOMPOUHBIX
MaTepyaJsioB; B 3THX cjyuyasX KOpnyc HHKJIOHA
4acTo (QyTEpYOT H3HYTPH TEPMOCTOHKMMH MaTe-
pHalaMH (IIAMOTHBIM KHDIHYOM, OTHEYIOPHBIMH
niauTgaM u gp.). Haubosee nuakas remnepatypa
rasos, MOCTYNAawOUWKX Ha OYHCTKY B LIHKJIOH,
ROJKHA ObITh. He MeHee ueM Ha 15—20 °C Bbiue
HX TOUKH POCBI, 9TOGbl He IIPOHCXOAHJH KOHLEH-
caflUsi napoB BJard M obpasopaHHe Ijlama, 4To
BBI3BIBAET pe3Koe yXYyMIIEHHEe OYHCTKH.

CreneHb OYHCTKHM rasa B HHKJIOHAX 3aBHCHT OT |
3HaueHUs ¢akTopa pasgeneHus K, = w?/rg (cm. 7
cTp. 214). K3 s3toro BbipaKeHusi BHAHO, 4TO '
CTElIEHb OUYHCTKH ra3a B HHUKJOHAX MOXET ObITh
noseliieHa 460 InyTeM yMeHbUIEHHS pajpHyca
BpalleHHsa MOTOKa 3anbUIEHHOrO rasa, JHOG0 nyTeM ]
yBeHYeHHsT CKOpocTH rasa. OnHaKo MOBBIUEHHE
CKOpDOCTH Ta3a Bb3blBaeT 3HA4YHTeJbHOE BO3pacra- 0 47
HHE THIPAaBJIHYECKOTO CONPOTHBJAEHHS HUKJOHA H 5
yBejigyeHHe TYpOYJEHTHOCTH Tra3oBOTO MOTOKa, DD DD
yXyawawmuef OYHCTKY rasza OT [BIH. ¥ MeHblie- DD DD
HHe pajiiyca HUKJOHA NPUBORUT K CHHUMKEHHIO €ro DD ® DB
npou3BoAHTeIbHOCTH, [103TOMY YaCTO AAA OUHCTKH : @@ @09
GONBIIKX KOJNHUECTB 3alBLIEHHBIX Ta3oB BMeECTO s

Puc. V-41. Barapefiusifi UMK-

HUKJAOHA OOJBUIOr0 [HaMeTpa I[IPHUMEHSOT He-

CKOJILKO [ HKJCHHBIX 3JIEMEHTOB 3HAYHTEJbHO
MEHbLIero juaMerpa (MHX MOHTHDYIOT B OJHOM
Kopnyce). Takue HHKJIOHBI Ha3blBawTcs 6aTa -
PeHHBIMHU LHUKJIOHAMH, HIH MYJdb-

JIOH:

] — kopnyc uuksioga; 2 — BX0A-
HOl naTpyGok; 3 — rasopacnpe-
AefidTesbuan Kamepa; 4 — TpyG-
Hble peUIeTKH; J — WHKJIOHHble
9JIeMeHThl; 6 — BBHIXOLHON MaTpy-

THUOLHKJOHAaMHU.

Ha puc. V-41 nokasan 6aTapel HE#
ILHKJ OH, COCTOSUIMH U3 NapaJe]bHo pabo-
TAOUIHX HUKJOHHBIX 3/1eMEHTOB, CMOHTHPOBAHHbLIX B obuiem Kopuyce /. 3ansl-
JIeHHBIH Ta3 yepe3 BXOAHOH narpyboK 2 nmonajaeT B ra3opaclipefeHTelbHYI0
KamMepy 3, orpaHH4eHHYy0 TPYOHBIMH pelleTKaMH 4, B KOTODBIX e€pPMETHUYHO
3aKpemnJeHsl HHKJIOHHEIE s/7emenTel 5. [a3 paBHOMepHO pacmpejensiercs mo
OTHEJBHEIM 3J1€MEeHTaM, HeHCTBHE KOTOPBIX OCHOBAHO Ha TOM XKe IpHHILHIE,
4yTO # pabora OGBIYHBIX HUKJOHOB. OUHILEHHbIH ra3 BBIXOLHT H3 3/EMEHTOB
B o0y KaMmepy M ygnansercs yepe3d natpy6bok 6. I1elib cobupaercs B KOHH-
yeckoM pHume (6yHkepe) 7.

YcTpOicTBO HUKJIOHHBIX 3/1eMEHTOB [IOKa3aHo Ha pHuc. V-42. ['a3 nocrynaer
B 3/eMEHTHl H€ TaHTeHHHAa/JbHO, @ CBEPXY uYepe3 KOJbLEeBOe [1POCTPAHCTBO
MeXAv KopnycoM | ¥ BLIXJIONHOHA TPpyooH 2. B Ko/bieBoM 3a30pe yCTaHOBJIEHO
SaKpYyYMBaIee JIOMACcTHOE YCTPOHCTBO 3 B BHAE «BUHTa» (puc. V-42, a),
HMEIOIErO JBE JIONACTH, HAKJIOHEHHbIE NOL YIVMoM 25°, HAH «PO3ETKH»

6OK AJIA OYHILEHHOro rasa; 7 -
KOHHUYeCcKOe gHHmeEe (6YHKep).
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(puc. V-42, 6) c BoceMblo onaTKaMH, pacnosoKeHHslMH o yriaom 25 niau 30°,
Ilpu momouil Takoro yerpoiicTsa ofeciiednBaeTcs BpallleHHe ra3oBOro MOTOKa.
Ibi1b M3 3:1€MeHTA CChINAETCH uepes NbLIeOTBOAAIHN HaTpyGoK 4 B oblulyio
NbeL1eCOOPHYIO KaMepy amnmnapara.

Mmeercs ps11 KoHCTpyKIMA GaTapeiiHblX IHKJIOHOB, OTIHYaIoWHXcs hopMofi
KOpIyca 2/eMEeHTOB (HalipHMep, C 3/]1eMeHTAMH IIMJIMHAPHUECKOH (OpPMBI), HX
pacnoJ/iokeHdeM B TPOCTPAHCTBE (TOPH3CHTAJbHbLIE 3JeMeHThl) H criocobamu
COQOIIeHHA Ta3y BpAlIATeJNbHOTO [ABMXKEHHUsl. Tak, B MpAMOTOUYH bt X
OaTapedHB X LUKNOHAX (pHC V-43) yacTHuel NbLIH OTOpachl-
BAOTCA C  MOMOUIBIO  3aKPYYHBAIOLIETO
yCcTpoficTea ], pacnoJIOXKEHHOro 1o OcH
BXOJHOH TpyOpt 2, K €€ BHYTpeHHeH mo-
BEePXHOCTH H yzaqafIoTcs BMECTe ¢ HebOoMb-
woH yzcreo rasa (5—10%) uepe3 KoJb-
ueBylo imedes 8 B nol.iecOOpHYIO Kamepy,
a OUHLIeHHBHIH ra3 BBHIBOIHTCS UYe€pes Bbl-
xJonuyio Tpy6y 4. Takue OGaTapeidnnie
LLUKJIOHL! Gojiee KOMNAKTHB H 06.1a4a10T
MEHBLIMM THJPaBJIHYECKHM COMNpPOTHB.e-
HHEeM, HO OHHM MmeHee 3(QQEeKTHBHbI, UeM
o6brunbie  GaTapeliHbie  IHKJAOHBL  (CM.
puc. V-41).

Hlnpoko pacnpocTpaHeHnble 6aTapei-
Hbl€ [HKJOHLI H3TOTOBJATCA C HOp-
Ma/NH30BAHHLIMH 3J€MEHTAMH JHAMETPOM
100, 150 u 250 mm; ouM paccyHTallbl

J 4
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7
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r g
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Puc. V-42. Jnementst GatapeiiHoro Pic. V-43. RnemedT npsiMotTosnoro Garapeit-
UHKJIOHZ HOTQ UHMKJIOHA:
a —~ s.eMeHT € RaKPYUYHBAIOIHM YCTPOA- 1 — 3akpyuyHBalolee YCTPORCTBO; 2 ~— BXORHOP
CTBOM €BHUMT», 6 ~— 3JIEMEHT € 3AKPYUH- naTpyGoK; J -~ KOJbLEBOH WeNeBO# 3a30p; 4 —
BAlOWHM YCTPOICTBOM <«pO3eTkas;, | — BRIXJIONHON {OaTpyO6okK.

KOpITyC 3JieMeHTa; 2 — sWXJONHOR Ma-
IPYOOK; J — 3akpYuHBalomee ycTpoit-
CTBO; 4 — MLWNEOTBOAAWHRA narpyooK.

Ha OYHCTKY ra3os c colepxkanuem nut1u 0,05—0,1 xe/m3. CTenenb OUIICTKH ra3a
B 0aTapeHHbIX LHKJ/JOHAX HECKOJAbKO OT.JIM4deTcss OT CTeNeHH OUYHCTKH €ro
B OOBIYHBIX HHKJI0HAX (CM. puc. V-40) u coctaBnsier 65—85% (ana uacTHIL AHa-
meTpoM 5 mrm), 85—90% (mns wactun auamerpom 10 mxm) u 90—95% (nas
yacTun auaMerpom 20 mxn).

Has HopmaubHO# paboThl GatapeHHOro MHK.I0HA HeoOXOAHMMO, 4TOOLI Bce
€ro 3JeMeHTEl UMeJH OJHHaKOBble pa3Mepbl, 4 OUHIlaeMblH a3 — paBHOMEPHO
pacnpegensijica MexAy sJleMeHTaMH. B 3TUX yC/OBHUAX MHIpPaBJAHYECKOE COMPO-
THBJIEHHE 3/1eMeHTOB 6yJeT oAMHAKOBbIM. DBarapeiinble HHKJOHB 1ea1€C006-
pa3HO NpUMEHATb, KOTja yJaBiuBaeMmas NbAb 06/ajaeT GOCTaTOUHOH ChIny-
YECTHIO H HCKJIOUEHA BO3IMOXHOCTDL €e NMPHJHIAHHS K CTEHKaM annapara, Yto
3aTPYAHANO Obl OYHCTKY 3J/IEMEHTOB.

barapefiHele IHKJIOHB OGBIYHO MCIOABL3YIOT, KOTAA pacXofnbl 3aMBIEHHOTO
ra3a BeJHKH H MpHMEHEHHE HECKONbKUX OOBIUHBIX LLHKJOHOB MeHee 3KOHOMHYHO,
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[{MKJOHE BceX BUJAOB OTJIMYAIOTCA MPOCTOTOH KOHCTPYKIUH (He UMEIOT OBH-
KYULUXCH 9acTell) H MOTYT OBbITb HCIOJL30BAHbI /151 CUHCTKH XHMHYECKH aKTHE-
HbIX T4308B NpH BbICOKHX TeMneparypax. 1o cpaBHenHio ¢ annaparamH, B KOTO-
pHIX OTAEJEeHHEe NBUIK OCYLIEeCTBJAETCA MOA JeUCTBHEM CHJ TSXECTH HJIH HHep-
IHOHHBIX CHJI, IHK/JOHE obecneynsaioT Gosee BbICOKYIO CTENeHb QUUCTKH rasa,
Boslee KOMIIAKTHBI K TPeGYIOT MEHBIUHX KaNUTaJbHbIX 3aTpar.

K HenocrarkaM LHKJIOHOB OTHOCATCS: CPABHUTESbHO BEICOKOE THApPaB/HYE-
cxoe conpotusienue (400—700 n/m?, unum 40—70 mm 600. cm.), HeBbICOKast
cTelleHb yaaBluBaHUA yacTui pasmepoM Mernee 10 mxm (70—95%), mexanuye-
€KOe HCTHpaHMe KOpIyca annapara 4acTHIaMH MBLIH, YyBCTBHTENbHOCTb K KO-
JiebaHUAM Harpy3KH Mo rasy.

B uukK/JIOH4X peKOMeHIyeTcs yJAaB/AMBaTh YacTHOBl NBWIH pa3MepoM GoJee
10 mrm.

20. OuyucTKa ra3oB GUIBTPOBAHHEM

IMpu ouuctke QUABTPOBAHMEM rasbl, COJEpKallhe B3BelIEHHLIE TBEpIble
YacTHUBl, TPOXONAT MNOPUCTHIE NEPEeropoiKH, NPONYCKAIOUIKE Ta3 H 3aLepxi-
BaIOLIHe HA CBOEH NOBEPXHOCTH TBepble YACTHILLL.

B 3aBHCHMOCTH OT BHAa GHABTPOBANLHON NEPErOpOXKH Pa3/aHYaioT caefy-
ouiHe (pUALTPEI LA [a30B:

a) ¢ THOKHMH IODHCTEIMH MEPeropoiKamMy H3 NPHPONHBEIX, CHHTETH-
YeCKUX ¥ MHHEpPAa/NbHbIX BOJIOKOH (TKaHeBble MaTepHa/bl), HETKAHLIX BOJOKHH-
CTbIX MarepuaJsoB (BOHNCK, KapTOH M [p.), MOPHCTBIX JIMCTOBBIX MaTepHaJOB
(ryfuaTasi pe3uHa, NEHOMOJIHYDeTaH H Ap.), MEeTa/JIOTKaHH;

f) c noayxecTKHMH NOPUCTBIMH neperopojkamu (cJ1oH U3 BOJO-
KOH, CTPYXKH, CETOK);

B) C KeCTKHMH MOPUCTEIMH MEPEropojKaMH M3 3epHUCTBIX MaTepHua-
JIOB (nmOpHCThIE KepaMHKa, IJ1aCTMAcChl, CHeYeHHble H/AH CIIPeCCOBaHHLIE
NOPOIIKH METaMI0B H 1p.);

rYc 3epHHUCTH MH CHOAMH H3 KOKCa, I'DaBHUfi, KBAapIEBOrO NecKa
H ap.

BriGop nopHcTofi neperopoiku o6ycaosiied paaoM GaKTOpOB, H3 KOTOPBIX
OCHOBHBIMH fIBJASIOTCA: XHMHYECKHe cBoHcTBa (HABTPYEMOrO rasa, ero Temme-
parypa, THIpaBAHYecKoe CONpOTHB/eHHEe QUIBTPOBAILHON NEPErOPOIKH U pas-
Mepsl B3BEUIEHHLIX B ras3e 4acTHL.

GuabTPel ¢ THOKHMH MOPHCTHIMHM Meperopofkamu., K uHcny naubosee
IUHPOKO NPHMEHAeMbIX GUALTPOB ¢ THOKMMH NMOPUCTLIMH ME€PErOpofKaMHu OTHO-
cATcd pykaBHBl e GHABTPBHB. B duaprpe (puc, V-44) 3ansiienusiit
ra3 HaTHeTaeTcs BEHTH/AATOPOM yepe3 BXOLHOH rasoxoj 2 B Kamepy §, 3arem
NpPOXOAUT Yepe3 pyKasa 4, HHXKHHE KOHLbl KOTODbIX 3aKpenJeHbl XOMYTaMmH
Ha naTpyOKaX pacnpejesHTeNbHOH peweTkH 5. Ilbib ocaxzpaercs B Iopax
TKAHH, a OUHIIEHHBIH ra3 NPOXOJHT Yepe3 1pOcCe/bHEBIHA KJanaH & U BEIXJAONHYIO
Tpy6y 7 M ynaasercda U3 amnapara.

[1pu nomom# pacnpeaeqHTe/1bLHOIO MEXaHH3Ma, YCTAHOBJIEHHOrO Ha KPBlUIKe
KaMepsbl, OTIe/dbHble CEeKLUHH (PUALTPA uepe3 onpejeleHHble MPOMEXYTKH Bpe-
MEeHH OTKJIIOYaloTea JUISl OUHCTKH TKaHH OT Hakonusielics nelau. Ha puc, V-44
CrpaBa rnoKasaH MOMEHT, Korjaa paboraioT Tpu cekuHH ¢uastpa (I, I11 u 1V),

a cekuusa Il ounmaercs or nblaM.

[pu nepekaoYeHHH CEKIIHH Ha OYHCTKY 3aKpPbIBAIOT KaanaH § U OTKPLIBAIOT
KJanaH 8, Yepe3 KOTOpbIif BEHTH/IATOPOM 9 110 KOJIJIEKTOpY HarHeraeTcst BO3Yy X
WJIH OYHILEHHBIH ras A1s NpolyBKH PYKaBOB. JTOT BO3NyX (H/H ra3) NBHMKETCS
B HanpaBJ/eHHH, 06PATHOM IBHIKEHHUIO 3aMblJIEHHOTO r'a3a, U yXO/JHT B ra3oxof 2,
N103TOMY BEHTHJIATOP 9 OJKeH co3naBaTh OOJbMIHH Hanop, 4em BenTuaAsaTop /.
OpnoBpemMeHHO ¢ NpOAyBKOH IMPOH3BOAAT MeXaHHUECKoe BCTPAXHBallMeE pyKa-
BOB, [Js Yero crnenuasbHbIM MeXaHH3MOM [0 NpUNOAHHMAIOT W ONycKaioT
pamy /!, K KOTOpOH TONBeUIeHbl BepXHHE KOHIUB pyKaBoB. [1elnb ajaer B Ka-
Mepy 33 W BpIrpy»KaeTcd WHEKOM /2 yepes 1uJi030Bbil 3aTBOp 12

\
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I'locsie OKOHUAHHS OYHCTKH CEKIHS NnepekJioyderca B paboyee MONOXKeHHe,
a caepymwollas CeKLUA — Ha OYHUCTKY. B COBpeMeHHBIX KOHCTPYKHHAX PYKas-
HEIX (UABTPOB I0CE0BATENLHOCTD M MPOAOIMKHUTENbHOCTL OT/EAbHLIX onmepa-
uHH paboThl GHUABTPA PETYIHPYIOTCR C NOMOIIBIO aBTOMAaTHYECKHX YCTPOHCTB.

Ins ysenudeHHs cKOPOCTH GHALTPOBAHHA, KOTOpas B PyKasaX (HJbBTpa
He mpessbiaer 0,007 —0,017 #®/(m? cex), B HacTosiee BpeMs NPUMEHSIETCS
HenpepriBHAsA pereHepauus ¢uIbTPOBAIbHBIX NEPeroponok. Takas pereHepa-
IHA OCYILIECTBJASAETCA HEMOocpeACTBEHHO BO Bpems paboThl pyKaBHOIO QUIBTDA,
T. €. BO BpeMda (UJILTpOBAaHHUsA, 6e3 ripekpameHus nojadd rasa, B YaCTHOCTH,
nyTeM HeNpepbiBHOH NPOAYBKH PYKAaBOB CTpYel C)KATOro rasa. JToT a3 noj
H30BITOYHBIM JaBJjieHHeM 6—10 xn/m® (600—1000 mm 608. c¢m.) nocrymaer

.
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Puc. V-44. PykaBHuS HI-TP C MEXaHHYECKHM BCTPAXHBA-
HHeM ¥ obpaTHoH NpPoOAYyBKoH TKaHH:

F—1V — cexuun duabrpa* 9 — BEHTHAATODH, 2 — BXOnHOH

ragoxon, J — xkaMepa; 4 — DYKaB . § — pacrpelejiuTeNbHas

peuieTka, 6 & — fApocCesIbHEE Knalaun; 7 — BuIXJOMHas Tpyba;

10 — BcTpAXHBalOMHA MeXxaHHawm; 11 — pama; 12 —~ wiHek; 13
wJI030BbIE  3aTBOP.

yepe3 obpallleHHBIE B CTOPOHY PYKaBoB e (wnpunoi 0,6—2 mu) B Kosbllax,
NJIOTHO NpPHJEraiomHUX K pyKaBaM H JBHIKYIUXCA BJOJb HHX CBepXV BHH3
¥ B oOpaTHOM HanpaBJeHHH. BK/OyeHde MojJayy rasa 4 ycTpoicTea A4 yrnpas-
JIeHHS TIepeBHXEHHEM KOJel MPOH3BOJUTCS aBTOMAaTHYECKH, KOTJa THAPaBJ/IH-
'YeCKoe CONpOTHBJEHHE TKAaHH JOCTHTaeT OnpejeleHHOH BeJlHYHHB — OOBIYHO
He Gosee 2—2,5 kn/m? (200—250 mm 609. cm.). Baaronaps HenpepLIBHOH pere-
“HepauHH qm.anposaanon TKaHH yJIaeTcsl yBEIHYHTb CKOPOCTb (H/ILTPOBAHHS
1o 0,05—0,08 #3/ (> -cex) u Gonee.

CugpaBauyeckoe conpoTHBieHue HauboJee pacnpocTpaHEHHBIX (GUILTPO-
BaJbHBIX TKaHel 06biyHO He npesbitaer 1,5—2,5 kn/m? (150—250 nm 600. cm.).

B pyKaBHHIX (MJIBTpPax JOCTHraeTcs BLICOKAS CTelNeHb OYHMCTKH rasa oT
TOHKOIMCIIEPCHONH mNbIIH (MpH MpaBHJIBHOH 3Kcriyaranuy — a0 98—99%).
HenocraTtkamu sTHX GUALTPOB ABAAIOTCH CPABHHUTENBHO 6bICprIH H3HOC TKaHH
H 3aKynopka mop B He#.

Beifop TKaHH /151 PYKaBOB ONpefesifercs ee MeXaHHYeCKOH NpOYHOCTBIO,
XMMHYECKOH H TEPMHYECKOH CTOHKOCTblo. BepxXHMil TemmepaTypHBIE npejen
paboTsl pYyKaBHHIX (HABTPOB OOYC/AOBAHBAETCH TePMOCTONKOCTBIO TKaHH,
a HHXXHHE — TeMIepaTypOHd TOUKHK pOCHl, NPH KOTOPOU NMPOHCXOAHUT YBJIAXKHe-
HHE H 3aMa3plBaHHE TKaHH I'PA3bl0, BEI3bIBAIOLIEe pe3KOe NOBLILUIEHHE €e THApaB-
JIHYECKOI'0 COMPOTHBJ/EHHS.

PykaBa M3roToBJAfIOT M3 TKaHell HA OCHOBE HATypalbHEHIX H XHMMHYECKHX
BO/IOKOH OpraHHYecKOro H HeopraHMyecKoro NpoHcXoxeHus (B CKOOKaX yKa-
3aHbl TeMIEPaTyphl, 10 KOTOPEIX yCTOHYMBA JaHHAS TKAHb): H3 HATypa/bHBIX
MaTepHaloB — XJIOMOK, Jen (menee 80° C), weperb (menee 110° C); M3 cuHTe-
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THYECKHX — IOJHAMHMAHEIE, IOJUSTHJIEHOBBE, MONHAKPHIHHTPHAbHLE BO-
JokHa (no - 130—140° C), nonuTeTpadTOP3THACHOUBBIE H  (DTOPIJACTOBBIE
(mo 275 °C), pewxe crekJ/J0BOIOKHO (10 400° C) # xpemHe3eMHble BOJIOKHA
(mo 1000° C), nioxo paboraiomHe Ha H3THO.

PUALTPHl ¢ MONYXKECTKHMH MNOPHCTHIMH MeperopoikamH. Takue QUABTPHI
OBBIYHO COCTOAT K3 fUEeK-KacCeT, B KOTOPbIX MEXKIY CETKaM4 3a)aT CJIOH crek-
JIOBOJIOKHA, IIJIAKOBOH BaThl, METAJUIHYECKOH CTPYXKH, CMOYEHHOH Cllenuasb-
HBIM {BHCLIMHOBBIM) MacJ/IOM JJif JIy4LIero yJaBAHBaHHsA MbLIH H T. X. Kaccern
OBBIYHO COGHPAIOT B CEKLIHH, HMEIOUIHE [IOBEPXHOCTb, COOTBETCTBVIONLYIO Tpe-
OGyeMoil NpPOH3BOJAMTENBHOCTH (HABLTPA.

¢

Puc. V-45. Meranaokepa- Puc. V-46. Punptp henpepuiBHoro gefict-

MH4ecKHi GHIABTD: BUSl € JIBUXKYIIHMCH CJIOEM S8epHHCTOro
7 — kopnyc; 2 — meramna- OGUIBTPYOIEro MaTepHana:
9eCKHe MHJLIR; J — pelleTKa; 1 = ropnye; 2 ~— GHABLTPOBANbHAN MEePEropox-
4 — BXxoaHoO# m'ryuep. 5 — Ka; 3 — hUNBTPYOWHA MaTepHaJ; 4 — BXOAHOH
BHIXOZHOM WTYUEP; 6 —- KOJ- . mWTYuep; 5 =— BHIXOAHOW WITYUep; 6 -~ 3aTBODH;
NEKTOp ¢XKaToro BO3jAyXa, 7 == IHTATeJIH.

7 — OyHKep.

CexUHH yCTAHABAHBAWT MEPNEHZHKYJAPHO K ra30BOMY MOTOKY HJAM mOJ
YIJOM K HEMY; BO3MOXKHA NEPUOJMUECKasi pereHepanus (QUIbTpa MVTeEM Mpo-
MBIBKH HJIH NPOLYBKH. DTH (MHALTPbl NPUMEHSAIOT AN OYHCTKH OTHOCHTEJIBHCS
MaJlo 3anblIeHHBIX 4308, HalpHMep BEHTHJSALHOHHOTO BO3JyXa (colepxaHie
oetin 0,001—0,005 2/m3).

Jst o4eHb TOHKOH OYHCTKH ra3os OT BBLICOKONHCIIEPCHBIX U paiHOaKTUBHBIX
aspo3oJiell (HHOTLA TaKyIo OUHCTKY Ha3bIBAIOT BEICOKO3(EKTHBHOM, HJIH «abco-
JIOTHOH») HCNOJNB3YIOT (PUJABLTPBEl C MEPEeropojkKamMH, B KOTOpPbIX B KayecTse
GUIbTPYIOUWEro MaTepHa/a NMPHUMEHSIOT yJbTPaTOHKHE MOJHMEpHBIE BOJNOKHA,
MONY4YHUBUIHE Ha3BaHHe (HALTPYOUWIHX MarepHasos @I1 (puabTpH
IleTp sHOBA). ITH MaTepHa/abl, H3TOTOBJSiEMble HA OCHOBE BOJIOKOH H3
nepxJOPBHHHIA, [TOJHAPHIATOB, 3QHPOB LEJIIONO03bl H T. A. 06/1a4a10T BBICO-
KO XMMHUYECKOI CTOHKOCTBIO, MEXAHHUECKOH NPOYHOCTHIO H TEPMOCTONKOCTBIO.

DUALTPHI ¢ KECTKHMH MOPHCTbIMH mneperopoakami. [lis ceepXxToukoit
OYHCTKH ra3oB, TpeOyeMOH B HEKOTOPBIX XHMHUYECKHX MPOU3BOACTBAX, HCIO/b-
3YIOT QUIBTPBI C XKECTKHMH NeperopojlkaMH M3 KepaMHYeCKHX, MeTaJlJioKepa-
MHUECKHX M IJ1ACTMACCOBLIX MOPHCTHIX MATEPHA/IOB HJIH MENTKOSIUEHCTBIX METal-
JHYECKHX CeTOK H nepdopupoBadHbIX NHCTOB. Becbma rnosinas ouucTxa rasa
B HMX JOCTHMIaercsi BC/1eACTBHE H3BHIHCTOCTH H MHOTOC/JOHHOTO pacroyiOKeHns
nop B (QUALTpYlOLleM MaTepuasne.

[lpuuuun yctpoiicTBa TakHX ¢pHUALTPOB NOKA3aH Ha IpUMepe M eTa 1 J1 O -
KepaMHUYeCKOro ¢ UAbTDPp a, NPHMEHAEMOTrO [/ OUMCTKH OT MBIAN
peaKLHOHHBIX ra30B KapOuIHbIX neded (puc. V.45). B kopnyce ! duanrtpa
HAXONHUTCH Psfl OTKPBLITEIX CBEPXY METAMJIOKEPAMHMYECKHX [HAb3 2, repmeTHue-
CKH 3aKpeNJeHHEIX B obued pewerke 3. 3anblIeHHbIH a3 NOCTyNaeT B annapar
yepes BXOJHOH WITynep 4 W NPOXCAHT CKBO3b CTEHKH TH/b3, OYHIIAsich IPU
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3TOM OF NbUIH. OUHIEHHEIH Ia3 yransercs gepes wryuep 5. Ouucrka GuabTpy-
JOLLHX 3JIeMEHTOB OT OCEBlIell Ha HUX IbIAH POU3BOIUTCSA MEepHOAUUECKH obpaT-
HO! MpPOJYBKOH CXaThbiM BO3LYXOM, MOCTYNaLUM yepe3 kKoJekTop 6. Hbib
cobupaercsa B 6yHKepe 7 n yaa’asaercss H3 ¢puabrpa. C NoMOLbio MeTaAn0Kepa-
MHUECKHX (PHJIBTPOB MOXHO OTAEJIATb TBEpi]ble YacTUibl pasMepoM OoJee
0,5 mrm.

Fuap3pl  METaMJIOKepaMHYECKHX (PHJABTPOB H3TOTOBJAAIOT M3  TpaHys,
TIOPOLIKA HJH CTPYXKKH MeTaJj/1a myTeM [PECCOBAaHNs H CIIEKAHHS, 1pOKATa HJH
auteA. OHU 6GoJiee NMpoUNbl H MEHEe XpYIKH, YeM KepamMudecKue, OT/IHYaOTCA
BHICOKOII MEXaHHYECKOH MpOYHOCTbIO ¥ XHMMHYECKOH CTOHKOCTBIO, 4 TaKxkKe
XOpOLLIO NPOTHBOCTOAT PE3KHM TeMIlepaTypHbIM KoseGaHuaM. [lostomy meraJ-
JOKepaMHyecKHe (UAbTPEl MPHUMEHAIOTCA VIS OUHCTKH XUMHYECKH arpeccHs-
HblX TOPAYHX Tasos. '

PHABTPH € 3EPHUCTHIMH CAOAMH. ['a3pl B TaKux (pUALTpPAX OUHLIAIOTCH,
[IPOXOAs CKBO3b HEMOJABHKHLIE (CBOOOAHO HACHIIAHHbLIE) MEPHOAMYECKH HJH
HENnpepsBHO I€peMeIalouMecst CJAOH 3€PHHUCTOr0 MaTepHana — MeJKOo pas-
ApoGJeHHBbIH 11aK, KOKC, KBAapHeBLIH NEecOK, rpaBHil U T. 1. PuABTpyoLlHe
CJIOM MOTYT ObITb PaCHOJ0XEHbl [OPH30HTA/NbHO HJIH BEPTHKANbHO, MPH 3TOM
3epHHCTBIA MaTepHaJ 3aKJI0YeH B CEKUHH, COCTOsALINE U3 CeTOK, Nepdopupo-
BaHHKX JIUCTOB H [p. ,

Ha puc. V-46 nokaszax ¢uAbTP HeNpephBHOTO neHCTBHUS € JABHKYLIMMCA
cJoeM 3€pHHUCTOrO (GUAbLTpYyIOLlEro Martepuasta. B kopnyce [ ¢uabTpa Haxo-
naTcs (HABTPOBAJLHBIE NMEPEeropoikH 2, BHYTPH KOTOpHIX HENpepblBHO ABH-
XeTcst CBepXy BHHM3 QUIABTPYOUWHMA MaTepHana 3 (HanpuMep, rpaHyJ/JHPOBaHHEBIA
H1aK). 3arpsI3HeHHBINA ra3 NOCTynaeT 4epes WTyuep 4, NPOXOAHT CKBO3b QHIb-
TpVIOIUIHE CJOH H B OUHILEHHOM BHJIE yJajsercsa uepe3 wryuep 5. Orpaboran-
HbI# GUILTPYIOUIHE MaTepHasl BLIBOAHTCS Y€pe3 3aTBOp 6, OuHLLaeTcs OT 3arpas-
HEeHHMH, HanpHMED MPOMLIBHOH BONOH H CHOBA nojaetca B (PUABLTP Yepe3 MHTa-
Teab 7.

PUABTPH C 3€PHUCTBIM CJ0eM (PUIBTPYIOUIETO MaTepHaJsia HCNOAb3YyIOT 1M1
TOHKOH OYHCTKH ra3oB, HalpHMep [Jf OYHCTKH CxKATOro BO3QyXa OT MAcna,
ynaBJHBAHHUA CaXH, OUHCTKH OT INBIH CHHTE3-Ta3oB.

21. MoKpas O4YHCTKa ra3os

JlA TOHKOH OYHCTKH ra3os OT IBIJIH NPHMEHSIOT M O K P Y 10 OUHCTKY —
NPOMBIBKY Ta30B, BOJAOH HJH ApVYrO# KHUAKOCThIO. TecHoe B3aHMOJEHCTBHE
MEXIY MHAKOCTBIO H 3aMblJeHHbIM T430M OCYUIECTB/sIeTCS B MOKPBIX NbLIEYJ0-
BHTEIAX NHGO HA MMOBEPXHOCTH XKHAKOH NJIeHKH, cTeKaiouelf 1o BepTHKAJIbHO#M
WM HAaKJOHHOH MJOCKOCTH (INIeHOYHble WM HacajoyHble cCKpy66ephl), JHOG0
Ha MOBEPXHOCTH KaneJsb (nogaeie cKpyo6epnl, ckpyb6eps BeHTypH) HJIH Ny3bIpb-
KOB rasa (6ap60Ta<Hbl€ MblJeyJOBUTE/H).

Mokpasi ouHcTKa rasos Haubojee 3(deKTHBHA TOTJa, KOTAa NONYCTHMBI
yBJaXKHEHHE H OXJaXKleHHe OYMINAeMOro rasa, a OTHe]AE€Mble TBEpIbIE HJIH
KUJKHMe 9aCTHIBl MMEIOT He3HaYHTENbHYI0 HEeHHOCTh. OXJaXIeHHE rasa HHXxe
TEMIIeTATY Dbl KOHJEHCAWH HaXONSLUIHXCA B HEM 1apoB XKUAKOCTH CrocofCcTsyer
'y BeJIHYeHhi0 BECA NMbIJTHHOK, HTPAIOMHX NPH 5TOM pPOJb LEHTPOB KOHJEHCAIHH,
1 ofJjerugaer BLJAENEHHE HX H3 ra3a. EcaH yaaB/iuBaeMble YAaCTHIB HAXOAATCS
B BLICOKOJAHMCIIEPTHPOBAHHOM COCTOSIHHH M IJIOXO HJIH COBCEM He CMayHBaoTCs
BOJO#, TO OYKMCTKA I'a3a B MOKPBIX NblAeYJIOBHTENAX ManosdpeKTUBHA. B Takux
cayyafx 048 VAydlIeHWs CMayHBAEMOCTH YACTHIL H YBEJHYEHHA CTENEHH OYH-
CTKH K HCNOJb3YeMOH X IKOCTH 106aBJIAIOT MOBEPXHOCTHO-aKTHBHBIE BEIlleCTBA.,

/L7191 NOBLILEHHS 3KOHOMHYHOCTH MOKpOH OWHCTKH U M3BJEUYEHHs YJOBJEH-
HBIX PpeIHBbIX MJH LEHHLIX BellecTB BOLY AHO0 APYryo NPOMBIBHYIO XKHIKOCTD
BMECTE CO II1aMOM HamnpaBJdi0T H3 MbLIEYJIOBHTEN el B OTCTORHHKH JJIs OCBET-
JeMHs H IMOCJeNYIOUWEro @e HCnoJb30BaHHs (cM. puc. V-48). Ecnu omHoBpe-
MEHHO C OUHCTKOH Tpedyerna oXJax/IeHHe ra3a, TO MPOMBIBHYIO XKHIKOCTb IDel-
BapHTEJAbHO OXJaXJalT B FpajUpHAX HJIH XOJOAHNBbHHKAX.
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HanGonee cymecTBEHHBIM HEOCTATKOM MOKpOH OYHCTKH rasoB ssjasercs
obpasosanue GOJBLIOrG KOAHYECTBa CTOYHBIX BOX (HJIAMOB), KOTOpBIE€ BHLI3bI-
BAIOT KOPPO3HIO annapaTypbl H JOJKHBI MOABEPraTthCs nafbHeHLIEMy pa3jese-
HHIO HJIH OYHCTKE.

Moasle u nacafounbie Ckpy6Gepni. [IpocTelinumy annapataMu AIst MOKpo#
OYHCTKH H OJIHOBPEMEHHOIO OXJa)XJEHHA ra3oB fBASIOTCH NoJbie CKpy66ephl
npAMOYTOJNBHOTO HJIM KPYIJIOrG ceyeHHs. 3anblIeHHBIA ra3 gBHXKeTCH depes
cKpyGOep CHH3Y BBEpX €O CKOpocTbio He 6osee 0,8—1,5 m/cex (naa ymenbiuenus
6prI3royHoca) 4 opomaercs BoJOH, pasbphlarMBaeMOi yepe3 (GOPCYHKH HJH
Gpmisrajia, yCTaHOBJEHHBIE 1O Beeil BblcoTe annapara. [1pu stom Bce monepey-

{ Hoe ceyeHHe CKpyOO6epa NOJHOCTBIO EpeKphIBaeTCs
_{5 pacnbliseMoil XHIKOCTHIO.
- B kauectBe HacagkM mia CKpy66epoB oObiuHO
I WCIONBb3YIOT XOPAOBYIO MK KOJBIEBYIO HACAZKY,
Bodn a Takxe KYCKOBOI KOKC, KBapil.
;:-—
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Puc. V-47. Llentpobex- Puc. V-48. Cxema ckpyG6epa Benrypu:
Hblfl  CKpYOGep  KoicT- ! — KOHdY30p; 2 — roOpJiOBHHA, J — OTBepCTHS
PYKUHH BTHZ Ans BBOAA WHAKOCTH, 4 — AHDDY3op; 5 — WHKIOH-

HH cenapaTop; 6 — OTCTOHHHK; 7 — HAcoc.
1 ~— gopnyc; 2 — BXORHOH
naTpy6oK: 3 — comJo;
4 — HOMHYCCKOE JHHUIE;
5 ~- BulXOgHO# nMaTpyGoK.

CreneHp OYMCTKH rasa OT IbLIHM B NOJbIX cKpy66epax pocturaer 60—75%,
a B HacagouyHblx 75—85%; rnpH 3TOM THAPABJIMYECKOE CONPOTHUBJIEHHE COCTAB-
aser coorsercteHHo 150—200 w/m? (15—20 mm 60d. cm.) u 200—300 u/m?
(20—30 mn 600. cm.).

LlenTpoGexubie ckpy6Gepsi. [lponecc MOKpO# OUMCTKY MOXKeT ObIThb HHTEH-
CH(MIUPOBAH MPH MPOBELCHHH €r0 B M10J1€ HEHTPOOeKHbIX CHA. TaKyio OUHCTKY
NpOBOAAT B LIHKJAOHAX (CM. CTp. 229), cTeHKH KOTOPLIX CMayMBalOTCH Hempe-
PbIBHO CTeKaioUlei NIeHKOH XKUIKOCTH, HIH B HEHTPOOEKHDBIX CKPY6O-pax.

B uentpobexuom ckpy6bepe (puc. V-47) KoncTpyknuu Bcecoosnoro re-
Jnotexuuyeckorc uuceturyra (BTH) um. @. 3. J3epHHCKOrO 3alblieHHBIH a3
MocTynaer B LHIHHAPHYECKHH Kopnyc / yepe3 BXOAHOK naTpy6ok 2, pacnoso-
YKEeHHBIl TaHCeHUHaAbHO, H NpHOOpeTaer BpaulatenbHoe ABHKeHue. CTeHKH
KOprvca OpoMWaioTCcs yepes COMmIo 3 BOMOH, KOTopasi TOHKO! INJIEHKOH cTekaer
110 €rc BHYTpeHHeil MoBepXHOCTH. B3BellenHble B NOJHHMAIOMEMCS 10 BUHTOBOH
JIMHHH MOTOKE ra3a 4yacTHI(bl MBLAH N0 feAcTBHeM HEHTpOoGexHON cuibl oThpa-
CHIBAIOTCH K cTeHKaM cKpyO0epa, cMauuBaloTCs BOAXHOH IIEHKOA H YHOCATCA
¢ Bono# 4epes gKouuyeckoe quuille 4. OUUmEHHABIH 1 OIHOBPEMEHHO OXJaXKIeH-
HBIHl ras ynansercs yepe3 BbIXOAHOH narpybok 5.

B uentpoSexubix ckpyG6epax jocTHraercsa 6oJiee BLHICOKas CTereih
OUMCTKH, YeM B NO/biX UK HacaJouHblX cKkpyObepax. Oua npesbiutaer 95% nas
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yacTHu Obliu pasmepom 5—30 uxu U cocrasasier 85—90% ana yactui pasme-
poM 2—b MKxM. DTH NblAeyOBHTENH OTJIHYAIOTCA [POCTOTOH yCTPOHCTBA U HH3-
KHM THAPaBJHYeCKHM COIPOTHBJEHHEM.

Ckpy66epsi Bentypu. [sisi TOHKOI OYMCTKM T'a30B OT BHICOKGAHCIIEPCHOH
NIBIIH NPHMEHSIIOT CTpyHHble TYpOV/EHTHBIE Ta30MpOMbIBATENH — CKpy6O6eph!
Beutypu (puc. V-48). 3ansiaennslit ra3 uepe3 kougysop I Tpy6sl Beutypu (cum.
ctp. 60) monanaer B ropnoBHHY 2, re €ro cKOpocTb aocTuraer 60—1560 m/cex.
Yepe3 orBepctusi 3 nox H3beTounblM AaBiaenueM 30—100 xu/m? (0,3—1 am)
B FOPJIOBHHY BBOJMTCH KHJAKOCTb, KOTOpPasf, CTANKHBAACh C ra30BbIM IIOTOKOM,
pacnbiisieTcss Ha MenkMe kamad (avamerpoMm ~10 mxm). [lpu coyjpapeHusax
C YacTHIAMH [bIH KaljiH, NOTJOmAs HX, YKPYMHAIOTCA. 3TH KaljH BMecTe
C rasoM npoxonsaT yepes augpyszop 4, rie CKOpoCTb
MoToKa cHuxkaercs a0 20—25 m/cen, W HONaAAOT B LHK-
NOHHBIA cemapaTtop 5. B nMK/IOHE CKOpOCTh ra3cyKui-
KOCTHOH CMECH yMeHbluaeTcsi AC 4—O a/cex, KanaH noj
JeACTBHEM LEHTPOOEXHOH CHJBl OTAENAOTCA OT rasa u
BMecTe CO LIJaMOM YJanasiorcs B OTCTOHHMK 6. B mno-
caefHeM Boja OTAejdeTcs OT llaMa H BHOBBL NOjJaeTcs
HacocoMm 7 B ckpv66ep.

B ckpyCbepe BenTypu 3p¢eKTHBHO Y/aB1HBAIOTCH
BeCbMa TOHKHE YacTHLB!, HalnpHMep, NPORYKTH BO3TOl-
Puc. V-49. Bap6orax- KH (CpeiHMH xuameTp 4acTHu 1—2 mxa) HIH TymaH,
Bl (TeHHLIR) MbTeyso-  06pasvioWMACA B MPOU3BOACTBE CEPHOH KHCJIOTHI (pas-

BHTC/Ib: mepsl yactudl 0,2—1,1 mkm). Tlpu 3TOM BO3MOXKHO
! — xamepa; 2 — 1apel-  yranyTh M3 rasa a0 99% sarpsianennit. Ckpy66ep Ben-

Ka; 3 — wTyuep Ans Io- N
Aavn Boan; 4 — matpyvox  TYPH NPOCT NIO yCTPOUCTBY (He umMmeer JBUKYUINXCA dad-

Tasa; 5= nopom o —  CTeii), HO €ro rHApPABJUYECKOe CONMPOTHBIEHHE OTHOCH-
cAMBHOA  WTYUep. TeJbHO BeaHKo — 1500—7500 n/m?* (150—750 mm 600.

cm.) u Hosee.

bapGoraxHnble (DeHHbie) NbNeYNOBUTENH. 179 OYHCTKY CHJILHO 32INELICH-
HBIX ra3oB, HampHMep TEXHOLOTHYECKHX, BBIXJAOMHBIX H JbIMOBHIX, BEHTHJSI-
IJHOHHOT'O BO31yXa COLOBOTO NPOK3BOJACTBA M Jp., HCIOAB3yioT GapCoTaxKHbe
nbliey/10BUTeAH. B 3THX annmapaTax XUAKOCTb, B3aUMOJEHCTBYIOUIAA C Ta3oM,
NPUBOAKUTCST B COCTOSIHHE IIOABHXKHOH meHBl, 4YTo ofecneyusaeT OGOJbLIYIC
MOBEPXHOCTb KOHTAKTA MEXY KUIKOCTBIO M [a30M H COOTBETCTBEHHO BhICOKYIO
CTeNeHb OYHCTKH ra3a OT NbLJIH.

Bap6oraxublfi neiieynosurens (puc. V-49) npeacrasaser coboit kaMepy I
KpYIVIOTO HJIH IPAMOYTOJNBLHOrO CEYeHHST, BHYTPH KOTOpPOH HaxoguTtcs nepgopu-
poBannas Tapenka 2. Boaa uaM fpyras npoMblBHAS XKUAKOCTh Yepes wryiep 3
NoCTynaer Ha TapeJKy, a 3arpA3HeHHbIA ra3 nojaercs B annapar 4epes narpy-
60k 4. [Ipoxoas uepes oTBepcTUs TapenkH 2, raz 6ap6OTHPYET CKBO3b XKHAKOCTH
H npeBpauaer BCIO €€ B CJOH MOABHXKHOH NeHbl. B cjoe mensl Mblib MOTJO-
maercst XKUJAKOCTbIO, OCHOBHAR YacTb KoTopoi (~80%) yzransercs BMmecTe C fe-
HO# uepe3 peryaupyemeiii nopor 5. OcraBluasica 4acTb KHAKOCTH (~20%)
C/HBaeTCsi Yepe3 OTBEPCTHS B TapeJKe H yJ/aBjiHBaeT B NOATApeJOYHOM NpO-
cTpaHcTBe Hosee KpynHble yacTHuel. O6pasyiomasncs np4 3TOM CYCNEH3Us yaa-
Jfercqd uepe3 CAMBHOH wrynep 6.

B Takux amnaparax OpHMEHSIOT TaKXe HECKONbKO mnepdopHpOBaHHEIX
TapeJ/oK, YIpHYeM YHCJAO UX 3aBHCHT OT Tpebyemoil CcTemeHH OYHCTKH rasa.

CreneHb ynaB/MBaHHA MBI B 6ap6oTaXKHBIX anmaprax 4acTo [peBbIIaeT
95—99% npu OTHOCHTEIbHO HHU3KHX KaNHTa/JbHBIX 3aTpaTaX M 3Kcmilyara-
IHOHHBIX DPacXoxax.

22, 3nexTpHYecKas OYHCTKA rasos

b Hr3KUECKHE OCHOBbLI npouaecca. SJIEKTPH‘{ECKHH QUHUCTKA OCHOBdHAa Ha
HOHH3AIIHH MOJEKYJ Tasa 3Jd€KTPHYECKHM pa3psaaoM. Ecau ras noMecTHTB
B 3JIEKTPHUYECKOC InoJe, oépaaosam{oe IByMfl 3JIeKTpoJaMH, K KOTODBIM NOA-

'
~
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BelleH NOCTOSIHHE 3JeKTPHYECKHH TOK BBICOKOTO Haripsi’KeHHs, TO MOJEK YJbl
(aToMbl) raza HOHU3MpYIOTCA, T. €. pacCUIENsIOTCS Ha MONOXKUTENBHO 3apd-
JKEHHLIE HOHbl H 3/1eKTPOHBl, KOTOpble HAUHHAIOT NepemMemaThbes N0 HamnpasJe-
HHIO CHJIOBHIX JauuHil. Hanpasiaenue BekTopa CKOpPOCTH 3apfilKEHHBIX YaCTHL
GymerT onpenensiTbcsl HX 3HAKOM, a CKOPOCTb JBHXKEHHS M, C/1e40BaTe/ILHO,
KHHeTHUECKasa 3HEepPrHs — HaNpPSXKEeHHOCTBbIO 3JeKTpHdecRoro mnoas. [lpu
NOBBIIIEHUH  PAa3HOCTH TMOTEHIHAMAOB MeX1Y 3JeKTpoaaMHu (HanpsKeHHOCTH
3MeKTPHYECKOTO TMOJsA) IC HECKOJBbKHX [ecATKOB ThlcSid BONBT KHHeTHYecKas
3HEpPrust HOHOB M 5JIeKTPOHOB BO3PacTaeT HACTOJbKO, YTO OHH [IPH CBOEM 1BU-
XEHHH, CTAJKHBAfCh C HEHTPAJbHEIMH MOJeKYJaMH rasa, 6YAYyT paculemIaTh
HX Ha MOJIOKHTeAbHble HOHEI H cBOGOHLIE 34eKTpOoHbl. BHOBD 06pa3oBaBiIecs
3apsisl IPH CBOEM [IBHKEHHH TaKXkKe HOHHU3UPYIOT ra3. B peavabrare obpasosa-
HHE HOHOB IPOHCXOAMUT JIaBHHOOOpPAa3HO M Ta3 [OJHOCTbIO HOHHM3HPYeTCH.
Takas HWoHH3anMs HasblBaeTcsi y L a p H o A.
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Puc. V-50. Pacnonoxenne 3sjaextponoB Aast  Puc. V-51. [lpunnunuaiacnas cxema ycra-
Co3aHusn  HEOLHODOAHOTO  3/eKTPUYeCKOre  HOBKH A/sl 3JEeKTPHUeCKOf OYHCTKH ra3os:

foJIs. 1 — perynsTop HanpfAXeHHs; 2 — MOBHICHTE/b
HBelA TpanmchopmaTtop, 3 ~— BHICOKOBOJNbTHHR BHI-
MpAMHTENS; 4 — KOPOHHPYIOIRHA 3NIEKTPOA; § —
OCagHTeNbHBA 3JeKTpod; 6 — SNekTpodbHALTD.

[Tpu nonHolt MOHH3AMH Ta3a MeXAY 3JeKTpPOJaMH BO3HIKAIOT YCJOBHA
A afeKTpuyeckoro paspsaja. C danpHeHUIMM yBenUYEHHeM HarpsaXeHHOCTH
3EeKTPHUYECKOTO [0Js BO3MOXeH TMPOCKOK HCKpP, 4 3aTteM 3/NeKTPHUYEeCKH#H
npoboit ¥ KOpOTKOe 3aMbIKaHHe 3J1eKTpofoB. UTobbl u3bexaTs 3TOrc, CO34aior
HeOAHOPOAHOE 3JeKTPUYECKOe NoJge MYyTeM YCTpOHCTBA 3/1eKTPOLOB
B BUIE IPOBOJOKH, HATSHYTOH no ocu Tpy6el (puc. V-50, a), HiH npoBONOKH,
HATAHYTOR MeXay MapaJjJenbHLIMH naactuHamu (puc. V-50, 6). T'ycrora cu-
JIOBBIX JIHHHE U, C/eJ0BaTe/IbHO, HAMPSAXKEHHOCTh 048 B 3THX YCJAOBHAX Haw-
foslee BBICOKA Yy IpoBOAAa M MOcTeMeHHO YOBIBaeT MO Mepe IPHOIHAKeHHA
K Tpybe uau nuactuHe. HanpskeHHOCTb MHOJS HENOCPENCTBEHHO Y TPyOBI
(niacTHHEL) ABJsSETCA HEJOCTATOUHON A/ UCKPoo6pa3oBaHUs H 3/1eKTPHUECKOTO
npobos.

[Ipu HanpsiKeHHOCTH FIONS, AOCTAaTOYHOH ANA IMQJHON HOHH3AUHH, MeXLY
3/1eKTPONaMH BO3HHKAeT KOPOHHBIH pa3psij, conpoBoxaawmuiicsa roay6osarg-
dHOMETOBEIM CBedYeHHeM, 00pa30BaHHEM «KOPOHEI» BOKPYT KaXJOTo NPOBOAA
¥ XapaKTepHbIM NOTpeCKHBaHHUeM. Dj1eKTpPOJ, BOKPYT KOToporo ofpasyercs
«KOpOHa», HOCHT Ha3BaHHe KOPDOHH P YO U e T 0 3leKTpoia, a Apyrof,
NPOTHBOMOJICKHO 3apSXKEHHBIR 3/1eKTPOJ, BBINOAHEHHBIH B BuAe TpYObl HIH
nJacTHHBl — 0c a UM TeaA bHOT 0 3nektpoaa. KopoHupywouiue snek-
TPOABI NMPUCOEAUHSIOTCS K OTPHIIATEJbHOMY NOJIOCY HCTOUHHUKA TOKA, a OCaflH-
TeJIbHEIE — K INOJOXHUTeabHOMy. IIpH 3TOM MOXKHO HCUO/Mb30BaThL (oJee
BRICOKOe HampsixkeHHe 6e3 NosiBJIeHHA HCKPOBOTO pa3psja Mex/]y a/1eKTPOoLaMH,

I'lpn BO3HUKHOBEHHH «KOPOHED OGPasylOTCs HOHBI OOOHX 3HAKOB H CBO-
Gonuble 3MeKTpoHbl. [lof neficTBHeM 3JeKTPHUECKOrO NOMH [MOJ0XKHTENbHbIE
MOHBI IBHXKYTCS K KOPOHHPYIOmEMY 3JeKTPOAY U HeHTPasH3yOTCA Ha HeM,
a OTpUIATeJIbHEIE HOHB H CBOGOJHbIE 3/1eKTPOHBI MepeMelanTes K 0cafuTeNb-
HOMy 3JeKTpony. ConpHKacascb O BCTPeUHEIMH NLIJIHHKAMH H KareJIbKaMH,
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HAaXOASIIUMHUCA B ra3e, OHH cOOOWLAKOT NOCJAENIHHUM CBOH 3apAl H YBJEKAOT
UX K OcafHTeNbHOMY 3/JeKTpoly. B peaynbrate 4acTHLEBI MBLIM HJAH TyMaHa
oceflaioT Ha 3ToM saeKkTpose. OcHoOBHAS Macca B3BellleHHbIX B ras3e YacTHIL MbIIH
HJHM TyMaHa npuobpeTaeT OTPHLATeNbHLIH 3apsaj BCJeACTBHe TOTO, uTo Ooee
NOABH3KHbIE OTPHIIATEbHEIE HOHL! H 3JEKTPOHBI NpojensiBaoT fonee LIHHHBINA
NIyTh U3 06/1aCTH «KOPOHBLI» K OCaJHTEJbHOMY 2/JeKTPOlY, 4eM MOJOKHTENbHbIE
#uoubl. CooTBeTCTBEHHO 60J/bllle BepOSATHOCTb WX CTOJNKIIOBEHHS CO B3BelUeH-
HBIMH B Tase yacTHIamu. JIMip Hebo/blIas yacTh YaCTHI MBIIH HAH TYMaHa,
KOTOpble CTOJAKHYJAHCh C NOJOXHTENbHO 3apsiXKeHHBIMH HOHAMH B 00/1aCTH
«KOPOHbI», OCENAI0T Ha KOPOHHUpYioweM 3jekTpoje. OTpuiaTesbHO 3apsiKeHHble
MOHBl, YaCTHIB MNBEUIE HAH TyMaHa, Momajasi Ha ocaluTes]bHBIH 3JEeKTPOX,
OTAAIOT eMYy CBOH 3apsifipl, a 3aTeM YIaASIOTCA C 31eKTpPoja.

CreneHb OUMCTKH ra3a B 3JeKTPO(HUILTPe B 3HAUUTENLHOH CTENeHH 3aBUCHT
OT NMPOBOAMMOCTH MBIAH. ECAH yacTHIB! XOpOMWO NpoBOAAT TOK, a CHJB! aire-
3uH (clenyeHHs) HeBeAHKH, TO 3apsijl OTAaeTcs MIHOBEHHO, a cama 4YacTHIa
noayuaeT 3apsj] 3aeKTpolda. BosHHKaeT KyJIOHOBasg CHJa OTTallKHBaHHA, ¥
YacTHIIa BHOBL MOXKeT IonacTh B [A30BbIH MOTOK. DTO NMPUBOAHT K yBeaHYe-
HWIO YHOCA HBLITH M3 3AeKTPODUABTPAa H MOHUIKEHUIO CTeneHH OouHcTKH. Ecan
Nblb NAGXQ NMPOBOAHT TOK, TO OHA NMPHUKHMAETCS CUJICH MO K 3MEKTPOALY H
obpasyer Ha HeM MJOTHBI{ CJOH OTPHLATENBHO 3apsMEHHBIX YaCTUIll, KOTOPHIH
OTTafKHWBaeT MPUOIHKAOUIHeCs YacTHHEI TOTO e 3HaKa, T. €. [IPOTHBOJlelCT-
BYeT OCHOBHOMY 3J/JeKTpuieckomy nodiwo. HanpsxeHue B mopax cjos oceBlIel
NbIIH MOXKeT NPeBbICHTE KPUTHYECKOE H BbI3BIBATHL KOPOHHUPOBAaHUe rasa y oca-
OUTENBHOIG 3JeKTpolla — «00paTHYIO KOPOHY». 2T0 fBJeHHE 3HAYUTENbLHO.
cHHKaeT 3¢G(eKTRBHOCTD OYHCTKH rasa.

Ona HcK/IoueHHs BpPEJHOro BJAMSHHA MNbIH, OceBluefl Ha 3JeKTpojax,
ee ylaJsioT NMepHONMYecKHM BCTPAXHBAHUEM 3JeKTPOJAOB WM YBeAHUYHBAIOT
NPOBOJHUMOCTD TLIAY MYTEM YBJaXKHEHHs ras3a nepej BXOAOM B 3/1eKTPOOHALTD
BOACH, He JONMYycKasl, OAHAKO, CHHMKEHHS TeMllepaTypsl Ta3a HHKE ero TOUKH
pOChI.

Ilpu ouncTKe ra3oB ¢ BLICOKOH KOHHEHTpALHell TBEepALIX YacTHIL 6OJbIas
4acTh UOHOB Oca)KJAaeTcs Ha NOCAeAHHX U KOJHYECTRO NepeHOCHMbIX 3apanoB
CyllecTBEHHO yMeHblIaeTcd, a CJAeloBaTeNbHO, CHHXKAeTcd cuaa norpebiase-
MOTO TOKa, TaK KaK CKopocTh B3pewlenHnlX uyactuil (0,3—0,6 m/cex) 3Haun-
TeNbHO MeHblle CKOpocTH HOHOB (60—100 m/cex). [lpu nagesun cuasl notTpetd-
JsIeMOro TOKa A0 HYJA CTeNeHb OUUCTKH rasa pe3ko yXyjaluaeTcs — IPOHCXO-
JIHT NONHGCE «3anipaHue KOPOHL». B 3ToM caydyae Aas1 O0pbe6bl CO CHHXKEHHEM
CHJBl TOKa YMEeHbINAIOT KOHHEHTpAalulo B3BelleHHBX YacTHIl B rase (ycrauas-
NUBas Nnepen 31eKTPOPHABTPAMH JONOJNHHTENbHYIO Fa3004HCTHTEABHYIO anmna-
paTypy) HIH CHHXAIOT CKOPOCTb MOCTYIAIOUIEFO ra3a, yMeHbllas Harpysky
37eKTpoduUAbTpA.

YacTuibl KHAKOCTH 06/1aJal0T OTHOCHTENHHO HEBBICOKHM YIENbHBIM 3J€K-
TPHYECKHM CONMPOTHBJACHHEM H OOBIYHO XOpPOUIO CMauydBaiOT I10BEPXHOCTb
snekTpofa. [losToMy oHH GHICTPO OTAAIOT 37€KTPOAY CBOH 3apsil M CTEKawT
10 €ro TIOBEPXHOCTH.

3exTpoduabTPEl paboTaiOT TOJBKO Ha NMOCTO AU HOM TOKe, TakK
KaK IpH lepeMEeHHOM TOKe 3apsKEeHHble 4acTHllpl, HCNBITAB PAJ HMIYJbCOB,
HalIPaBJAOIEUX HX TO B OAHY, TO B APYTLYIO CTOPOHY, MOTYT ObITb BblHECEHbB
U3 anmnapaTta paHee, YeM OHH YCIeBalOT JOCTHYb NMOBEPXHOCTH OCAJHMTEbHOTO
3JeKTpoja.

YcTpoicTBO 37eKTPodHALTPOB. YCTAaHOBKA fJs 3JEKTPHUECKOil OUHCTKH
ra3os BKJwouaeT OOLIYHO 3J€KTPOGHALTP H NpeofpazopaTefbHyi0 NOACTAHIIHUIO
€ COOTBeTCTBYMOWeH annapatypos. Has nUTaHHs ycTaHOBKH BbINPAMIECHHBIM
TOKOM BLICOKOTO HaIpsixKeHH A HCIO0.1b3YIOT 3J1eKTpUUecKue arperats! (puc. V-51),
COCTOfILLHE U3 peryJjAaTopa HanpsxeHHus I, TpaHcdopMmaTopa 2, MOBLIUIAOLIErO
HanpsrxkeHHe nepemeHHoro toxa c 380/220 6 g0 100 k8, M BBHICOKOBOJLTHOIO
spnpaMuTensn 3. Ilocde BoinpsMuTeneft TOK NOABOAMTCA K ajekTpolaMm 4 v 5
swlekTpopuabTpa 6. Kopnyc snekTpoduasTpa OGLIYHO HMeEeT MPSMOYTONbLHYIO
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WM UHJHHAPHYECKYIO (GOPMYy H H3FOTOBJAAETCA H3 MaTepHanoB, CTOHKHX
K XHMHYECKOMY ¥ MeXaHHYEeCKOMY BO3LeHCTBHAM OYUILAeMOH cpelsl (CTaib,
KHpIHY, KeJe300eToH H Ip.).

KopouupyioillHe 3/1eKTPoibl MPeACTaBAsioT cOGOH MPOBONOKH KpPYIJoro
AU 3Be31000pa3sHOTO CeYeHHA HJIH 3JeMeHTbl C HTONKaMH, a OCafHTeJbHble
3JIeKTPOAbl — ILTACTHHBI CleHHatbHoro npoduis nubo TpyOel KPyrJioro HJH
wecTHyrogbHoro cedeHuf. OcalHTeNibHbie 31EKTPOAbl BHIMOAHAIOT U3 CTaaH
M IPYTHX MeTa/jIoB, a8 TaK¥Ke rpapuTa H miacTMacc. STH 31eKTPOAb [TPHCOEIH-
HSIIOT K MOJIOXKHTEJIBHOMY TOMIOCY BBINPAMHTENA H 3a3eMJISIOT, 2 KOPOHHPYIO-
UiMe H30JHPYIOT H COeMHHAIOT ¢ OTpHUATENbHbIM mostocoM. HaupsikenHoers
3JleKTPHUECKOrO MOJISl M3MEHAETCH DEryJATOpPOM HAIpPSKeHHS TNHTAHHA.

AnekTpoduabTpel GbIBAIOT BepTHKAJbHBIE H TOPH3oHTalbHble. MX wacro
H3TOTOBJISIIOT H3 HECKOJIbKMX CeKIHiH, YTO AaeT BO3MOMKHOCTb OTKJIOYATb OAHY
H3 HHX L% OCMOTpPa HJIA DeMOoHTa, He OCTaHABJAHBAf BCEro 3/1eKTpoduJibTpa.
B HekOTOpLIX C/IyyafX A/if MOBLILICHHA CTeNEeHH OYHCTKH ra3a CeKIHH 3JeKTpo-
¢$MAbTPOB pacroJaraioT I0C/HeA0BATENBHO M0 XOAY ra3a H CHabXaloT camo-
CTOATEJbHLIM 3/MeKTpHUYECKHM [HTaHHeM. TakKuM o6pa3oM, 3/MeKTPHUECKHE
MO CO3AAIOTCA B KaXKAOH ceKUHH. B 3aBHCHMOCTH OT uncJa 3/1eKTPHYECKHX
nofefl 3TH 37eKTPOdAJbTPL Ha3LIBAIOT ABYHNOJAbHBHMHA WJIH MHOTO-
MOJbHBMH.

DnekTpodhHILTPBl AEJNATCA HA C Y X H €, B KOTOPHIX y/aaBJHBaeTcA cyxas
MBLIb, T. €. OYHCTKA Ta30B HPOHCXOAHT NMPH TeMIEpPaType Bhllle TOUKH POCH,
H MOKpble — LI yladeHus MbliH, yBJIaKHEHHOH B pe3yJbTaTe KOHIEH-
cauuH NapoB BJArH H3 OYHILAEMOTo rasa, a TakxKe JJIA OCakKAEHHS Kalesb H
TyMaHa.

KOHCTPYKIIHH CYXHX H MOKPBIX 3/1eKTPodHAbTPOB pa3Hoobpasubl. MucTu-
TyToM «[unporazoounctka» paspaGoTaHbl KOHCTPYKUHH CYXHX 3/1eKTPODHIIb-
TPOB A/ OYUCTKH AbIMOBBIX ra3os (c TemnepaTypo# ne Gosee 250 °C) m mast
OUHCTKH KHCJ/IbIX Ta3oB (c TemnepaTypoil He GoJiee 425 °C), MOKpHIE 3JIEKTPO-
UABTPHl L/ HearpeCCHBHLIX M XHMHUYECKH arpecCHBHbIX XOJIOAHBIX H rops-
yux rasos. [IpH OyHCTKe arpecCHBHBIX Ta3oB KOPHyC aneKTpoduabTpa dyre-
pYIOT U3HYTPH KHCIOTOYNIOPHBIMA MaTepHadaMu (KHCJIOTOYNOPHBIM KHPIHYOM),
a KpLIUKH annapara 3alluilaloT JHCTOBHIM CBHHUOM JHGO H3rOTOBJASAIOT
43 ¢eppocununa WiH Gaosnta. KopoHHpyOliHe W OcagHTeNbHbIE 3J1eKTPOMIbI
BLUTOJHAIOT H3 CBHHIA, OCBHHIOBAHHOH CTAaJH HJU (epPpOCHIHAA.

Jlna OuHMCTKH TNpPOMBILIEHHBIX Ta30B B XHMHUECKOH MPOMBIILIEHHOCTH
IIPUMEHSAIOT O 1l H 0 3 O H H bl € 3JIeKTPODH/ILTPH, B KOTOPHIX MPOLECChl HOHH-
3alHH Ta3a B 0CakAeHUs YacTHIL MBLJIH NPOHCXOISAT B ONHOM H TOM XKe 3/M1eKTpH-
yeckoM noJge. JLJs TOHKOl OUHCTKH BEHTHJIALHOHHOTO BO31yXa HCMOJB3YIOT
ABYX3O0HHDBI e 31eKTPoDHIbTPLI, B KOTOPHIX 3TH HPOUECCHl MMPOTEKaIOT
B OTAEJIbHBIX 30HAX anmapara.

B saBucumocTH OT GOPMB! OCaAUTEAbHBIX 3/1eKTPOAOB PasJiHyaloT 3JeKTpo-
$uAbTpEl TpyOYaTHIE H - MJIACTUHYATHIE.

Tpy6uatbelil sdexkTpoduabTp (puc. V-52) npercrasaser
coboil Kamepy I, B KOTOPOit pacCnoJioKeHbl OCaAHTENIbHblE 3/JeKTPOAbl 2, Bbl-
nosHenHsie u3 Tpy6 anamerpoM 150—300 mm u anwuoi 3—4 m. Ilo ocu Tpy6
HATAHYTH KOPOHHPYIOUIHE 3JIEKTPOAbl 3 U3 NPOBOJOKH auameTpom 1,5—2 mm,
KOTopble MofBelleHbl K paMe 4, onupalomedica Ha u3oaatopul 5. [as npenort-
BpallleNn s ‘KojaeOGaHui BCe 3/eKTPoldbl COEMMHEHbl CHH3Y paMoil 6. 3arpsi3HeH-
HBEI Td3 Yepes ras3oxoj, 7 nonanaeT Moj pelleTKy § H PaBHOMEPHO pacnpeness-
erca mo tpy6am. Ilpofins afeKTpuyeckoe mosie, ra3 OYHUIAETCSH H BBIXOLUT
yepe3 rasoxon 9. BaBeienHble YaCTHUB OCAXKAAIOTCA HAa BHyTPeHHEH noBepx-
HOCTH TPYO H MEpHOAHYECKH YRaJsA0TCA.

BnaiacTuruatToMm 3JeKTpPodbuAbTpPe (puc. V-53) mexnay
Mapa/iefbHbiMH [OBEPXHOCTAMH OCaiHTEIbHBIX 3JEKTPOAoB 2 MO/ABelleHbl
KOpOHUpyIOLLHe 3/1eKTPOoAbl J 13 HUXPOMOBOH (usin dexpajeBoit) MpoOBONOKH.
Ceepxy KopOHHPYIOLHe JIEKTPOAbl MOABElIeHbl K paMe 4, a CHH3Y CoeauHeHsl
pamoii 6. Ouninaemslii ra3 Mo rasoxony 7 MOAaeTcsi MOA PacnpeleTHTeNbHYIO
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peileTKy &, NOAHHMARTCH BBEPX MeXKAY NapaijelbHbIMH JHCTaMH OCajHTeJb-
HBIX 3JEKTPOLOB H OUMILEHHLIA ynanserTcs yepes BuIXOAHON rasoxon 9. Yacru-
ULl ObLH HAH TymMdHa OTAeNAITCA B 2JIeKTPHYECKOM [oJe OT rasa H ocCelatoT
Ha TIOBEpPXHOCTH OCAaAHTENbHBIX 3JIeKTPOJAOB.

B cyxux 3;eKTpodHJIbTPAX NblIb yHaJfeTCs NepHONHYECKH HPU ITOMOLLH
Pa3/HYHLIX YIApHBLIX MeXaHH3MOB BCTPSAIXHBAHHH 3JeKTPOAOB: MOJOTKOBOIO,
MargHTHO-HMIyJIbCHOTO H Np. B MOKPBIX 31eKTpodhuJibTpaxX OCEBHIHE YaCTHIbI
yAaasoTes NepHOAHYECKOH HJH HenpepulBHOW NPOMbIBKOW BHyTDeHHeH nOo-
BEPXHOCTH OCANUTENbHbIX 3JIEKTPOACB BOACH, pacnelisieMOi 6phirajamMi HIIH
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Puc. V-52. Cxema Tpy6uaToro smektpo- Puc. V-53. Cxema mnJacTHHYATOro

¢uabTpa: 3/1eKTpOGHIbTPA:
I — Kamepa; 2 — OCaZHTeNbHHIt 3JeKTPOX; 1 — Kamepa;, 2 — OCAZHTeNbHHI 3JEKT-
J — KODOHHDYIOMIHIt 3JeKTpox; 4 — pama; pon; 3 — KOpPOHHPYIOWIHH 3/1€KTPOL;
5 — H30AsTOp; 6 ~ pama; 7 — BXORHOMH ra- 4 — pama; 5 — H30aATOp, 6 — paMa;
3oxon; & -~ pacnpoieNHTeNbHAR  pelleTKa; 7 — BXOAHOM rasoxon; & — pacnpelenu-
9 — BHIXORHOA Ta3oXon. TelbHas peweTka; 9 — phxopHof ra-
8soxon.

¢opcyHkami. B HEKOTOPLIX C/AYYasiX NPOMBIBHASA ¥HAKOCTb CBOGONHO -CTeKaeT
MO BHYTPEHHE!! NOBEPXHOCTH 3JIeKTPOAOB B BHIE MJIEHKH, Ha KOTOPYIO OCEaaloT
B3BeIeHHbie YaCTHIIbL.

B nnacTrnuathix 31eKTpoduabTPaX Jerde, yeM B TPyGuaThiX, yaajisercs
oceBHIaf Ha 3JeKTPOAAX Nblb M MeHblle pacXodyeTcs SHEPTHH HA eNHHHIY
L1HHbl poBofios. Onu Gosee KOMNAKTHB, TPeGYIOT MEHbILero pacXola MeTad-
J1a H OTJIHYAIOTCS IPOCTOTOH MOHTax)a. BMmecTte ¢ TeMm TpyGuaTthie 5MeKTPOdHIIb-
TPbl TO3BOJIAIT NOJYYHTL GOMBINYIO HANPAKEHHOCTb 3JIEKTPUYECKOrO IM0Jis
H COOTBETCTBEHHO JONyCKaloT GoJibliHe CKOPOCTH rasa, T. e. 6oJee MPOU3BO-
AuTeNbHBl. B HUX Jyulle oTaenseTcs TpyaHOYJaBiHBaeMas TNbLIb H3 Fa3oB
ymep(;HHoﬁ BAaxKHOCTH. CreneHb OYHCTKH jpocturaer 99%, a wuHorza
99,9%.

Crenenb OuHCTKM rasa B saekTpotuabTpax. CTeNeHL OUHCTKH 1], MOXET GLITh BHpaKeHa
OGLHM ypaBHEHHEM: '
X3 — .
N5 == S e (V,92)

Xy

TIE X1 ¥ Xy — COJePIKAHNE BIBELICHHBIX YACTHIL B I'33€ COOTBETCTBEHHO Ha BXOJE B S7eKTPODHILTP
W BBIXOJLE€ M3 HEro, KZ/Ma; W — CKOPOCTb ABHXEHUS 3apsKEHHBIX YacTHI K HOBEPXHOCTH 3JIeK-
Tpona, m/cex; f-— yienbnas MOBEPXHOCTh OCAXICHHS, BHIPAKAEMAs OTHOLICHWEM ILIOMALA
OCaAMTEJbLHBIX SJIEKTPOAOB K OGBEMHOMY pacxoly ouyMmaemoro rasa, M%/(M3/ce).
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Jas Tpy6uaTeIX 3JeKTPOPHALTPOB
2!

=

v

N7 NJAaCTHHYATBIX 3JeKTpodu/IhTpoB
i !
Y

rie | — Anupa Tpy6bl HAM OJIACTHHEL, M) £ — PAZUVC TPYGH OCAAHTENBHOTO IEKTPONA, M) i =
PacCTOSHHE MEXAy OCAJHTeJbHHIM M KODOHHPYIOIHM 3/EKTPOLAMM, M; U — CKOPOCTn raza
B 3JIEKTPOQHILTpPE, M/ceX.

Jlns To4HOTO OMpe/eNEeHHS CTENEHH OYHCTKH MPH 3a1aHHOM COINEPKAHWH B3BEUICHHEIX ua-
CTHH JI0 H [OCJ]E OUHCTKH (¥, H X,) A/s BEIGDAHKOH KOHCTPYKUHH KOPOHHPYIOUWMUX H QCATHUTEN! -
HBIX 37IEKTPOAOB HEOGXOIHMO MPABHJLHO BLIOpATh CXOPOCTh W 3apsKeHHHIX YacTHU. TeopeTH-
YeCKH ee pacueT Maso Hale:keH, 03TOMY W ONpPEeNeNsIOT ONbITHLIM TYTEM.

23. Koaryafuus H yKpyIHeHHe 4acCTHL. OTXENAEMBIX
NpH ra3oouUCTKe

Crenenb OYHCTKH Tas30B B annaparax pasJiuyHbIX THIOB MoXeT ObITb MMO-
BblllEHZ M MPOlece OYUCTKH yCKOpPeH IyTeM NpeiBapHTENbHOTO YKPYMHEHHS
(koarysnsiunu) B3BelleHHbIX wacTHU. Jlis 3Toil uenn moxer OniTo MpHMeleHa
aAaKyCTHYEeCKas KOoaryJdanHa — BO3ACACTBHE HA 3arps3HeHHH raz
YyNPYrHX AaKycTHYeCKHX KoJjefaHH# 3BYKOBOH H YJbTpPa3ByKOBOH YaCTOTHI.
3ByKOBble H YJALTDPA3BYKOBBIE KOJNeGAHHS BLI3LIBAIOT
HHTEHCKBHYIO BHOPaIlHIO MeJbYaMIBX B3BeLIEHHLIA
YacTHl, YTO TNPHBOAHT K DPe3KOMy yBeJIHYeHHIo
yHcJia MX CTOJKHOBEHHW H yKpyMNHeHHIO (KoaryJs-
uun). Koarynsuus yacTHil NPOHCXOANT GoJiee HHTEH-
CHBHO B 1oJie CTOAYHX BOJIH. 2

AKycTHYECKYIO KOAary/sfiuHiO MblJIH H TYMAHOB \ '“
HCNOJIB3YIOT JIHIUL fepell HX OUYACTKOH noa AeicT- l %3
BHEM CHJI TAMKECTH HJH UHEPUMOHHBLIX cuJi. B kave- —
cTse npHMepa Ha pHc. V-54 mokasaHa cxema ycra-
HOBKH /51 aKyCTHYeCcKOH Koaryafiuuu aspo3sosed I P
B Mpollecce ceNapauHy KOHLEHCATa H3 MNOMYTHBIX H =
MPUPONHBIX Ta30B MPH HX fobblue. ['a3, HAXOAAWMKACA  pyc. V-54. YVeranoska 1in
noa u36niToudpiM paBseHHeM 10 000—20 000 k#/M%  npegsapurtednuoii akycT-
(100—200 arn), BBOAMTCA B CENapatHOHHYIO KAMepy  YeCKOH KoaryJssuHM 4acTHu
| uepe3 iTyuep, B KOTOPOM pasMellleH HCTOYHHK TP ra3001THCTKE:
aKyCTHYECKOH SHEePrHH — MeXaHWyeCKWil BHOpaTop, § I Senapauwonuan orysep -
HJAA CBHCTOK 2. 3a cueT CO3JZAHHA Mepenajga NaBjie- Ana oTBopa KOMZeHcaTa; £ —
HHI B CBHCTKE MOJIYYAlOT HEOOXOJMMYIO aKyCTHUe- | i Aloro rase, o et
cKYI0 MowHOcTh., O3ByUHBAHHE Tasa NpHBOAUT K pes-

KOMy yKpYMHEHHIO KareJeK KOHIeHCaTa, KOTopbie Mo AeHCTBHEM CHJILI TA-
JKeCTH MajalT BHH3 H BoiBoaATcs depe3 mryuep 3. OumieHHwld - rasz yaa-
Jsietcs yepe3 wrTyuep 4.

AkycTnueckyio 06paloTKy rasoB TUpPOBOASIT NpH ypoBHE 3ByKa He MeHee
145—150 96 u uactoTe Konebanuit 2—50 xey.

Annaparbl nJAA aKyCTHYECKOH KOAryJisIUHH B3BELIEHHBLIX YACTHI OT/JAHYa-
JOTCA MPOCTOTON H KOMNAaKTHOCTLIO. OHH MOryT GuITh HCMOAb30BaHH! 417 obpa-
GOTKH TOpAYMX ra30B MpPH TemnepaTypax BmiaoTh Ao 550 °C, a Takxe jas
06paBboTKH XHMHUYECKH arpeCCHBHBIX H B3PBIBOOMACHHIX ra3oB. CylecTBeHHBIM
HeJOCTATKOM 3THX aniapartoB sIBJSIOTCS TsXKejble YCJAOBHSI TPyZa o6CayXKHBa-
jollero HepcoHasa (npu paboTe HAa 3BYKOBHIX HacCTOTax).

YKpynHeHHe B3BelEHHbIX B ra3e YacTHIL MOXKeT ObITb OCYLIECTBJIEHO
TaKyKe MoCPenCTBOM KOHIEHCAUHH HA HHUX BOASHBLIX MAapoB. DTO MoxKeT OhTb
JOCTHTHYTO MepechilileHHeM lasa B pe3yjbTaTe ObICTPOrO €ro OXJaXKACHHS

14
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B NOBEPXHOCTHBIX XOJOAHABHHKAX HJAH NyTeM BBeleHHS B MOTOK ropsyuero
rasa TOHKOPACHbIIEHHOH XOJIOZHOH BOXLbB,, NOAAYH BOLAHOFO Napa B TNOTOK
XOJIOIHOTO ra3a U T. A. HeNOCPeACTBEHHO Mepes ero OUYHCTKON MJIH B XOJie caMo-
ro mpotiecca.

24. CpaBHUTeNbHBIE XapaKTEPHCTHKH H BHIOOp
ra3004HCTUTENbHON amnapaTyphi

Ilpu Bwbope annmapaTos AN OYHCTKH rasa cienyeT NPHHHMATh BO BHHMA-
HHE TEXHHKO-5KOHOMHYECKHe MOKa3aTeJH HX paGoTel, MPH ONpeleseHHH Ko-
TOPHX HeOOXOAWMO YUHTHIBATL CTENEeHb OYHCTKH rasa, FHApaBJHUYecKoe Co-
NpoTHBJEHHE amnaparta, pacXojl 3JeKTPOSHEPrHH, mapa W BOABI Ha OUHCTKY,
CTOMMOCTb aNNapaTta W CTOHMOCTb OYHCTKM rasa (oObiiHO BCE pacXoibl OTHO-
car k 100 x® ounmaemoro rasa). Ilpu 3ToM J0/IXHbI GbITh NPHHATH BO BHH-
MaHHe (aKTopbl, OT KOTOPHIX 3aBHCHT 3(peKTHBHOCTb OUHCTKH: BJIAXKHOCTD
rasa ¥ conep:xaHHe B HeM ObLIH, TeMIepaTypa rasa H €ro XUMHUYecKas arpec-
CHBHOCTb, CBOHCTBA NEBNIM (CyXasi, JHNKas, BOJNOKHHCTAf, THTPOCKOMHYECKas
H T. B.), pPa3Mepbl 4acTHIL MbLIH H ee QPAKUHOHHLIA COCTaB M Ip.

Huxe npuBeneHb HekoTOpbie ycpenHeHHble XapaKTepHCTHKH pacmpocTtpa-
HEHHbIX TA300YUCTHTENLHLIX anfnapaToB:

MakcuMans-
HOe cofep- Paamepn Crenert I'nnpas-
Annapatm XaHHe nudy OTAEASEMEX OYHCTKH nggeckoe
. B rase, 4acrun % conporua-
Ke/m® MEM neHse
IMwneocaaurensutie -
Kamepol . . . . . — Bonee 100 30—40 -
JKamo3niiHeie nbme-
. YTOBHTENH . . . . 0,02 » 25 60 500
Iugnonst . . . . . . 0,4 » 10 70—95 400—700
Barapeiinble OHKJIOHL! 0,1 » 10 85—90 500—800
PyxaBubie GuabTpH 0,02 » 1 98—99 500—2500
LledTpoGexHrle cxpy6-
Gepul . . . . . 0,05 » 2 " 85—95 400—800

ﬂenﬂble nbmeynoau-
TeNW . . e 0,3 » 0,5 95—99 300—900
0,005 99 n menee 100—200

SJleK'rpoq;Hnb'rpu . « 0,001—0,05 »

Kak BHIHO H3 3THX MaHHBIX, HHEPIHOHHbIE MbLIEYJOBHTENH H IIHKJOHbI
NPUTONHBL JIHIIbL AJIA OTAENEHHS CPABHHTEJbHO KPYMHBIX YaCTHIL B MOTYT ObITb
HCII0/Ib30BaHbl /A TpeiBapHTeIbHON, Tpy6oii OYHCTKH OT CyXoH, HeJMNKOH
¥ HEeBOJIOKHHCTOH NbiiH. BmecTe ¢ Tem 3TH amnapatsl Be TpPeGyiOT BLICOKHX
KamuTalbHbIX H 3KCIJIyaTanHOHHHIX 3arpar. Mx He pekomeHayeTcs mnpHMe-
HATb JJ15 OTJeJeHns MeJKOH NblJIH ¢ pasMepaMH YacTHU MeHee 10 mxm. l/IHep
UHOHHbIE MbUIEYJOBHTENH H UHKJOHBI 4aCTO HCNOJb3YIOT B KauecTBe MepBoi
CTYMeHH OYHCTKH Nepen Gosee 3(pheKTHBHBLIMH Ta3004HCTHTEIbHBIMH anmapa-
TaMH, HanpuMep Mepel 3/71eKTPoPHJIbTPAMH.

Lluksionb! v 6aTapelinbie UHKJIOHH lles1ec000pa3HO NPHMEHATH AR OUHCTKH
rasoB C OTHOCHTE/IbHO BBICOKUM. COfeP:KaHHeM [MblIH, MpHueM OarapeiiHbie
LHKJIOHB PeKOMEHAyeTCsl HCMOoJib30BaTh NMpu GOJbIIHX PACXONAX OUHILAEMOTo
rasa.

Pykashbie qmnbrpbr NPHMEHSIOT ISl TOHKOH OUHCTKH T'a30B OT CyXOH WIH
TPYAHOYBJAXHAEMON MNblJIH, pa3Mepsl YaCTHIl KOTOpPOA mnpesblnaoT.l mKm,
HanpHMep AAA yJaBJAHBAaHHA LEMeHTa, CaXH, OKHCJAOB uuHKa H T. . Oxn
3pdekTHBHO pabOTalOT MPH OYHCTKE ra3oB OT BOJIOKHHCTOH MbUIH, HanpuMep
acGecToBOH, HO He TIDHFOAHBI ANA Yla/leHHs JHIKOR U BJAXHOA MbLIH.

Ilns BecbMa MOJTHOM OYHCTKH ra30B OT MEJKORHCIEPCHOM MbIJIH HCNONb3YIOT
MOKpble MbUIEYJOBHTENH H - 3/eKTPODUIbTPI. MoKpble TNblJiey/JOBHTeNH TpPH-
MEHSIOT TOrja, KOria KeJaTe/bHO HJIH NOMYCTHMO OXJaXKAeHHe H yBJaaXHe-
HHE OYHILAEMOro rasa, a oTAe/seMas NbUb XMMHYECKH He B3aHMOLEHCTBYeT
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¢ oporawolleil XKHUAKOCTbIO H MOXeT ObiTh BHOCJHEICTBHH BbIieJeHA H3 XKHI- -
KOCTH, €CJH [blib fIBJAAETCH UEHHBIM MNpOAYKTOM. IDTH MbUICOUHCTHTENH HO-
CTAaTOYHO MPOCTHl B H3rOTOBJIEHHH, & CTOMMOCTB annapaTypsl ¥ 3aTpaTthl HA ee
ofcnyKuBaHHe MeHblie, YeM JLIA 3JIeKTPO(PHIbTPOB.

Tlpu 31eKTPHUECKOH OUYHCTKe ra3oB MOXHO MOJYYHTb BeChMa BHICOKYIO
cTeneHb yJIaBMHBAHHA B3BeIUEHHLIX YacTHU. IIpH 3TOM pacXon sHepruu Hese-
MUK BCJEICTBHE MaJoro Mnorpe6eHHss TOKA H HHU3KOTO [HADPABJIHYECKOro CO- -
MPOTHBAEHHA 3/eKTpopuabTpoB. PacXon sHeprud Ha ounctky 1000 %/«
rasa cocrasjsier B HHX oObtyno 0,2—0,3 kem-«. 15 OYHCTKH CYXHX ra3cB
MCMOMb3YIOT NPEHMYIIECTBEHHO MAaCTHHYATHE 3/eKTPOPHABTPH, a LR
OTAeNeHHs TPyAHOyJaBAHBaeMOW MbLIK M TYMaHOB — TpyGuaTee. DaeKTpo-
PHABTPHl ABJAAIOTCA OTHOCHTEJILHO NOPOTOCTOAUIHMH H CJAOXKHBLIMA B 3KCIIy-
aTauud annapatamd. OHH MaJio TPHTOAHBI AJIA OYHCTKH Ta30B OT TBEPAbIX
YACTHL, HMEIOUIHX OYyeHb Majioe YAeNbHOE 3JIeKTPHYECKOE COMpPOTHBJEHHE,
H B HEKOTOPHIX APYIHX C/AyyasXx.



rJ1ABA VI
NEPEMEIIHBAHHE B J)XHAKHX CPEJAX

1. O6mHe cBeleHHsA

TepeMemyBaHHe B KHIKHX CpefaX HIMPOKG NpUMeHsieTCss B XHMHUYECKOH
MPOMHILIJIEHHOCTH AJsi MPHIOTOBJAEHHS 3IMYJbCHH, cycnmeH3Hl M noayueHHs
TOMOTEHHLIX CHCTEM (pacTBOpOB), a TakXKe A/ HHTeHCHOHKALHH XHMHYECKHX,
TeMJOBbIX H AH(EdY3HOHHBIX NpolleccoB. B nociegHem ciyyae nepeMeniHBaHHe
OCYLIECTB/SIOT HENOCPeACTBEHHO B MPelHA3HAUEHHBIX AJAs NPOBENEHHA STHX
IpOUECCOB annapatax, cHaGXeHHBIX TepeMellHBAIIIHMHE YCTpOHACTRAMH,

llens nepeMellHBaHHA ONpenensieTcss Ha3HaueHHeM npouecca. Ilpu npu-
FOTOBJIEHHH 3MYJbLCHH AJs1 HHTEHCHBHOTO JApoGsieHHst AHCHEepCHOR ¢a3bl Heol-
XOJHMO CO3flaBaTh B TNepeMelUHBAEMOH cpejle 3HAYHTEJbHHE Cpe3alliHe
YCHJIHSI, 3aBHCsIiHe OT rpajHeHTa CKOpPocTH. B Tex 3oHax annapata, rie
rpajiHeHT CKOPOCTH KHIAKOCTH HMeeT Hanbojbllee 3HAYyeHHE, HPOMCXOAHT
HanboJiee HHTEHCHBHoe jpoGseHHe AHCHeprapvemofl dassi

B cayudae roMoreHusanuu, NPHIOTOBJEHHS CycHeH3HH, HarpeBaHHS HIH
OXJam/JeHHs! MepeMelinBaeMoil TOMOTEHHOR Cpelbl LeJbi0 NepeMellHBaHH:A
SIBJIfIETC CHH)KEeHHe KOHLeHTDALHOHHBIX HJH TeMﬂepaTypme rpajyeHToB
B o0beMe amnmapara.

IIpn HCnoOJIb30BAHHH MepeMENIHBAHHS AN HHTEHCHPHKANHH XHMHYECKIX,
TeNJIOBBIX H NH(PODY3HOHHBIX NPOUECCOB B FeTepOreHHBIX CHCTEMAaX CO3JAOTCA
JyyliHe YCJIOBHS AJIA MOABOAA BeLIECTBA B 30HY pPeakuUHH, K rpaHHue pas-
zena a3 HIH K MOBEPXHOCTH TemyiooGMeHa,

YBenuueHHe CTeNMeHH TYpPGVJIEHTHOCTH CHCTEMbl, JOCTHraeMoe NpH Mepe-
MeIUHBAHHH, MPHBOAHT K YMeHbIIEHHIO TOJUIHHK I1OTPAHUYHOrO €107, yBe-
JIHUEHHIO H HENpPepPhIBHOMY OOHOBJIEHHIO MOBEPXHOCTH B3aHMOJEHCTBYIOIMHX
¢$a3. 310 BBHI3BIBAET CYIIECTBEHHOE YCKODEHHe IPOMNECCOB Temlo- W Macco-
ofMeHa.

IlepemMelnBaHHe TPHMeHsIOT B mnponeccaXx abcopOuuH, BbiIapHBaknd,
3KCTPAarHpoBAaHHS H JAPYTHX MpoHeccax XHMHYeCKOW TeXHOJIOTHH.

Crnioco6bl nepememnBanusa. Crocobel nepeMeniBaHusi H BbiGop ammapary-
pbl NSl €ro MpoBefleHHs! OMpelessiioTCs Lesibio epeMeINHBaHUsI H arperaTHbM
COCTOSIHHEM NepeMelinBaeMbiX MaTepHaJios. [IInpokoe pacnpocTpaHeHHe B XH-
MHYECKOR TIPOMBIIJIEHHOCTH TIOJIYYHJIH NPOLECCHl epeMelllBAHHS B XKHIKUA
cpenax. -

HesaBucuMo oT Toro, Kakasi cpega CMeIUHBAeTCsl C JXHAKOCTbIO — a3,
HKHAKOCTh WJIH TBEpJOe Chlllyyee BelleCTBO,— pPA3JIHYAIOT 1Ba OCHOBHLIX CIIO-
cofa nepeMellIHBAHHSA B XXHAKHX Cpeflax: Me XaHu4YeC K H I (c noMouibio
MeHIa/IOK Pa3JIHYHBIX KOHCTPYKHUHI) H NHeBMaTHYecCcKH#H (cXaTbM
BO3AYXOM HJIH HHepPTHEM rasoMm). KpoMme Toro, npumeHsior nepeMeliHBaHHe
B TpPy6onpoBOAaX W nepeMellHBaHHe C MOMOULbLIO COMed
H HaC0OCOB.

CvmemnBaHHe TBepPAbIX CHITyYHX MATEpHAJIOR SBJAETCH CKOPee MeXaHHuc-
CKHM, 4YeM TIHADOAHHAMHYECKHM mnpolleccoM. Bcuencraue. 3TOro OCHOBHBIC
3aKOHOMEpPHOCTH TIIpollecca, a TaKXe annaparypa, NpHMeHseMasi AAs CMe-
HBaHus, OYAYT paccMoTpeHs! B rniabe XX,
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3ddekTUBHOCTD M MHTEHCHBHOCTH RepemelunBanus. HauGonee BamHbIMH
XapaKTepHCTHKAMH MePeMElIHBAIOMHAX YCTPOHCTB, KOTOpble MOTYT ObITh 1MO-
JIOXKeHbl B OCHOBY HX CPaBHHTEJbHOH OLEHKH, ABJAAIOTCA: 1) 3hPeKTHBHOCTD
flepeMeniHBalollero yCTPOHCTBA; 2) HHTEHCHBHOCTb €ro JeHCTBHSA.

DbPeKTHBHOCTbDH MePeMEUIHBAIONIENO YCTPOACTBA XapaKTeDH3yeT
KauecTBO NpoBeleHHA [Mpollecca TepeMelHBaHUA H MOXeT OHITh BblpamKeHa
NI0-Pa3HOMV B 3aBHCHMOCTH OT uesid TNepeMmelunsanusi. Hanpumep, B npo-
" geccax IMONy4eHHS CyCNeH3HHA 3(PheKTHBHOCTb HepeMeIHBaHUS XapakTepH-
3yeTcsl cTeleHblo DPABHOMEDHOCTH pachpelejeHHsi TBepaod ¢asul B oGbeme
annapara; NpH HHTeHCHOHKalUHH TenJoBblX H AUQPY3HOHHBIX MPOLECCOB —
OTHOWeHHeM KO3(p(dHIHEHTOB TeIJIO- WJIH MacCOoOTAauyu [pH HepeMelluBaHHH
n Ge3 Hero. dPPeKTHBHOCTL MepeMelinBaHHA 3aBUCAT He TOJBKO OT KOHCTPYK-
IIHH MepeMellnBaoniero yCTPOHCTBA W annapaTa, HO H OT BeJTHUHHBLI JHEPTHH,
BBOJIHMOH B IepeMellHBaeMyl0 XKHIKOCTb.

HuTeHCHBHOCTDb MNEpeMeLINBaHHs onpejessiercs BpeMeHeM JOCTH-
JKeHHs1 3aJaHHOTO TEXHOJOIrHYeCKOro pe3yabTara HAH YHCAOM 06OpOTOB
MelllaJKH MpH QHKCHPOBAHHOM MPORO/IKHTEIbHOCTH Npollecca (415 MeXxaHuye-
CKHX Meluasok). YeMm Bbillleé HHTEHCHBHOCTb IepeMelluBaHHs, TEM MeHblle
BpeMeHH TpebyeTcs NSl JNOCTHXKEHHS 3alaHHOro sddexra nepemeriHBaHHS.
WuTtencuduraunsa npoleccoB MepeMelNBaHHA NPUBOIAUT K yMeHbIUEHHIO pas3:
MepoB [POeKTHPyeMO# annapaTypbl H YBeJHYEHHIO [POH3BOAHTRIBLHOCTH
neficTBymomeil.

Jns 3KOHOMHYHOrO IpoBeJeHHA Mpouecca mnepeMellNBaHUA IKesaTelbHO,
uto6ul TpeGyeMbiil schdexT nepemelIHBaHHg AOCTHraJICK 332 HaHOo/ee KOPOTKOe
Bpems. [lpH oueHKe pacxoia 3HeprHH NepeMelUMBAIOUINM YCTPOHCTBOM Cjie-
AyeT YYMTbiRaTb OGIIHH PacXoX 3HepraH 3a BpemdA, HeoOxonumoe Aad obecrne-
yeHHs 3aJaHHOrO pe3yabTaTa TepeMellWBAHHA.

2. MexauuuecKoe nepeMelluBaHue

Hau6oJbliuee pacnpocTpaHeHle B XUMHUECKOI! TPOMBIIIIEHHOCTH 10AYYHI0
nepeMeilinBaHue C BBELCHAEM B NepeMeilHBaeMy0 cpely MeXaHHYeCKOH 3Hep-
THH U3 BHEUIHEro HCTOUHHKA. MexaHHueckoe nepemerHBaHue OCYLIECTBIAETCSH
C MOMOMIBIO MEIaa0K, KOTOPHIM COOOLIAeTCs BpallaTe.TbHOe IBHXKeHHe 160
HENOCPeACTBEHHO OT 3JeKTPOABHraTeNs, JAHO0 uepes PeAyKTODP HJIH KJAHHOpe-
MeHHYIO Nepenauy. M3specTHul TakxKe MewaAKH ¢ BO3BPaTHO-TOCTYyNATeJbHBIM
LBHIKEHWeM, HMeliHe TNPHBOL OT MeXaHHYECKOTo HJH 3J/eKTPOMATHUTHOTO
Bubpartopa.

INpouecc nepeMelunBaHHA MeXaHHUECKHMH MellaJkKaMi CBOAMTCA K BHelU-
Heil 3ajaue THAPOAMHAMUKH — OOGTeKaHHIo Tesl NOTOKOM »KuiakocTH. OcHoBuble
3aKOHOMEPHOCTH OOTEKaHH#A Tesi MOTOKOM JKHMIKOCTH, PacCMOTPeHHble paHee
(ctp. 95 cia.), nMpHUMeHUMbl TaKKe B YCJIOBHAX NepeMelluBaHus.

Kak yxe oTMeualoCb, NpH MeLIeHHOM IBH/KeHHH B BA3KOH cpepe Tesa
Jio6oli hopMbl B TOHKOM C/10€ MKHAKOCTH, TIPUMBIKAOUEM K ero NOBepXHOCTH,
obpa3yercs JaMHHAapHbI{l NMOTpaHHYHBIA CJI0H, ¢opMa H TOILIHHA KOTOPOTO
3aBucAT OoT (GOpMbl M pasMepoB Tesla, CKOPOCTH W (H3HHECKHX CBOHCTB
KHIKOCTH. ’

TIpH yBeJHUEHHH CKOPOCTH IBHIKEHHs MPOHCXOAMT OTPHIB IOTPAaHHYHOTO
cJ108 OT MOBEPXHOCTH Teja B TOUKAX, Ile CKOPOCTh XKHIKOCTH ABJAETCA HaH-
Gosbliel, HaTpHMep Y KPOMOK BepTHKa/bHoW miactuusl (puc. VI-1), u o6pa-
30BaHue TypOY/JeHTHOTO KOPMOBOTO cjeja 3a ABHxKyumumcs Tesom. Hauwamo
OTpbiBa MOTPAHUYHOTO CJIOSl XaPAaKTePH3yeTCs Pe3KHWM BO3pacTaHueM Compo-
THBJIGHHS Cpelbl JBHXEHHIO TeJa.

Oxpy:KHAs CKOPOCTb HMeeT Haubosibluee 3HayeHne Ha NepHAQEpHH MeIafIKH,
TaK KaK 3Ta BeJHUYHMHA MPONOPUHOHAJbHA QHAMETPy MellasikH. ¥ mepudepuu
MelaJNiKH, KaK clelyer w3 ypasHenua Beprynau, o6pasyercst 30Ha HOHHXKEH-
HOTO JaBJeHH#, Kyla ycTpemjseTcs »KHAKOCTb, HAaXOAAmIASiCs B anmapare.
Sro Teyedue, a TaKXKe pajHaNbHble MOTOKH, BO3HHKAIOIHE 1101 AeHCTBHEM
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HeHTPOOe¥IbIA CHJ TPH BPAlIATE]bHOM OBHXKEeHHHU MeIUaJiKH, HPpHBOAAT
K WHTEHCHBHOMY [i€epeMeillHBaHHIO COJEpKMMOro ammapara.

3anaua BHellHero OOTeKaHHs TeMl B YCAOBHAX MepeMelUHBAHUA MOXKeT
ObTh pelleHz ¢ TnoMouibio ypaBHenuit HaBpbe—Crokca H HePa3sPhIBHOCTH
noToka. Toydoe aHaJduTHUeCKOe pellleHHe VKa3aHHoH 3a1ayH BeCbMa CJIOXKHO
¥ BO3MOKEO JIHIb MJIA YACTHBIX cdyuaes. [losTomy s pelneHus 3TOH 3alauH
HCPOAL3VIOT TEOPHIO nozobus. :

MomuocTb, mnoTpednsiemas mexauuueckMmu memiankamu. Kax caenyer
13 06001IEHHOrO YpABHEHHs: THAPOAHHAMHKH | ypaBnenne (11,85r) |, BuiHyKaeH-
HOEe CTAllMOHAPDHOE JBHKEHHE XEIKO-
CTH B YCIOBHAX, KOrza JeHcTBHeM
CHJIbl TAXecTH npenebperaTb Hesb3d,
OMHCbIBAETCS KPHTEpHANBHLIM ypaB-
HeHHEM

Eu=f(Re, Fr, Ty, Ty, ...)
rne Iy, Ty, ..., — CHMOJEKCH reomeTpHue-
CKOro rnoacops.

AJ1 OGHCAHHsST M[poLecca Mepemc
IIHBAHHA NPUMEHAIOT MOLUGOHUIHPOBAH-
Hele Kpurepun Ditnepa (Eu,), Pe#t
Hosibaca (Re,) w ®pyna (Fry), Koro-
pble MOTYT ObIThb TOAYYEHH yTeM Ipe-
Prc. VI-1. Obrexanme naockofi naatyms O0OPA30BaHMf  OCGbIYHBLY  BbIpaX@HUH

¢ OCTpbiMH KpOMKam# npu Re, > 10 3THX KpHTepueB. BmecTo suHeliHOH

CKOPOCTH XKHJKOCTH, CpeiHee 3HaueHHe

KOTOPOJi NpH NepeMeHIHBAHHH YCTAaHOBUTb ITPAKTHUECKH HEBO3MOXKHO, B MO-

A¥GHIMPOBZHHBIC KPHTEPUH MNOACTABJAAETCA BeJIHUHHA nd, NPONCPUHOHAJL-
Hasl OKPYXKHOH CKOPDOCTH MEIUAJKH Wyyp:

Woyp = T dn

rle n — Yucao 060p0TOB MEINaJKH B €JHHHLY BpPEMEHH; d——zmameTp MelJaMKH.

B kayecTse onpenensiomero JHHEHHOro pasmepa BO BCeX YNOMSHYTHIX -
KPUTEPHAX HCHOJAb3YyeTCH nuamerp d MeHasKH.

Tloncrasnss 3TH BeJMYHNB! B COOTBETCTBYIONIHE KPHTEPHH, HOJYYHM CJe-
AyIOUlHe BblpaXKeHHS NI MOAUPHIHPOBAHHBIX KpHTepHeB MORo6Hs:

. 2
Rey, — nd.dp =nd 0
u w
ned? nid
Fry = — == —
"7 ed Iy
Ap
Rty = 5 (ndys

B xpurtepuii Diiiepa BXonHT pasHocTh AasJenuit Ap Mexay nepenmefi (co
CTOpOHBI HaberaHWs NMOTOKa) M 3anHei MJOCKOCTSAMH JIOMACTH MelaJdKu. DTOT
nepenajg naBjeHHf, NpeofojeBaeMblii yCHAHeM P, TNPHJIOKEHHBIM K Bady
MelllaJKH BbIpaxaloT yepe3 MoJEe3HYI0 MOUHOCTL N, cooBiaeMyio KHIKOCTH.
Benuuuna' N nponopliMoHa/iibHa NPOU3BENEHHIO YCHJHA HA Bajy W OKPYKHOH
CKODOCTH, T. €.

N oo P (nd)
Tgrna nepenan AaBJEHHA MOXKHO 33aMEHHTH HpOHOpuHOHaJIbHOﬁ BEJIH-
YHHOH
PN N
S CwdS < b

rie S o>d® — niowaib, Ha KOTOPOE pachpefenieMo ycuiwe P.

Ap::
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IoagcraBus Ap B BuipamenHe is Eu,, noayyam

N

EUM = H“_d_“—

= Ky

Kputepuit Eu,, sbipaxKeHHbI B TAKOM BuJe, HA3blBAIOT K PHUTEDHEM
MOUHOCTHW H o06u3Havawr uepes Ky.

CooTBeTCTBEHHO 0600ileHi0e ypaBHeHHe THAPOAMHAMHKH JLIA [DOLECCOs
nepeMellHBAHUS MPHHHUMAET BHJ

Ky =f(Rey, Fry, £y, Tp)...) (VL1;
HIH

Sy =dRelF{lI ..., {(Vi.la)
Bovsanue CHIBL TAKECTH CKa3blBaeTCd HA  ,Da30BAHHUH BOPOHKH H BOJH
Ha CBoGOAHOW MUBepXHOCTH [epeMelinBaey A XKuakocry. [Ipn Hamuuwy
3 anmapare OTpaxarTesbHbiX Meperopopok (cMm., wanpumep, puc. VI-3, nos. 2)
WM MpH 3KCUEHTPHYHOM DACNOJOXKeH(H Baja MellaJK{H OTHOCHTEIbHO OCH
almnapara BJAMSAHHEM CHJIBI TAMKECTH MOXKHO npeHebpeub. B srom ciayuae us

ypaBrenust (VI,la) HckiiouaeTcs monpuduunposanHni kpurepu#t Ppyna:

Kn=9¢(Rey [}, Ty, ... (V1.2
HH
Ky=A Relr?Try,.. (V1 ,2a)

Ypasueuns (VI,1) u (VI,2) npuMensiior 115 pacyera mouuoctd N, notpeb-
Jgsgemofi Melanko#.

Cuauenns kodpduunentoB A H A’ M noxkasaTen cTeneHed onpepe’asioT
U3 OllbiTa; OHH 3aBHCSIT OT THMNA MeIUAJKH, KOHCTPYKUHH ailllapara U pexHMa
nepeMelHBAHUA.

A ynpolieHHs pacyeToB ONbITHble NaHHbIE O BEJHYHHAX MOLIHOCTH, 3a-
TpauyuBaeMoll Ha nepeMellHBaHHe, NMpPEACTABAAIT B BHAe rpaduyecKoit 3aBH-
cuMmocTu KpHrepua MoutHocTH Ky ot mompuduuupoBaHHoro KpuTepus Peit-
Hoabica Re, ¢ reoMerpuueckumu cumniexkcamu [, Ty, ... 0 Kpurepuem
®pyna Fr, B KauecTBe napamerpoB. Jlis reoMerpHuyecKH MOJOOHBIX MeilaloK
 annaparoB B cjyyae co0.i0eHNA N0106HA yCJOBMHA HA BXOAe KHAKOCTH B afl-
Mapar u BBIXOJE W3 Hero (MpH OTCYTCTBHH BOPOHKH H BOJIHOOGDA30BaHMA Ha
NOBEPXHOCTH JKHAKOCTH) KpuTepHil MoigHocTH Ky H, c.Jel10BaTeNbHO, MOLI-
HOCTb, 3aTpaylBaeMas Ha MepeMellHBaHHe, 3aBUCAT TONbKO OT KDPHTEpHS
Pefitonbaca Rey. _

Ipaduk 3aBucumoctu Ky oT -Re, 11 0OCHOBHBIX THIOB HOPMA.IH30BAHHBIX
MepeMelHBaoiuX YCTPOACTB, MOCTPOGHHBIH HA OCHOBAHHH MHOTOYHC/IEHHBIX
5KCIePHMEHTa bHbBIX AaHHbIX, Mpuseged Ha puc. VI-Z. .

leoMeTpHUecKHEe XapaKTepHCTHKM MEWaJOoK W annaparos, A1 KOTOPHIX
noctpoen rpadpuk Ky = ¢ (Re,), npusenenn 8 Taba. VI-1, a ux cxemaru-
yeCKoe H306pamxeHue — Ha puc. VI-3. ~ ' - -

[Ip# mepemeslluBaHHY MEXAHHYECKHMH MeIIAJKaMH Pa3ivyaioT ABA pemuMa
nepeMelUMBAHMA: JaMHHapHbll W TypOyaenthbiil. JlamMuHapubli pexuMm
(Re, << 30) cooTBeTCTByeT HEMHTEHCHBHOMY [€PEMEIIHBAHHIO, [IPH KOTOPOM
JKUAKOCTb TIJaBHO o6TeKaeT KPOMKH JIOMACTH MeIajJKH, 3aXBaThlBaeTcd Jona-
cTAMH H Bpawaercs smecte ¢ HuMH. [lpn namuHapHOM pexume MepeMeillH-
BAIOTCS TOJIBKO Te CJAOH MKHAKOCTH, KOTOpDble HelOCPeNCTBeHHO [PHMBIKAIOT
K JonacTsaM MelUaJiKH.

C yBenuueHHeM 4Hcsa- 060pOTOB MeIUasjRy BO3pacTaerT COMNpPOTHBJEHHE
Cj/€lbl BPAIIEHVIO MEIIaJKH, Bei3paHHOe TYpOyJiH3alnedl NOrpaHUuHOro cnios
u ofpasopanneM TypOy/JeHTHOrO KODMOBOIO CJjleid B IpOCTPAHCTBE 3a ABHU-
)ymumaca Jonactamu. Ilpu Re, & 10° po3nuraer TypOyneHTHBIT pexuM
MepeMeiliMBAHI, XapaKTePHU3YIOUIHACA MeHee PE3KOIl 33BUCHMOCTBIO KDH-
Tepdy aougoct Ky o7 Re,,.



250 I, VI. Hevemewusanue 8 scudkux cpedax

B obanacti pasputoit TypOysnentroctu (Re, B> 10%) kputepuit Ky npakr-
HECKH He 3aBHCHT OT Re,.' B 310l 06nacTH (KOTOpas HAa3bBAETCHA aBTOMOACJb-
HOH) pacxoa SHePTHH ONpPelesSIeTCs TOJbKO HHEPUHOHNBIMH cuiamH, lanbrel-
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Puc, VI-2. 3aeucumocrs xputepus momuocts Ky oT kputepnsa Pefinonna-
ca Rey pis MellanoK HOPMAaNM30BAHHHIX THIIOB:

115 == HoMepa nNo3HuuMf p vabi. VI-1 @ Ea pme. VI-3.

Ta6anma VI-l. Xapakrepucruxu mewanox (x puc. VI-2 u VI-3)

QOcHoBHRE paaMepR Meuwanok
Ne xpuBoft
Ha pHe. VI-2 THNR MeluaJok
i d/D b/D n 2
1 |

1 Jomacthast: . . .. . .. .. ... 0,66 0,1 2 90°
2 Jlonactuas c meperopoakamu . . . 0,66 0,1 2 90°
3 Jlueropas . . . . L. . .. e e 0,5 0,75 2 90°
4 Jlucrosas c oTpamaTeNLHLIMH nepero- .

POAKAMH .« . + & v & o o v v . . 0,5 0,75 2 90°
5 Hponenneppas . . . . . ... .. 0,25 —_ 3 40°
6 Tponennepsas . . . . . . . . . . 0,33 —_ 3 40°
7 Tlponennephas c oTpaxaresbHbIME fe-

pPeropoikaMB . . . . . . . . . . 0,25—0,33 —_ 3 40°
8 IMponennepnasn ¢ auddysopom . . .| 0,2—0,33 — 3 40°
9 SIkopuble W pambble . . . . . . . 0,87 0,07 — | 90°
10 TypbuHuas OTKPBITASS .« « « o . . . 0,25 0,2 6 90°
1 Typ6uusas oTKpuITas . . . . . . . . 0,33 0,2 - 6 90°
12 Typ6unnas OTKprITas ¢ oTpaNaTelb- kol

HBIMM TIeperoponkaMu . . . . . . 0,25—0,33 0,2 6 90°
13 Typ6uunas 3akpultags . . . . . . . 0,25 0,15 6 90°
14 Typ6uunan sakputas . . . . . . . 0,33 0,15 6 90°
15 TypGunnas 3akphiTas € oOTpPaXkaTelh-

HEIMA NeperopoikaMH .« « « . . .| 0,25—0,33 0,15 6 90°

O6osnavennsa: d-— auaMeTp Mewankn; D — pguaMerp amnmnapara; b — WMpHHA JonacTH Me-
IMAJKH,; 7 -~ YUcIo .nonac'reﬁ; a — YTOoJl HaKJIOHa NJOCKOCTH NOoNacTH K FOPHBOHTa.anOﬂ NAOCKOCTH.

%"Pﬂga OTpaXaTeJibHRX Teperopoaok 0,10, BX YHcao — 4, BHICOT2 YPOBHS MKHIKOCTH B anma-
pate H =20,
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wee yBeJqd4yeHHe 4ucjaa OBOPOTOB, XOTi U IPUBOAUT K Gojlee HHTEHCHBHOMY
nepeMeLlHBaHHIO Cpelbl, YacTO OKa3blBaeTcs Hewesecoo0pasHbIM, BC/AeICTBHE
TOro 4TO BO3pacTaHHe 3aTpaT MOLLHOCTH B 3TOM CJydYae He KOMOEHCHpyeTcs
focTuraeMsiM 3@deKTom.

CrnepyerT OTMeTHTb, YTO iIpHBeJeHHEbIe BEHILe KPHTHYECKHE 3HAYEHUS KpH-
TepHa Re,, onpeneasioude rpaHULbl peXHMOB, ABJSIOTCA rpy6Go OpHeHTHpO-
BouHhIMH. HX duc/OBBIe 3HAauYeHHs CYLUIECTBEHHO 3aBUCAT OT KOHCTPYKIHH H
reomMeTpHYecKHUX pasMepoB MellaJKH W annapaTta.

[1pu nepemelinBaHUH TeTEPOreHHLIX CHCTEM B BBIPAXKEHHS LJA KPHTepHS
Pefinonngca Re,, 1 KpuTepua MomHocTH Ky TOACTaB/AsAeTCs BeJHYHHA MJIOT-
HOCTH CIIIOILHO Cpejbl, ec/Hd IJIOTHOCTH NepeMelluBaeMblX (pa3 oTIHYAIOTCA
He Gosee ueM Ha 30%. B ocranbueIx cayuasx Heo6x01mM0 NOACTaBJAATH Cpel-
HIOIO IJIOTHOCTH CMeCH gy,
onpeleaseMyl0 110 [PaBHAY TV T I B _'_
agnuTUBHOCTH [cM. ypaBHe- =
Hue (V,1)1. T

Bua ypaBHenus ans ompe-
IeNeHHs BSA3KOCTH CMeCH [y
3aBHCUT OT HA3HAYeHUA H
yCJOBUA npoBeleHUs Mpoiec-
ca. Tak, ecau mnpu nepeme-
WIMBAaHUM B CHCTEMax KuM-
KOCTb—XHUIKOCTh  BA3KOCTB
AucnepcHofi (asel p, 6Gosblue
BA3KOCTH CIIOWIHOA (asel U
U jgoas AdcnepcHoHl a3kl
B NepeMelluBaeMoM oGbeme
¢= 0,3, To B BEIpaxKeHue AJA
KpuTepusa PefiHonbAca noacra-
BJSIETCA BfI3KOCTb CMECH [y,
KoTopass MoxeT OLITe omnpe-
IeJieHa %3 COOTHOLUEHHS

6
pew = oo [1 4+ A ]

e + Py
Tpu py <<p, M =03
e 1 5¢u, Puc. VI-3. Tunn Mewanox u annapaTos (HoMmep HO-
Hem == —¢ [ _P-c"“P-n] 3ULUU COOTBETCTBYET HOMepy Kpusofl Ha puc. VI-2).
1

[Ipy nepeMelIMBAHWK B3aMMHOPACTBOPHUMBIX KuixocTefl, ecad ¢ == 0,4
¥ BA3KOCTh NepeMelluBaeMblx XHAKOCTeH pa3/iuuaiorces GoJsee yem B 2 pasa,
BA3KOCTb CMeCH BBIYHUCAAETCH H3 COOTHOIUEHHS

1—
Bow = Mo THy

Ecsu npu paGoTe MewlaJKH TBepible YaCTHIB HaXOAATCS B KHAKOCTH BO
B3BelIeHHOM COCTOSIHMH, TO BA3KOCTb CMecH MoxeT GObITb onpejeseHa [0
ypaBrenusam (V,2) u (V.3).

B ocranbHeIX cayd4asx B BhlpaxKeHHe Aas Kpurepusa PeitHonbaca Re,
MOXHO HOACTABJATb 3HAYeHHe BA3KOCTH W, CIJIOWIHON a3kl

Ecau BhicOTa ypoBHSi XHAKOCTH B annapare He paBHa ero JHameTpy, TO
onpeje/eHHoe ¢ NomMoulblo rpapura puc. VI-2 3HaueHHe MOUIHOCTH YMHOXKAIOT
Ha NONPaBOYHBIA KOIDOHUIHUEHT R, KOTOPHIH HAXONAT H3 COOTHOLIEHHS

- (3)"

Ilpu cHabHOW 1IepOXOBaTOCTH CTEHOK annapaToB, a TaK»Ke NpH HaJHYUH
B HUX BHYTPEHHHUX YCTPOHCTB (IFU/Ab3bl TEPMOMETPOB, 3MeeBUKH H T. Il.) MHO-
TpebssieMas Ha mepeMeLlMBaHWe SHePrHs CYLLeCTBEHHO BO3pacTaeT JHWIb NPH
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OTCYTCTBHH OTpaaTeJbHHIX NIeperopofok, Tak, Hajnuue B allnaparte 3MeeBHKa
yBesHuHBaeT MNOTpebiasieMyl0 MOWMHOCTD B 2—3 pasa, a HanuyHe THJb3H
TepMOMeTpa, yCTpoicTBa AJA 3aMmepa YpoBHsA, TPyObl A8 NepeiaB/vBaHHA
Horn—s 1,1—1,2 pasa. MowHocTs, 3aTpaynBaeMas Ha NepeMelUHBaHHE
B annapatax € CHABHO 1epOXOBaTHIMH CTeHKaMH, Bospactaer Ha 10—20%.

DaekTpoABHraTelp L1 IPHBOJA MellaJKH NOAGHPAIOT IO BeNHUYHHE MOIU-
HOCTH Ha BaJy Mella/iKd, paBHOH NOJMe3HOH MOWIHOCTH, KOTOpas coobuiaercs
JKHUJKOCTH, DeJeHHOHA Ha K, m. A, nepepaud. Ilpu stoM cielyeT HMeTb B BHAY
BO3MOXKHOCTb KPaTKOBPEMEHHOIO YBeJHYEHHAl KDPYTAILEro MOMEHTd Ha Bajy
Asurareqas B MoMeHT nycka, Ilyckosas MoumHoOcTh OGHYHO TpeBbllIaeT pabo-
gylo He GoJiee yeM B 2 pasa H norpebJsieTcl B TedeHHE OYEHb HEIPONOJIKH-
TeNbHOTO BPeMEHH, M03TOMY IJIf MellaJOK DPeKOMeHAYeTCsi yCTaHaBJHBAaTb
SJEKTpPOpBHUTaTeJ]H € ¢a3soBuIMH KojblamMu, OpHeHTHDOBOYHHIE 3HaYeHHs
Ko3bPUNHEeHTOB 3aNaca MOUIHOCTH MOTYT OHTh TPHHATH MO AAHHHM, NpH-
BeleHHmIM Ha cTp, 129,

BuGop uncna o6GopoToB Mewankw. Yuclo OGOpOTOR MemalKH BRIGHDAOT € yUeTOM
Ha3zpayeHHA Mpouecca, THNA H KOHCTPYKIHH NepeMelIdBalomiero YcTpoHCTBa.

[tprroTornenne cycneHnsHfi. PasuoMepHoe pacnpeliefieHHe TacTHI TRepOA
thask B KHAKOCTH JAOCTHraeTcs NPH TAKOM YHCJEe OGOPOTOB MeIUa/IKH ), NPH KOTOPOM OceBast
COCTAB/ISAIOMAN CKOPOCTH NOTOK2 XKHJAKOCTH CT2HOBHTCS DaBHOH H/IH HECKObKO Goupllle CKO-
POCTH OCaXACHHA YaCTHUL Wy B 3TOM ciiydyae BOCXORAHH NOTOK KUAKOCTH NOLLEPIKUBAET
TBeplble HaCTHUHW BO B3BELICHHOM COCTOSIHHH, MPENATCTBYS HX OCAXKIeHHIO.

Yucno o60pOTOB 1y MOXET GRITb ONPeleVieHO MO YPaBHEHHIO

Rey = "'ﬁ"’ = C, Ar (—"-“—)O's(—g)k (VL3

d d

fne Ar= (gd?,/vg) (Ap/o.) — xpurepuht Apxumepa; Ap — pasHocTy naotHocTel $ag; p. —
NJIOTHOCTb CNJOWHOA Gash; Vg — KHHEMaTHYecKad BA3KOCTb CNJIOWHOA ¢asw; dy — HHaAMeTp
wacTHun; D/d — OTHOWeHWe Auamerpa COCYAa K AHAMETPY MelllajKH.

3nauenns kosdunuenra C; n NOKazaress cTeNeHH &, 3aBHCAULHE OT THOA MEWAJIKH, OPH-
BeleHH HHXe:

Dyd c, k

Typ6nHHasE 3aKpRITOro
TMDA . . . . . . - . 1,6—4,0 4.7 1,0
Tiponennepuan . . . . . 1,657 6,6 1,0
Jlonacraas . . . . . . 1,33—1,5 14,8 0,0

Ypasuenne (V1,3) npaMeHHMO NPH CIEAYIOWUX 3HAYEHHAX HEDEMEHHBIX:

4y

Rey = 5-102 —1,3-10° Ar=24.100—41.108 7

= 2,33:107% — 1,2-10-2

OMyabrupopanne xuakocTeh [Ilpy sMynbrapoBanud B3aHMHOHEpPACTBO-
¥AMBIX JKHLKOCTeH YHCJAO OGOPOTOB Ny MelUalKH PeKOMEeHAYeTCA ONpefeATh H3 YpaBHEHHS

_ nd 0,315 ( Rey \0.18 (_P.)’
Reu = m == Cﬁ Al' ('Wa) d (Vl-4)

rae Wey = n%d%p/a — Moprduunposannnii kpurepuit BeGepa, npencTasisiomuil co6of KpH-
repuit We, B KoTOpoM [=d W BMecTO AHHERHOH CKOPOCTH W NOnCTaBJAEHA BeJIW4HHS nd,
BpONOPUHOKANLHAA OKPYKHOR CKOPOCTH MeWalKH; O — MeX(pa3Hoe HaTshKeHHe.

Kospuunent C, u noxkasaTelb creneHe / P 3aBHCHMOCTH OT THNA MeIAJKH HMEIOT
ClepyloliHe 3HaYEHH A}

Djd Ca !
Typ6uBHasi 3aKpRHITOrO THNa 2—4 2,3 0,67
Nponennepsan . . . . . . 2—4 2,95 0,67
JlomactHag . . . . . . . . },33—4 1,47 1,3

Ypasnenne (VI,4) npumenumMo npu cHeAyIOUHX SHAY THAX NEPEMEHHLIA:

Rey

Rey = 5.10% — 2.105 Ar=89.105— 341019 M 6,15 — 1,16 101
Wey
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FoMmorenusauus XHAKOcTed Udclo o60poToB Mellaixu 7, B ciaydae
fepeMelINBaHusl B 04HO(A3HOH CHCTEMe C HEeJbi0 CHHXEHHs TeMNEepPaTYPHbIX ¥ KOHLEHTPaLHOH-
HBIX TPajHEHTOB MOXeET OHTb ONpENesieHO U3 33BHCHMOCTH

ngt = Cy = const (V1,5)

rie T — BPEMs MepeMeluHBAHUs (BPeMsi AOCTHXKEeHHs 3aJaHHON CTelleHM OJHOPOLHOCTH Mepe-
MEILNBAEMON KHAKOCTH WJH BpeMs TFOMOFEHH3AiHH).
3uauenus Cp LIS Pas/qHUHLIX NMepPeMelHBAIOMMX YCTPOHCTB yKa3aHH HHMe:

D/d Ce
Typ6uHuag 3aKpHTOro THHa . . . . 3 46
4 81,5
Typ6unHas OTKpHITOrO THNA . . . . . 3 56
4 99,5
JiucroBag .+ . . . o 0 e 0 0 e .. 2 20,5
1,5 20,7
Jlomactas . . . . ... ... .. 3 96,5
[Tponennepnas ¢ andpysopom . . . . 3 66,2
4 118
IMNponeaneprass . . . . « « v ¢ o . . 3 96,5
4 170
SIKOPHAA « « o « v o o o & o o o o 1,15 30

Bce npupefeHHble Bhllle 3aBHCHMOCTH /15l pacyeTa MOUHOCTH, 3aTpauHBae-
MOl Ha mepeMelldBaHue, ¥ Bbifopa 4Hcaa OGOPOTOB MelUIAJKH OTHOCATCS
K NepeMellUBaHUI0 HBIOTOHOBCKHX KHuAKocTeH. [IJ15 HeHBIOTOHOBCKUX KHUIKO-
cTefl, OTAMYaKMUXCcA OO/BIMM pasHooGpa3sHeM CBOHCTB, MOJyYeHbI JIHIUb
OTAe/bHBIE pacHeTHBle ypaBHeHHA [/ oNpefejeHHs MOUIHOCTH, norpeb.ise-
MO#A TYpOUHHBIMH H SKODHBIMH MellajJKaMH [IpH lepeMelIHBaHUM [CEeBAONJIA-
CTHYHBIX KHAKOCTe!l *.

Mope/suposaHue fpouecca fepemelwiuBaHda. B cooTBeTcTBUM € M0JOXKe-
HUSIMU TeopHu nopo6ua (rmasa 1) ocHOBO#M A5 rUAPOAHHAMHYECKOTO MOJEJ U~
pOBaHHA MPOLECCOB MepPeMelUMBAaHHsA SABJAAIOTCA KPHTepHaJbHBlEe YPaBHEHUS
(VI,1) u (V1,2), nonyuennele nytem nogo6Horo npeoGpasoBanusi Luddepen-
udanbHblX ypaBHeHu# HaBbe—Crokca. Ilpu 3TOM B CBSI3H €O CJI0XKHOCTBIO
SIBJEHHA BO3MOXKHO IOJIydeHHe Pa3/H4YHBIX COOTHOLIEHHH MeXAy BeJUYHHAMH,
onpefreJgioLUMUY NMPOTeKaHHe Ipotlecca B HaType W MofeJH, B 3aBHCUMOCTH
OT TOro, MO KaKOMYy M3 MapaMeTpoB mpoliecca NMPOUCXOAUT MOZAeJHpoOBaHHUe.

Hau6onee nmogpobHo u3yueHo MoielupOBaHHe MO BeJHYHHe MOTpebaseMoit
MOUIHOCTH. B 3TOM Cciyuae B KadecTBe OCHOBHOIO IapaMeTpa, IO KOTOPOMY
MoJeNupyeTcs MpoHece NepeMelldBaHus, BEIOHpAOT KpUTepUi MOLHOCTH KN .

Ecau nepememuBaHde NpuMeHsieTcs AN HHTeHCUDUKAUMM TEIJIOBHIX H
Iupy3HOHHEIX TIpoueccoB, TO MepexoX OT MOAe/bHEIX K MPOMBILIEHHBIM
anmapatam cjJefyeT NpPOBOAUTE, HCXOAA U3 PaBEHCTBA KOSPPULIUEHTOB TEMJIO-
WM MacCOOTAAuHd, paBeHCTBA KOJHYECTBA TenJja WJAM Macchl, IepegaBaeMoil
B efUHHULe ofbeMa annapara, 4 T. ll. C y4eTOM COOTBETCTBYIOLErO YBeJHYEHHSA
norpebaseMoll MomHOCTH. Jag 3Toro Heo6X0AUMO 3HaHHe OGOGHIEHHEIX 3aBH-
cuMocTefi Mo TeIljo- M MaccOO6MeHy, KOTOpbie HPUBOAATCA B COOTBETCTBY-
IOILUX rJaBax.

3. Mexanuveckue nepemeluHBalOUiie yCTpOiicTBa
»

MexaHuuecKHe nepeMellHBAIOlLLIHe YCTPOHCTBA COCTOAT H3 TpeX OCHOBHBIX
yacrtefl; COGCTBEHHO Mella/iKM, Baja W NpHBoAa. Memanka siBasieTcs paGouum
3/1eMEHTOM YCTPOHCTBA, 3aKpem/seMblM Ha BepTHKA/JIbHOM, TOPH3OHTAJbHOM
WM HaKJOHHOM Bany. IlpuBox MoxkeT OBITb ocyulecTBJeH JaHGO Herocpen-
CTBEHHO OT 3JeKTpoABHraTess (AJs OBICTPOXOAHHIX Mellanok), JHGO yepe3
PEAyKTOD HJAH KJAHHOPEMeHHyIO Iepefady.

ITo ycrpo#ictBy JsonmacTeii pas3iv4aoT MeWaJKH JIONACTHble, [poOMeJIep-
Hbele, TypOHHHbLIE U cleuHadbHble,

* CMm., nanpumep: 3. lltep6auex, Il Tayck [lepemeyuBadue B xumuyeckod
gpombitiednocty M., Cocxumusgar, 1963. 416 c.
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Ilo Tuny coszaBaeMoro Memajskofi NOTOKA KHAKOCTH B almnapaTe pasid-
AT MellaJdKH, ofecrneddBaioulie NPeUMyILeCTBEHHO TaHreHIHaJbHOR, pa-
LyaJjJbHOe H OCeBoe TedeHHs.

Ilpp-TaHredHuuvanbHOM TedeHHH XKUAKOCTEL B annapare JABUKeTCs
NperuMyLlecTBEHHO MO KOHIIEHTPUYECKHM OKPYXHOCTAM, NapajJesbHbM I1J10-
CKOCTH BpallleHusi MewajkH. [lepeMeliMBaHHe [IPOHCXOAUT 34 CUeT BHXpef,
BO3HHKAIOWIHX HAa KpoMKax Mellajikd. KauecTBo nepememuBanua Gyfetr Hau-
XYALHUM, KOTZA CKOPOCTh BpALUEHUs MKUAKOCTH paBHAa CKOPOCTH BpaIIEHHst
memankd. PajfuanbHoe TeueHHe XapaKrepusyercs HalpaBJeHHEIM
ABHKEHHEM XHAKOCTH OT MellaJikd K CTeHKaM afmapata [epneHAHKYJAApHO
ocd BpaineHHs Memanku., O ce B 0 e TedeHHe XKHUAKOCTH HAmMpasJeHo IapaJ-
JIe/IBHO OCH BpallleHusl MeluaJIKH.

B npoMbillieHHBIX annapartax C MeIla KaMH BO3MOXHHL pasJau4HbBE CO-
YeTaHUA 3THX OCHOBHHIX THINOB TeueHUsA. THM co3laBaeMoOro NMoTOKa, a TAKKe

. KOHCTPYKTUBHBIE OCOGEHHOCTH MellaJOK OIpefe/sloT

[ ZTP] ] o61acTd uX MpHMEHEHHS.
- T Ilpu BHICOKMX CKOPOCTSX BpallleHHA MeljaJoK I[e-
pemelHBaeMas KHAKOCTb BOBJeKaeTcd B Kpyrosoe
INBHXKeHHEe. U BOKPYr Baja ofpa3dyercsi BOPOHKA, TYy-
6HHA KOTOpOH yBesaH4yHuBaercA ¢ BO3pacTaHHeM UHC/a
0o60OpOTOB M YyMEHblIEeHHeM [JIOTHOCTH W BS3KOCTH
cpennl. [Jas npegorepameHdsi o6pasoBaHhs BOPOHKHU
B anmapaTe IOMeILAIT OTpaxaTelbHble [ePeropoiKH,
KOTOpble, KPOME TOro, CMOCOGCTBYIOT BOSHHKHOBEHHIO
BUxpell ¥ yBeluYeHHIO TYpGyJeHTHocTH cucTeMbl. O6-
Puc. V1-4. Jlomactwaz Pa30BaHHE BOPOHKH MOXHO MpeJOTBPaTHTL K IIpH
Mewanka. IIOJIHOM 3aMOJNHEHHH KUAKOCTBIO anmaparta, T. e. NpH
OTCYTCTBHM BO3AYLIHOH IPOCAOAKH MexXAy HepeMellu-
BaeMOH >HAKOCTBIO H KPBILIKOH ammapaTta, a TaKe I[pH ycTaHOBKe BaJa
MellaJKH 3KCUEHTPUYHO K OCH amiapaTa WJH NpUMeHeHWW annapaTta Ips-

MOYTOJNIBHOTO CeveHHs.

INomumo sToro, orpaxaTe/ibHble TEepPeropoikH YyCTaHABJIWBAIOT BO BCeX
cay4yafx MpH TepeMemHBAaHUH B CHCTeMaX ras—KHAKOCTb. IlpumeHeHue
OTpaxKaTe/bHBIX [epPeropojiok, a TaKKe 3KCUEHTPHYHOe WJIH HaKJOHHOEe pac-
noJIoXKeHUe BaJja MellaJKH NPUBOAUT K yBeJHUYEHHIO MOTpe6/sieMOH el MOIL-
HOCTH.

Mewanku nonactHoro THna. JIONAacTHeIMH MellajJKaMH Ha3blBalOTCHA yCT-
poficTBa, COCTOsALIME U3 ABYX W/H GOJIbLIEro 4HCAA JonacTedl MpsAMOYrolbHOro
CeueHus, 3aKpelJIeHHbIX Ha BpaulaimolieMcs BePTHKaJbHOM HJH HAaK/JOHHOM
Baay (puc. VI-4). K nonacribiM MeilasikaM OTHOCATCS TaKkKe U HEKOTOpHIe
MeuUaNK{ CIellHa/bHOTO Ha3HaYeHHs: IKOPHble, PAMHbLIE H JHCTOBbIE,

OcHoBHBIE JOCTOMHCTBA JIONACTHBIX MEIIAJIOK ~=~ MPOCTOTAa YCTPOiiCTBA H
HeBLICOKAsA CTOMMOCTb H3roToBJeHus. K HelocTaTkaM MellajlOK 3TOro THIla
cJelyeT OTHEeCTH HU3KOe HacOCHoe jJeficTBUe Memanku (caabuiil oceBo#l NOTOK),
He ofecreddBalollee [JOCTAaTOUHO IIONHOrO [epeMellMBaHHA BO BceM ofbeMe
annapata. BeaencTsie He3HAYHTEIBHOCTH OCEBOI'0 MMOTOKA JIOMACTHEIE MEIIAJKH
NepeMeuBaloT TOMIbKO Te CJOH KHLKOCTH, KOTOphHle HaXOAATCA B Hemocpen-
cTBeHHO# OJU30CTH OT JonacTell Mewaaku. Pa3BuThe TypOyJeHTHOCTH B oGbeme
NepeMelBaeMOd XKUIKOCTH /MPOHCXOAUT MelJeHHO, HUPKYJIALHA XKHAKOCTH
HeBesinka. JlosTomy JsonacTHble MeluaJiKu TPHMEHSIOT AJsi NepeMeluyBaHUA
KHAKOCTeH, BA3KOCTL KOTOPHIX He mpeBnimlaer 10° mn-cex/m®. DT Meumlanku
HellpHTOAHB! N/ MepeMelIMBaHUA B MPOTOKe, HalpUMep B anmapaTax Henpe-
PBIBHOTO AEHCTBHUA,

Hekotopoe yBennueHHe OceBOro MOTOK2 KMAKOCTH NOCTHIAeTCs MpPH Ha-
KJOHe jonacteit mox yriom 30—45° k ocu Bana. Takas Mewaska cnoco6Ha
yZIepKuBaTh BO B3BelUEHHOM COCTOSIHUHM YacTHIE, CKOPOCTb QCaX<AeHUs KOTO-
pBIX HeBeqMKa. JlomacTHble MewaskKdi ¢ Ha KJOHHB MH JONACTAMH
HCTIONBL3YIOT NIPH NPoBeleHHH MeJJIeHHBIX XUMUYECKUX peaKuuil, A/si KOTOPhIX
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CTajusi, onpefeqsiomas CKOPOCTb NMOABOJA PeareHToB B 30HY peaKilHH, He
ABJSETCA JUMHTHP YiOLIeH.

C menbio yBeauyeHHs TypOyJEHTHOCTH cpefbl [pU MepeMelldBaHUH JO-
‘MACTHBIMH MelIaJIKaMH B amiaparax ¢ OOJbLIMM OTHOMIEHHEeM BbICOTHI K JHa-
MeTpy HCIOAB3YIOT MHOT O P sl A Hbl e JBYXJOMacTHble MeLaJKu C ycTa-
HOBKOH Ha BaJy HECKOJbKHX DPSJOB MelIaJOK, MOBEPHYTHIX APYT OTHOCH-
TebHO Apyra Ha 90°. PaccrosinMe MeXIy OTAeJbHLIMH PfjiaMd BBIGUPAIOT
B npejenax (0,3--0,8d), rae d — quamerp MellaJKH, B 3aBHCHMOCTH OT BSI3-
KOCTH MepeMellHBaeMoil cpelpl.

Hasi nepeMeliuBaHHA JKHAKOCTEH BsS3KOCTbIo He Gosee 10 mu-cex/m?®,
a Takxke s NepeMellMBaHUs B anmapaTtax, o6orpeBaeMblX C MMOMOI(bIO py-
GallKH UM BHYTPEHHHX 3MeeBHKOB, B TeX CJy4asiX, KOrja BO3MOMHO BhINa-
JdeHWe Ocafka WJH 3arpsisHeHHe TelJonepefatolledl NMOBEPXHOCTH, MPUMEHSIOT
sKopHB e (puc. VI-5) unu pamube (puc. VI-6) memanku. Oud
uMeroT GopMy, COOTBETCTBYIOILYIO BHyTpeHHe#l (opMe ammapaTa, d JHaMeTp,
6/M3KHIl K BHYTpPEHHEMY AHaMeTpy annapa-
Ta WJAMd 3MeeBHKa. [Ipu BpaweHuu 3Td
MellaJKH OYMILAlT CTeHKH W [HO annapara @ bl @
OT HaJUNAKWHX 3arpAsHeHHH. :

D

1/
Pyuc. VI-5. Puc. VI-6. Puc. VI-7.. Jlucrosas
SIKopHan Meluajxa. Pamyas Mewanxa, : Mellla/IKa.

JlucTtoBule Memadku (puc. VI-7) umeror nonacru Gosbiiefl mupHHE,
yeM y JOMAacTHHIX Mella/]oK, M OTHOCATCA K MellankaM, oGeclieddBaiOuidM
TaHreHIHaJbHOE TeyeHHe mepeMellnsaemMoll cpexsl. Kpome u4ucto TaHred-
[IHaABHOrO MOTOKAa, KOTOPHIfl ABJAfgeTcsa npeoGafaiouiuM, BepXHHE U HUXKHHE
KPOMKH MellaJKu CO3Xal0T BHXpPeBble MOTOKH, MOAOGHLIE TeM, KOTOpEE BO3-
HHKAIOT 0pu oOTeKaHHH KHAKOCTBIO IJIOCKOH IJIACTHHBEI C OCTPHIMH KpasfMHU
(puc. VI-1). Ilpu 60apmHX CKOPOCTAX BpalleHHs JHCTOBOH MelUaJKH Ha TaH-
FeHIHaJbHLIH MOTOK HaKJaAbiBaeTCs pajuasbHOe TeueHue, BBI3BAHHOe MHeH-
TpOOeXHBIMU CHJIAMH.

JldcToBhie MeLIaJKH IIPUMEHSIOT JJA NepeMelfHBaHHUSA MaJIOBS3KUX MHI-
KocTell (BA3KOCTbIO MeHee 50 Mr -cex/m?), uHTEeHCHDHUKAUUH OPOUECCOB Temao- °
ofMeHa, Npy NpPOBefeHHH XHUMHYECKHX peakUuil B ofreme ¥ pacTBopeHHH. [1a
TIpOUeccOoB PAaCTBOPEHUS . UCHOMb3YIOT JHCTOBbE MellajKh ¢ OTBep -
cTHAMHU B JonacTax. [IpH BpaleHUH TakoH Mella/lKi HAa BBEIXOJe U3 OTBep-
cTuil 06pa3yioTcs CTpyH, coco6eTByiolllHe PacTBOPeHHIO TBeP AblX MaTepHaJoB.,

OcHOBHbBIE pa3Mepbl JIONACTHBIX Mella/JOK H3MeHSiOTCA B 3aBUCHMOCTH
oT BaAskocTu cpefbl. OGBMHO A/ JIOMACTHBIX MeLIaJOK IPHHUMAIOT Cleny-
joUIMe COOTHOLIEHHST pa3MepoB: guameTp Meulankd d = (0,66—0,9) D (D —
BHYTpEHHHil JMaMeTp annapara), WHpHHa JonacTy Mewanaku b = (0,1—0,2) D,
BBICOTAa ypOBHA xuAKocTH B cocyfe H = (0,8—1,3) D, paccrosnHe oT Me-
waJ/JKu A0 AHa cocyiaa A << 0,3D. ns aucroBrix Memadnok d = (0,3—0,5) D,
b = (0,5—1,0) D, A = (0,2—0,5) D.

OKpyKHasi CKOPOCTb COOGCTBEHHO JIOMACTHBIX H JHUCTOBBIX MeIIaJOK B 3a-
BUCHMOCTH OT BSI3KOCTH IlepeMelIuBaeMOi cpelbl MOXeT H3MeHAThCSA B LUK PO-
Kux npegeaax (or 0,5—5,0 cex™'), npudeM ¢ yBesu4ueHHeM BA3KOCTH H LIHPUHBL
JIOTIACTH CKOPOCTh BpallleHUsl MellaJKH yMeHbllaeTcd.

Ilpd BEHICOKUX CKOPOCTAX BpalieHHA JONAcTHBIX MeWAa/JoK B amnnapare
yCTaHABJMBAIOT OTPaxaTe/bHble MeperopoAkd. JIucToBble MEWATKH, KaK 1pa-
BHJIO, 6€3 OTpaxaTeNbHBEIX [MeperopoloK He MPHMEHSIOT.
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Ilponennepuble mewankk. PaGodeit yacTbio nponesaepHOd MELUANKH fB-
AstercAa nponemaep (puc. VI-8) — ycTpoiicTBo ¢ HeCKCJDKHMH (PaCcOHHBIMH
JIONacTAMH, H30IHYTBIMH 10 npoduao rpeércero Bunta. Haubosbliuee pacnpo-
CTpaHeHHe MOJNYHYHJIH TPexJiolacTHble mponeineps. Ha Bany mewasku, KO-
TOPHIH MOXKeT ObITh PACNOI0XeEH BEPTHKAJIbHO, FOPH30HTANLHO HIH HAKJIOHHO,
B 3aBHCHMOCTH OT BBICOTbl CJOS KHUAKOCTH VCTAHABAUBAIOT ONMH HAH He-
CKOJIBKO T1pOIeJlJIepoB.

Benencteue 6osee obrekaemoit GopMbl  NpomnessiepHble MEIIAJKH [PH
OA¥HaKOBOM 4YHcJae PefiHonbica noTpeG/sioT MeHbIYK MOWHOCTb, 4eM Me-
1waJK{ npounx THnos (cM. puc. VI-2, xpupas 6). Ilepexoll B aBTOMORENBHYIO
-obsiacTb i HHX Ha6/i04aeTcst NPH OTHOCHTENLHO HHU3KHX 3Ha4YeHHAX KpPH-
tepua PefiHoabnca (Re, =~ 10%). K noctonHcTBam npone/sepHbiXx Menajok
C/IelyeT OTHECTH TaKXKe OTHOCHTENbHO BBICOKYH) CKODOCTb BPAIEHHSA H BO3-
MOXHOCTb HEIIOCPEeJICTBEHHOI0 [pHCOeNUHe-

HUS MeWaJKH K 3JMeKTPONBUIATEeNI0, 4TC 1

UPUBOAUT K YMEHBLIEHHIO MEXaHHYeCKHX -

noTepb. ]
e e
b — ——— —] -4
- - =13

Puc. VI-8. Tlponennepnas Puc. VI-9. Tlponeanepuas
MeuiaaKa. Mewanka c Anpdysopom:

] — Kopnyc annapata; 2 — BaJ;
3 — nponeanep; 4 — anddysop.

[NponennepHbie Memadku CO3JAIOT NPEUMYUIECTBEHHO OCEBHle TOTOKH
nepeMeniuBaeMOR Ccpeibl ¥, KaK CJAeNCTBHE 3TOro,— GOJIbIIOH HacOCHBIH
5hQeKT, YTO NO3BOMSAET CYUIECTBEHHO COKPATHTL IPONOJIKHUTENBHOCThL [epe-
mewiuBaHusi. Bmecre ¢ TeM npomneasiepHble MemaJKi OTJAHYEIOTCA CJAOMKHOCTbIO
KOHCTPYKLUHUH M CPAaBHHTEJNBHO BLICOKOH CTOMMOCTbLIO H3roTroBJeHus. Mx
2QpeXTHBHOCTb CU/IBHO 3aBUCHT OT (JOPMbI annapaTa M Pacrio/iOKeHusi B HeM
mewanku. llpomeasepHele Mellajku cilenyeT npuMeHATb B WHIMHAPHYE-
CKHX anmnapaTax € BBIIYKABIMH nHHmamu. Ilpu ycranoeke ux B mpAMOyroJb-
HBIX 0aKax /M annapaTax C [VIOCKHMH WM BOTHYTBIMU QHHUIAMH HHTEHCUB-
HOCTb I[lepeMelliHBaHuA MNajaeT BCJEACTBHE O0OpPa30BaHHA 3aCTOHHBIX 30H.

Ilns yayuumenas nepeMeiiiBausi GoNbuINX 06BEMOB ¥HAKOCTEH U OpraHu-
3ald{ HANPaBJEHHOTO TEYEHUS KHUAKOCTH (IIpu GO/BIIOM OTHOHIEHHH BBICOTHI
K QuaMeTpy arnnapara) B COCyJaX YCTAHABJHBAOT HAaNpaBJAAIIMUN
annapart, Wid Auddy3op (puc. VI-9). HNubdysop npeacraBasieT
co6o#i KOPOTKHA LUNMHAPHYECKHI WM KOHHYECKHII cTaKaH, BHYTPU KOTOPOro
noMentator Mewanaky. Ilpa 6oabiuux cKOpOCTAX BpameHHs MemaJKu B OTCYT-
creye nupdysopa B annapare ycTaHaBIHBAIOT OTpaKaTesbHbIE [€PErOPOAKH.

[IponensiepHble Mewajku NPHMEHAIOT AJsi NepeMelMBAHUA KHAKOCTEH
BA3KOCTBIO He GoJlee 2-10° mu-cex/m®, nns pacTeopenusi, o6pa3oBaHus B3Be-
cefl, OBICTPOrO NepeMeIlMBaHHs, [POBEJEHHA XHMHYECKUX DEeaKUHHl B KHA-
KO#i cpefie, o6pa3oBaHHsl MAaJOBA3KHUX 3MyJbCHil M romoreHuzauguu GOJBIIUX
0HBCMOB 2K HAKOCTH.

Jlas nponessepHbiX MellasoK [PHHHAMAIOT CAEAYIOUHe COOTHOUIEHHS OC-
HOBHBIX pa3mepoB: aHameTp mewanku d = (0,2—0,5) D, mar BHHTA § ==
= (1,0-3,0) D, paccrosnue or mewanku no AHa cocyua A = (0,5—1,0) d,
BBICOTA YPOBHA JKHAKOCTH B cocyne H = (0,8—1,2) D. Yucao o6oporos npo-
rllgnne/zpﬂbxx MemiaJoK Joctvraer 40 B CeKYyHAY, OKPYXKHaf CKOPOCTb —

M/CEK,
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TypOHHHbIE MELIAJKH. DTU MeLaNKy UMeloT GopMy KoJec BOASHBIX TypPOHH

€ IUIOCKHMH, HaKJOHHBIMH HJH KpHBOJUHeHHBIMH JionaTKaMH, yKpelJeH-
HBIMH, KaK IIpaBH/IO, HA BepTHKa/JbHOM Basay {puc. V1-10). B annapatax
C TypOMHHBIMU Mella/J]KaMU CO3Ja0TCA NMPeHMYLLeCTBEHHO pajHaJibiible 110TOKH
x)kugkoctd. [lpu pabote TypOUHHBIX MellasioK ¢ GOJbIIMM YHCJAOM O0OPOTOB
Hapsfy C paiAuajJbHBIM IOTOKOM BO3MOXHO BO3HHKHOBEHHe TaH[E€HUHAJBHOrO
(KpyroBoro) Te4eHHsi CoAeP:RKUMOro annapara 4 o6pazoBalye BOPOHKH. B atoM
c/yuae B annapaTe ycTaHaB/IMBAIOT OTpaykaTe/LbHbie Meperopoikd. 3aKphIThie
Typ6uHHble Mewanku (puc. VI-10, ¢) B oranune ot oTkpuiThix (puc. VI-10, g,
6, 6) co3palT GoJjee 4eTKO BbI- :
paKeHHBIi pagHaJbHBIA TOTOK.
3akphiThle MewlaJK{ HMET 1Ba DD%E[D
LUCKa C OTBepCTHAMH B LeHTpe .
A9 [pOXOJa KHIKOCTH; JHCKH
CBepXy M CHHU3y IIPHBapHUBaIOTCH
K TJIOCKHUM JoilacTaM. XXHAKOCTE
nocTynaer B MellaJkKy Tapas-
JeJbHO OcH BaJia, BhifpacoiBaer-
cA MewaJKoHd B paAHaNbHOM Ha-
npasjJeHHd U jJocTuraeT Haubo-
Jee yJajJeHHBIX TOYeK annapara.
TypbunHne Mewanku obecrneuu-
BAIOT HHTEHCHBHOE [epeMelly-
BaHHe BO BceM oObeme armila-
para.

[Ipu GoJblUMX  3HAYEHHAX
OTHOUIEHUS BHICOTH K JHAMETPY
annapatra NpUMeHsl0lT MHO4 O-
pAAHB e TypOHHHBIe MELIAJTKH.

MoiocTs. norpebaseMas
TypOUHHBIMH MelUaJKaMH, pabo-
TaOIMMH B annapaTtax ¢ oTpaa-
TeIbHEIMH IeperopojKamH, IIpH
TypOy/JIeHTHOM peXuMe MepeMe-
WIMBAHHS MpaKTHYeCKU He 3aBH-
CHT OT BAI3KOCTH cpepbl. [Tostomy s
MellaJK{ 3TOro THIa MOTyT mpH-
MeHSATbC HJ/1s cMecefl, BS3KOCTb

a — OTKpHITAsA € LGPRMBIMH JoNaTKamMu; 6 — OTKp* bIT2R

KOTOPBIX BO BpeMa MeDeMELIH- ¢ xpusonnuefinbiMg JONaTKaMu; 8 — OTKpLITAN ¢ Ha-

BaHUsA H3MeHsAeTcH KNOHHWIMA N0NaTKaME, 2-— 3aKPRITAR C HaNpaLJstiowils
° annapatoM; ! — TypOHHHan Mewlanka; ¢ - Hanpas-
Typ6mmble MeLllaJKH HIMPOKO . JAIOWHEE anngpart.

OPHMEHSAIOT Aaa 06pa3oBaHH#

B3pece#l (pa3Mep 4acTHUl JA/Isi 3aKPBITBIX MELIAJOK MOXeT JocTHraTh 25 M),
pacTBOpEHHA, I[PH INpPOBEAeHUH XUMHYecKOHd peakuuH, abcopbuuu rasos M
HHTeHCHpUKaUHU TemsnooOMeHa. s nepememiuBaHus B GoablIMX ofbeMax
(HanpHMep, NpU TOMOreHH3aLHUH KHMAKOCTel B XPaHH/IHIILAX, 06BEM KOTOPBIX
focturaer 2500 #® u Gosee) TypOUHHBIE MeLIAIKH MeHEe NPHIOAHHI, YeM
npone/JepHble MellajKd HJAU COIIA (CM. HHXKE).

B 3asucumocTH OT 06/iacTH NpHMeHeHHA TYpOUHHBIE MeulaJkd OGRIYIIO
umeloT auametp d = (0,15—0,65) D npH oTHOLIEHH U BBHICOTB YPOBHS XKUAKOCTH
K AvaMeTpy annapata He OoJiee AByX. [Ipu GOJBLINX 3lIaYeHUSX 3TOCO OTHO-
IIEeHHA HUCIMOJB3YIOT MHOTOPAJHBIE Mella/KH.

Yucno ob6opotoB mellanku KoJaebjercs b npefenax 2—5 B Cekyuay,
a OKpY2KHas CROPOCTh cOCTaBJsfeT -3—8 Mm/cek.,

Puc. VI-10. Typ6unuble Mewanxi:

Creunanbasie Mewanku. K 3Toff rpynme OTHOCATCA Mellankd, HMeloliue Gofee OrpaHu-
YeHHOe NPHMeHEeHHe, YeM MEIWAAKH PACCMOTPEHHLIX BHILe THMOB. Hekortophe u3 Mewanok
ONHCAHHBIX HUXKE KOHCTPYKLMHA, OpEfTOKeHHble CPaBHHTENbHO HegasBHO (LUCKOBhE ¥ BUOGDaA-
UHOHHBIE), MPUUGPETANT B MOC/AERHe: BpeMs Bce Oojee WHPOXOE pacfipocTpaHeHHe.

9. A.[. Kacarsss
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Bapa6anube memaiku (puc. VI-11) cocroar us ABYX UHAMHADHYECKHX KOJeL,
COelHHEHHBIX MeXAy cOOOH BepTHKAJNbHBIMH JIOMACTAMH HPAMOYTONbHOrO cedeHus. Bricora
Melladky cocTasiaser 1,6—1,6 ee auamerpa. Mewanky 3170l KOHCTPYKLHM CO3AAIOT 3HAYUTEb-
HRR OceBol MOTOK ¥ MPUMEHSIOTCH (NPH OTHOWEHHH BLICOTH CTOA6a XXHMAKOCTH B anmapare
K AxaMeTpy GapaGana He meHee 10) p1s npoBeeHus raso-KMAKOCTHHX Peakluf, NOTyYeHHs
SMYJ/bCHH H B3MYYHBAHHA OCAaJKOB. ‘

Hucxopue Mewanxku (puc. VI-12) npepcraBasior co6offi oiHH H/JIH HECKOIBKO I[VIaf-
KHX NTHCKOB, BpAINAIOMUXCS ¢ GOMbIOR CKOPOCThIO Ha BePTHKAJLHOM Bajly. TeueHHe »KHAKOCTH
B anmapaTe NPOHCXOAHT B TaHMeHHHANbHOM HANMPABJEHHH 34 cYeT TPEHUS XKUAKOCTH O RHCK,
NpHYeM CyXKaiomHecs AUCKH CO3[Al0T TakXKe oceBoft morok. Muoraa xpas aucka Aesator 3yGuya-
THMH. Jluamerp Aucka cocrasisier 0,1—0,15 gnamerpa annapara. OKpy)XHas CKOpOCTb pasHa
5—35 m/cex, yTO npu HeGOMBLWMX Da3Mepax AUCKA COOTBETCTBYET OYEHL BEHICOKHM UHCIAM 060-

: poroB. [lorpeGnenue sHepruu Konebierca o
0,5 kem ana ManoBs3kux cpep Ao 20 xem ;s BA3-
KHX cMecefl. J{ucKOBhle MelUaJK{ NPUMEHSIOTCH
A8 nepeMelUHBaHUA  JKuAKocTefi B ofweMax

o 4 M3,
| Bu6paumwudoH HHE MeWAIKH HMEOT Bajl
11— | C 3aKpemieHHMH Ha HeM OJHHM HJY HEeCcKOJb-

KUMH nepdopupoBanHumMHu AucKamu (puc. VI-13).
JIMCKH cOBeplUaloT BO3BPATHONOCTYNATeIbHOE JBH-
KeHHe, NPU KOTOPOM JOCTUraeTcsi HHTEHCHBHOE
nepeMelllHBaHUe COZEeP)KUMOro annapara. 2Heprad,
norpebisieMasi MellajJKaMyd 3TOrO TuNa, HeBe/UKa.
OHH HCMOAb3yIOTCS AJIs NEepeMelllHBAHHS KHAKHX
—_— cmecell ¥ cycneHsuB mpeuMyILeCTBEHHO B amnapa-
Tax, paboraiomux oA AaBjeHueM. Bpems, Heo6-
XOMMOe JAJIsi PaCTBOPEHHS, TFOMOTEHM3aUHH, AHC-

NeprypoBaHusl NP HCNOJb3OBAHHH BHUOGPALMOHHBIX

J MelasoK, 3HAYUTEIbHO coKpamaercs. [10BepXHOCTh

. i JKHAKOCTH MpPH MepeMElUWBAHUH STUMH Mellaska-
N MH OCTaeTcsi CIOKOHHOH, BOPOHKH He ofpasyercs.

BuOpaUHOHHbIE MEMIAJAKHM M3rOTOB/AIOTCH JHAMET-
pom jo -300 mm H npuMeHslOTcR B annaparax
eMKOCTblo He Gojee 3 i

!
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Puc. VI-11. Puc. VI-12. Puc. VI-13. YcrpoficTso auckoB BHOPAUHOHHBIX
Bapa6annas JlucgoBas MelanoK.
MellaJKa. MeluaJKa. .

4, NuesmaTuvecKoe NepemellUBaHUe

[IHeBMaTHYecKoe nepeMemiHBaHHe CXKATBIM MHEPTHBIM ra3oM HJH BO3Ay-
XOM UCHOJIB3YIOT, KOTAa MepeMmelldBaeMas XKHAKOCTb OT/HYaeTcsi. GOJbLIOH
XUMHUYeCKOH# AKTUBHOCTBIO W OHICTPO pa3pymaeT MeXaHHWYeCKHe MeLIaJKH.

[lepemeimiBanne cxKaTbIM I'a30M fBJSETCA MaJOMHTEHCHBHBEIM I1POLECCOM.
Pacxox sHepruu npu nHeBMaTHYeCKOM TMepeMellUBaHHH Gojblie, YeM IIpH
MexaHuueckoM. [IHeBMaTnyeckoe NepemellHBaHHe He NpHMeHAIOT Aaa o6pa-
GOTKH JIeTYYHX KHAKOCTell B CBsi3H CO 3HAYHTEJIbHBIMH MOTEPsIMU I1epeMeLIH-
BaeMoro npoaykra. [lepememuBanne BO3AYXOM MOXKeT COIPOBOXKAATbCAA OKH-
C/EHHEM HJIU OCMOJIeHHeM BeuIecTB.

[NepemelinBanye cKaTEIM ra3oM [1POBOAAT B annapartax, CHaGXKeHHBIX Crie-
IHAJBHBIMU YyCTpO#icTBAMH — 6ap6OTepOM HJH I[eHTpaJbHOH WLHPKY/IALHOH-
Hoil Tpy6o#i. Bap6orep mnpexcraBaser coGoH pacnojoxeHHbIE N0 JHY
anmnapara TpyGwl ¢ OTBepCTHAIMH, C TIOMOIIBIO KOTOPBIX OCyIiecTB/seTcs 6ap-
Gotax rasa 4epes c/a0fi o6pabatbiBaeMOl KHAKOCTH. TIpH LHPRYJALHOHHOM
(3pau¢THOM) mNepeMelLMBAHHH ra3 MOJAOT B L HPKYyJASLHOHHYIO
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Tpy6y. Ilyselppkn rasa ysjekatwor 3a cofoit BBepX no Tpybe KHMAKOCTb,
HaXoAsAULYOCsA B COCYAe, KOTOpAA 3aTeM ONMYCKAeTCs BHH3 B KOJbIEBOM Ipo-
CcTpaHcTBe MexAy TPy6o# W cTeHKaMmHu anmnapata, ofecriedydBasi LUK YyJAALHOH-
HOe IepeMellUBAaHHe KHAKOCTH.

[Ipu pacuere nHeBMaTHYECKUX MeLIaJOK ONpejeisiloT HeoGXOAHMOe HaBJie-
HUe W pacxop rasa. [las/ieHue rasa MoxKeT ObITb PacCYHTaHO C MOMOMIBIO
ypaBHeHua DBepHyanu:

prw?

p=Howg + 25 (14 A+ Dtwc) 400 (V16)

rae H — BhCOTa cTONGA NepeMellHBaeMOR JKHUAKOCTH; @ — CKOPOCTh 803fyXa B TpyGe (w =
== 20—40 m/cex); P ¥ Or — MAOTHOCTb NMEPEMEUIHBAEMOR KHUAKOCTH M rasa; 3 {y. . — cyMma
K03 DULHEHTOB MECTHBIX CONpOTHBAeHu#; A — KosppuuueHT TpeHust; [ u d — AAMHA B KUaMETP
Tpy6l; pg — AasjieHHe HaJ JKHIAKOCTBIO B amnapare.

s OpHeHTHPOBOYHEIX pacyeToB M0TepH AaBJeHUS B TPyOONpPOBOAE MOXKHO
npuHuMarb paBHbiMU ~20% conpoTuB/ieHus cronba xupkoctu. Torxa ypae-
Henue (VI,6) npuHumaeT BUA ,
p=12Hoxg 4 p, (VI.6a)

O6beMublil pacxof rasa V (m3/4) MOXKHO ompelequTb MO 3SMIHPHYECKOH

opMyJe
dopmy V = kFp (VLT
rae F — noBepxHOCTb CrOKORHOHA JKMAKOCTH B annapare, %, p — jaBaeHue Bo3Ayxa, Gap;
k — onuTHHA Ko3(duIEEHT.

[Ipu cnaboM mnepememusaHud k = 0,24-+0,30, npu MajJOHHTEHCHBHOM
0,35+0,50 u wunrercusHom 0,45-+-0,60. Pacuer no dopmysne (VI,7) paer
3HaueHWe oOBEMHOro pacxoja rasa npu jgasJeHud, paBHoM 1 Gapy.

Ilpu pacuere GapGoTepoB pacxof Bo3ayxa Ha 1 m® csoGonHoi#l moBepx- ¢

HOCTH MOXKHO [IPHHHUMATh PaBHBIM: AJA c1aboro nepemelunsanus — 0,4 m3/ mun,
nasi cpentero — 0,8 m*/mun, pns uHTeHcuBHOro — 1,0 m3/mun.

5. ﬂebememunaﬂue B TpyCGonposopax

IlepemeriuBanie B TpyGoOnpoBozax fBJASAETCA mpocTefinluM criocoboM Ie-
peMeLIMBaHHA KHUAKOCTeH (KAaNeJbHBIX M ra3o0fpa3HLIX), NpUMeHAeMbM I1pH
TPaHCMOPTHPOBAHHH HX NO Tpybonposogam. [lepemelnBanue B TpyGonpoBoje
npoucxoAuT Mo pAeficTBHeM TypOyJeHTHbIX Hyabcainui. Ilostomy Takum
croco6oM [lepeMellHBaHHA MOXKHO M0/1b30BaThbCA IPH YCJAOBHU, YTO TeueHHe
Typ6y/MeHTHO 11 TPYCOIPOBOJ, 0 KOTOPOMY IepeKauHBaoTCs CMelluBaloUIHecs
XKHUAKOCTH, UMeeT AJHHY, AOCTAaTOYHYIO AJAd obecredeHUs: 3aJJaHHOTO CpeXHero
BpeMeHH mMpeOblBaHHA KHUAKOCTH B TpyGompoBofe. Yacto AMs yJaydileHHsA
nepeMellHBaHUA KHIKOCTEH B TPYOONPOBOL MOMEMIAOT ChelidaabHble BCTABKH,
EMHTOBBIE HAacaAKH HJH HHXKEKTODH.

6. MepemeluBaHue ¢ MOMOMBIO COMeA M HACOCOB

Conna B annapaTax TPHMEHAIOT AJA epeMeLIMBAHUS Ta3’000pa3HBIX H
KanesNbHBIX KHAKOCTeH — yaie Bcero UWHPKYJALUOHHEIM CHOCOGOM.

Ctpys KHUAKOCTH, BBITEKAIOILAs W3 COMJaA, llepejaeT 3a CueT BHYTpPEHIIero
TPEHUS YacTb CBOEH KUHETHYECKOH 3HEePruu HPHUIeratomuM CJAOSAM XKHIKOCTH,
NpUBOAS UX B JBUXKeHue. B mpocTpaHcTBe, KOTOPOe 3aHHMAJH 3TH CJIOH, BO3-
HUKaeT paspexeHue. CHUKeHHe XABJEHHUs 3acTaBjsieT KUAKOCTh MOACACHI-
BaTbCA B 3Ty 4acTb MpOCTpaHcTBa. Takas IochefOBaTeJbHOCTL B3auMofAed-
CTBHUA CTPYH M Haxojslledics B ammapaTe KUAKOCTH IIPOUCXOAUT HerpephIBHO
M MHOrOKpaTHO, ofecrieudBasi MepeMelllHBaHHe COAEPKUMOro ammapara.

Conna mnsa KamebHBIX KUAKOCTEH MPUMEHAIOT OOGLIYHO COBMECTHO C LLHp-
KYJISIIUOHHBIM HAcOCOM, KOTOPBIH coobuideT XHAXOCTH, NOXABAeMOH B COIJIO,
HeoOXOAMMYIO KHHeTHYecKyio sHepruio. Kak ToxKa3biBaeT OIBIT, KHHeTHYe-
CKasi 3Heprua cTpyu OyHeT ucro/ib3oBana HauGosee 3(hheKTHBHO MPH 3Haye-
HHSIX OTHOHIEHHS PACCTOSAHUSA X OT yCThsi ComJla K ero fuametpy x/d = 15—20.
MHorma »KHAKOCTH MepeMelIMBAOT, MHOFOKPATHO MepekauyuBas WX uepes
anmnapar ¢ NOMOLLbI0 HUPKYJANUOHHOrO Hacoca Ge3 NPHUMEHEHUA COMeJ.

»
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OCHOBbI TENJIONEPEAAYH
B XHMHWYECKOHA ANNAPATYPE

1. OOuike cBefeHUSN

INepenoc snepruu B dopMe Tenna *, npOHCXOAAMIUIA MEXAY TelaMH, HMe-
IOIHMH Pa3/IHYHYIO TeMIlepaTypy, HasbiBaercsi TenJa 006 Me H O M. [lBH-
Kymed CHI0H J11060T0 npolecca TemIoo6MeHa siBaseTca PasHOCTb TeMreparyp
GoJiee HArpeToro’H MeHee HArpeToro Tea, NPH HAJUUHH KOTOPOM TEIJIO CaMo-
NIPOH3BOJIEHO, B COOTBETCTBHH CO BTOPDBEIM 33KOHOM TePMOAHMHAMHKH, MEPEXo-
INT OT GoJlee HarpeToro K MeHee HarpeToMy Tey. TennoobMeH MexAy TesaMH
npencrapisieT coboil o6MeH sHepruefl Mexgy MoOJeKy/J1amu, aToMaMd H CBO-
6oAHBIMY 3/IEKTPOHAMH; B pe3yJibTaTe TenJ006MeHa WHTeHCHBHOCTD ABHMKEHHS
yacTull 6osiee HArpeToro Tesia CHUKAETCH, a MEHee HAarpeToro — Bo3pacraert.

Tena, yvacteyroomue B TemaooGMmeHe, Ha3bBAIOTCSi TEMNJOHOCHTE -
J A MU,

Tenanonepenaua-— Hayka o mpomeccax pacnpompaﬂemm Tenja.
3aKOHH TeIJIOnepefayy JexaT B OCHOBE TENJIOBHX MPOLECCOB — HarpeBaHHs,
OXJIAXKAEHHSA, KOHAeHCAlu{d TMapoB, BhHITAPHBAHHA — W UMeloT 60JbuIOe
3HaYeHUe JJA MPOBEJEHHsi MHOTMX MacCOOOMeHHBIX (MpoieccH [ePEroHKH,
CYWIKH H 1p.), a TaKXe XHMHYeCKUX IPOLeccoB, npo*rexalom.ﬂx C NOJBOJOM HJIH
OTBOJIOM TemnJa.

PasinualoT TPH NPHHIMINANBHO DPa3JTHYHBIX 3J1emeHTaprxx croco6a
pacrnpocTpaHeHHs TellJa: TelJONpPOBOXHOCTb, KOHBEKIHMIO U TemyoBoe H3Jy-
YeHHe,

TenanonposonanocTb npeicraBaser co6oii nepeHoc Tenia BCIeH-
cTBHe 6ecrnopsjouHOro (TemJoBOro) ABHKEHHS MUKpPOUYACTHL, Hermoc peCTBEHHO
COlpHKacaloWuxcs APYr ¢ APYroM. JToO ABUKEHHe MOXeT OulTh JHOO RBH-
KEHHeM CcaMHuX MOJEKYJ (rasel, KalejbHBlE KHUAKOCTH), JHOGO KOseGaHUEM
aTOMOB (B KPHCTAJJIHYeCKO! peiieTKe TBEpPABIX Tes), HWIH Aupdysued cBoboa-
HBIX 3JIEKTPOHOB (B MeraJjJiax). B TBepAplX TesaxX Ten/0ONPOBOJHOCTh ABJAAETCA
OGLIYHO OCHOBHHIM BHAOM pacnpocTpaHeHUs Tera.

KouBexknue# HasbBaercs nepeHoc Temsa BC/JAeACTBHe XBHXKEHUS
H NepeMelIMBAHUS MaKPOCKOMUYECKUX 06BEMOB'rasa /M KULKOCTH.

Ilepenoc Temnsia BO3MOXKeH B yC/OBHAX €CTeCTBEeHHOMH, HWIH CBO -
6 0 A H 0 #, KOHBeKUHH, OGYC/IOBJEHHOH pPa3HOCThIO nAoTHOCTEH B pasJnd-
HBIX TOYKax ob6beMa XHUAKOCTH (raza), BO3SHHKamomeH BC/AeACTBHE DA3HOCTH
TEMNePaTyp B 3TUX TOYKAX WJH B yCJIOBUAX BH HY X L e HH O # KOHBEK-
UMK NIpH NPUHYAHTeJ]bHOM JABUKEHHH Bcero o0beMa MXUJAKOCTH, HampHMep
B ciayyae IepeMeliUBaHHS ee MelIaJKOH.

TennoBoe H3JdydueHHe— 370 NpolecC PaclpOCTpaHEHHN 3JleK-
* TPOMArHUTHLIX KoJleGaHH# ¢ pa3au4HON guHOA BOJIH, 06yc/IOB/IeHHbIA TenJo-
BLIM JBHKeHUeM aTOMOB HJIM MOJIeKyJI u3J/yyaiouero tesa. Bee tes1a cnocoGHbl
H3Jiy4aTb 3Hepruio, Kotopas MOOI/OHIaeTcs APYTHMH TejJaMd H CHOBA Ipespa-
laerca B tenno. Takum o6pa3oM, OCYIIECTBJASETCS JYYHUCTHIA Tel/J006MeH;
OH CKJIaJblBaeTcss M3 MpOLECCOB JyueUCNyCKaHHAa U JaAyde-
IOrNoOmeHHs. .

* B panbhefiueM ANA KPaTKOCTH OYLeM HasHBaTh 3TOT MpOUECC MEPEHOCOM TemJa.
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B peanbHbiX yCNOBHAX TelJO nepefaercs He KaKUM-AHOO ONHHM H3 YyKa-
SaHHBIX BHIllEe cM0CO60B, 2 KOMOHHHPOBaHHLIM nyTeM. Hanpumep, npu tenso-.
ofMeHe MeXJy TBEpAOH CTeHKOH H ra3oBoH cpelodl Temuo nepefaercs OfHO-
BpeMeHHO KOHBeKIlHeil, TeN/JONPOBOAHOCTLIO ¥ H3nyueHHeM. [lepedoc Tensa or
CTeHKH K rasoo6pa3Hoil (3kKuaKol) cpeje wiH B o0pPaTHOM HanpaB/eHHH Ha3bl-
Baerci TeNJooTaave i,

Eme Gonee cloxXHBIM ABJAETCA MpOLECC Mepefauy Temsa or 60Jee Harpe-
TO#l K MeHee HarpeToft XKHIKOCTH (rasy) yepes pasflejsOUIYI0 HX [IOBEPXHOCTh
HJIH TBEPAYIO CTEHKY. DTOT MpOLeCC HOCHT Ha3BaHHE TenmJAone pe A a 4 H.

B mnpbuecce Ttensomepenaud MepeHoCy TeflJia KOHBeKIHEH COMYTCTBYIOT
TENJIONPOBOAHOCTE H TenaoobMeH H3aJdyuyeHuemM. OmHAKO /1A KOHKPETHHX
yeNoBHE mpeoGaanaiomuM O6bIYHO fABJAETCS OAHH H3 BUAOB pacIpoCTpaHe-
HuA TefJa. _

B denpepniBHO fefCTBYIOIUHX aMnapaTax TeMNepaTypbhl B pPas3JIHYHLIX
TOYK3X He H3MEHSAIOTCA BO BpEMeHH H [IpOTeKaloliye MpoleccH TenjoobMeHa
ABNAIOTCA YCTAHOBHBW HMHUCSA (cTauyHoHapHuIMH). B mepuoanuecku
NeHCTBYIOIHX anaparax, A€ TeMIepatypbl MeHATCA BO BpeMeHH (MpH Ha-
rpeBaHHH HJAH OXJAXKIAEHHH), OCYIIECTBJAAIOTCA HE yCTa HOBHB L HeC A,
WIH HeCcTalHOHAapHBle, HPOLECCH TemnaoobMeHa.

Pacyer Tenoo6MeHHON anmapaTyphl BKJIOY3eT:

1. OnpeneneHne T€NJOBOTO MOTOKaAa (TeNJIOBOH HArpy3KH amna-
pata), T. e. KOJHUYeCTBa Temja @, KOTOpoe NOJ/KHO OHTh HePelaHo 3a ompe-
NejeHHoe BpemA (B HelpepeIBHO NEHCTBYIOWHX annaparax 3a | cex uiu 3a
1 4, B nepHoaAHYECKH AEHCTBYIOWHX — 32 OHY ONepalHIO) OT OJHOTO TEMJIOHO-
cuTesa K Apyromy. TensoBoi MOTOK BLIYHC/AAETCA YTEM COCTABJEHHA U pelile-
HHT TeNMJOBHRX 6anaHCOB. .

2. Onpenenenrie MoBepXHOCTH Tenadoo6umeHra F anmapara
ofecneuxBapomeit nepenayy Tpe6yeMOro KOJIM4YeCTBa TelJja B 3alaHHOE BpeMs.
BenuuuHa MOBEPXHOCTH TenjooGMeHa OMNpefesisieTCsi CKOPOCTbIO Temjomnepe-
Dauf, 3aBHCAWIEH OT MexaHH3Ma [epeflayd TeMja — TeMJONpOBOAHOCTLIO,
KOHBeKI[Heil, H3JyYeHHEM H HX COYETaHHEM ApPYr ¢ ApyroMm. [loBepXHOCTH
Tenoo6MeHa HaXOAAT H3 OCHOBHOTO ypaBHEHHUS Temao-
Nepenadn,

2. Tenjaorsle GanaHchl

Tenno, oTnaBaemoe GoJiee HarpersiM TemJaoHocuTeneM (Q,), 3aTpayuBaercs
Ha HarpeB 0oJiee XOJOMHOro TEMJOHOCHTeNA (Q;), H HEKOTODPAs OTHOCHTEAbHO
HeGo/IbIUAA YaCTb TeMJia PaCXOAYeTcd Ha KOMIMEHCAUMI0 NoTeph Telia anmna-
PaToOM B OKpYKaiouiyto Cpeny (Q,)- Besiduuna Q B TEHJI006MEHHbIX annmapa-
TaX, MOKDHITHIX TeHJIOBOIl H304silHeH, He npesnimaer ~3-—5% nonaesno
ucrionsayemoro Temsa. [lostomMy B pacuerax el MoxHO npexebpeus. Toraa
TeJIOBOH 6ajlaHC BLIPA3HTCA PaBEHCTBOM

Q= Q) = Qz
rge Q — TenJsioBasg HArpy3ka anmnapara.

[Tycrs Maccosrifi pacxoz GoJiee Harperoro TemJoHocureas cocrasiser Gy,
€ro 3HTaNbNHA * Ha BXole B amnapar /,, 4 Ha BbIXOfle M3 annapara [,.
CootBeTcTBeHHO pacxof 60ee X0JONHOrO TeMJIOHOCUTE A — (4, €ro Haua/bHas
3HTaAbnuA [,, W KOHeYHasdA 3HTanaenua [,,. Toraa ypasHeHHe TemaoBOro
6anaunca

Q=Gx(’1H"11K)=Gz(lzx_lzn) (V“'l)

Ecan tennoobMen npotekaeT Ge3 H3MeHEHMsSI arperaTHOrO COCTOAHUA Tell-
JIOHOCHTEIeH, TO SHTAAbLIHH MOCAEAHUX paBHbl Npou3BefeHHI0 TEMJIOEMKOCTH €
Ha TeMmmepaTypy &

fy = Cyutyu Ty = Oilax .
Tk = Coxlan fay = Canlon

* Duraasnus npu 0° C ycJoBHO npHENMaeTcs PaBHO HY.JIIO.
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1

Besnuuuubl ¢y, M ¢y, NPEACTABISAIOT COGOH C p e 1l H U € yiAedbHble TerJo-
eMKocTU §oJiee HarpeToro TenJOHOCHTe/Isi B fpejesax H3MEHEHHs TeMMepaTtyp
ot 0 no {,, (1a Bxoze B annapar) W 10 {,, (Ha BhiXoje U3 amnapara) COOTBET-
CTBEHHO. BeauYuHbBl C,, W €, — CPenHHE yle/bHHE TEMJI0eMKOCTH GoJee
XOJIOAHOrO TeN/IOHOCHTe st B npefeaax 0—i,, u 0—/,, cooTBeTcTBeHHO. B nep-
BOM NDHOJMKEHUH BMECTO CPeJHMX YAeJbHbLIX TeNJOeMKOcTell B BHIDAXEHHA
3HTAJbIHH MOTYT OBITh HOACTABAEHBl H C T U H 1 Bl @ YyJeJbHbie TeN/JI0eMKOCTH,
oTBeqalulMe cpeqHeapHdMeTHYeCKOH TemnepaTtype, Hanpumep #/2, npu uaMme-
HeHHH Temnepartyp ot 0 no {.

B TexnuueCkHMX pacyeTtax 3HTaJbIIMM 4acTC He PACCUMTHIBAIOT, @ HAXOAAT
HX 3Ha4yeHUd NPY JaHHOH TeMIepaType U3 TeNJOBbIX U SHTPOMHHHBIX AHArPamMM
HIH H3 CIPaBOYHbIX TaO/MLL.

Ecau TennoofMen nporekaeT Npu M3MeHEHHH arperatyoro COCTOSHHA
TEeNJOHOCHTe s (KOouJeHcalMs napa, HCrapeHHe KHAKOCTH H Ap.) HaH B IpO-
Hecce TemJMooOMeHa INIPOTEKAKT XHMHuecKMe peakLMH, CONpOBOXKAaeMmble
TeMJOBLHIMH 3(QdeKTaMu, TO B TENJIOBOM GaJjaHce A0JAKHO OHIThL YuTEHO TelJo,
BRIjEAIOUEECH NpH (HU3HYECKOM HJIH XUMHYeCKOM npespauteduu. Tak, npu.-
KOHJEHCAUHY HACBILIEHHOTO I1apa, ABJSIOUIETOCS I'peloilldM areHTOM, BeJH-
yuHa [, B ypaBrenuu (VII,1) npeacrasasier cofoit 3HTaABIHIO NOCTYRAIOLETO
B annapart napa, a /,, — 3HTaJbIHIO yaaAsieMOro napoBOre KOHJeHCcaTa.

B ciyyae Mcnonb3oBaHWsi neperperoro napa ero sHraannus [,, Cckiaa-
IbIBAETCA H3 Ter.ia, OTAaBaeMOro NapoM IpH OXJAaXKAEHHH OT TeMIepaTyphl I,
IO TEeMMepAaTyDHl HacblleHHs [, Tellla KOHAeHCAUMH Mapa M Tenaa, BbiC-
JadloLerocss MpH OXJaXKIeHHH KOHJeHCATa: ‘

Q=G (I1n— I1x) = Geq (fn — tyac) 4 Gr - Geg (Prac — fy) (VIL2)

rae r — ylelbHas TeMJOTa KOHIEHCAUHH, Oxc/K2, ¢ M ¢y — yAedbHHE TEeNJOeMKOCTH [apa
¥ KoHJeHcarta, Ox/(xe. epad); f, — TeMnepaTypa KOHJeHCaTa Ha BLIXOJ€ M3 anmnapara.

[Ipu oforpeBe HachilleHHBIM TAPOM, €cJM KOHIAEHCAT He OXJaxKaaeTcs,
T. €. by = ty = ty,., NEPBLIA U TPETHIl UieHHl NpaBoit uacTd ypasuenusa (V11,2)
H3 TenJoBOro 6ajaHca HCKJAOUATCH,

[Ipoussenente pacxoma TenJoHocutenda (G Ha €ro CPeNHIOKL YAEAbHYIO
TENJOEMKOCTh € YCJAOBHO Ha3hBaeTCst BOA A H MM s KBUBaneHtom W.
UucrnenHoe 3nauenne W onpegessieT maccy BOAb, KOTOpasi no cBoeil TenJo-
BOH eMKOCTH 5KBMBA/JEHTHO KOJHYECTBY Telja, HeoOXOIMMOMY JJis Harpesa-
HHUA JadHoro Tenjonocutens Ha 1 °C, npu 3aganHom ero pacxofe. [lostomy
ecAH TeNJOEMKOCTH OOMEeHMBAIOUIMXCH TellJIOM XKHAKOCTel (€, H Cp) MONKHO
CUHTAThb He 3aBHCALIHMHM OT TeMMepaTypel, TO ypaBHeHHe Tenjosoro fajanca
(VI11,1) npuyumaer Buz

Q = Gyty (fin — tix) = Goty (Fax — fom) (VILJ)

HJIH
Q=W; (f1u— fix) = W (fax — lon) (VI1.3a)
rpe Wl H Wg - BOJSHLIC 9KBHBAJEHTH! HAarpeToro H XoJIOAHOro TeJIOHOCHTEAA COOTBETCTBEHHO.

3. OcHOBHOe ypaBHeHHe Teiljionepeda4vH

OCman KMHeTHYecKas 3aBHCHMOCTb JJs IIpOLECCOB TenJonepeiauH, Bbl-
paxaiollas CBf3b MeXJy TEIJIOBLIM NOTOKOM Q' M MOBEpXHOCTbIO Tensoo6-
meHa F, mpeacraBnaseT co60ffi OCHOBHCe ypaBHeHHE TemnJao-
mepenadvyHu:

Q = KF Aoyt (VI1.4)

rie K — koshduUMEHT TensomepenayH, ONpelensiOmHA CPeIHIOI0 CKOPOCTb Iepelaud Temaa
BAOJL BceHl moBepxHoeTH Tenyoo6MeHa; Afcp — cpellisis Pa3sHOCTL TeMIepaTyp Mexay TemJo-
HOCHTEJIIMH, ONpeleNsiomas CPelHIO ABHXYILYIO CHJY Nporecca TenJornepeiayy, wiH T € M -
nepaTypHHH Hanop; T -— BpeMs.

Corstacno ypasnenuto (V11,4), keauvecmeo menaa, nepedasaemoe om Goaee
Hazpemozo Kk 60.iee X0A0OHOMY MENAOHOCUMENID, NPONOPYUOHANLHO [108EPX-
nocmu menaoobmena F, cpednemy memnepamypromy nanopy Atep v gpemenu <. .



4. Temnepamyproe nose u memnepamypuvul zpaduenm 263

Hasa HenpeprIBHLIX Ipoueccos TernaoobmeHa ypaBHEeHHE TEeIaonepenadyd
HMeeT BHA

Q=Q'/t=KF Aty (VIL,5)

U3 ypasuenua (VII,4) BuTeKa0T efHHKIA U3MEDEHHA H QHU3HIECKHA CMBIC
Kosb¢dHuHenTa Tennomepenaud, Tak, npu F =1 m?, At, =1 2pad n t =

= ] cex
(K] = [FTQAt] = [Mﬂ-cj:epaa] = [J‘TI'E—;}‘E—]

HAH npH supaxeHuu Q' B xxaa/u

k1= |

KKas ]‘
m3.4.2pad

Takum o6pa3oM, KosbdHUHEHT TemJomepeaayH MOKa3blBaeT, KaKoe KOAU-
wecmeo menaa (6 0xc) nepexodum @ I cex om Goaee Hazpemoeo K Ovage x0A00HOMY
MmenaoHocumeAto 4epes nosepxHocme menaoobmena 1 m* npu cpedneit pasnocmu
memnepamyp Mesxcdy meniornocumessmu, pasnod 1 epad.

Cpennuii TemMiepaTypHbIl Hamop 3aBHCHT OT XapakKTepa H3MEHEHHS teM-
nepatyp TeNJOHOCHTesNeR BLOJbL MOBepXHOCTH Temsoobmena. Onpenenenue
ero paccMmorpeHo Huxke (ctp. 301).

4. TemmnepaTypHoe NoJ€ H TeMNEPaTYPHbIA rpagHeHT

K upcny OCHOBHBIX 3343y TEOPHH TeMJOOOMEHZ OTHOCHTCA YCTAHOBJEHHE
3aBUCUMOCTH MeXNYy TelNJOBHM IIOTOKOM H paclpefleJleHHeM TeMllepaTyp
B cpefax. Kak H3BeCTHO, COBOKYITHOCTh MTHOBEHHBLIX 3HAaueHHH mMo6ofi Besu-
YHHB BO BCEX TOYKAX AAHHOH cpeln (Tesa) Ha3blBaercs MO J €M 3TOH Be-
Auuudbl, COOTBETCTBEHHO COBOKYIHOCTH 3HAUeHHH TeMrnepaTyp B HAaHHBIH
MOMEHT BpeMeHH [J1fl BCEX TOYEK PACCMATPHBAEMOH cpejhl HA3LIBAeTCA T € M =
nepaTypHHM MOJEM,

B nauGojnee obuieM cjyuyae Temnepatypa B AaHHOfl TOYKe ! 3aBHCHT 01
KOOPAHHAT TOYKH (X, y, 2) M H3MeHseTCA BO BPEMEHH T, T, e, TEMMepaTypHOe
noje BhipaxKaercAd (QyHKUHed BHAA

t=f(x, y, 2, 7) (VIL6)

3Ta 3aBUCHMOCTL MpefcTaBjser cofoi ypaBHeHHe HeyYyCTaHOBHB -
merocs (HecTaULHKHOHAPpHOTO) TEeMAEPaTypHOIro MOJs.

B uacTtHoM cayuae TeMmmeparypa siBAsercd GyHKnueft TOJIBKO OpOCTpaH-
CTBEHHBIX KOOpAHHAT

t==f(x, y, 2) (VI11,6a)

H TeMmmepaTypHOe Moje~— YCTAHOBHBMWMHUMCA (CTAULHOHAP-
H_B M).

B otanuie or TeMmepartypel, KOTOpas ABJAAETCA CKAJAPOM, TEJIOBO#H MOTOK,
CBfI3AHHBIA ¢ HAMpaBJieHHEM [1€PEHOCa Tema, npeacTas/sfer co60i BEKTOPHYIO
BEJIHUHHY.

Ecan pacceyb Teso MJIOCKOCTBIO H COEIHHHTL TOYKH, JexallHe B 3TOH M0
CKOCTH H HMEIOLIHE OIMHAKOBLIE TEMMepATYphl, TO MOJYYHM JHHHH MOCTOSH-
HBIX TemmepaTyp (M30oTepMmt). B mpocTpaHcTBe reomeTpHyeckoe MeCTO TOYEK
C OIMHaKOBLIMH TeMIepaTypaMH [peicTaB/sder cobod H3OoTepMHUUE-
CKYI} mMmoBepXHOCTbH. TaKHe MOBEPXHOCTH HHKOTJA He IepeceKaloTca
MeX1y coGofi, TaK Kak B MPOTHBHOM cJy4ae B TOYKe HX MepeceyeHHs TeM-
nepatypa B AAHHbIH MOMEHT BPeMEHH HMesaa Ohl B2 Da3/JHYHBIX 3HauYeHHH,
YTO HEBO3MOMKHO.

" KRG g6 _ M
M3.4-2pad 7 M3.2pad
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[TycTh pasHocTh TeMnepaTyp MexAy AByMsi 6JIH3JeXKalMMH H30TepMHYe-
CKNMH NOBEpXHOCTAMH cocTaBaseT Al (puc. V11-1). Kparuaiimnm paccrosiniem
MeAkJy STHMH NIOBEDXHOCTSIMH fABJseTCs paccTosinve no Hopmaan An. [lpn
az cOMHKEeHUH YKa3aHHBIX NoBepXHocTell oTHoweHue Af/An

p an CTPeMHUTCH K MNpejenay

“‘42‘
——L2ar

[lpousBoanas Temneparyphl NO HOPMAJdH K H30Tep-
MHUYeCKOH NMOBEePXHOCTH Ha3biBaeTCs TeMNnepaTyp-
HbBIM TpajlHeHTCM. ITOT TpalHeHT ABJAETCH

lim (Ah )AHO == =grad! (V11,7)
BEKTOPOM, HanpaBJieHHe ROTOPOTO COOTBETCTBYET I10-

\\
\‘\ ’
9 A
BblIEHHIO TeMllepaTyphl. 3HayeHHe TeMOepaTypPHOro

,5;311(?’22&;&’;3;’;;:&; rpajvenTta onpejefsieT HauGOMbLIYIO CKOPOCTb H3MeHe-
rpaghenta k Bhpaxe. HWA TEMNepaTyphl B. IaHHOH TOYKe TeMnepaTypHOro
HHIO 3aKoHa Pyphe. noJis.
[loTtok Tensa MoXer BO3HMKHYTL TOJBKO IIDH YCJO-
EHH, YTO TeMNepaTypHbIN TpajueHT He paseH Hygiwo (grad { = 0). [lepemeue-
HHe TemJa BCerga NMpONCXOZHT MO JIMHMH TeMmlepaTypHOTO TIpajHeHTa, HO
HanpaBJeHO B CTODOHY, NPOTHBOMOJOXHYIO 3TOMY TIpaiueHTy. Takum 06-
pasoM, NepeHoC TeMJa NMPOHMCXOAHT B HANpPAaBJAEHHH MajeHus TeMAepaTypsl H
I[pONOPIHOHAJIEH TEMNepaTypHOMY TpaiHeHTy ¢ O6pAaTHBIM 3HAKOM, T. €. KO-

JIHYECTBO, T€ilJ1a, epejaBaeMoe uyepe3 €AUHHULY NOBEepXHOCTH B €IHHHLY BpeE-
at

MEHH § ~ (— E) .

5. Ilepepaua Temna TemIOOPOROZHOCTHIO

3akon ®ypbe. OCHOBHEIM 3aKOHOM Mepefaud Temaa TenaonpoBOLHOCTLIO
apaserca 3aKOH @ ypbe, COrIaCHO KOTOPOMY KOAUHECHNBO (MENAA
dQ, nepedasaemoe nocpedcmeom menAONpPOBOOHOCMU Hepe3 SAeMEeHI NnosepXx-
wocmu dF, nepnendurkyisapHeul menaosomy nomoxy, 3a épema dt npamo npo-

NOPYUORANLRO Mmemnepamypromy epaduenmy ~—, nosepxrocmu dF u epe-
Menu dr: _ _
ot
dQ = _A'Ez_ dFdv (VIL8)

WJIH KOJHYECTBO TEM/a, nepeflanacMoe Yepe3 eIHHUIY NOBEPXHOCTH B eQIIHHLy
BpeMeHH

=22 L (VIL9)

BesuuuHa ¢ Ha3kiBaeTc NJOTHOCTHLIO TENNOBOT O NOTOK a.

3HaK MHHYC, CTOSLIMH nepel npaBoit yacTsio ypasuenuit (VII,8) u (VIL,9),
YKa3blBaeT Ha TO, YTO TeMJIO NepeMelllaeTcsl B CTOPOHY MafleHHs TeMnepaTypbl.

KosdhthuuueHT nponopuUHoHaNbHOCTH A HasnBaeTcss KospbH U HEH-
TOM TenaonpoBogHoOcT#H. Cornacio ypasHendio (VI1,8)

(2] = [ dQon ] _ Oowc-m s em ]
T |otdFdt T [ epaa-M"-cech - [-M-epaa .
[lpu BuipaxeHun Q B &kxaa/u
KKaA
(A= [M-q-epaa_,

Takum obpaszoM, Ko3bhHUHEHT TeNJIOMPOBOZHOCTH A MOKA3bIBAET, KAKOE
KOAUHeCmeo menaa npoxooum ecaedcmeue menaonpogoorocmu - 8 eOuURUYY
8pemeru Hepe3 eQURLLY NOBePXHOCMU Menio0bMena npu nadenuu memnepamypel
na 1 2pad na eOunuyy OAuHbL HOPMAAU K UB0MEDMUMECKON NOBRDXHOCMU.



5. [epedaua menaa menaonposodxocmen 265

Beauuuna A, XapaKTepH3yiowas cnocoGHOCTh Tesla IPOBOAUTE TEIMJO MyTeM
TENJIONPOBOAHOCTH, 3aBHCHT OT MPHPOJBI BEHU(ECTBA, €ro crpymypu TeMmepa-
TYpbli H HEKOTOPHIX APYrux (akTopos.

[lpy OOBLIMHBIX TeMNepaTypax M MaBJEHHAX JYYIIMMH [TPOBOAHHKAMH
Tenmaa ABJAAITCA METaJLIbl U XYAIUMMH — rassl. TaK, opHEeHTHPOBOYHbLIE 3Ha-
uenus A [B em/(m-epad) u kxaa/(m-4-2pad)} pas merannos mpu 0 °C cocras-
JAI0T: AJ8 yHCTOl Mend — 394 (340); wna yraepoaucroit cranu Cr.3 — 52 (45);
aaa neruposanuoft cranu X18H9T — 25,5 (22).

Ilns so3nyxa npu 0 °CA =~ 0,027 sm/(m-2pad) unu 0,023 kxas/ (#-4- epad).

lMpuMepuwie 3Hauenns A [B sm/(m-2pad) u B kxas/(m-4-2pad)| ana xuaxo-
cTeit, ra3oB M TETJIOU30JSAUHOHHHWX MaTepHaN0B MDUBEIEHH HHKE:

KanesbHble KHIKOCTH e e 0,1—0,7 (0,09—0,6)
Fasef . .« « . ... .+«.... 0,006—0,165 (0,006——0,15)
Ten.ﬂousoJmuHOHHue marepuasw  0,006—0,175  (0,005—0, 16)

Hu3skast TeN0NMpOBOAHOCTE TENJIOH3OJANHOHHBIX H MHOTMX CTPOHTEIbHHIX
MaTepHaJioB OGbACHSETCA TeM, YTO OHH HMEIOT MOPHCTYIO CTPYKTYpPY, NpHYeM
B HX Auefikax 3aKJIIOMEH BO3AyX, IJIOXO NpoBoaswui tenno. Kosbduunenrts

TEAIVTUHPOBOEHOCTH rasos BO3pacTtaroT € Io- 24

BLILIEHHEM TeMilepaTypbl M HE3HaYMTEJbHO ! ez
H3MEHATC ¢ M3MeHeHHeM HaBjenuda. [lia /2
GOTBIUHHCTBA JKHIKOCTEH 3HauyeHHA A, Ha- A
o6opoT, YyMEHbLUIATCA [pH yBEJHYEHHY ! 7
temnepatypsl. FlckialoueHre cocraBafer Bo- . N

sz Ll . ] Oz+ar

A3, Ko3(dpHuIHeHT TelI0NPOBOAHOCTH KOTO- .
POl HEeCKOJbKO BO3paCTaer C MOBbIIEHHEM / ar
temneparypsl Ao 130 °C u npu nanbHedieMm A\{'

ee yBeJIHUEHMH HayMHaeT cHHxarecdA. Has

SOJBIIMHCTBE MeTaJ0B KO3(pPHUUHEHTH Ter- ey l

JIONPOBOJHOCTH YyMeHBWIAIOTCA ¢ .BO3pacra- - | _

HHeM TeMnepaTypsl: 3HaueHHsd A  pe3Ko / e z

CHHXKAIOTCA NpH HaJHYHH B MeTajajax npu- 4

MeceH. Puc. VII-2. K sumBoay andipepen-
Chenyer OTMETHTb, 4TO IPH OMNPENEle- uuaibHOTO YPABHEHMS TEIJIONPOBOL-

HHH KoJH4yecTBa TenJa, nepeiasaeMoro ye- HOCTH.

pe3 ciofl ra3a HAH KameJbHO# XUAKOCTH
BCJEACTBHE TENJONPOBOAHOCTH, 4acTo ObiBaeT HeoGXOAHMO YYHTHIBATH BJHA-
HHE TaKkKe KOHBEKUHH H H3Jy4YeHHs!, KOTOPble COMYyTCTBYIOT Ten.nonpoaon-

HOCTH.

Audhepenunannuoe ypasHenne TefioNpoBoaHocTH. Belteaum B oxHopos-
HOM M M30TPOMHOM TeJje 3/eMeHTApHLIA napaJiesenune] obvemom dV. c peG-
pamu dx, dy, dz (puc. VII-2). dusnyeckHe cBoicTBa Tes1a — ILIOTHOCTH p,
TEeMJOeMKOCTh ¢ M TEIJIONPOBOAHOCTL A — OJMHAKOBHl BO BCeX TOYKaX Mapast-
Jejenumnefa ¥ He H3MEHAIOTCA Bo BpeMeHH. Temnepatypa Ha JsieBoif rpaHy

dy dx paBHa ¢, Ha [POTHBOMONOXHOH IPaHU [ + —— dx.

KonuyectBo Tenja, BXodsiulero B fapadjenenunen uepe3 ero rpaHd 3a
MPOMEKYTOK BpeMeHH dT:
No ocH x Yyepe3 rpaHb dy dz

af
Qy = —A I dydzdx

Mo ocu y 4epe3s rpaHb dx dz
ot
Qy=—h 5 drdzds

[0 OCH 2z yepe3 rpaHb dx dy

ot
Qz=—x—é;—dxdyd‘v
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KonuuecTtBo TEMJa, BeIXOAslee U3 NapaJjenenurena yepes npoTuBonosox-
HEIE TpaHU 33 TOT XK€ NPOMEKYTOK BpPEMEHH:

fI0 OCH X

Quydr=—2 %dydz dr + [——13‘3—‘—(—%’—) dxdydzdr]
mo ocH y

Qy+dy=—-h—g;—dxdzdr+ [——A —53—( gt )dydxdzdt]
o ocHu z

at . d at
Qz+dz—1—l—‘3—;dxdyd1+ [""k"(a?'( 5z )dzdxdyd'r]

KoanyectBo TenJa, BXoAslee 4epe3 COOTBETCTBYIOUWLYIO CpaHb napaJJelie-
nunena, He paBHO KOJHYECTBY TEN1a, BHIXOAAWEMY 4Ye€pe3 MPOTHBCMNONOXKHYIO
FPaHb, TAK KaK 49aCTh TeNl/1a paCXOAYETCA HA MOBLIllIeHHE TEMNEPATYPH! B o6peme
napajajaenenunena.

Pa3suoctb MeXAYy KoJuuecTBaMH BOLIEAllEero B napasnejenunes H BblEj-
iIero M3 Hero TeNJja 33 POMEXYTOK BpeMeHH dt CoCTaBHT:

10 OCH X

aAQy = Qx — Quydx = A -g—z— dx dy dz dt
no ocH y .

dQ, = Qy— Quedy = A g—; dy dx dz d
o OCH 2

dzt
sz Qz — Qz+dz = A —— s - dzdx dy dt

lMonHoe npupauleHde Tensa B MapajJefenunene 3a MPOMEXYyTOK Bpe-
MeHHU dr:

dQ——dQ,;-chz,,+:u22—x(wc2 + azﬂ 4 azz)dxdydzdr

HJH, yYHuTbIBAA, 4T0 dx dy dz = dV, moiyuum

o |, o - oU
oxt oy? 0z2

Q= A( )dth

Bupaxenue, crosimee B cKoGkax, npeacrasaser coboit oneparop Jlanaaca
v? ¢t. CnenosaTtenbHO
dQ = Ay3 dV dt : A

Ilo 3aK0HY coxpaueHHst 3HeprHH DNpHpallleHHe KOJUYeCTBa TellJia B napan-
Jejenuefie paBHO H3MEHEHMIO 3HTAJLIHH napaiiejemunela, T. e.

ot
dQ=dl = cpdV ——dr (B)

ot o
npHYeM I dr npeacrasaser coboft u3MeHeHHe TEMIIEpaTypHl fapanJeent-

mefa 3a npoMex<yTok speMend dt. IlpupaBuuBaeM sripaxenus (A) u (B):

cpdV ';_:‘ dv = Av?t dV dt

A
0O603uauuns C—p' = a ¥ NpPou3BeAdA COKpaUlEHHA, NOAYUUM OKOHUYATEJNbLHO

i_a 3 (VI1,10)
v
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Vpasnenue (VII,10) onpenenser temneparypy B J1060# TouKe Tesia, yepe3
KOTopoe TeNJ0 nepeiaercs TenJONpPOBOJAHOCTBIO, H HaspiBaerca Au P e -
peHUHAABHHM YpaBHEHHUEM TEeNJONPOBOAHOCTH
B HeNOABHUXHON Cpele HWIN ypaBHeHuem DdPypbe.

Kosbduuuent nponopuuonanbuocty a B ypasuenn (VII,10) nocur naspa-
HHe Kos3bpHuHeHTEa TeMNepaTypoONpoBOLHOCTH:

am Ox
A M-epad cex - m-2pad M
[a] = p = oxc ke |~ o ke | | cex
Kz-2pad M3 Kz-2pad M3

Ko3pdHuuHeHT TeMmnepaTypoONpOBOJHOCTH @ XapakTepH3dyeTr TemnJo -
MHEepuHOHHb e CBOACTBA Tesla: NPY NPOYHX PABHBIX YCJIOBHAX GhICTpEe
HarpeeTci HJH OXJaIMTCA TO TeJo, KOTopoe o6/afaer 60abuM KoaddHureH-
TOM TeMAepaTypoNpOBCIHOCTH.

[Npu ycraHOBHBlIeMCs Mpolecce nepeiauy Tensaa rten- °

ot .
JONPOBOAHOCTBIO —— = 0 (remmeparypa He U3MeHSIETCH

co BpeMenem) M ypasHerue (VII,10) B stom ciayuae mpu- &m
HMMaeT BHI
ayit =10 (VII,10a)
OnHaKo BeJMYMHA @ He MOXKeT GbiTh paBHa HYJIO H,

cJen0BaTeENLHO
vt =0

HIAH

62t a2t %t
dx? dy? + 022

=0 (VIL11) T

Ypasuenue (VII,11) aBaserca nuddepenuuans- BP:;y V”'ff,aﬁe::;
HB M ypaBHeHHeM TENJONPOBOIAHOCTH TenJoNpoBOJHOCTH
B HeNoAIBHXHOH cpenpe mpu ycCcTaHO- TJIOCKOM CTEHKH.
BHBIIEMCSH TENJAOBOM pPeXHMe,

Ypasuennsa (VI1,10) u (VII,11) onuceiBatoT pacnpepeieHue Temnepatyp
npu fepejade TeqJa TeNJONPOBOAHOCTBIO B camoM ofuleM Bujle, Ge3 yuera,
B YacTHOCTH, GOpMEl Tesa, 4Yepe3 KOTOpoe NMPOBOAMTCH Teio. [Jaf KOHKpeT-
HbIX YCJOBHH 3TH YPaBHEHUS MOJXKHBEI ObiTb JOMOJHEHH! I'PaHHYHBIMH ycao-
BHMSIMH, XapaKTepH3YIOUWIMMH reoMerpHueckue $akTopsl.

YpaBHeHHe TeNAONPOBOJHOCTH NJOCKO CTeHKkH. PaccMoTpuM nepepauy
TEenJia TenJcnpOBOJHOCTLIO yYepe3 IIOCKYIo CTeHKy (puc. VI1I[-3), nauna u
LIHpUHA KOTOPO# HecpaBHEHHO GoJibille ee TOMWMHBL OCh X PACHOJOKEHa Mo
HOPMaJAH K NOBEpXHOCTH CTEHKH.

TemnepaTvpel HAPYKHBIX NOBEPXHOCTEN CTEHKH PABHBl for, U fer,, IPHYEM
ter, > fer,. [lpH yCTAHOBHBileMCA Mnpouecce KOJHUYeCTBAa Temia, NOABeneH-
HOFO K CTEHKE ¥ OTBEJEHHOro OT Hee, JOJIXKHBI OLITh PaBHB MeXay COGOH
H He JO0JXXHbl H3MEHATHLCA BO BpEMEHH.

[lpuMeM, 4TO Temneparypa HM3MEHAETCA TOJbKO B HAMpPABJIEHHH OCH X,
T. e, TeMIlepaTypHOe NoJjie Ol HOMEepH O e (%{t— =0u »-a%t— = ) Toraa
Ha OCHOBaHHH ypaBHeHHA TenJjonposogaHoctdH (VII,11) umeem:

a?t

HurerpupoBanue 3TOro ypaBHEHHS MPUBOAHT K (YHKIUMH
t=Cux -+ Cy ‘ (V11,12)
rae C; u C; — KOHCTaHThl HHTETPHPOBAHHA.

Ypasuenue (VII,12) nokasbiBaer, 4TO NO TOAMIMHE IJOCKOH CTEHKH TeM-
meparypa M3MeHseTcs NP AMOJHHeHHO.
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KOHCTaHTH HHTErDHPOBAHHA ONpENeNAOT HCXOAA H3 CJENYIOLIMX IpaHHY-
HHIX YCJOBHH:
npu x = 0 peauunHa { = f,;, ¥ u3 ypasuenus (VII,12)

tc-rl =(,
npn x = 8 Beauuusa ¢ = f,, W ypasHenue (VII,12) npunumaer Bug
fer, = 6+ G
[E802)
tcra = C16 + tcrl
OTKyAa

tc'rz - tc‘rl

G=— .

[Noncrasus 3naveHus koHcrant C, u C, B ypasnenue (VII,12), naxonnm

[c1'2 - tCT]

te= =Rl x g,
Torna
dt lerg — tery
dx [

[NogcTaBHB noOMyyeHHOe BHIpaXKEHHe TEMMEpaTypPHOro rpaiMeHTa B ypas-
HeHue Tensonposoanoctu (VII,8), onpenenum kosnuecTso nepenanHoro temnja:

132:_’_“_1‘”;‘“

dQ = — "2

HNTH

Q= —%“— (fery — ter,) FT (VI1,13)

rie A — xo3QdHIHEenT TENJONPOBOAHOCTH MaTepHa/la CTeMKH; O — TOMIUHA CTEHKH; fer, —
— fcy, — PA@SHOCTH TEMMEPATYP NMOBEpXHOCTeH CTEHKH; F — MOBEPXHOCTb CTEHKH; T — BpeMd.

Ilns HempepslBHOrO npouecca nepeflayd Temaa TeMJONPOBOZHOCTHIO NpPH
1 = | ypaBuende (VII,13) mpunumaer Bup

A
Q=5 (for, — fery) F (VIL,13a)

Ypasuenus (VII,13) u (VII,13a) siBastorcss ypaBHEeHUSAMH Ten-
JONDPDOBOAHOCTH MJOCKOH CTEHKH NPDH YCTAHOBHB -
weMcsA nponecce Tenaoob6MeHa,’

Ecay niockaa CTeHKa COCTOHT U3 71 CJIOEB, OTJHYAIOUIUXCA APYT OT Apyra.
TeNJoNpOBOAHOCTRIO H ToAwHHOH (puc. VII-4), To npu ycraHOBHBIIEMCA MpoO-
lecce yepes KaxAblH CJJOH CTeHKH NPOHAET ONHO U TO Ke KOJHYECTBO Tel.a,
KOTOpOe MOXeT ObITb BHIPaXeHO IJisi pas3/jiMYHLIX CJIOEB YpaBHEHHAMEH:

)
Pt SN (ICTI —_ fa) Fr

A
0= "}Sl." (fer;—ta)Fr  wm  Q T

Qx—;ﬁi‘(ta“:b)p‘ i Q .62=(’a—1z;)Fr
2

%]

@ e 4 e 4 s v e e a I . T Y

A 6
Q="ch([n" tcrz) Ft wau Qﬁr‘([“_[“Z) Fr
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CknagbiBasi JeBble M [paBble YacTH BTOporo croafua 3THX ypaBHEHHIl,
N0JyYHM

0, 84 60\ _
L e e ) I AL

OTKyna
(fer, — tery) F7
Q= Tt T (VIL,14)
S
)

.\
li
~

rie { — NOPANKOBHIX HOMep COSl CTEHKH; 7 — 49Ic/I0 CIOeB.

YpasHeHHe TeNJONPOBOLHOCTH HHAHHAPHYECKOH cTeHKH. PaccMoTpuM nepe-
Rauy TemJa TelJIOMPOBONHOCTLIO Yepe3 HHJAHHIPHYECKYIO CTeHKY IiHHON L
BHYTPEHHHM pPadHyCcOM Iy H HAapyXHbIM pafuyeom r, (pnc. VII-b).

b, fn/ \ g i
t
~ b
s \ A;i 4
A z - ’/tmz !
ANNSEE
5181 1% | P>
- £
Puc. V1I-4. K BuBoay ypaBHenus Puc. VII-5. K sBuBogy ypaswe-
TEenJIoNpOBOAHOCTH MJIOCKOH MHO- HHi TENJIONPOBOZHOCTH UHJIUHADH-
rOCJAOHHOH CTEHKH. 4eCKOR CTEeHKH.

TeMmepaTypbl Ha BHYTpEHHeH H BHelIHeH MOBEPXHOCTAX CTEHKH [OCTOSHHH
H paBHBl fer, H lcr, COOTBETCTBEHHO, T. €. MpOUECC TenJooGMeHa YCTAHOBHB-
wnficss. TIOCKOJABKY 3TH MOBEPXHOCTH HE DaBHHl APYr APYTrYy, YpaBHEHHE
(VIL,13) B naunom cayvae Henpumenumo. Ilycts fer, © fp, U TEMODepaType
M3MEHAETCH TOJNBKO B Pai{aibHOM HaNlpaBJeHHH.

[N uMAMHAPHYECKOH CTEHKH MOBEPXHOCTh €€ B HEKOTOPOM CeYeHHH, OTBe-
yalleM TeKyLIeMy paauycy r, coctaBaser F = 2nrL. [loncrasus 3Hauenue F
B ypaBHenue Pypre (VII,8), Haxonum n/d OXHOMEPHOro Mosst

dt
Q == — A2nrlt —E

3 nanHoM cayuyae § = r, — r, U BMeCTO 40 MOKHO NoACTaButh dr. Tor:a:

dt
Q TR e }v2.T[fLT '?r—

HJIY, pasjensas NepeMEHHbe
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Hurterpupyem 370 ypaBHeHHe B npelenax OT ry 10 7, H COOTBETCTBEHHO —
OT ler, HO ler,:

ta onte S
r nlt .
[ == T |
’a tcr;
OTKYyZa
r Alnlt
In r—: = ——6———(!(:1-2 —_ tCT]_)

HJH, YUHTBIBasg, 4TO r./r, = d,/d,, noayuyum
onlt (top, — ¢
Q= — (femy d“Z) (VILI5)
—231g -+
A. . dn

rae d,/d, — oTHOWIeHKe HapyXHOrO AHAMeTpa MUJHHIPHUECKON CTEHKH K ee
BHYTDEHHEMY JHaMeTpy.

Ypapueune (VI1,15) noxaswiBaer, uYTO [O ToOJALHHE LWJIHHIPHYECKOH
CTElIKH TeMMepaTypa U3MeHSeTCA MO KPHBOJHHEHHOMY (JI0TapHU(MHUYeCKoMY)
3aKOHY. OTO ypaBHeHMe MNpeicTaBjsieT €o6ofi ypaBHeHHE TeNJo-
NPOBOAHOCTH UHUJHUHAPHUYECKON CTEHKHU NpPH ycra-
HOBHBIIeMCSH nmpomecce tenmjoobMeHa.

Ilo ananorun ¢ BHIBOAOM, NPHBEJEHHBIM AJMA OXHOCIOHHON CTEHKH, AJd
UHJIHHADHYECKOH CTEHKH, cocTosAlleil U3 n c/oeB, KOJHYECTBO TelJja, Mnepena-
BaeMoe NyTeM TeIlJONPOBOAHOCTH, COCTaB.JIfET

0= T ller — fey) (VI1,15a)

i=n

1 d[+1
2.9 (2%
Z Al 3l d;

1=l

rie [ — MOpATKOBLIT HOMEp CJI0S CTeHKw.

Ypasuenus (VII,13) u (VII,15a) a1 naockoii ¥ UMAMHADHYECKOH CTe-
HOK ObLIW MOJIyueHbl JJis CTAallMOHapHOrO (ycTaHOBMBILIErocs) npotecca pac-
NpOoCTpaHeHHA Tel.ia TeMJONPOBOAHOCTHIO. [/l TOHKHX HMJAMHADHYECKHX CTe-
HOK (TOHKOCTeHHHIX Tpy0) pacueT MoxeT ObITh YOpPOILeH.

6. TenaoBoe ianyueHHe

JIIHHEl BOJH TEMNJIOBOTO M3/JYYEHHs JeXaT B OCHOBHOM B HeBHAMMOH (HH-
¢pakpacHof) yactH cnektpa u umeior Aauny 0,8—40 mx. OHH oTaHuaOTCA
OT BHJMMBIX CBETOBBIX Jyue#l TOJBKO AMHHOH (1JHHA CBeTOBHIX BoJH 0,4—
0,8 mxm).

Teepable Tena oGaafaloT CMJ O M HBM CHEKTPOM H3JyYeHHsi: OHH
CNOCOGHBI MCAYCKAaTh BOJHBI BCeX MIMH NpH Jo6oit Temneparype. OnHako
MHTEHCUBIIOCTh TEMJIOBOrO H3JyYeHHsI BO3pacTaeT ¢ MOBbILIEHHEM TeMmepa-
TYpHl TeJa, H NpH BHICOKHX TeMnepaTypax (npuMepuo npu t = 600 °C) ayuu-
CTHIi TensiooGMeH MeXAy TBepAbIMH TeJaMd M Fa3aMH NpHoOpeTaer NOMH-
HUpYyiOUulee 3HayeHHe.

TensioBoe u cBETOBOE M3MyuyeHHst MMEIOT OAMHAKOBYIO NPHPOJY K MOITOMY
XapakTepU3yoTcsi OOMIUMMH 3aKOHAMM: JIYYHCTas 3HeprHa pacnpocTpaHsercs
B OTHOPONHON W H30TPONHOH cpefle npsiMonuHeiiHo. T]OTOK sayuei, HCllycKae-
Mblil HArpeThbIM TeJIOM, Monajias Ha MOBEPXHOCTb APYroro, Jy4eHClyCKaoero
T€s1a, YaCTHYHO MOIVIOIAETCs, YaCTHYHO OTpaxaeTcs (MpH 3TOM Yroj najeHus
paBeH yr.y OTpaKeHHs) H YaCTHUHO NPOXOAHT CKBO3b Teao (e3 M3MEeHEeHW.

[Myerb Q, — obuias 3Heprua najaolUx Ha Teo Jyueil, Quor, — IHEPTHA,
NOr/IOLIEHHAA TeNOM, Qup, — 3HEPrUs, OTPaXKeHHas OT OBEPXHOCTH TeJaa, H,
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HaKoHell, Q,, —— 3Heprusi jydeil, NPOXOLSIUIUX CKBO3b TeNO Ge3 H3MEeHeHHH.
Torna Ganasc 3HeprHH COCTaBHT:

Qrorn + Qorp + an = Qx (V”.IG)

WIH B JONAX OT OOlllefi Hepruy NaRalowHux Jayueft

Quora Qow &2_2
—a, +—Qn -+ Qs 1 (VI11,16a)

B npenese Kaxgoe M3 Tpex CJaraeMblX MOXeT ObITb PaBHO e€IHHHIE, €CJH
Ka)Jloe H3 OCTaBILUXCHA IBYX PaBHO HYJIO.

IpH Quora/Qs = 1 u cooTBeTcTBEeHHO NPH Qury/Q, = 0 u Q,/Q, = 0 Teno
NOJHOCTBIO MOTJIOUIAeT BCe MaJaoUlHe HA HeTo JyuH. Takue Tesa Ha3bIBAIOTCH
a6CONITHO 9epPHHMH

Ip# Qorp/Qy = 1 ¥ Qpora/Qa = 0; Qppy/Q, = 0 Teno orpaxaer sce naja-
OLIHe Ha Hero JyuYd. DTH Teja HaswpawTc a6 CONIOTHO GeNHMH

Mpu Qp/Qy = | (8B 3TOM cayuae Quopa/Qn = Qorp/Qy = 0) Teno upony-
CKaer Bce Nnajaiollne JyuH. TakHe Tesa HasbBawwTcad a6 COJNIOTHO Npo-
3pPAaYHBLIMH, HIH AHATepDMHUIHBE MH.

A6conioTHO yepHBEIX, aGCOMIOTHO GedbiX X aGCONIOTHO MPO3PAUHBIX Tea
peanbHO He cyulectsyeT. Bce Tesa B npupoze, KOTOphle MOIJIOWAIOT, OTpa-
AT U MPONMYCKAT Ty HAH HHYIO 4acTb MAZAIOWIMX HA HHX JyueH, Ha3h-
BalOTCA Cce pPBIMH TelaMH. : -

M3 peanbHBIX Ten K abCONIOTHO 4epHOMY ocoOeHHO npubiHIKaeTCsl caxa,
koropas noraouwaer 90—96% scex nyueft. HauGonee nonuo orpaxator napa-
IolllHe HA HHX JYUH TBepjble Tesla CO CBeTOH MOJHPOBAaHHOH MOBEpXHOCTLIO.
BoAbIIMHCTBO TBEpALIX Tel OTHOCHTCS K UHCJAY MPAKTHYECKH HENPO3pPadHBIX
Tes, 3aTO NOYTH BCe Tashl, HCKJIOYas HEKOTOpHE MHOTOATOMHEIE T'ashl (CM.
HHXKE), ABJAITCA MpO3PAaYHBHIMH, HJIH JIHATEpMHUYHBIMH.

3akou Credpana—bBoabumana. KoaHuecTBO 3HepruM, H3JyuaeMoe TeJOM
B eHHHILY BPEMEHH BO BCeM HHTepsase JIHH BOJH (0T A = 0 no A = co) eu-
Huued .nmopepxHocTH F Tesna, XapakTepHsyeT JNYyUYeHCNYyCKaTedb-
Hytlo cnoco6HOocTb £ Tena:

—
. E=—r (VIL17)

rre Q; — 3Heprus, H3JydaeMas TeJIOM.

JlydeucnyckatenbHas choco6HOCTb, OTHeCEHHAs K IJIHHAM BOJH OT A
no A -+ dA, T. e. K HHTEPBaNy IJIHH BOJH dA, Ha3piBaeTct HHTEHCH B -
HOCTBbI H3JyuYeHHSA U BepaXKaeTcsd OTHOLIEHHEM

dE

I= an (VIIL18)

[TponHTerpHpoBas MocjesiHee BHpPaXKeHHe, MOXKHO YCTAaHOBHTDb CBA3b MEXIY
Jy4eUCNyCKaTeNbHOH CINOCOOHOCThIO M HHTEHCHBHOCTBIO H3J1y4YeHHs:

A==00
E= f 1d,
A==0

[TnanKkoM TeopeTHUECKH MMOJyYeHa CJeayIomas 3aB HCHMOCTh O6UIel SHepTHE
TeNJI0BOTO (TeMIepaTypHOrO) H3JAyueHuss OT abCOMIOTHON TeMnepaTyphl F
AJIMHEI BOJIH: :

A=w

E= | 222

OO

IS

(VILIY

>
o

—1

”
e

A0
rae T — abcomoTHas Temmepatypa, °K.
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Bxonsiune B ypasuenne (VII,19) KOHCTaHTLI MOTYT GblTb NPHHATH paB-
HeiMu: Cy = 3,22 1071 gm/m® [3,74-1071° kxaa/(m*-w)] u C, = 1,24 X

1072 em/m® [1,438-1072 (xxaa/m®-4)l. [omans noJ Kaxkiao# W3 KDUBBIX
ua puc. VII-6 BrIpaxKaeT o6luylo yle bHYIO 3HEPTHIO H3JIydeHHs (T. €. MPHXO-
NAUYICA Ha eAHHHILY NOBepXHOCTH B €AHHHIY BpeneHy) JJIA BCETO CIeKTpa
AJUH BOJH,

Ypasrenne (V11,19) nocie npeoGpasoBaHus, pas3/IomeHHs 3HaMeHaTe.1s
B psil M MOCHEAYIONer'0 HHTETPHPOBAHHS NPHUBOAUT K CXOAAMIEMYycCA paly,
BbIUKC/EHHE CVMMBl WIERNB KNOTNTOTN NO3BOAAIT BbIPA3UTb NOAHVIO 3HEPTHIO
H3JIyYeHHsl, WIH JYyHYeHCNVCKAaTeJdbHYI CNHOCOOHOCTD
a6coaiHU YepHOTO TeEaa:

Eqg= K,T* (VI1,20)
tae I -— aBconernas TeMnepaTypa NOBEPXHOCTH Tena, °K; K, = 5,67.10"8 em/(m®.°K9)
[4,87. 1078 kxaa/(m*. «. °K$) | — KoucTanta ayvencnyckauust abCOMIOTHO YepHOTO Tela.

! Ypasueunne (VI1,20) wocur
] naspaHue 3akoHa Creana—
$000t y BosbnimMana, xoTophiH fBAfAETCH,
| TakUM ~ 00pa3oM,  CJEACTBHEM
ypaBHeHHs (3akona) [lnanka.
X 20000
ihl
&
&3
S
ss/oooo
v Z 4 ) g 0
A, MKM
Pite. VII-6. 3asucrsocts [ oT A u T Puc. V11-7. K BuBogy 3a-
no vrasnenHio Ilranxa. KoHa KHpxrogda.

Cornacno 3akony Crebana—DBosbumvana, aydeucnyckamearvran CnocooHOCMSs
abconomrO 4epHO20 Meaa NpPONOPUUOHAALHA Hemeepmoll cmenerl aoCOAMHOL
MeMNEPAINYPbL €20 NOGEPXHOCTMLL.

2139 TOro 4ToGH U36€XKAaTbh OMepHPOBaHHs C GOJBLILMMHU 3HAYEHHAMH T°.
B TeXHHYECKHUX pacuerax MHoxHTeab 1078 otHOCAT K Bestnuune 7 # vpaBHeHHe
(VI1,20) #crnosab3yloT B HECKOJALKC HWHOM BBIDAXKEHHH:

. T \4 :
Eo=C, —@-) (V11,202)

rie Co = K- 108 = 5,67 em/(n>. °K4) = 4,96 xxaa/(m®. 4. °K#) — KosdpHLHEHT JydeHCHycKa
nus abconioTHo YepHOro Tena.
3akon Credpana—bBosbluMaHa npUMeHHM TaKXKe K CePbiM TeJlaM, AJIs KOTO-

PHIX OH MpPHHHMAET BHI

4
E=aCo( 150) (VIL21)

e e=C/C,—OTHOCHTEJbHHMA KodbdHUMEHT JYyueHCNYCKaHHT,
HIH CTenenb Yep HOTBH ceporo rena; C — KoapHLUUEHT JyUedCNyCKAHHS CEPOro TeJa.

3HaueHHA & BCerja MeHbllle eguHHILl U Koae6miorca or ~0,055 (amomu-
Hu# HeoﬁpaGOTaHHbm npu ~20 °C) no ~0,95 (pe3uHa TBEpAAsA NpH ~20 °C);
AJs JIUCTOBO# yrjepoaucroit cranu € == 0,82 mpu 25 °C.

CreneHb UepHOTH! 3aBHCHT He TOJIBKO OT IIPHPOE MaTepHaJ/a, ero OKPackH
I TeMnepaTypnl, HO TaKXe OT COCTOAHHS €ro NoBepXHOCTH (MOJIMPOBaHHAA
WIH LepoxoBaras), 3HaueHHs € NPHBOAATCS B CHPABOYHOH M CIerHaJbHOH
JHTeparype,
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3axoH Kupxroq)a. nsa cepuix Teql HEOOXOAUMO 3HATb 3ABHCHMOCTb MEKAY
WX W3J1y4aTesibHOH H IOIVIOWATEbHOH CIIOCOGHOCTBIO.

PaccMoTpuM mnapadsiesibHo pactiojioxennble (puc. VII-7) cepoe Teno [
¥ abCcoJIIOTHO YepHOe TeJio /] u mpHuMeM, YTO BCe JIY4H, HCHYCKaeMbie MOBepX-
HOCTBIO OJHOTO Tesa, MajaloT Ha MoBepXHOCcTh Apyroro. OGO3HAYHM NOTJIO-
11aTeJIbH Y10 CTOCOOHOCTD CePOro TeNa Quor,/ @y = A 4. Jns "abeomoTHo yepHOro
tena A, = A, = 1. [lycTb TemnmepaTypa Ceporo Teja Bhillie, 4eM aGcoJIOTHO
qepHoro, T. e. Ty => T,. Toraa xonuyecTBO Temaa (Ha eXHHHLY NMOBEPXHOCTH
B €HHHUY BpeMEHH), MePENaHHOro CEphIM TeJOM NyTeM H3JyYeHHs, COCTaB-

et
g=E;— E¢4,

an BBIDABHHBAHHH TeMmIlepaTyp 06OHX Tesa HOMNXKHO HACTYNIHTb TellJIOBOe
JaBHOBECHE, MIpH KOTOPOM g = 0 #, caexoBaTe/NLHO

Ey— EgA; =0
OTKYyZAa

R R L - o O (VIL.22)

Rqpucumocts (VII,22) Bupaxaer 3akon Kupxroda, cormacdo
KOTOPOMY OmHOUleHUe AYydeucnyckamensHol cnocooHocmu a106020 meaa K ezo
AYHENO2A0UUNE ABHOY  CNOCOOHOCMU  npu mod e memnepamype ABARLMCA
3eAULUHOL NOCMOARHOLL, PAsHOL AyeucnycKamersrol cnocoénocmu abcoaomno
“epH020 meAq.

TensoBrle Jy4yu, NOMafas Ha WIEPOXOBATYIO MOBEPXHOCTb, MHOTOKPATHO
OTpPaXKaloTCs OT Hee, 4TO MPHBOAMT K JydlleMy MOIVIOMEHHIO Jy4YHCTOR 3Hep-
rny 0O CPpaBHEHHIO ¢ MOIVIOIEHHeM TJaakoft nosepxHocTbio. Torga, B cOOT-
BETCTBHIK ¢ 3AKOHOM KHpXroga, 1iepoXoBaThle IOBEpXHOCTH KOIXKHH 06/1a1aTh
Takke 60abiedl AygercnycKaTeJbHOM CIOCOGHOCTRIO, YeM raaikue. Haobopor,
JAyYeHCITYCKaTedbHasl CMOCOGHOCTb MOJHPOBAHHBIX [OBEPXHOCTeH, XOPOLIO
OTPAXKAIOUIUX Majailolide HAa HHX JyuH, B corjacHu c 3akoHoM Kupxroda,
noJAKHA OBITb HHU3KOH. ‘

B3aumuoe u3ayveHue Nsyx Tsepasix ten. Kosmnuectso tremna Q,, nepexa-
BAaEeMOTO TNOCPEACTBOM H3JydeHHs OT OoJiee HAarpeToro TBEpAOrO Tena, HMe-
outero temieparypy Ty °K, x MeHee HarperoMmy Teay ¢ Temnepatypoid T, °K,
onpeseasiercsi MO YypasHSHHIO

o= st [ (g5 ) = (55 )] 0 (VIL23)

rie F — NOBEPXHOCTh H3AYUEHUS; T — BpEMS, Cy .3 — K03pOHUMEHT B3AUMHOrO H3JAYUCHHS;
(p -— cpeaHui ymosou KO(HLUHENT, KOTOpbIH onpefenisiercs QOPpMOA H pasMepaMu yvacTay-
IOUHX B TeNJooGMeHe NOBEPXHOCTeH, HX B3aHMHBIM PACnOJIOKeHHeM B MPOCTPAHCTBE M PaccTos:
HHEM MeXAY HUMH.

Kostdunuent Baaumuoro ussmyuenuss C,_, = g,,C,, rne e, —npH
BeJ€HHasd crTenedb YepHOTH, paBHas MPOH3BeJEHHIO cTeleHefl YepHOTH
GOMEHHBAIOUIMXCA JIYYHCTBIM TelJIOM TeJM £4Ej.

3HayeHHs1 yrJOBOTO KO3(dHiHeHTa ¢ MPHBOAATCA B CMPaBOYHON M Ceuy
aJbHO# JuTepatype. Ecad Teso, H3jydgalollee TelJo, 3aKJIOUEHO BHYTPH ApY
roro (Hanpumep, HarpeTblil aNNapaT HaXOQUTCSA BHYTPH IOMEUIEHHS), TO ¢ = |
B sToM caydae Ko3hdHIHEHT B3aHMHOrO H3Jy4YeHHsl BbIPAaXKaeTCsi ypaBHEHHeN

Cyg = (VIL24
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B Bripaxenuu (VI1,24) Bce useHnl C uHAeKcoM «l» oTHOCATCs K O6Oilee
Har peToMY TeJly, pacrnoJIoKeHHOMY BHYTPH APYTOro. a 4ieHsl ¢ HHAEKCOM «2» —
K Teay, MOBePXHOCTb KOTOpDOTO OKpYyiKaeT MepBoOe Telo,

Ecau H3JyuaomHe NOBepXHOCTH paBHLl H MNapasejbHEl, TO 3HA4YeHHe
Cy_o = £,Co onpenensior Ha ocHose ypaBrenus (VII,24), noncrasnss B Hero

1 = g ; ,

Ecsn moBepXHOCTb H3Jy4yeHHs §0Jiee HATPETOTO Tesla 3HAUNTENBHO MeHbIlE
3aMKHYTO# BOKDYr Hero NnoBepXHOCTH H3JyueHHsa Apyroro teaa, T.e. F;
& F,, TO BbIYHTaeMbIM B BHaMeHaTesNe MOXKHO npexebpeus # toraa C,_, = C,
(kostppunnenTy H3NydeHus OoJiee HArpeToro Tesa). "

Ilns toro uto6nl 0CAabHTL JYUHCTBIH TenJoOOMeH MeXAy TelaMH HJIKH Opra-
HH30BaTb 3aIUHTY OT BPENHOTO BJHAHHA CHJIBLHOrO H3J1yYeHHS, HCNOJb3YIOT
NeperopolkH — 3 K P a H b, M3rOTOBJIEHHLIE H3 XODOLIO OTPAXKAIOUHX JIYUYH
MaTepHaJIOB. JKpaHbl pacnosaraioT MexJy NoBepXHOCTAMH OOMEHHBAIOWHXCA
JayuucToft sueprdeil Ten. Kcnosb3oBaHHe 3KpaHHPOBAaHUA MO3BOJAeT BeChbMa
3dheKTHBHO CHH3HTb KOJIHYeCTBO TelJsd, NepegaBaeMOro MeHee HarperToH
NOBEPXHOCTH IIyTeM H3JyqeHus, '

PaccmorpuM napaJiiesibHEe MJIoCKHe 1OBepXHOCTH ¢ TeMneparypaMu T3 M T3 (T1> Ty),
MEeXAY KOTOpbiMH (TIapasfieNbHo NOBePXHOCTAM) NOMeIeH 3Kpau, uMeiomuii TeMnepatypy Ts
Yc10BHO npuMeM, 9TO CTeleHb YePHOTH! € BCeX TPeX NosepXHocTell oguHakosa. Torna npH ycra-
HOBHBILUEMCS TIpOLiecce KOJHYeCTBO TeMJa, MepejaBaeMoro H3JydeHueM oT GoJiee narperod Mo-
BEPXHOCTH K Kpany (Q,-5), PaBHO KOJHYECTBY Tensa, MepeHOCUMOrO OT 5KPaHa K MeHee Halpe-
Tol noBepxHocTH (Qs-p). CllepoBaTenvHo, coryiacko ypasrenuio (VI 23) npu ¢ = 1 (napan-
JeJibHEle NJIOCKOCTH), HMeeM:

ot ()" = () ] = ot [(5) "= (56 ) ]

YunThHBas, YTO NPH PaBHBIX € KOS(QHIHEHTH B3aMMHOrO H3JYUeHMS TaKKe DaBHbI, T. e
Cy.s= Cs_y H NPOBOAS COKPANIEHUSA, TNOJIYUHM

()= ()= () = ()

V() = () (ob) ]

. Ts\*
INoactasnss 3Hadenue (-1—()3) B BHIpaxkeHue Q,.;, HaXOxuM

.Q1-9= Cl-sp'% [(%6‘)4—’ (%%)4] (A)

OTKyZa

<

Ecnu 6u1 3kpana ne Gblio, To KOJNHMYecTBO TeMJa, IePejapaeMOe H3JyYeHHeM Hemocpes-
cTBenHO OT nosepxHoctd / k nosepxuocru //, cocraBuio 6

Q= 01—2F [(_1_7(;;0)4 - (“iz‘d:')-)q] (B)

Conocrapssisi Buipamenus (A) u (B), 3akmouaeM, YTO NpH HAJMYMH 3KPaHA KOJHUECTBO
TernJjia, NepefaraeMoe M3JyUYeHHeM nosepxHocTd //, ymeHbwnsock Basoe. OGobimas 3TOT BbIBOR,
MOXHO CYMTATBL, YTO NMpH YCTaHOBKe N NMOROGHBIX 5KPAHOB KOJMUYECTBO TNEPefaBAEMOro TemJa
Ao/KHO yMeHblinTbest B n+ 1 pas. B cayuae Masofi crenemw uepHOTH MaTepHania SKpaHa
KOJIHY9eCTBO TenJia yMmeNblIHJoch 6 elie GoJibille,

Jlyuencnyckauue rasos. HanyueHue rasop CymecTBEHHO OT/IMYAeTCs OT
u3ydeHus TBepAbix Tesa. OnHoatoMHsle raswml (He, Ar u ap.), a Takxe MHO-
rde gByxaromuble rasel (Hy, Oy, N, # T. 1.) npo3paunbl pisa TensoBBIX Jyuel,
T. €. ABJAIOTCA IHATePMHYHLIMH. BMmecTe ¢ TeM pajx MMeOIUX BaXKHOe TeX-
HHYeCKOe 3HayeHHe MHOTOATOMHHIX rasoe M napoe (CO,, SO,, NH; H,O u
Ap.) MOTYT MOLJIOWATH JYYHCTYIO SHEPrHI0 B ONpeleJieHHHIX HHTepBa/iax
AJHMH BOJMH. B coorBercTBHHM ¢ 3akoHOM Kupxroda atn rasbl o6aajnanr Haay-
YaTeJbHOH CINOCOGHOCTBIO B TeX Ke HHTepBajax jjuH BoJH. Kpome Toro,
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B OTJIHYHE OT TBEPJAbIX TeJ Ta3bl H3/y4alOoT He C NOBEDPXHOCTH, 2 H3 o6bema
CJ04 rasa. an H3JIYYEeHHUH ABYX rasoB B OAHOH H TOH XKe MoJioCce ClieKrTpa
H3Jy4eHHe OJHOro H3 rasoB HaCTHYHO TIOrJoulaercs Jpyra.

SHepruu, u3Nyyaemas ra3oM, NPONOPLHOHANBLHA TOJIUIMHE er0 c10s [, KOHIEHTPAOMM MJH
MapUxaJbHOMY HaBJIEHHIO M3Jy4aiouwlero rasa B ra3oBoil cMecu p M TeMnepaType rasa Tp °K.
TakuM o6pasoM, s Kaxzo#d ®3 nojoc cnektpa AL KOAHYeCcTBO W3AyuaeMoll ra3oM 3Hepruu

EAh=f(l' P, Tr)

O6was JydedcnyckatenbHas CHOCOSHOCTb ra3oB (CyMMapHAas A BCeX NOJOC CITEKTpa)
He MPOMOPLHOHANbHA 4-f CTeNeHH ero abComOTHOH TeMNepaTypsl, KaK B Ciydae TBEpPAbIX Ted.

Tak, mas napos BOgsl E ~ T3, ans ABYOKHCH yTJlepona £ ~ 735 4 1. 1. OnHAKO B TeXHHUCCKHX
pacuetax NPMHMMAIOT, YTO ra3st CaenyioT 3akoHy Crepana—BosabuMana (OTKJIOHEHHS YUUTHI-
BalOT CreneHbi0 YepHOTH rasa &.). Toraa

Tr \4
E.=¢:Cy (W) (VIL,25)
rae & = [’ (T'rpl) — oTHoweHKe 0O6wero KOJMYECTBA 3HEPrUM, H3JNYUaeMO#l ra3oM, K TOH iKe
BeJIMYHHe 7151 a6CO/IIOTHO YEPHOTO Teja NpH TeMrepartype rasa.

3HaueHus €; AN Pa3JMYHbIX Ta30B B BHAe rPaPHKOB 3aBHCHMOCTH €r OT TemMnepatyper T
¥ napaMerpa pl NPUBOAATCH B CNPaBOYHOR M CHemuatsHOW JiuTepaType.

Ypasuenue (VI11,25) nonyyeno ana usaydenus rasa s nycrore npg 0 °K. B neiictaurens-
HOCTH ra3 OKPyXeH TOBEpPXHOCTbIO TBEPLOro Tema — o00A0YKOM, obsajaiouieil COGCTBEHHBIM
M3JIyYEHHEM, HeKOTopasi A0 KOTOPOro MOr/IouwaeTcs H3ayyaounM ra3om. [lostoMy xoamnyecTso
Tensa, H3Jy49aeMoro ra3oM, ONPefeqfioT Mo NPHGIHMEHHOMY ypaBHEHHIO

’ T 4 T 4
g=rt.C, [ar(ﬁ) — A (T%) ] (V11,26)

rne Ap — norJomareisHasi CMocoBHOCTb [a3a NPH TeMepaType TBEPAOH NOBEPXHOCTH (CTEHKH),
npuueM A =z €. NpH TOHA Me TemnepaType; €., = 0,5 (8., -+ 1) — adxbpekTuBHaM cTeneHb
4ep.1OTH CTEHKM, YYHTHIBAIOWAS YACTHYHOR TNOTJOWEHHE JyYell Ta30M, €c; — CTeneHb YEPHOTH!
cretikd; Ter — Temneparypa creHkH, °K.

®opmyda (VI1,26) nonyyena Ads ciydas, Koria AJIMHa MyTH BeeX Jydeil o norjomaiouero
3HepTHIO 3/1EMEHTa CTEHKH DRMHAKO0BA. B apyrux caydasnx B pacuer clefyeT BBOXHTh IKBHBAIEHT-
HYI0 TOJIMHY CJIOf, PaBHYIO YYeTBepenHoMy ofbemy cios 4V, AeleHHoMy Ha noBepXHocTb F
cTeHRH Iy = 4V/F. Tlpu nepeMerHoit TeMnepatype rasa YUMTHIBAaeTCSl ero CpelHereOMeTpH-
yeckas TeMmneparypa T = V TuTx °K, rae Ty u Ty — HauanbHAs H KOHEYHas TeMnepaTypal
rasa.

IpuBesenHble Bblllle 3aBHCHMOCTH OTHOCATCHA K YHCTHIM ra3aM. [IpOMbllnenHHE ra3bl 4acTo
6LIBAIOT 3aTPA3HEHBl NMBLIbI0, YaCTHIAMU CaXdH H MeXaHuvecKux npumecefi, STH dacTuupbl obna-
A210T 3HAYMTENbHOR TOBEPXHOCTbIO H COOCTREHHBIM CHEKTPOM H3/YYEHHd, YTO IPUBOAUT K BechbMa
CyUIECTBEHHOMY BO3PACTaHHIO KONHYeCTBA Telsla, NepelaBaeMOro [a3oM NYTEM H3JyYeHHS.
Meronuka pacuera TenIOH3JyHEHHS 3aNbTeHHBIX Ta30B H3J0MeHa B ClelHalibHOR JuTepaType *.

7. Mepepaua Tema KOHBEKUHE#H (KOHBEKTHBHLIA TemjooOmeH)

[MepeHoc Temnsia KOHBeKLHedl TeM HHTeHcHBHee, 4em OoJiee TypOyJeHTHO
JABHIKETCH BCH MaccCa XHIKOCTH H 4eM 3HepruyHeil OCyLIECTBAAETCS Nepeme-
[uHBaHue ee vacTHL. TaKHUM 06pa3oM, KOHBeKLHs CBA33aHA C MeXaHHYeCKHM
NepeHocoM TemJa H CHJIBHO 3aBHCUT OT THAPONMHAMHYECKHX YCJOBHi Tede-
HHUSl MKHLKOCTH,

B snpe motoxa nepeHoc Temnsa OCYWIECTB/IfAETCA OJHOBPEMEHHO TenJonpo-
BOAHOCTbIO M KOHBEKlHeH, MPHYEM COBMECTHBI NepeHOC Temsa 3THMH CIOCO-
6aMH HA3LBAeTC KOHBEKTHBHBM Tenaoob6meHOM (KOHBeK-
THBHOIl Termootaadeil). MexaHH3M nepeHoca Ternsa B ALpe MOTOKA NpH TypOy-
JeHTHOM JBMIKEHHMH cpellbl XapaKTepHU3yeTCsi HHTEHCHBHBIM IepeMelIHBaHHeM
3a cyeT TypGyJNeHTHBIX MyJbCaLHuil, KOTOPOE IPHBOAHT K BbIPABHHBAHHIO TEM-
mepaTyp B AlPe O HEKOTOPOTrO CpejnHero 3HaueHus fy. COOTBETCTBEHHO Mepe-
HOC TENJ/a B A]pe Oonpejlesnsercs Mpexie BCEro XapakTepoM ABHXKEHHS TerJo-
HOCHTeJs, HO 3aBHCHT TAKXe OT ero TemsoBbiX coiicTB. Ilo Mepe npubiamxe-
HHS K CTeHKe MHTeHCHBHOCTb Telm/1ooTaayu nanaer. Kak 6yner nokasaHo HHxe,

* Cw., HanpuMep: X o6aep T. Tennonepegaua u Temnoobmensnku. M., Focxumusgar,
1960. 820 c.
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9TO 06BACHACTCA TeM, 4TO BOJH3M CTeHKM ofpa3yerca TeNJAOBOH NO-
rpaHUYHBHE cJo0i, NogoOHLIH THAPOAHHAMHYECKOMY IIOI'DAHHUHOMY
cnow (cM. ctp. 47), HO, Kak NpaBHiO, OTAHYAIIMKMACA OT MOC/efHero Mo
TOJLHHE.

Ecau 3a npepenamMy BHelWIHeH TPaHUUB TENJOBOTO NOTPAHHYIOTO CJO0A
npeobJsajaiotiee BJAHAHNIE Ha TeNnJOOOMeH OKasblBaeT TypOYJIEHTHBIA nepeHoc,
TO B CaMOM CJIoe, MO Mepe NPUGIHMKEHHA K CTeHke, Bce 60Jbllee 3HAYeHHE
npuoGpeTaeT TENMJIONPOBOJAHOCTbL, @ B HEMOCPEACTBEHHOH 6JIM30CTH OT CTEHKH
(B BecbMa TOHKOM TeNJOBOM NOJCJOe) NepeHOC TemJa No HODPMajH H CTeHKe
OCYLIECTBJISIETCS TOJNbLKO TemJIONnpPOBOLHOCTBIO.

. Ten/oBLIM MOTPaH HUHBIM NOACJIOEM CYHUTARTCSH NPHCTEHHBLIH CJIOH, B KOTOPOM
BJAHsIHHE TypOyJeHTHLIX nyJbcaunii Ha NepeHOC TenJa CTaHOBHTCS NpeHebpe-
X)HuM0 MajabiM. [Tono6HO TOMY KaK NpH BO3pacTaHHM BA3KOCTH XKHIKOCTH yBe-
JIMUUBAETCH TOJIUIMHA THAPOAHHAMHYECKOTO NOTPAHHYHOTO NOACTO0s, BO3pacTa-
HHe TeNJONMpPOBOAHOCTH NPHBOLHT K YTOJIIEHHIO TeNJOBOIrO IOrpaHHYHOTO

. " noacsosi, B KOTOPOM  HHTEHCHBHOCTb

Lw a~a, nepeHoca TenJja onpeneaserca Kosphu-
i ;g:(/*/\( TR - LLeHTOM TeMMepaTyponpoBOAHOCTH @
v, =v oD A Jw, (#%/cex).
| i e [lo anajoruu ¢ ypaBuenueMm (VIL9)
1]yt C(‘ﬂ ~N KON
|ll/_(_,\\{q IR IVIOTHOCTB TypOyJieNTHOTO TemJooOMeHa
- [eN
jll((?,@rfﬁvv,)‘ ¢g: B HanpaB/JeHHH OCH Y Bhipaxaercs
oo O o<, YpaBHenneM
Yo A AN dt
NS00 02 = Ay
S0 0223 =gy
!l! ;r;)v) )J:;’ ~n )’3\) . 2
T2 222~ =)) v B KOTOpOM BeiHYWHa A, HasbiBaercs

: : KosdbpHULUEHTOM TypbOy-

Puc. V11-8. CTpyxTypa TemJioBoToM - J e HT H O H TenJ0npOBOLHOCTH, HJIH

POoAHHaAMHYeCKOre nOrpaHHYHBIX CJIOERB. HPOCTO 'rypGyJIeHTHoﬁ Ten.ﬂonpOBOﬂ‘
. ' HOCTBIO.

Tak xe xax # TypOyJeHTHas BA3KOCTb Vv, (cM. cTp. 47), TypOyJeHTHas
TemJIONPOBOAHOCTL A, O6yC/OBNUBaeTcs- He (QHU3HYECKHMH CBOHCTBAMH CpenHl,
a xoudurypauseil ¥ pasMepaMy MOJA TEMNEPaTyp, 3HAYEHHSIMH OCPENHEeHHLIX
cKopocTel TypOyJneHTHOrO JBHIKEHHA M ADYTHMH BHEIUHHMH (aKTOpaMH.
3HayeHust A, BO MHOFO pa3 NpeBBINAIOT 3HAYeHHs A, TAK KaK B sjpe IOTOKA
KOJIHYECTBO TeNJja, MepeHocHMoe TypOyJeHTHBIMH MNyJabcallHAMH, TOpasno
6osbnle, YeM OpPH NepeHOCe NyTeM TemJONnpPOBOLHOCTH,

HHTencusHOCTL nepeHoca TenJsa B siipe NMOTOKa 3a C4eT A, ONpeleJserca
KosbdpuunentoM TypObyJTeHTHONR TeMmMnmepaTypomnpo-
BOAHOCTH a, =A,/cp. Benuuuna a, ymenbuiaerca BOIH3H CTeHKH H Hd
camoft cTenke obpawaerca B Hyas. OOHYHO NPHHUMAIOT, YTO TPAHUIA TEMJIO-
BOTO NOTPAHHYHOTO CJIOS COOTBETCTBYET I'eOMeTPHYeCKOMYy MecTy ToueK, I/
KOTOpHIX a, = 4, a BHYTPH NOACJOA a > dy, NPHYeM B NOTPAHHUYHOM TeEmJo-
BOM NOJC/A0€ MOXHO NpeHefpeub KOJHUECTBOM Terlsa, NepeHOCHMbIM TypOy-
JIEHTHBIMH DNyJIbCAUHAMH, H CYHTATb, YTO BEJHYHMHA G UEJHKOM onpenenser
nepeHoc TemJa. -

Besnuunubl a u a; ABAAIOTCS aHAJOraMH H3BECTHHIX M3 THAPOAMHAMHKH Be-
JHUHH KHHEMATHYECKOH BA3KOCTH v H TypOYJEHTHOH BA3KOCTH V.. UwHcseH-
Hble 3HaYeHH s COOTBETCTBEHHO 4, U v,, 4 TAKXe g U v B o6LIeM c/Jy4ae He COBna-
naioT, 4To ¥ 06yC/JIOBJIHBAaeT Pas3/judyHe TOJNIIHH TenJOBOIO M CHIPOAHHAMHUYe-
CKOrO MOTPaHHUYHBIX C/IOEB (Oren, # Opypps puc. VII-8). 31w caou cosnapaioT
no ToMuIHHE TOJBKO NpH v = a. [lockoJbKYy OTHOlUeHHe v/a TNpeacTaBiseT
coboit (ctp. 281) xpurepuit Ilpanptna (Pr = v/a), To, O4eBHAHO, TOFUIMHA
TEMJOBOT0 H THAPOAHHAMHYECKOTO CJOEB OIHMHAKOBA TOJNbKO npH Pr = [.
Orciona caenyer, uto npu Pr = | cobiionaercsa nogo6ue NoOJs TeMmilepaTyp
M noasi ckopocreil, a Xpurepuht [TpaHnrns MOXHO paccMaTpHBaTh Kak mapa-
MeTp, XapaKTepu3ylolluii nogobue 3ITHX mnoJje,
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TlpuBeneHHass Bhille CXeMa MeXaHH3sMa nepedHoca Ttermna (puc. VII-8)
JHIIb NPHOJHKEHHO OTPaXkKAET CIOKHYIO CTPYKTYPY NOJIS TeMIeparyp B ycJo-
BHSIX KOHBEKTHBHOrO TelJI0OGMeHa.

JIas vrTeHCH(PUKANHUK KOHBEKTHBHOTO TEMJOOGMEHa >KeJaTeJbHO, YTOOLI
TEMJIOBOH MOTPaHHIHHIA CJ10/ GBI BO3MOXHO TOHbIIE, C pa3BHTHeM TYp6Y/IeHT-
HOCTH TMOTOKA NOTPaHHYHBIf CJOH CTAHOBHTCH HACTO/IBKO TOHKHM, 4TO KOH-
BeKIHA HAYHHAeT OKa3uBaTh NOMHHHPYIOIleE BJAHAHHUE HA TeMJIOOGMEH.

Co c/10XHBIM MEXaHH3MOM KOHBEKTHBHOFO TENJIOOOMEHAa CBSI3aHbI TPYAHOCTH
pacyera npoueccoB TemaooTaaud. Toumoe pelleHHe 3ajayd O KOJHYeCTBe
TeNJia, MePeNaBaeMoro OT CTEHKH K cpexe (MJAH OT cpels K CTeHKe), CBS3aHO
¢ Heo6XONHMMOCTbIO 3HATb TEMIepATYPHLIA rPafHeHT y CTeHKH H NpodHuab u3-
MEHEeHHA TeMIeparyp TelJIOHOCHTeJNs BJOJb MOBEPXHOCTH Tem/oabMeHa,
onpeflesieHHe KOTOPEIX BecbMa 3aTpynuutesnbHo. [lostoMy mis ymo6ersa pac-
yeTa TelJIOOTAAYH B OCHOBY ero KJaayT ypaBHEHHE OTHOCHTEJbHO MPOCTOro
BHMNA, H3BECTHOE IOJ, Ha3BaHHeM 332 KOHAa TeNnJooOTHadH, HIAHY
3aKoHa oxJgaxnenua HowortoHa:

' dQ = @ dF (te; — ty) dv (VIL,27)

CorJsiacHo 3TOMY ypaBHeHHIO, Koaudecmao menaa dQ, omdasaemoe 3a epema dv
nogepxrocmeio cmenku dF, umeoweld memnepamypy t., udxocmu ¢ mem-
nepamypo iy, npamo nponopyuorassHo dF u pasnwocmu memnepamyp
by — i

[IpuMeHHTeNIBHO K MOBEPXHOCTH TemJoo6MeHa Bcero anmapatra F s
HenpepLIBHOro Mpouecca temyooraayu ypasuenue (VII,27) npurumaer sua

Q=aF ({ey —tx) (V1i1,27a)

KospduuueHT nponopuHoHaabHocTH & B ypasHenusx (VII,27) u (VII,27a)
HaspBaerca Ko3pdbHUMEeHTOM TenJaooTnaduu. Bernuuna a
XapaKTepH3yeT HHTEHCHBHOCTb MEPeHOCa Temja MeXIy NMOBepXHOCTbIO Tena,
HalpuMep TBepHOH CTeHKH, M OKpYKalomeh cpeaoi (KameibHOH KHIKOCTbIO
HJIH TasoM). :

Ko3h¢duiHeHT TemJIOOTAAaYH BLIPAXAETCH CJERYIOUHM 06pa3zoM:

lol = [F(ta?—t,x) ] - [#’-cg:epad ] - [ u“‘ﬁmo ]

Ecin Q Bmipaxaercs B KKkaa/4, TO

KKaA ]

o] = [u“‘-q-epaa

Takum o6pasom, Ko3hPHIHEHT TeNJIOOTAAUH & IOKa3bIBaeT, KAKOE KOAll-
uecmneo menaq nepedaemcs om 1 M® nogsepxrocmu cmenKu K %udkocmu (Wau om
scudkocmu k 1 M® nosepxrocmu cmenku) 8 medenue | cex npu passocmu mem-
nepamyp Mexcdy cmenxoth u xudkocmeio 1 epad.

BeseacTBHe C/IOXKHON CTPYKTYPH INOTOKOB, OCOGEHHO B YCJOBHAX TypSy-
JIEHTHOTO JIBHXKEHHS, BEJHYHHA & SBJSeTcA CJOXKHOH QyHKuuell MHOT4X me-
pEeMEHHBIX.

Kos(hhuuueHT TenaooTAauH 3aBHCHT OT CJIEAYIOMHX (aKTOPOB:

CKOPOCTH XHIKOCTH @, ee NJIOTHOCTH P ¥ BHA3KOCTH W, T. €. MepeMEeHHbIX,
OnpenesiOUMX PEXHM TeYeHHS MKHIKOCTH,

TeIVIOBHIX CBOMCTB KHIKOCTH (yHe/NbHOH TEIJIOEMKOCTH C,, TEIJIONpOBOA-
HOCTH A), a Takxe Ko3a(dHlUHeHTa 06HLeMHOro paciuHpeHHsa f;

reoMeTpHYECKHX MapaMeTpoB — (OPMEI H ONMPERESIIONHX Pa3MEPOB CTEHKH
(ana Tpyb — MXx AnameTp d u AavHA L), a TaKxe LIEPOXOBATOCTH & CTEHKH.

Takum obpasom

a=f(w, p P ¢ A B.d L ) : (VIL,28)

M3 31Ok 3aBHCHMOCTH OOIIEr0 BHAA MOXHO 3aKJIOUHTh, UTO MIPOCTOTA ypaB-
sietinst tenstootaaud (VIL,27) tonbko kaxymasca. Ilpu ero ucnonb3oBaHiK
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TPYAHOCTH, CBA3aHHbIE ¢ OlpeJe/leHHeM KoJH4YeCTBa Tellja, MepeiaBaeMoro
nyTeM KOHBEKTHBHOTO TenJOOGMeHa, 3aKJo4aloTcs B pacyeTe BeJHYHHB .

BenenctBue crnoxHo#l 3aBucuMocti kosdduiuneHTa Temy1ooTAadd OT GoJb-
IIOTO 4HC/I3a PaKTOPOB HEBO3MOXKHO NOJYYUThL pacyeTHOe ypaBHeHHE AJA «,
OpRrojHOe MJA BCeX CJy4aeB TeNAOOTAadH. JIHnib IyTeM o606IeHH T ONBITHBIX
INaHHBIX C NOMOWIBIO TEOPHH MOROGHA MOXKHO NOJYYHTh OGOOUIeHHHlE (KpH-
TepHa/bHble) YpaBHeHMA [/ THIOOBBIX CJAyuyaeB TeNJOOTAAdH, IO3BOJAMOLIHE
pacCYHUTLIBAaTL & AJf YCJAOBHA KOHKPETHOHM 3ajadvi.

Ins onpenenenua KoahduiueHTa TemaooTaayd HeOOXOAMMO 3HATbh TeM-
TepaTypHBIA rpajiHeHT XKHAKOCTH Y CTE€HKH, T. €. paclipelielleHHe TeMmnepaTyp
B XKUIAKOCTH. VICXONHOH 32BHCHMOCTbIO AJIA OGOOIEeHHS ONBITHBIX NAHHBIX MO
TenJIooTaa4e ABAAeTCs o6UMA 3aKOH pacnpejesleHHs TEMIEPATyp B XKHUAKOCTH,
Bhipaxkaembiit auddepeHLHaTbHEIM ypaBHEHHEM KOHBEKTHBHOTO TemJooOMeHa.

JHuddeperuHanbioe ypaBHeHHe KOHBEKTHBHOro Ttennoodmena. Brimeanm .
B YCTaHOBMBIUIEMCS ITOTOKe »KHJKOCTH 3JIeMeHTapHBIH napaJielenunes ¢ pe6-
pamu dx, dy u dz (cM. puc. VII-2), IlycTb noTHOCTL p KHUAKOCTH, ee Ko3d-
HULHEHT TenJONPOBOAHOCTH A M yleJbHAs TenJIoeMKOCTb €, NOCTOAHHH. Tem-
neparypa ¢ XKIKOCTH H3MEHSIeTCS BJAOJb I'paHel napansesenunesna. [poexuny
CKODOCTH JABHIXEHHS W JKHMIKOCTH HA OCH KOOpAMHAT X, Y H 2 COCTaBJAIOT
W,, W, H W, COOTBETCTBEHHO.

PaccmorpuM ypaBHeHHe TemJIOBOro 6asaHca napaJJiesentnena, NpHHHMAs,
YTO BCe INOJBeJ€HHOE K HeMy TeNJO 3aTpauuBaercs TOJNbKO Ha H3MEHeHHE
3HTAJBLNHHY NapaJijiesenunena. Tenjo NepeHoCHTCs B XKHUAKOCTH NyTeM KOlIBeK-
UHH M TeNJONpPOBOAHOCTH.

Brosaw ocu x, T. e. 4epes rpaub dy dz, 3a Bpems dt B napaJjuiesienumnej no-
CTynaer MyTeM KOHBEKLUHMH KOJHYECTBO TemJa

Qr == pw, dy dzcpt dt

Kosnuectso Tenua, ynansioweecsi NyTeM KOHBEKLMH 32 TO e BpeMs depes
TIPOTHBOMOJIONKHYIO TpaHb napaJjuienenunena

Quidy = Qp + dQ, = pw, dy dzcpl dt ¢, [—a(—g%’i—n— dx] dydzdrt =

d (wa)

= pw, dy dzc,t dt - ¢, [ - pw, ] dx dy dz dv

Torna PA3HOCTL MEXIY KOJMUYeCTBOM INOCTyNaKwULero B NapaJJelenunesn
H yaaaqamoueroca U3 Hero TenJja 3a ppems du B HanpapJIeHHH OCH X COCTaBHUT:

dQ, = Qr — Queax = —¢p [t 6(pwx) + pw, ——] dx dy dz dt

AHanornuHo B HampaBsieHMH oCet y U 2

de==-—-cp[ 6(pwy) ———= 1 pw, g ]dydxdzd'l:

dQ, = —¢, [z a(p’”Z) + pw, o ]dzdxdydf

O6uiee xonnyecTBO Tensa, NOABEJEHHOTO KOHBEKLHeH B MapaJJesenuneNn
3a Bpems dt:

dQxous = dQ, + de + sz =

a (pw;) ] ot
+—5 + pwy ax A+ pwy —— % + ow,—— }dxdydzdf

= —c

{[6(wa) d (pwy)
oy

Cornacho audepepeHuHa bHOMY YpaBHEHMIO HepaspLIBHOCTH MOTOKA MPH
p = const [ypaBnenue (11,42)], Buipamenue, cTosiee B KBaipaTHBIX CKOO-
Kax, paBHO Hymio (divw = 0), a npoussenenue dxdydz = dV — ob6nemy
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napaJiesenunena. CJIe}J.OBaTeJIbHO, KOHBEKTHBHAs COCTaBJSIOLIAA TelJIOBOro
II0TOKa HMeeT BHIA

at ot
dQKouB-—“‘pCp( P Wy 4+ —— ay y+~d7wz)dVdT [A]

KosngecTso Temsa, BHOCHMOro B napasJesienuner 3a Bpemsi dt nyTem
TeIONPOBOJHOCTH (CM. cTP. 266), cocraBaser

ot | oo
dQrena = 1 ( el e z)dvm (B}

Cmeap,Hoe KOJIM4eCTBO Temia, [OABOAUMOE KOHBEKIHeH H TeNnAONpOBOA-
# HOCTBIO

ot ot ot
dQuonn + dQrenn = — 06, (-5 s+ 5 w, + - ws ) AV e+
| on | o
‘H'(axz T T o )dVdr

3T0 KOJAHYEeCTBO Tenna paBHO COOTBETCTBYIOMIEMY H3MEHEHH!O 3HTAJABMAHH
napaJnJesnendnena:

dQ = cpp dV -—gt-t—d‘l:

Takum o6pasom

ot at at
CppdV'—dT——pCp(a wx-}—-ay—wy-}———gz—wz)d{/dr-}—

0% a%

ot
+7‘(ax2 Tt azﬂ)‘”"”

Otciona nocsie COKpAIleHUs NONOOHBIX YIGHOB M IPOCTEHMIMX npeo6pa30-
BaHHH HOJYYHM

at ot d! 0% o 0%
St et g et ge=a(gE r it ) Vu®
e a= %{')— — ko3{dULHEHT TeMnepaTyponpoBOXHOCTH.
Bonee kparxo ypasuenue (VII,29) moxuo 3anucare B BHIE
at at ot at
_g_‘__é}._wx_}_-é_; &'y+ng=avzt (Vll,29a)

Ypasuenue (VII,29) npencras.aser coboi nupdbepeHurnadbHOE
ypaBHeHHMe KOHBEeKTHBHOTIO TenaooOMeMNa, KOTOpOe
HasbiBaeTCsi Takxke ypaBHeHHeM QPypore—Kupxrodpa 3ro
yPaBHEHHE @bipaxcaem 6 xaubonee obuem eude pacnpelescnue memnepamyp
8 Oeudcywetica wudkocmu.

s TBepibXx Tea w, = w, = w, = 0 u ypasHeune (VII,29) mnpespa-
maetrcs B auddepeHunadsHOe ypaBHeHHe TemnsonposoxHoctd (VII,10).

Ilpu ycraHoBuBlLeMCH mNpouecce Temnyoo6mena B ypasHenun (VII,29)

ot
uneH - = 0.

Tenaosoe nogoOwe. 3 ypaBuenns ®ypoe—Kupxroda ciaeanyer, uro tem-
nepaTypHoe NoJjie B ABHXYUlEACH XHUAKOCTH SIBJAAETCA QyHKuUHEA pasHYHBbIX
nepeMeHHBIX, B TOM 9HC/I€ CKOPOCTH W IJIOTHOCTH XuAKocTH. Ilis mpakru-
YyecKOro wHcnosib3oBaHusi ypaBHeHde (VII,29) nono6Ho mnpeo6pa3oBhIBAIOT
C y4eTOM YCJOBHH ONHO3HA4YHOCTH, T. €, MPEACTaBJAIOT B BHAE PYHKUHH OT
KpHTepHeB IOAOGHA,
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PaccMoTpuM mepBoHauanpHO NOROGHE TPaHHUYHHIX ycaoBui. Kak yxaswbl-
BajoChb, NpH TYpOGYJEeHTHOM ABHXKEHHH XXHIAKOCTH TelJ/O Yy TPaHHibl OTOKA,
T. €. B HEMOCPEJCTBEHHOM 6/JM30CTH OT TBEDIOH CTEHKH, MepellaeTcs TenJonpo-
BOJHOCTLIO Yepe3 MNOTpPaHHUYHLIA CAOH L HanpaBJeHHH, NepHeHIHKYJAPHOM
lanpaBJaeHuIo ABHxeHHA moroka. CnenoBaTtenbHo, no 3akoHy Pypwe lypas-
nenpe (V11,8)) konudectBo Tenna, npoxonsilee B NOTPAHHYHOM CJOE TOJ-
wHHOM 6 uepes mJjoulanb ceueHua dF 3a BpeMms dt, COCTaBJSAET

dQ_—A,—é—ﬁ—dFdr A)

KonndecTBO Tensa, npoxojsdillee OT CTEHKH B AP0 MOTOKA, Onpefefsercs

no ypaBHeHHo Temaocotnauu (VII,27):

dQ = a (teg— ty) dF dt {B)

IIpu ycTanoBHMBIUeMCA npouecce ieNooOUMeHa KoJHdecTBa TemJa, NPOXo-
IAIHe Yepe3 NorpaHHuHbIA cJOil M a1p0O NMOTOKa, paBHbl. [losTomv. npupas-
HuBasi BelpaxkeHus (A) u (B) u cokpawas nopoGHEE uieHBl, MOMYYHM

A
— A== (ley— f) = a Al (VIL3y)
0b

Jnsa nono6uoro npeoGpa3oBaHUs 3TOTO YpaBHEHHs pasfesuM (CM. cTp. 72)
ero NnpaBylo YacTb Ha JIEBYIO H OTOPOCHM 3HAKH MaTeéMaTHYeCKHX ONepaTOopOB.
[Tpu stoM BesqnuuHy & 3aMeHHM HEKOTOPLIM ONpejesAIOUIM TeOMEeTPHUECKHA
pasmepom [ Torza nosnyuum Ge3pa3MepHBI KOMIIJIEKC BeJIHYHH

Y Nu (VIL31)
A

KOoTOpbifl Ha3eBaercda kpuTepuem Hyccedasrta. PaBencrso Kpu-
TepueB Hyccenbra Xapaktepusyer nodoGue npoueccos mienionepenoca Ha epa-
Huye mexdy cmenkol u nomokom sicudkocmu. Ha ocHoBe cOBMecTHOrGC pac-
cMoTpeHusa ypaBHeHu# (A) u (B) MoxHO nmokasartb, 4to Nu fBJAserca mepol
COOMHOUEHUS MOAUUHBL NOSPARIYHO0 CA051 O u onpedeanroujeo eeomemputte-
cko20 pasmepa (nna TpyGel — ee nuamerp d).

B xputepuit HyccennTa BXOLHT 06BIYHO onpejesnsieMasi B 3ajavax no KoH-
BEKTHBHOMY TeMJ0OOGMEHY BeJAWYHHA «.

Tenepb paccMOTPHM yCJ0BHA NONOGHA B Alpe MOTOKA, HCNOAbL3Y A NOJOGHOe
npeoGpasoBatne ypaBHenHa (VI1I,29). B nesoil gactu ypaBHeHHa (Pypbe—
Kupxroda cymma unenoB, oTpaaiomlux BJAHsIHHE CKOPOCTH MOTOKA HA TeIo-
o0MeH, MOxeT OhIThb 3aMeHeHa BeJHYHHOMH:

at ot ot !
(?;‘”x+3§‘wv+73?"’=)~7‘”’

rie I — onpefensiownil Anueliumi pasmep.

IlpaByio wacTs Toro e ypaBHeHHA, XapakTePH3YIOLLYIO MepeHoC TemJa
nyTeM TeNJONPOBOLHOCTH, TaKKe 3aMeHHM BeJHYHHOM:
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Uien ——, oTpaxaiowuii HEYCTAHOBUBLIMACA DeXHM Ten1006MeHa, MOMKeET

6biTb 3aMeHeH oTHolieHHeM (/1. BulpasuM Bce unenwl ypaBHeHusa (V1I,29)
B OTHOCHTE/bHBIX elMHHIAX, 