MMPEANCIIOBUE

W3 Beex suZop CTPYEHBIX ANNAPATOR, Pa3dHYaIOUIMXCI M0 THRY
REKTHPYIOUIR CTPYH, B KHMre PacCMOTPEHB: IBe TPVRRBI — Napo-
oTpyfinsie ¥ rasocTpyfidple, padoyuM#  CcpeiaMH B KOTODGBIX
ABJAIOTCS BOAAHON Tap ¥ ras. OCROBHBIMM JOCTOMHCTBAMH CTPYil-
HLiX  BAKYYMHEBIX HACOCOB ABMSIOTCA TPOCTOTZ  KOHCTPYKUEH,
KOMNAKTHOCTh, He3HAYHTENBHEIA I3HOC, BOIMOXHOCTE paGoTsl ¢ 34-
COPEHHBIME M ATPecCUBHBIMI CPelAMH. _

Fasocrpyfinale Hacock!  (3KekTopbl), OOLIYHO  BHIROJHSAEMble
OTHOCTYOEHYATBIMH, paboTaloT ¢ KO9(QMHLNEHTOM 3IMKeKlUnH Goabile
SAlMALEl APH HE3HAUNTENBHOM Nepelaje Aabgaexuil BOGAW3H aTMO-
cheproro. [Ipu HeoGxoAumMocTH co3janus  ©Gojee  3HAUNTENBHBIX
paspeeRui#f NPUMEHAIOT ONHC- K MHOIOCTYNEHWATHE MapoCTpyi-
uele Hacochl, Onu MoryT ofecneddBath GOJAbIIME TPOH3BOINTENb-

HOCTH MPH JaBJAeHHH BCACHIBaHUA 0T aTMocdepHoro no 1073 mm
DT. CT. i

Jte npenMyliecTBa OOYCJIOBHAM HIHPOKOE  PACHPOCTpaileHile
Napo- U razocTpyiHBIX HACOCOB B PA3MHUHBIX OTPACAAX MPOMBHI-
AEHHOCTH; B TeXHHKe CYUlecTByeT LeAblii PAJ NPOHIBOACTEB, NPOBE-
JedHe TeXHOJOTMUYECKOrQ Hpollecca B KOTOPHIX BO3MOMKHO TOJABKO
NpH YCJAOBHY HPUMEHEHHS CTPYHHBIX BakKYyMHGLIX HacocoB. Tak, B
XHMHYECKOl NPOMBbIILIEHHOCTH I8 YOANeHHS TAa3a U3 BakyyM-
XOAONUABHBIX B BaKyyM-KPHCTAANK3ALMOHHBIX  ANNapatoB  fpH
OCYUlECTBAEHHH MPOLECCOB AHCTHI/LIALUH, CYIIKH o BHIIAPKH
HCTIOAb3YIOT B OCHOBHOM MHOTOCTYNEHYATHIE MMAPOIIKSKTOPHHIL
racoctl. C pasBHUTHeM BaKYYMHOA MeTalayprid  BO3HHKJIO HOBOe
HaNpapieHie — MeTel BHeneyHol ofpalGoThi KHOKOrG Mel1ahda.
flposeenne nponecca Jerz3audd MeTasla B KOBHle CTalo BO3-
MOXKHBIM Gaarofiaps paspaGoTKe W IPAMEHEHHIO B NMPOMBUILICHHBIX
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NeTa3allHOHHEIX YCTAHOBKAX BBICOXOBAKYYMHBIX MTAP03:KEKTOPHBIX
HACOCOB G0AbHION NPOH3BOAHTENBHOCTH.

B kHure oGoGuiens U CHCTEMaTH3HPOBAHBI PESYJILTATH PadoThl
ABTOPOB BO BrecolsHOM HAaYUHO-HCCHeMOBATENBCKOM — HHCTHTYTE
MeTaanypruveckofi TenaoTexruks (BHHHUMT) no Teopnn, pacuery
H KOHCTPYHPOBAHUIC N&P0- H TasOCTPYHHLIX 3KEKTOPOB, a TaKxe
MaTepuansl, onyQ/JuKoBahHble B OTeyecTBeHHOH H 3apylexHof
Juteparype. PaspaGoraHHblii MeTOX pacyera NpOBEPeH Ha rMpo-
MBILIIEHHBIX ycTaHoBKax. [losyueHHble 3KcrnepuMeHTaJbHEIE IaH-
Hblé TIO3BOJSIOT NPAaBHMAbHO BHIOPATH KOHCTPYKUHIO NPOTOYHOM
© YacTy anmnaparTop 3Tero THNA. Tak Kax Jjofad BaKyyMHAA cHCTeMa
NIOMHMO Hacoca BKJIIOYAET BAKYYM-NIPOBOA M OTKa4kBaeMulll 06beM,
TO B KHHIe DAcCMOTDEHbl peMHMBI TeYeHHA rasa, MeTojbl pacyera
npocTeiimedl BakyyMHOHl CHCTEMHBl € TAPOZKEKTOPHBIMH HacocaMHu
U cuoco0bl H3MEPeHHus BaKyyMa. '

Fnaea I guuru sanncana B. A. YenenckuM, raaeul 11 n 11—
10. M. KysretosniM, B. A, Yenenckuwm, raapa 1V —10. M. Kyane-
HOBbiM, . :

I'masa [. TA3OBBIE 5XEKTOPbI

JUHAMMWYECKWUE CBOMCTBA B®XEKTHUPYIOUIEM CTPYU

JivHamMAgecKie XapaxTepUCTHKH CBOOOAHOH CTPYH B HacTosdllee
BPeMA H3YYeHBl AOCTATOUHO NOAPOGHO H 3aKOHOMEDHOCTH ee pa3sy-
THA H3BECTHHI,

B oranuue ot cBoboZHON cTPYH, Ha BCEeM ApPOTSHEHHH KOTOPOIl
NPOACXOAUT FIOACOC OKPYMKAWIUIEIC rasd, B 3:KEKTOPaXx Tipouece
nepeMelBAHAS H HOACOC IMeKTHpPYeMofl Cpefbl orpaH#YeH CTeH-
KaMmil kamepnl cmemennsa. Yem Oosblile AnaMerp CMECHTENBHOTO
yuyacTKa 2ieKTopa NIPeBHIIAeT AWaMeTp COMJa, TeM IJAHHHe: NyTh
[0 MeCra COMPUKOCHOBEHHS CTPYH CO CTeHKaMu H TeM Oovbilee
KOJHYECTBO 3EeKTHDYeMOro rasa MOACAcHBaeTcs B CTPYIO.

Ha pnc. | nokasanst KpHBBle pacKpenegeBdss AHHAMMUYECKHX
HAllOPOB B CeUEHHAX 3IMEKTHPYIOUlEH CTPYH, 3aMepeHHbie Ha pas-
JHYHBIX PAcCTOAHUAX X/R; or BXoAHOTO ceverus [—/ comia MRKpo-
tpy6koit Flpanarna. Conao anamerpoM D;=2R;=283 mM Haxo-
EWjaock Ha paccroasuu [[=300 MM OT Hauana LHAHHLPHYECKOTO
cMecuTeaqbROrG  yuactka auaMerpoM Di=2R;=156 MM, AAWHOH
640 MM. 3a cMecHTEJbHBEIM YYacTKOM OHLT yeraHoedey nuddysop
anuHol 800 mm; orHOolleHHe GOJLIIOrC AHAMETPAa K MeHbIEMY
cocrapnaao 1,56. .

U3 paceMorpeHud mosefi AMHAMHUECKHUX HANOPOB BHAHO, YTO X0
MeCTa CONPHKOCHOBEHHA €O CTeHKaMH Crpyd (cededHMe & —a) He
OTAMYaeTea OT ¢BOGONHOA CTPYH 4 HWMeeT HaualbHHl (AanHa x')
i ocHoBHOl (mamHa x” —x’) yuyacTku. [nd M3yueHHA 5THX moged
Ha HAYaJdbHOM VY4acTKe CTpyH B (e3pasMepHHX KOOpPRHHATAX
NOCTPOeHH  (pHC. 2) 3aBUCHMOCTH OTHOLIEHWS JIHHAMHUYECKOro
manopa X B paceMaTpuBaeMoOl TOUKe CeYEHHA K THHaMHYecKOMYy
HAOPY Ha OCH CTPYYU Ag OT OTHOUICHHS PaCCTORHHA Y OT TOf
TOYKH 1O OCH CTPYH K PacCTOSHHIO ¥y » LG OCH OT T4KOH TOUKH,
B KOTOpOH IHHaMM4eCKHil HAmop pasBeH MNOJOBHHe MaKCHMAAbHOTO
Hanopa B 3TOM CEYEHHH. 3aMepbl TPOH3BOJMJNCE Ha PACCTOAHHAX
o7 conaa, pasusix 0,6—115 paauycor conaa.
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Ha nauanwsrom yuacTke, Kak ¥ B CBOGOZHOH CTDYye, MPOHCXOIUT
feopMauns model guEamuuecknx Hamopob (kpuesie [, 2, 3 n 4);
NO Mepe DpHGJMKEHHs K OCHOBHOMY Y4acTKY HedopMaud [oJeit
u3Menserca (kpupas 5).
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Puc. 2. 3apucHMoCTe AMHaMHYECRMX HanopoB Affn oT paccToanis
y!yhofg A8 NAETH CeNeHHR HaYaJbROrQ ¥9acTKa CTPYH:
1 —napH {195 uMM, x=85 mm, xfRy=06: 2—npH L=200 mm, x=63,5 MM,

FIRI=4,48, 3 — mpu { =300 mm, x=113.5 MM, ©/B,=80; 4 —upu {,=200
Xm1205 wM, X/Rm85 5 — =350 Ma, ¥—163 mm, s/Re1l S

Ha puc. 3 aranornunas 3aBHCHMOCTB TMOCTPOEHA S OCHOBHOTO
YH4aCTEKa CTPYH Ha paccTOAHUSX OT colna, pasHbX 11,5-—67 panny-
CaM CONJa. 3aMepbl BHIOJHEHH Kak MpH HOCTOSHHOM MOJOKeHHH
ComJla, TaK H NPH mepedBUIKEHHH ero BAOMb ocH. Bcee omeiTHBIE
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HA OfHY KpHBYM. IJT0 yKasbiBaer Ha nomobne
nodell ARHAMHYECK#X Hanopos. [Ipu 5Tom B GJAMXHAX CedyeHMAX
GCHOBHOTO YYacTKa JHHAMHUECKHe Hanopbl MEHAITCA OT MAaKCH-
MyMa Ha OCH CTPYH [0 HYJA V ee IpaHHllbl; TaKHM 06pasoM, 3Th
o SABASIOTCA MOJHBIME TMoAsMu cBoGoiHol cTpyn. B nocaenyo-

TOUKH J0MKaTcA
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Puec, 3. 3aBHCHMOCTD AHHAMHYECKHX Halopos

hihe OT DAacTORHHA Y/ip, 2 BA OCHOBHOM YUACTHE
CTDYH

WHX CeueHuAX N0Jd AHHAMHYECKHX HanopoB BOCNPOUSBOAAT JHIIb
CPeZHIOI) YaCTh N0l CBOOOIHON CTPYH.
Tpupepennas Ha puc. 3 KpuBas

=G 2

h i e o :
=0T @
hﬂ RI‘P ,
rie Reyp— pazuyc CTPyH B JaHHOM ceueHmn (paccTosHMe OT OCH
A0 TpaHUIb CTPYH).

Beanunna Y, ,, XapakTepusyeT TIpaHuUy CTpy# B Mmacurabe
0,293, T. e. '

ONHCEIBASTCS  YPaBHEeHUAMH

nmm

Yhy 2
Ry = 0,293 ° @)

DTH ypaBHeHus CHPaBelJHBHl XaK A XOJOAHOH CTPYH, Tak H
ILJis TOpsILIEFO rasoporo gakena, T. e. 4ad CTPYH ¢ nepeMeHHOH B
NomepeyrbIX CeYeHHsX MIOTHOCTBIO.

KonuuecTBO NBHKeHds B CceYeHUaX O9KeKTRPYKWeH CTPyH.
3amepeHHble N0JA AMHAMHYECKHX HaNOPOB MO3BOJAIT INOACUHTATH
KOAR4eCTBO HBHIKEHHA CeKyHAHO MacCH rasoB B PA3AHUHBIX ceue-
BUAX KeKTHPYIOWEH CTPYH, A/l KOTOPO#l B OT/JHYHE OF cBOGOAHOH
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CTPYH KOJIHUECTBO JBHXKeHHd He OCTaercs MOCTOSHHLIM, a4 3aBHCHAT
OT ZABJEHHHA, MEHSIOUWErgcsd OT ceueHHA K CeHeHHio. Ha pne. 4
(kpuBas 1) mokasano H3MeHeHpe AaBJeHHA [0 AJANHE SKEKTOPd.

Ymuoxas penuunny Ap (u3GuiTouHOe JABJCHHE OTHOCHTEJBHO
JdaBAeHUs B Hayade CTPYH) Ha IVIOMAIb CeHEH:HHA F smerTopa,
NOJIYURM CHAY AapjeHus B KamAOM CCUEHKH FAp xrc (kpuBas 2).
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Pue. 4. Tpadurs H3MeHeHUd NaBnenud W KOAMYECTEa JBHIKEHHA
no IARHE HeKTOpad

Kpreas 3 OTpaKaeT u3MeHeHWe KONUUeCTBA IBHACHHA 1O JUIIHE
crpyu. Kampas Touka KpHBOH J mosydyeHa rpauyecKHM HRTETpH-
POBAHHEM COOTBETCTBYIOWIETO NOAs  JHHAMHYECKHX — Hanopos,
NOCTPOEHHOTO B KoopawHatax hy—y (rRe h— OuMKAMHUECKHI
HANOp Ha PACCTOSIRUM y OT ocu). I1aoilajb, OrpaHKYeHHas KPUBON
B YKa3aHHBIX KOOpAHHATAX M OCbIO abcuuee, YMHOXKeHHAdA Ha
e '
4, 1. e 4m % hydy, umcnenHo paBHa KOJHYECTBY MBHIKEHIA B AaH-

HOM ceueHHH. B MecTe compuaXOCHOBEHHA CTPYH €O CTEHKOH BeJHIH-
Ha Ryp paBHa pajuycy CMECHTEALHOTO Y4acTKa B 3TOM CeUeHuu.
Kpupas 3 NOKa3blgaer, uTo XC MOMEHTAa CONPHKOCHOBEHUA CTPYH
co cTeHKOH (A8 NanHOre ofbita Ha AJuHe x” =392 MM) ceKyHiHOe
KOJIMUECTBO LBHIKEHHS MAacchl rasa OCTaerTc NOCTOAHHRIM H paB-
uetm 0,92, OneltT nposefged npH  CKOPOCTH HCTedeHus H3 COflaa
@y =115 mfc. CKOpocTh ABHMEHUA SKeKTHPYeMOTO BO3AYXa B Bhi-
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<OAHOM CEUEHHH CONJAa MOXKHO MMpPHHATH pasHOH HyJO (w2=0).
Torna CeKYHIHOe HayalbHOS KOJRUECTBO IBIKEHIA paBHO

G G g 68 kre, @)
g g
re G,=270 xrcfu (Go=808 Krc/4-— pec COOTBETCTBEHHO 3IKCKTH-
oyoLIEro M 3KexTHPYEMOTo BO3AyXa, npoxofdilero 4epes onpese-
JeHHOe CeueHHe KEeKTopa.

[loayaedHast BeARYAHA MEHBLIE 3HaweHHsA 0,92 xrc, onpepenes-
soro phime. Pasuuiy B 3THX Uddpax MOmBO O6LACHATL NOrper-
HOCTBIC B ONBITAX, HAJAHUHEM HEKOTOPOH fOMOAKUTEABHOH CKOPOCTH
@o TMOACACHIBAEMOTO BO3AyXa B NJOCKOCTH BBIXOAHOIG  CceueHhd
conma, a TAKXKE HEKOTOPHIM HapylleHHeM pPaBHOMEPHOCTI noJq
cKOpOCTell 3KeKTUpYIOllero BO3IAyXa B sToM ceuenn#, Tak, echdn
NpUHATS JIA BHIXOLHOTO CeueHus COMmIa pactupejenienne cKopoctel
no sakony crenesu [f7, To JeficTBUTENBHOE KOJHUECTRBO JBHEHHA
Gyner ua 1,6% npesbmaTh pacculTaHHOS sgauenne (0,88 kre).
Ha nanuee crtpyd x>>x”7, T, e. IOcje COUNPHKOCHOBEHHS CTpYH co
cTeHKOM, KOJHUeCTBO ABHXKeHHs yMeHbllaercs IPH OFEOBPEMEHHOM
pocte cua Aasierus. CyMMa OpAHHAT KPHBBIX H3MEHReRUs Komuye-
crBa ApueHnst (xpHBas 3) ¥ CHa JAaBJCHAR (xpuBas 2) ocraercd
nocToRBRHON {JnHuf 4), T. €.

R

TP
dn | hydy + FAp = const. (5)
[
Wz ypasuennii (4) u (5) noayunm
Rep
‘L:’l- + Ezgﬂ = dn | hydy+ FAp. ©)

DKcnepHMeHTaabHAas NpoBepka padoTsl YHEKTOPOB TIOKASEIBALT,
470 Npolecc 3MeKUHH, CBASAHHBIN ¢ PasBHTHEM CTeCHeHHOH CTPYH,
¢ JOCTATOYHOH TOUHOCTBIO OMHCHIBAGTCS YPABHEIIEM UMIYAhCOB (6).

Hamedeune auaMHUYeCKHX HAMNOPOB BIOAL OCH I EKTHPYIOMWeH
ctpyn. Tlons IMHAMHYECKHX RANOPOB B PASMHYIHEIX CEHEHMIX KeK-
THPYIOLell CTPYH TO3BOASIOT ONPEJeNuTh KaK yrofl PaCEpBITHS
CTPYH, TaK M H3MEHEHHE IHHAMAYECKMX HANOPOB BAOIb €€ OCH
{pic. 5). Kpupas ! mpedcrasiser coboi 3aBHCHMOCTH OTHOIIEeHHUS
AMHAMHYECKOTO HATOPa Ha OCH 3ieKTopa flp K Kaua/lbHOMY JHHA-
MHUECKOMY HANOPY £, OT PACCTOAHUA X MEKLY CeueHHEeM I COMLIOM.
Ha HauaJLHOM ydacTKe NHHAMHUYECKHH HaNoOp Ha OCH CTpyd ocTa-
eTcsi mocTosnkbiM. Hauwaad ¢ toukn €, Habuamojaercd BHavaue
pesxoe, a 3aTeM [JaBHOe yMepblleHWe ANBaMHNECKHX Hanopos.
Touxka € CODTBETCTBYeT NEpeXOLHOMY CEYeHuio, HaxolalllemMycsd Ha
paccrosnun x' = 2R, or conna.

Bhiie NOKasaHo, 470 PAasBHTHE SKEKTHPYMOUIell CTPYH OMUCHI-
BaeTes ypapHeHHeM HMIYJIbCOB {(6). Lo MOMEHTa CONPHKOCHOBEHUS
CTPYH €O CTEHEaMH, T. €. A0 CeueHus, HaXOAAUIErcca Ha paccrof-
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HHH X OT CONA&4, JaBJjeHHe OCTAaeTCH MOCTOSHHBIM. B stom cnydae

ypaBsHerue (6) npunumMaer Buj
Ry

P
2huf'y + 2haFy = dn | hydy, @
£Ie Fy 8 Fy —nioliagb cededna AJAA {IPOXOAA COOTBETCTREHHO
IMERTUPYIOWell K 3meKTHPYEMOil CTpYH B
IJIOCKOCTH BHIXONHOTO ceweHus comdaa [—IF;
hou he — AMBAMHNECKHH RaNOp COOTBETCTBEHHO 3XKEKTH-
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Prc. 5. XapakTepHCTHEH 2KeKTHPYOULSH cTpyi:
$omhoftn=fix): 2 — sy 2 =fix); 3 — G, fGi=F{x)

KomiuecTBo ZBIUKeHHs, BbIPaXAeMOe NpaBoél YacThio ypaBHe-
HHA, MOELT OLITh [pelcTas/eHd B BHAS
Rpp H

@ it h
4n ( hydy = 4nh,RY, R }g Ry . (&)
[ r re g

[}
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Mprerpaa, Bxofsiguii B 3T0 ypapHesue, paBeH NOCTOAHHON
BeMYHHe; NOCe NOACTAHOBKM sHayennst fifh, W3 ypasHenus (2) B
HOABIHTEFPaNkHOe BHDAXKEHHE

I i
hy U ! 7 )’f’a i g -
— g == ] —{ —— ——d = B =(,0668, 9
j hORFP RFP j { ( RFP ] RFP RFP ( }

rhe B=0,0668 — xosdPuiedr noas IAMHAMHYECKHX HalOpOB Ha
§cuoBHOM yuacTke CTPYH.

Toraa
Rre
dn | hydy = 4R B = 4Bh,F, (10)
0
feck F=nR % — NIoilafe ceuerus CTPYH.
HMa ypaeuensii (7) n (10} naxoxum
4BhF = 2 F) + 2h,F,. {11

Ecau CKOPOCTE 3IKEKTHPYEMOro HOTOKA B NAOCKOCTH BHIXOAHOTD
ceueRHA comia paeHa Hyaw (we=0; f;=0), To Ana nepexoAHoro

cevenns, rae o=hy u F=n{Rp )2, noaydnn
Rll‘p - 2!T4R1}
Yoo = O8Ry.

{12)
(13)

Kpusag 2 (puc. 5) UIMOCTPUPYET H3MEHEHHE BEHUMHBL Yy o
no njiHe ¢Tpyd. Ha OCHOBHOM Y4aCTKe CTPyW NMpu X>> X' 3TH OpAH-
Hathl B Macwurafe 0,293, B CoOTBeTCTBHM ¢ ypaBHeHHeM (3},
XapaKTepu3yloT [I'paHHOy CTPYH, a CneloBaTeabhO, M yrod 6 ee
packpuitua, Kaw noxaszano sbille, JOJHNHaZ HaqyadbHOIO Y4acTxa
x'=12R,. 3Tofi adcuicce Ha xpuBoi 2 coorBercrbyer touka C' ¢
opauHatoll Y, , = 11 mm. Ilo ypasuenmio (13) maxomnm y, , =

=0,8Ry=11,3 MM. 3T0 YKA3bIBaeT Ha XQPOLIeE COBNAJICHHe ONBITHOH
W pacuetHOfl penwumd., Ha paccrosHHm x<(x, T. €. Ha HadYaJbHOM
yuacTKe, OTHOWeHHE Ryp K Y, , He OUpefeasierca ypasHenueM (3),
nosroMy B T04Ke C' NPOUCXOINT MEPENoM Kpusol 2.

[. H. AGpamoBHu, HCXona H3 MPEXNONOXKEHHS, UTO yIVibi pac-
KPBITHA CTPYH HA OCHOBHOM M HayaJgbHOM YYACTKAX OIHHAKOBhIE,
npeliaraeT PACCUMTBIBATL PacCTOAHHE MEKAY BHIXOAHBIM  ceye-
HHeM COflda I TEePexOiHniM cedenweM ro (opumyde ax'/R;=0,67,
rae  a=0,07 = 0,00 — kospduuuert CTPYKTYPH, 3aBHUCAWIAN OT
OCHOBHBIX apaMerTpoB TYpOYAeHTHOCTH.

1O. B. MBaHoB Ha OCHOBaHHH ONbITOB, NPOBENEHHBIX Ha Pasfuy-

HbIX COHJaX, VCTaHOBHJ, YTC Ko3(h(pHUMeHT cTpykrypnr a=0,00.
Orcoaa agu#a  HayadeHOTO  yyacTka X'/R;=0,67:0,06=11,2 »
S
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x=11,2 R;. Ilo nauuwem KM, O. Cemnxnua, HaYa/JbHOTO
yuacTka x' =12 R. .
[o raurency yraa HakJIOHA UPAMOro yyacTka Kpusofi 2 (puc. 5)

ONpeReasIoT yroJd PACKPBITHA CTPYH HA OCHOBHOM YYacTKe

AAHHA

yf,,a,rg—éf;: 2
to — —lafe Tl
80 = e = 0,177,

oTkyia 0= 109

3dech 8 — MOJIOBHHA YIJla PAacKpBITHA Ha OCHOBHOM YUacTKe CTPYH;
£'=12 Ry — AAHHA HAUYaAbHOYO V4acTKa; yf;w@ ={,8 R, —opaurara
B TIepeXOZHOM CeUeHHH; X, Yn,j2 — TEKYLIHe KOOPIUHATHL

[MoroBuHYy yrna pacKpblTHA CTPYH Ha HAYaJbHOM yuacTKRe Ha-
XOASAT H3 YpaBHEHHS

3

Rl —R
tg 0, = —R;—‘ = 0,145,

OTKya 6, = 8°15;

snece R'rp=2,74 R\ — pajy¥yc CTPYA B KORUE HAYaAbHOTO VUACTKa
[ypasuerue (12)].

H3 sKcmepHMEHTAJBHBIX HAHHLIX CAEAYer, YTO YroJd PACKPHITHS
CTPYH He OCTAeTcss MOCTOAHHEIM. fla AaliHe x° HAYAJBHOTO yuacTKa

HOJOBHHA Yraa pacKphiThsl Crpyu Medsercad ot O o 10° npu cpen-

HeM 3HaueHny 8=58715"

KoaudecTBo 3xexTHpyemoro rasa. OCHOBHBIMH pacCYeTHBIMH
BeJHYHHAMH ABJAKTCA KoJnyecTBo (p 3KEKTHPYEMOrO rasa H
nRolialb cevenus F, cmecnrTedapHoro yyacrka, OGbIYHO 3TH BeJsH-
YHHE ONpefedsiorTcad Ge3pasMepHHIMH  [apaMeTpaMu  § K My
g=Go/ () — k03P PHIIIEHT KEKIUH, DABHBIH OTHOLIEHHIO KOJHYECTD
sKekTHpyeMoro G; u ameXtupymowero G, Tasos; #n=F,/F—
OTHOHIEHHe IMIOLIAAY ceueHNa F, cCMeCHTEAbHOrG yyacTKa 3MeKTopa
B MecTe CONPHKOCHOBEHNSA CTPYH €O cTeHKofl K naomaaw F| peixon-
HOTO CeUSHHd COmaa.

[Togcoc 7:KeKTHPYEMOT0 rasa NPOHCXOAWT HA ydacTke (8JH-
Hol %"} CcTpys 40 MeCTa CONDHKOCHOBEHHsT €e O CTeHKod, Kax
TNOKa3blBAIT ONbITH, HAa 3TOH IANHHe NABJEHIE OCTAETCA MOCTOAH-
HbiM. J1A8 yIacTKa 3KEKTOPa Mem Iy ABYMS MapaliebHHIMU ceue-
HugMu f—/ u a—a (puc. 6), OTCTOALLMMY OLHO OT APYrero Ha
paccroarny x”, Hanuliem ypaBHeHIe HMOYJbCOB TMPH  CKOPOCTH

3KEKTHPYEMON CTPYH B ILIOCKOCTH  BBIXOJHOTG CeUEHHA CONAA,
PaBHOR HYJIO,

2h,F, = 4Bh,F, (14)
HJH

f 1

= = (1 5}

hl 23”11

12

[Tpu paBeHCTBe yASMbHBIX BECCB 3MKEKTHPYIOUIETO Y H 5HEKTH-

pyeMoro ye rasos {yi=yz=Y) U3 y[paBHeHHH (15) u (2) moayunm

pEIpaNceHHe MLAA CKOPOCTH B TOUKE CeUeHnd, YHadeHHOH OT ocH Ha
paccToRHHE Y.

w=__‘i”_1._[1_ i-)””]z (16)
)/Q.Bml Rr‘p
7 G, a Fpi W i £ 3¥ £ iw, s
. VAR A
& o N
Lt
———
—_—
hivy i : L i N
] = “1& fon 7] n
- a} -
i oy 17 V%
! T Esp A X212
| ardyg E
.--—lL s (
-—L [_E_‘: _-::._-fi.___.___.____._r_ ._._%-,....___/‘__ «—ﬁ?
"}T i
x* ._; dom ol
- 4 a i 4 iy Iz
Az & ;

Puc. 6 CxeMH 3KekTopa 0PIl CKOPOCTH S/KEKTHPYEMOro rasa W B
cevennn {—i:
g — opu wes0; 6 — npe we=d

B ceuennn crpyn Fo=rnR%p pacxen cmecu
HEax}

R,

(B cHIOBEHIX €AH-

P
GCM = 27 _g ?m’ydé"- (17)
Pewasn copmecTHo ypasuenns (16) u (17), nonyinm
_ Reg )\
— Wy 1— (2 2] d 18
Oou = 21t | (5) fow 09
Had
1
G, =23YiwlR1 fily [1 _ ( Ry )/:]2 Ry d Ry’ , (19)
¥ 2Bm1 eo re Ly rg
i3



rjie
REDJ(RII? = Fﬂ"{F'L: fn]_.

Vinrerpan B ypasHennu (19) npu n3meHennn y=y/Rr, oF
Hyad 10 eZHBRIB paBeH

1
g=|[l —n":®ndn = 0,1286,

; @)
a
VuuTBIBAdA, 4TO DAaCXOf, 2KEKTHPYIOWETo rasa G;z'plw]m?? H
Gy + G, y
oTHOWeHHe (/0 = -‘—;_—“— =1--4¢, w3 ypasuenuin (19) u (20)
1

HaxXoAHM

OTKyIa

my= 5o (L+ )" = k(1 + g1, (1)

B ceorBercrnu ¢ ypaswesmamn (9) u (20) rosdduument

0,0868 o o
ku——m = 2,02:2

ILas yuacTka CTpyH OT cOnJa A0 MeCTa CONPHEGCHOBEHHS CO
CTEHKOH HOJYYEeHO ONHC H3 OCHOBHBIX pacuyeTHbix yPaBHEHHH
3KeKTopa

my = 2(1+ g% (22)

D710 ypapHeHUe IKCNEPUMEHTANBHO NPOBEPEHO AAA  CAydas
9JKEKIHH BO3AYXA BO3AYXOM NPH JOKPHTHYECKHX CKOPOCTIX W
HCTeYeHHs CTPYHU H3 conaa d g>1.

YPABHEHHSI 2)KEKUUH

AJas BbBOAa OCHOBHBIX PACUETHBIX YDaBHEHHH 2KeKTOPOER (CM.

puc. 6) mpumeMm chaeayroune obosHaueHus: m=F3fF); fn=Fy/Fy:
§=F,4/F3;
?wa .
by = P — JUHAMIYECKHI HANGP 3meKTUPyoltel ¢Tpyu
Ha BHIXORE K3 conaa {ceuemue [—/);
f)
V03 ,
hy = y —- IMHAMI{YeCKHH HAMOpP 3KeKTHPYEMOro rasa B
cevyenun [—I7;
?cmwg o
hy = =y — JHHAMHYECKHH  HalGp CMeCH B CEUSHHH

11

Pt Pay P3. Ps — CTATHYECKHE NaBASHHA B CEYCHHSX COOTBET-
crpenno f—I1, a —a, HII—-I{T n IV—IV;

fiy=p3;— p) — HANOP, CO3MNABAEMBIH 3KEKTOPOM;

w
oa=Ps+ P Yeus . namgenue B kKoHue anddysopa;
2g
@ — KO3QPUUHEHT BOCCTAHOBJGHHA AAaBJAeHHA o
antdysope;
¥i, Y1 — YReabHblil BeC 3AMEKTHDPYIOUICTO Ta3a COOTBET-

¢rBenuo B cevenusx [—/ wu ({11,
Yo, Y2 — YJenpHslll BeC 2KEKTHPYEMOro rasa B ceye-
upax coorsercreesno f—I1 u [H—Iil;
Yonm —— YANBHEIH BeC CMecH;

G4 G 49
Yoo = TR = R (23
— 4=
¥ Va2 ¥ V2

B KoHINe HUAABHAPHUECKOTO CMECHTENBHOTO YYaCTKa foje CKO-
poctefl BhipaBHUBaeTcid. B sTom caydae ypapHeHue umnynscos (6}
A0S JEeMeHTa 3KEKTOpa, PAClOoNOMeHHOTO MexAy ceveHHAMU [—f
u [1i—11] (puc. 6, a), umeer Buf

lel Gng

g g

Gty + Ast
£
HAH
2-“113?1 + 2h2F2 - thFs = Fs (Ps - pl)' (24)

Pasjenus obe wacTH ypasHeHus Ha 2/, F| n BLpa3us auHamuye-
CKHe HAnopbl Yepe3 CKOPOCTH, Ty YUM

mips— Py _ g Ventim vaim
2 Ty nwin
Ay
he _ 2 Zowh | 2pef 25)
iy m R ayw? ’
OtHowmeH!IA CKOPOCTENR
G G G, + G
wl:ii;_xo “ = ?2;2; - ‘:’c::r:
BbIpa3uM Hepes KoIQPULHEHRT 3KeKUUH
Wiy L we Udy!
';;‘Z(l-!-Q)m» m_'l_q_r;g'

MoactaBup 3TH OTHOWeHHd B vpasHedne (25), mosyunmM cCHOB-
ypaBHeHHe KeKUHH, OTDaXKalollee 3aBHCHMOCTE MERKAY
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PEONCAEBACMBIM  COMPOTHUB/ECHHEM fl,, AHHAMHYECKHM HAMNOpOM
IHEKTUPYIOWed cTpyH /i, X0 uumueHTOM KeKIN ¢ 11 BeAHYH-
HaAMU 17 1 1}

2(14 gp L 20 =
b . i.__ You Ya . (26)
h m me
HPH&\’I =¥Y2=Yem .
A 2 20 4gp—2n on
iy nt me ‘ _
K. n. a. sxexropa
= Uy At - ﬁi (28)
Grvaly [

Hlas onpegesenns MakCHMANBHON BeJHUNEL K. T 1. B BEIpa-
XeHue (28) mopcraBuM sHAWEHHe A./f; U3 ypaBHeHUA (27), 3arem
HallleM nepByio Npomspoauyio dnfdm NpHpaBHASM ee HYJIIW.

OnrumanbHOe 3HAYCHAE M ONIPEENACTCH BbipaKeHHEM

m=2(14 g)*—2¢°. (29)

s a:mexTopa, B KOTOpOM @Wo=0, n=0;
3HAYeHHe

TOTOa ONTHMAaABHOE

m=2(1+¢g* (30)

COOTBETCTBYET BEJNYHHE, NOJAYYeHHOH U3 ypaeuenns (22) npu awa-
JH3E a3POAHHAMHYECKOH XADAKTEPUCTHKH  3XKeKTHPYIOIeit CTPYH.
Pewas coemectHo ypasrenus (27) u (29), TONYUHM

I, 1 (31}

hl o mt
Ilpu wenonbaoBamdu pacuerHbix ypapHeHHil ClNeIYeT HMETh B

BHLY, UTO BeNMWYHHBI m=F3/F\ u n=F3/F; xapakrepusywor, B coor-
BETCTEHM C YPaBHERHEM HEeDa3PBIBHOCTH NOTOKA, OTHOIIEHHE CKO-

POCTeRl 3KERTUPYOLIErD H KEKTHPYEMOTO Trasop K CKOPOCTH
NOTOKA NOCHe HX cMellleHRs:
— % g .
nm= ( + Q)! (32)
Wy
" 1
= (l+—~). 33)
Wy g

CKOPOCTS 9MeKTHPYIOWIETO Ta32 B BHIXOZHOM CEYEHUH COMIA
AOJMHA BCErja NpeBblllaTh CKOPOCTb cMecH B ceueHnu [//—IJ],
T- € W>w; caefoBaTenbRo, m2>1 npu mobom g, Beauauuns n
H3MeHAETCH B Npefenax | >n2=0.
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KOHCTPYHPOBAHHE TPOTOYHOH YACTH

Conio 3xKeKropa

B comse AABJEHHe KENTHUPYOLlefi AMUAKOCTH MpeBpaulasTesd B

g i BHOH CTPYH.
MHAMUYECKHHA Hanop f; aKTy

8 Ha puc. 7, @ 0OKasaHa cXeMa OAHOIO 13 BapHAHTOB Comaa

razocTpyHHOro 3xeKropa. PacxoaHE K03 QUUHEHT TAKOTO COMJAA,.

paccqliTaHHbIﬁ [0 ONGLITHBIM HaHHbIM, paBedH (L8827, uTo COOTBET-

cTByeT OOBIYHON UWJANRAPAYECKON Racalke. Bonee addexrusec

Puc. 7. Conno skexropa

KOHLE-
YacTH

COMIO €
OnrtuManeskas

OHJAHHIPHYCCKHM  YYAaCcTROM  Ha

KOHHUeCcKoe A
AJMHE  UHJIHHAPHYECKOH

(puc. 7, 6).

4e=0,25D. Pacxozapit koaddHIHSHT TAaKOTro COMJA BO3pacraer Ao

0,97—0,98.

Ecmit B KauecTse IHEKTUPVIOWLEl CpeAbl HCHOAb3YIOT Ta3 HJH
BOJIsiHELe MT2PHI, TO KOHINECKOE COMIO ¢ LHNHHIDHYECKOR YaCTBIO HA
BBIXO/e NPHMEHAIOT NPH CKOPOCTH KCTEUEHHA HUME KPHTHUECKOH,
T. €. Pl OTHOWIEHHH JT4BAEHHI

_P_l > ﬁkps
2

Tlle p;— DaBJdeHHe HA BBIXOZE M3 COMJAa B Kro/MmY Po— LaB/enue

Mepen CONMOM B Kre/M? fip — KPHTHUECKOE OTHOMIEHHE LABJEHHI

Np=0,528 ans ABYXaTOMHBIX Ta30B: Mxp=0,546 Aaa meperpersix

BOOSIHWIX MapoB; syp=90,577 ANd HacBIIEHHBIX BOZSAHBIX MApOB.
CKOpOCTb HCTE@YEHHS TA3a Ha BHIXONE H3 CONJa

P
p &
wl-_—'H]/ng_lpoUoll_‘(p_l)kJ s (34

Po

| — pacxoiHbldl kKo3ddHlNeHT;
Vo — YAEAbHEIH 00beM ra3a nepej COmaoM B MS/Kr:
k — nOKa3aLewrs ainabarsr

31ech
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kR=1,4] — 154 HDBYXATOMHBIX ra30B MNPH HOPMAJALHEIX
VCAOBHAYX;
£2=1,0354+0,1 x — pas RACHLIEHHOTO Napa CO CTEUEHBIO CYNO-
CTH X,

k=1,135 — 145 cyX0ro HachILeHHOTO Mapa;
k=13 — aas neperperoroe napa,
; . 0
IMpu OTHOIEHNH NABJIeHHE—— < T, B COMJe B KHHETHUECKYIO

e
SHEPrHIo IpeBpallaerca TOMABKO HACTE Honwod paﬁOTbI PACIUHPeHNA.
Tas pacmupaercd 00 KPUTUYCCKOTO  AaBMeHHS Prp=Mxpfy, MPH
ITOM yCTAHABMHBALTCH CKOPOCTD HCTEUCHHA

Whp = ]/ 2 1{—1" P . 35

HdanpHefitiee npespaliienne paGoThl pacliHpPeHHs Ta3a B KHHe-
THYECKYIO SHEPIHIO MPOUCXOXAT 2 MPHCOSAHHEHHOM K CyKaloueiics
YaCTH COMIA ¢nerka paclipawedics yactd. [as uad nap, npeiing
CYRaIOWYIOCA 9acTh, NPHOOPETAeT KPHTHYRCKYIO CKOPOCTD Wy C
3TOH CEOPOCTBEM OH MOCTYNAaeT B pacliAPfiOIUYIOCH uacTh, 1€
TpOAOAKAST PACHIHPATECSA, BCTPeuas NPH CBOEM NBUMKEHHH YBesH-
qUBAIOIIHECH CeUeHHs. YTOJ PACKPHITUA Daciupsileficd 4acTu
npuHEMaioT paBHEM 6—11°. CkopocTh Tasa B KoHUE paclinpeHis
ONpenejalT RO ypaBHeHHo (34).

[Taowane cedenns y3Kod 4acTH CONAA QNpefendioT Mo (opiy.e

G
Fop= ——ter—— 36
P Prmax ]/Pt-f Ug ( )

rIe G, —B xrefe;
Prmax — KOdPOUIUEHT (Pmax=2,14 1A ABYXATOMHBIX Ta30B
H Pmax=2,03 174 DeperpeToro H HachILEHHOTO BOAA-

Horo mapa).
[Maomask cedeHHus coOMIa Ha BLHIXOJe
1
G10; Gity / Po \ %
F=-21= -2 . (37)
Wy Wy 1

BxonHoi yuactok

Bxoaso#i yUacTOK, MK KOJJIEKTOD, ABJAsIeTCA oaHHM H3 palouux
3/€MEHTOB 33KeKTOpa, B KOTOPOM MPOHCXCAHT YCKOPEHHE 3IMReKTH-
PyeMoil cpems! 3a CYeT BCACHIBAMOILEr0 ASHCTBHA IMKEKTUPVIOUICH
ctpyu. Koanekrop o6LMHO BLITOIHAETCH B BHJAE VCCUEHHCIO KOHyca.

Jiaa onpeaensuya aanbofee LenecoobpasHofi GopMEl BXOIHOTO
VYacTKa NpoaHaJH3UPYeM XaPaKTep H3HOCZ YYTYHHOTO KOJNeKTopa
THAPO2JeBaTopa, YAANIKILEro LLNAaKO-BOAAHYI0 cmech. Ha pwe. 8
TOKA3aH YYTYHHBIA KOJJEKTOD CO CMeCHTEAbHBIM WHIAMHIPHISCKHM
yyactroM mbcne 120 u pabotel. 3a 37O BpeMsa nPONYyUleHO 0OKO0NO

18

450 r wnaka, Ha puc. 9 n3o6paxeH BXOIHOH # CMeCHTENBHBIR
VYACTKH KOJJeKTOpa, H3HOIIEeHHOTO BCAeACTBHE HEeCOBMNageHHS
ocedl conaa n aKexropa. CKBO3HOE OTBEPCTHE B CMECUTE/IBHOM
yyacTke 06pa30BaNoCch NOCAE NPOXOKASHIIA NPHMEPHO 370 T mwaaka.

& 78g

RER

Pite. 8. Konsextop rHApPO1€BATOPA 149 LIIAKO-BOASHON CMecH nocde yaafe-
pra 150 T 1maxa  (IUTPHX-NYHKTHDHOH JHENeH NOKA3aHa NepBOHAYANBHAN
dopma Konnekropa)

Puc. 9. Koanektop rHaposaeEatopa LJA ULAZKO-BOASHOH CMeCH 13HOUICHHBI
H3-3a HeNPABHALHOTC PACHOJOMEHHA c¢omna (WTPHX-HYHKTHDHOH Juduel no-
Ha3aHa NephoHAYaAbHad dopma KoUIeKTopa)

[Tpoduar paBHOMepHO H3HOINEHHOTO KOJJIEKTOPa COOTBETCTBYET
YPaBHeHNIO JeMHHCKATH  (X%24-y2)?=a(x?—y?) npu a=19D.
Hceaencpatie KpHBOH HeCHMMETPUMHOTO M3HOCA [aJ0 YPaBHEHHe
AEMHAHCKATH npH a=2,2 0.

Takum 06pa3om, BXOZHOH YUacTOK, Jaike eCau OH BHNOJAHEH 1O
Ipon3BQAbHOH KpuBoiH, nocie paborkt npuobpeTaerT o6TeKaeMyiD
hopmy aembmcxaTh. CaeIoBaTeNBHO, AAA  YBEAHUEHHS CpoOKa
CAyx0r (ZOCTHKEHUS PABHOMEPHOrO H3HOCA CTEHOK) ¢iopMa KoJ-
IEKTOpa AO/KHA COOTBETCTBOBATL YDABHEHHIC JAEMHHCKATHL Dep-
BYa1au apn a2 D.

B swexrope, yaaaswowmenm oiHohasHyl cpemy, Koria H3HOC
OTCYyTcTBYET, 174 JOCTHMKEHMA MEHBUIHX NOTEPb ApH BXode OpO-
PHaL  KoasexTopa Takie cAEIyeT BMIONHATH MO JIeMHHCKATE.
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[TapameTp o mMomer ObITH BHpaH, KaKk yka3aHO Bbllle, paBHBIM
ABYM AHMaMeTPaM KOAJeKTOPa HA BLIXOML.

Pacemorpum cxemy mocrpoeHnst npoduia KoaaekTopa (inadao-
Ha) Ajaa nuamerpa D=70 mm (puc. 10). Hepes touky 0 moa yriaom
45" K JIMHMH COMPSKEHUA KOAJNEKTOPA €O CMecCliTedeM NpoBeleM 0Ch
atcunce (x, ga KOTOpO# OTKAAObIBAEM oTpe3ok a=2D—=140 mm,

B xouue storo orpeska (vouka A} BocCTaHaBAHBaeM [epleHAHKY-

X
7
8
2 10
>y
4
13 8
p
2 + 2,
4 % ki >
r g : N %
s L7 Iy *
75 gl
2 % I}
RN 2 NN ¥
17 by 4 fo EE

6

tn
<
o

k +
D29 um
x

ng

Puc. 10. Cxema noctpoenia npoduisd KOJREKTOPa €0 CMECHTENBHBIM YYACTHOM
mraMerpom D=T0 mwM

JASIp B OTCEKAeT Ha HeM orpe3ok npamoil AB, paBuni a. Hanee us
nertpa 0 papuycom 05 nposoanm ayry Bx. VI3 sToro e uedrpa
OpOM3BONBHBIME pampycaMi nposonum ayrir £, [, [0, IV, V, Vin
OTKAaleeaeM 3TH paauycer Ha AB, B34B 3a uearp Touky 4. Pac-
CTOSHHSA OT ROJAYYeHHBIX Touek ([, 2, 3, 4, 5 u 6] nc ueHtpa 0
OTkJZAHBaEM OT TOUKH & Ha oce Ox (orpesxu 0~7, 6—8, 0—9,
O0—10, 0—11 n 0—12). VM3 NoAyYeHHBIX TOUEK BOCCTAHABIMBAEM
NepresauKyAdIpH, TOUKI NepecedeHHd KOTOPEX ¢ ayroBt By coenu-
Hsem ¢ HedTpoM O, Dty paanycw 0—I3, 0—-14.. 0-—18 nepecexaior
cootBetcTRyiomue ayrn £, f/, ..., VI B Toukax, nemamux Ha JeMHH-
ckare (a, b, ¢, d, e, f). Touka & neMmHiCKaTH, ylaiehHass 0T OCH
akexTopa MN Ha paccrodnMe, paBHOe pajfMyCy BXOAHOTO OTBep-
CTus, ABASETCA HAYANLHOH TouKOH padodell wacTH KoAnexTopa.
E Touyke 0 konjexTop UepexoaNT B CMECHTENbHLIH YUYACTOK 3IKeK-
TOpa, MiaMeTP KOTOPOTC NpeABAPHTENbHO ONPeAefsiiOT PAacyeToM.

2

Jnddysop

Hasunaueuune nuddysopa cocToHMT B NpeoHpasoBaHuH AHHAMH-
wecKOro HAUOPpa NOTOKa B CTATHYECKOE NaBJeHue. ¥YTOJ pacKpbiTud
rud@dys0pa op W OTHOWEHNe IVIOWaZeHd COJBIIErO ¥ MEHbLIETO
ceuertfi §=F,/Fs onpepenslor BeanuuHy Kodddmiiedra BoccTa-
HOBJAEHHA AaBaeHHA

P = 1 "_'(E‘rp +§p+§3ux):

11e Erpr Epy Sewx — KOS(DOHIHEHTH NOTEPh HA TPEHWE, PACHIMpEHHE
H € BHIXQAHOH CKOPOCTLIO.
3HaueHHA 5THX Koo (IIUMEeHTOB OHPEAeNRIOT 10 QOPMYAAM

0,002 /s2—1\ e s—13\2
W s ) %p_sm%( s )
Sln_2-"'

1

&Bux:: _s?‘

C. A, XpucTHaHOBHY OTMedaeT 3HAUUTEJNBHOE BAHAHWE AKDDY-
sopa Ha 3(pdeKTuBHOCTD PaBoThl 3:KEeKTOpa H PEKOMEHIYeT LeH-
TpadbHbifl YToa packpHTHA AHPdY3opa BeiGHpaTs HeGOJLUIMM —
fnpHMepHo 6°,

[Tpu manoMm 3HaueHHH § Npec(aalamdT OOTEpPH ¢ BLIXOAHOH CKO-
pocTBio, a Npu $>4 — norepn Ha pacunpedne. [Ipu yrae packpsl-
THa Gonee 14° norok suyTpn andhysopa He 3ano0jiHAeT PABHOMEPHO
Bce ceyende. B CBA3K ¢ 3THM YBelHUMBAeTCA HUHTEHCIIBHOCTH BHXpe-
06pa30BAHUA BAGJIE CTEHOK, BO3SHHKAIOT 00paTHEle TOKH, 4 BeIHUYYHA
kozdduupeHTa @ De3ko NamaeT. 3HAYEHHS ( MOMKHO OMOpelgintThb
10 32AaHHBIM § U ag (Tada. 1). _

[lpu pacueTe 3:KeKTOPCB BEJHUHHY ¢ NPEUBAPHTENLHO NPHHH-
Mator papxol 0,8. Jauny mndydysopa ONpenesddT U3 BblpaKeHHs

[, = 24— Ds (39
2 tg 2.
€72

CsecuTenshunii yuacTok

HasneHne B KaMepe pasperieBHsl Ha PAcCTOAHHH X OT BHIXO-
HOTO CeveHHH CoONa JO CeUEHHH, TAe KERTHPYIILAs CTDYA CONpH-
Kacaerca co cTeHKaMi, MPAKTHYECKH OCTAeTCd MOCTOSHHEIM; Pa3BH-
THE CTPYH Ha ITOM YYacTKe XapaxTepuayercs AnHaMHUeCKHMH
CROlicTBaMH cBoBonHON crpyn. Kak BuAHO U3 TeoMeTPHYECKOTO
nocTpoenud (¢, puc, 5), paccrosHue

¥ = 6D, + Da=2.T4Ds ;fg’g‘”)* , (39)

The 6 =" — pauHa HAaYaJBHOTO y4acTKa,
21
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Pa3menur ofe uactd ypaBHedus (39) ma mmamerp D, BBHIXOAHOrO
cedeniid Cofnaa, NoayinM

% VL — 2,78 o
o =0+ e 0

afgecs My =F./F).

B vea0BUAX oRBbiTa PANHVC BHIXOAHOIG CeveHHs comja R;=

=14.15 MM, TloJ0BHHA yPAa DACKPHITUA CTpyH O=10°, paauyc
CrpyH B cedernn ¢-—a R,=R;=78 mM. IlloactaBup wusbecTHo(e
aedudHnbEl B ypasHeHne (39}, Haxopum x”=392 mwm. ITpu paccros-
wui OT COMJA 70 HauaAa UHANHIPAYECKOTO CMECHTEeNbHOre y4acTKa
1=300 MM cTpys conpHkacaercd CO CTEHKaMH LWINHAPHYECKOTO
y4ACTKa HA PaccTodHnd ot comna x” —{=392—300=92 mm.

"~ ®dopmyaa (40) enpaserausa LAs OCHOBHOIO YYacTKa CTPYH,
korna ¢==095, a Beanuuda mi onpelenfercsa ypaBHerHeM (22).
[MoncTaBuB 39avedne m; B ypaBacHue (40), noayunm

" (1+gy2 —2.74
D, =6 21g® : “n
Mpu 8=10° _
414 g—18. )
by

Ha pacCToOAHHAH x” or comnja JHaGMeTp CMGCHTEJII:HO[‘O Y4yacTka

MOXHO HaATH U3 ypaBHeHHA
2

Ze _o(t+qp,
D

OTRYa
D, =1,42D,(1 +q). (43)

JI. I. DBepMaH Ha OCHOBaHHH TeOpHH . CBOGOAHOH CipyH OpH
PaBHOMEPHOM TOJe CKOpOCTeH KEeKTHPYOIled CTPYH Ha BHXOAS
#3 conJja BriBeJ AJd OCHOBHOTO vuacTka (hopmyay

2
=2,43(1 + 9)%

1

OTCIORA
D,=1,56D;(1+¢q). - 44

Hna HawanbHoro yyacrtka crpyn npu g=<<| JI. JI. Bepman noay-
YHIT ¢1e IVIONIHEe 3ABHCHMOCTH: .

my = 0,97 (1 + 9,149);
D,=D;V0.97(1+ %149 ; (45)




" 0,147D F
i Fi

rie a=0,06+0,09 — Kospuuuentr cTpykTypsl CTpyH.

OddexTusHas padoTa 3KEKTOpPA BO MHOFOM 3aBHCHT OT [0J0-
AEHHA COMNIA OTHOCHTENBHO CMECHTRNLHOTO YHACTKA H €r0 MAHHb fo.
[Mpu Gonpwiofl ANHHE LHMBAPIYECKOTO CMECHTEIbHOTO y4acTKA
f0Jie CKOPOCTeH K Havaay Audgysopa BHIDABHHBAETCHA, UTQ CO3JAET
HOPMaJibHBIE YCNOBHA ero patoTal, C yBeduueHHeM [y BO3pacTaloT
noTepH Ha TpeHue, [IpH KOPOTKOM CMECHTENbHOM YYacTKe npolece
BHIDABHUBAHMA NOTOKA NEPEeHOCHTCA B AW(yaop, uTOo Aumb A0
H3BECTHOTO Mmpeleta /; He BBISHIBAGT yXyjahieHud paboThl 3IKEK-
TOpa.

B onbrtax, nposemeHHsIX HA 3MeKTOpe ¢ MHIHHAPAYECKUM CMe-
caTeqibHbiM yyacTkoM, K. K. BayaumbiM opuenTHposOuHO nonvuensr
CHEAVIOIIHE ONTHMabHble COOTHOMEHHA pasMepoB: l/Ds=5 npu
m=9; lh/Dy=4 npn m=4; l3/D3=35 npuy m=178. Tlpu m>4
paccTodxie OT COMAa 10 HAYaja CMeCHTRNbHOTO LHJIHHIPHYECKOTO
vyacrka /)= (1-=-2)D,.

[IpoBefs OMWITHL ¢ BOSAYIIHBIM )KEKTOPOM HH3KOTO NasJeRH,
. M. Tonmeprepx Hamien, 4ro ONTHMANbHAS BeaRdiNa I} 2aBucur
OT AVIHHDL fp WHAMHADPNUecKoTo yuactka. [pn lo=0,85D: ontuman.
HOE paccroanne po comxa H=(2,0+2,5) Dy, a npy {,=3,6 D3 onra-
MaabHOe paccrogune 1= (0,8-+2,0) Ds; B noc/ienneM cayuae mMeHb-
mywo Beanunny (4=0803) caegyer mpumaMarb Ipu CKOPOCTAX
BBIXO/1# rasa U3 comna wi<<5¢ m/c.

OntumanbHoe 3HaYeHHE DACCTOARMA OT COMMIA [0 CMECHTENbHOTO
Y4acTKa ONpeleseHO B ONblTax, nNpoeefienunlx po BHHUUMT uma
SKEKTOPe ¢ UHAMHADUYECKHM CMECHTENBHBIM  VGacTKOM  ANHHON
[z=640 MM 1 AHaMeTpoM B Mecte CONMPHKOCHOBEHHA CTPYH CO CTeH-
Kolt Do=D3=156 mM. 3a cMecuTeAbHEIM YUacTKOM GbLT YCTaHOBJAEH
Auddysop ¢ oTnolenneM mnomiaieli S=F,/Fa=244 npu manse
I5=800 mM. Mcoerraubl comma Tpex nuamerpos Dy 81; 297 u
28,3 MM. COOTBETCTBEHHO MBMEHANACh M BeJHUNHA m=(Da/D)?:
370, 47 u 30,4. Pacxon 3:KeKTHPYIOWEro BO3dyXa H KozddMiyeHT
HeKunun  cocrapafau: G =100 kr/u u ¢=105 npa m=370;
Gi=316 kr/u u g=3 npu m=47;, G,=240 xr/u u ¢=2,81 npu
m=304. IlonoxeHne cofleq U3MEHSNn mHepeMelieHNeM HX BIOJb.
ocH. Hanop ky, coznaBaeMblil 3IKEKTOPOM, ONPEAeIsLtI O pPasHocTH
- AasgeHnli B cevennax [V—iV uy I—1, a taxwe L[] n I—!I 4ro
COOTBETCTEOBANO paloTe 3KeKTopa ¢ AHPPY30poM H Ge3 anddy-
3opa.

PesynibraTsl onbITOB NpeacTaBaAcHH B BHie rpaduka {puc. 11),
Ha KOTOPOM MG OCH OPAMHAT OTJNOXKEH HAmop f, a4 Ho OCH ofC-
LHCC — aBco/TIOTHOE H OTHOCHTeqbHOe (B OTHOLIEHHH K D.) auaue-
HHR NiepeMennoro pacetoduus . Kpueble noxassisaier, yTo upn
AMHe cMechTens lp=640 MM H3MeHeHKe pacctosnuas /i B npegenax,

1 ) = —Oéi Da—D), (6
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(ka3aHHbIX B Tadd, 2, He OKa3blB2eT 3AMSTHOTO BJAMSHHA HA paGoTy

3}{{EKT0133‘
TaGanua 2

PaccrosHne {; B 3aBHCHMOCTH OT Mt

I, B MM OAA 2ReKTOpa
m x" B MM
¢ andibyopor | 6es Tuddyzopa
370 100—300 2803-—400 483
47 70—320 200—400 400
30,4 70—400 183—400 392

Vxyamwenne padotsl axexTopa Oes Audpysopa ¢ }’Meubmeﬁ}mem
paceTOsiHUA I HHMKe YKA3aHHLIX B Tald. 2 BeNHUYHH MOMXKHO 00BAC-
HHTH TEM, UTC HA OCTaBlIeACcH HJHHE [ey TOTOK NOKHAAET CMECH-
Te/bHBIA YUACTOK C HEBBIPABHEHHBIM MOJIEM CKOPOCTEH.

F.men Bpd i .'
P Sy S S——
B¢
27 ””‘,_-- R
59 / i
//o’ & 4 .
4 p (T "]
30 —
] e
o
ool i
9‘ ] w0 06 300 400 (MM
g a5 12 15 20 2,.‘:(' /By

Puc. 1i. 3aBHCHMOCTE HAIOPA, CO3NABAEMOTC IHEKTODOM ¢
neddysopod {(cnAoWHEe Juhuu) H Oes Anbdysopa [Im’rpnxo-
BBl NHBHA) OT paccrosumu fy npu D, =156 mu:

7 : g =47
— w31 MM, A=370, ge5 2—-npy D=227 mm, m R
f—npw o g=3% §—ope £0.=283 mm, m=304, ¢g=2,8{

B swexrope ¢ nuddysopom peamunsa [i/D, wmoxer GuTh

YMeHbulena no 0.5 6e3 3aMeTHOIO H3MEHEHHA Hamopa /. ’
Pacerosiune 1, +/; or comna A0 KOHLA CMECHTEIbHOTG yYacTKa -
SABHCKT QT gauHbl CTPYM X7 W AAUER [gn YYaCTKa CMECHTeJs, Ha
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KOTOPOM MNepeMeldBaioTcA TOTOKH ROCAe CONPHKOCHOBCHHA CTPVy
CO CTEeHKaMHI :

lfl 4 2‘2 = x" -+ lcmv (47)

rae x"-— nauHa, paBHad B COOTBCTCIBUR C ypasieruem {39) 392,
400 u 483 M.

ITo nanreiM Taba. 2 n ypaBHeHHo (47) HAXOAMM AJS 3IKEKTODa
¢ auddysopom:  low/Da=17+3,0 npy m=370; [./D,=20+38
npn m=47; lem/De=2,0-+4,1 npu m=304.

OnTnMa/bHOe pacCTOsiHAE lon BCEX Tpex
6biTh APHHATO PABHHIM

HERTOPOB MOMeET

Iy = 2,5D,. (48)
Jas swexropa 6e3 auddysopa: lew/D.=2,8-+3,6 npu m=370;

iemiDe=2,8-+4,1 Ipn m=47; zcM/Dﬂs.= 2‘75+4,2 npun m =304,
OnTuManbHoe paccTosIHEE
las=3,5D,. 49

Orciona cnepyer, uto paccrodide /i+lo RIS 3KeKkTopa Ges
anddysopa Gonble, YeM ang 3mexTopa ¢ AndyzopoM, Ha AHa-
MeTp cMecurens D,.

PACHET TA30CTPYHHOTO 3)XEKTOQPA

TpeByeTcs pacCumTaTh SMextop {cM. pue. 6,6) pam oTcoca Bosnyxa; Ga=
=300 wrc/y, cONPOTHBhCHHE BCACHIBAIOIEH CRTH =05 MM BOX CT., daBMcHHE,
CO3AaBaeMoe WeKTOpoM B cedewnn {//—I1 (nepen BxonoM B mmddysop), ps=
=5 Mm Bod. cr. Hanop, cosmasaembili smextopom Gea pnddysopa,

By = p3—py = 5 — (—5) = 10 mm Bog, cT.

3anaemca penuunHOfl Koz(pdHUNenTa 3mMewiy §=23. P2cXo] SMEKTHDYIOULETO
B03AYXA (B CILJOBBIX eHMIIAX)

Gy = (Gafq = 90073 = 300 krefy.
[lpn wy=0 n, cneposanensuo, =0 no ypamlreewam;( {30) u (31) maxozmm
m=2 (14 )= 2(1 4 3)t =32
fy = hegm = 10.32 = 320 M B0, CT.
JlasaeHne 3KEKTHPYWOIEro BO3AYXA Nepel COMAOM
po=1,18; =1,1-320 = 352 sm poz. cT.

CKOPOCTE HCTEYCUHA H3 CONNA
Sah / 18762, 396
wm=1/ =t =1, T = 12,3 W
1 l/ 7 ]/ 1.2 »3 /e

Tie v —yﬂe.;'!be[ﬁ BEC BO3AYXA Ha BHIXOAS H3 Conna.
H.’ICH.{&,ELI)_H ARAMETD EBBIXOAHOMC CeHEeHH R CORAa

G 300
Fy = — _ N
1T 41,3600 1,2.72,3.3600 0,000962 n2;
Dy = 35 mu.

ﬂ,"JOl.T.la,Elb CROSHHEA H AHAMETR HMAHHAHYSCKOTO CMECHDENBHONO YU3aLTKA
Fg= Fym= 0,000962.32 = 0,0308 m2;
Dy =Dy /m =85732 =198 ma.
Cm}pOCTb rd3a B KOHIE CMECHTEJABHOTO YRaCTKA
Gen 900+ 300
B8 T 3600.F,  1,2.3600-0,0308

=9 mfc.

Eoms B KOHI@ CMECHTeNBHOFO YYACTKAa YCTAHOBHTD AM((Y30p C YIMIOM pac-
ZpHTHS az=8° W oTHOWcHWeM $=2, 10 KO3(QUIASHT BOCCTRHOBAGHHA LABACHHSA

{cu. 1aba. 1) o=0,694. Jasnenne 3a auddysopom

b4
Temilly 1,2.52
= = 94

== 8,4 MM BOL. CT.

Mpollass H EHaMerp KoHeyHOro oedeHus Auddysopa
Fy= F,s =0,0308.2 = 0,0616 M2,
Dy = 280 mm.
CropoCTh OBIKEHYA TOTOKA W WHCAC Re B HArHETATeXbHOM TPyGOnpoBOae
(nnamerp Di=280 MM}, yCTAHORIEHHMOM 33 Auddysopo,
twy = wys = 9:2 = 4,5 m/c;
ywD, 1,2-4,5.0,28.108

an . 9,81-1,85

Re =

rae 1=1,85- 10-% krc - ¢/m? — DHHAMKUSCKEN BRSIOLTY, ;
CooTpeTCTRYIOWNHA 3TOMY gucay Re anst iepoxopaThix TPyo KOHPPHILHERT
conpotneaeRna A=0,022,
Odmmy L narAeraTenbROro TPYSONPOBOZA MOWHO ONDRISAHTD U3 YpaBHeHHS

pp = By B Q02245 gz
D, ¥ 22 0.25.19 62

[Ae Ap — compoTHBARNte TPYOONpPOBORA Aauwofl L.
Mpn py=8,4 MM soa.cT. L=86 m. )
PaceTonune x” o7 conia N0 MECTA CONMPHKOCHOBSHHA PACLIHDAKILIEHCT 3HeK-
TUPYIONIEH CTPYR CO CTEHKAMM UMTHEIPHYECKROTO YUacTKa ompejenseM 110 ypas-
Bemte {42);

=Dy 41+ 9)— 1,8 =354 (14 3) — 1,8] = 498 mm,
Hdnyny oMeCHTEIBHOTO YYACTEA OT MECTA CONPHEOCHOBEHHA CTPYH €0 CTeH-
Kamd mo guddysopa #axoalM no ypaesemino (483
by =2,6D, = 2,5-198 = 495 mm,
T0r5ka
xf Ll =1 + I = 993 mm.
Pacctoduue [, oT comna qo wauata UHAAHADHYECKOrD YUaCTKa NRHHHAMAaEM

Ha 05 Dy menpwe £
L =x"—05D,=493—-05.198 = 400 mu.

Torga
Iy = " Loy — 1 = 993 — 400 = 593 mnt,
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Janva andyzopa

Dy — Dy 280 — 198

I, = = -

3 « Tigt° 585 mm.
2tz >

B sxerxrope Ses aubdyeopa uaMerp Hanopuoil (BEXACTHON) TpySR Dy~
198 M. CoNpoTuBieHie, KOTOPOE MOMET HAPCOAOIETH IKeRTOp, Ap=pi=
5 mM Bod, cT. Jlanna wanopHoH TPySH

ApD,2p 5-0,198.19,62
I = = =9M
M’mé ¢,022.1,2.92

Hna cpappesms paccauTaes amekTop (oM. pHe. 6, @), paboTAOMME Ha RpHE-
EHNE MCIOGIb30BAHEA CKOPOCTH NMCICHIBIeMON CTRVH. .
[lo ypastewsno (22):

my=2 (14 g)t =2l 3)z = 32,

lpumen nnomans Fa ceueHns 7S TPOXORA 9IKEKTHPYEMOTO BOSAYXA B MJIO- .

CKOCTH KOHEUHOTO {eUeHHA conaa pasnoll Fq. Torma

ToacTapuy MONYHEHROS SHAYCHHE f B ypaBHEHHE (29):

m=2 (1t g)* — 2n — my — 2> —— |
iy
OTKYAA
# _ 32
" (1+ 2q2) gy 00
"y ( + 32 )
m 20,5

= —-—=—’:0

n iy 32 ,64

Huravmveckudl nanop smexTHpyIoNEed cTpyn
Ay == Bem = 10.20,5 = 205 mm Bog. cT.

llame-Hnne BO3IYXA MEePRL COTOM

Po=1,17=1,1.205 = 225 mm BoOA.Jer,

CKODO.CTL HCTEYEeHHI H3 Conaa
Dok T19,62-006 '
iy = _— _— 5
' l/ Vi l/ 1,2 8 wje.

H.TIOI.I.lﬂ,.'lh H JHAMETD BBRIXOTHOND CeYeHHdT CONAa

Fpm —9__ 300 0,002 m2
PTGy 3600 T 1,2.58-3600 0o M
Dy = 39 .

28

{InomwiafAb ¥ AMAMETD BXOAHOIO YyacTka (KOAMeKTOPa) B MOCTE COTPUKOCS
{ogeHHA CTPYH €O CTEHKOM :
-Fa == m1F1 = 32'0,0012 = 0,0384 Mz;
D, = 221 mm.

JlnaMerp MHIHBIPHYECKOTO YIACTHA 3HEeKTOpa
Dy=Dyy'm =39720,5 = 177 um;
Fo= Fym = 0,0012.20,5 = 0,0246 m2.

TIpoRoaLHbe pasiepbl SekTopa 1o ypashesnsm (39) u (48}

" = 6Dy -+ Do— 2,70, ;tzg,gml 630 =20 ;t:’lzf'Sg = 580
by = 2,6D, = 2,5.22] = 552 Mm;
" A = by 4 Iy == 580 - 552 = 1132 .
PaccToaHue 1-‘| QNpeaes H2 BHPAMEEHHA
o —x" = ‘[;_6123 = 2;31tg_7]57’3 = 167 MM,
iy
rae o, =15%
I = &” 4 167 = 580 - 167 = 747 mM,
J:LJ'P.HHF& UHAHHI YL CKOre YT aoTia
ly = 1132 — 747 = 385 mm.
CKO-D'OCTB rasa B ROHWS CMEOHTENBHOrQ YUY4ACLTKA
Gy 900 - 300 — 11,3 wre.

B8 = e 3600-F,  1,2-3600.0,0246

Hudpysop BaGupaey ¢ yraom packpuiras ;=8 u omaowenuen s=2.5. Ko~
shuupenT BOCCTAHOBMEHWS Lapresua B aaddysope @=0766 (oM. Tadw 1).

aBrenhe 3a Anddyzepou
Yeu w% i, 211,32

19,62 = 11 MM Bop. cT.

Pa=p3+ ¢ =5 0,766

Hduanmerp u Aanpa auddyzopa
Dy=D,y's = 1774/2,5 = 280 m;

— 280 —
Iy, = Dy~ Dy - 82t 4]077 = 735 MM,

M3 npeeegemnorc npuMepa BHAHO, 4TO 3IMEKTOP, NEHCTBHE HOTOPOTO OCHO-
B0 na wenogbIOBAHMH CHODOOTH SHEKTHPYEMOH CTPYH W, MOXeT palfoTarh.
UPH MeHblweM naBACHHH [a33, UeM SHeRTOp, PadoTaloluil 6ea HCNONb3OBAHHA
CKOPOCTH sxkexmHpyeMOfi CTPYH. _

2%



I'masa II. PACYHET U KOHCTPYUPOBAHUE
MAPOCTPYMHBIX 32XEKTOPOB

ITapoctpyfineie 3:eKTOPE OOBIYHO NPHMEHSIOT TIpH HEOGXOMH-
MOCTH OOCTHXKeHUA HOCTAaTOMHO GOJMbUINX pazpemenuil. OcraTounoe
JasJeHne OkoA0 80 MM pPT. CT. MOXKeT GHITH CO3JAHO OAHOCTYNEHUA-
ThIM 3KeKTOpoM. DoJsee rayBoKuHil BaKyyM MOJYYAOT ¢ MOMOLILIO
flOCNeT0BATENDHO YCTAHOB/JRHHBIX OAHH 32 KDVIHM NAPOCTPYHHBIX
3MKEKTODOB ~— NaPOIKEKTOPHbX Hacoces. OCHOBHBE OPEHMYIIECTBA
NAPOKCKTOPHBIX HACOCOB Meped APYTHMH THHAMH  BaKYyYMHEIX
HACOCOB 3aKAKUAKTCT B CALNYIOWEM:

00JblHe 00DeMHble [POU3BOUATERALHOCTA (3TO OOCTOSTENBCTBO
CTABHT HADOIMEKTOPHbIE HACcOChl B COBEPLUEHHO HCKAMYMTaAbHOE
NOMAOKEHHe NMPH HeoOXOAMMOCTH YLEAJMeHUA 3HAUHTEABHOTO KoJHYe-
CTBA rasa; yiXe npd pacxode raza [00 xr/u ¥ ZaBaeHus BCacBIBAHHA
HWKe | MM PT. CT. NPAKTHYECKH HELENeCOOBPA3HO HPHMEHATD ApPY-
THE THIbl BAKYYM-HACOCOB M, B YACTHOCTH, MeXaHHYECKHe);

BOSMOMKHOCTh  HCIQAb30BAaHKHA OpOCOBOTO Mapa, KOTODPHIH B
B30bITKE UMeeTca Ha Gofblieli 4aCTH MPOMBIILIEHHBX TPeLnPUATAHLL

He3HaunTeNMbike radapuTHBIE PasMephl, YTO NO3BOASET pasMe-
WaTs HX B JeHCTBYIONIMX LeXaX Ha BeCbMA MAAbX  MJOLIALAX;

1pOCTOTa H3rOTOBNEHUA, He3HAUUTENbHLIE N3IHOC, BO3MOXIHOCTB
pabothl ¢ 3anblJleHHBIME H arpeccHBHBIMH CpedaMH;

SKOHOMHYHOCTE.

Ha puc. 12 [21] npuasened rpaduk cernocTaBieHHs 3KCmayaTa-
LMOHHBIX PACXCACB AJA MAPO3MKEKTOPHOTO U BOJOKOABNEBOrQ HACO-
cos. Kpupbie noaydeRbl I[pH YCIOBHH, WYTO cTolMocTb 1 kBt/u
3JACKTPOIHEPTHN  cocTapqsger 4 nudenunra, 1 t mapa—3 mapky,
I M2 soast — | nennur. Ilpn yzanenns cyxoro Bosnyxa (xpupas2)
Napo3KeKTOPHble HACOCH BHITOIHEE BONOKOJLIEBHIX, HayHHAA C
OCTATOYHOro faBjeHHA Huxe 30 MM pr. cr. [IpH OTKauKe maposo3-
XYWHOH cmecd 3PHEKTUBHOCTL TNPHMEHEHHS NAPO3/KeKTOPHBIX
HAaCcOCOB YBeJHYNBAETCA; TaK, IIPH YAAAEHHH CMECH C COIeRMaHUeM
50% mapa napoakeKTOPHBle HACOCH CTAHOBATCS RBITOIHEE BOIO-
ROJMBUEBHIX YyiKe Npu AaBdedusx Huxe 40 MM pr. of. (kpumas J§).

30

CrelyeT HMeTh B BHAY, YTO IpH HHEBIX COOTHOLICHUAX MEXKAY CTOH-
MOCTAMY 3JeKTPOHEpPTHH H Napa 00JaCTh 3KOROMHUECKH BHITGAROH
260Thl MAPO2:KEKTOPHBIX HACOCOB MONET CABHCATHCA B TY HJIH
HEYID CTOPOCHY. .
¥KazaHHbie npeaMymectsa ofecneyu/H WHpoRoe PacHpocTpate-
yie Mafo3AKeKTOPHBEIX HACOCOB B PasiHuHbIX obnacrax nOpoMblll-

#eHHOCTH W, B fEPBYI0  Oue-
eflb, B XHMHH W MeTAJIyD- ng 5 T

i, Boaee Toro, paspagorka N \: BEMY

TaKHX HacocOB cnocoficTBOBa-  5¢ A et

12 HHTEHCHBHOMY BHEAPEHHIO N\ \; B |
p TPOMBIULICHHOCTb HEKOTO- 7 Ny

phiX fpousBoAcTs. B macros- N .\'*\ L ~.
lee BPeMs NApOIMEKTOpHbIE 7 “iER \M
HACOCH! IIEPOKO MPUMEHAOT B \\ = SUEETE
BAKYYM-XOJMOJUMBHHX,  KpH- \g‘_‘ '.L"‘
cTAaNJAH3AUMOHHBX  YCTAHOB- g B~ .
Kax, a TaKXKe Ipu INpOBeIe- SN |i_“-"_"'§2
HHH TIPOLECCa PA3TGHKH. ¢ I R R R -

Yemeninoe pa3BHTHE B&-
KYYMHOﬁ e torLT Pure. 12, 3aBHCHMOCTB SKCIIAYaTMHOH-
BHJD BOMpoc 06 ofiecnedeHtH B K eeta na 10 - or-
NPOMBFIVICHHBIX  QErasatlMon- o poenofi cueck o AapaeHHS BCAchH-
HbIX YCTAHOBOK BBICORCDRPOH2- mauus [21%:
BOABTEJABHBIM H HaleKHO pa-

| — a8 BoloKOABOEEOrY Hacocs, 2 — gRA
60TaEOLLlHM BaKyyB‘IHbIM 060_ DaposKesTORHONG  Hagora npR - OoTCackiBaHRDn

CYXOre BG3AYXa; 3 — paf NEPO3MEeKTORHOIo

PYIOBaHHEM, npOBEJEHI/]e Hacota npu orcacblaiulé}:‘eﬁ‘l‘n-ﬂoﬁ napoBsci-
AYLEHO®

npolecea erasaunu 6o elinx

KOUyecTs  Meranaa CTano

BOSMOXKHBIM 6narofaps paspaboTke N NPHMEHEHHI0 B BAKYYMHOH
MeTaNIypruy MaposxeKTOPHBIX HacocoB. B nmocnennee necsithne-
THe TOSBHNIACH TEHJAEGHNHA XK BHEADEHHI) TAPOIMKEKTOPHLIX HACO-
COB Ha WHAVKIHOHHBIX W OYroBEIX BaKYyMHBIX [e4ax.

NMPHHUKMD NEACTBUSA U KO3POUUKUEHT MOJE3ZHOIO
AEACTBHA MAPOCTPYHHOTO 3)XEKTOPA

Hapocrpyitubiii awexTop (puc. 13) cocront H3 conia 1 nast
Pacuygpenns pabodero mapa J0 CBEPA3BYKOBBIX CKOPOCTEH, KaMEphl
Paspeswensis aq A0 MOABOJA K 3KEKTHDYOWEN CTpye oTKadnsaec-
MOTO ra3a, KaMepel cMelleHHs §, Tie NOACACBIBASTCA IHEKTHpYe-
Mbifi ras ¥ nepemMelluBaercs co CTpyed pabouero mapa, H Andby-
30pa 2 nas cxiaTHA NapOTa30BCH CMecH N0 daBaeHud Ha BHIXOJE.

Pacumpenue napa 1o pacuetHoro /JaBjeHHA BCACHIBAHNA HE
OuiBaer usosTpOMMYecKHM H3-3a TPERAA W OTePb Tem/a B COMJE.

Tenenn pacunipesns E paGouero napa, paBHas OTHOIUGHHIO 1aB-
CHIA Mapa fMepeli CONMIOM K JABJCHHIO B €r0 BHIXOQHOM CEUEHHMH,

Konegaercs or E=100 mas annmapatoB, OTKAYHBAKIIHX Tas3bl 1;3
1



atMocdepel, xo £=1000000 ana nepepix cTynesefl MHOTOCTYMEH-
uaTHIX HacocoB, paboTalEX Opu jJaBleHHAX
10— MM pr. cT.

B KaMepe cwmellleHHa Ha TI'paHnie KeKTUPYOILEH CTPYH TpomHC-
XOIMT RPOUECC YCKOPSHHS ABNKEHHA MeAJNEeHHBIX MOJEKYJ H 3aMed-

Pacwuperge ' | [Meure- Laxamue
x| | #eE =
)
7 LIPIY. 4 z

Cmpod

Cropocme i

\Jabrsyue

Prc. 13, Cxema mapocTpyiHOro BAKYYMHOTO 3i{eKTopa

JeHnst OBICTPHIX. 37O NPHBOAHUT K YCKOPEHHI® OCHOBHOH MACCH
PMEKTHPYEMOro MOTOKA OT BXOZHOH CKOPOCTH MO CKOPOCTH, NMPEBH-

. INawIed CKopocTh 2BYKa, B 310
I Py B Pr P’ e BpEMa BCACACTBHE nepenaun
0/ 4 JHEPrAN  3HEKTHPYEMOMY OOTO-
4 Ky BHEWIHAR vacTe CTPYH pafo-
uero Napa, <CONPHKAaCaLIANCH
¢ 3HMEKTUPYeMBIM TNOTOKOM, 34-
MenafeTcs, OCTABasCh, OIHAKO,
ceepx3pykosoll. I'parduen pas-
nejia Mexay KaMepciH cMepleHus
H nlpdyzopoM  ABALETCE CKa-
YOK YOJOTHEHHA B 3MEKTHpye-
MOM [IOTOKe, MONOMEHHE KoTO-
pPOTO 3aBHCHT OT pexiUMa pado-
Tbi 2:keKTopa [29]. THocne cxauka
YIJIOTHEHUA HPOJIOMKALTCS NpPo-

Lo

Ay

Puc. 14. TepMmonHHamHuecknit UNKI na-
POCTPYAHOTO BAKYYMHOIO 3MEKTOpA DPH

HODMaAbHOR padote (mmuus ¢—7—j— UECC  YBJCUEHNR  MEQJNEHHOTO

?) W OpH HyJeBoM pacxofie mwekTupye- TIOTOKA  OBICTPBLIM, HO ¢ 3TOTO
" i’ s

Mo# cpeibl {AnHun 0—1"—4") MOMEHTA HaUHHAETCAd  CaTHe

00€HX cpel 10 AaBJACHHA HA Bbi-
Xofle. IJTOT NPOIECC COCTOHT B NPeofpasoBaHHB  KHHETIUEeCKoil
YHEPrHK TOTOKA B MOTEHIHAJBHYIO SHEPTHIO AaB/JAEHHS H He GLiBAeT

H309HTPONHYECKM M3-34 DA3AHYHBIX MeXAHHISCKHUX W TEMJOBLIX
A0TEPb.
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BCACBIBAHHA Q0 HOTO

JiaMenenns, NPOUCXOlAlllie B NOTOKe paGoyero napa Harpymxen-
OAHOCTYTIEHUATOrO 3KeKTopa, N300paxKaloTea B { — S-AHATPAM-
uc. 14 nuuueid 0—I1—1'—4. Pacnonaraemas pabora Raa cxKa-
eXTHPYeMOH Cpe/ibl ONpelesieTc PA3HOCTBIO MeKIY XuHe-
rauecKoil aHeprueil paouei crpyn by n paGotoli ha, HeoOxommMol
ans cxatna palodero mapa 0 AaBAeHHS Ha BEIXOZe ps. Ilpu pac-
pIEpeHHH Napa B HEHATPYXKeHHOM 3KeKTope ”(pacxcm SIKeKTHpYe-
Moit cpexbl paBeH HyJ0) mpefenbHoid Touke I” (anwnus 0—1"—4')
cOOTBETCTBYET MPHHMAaJbHO BO3MOMKHOE JaBleHue BCachiBamusl p,

Ono AOCTHTAETCS B TOM CJaydae, ecau AeHCTBRTeabHasd pabota /i,
xeofxoIUMad AMA C:KaTHs paboueil CTPYH 20 JaBJeHHs Ha BbIXOJe
ps, paBHA KIHETHUECKOH SHeprnu pabouei cTpyi hy. MuHHMaAbHOE
naBneHide BCACHIBAHHA MOMET COCTaBJAATB OT 'l A0 /5 abconioT-
moro A4BJAEHUS Ha BHIXoZe py [20}. Onnako peanusanus yKaszaHHEIX
cTeleHell CMATHA B CAHOCTYNEHYaTOM NapocTpyAHOM  :HEKTOope
3aTPYANASTCS YCAOBHAMH TYCKa, TaK KaK pasMephl  [POXOIHBIX
cevennft puddysopa, paccunTaHkble Ha KOHEYHble NapaMeTrphl
paGoTHI, He COOTBETCTBYIOT HEOOXOAMMBIM pasMepaM CceueHHHA BO
. spemd fmycka, Kpome roro, oxsocTyrneHyaThie 33KeKTOPH! ¢ BHICOKOM
. CTENeHBI0 CIKATHA paboTalT MpH O04eHb Manbix Kodpduunuenrax
' amexnun M, clefoBareNbHO, GOJNBIINX pacxoax pabouero mapa.
YuuTeiBasg HeOOXOAMMOCTb 3KOHOMHHYHOCTH  padoThl  3XKeKTopa,
B. M. Pamm [2]1] He pexoMeHayeT NpPHHHMATb CTENEHb C/KATHA B
0fHO# crynenn Goablue 10,

\ K. 1. 4. 3xexTopa, Kak NpPaBHIO, He BXOAHT B PACUETHEIE ypaB-
HEHMSA, OHAKO 3HAThH €ro BeJHUHHY HeoGXOANMO Kax AAsl MOoHHMa-
HHA CYILHOCTH Npolecca, TaK H AJAA DONYUeHHS CPaBHHTeNbHOH 2KO-
HOMHYECKOH OUeHKY PA3NNUHLIX THNOB 39XEeKTOPOB WM CpPaBHeHHs
HX C ADYTHMH THIIAMH BAKYyM-HACOCOB.

Paccsorpum ofiilwe BoipameHas AJf K. M. I. C TOUKH 3peHIs
CTeeHN COBEPUIEHCTBA TeMJAOBOTO LUUK/A, MPOHUCXOAALIETC B INapo-
CTpylinoM 3kekrope, HapectHo, uwro DapecTpyiiHBIE  3KeKTOpH
HMEWT HH3KHH TepmuweckHd ¥. M. . — ot 1 g0 5%. Tepmuueckuil
K. I 0. v); npeicTaBaser ccboil oTHOUIeHHe ROJesHOH PalOTE Tpo-
Léecca AL k oBumemy KoanuecTBy fOABENEHHOro B LHKIe Tenna

TEOTE-

me (P
Ui 3K

AL
Qnon ’

Manag peanuuEa TepMHUecKoTo K. M. X, CBHIETeNbCTBYET ©
HeBO3MOMKHOCTH TpeBpallleHns B MeXaHHUueckKylo paboTy Gosblnefi
f0ap nogseaennoro Tensa. OpHAKe K. I I, HapOCTPYHHOTO 3Kek-
Topa yroGHee XapakTeplaoBaTh TepPMHUYECKHM K. m. . UHEJaa Pen-
KHHa, onpeRefsiOWHM MaKCHMAJABHYIO paGOTy NPH YCJIOBHA H30-
SHTPOMUYecKoro paciiupenus u cxwatud. K. mo g owkaa Peuxuua
B Npocreiimeii ¢hopMe Buipazxaerca POPMYINON

M: (50)

,q? — QI‘IOZ‘H_OKQOTB (51)
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Ha pue, 15 npuBefena 3aBHCHMOCTD K. 0. A. ukkaa PedxuHa Aas
NapoCTPyHHBIX 3MKeKTOpPOB OT npOTHBOAABIER}S, & TaKKe oT H30wi-
TOYHOTO MaBAeHHs pabouero Mapa mepei COMIIOM. DTnn KpHBBIC
XapaKTepU3yioT TeopeTH4eCKnH MaKCHMYM. [1pu 3HAUUTENLHOM YBE-

npueHud TeMIepaTyph pafouero mapa MarcHMyM K. I 4. CcyulecT-
BeHHO BO3pacTaerT.

?EP’% "anm%
e —— -
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Pic. 15. SapHCHMOCTb K. ¥. L. Luxia Penkina Aa
OIHOCTYTIGHYATOrG BAKYYMHOTO 3MEKTOpa OT BROTH-
BONABJEHHS, A TAK)KE OT TeMmeparyps! { M M3OHTOS-  pye 15 Nganasoh OTHO-
HOrO ZAaBJEHAA po pabouero mapa Mepex COMIOM [29%  CurembREIX K ILA.  MapO-

I —npu =86 C, po=195 krefeM®, 2 —npH f=185"C, o=
=105 Krefom’; S—prﬁpu F=170° C, po=T Rrefem?; 4—-n0pu BO3AYLUHBIX ; PHEKTOPOB
{=147° C, po=3,) Krcfom® [291
J'.I.HH 6onee TOYROHA XapaKTepHCTHKPI ¢TefneHn cosepmeﬂcma

awekropa JI. C. Tappuc # A. C. ®umep [29] pexoMeBLyloT WpH-
MEHRSATh OTHOCHTEMbHBIH K. I R, paBHBL OTHOINEHHIO HJeHCTBHTENb-
HOB (moJiesuoil) padoTH, noaydaeMoil B 3KeKTOpe, K TEOPEeTHUECKH
MakcuMansHOR pabore, onpejenseMoil UHKIOM Peuxuna:

_ny AL (52)
Torn -‘h? Oron— Qo .

Ha pumc. 16 pokasan JAHanasok OTHOCHTeNbHEX K. ¥. A., LOCTH-
raeMBiX B OJAHOCTYNEHUYATHIX NApOBO3AYIIHBIX aeKTopax G[EpH pas-
JAMYNBIX CTefleHAX CxaTufg ¥ pacXofax paGosero mapa OT 180 xrfu
§ pminle. Ha xapakTepHCTuKe JIOGOT0 9EKTOpa HMeeTcA TOUYKA
MAKCHMAJBHOTO K. T A, COOTBETCTBYIOLLAS CTErCHil ciKartus 4—5,

YpaBueHHe 3HEPreTHUECKOTO GafaKca IMEKTOpa HHOTAA MOKHO
samucarb B Buge [21]

bolo—s = L4, (53)

rie by — TeopeTHYECKHH PacXoh paGouero napa Ha 1 Kr 3mex-

THPYEMOTO raaa;
Ls_y — pabora aaHadaTHYECKOIO pacmupennd I Xr pabouerc

mapa OT JaBJeHHs Jo A0 AABASHRA [u
Li_y —pabora aauadaTH4eCKOTO CIKATHA 1 Kr 3KeKTHpye-
MOTO Ta3a OT AaBJEHHS py IO NABJERHA J4.
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B.OM. ?amm COPenesaeT K. . A. IMEKTOPA Kak OTHOlUeMNe [o-
ge3HOH paloTH K 3aTpavyeHHO:

_ hie . -

. 1l oly_g ®4)
siech U -— geficTBUTe/ibHBIA pacxol pafovero mapa Ha [ 2KeK-
THPYEMOTO Ta3a. P b L omex

Hs ypaerennii (53) n (54) caeayer, uto

=2
o (55)
T. tg K, B, . B}KEKTO?Q pasel OTHOILUEHHIO 1‘eope'1‘nqec1~:0ro pacxona
paGoHero napa K AeHCTBHTELHOMY. Iloas3ydAck BolpaxeHuneMm (54)

MOAI{/IHO CPABHHBATh 3EKTOPL ¢ APVIHMH BHAAMH BEiKV}"M-H&COCOBT
: BOTHA K. Hi F18 an{emopa OHPQ,U.QJIHIOT KAK OTHOHICHHS paGOTbI
ciatHs cMecH L ot magsenna py Ao ps: X paboTe Li, copepuiaemoil

pabounM [apoM NPpH pacllupeHAu OT JALJeHua pg A0 Py, T. €.
_(4+nL "
2 bLo [ (06)
roe (1+b) —KonuuecrBo cMecH Ha | Kr 3K
IMEKTHPYEMOro  rasa.
Hast reopetnueckoro npouecca (n,=1) pacxox naga '
by — L
0 =L0 ! (57)
a 1.3 AEHCTBHRTEABROTO Mpolecca
L
b= ———
Lyng—L ° (58)
W3 ypasuennii (56), (57), (58) caeayer, uto
I
1+ ?
N = —1_.—1 ’ _ (59)
T bo

:éﬂe};}]K“ M. A, 9XKeKTopa MpeicTaBnger ccboli OTHOMIEHHE HeilcTBM-
. Or0 KOJHYeCTBA NOIABAEMOH 3HEKTOPOM CMeCH K TeopeTHue-
KOMY ee KOJIHYeCTBY.
- PaBory »XeXTOPOB MOMHQ CPaBHHBATH ¢ HOMOUIBIC KO3G(H-
Maeigao;aﬁ ]icc:rm 3KeKTOpbi PaboTaloT ¢ OAHHAKOBBIMH flapaMeTpa-
A7 hapa | AePKHBAIOT ONHHAKOBOE NaBJeHiie BCACHIBAHHA, TO
Mblc e Kpurepns 3KOHOMHUECKOH OLEeHKH PaboTel cpaBHUBae-
X THNOB MAPO3MEHTOPHHEIY HACOCOB MOXKET CHYMHHTb CYMMADHEL

bacxon mapa, OTHeCeHHBIH X 'KOJHYECT
, OTH ; BY 2KEKTHPYEMOIO rasa.
H3 popaxennii (55) u (39) moayuaem > ?
o 14b
n=1— {60}

35



PaccMaTpHBas NpoOLece B IMEKTOPE il AHAJHUZBEPYA HCTOUHMKH
notTepb Ha OTAeJbHBIX 3Tanax cxatu, B. M. PaMm Hanien cJjeayio-

{lee BHipaskeHde AAA K. II. [. 9KEKTOPa-
W= Nab
142045 (1—"a)
BeauunHy M. B. M. Pamy Basbinaer «BHe[UHHM» K. M. J. IKEeK-
TOpa H ONpe/enser ee XKak

G

Mg = kM (62)
rie 1y — K. 1. J. COMAA;
1)z — <BHEIHMU[I> K. TI. A. KaMepEl CMeLleHHs;
N3 — K. M. L anddysopa.
s popuyan (61) caenyer, 470 LDH OTCYTCTBUN SIOTEPD (ne=1)
K. T A. dAeKTOpa He MOXKeT INpeBpillaTh 0,5, cTpeMsch K 3ITOMY
3HaYeHHIO NP GECKOHeYHOM BO3PAcTaHMH b.
Iuddepenunpys no b puipareHne (61) 1 ripupaBHUBAas HNEPBYIO
POU3BOAHYIO HYJO, MOKHO onpenefuTh ONTHMAJbHOE 3BAUCHHE b
;1A peatbHOTO fipouecca (<)

1 | 63)

b= —
opt 'l/l—_"]a ’

OnNTuManbHOMY 3HaYeHHI0 b COOTBETCTBYLT MaKCHMYM K. I L
3KeKTopa, NpHYeM ¢ YMEHbIICHHEM A}z MaKCHMYM CHABHTAeTC B
cropoHy OoJiee HHSKHX snavenuit b. [IpaKkTHuecKH BeJMHHA T
cocrapaser 0,2—0,3.

Takum oGpasoM HH3KHHA X1 1. H GoJsluoi pacxold napa — He-
oTbeM/IeMble HeHOCTATKH MaPO3:KeKTOPHHIX HACOCOP.

OB30P TEOPHH H PACUETA

HecymoTpa Ha BHEIUHIO NPOCTOTY yeTpoficTBa fapocTpyHHOro
akekTopa (Cu. puC. 13), mpokcxoAsillHe B HEM TEPMO- 1 TasonmHa-
MiUeCKHe JPOLeCchl CACKH 1 A0 CHX [Op HE BLISICHEHL! TOAHOCTDIO.
Hayuennio 0COBRHHOCTEl 3THX MPOUECCOB  MOCBALLEHO BOMBILIOE
KOMHUEeCTBO  HKCMepHMEHTANLHBIX H TeopeTudecknx paboT Kak
sapyGeXHBIX, TaK H OTeYECTBeHHDIX necnepoparedneil. OcHoBHaR
aamaua JCCAeAOBAHMN — CO3AAHNE METOAR pacyeTa H KOHCTPYHPO-
BaHd NapoCTPYARBIX 9KEKTOPOB.

B nacrosliee BpeMs CYLLecTBYIOT Tpu HaWpaB/ienna B pacuere
apocTpyHHBIX 32KEKTOPOB. Onuo H3 HHX OCHOBAHO HA pa3feapHOM
pacCMOTPEHHH POUECCOB pacluppenns, CMelleHHd N ciaTtHa ©
JeTanbHOH KOMUYECTBEHHON OliEHKOH TOTeph Ha KAaXKIOM 3Tane.
Jins onyucaHus MPOHCXORAMIUX NMPOLECCOB HCTOAb3YIOT  OOHUHBIE
TepMOAHHAMIYecKHe 3ABHCHMOCTH HeTeueHHs rasoB W Mapos. Taxad
Teopusi BIepBble H3JOXKEHA Kayaa u PoOnH30HOM NpPAMEHNTENBHO

K BKEKTODaM KOMAGHCALNOHHBIX YCTAHOBOK MapOBbLE Typ6un. Paa

i
JleHHHX JomoiHeHud X Hell 3aTeM 6o cnenan A, A, Paanurom ¥
Obisia pa’BMTA H CHCTEME:

M. H. SluoecknmM. B panbHeiilleM TEOPHR
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A M. Kazaucxum, B. T1. BawofoBuM. Hderanbuoe pa

[pOLECCOB B OTAEAbHHIX 3JEMEHTax NPOTOUHOH qgcf}}
SHeKTOPA {(comao, KaMepa CMeIUEHHS, anddy3op)  aABamercs
20CTOHACTBOM MeTOdOB WePBOre HanpaBJeHMmd, BHOCAIIHNM, OXHAKO
Goaplune YCAOHHERH. B To e BpeMsl pAl AONyLIEHUH HACTO/IBKO
cuiKaeT TOUHOCTD, HTO TPOMO3AKOCTh 3THX METOAOB CTAHOBHTCH
qeonpapLanHOH.

OrJuvHTEbRAS yepTa APYroro HampaBleHHs — OTKa3 oT ge-
radbHOM OUEHKHU IIPOLeccOoB B OTHEJBHBIX 4acTAX NPOTOYHOH Yacry
sweKTOpd B NpHMEKEHHE B pacuere ra3s0fMHaMUYECKHX (DyHKInT:
17, 20, 23]. PacuerHpe YpaBHeHHA BBIBOIAT L5 yCTaHDBJ'IeHHH
apUCAMOCTH MEMAY TEOMETPHUYECKHMH H TasOIMHAMKYECKHe na aﬁ
peTpaMil B LBYX OCHOBHBEIX CedeHusIX 3IIKEKTODA f—I u Hl—_P[f
Jcesed0BaTeNt, TPHACPKHBAIONUECH  BTOPOro  HanpapieHus e
70abKO BBIBOAAT pacyerTHbie ypaBHEHHs, HO U, HCIOAL3YS COB]JE’;IEHe
pie AOCTHH@HHs Ta3oBOH AWHAMHKH, OGBACHAIOT Ha 3ToM OC;—IO .
(usHUecKyo CYNHOCTD MPOLECCOB B NapoCTPyHHOM 3:KeKTope (n o
JeJbHBIE PEHKHMBI) HCCASAYIOT fepeMeHHBIH DeXRHM (Xapakre Hcpe-
ky) KaKk ORHOCTYNEHYATOrO 3KEKTOpa, Tak H MHOFOCTyHeH'EaTTH-
Hacoca, onpenensia HanGonee 3KOHOMHYHBIH (ﬂp&_ﬂ.&ﬂbeIﬁ) a o
Kpome sTOro, BTOpOE HalpaBleHue fasupyercsa Ha onpeﬂeEeHﬂ{HM“
sKCIepPHMEHTATbHOM MaTrepHale, uTo KOPCHHBIM obpasom oanHOM
ero OT MEPBOTo Hanpablenud. JLiIsi ycTaHOBJ/IGRUA reomeTquecIaeT
papaMeTpoB NMPOTOUHOH YacTH 3KEKTOpa HCNOJB3YIOT  ofiel b6
COOTHOMIGHHUSI, a B TEOPETHYECKHE 3ABHCHMOCTH BBOIAT paAn ;Iﬂnbée

ypoBaHa

pruecknx kospduuuenrop. Ilo sroil mpuivEe MeTOAR  BTO
H&HpaB.ﬂeHHfl OPHTOAHBL JHilb AAS pacuera Tex pE}KHMOPE?FO
KOHCTPYKLHA 3KEKTOpoB, AMsl KOTOPHIX  H3BECTHBH! Heoﬁxo,ﬂumm:

IMMAPHYECKIIe BeAUUHHEL

YUuTLIBas CJOMKHOCTD as0idHaMHYECKHX WPOLECCOB B CB
2BYKOBOM 397KeKTope, aBTOPHl TPETBEr0 HaNPaBJeHHS — aMmy N
CKOTO —- OTKA3BIBAIOTCA OT BRIBOROB FPOMO3JIKHX DaCUeTHEIX D an.
HeHMil. IMInpHuecKasd MeTOAHKa pacyera, OCHOBAHHAA Ha An
Tatax  necsIenopanud GOJbIIOr0  KOJHYECTBa napoc-ppeg*’yﬂb-
3mMeKTopoB, HauGodee moano paspadorana Buranaom. On pg"“m
BHJI, 4TO PACXOA Napa B 3HeKTOPe 3ABUCHT OT TPeX Bemrt}rnz-aﬂo-
El SH ps. J1ad npakTHYecKux Uedell ymoOHee BBIPAXKaTb pacxong ﬁapo’

ABECHMOCTH OT COOTHOIIEHHH MEKAY STHMH BeJRHYHHAMHU pe
zl}lii{ii;:o, Oi CTefeHH pacIinpenus E=p¢/p; mapa B conie u crenémi
KOSE]Jcpﬁ 'a—pi,/p} NaporasoBolt cieci B 3MHEKTOPE. Creosaressno
o nanmem 5MKEKIH, PABHEIH OTHOLIEHHUIO pacxoda S}Ke:{mpyef

pOra3oBoil cMecH K pacxony paGouero napa,

g =1 o 64

Uz store B
HpaxKeHHs cAepyer, YTo TeoMeTpHuec
5 , P KH moao
p:igmopbl NpH OJHHAKOBHIX pabouHx YCJIOBHAX HMEOT onnﬂixggzle
- OUHe XapakTepHCTUKH. PYHKIHOHANbHAA 3aBUCHMOCTE (64) r ;e
YeCKH npeACTaBJeHa HA AHarpaMme {(puc. 17}. Iy nnarpamii);
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MCIOAB3YIOT AJsl Pacuera 3MEKTOPOB, YAANAIOMHX YiCTHIA  Map,
MapOBOSAYIHYI0 CMeCh JIOOr0 CONEPMAHHA WIH  BO3AYX. Hna-
rpaMma ZaeT HECKONbKO 3aHYKEeHHbIE x03GQBHINeHTL  3KEKIHH,
uTo NPHBOJHT K YBEJHGCHHBHIM pacxoiam pabogero mapa #a Cry-
newb. o nahumm B, M, PamMa, 3anac no pacxofy napa coctaBiader
20—30%, uro o0ycAaBAHBAeT BecbMa HajemHyio palory paccud-

TAHUBIX 3EeKTOPOB B fIpCU3BONCTBECHHEIX YCIA0BHAX.
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Puc. 17. Huarpamma gaa onpeledenns KoshOHUMERTA 2MEKLUA o [z

JparpamMma COCTAaBJIeHa IR JKEKTOPOB € JMAMETPOM 1M~
JAHAPHYECKOro yuacTka AH{pdysopa 10—100 MM, [Ipu Goapurux
LHaMeTpax HeoOXONHMO YBeNAHYHBATh PACUSTHOE 3HAUEHHE CTe-
menr cxkaths & Ha 5%. He pexoMeHAYeTCsl BBIHOJHATH LMMAHHIPH-
qecknft yuacTox AH(Pysopa AHAMETPOM OosbuIe 250 wmm. Tlpu
creneny pacuimperns E</10 paGora  3:KexTopa HeycroimuBa.
Ecnu E<B0 u &< 1,4, To caedyeT yBejHWUHBATL pacHerHoe 3uaue-
EHe & HA 3—6%.

TIpr ompefejeHus OCHOBHOTO TeOMETPHYECKOro — mapamerpa
serTopa Fip/Fs (Frp— MIOWANL KPHTHYECKOrC CedeHun —COMIZ,
Fs; — mioWaip CeYeHHusa HMIHHIPHUECKOro Yy4aCTKa nudPysopal.
B M. PamM HCXOZMT M3 TOFO, 4To B 00OMX Ce4eHHAX AOCTHraerc:
KPHTHUECKAass CKOPOCTb HCTEUeHHs, paBHas MeCTHOH CXODPOCTH 3BY-
ka. DTo MO3BOASET HCNOJH30BaTh BPOCTHE TEPMOAHHAMHUYECKUS 34~

BHCHMOCTH
6y : (63)

3600.203 \/ Lo
Yy

Fop=

6} 5
Fy= +6 (66)

Pr o,
3600- 199 |/ﬂ5- @
Uy
rae  Fup u F3 —3B M%

G, n G, — pacxol COOTBETCTBEHHO padouero mapa H 3KeK-
THPYEMOH CMECH B Krcfy;

Po v ps — a0COMIOTHOE JaBJieHUE Dapa mepen
u cMecn 3a guddysopom B Kre/em?,

Vg ¥ Uy — YieJbEBI 06beM pabouero mapa mnepel COTIOM
H cMecH Ha BIXOAe Ha Audipyzopa (NpHHHMAIOT
Kax IJIS HAcHILIEHHOro napa npH AaBAeHHAX Py
" pa) B M3xr;

COILTOM

¢’ —- NONPaBOYHLIA MHOXHTENb, 3aBucAIdd or E W
_ & (puc. 18).

Hekotopoe yrounense merommkn B, M. Pamma BHOOAHEHO
C. U. Bunbgepom [4] B 'mnponedre- '
Maie. € 4

OO Kacaercs B OCHOBHOM BOTPO- 7 A E' t, S
COB, CBS3aHHBIX ¢ BLIGOPOM umCJaa 33%-—“%; N o
CTylleHeli U pacueToM MPOMEKYTOd- R o b ]
HbIX KowpeHcaTopos. HuTepecras mno- 6 LAY 4
nuTEa 000GUIMTL PE3YNbTATEl UCMB-  5f~ AWV W
TAHHI TapOCTPYHHLIX 3/KEKTOPOB KOH- i \\ \\‘i /‘10‘
NEHCAUHOHHBIX YCTAHOBOK MpennpH- 4 NV =
Hara pabortHikaMu Kadaymcexoro Typ- NN W //
GHHHOTO 3aBoia [28]. 3

HocTouncTBOM 3MOEpPHYECKHX Me- \ )
TOLOB #BJMETCA MpPOCTOTA pacyeTa H \\ Y
HAZeXHOCTh, a HEJOCTaTKOM — orpa-  ?
HHY el
MUEHOCTh KX NPHMEHEHH: B ;nama- +7) 28 I pa

30HaX HCCAEAOBAHHBIX KOHCTPYKUHE
H peXHMOB 3xektopos. HawmGoabnii
HUTEpBas  OXBATBIBZET  MeETOJAHKa
B. M. Pamma (cm. puc. 17 u 18),
(inpagenmsaﬁ IO CTENeHH paclIupe-
I;HH £=2000—5000. Ina obuiyubix AaBaeruii pabouero mapa 3rta
tetofnka 10—12 kre/fcM? no3possieT pPACCYMTHIBATL — CTYHEHH JO
A2BJeHUl BCACLIBAHRA OKONO 2 MM PT. CT.

Puc. lS.rl"pade NS ONpelelie-
HHS @' N0 JHaueRnsM e ¥ £

OCHOBHBIE PACUYETHBIE YPABHEH U

(pHBBeilg)M JONOJAHATEIbKO CJeLyWlIHe HHACKCH 4 ofo3naueHns

C. .

. Hupexcn: I — 3KEKTUPYeMELl Ta3 Mepel Kamepoli paspeKeHHA;

p\;__ FKEKTHPYEMBIH Tap Nepen KaMepol paspemeHHs; 3 —- 33KeKTH-

qéerm 1aporasoBad CMechb mepejl KamMepo# paspeeHHA (1A ce-
Hufl [[II—[II w IV—IV 6yayr BcTpeyaTbCs CJOXKHEIE HHIEKCH
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gHavaeT, uTO ZAHHAA BeJHUHHA OTHOCHTCIA

THna 3-r Hap 3-m, 3TO O 1 1
COOTBETCTBEHHO TOJBKO K TasoBod  HJH napoBOfl  COCTaBJAMIOIIEH

cMeCH B YKa3aHHOM CeyeHHH).

O6osnavenus: T (BaH ) — TeMIeparypa; & — CKOPOCTH 3BYKA;
{ — suTanbIRd, §— SHTDOIHA, R — rasopas mocrosiHHas; T-— Bpe-
MA; N — CKOpOCTb OTKAUKH; g=pafp) — CTENICHb CKATHA 3HKEKTO-
pa; ez=pa/py — CTeNEHb CHKATHA serTopa ©e3 PACIIHPRIOUICHCA

l{ . f,z ! ;:I o
¢ Ly l
Fodw £ |FDPW Faip | Eapiwr Fali%
| R | i iV
[ =~ Cdy a4
- ¥ 7
BN i'
c" | | B -
- 1 =) i -5 - - o
pﬁ‘;tﬁ LEI’ ;Pﬁ\--L 14+ =
- h - o 1
b | 2
f.:' £5
i i o
i iV

te 7
6,0 le,

Puc. 19. Cxema ¥ pacueTy 3MKeKTOpa

wacty Auddysopa; es=ps/ps — CTENEHb CHKATHA pacLIHPSIOIIEH S
gactu andbysopa; E= po/p) ~ cTeneHb pAaCIIMpeHHs fapa B COILTIE;
¢r= G/ G| — K03(pQHUMSHT KeKLIHH IO rasy; gu= Guf G; — KO3¢-
QHUMEHT 3MKEKIUKK MO TNapy; ¢s= G+ o — CYMMapHBIH xoaddn-
umenT swexinn; m=FafF} — orHOIleHHe MIOLIANW CeYeHHdA  LH-
AUHApHUECKOTo yuacTKa Rugdysopa K pacyeTHOH IJIOMIAAd BbI-
XOAHOTO Ceuenus cofiia (OCHOBHOH reoMeTpHUECKHA NapaMeTp
3KEeKTOpa); §=F/FY — creneHp paclIUpeHHsA COIIA; A — Tenno-
BOil SKBHBAJEHT pabOTH;, (¢ — CKOPOCTHOM KO3 UIHEHT COMaa;
¢ — K0 (OHIUEHT BOCCTAHOBJCRASA JABJCHHA B auddysope; ¢p—
yIeNbHas TENA0eMKOCTD NpH NOCTOAHHOM NABJIEHHH; Ty — yaeabHAs
TeI0eMKOCTh TIPH NOCTOAHHOM 00beMe;

I[Tpouecchl, MpORCXORANLHE MPH CMEIIeHHH IMEKTHpYEMOTO M
3KEeKTHPYIOLLErO NOTOKOB, ONHCHIBAKOTCA C AOCTATOUHOH S TPH-
KAAHBIX Leaell TOUHOCTHIO YPABHEHHSIMH COXPAHEHHS SHEPIHH

HMIOYJAbCOB CHJT M COXPaHeHHs MacCChl
B napocTpyHHEIX 3KEeKTOpaX, OTKAYHBAIOMHX a3 WAH  napo-

rasoByid CMeCh, CXaTHe CMECH COMPOBOXIAACTCA H3MeHeHHeM ar-
PeraTHOro COCTOSHHS Napa (MBIMCTHIl HAN BRAKHBIA — CYXOH Ha’
CHILLEHHEI ~—— Meperperbii) ¥ NoKasaTens agHadarsl, D10 NPHBOAHT
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x HeO0XOAMMOCTH NPHHEMATb H3BeCTHHle AONYLIEHHS IIPH pacuere
MApOCTPYHHOro 23KeKTOpa H OTPAKAETCA Ha TOUHOCTU MOMYYaEMHX
pesyJIbTaTOB, YpaBHeHHe COXPAHEHHs SHepPTHH, 3aNMCAHHOE B BHAe
pABHEHHA TenaoBoro 6anaHca AJs jBYX OCHOBHBIX CeYeHHI 3Kek-
ropa I—7 w IIT—III (cMm. puc. 19), naer BO3MOKHOCTb TNOCTPOHTD
pacyeT Ges HCNONb3OBAHHS CNOKHBIX TEPMONHHAMHYECKHX BhIpa-
KeHUH B cTeleHHON 3aBMCHMOCTH OT NOKasatedd agHaGathl R W
TeM CAMBIM 3HAUYMTENbHO YIPOCTUTH pacyer:

2
Ay

Yt 67)

B seBoji yacTn ypaBHeHHs (67) He yuTeHa KHHETHueCKAR 3Hep-
FHSL 3XKEKTHPYEMOro NOTCKa, HpHYeM INPUHATO, 49To paboumit mnap
B CONJE pacildpsaercd U3 aqHabaTHOTO 3aTOPMOKEHHOIO COCTOAHHSA

CKopoCTh N1apoTasoBOdl CMechH w; B KoHie unnnmpnqecmr&
yuacTEa mudpysopa Momer OHTL MeHbile, Goablile wan paBHa
MECTHOR CKOPOCTH 3BYKA di:

ws = M3a37

Glfo + Grcprta + Gnin = (Gl + Gu) I:3 '+' Grcprf:i + (Gl + Ga)

(68)

rie M;— uncno Maxa B ceuennn f71/—111,
Hnsa ceuennd sxexropa [—[ u IV—IV ypaBHenue coxpaHenus
SHEPTHH MOKeT OHTH 3alHCAHO B YIPOLIEHHOM BHJE

Gify GGCrfa + Gy = (G- Gy iy - Grcprti- (69)

amg{gﬁ;:enue HMNYJbCOB CHJl TPHMEHHTEABHO HAJA  SJEMEHTA
, DACHOJIOXKEHHOrO MEXAY CeuYeHusMH [— —
enTopa, y I n (-1,

Gy _ G+ 6w
. +pFo= 1_:2_9_,31, + poFs + }[;pidF + Ly, (70)

e Lop— cia TpeHus,
Mecﬂ;asﬂeHHe Ha y4acTKe CTPYHM OT BHIXOAHOTO CEUeHHs COomNIa Ao
" Ta CONPHKOCHOBEHHS CTPYH €O cTeHKoH aubdysopa (ceuenne
—a) TIpHHUMAETCS MOCTOSIHHBIM ¥ DABHHM pi.
Tax xax BTOpOit wien neBol yactu ypasHenus (70):

PF o= pFs+ (Fo— Fpu,

TO MOHO 3alIHCATh

G,  (Gi+Gw
T Wh U)Wy
. S =F(p—p)+ [ PidF — pu(Fu— Fi) + Ly (T1)
" Bropo# HJIeH NpaBo#i 4acTH ypaBHeHns (71) orpaxkaeT peak-
Ilam KOHHYecKo#l vactu AHPQyaopa, KoTopasd NPOTHBOAEHCTBYET
(TBJIeHrHO B KaMepe CMELICHHS HAa KOAbUEBOS CeUeRHe Fa—F3

petni yieH mpaBoil uacTH ypaBHehHus). CyMMa 3THX YjeHOB Xa-

4%



paKTepusyer l'IpHCTEHOlIHHﬁ 3peKT U MOKET GBITE OnpeneneHa
3KCnepHMEHTANILHO B cyMMe C NOTepAME Ha Tpestie Lmp!

Z, = [pdF—p (Fy—F3) + Lip- @2

 Beanuphy Zp MOMHO OnpefleuTh B [OJAX  OF (034aBAEMOTC
ranopa yepes ko3P puunedt Ly
Iy = Folpy— p1) " (73)

wnu B AOJAX OT HAUAIPHOLO KOAUUECTRA ABUKeHHSA 3KEKTHPYIOIES
CTpYH uepes gosddunuest &
G
5, =g {74
4

OnpiTH TOKA3HIBAOT, UTO ONpeAeleHHe AOTEPD B OTHOWICHUH K
KOJXHYECTBY ABUMKEHHS sextupyomedl cTpyn jfaer Gogmee YHHBED-
canbiyl0 3aBUCHMOCTh, KOTOPAd ocraeTcs CNpaBejinBol [pW pacs
yeTHOM W NePEeMEeHHOM peRHMAax paboTH BKEKTOPA,

Yuutmpan BHpamenue (74), saoHuleM ypasrenune (71) 8 cae

AyKLleM BHRE:

B S — GG = Fylpy— P, (79)

rne 63-‘:1-—“(:
YpaBHEHHE coxpaHeHud MACCHL JIJA gwobore cedeHns KEKTOpA

AmeeT BUE
Goe = Gy + G + Ge- (76)

OcHOBHble pacueTHble ypABHeRHS 3amucanbi 2 NPeANONOKENHH,
w0 mond AABIEHAN W CKOpOCTell B CeveHix [—1 w {111l pae-
HOMEPHBI, B JEACTBHTEIbHOCTH groro Her. ONBITH, MPOBEACHALIE B
MO Ha BO3AYMIHLIX MKEKTOPAX, MOKASLIBALT, Y10 3MIOPA CKOPOCT-
woro moaa B cevernn JII—III npn pafoTe HA NPEAETbBOM {pacueT-
noM) pemmMe nproOperaer HepABHOMEPHOCTD, CBONCTBEHHYIO BA3-
Kol JKUAKOCTH TIPH OKOJMOSBYKOBEIX CKOPOCTAX, H npubAnIKaercs K
KBAApATHIKON napadane. DTH AAHHBEIE nossonnan A. B. Pofoxesy
nmoIcuuTaTh KO3(h@UINENT, VURTHIBAKOMTL HepaBHOMEPHOCTh  IOAA
CKOPOCTEH B CeUeHHN [1{—{11, n BeeCTH ero B ypaBHEHUE UMITYICOB
CHI.

B ypapsense (75) pag yuera HepaBHOMEPHOCTHI  CKOPOCTHOTO
noAs BeefeH Ko3QdUUAEHT bs, onpefeNsemplii  IKCIEPHMERTATBHO
npr HAKTHIECKHX 3MOpax cropocTefl B CedeHHSIX I—I w HI—JIL

PACUET CONMJIA -

KonnuecTso 3HEprHY, BHOCHMON B CTyTeHb apoKeKToPHOR
YCTAHOBKH, ONPENeNSIIOT H3 pacuera coflaa. OfbluEo COMO pac-
CUNTHRAKT O AHArpaMMe i—s HIH TepMOZHEAMAHECKHM Tabnu-
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4M CBOWCTB BOAMIROrc mnapa. PaccMOTpuM ciyuall, KOffla map
condte CTYNERH pacmmpsierca Ao temneparyp mimxe 0°C. Ilapa-

_tl‘pr[ lcgggcgm}m mapa Ha JUHHE HACWIIEHHst 1JI% TeMNEPaTyp of
) 10 — upuseness B Taba. 3, a 3aBHCHMOCTb JaBJeRNA HacLl-

ennst oT TEMnepaTyps Ha puc. 20.

D, MM pIE. LI,

ot ]
s

B

1-?0"’
_~708 -90 —6C -79 -00 —5¢ ~40 —30 —20 -10 ¢,°C

Puc. 20. 3amucumocts p=f{{f) maqa BedsHoro mapa
B OCAGCTH HHSKHX aaeneduit {26]

[Tnowans BHXOAHOTO ceueHusi comna F, ¥ cxopocrs @ lapa
KOHUEe pPaciHipeHRA MONHC OnpeesIHTD 110 H2BeCcTHEIM YDPaBHe-

1BsM
Fp =0
P= -
| @, =81,50.V P, (78)
!ne g1 — CKOpOCTHON Ko huiHeHT coma (ansi comes ¢ Goap-

- LIOf1 CTENEHBIO  paCIinperns npunuMator @1 =095);
pi% — pacnojaraeMnifl nepenay Teiia npy agnadaTHYeCKoM

pacmnpeHHH napa ¢ JaBJA¢HHS po A0 LagleHHd p; B
kgaa/r (Auuus 0-—Ji2% ga puc. 21).
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rie ¢ Hv” — YOeabEBI o0BeM JbAa COOTBETCTBEHHO HA HHIK-
Hell 0 BepXHeH MOTPAHHYHON KPHROM.
Ecnu npUHATH yAedbHbll of6bem Jbaa (cM. 7taba. 3) vf=
=0,0019 m3/xr, 10 ypaBHenwe (83) Ge3 ocoGoli morpeilHOCTH
MOAKHO 2amicaTh B BHe

0 = X0l (85)

Onpeze us yoeAbHul oObem mapa vy U agnadaTHyeckuil mepe-

naa 2\* =i—i?* |, mo ypaBrenuam (77) u (78) naxonuM pacuer-
HYI0 NIICIIEAb BBIXONHOTO CedeHHa comna FI  HCKOpPOCTh W

JnramHdeckuil Hanop 3KeKTHPYIOLIEH CTPYH _

w? .J_Q'.f

(86)

H =

2gvy

3das crefleHb PacClIMPERHA CONNA ¥, MOKHO ONPENeNHTH Nefls

CTBHTCARHYIO0 NACIIANE el BRXOAHOIC CceueHHd

F, = 9FY. @7

Th
[Inomaae xpuUTHYECKOro CeYeHHs PACcCUHTHIBAIOT no dops*
MyJe h

&
2,03 l/&
Uy

ONPEAEJEHHE OCHOBHOIO TrEOMETPHYECKOTO
NAPAMETPA 3)KEKTOPA i

Frp= (83):

- i

OcHoBroll reoMeTpHYeCKHi NapaMeTp 3KEKTOPa M MOKHO Hall-
TH U3 YPaBHEHUH HEpa3pHIBHOCTH HOTOKA, 3ANKHCAHHBIX AJ5 Ceue:.
Hult sxmexropa {—1I n ITi—I1II: '

OTKyHa

"= (Gy - Gr + Gr) i

= (1 + go+ q) 2222 89).

G1Ys, g

Ynenbusii obben cMecH B ceueHun Iff—IIf
e T
U3 zi cMd 3 ; (90)

Ps
34eCh FA30Rag NOCTOAHHAA CMeCcH

R. — G\ Ry -+ GaRy 4 GoR: :Ru(l‘l“'?n}‘f—Rr'?r
‘ Gt + Gn + Gr 1+ gat g

o1
46

CKOPOCTL MOTOKA s B KOHIE LUAJHHIPHYECKOrO YYACTKa MOXKHO
ualiTi o bopmyae (68) uepes uucao maza Mz n MeCTHYKO CKO-
pocTE  3BYKA :

a; = Vk ERwTs (92)

IpH NapaMeTpax cOCTOSHHA cMecH B ceveruu [I[—III.
B gopmyne {92) moxazaTens aguabarhl

by = ———. 93)

[ocaeasee ypapHeHle MOAYYEHO ¢ YYETOM TEPMOAMHAMHYECKHX
cooTHOMEHHH ¢p— Co=AR U R=1cp/Co.
YneabHas TEnA0eMKOCTb CMECH

Giopn - Gntpn + Grcpr‘ — Epn (1 -+ qn) <+ cocfe . (94)
Cpon = TG 1 Ga t G I+ qatar
Peiras cosmectHo ypasHenun {91), (93) u (94), nosyyum
by = - ! (95)

Rigr+ Rall +4n) ~
Cprdr + Cpnt (l + om)

Jlast pafia PacueToB MOMKHO IIPHMEHUTh NPAGIHKERHYIO  ($Op-
MYy )

b = gty + (1 - gn) kn (96)
$ b4 ¢r 4 4o )

IaBjenys B Hauaje p; H KOHNE Py PACHIMpARMEAcs HacTH AHG-
Pysopa B3aHMOCBA3aHM COOTHOLIEHUEM :

v
pa—_'pa—qjlxs‘ . (97}

Kos)duiuenT ¢ BOCCTAHOBICHAS AaBJeHHA B nzlqnc])ysope 3aBH-
CHT OT YIVIa PACKPHITHA o2 H OTHOLIEHHH MAOMIAAEH s=F4Fs (cMm,
ra6a. 1). ITpu Manom 3Hadeduu s HaGmopawTest GoJbliine AOTEpH
IHEPTHU ¢ BBIXOJIHOH CKOPOCTDBIO, TOTZA Kak npn°s>4 npeotaajfanT
nOTepu Ha TpeHHe X pacutupenHe. LleHTpaZbHBIH YTOJd PacKpuiTH
nuddysopa ap He caeiyer 6pate Goapme 14°, TaK Kax Mpy 3TOM IIO-
TOK BHYTPH AH(hy30pa HepaBHOMEPHO 3AIOMHIET BCE CEUCHHE, YBe-
AHMEBaeTCH BHXpeoOpasoBaHue BACGAb CTEHOK H KO3 PuLIHeHT @
yMeHbIaercs. Majsiit yroa oy (Menee 6°) NPUBOAUT K Upe3MEPHOMY
yBenuueHuio raGapuTHeix pasmepos auddysopa. Oupeneanm OCHOB-
HOIl reoMeTPHIECKNI napamerp mi NpH 3HAYERHH =08

W3 ypasueunit (97), (68) r (92), yuutbiBad, UTO

= 2 (98)

1
Rcmr‘na
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NOJYUHM
Py = _p..__z . (9%
kg My .

2

ITo Besnnunne p3 M oOBemy V cMecH HAXOMUM NApLHafbHOE N4dB-
JieHHe BOAAHEIX [apoB:

Ps_g V= (Gl -+ Gn) RnT;
p3V = (Gl + Gy + Gy} RCMTI
rne Vi T — ofbeM U TeMIEpaTypPa CMECH.
Han
Py_n (Gy -+ Gn) Rn (100)
Py (G G+ Ge} Rewe ’
[Mopcraeasst 8 ypasHenne (100) Boipaxenue {91) And Rey, 10-
Jy4UM

Pa - (101)

grRe ’
(1 4 g0) Ry

TemnepaTypy NaporasoBoil cMecH B KOHUE —UHAHHJPHYECKOro
yyacTKa onpeliefiieM H3 YpaBHeHHs Temosoro Sananca (67). Pas-
JeJHB BCE Y/IeHBbl 3TOr0 ypaBHeHHA Ha Gy, NOJYyYHM

p.‘i—n:
L+

2
Aws
2g

iy + Guin + §eCoits = GeCprls + (1 + g &5 + (L + gu + ¢1) (]02):

[Ipeo6pasyem mocsennuit uied ypasuenus (102), BOCHOJIbBOBaB{-é
mwuce popmynaamu (68), (91) u (92): i
Awl (14 gn -+ g0) AT M3 (R (1 4 g0} + Ry 4]

I ] r. 2 = =
( +anQ) 2g 2gd +antq0)

ksM3
=4 o [Rn (l + QH) + anr] (273 + fa)-

Torna ypaeuenne (102} mpumer Bug
iy + Guia + §:pita =

fey M2
= gL pls + (L + gy is + A —[Ry (1 + g,) + Rig) €73+ ). (103)
2

[Tpuuumas Bo BHEMAHHE, YTO
‘\’1&'%

Gy=v@ Fy, m=FJF} n H =
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npeofpasyem ypaBHEHK‘? HMIEY/AECOB cHa (75) K BHAY:
2 |6y 0 -t )
1

m

(104)

Ps=p 4+

OcHoBHOI reomerpuyeckuit napameTp m ompefesior B Cle-
I
AywlleM nopaske, 3alaoTcsl HeCKOABKHMH 3HAYCHHIMH K03fp‘p“‘

(LHCHTA  3KEKUHH ¢o, KA KOTOPHX mo dopMynam  (95), (99},

(101) onpeneasior coorBeTCTBEHHO MOKAa3aTeb anuabartsl kg, AaB-
JeHHE CMECH p; B KOHUEe HMAHHAPHYECKOTO yuacTKa auddysopa H
IapunancHoe AaBjAcHUe Mapa p, n B 3TOM ceuenun, [lapamerpdl CO-
CTOAHHA cMecH B ceueHun [/{—[I] paccuntmBaor no ypasHEHHIO
(103), naxona mo TePMOIHHAMHUECKHM TabnuuamM cBoficTs BOAdA-
HOTO Napa TaxHe 3HAYEHHA i3 M f; Mpd LABACHHH pa_p, OpH NOCTA-
HOBKe KOTOpHIX ypaBHenue (103) npespamtaercs B ToxpgectBO. LI0
H3BCCTHBIM MApaMeTPaM COCTORHHA CMeCH, HCROAb3yA BHIpaKeHHd
(91), (92), (68) n (90), ompenenstioT cOOTBEeTCTBEHHO razoBYIO MO~
CTOSAHRYIO Ry, MECTHYIO CKOPOCTb 3BYKA 3, CKOPOCTb CMeCH @s H
YRETbHBIH 00BeM vU;. 3HAR MapaMeTpH COCTOSIHHS napa M CMeCH
B cevenuax [—I w H/—Il pas npusATbix KO (HUOHEHTOB
SHEKUHH, H3 ypaBHeHus (89) waxomar seamuuny m. [lo popmyie
(104) onpenensor HeckoaIbKO 3HANEHHL (00 uHCAy 3anaHHBX KO30-
brunenTOB sMeKUUA ¢;) ZaBACHHS ps, KOTOpoe oOTaAH4Yaerca OT
A4BJICHHA CMECH B KOHUE WHJHHAPHYECKOro yuacTKa, onpeneJeHHOro
o ypasHeHRO (99). Taxoe pacxoxfenne obbsciserca teM, HTO
;iial(;m NPOH3BOJILHBIMH  3HAuEHMAMH KOI(PQHHIEeHTOB IHEK-
o

Has onpenenenns xospdunHeHTa 3XKeKIHH, yIOBAETBOpAOHICTO
BCEM DACYCTHHIM YPABHEHHAM, CTPOSIT 34BUCHMOCTb HaBJeHHA pP3 OT
x03pULUHeHTa IMEKIHH g5, Ha MOJAYYEHHON KPUBOH HaxomaT TOYKY.
OP/AMHAT2 KOTOPOH pPaBHa AABJACHHIC p3, TOJyYeHHOMY H3 ypaBHe-
HHA (99). AGcuncca 3700 TOYKH 1aeT HCKOMBIL Koo PpuIHeHT IHKEK-
LWk, A4 KOTOPOro H ONpelessAioT OKOHYATEJAbHO OCHOBHOH TI€0-
METPHYCCKHH Mapamerp B ONUCAHHOM MOpPSIKe.
, Pacqem'me Gopmyarr (89) —(104) Buiseners B mpexmosoKeHHH,
”}3 lap B KOHNe NHIHHAPHYLCKOTO yYacTRa auddysopa (ceueHHE

—IIT) naxomures B meperperom cocrosmmn, Heo6xomamum  YC-
JOBHEM /I 3TOTO SBASETCSH HEPABEHCTBO

B, > B}, (105)
rie .
BO = fo + ‘?uin + Qrcprtw (106}
RBhac _ mac | - k3M§
3 =qlpts +(14q)is+ A 5 [Ra (1 4 ¢0) -+
+ R, ] (273 + £5). - (107)
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M3 ypasdenna {102) cumenyer, uto HauGokLLIEMY Koacb;jmﬁgg}é-

¢ COOTBETCTBYET HanOOJlee HU3KAS TEMNEPATyp i)
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Pue. 22, XapakrepHCTHKH ORROCTYEHYATOTO KEKTODA

i = iy, B
B paclHpsOLIeica dacT Aappysopa 34—p4/3p03 a(zfi?r;}]pl ()I;pH'
IKEKTOpe Ge3 pacClUpAOIelca yacTh ﬂm?d}ymerl?eau T ann
Bad 2} u B KexTOpe £=p4fp; (kpusas 3); c1 ! e Ay
comna 9=F/F{ (xpupas 4}; xosdpunyenra ?&K%ﬁ{imm q; npre-
(kpuBag 5). [IpH NOCTOSHHOM pacxofe mapa VBE.:'mquae _Tpone-
JeHHBIX ONbITAX) KPHBAf & XapakTepusyer H 'Tc; e
CTBa OTCACHIBAGMOrO BO3Ayxa, Kpusas 6 otHocu A K Koapumen
Ty 83 [locaeanpii yuHTBIBART HOJI0 KOAHYECTBA 'H‘O'IESHOI‘O Hanopa
PYOUIEH CTPYH, HCHOABL3OBAHHYI Ha CO3JaHHe 110;[ NPt
H COOBUIEHHE NOTOKY CKOPOCTH s KOTOPYIO I
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E KOHUE HHJIHHAPHYECKOro yuacTxa Autdysopa. Beanuuny 8 on-
ACAATN HA OCHOBAMHI ONBITHBIX A3WHBIX  DACYETHBIM [yTeM Hua
YpasHenns (75),

Huanason namenenns TIPUUATLIX B ONBITAX  Kos(uuuenTOR
YHEKUHR gy ¢ 0 go 0,412 OXBaThIBaeT GOabIYI0 yacTp CAy4aew pa-
6OTH mapocTpyiigmx 9HEKTOPOB ¢ BHICOKOH  cTelenbio cKaTha,
B 3tomM amanazope NSMERCHUS KOs HUUEnT2 SieKmuy KO3(du-
UMEHT &3 MameHrserca or 0,724 ro 0,784, iy Beero na 8%, uro
| Yka3biBaer ga VIAUHBIA CI0CO6 BLIpaKeHus BAIYHHN 63 B HOAAX
OT HAYAXBHOIO KOMWYeCTBA ABMIKeHUS IHMEKTHPYIOWER cTpyH.

(0,9<M3<!,0_} COTDOBOXKAACTCH peaknm H3MEHeHHeM xapakTepH-
CTHKH skexTopa. by ston BOSMOKHEI ABA peskHMa paGoTh 3KeK-
TOpa Kak no CO3RARACMOMY PAZpeIKeHHIO (XpuBas 3), Tak u no xo-
HTHECTBY  OTCacHBARMOre BO3nyxa (xkpwsan 5), DKEKTOp  HYKHO
PACCYHTHBATL Tagun 00pasoM, urosp Gespasmeprag cropocTh My
© KOHIE UHAHADHYECKOro ydactka  nuggysopa Gwma  memplne
M pasna 0.9. [lpy M;=10  Henpas rapantupoeares pabory
/KEKTOpA ¢ pacyeTHOl crenenpio CRATHA,

JKcnepuMenTatbray HPOBEPKA ypasxenns (69) mokasama xo-
OllyI0  CXOMHMOCTD De3YAbTATOB  onwitoe Pacuerop. Ilotepn
CNa B obhacTi Madnx SHAYennit xKo3thdprinnenta SKEKUHH Gp <
0,08 cocrapmiu 0,3% (apy Gonee BEICOKHX TeMNepaTypax npore-
awlled yepes SKEKTOP MapoBOsAYLMOl: cMeck}. Tlpu ypesnuennn
K03 prnnenta ek ¢ ¢ 0,1 go 0,412 sty NOTePH He mpephillia-
a1 0,15% or suocnmoro p SKEKTOD renyta, Takum oGpazom, Temo-
Bble noTepu e smextope mann u TPH COCTaBiAeHMH ypaBHenus co-
YPaHeHua Temaoof SHEPTHI 1751 ai06oro cevenug IXMeRTOpa  HX
MOKHO He WpIHHMATE BO BHUMaHHe,

Ha puc. 23 npupeneniy SAPAKTEPHCTHRI CTyneRe) TpexcTyneH4a-
TOH aposyexTopuok YCTAHOBKII, moaydensue na OCHOBAHHY pacye-
TOB 10 5aIaNCOBHIM ypaBuennsy C HCIOB3OBAHHEM pesyibTATOB
AICNbiTauna. Kak caenyer us stiy KPHUBLIX, DacyeTHOMy snauenuio
KosdhHzNenT YHCKUMHE Kam Mol eTynenu (r17  mepgoi CTYIIeHR
92 =0,33, 12y BTODOH ¢5 =0,24, nas TpeThell gf =(,137) coorser-
CTBYET 3HaweHne Geapasmepnol CKODOCTH B KOHUE HHARHADHIeCKOTo
FYacTKa nudrpysopa Ms<0.9. Cpapnupag KPHBEE, MOEKKO s3aMe-
HITE, NTO RPH ONWHAKOBBIX CTeNeHsy CHKAaTHA & KoaddHLEeHT I3KEK-
WK gy OTHEABHBIN CTYRereft Hacoca He ABALETCS NOCTOSHHON Bel-
HHOM, a yBenmIuBaereq o IOHIKENHEM NaBeHns BeackBANHS CTY-
feHl. TTostoay BRICOKOBaKyyMubIe crymeny 3HAUNTENIbHO 3KOHO-
iYRee crynenedr, paGoraomux g 0GJIaCTH NOBHIUEHHBIX dasneHul
CacklBanmi. 31a ke o0coBeHHoOTE PaBoTer MEOTOCTYMeHYATHIY napo-
SCKTODHEIX HACOCOB MOMET SLITh OTMEHdeHa Mpu arannse skcnepy-
MEHTANBHOTG MaTepuana, IoJayiernoro Burawgon.

Hurepecry KPHBEIE, xapaxTepusyiourye Benuunny 8;. Kosddu-
WiteRT 83 yMeHbmIgeTey TIDH ONHOM H TOM e 3HAYEHWH ds C YMeHb-
WieHAaeM HOMepa crymenn. Crenoarensno, moxuo Clenartb mpax-
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THUECKH BaKHBIH BHBOIL — KO3 (uuueHT O3 cieLyeT BBIOMpATH C
yueToMm ycaoBHi paGOTH CTyMeHH: A% BHICOKOBAKYYMHBIX cTyneHed
wyxHKo npunnMmars §3=0,70--0,73, a mis HH3KOBAKyyMHBIX Oz=
=0,74=-0,78.
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Prc. 23. XapakrepHCTHKH TpexcTymeRuartoll mapo-
KeKTODHON YCTaHoBEM (Kpusme [, 2 0 3 -— COOTReT-
CTBEHHO [AA TepBOf, BTOPOH K Tperhell cTynenei)

ONPEJAEJNEHHE PABMEPOB MPOTOYHOH YACTH

OcHOBHble pacyeTHble (POpMYABl He NMO3ZBOJSKIT ONPENeNHThH BCE
pasMepsl MPOTOYHON YACTH napocTpydhiroro sxexropa. [losromy oce-
BBle pasMephl M YLJABl PACKPHITH KORMUECKHX HACTEH CTYIEHH
BLIGHPAIOT Ha OCHOBAHHH 3MIHPHUCKHX 3aBHcuMocTedl. Kak yxe
OTMeUYeHO, CBEPX3BYKOBOH OJHOCTYHeHYaYblH 3IXKEKTOP COCTOHT M3
COMjIa, KAMepbl pazpexeHHs, KaMepbl CMelleHHa H Auddysopa.

Conao. Conno sKeKTODA gEiCClII[TbIBaIOT no ¢opmyaaMm agxada-
THYeCcKOTO HCTEUeHHA 11apa. 3anadell pacuera SABJAETCA .ONpeie-
JeHVe TIACINANeEll KPHTHUECKOTO W BHIXOLHOro ceueHuit comaa. ¥r-
JIoM pacKpHTHA pacmupsmliefica vactd o obbluHO 3apawtcd. Cy-
AECTBYET MOBOMIGHO INHPOKHI AMANA30H DPEKOMEHIOBaHHHX pas-
JBUHEIMY aBTOpPaMy 3Hauvesuf 31010 yraa (tabda. 4).

Ha puc. 24 npuBenenn saBucumoctd A, 5, B crenenn cxartus
9MeKTOpa oT Ko3pPHIAECHTA KEKIHH AJdA FPYON CONEJ, HCHBITAH-
HHIX TpH PasJHuHEX AHaMerpe [} BBIXOAHOTO CeYEHHS H JABJEHHH
napa po. Kax BuIHO H2 mpuBeIcHHBIX KPHBBIX, H3MeHeHHe YIJa

.62

Tadnuua 4

3wauenua yraoe KouycHocTH conna w sHdibysopa mapo-
CIPYIHOr¢ MEKTOPA

¥roa 8 rpagycax (oM prc, 19) AsTop
@ ] o Poa
6—30 6—8 710 A, M, Kasancxui
10 — 8 I'. A, Aponrc
12 —30 6—38 7—10 B. I1. Bmopos
6 —10 — 6—10 C. C. Bepmau
—_ ?—7 8—10 E. #. Cokonos
12 24 o = 50°
@ =45 | 6—8 A, B, PoSoxes
18°55" | 4045’ —6°427 | 5°42 B, M. Pamm
10—16 5—-6 10—12 I. T. Ulkropep
A Ap.

PACKpEITHA coma o ¢ 12 Ao 30° HWe oOKaselBaeT CyHIeCTBEHHOTO
BJAHSAHHSA Ha XapAKTePHCTHKY RapocTpyliHoro sxexropa, Kauyecr-
BCHHad paﬁo-ra 2XEKTOPAa B OCHOBHOM 3aBHCHT OT DasMepOB BRI~

20
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0 005 040 015 820 gz
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Prc. 24, 3aBHCHMOCTD XADAKTEPHCTHKH OCAHOCTYNEHYA-
TOTO 2HEKTOpa OT Yria PackpLiTHA colia ¢!

}—apn @=13: 2--npH @=I8" J— npu o=30°; A —aopu D>
w32 MM, Pow30 krcjem®; B — nowm Dy=25 mm, po=24 KrcfoM?
B —npm Dy=32 MM, pPom24 KrefeM?

XOAROro cededds comna, Tax, 2KeKTop ¢ COMaMH Tpymmsl B pa-
OoTaer B CPHIBHOM peXMME, B TO BpeMs KaK 3XKEKTOp € COlIaMH
Fpynnsl B €o3faeT ACBOABHO BEICOKYIO cTeleHb Cxarus. Takofi pe-
3yabTar OGBACHAETCH H3MEeHeHHeM AHAMeTPa BHIXORHOTO CEYEHHA
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colles, KOTOPH B NepBOM cAydae GBI pabed 32 MM, a BO BTOPOM —
25 MM, Jng XapaKTepHCTHKU COMeNl BOCTIOMAb3YeMCH  BeNUUYHHO[ #
{oTHOWeHNe NeHCTBUTENBHON NIOIANM BLIXOLHOTO CEYEHH CORId
Fi x pacuernoil F¥, onpeienseMoif H3 ycJOBHS NONHOMO paciumpe-
HMSI napa B cOI/e C DABAEHHA P A0 LABJACHHS pi). C 5TOh TOUKY
3penHs Npu nabjeddn napa 24 krcfem? comsia rpynmst B xapaxTe-
pusyioTes Beauunxoll ¢~3, B T0 BpeMs Kak comna rpynnst 5 pado-

&g ] —
\ \
20—y A
\ J/
s ‘\h /A ’
% 1 2
‘\Q:‘q P
12— Y 08
;;';:ﬁﬁféif“‘} |
ér I ] O%
\“\\.\3 _ 8
Y kg —-o-—-.\\‘ 7
e 7{
L . » o — e - 414
& &
005 61 015 526 g,

Puc. 25 30BUCHMOCTL CTENEMH CMATIHN £ {CHAow-
BEE JHUHA} ® CTenedH pacwupensa O (MTpHXoBue
JAHHHHM) OT KospOHUHEHTa 9KeKLIHR Jr, AHaMeTpa D)
BHIXGAHOTO CeyeHHS COMia H afeJonTHOTO AaB/jeBHS
MepeR COMNOM Pp ONHOCTYNEHYATOrO HKERTOPA:

J—mpH Dh=42 M, py=24 wrefem®; 2 —opu 5,=25 wmwm,
fo=24 krefou®; 3 — o Dpead? W, pe=e KICfom”t

TalT CO CTeleHbio pacluperna G<1. ¥Bedanuenne RapaeHtd napa
¢ 24 (rpynna B) mo 30 krc/cm? (rpynma 4) npHBeso K yBeapye-
HHIO pacXoma mapa uepes comyia rpymnnl A, CTemedb ¢xaTHA &
pesko BO3pocita, a BeaMynHa § ymenswuaace. Ilpn gr<C0,15 xoad-
dnuneyr < 1. Xapakrep KpHUBBIX, TPHBEACHHWX Ha puc. 25, mo-
3BOJIFIET He TOJbKO IPOCAEANTh H3MEHEHHe CTeNeHH CXKaTHg [pH
YCTAHOBKe Ma 3XEKTOp CONea ¢ pasiHYHBIMY JAHaMeTPaMH BBIXOA-
HOFO ceyeHys, HO H yBA3aTh H3MeHellHe CTeIeHH C2KaTHd CO CTeNeHbIo
pacperus conaa. Kpusple I, 2 nojsydeHel NpH [A4BJeHHH Tapa
24 kre/cM? pas 33KEKTOpa ¢ BHIXONHBIM AHAMETPOM COMIa 42 MM
(kpuBuie 7} u 25 mm (xkpusme 2). Ha cpaBHeHRs STHX KpPHBBHIX
BHAXO, uTo npn D;=42 mw u $==7 {(xpiiBee /) 3xeKTOp He MO-
XKeT obecneduTs TpHEMASMYI0 NJAd NPARTUYeCKHX UeJell  CTemeHb
CKarnda, B to BpeMs Kak npH [=25 MM sxekrep paboraer ¢ Jdo-
CTATOUHO BLICOKON cTemeHbio cxcatds. Cremelb pacIUHpeRRs conaa
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& BO BCew JHNaNas3oHe H3MeHedUs Kos(d¢pHNHeHTa 3:eEKUN ocraeTed
MeHbile eIHENIE, DPUUEM MAKCHMYM cTeleHH CKaTHA Halmogaercd
npit 9=0,6. Kpnssie 3 noay4eHsl npy aGCcOAOTHOM AABICHHE Hapa
30 xrc/eM? naA 53KeKTOpPa ¢ BHIXOIHBIM JIHAMETPOM COIVIA 32 M.
C usMenenneM kosdguuEenTa »xkexnud gp oT 0,03 ao 0,15 crenenb
oAaTHd e yMeBbliaercsi ¢ 24 Ao 12 npd OZHOBDEMeHHOM YBeAude-
Hun ¢ ot 0,4 1o 0,7. Ilpu ¢==0,15 pesxo yMeHblIaeTcd CTEOeHDH
cxaTHa 7 ¢ cTaHoBHUTCHA Goablle egwHHIE. Tagum ofpazoM, Man-
Goabliag CTENeHb CKATHH HOCTHTAETCH B ¢Aydae, KOTXA pacyeTHbldl
PeIRUM XapaKTepH3yeTcs 3RaueHHeM §=0,6--0,7.

B ra6n. 5 (nocaefHsas CTpOKA) NpHBeJeHbl pACUETHLIE 3HAUEHHS

cTENeHed paclIEpeHHA COIe HEKOTOpBIX THINOB 3IMOKTOPOB, THPH-

TaGtauma b

OceBble pazmepnt (B MM) H CTENCHb PACIUKPeHust CONMEA MAPOCTPYHHMX IMEKTOPOB
HEKOTOPBIX THIOB

Homep ) y
Tun sMekTopa | cryne-} Dy i, i, Boble | LafDg ) LD, 011 De) ¥
HH
H, 1 |40 67 | 170 | 237 | 1,67 ; 4,25 5,92 0,872
I 17,71 103 70 173 | 5,82 ] 3,95 9,77 8,717
N 1 72 104 | 313 | 417 | 1,44 , 5.8 0,484
< 11 31 204 70 | 274 | 6,58 | 2,26 §,84 0,531
2-1.B, i 42 63 130,51} 193,57 1,80 { 3,11 4,61 0,428
25-2.1 i1 18 395 1490 129,5( 2,19 | 5,0 7,19 0,b4

6,6 0,72

. {3 50 50 | 280 | 330 6 )
311-2-400 581 19,62 | 1,32

l
11 26 106 { 171 | 276 | 4,

I 92 265 | 321 | 586 5 2
3r1-3-600 11 46 165 | 186 [ 351 | 3
111 22 140 97 | 237 | 6

2

I, — 40 &0 | 123 | 203

0

04

.88 ] 3,43 6,37 | 0,415
551 4,04 7,83 | 0,515
6 4,41 10,77 | 0,634

3
00 ] 3,07 5,07 —

MeHAeMBIX Ha MEKTPOCTAHUHAX. JlapjeHHe 34 3KEKTOpOM  OHLIC
NPpHHATC OMHHAKOBBIM Ais BCEX THNOB U paBunM 1,05 xrefem®, s
Taf1. 5 BRAHO, UTO NOYTH BCe IMEKTOPH (34 MCKAOYeHHeM BTOPOM
CTynedn axexropa rtuna 3I1-2-400) umeroT 3HAUHTEABHO HELOPAC-
mupenusie coma 9=0,415=-0,872, npuuemM conaa nepeux CTyneseh
XapaKTepH3YIOTCH, KaKk NIPABUJO, MEeHEIINM 3HAaYeHneM ¥, YeM conna
Nocaeaywolux cryneteil, CrefloBatefpHO, B IDOLECCe HANAARH
IKEKTCPOB ONBITHLIM YTeM YCTAHOBJEHA HeOBXONHMOCTh HPUMEHe-
HHA HelOpacIHpPeHHBX Comed. '

Viccaienya sausHue maolaldu BLIXOAHOTO ceueHHs M yraa pac-
XpHITHA comfla HA paloTy BeicoKOBakyymHol crynedn, A. B. Ileiir-
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JHE HAMWIEN, YTO HAMAYUIIasg XapakTepHCTHEA Nogywaercs HpPH
sHavenuu 9204 w o= 19° (puc. 26 u 27). PU3HIECKYIO CYUIHOCTH

TOTO, UTO BAKYYMHbIE 3XKEKTOpHl, paboratoullie ¢ GONBLUIHMH CTeme- .

HAME paclIHpeHHS IEApa, CAeLyeT KOHCTPYHPOBATD CO 3HAYHTEJDLHO
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Puc. 26. 3aphcnMocts [26] JapieHds  BcacHBaHua P,
sWeKTOpa OT OTHOWEHHA F(ffyp DpH ROCTOAHHHX Dpe-
Aeankoit Barpyake u mportubomapienr Dxp=25 MM;
fa=170°C; po=05 Erc/cm?; pacueTHoe pacIHpeHHE
confa FifFup=1250):
i —apH G=10; 2 —npn o=30; 3 —npn g=4°

HeoopaclIMpeHHbBIMH comaaMu (¢==0,4), OH O00BACHAECT CACAYIOIIHM
o6pazom, Tlpu paGoTe napocTpyfiHEIX 3HEKTOPOB C AABICHHAMHU
peachipannd ,10—0,01 MuM pT. CT. pacyeTHeie CTelleHd pacllHpeHHsE

Py MM P CiL _
Puc. 27, 3asucumoctt [26] nasnenns
4107 BCACHIBAHMA P, 9MEKTOP2 OT VINa
PacKpHTHR COMIE ¢ TPH HOCTOSH-
2 | HHX NPEeNeNbHOfl HATPYZKE H HPOTH-
G~ poaasnedna  (Dep=25 mMm; D=
J | =54 mm; fo=170°C; pg=0,5 rrc/em?)
7}
15 25 JS o, epud

Tapa B COMJe JAOCTHTAIOT JECATKOR H COTEH TRICAL. Ilpe Tarkux cre-
NeHAX pacilHpeHys Napa PacyeTHele AJIHHBL CONEJ OKA3bBAIOTCA HA-
CTOIBKO GOMBINHMH, YTO HeH30eKHO BOSPACTRIOT MOTEpH  CKOPOCTH
HOTGKA H, C/IeROBATEJbHO, PEIKO YMEHbHIAeTCs CKOPOCTHOR K09¢-
buiMenr conia ;. [IpHMeHeHre HEAOPACIIHPEHHBIX COMEL IMO3BO-
JSAET COXPaHHTh 3HAYEHKE ¢ B OOHUHO TNPHHHMAEMBIX IIpEflesaX.
Tak npn & ==0,4 nonyseno ¢=0,96.

a5t o6bYHO NpHMeHseMbIx AaBIeHHl pafouero mapa H HH3KHX
JNaBJeHRH BCackBaHM® pacyeTHblll AHAMeTp KPHTHUECKOTo cedeHus
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COMA BHICOKOBAKYYMEBIX CTyNeHell NOJYy4aeTcs OueHb HeGOMb-
mam. B 3ToM caydae A5 YBeJUUEHUST PAa3MEDOB COMIA NDHHEMAIOT
fOHHAKEHHOe Tapjedne mapa. VIHOrAa ANA HeOOJBIIHX NPOH3BOIM-
TeNbHOCTeHl  MpHMeHST Tap ¢ u30LITOYHBIM  JABACHUEM HHXKe
1 xrefem®,

IMpu gaBaesusx BCACHBAHNA HUXKe | MM DT, CT. Ha paboTy comya
CYMIECTBEHHO BAWAET IMOTPAHHUYHBIA CJIOH. [Mo nauueim pabotel [26],
npn AaBieHun BcackiBabksg 1072 MM pT. €F. IPHMEDHO 50% mio-
1afE KPHTHYECROTO CedeHHs COMJA NMepeKpHTO TOrpARHYHBIM CJ10-
£M, BCAENCTBHe yero (pakTHYECKHA pAaCcXOf  uepe3 COMIO  OKA3bl-

D=2

s 872 *
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Puc. 28 Comno (@), kamepa pazpewenus (0, 6) H KaMepa CMEIUCHHR {2}
HIEKTOPE

BAETCH TOYTH BABOe MeHblle pacuersoro. CrenoBaTepHO, BAHR-
Hue MOTPAHUYHOTO C/10st HEOOXOAUMO YUUTHIBATh IPH KOHCTPYHPOBA-
HHH COfleJ BHICOKOBAKYYMHBIX CTVIEHEH.

Juamerp naponpoBoza Dy (puc. 28, a) PACCYNTHBRAIOT NO  CRO-
POCTH Mapa, KOTOPYIO NPHHHMAIOT —paBHOM 25—30 mfc. Duamerp
conia D’ Moxer OHTb paBe uiu MeHblue Dy Eemu D/ <Dy, 710
nepexof ¢ OAHOLG pa3Mepa HAa JPYTON BHIMONHSIOT —TNAABHLIM. Ha
NApONPOBOaEe TpU Manblx AuaMerpax comna D (MeHee 6 mMMm) ycra-
HABAUBAIOT 3AUVTHYIO CeTKY ¢ OOIMHM JKHBBIM CeYeHHeM, MpeBbl-
mamuM B 10 ¥ 6odee pas MIOLAAb KPHUTHYECKOrO CEHCHHA COniaa.
Jnuuy [ BHOGHPAOT B 3aBUCHMOCTH OT TOTO, HACKOJBKO BEIXOAHOS
CevcHHe CONAA JOMKHO OHITh yEadeHo of jnddysopa. CeoOOLHBIM
pasMepoM B NAHAOM Cyude SBASeTCH [MARHIDHYECKHH —Y4aCTOK
¢ muametpom D’. Cyxaoulyiocs 4acTh COMIa BHIOAHANT B - BUAL
KOHYCa ¢ yIVIoM cyeHHd o =30--40°, lanHy RPHTHUECKOTO yHa-
CTKA cOMNA [y, OPHHAMAOT paBHOfl Dyp, @ 3aT€M MpH OKORUATE/IB:
HOjl o6paboTKe AOBOAAT 10 NONOBHHBE AMAMETPa Dip ¢ NMOJMYYeHH-
€M MJIaBHOTO CKPYIVIEHHSl B MecTax mepexofa Ha KOHyC.

Kamepa paspexenus. HcxoldpM pazMepoM NpH KOHCTPYRPOBA-
HHH Kamepbl paspeiKeRds ABsAeTcs ANaMeTp Dy BCACHIBAOLIETO
TpyBONPOBOAA, CKOPOCTb @, KEKTHPYeMOil cMeCH B KOTODOM He
JOJKHA MPeBocxoaAnTb 60 Mfc. TIpocTole 1 BIOAHE OpHeMJIeMBE KOH-
CTPYKUHH KaMephl pa3pereHHs H300paxeHbl HA pUc, 28,6 u 8, Aad
KOTOPHIX AuaMetp D paBeH aHaMeTpy BCACHIBAIILETO Tpydonpo-
epoaa Doy
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Kamepa cmeuweHna v gupdyaep. JJuaMerp kamepsl cMmellleHHs
D’y (puC. 28,¢) NPHHEMAIOT DaBHHM ZMAMETPY KaMeph paspeme-
wus Do 1lepexonnas wacts ot muamerpa D'x k mnamerpy DysC
20,90 ponmua GoiTh naasHolt U orimandopaksoil. Jas npoBepku
PABHABHOCTH BHOpanHoro auamerpa Dy caelyer paccuHTaTh CKO-
pOCTs IKEKTHPYEMOR CMeCcH B KoJplesoM cededun F Mexay nya-
meTpoM Dy o HAPYKHBIM Auametpod comna D'y

wp = 9% (108)
F .
TIe U; — yIeAbHBIN 00beM 3XKeKTHPYEMOH CMeCH Ha BXOAE B Kame-
PY paspexends NpH AaBAeHHM pi.

CKOpOCTb 2KeKTHPYEMOH cMecd wr, 10 AaBHBIM B. M. Pamwma,

He NOJKHA ApeBocXonuth 90 wmfc.
Onutsl, nposenennsie so BHUVMT ua sxektopax, paoralo-
IMEX CO CTeNeHbIo pACHIEPEeHHS napa B comie E== 300 w cTeneHbio
cHkatHs g2x, MOKA3aAN XOPOIUME pPe3yNbTATH OpH SHaYeHHR o=

3, 995 T

E_‘n\ Pue. 29. 3asncamocts [26] nasneHus
BCACBIBAHHS OT YIMa pacreopa AHDGY-
! /
\‘3 =25 uM, Di=54 mM, Dy=187 wmm,
D3=100 mm, Dy=150 mm, L=350 mm,

30pa ¢ NPH MOCTOAHHRIX  npeaesskoll

HATpy3Ke M DpoTHROZARMedun (Dpp=
1 ; =025 MM, LH=170"C, ps=05 wrcfem?)
¢ F & 7T B ayzoad

=10-13". B. M. Pamnm [21] pekoMernyeT NPHHHMAaTh KOHYCHOCTD
1:10(e;=05°42"), npuuem npn E<20 w <2 BHOMPAIOT KOHYC-
HoeTh | @12 (a;=4°45"), a npu E>500 1t 6>7—1:8,5 () =642").
ITo pauubiw A. B. LefiTauna, HaUNYyYNIyI0 XapakTePUCTHKY BHCO-
KOBAXYYMHOH CTYUEHH HOAYu20T npu o;=6°45" (puc. 29).

A. B. PoGoxes paccmaTpuBaer ABa yY4acTKa, COOTBETCTBYIOIllHE
OBYM pasiavUHEIM [POHECCAM B 3FEKTOpe: NepBHH  YYacTOK — A0
CEUEHHS 44— U BTOPOH YYacTOK — MeXIy ¢eueHHeM d—da H BXOX-
HbIM ceyeMHeM ropJoBHHB nudpdysopa. [leppuii ywactok A. B. Po-
00¥en PEKOMEHAYeT BHINOJHATE ¢ GOABUIHM YTAOM PACKDBITHA (L0
50%) nna obecnedenus CBOGONHOIO MOCTYNA 3KEKTHPYEMOH Cpeibl
K pafodeft crpye, a BTOPOH YUacTOK — ¢ MadblM YLAOM o =4--5°
L7l CHH:KEHHA A0 MHHHMYMa NoTepb Ha BXome B aHpdyzop [20].
PexoMenioBaHHbe PASIHYREIMH HCCAEAOBATEIAME YIJE KOHYCHOCTH
and@y3opa ykaszaHw B tabdu, 4.

ITpr xoucTpyHposaHum pacmmpaiomedica uwactn  auddysopa
(nprnnmas s= F4/F3 u yron az) Bcerga MoXKHO MOACGPATL TAKOE
sHaveHHe ko3 dHUNeHTA BOCCTAHORJEHNA NaBiedus ¢ (cM. Taba. 1),
4Tofnl oHO GbLA0 Gosblile HIH PABHO NPHHATOMY 3HaueHHIc p=—=0,8
¥Bennuenie xo3pGULAEHTa @ IO CPABHEHUIO ¢ NPHHATEIM VAVYIIAET
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pabory sxexropa. [To aannwm B. M. Pamma, ontnMansine pe-
syapTaThl moaysawT npu Dy=(1,6—2,0)0; Ilromans ssixonsoro
cevenus guddysopa caefyeT pacCuUHTHIBATE MPH YCAOBHI, 4TO CKO-
POCTL CMeCH w, cocTapaset 60—80 nfc.

Ocesste pasmepbl, JlanHa LUIHHAPHUECKOrO y4acTKa Ludyso-
pa 32BUCHT OT KOHCTPYKLHH KaMepbl CMEeu#a; 370 cAeayeT H3
aHAAM3a SKCTMEPUMEHTAJNBHBIX JAHHLIX, NOJAYHEHHBIX pPasIHuHLIME
necaenoBarenamMu. Hanpumep, 101a 3:XKeKTOPOB ¢ PA3BUTOH KOHHYe-
cKOfl UACTBIO KaMephl CMeLIeHUs peKOmeHniylor 6paTe mjHHY lh=
=D3 Psaj oreueCTBEHHHIX HccleloBaresiel, H3YYaIOUIUX IKEKTOPE!
C YCKOPOYEHHOHK KOHHUECKOH 4aCTbio KaMephl CMeileHus, mpeanara-
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Puc. 30, Homorpamma AAs onpefenesns ANHAH b j213

10T TPHHAMATH JHRY UWIHHAPHUECKOTO ydactka [r=(6--8}D;
[20, 23], OGrlyEO npx KOHCTPYHPOBAHHH KaMephl cmelieHud {a
3HAYUT, ¥ BhIGOPe ANMHBI [3) YYMTHIBAOT XapakTep CTPyH B Me-
CTe COTIPUKOCHOBEHHs ee co cTeéHkamu kamepel. [Ipn csepx3syKo-
BOM HOTOKe HeoOXOAHM KOHUYECKHH BXOAHOH YyUacTox KaMmepsl
CME[IeHUA: B 3TOM CAy4Yae TPHHIMAKT HaPMEHbLINYIO [AUHY LH-
NEHAPHYSCKOTO YUacTKa, Ec/id CKOPOCTh NOTOKA BO BXOLHOM COHUEHHH
KaMepH cMewenHst OJH3Ka K 3BYKOBON MM HHUKe e, TO Jydile
paBoraer anddy3op ¢ AJHHHBIM LUHAHMHAPHYECKHM YYACTKOM.

OnTuManbHoe 3Hauedue paccrosnua /y B. M. Pamwm pexomeH-
AyeT ONpeiesiTe W3 HOMOTpaMMbl (puc, 30} B 3aBUCHMOCTH  OT
CTeRedNl CHKATHR 3KEKTODA & M CTelleHH pAacllupedss 0apa B
comae E.

A, B, PoboxkeBbiM Ha OCHOBRHHH ONLITOE BRIBENEERE CAEOYIO-
Uge SMIEPHYECKHE 3aBHCHMOCTH AJs ONpeieieHHd HeoOXoAHMOH
NAMHB {, (cM. puc. 19) m aMaMeTpa caelliasHoii cTpyd Dq mapo-
CTPYIIBIX 3IKEKTOPOB KOHICHCAIHOHHEX YCTABOBOK MApOBBIX TYp-
Guie [20]:

L=35D. Vg, , (109)
D, = (1,0 + 1,23 Vg, ) Dv. (110)
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HKenartenbuo, urobum Dq=(1,0=1,11D5. @opmyam (109) =
(110} cnpaeesgausu npu 0,1 <Ig,< 0,5 u lb=(8--12) Ds. Inn aBYX-
CTYNIEHYATHX 9KEKTOPOB, palOoTAIOUIKX HA 3JCKTPOCTAHUUAX, MOAY-
dedpl ONLITHBIE 3aBHCHMOCTH [28]:

JAs nepBHIX CTyHeHel

z'=0,019( Dy 50) Ds, (111)
Deo
AAs BTOPBIX CTYIEHEH
v :0,25( ;’3 —8) D, 12
HP

ITH BHIPAKEHHA MOJYUEHB NpPH ¢ =58--6°, co=10--12° L=
=61{,, 122403 H 3= (4-7-6}D3. »

Hcnoabsya 0CHOBHBIE TIOJIOKEHHSI COBPeMEHHOH TeopHH Typoy-
JqenTHeix ¢Tpyd, M. K. [Tytuaor [19] wawen, uro oOTHOCHTENBHOE
ONTHMAaJbHOE paccTosihie I1=={,/D; oT BHIXOAHOrO CeueHHA CONJAa
AC Hayaja UUAHHAPAYECKOTO YYaCTKd Kamepbl CMeileHHs 3aBHCHT
OT KO3()(PHUKEHNTA 33EeKINH H FeOMeTPHUECKHX DapaMeTpoB CTPYH-
HOTO ampaparta, T. €.

7 V0,072 40,108, — 0,268 V'E
i —_— 3
104 = :
0,104C VFs

rae C=0,27 — onplTHad KOMCTAHTA JJA7 HAualb-
HOTO YYaCTKa CTPYH;
Fr=F:/Fyp, F3=F;/Fyp— reomerpuveckie napaMmerpul cTpyi-
HOTO amnmapara.

C nomompbio HoMorpaMmu {puc. 31), moctpoentoit no Gopmy-
ae (113), MomHO GHICTPO ONpeieaHTH ONTHMAJBHOE 3HAYEHHE Pac-
croadua I;=1,/D;, Hanpumep, 2J4 ¢TpyfiHOTO anmapara ¢ reOMeTpH-
yecKUMHU napamerpamu Fi/Fuy=1,5, Fs/Fup=10,0 1ipu gesbduumen-
T 5KEeKUUH ¢,= 1,370 oONTHMANbHOS OTHOCHTEJBHOE pACCTOSIHHE
Li=0/D3=27,

®opmysa (113) npoeepera AAs NapPOCTPYHHLIX ANOAPATOB C LH-
AHHOPHUECCKHMH KaMepaMH CMellleHHsl AJMHON, paBHOfl I1LeCTH Nua-
merpaM. Kamephl nMe/u BXOIHOH KOHHYECKHH YuACTOK ¢ 3aKpYTJeH-
HoOlt BXOAHON KpoMKOH. TeoMeTpusecKne napaMerpel HcC/aef0OBaH-
HBLX annapaToB Fy/Fip=4,88+-341, F|/F\p=1,0=2,02; aBcoatotHoE
HaBilediie pabouero mapa 9 u 13 krefem?®, Temneparypa 280—310° C.
DMeKTHPYeMOfl Cpeflofl ABaseTcA Hap ¢ abCONMIOTHHIM  IaBJCHHEM
1,4; 1,7, 2 xrefem u remmeparypol  210—250° C.  MakcuMadbHHIf
KO3 PULUHEHT s:KeKunn naMerdancs or 0,73 mo 2,04, DxeKrupyemuit
Odp monpepradAd cxaraw mo abconwrtioro masiaenna  1,65—
2,80 xre/fem?. CoBNajfeHne ONLITHHX 3HAYEHHE [; C T€OPETHUECKHMH
KPHBRIMH, paCCUHTAHHBEIMH no dopMyae (113), xopowee,

Pasmepr: {; 0 Iy a4 napocTpyHMBIX 3:KeKTOPOB, pasoTaiCHIAX
Ha 3/ACKTPOCTEHLUMAX, HIMEHAIOTCS B LIHPOKHX npenenax, OTHolIe-
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(113)

HUS 3THX AJHH K JAHAMeTPY UHJAMHApPHYecKoro Yyvacrtka Dy yka-
3aHbl B TA6MA. 5, H3 KOTOPOA BHIHO, 4TO TEPBHE CTYNEHH KEKTOPOR
BLIMOMIHAIT ¢ LUUAHBIAPHYECKUMH ydyactkamn [o/D;=1,00+2,88, a
BTOpBIE U TPETbH CTYNERH uMeior [/D;=2,19-+6,58. Paccrosinue oT
COmMA [0 KOHUA MHIHHAPHYECKOTO yYacTKa y MEepBbIX CTymeHell
(l1+1:)/D3;=4,61—6,60 Tak:Ke MeHbllIe, YeM Y BTODOH H Tperbel
TViieHelk (Jl+f2)/D3=7,19+10,77.
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Pue. 51. HowmorpaMma Ina Bmfopa  ONDTHMAABHOTO  OTHOLIGHHA
/D [19]

BansHue OceBHX Pa3MEPOB 3KEKTOPA HA €ro padory H3y4amH
i o BHUHMMT [13, 14]. OxcnepuMedTs NPOBEPENH HA OMHOCTYIIRH-
JATOM 3KEKTOPe ¢ KOHHYecKofl KaMepoil cMelleuns, paloTaplieM
CO CBEPX3BYKOBOH CKOPOCTBIO TOTOKZ TpH BXOome B Jmddysop.
KprnBbie, TOCTPOGHABIE [0 Pe3YAbLTAM ONBHITOB (pHC. 32), XapakTepH-
3YIOT H3MeHeHle CTeMeHH CKaThd 3XeKTopa OT JLaBiendsa mnapa
Iepes COMMOM NPH PA3IMMHBIX JJHHaX IMJARHAPHYECKOTO Y4YacTka
{s. Pacxon BO3AYXa BO BpEMS ONBITOB MONAEPXKHBAJH HOCTOSHHBIM
W paeHeM 57,6 krfdu. Vi3 paccMoTpeHdst NMOMydeHHBIX KDHBBIX CJIe-
IyeT, UTo NMd KAXKIOH AAHHHE [y cyllecTByer npeiefbHoe HaBhae-
Hue pp. C yMeHbllleHHeM IaBJeHHA Hapa HWKe NPELeNbHOT0 CTe-
lieHh CrKATHS Pe3KO nazaaeT, Bosgblioh nanpe {s (paBHO# 3D, 4123
W 6D3} COOTBETCTBYET HECKOABKO Goabliuit HWHTEPBAA NaBJICHHY,
B KOTOpPOM 2:exTop paloTaer ¢ BHICOKOH CTENeHBIO CKATHA B un-
Teppaje H3GHTOUNLIX IaBneHuil mapa 23—29 xrc/cm? HauGoabuias
CTemenb Ccxathi e=7,59-7,20 nAocturaercs TpH laz=2Ds  wau
{1+ o= 10Ds.

TIpu mpoBeneHHH ONBITOB MO U3YYEHHIO BARAHUA NJIHHL NUJAHHA-
PUuecKOro yyacTKa f» Ha padoTy 3KEKTOPa OLHOBpeMeHHo H3Me-
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HAAH M oOwyio Aniany 4l Ha KOTOpOHl RPOHCXONMT cMenleHue H
gbIpaBHHBAaHHe NOTOKOB. IlpelcTaBisiOT HHTEpPEC OHLITHL ¢ nepe-
ABHMXEHHEM €OILTA B OCEBOM HallpaBjieHnd. B 3TOM cayuae BeqHUHHY
{141 uaMeHANH 34 CHET NepeMemeHns conaa K AdpPysopy, a ANH-
HYy l; MoAAepIKUBANA MOCTOAHHON u paBuoll 63,6 Mm {oxono 2Ds).
OnuTe NPOBOIUAY HPH TNOCTOAHHOM H3OBITOYHOM JMaRASHEM fapa
p0=23 xrcfem?,
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Piic. 32. 3apncAMOCTb CTENeHN CKATHA 3KEKTopa & 0T #alsl-
TOUROPO NABJEHHA Mad Po NEpel CORIOM H AAHHBL HAAHHA-
PHECCKOTO yHACTKa Iz
f—npH H=636=20, Hh+4=10Dy; 2 —npk L=953 MM=3D; L+l=
=105 d—npu L=127 mu=340s L+L=I20; 4—npia fbel12 wus
=60, I+lpa=14D;

Ha puc, 33 co/iOMHBIME JHHHAMH [OKA33HA 3aBUCHMOCTb CTe-
feHU CIKATHA 5KEKTOPa OT KO3QPHUHEHTA 3KEKUHUH gp AAR  TPeX
nogoxkenuit conga: =—=8606, '=-—17,8 u I’=64,5 MM {3Hax MHHYC
COOTBETCTBYET CJay4afdM, KOrAa COIC BABHHYTO BHYTPb KaMepEt
cMmelleHns ). Kak BHAHO W3 3THX KPHBHX, P PACUeTHOM 3HAYCHHH
roabduunenTa ek ¢r=~0,187 Hauboabiias creneHb CKAaTHS
£=9,46 nocturaercs upu ["=—6,6 MM, I, +1:~<8D; (kpupas I).
Vamenenne cyMMHl [i+{- KaK B CTOPOHY yBeaHueHus Ao 10D; Tax
H B CTOPOHY yMeHbIDeRHH N0 7,60): NPUBOAUT K CHHWMEHHIO CO3AA-
BaeMOro 3KeKropoM Hanopa. BunnMo, oOTHMANbHOe 3HAYSHHE pac-
croauug L+{; Aad ONHOCTYNEHYATHX 3KEKTOPOB, paboTamilux
CO CTENMEeHBI0 CXKATHS &>4, Haxoautca B npegenax (8—10)D;. Pac-
crosane §={7,3-+-7.5)D5 win {,+4l= (83--85)D: onpenensior u3
noMorpaMmbl (cM. puc., 30) mo mapaMmertpaM padoTel IKeKTopa C
pacueTHbHIM KospduunewroMm sxexnun, HansHelimee uccaenosanne
MHOMOCTYTEHUATHY 3WEKTOPOB TOKA3AM0, TG ONTHMAARHOE 3HAUE-
HHe paccTOSIHNA /; MOMHO ¢ ZOCTATCUHOH TOUHOCTBIO ONPRIEINTh U3
3TOH HOMOTpaMME, .

Iipu paGore ameKTOopa C COHMJOM, YAAAEHHBIM OT KamMephi CMe
WeHng Ha paccrosHue {=64,5 MM, [+l 100;, OHau WsMepeHH
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AABJIEHHA U TEMAEPATYPhl B TPeX CeUeHHs X UUJHHAPHYECKOTO yua-
cTKa AAMHOfl [,=63,6 MM (B Hauaze, cepennHe u Konue). Paccros-
HHC MeXAY CedeHHAMH cocTaBasac 21,8 mMm. Ha ocHoBandu 3awme-
pOB pacueTHHIM myTeMm OBTH oONpefesieHs uuciaa Maxa u cremenn
cKaTHd B 3THX CedYeHHAX LHJHHIpHueckoro yuactka. Kpuseie 4, §
n & (cnnomwHnie —~e, INTpUXORble — M), oTHOCHIHECT COOTBETCT-
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Puc. 33, 3aBuCHMOCTL CTeleHH CHKATHH & UPK DASNHYHOM
! {cnacmume JupuH) W oyAcha Maxa M npu V=645 um
{lWTpuxcere AHHHE) OT Ko3GdAlHERTa KEKUAH §r:

P—npy = —6.6 MM, L+5h=802 2 —npu F= —I7.5 mM {|+=T.6D;
d—anpi F=08,% Mwu, L+l=100s; 4, 5 6 — CODTETUTDEMHG B HA-
Hane, ceplanre ¥ KOHME UHINHAPHYECKODD YUYACTH:

BCHHO K HaUady, cepefidHe H KOHIY UHAHHZPUYECKOrQo yuactka, Io-
KasnBaloT, 4YTO B HeM NPOHCXOJAHT HHTEHCHBHOE CXKATHe HapoBO3-
AyiHCA cmecH. XapakTepHo, UTO B UCCAENOBAHHOM PeKHME 3MKeK-
TOp paboTaerT ¢ JOCTATOYHO BHICOKOH ofulell cTeleHBId CKATHR
(kpusast 3) mpm uHcie Maxa B KOHHIE HHAWHAPHYECKOTO VYACTKA
MeHblle ARHHANE (LITPUAXOBAs KpHBad 6).

Bnusnue noaoxenus comna orHocuteasno anddryzopa na xa-
PAKTEpHCTUKY M OTHOCKTEJbMHIl K. H. A. ONHOCTYHEHYaToro mnapo-
CTPVIHOIC 9JKEKTOPa XOPOlI0 WJIOCTPHPYETCA 3aBHCIMOCTAMIL,
TpiBeNeHHELIMH Ha puc, 34 u 35, BepxHue xpusbie Ha pHC. 34 oT-
paxaior H3MeHeRWe AaBjeHHs CIKATHA AJA COOTBETCTBYIOUINX TOYEK
HuxHnx xpusblx. KpHBLle 6 COOTBETCTBYIOT HaHOOJbWIEMY PacCTOs-
HHIo ot comla mo Auddysopa, kphBble / — HaUMEHbIIEMY, a Kp-
BEle 2—5 — npOMeXKYTOUHBIM NOJ0KeHnsAM conia, Ha puc. 34 cue-
AyeT, 4TO ¢ yBeJqWHYEHHeM PACCTOAEHA MEXAY COIIOM M AH{dyao-
POM pacxoa 3MEKTHPYEMOTO BO3LyXa NPH TMOCTOSHHOM ABJAEHHA
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BCACBIBARHA Ha paboueli BeTBH XapaKkTepHCTHKH (MONOTHA y4yacTOK)
BO3paCTaeT, TOraa Kak MPOTHBOJABJEHNHE U CTeleHb CIKATHA VMEeHb-
matres. Ecan paccrosiine Mexay comtom u mupdysopom npuSIU-
JKACTCA K MHHHMAJIbHO BOSMOKHOMY (KpHUBble 2, 1), TO yMeHb-
WEHHE MPOH3BOLHTE/NBHOCTH 3KEKTOpa He COMPOBOKIASTCH POCTOM
NPOTHBCOABNECHHA HJAH ¢TeNeHH cwarug, C HAPYTOIl  CTOPOHEL, €CJIH
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Puc. 35, 3aBHCHMOCTE  AaBJeHHS
Puc, 34. 3abHcHMocTh DPOTHBOIABAEHHA  BCACHBAHMS [ OT OTHOCHTENBHOIO
Ps ¥ HABAEHWA BCachiBaHHA py OT MPOH3- K. ML A, OPH PasiHYHOM [TQJOKEeHIH
BOIHUTETLHOCTH OMHOCTYIGHUATOTO BHEKTO- COMAZ ONHOCTYNEHUATOrO  SMERTO-
P& TPH pa3AHUHOM NoJoedun conna [29] pa [28]

COIIO CJAHIKOM yaajieHo oT AHQ¢Y3opa, To NPH AaBjedusx, OJH3-
KMX K JaBJCHNI BCACHIBAHWA HEHATPYKeHHOTo 3MEKTOpa, pabota
annapara CTAHOBHTCA HeYCTOHYMBOH (KpuBbie 6),

KpHBble H3MeHeHWsr OTHOCHTENBHOTO K.I.[. 3KeKTopa  (CM.
pac. 35}, COOTBETCTBYIOUIHe IIECTH KPUBHIM Ha pHC. 34, NOKA3H-
BAIOT, UTO MAKCHMA/AbHOE 3HaYeHde K. . . HA Kama0H KpuUBOR AO-
CTHFaeTes AHIIL B OHOB TOuKe BOMH3H Depernéa COOTBETCTBYIO-
med xapakrepHcrukd. HanGonbumil ®. 1. X AocTHraetcs mpH He-
KOTODOM CpelHeM MOJMOXeHHu cofina. ClefoBaTensHo, O  KaX-
JOH COBOKYNHOCTH MapameTpoB (Pacxof, Napa, TNPOH3BOAHTENb-
HOCTH, CTemeHb CIKATHA), 3aJalOWMX peKHM paboTel  smeKTopa,
HMeeTCs QUTHMAJAbHOe AOJOKeHHE COILIA.

X4pakTepHCTHKY NapOCTPYHHOTO 3KEKTOPA MOMKHO H3MEHATb,
MeHAd pacxon pabouero napa {puc. 36). Kawmas kpusas ua
puc. 36 mpeacraBinsier cOGOHl JHHHIO, CORNUHAMMIYIO TPH 3anaH-
HOM pacXolle paGouero napa ONTHMAJIbHO BO3MOIKHEIE Pe&KHMBL IIPH
HepEMEHHOM noOJoKerHH conna. V3 paccmorpenss rpaduka cle-
AYeT, uTo, Kax NpaBHJIO, BO3PACTAHHE pacXona fapa NpH J60M
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QHKCHPOBAHHOM TOJIOMKEHHH COT/A BBI3LBACT YBEJHUEHHE CTENeHH
cXKATHH, a TaKHKe l'IpIdBO}lHT K poCTy omapaedHds BcacblBaHisa HeHa-
[PYHEHHOrO 3:ekTopa. BiufHHe pacxona pafoyero mapa Ha npo-
{3BONUTENBHOCT 3aBHCHT OT JaBJieHHs BcachBaHHa. C yBeaude-
pyeM pacxofia paGoyero mapa NPOH3BOAHTENLHOCTE HafaeT B 0f-
JHACTH MAanbix LABJAeHWN BCACHIBaHksd N pacter B OGJaCTH MOBHI:
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Pue. 36. 3aBHcHMOCTh OPOTHBOAABJEHHA pa H

MABJEHHH BCACKBAHHUA P OT NPOAZBOAATEALHOCTH

G, OTHOCTYNEHUATOrO 33eKTopa TPH PasnHuHOM
OTHOCHTEIBHOM pacxofe napa [29]

eHHLY AaBAeHHN BeachiBakud. Takum ofpasoM, s KEKTOPOB
MmoGEIX - pa3Mepos B 00AaCTH NOBbIEHHLIX AaBleHHil BcaChlBAHHA
MOKHO NMOJYYHTD GOAbIIHE PACXOMBE KEKTHPYEMOro BO3AYXd, €CAR
YBeIHUYHTDb pacxon pabouero mapa. 3To AaeT BO3MOMHOCTb CHUIKATD
KamHuTanbHble 3aTpaThl 33 CUeT YMeHbIIEHHs Pa3MepoB HACOCA, HO
OPHBOANT, B CBOK OUepedb, K YBENHUYEHHIO 3SKCIIyaTAUHOHHBIX
pPacxofoB.

Vi3 npHBeneHHHIX HA puc. 34—36 3aBUCHMOCTEH caielyeT: XOTs
TpeGyeMblii pacxol BO3AYyXa NpH 3aNaHHBIX J1ABJEHUAX BCACHIBAMHA
H c3KATHA MOKeT OuITh HOJYYeH ApH MHOFOUHCHEUHEIX KOMOHHAUM-
SX TONOMEHHI comjia H pacXoAOB Napa, AHLb [pH €AHHCTBEHHOM
ONTHMANBHOM COOTHOLIEHWH 3THX DapaMerpoB oOeclednBaeTcs
TpefyeMast TPORSBOMHTENBHOCTh fpH MHHHMAJALHOM  pacxoie pa-
Gowero mapa.

B Ta6a. 6 npuBeleHbl OCHOBHBE AaBHBle AAd pacdyera H KOHCT-
PYMpPOBAHHS TMPOTOYHON HACTH CTYNEHH N2POIKEKTOPHOH yCTa-
HOBKH, OCTAHOBHMCH JHUIL Ha HEKOTOPHIX MOMEHTAX, YTOUHAIOLHX
BBGOp yKasaHHblx B TaO/aHlle BEAHSHH,
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Ta6auua 6

OcnoBHme pamnbte aag pacueTa W KOHCTPYHPOBAMHA NPOTOUHON uacTH
RAPOCTPYHHOTO sMeKTOpa (puc. 19 w 28)

Pekowe AOyeMBIE JHAYERHH Ta paMeTponR

Mpumenanne
Conno
Yrom o' =30+40°, . . ., .. . . —
ﬁ.ﬂuna ;’ {cm. pme, 28) .. -
JHHA =05Dy, . .. .. .
Yren o= 19—g0° ' L L i
Kamepa paspesemnn :
Cxopocts w, =50 mfc. . . . . . . . Ho 60
Tun kamepwr (cm, puc. 28, a, a .. Honycxaiorea apyrue sapuantst
Muamerp wameput Dy =Dy . . . . . Jdo 1.1 Dy

Kamepa cmetnenus
Cropocts we 10 90 M/c

Ouamerp D, =D, . .

Auamerp Dy < 0,9 D
¥rom ¢y = 6—13" , |

e rv oo | Tlpp E>500 0 e > 6—ey = 10-13%
npit E <20 0 < 2oy =60
Maddysop

CkopocTs @, = 50—60 ,

e e 90

duaverp Dy = 1,6 D, . . . . | e HE—

¥ron ag =6—10°, , , . . . . . - —

SmMnnpuseckue  KoOsdpHUIHERTE

Yueno Maxa M, = 0,9 e e (,85—90

C'rggenb pacuwHpednd conna { {cM. puc,

KosgdHiguent p=08. ... . Cu. 1;6.11‘ 1

Kosgpmusient &; = 0,70+0,78 . . . . [Ipn py < 0,03 Krejem?
83 == 0,70+0,73;

npH p @ 0,05 Krefeme
83 =0,74+0,78
Ocesrle pasmephl
Amiwa &y =2 Dy . . . .. ... . (1,5—3,0)D,
Paccroanue {; (em. pre. 30) . . . . Mpu £ > 1000 0 & > 6—) = (8—9)D,

Crefienp pacummpeHuss comna © B 3aBHCHMOCTH oOT JAaBJAEHH
BCacblBaHuA CTYNeHH py ONPelleAsioT No rpaduky {puc, 37). Kpy
Baj II0OCTPOEHA HA OCHOBAHMH 2HA/M3A pacyera CTeNeHell paciu
PEHHA comes NapoCTpyHHBIX 3XKeKTOPOB, paboTalolnx Ha HIRKTPC
CTaHnusx, nanpux A. B. Uefitinea no BrIcOKOBaKYyMHBIM cTyIe
HAM M 3KCOEPHMEHTAJbHBIX HCCAEAOBAHME, NPOBEAEHHHX B
BHUUMT, '

Hnuny upausnpuueckoro yuactka lo HYXHO BHIGHPATE C YYeTo!
yenosuit paboTw crymenn. Ecom crynenn paSotaer s cTporo  pac
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ueTHOM pexHMe, TO cAefyeT NPHHHMAThL MeHbIIee 3HAuYeHHe fp7 u,
Hao00POT, ecnu peuM padoThl He MOCTOSHEH IO OTKAYHUBAEMOMY
ra3y, To NPHHHM2I0T O0Jbllee 3HAYeHHe AJUHLL fo.

Fpn konerpyupoBaHuH MPOTOUHON wactH Caeayer YACIATh 0COo-
foe BHHMaHne 00paboTKe U COOCHOCTH BCEX YACTeH CTYHeHH, Tak
KaK OT 3TOl0 B 3HAUNTEAbLHOA CTeneHd 3aBHCHT 3¢ eKTUBHOCTE M
HAREHROCTh paboThl MHO-
roCTYMEHYATOH NApOIXKeK-

TOPHOH YCTaHOBKH. 4 [~
Marepuanst  ans Hsro- e

TOBNESHHSA COMEeN, KOpmy- 08 ’//

COB HACOCA H KOHMEHCATO- ' L

poB  BHIGUPAIOT B 3aBHCH-

MOCTH OT BHAA OTKAa4yuBae- 85 v
Moil cpennt {4]. /|
JHeKTOpsl AMA  'OTKau- g4
KE BO3lyXa, BOAAHOTO Mma- I 150 300 450 600 pympmem,

pa # MoleX rasos, He Bil-

S6IBAIOWHX GBICTPOH  KOp- Puc. 37. 3aPHCEMOCTL CTeNeHH pacillpe-
po3un  CTaNH, BHUOJHAKT  yua  conna & or naBnedns  BCACKIBAHMA
H3 }’FJIEpOﬂHCTOﬁ CTaqaH, CTYNEHH Py

yyryda. [IpH comep:xanou
B BO3NYyXe WIH  BOAA-
HBIX mapax ¢eHoaa, ceposaopola HAH APYCHX YMEpEeHHO arpec-
CHBHBIX BelleCTB, a TaKKe arpecCHBHBIX IasoB H Napos (codepxa-
LYY TPOAYKTH KHPHEIX KUCIOT M Ap.} MATEPHAJOM MJs KeKTopa
MOMKeT CAYKHTb KOPPO3HOHHOCTOHKaA cranb. CHIBHO arpeccHBHbIE
rasbl # Napel, coJlepKallie NPOAYKTE HH3KOMOJIEKYJ/ISAPHBIX KUPHBIX
KHCAOT (MYpaBbHHOH, YKCYCHOH M T. Z.), OTKAUHBAIOT 3KEKTODAMH,
BEIROAHEHHEIMH H3 KHCJIOTOCTOHKON ¢Tadu.

HWuorna mag OTKAYKH CHABHO ATPECCHBHBIX NMaPOB INPHMEHSIOT
thapdopoBble HKEKTOPH, a TAKKE MEKTOPhL 113 CHelHAJBHBIX (Ta-
Jel ¢ AHTHKOPPOIHOHHEIM TOKPBITHEM.

31‘



['nmasa III. MHOI'OCTYIIEHYATBIE
[TAPOSKEKTOPHBIE YCTAHOBKH

OCHOBHbBIE XAPAKTEPUCTUKU ITAPOBXKXEKTOPHbIX
HACOCOB

BakyyMHble HacOCH XapaKkTepusyloT —fpefesbHBIM BAKYYMOML.
MPOU3BONHTEABHOCTBIO, CKODOCTBIO OTKAYKH, palouuM AaBJeHHE)
BCACBIBAHUA 4 KO3(QHHUMEHTOM NIOJNE3HOTO JeiCTBHA.

[IpeneasrbiM BaKyyMOM Hacoca HA3LIBAIOT MHHHMAABHOE OCTA.
TOYHOe JAAaBJeHHE, KOTOpPOe MOMXKeT OHTb CO3MaH0 B TepMeTHUHOGH
BaKyyMuo# cucteme, Ilpesenbhbiii Bakyym ofipenessdercd pasHo-
BeCHeM MeMIy KOJHYECTBOM rasa, yAAJAAEMEIM HACOCOM, K KOJH-
YECTBOM rasza, BO3BPAILAIOLIHMCA H3 Hacoca B cHeTeMy. aa napo-
JIKEKTOPHBIX HACOCOB NpefelbHBH BAaKyyM 4BAACTCA OOBIYHO BTO-
POCTENEHHOM BEJMYHHOM, Tax KaK OCHOBHOE Ha3HAaueHWe TaKIX
VCTPOHCTE — OTKAUKA BO3MOXKHO  OOJbLUIAX  KOJAMYECTB  rasa,
T. €. pafora B 006JaCTH MaKCHMAAbHON  NPOH3BOAMTEIBHOCTH.

IIpov2aBOIHTENIPHOCTLI0 BAKYYMHOTO HACOC2 HA3EIBAKT  KOJM-
YeCTBO rasa, yAasfeMOro HacoCcoM B €NMHHLY BPeMeHH MpH IaH-
HOM JiBieHHH BcachiBanug. OOBMEO [POHIBOIHTENLHOCTE ( H3-
MepsiOT B /i-MK PT. CT./C, 1+ MM PT. CT./C, M®+ MM PT. CT.JC ¥ T. 1.
[lpu npenessuoM Bakyyme o(QQeKTUBHAT HPOMIBONUTENBHOCTE
paBHa HYAI.

CxopocThblo 0TKauku Hacoca Ny HaswbiBawT ofbeM rasa, yoaJase-
MOro H3 OTKAYWBAEMOM CHCTEMBbl B €IHHHNY BPEMEHH MPH ARHHOM
AapaeHuN BcacwiBanus. CKOPOCTh OTKAUKH XapakTepHayer obbeM-
HYI0 BPON3BOAHTENBHOCTb HACOCA M U3Mepsercd B Ja/c, M3/c n 1. O
C npou3BONNTENBHOCTbIO HACOCA CKOPOCTb OTKAYKM CBA3AHA COOT-
HoweHRreM

N, =2 (114

The p, — naBjeHHe rasa IIpH BXOLE B HACOC.
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PaGounm napreHYueM HA3LIBAIOT AaBjeHHe, cO3nasaeMoe B OTXa-
unBAEMOfl KaMepe A4HHBIM HACOCOM NPH ONPEXENCHHOM KOMHYeCT-
Be yIaJfieMblX asos. X

Kosddpnuuenr nosesdoro AedCTBHA HACOCE TNPeACTABAACT c::;ﬁoa
OTHOUIERHE SHEPTHH Jy, PACXOAYeMOH Ha COBEpLieHIe NONE3HON pa-
GOTH CIKATHA Ta3a OT JABNeHWA BCACHIBAHHA 1O aTMOC(hepHOro 1as-
Aennd, K NoAHOH 3Heprun 3, NOABENeHHOM K HACOCY:

=2 (115)
3

OTH BeAMUHHH DPHHATH B BAKYYMHOH TeXHHKE AAS XdpaxTepH-
CTHKA Ao6oro Hacoca. PaceMoTpHM Tenepb XapakTePHCTHKU Hapo-
3MKEKTOPHBIX HaCOCOB.

CTYReHH Napo3KeKTOPHHIX HACOCOB, KAK MPABHJO, BLINOIHAKT
CRePX3BYKOBHIME, D10 O3HauaeT, uro pabodnil NMap BHITEKAET M3
comlda ¢O CBEPX3BYKOBON CKOPOCTBIO, A CMeLIaHHbI{ JOTOK, TOCTY-
pawouytit B Zudgysop, HMeeT CPedHIOK CKOPOCTb, KOTOpas pabHa
WAW TpeBblUIaeT ckopoctb 3Byka. C TePMOJHHAMHUECKON TOUKH
spenus npeofpasoBakie CBEPX3BYKOBOH CKOPOCTH HOTOKA B JO3BY-
KOBYI0 JOKHO OCYWeCTBJISTbCA B AHQdysope, NPeNCTABATIOMEN
coGoli o6paieHHoe conao Jlasaas. _

B cBoGonHOll cTpye MeAy BHIXOAHEIM. CE€UeHHEM COmJIa K cede-
HHEM CTPYH B MecTe CONPHKOCHOBEHHA e €O CTeHKOf m;lclJcl)ysopa
HMeeTcad SAPO TOTOKA, ABHTAWIErocd €O CBEPXSBYKOBOH  CKOPO-
CTBIO, H NIOTPAHKYHKBIA CJI0f, Ha nepadepuy KOTOPOro CKOPOCTH MO-
Toka GJM3KH K Hyaio [7]. B pesynbrate HHTEHCHBHOTO nepeMernt-
BaHAg yacTHm AApa u nepudepnn B nudpdysope noad CKOpocTeH
BbIPABHUBAIOTCH, CKOPOCTb YACTHIL B fApe NOTOKA yMeHbllaercd, a
Ha nepH@epHu yBeaHuuBaercda. BesepcrBue 3TOTO  TOJIMMHA MApH-
CTEHOUHOTC JO3BYKOBOTO C/OSl YMeHbLIAeTCs, MOCTHras HAa HEKOTO-
POM PACCTOSHWM OT BXOJHOTO ceueHus Ru¢dysopa MHHHMAJLHOIO
2HAUEHNA, OUPefeNfeMoro BA3KOCTHBIMH CBOJCTBAME Ta3a. Takum
06pa3oM, B NITHHAPHYECKOM yuacTke zuhdysopa coslaercs 30HZ,
NOYTH UeJAWKOM 3aNOJHEeHHAs [OTOKOM, KOTOpBI ABAraeTcs Co
CBEPX3BYKOBOH CKOpOCThiO, [Ipn HOAOGHOM peKHMe paboTbsl CTy-
Meny H3MeHeHHe JaBjedua 3a AudGys3opoM He MOXKeT mepela-
BaTbCS B OOPATHOM HAMpPaBleRHH (T4X KAk BO3MYyLISHHA B CBEpX-
3BYKOBOM TOTOKe NPOTHB TEHEHHs He Mepejalotcs) ¥ BJAMATE HA
APOLECC B KaMepe CMeNIeHNs.

[aneHefillee pasBuUTIe MOTOKA TPOHCXOAMT MO-pA3HOMY H 32-
BHCUT OT BEANYMHHl MpOTHBOZABNEHHS. [Ipu HeGOMBUIOM MPOTHBO-
IaBAeHHN IOTOK, MPOXOAR Yepe3 CIOKHYK CHCTeMY CKAauKoB yil-
JOTHEHU{l W BOJH paspekeHHs, CTAHOBHUTCA AO3BYKOBLHIM [201,
C pocTOM MPOTHBOIABAEHAS CPEAHss CKOPOCTb CMECH, [POTEKAIo-
mweil yepes Audpys0p, NOCTENEREO YMEHBINAETCA. [Tpu HeroTopo#
BejyuHHe NPOTHBOAABJAEHHA CPElHARA CKOPOCTh B auddysope cHH-
JKAETCS HACTOJBKO, UTO 30HA, 3ANOJIHEHHAH CBEPX3BYKOBKIM IOTO-
KOM, HCUe3aeT, H NPUCTEHOUHBIH A03BYKOBOH caofl cTanoBuTea GOMb-
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mum, Torma vepes TOT AO3BYKOBOH cJ0fl BO3SMYINeHHA INepena-
10TCsL  TIPOTHB TeYeHMsl, H H3MeHEHHe MPOTHBOAABACHHs BBI3BIBACT
cyIecTBeHHble M3MEHEHBs IIPOTEKaHusg Npolecca B KaMepe cMe-
LIEHHA.

QCHOBHOI! XAaPAKTEPHCTHKON TAPO3XKEKTOPHHWIX HAcOCOB  HB-
JseTesl 3aBHCHMOCTh AABJeHUs BCACHIBRHHA P, OT NMPOHIBOLHTENb~
HocTH G [IpOH3BOAUTENBHOCTh OGEMMHO M3MepsoOT B Kr/u. Xapak-
TEPUCTHKA NAPOIKEKTOPHOro Hacoca (pHc. 38) COCTOMT M3 IBYX
' YYaCTKOB, COOTBETCTBYWIIHX  JIBYM
pPACCMOTPEHHBIM  peKHMAM  PAaGOTHL.
ITepexon ¢ odHOro ydacTia Ha Jpy-
roit ofpelenseTcd TeM, ABJIAETCH JU
NelicTBHTEBHOE OpOTHBOAABAECHHE

. 1

nepBoOi CTYREHW Hacoca pi GoJblie

Mnd MEHBIIE €€ MPEeAeNeHOro MPOTH-
I

pofasnennd py... Ha paGouem yua-

CTKe @ XapaKTepUCTHKH IIOBLIUIEHHIO
pacxofla KeKTHpyeMoro rasa cooT-
BETCTBYeT CpABHUTEAbHC HeGoabluoe
6. BO3pACTAHNE JaBJeHHA BCACBIBAHHA
P  Ha Neperpy30dyHoM ydYacTKe O cpap-
HHTEABHO He(OJBIIOE  BO3PACTAHME
pacxolia Tasa TWPUBOAMT K  pes-
KOMY VBeJUYEHHIO HaBJICHHA BCACHI-
BAHHSA.

Touxa nmepexosia paGouero yyacTka B iTeperpy30uyHHI Xapakre-
pU3YETCAl HapYyUISHHEM CBepX3BVKOBOH 30HB B adhd¢yzope meppoi
CTYNEHH M COOTBETCTBYET NpeledbHOMY pemumy paloTH Hacoca;
B 3TOH Touxe AeHCTBHTENbHOE NMPOTHBOLAB/JICHHE py DABHO NDeHefb-
HOMY puapg. TIpeAeABHOMY DeXXHMY COOTBETCTBYeT MaKCHMANBHO
BO3MOJKHAA NPH 34JaHHOM 1aBJCHHH BCachblBaHus o0beMHas MPoU3-
BOAUTENBHOCT (CKOPOCTH OTKauKH) W HanGosiee 3KOHOMHYHHBIA pe-
#uM padorel. OAHAKC 3TOT pemuM SBAALTCH HEYCTOHUMBBIM, Tax
Kak 1pud He3HayuTeNbHOM BoapactaHuun G, no cpaBHesHo) ¢ Gomp
HACOC MepeXxOJUT Ha Neperpy3ouHblii pe:kHM padoTol, NPH KOTOPOM
BO3MOKHBl MyJNbCALUHH AaBReHMd B KaMepe CMelleHUsA Nepeol cTy-
NeNN M MOBbIIEHHBH NepeToK BOAAHBIX NMapeB H3 Hacoca B OTKA-
yuBaeMblll 00beM. B ¢BA3M ¢ atuM pabouas (IPOUIBOAMTENH>HOCTH
Hacoca Joyi’KHA ObiTh Medbille npelenbHoll. Touka nepernfa xapak-
TEPHCTHKH ABJAAETCH pacyeTHOR TOUKOH, AAd KOTOPOH W NpOeKTH-
PYIOT NaposKeKTOPHBIA Hacoc,

by

Pre. 38. XapaxrepHerHka ma-
POKEKTOPHOTD HACOCA

KOHCTPYKIIUH

Kak yxe oTMmeueHo, cTemedp CXKaTHN OAHOCTYNEHYATOTO 3KeK;
Topa 00B4AO He mpuauMalot Goabiie 10, [Tpr s1oM oAHocTYmeHUA-
THI 93KeKTOp, padSoTawliHil ¢ BHXAONOM B armocdepy, MOKeT
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" cosgaBaTh BakyyM go 90%. Jlas nocmixesnus Soiee rayGoxoro sa-

KyyMa TNPHMEHAT MHOreCTYNeHdaTHe MapoI?KeKTOPHbIE YCTAaHOBKH,
COCTOAINUE U3 TIOCAeAOBATE/bHO COSNMHEHHBX cTynenel. I1pu Takok
cxeMe Kaias TMOCAeiyomas CTyneHb NOJUKHA YAANATh He TOMIbLKO
ras, oTKayuBaeMuiii nepsofi CTYymeHbro, HO H pabdounit map mnpen-
LISCTBYIOUIEN cTyneHn. Bo usbexaHHe 3TOTO MEXAY KAKABIMH
IBYMs CTYNeHIMH YCTAHABAHBAKOT KOHAEHCATOp. B nmaposxexrop-
HBIX YCTAHOBKAX TiyBOKOTO BaKyyMa p
Haubodee 4acTo NPUMEHAT HapoMer- ap
pHYECKHE KOHAEHATOphl CMEMMBAM- '
were tana. - Yucno crynerefi mapo- 'S
3KEeKTOPHON YCTAHOBKH OMNpeNenser-

CA BEJNHUHMHOH Heo6XOAMMOLo Baky-
yMma,

g noayuenns ocratoyHoro pas- 7

Aerna 0,05 krc/cM® npHMERAIOT IBYX-
H TPeXCTYUeH4aThle VCTAHOBKH €O Gl
CTeNeHbl0 CIKATHA B OAHOW CTyNeHH =
cooTeercTBente 4.6 u 2.8 (puc. 39).
ITpu focmizkenwn  papaenus 0,05
sre/ecm? MOXKHO TPHMEHHTh GapoMer-
pauecknil KOHAEHCATOp, HABMEcHHE B
KOTOPOM He TpeBhLilaeT AaBjieHHe Ha-
ChllleHHs] BOAAHOTO napa, NPH TeMne-
paType oxJaKIawillefi BCONbl Ha BH-
xvie u3 Konjencatopa. as Gombunredt =
uacty paiionos CCCP  Temnepartypa
BOABl B JIeTHEE BPEMs HE IPeBLIIAeT
25°C.

Ecau npursith, uTOo POAA Harpe-
raerca Ha 5°C, To TeMmeparypa
BOAbl H3 NepBOro GapoMETPHYLCKOTO
KoHAencatopa coctaiur 30°C, a maB-
JeHHe HAachlenHa BoiaHblX mnapos Puc. 39 Cxema namyxcrymen-
HpH STOM Gy,leT paBHO 0’0431 KFC/CMQ, HaToroe naggs;ﬁ{egxﬁrl?p}{om Ha~
T. € MeHbUIe NaBJCHHH B KOHIEHCA- | _ .oo..o oonen ™ ) oo
Tope (0,00 i{I‘C{'CMg)‘ CTYNEHE; 3 — GapoMeTPHUSCKHE

I AOCTHXKEHUA OCTATOUHBIX IAB-  nae f = chusang  Gaposerpive.
AeHuil 1,0—0,1 MM pT. ¢T. cTyneHp ¢ ©kaf TPY6a; 5 — eMxaomHan Tpy-

- a; & — THAPO3ATEOD
rapaerdem 0,05 rrefeMm? AomonHsioT
IBYMSA HAH TpeMd CcTyleHAMH (e3 NPOMeXyTOYHLIX KOHAeHCATOpOB.
Ha pue. 40 B auarpamse [ — § NoKazanbl BPUGIU3HTENLALIE JHANA-
80HBL paGoTH PA3ANYHBEIX CTyNeHeil coBpeMeHHBIX MHOTQCTYIeHHa-
TBHIX NMapOZHKeKTOPHBIX HACOCOB.

Ha puc. 41 mpuBefera cxeMa BaKyYMHON CHCTEMB ¢ MapO3kKeK-
TOPHBIM HACOCOM, NMpHMeHSeMBIM womnaHHelt Wwuafitex CrefiTe
Crun (CIOA) B ycranoBkax BaKyyMHol 06paGoTKH MeTania RpH
OTAHBKE KPYMHBIX CAHTKOB.
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Pitc. 40. Auanazodet paBoTh cTynedell MaposKeKToPHBIX

Y700

BaKYYMHHX HACOCOB B (—§-guarpasue {29]

Puc. 41. Cxema Bakyymuo#l CHCTEMHL ¢ fa-

POSMEKTOPRMM HacocoM GUPME IAAHOT

(CIIAY nast gerdsauMHd cTanm B CTpye:
;?BaKY}'Mﬁaﬁ KamMepa; 2 — OpoMeXyTOUHRIN Kopm; 2.
. . 8~—-coo1‘serc‘raeuﬂo NIEepBAA, BTODAR, TpeYhA i 4eT-
& BEpPTAd CTYMEHH AACOCa, &, 7 — COOTBeTCTBEHHO nepekLi
M m:epoﬁ GapoMeTRHIECKUE KOHASHCATODH: § — sxgray-
CTep; ¥ — TpyGolpoBon Baifpocz raza B aTMochepy;

I — GapoMerphaecEdf Koaonsl

+800p

-

L

1

Hacoe H3TOTOBJAGH W NOCTaBied (GHPMON DJAHOT HA caenyoulue
}‘CJ]OB]IHI
CHOpOCTh PasNHBKW CTAMH B T/MHH . . . . 10
MoeryNfapuas Macca OTKAUHBAEMOTO Ta3a . 19,3

OfpeM OTKAUHBAEMOTO Tasa NpH JaBJeHHH
0,6 mM pr. cr, H Temneparype 25°C 8

MEMHE o« o o0 o > o« o = 0 o 1 o 28,31

IlapneRHe B Kamepe BO BpeMs pasiMBKH B

MM PT. €T, W+ v = v v e e e e .. ,6
Napnenne B KaMmepe Tepei pasnHBKOR B

I L N 0,2
JateTounoe pgapneuRe paouero napa B

KIC/CME o 0w v e o o o e e e .- 8,8
Temneparypa oxnaxaaioinei soas 8 °C . - 30

Hacoc uerbipexcryneHdarhiil. [lepeme aBe CTyNEHH paborawor
fes KoHAeHcanuu napa. [IpoMexKyTOUHLle KOHLEHCATOPH YCTAHOB-
JIeHEl 10C/Te BTOPOM H TpeTbeil cTyneHeil. Uereprad CTymeHb, Kax
W IKCraycTep, BEIGpPACHBAET HAPOTasQBYl CMeCh B aTmocdepy.
CymMapHsii pacxon mapa Ha Hacoc 3500 krfa  {(l-9 cTyneHb —
306 wrfu, 2-a cTyfneHb— 1490 krfu, 3-2 crynens — 468 krfu, 4-1
ctynedb — 350 xr/u, skcraycrep — 886 xrfu). KonuuyectBo oxaax-
pawileil BoAH, mocrynaiomnefi B MepBHA fapoMeTpHYECKHH KOHIeH-
carop, cocrasaser 2500 a/muH, a BO propoft — 510 afmun. C Ba-
KYYMHOI KaMepoil Hacoc cOeliMHeH TPYOONpOBOAOM AHAMETPOM
900 MM,

B CCCP paspaGoTanbl N yCIELHO BHeAPAIOTCA HA MeTadlypri-
qeCKMX NPeANPHUATHAX MAPOIKEKTOPHBIC HACOCHl —OTEUECTBEHHOID
nponsboncTsa. Hiuke mpuUBEAEHA SKCIMyaTAUHOHHAd XapakTeph-
CTHKA NMATHCTYREHUATOro NMapO3ReKTOPHOTO Hacoca H3B-100X1
(puc. 42):

TIpoH3BOZHTEILHOCTE NG Ta3Y NMpH NaBJIEHHH

1 MM PT. €1, B KT8 . . . . - . . o . 100
“Pacxo oxaakaawomeil Bofsl nipa 28°C 8 M3 /y 180
Pacxog pafowero napa Opy  IaBicHRH

15 krefeME BREM . o 4 - - - - .. 2200

Hacoc ofopyioBan Tpems GapoMeTpHIECKHMH KOBIEHCATODAMH
CMeWINBAIOIIero THAA, KOTOPHE YCTAHOBJEHE Noche BTOPOH, TPeThb-
efi u ueTeeproli cryneneil. Jnamerp TpyOOompoBOAd, COSIHHAIILETO
Kanepy ¢ RacocoM, 600 mm. 3a nepBuiM KOHICHCATOPOM OCHOBHOTO
Hacoca VCTAHOBJAEH HYCKOBOI JBYXCTyleHYarThlil Hacoc MNPOH3BO-
AHTENAbHOCTHIO 1800 xrfu ¢ 6apoMerpHUYECKUM KOHACHCATODOM. [Tpo-
H3BOAATEALHOCTD TIYCKOBOTO Hacoca AOBOJBHO BEIHKA. 310 no3Bo-
AReT CHUAKATH JaBJeHHe B OTKAYHBAEMOH KaMepe OT aTMochepHoro
10 100 mm pr. cT. 32 1—2 MuH ¥, CAEA0BATAABHO, 3HAUYHTENDHO CO-
KPaTHTh BpeMs OTKAUKH KaMephl 10 pabouerc Aap/enus 1 MM DT.CT.
VeKkopeHHe OTKauKu CHCTEMB OCOGEHHO BAXKKO, €CIH CTaJb Aerasi-
pveTcs B KOBIle, Tak KaK Co3jaiie BaKyyMa B 3TOM CJIydac
MOKHO HAUATh TOJBKO MoCAe NOMeIeHNs KOBWA C METAlIOM B rep-
METHHUECKH 3aKPHITYIO KaMepy.
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MponsoguTespHocTs MO TA3Y B KO4 . . . 125

TTaposKeKTOPHEE RACOCH (CM. PHC. 41, 42) ¢ 6apome'rpgqecxn€-) DA nabaeme o pr e |
i KOHIEHCATOpPAMH HanGolee HanexHbl B SKCIJyarTaluy. OAHAK Haszeune pacosero napa B Krc/em® . . . . 9

yiMeBenie GapoMeTPUYECKUX KOHIRHCATOPOB Tpebyer pasmelle- Temneparypa paBouerc napa B °C 180
np 10—11 w. BolcoTy pacmosioXeHns KOHIeHCaTopoB CyMMapHEI packom mapa B Krfd. . . . . . 4370
HUS UX Ha BBICOTE 1U—21 M. Y P Pacxog oxaaxpawmeii pofs B M3/4 . . . . 140

Bada,

faz
B )

Y 4 1008
¥

~ 17500

Puc. 42 Cxema NapodKEKTOPHOTC HACOCA HIB-10031:
; ro Hacoca; 6, 7-— CTYIEHE nycvuonom Ha-
i;:.saT;i’}gi}i“negggﬁ{m;?opoﬁ u TpeTHi Gapome{pimec[:;iazggnﬁ-;:
; o macoca; 1 — OPOMEHYTOAHLIL HORA!
CATOPH OCHOBHOD R ptan

MOKHO 3HAYRTENBHO YMEHBIUHTh, ECAH BOAY ¥ KOHZEHCaT ynan;(;r;
§3 CAWBHEX TPYy0 KOHAEHCATOPOB HeHTPOoOeKHEIM Haccr?on;;-
(puc. 43). Hacoc cT2HOBHTCA €HIC GoJee KOMNAKTHHIM HPH H

( OpOB.
30BaHNH NOBEPXHOCTHBIX KOHAEHCAT
Huske mpuBeieHsl pacyerHsie NapaMeTpel NapO3XKEKTOPHOIC

nacoca (puc. 44) ¢ NOBePXHOCTHHIMH KOHJISHCATOPAMH, npeaﬂ%%ﬂi-’
YEHHOTO AAA BAKYYMHPOBAHHS CTajil B KOBIIE &MKOCTBIO :
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Hacoc uwermpexcrynenuarsifl, Bo Bpemsa sakyymuposanus 60 T
MAPTEHOBCKON cTajsH (PaxTHUeCKoe NaBieHHe B BAKYYMHOH Kamepe
HaXOoOuThCd B Opefeiax
1—3 mm pr. ¢T. HecMoTpsa
Ha TO, UTO ONEIT NpHMEHe-
HHSl Hacoca ¢ TIOBEPXHOCT-
HEIMH KOHJEHCATOpPAMH B
DAHHOM CJyyae Janx ToJro-
KUTeNbHBIE Pe3yabTATH, K
DPHMEHEHHI0 HOBEPXHOCT-
HBIX KOHAEHCATOPOB B Ve-
TAHOBKAX AN BAaKYYMHOMA
obpaboTKH MeTanjaa cJie-
AYeT TNCAXODHTh OCTOPONK-
HO 13-33 BOSMOXKHOCTH 3a-
OHBaBHS HX cofepxaliedi-
Csi B OTKauMBAEMBIX Tasax
MblAb,

[Tpu pacuere MHOro- ;
CTYNEeHYATHIX YCTAaHOBOK 2
npexifie BCero cJeayer BH- 1
GpaTh uucAO CTyNeHefl M J {
pacipele/uTs MeKAy HH-
MU aapieHus. Jnsa pacnpe-
Henedns TABAECHH{ MO CTY-
TEHSIM MOKHO [IPHHUMATh
CTENeHb CXKATHA BO  BCex
CTYNIEHSX OJHHAKOBOI!

Puc. 43. CxeMa NaposMeKTOPHOrO Hacoca
CO CMElNBAWIIEMA KOHZeHcatopamu [21]:
{ —CoCynl ¢ NONAJBKOBBIM KITANAHOM; 2 — UeHT-

2 - PofeKHM Hacoo: ._')’—c,uBGeHHbiH GapoMeTpe-
€ =1 €, (1 16) CKHAi ®OHZelcatop .
T7e z -— YHCJIO CTYMeHel;
€ — o0WaA CTeneHb CHAaTHA NAapOKeKTOPHOR VYCTaHOBKH.

OnHako ot Takoro pacnpefefeHHs Hacrto TPHXOZATCA OTKAa3H-
BaTeCH, TAK KaK [aBJjeHHe Hepel NepBHM KOHNEHCATOPOM HOJNKHO
ObiTb coracoBaHo ¢ TeMmepaTypoll oxgaxiaiowei Bofwl. B ycso-
BHSAYX OrpaHHYeHHOTO PAcXofa [apa OONTHMAJbHOE KOJNHYECTBO CTY-
TeHel cAeAyeT ONpelelIATb HA OCHOBAHHH TEeXHHKO-3KOHOMHYECKITX
pacueros. Ho n B s3TOoM caydae mpi OKOHYaTedbHOM BHIGOpe Yncha
CTynenell Heo§X0ZHMO YUHTHIBATE CJAOXKHOCTE KOMIIOHOBOUHCH cxe-
MBl YCTAHOBKH H YC/JIOBHS 3KCIJYaTalHH, TAaK KaK Ha OCHOBaHHH
TeXHHKO-3KOHOMHYECKHX DPACYETOB MOXKHO NOAYYHTE HENPHEMJeMO
OonbLIoe KOJAHYECTBO CTYNEHeH,
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Pue. 44, CxeMa Napo:KeKTOPHOrO0 Hacoca ¢ NOBEPXHO-
CTHBEIMH KOHIEHCATOPAMH.
f — pakyveHad Kasepa; 2 — BARYYM-DPOEOL. 3, 4, 6, & — cooT-
BETCTEEHHO MAepBan, BTOPAA, TPETLSL M MeTBEepTas CTYNeHH Ha-
coca; §, 7 — CODTBETCTBEHHO nepBRIR H BTOPOHl NOBEPXHOCTHSIE
KOHALeHCATOPH, 9 — KOHOEHCATHLIE GAUKH; Iﬁ—-l{OH}leﬂca_THb'[‘ﬂ
Hacoo; fi — naposoll KOANeKTODR: 12 — TpyGorpoBOALl  OXAAN-
mawileli BOAB

Ompatomaduud nagp Ho3dyx

f}mamﬁmwéﬂ

Puc. 45. Cxema CMelIHBAOIUHX KOHAEHCATOPOB.
a — BEAMOTOYECRD; 6 — MROTHBOTONROTO

Tenno napa, orpaforaBinero B CTYIeHH HAcoca, QOBIYHO OTBO-
LAT B KOHAeHcAaTopax. B coOTBeTCTBHH ¢ UpHHIKHNOM ACHCTBHA KOH-
JAelCaTOPLl pas3fendoT Ha CMeiIHBAWIIHe H NOBepXHOCTHHe. B cMe-
[IBAMUIHX KOHOEHCATOPAX TEMNOOOMEH NPOUCXOANT Gaarojapda He-
DOCPEACTBEHHOMY KOHTAKTY H CMeLIeHHI0 o0OHX TellJIoHOCHTesel.
B nopepxHoCTHBIX annapaTax Hap M BOLA pasfiedieHbi NpPOMeKyTOu-
HOIl TBEPHOH CTEHKOM, yuacTBylolled B nporecce TengocOMena H 05-
pasyiollei MOBEPXHOCTE OXJMAMIEHH,

B Baryym-Hacocax XuMuUuecKO!l NPOMBILIIEHHOCTH H YCTAHOBKAX
BAKYYMHOH 06paloTiyn MeTania HaHOOMee PACOPOCTPAHOHLL CMeEIlH-
BAWHe NPOMEKYTOUHbe KoHAeHcaTophl. [To HampapJeHHIO ABHIKE-
HHA MAapa M BOJAB KOHIEHCATOPH 3TOrO THMA PasfendloTca Ha Mps-
MoTodHBle {puc, 45, @) u nporuBoTOUHNie (puC. 45, ). Ilo npuHuuny
IeHCTBHS KOHAEHCATOPH TaKkKe MOMHO pasfeliTs Ha ABA THIA.
B oinom u3 nux, HauSoaee pacHpOCTPAHEHHOM, I[ap KCHIACHCH-
pyeTcd OT HENGCPeACTBEHHOrC CONDIKOCHOBEHI ¢ OX/axJaroulefl
BOLOH, pasBuBaeMol Ha OTae]bHble MeJKle CTPYHKM HIH Kauau
(cM. puc. 45). Bo BropoM, 3kKexTOpHOM MJAH CTPYHHOM, THIE KOH-
JEHCATOpa Hap KOHASHCHPYETCA HA NOBEPXHOCTH OfHOH WAM  He-
CKONBKHX MOMIHBX CTPYy#l BOEBL, ABMKYMHXCA ¢ OofplIoH cxopo-
ctbio (pHe. 46).

OcCHOBHBIM NPEHMYIEECTBOM CMEUIHBAIOMINX KOHIEHCATOPOB IO
CPaBHEHKIC ¢ MOBERPXHOCTHHMH TOH XKe NPOUIBONUTENbHOCTH ABJAA-

€TCA NMPOCTOoTA H KOMNMAKTHOCTD YCTPOﬁCTBa ", BCAeNCTBHE 3TOTO,

3HauuTedbHO Gosce HU3Kag croMmocts, Kpome toro, Gaarogaps He-
NoCcpeICTBEHHOMY KOHTAKTY KOHIEHCHPYEMOro TMapa ¢ oxXJamaw-
well pOTOH TEMOEPATYPY NOCARAHEH HA BHIXOME MOMKHO JOBECTH B
NpOTHBOTOUHEIX KOHJENCaTopax MoUTH O TeMIIepaTypsl HAChILIEBHN
BOINSHOTO NAapa Npi COOTBETCTBYIONLEM AABJMEHUU, T. €, CBECTH K
MHHHMYMY HelOIpeB BOAHL. Tl0O3TOMY KPATHOCTb OXJIaMAEHHA U KO-
JHYECTBO OXJAaxaawilnell BOAB NpPH OXHOH U TOH Ke TeMnepatype
naporazoBofi CMecH Ha BXofle (TOM e aGCoAWTHOM IaBJEHHH B
KOHZeHCaTope) MOTYT OBIThb 3HAUMTENBLHO MEHbille, Y4eM Yy I0Bepx-
HOCTHBIX KOHOeHcaropoB. CMeWHBamolile KodgeHcaTophl Oogee
yacGHu B SKCIVIyaTalHH, nouTH He TpefyloT yxoma # KOHTPOJAd H
MOTYT, UTO 0coDeHHO BAXKHO, padoTaTh HA BOZe, CONlepKallell arpec-
CHBHBIE BellecTBA. Pacxon sHepriM Ha yaaleHHe BO3RYXa B CMe-
WHBAOLIMX KOHIEHCATOPAX HECKOAbKO BblIE, TAK Kax caelyiollas

33 KOHOEHCATOPOM CTYNeHb AOMXHA YAadAaTb NMOMHMO rasa, colep-

JKauerocs B 0ape, U BO3AYXAZ, NMONAJAWIIETG 4Yepe3 HeMJOTHOCTH,

BO3VY, BHOENHBIIHECA H3 ox’Jamiawlued pofsl; B | J BOAL mDHU

20°C comepxutca npubanauteasdo 25 mr sosgyxa (prc. 47).
[1pu conocTaBneRun NPRMO- H NPOTHBOTOYHHIX CMeUIUBAIOMIHX

KOHNEHCATOPOB Heo(GXOAMMO VUNTLIBATL pasinuwe B pacmpenene-

HHH mapuyagbHBIX AAaBJeHUH Eapa pg M rasa pr, 4 TakKKe TeMaepa-

TYpH TaporazoBofl CMEcH foy B BHITEKAIODee H3 ITOr0 Pasiudiie B

HeOOXOARMOHK KPATHOCTH OXJaWKIeHUA H NPCH3BOIUTEABHOCLTHE CJae-

Ayiolled 3a KOHIEHCATOPOM cTyhend Hacoca. [Tapuuanskoe nasaie-
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Puc. 48. Tpadnrn pacnpe,meneﬂaﬁ NapuHabHNX
MaBAeHdil H TeMOepaTyp B IpAMOTOUHOM (d) W BpO-
THBOTOUHOM (§) CMEUHBaKIIHX KOHHEHCATOpax

14 !
o 20 40 60 88 °C:

Puc. 47. 3aBHCEMOCTS KOB(I)d)H'».

_ BeTCTBEHHO MEHbIUE H KPATHOCTDL

CKOJIBKO HHOH 3aMlcH:

HUe raza pr B CMeCH BO3pacTaeT BO Mepe KOHASHCAUHH fapa M Ao-
CTHMaeT MakKCHMyMa p”L Ha NPOTHRONONOIKHOM CT BXOJA Naporaso-
sOM cMecH KOHIe KougeHcaTopa {puc. 48). CooTBeTcTBEHHO B 3THX
MeCTax CHHXKAeTCs A0 MiHHMYMa RapuHaJbHOe NaBJeHHEe Napa Py
# TeMNepaTypa DAPOrasoBO#l CMeCH fgm, KOTOPAA H3-3a XOPOLIErO
KOHTAKTa ¢ BOAOH JHWL HeMHO-
ro npepblllaeT TEMIEPaTYpy BO-
Abl. IIpn oAMHaKoBEIX Temiepa-
typax few M Py ofnHagoBEX £ .,1
naBeHnsx Py B koHAeHcaTopax N
TeMilepaTypa  oxaamAawomefics 3
BOIBI HA BBIXOJE fx B MPAMOTOM-
HOM KOHAeHcarope Gyiler RIlKe,

4eM B TPOTHBOTOYHOM. Cueio-

BATCJABHO, HATDEB BoJbl Afl= ///7
=t"y—t' B NPOTHBOTOUHOM KOH- /%
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AeHcaTope BbllE, a HEIOTpes e

Sf=fme—{" N0  TemMnepatypel 1 =
HaCBHlLEHHs BOAAHOrO napa gHAc ¢
npH pasaeHun Px Mesble; CooT-

26 £5 3¢ IFTag °C

Prc. 49, 3aBUCHMOCTS Macow napoBos-
AywHoll cmecH, ypanasemodi ¢ | Kr cyxo-
oXJlaxiaeHnd 1, papHafdg OTHOLMIE- ro BoO3AYXa, OT TeMOepatypel o aGco-

HHI0 PacXONOB KOHAEHCHPYEMOro MOTHOTO [ABJSHHA CMECH
flapa W OXJamMAAIMUeHT BOIbL

Haunfonee cymecrBeHHbIM riapaMeTpoM fBJASETCH TeMIepartypa
o yiaddeMoli M3 KOHAeHCATOpa maporasoBoit cMecH. B mpamo-
TOYHOM KOHAEHCATOPe IIPH NMPOUHX PaBHBIX YCJAOBHAX 3Ta BeJHUHHA
6AM3Ka K TeMIepaType BOALl HA BLIXOAe 17y; TOITOMY AJS Psla pac-
YeTOB MOMKHO MPHHAMATh ¢ ¢y =1"y. B MPOTHBOTOUHOM KOHAEHCATO-
pe 3HageHue (7o AOAKHO OHITh HECKOJIbKO BRIIE TeMOEPATYDhLL OX-
aaxzaollell BoIM Ha Bxofe 'y Uem BHILie TeMIeparypa oTCACH-
BaeMofl MapoBO3AYWHONH CMECH fIpH HEU3MEHHOM [aBJACHHH B KOH-.
AedcaTope, TeM 0oOJblue COLEPKHTCH B HeH HECKOHALHCHDOBAHHOIO
napa (puc. 49), mosToMy B HPEMOTOUHOM KOHAeHcaTope o0beM
YAanadeMol NapoBO3AYLIHOH cMecH Ooablle, YeM B ITPOTHBOTOUHOM,
U COOTBETCTBEHHC A0NAKHE OpiTh (OJblUe pa3Mephl KOHEEHCATOpA H
Dacxol napa cnepywomlefl 33 KOHASHCATOPOM CTYNeHH Hacoca. Teo-
PeTHUeCKH TeMAepaTypa NapoBO3AYVILHON CMECH, MOKHAAWIIEH [po-
THBOTOZHHI KOHAEHCATOP, ACJMKHA OblTh pPaBHA TeMIEparype ox-
Jdaxaamouleil Boas Ha BXoge {'x. IIpaKTHYECKN BCJAEACTBHE MaJoH
TEILIONPOBOAHOCTH BO3AYXA ero TeMIEpaTypa Ha BLIXOAE HECKOJIBKO
BbIle TeMOEPATYPH BOALl HA BXome, Tlo HaHHEIM pajla HCCaeaoBa-
TeqxeR

fow = b+ 44-0,1{#" — £). (117)
B. M. PaMM DpMBOZMT 3Ty SMOHDHYECKYID 34BHCHMOCTE B He-

fow=te+4+01(—5). = (118)
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Takum ofpasom, NPOTHBOTOUHEE KOHAEHCATOPH B TEIJIOBOM OT-
HoIleHHn HoJee COBePIICHHBI, YeM NMPAMOTOUHEIE.

Jag uHreHcHdHKAUHKH OpOHEcca KOHASHCALNIY HeoGXOIUMO yBe-
JAYHBATH ONOWAZb B3aHMHOPC CONPHKOCHOBEHHS Iapa ¥ BOABL. DTU
DOCTHTaeTcd nojauell BOAH B KOHAEHCATOp 4epe3s ComJja (BoHa pac-
NbIAHBAETCA oA AeHCTBHEM PAaszHOCTH AakAeHHH B BOASHOH Xamepe
1 paboyeM DpPOCTPAHCTBE KOHAEHCATOPA)
HJH TOCNENOBaTeNbHbIM CTeKaHHes BO-
Abl C ONHOTCG JHIPYATOIQ HPOTHBHA Ha
apyroii. OBa MeTOmRA TpWMEHEHH KaK
A8 OpAMOTOYHEIX, TAaK H NPOTHBOTOY-
HEIX KoHAeHcavopos. HeipuaTble Tapen-
KH MOTYT OBITH BLIOJIHEHH B BUJIe Cer-
MEHTOB, NHCKOB HJIl KOJel.’

TIpotuBoTOYHEIe KOHIEHCATOPH 0OLIY-
HO BBIMOJHRAKT B Buie OGapoMeTpuye-
CKHX, T. €. C OTBOAOM KOHJIeHCATa H BO-
abi uyepes GaposMerpHyeckyw Tpyly; uya-
CTO HX HA3bIBAIOT KOHLEHCATODAMM BBI-
cOKOro ypoBua (puc. 50) B oTauune ot
KOHJEHCATOPOB HH2KOTC ypoBHA, pabo-
TAOLHX B Mape ¢ HacocoM. B xumuue-
CKOfl TPOMBIIJIEHHOCTH NPOTHBOTOUHDIE
GapoOMETpHYECKe KOHAEHCATOPE ¢ Cer-

Puc, 50. Cuewnsaowul KOHASHCATOP JapOMeTpHue-
CROTO THOA:

{ — rRapo3aTeop; 2 — GapoMmerpudeckan TpyGa;, J§ — JM0OK:

§ — KOpnyc KOHARHCATOPA, § — pacmpeaeAnTeNsHbiA LulnHu)

LA EGAM;: & — TPYGA ANA BMDABHHEAHHR IaBJeHUH; 7 —

TPYHE  AJA  OTBOZA  BO3AYNA; £ — MOoByWIKa  4AA BOAN,
¢ — TpyiHia OTBOSA EOAB

MEHTHHIMH OJKAMH NPHHATH B KauyecTBe cTaHAapTuux., Bona s ra-
KX KoujeHcatopax crekaer vepes 60pTa B OTBEPCTHA B TOPHIOH-
TaabHblX nojxax. OcHOBHBE TapaMerphl 0apOoMEeTPHYECKHN KOHIEH-
caropoB koHcTpyKuuy HHUMXUMMMALMIa npu abconTHoM ITasge-
aud 0,1 xre/cm? npupenessl s raba. 7. :

Hexopuoll petvuuHOR 449 ONpefesieHHs TIPOH3BOAHTENLEOCTH
KOHJIEHCATOPA MOMKeT CJHYKHATh CKOPOCTh NMOTOKA Wy, B HHXKHEH ua-
CTH KOHIeHCaTopa, pacCUHTaHHAas Ha ero NOJHOe CeyeHHe, HH CKO-
pPOCTb BOASIHOTO llapa @y B 3a30Pe MEXKIYy KOPNYCOM KOHgeHCa-
Topa n noakeit. Hanpumep, _
G
Wi = g raeDe 1)

rie G — KOJHYECTBO mapa, NOCTYNamollero B KOHAEHCAToOp, B M3/C;
D — BHyTpeRHHH AHaMeTp KOHAEHCATOPA B M.

Ecaun B paccunTEBaeMoM GapoMeTpUUeCKOM KOHAeHcarope abco-

MOTHOe maBiaeHHe p=40,1 Krc/eM?, TO 3ajaHHYK® NPOH3BOAWTENb-
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TaGnuma 7

(OcnoBHBe NapaMeTPel GapOMETPHUECKNX KORLEHCATOPOR, KOHCTPYKUHH
HEBWUX HMAIlla [24)

CpefHan CROpOCTh NGTOKA
B HHIKHeH YacTH KOHISHcaTOpa ITpOH3BOAHTENBHOLTE TI0 TADY
Buyrpenuni B e
AvaMerp
HONAEHCATODA W’K‘ {na WK, (B 2a-
Db omm TIGNHDE LeMe- npe MeNay ofpeMHad B MY M2cCOBAA B Kr/S
HHE EOHIEH- EODITYCOM
tatopa) H OOAKOA}
500 Ho 23 Ho 47 o 16 000 Ho 1000
600 16—24 28—413 16 000—25 000 [ 00—1 600
800 1422 3454 25 000—40 000 1 600—2 500
1000 1453 3862 40 000—64 000 2 500—4 000
1200 16-—25 3961 654 000—100 000 4 000—6 400
1600 100 000—160 000 6 400—10 000
14—22 34—54
2000 160 D00—250 000 10 000—16 000

HOCTBE HaJ0 NPHBECTH K YC/IOBHSIM, YKa3aHHRIM B Taba. 7, wHcxons
13 TOT0, 4TO LJs HOPMAanbRoil paloThl KOHAEHCATOpA HOMKHO CO-

6monaTbCa YCIOBHE

Pwi = COnst, (120

' rie p— HJOTHOCTh BOLSHOTO napa B Kr/M%,

Takum o6pasom A4 Kaxaoro GapoMeTpHIECKOTO KOHAEHCaTopa
NpH pasfHUHBIX OCTATOUHLIX NaBJEHHAX

Uragn — Prasia_, (121)
Gpacy Peacu

31eCt Gaom M Gpacs — NPOH3BOAHTENLHOCTH GapoMeTPHYECKOTO
KOHAEHCATOPA B KIYY MpU aSCOMIOTHOM JABJEHEH COOTBETCTBEHHO
p=0,1 rrefem? n ps=0,1 Kre/cM?; Praga M Ppaecs — IIOTHOCTH BOAA-
Horo papa B Kr/m® coorserctBeHHO npH p=0,1 krefem? u pse
0,1 xrefem?.
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Pacxof oxAamaanomeil Bons

Q=G n (122)
[ ((K_tK) :

e fg — SHTAJbLNHA TOCTY{AOLLETO B KOHASHCATOD Napa;
€z — YAeAbHas TeNJOeMKOCTh BOJEL
Temneparypy OTKAudBaeMORl MapOBO3LYLUHON CMECH Ompeness-
wr no gopMyde (118). Muamerp Gapomerpuueckoil TpyOnl Haxo-
AAT U3 ypABHEHIA pacxola, OPYHMMAS CKOPOCTb TeueHWs BOAH B
Tpybe ws=0,5+0,6 Mfc. O6myo BuicoTY Hs B M GapoMeTpPHUYECKOH
TpyObl (cwm. puc. 50) pacCUHTHIBAKIT MO BpipaKeHHIO

2 .
- Be | ©s My 52y 40,5 123
Ho= 10326 4 S5 (14 &+ 30) 405, (129)
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rae By — paspexenne B KOHAGHCATOPE B MM PT. CT.;
Dg — Ndametrp GapoMeTpHuecKod TpyOul B M;
A H§ — xo3(pHOHEeHTH COOTBETCTBEHHO TPeHHS H MECTHOIO
CONPOTHBJICHHA.
YcaoBye, HeoGXOAUMOe AJS YAAJAeHHS BoAbl H3 OapoMeTpHue-
CKOTO KOBIEHCaTopa CaMOTEKOM, 3alHCHIBAETCH TAK!

Hﬁ>p6+ Ap“pkmin; (124)
31eChb Ps — MAKCHMAJBHOR 6ap0M3TqueCKOE‘. naBJjacHle B
M BOX. CT.,

Ap — CyMMa CONPOTHBJEHHII JBHXXEHHK BOAE B $apo-
MeTpuuecKofl TpyGe NPH MaKCHMAJbHOM pAacXoAe
E M BOH. CT.;
Prmin — MHUHHMAaJIbHOE  JAaBAeHHe B  KOHI¢Hcarope B
M BOJI. CT.
B Ta6s. 8 npuBeneHsl pasMepbl $apOMeTPHUECKHX KOHAEHCATO-
pop korcrpykuun HHUXHUMMAIIa (puc. 51). Kouctpykuuu pas-
paboTanpl I8 KoMH4ecTBa (B Kr/¢) OTcAchiBAeMOro Bo3AyXa

Gposp = 0,000025 (Q -+ G) +- 0,01G. (125)

Jta dopMyaa yiuTHIBAET KOJHYECTBO BO3JYXa, BHIENUBILErOCs
H3 BOABl M MPOHHKLIETO Yepe3 HeMJOTHOCTH. F3yuenue paGoThl mpo-
MEeKYTOUHEIX KOHAECHCATOPOB MHOTOCTYMEHYATHIX MAPO3KEKTOPHEIX
HacOCOB TOKA3BIBAET, YTO OCHOBHOE KOJHYECTBO rasa Mofafaer B
KOHeHCaTop ¢ OTpabOTABIMIHM B NpelbAylled CTyHEHH Hacoca fa-
poM; B OOLLeM CAyuYade 3TO KOJAHYECTBO Iasa 3HAUNTEABHO UPEBOC-
X0ANT KOJHYECTBO BO3AyXa, ompejenseMoro fo Qopmyne ({125).
B ¢Basn ¢ 3THM BO3MOMXKHOCTH MpuMEHeHHs KOHAEHCATOPOB KOHCT-
pykuuy HITUXHMMMAIIla B cxesax MMapoKeKTOPHbX HECOCOB
clnelYeT B KaKAOM CAyJae HPOBePATh ACHONHHTENbHBEIM PACYETOM.

{ipu pacuerTe KOHEHCATOPA OCHOBHBLIMII ONpejefdeMEIMH pasMe-
paAMH SBAANOTCK BHYTPEHHIH AHaMeTp M BricoTa. JIHaMerp KOHMeH-
CATOPA ONPelefA 0T M0 MAKCHMAaJAbHOMY KOJHYecTBY mapa, KoH-

§2

Tatasuna &
OcuoeHbie pasMeptl B MM [24] GAPOMETPHYECKHX KOHREHcaTopom (CM. puc. 81)

PasMeptl KOHAEHCATOPA ¢ BHYTDEHHHM LHaMeTpoM
Paamepn
500 | 460 [ 800 | 1000 | 1200 | 1600 | 2000
Tomuura ctenku annapara S . . 5 5 5 6 6 | 8 10
Mvpuna noakn & ., . . . . . . — | — 500 | 650 | 750 | 1000 | 1250
Paccroanne mexay ocamm H no-
BYLUKOH:
Ky oo 000000 675) 7251 950 | 1100 | 1200 | 1450 | 1650
Ky oo o0 o000 -— — 835 | 935 | 1095 { 1355 | 1660
Bricora yerawosrn Hy . . . . 14300 4550 | 5080 | 5680 | 6320 | 7530 | 8500
. Nlwpusa yerawosn 7 . . . ., 1300 | 1400 | 2350 | 2600 | 2975 | 3200 | 3450
. Jnamerp JoBywEH:
Dy ... ... ... 400| 400 | 500 | 500 ! 600§ 800 | 800
Dy o .o 0. — - 400 | 400 ; 500 | 600 | 800
Buicota aoBymKR: {
By v v v o e e s 1440 | 1440 | 1700 | 1500 | 2100 | 2300 | 2300
N — -~ | 1350 | 1350 | 1400 | 1450 | 1550
Paccroanns mempy nomkanmm:
e 220 260 | 200 (| 250 | 300 | 400 | 500
g v v e e + . .1 260 300 | 260 | 320 | 400 500 | 650
Wg o v e v e e e e e 320( 360 ¢ 320 | 4001 430 | 640 | 800
a ... e 360) 4001 380 475 | 575 ) 750 | 950
G5 0 v e e e e 35%0) 430 | 440 550 | 660 | 880 | 1070
VenopHbe NPOXOAR LITYUEPOB:
| (anm Bxoma mapay . . .| 300] 350 | 350 ¢ 400 | 450 | 600 | 800
2 (a1q Bxoga BOAW} . . . .} 160| 125 ] 200 200 250 300{ 409
3 (ni2 Bxopa naporasoroi
CMECE) . . . . . .. .. 80| 100 | 125 150 | 200 ; 200 @250
4 (nng GapoMeTpHuECKOR TpY-
= 125] 150 ; 200 ( 200 250 ) 300 ]| 400
5 (Bosgymmmk) . . ., . . . — — 25 25 25 25 25.
6 {(gna Bxoma TNaporasoeoil
oMecHy* L L L L, L L L L, 80! 100 125} 150 ( 2001 2001 250
7 (379 BBIXOAA NaporasoBof
eMecm)®* ., L. L., L, L. 50 70 g | 100, 150 | 200 250
8 (nans GapomeTphueckoll Tpy- :
2 50 50 70 70 80 & | 100

* Ha aoeywkax.

Nprsmevanwe Jaa poex YRa3aHABIX B Ta6/HUe KOWLSHCATODOB DaccTOAHHE OT BEpXAef
nonxluzbng KpHIMER annapaTa @ = 1300 MM: paccToAnpe orT HIDKHeli MOJAKH AC ZHAWE annaparta
F= MM

JeHCHPYIOUlerocs B eAMRHLY BpeMeHHu. i toro utoObl u3bexarb .
UpeaMEPHOr0 BO3PACTAHHA CONPOTHBAEHHS Mapa H YHOCa Tapom
Kafeqab Bofpl, C. C, BepMan pekoMeHzyeT NpHHAMATE CPEAHION CKO-
pOCTp NApa B CEYeHHMH KOHZAEHCATOPA, He 3aHATOM TAPEIKAMH, HO
35 Mfc, a B HHKHeM CedyeHWH C TapedkaMu A0 55 wmfc. Buranp
ONpefeAfeT IHAMETP NPOTHBOTOUHOTO CMEINHRAIOHIers KouaeHca-
TOpa HCXOAA U3 cKopocTH nmapa 12 mfe. C. W, Buabnep npunuMaer
THAMETD TPOMEXYTOUHHX GapoMeTPHYeCKHX KOHAEHCATOPOB 1apo-
3KEKTOPHBIX BAKYyyM-HACOCOB PAaBHbLIM IIECTH JAWaMerpaM IHJHHI-
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puueckore yuactka Zuppysopa cTymeHH gacoca, ycTanasnauBaemoll
neped KORACHCATOPOM.

Boicota KOHIEHCATOPA ONPEAENARTCS YCAOBHAMU TennoobMeHa
napa ¢ Bogof. ITpu kaneasHom pa3GpLIsrUBAHHU BOABl OGLIYHO HC-
XOLST H3 3HaYeHHH OOBEMHON HaNPAXKEHHOCTH pafovero mpocTpaH-
CTBa KOHAEHCATOPa, KOTOPYIO NPHHUMANOT HA OCHOBAHWW LAHHBIX O
pabore aHaJOTHulEX KOHCTpYRUHA. [Tpu cTpyfikon Teuewuyu BOABI

a)"

9

Puc, 51. Bapomerpuyeckhe wonaercatopsl koactpykuny HUMXHMMMAI [24];

@ - AnAanpaTal anamerpoM 5 n 600 Mm; § — annapaTol OMaMeTpoM 2002000 MM

10 yCTOBHAM TeIIOOOMeHa B TPUCYTCTBHN HEKOHIEHCHPYIOUUXCH
razop PacCUMTBIBAIOT TeMIEPAaTypy, HA KOTOPYI0 BOAA Harpesaercs
Ha XaxNoh TapefKe H B NPOMEXYTKAX MeXAy TapeaxaMu, oInpe-
JeNA0T KOANYECTBO TAPRNOK, a CAEAOBATENLHO, H BEICOTY KOHJEH-
catopa, Crporoe mpoBeneHHe TAKOro pacuera MoXer GLITb Ocylle-
CTBAEHO [pH HAJUMUH 3KCIEPHMEHTaNbHBIX AapHbix. [loayuena [4]
IMnUpHYecKas QOpMYyNa AAA ONpeleleHHs YCJICBHON NOBEPXHOCTH
OXJAXKAEHNS MPOTHBOTOYHEIX KOHIEHCATOPOB CMellleKHA

300 {G; 4 G~ G1)

Fo ——,
k ('fcm + tm: - tx_" zK)

(126)
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Tae F — ycaopiian nosepXHOCTb OXJAXKIEHHA KOHIeHcaTopa,
paBHas ofulefi NOBEPXHOCTH CTPYEK BOAbL, AHAMeETp
KOTOPHIX NPHHEMAWT PaBHBIM AHAMETPY OTBEPCTHH B
OOJKAax, B M2;
G+ Gy — xoquuecTBe [OCTYRAOWIETO B  KOHAEHCaTop napa
B Krjy;
Gy’ — KOAH4YeCcTBO HECKOHAEHCHPOBAHHOTO BOAAHOrO mapa B
cMecH, BHIXOZANIEH H3 KOHJEHCATOPa, B Kr/4;
k — cpenHuit 3mnugnqecm1ﬁ k03 pHUHEHT TemIonepesaun
B kraa/({mM%-u-°C);
fon’s fon” — TEMMepaTypa MaporasoBofl CMec COOTBEICTBEHHO Ha
BXOJMl€ I BHXOJIe M3 KoHpeHcatopa B °C;
1/, & — Temmepatypa oxjaxnalomell BOAbLI COOTBETCTBEHHO A0
H mocJe KoxAencaropa B °C.

Mo zawuwim €. U. Buapnepa, 148 cMelFHBaloOUX KOMIEHCATO-
POB ¢ WECTBIO CETMEHTHHIMH TapesKaMH [IpH OCTATOYHOM JAaB/AeHHH
B KoHZeHcaTope pp=50 MM pT.cT. — 2=350 xkaa/(M-4-°C), a npyu
=200 MM pr.cT. -~ £=700 xxan/(m.q-°C}.

¥KkazaHHble 3HaueHHA Ko3(dHUHEHTA Temaonepeiayd HelCTBH-
TENBHB TOMBKO A5 KOHHEHCATOPOB ¢ BHYTPEHHHM JAHAMETPOM
D=6D; npu teMmepaTypHHIX peKHMAaX, ONpeAeafeMblX 3aBHCHMO-
CTAMH

te = te + 0,33 (fa — £0); (127)
fow =t 4 1, (128)

Toe fyy TPHHUMAIOT DABHOH TeMNepaType HACHILIGHHS BOASHOIO
f1apa 1pu JasJeHHH P (IS NepBoro 0apoMeTPHYECKOTo KOHAEHCA-
TOpa fey =21’ +10).

3asucumoctn (127} u (128} caezyer paccmatpuBarh KakK ye-
JIOBHble B HPHMEHEHHH TOABKO K PACYETY [OBEPXHOCTH CXAAMAEHHA
nmo Gopaynae (126). Ecau nuamerp woHfeucaropa BeifpaH Oodblie
605, To ykazaHHLIe BHINe 3HauyeHHs] KOI(PhHUHEHTA CAGAYeT YMHO-
SKHTh Ha 6D5/D,

Pacxoa oxnamaaomwel BOAB ONPENeNSIOT H3 COOTHOUIEHUS

Gy + Gy — G,

Q = 600 . (129)

.

e — Iy

KoanvectBo rasa, OTcachipaeMoro Ka1oit CTYIeHbI0 Mapoamxex-

'TOpHOfI YCTAHOBKH, CKJaJbIBaeTcAd H3 KOJUUECTS rasa, HocTynnbiie-

ro B IepByl0 CTVIERb H3 oOTKauuBaeMoro obbema, (' BO3dyxa,
BELZENHBIIEFOCH B KOHJGHCATOPe M3 OXJAAKAAWMWEH Boabl, G (B cay-
Uge CMelMBAKIIHX KOHASHCATOPOB); BO3AYXA, MOCTYAUBHIETO depes
iengoTHoeTH, Gy, Tocaefnmoio BeJHUHHY MOEHO npuuate [21]
paBHoi 0,1—0,2 krfy ma 1 M AAMHBE HAXONAWIMXCA TOJL BAKYYMOM
TIPOKAAA0K. '

85



Beauuuiy Gr '8 Krju Oo0BIYHO ONpPEAEnAOT W3 yCaoBHA, uTo | Xt
pofbl ipy TeMiepatype 20°C coaep:kut 25 Mr Bo3Ayxa, T. €.

G = 0,025Q, (130)

rae Q — pacxof oxJaxKaoLiell BoAbl B M/u.

B. M. Pamm [21] yunThiBaeT AHBEIL KOMNNUECTBO BO3IyXa, BhlAe-
JHBLIerocAd M2 BOAB, W IpHHHMaer ero pasiamm 0,100,250 xr na
1 m* Boam. Taxkum 06pa3zoM, KoJuuecTBO BO3AyXa BO3PACT2eT OT
NepBOH CTYNEHH K MocaefHell H Oonpefe/ifercs COOTHOLIEHHeM

Gy =Gy + G (131)
Pacxong oxaamxkpawilell BoIu _
Q=206+ 0 (132)
i1,

I'az, oTkaudpaenulil W3 KOHAEHCATOPA, COAEPIKHT BOJAAHHE TaPLI,
KOJHYECTBO KOTOPBHIX MOXHO ONpeilennTh 1o dopmyae

G, = G, —Pa__ (133)
Ro {pe — pn)

rie py -~ AaBjeHHe B KOHAEHCATOpE; :
Pn ~— AaBJICHUE HACHILICHUS NMapa NpH TeMOepaType f.

Temneparypy yianseMofl H3 KOHIEHCATOpAa NAPOTA30BOH CMecH

f; ompelensioT mo sMmnppudeckofl Gopmynae (118). Koawvectso na-

porasosofi cMecH, yaanseMoll CTYNEHbH Haccca M3 KOHJIeHcaTopa,

G, = Gr + Gn- (134}

JKeKTOpHBie KOHAEHCATOPLl MPeACTaBAAOT cOOOH ONHY H3 pas-
HOBHAHOCTEHl CMEMIHBAIOIEMX KOHIEeHCAaTOpoB. B aeKTOpHOM KOH-
neHcarope (cM. puc. 46) oxJamjaiolias Boja, NofaBaeMas OTAE/]b-
HBIM HAacccoM, BRITEKaeT K3 comiaa (coflen) ¢ OOJBUIOH CKOPOCThIX
cnaoinHoi crpyel. Tlap, conpukacadch ¢ HapyKHOH NOBEPXHOCTbI
CTPYH, KOHIEHCHDYeTCH, a BO3AYX H IpyrHe HEKOHIeHCHPYILHecs
rasbl YBJeKarlTCa CTpyeH 34 CueT TPeHHA ¢ ¢e HapYXKHYIO NOBepX-
noctb. CTpyst HATpeTON BOABI ¢ YBJIEKAEMBIM €10 IasoM MOCTYyRaer
B auddysop, roe sHeprusi CKOPOCTH NPEBpANIaeTcsi B HANOp, He-
00X0OHMEIA Aas suifpoca Harpetrofl BoJbl, KCHIeHCATa H BO3XyXa
B atMocdepy, Ilockonbky mpouecchl KOHAEHCAUWH NMapa H yBJede-
HHA rasa TpeOylOT paslHYEBIX KOJHYECTB BOIE, TO 00a 3TH TIpO-
necca GYAyT NPOHCXOAHTL B 3KEKTOPHOM KOHAEHCATOpe NPH YCJI0-
BHH, 9TO cH pafoTaer ¢ HanGOXBIINM pacxonom Bojbl. Ha mpaxrnke
NAPOY7KEKTOPHBIE HACOCH IPUMEHAT AJIA YAAJNeHHS 3HAYHTEeNbHBIX
KOJNIHYECTBO rasa ¥, CAeJ0BaTeAbHO, ONPEReaAIOUIHM VEAQOBHEM, KAK
NpaBUIO, ABJAETCA YCJAOBHE 3KEKLMH. Pacuer moxaswuipaer, 4To AAA
OCYLIeCTBJEEHH 3JxeKUEH TpeffiyeTcsi B HECKOABKO IeCATKOB pas
Goublllee ROJHYECTBO OXAAXKAAIILIEN BOMAH, yeM B OOBIUHLIX CMeUIH-
BAIOIWIKNX KOBAeHCaTopaX, ocofeHHO NpPH 3HAUHTEILHBIX CTENeHAX
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CHHETHA H HH3SKOM JAaBJEeHHH BcacbiBaHHA. KDOME TOrG, B paGoTe
BO3MOXKHBI HapyUIeHHA IlpI'lu H3MCHeHHH Nabaetud B teMOepaTyphr
BOAHI, 4 TaKXe CCOTHCWeHKH MEMIY KOJHUCCTBAMH 3HEKTHPYEMbIX
napa w rasa. HOBTOMY 32HCKTCOPHEIE CTPYI?HHE KOHAEeHCATOPH He
DOAVURIH  pacOpocTpaHeHHe B CxXeMax MHOFPOCTYIICHZaTolX napo-

mp. 3¥EKTOPHEIX HACOCOB,
e
9, Boda &
? 2 - 2
Y 1 !
S 7
\ ' i
\.\_ .// 650
ZEZ2
1
3
g ‘ %
% 2 7
2 @ ro8xi =
Z [ 7
7
3 6,0
i' ? ) A== _ _&Mﬁ
. 7

Puc. 52. Bomoctpyiinmii koumen- Pue. 53. Heyxcrymenvatweili smektop ¢
CATOP 3WeKTOpa: BOOOCTPYIHMIME KOMIEHCATOPEMHU:

4 — mandipysop CTYIEHH  SHLEKTOPE; f — riuaposateop; 2 — SBak-cenmapatop; 4, 6 —
2 — BOBAKAA KaMmepa; 3 — TpYHa HOHAEHCATOP COOTBETCTRBEHHC NepEoii B BYO-
POR CTYNeHH, 4, & — COOTBETCTBEHHO NCpRAA

¥ BTOP2A CTYNEHb; 7 — CARBHHE TDyOH

Onxako Hapsfy ¢ OOBIUHBIMM KOHAEHCATOPAMH CMEIISHHSI MHO-
£OCTYMeHYAThle MaPO3KEKTOPHEIE YCTAHOBKH MOTYT ObiTE 000pymo-
BaHBl BOAOCTPYHHEIMH KOHAeHcaTopaMu. B rtakmx ycrpolicTBax pac-
XOd BOALI OMpefleNifieTcsd U3 YCACBUS KOHAEHCALHH, 4 BOSEHKAIGLIHE
HpH 3TOM 9KeKUUOHHEIH s3ddext yayuinaer paboTy scefl yCTAHOBKH.
Boaoctpyiiusie koHaeHcaTopsl Gosee KOMMAKTHEI, 1eM OGBIYHEIE CMe-
liHBalclliiie KOHAeHcATOPH, K unchAy HeZOCTATKOB CHeAYeT OTHeCTH
HeCKOABKO GOABLIMA pacxof oXaamawileli Bogel. ITOT HEJOCTATOK
NMposBAAETCH JIMIL B Caydae 3aTpydHeHHH ¢ BoAOH, Tak Kak o0uiHe
3aTparbl SHeprMM Ha HACOC H3-3a8 3HAUNTEABHOrC 3MeKLHOHHOTO
3apeKTa B BOZOCTPYITHOM KOHIGHCATOPE He BO3PACTAOT.

Ha puc. 52 mpuBeaena cxeMa BOAOCTPYHAHOTG MPOMEXYTOUHOTO
KOHJeHcaTopa, NpOIMSIIETD SKCUEePHMEHTAABHYIO H NPOAMBILIeH-
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nywo npoeepky [18). OH coctont B3 BomAHOH Kamephl 2 ¢ BOCEMbIY
OTBEPCTHAMH AHAMETPOM 6 MM, HAKJIOHeHHBIMH moj yraom 65° x
ropH3oHTaad, H TpyOel 3 (BHyTtpesuuit amamerp 100 mu, AanHa
1160 MM). 3amepsl TeMmeparypel o AJHHE TPYOH 3 noxasand, YTo
Ha pacctoanuu 1000 mM or kamepw 2 KORAeHcAauda napa TNOi-
HOCTBIO 3aKaHYHBaeTcs, & NPolece KOHAEHCALHH CONPOBOMKAALTCH
3HAYHTEABHLIM 3MeKNHOHHBIM 3ddrekTOM.

B nByXcTyneHuaTom 3XexTope ¢ BOZOCTPYAHHMH KOHAEHCATO-
pamu (puc. 53) raz no r1pybe ¢ BHyTpeHHuUM JxamerpoMm 150 Mwm
NOCTYRAEeT B NepBYK CTyNeHb 4 3:KeKTopa, rae ciuMaerca no ad-
conoTHoro Aamhenus 0,15—0,20 kre/em? Orpaborapinit B NepBoR
CTYTIEHH flap KOBAEHCHPYETCA B BOACCTPYAHOM KOHIeHcatope J.
Bak-ceraparop 2 ebicoroii 1000 MM ® BHYTPEHHHM JIHaMerpoMm
426 MM CJOYyKHT 475 TOTalIeHHsi CKOPOCTH CMECH W OTAEJEHUA rasa
or BOAb. Baaxnuit ras us cemaparopa 2 noctymaer BO BTOPYIO
CTYNEHb 5 3KeKTOpa, I'Ae CHUMaeTca N0 arMocdepHOTO AaBAeHUS,
Kohnencanns mapa HPOHCXORUT B BONOCTPYIHOM KOHAeHcaTtope 6,
KOTOPHH M0 KOHCTPYKTHBHOMY HCMOJHEHHIO HE OTJHYAETTS OT KOH-
ZeHcaropa S mepsolt crymenn. CauBebie TPyOB 7 TOHBENEHH K
ruapozatsopy /. BuyTperuufi nuamerp camBrmXx Tpy6 7 pasen
100 mm. [Dnsi npHBeleHHOrO HEME NpPeNeibHOro pexuMa paboThl
sKekTopa O0mAaA CcTeleHb CXAaTHA, NPHXONANIASACA HA ZBa BOAO-
CTPYHHBIX KOHZAeHcaTopa, cocrasaser 1,2

OcHOBREIE NIApaMETPB! PEMIMA paloTE! ABYX-
CTYAEHYATOTD 3KEKTOpA ¢ BONOCTPYAHBIMA
KonJercatopamu [15): :
Jaenenne BcachiBaHHA B Krefem® . . L . 0,03
TIpousBoaHTENBHOCTE IO BO3AYRY B Krj4 . . 65
TemnepaTypa Bomel mepes BOAOCTPYHHBIMH

Koupencaropamp 8°C . . . 10
Hapamerpsl paboyero napa:
nasnerne {afcomordoe} B KrefeM L . 22
Temmepatypa B *C . . . . . . . e e 400
PACXOL BHEP/M ., . . v . v v 4 . . 0. 520
[leppaa ¢rymenn: ’
ZApJNEHAE BOIR B Krefem® . . oL L . . 1,05
pacXOZ BOZHL B M%4 . . . . . . . . 5,5
Bropas cTymens:
JaBNeHHe BOOEI B Krciem® . . . . . . é,(;g .

pacxonm Bogml B M3M . ., . . ..

Ha puc. 54 nprBeneHa 3aBHCHMOCTB CTEMEHH CiKATHA BOLOCTPYH-
HOTO KOHAeHCATOpa NepBoli CTYNeHH KeKTOpa OT PAacxona OXJam-
jJawilel BoAb. Kak BHIHO B3 nMpedCTaBJACHHRBIX KPHBBIX, HA CTelleHb
CKaTHsl BOLOCTPYAHOrO KOHAEHCATOPAa CYIMECTBeHHOE BJANSHHE OKa-
3bIBAeT KOJUUSCTBC Tas3a, colepxkallleroca B orpalorasiieM mape.

dnsa BogocTpyAHOrO KOHJEHCATOPA C OTPAHUYEHHON JJIHHOR KOH-
IneHcauuu, papHo#t 9—10 gmamerpam TPyOL-KOHEEHCATOPA, - PpacXol
oNJaxAamed BOAN MOXKHO ONpPENeAaTh TakK:

Q=+ G‘—(f“—c;—) , (135)
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“Pue. 54. 3aBICHMOCTR CTene-

Tae < — YAQJAbHAA TeNJNOEMKOCTL BOAM, _
14°° — TeMmepaTypa HachlileHUs BOZAHLIX MAapOB NPH NaBJeHHH

B KOHJCHCATOPE Pi;
& — smoupudeckufi KOPPULKEHT, YYUTHBAIOINIHA BOBBIIEH-
HYI KPATHOCTB OXTaMIeHHd © OFpaHHYeHHYI0 AJHHY

TPyOBI-KOHTEHCATOPA.
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Puc. 55. 3asucumocts [26] pacxoma padouero
AU CHKATHA  BOMOCTPYAHOMO napa Ha | Krfd OTKAUHBAEMOrg CyXoro BO3XY-
KOHJEHCATOPA TEpBOR CTYRe- Xa B MHOTOCTYNEHYATOM  NAPOSKEKTOPHOM

HY £ OT PacxoJa BOAHL Hacoce OT JABJEHHA BCACLIBAHHA B pacuer-
J—mpu 6 =52 krfa, Gi=189 ko HOf Toyxe (Temnepatypa eoaw 30°C, mae.ae-
2—npy G =40 Krfu, G=262xr/y Hue napa 7 Krefem?)

Beawuuny k' ompefenalor B 3aBHCHMOCTH 0oT Kos(pduumneHTa
3KeKUHH §r N0 NpHOAHKeHHOH dopMyae

B =142, (136)

IToBepxHOCTHBIE KOHAEHCATODH NMPHMEHAIT B CXeMaxX MHOLOCTYy-
AeHYaThIX Tap0o3KeKTOPHEIX HAcOCOB MpH OTKAYyke UHCTEIX H He-
arpeccHBEBIX Tazop. HapecTHH caydanm mpuMeHeHHA TOBEpPXHOCTHBIX
KOHOEHCATOPOR B YCTAHOBKAX BakyyMHOH ofpaGorkm Merannia.
OcHoBHOE HOCTOHHCTBO MOBEPXHOCTHBIX KOHZEHCATOPOB -~ BO3MONK-
Hoctb paforel Ha ool BHICOTE, 4TO HO3BOJISET B GOJABUIHHCTEE
cayuaes (ofee KOMOAKTHO PA3MECTHTh HACOC B AeflCTBYIOILHX Le-
xax, [loBepxHOCTHBIE KOHJISHCATOPH PAcCCUMTLIBAOT 00 OOBIYHLIM
MeTOLAM, IPUAATHIM LA 3THX anrapartoB.

IKCIUNIYATAHHOHHBIE XAPAKTEPUCTHKH

BaxXHBMH 3KCHAYATANHOHHLIMH NOKA3aTEAAMH, 0O KOTOPHIM
OLleHHBAIOT paloTy NApO’KEKTOPHOTO HACOCA, HABJISIOTCA PACXOiB!
napa (B Krfu) u Boanl (B M%4) Ha | Kr OTKauHBaeMmoro BO3IOyXa.
B raéa. @ npuseleHn AAHHBIE, XaPaKTePH3YWOILHe M3MeHeHIle pac-
XoA0B pafouero mapa u OXJaXJalIleH BOJIbl B 3aBHCHMOCTH OT
JdaBjeHus BCACHIBAHMS HACOCA.
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Ta6auoma 9
Pacxoabl fapa v BORM Ha | Kr OTKAYHBAEMOTO BO3AYXa {21]

JHadeHHA TOKasaTedeli OpH AaBAeHHH
BCACHIBAHHA HaCOCa B MM DT, oT

Moxasareny

1 2 3 B i 10 30

38 29 25 21 19,0 15

Pacxol papa B EF . . . . v v ., | — ] = |2} L2 ]I O

24 19 17 14 12,5 14
9

Pacxox soam 5 w3 -l’—7 «-I‘—2 0’—5 0—‘6..5 9.’_5_5 %0
T 0 [0, 0,6 0,37 | 0,21

2
s
o

~ Npumevanne, [anrme npuregent aua TEMNEPATYPE pogE 207 O 0 abeomoTHM Y [ag-
Jerni paboyero mapa 3 krefom? (YHCaMTeNR) B 6 Krefem? (sHaMeda Tems) .

Kak Buano n3 tada. 9 u rpaduxos (puc. 55, 56), HeoGX0AUMBbIE
pacxozibl napa H BOIbl CHJIbHO BO3PACTAlOT C YMeHblIEHHeM HapJje-
HHsl BCACHIBAHWS. 3aBHCHMOCTbL PAacXofa napa H BOAEI OT Temiepa-
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Puc. 56. 3asucumocts [26] pacxoma oxaamian-

ulell BOAB Ha | KI/d OTKAYKBAEMOrO CyXOro BO3-

AYXad B MHOTOCTYIIEHYATOM NAPOIKEKTOPHOM Ha-

¢oCe OT NABJAEHHR BCACHBAHHA B PAacyetHoil Tay-
Ke {Temmepatypa Boael 30° C)

TYPB! BOAH OCOGEHHO CMIBbHO CKA3EIBaeTcA Npx paGore Hacoca ¢
AasieHneM Hike 1 MM pr.cr. (puc. 57). Pacxon napa Ha CTYIEHE
SABHCHT 1 OT A4BJeHHs paGodYero mapa, yMeHbUIasich C ero 503pa-
CTannes (puc, 58). OxHAkO NpeHMYNMEecTBA GOMBLNIETO NABJAEHHSA
TepsAioTea NpH paloTe CTynekell ¢ HH3KHM ZaBJAcHWeM BCACHIBAHMS,
TA4K KaxK B 3TOM cayyae MOTYT NONYYHTBCH ﬁpaKTH‘-IECKH HerHEM'
JIeMBIe pa3Mepsl CORe.
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XapakTepucTHKa NAPO3MEKTOPHOTO HACOCA B  SHAUUTENBHOIK
cTemeHu 3aBHCHT OT COCTAaBa OTKAYHBAEMOH NAPOrasoBOH CMECH.

a: My‘f

Puc. 57, 3aBHCHMOCTh pacxofa solm Q

\ H napa G wa | Krfa4 oTKauuBaeMoro
16 CYXOFC BO3AYXa OT JAABNEHHA BCACHIBa-

\ HHS TATHETYIEHUATOrO HACOCA TIPH pas-
12 h JHYHBIX TEMOEPATYPAX BOLBL [26] )

;
8 \ 7
2
& )006'
0 |
Puc. 58. 34BHCHMOCTD [2("3] pacxona na-
& Kefy pa Ha OFROCTYNERYATHIl 3KekTop OT
IABAEHHS napa {pacdeTHOoe JaRjewdue
Po=T KI¢fem?)
160 \\
1?9”\ \ s/arﬂ_\' :
.,
80 PN 2 12
@\‘__‘_—
4@ —c 1,0
.-'-H
| a8 — |
0 62 B4 GF G8p,MMpmLn. § 7 9 M 13 (5p,Netiem?

Ha puc. 59 npusoanTtcs XAPAKTEPUCTHKA HACOCA TPH nafiote Ha
napopo3ayw ol cMecH. PaBounil ydacToK XapaKTepHCTHKH, KOpOT-
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Puc, 59. XapakTepHCTHKH TaposMEKTOPHOro Ha-
coca npd padoTe Ha NapoBO3AYIMHOH CMeCH [211

Kuil B caydae OTKaukM BO3AYXA, SHAUHTENBHO YIJIUHSAETCA C POCTOM
cogepixanna napa B cmecH. IlpefenbHas NPOUIBOAHTEJBHOCTD HPH
pabore Hacoca HA WHCTOM Nape B AECATKH Pa3 PeBBILIAET Npeledp-
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HYI0 NPON3BOANTENBHOCTE HApH paGore Ha BO3AyXe. YTOA HAKIOMA
TeperpysouHbX YYaCTKOB XAPAKTEPUCTHKH TAKKE H3MEHAeTCH.
CywecTBeHHOe BAHAKHEe Ha paboTy NapO3MeKTOPHOrO HACOCy
OKa3biBAIOT TEMIIEPATypa OTKAYABAEMOr0 rasda W TNPOTHBOAABJEHHe
Hacoca. CpaBHHTEAbHO HeBOJbIIOE yBeJuueHHEe MPOTHBOAABJICHHS
(puc. 60) mpuBOINT X Pe3KOMY BO3PACTAHHIO TABJEHUS BCACBIBAHHS
Hacoca. C moBbIIeHWeM TeMNepaTypel Ta3a NPOU3BOLHTENBHOCTS.

a2

240 / 8% . |
- 780 90 ‘\5’0;04*
50—/ : "% N
/ 89— i
44 P ™
- NG
75 \
9 100 Pufs o Wi
- 40 parys o & 00 e o0 4p0  °r
Puc, 60. 3aBHCHMOCTE IAB- Puc. 61. 3asucumocts AponssBoOANTEAb-
JEHINS BCACDIBAHHA Tapo- ) HOCTH NAapPoIKEKTORPHOMD Hacowa (B npo-
IMEKTOPHOrO  HACOCA  OT UEHTAX OT [POHIBOAHTENBHOCTH MpH

20°C) OT TeMOepaTypH 3MeKTHDYyeMO-

NPOTHROZABACHHA B Npo-
ro BO3AyXa M BOLSHOTO Mapa [20]

LEHTAX OT PACYSTHHIX 3HA-
yeni [26]

Hacoca yMeHbilaeTcd. YMeHbLIEHHE [POH3BOAMTEALHOCTH COCTAB-
aser npubausutenpHo 5% Ha kaxawe 100°C moBLIleHHs Temme-
paTypel M0 CPABHEHHIO ¢ BeJIUYHHOH MPOU3BONHTENLHOCTH npu 20°C
{puc. 61}.

Ilpn NMpOEKTHPOBAHHM MHOTOCTYMEHYATHIX HAPOIKEKTOPHEIX Ha-
cocoB pafoTa Bcex cTyMeHel B pacueTHOd TOUKE HOMKHa OBITh
NOJHOCTBIO COT/JI2COBAHA, T.€. LABJEHUE BCACIBANHA NOCERYIOUIEH
CTYMeHH He NOJIKHO NPeBHLIATH IPOTHBOAABAEHHE HpeAblAyluei
cTymedd. XapakTepHBIM pasMepOM CTYWEHH Hacoca SBJASETCH Aua-
MeTp BeachlBaromero TpySonposoza (nmatpybka xaMepn paspexe-
HHA), KOTOPHIH ONMpefensioT M3 YCJAOBHA AONYCTHMBIX CKopocTell B
JAHHHH BeachiBaHUR. C NOHMXKEHMEM JaBJeHHs BCACHIBAHUS CTYHOHH
pacxom mapa Ha | Kr OTKAuMBaeMorc rasa ymedswaered. [losTomy
A1 CcTyneHel ¢ HH3KHM AaB/JeHWeM BCACHIBAHYUA MOXer ObITh JO-
CTUIHYTO TAKOE NOJIOKEHHe, KOTAa PacueTHOe KPHTHUECKOe cevueHile
COmyia CTAHOBHTCA HACTONBKO MaabiM, 4TO HOpMadwbHas pabora ¢Ty-
TIEHN BCJAENCTBHE POCTA NOTEPh Ha TPEHHE H CHALHOTO BJHAHHS
NOFPaHUYHOTO CJI0A B CORJe NPaKTHYECKH HeBo3Moxksa, [lo sToR
NpHYnHe CYWECTBYIOT MHHAMAJADHO NONYCTHMBE pasmeprl cTyneHefl
IIpH AaBReHMAX BcacbiBaHHA HHXKe 1 mm pr.cr. (puc. 62). Onpene-
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AeHHBU o TpaduKky MHHHMAJAbHO LOMYCTHMbIH ANAMETP BCACHIBAIO-
jlero naTpydka Kamepbl DaspeeHHsa B NOJHOH Mepe XapaKTepH-
ayeT MHHHMAaJbHblE pasMepbl CoIlla

g Aupgviopa, TaK Kak JHAMETD PysMMpm.cm,

BCACHIBAIOUIETO NMaTpyOKa 3aBHCHUT OT 3
KORAYECTBA 3KEKTHPYEMOTo rasa H, ¥
CAEA0BATENBHO, ycTaHaBansaer mnpe- J00UT
7eJbEO BOIMOMKHBI TpI ZAHHOM IaB- -
JeHHH  BCacHBaHud KO3 hUUHERT _
sxexunn {pacxoa paGouero mapa}.
[TpuMeHeHHe CTYNEeHell € MUHHMAalb- 107 \
HBIMH Hau ONHSKAMH K HHM pasme-
paMp CyUIeCTBEHHO CHHXKaeT X I A. 50

CTYNEHH, a 3HAUHT H Ko3hdauueHT i \

3KeKLHH. 3
MakcuManbHO MONYCTHMBIE  Pas- \
Mepht CTyleHej Hapo3eKTOpPHOTrO Ha- 10
cOCA He YCTAHOBAEHHI B HOCTATOUHO
noavoil creneun. CrymeHH c© guamer- 5
POM UWJHHAPHYECKOTO yeacTka Aud- g 775 250 375 408 m
bysopa Gogaewre 250 MM IpUMeHATL He -
peKomeHﬂyeTCH [21] e JAeHuS MHHHAMAABHOrO NHaMeT-
Ans pana NPaKTHYECKAX —pacde- pa BCachBaiollero TNATpYOHA
rOB CTeNERb CXKATHA CTYNEHH NAPO-  piicoiopakyvMHBX TapOIKEK-
KEKTOPHOrO Hacoca NPH HXaBAEHHAX  topHux veraHoeok {29 1o
BCACBIBAHHA H CXKaTHI CyXOro BO3AY- AABAEHHIO BCACHIBARHA
xa B IBanasoHe OT & MM Pr. €T. HO
aTMochepHOTO MOMKHO ONpeRensiTe MO NDHOJUAEHHBIM (hopMyIam
Bastuan [29]:

Puc. 62, Tpadux 157 onpeae-

=16 p= 1,45p?.955;
ffr = I,O Py = 3,7p?,89?;

g0 =08 puy=50p}5"% -3
¢:=10,5 ps= 10,1p9.8%;

gr=10,4 py= 13,87p0.771,

Gopmyast (137) noayueHsl npH abconlOTHOM AaBJaeHHn pabodero
napa 8 xrcfem?,

B xuMHuecKoll NpOMBILLAEEHOCTH NPHMEHAKT YeThblpex- K MATH-
CTYNEHYaThle MAPOIKEKTOpPHbe Hacochl. TIPOMBIIIJIEHHOCTHIO Bbi-
NycKawTCH HACOCH NATH THNopasMepor {Tada. 10).

Kak BnaHo u3 Ttaba. 10, MmaxcumajabHas MPOUIBOAHTEJBHOCTh
HacocoB HeBeanka, Campiil KpyINHBH M3 HHX ClocoGeH  yramsTh
20 krfu cyxoro Bosayxa. Ins yaadeHnsa OOJbLINX KOJHYECTB rasa
MOJKHO HCIIOJIB30BATD MApo3MeKTOPHLIE HACOCH, pazpaboTanHbie B
Tuapouedremame (raba. 11).
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TaGéanua 10

TeXHHUECKHE XAPAKTEPHCTHKH MApeKeKTOPHHX BAKYYM-HACOCOB,
NPHMEHSIEMBIX B XHMMYECKOH NpOMBILACHHOCTH [3] :

3uadeHHst MoKaszatenel AAd Hacoca

Mapky
IlckasaTens

BH-1 |BH-2,5] BH-5 | BH-10| BH-20

TIpoHzROAHTEABHOCTE 10 CYXOMY BO3AYXY B
]i{r{"l .o Yy 1,0y 2,5 5,0 10 20
Patouee aasAeHHe B MM PT. €T + . o o + + « 1 1 10 10 10
Yueno crymered . . . . L . . . e e 5 5 4 4 4

Dapnenne pafouero napa {H30bITOUROE) B
CRTCIEME L L e e e e e e e e e s 6 5 5 5| 2,56
Pacxop ¢yXoro HachlEHHOTO Mmapa B Kij4 . . 35 90 70 | 140{ 200

GapHTHLIE pasMephl B MM: _

re a,]u).nuua ‘p. . P ............ k300 | 1175 | 820 | 994 | 1723
IMHPHHA .« v v o e 4 e+ 4 s & v o = TR0 | 700 | 548 | 752 | 1000
BRICOTA . , + & v o 4 o 4t = + + = . .| 1250 | 2700 | 2230 | 2589 | 2350
Macca B KT . . . . . .. .. . ... .| 225 4651 2931 3i0| 1038

Tadanua !l

TexuHYeckHe XaPAKTEPHCTHKH MAPOIKEKTOPHBIXEAKYYM-HACOCOB,
paspaGoranuux B8 Thnponeiremawe [3]

JHaueylA OOKASATENR JOAA HAcoea ME‘lpKH
ITorasarens -
o | e 2 S :g =<
w | Tx ® I X b X *
s | B | B &2 | B2 | Ba | &%
Uueno ctynerell v . o o .+ o . -] B 5 4 3 2 2 3
Konnuecteo 0TKAUHBAEMEIX TIAPOE

B HT/H: _

HeKOHIeHcHpYwmuxea . . .| 10 10 10 i0 10 1o 43

KOHASHCHPYIOWEXCA . .+ . .f £ 2 1 1 5 11 12
PaGoyee aapAeHMe B MM PT. cT. .| 3 3 5 10 95 95 175
ITpotnBopasnenne  (aboomoTHOE

];Krc,fimz - .(. s ) 1,05 t,2 [1,05] 1,2 |[1,06( 1,2 1,3
Hasaende paouero mapa (UstH-

TOUHOE) I; Krejfom? .p~ . .. .| 10 10 10 10 10 10 10
Pacxoy paGouero mapa B xr/u. .| 250 [ 260 | 180 | 140 ¢ 70 105 | 205
Temmepatypa oxaakjawcleid so- .

nul:a.r%p. .. .ﬂ. ..... 25 25 25 25 245 265 268
Pacxon Bogel B MU, . .+ o . . 25 25 20 11
Maccaﬂ. .}1. . . f. . .. . o|1940] 19401 1320 | 990 | 380 | 380 670
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I podoancenne maba. 1}

Juayenns NOKAZATENR IR Hacoca MapkH

TMokazarean =

o = 2 3 < ¥

Slex i x| X 51 2| ¢

52 | 6% | B2 |82 | 83 | gz | 82

Yucno crynemeit . ., , | . .| 4 3 3 3 :

Fonnuectro oTkavupaensy napoe ? ; ’

B KU

REKOHJCHCHpYIOMHXCT . . .| 65 45 36 126 | 250 | 400 600

KOHAEHCHPYIOMABXea , . . , | — 25 44 75 [ 160 | 240 400

PaGovee papaerse 5 mw pr. cr. .| 5 30 0 44 40 40 40
l'lpomnt}xasnenue (adcomoTioR)

B ErC/eM®E L. L, ., L|1,08] 1,05 1,08 |
Haaenue paGosero napa (H3Gwi- N I Rl s
PaE%HOE)GB krcfem®, . . ., | 10§ 10 10 10 10 10 11

N padovero napa B krfu, .| 740 | 430 | 630
Teune;;arycpa OXnampaowel Bo- %00 | 1800 ) 3000 4000

BRBC, .., .., | oo 28 32 25 25 25
Pacxon sopet B M¥/mw. |, . . . .1 65 12 42 40 30 125 12550
Macca . .. . ... ... . .1220] 750 | 1800 1400 | 2300 | 3200 ; 4300

][p HMeYadHe Baxy:w-nacocb( SIIMEE 7 DRG0 40 [H 640
- X175, 32 e 3940 x40, 3364 40
n 33100040 CHAGHKAIOT CMEIHBA MOILH M KOH.EEHC«':UO, | kel ; : o .
VK38 ARBIX EI Taf R i P M“.- CTANEHBE TINB BAKYYM-HACcoCooa |

PACHET 3)KEKTOPA

TpeGyerea paccyntarts ® okor .
3 : HCTDYHPOBATE MNEpPBYI) CTYIeHP YeTHIPEXeT -
UaTOH HaposmMeKTOPROH YCTaHOBKY, ’ i P e

HexonHele nannwme pas pacyera:
KOIHuecTBo CTymoHell Z=4; AaBTeHHe PCACHBIBANHA HACOCA Pa=05 um pr.cT;
dasrentie (aGCcoMOTHOR) HA BHXOAE Ha YeTBepPTOR  CTYREHH p‘];V:l,{}l KrefoMe

- , v
CTeNneHd CHATHA YOTAHOBRH E=p, [p,=1485; cpeass cremeds CHATHA, MpHXO-

U
CcT
DAMAACA HA ONHY CTyNeHE, scp=]/1485=-6,-‘_>]; TEMNepaTypa OXJaMaawueft

BOABl HA BXONE B KOHICHCATODLI t,;=5°C; AdaBiende {abcOMOTHOE) B TEpBOM
SapoMeTpHueckoM koHAencaTope pr—0,03 krc/em®  orenesm :

', ! 4 M CEKaTHa: Depsoli B
BT@;RH Iﬂyneuu eh Il =pfpy=44.2, Tpethell u uetmepTOR cTynenn el IV =
=pry /P =338, nepeoil cTymemu (npupumaior) el=8, propoR crymemu &T=
=I:I?4L2:8=.5.52, mpembeRt  crynenn (MpmHAMAT) &1T=59, uermeproRl | cTvnenn
81V=338:59=573; temneparypa sKeKTApyeMOro woanyxa £=30°C; npousso-
EHN-WWTBZUO CyXoMy Boaflyxy UGr=21 krfu; napamerpn padouero napa: po=.
=10 wrcfem?,  1,=220°C, i{,=6865 KKadfkr, so=1624 xkaaj{kr.°C)
=0,221 m¥kr. '

Pacne;r conaa. Tak kax sutpomid $7"=s=1,624 kxan/(kr-°C) Menpme sp-
Tpo:mnﬁs; =2,339 kxan/(xr-°C) ma Bepxuell MOrpaHuMHON KpHBOR (cM. pie. 21
Touka I”}, To nap B konie comna GyIET JBIHCTBIM ITapamen '

; . METPEI 11apa B KOR
CoORra NpH anuabaTHIeCKOM paclippeHHH waiiTeM no PopMy.Ian (BPO} u (75[;3

Pp=
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AGACTABHE 3HAYSHHA ! S:=2,389 gxaaf{kr-°C), s =--0,3387 gxanf(xr-°C}, r=
=677.22 wxan/er u i'1=91,89 kKan/Kr npn napaeHpn p1=68 Krcfem?, TeMnepaTypg
napa Dpu STOM Aabieiddn f= 24,3° C. .

s$%— s 1,624 — (— 0,3387)
5] —s; T 2,389 — (—0,3387)

PralEs

={,718;

%= —90,89 4 677,22.0,718 = 390,6 kxan/xr.
JeficTBITEMPHYIC CHOPOSTE HSTEUSHHA Tapa H3 comta npH @ =055 onpeaesiM
no dopiyae (78):
w; = 91,50, )/ iy — 1% =91,5.0,95 /686,5—390,6 = 1495 wic.

MMatepyt Tensa B conne oM. ypassenne (81)]
fe = (1 —0,952) (686,5 — 390,6) = 29,6 kxan/kr,

DHTaNBLARK 0apd B KOHUe COMJAA C YUeTOM 00Tepb paccdHTaeMm mo ¢op-
Myae (82):
: iy = 390,6 -}- 29 6 = 420,2 kkan/Er.

CreneHp ABAMCTOOTH Napa B KOHUE HeNCTBUTCNBHOTG DacliHpeHus [CM, BHl-

pakenne (83)]
— 420,2 — (—91,89)
= 677,22

= 0,756,

¥aeneHell 00beM HACBIULHUIOIO Rapa

«  RyTy 47-248,7

= = 1717 md/kr,
UI pl 6)8

rme Ra=47 wure-m/(kr-°C) — raaopaf  NOCTOSHHAas BOLsHoTO napa;, I =
=273+1,. .
yA&JIIbeIf{ ofbeM ABAHCTOrO Hapa B4 BHXOIE HZ COMAA onpeleluM 1O ypaB
nenmo (85):
vy = 0,706-1717 = 1267 M3/kr,

JanaMudeckuli Hanop sKeKTHpyROWeR <TpyH [oM. ebpamedns (86}]

14952
=———"—— = 88 xre/M%.
S TN TNT ;

OnpefedeHne OCHOBHOTO [eOMETPHYECKOro napamerpa crymedd, Tag onpe:t‘f};
JIEHAA OCHOBHOTO TeOMRTPHYSCKOTO NapameTpa nepBoli CTYMOHH 3aJaIHMCA The:

KILHH q]=02‘ q“ ={,4;
3HaueHMAMYE (pepXwHEe UHIekcH ) KoxhDHUNEHTOB swekumk: ¢,=02; g4, .
i
4y =08 ) N
MpunuMas BO BHHMaHKe, 4To And nepeoit crynesr Gn=0, a 3dauut ¥ ¢g=0,
il AR T
[ONyuEM q#.—_0,2; g =04; g, =06

! 3aece H AAatee B pacyeTe MApaMeTPRl 12pa HA JHHHH HACBIUEHHA BIATH
ne s Tada 3, a us padotst [L8].
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Hag NpRUATBIX 2nauenni kosduunenta smekunn No YPaBHeHHIO (95) ua-

XOAHM TOKABATENL AZHadaThLi NapoBOSAYIHOA CMECH B KOHIE LBJIHHADPHYECKOTO
yyacTka muddyaopa

1 |
g tRe Ry 7:29.27 1-47
¢prdr 4 Cpn 427 (0,244, + 0.45)

ky =

riae Re=2927 kre- M/{kr+°C) —razopas nocToNBEAN BO2AVia;
Cp =024 kxan/(kr-°Cy — vaeapuag TeLTOGMKOCTE BO3AYXA NP NOCTO-
_ _ SIHHOM AaBJaeHHM:
Cp n=045 xran/{kT:°C) —yresnnas TenoEMEOCTD BOAAHOrO napa npu
OOCTOAHHOM Z2BAeKHI;
A=1/427 wwan/(kre- M) — Tentopol 3KBHBAJTEHT PalGoThl,

Tonerasue & nosyuenmoe Bli?[pameﬂne 3HAueHHA KOD(DDHIUERTOB 2KEKUMH §r
ATA Tpex cryneHeli, moayunm: Rg= 1,331, k;!; T 1,336: ké“ =1,341.

Haereue p; cvecn B moule UHAHHADHYECKOrO Y4aCTKa HAXOAUM no dop-
Mynae (99}, mpHYEM NPHHEMASM 3HAueHMA p=08 M;=09 (cm. tada. 6); noa-
CTABAAA B (DOPMYNy HaliflePHBIE BEAHYHHDB] ks, moaywaem p§=38,01 HIC/m?, p;§1=
=37,96 kre/m? pg.,” =37.92 xre/m2

HNapunanenoe papneHue napa 5 Kosue LHAHHZDHYECKOTO y4acTRa Auddysopa
HAX0LuM 00 BhIpaxemiio (101) mpu gp=0:

L Ps . Ps ,
Po—n Regr 140,622 °
1 =i
Ry

Has emépamrnx KO OUINEHTOR  3HCEKIHH noayuaen pé_n =338 rre/m;
P51 =304 kre/me; 23 =276 krefut, '

Temmepatypy cmech B Konue IHAMHIPHYECKOTO  yuacTKa Audpysopa onpe-
JeAHM H3 YpaBHeRHA (103) npu ga=0:

1
2

Pacuerurie dopmyan (93), (99), (101) u {103) seBenenst s npeanoaowe-
HIM, YTO QaD B KOHHE WHIHHAPHYECKOTO VUACTKA HAXOAHTCS B NEPerpeTon co-
cToAHEd. Jlng moaTBepkAaenma npaBRABHOCTH 3TOFO APEINONOMEHHA DOCTATOUHO
NpOBEpHTE HepaseHcTed (105) 119 wWaMGOABUIEre M3 3anamuBIX K03 PUILHCHTOR
PMEKHMH, T. e. nif qf“=0,6, Tlo Zaunuim pador (18], nps TapUHATBHOM AZB/E

HHI Dapa péﬂn =276 kro/v? Haxomua f; =583 xkaafkr, t§a°'=—9,62° C. Toraa

fy+ q]"';:PFtE‘—_QI'cPF{.‘S —iy— A {(Rn ‘I‘..‘?rRr) (273 4 ) =0,

: : 1T 542 .
i . 3 M3
'Bgac = ‘?rcPrtgaC +i+ A 52 (R -F g:Ry) (273 + “gac) =
. . 2
= 0,6.0,24 (— 9,62) + 503 . %‘%‘;9— (47 -+ 29,27.0,6) (273 — 9,62)

= 613,3 xxaa/kr:
By = iy 4 qeeppls = 686,5 4 0,6.0,24.30 = 690,8 kraa/kr.

Tak kak By>B3™, 10 nmap B cevemnn HI—II npu aobom ua 3312HibIX
KOs PHIHENTOB 3XeKudH GYAeT HAXOANTLCA B NEPErpeToM COCTOAHHA,

4  3ak. 233

97



Tipy sxauenin wo>HOUIMEHTA FHOCKLHH ql.'=0.2 ypanuewme {103} wmeer Bug
1,331.0,92
2.427

X (273 + 1) =0.
[ponssena npeocOPa3OBAHMA, TOLYIHM
669,7 —0,1147f —ij = 0.

686,540,2-0,24.30 —0,2.0,24s) — ;] — (47,0 4+ 29,27.0,2) X

370 ypasHeHlE pemaeM MeTOLOM MOC/AGLOBATENBHOTG NpwOauKenis. [Toabu-
paeM Tawoe sHaveliHe TEMNEpaTypbl f3M IHTaNsmud {3 , NPH KOTOPHIX YPAaBHEHHe

NpeepaillaeTc B TOMHSCTAO.
3apHCHMOCTE JHTANBOEH OCPErpeTorD f1apa or TeMmepaTyphl MONKHO BBpa-
2uTh (POpMYVIOf

&= 5'; T Cpm (!s__t{{ac)'
Tag Cpm — CPRAHAY YREABHAA TEMIOEMEOCTh NePErpeTOro napa M M3MeHeHMHR
TeMIEPATYPL OT £5°° mo £
JHTANbOMA CYXOrO q{acumeumoro napa t3 H TEMOepaTypa HACKIUEHHA
3aBHCAT 0T MaBnedin py—n. Ilpu py_, =338 krc/u? waxomam f1%=-746°C
;3.“594 kxanfur. Myere iJ—IOO C # cpm=0,446 wxaaf{xr-°C), vorza

i} = 594 - 0,446 [100 — (— 7,46)] = 642,2 kKkan/kr.

f“at

TlogcTaeire SHAMeNHA TEMTEPATY f3' H ITTANGTHIH z'é B VpaBHEHHE Temio-
BODG GaTatca, MY YHN
669,4 —0,1147.100 — 642,2 —'669,7 — 653,7 > 0.

Iyvers t;i: 190° C, ¢ypm=0,448 xxan/(gr-°C), Torna
i} =594 4 0,448 (140 — (— 7,46)] = 660, | kxan/kr;
669,7 —0,1147.140 - 6601 := 669,7 — 676 2.< 0.

Myers t§=129°C, cpm=0447 kxan/(xr-°C), Toraa
i} = 594 4 0,447 [120 —(— 7,46)] = 655,0 kxan/kr;
669,7 —0,1147.12% — 655,0 — 669,7 —663,8 ~ 0,

Takumt oGpasom, ypasteszio (103) nmper  wosddutnenve AeKIHH qr'=0.2
YAOBICTROPAST TEMIEpaATYPa i§=’129°C H SHTAABTHA i; =655 kKaJsfKr.
Han wostdmusienta IaexIHy t,',!I»tOA vpapHetvee (103) rrpHmeT BuA

669,1 —0,1700]) — i}l —o0.

Peman ere pazofpantbiM cnocoGoM, nodySHM 61312116"(:, £§'=649,2 KKAM/ KT
L9 kosdipuisenTa 3HeKIHA ‘?11-” ={.6 raxoamm

668,4 — 0,226141 — 1 =0 u 411 = 106°C, " = 6446 kxan/xr,
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Casopan nocroAnnan cueqn {cu. ypasienwe (91)] npu ¢z=0
Rn+ qcRr . 47 | 29,274,
L+ g l4¢¢

Togerasnas  Cw0A2  3HANEHHA §r, DOJYYHM RCIM =4404 xrc - m/{xr-°C),
R —4193 kre - wf(kr - °C), BRI =40,35 kre - M/(xr - ° C).

Mecmias CHOpOCT: sBYKA NpH NMApaMeTpax COCTOAHHMA CMOOH B CeUeHHH
TH-I{}] jcm, Bripawmenne {92))

ay =V 9.818:R,, (273 + ;).

Rcu =

DTCIOAA a§=4&] M/e, ay=n463 mfe, ag” =448 mfc.
CROPOCTE NAPOBCRLYHIHOH CMECH ONPEZSIHM 0o vpasHewnio (68);
wy = 0,9a,,
0TKyLa ©i=433 mfc, wa =417 mfc, w;,!“ =403 wm/c,
Yneawntil ofbeM crecH e, dopumysy (90)]
RLTY  44,04.402

1
03 = =
Pé 38,01

013] =430 m3/xr n ué“ = 403 m3/kr.

= 466G M3/kr;

3naa mapaMeTpw cocTofbHA cMexd B ceweman [fI—III, no ypasmennic (89)
onpeleaaem BeNHYHHY .

466. 1495

mt = {1+q; 1297.433

lwg

" anamoriuue mil=1663, mi'i=1843.

Flo dopmyne (104} paccunTuipaem ZaBACHHE CMECH

;3
28, | 8y — (1 + o) —
P‘%,:PI‘F P 1 =

433
2.88 [o 73 —(140,2) 1495]

= = 52 2;
6,84 455 52,19 xro/me;

anazormuEo pil =42,78 kne/m2; p I” =35,35 Krc/M

Jna onpegenessa neﬁcmmnbuom Kos3dhunpenTa HMEKUHH, YAOBISTBO-
PAIOWEFO BCEM  pacweTHbIM yDABHEeHHAM, CTPOHM 3aBHOMMOCTD JABJIEHHA p; OT
madaqnmaeum smexumd §r==Gr/G, (puc. 63); na rpaduxe Haxonum Touwky A
opanHaTol 38 Kr¢/M2, KOTODad COOTBETCTEYET IRHCTEHTEILHOMY NLABACHHI) {MecK
B oeuennn [{I—I1f, onpenenesoMy no ypapnemuio (99). Abcuwoca 3ToR TOUKA
JaeT RCKOMEIN macpd)muneﬂr SIKEKIHH J0=0,52D, Jns KoTOPOID H NMPOBOAHM OKOH-
YATETLHOE ONPEHeIcHNE OCHOBHOTG TEOMETPHYECKOTD pasMepa,

Tlo dopmynam (95), (99) u (101} onpeaersess #3=1,340, p3=37.93 Kre/m?,
Pa-n =286 wrcfm.

¥papuemnwe (103) sanucebaem B BHAE

668,7 — 0,2052¢, — 5= 0,
otkyaa f;=109°C, i;=6499 graafKr.
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Ua30BYI0 NOCTOAHHYK CMeCH, YXeAbHBHA OOBEM, MeCTHYO CHOPOCTD éByK.a
H CROPOCTh OMeCH PaCCYNThIBAeM Mo (hopwysaM cooTsetcnsemHo (%1), (90), (92)
i {68): Ren=409 krc-mf(xr+°C), vs=412 w¥Kr, a=449 mfc, w;=404 w/c,

BemmuHy szag’F‘f ONPeRSTHM [0 ypapheHHio {89}
412.1495

= 1,79,
1267 .404

m == (1 3-0,525)

Hs ypaenenma wnmayancoe ¢da  (104) HaxoaHM JaBNeHRS CMecH B Ccede-
way LHI—1IE

404 7 -
2.88 [0,73-(1 4 0,525) W]
ps=6,8+ 779 = 38,04 xre/mt.

[lonyuewnasn 3 ypaBHeHHT HMNYJLRCOB CHJ BedaHyhHa ps=3804 wnrc/m? ne-
SHAYATRIBHO OT/HYASTCA OT HeOOXOMHMOTD A8BASHHA cMech py=237,93 xre/m?, on-

Prittlyr

50— \L\ . Ppe. 63. 3apHCHMOCTS NapneHuda pj
\ B KOHLE UHIKHAPIYECKOTO YYacTKa
puddysopa HepBoll CTyMeHH OT KO-

ypHHMBEEHTA SWEKUHH g

48 A

30 1

4t 62 03 g« 05 g,

pemenenHore 13 poipakenya (99). 3TorT QAKT YKasHIBAST Ha YBAKY pe3yabTatolR
pacyera mo OCHOBHBIM yPABHEHHAM.
Pacxoa padouero napa & Neppol cTynexd

Gl = Gr,r"(h-‘ = 2]!0,525 = 40 Kl‘_f‘i.
PacyerHas mioWianb BHXOMAHOTO CeueHHA CONIa

. -108
Gy 20 1297 = 0,963. 10f mm2,
3600wy 3600. 1495

Fp=

I'l.noluailb CRUYSHHA H DIIaMeTD UHAHHEPHYECHOTO YIaCTKA
Fo=mF? = 1,79-0,963.10¢ — 1,725.10* uu?, Dy = 148 wy.

KoHCTpYKTHBHOE BhlNOAtieHWe DpoTodHod wacTH. [llowase M gHameTp KpH-
THYECKOTD GeveHmn conaa fom. dopMyay (88)]

. 106
40-1 = 8,13 mmE, Dyp = 3,2 Mm.

HJ’IH yueTa BJHARHS ROTPAHHYHOIO CAOA YBEAHTHM O AAE KPHTHYSCKOTO

cegepms pa 30%. B sTom cayyae Dyp=37 MM,
TeficTAHTEABHAR NAOMAJb BRXOAHOLO CENEHMA COIMIA B COOTBETCTBHH C YpaEe-

demmen (87):
Fy=0,4.0,963.10t = 0,386.10% Mm% n D = 70 mu.

CTenexs pacumpedna comaa O naxoausm nmo rpagmky (o, puc. 37).
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Huamerp napouposoga Dy mprHuMaeM papHbM 16 mMM. CKOpocTb NP »Towm
cocrasaser 12,2 mje. Ouamerp comra D' (cMm. puc. 28) npHspMaeM pasdbiM Aua-
METPY NPHCOSAHHEHHOTO NapompoBOLa Dp. Omura cymaomeiica 9acty confia npx

—30°

JIAHHY KPHTHUECKOrO CeMeHMA [xp NOCAE OKOHYaTenbnofi obpadoTsw comaa

OpHBUMAEM DasHoli 3 mm, Jlamma paclupawlledcs gacm conga npu a=30°
Dy —Dyp 70-—3,7
o 2.0,268

2tg -

= 124 wnm.

I =

Passep ! BH6EpacM nocie ONPEISNcHHA OCSBLIX pasMepoB NPH KOMOOHOBKE
COMMA ¢ KAMEPOH PaaPedenHs.

Bubupaem tunm Kamepdl paspexenus (cM. pHc, 28, ). Jnamerp BcacHBalo-
wero TpyGONpOBORa ONPRReases U3 YOIOBAA, UTO CKODOCTL SMEKTHPYEMOTO BO3-
ayxa B HeM W,=D50 M/fc, a

_ RT, 29,27 (2734-30)

= = 1304 w3/ur;
% P1 6,8 fie
G, 21.1304. 10¢
Frp = = =0,152.108 pn2 = 440 .
™ 00w, 3600.50 ,152.10% mm?, Dypj = 440 mm

Huaverp KaMepbl paspeikenus npuaMaem (oM, Taba, 6 @ puc. 28) papuuiM
AlAMETPY BCacwBawuero Tpyfonposoaa De=Dqp= 440 mmM, a BxoIHO{ AHAMETD
Kamepsl cMmemienn D'x=D. Torsa Dy=09D" =09 - 440=396 Mm: R=0,3 Dy=
=0,3+-396=119 mm; [x=025 D,,=025-396=99 mu. [T10Nans KONbLESOTG ceue-

uisg F oweway nHamerpamu Dip=306 MM u D; =108 h+1=1,03 - 70+ 1=73 mMm.
F=0,785 [D} — (D;)?] = 0,785 (3962 — 732) = 0,119 2.

CKODOCTI: BOZAYXA B HOJLIEBOM CEULHHII
G, - 21.1304

PF3600F T 3600.0 110 008 wrc.

Aavna cymawomefica wacte mubdysopa mpa a;=13° (M. pac. 19)

De—D, 396— 148
fe=—= - - YRV = 1087 mw,
og — s

2

lz-p-}[ KOHCTDYHPOBARHH paclinpanlielca vacTH aumddysopa 3afafumMcsa yriom
Go=5"y oTHOWeHHeM NAoWanel $=F/Fy=4. Kosbduument BoccraHosneHHs 1a8-
fMeHuA @ feM. rada. [} pasen 0,8256. Huamerp BHIXOHHOTO CEYEHHS Bapdysopa

Dy=D, V5 = 14814 = 296 mm,

Hnnsa pacwupaoweticn vacta nuddysopa
Dy — Dy 296 — 148
T 2.0,0787

!3 = = 940 mnm.

=2
N —=
th

1



PaccTosHse OT CONAa A0 Hauala UHAMHEDHUSCKOTD YU2CTKa TpHHEMAEM pas-
HetM 8 D3, 1. e 4, =8-148=1184 MM, a LMHHY WUAHAZPHYECKOTO yYaoTEa — fy=
=15D;=222 MM. Ilonomenwe conaa oTHOCHTeNbHO mTHOGYI0P2 onpefenserca
pefintntoit =1 —I{x=1184—1087=97 mum, _

CxopocTs BBIXOLA RAPOBOBAYINHOH oMeoR H3 HHODVIOpa CrymeRH MoXNG
HaliTh, ecoR OVAYT W3BECTHHl HapAMETPEl COCTOAHHA CMecd B oevenmu [V—IV,
MapaMerpsl COCTORHHMA CMECH B KOHOe KHpdyzopa HafiieM M3 ypaBHesHA Ten-
J080T0 Ganarca, COCTABACHHOTO Aaa cevewun I—f w TV—IV:

N v
i+ Griprls — Grlprly — f4 — (1 +4q:) A Tg‘ =0,

Jlns peitenun 3TOTO YPABHEHHA DAOCMOTPEHHEIM METOLOM BHPAIUM CKOPOCTH
CMOCH Wy Tepe3 TeMAsparTypy Iy
_ w5Rew (273 + 1)
o Sftglly '
B stoft GopMyNe HIBECTHB! BOe BENHUHHB, KPOME TeMReparypwl Iy
e = 404.40,9(273 1+ 1)
4.54,4.412

wy

= 10,1843 (273 4 1,).

[Tapunanbhioe napaenne napa B ceyenuu fV—/IV
Pa _ 54,4
140,622, 140,622.0,525

Pron= = 41 gre/me.
p pen=41 kre/m? naxoman iy =595,1 kxanfkr o £5%=—5°C, IIpeobpa-
IYeM MOCTENHMN WieH VDABHCHHA TEOACBOTO 6aNaHca

2
w
(1 +a) A5 = (14-0,5%) QIO WP @78+ 1)

427.2.9,81 61600
Tlocne MODCcTaHOBKA & YP2BHEHHE TEHAOBOTO Gajauca O TYEHM
(273 + 1)*
690,3—0,126f, — iy — ———2 . (:
’ ST 161 600 o

.

o= iy 4 Cpm (t— ) =525,1 + 0,45 (¢, + 5).

Pentaa Ganancosoe ypaBwette, moayurM #4=159° C: i,=668,9 kranfur,
Mozcraskm waiinenuse GHANSHHA {5 H £ B HCXOAHOE YDaBHeHme

690,3 — 20,07 —668,9—1,15 =0,
ITocnenun®t wnen GanarcoBOTO YPABHOHNA, COCTABICRHOTO IAA COUeHWN DMer-
Topa I—! w IV—IV, ovens man, 21or $axr nospoaser ang  Goupluell  uacth

NPAKTHIECKHX PACYETOR 3aMUCHBATS: G4JaHCOBOS VDaBHOMAS €03 YUeTAa moCTex-
HErO Y/1eHa.

CROPOCT NapoBOALyMWIHOE cMecH HA BHXOLe U3 auddysopa
wy = 0,1843 (273 -}- 159) = 79,7 wm/c.

CxeMa YeTHlpeXCTyReHYaToro Mapo3KEKTOPHOIO HACOCA, PACCUH-
TAaHHOTO MO0 pa3paboTadHON MeTOAHKe, NpUBejfeHa Ha puc. 64.- Ha-
COC COCTOUT H3 YeTslpex IIOCNeROBATENBbHO CORLHHEHHLX cTynereil
1, 2, 6, 10, x koTopwiM or 0GLIET0 HAapORpPOBOAA zuamerpom 100 Mm
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‘jojBedeH map Aasienmem (abcomoThmm) 10 Kre/M? 1 Temnepary-

poir 220°C,

Orpaborasiunil B CTYNEHAX HAcOCa Nap KOHAEHCHPYETCH B BOLO-
CTPYHHBIX KOHJEHCATOpaX, COCTOSIHUHX W3 BOASHBIX KaMmep 3,71
Tpy6 4, 8, 1 wacTuuHO B BO3AYXOOTHENUTEARX I, 9.

X
0 e
&
g -
= n
X +89ﬂ£?|
foda "2
- + 7000

yf_ﬁ

£

i Coud
—

Puc. 64, Cxema YeTHPENCTYREHUATOrO RAPOIKEKTOPHO-
To Hacoca:

i, 2, 6, 10— cOOTBETCTBEHHO MepBaz, BTOPAA, TPETeA, MeTBED-

TaA CTYNeHW Racoca; 3, 7, 11 — BOAAKEIE HAMEpHl COQTLETCT-

CTBEHHO AepBoii, TPEThel il MeTBEpTOd  CTYMEHH; 4 — 1pyha

{(anameTp 200 wMp); 5, 9 — POIAYAOOTALAMTEAH COGTBQTCTBI.’HH(?

BTOpOi H TPeThER  €TYneHn; & — 1py6a {anmaMerp 00 mm);
12 — cansHee TpyGu, 13 — THAPODIATBOP

BonoctpyiiHbie KOHASHCATOPHE TPeThed H YETBEPTOH CTyMeHeH
RLITIOJHEHH 10 cXeMe, NOKa3aHHoR Ha puc. 52. BomocTpylubii KOH-
JEHCATOp BTOPOIL crymeHH (CM. puc. 64) HMeeT aHaJOrHUHYI0 KOH-
CTPYKIMIO; OT/IHYHE COCTOHT B TOM, 4TO BOAAHAA KaMepd 3 nmeer
40 orBepcTHil, a BHYTpPEHHHI anameTp TPyObLl 4—200 mum. [Ipunaraa
CXeMa KOMIOHOBKHM HACOCA MO3BOJAAET CKOHACGHCHPOBATL OCHOBHYIO
yacTb napa B TpyGax 4, § Ao BXoAa B BO3AYXQOTAEIHTEJH 5, 9.
KpoMme Toro, mpoiecc CTpyfinofi KOHAEHCAUHH COMPOBOXAALTCA
FKEKUHOHHEIM ¢ deKkTom, YTO, B CBOIO OUEpClb, GAATONPUATHO CKa-
3LIBaeTcs Ha pabore Hacoca.
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XapakTepuCTHKA 3KCMEPHMEHTARBHOIO HACOCd — 3aBHCHMOCTD
JaBJIeHAs BCAchiBAaHHA MepBOR CTyNeHH OT PpacxoAa BO3dyXa—
¥MeeT TOUKy feperuda {pHc. 65), koropas ACAMT KPHBYK) Ha BETBb
a (pabounil y4acTOK XapaKTEPHCTHKH) H BETBb & (Neperpysoynmlif
yuactok}. HasiesHe BcachBaHMs Hacoca H3MEPANH MaHOMETPOM
Magk-Jleoga, KoTOpHIT ObLT npu-
cnocotaes aas padoTel ¢ BO3LY-
. XOM, COAePIKAUHM JIETKO KOH-
6 JeHcupyoldecs Iapul. Pesyib-
TaThi WCOBITHHAS AaJH XOpollee
COBNAjeHRE ¢ pacyeTHLIMH JaH-
/ HetMH, PacxomierHe NOpHAKa
6% no TPOHIBOAUTEALHOCTH U
. BarRyyMmy OOBACHIETCA TEM, 4YTO
=TT " OpH Mallbix pacxoiax Tapa B
MepBOi CTYNEHU Ha Y4YacTKe OT
ofwero naponpoBoga Ao colya
nepBoil  CTYMeHH TeMHNeparypa

Puc. 65. XapawTepuerhka ueThpex- Mapa 3HAYHTENABHO CHHKAAACH

CTyMeH3aToro Hacoca (mpr6auzurensio Ha 20—25°C
N0 CPaBHEHHIO C pacyeTHOH),

B taGa. 12 npuseneHa 3EepreTHUECKas XapAKTEPHCTHKA Hacoca
NpH TpefedbHOM NMpou3BoAHTENbHOCTH 19,8 krfu, coorBeTcTBYWOMELR
TOUKe Tepexofa padouero yyactka XapakTepPHETHKH B Neperpysou-
welit, Jlas cpaBHeHns nokasartenell paGoThl  9KCIEPHMEHTANBLHOIC
Hacoca ¢ JAHHBIMH N0 Mapo3KeKTOPHRIM HacocaM, MPHMeHseMBIM
3a pyOexoM, B oTofi e Tabmiue naHa SHepreTHYECKAs Xapakre-
pUCTHKA Mapo3meRTOpHOro Hacoca pupmbl Saymuor (CILHA).

Doy MM 0000,

10

g 5 10 15 20 Gynyly

Tabtbnupa 12

BH.EDI‘ETH'-ICCKQJI XapaKkTEePHCTHKA HAPOIMEKTOPHEIX HACOLOB

3HauennA DOKa3aTedA AAm
Noxazarens
SHCMEPHMEH - Hacoea dup-
TANBHOTO HE- MBL DANHEOT
cota
Palouce gaBaelHe B MM PT. CT. « « « « & « « & . 0,54 0,60
KonnuecTps OTKaUHBAeMOro rasa B KT/9 . . « . + . 15,8 106
Hapaenne paGouero mapa {aGcomoTHOE) B Krefem? . | 10 9,8
Pacxon pa0ouero mapa B KI/Y . . .+ . o . . o 4 . 583 3500*
TempepaTypa oxaamjaouesl BOAB TEPEf HACOCOM B g
e e e e e e e e e e . 30
Pacxop oxaapaowefi ponst B M3 L L . . L . . 17,1 180
Pacxon paGoyero napa Ha | Krraza B T , . . . . 29,5 33,0
Pacxon soast Ha L krrasa B M . . . . . 4 . . . 0,87 1,70

* C y4eToM HOMHYecTB2 napa {886 wr/a), Hampaeademoro B 3KCraycTep.
fipumeuadue Ofa HACHCA — YETHIPEXCTYREHUATHIE,
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B KasecTBe KpuTepHs IAA 3KOHOMHYECKOH OUEHKH CpaBHHBae-
MDbIX THIOB HECOCOB MOMeT OBITb IPHHAT CYMMapHBIH pacXof napa
Ha | kr oTRaunBaeMoro rasa. Kak suasHo H3 T1ata. 12, akcnepumen-
TanbHBHIH HACOC HMeeT XaPAKTEPHCTHKY, CONOCTABHMYIO ¢ XapakTe-
PHCTHKAMM AHAJOTHUHBIX YCTAHOBOK, paG0TAUIHX B CTaJeMIaBHb-
HOH MPOMBIIIJIEHHOCTH 34 PYGEKOM.

PACYET 3)KEKTOPA TPH BOJIBIHUX
KO39PHUHEHTAX 3)KEKILHH

Pacuernule dopMynsi, BHBeReHHBIE BO BTOPOH ruaBe, Clpasen-
JAUBBL AJ cAydasi, Korpa fap B ceyeruu [/f—[If maxomurea ®
neperpeToM cocrosdud. Jhia MHOrocTymeHYaToOll TAapO3MeKTOPHOM
YCTAHOBKY 3TO YCJAOBHE, KAK TNOKasblBaeT pacueT T¢ YpPaBHEHHIO
SHEPTETHUECKOrO (TeMNIOBOro) $asarca, BHIOJHAETCH, TAK KAK OT-
AefbHBIE CTYNEHH padoTaoT O cTeleHAMH cxkaTug Oogbile 2 Waw,
YTO AHAJNOTHYHO, ¢ YMEPEHHBIMH 1l MadbMH KO3 QULHEHTAME 3:KeK-
uuy. Ondako mif NMPOMBILMICHHBIX YCTAHOBOK (HHEBMOTPAHCHOPT,
BEHTHAALNS 4 T.J.) 4acTo TpeGyercn pacCdHTATh ANNapar ¢ Magoil
CTEMEHbI CKATHA H GOJbIIUM KO3(PPUUHEHTOM 3KeKuuH. B srom
cayyae MOJKeT 0Ka3aThCs, UTO NAp B KOHUE UHJIAHIPHYECKOTO YYACT-
ka nuddy3opa HAXOAUTCA BO BAAXKHOM COCTOSHHH.

Baaxuwit map mpencraBaser coboil ABYX(PAsHYIO KHAKOCTD, CO-
CTOAIIYI0 M3 CYXOTO HACHILEHHOTO Napa M YacTHYeK BJIATH, PaBHo-
MEpHO pacnpefedeHHLHIX B NMape. Bjawuuifi nap xapaxrtepHsywor
CTeNeHkbIo CYXOCTH '

G
r= —I 138
Gnd-Gy ' , (138
rie Go n Gy - KONHYECTBO COOTBETCTBEHHO MApPOBOR M MUIKOM

dasnl.

CBoficTBa BRaXHOTO Napa ropasio ¢A0KHee CBOHCTB Meperpe-
TOrO mapa, A KOTOPOre jnBe M3 NepeMeHHHX p, ¢, { 0IH03HAYHO
ONPeAenalOT TPEThi0 NO YPaBHeHHIO cocTodauna puv=RT. Ina saaxk-
HOTO nmapa 5Ta 3aBHCHMOCTb HapylIaeTcd, TAK Kak AABACHUIO p
COOTBETCTBYET BIOJIHE OlIpeAe/eHHasi TeMIepaTypa HachILIeRus (Hac
4 YHedbHBIl OOLEM U, MOMET HMeThb UPH 3TOM J000e 3HAUCHHE
0T 0" 110 @' B 3aBHCHMOCTH OT CTeTIeHH CYXOCTH ¥. '

DHTAAbIHS BJAANKHOIO Napa

iy= i -rx. (139)

qufmaﬁ ‘dopmyay (139), ypasuenHwe COXPAHEHNS IHEPTHH B
TeNNOBON Gopme Anst ceueHdl f-—I u I[I—[11I 3anumen Tak:

fl) + Qrcprta _l' QHin = (I Jf' QH) (Ié + rsxs) + qrcprtgac +

(g tg) A‘;’—j. (140)
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HaBnenne p; CMec B KOHUE LMJAHHAPHYECKOTO yuacTKa Ruddy-
30pa MOXHO HallTH Mo ypaBueHHIO (39), B KOTOPOM BENWYHHY ks,
KaK H Bblle, onpeiedseM o dopmyae {93). B nocnenne yaeabuyio
TEMIOEMKOCTD CMeCH H FasOBYIO ROCTOSHHYI0 HafileM M3 BHIpa:KeHui

(1 4n) x5c
€ pexs = ) X pn +‘7GC1" : (141)
(14 ga) x3+-gr
1 R :
R = {1 9- ) #3Rn - ¢r Ry ) _ (142)
(1 +gn) %+ ¢
Tloacrasasis 9TH 3HaveHns B ypasHenue (93), mojyunm
ky = ! _
4 grRr 4 (1 + gn) x3R0
Gr¢pr + (14 gn) xgc pn

(143)

[Mapuwaasnoe nasnedwe napa B cevenwn [I/—I1] waxonum nz
YCHOBHA

p3—n V= (Gl + Gn) stnTa;
PV =[G, + Gp) x5 4 GIR 4Ty
Torna

3 [(1 4 gn} 23+ gc] Ren i

THoncraenss s dopmyny (144) smpaxenne (142) a1 Reow, Ha-
XOBUM

Pan — (1 + qn) stn ‘ (144)

P3—n = p: R . (145)
l+ [kl 5

(1 + gu) 23Ry

Ckopocts w3 cMecn onpefensiem no dopmyse (68) uepes wncao
Mazxa M; n MecTHYIO cKopocTh 3BYKa

ay = V kogRo T, (146)

MpeoGpasyeM mocnenHuii uien npapoit yacru ypapxenns (140),
BOCNONB30BABMKCE (opmysamu (142), (68}, (146), Torna ypasue-
Hue {140) npumer pBug

b+ §eCpcds -+ guin = (1 + q,) (f3 + Faxs) + guCplf™ +

AksM3 [Roxs (14 9u) + R
+ 1 X X3 n rr) o Hae
I+ +g)—; a5t (273 + £5%),  (147)

Benrunay m onpefensiem u3 ypaBHenus

m=[(14 gy x4 q] 2L - {148)

Wty
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rne
R.-_MTH“
Uy o= e (149)
Pa
4 ©h H ¥; HAXOAWM TIpH pacueTe COmia.
U3z ypaBHeuna uMnyabcoB cua (75) Haxomum, 4To.
28, {8, — [0+ ) 2+ gr) o |
Ps=p -+ . (150)

m

OGoanayim neBylo uzacts ypassenus (147) uepes By, T.e.
By = iy + G prts 1 Gulns (151)
'ﬁpanylo aepea B3, T.e.
BY® = (1 + g} (s + 1) + 4u0pefS™ + (1 + 4 + 40 X

k3M§ [Rnxa (14 qn) + aRs} el
Hacy | 159
XA (1 + 9n) % -+ 4r (2784 4%) (13

Torna sepapeHCTBO _
By < By (153)

npu x3=1 Gyner o3Hauarth, Yto nap B cedenun [[[—IIf Brakuwi.

M3 ypasuenws {147} crenyer, uro HauMeHpuIeMy Kosdp@uuuenty
9MEKINHA COOTBETCTBYeT Haufojee BHICOKAH TeMmiepaTypa CMecH.
[osromy HepaBeHcTBO (153) NOCTaTOMHO HPOBEPHTR AJI HAHMEHD-
Hero M3 3ananppx kosdduuventop smerunn, Lcan

B, > B (154)

AAsl HaHOONBIUETO H3 33JaHHBIX KO3Q(MHIUHEHTOB 3XKEKUHH, TO map
B KOHLE LHJMHADPHYECKOTO YYacTKa Heperperhii.

OCHOBHO#l TreoMeTpHUECKHH pasMep oflpefessieM B CAeAyiollieM
HopAnKe. 3anaeMcsl HECKOJNBKUMH 3HAUeHHAMH KOIPPHUMEHTA IMKEK-
unH. Beanwundatl Rew, #3 M pPs_y, PACCUHTHIBAEMEIE O YPaBHEHHAM
(142), (143) n (145), B oTanure Or aHAAOTHYHEIX BeJHYHH HJA
NeperpeTore napa, ABAATCA PyHKUHedi cTeNeHH CYXOCTH Hapa Xa.
TlosToMy ZAA KaXAOTO H3 3afaBHBIX KO3(GPHIHEHTOB IHEKIHH
¢> DPHHHMAaeM HECKOJbKO 3HaueHuit crenmeHu cyxoctd x3. Ilo dop-
myaram (143), (99) u (145) naxoaum nokasateab anxnabaTel ks,
AaBJeHue cMecH pi M NApuHaJbHOE NABJeHHe Napa Py o AJNRK Of-
HOCO H3 3alaBHbX KO(DPHUHEHTOR KeKHKH ¢a 110 dopmyme (1562)
OnpefeaneM HeCKOABKO 3HAYEHHA BeNHUHHB B3' AdA KaRIOTO H3
3ajaHENX 3Hauenmi xs3. Crpoum rpaduk ¢yakmuu B =f(x3) u
710 HeMy HaXONHUM 3HAUEHHE X3 MPH YCJIOBHH Bo=B1". 310 3Hade-
HHWe CTeneHH CYXOCTH Napa H Oyler HCKOMBM 111 3aJa4HOro K03d-
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¢unueHTa skexkUHH. TakuM Xe 00pa3om OfpeleseM NaPaMeTphs
COCTOSIRKSA Napa i3, 15 H X3 ANA OCTaNbHBX  Ko3(QdHUUEHTOB
3R eKLHA.

Hanee npoBOAHM pacueT Tax ke, Kak M AJAd cayyas ¢ leperpe-
ThiM napo. Omnpepensem mno dopmyse (148) senuuuny m, a uz
ypaBHeHHsT HMNyAbncoB cua (150) — pasaenne p;. Crpoum rpaduxg
ps=f{g:}. NckoMpii RosppUUHEHT 3XKEKUHH HAXOAHM IO 3TOMY
rpadlky nIp¥ YCAOBHH, YTO 3HAYEHUA ps, PACCUHUTAHHBIE O YpaBHe-
auam (150) u (99), pasHHL

Mpumep. TpeGyencs pacculTaTh § CKOHCTPYHDOBATL NApoCTPYRHBIA 2XKeKTop
A QTKaYMH BO3NYXa MR CIIYIOMHY YOAOBHAX: KOJNRYECTE) SHEKTHRYEMOIo
Bosiyxa Gr=2000 krf4, TeMIepatypa MEKTHpyeMoro poafiyxa {,=20°C, compo-
THBRJeHHe cHoTeMel Ap=230 MM pr. CT., SapoMeTpHuecKoe fasfeHke Pe=745 MM
pT. <T., nporgeojaenende (abcomornoe} po= 1,056 krefom? TTapamerpnl mapa nepes,
constom:  pp=8 wrpcfem?, $f=170"C, {,=6615 xgam/kr, $y=1592 xxan/(xr-°C},
vy=0,245 m¥kr,

AGcomioTHOS JABTEHIE B KAMEPE DA3PEKESHHA 3KEKTOPA

ps—Ap 745 —230

L= T 736

= 0,7 grcjeme.

Crenens cxatiA SHeKTOpa
t= /= 1,05:0,7 =1 ,5.

Pacuer consa. Tax xag SR =1592 kkan/{kr-°C) MeHblle sHAueHHA §;=
=1,788 xxan/(xr-°C), B3atoro npd AasieHuw daceunexus (aGcommwTHOM) f=
=0,7 krefom?, To nap B kowle conna Gyfer saaXrnM, [lapamerpsl mapa B KOHIE
COMMA NpH &ARAGATHYECKOM PACLMPEHHH DaccUHTHBaEM no dopMynam (30} n
{79), B worophx §;=0,283 wxan/(kr:-°C), r;=5456 kgaafsr, {; =285 KxaafKkr
HAXOIHM #3 TEPMOAHBAMATEOKAX TaOahy [D] OpH adcofIOTHOM AasieHun P =
=0,7 Krcfom?:

1,592 —0,283
1,788 — 0,283

i{A= 89,5 4 545,6.0,869 = 5645 kxan/kr.

xa['ﬂ' = = 0,859;

HelcrsnTenbian CKOPOCTE Herewemad [oM. vpasmemme (78)] npu =097
wy =91,5.0,97 ¥661,5 — 564,56 = 875 m'c,
l'IOTeﬁH SHEPrUH B COMAE pacCunThiBaeM Mo dopMmyne (81):
B (1—0,972) (661,5—564,5) = 5,8 kan/kr.
DHTafelma mapa {cM. pepaxenue (82)]

{, = 564,5 4- 5,8 = 570.3 kean/kr.

Crenens cyxoom napa {es. dopuyay (83}]

570,3 — 89,5
L 2O =89 § as
= 545.6 :

YmenvHLA 00beM onpeienseM nmo ypaBHeHHIo (85):
’ v =0,88.2 41 = 2,12 m¥/kr.

Hunasuuecknii pattop wRexkTHPyOWER CTpyH [ex. supamenne (36)]
87kt

= 18300 KrefMz,
19,62.2,12

Hfl:

Onpedesenue ocnoenozo zeomerpudeckozo napamerpd. OcnosHOH reoamerpH-
weCKAfl NApaMeTp 3KeKTOpa, padoTaioWere oo CTeNeHbio CKama 2>e>15, che-
OYeT OnpemedATE NPH sHaueHud OespasmepHoll ckopoct  My=0.8-+-07. Ecan
£=5 1,5, 1o M;=0,6. Kosdduunent 6; npy €< 3 H3Menserca B npegenax 0,78—0,82.

JaganuMcA CReAVIOWMMHE SHAueHMAMH  Ko>dduuHenTOoB skexkuuy g.=0,8;
=10 g'=12; 6i¥ =14; 57 =16.

KonmuyecTBo  PHOCMMOTO B 93KEKTOp Telsa B COOTBETCTBHH ¢ BHpPAaKeHUeM
{I51} npu paGore ¢ HalUMERBIDNM KROSDOHILITEHTOM 3MHEKIHH

B,=1661,540,8-0,24.20 = 665,3 wxan/xr.

MMoxasarend aguadatsl cvecd Hafifem mo dopmyne (143) mpu yenoswm, YTO
nap 8 cetennu [{f—I1 cyxoil pacmuierueii; '
1

0,8.29,27 47
T 427(0,8.0,24 +0,48)

k, = — 1,325,

Hasmenne cMecu (afconoTHoe) B KOHLE UMAHHIPHYECKOro yuactka amdpy-
sopa (oM. PopsMyay (99)] npy M;=06
1,05

Pz =
0,8-1,325.5.0,62
14+ 5

= 0,88 Krofom3,

HMapunaneioe Aastente napa (afcoNioTHOS) pPaccyiTasM mo ypasﬂénum {145}
npH Xz=1: .
0,881

= —— __{},588 2,
Ps—n 14069208 Krec/jom

Wz repmonumaniyeckix Tabmuil HAXOMAM, YTO 3TOMY 3HAYCHMIC Ps—a COOT-
BETCTBYIOT napaMerphl rg"‘c =84,9°C u {3=633,3 kxanfkr. Koauuecrno rtenna, BH-

HochMoro #a cewens {II—fIf npu x3=1 [cm. supaxenne (152)]:
1,325.0,62 :
BY© — 633,34 0,8.0,24.84 9 | —————— (47 1 29,27.0,8) (273 }

2.427 .
-+ 84.9) = 663,7 Kxan/xr. '

Tax kak By>B3°, To map B koWUe LAMMHIPHYSCKOTO ydacTka EH(ysopa
npH ql[ =0,8 Gyxer HAXOAMTHCS B peperperoM cocroaiuu. Ilposexsa amazoraunste

pacuerttl AAA OCTAALHBIX aHAaveHui KosddHupeHTa smexund {Tadm 13}, srugum,
uto npi ¢ro=1.0 nap B cevenun f//—I1 pasmuami.

TiapaMeTpbl COCTOAHES CMecH B cevenun [HI—III onpepemnm Hz ypapuenust
TengoBore Gananca. Oad meperpetoro napa (‘ilr =0,8) MeTOIHKA ONpegeneHnd /3
H {3 adaNOrHYHa paccMorpensofl. IlapameTphl COCTOAHHA CMECH OPH BRAXKHOM
nape ONpeASTHM CAGRVIOHIHM 00paszod. 3a7aeMcsl HeCKOJNDKHMH SHaueHHAMH CTe-

NeHH CYXOCTH mapa X3, Kanpudep, 0.8; 0,9 u 1,0.
IAf KaAOLo W3 TMPUHATBIX BHlre KO>DPUIHEHTOB 3MEKUNH ONpefemin no
TPH 3HAYSHHS AOKasaTeId aaHaOaTei s, JNaBIERHA CMeCH P3 H HapLEHANBHOMD
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Tab6anua 13

PeayabTaTsi onpegeAedna cocToauMs wapa B cesenwy 1I—IIT nprs pa3nmuAmx
aHaveHHAX KoaddHUHEHTA 3MEKLHH

—

OABJNEHHA Ps~pn NO . ypapuewnaM coorBeTcteenno (143}, (99} n (145). Haxomnm
i smavewds B"C no dopmysre (152) u cTpoum rpadwx saBmouMocTH BLAC =

={(x3), ma KOTOPOM HaxoAMM TOMKY ¢ opauHaroii B3 =By (pmc. 66). AScumcca
IOl TOYWKE COOTBETCTBYST HMCKOMOMY 3HAUCHHIO X3, KOTOpOe B COOTBETCTRHH ¢
TEMIEPATYPOR #; onpefensier cocroshme napa o cMmecd B ceuennd [II—ffl, Pe-

3YNBTATH pacueToB osedsHbl B Tadn. 14
3Haf napaMeTpet COCTONHEA WAPA W CMECH B MBYX OCHOBHDLIX CCUCHHAX AAN

BEOpaHANK HOADOMUHeHTOR 3KEKUHH, ONpefeiseM CasoBYl) NOCTORKHYHD Ko,
MECTHYID CKODOCTH 3BYKA 3, CHODOCTb CMECH W3, YASMbHBIR O0OLeM Uz U OCHOB-
RO PEOMETPHUECKHH pasMep M N0 ypaBHeHHAM cooreercreendo ([42), (146),
(68), (149) w (148). IMTpunumaa xosdduuuent §:=082, HaxoamM w3 ypasHenna
HMTTyAbCOB ©HT (150) nATE 3HaveHwl JABREHHS CMecH fi 3HAUeHHe P 0pH KO-
stipruHeHTe SKEKLUN q; = 1,0 Ae3HAUHTSNbHO OTAHYACTCH OT HeOSXOIHMOTC IaB-
JeHua cMecnt ps (TaGa. 15}, nafimennoro no dopmyae (99), u nmosToMy B AdAb-
HeflIeM YTOUHGHWH ReT HeODXO0LHMOCTH.

Pacxon paGoyero papa Ha 3KeKTOD

Gy = Gy/gy = 2000/1,0 = 2000 &/,

Pacuerhas niollafb BEIXOAHOTO CRYSHHA CONMA
2000.2,12

Iﬂ‘p.:—,-]‘JsZIS‘llod 2‘
'™ 3600-875 ’ ™

Hdrr-omaﬂb CEYEHHA H Axamerpy HNMHADHvecKoro yvacrtra muddysopa apH
m="5,01

Fa=mFP=5,01.1,34.108 = 6,71.108 mm%; Dy =925 mm.

Tatawuwa 4
RATH Fpaveanax KoadpduunenTa aweKuin

Ko{bHHeHTe 3MeRLHH g ¥ CTEMeHH CYROCTH X,

v

9 =1,2 a. = |,4

3HaYeHHA TapaMeTpos HpH 4.
TapameTphl E—
0.3 1,0 1,2 1.4 1.6
Koawsecrso Tenna, nocTynHs-

HIEFO B 33KEXTOP, Bo B

KK4IRr . ., . .1 6653 666,3 667.3 668,2 §69,2
Tloxkazarene a,uuaﬁarhl cmec:{

e e e 1,325 1,330 1,332 1,338 1,340
ﬂapuaa.rrbﬂoe ,uaB.neHue napa

(abcomoTHoR) B CMECH p;_p

B KrejemM . . . . ... .| 0,588 0,542 0,507 0,471 0,44t
Temmepatypa uwachmenssa Da-

pa ¢ pC L. ... 84,9 82,9 81,2 79,4 77.8
OHTANBNNA CYXOro HACHIUEH-

Horo napa i, B XKam/kr. .| 633,83 | 632,4 | 631,7 | 631,0 | 630,4
K oNHuecTa0 Tenaa, BEIHOCHMO-

ro w3 cewenna, B s

KEaAfKr . , . . . .l 663,7 667,4 671,6 675,1 678,9
CocTosHue napa ¢ cMecH . . l'lepegpe- Bramuotll [Bramunit |Baaxunit | Braxnef

Th
TMpamMegaagne. AGCKIOTEOS ARLACHHE CMECH NPH BCEX 3HAYEHARX KOSQPHUKEHT2 =mex-
UHE pa=0,88 xrc/fem?.
Adanrple K pacuety crvemedi CyxocTu npH
3HaueHH? Dapamerpos IpH
ql{[ 10
Mapamerp [
g.=0,8 ]

6,6 [ 0,9 | 1,0 | 6,997

KoangecTso Tensda, NOCTYNHBLIETO B 3WKeK-

Top, By B KKaafxr . . . . . ..., 665,3 666,3
TNoxasateds aguabaThl cMeck &3 . . . . . 1,325 11,3341,33211,32911,330
MNapouanehoe papaenpe napa {a6coniorHoe) )

B CMECH P, B Krgjem® ., L L L L. 0,588 10,495(0,520(0,542| 0,540
Tempepatypa Haceuuewds napa f; 8 °C . 87 80,6| 8t,8| 82,9| 82,8
3nTanpnHAg BOALE NpH TEMNEPATYpe KHNeHHA

a';; B KEATA/KT . . + « o o « o « « o . — 80,64 81,8| 82,9 82.8
CKpHITaA TenfoTa NapoodpasoBavda 73 B

KKAIJKT o o 0w e o e e e —  |550,9]550,1f549,5549,6
OuTaspnHA napa ig B KKAAKD . . . . . . 634,3 |521.6|576,8]632,4630,8
KomiuecToo Tenaa, BHHOCHMOIO H3 ceve-

wea [H—IT, BY* B xwan/kr . . . . . 665,2 |555,71611,4]667,4(666,0

Mpumevanue.

AGcomoTHo: JABAEHHE CMECH py—=0,88 BIc/em?.

0,042 0,9 1o 0,987
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669,2
1,34211,340

0,418 10,441
76,5 77.8

667,3
1,335,332

0,4560,481(0, 567
78.6) 79,9 81,2

668,2
1,340 1,338

0.471
79,4

1,338 1,332 1,338 1,344 1,340

0,502
81,0

1,341

0,467
79,1

0,393
75,0

0,421
76,6

0,448
78,2

0,437
77,5

78,6} 79,9 81,20 81,01 76,6| 78,2| 79,4| 79,1| 75,0 76,5| 77.8; 775

553,5
574,5

552,6
630,4

551,8
624,1

554,3

552,4
519,0

575,2

551,6

552, 11551 , 3|550, 5
631,0

520,6)575,91631,6

850,6
628,0

553,3
519,6

552,8
620,5

559,1\615,0[671,6] 667,6 | 562,2|618,7 | 675,1 | 668, | 565,8|622,2| 678,91 668,9
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Tadanuwa 13
Jawnnie K pacdery wosdrpsiuHeHTa IMEKUMA

3aaveHnA NapamMeTpoB NpH '
TMapawmerp

0.8 | 1,0 | 1,2 | 1.4 1,6
CTenenb CYXOCTH HAPA Xg. - » » & « + - « +| — |0,997]0,992 (0,987 (0,980
Tloxazarens agnaathl CMECH By « « . . . . . 1,32511,330(1,332) 1,338 | 1,340
TeMnepatypa cMecH s 8 °C. . . . ., . . .| 87,0 |82,8|8L,0] 79,1 77,5
Abcomornas Tempepatypa T8 K, . . . . 360,0(355,8|354,0]352,11350,5
Tazoasi NOCTOAHHAA Rey B ETC-M/(kT-°C) . . [ 39,2 | 38,01 37.3 | 36,6 | 36,0
Mecthas ckopocTe 3ByKa @3 BM/c, - . . . .| 428 | 490 | 415 | 411 407
CEOpPOCTE CMECH @3 B M/C + + + . 4 o . . .| 267 | o952 | 249 | 247 244
YaenpHeill o6beM vy B MYKT L, . . . L . L 1,600 1,53 1,80) 1,46 1,43
m=FyF¥ ... ... .. 463501545584 6,26

Jasaenne cmecH py (a6COMOTHOE), PACCYHTAN-
HOE 1O YPaBHEHHIO HMOYMBCOB CHM B Krc/em?| 0,931 (0,879 )0,83210,791 (0,759

TlpumMevan e, AfCOMOTHOR AapAeHRe CMECH Py=0, 88 srefems.

Koncrpyxrusnoe getioanerue npoTounoll 4acty sxcextopa. Tlnowans KpUTHye-
£KOro cotna [cum. opmyay (88)]
: 2000. 108
FKP = PR ==
3.10¢
2,03 3600
: 0,245
=478 Mm%, Dyp = 24,7 MM,

il
B, kKA o

£7¢

550 HeficTBHTeABHYID TACWALL BH-
' XOUHOTO CeUeHHA CORAa HaXOomum

|
o |f f
1%/ |i}1 no ypaenekH> (87);
&30 - '

2 T F= 034100 = 057
:«H- D, =346 mm.

[Maomant cevedud naponpopoia
npy ckopocT napa 30 Mfc

/'-N

B0 //

fh!

590 "7 it
4 / i _2000.0,245-10°
570 i'{: T 3600030
|Ilg = 4530 Mm% Dy — 76 s,

- 550 Ll

0,75 985 0% X Onamerp conaa D' npununmae™

PaBERIM JdaMeTpy naponposofa D

AHHA  cyKaolleficd YacTH ¢ONI2
Puc. 66. 3aBHCHMOCTD BENGHHLL B §o° OT A PP
npa o' =4
CTeleHH CYXOCTH Napa ¥
4 — npy q;I—l,U; 2 —npH ql{“ =12; §—nm L 76 — 24,7 —70.5 MM
= ——— =70, .
q:V=1,4; 4 — npu .:,‘r;‘r=l,6 € 2.0,364
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IOnuay lkp nOCKE OROHYATIBHOH 0GPAGOTIH CONMA UPHHMMAIOT pasHoll 12 MM
= = .
Jlmna pacmpsiomefica wacT mpu «=12

34,6 — 24,7

fo = 2.0,105

= 47,1 mm.

Hauny { puifupaeMm Mo KOHCTPYKTABHBIM COO0pAMKeHHAM OPH KOMNOHOBKE
CONAA ¢ KaMmepof paspexiesnd NOCAe ONPeiencHns OOSBHIX PAIMEPOBR.

AraMerp BeacHBapIUErc TPYSONpPOBOLA OnpPelenieM M3 YCIOBHA, Y4TO CKO-
poCTh BOZAYXA B HEM Wy=50 Mfe R

29,27.203
= = 1,22 m3/ur;
; :le 35.10¢ mme; Dy, =131 mm
mp 3600.50 ! T '

BoiGHpaeM THI KaMepbl DA3peKenHd, nokazanHoll wa puc. 28,6, Huamerp ka-
Mmepbi pazpeienus Dy mpummmaenm paewsinm Dpp, 2 mxomnoit jmuamerp KaMepsl
cmenterns De=Dp. B stom caysae Dyx=0,9 D, =0%-131=118 mm; R=03 Dy=
=0,3-118=35 mu, {;=025 D:=025-118=29 mm. JauHA CYRAIOMWENCA YacTH
ape ;=450

118 — 92,5
Iy = —————— == 302 mu.
“T 70,0422 e

IMoowaae KOJBLEBOTO CeYeHMA MeEKAY Iuamerpamu Dy=118 um u D;z
=366 MM '

F =0,785 (1182 — 36,62) = 9,86.10~3 pz2,

CxopocTth BO3NYXA B KONBUEROM covewn F
2000.1,22

- 3 = b »
wg 3600-9,8610 69 mfc

JLaa pacwnpatoutefica uacty guddysopa npuMeM yrof ;=9 H OTHOLISHKE
miowaneit s=4, Kosphuunent poccTanopienys faBfesHs B aubdysope @ (CM.
Tada. }) pasen 0,8256. JduameTp BxogHoro ceuenns Auddysopa

Dy=Dy Vs = 92,5V = 185 .

Hauna pacmupawehcs sacm muddysopa
185 —92.5

séw—':587 MM .

Paccroaune {,=>59 D onpenensiem na mostorpammpl {cw. puc. 30) npm yeno-
Buu, yto E=114 4 £=15 HdiuHy UHJIAHAPHYECKOrD YHaCTKa [ NPHHUHMAEM DPaB-
Hoh 20, CymMapHoe paccTosHke

£+ 1, =546 + 185 = 731 Mm.

[MogoxKenne comia oTHOcHTeARRO Anddysopa onpelenaerca paccTOABHEM
=l — I, = 546 — 302 = 244 mm.

IMpoToykad uacTh 3KEKTOPA, CKOHCTPYHPOBAHHOTO MO PACCYHTAHHBIM paszMe-
paud, noKkasaHa Ha puc. 67.

5 Bax. 283 _ 113



o;a.l'
= Fe s
s =
. 546 | w5 587

Puc. 67. Ilporousas wacth paccyHTamnoro 3meKTopa

PyKetim? | ,
|= T T T }U
AR s
B PR T e
A1 ,mzﬂfﬂ""g
67 iz ,f;e;r_/pa" .
Vi |
72
F
osiAAFE Ly
Iy »
o AL
/sl
A

g 68 145 24 32 40 48 g

Puc. 68, 3apHCUMOCTDL HaBNEHHR BCaCHBAHMS Ps OT KO-

shhbHIUHEHTa IKEKNHH ¢y, AABNEHHA Tepef, CONSOM po H

OTHOWEHHA FyfFyp AN nApocTPyiiHEIX 3KeKTOpPOB, pa-
GoTalomAx ¢ NpoTNeogaBaeHkeM 1 wrefem? [9)

[Tapocrpyiibie 3KexTOPH, yAAMAIOHINE HACHIECHHYIO TapPOBO3-
AYUIHYIO CMech Npy alCcoJIOTHOM RABJEHHH BcachiBamus or 0,2 jo
0,9 wrc/cm?, MOMXKHO paAcCUHTHIBATE MO METORHMKE, H3JNOKEHHON B
paGote [9]. Teoperuueckue saemcumoctn (puc. 68, 69) noayuenst
AN 3KeKTOpOB, paboTalolux #pH

F,

/g pacxole BO3jyXa B OTCacHIBaeMofl

9 \ cmec of 0,5 o 100 kr/u. Temmepa-
\ i . Typa yAanseMoll  MapoBO3AYUIHOU
\ _ cvecd Ha 0,05—I1°C nmxe temnepa-

| TYPH HACHILEHHS NpH LABJCHHH Bea-
coipadid. I[lo rpaduky, npusenerdo-
My Ha puc. 68, vcTaHaBAHBAIGT [10-
CTHHMHMBIE  KO3QHUHEHT 37KeKLHH

]
AN
Gl ]

Nz, )

|

J Pz £7

™

e —

[
‘H%; T—-—-—.

fy

Pre. 69, 3aBHCHMOCTD  [EOMETPHYECKOrD
88p,mecky?  NApamerpa conna F/Fyp oOT HaBneHus Bca-
CHMBAHHA p, B JaBJieHHA LHepef COTAoM gy (9

7

0z, 0% 46

114

npt 3a1aHHOM AABJCHHH BCACLIBAHKMA M 3Ha49eHHC FEOI\EG’TPHQ&CKOFO
napaMeTpa Fi/Fyp, obecnieunBalotlero peainsalo Haii1eHHOTO KO-
gdjl[pHL‘LHEHTa FKEKUHH, SaBHCHI‘\‘-‘IOCTb OTHOIIEHHS naotaned BbIXOM-
HOTO M KDWTHYECKOr0 CeueHHH COmnaa F\/Fup OT Jdasaenus ng-
CcHIBEHHA [ OnpepeasaoT o KPHBbIM, }'IprIBeII,eHHblM na pHC. 7
HPOTO‘{H}’IO YaCTh KOHCTPYHPYIOT B COOTBETCTBHH ¢ MeTOAHKOH,
y3aoennofl B patore [23].

Mpumep. TpeSyertca paccunTaTh napochoyﬁ-Hblﬁ 2KEKTOP, YA2JAALIHRA napi—
goeAVIIHYI CMECh TPH  TeMiepaType 89°C n aﬁoomomo;_w _ NABIEHHIi .p: '
=0,7 krefem? (1920=8045° C). Pacyetoe npOTHBOAABIEHHE 5EKTOpa (a@ocu}mT”
goe) 1 mrcfem?. Pacxof oTKauMBaeMO#d cMecH G, =300 _Kl;;‘t{. Paﬁ_t)qlm naap-—qxou
pacHULBHHSIL; Napamerpsl napa: po=06 urefem?, f=158"C, vp=0.32 n¥/kr.

Koauuectso mapa B 1 K& ¢MecH

Pr 0,688
0,622 ——— 0,622
d = Po—Pn__ _, 0.7—0.688 = 0,973 xr.
. S g.——2000
140,622 P 140,62 6.7—0.688

rie pPn=0,688 xrefem? — napunanbHoe RABNERHE Napa (a-6oco.n10r}|oe) npH TeM-
nepatype SekTHpyemol cueck 86°C.
Copepianne BOIAYXA B YAANFEMON CMECH
Ge = (1 —d) G, = (] —0,973) 300 = 8,1 xr/y.

M3 rtpaduxa {om, puc. 68} no sananHoMYy Aaslenhio BC&CB]-B%HMSI pPa=
=0,7 xrcfoM? x aGcomotHOMY JaBIeEHi0 pabouwero napa po=6 Ercfem® onpene-
JaeM NOCTAMUIMEIR KoshOPHUBEHT SHexmuy gs=14 H 3uauenne reoMETPHYSCKOTO
napametpa FafFup=15. Tlo apyromy rpaduxy (cm. pwe. 69) HaXxomuMM TEOMETDH-
wecknil napametp conaa FifFup=2,15.

Pacxon paGoyero wapa

Gy = Gy/g, = 300/1 4 = 214 krfa.

[Taourans Kpuradeckoro ceuenus comna {9]

5 Gl o _ _OM-108 ]_/o,azzﬁg,l s Do = 9.4 .
P 199.3600 pe 1993600 6

HH-&M’ET]J BHIXOIHOTO CeYeHHA £onaa

F. —
D,:Dm,l/f_} —9,4)72,15=13,8 um.

HP

IuameTp UnHMBADHYECKOTO YuacTKa Anddyzopa

Dy = Dyn ‘/ }‘:3 =9,4)15 = 36,4 nM.

KP

KoHCTPYKTHBHLE PA3MEph NMPOTONHON 9aCTH MEKTOPA CASLyeT ONpeiLsaTd
Ha OCHOBAHMH PEROMEHLALNMA, HEIOKEHHHX & PaboTe {231



Fnasa IV. PACYET BAKYYMHON CUCTEMBI
C IMAPOSXEKTOPHBIMU HACOCAMU
N USMEPEHUE BAKYYMA

PEXHWMbBI TEUEHUA l"A3A B BAKYYM-ITPOBOJAX

Fpi TeueHHn rasa uepes BAKyyM-TPOBOL HA €ro KOHUAX ycTa-
HaBJHBAETCH PASHOCTb AABJEHUH Py — ps, 06YCJIOBICHHAS CONPOTHE:
JIeHdeM TpyGonposona. PasRocTb NaBieHuil, OTHECEHHVIO K Kodnye-
CTBY NPOTEKAIIIEro rasa

. P Ps
g= Lzl (155
Ha3bIBAIOT COMPOTHBIEHHEM BAKYYM-IPOBONA, a OGPATHYIO BeJHYH-
HY — TPOBOIHMOCTBIO WJIH TIPONYCKHOH CNOCOGHOCTRIO

U=-—-9 (156)
Pe— P>
FAC Py -— AaBJeHHEe HA BHIXOJLe H3 OTKAYHBAEMOTO 06bheMa;
Ps — JaBJIeHNe rasa fpu BXOJe B HACOC.

Ecan nmpousponurenssocts G U3MepAeTCH B - MKM pT. CT.fC
WJH JI-MM PT.CT./C, & AaBJieHH#e — COOTBETCTBEHHO B MKM PT. CT. WJIH
B MM DT.CT,, TO POBOAHMOCTb TPYGONPOBONA ~— B JI/C.

¥paBHeHHe HepasphHBHOCTH G =const asis ABYX ceweHuit TpyGo-
IPOBOAA MOKHO 3aMUCATD B CASAVIOHIEM BHIE:

nga =U (Pﬂ — Pa) = Nups, (157)
rie Ny n Ny— ckopocTb OTKauKy KaMepsl B Hacoca.
Pemum ypasuenne (157) oTHocuteanuo N,
UNy,
Utwy '

K =

(158)

W3 astoro Bhipaxenus BHIHO, YTO CKOPOCTh OTKAYKH KaMephl
MEHLIE CKOPOCTH OTKAYKH HACOCA BCENCTBHE COTPOTHBIERHS TpH-
COENHUHHTERBHOTO TPYBONPOBOKA.

116

PasanvaoT NOckeNOBATENBHOE U NapajsiellbHOe COeAHHEHHE NOL-
BONAINAX KOMMYHHKaufl, O6llee CONPOTHBAEHNE IOCAEHOBATENIBHO:
cOeIHHEHHEIX TPYGONpOBONOE (HampHMep, PasHOTO AHaMeTpa)

. P Pan
zcyM = —G .

. ConpoTuBJEHHe OTAGIBHEIX YIaCTKOB TPyGONpoBoaa
Porn— Pon

_ Pua—Da Puz — Pz, .z
" G L

zl—-—-T; ZQZ’T_p LA ]

CAeIoBaATENbHO,

tgw=a+2t+ .. . FZ,=3 % (159)

-

CyMmapHad npoBOAHMOCTb

1 1
= _— 160
Ucym E i ‘ ( )

flpu mapaasensHOM coellnHeHHH TpyGonposoacs ofmlee compo-
TUBJIEHHE CHCTEMB

Po— P>

-
cYM
GCyM

i

rne

Gow =G+ Gy+ .+ .+G,

ConpoTusAeHHE OTAEABHBIX TPYOONDPOBOLOB

Po—PDs Po— Py . . _ PP .
g =Pl g Pl g Pohs
1 Gl 2 G-z ” Gﬂ .
OTCHIa
1 ] 1 1 -
= — L L — = —. (161}
ZoyM 2 <3 Zn &

CyMMapRas NpoBOAUMOCTD

==t
U= Us. (162)
=1 .

COﬂpOTHB.HeHHe SJNeMeHTOB BﬂKYyMHDﬁ cHeTEeMbl 3ABHCHT OT pe-
JKEMa TedeHud rasa. B BaKyyMHDﬁ TeXHHKE OBBIYHO paCCManHBaI’OT
HECKONMBKO peHAMOB TEUEeHHA! TypﬁyJIEHTHbH:I. ﬂPMHHapHO'BHSKOCT-
HBIH, MOJIeKyJTHpHO'BﬂSKOCTHbIﬁ H MOJEeKYAIPHBINA. ﬂepBble opa pe-
JKHMA XOpOIHMO HW3BeCTHHL H HDI[IJOG’HO pachOTpeHbI B THAPOIWHA-
MHEKE. f‘"‘loﬂeK)«'JIH]JHO—BH.SKOCTHHI:I peMHM XapaKTepHSYQTCﬂ MeHLIHHM
BIOHAHHEM BHYTPeHHelo TpeHHdA raza Ha XapakTep TedeHHA H BO3-
HHKHOBEHHEM TEeIIOBOTO NBHMKEHHS OTIEABHBIX MOJIEK Y. ITo CBOEMY
Xapakrepy MOJIEKyJ'IHpHO—BHSKOCTHbIﬁ PeXHM ABJAACTCA HNPOMEOHKY-
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TOYHBIM MEXIY JAMHHAPHO-BASKOCTHBIM M MOJEKYJADHBIM peXu-
MaMH TedeHus. MosekyAApHBIA pexcuM B OTJHYHE OT MOJEKYNApPHO-
BA3KOCTHOIO XaPAKTePH3YeTCA XAOTHYECKUM MBHKEHHEM He KOMD-
JIEKCOB MOJEKYJ, a4 OTASJBHBIX MOJEKYJL.

Kax u3BecTHOuNEpEXoA OT TYPOYIEHTHOTO peXHMa K JaMupHap-
HOMY onpelensercd xpurephem Peiinoabaca. Ilpu Re>>2200 notox
TypOyJaeHTHb, a npu Re<(1200 — namunapumil. B wunrepsane
gnces 1200<CRe<2200 paxoaurca nepexoiHas obaacte, KpHrepui
PefiHonbaca MoXeT OHITH BRIpameH uepes IPOH3BOIHTENBLHOCTb H
InaMeTp Tpy6Gonpoeoia. B atoM cayuae yonoBHS  BOSHHKHOBEHHA
IBYX PaARYHEIX PeKMMOB Teuepns Bosayxa npu 20°C  mMoxHO
samHcaTh CAeIyouHM ofpasoM [26]:

TypOynedTHbfl pexXuM

G>2.10°, (163)
J]EiI\'IHHapHO-BHBKOCTHbIﬁ PEHKHM
G>2-10%,

rie G — NpON3BOAHTEIbHOCT, PABHAA NPOH3BENEHHI0 O00beMHOTO
pacxola Ha ZaBJeEHe, B J'MKM PT.cCT./c;

d — auamerp TpySonpoBOZa B CM.

Ecau nepexon or TYpOyJeHTHOTO peHMa K JaMHHADHO-BASKO-
CTHOMY XapaKTepH3YeTCs COOTHOLIGHHEM Mexiy AuamerpoM d H
ApOU3BOAHTENBHOCTEI0 (G, TO MEpPeX0Z OT JAMHHADHO-BAZKOCTHOTO
peKHMa K MOJIEKYJAPHO-BASKOCTHOMY H MOJEKYAAPHOMY Xapakre-
PH3YeTCHl COOTHOIZCHHEM MemJy AHAMETpPOM H CpPenHHM HHABJE-
HHEM J.

ILas sosayxa mpu 20° C [26]:

NaMHHAPHO-BAIKOCTHLIN peXHM

pd > 500;
Monelcy,qﬂpﬁo-aaéKOCTHb:ﬁ pexim
15 < pd < 500; (164)
MOJIEKYASAPHHI peKUM
pd < 15,

rae p—B MKM PT. CT.,
d—B cu.

Msyuennie paGoTh Mapo3KeKTOPHEIX HACCCOB TOKA3aJo, UTo NpH
OaBNeHHH BcackBaHua a0 10-% MM pr.cT, MOXKeT BO3HHKaTh TypOy-
JEeHTHHH WIH JaMHHAPHO-BA3KOCTHHI pexuM, TypOyieHTHol pe-
KHM BO3MOXEH NpH GoJbIIAX MPOH3BOAHTENLHOCTAX. [aK, UPH pac-
xofe Bozryxa (=500 xr/y u nasaenun 0,1 MM pr.CT. AAA BOZHHK-
HOBeHHA TYpOYJeHTHOrC pepMa HeoOXoauMo, 4vTofm IHAMeTp
TpyGonposoia d<C4380 mm, a npn G=100 gr/fy — d< 875 Mm.

Cooruowenus (163), (164) gas kpyrabix TpyGonposoIoB BHIION-
HAKTCH € TOUHOCThIO A0 10%.
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APONYCKHAS CNOCOBHOCTb BAKYYM-TIPOBOJOB

TIpoBoauMOCTh KPYrAOro BaKyyM-mpoBola IIpH TYPOYIEeRTHOM
pERHME OMpPeNeNAlT U3 NPeANnoROXKEHHs 06 H30TEPMHYHOCTH IpO-
[ecca No YpaBHEHHAM /st CKHMaeMOH JKHAKOCTH, [Tpu 2200<CRe<C
< 200000 50%KHO ¢ NOCTATGUHON CTENEeHbId TOUHOCTH HCMOAB3OBATS
3AKOHOMEPHOCTb, 3KCIEPUMEHTANbHO YCTAHOBACHHYIO BaaspycoMm H
MoNTBepKAeHHYIO onbitaMn HEKYypanse:

YA S .
— 10:"/ (pu'"pa) ' (165)
o Pelh psa"? e

[lepexoas K NPONYCKBOH CIOCOGHOCTH, MONYUATM
4
U = 10-"/> Py — 1) f ) (166)
£ i s
W't i (py— ps)
O Ranuuud TYpGYJIEHTHOTO PEXHMa MOXKHO CYAATH NO CIAYIO-
MM COOTHOLIEHHAM:

> 1565 Lt ; (167)
Po > 190

P M 168
Py < l/ I+ 83,9 ) ( )

B ¢opmyaax (165)—(168) pasmepHOCTH BCEX BEJHYMH B CH-
cteme CGS': G — NpOH3BOANTENBIOCTE B cM®-6ap/c; U — npoeonu-
MOCTb B CM3/C; p— AMHAMHUECKAs BA3KOCTH B N3; p — INIOTHOCTD
(npu mamaenuyu 1 Gap=7,5-10"* MM pT.CT. H TeMImepaTypa OTKa-
yuBaemoro rasa) B rjcm®; r u [—paanyc M AawmHa TpyGormpopoaa
B CM; P H pp— JAaBJcHHe B Gap; kR — noxasarelsb annadaThl.

Hepapencrea (167) u (168) moxasnBair, uTC NalCHRE gaBie-
HUsL B TpyGONpOBOLE He TOMKHO OblTh GOJLIINM, yTo6B He CO3Ma-
Bajich GONbIINE CKOPOCTH rasa; B TO K& BpeMs JaBleHHEe HE
HOJEKHO OHTH CAHIKOM HH3KHM, TaK KaK TOTAa TeueHue rasa He
npuMer TYpOyneHTHOR GOPMBL. CxopocTb raza wa BCeH AJaHHE TPY-
GonpoBoAa He HOJKHA NpeBHIIATH 0,6—0,7 cKopoc'mg 3ByK§.

" Tas eosiyxa mpm 20°C mmotHocts p=1,276-107 rfcm® u p=
=1,81.10-* n3, Torna
U= 998 Lo —p (169)
£l (s —pa)”
pi(]
U — 8B ajfe;
rul—scm
I s — B MKM DT.CT. _

pl\yomlﬁecmo rasa, IPOTEKAlOLLEro Hepes TpyGONpPOBON B JaMH-
HApHROM PEXKUME, OTpeAefercs Kak CHIaMH TpenHs, TaK U CHAAMH
HHEPUHH, Pa3BHBAIOUIMMACS TPIl YCKOPEHKH YACTHLL BCJICICTBHE pac-
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WwHpenns rasa, s pacueta NpoBoARMOCTH KPYIVIOro TpyBolpoBoaa
B JaMuHapHo-Bg3KocTHOoM pexume O. E. Majep pHiBen ypaBHehue

— adl patps (170)
128u 2 ’

3fieck d— auamerp TpyOGolNpoBoZAa B CM; OCTA/JbHBIE BeJHYHHE]
HMeIOT Te e PasMepHOCTH, 4ro M B dopmynax (165)—(168).
Ana sospyxa mpr 20°C ¢dopmyay (170) MOXKHO 3amucaTth Tak:

' —
U=0,182 ‘j—p, (17
~_ Ptps
rAe p = ~~-———-—Cpellee laBleHHe B TPYGONPOBONE B MKM DT.
{ u d-— panna u guaMerp TpyGonpoBona B CM;
U—~gac §

Hz Boipaxenudi (170} u (171) caemyer, 4to NPONYCKHAR CIO-
coBHOCTE KPYTJOro TPpyOBONpoBoia B JiaAMUHHAPHO-BASKOCTHOM pekH-
Me TpOMOpUHORAAbHA HeTBePTOH CTeNeHH QUAMETPa H 3aBHCHT Of
CpellHero AaBJeHuA B Tpylonpopoe.

PACHET BAKYYMHOW CUCTEMBI
€ NAPOIXEKTOPHBIMH HACOCAMMU

BaxyymHas cucreMa ¢ NMapo®KeKTOPHEIMM HACOCAMH COCTOHT HS
Hacoca, OTKaunBaeMoro obbeMa (KaMepbl) W BaKyyM-lipoBoia, Coe-
AHHAKLErD KaMepy ¢ HacocoM. BakyyMHYIO CHCTEMY PacCUUTHBAINT
C Ieabio BHIGOpa CXeMbl, ONpefeleHHd NPOINYCKHOH CHOCOBHOCTH
COSIWHUTENBHHX KOMMYHHKAaLull, BEHIOODA ApMaTYphl U YTOUHEHUS
JaHHBIX [ pacuera Hacoca. B OoJbIIHHCTBe cjydaeB pacyer CBO-
IuTCH ¥ pellieHkle JABYX OCHOBHBIX 3ajau: 1) pacyera cucreMu!l Ha
38/aHHYI0 TPOH3BOAHTENBHOCTL IIPH 33JaHHOM pafoueM LaBJAEHMH
BCACLIBAHUA; 2) pacyeTa.BpeMeHN OTKaYKH CHCTEMBl A0 3&JaHHOTO
JaBAeHud.

Pacuer cuctemn Ha 3aJaHHYKD NPOH3BOARTEABHOCTh

[Ipu pacyere CicTeMBl HAa 3aAAHHYIO TIPOM3BORMTENLHOCTD OGHIY-
HO H3BECTHO KOJIHYECTBO [A30B, yAaliseMblX H3 CHCTEMBI B eAWHALY
BpeMeHH, H paboyee japnerne. PacueT BHIOJHAKT B ciAelyIOHIeM
HopaIKe:

ONpPeAeNsIiOT CKOPOCTE OTKAUKH CHCTEMBI;

BLIGHPAKOT CXeMY H pasMephl NPHUCOEAMHHTEABLHOTC 1pyGoNpoBO:
Ia MeAY OTKAYKHRAEMOH KaMepoll H HacocoM;

ONpefAeNsloT PeXKHM TeUeHHs Ias3a il 70 COOTBETCTBYIUIAM (o
MyJAaM PacCYHTHIBARIOT MPOBOANMOCTD COGTHHHTENbHBIX KOMMYH
Kauuh;

ONPEALTNIOT HEOOXOANMYI0 CKOPOCTh OTKAUKH HACOCA H3 YPaBH
HHA (158) 1 yrounsawoT ero pacuerHsle manusle. Heo6xomumo, urob
NG >N
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Npumep, TpeGyercs paccynTaTh BAKYYMHYIO CHCTEMY [LJA ylalefild M3 Ka-
MepH (=100 Krfu posgyxa npH AABREHHH p=0,1 MM pT. oT. H TeMTepaType
$=20° C. [To KOHCTPYKTHBHAIM cOOGpAKEHHAM yaoOHee BOEPO PACNOJOMHTEL HAcoe
#a paccroaHdi 50 M oT kamepsl.

Yiensuuil ofbeM Boziyxa npd Lasaesuu 0,1 MM pT. CT.

29,27-293
RE+218) _ 29 — 6300 w¥kr,
P 1,36

CHEOBATEThHO

Gup _ 1060.6300-103

3600 3600
e=1,75.107 A-MgM PT. CT./C.

Gy = =1,75.10% M3.mKM PT. CT.JC =

CropocTh OTKAZIUI KaMepbl
G,  1,75.107
p 100

Ny = =1,75-10° afc.

B COGTBETCTBHE ¢ COOTHOUIeHHeM (163) TYpOYMewTHHA PeKHEM BOSMOMEH,
ecnn d< G2« 105 yin d<<875 mM, Tak Kak TOYHOCTb STOMO HePaBeHCTBA COCTAB-
aser 10%, to mHamerp TpyGOmpOBOAA, ODH KOTOPOM NOTOK BO3Ayxa dymer T¥p-
GYMeHTHEIM, ZON#EH OHTb pabed NPpHOIMIUTENBHC 750 MM, CKOpPOCTE NBHMEHHA
poanyxa & TPYOOOPOBOJAE TAKGTO AHAMETDA

Ny 175

—x — 398 wjc.
@="p T 040 M

CropocTs paonpocTpanerds 38yka N8 BOSAYXa (=14}
2=20,1y T =20,17293 = 344 wfc.

Takum 00pa3oM, IpH TYPOYICHTHOM DeXMMe Henb3d oTxkauasary 100 Krjy
BO3AYXA, TaK KAK CKOPOCTb TEYEHHS B ITOM CAyyae AOMKHA Ohith C©BEPXIBY-
KOBOR.

Mpruinmaews fuamerp tpySonposoia ¢=I1200 mM. Tax xax pd=100-120>
=500 MM DPT. CT.- CM, TO DEXKHM TEYeHHA BAKOCTHHIN [CM. COQTHOWEHHE (164}).
MpooRuMocTy TPYGONpPOBOAa ‘B BAKOOTHOM DeIHME oupenensem mo dopmy-
Ae {171):

44 1204
= — p=0,182 —— 100 = 7,55. 1% njc.
U=0,182 P . 5000 /

CrOpOCTE TEYEHUS BO3LYXA
Ny 175
— —E o —— _ 158 m/c umm w = 0,45a.
Y=TF T LB /
CKQ];OCTI: OTKAYKH Hacoca onpedeaud g3 Gopmyant {158):
NU 175.106.7 55.10%
Ny

= = =2‘28‘105 J]}(C.
U_N,  7,85-105—1,75.108

TponsBOARTENBHOCTE Hacoca
Ng3600 228..3600

= 130 Kr/y.
Gy == o /

Tak kag NP Zonmaa Omrh Gosvwe Na, TO NpHHEMAEM GP=140 xr/u,

2%



CKO[J-OCTb OTHAYKEHY Hacola MOWMHO YMeHBUHTL, BCJAH  BHIMGJRHTL Dapasdans,
- k]

HEIH [OOBOA EO3AyXa Do ABYM TpyQomposoiam AuaverpoM 1200 KM K ey
NApOSHEKTOPHRBIM  HACOCAM. SR
CKOpocTh BOZAYXA B KaMAOM 1i3 TPpYGONPOBOIOE

w Me 175 77,4 M)
oF o1 M Han w = 0,225q.
CROPOCTh OTKAYKH KAMKIOMO H2 HACOCOE
N 0,875.105 . 7,55.108

PN T 750 — 0.5 10 OIS 10° e

Pacxon Bosayxa
98,9.3600

G, =
2 6300

= 56,5 ur/y,

C YYyeToM 2amaca NPHHHMASM DACHeTHYID APOHSBOAHTENIBECGLTE KAXMAOrG HA-

coca pasmoit 60 xr/f4. Cymmapneifi pacueTHmifl pacyxoj BO3AyXa B 3TOM Cyyae

cocrasut 120 xriu,

Pacuer BPEMEHH OTKAYKH CHCTEMbl D0 34RaHHOMO NaBJdeHHA

ITpy pacueTe BaKyyMHBIX cHCTeM uwacro Tpefiyercs HafiTH Bpema
T, 33 KOTOpOe HACOC ONpelNeJeHHOH XAPAKTePUCTHKH MOMKET OTKa-
YaTh KaMepy obGbeMoM V or HauaJbHOTrO JAaBjieHus (OGHIYHO art-
MocepHOTO) p,” 106 HEKOTOPOTo 3aJaRHOTO p,”, wid onpeLenuth

3
!
-
Prc. 70. Cxema npocrelieit
> N, BAKYYMHON CHCTEMH:
3

} — OTKagHBacMuN O0TeM (Kamepa);
2 — Baky¥yM-npoBof; 3 — HacoC

}—

pacyeTHble AaHHble NMAPOKEKTOPHOID Hacoca, KOTOPHIE AOMKeH
oGecneyHTh OTKAYKY oObeMa V 32 BpeMs T B 3aJaHEOM HATEpBaJje
JaBaeHui.

TMpexpe yem mepefiTH K BBIBOLY PACUETHBHIX 3ABHCHMOCTEH Ad
ONpefeNenyia BpeMeHH OTKa4yKkH npoctefiwiell BaKyyMHOd cHCTeMbL
(puc. 70) o 3aLaHHOro ZaBAeHHA, PACCMOTPHM XapPaxTep TeueHHSR
raza B 70T Nephold BpemenH. OueBUIHO, UTO B 3ITOM CJAyYae Mbl
HMeeM AeA0 ¢ HeYCTZHOBHUBIIHMMCH NPOIECCaMu B BAKyyMHOH CcH-
CTeMe U, CJIe/lOBATENIbHO, ¢ HeCTAUHOHApPHBIMH DPEXIIMAMH TeyeHHs
rasa B akyym-npoBogax. IIpuBelieHHEe B NpPebAYUIHX pasienax
3Tofl TIaBBl POPMYJBL, CTPOTO TOBOPS, NPHTOAHBL AHIUb ANS CTALHO-
HapHBIX PEXUMOB, XaPAKTEPU3YIOILHXCS HOCTOAHCTBOM naBJASHNI BO
BpeMeHu, Taxoe COCTOAHHE BAKYYMHBIX CHCTEM INpH OTKadxe HE-
Korga Me HaGmwgaercda. PacueT BaKYYMHEIX CHCTEM NPH HeCTalo-
Hapuuix mpoueccax HOBOMILHO 3aTpynuutesed, IloaToMy B nmpaxthke
npuberaioT K YIPOIUEHUAM, NoJlaras PeXkuM B BAKYYMHBIX CHCTEMAX
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xpasmeTaudorapuuy. [Ipy 3TOM JOMYCKAIOT, TO B {2JOM B CHCTEME
peXKHM HeCTaUWOHApHblH, HO B TpyGOMPOBOIAX — MaJ0 OTIHYAO-

HiHfics o CTaugoHapHoro, TakHM oGpasoM, noJd KBasuCTalMoHap-

HBIM DEXHMOM NOHHMAIOT TAKOH PeXHM, MPH KOTOPOM JABJICHHE

ra3a Ha KOHLAX TPYGOMpOBONA H3MEHAETCA CO BpeMEHEM, HO Npo-

myckHas cnocoGHocT» TpyGonpoBona B KaXKIplll HAHHBIH MOMEHT
BpeMery MOXeT GHITh OnpeleseHa 6e3 cyUiecTBEHHOR NOTPeiHOCTh

no ¢opMysiaM CTANMOHAPHOTO PeKHMA B GYHKUHE OT AAaBjeHUR

ra3a Ha KoHUaX TDVOONpOROAA.

[lo nanubim [. A, TaryHoBa, peKHM TEUEHUA rasa MOMHO CHil-
TaTh KBA2UCTALHUCHAPHBIM B CJIEAYIOMHX CayHasx. 1) xoauuectBuL
rasa B BAaKYyM-TpoBofle NpeHeCperHMO Mad0 Mo CPaBHEHHIO € Ko-
IW4ecTBOM Iasa B OTKAYHBAEMOM OOBLeME; 2) CcKOpOCTb ABMMEHHUS
raza #3 CHCTEMbl HACTOJBKO Maja, YTO PasHOCTLIO ZaBjeHuil Ha
KOHIAX BaKyyM-TPOBOAA MOXHO NpeHeGpeub Mo CPaBHEHHIO ¢ a6co-
TroTHON BeJpuuHOl pasnedns B Tpydonmpopone.

MaTeMATHYECKH YCAOBHE KBAIHCTALUMOHAPHOCTH TeHEHHA 3afid-
CHIBAIOT TaK:

v
NFl > 1, (172)
rae ¥V — oBbeM KaMmepHl B J;
Ny u U — cKopoCTb OTKaukH KaMepbl U DPOBOIHMOCTL BAKYyyM-
NpOBOAA B J/¢;
F! — o6beM BaRyyM-nposola B J.
CootnotueHue (172) Bonogusaercs MpH

J;L 1 (173)
auo npu .
ﬁ“ £ 1. (179

Hepapencrso (173), OdeBHAHO, AOIKHO coB6a1aTeesl NpH HE
CAHLKOM BOJBILOM U—", uToOLl CHCTEMY MOXHO OBIIO paccmar-

pHBATh KaK CHCTEMY «C COCPeLOTOYCHHLIMH nocrosuubMi»,  Ilpn
BbIIOAHeHWH HepapeHcta (174) Bech TpyGOmpoBOA MOMHC  pac
CMATpHBATH KaK YACTb OTKAYHBAEMOH KaMephl. Ecan B COOTHOIE-
i {172) momersTh 3HAK HepapeHCTBa HA TPOTHBONONOKHKLIA, TO
OHO OyReT ABAATBCA YCNOBHEM HellpHMEHHMOCTH IpHHLNGA KBa3H-
CTALLHOHA PHOTO PACCMOTPEHHA 3aJauH.

[Mps KBA3HCTAMHOHAPHOM TEYEHHH Tasa xapakTep pacnpeje’e-
USt JABJAEHHA MO BAKYYM-TPOBOLY MOMHO OMNPEI&INTD H3 YCAOBHI
Hepa3pLIBHOCTH CTAUWOHAPHOTO NOTOKA B NpeANoOKeHUH, 4TO B
KA/KAbI MOMEHT BpeMeHH KOJNMYeCTBA rasa, yhadseMoro i3 OTKa-
yipaemMoil Kamepbl, NpoTeKaoLiero 4Yepes moboe ceuexie Tpybo-
npoBoiA It NOCTYNAKOUlero B HAcoc, pasHbl, 1.6

G= Ny, ZU(p-:r_PB) = Naps, (175)
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OTKYNA

Lo L1 - (176)
Ny U

Jas onpegefedxs BpPeMeHH OTKAuku CHCTEMBl T BO3IMOXKHM 1Ba
cnocofa. OAHK H3 HHX COCTOUT B TOM, YTO AdBJA€HHE s IPHHHMAKT
HOCTOAHEON BeandnHOH. T1pH aToM moaararnor, 4T0 CKCPOCTE OTKAUKH
Hacoca AOCTATCUHO BeJAHKA IAS TOro, 4TobH NaBJAeHUe Tepel HACO-
COM NOAEPKHBAJIOCh MOCTOAHHBIM H pPAaBHLIM P, a BCe TNajeHHe
ZaBJeHHs NPOHCXOAMAC B BaKYYM-IPOBOAE C INPONYCKHOH CIocoG-
doctbio . [dpyroft cnocof, ocHoBaHHBI HA 00Jee NPABHABHBIX
OPeNNoCHAKAX, COCTOHT B TCGM, YTO IONAraloT MOCTOSHHHEM HeE Ps,
a cropocTh OTKauxkid Hacoca Ny B TOM UHTepBane AABJCHHH pa B
KOTOPOM 3T0 JAORYCTHMO € AOCTATOUHON CTENEHBIO TOUHOCTH,

Ilpn m3oTepmuueckoM pacHIMpeHHH rasza oad npocrefiliefi rep-
MEeTHUHOH BAKYYMHOH CHCTEMBI CIPABEIAHBO YpaBHEHHE

dp
N —_—  — —
PN, |4 it (177
OTKYAA
(L
de=— -2 (178

: Ecau sanano Np=const, 10 us ypasuemnit (175) u (178) Ha-
XONHM

4 dp,
T=— | =X 179
Ny 5 Ps ( )

Tle po’ W po” — RaBieHds B XaMepe B HAYaNbHWHA H KOHeUHBIN
MOMEHTH BpeMeHy.
Jas TypOynenTHOro pexnMa TeYeHUs rasa B BAKYYM-TPOBOLE
u3 ypasxerHil (175) u (165) nonyuaem

10777 (p2 — p?)*/: )
G =polNy = pu,(ps,f, ,u,) =A(p;— p?) lr = Apl (e — 1),

(180)

THe A —.Hp0H3BeJIEHPle BCeéX BEeJHYHH, He 3aBHLKIUHX OT IlﬂBJIEHI/IE
Ta3a; X=pPo/fa;
lorlﬂf?

A = “"}{1 p:).r? l‘f: ’ (181)

Ha ypasuenus (180) waxozum, uro

NeNT
Pa“( A) (x2— 1)# ° (182)
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[MpouasoaHas

dp, = p.dx + xdps, (183)

e Na \7 dx .
—_ g/ Ney e 184
dp, = —8("x) T (1

Toactasass B Gopmyay (179) supawenna (182) aaa po,
(183) nas dp, u (184) ana dp,, NONYIHM

L]

deu-.sg edx N V. xl-—Sx,

x2—1 Ny
1 1¥
I:L”

—_ = — 41
41n I | NH[7x+ nx
xt

TIe
o L F__ ’ Kl
& = pﬂ;p3’ X pvffpa'
[Tocne l'IOIlCTaHOBKH I'IPE,H.QJ'IOB OROHYATeNBHO HAXOAHM

T—E[( ) (7x+92|g,+1) (185)

,H.}'[H JAMHEHAPHO-BAZKOCTHOTO PRMHME TEeUeHH rasa H3 ypas-

"

“serutt (170) 1 (175) Toyunm

ard pﬁ —p . ” )
G = pNy = ——(@;—l = B(p2—pl) = Bpl(x*—1); (136)
3nech iy 55
16 * :

Hs ypasHerns (186) waxomum, 4ro
Ny 1 188
pa B (x2 o 1)2 ¥ ( . )

' i 189
dpy =25 T | (189)
TlogcTapaas HafileHdble Bedndinbl B Gopmyay (179), nogyunwm
. o o
ody \ V. =10y
S dx""zg ST R PR
_ xt. 2 x*
ox—17
- [x+ lnx--}-l];»'
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[Tocse NGACTAHOBKH Npencaos HAXOOHM

S '(.»;"+2,31gx"—‘ — (¥ +23g2=). (99
Ny £ 41 2+ 1
Ecnu xapakrepucTHKa Mapo3XeKTOPHOTO HAcoca (3aBHCHMOCTs
CKOPOCTH OTKa4kM Ny OT NaBieHHd BCACBIBAHHA p,)} HMeeT BHI KDH-
BOH, H300pameHHOH Ha puC. 71, To BpeMA OTKAYKH CHCTEMBl ONpe-
IeAd0T caelyomum obpasom. [To ypasrenuto (167) paccuntbiBalor
3HayeHHe AABJICHHSA

= 1565 £
pr f,‘;ul" pk ¥
BHIILIE KOTOPOrO peHM TeyeHUs [aza B BAKYYyM-MpoBoAe TYpGyJeHT-
HBIl, 1 OTMEHAWT €r0 Ha Xapakrepricriike. PasOHUBAIOT YacTb Xapak-
TEPHCTHKY, OTHOCAIMYIOCS K TYpOy-

N»' JAEHTHOMY pewuMy, Ha 1, 2, 3, .., &
[\ YYACTKOB C TAKHM DACYETOM, YTOOHI B
| \ BHIONpaEMOM ANA KAKAOIO yuacTxa

HIETepBane NaBNeHHH P, CKOPOCTH OT-

Kaug N, MOKHO OBJIO CUHTATb TO-

cToAKHON Beanundofi. Jlepyw uvacth

5, XapaKTepHCTHKY (naMHHApHO-BA3-

L KOCTHBIH pemum) pazbusawr Ha n

¥YACTKOB, HCXDAS H3 TAKHX Me mpeX-

L focwsiok, IaA KAKAOTO ydacrTka xa-

Pop -~ B paxrepHcTHRH TO rpadUKy HAXCANAT

Py B op,a ¥ nm X", CoOTBEeTCTBYIOLING

Puc. 71. 3aBKcumocth 06beM-  STHM JaBJEHHAM, PACCUHTHBAKT MO

o ‘j\?}?“gfo;;;f:g:ﬂ?;gax: dopmynam (182) man (188). Bpems

ganms p, OTKAUKH NPH H3MEHEHHH JABJASHHS B

xamepe ¢ Oy N0 p,” HaxomAT B 3aBi-

CHMOCTH OT #ecTa pPachOJOMeHus

yyacTka Ha XapaktepHeruke no ypasHenwsam {(18d) wmmu  (190).
Torna

(=n1 :
Ty =T +Tot+ . . . F+T, =37, (191)
=1
T =T+ttt . . . TT, = 2 ;. (192}
Ofiee BpeMs OTKAYKH CHCTEMM
T = Tyyps + Taan- (193)

Takum ofpa3zoM, BpemMs OTKAUYKH CHCTEMBl  [APOIKEKTOPHBIM
HACOCOM, CKOPOCThL OTKAYKH KOTOPOr0 HM3MEHAETCS ¢ HM3MEHEeHHeM
AABIeHHs, TPIHXOAHTCH PAaCCYNTHIBATH, pa3bHBAf XapaxkTepHCTHKY
Hacoca Ny=[(p,} na oriae bHbBIE YHACTKH.

.

1345

Haa caydyas, xorjia HAacoc COENHHEH ¢ KaMepoill KOPOTKHM W
BaKyyM-IpOBOAOM OOJNBLUIOTO CeueHus, 3anava MoKeT OHITB yHpo-
mena. Torda BeanunHy /U MoOXNHO cuHTaTth pavnoil HY.JI0, 1aBfe-
HHe p, TNPHHATb PaBHHIM Py H 3amicaTh ypabreHue (178) rak

L A S
R = dpe. (194)

BpeMs OTKauKy CHCTEMbl ONPENesieM B COOTBETCTBHH ¢ METO-
JHKOH, U3J0MeHHOH B padote [26). Brille oTrmeueHo, uTo XapaxTe-
PHCTHKA MApOdKEKTOpPHOTO Hacoca G,=[(p,) coctomr ©H3 JABYX
yuacTkoB: paboyero W Neperpysoynoro. Orkauxa ofbeMa OT HEKO-
TOPOTO Ha4YaJbHOIO MABJAEHHA p,’ A0 KOHEYHOTO JaBACHHA p,”
OBBYHO NMPOMCXOAHT Ha MEeperpy3ouMHOM Y9acTKe XAPaKTepHCTHKH,
YpaBHeHHe KOTOPOro MOMKET ObiTh 3allMCAaHO CAEAYIOIUHM 06pasoM:

G, =G, ap +a (pa _panp)’ (195)

rae Gy — OpejefbHasi NPOU3BOANTENLHOCTD HAcoCca, COOTBETCT-
BYIOILasl TOUKe Depexoma pafouero ydacika Xapak-
TEPHCTHKH B OeperpysousHi, B Krfu;
Penp — AaBJeHHEe BCACHIBAHHA HACOCA, COOTBETCTBYKOIIeE Npe-
Ae/bHOH MPOHU3BOAHTEABROCTH, B MM PT. CT.;
P» — TeKyllee JaBneHHe Ha [eperpy3oyHoM YyyacTKe B
MM PT. CT;
& — TaHreHC YIJIAa HAKJOHa JRHHHH Neperpy3ouHoro yiacrt-
Ka K OpEHHaTe B Kr/(4-MM PT. CT.).
[lepexons Kk pasmepHOCTAM ypaBHeHHa (194), moayunm

G = Gyp + b (P> — Ponp)s (196)

3mech G 1 Gpp— B J-MM PT.CT.[C; 8 — BeJIHUHHA, aHANOTHYHAA 4,

B Jfc,'Pa H Panp — B MM P T. CT.
Nopcrasaas B ypastenne (194) Buipamenne (196) naa G, na-

XOAHM

X ) , ) |

T —V N Ps =V P ) 197
", G ..‘j Gnp 4+ b (Ps— Panp) ( )
.03 .03

[locne uATerpuponanna ypaedenus (197) HaxoIuw BpeMda oT-
{KAuKH B ¢ :
G + & (py— P
e Vo Ot (pim o) (198)
b Gup b {py— Psme)

H3 ypaprenua {(198) moxHO oupeleNHTe NMPEeAEALHYIO APOH3BO-
AHTEJBHOCTh HAcOoca AJS OTKAYKH CcHCTeMbt oObemoM V no pas-

JeHua p,” sa BpeMsa T
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h
¥ L — e
G, = £ blri=om] > 5 —pame] (199)

1—eV

waH AaBleH#e py”, N0 KOTOPOr0 OTKAUHBARTCHA cHcTeMa ofbemom V
3a BpeMs T

( wN [

. G 1-eV)+b[e"p + Py — Ponp !

g, = e P o, (200)
be ¥V

Tipumep. Tpebyercsa onpedefiTb BpeMA OTKAYKH TepMETHYHOH KaMepsl ofb-
eMoM 50 M® 10 RaBdeHHA Pa=3 MM DT. CT. Tapo3KeKTOPHBIM HACcOCOM, XapakTe-
PHCTHKA KOTODOMD nphBefeHa Ha pue. 72, HayanpHoe JaeneHMe B KaMepe PaBHO
armocthepnoMy {735 Mu pr. cr.). TeMmpeparypa oTKaudpaeMore Bosayxa 20°C.
Hacor moncoennnen k xaMepe TpyOORpoBOAOM AMaMerpoMm 200 wmM, nhuno@t 5O .

CornacRo ypapeedplo (195), 1nA meperpysouHOre y4acTia XapaKTepHCTHKH
{em. puc. 72)

GY = 40 4 0,571 {p, — 5} &r/y;

Ansi pabo¥ero yyacTKa XapaxTe-

By MM pm.Cm. PHCTAKH
TJ _ GF = 16 (p, — 2,5) Kr/4.
o 1 YpaBreHna 3THX NpAMLIX B
| KOOPIHHATAY G—Ps HMEIOT BHL

[
201—i f_l: G = 7000 - 100 (p, —
/ | — 5} I-MM pT.CT/C;
1
Gp =
i
= 2800 (p,—2,5) a-mm pr, cTfec.

10 /|

Ilo ypasuenmwo (167) onpe-
I 10 28 30 4@ _ 508,,!(%' AeigeM JapAeHHe

Panp =

1,81.10—1
10/1,276-10—%.1,4
= 21,1 Gap = 15,8 MM pr. CT.

Pue. 72. TlponzBoncTBEHHaZ®  XapaKTEPHCTHEA
Hacoca == 1568

Taw KaK JaBiCHHE Pa>>Psap BO BCEM [JHANAZ0HE JABJCHHH BCaCHIBaHHA, TO
pedMHM TeyeHHA Ta3a B BaKyyM-mpoBone Oyvier TypOYNeHTHHH H BDeMA OTHAYKH
tIedyeT PAcCUMTHEBATE fo ypasuennio (185). PasoObeM pHanaseH padoTe Hacocd
B HHMepBate Aasdenuil oT 735 no 3 MM pT. ¢T. Ba 15 yuactkop (puc. 73) ¢ yo-
PeAHeHHOH CKOPOCTBI) OTKAUKH HA KaXioM ydacThe (madm. 16).

Mpoussenesye GOCTORHMEY BenluHiH, HE SABMCHLIMY OT AaBAeH4A Taza [oM.
BHpakende (181)]:

) 1
A=228 L 903 107 g5
it 5000Y7

¢ (MM pr. cr.)'/?
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Tabanua 16
Pesymbrarl pacueToR

3Hauenna napaAMeTpa Oa9 v4acTka
)
apamerp ! 2 3 4 5 5 7
CgopocTe oThaury Ny B afc L5 145 195 | 275 | 340 | 390 | 475
HaemeHne B Hauajde Y4acTKa
poBMMDT.CT. . o ., .. .| 735 | 200 | 100 | 50 4 30 25 | 20
JlapnenHe B KeoHlle YYacTa
PaBMMPT.CT. . .. ., .. 200 1 180 | 50 } 30 | 25 | 20 | 15
OTHoweHNe nasiedwi ¥* . . [1,00045(1,00003)1,0018(1,00401,0066(1,0088|1,0132
OrHoweHne napnenuit x* . . 1,00062i1,00112(1,002211,0046)1 00701} ,0003]1,0143
BpeMa OTKAMKK T; BC . . . .| 565 263 | 214 | 106 | 40 27 34
Hpodoaxenne madar. 16
3Ha4eHl NapaMeTpa LT VYacTKa
Tlapauetp 8 9 1o | 11| 1z | 13 14 16
CropocTh oTKaukd Ny B afc .| 640 | 830 |1050|1205)1320(1140) 915 | ©20
JlarJeHHe B Hayalle YydacTHA
PoBMMPTCT.. . . . .. .| 20 1 15 | 8 | 6 | 5 [4,5] 40| 3,5
Jlapienne B KOMIE Y4acTKa
p.EMMPTET.. . . ., . .| 15 | 10 | 6 | 5 145|40]| 35| 3,0
Otnowenve pasaennit x° . . |[,0240(1,0415(1,065¢1,100]1,108[1,085( 1,060 | 1,032
Orrowenne gapnennft x° . . |1,0270|1,044001,070|1,104(t,110{1,0%( 1,063 | 1,034
BpeMst OTKayxH T; BC . . . .| 38 16 14 8 14 1 9 10 22
NHV’VC
. T
o SHEIAnE R}
g -
N
sHf ] _ ‘
] I
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Pic. 73. 3apAcHMocTh 00heMpoll NpoOH3BOAHTENBHOCTH HACOCA 0T JAABJIEHHH
BCACHIBAHAA
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Iiz vpasnenna (182) Haxopum
‘VH
A

7 1
Jg(x'-'—l)=~4—1g ——Tlg;oa.

, Toactapasa cioda  sHadeHns Ne=115 a/e, A=915 afc (sem pr. 1)/
#_=735000 MKM pT. cT. 1 p; =200000 MxM pT. ¢T. aag l-ro yuactsa noayuaew
x'=1,00045; x"=1,00062. . )

BpeMa oTkaukd Kamepel obfbemom V=350000 1 or xassenns 2, =X'p, 1o
JaBASHHA p:,=x”p; NpH Cpeaded CROPOCTH oTKaukd N,=115 nfc onpeaenseM no
ypaeneHmo (185):

v e T — 1y ( =1
T = — 7% 49,21 {7y L 921g——— )=
VT [V el G gx’+1)11
50 000 1,00062 — 1
= 7.1 2 St htbAelumily B 3
i1s [( ,0006 +9.2lg1'00062+1) (71,ooo45+
1,00045 — 1
g\ |=
+9, 1,00045_1_1)] 565 ¢.

AHa/NOPHUHEIE DPACYETH MPOPOAHM H A9 OCTATbMBX !4 yvacTROB, Pesyap-
TATH pAaCcyeTOR 3anMcweaeM B Tabn. 16 CyMMappoe BpeMd OTKAYKH HAXOAHM N0
dopuyae {(191):

15
Te= > 1 =1370 ¢ =228 nym.
i
Habnrenne p xaMepe 3a 22,8 MHH 100MHO NOHUIHTLCH A0
Py ==1,033.3,0 = 3,1 M pt. ¢T.
Ecan wacoc mofcoelHHeH K KaMEPe KOPOTHMM TPYGOGIDOBOAOM  GONLILOTO

CEUSHHN, TO PACYET 3HAUHTENLHO YRpomiaeTcd. Bpema, 3a KoTopoe mapienHe B
KaMepe TOHH3ATCH ¢ 735 40 5 MM pT, CT., OnpeleiuM mo ypasnendio {198):

v, Grp +5(py—psme) 50100 7000+ 100(735 — 5)

n=23—Ig , . g =
[ an+b(P3— psl‘lp) 100 7000 4 100 (5 — 5)
= 1220 ¢,
A BpeMA, 38 KOTODOE NABAeHMe CHHU2HATCT O 5 A0 3 MM PT. CT., DO (bO'DM}'Je
V. Pone—r, 50.102 525
—2,3—1 ~23 -2 ¢,
e p ‘€ - 2800 3—2.5 ¢

Ps— Ps

THE pg=2,5 MM PT. CT, — IIPEIEIBHOR AABJCHHE HACOCA,
CyMMaphoe BPeMA OTKAUKH
T =T+ Tpg = 1220 + 29 = 1249 ¢ = 20,8 aun,

Jdns caydan, Korda CONPOTHBETERHNEM BaKYYM-APOBOAA MOXKHO Rpesebpeub,
MOMHO OpUMEHATH QopMyay [26]

. (201)

# L
smech Ny —cpemHAn CKOPOCTE OTKAWKH B MHTEPBANe NABASHHA OT Py 10 Fh
B afe,
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Ecau apHHATG CPeOHING CKROPOCTD OTKAYKH Kacoca (cv, puc. 73) mpM usne-
HEWHH JaBJEHAT BCACHIBEHHA ¢ 730 mo 3 MM pT. CT. paskoil 300 afe, o
50.108  735-—25
=23 =125 c=2
T 3300 lg 325 215 ¢ 0,2 smu.

Pe3)-'.-'!bTa Thl NGIVHEAIOTCH A0BOJLHO GansKue,

U3MEPEHHE BAKYYMA

[Touatue «Bakyym» BxJIOyaer Bcw ofJaacTb AABJAeHHN HHXKe aT-
MocgepHoro. 3a eIWHHUY HaMepenus HH3KHX Aasgennii B CCCP
npuHAT 1 Mt pr. ¢ B 3apyBexHoi mHTepaTYpe 3TY eIMHHHUY HA3BI-
BAKT TOpoM. B HexoTOpHX 06MACTAX TeXHMKM LIHPOKO HCMOJB3VIOT
TEPMHUH «PazpekeHye» pp, T.€. PasHOCTh MeALYy arMoc(epHBIM Dg
1 aBCONOTHLIM P AaBJEHHAMH (B MM PT.CT.):

Py = Ps—P-

Pazpexenne u aGcoawoTHoe AaBjieHHe CBA3AHB! caelywonief 3a-
BUCHMOCTBIO {p — B Krcfem?):

_. Pa—Pe
p= 5.6 (2023

Bakyym W Bmpaxkalor B nponeHTax or Sapomerpuuyeckoro nam-
JIeHNS

— _ _Po—Pr v
W (1 Lt ) 100¢;. (203)
Torna
= pg (1 Y M pr. e
p - pﬁ \ “]0) p . s
p= L8 (l — —IY-—) Kre/em? {204)
735,6 100 ’

TTpubopel, rpaayupoBauHble B eHHENAX BakyyMa (fpOLeHTax
HAN AondX), HA3BBalOT OOBYHO BAKYYMMETPAMH B OT/AHYHE OT Ma-
HOMETPOB, 11a fdlKaje KOTOPHX HAaHeCeHbl eAHHMILI JaBJACHUSA.
B BakyyMHOH TeXHHKe BaKyyMMerpom HasmBawT moofi npubdop,
H3MepAKLINH HiskHe Napnenud. Haubonee pacrupocTpaHeHHOE Ha3s-
BaliHe TakHX NpuSOpOB — BAKyYMHEIE MAHOMETPLl WA IIPOCTO Ma-
HOMETpHI.

PacemoTpnM MeTOAB H3MepeHHs IaBJeHds B Anamasoxe or 10
Ao 102 MM pT.CT., T.€. B TOM HHTEPBAJe, KOTOPHIH XapakTeper ang
paGoThl MapoIXKeXTOPHBIX BakKyyMHBIY HacocoB. 1lo npuuudny nefi-
CTBHS BAKYYMHBIE MAHOMETPH MOMKHO DPA3NEAHTh Ha CHAeAyIoLlle
THIEL:

1. JKizikocTrble (UJ-ofpasubiii MaHOMETD H ero MoAHbHKALKK).

2. Komnpeccnouubie (ManomeTpn Max-Jleona).
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3. JedopManuoHHble u GJAH3KHE K HUM TG IPUHOHNY JeHCr-
BHf — ONTHYECKHE.

4, Boabmoll kaacc NpUOCPOR, OCHOBAHHBIX HA KOCBEHHBIX MeETG-
nax H3MepeHHs NaBJeHis (2TH MAHOMETpH PearupylorT He Ha camo
IAaBJEHHE, 4 HA H3MEHEHHEe TOr0 UJIH HHOFC CBOHCTBA ra3a NPH H3-
MeHeHHH TaBAeHUA).

ManoMeTpBl MEPBBIX ABYX THNOB HENOCPeICTBEHHO H3IMepsioT
aapaenve. [Ipubopsl TpeTbero H 4eTBEPTOTO THNOB HeoOXOAHMO IOA-
BEPraTh TAPHPOBKE TO 5TajCHHOMY npubopy. UyBCTBUTENBHOCTD H
TOUHOCTL NOKA3AHHH MAHOMETPOB UeTBEPTOTO THIA, KaK NPABHNO,
3aBHCHT OT POJa I'a3d, TOYHBL COCTAB KOTOPOro OOKYHO HEeH3BECTEH,
cJeA0BaTeNnbHo, (GH3HYECKHe BeNIUHHB, ORpeledsmioliHe 3aBUCH-
MOCTb MOKA3AHHA OT PONA ra3a, He MOTYT OBITE NOABEPrHYTHl TOY-
HOR KoaHyecTBeHHON oueHKe. OcofenHo GObLIKe fIOTPElIHOCTH BO3-
HUKAKT NPH HAANIII B OTKAUIBAeMOM OCBEME DAPOR Jerko KCHAEH-
cupylomaxes Kuaxocrell (BoganbX, Macasaubx, COy u T. 4.}

JKunpkocrHpie MaHOMeTpBl H3MeDAIOT HeNOCPeICTBEHHO NABJeHHE
raza. Mx ppiMeHAOT riaBHBIM ofpa3oM ANA H3MepeHHs NaBASHKH
Buime 1 MM pr.cT. JKHAKOCTHBE MAaHOMETPB O0GManarT HCKIAKYH-
TEJbHBIM AOCTOHHCTBOM — a0COMIOTHOCTBIO, ITO Ka4eCTBO Render HX
HeOOXOAHMBMH KaK B JaGopaToOpHBIX YCAOBUAX, TAK H B 3aBOACKON
npakTHike; TakHe nNpuGopel pa3pabaTHBalwT ANA BO3MOXKHO Oonee
HU3KIX HaBjaeHHH.

[TpocTefiinM U3 KHAKOCTHEIX MaHOMETDOB SIBJAETCA OTKPHITHIH
U-oGpaaneliii Manomerp. B Hes HenspecTHoe AABJeHne p, NNRHJIO-
AeHHoe ¢ OAHoro koHua U-oBpasHoil TPYOKH, KOTOpas 3amOJdeHa
paGouell KHIKOCTbIO, CPABHHBANOT ¢ H3BECTHHIM OapoMeTpudecKuM
AaBJeHHEeM pg, TPUIOKEHHBIM K APYroMy KOHUY TpySkd. PasHoctb
nAaBIeHHI ps— p {pHC. 74,4) YpaBHOBEIUMBAEGTCH BHICOTOH A CTOJ-
6a pabouell XKIAKOCTH '

ps—p = hy, - (209)

rae y— yaeabHuli Bec paSouell JKHAKOCTH,

Pasnoete ps— p OUEHHMBAIOT B €OHHHUAX IJAHHb cTOaba pa-
Gouell MHAKOCTH.

Haubonee pacnpocrpanensl prytHble U-oGpasHble mMaHOMeTpHI.
Takum npuGOPOM MOXKHO H3MEPSThb JlABAEHKe B Ananazone of 10
qo 55 MM pr.cT. ¢ TovHocTelo =1 MM pr.ct. Ilpumenerne GoJee
JETKHX KHAKCCTeH €nocoGCTBYET NOBBLILERHIO TOYHOCTH N3MepEHUH,
HO TNPHBOAHT K yBeAHYEHHIO pasMepoB maxomerpa. [Ipaxtuueckw
HHTEDeCHO HCIOMAb30OBaHUe AN HamodaHeHHd U-o6pasHblx maHoMer-
PoB 60pBOABPPAMOBOKHCAOTO KAIMHA — MKHIKOCTH, HE HOLJOILAK-
Iueit B 3aMeTHOM KOJHMYECTBE TA30B; IIOTHOCTL 3TOH  JKHIKOCTH
3,28 r/ew®, 1.e. mpumepro B 4,15 pasa MeHblile NIOTHOCTH PTYTH.
Jlerko momcuuTats, YTO B TOM CAYYae BHICOTA CTOAGA HKUAKOCTH
B MaHOMeTpe AOJKHa COCTABAATh 760-4,15=3,15 M.

Ovuenb pacmpocTpanenst saxputhe U-o6pasibie  MaHOMETpoI.
B xauectee paGouedt KumkoCTH B HHX OOBIYHO NPHMEHFIOT pTYTh,
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KOTOPYI0 HAJNHBAIOT B TPYOKY, TAe NpeiBapHTEJNBHO CO3[AaHO Aap-
agerue npubausntemcHo 10~° MM PT.CT.  (AaBJeHHe HacblUeHus
prytu npn 20°C cocraBaser 2-107° mm pr.cr.). [aenenne napos
PTYTH B 3aKPHITOM KOJEHe MOXKHO NOJA4araTh HPaKTHYECKH PABHBIM
HYJI0 TO CPAaBHEHHIC ¢ laMme- 5
psieMBbIM JlaBleHHeM Nopsdaka

5—10 MM pT. 1. Yacro npu- i1 &
MmeHa0T 2akphiThiilt U-obpas- z2 71
HBIH MaHOMETP YKOpPOHeHHOH :
KoHCTpykuun  (puc. 71, 6).
HaBaenHne B HeM OTCUUTLIBAIOT

TaK e, KaK M B 3aKpHlfoM F
MaHOMETPE HODPMajbHON IAH-
HBl, HO HA4Yahlo OTCYETA BO3+ : -
MOIKHO JHMIIL ¢ MOMEHTA, KO-
ria fapieHke B BAKYYMHON '
YCTAHOBKe  MOHH3HTCA a9
hy MM pT, €T, TAaK Kaxk IO
3TOr0 MOMeHTAa PTYTh B 3a- .- & ~8)
KPbLITOM KoJeHe ApHIKAT4 1aB-

JIEHHEM K 32NasHHOMY KOHOY.  pye 74, U-o0pasnunie KUAKOCTHHE Ma-
ﬂ.ﬂﬂ npefoTBpalleHHd Pe3Ko- HomeTpHl [6]:

ro yaapa cToaba PTYTH O 3a- & — OTKPMTHIN & — YKOPOUEHHbBIA SAKPMTHI:

; o & — MacHAHEl  (3ma  padoTll ¢ BCOOMOrd-
MafgdHBIH  KOHELL IIPH CGDQCE TESLHEIM BAKYYMHBIM HACOCOM}
BaKYyMa B MaMepAeMoM 08b-

eMe YYacToKk TDYOKH B Mecre HarHOa OOMMKEH HMEeTb CYZKEeHHe, co-
3/a01liee COMPOTHBAEHIIE NBHKEHHIO PTYTH.

[lpn ucnone3oBaHHH 3aKpLITOTC MaHoMerpa HeoOXOIHMOCTL B
H3MepeHHH OAapOMEeTPHUSCKOre NaBAeHHd OTOAagaerT. [OYHOCTH H3-
MepeHHA OnpeledsieTcsl TOUHOCTBIO, ¢ KOTOPOH MpOW3Beled OTCUYeT
pasHocTell ypoBHel PTYTH B obonx kojdeHax. [Ipn oGbiunom ruaasoe-
MEPHOM cIncoBe OTCUETA HOTPElIBOCTh COCTABJAMET, KaK M JNJF OT-
KPLITHIX MaHOMerpoB, =1 MM pr.cr. OXHAKO HU3BECTHH KOHCTPYK-
I[HH, B KOTOPHIX TOYHOCTb OTCHeTa MOWeT pocturats 0,1 MM pr. cr.
TIpN u3MepeHnn AaeneRna mo 0,2 mm pT.cr. CyLIecTBeHHBIM Hepo-
CTATKOM 3aKPBITHX MAHOMETPCEB fIBJAASTCH ONACHOCTE NPOHHKHOBe-
HHUS B 3aKPHITOE KOJEHO Napa UMAH rasa U3 OTKAulBaeMoro o&bemMa,
DTOT HENOCTATOK OCOOEHHO OUIYTHM [PH HU3MePeHHH HI3KUX A4B-
JeHuill napos.

Bosjtee HaneXHel MAHOMETPH, B OLHOM H3 KOJEH KOTOPOIO C Io-
MOULLID  BCMOMOIATENIBHOTO BAKYYMHOTO Haco0ca HOMLIEPHKHBAETCH
IlaBJeHHe, NpeHebPeKHMO MaJ0e 1O CPABHEHHIO ¢ H3MEPAEMBIM,

CxeMa MacJAfHOTO MaHOMeTpa TAKOTO THHA LS M3MEPEHHd 1aB-
JMeHnfl BuKe 5 MM pr.Cf. mpupefeHa Ha puc. 74,8, TpyOra I coof-
HIAeTCA €O BCIOMOTLATENBHLIM BAKyYM-HACOCOM, ©O0eCHEUHBAOUINM
nasjewde "e Hike 10~ MM pr.cr., a TpyOka 3 —c ob6bekToM, B
KOTOPOM H3MepsieTcs BakyyM, TpexXoHoBHIl KpaH 2 moasosaster coe-
JIHATE 002 KoJeHa ¢ BAKyyM-HACOCOM JJIS OYHCTKH MAcaa oT rasza
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W OpOBePKH PABEHCTBA YPOBHEN Macna B KOJeHAX MaHOMeTpa mpy
HyNeBOH pasHocTH AaBjenuit, IIBYXXopoBHI KpaH 4 CAyXKHT Aaa
. OTKJIOYEHHS M&HOMeTPa OT BAKYYMHOH cHcreMol. IIpnm HaMepennu
LaBAenHA KpaH ¥ oTwiaouaer TpyOKy [ or TpySxu 4 u coodmiaer ee
¢ cocymom, B KOTOPOM M3MepsAeTcs jasjerne, [as wamonkeHus
MaHOMeTpa LeJeco0OpasHe TPHUMERATh BAKYYMHBle Macsaa COelH-
ZNbHBIX MapoK.

Jlias uaMepeHUs HABJAEHHI HHXKe 5 MM PT.CT. 9aCT0 NPHMEHSIOT
pryTuptit UJ-00pasHeifi MaHOMETp, OAHAM KOJAEHOM KOTODOTO  $B-
JAeTC KANRAJMAP, PAclonoxeHHbIl moJ HeGOJABIIHM YIJIOM K TOpH-
SOHTAMBHOR MAOCKoCTH (puc. 75). Pasrocte ypoeHefl h B xojaenax
MAHOMETPa COOTBETCTBYET PACCTOAHHID, HA KOTOPOE NepeMeulaercs
PTYTh B HAKJAOHHOM 3aNASHHOM KaNHJANADPE;

=t (206)

coser

Tle a-— Yrofi HawkJioHa XKaDHAAAPa K TOPHBOHTEUII:HOI:I VIOCKOCTH.

Pue. 75 ¥ropouenhrlii U-oGpasHmll  MaHOMeTp ¢ HAKTOR-
HHM Kanrnaapowm {auanazod Hamepednii 0,3—100 mu pr. c1.,
TOUHOCTh HaMepeHns 0,3 MM Pr. eT.)

Crnenoparenbno, apudop ofecneduBaeT UPH OTCHYeIe YCHIAEHHE
l{cos @ pa3. HegocraTok Takoro MaHoMmerpa COCTOMT B TOM, 4TO
Clilbl TIOBEPXHOCTHOTO HATSKEHHA B HAK/MIOHHOM KalHajsipe MOTYT
LOCTHTaTh BEJHUHHEI, CPABHUMOIN ¢ cHaaMH Aasaennd. [Tostomy nas
TOYHOTO K3MepeHus HeoOXoAKMO, 4Tolbl CTeHKH Kanuanapa oo
yncThME. YyseTBuTenbRocTh U-06pa3Horo MaioMeTpa ¢ HaKJIOHHLEM
FANMAABHLBIM Kalu/JIsipoM MOMHO NOBBEICHTb 3amojHeHdHeM ero MKiX-
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KOCTBIO ¢ MeHbIUeH, YeM Yy PTYTH, DJOTHOCTBIO. 3achayKUBAET BHH-
Mauusi TNpHMEHeHHe JAs 3Todl  ueyu  GOpBOABYPAMOBOKHCIOrO
KamMHUS. )

BoJiee TOUHO PasHOCTb YPOBHEH MOKHO H3MEpHTh ¢ NOMOMIbK
MAHOMETPOB, H300paedHHXx Ha puc. 76. B nesoe xosmeso mamo-
merpa (pHc. 76,a) nosepx PTYTH HAMNTA Jerkas XKHAKOCTb, HANPH-

I

EO)
4
o
g S
¥
. “:I
a & o 825
Puc. 76. U-o6pa3tbe pTyTHHE ‘g:
MAHOMETPE! CMEUHAABHOrO HC- - 5
MOTHEeHHA: 2 A
{4 — MAaHOMETD ©0 CJIOCK  aNHZ30- _] o
ROBOTD MacNa, O — pTyTubifl ma. o _
HOMETP,  CKOMOHHHPOBARHBIE x| g
MBHOMETPOM COUPOTUBIEHIIR 3 3

]
. 8
Puc. 77. Manomerp Mak-Jleo- L e
Ja ¢ MOAHAMAIOWEeRCH  eM- 7§
KOCTBIO: |~
& — nepell W3MepeHHeM; § — B MO- - -

MEHT H3IMepeHWs;, f, 2 — gania-

afpe (AMamerp LD muM); 3, §—

CTEXATHHAR TpyOHA (EHYTPeHHH

aHameTp B mMmb 4 —coeva: 5 —

JOBYWIKA; 6 — EMKOCTL €O DTYTLI;
7 — pesvposaa Tpyoka

Mep, anuesoHopoe Macho. Hefonmblioe nepeMelleHde PTYTHOTO Me-
HHCKA COMPOBOMKAAETCS 3aMeTHhIM ABHMKeHHEM YPOBHA  JIETKOK
KULKOCTH B TIPHCOSHHHEHRHOH K MaHOMeTpy y3koi TpyOxe. B nua-
TIaz0He HaMeHeHNa gapaedus or 10 no 0,2 MM pT.CT. TOUHOCTDL H3ME-
peHHil TAKOTo MAHOMETPA COCTABRAET +0,1 mM pr.cr. Ecan nome-
CTHTh B KamkjnoM xoneHe U-00pasHoro MaHOMETpa TOHKHE IIDOBO-
JIoKA (pHC. 76, 6), BKaAoUeHHbIE B H3MEPHTEADHYIO MOCTOBYIO CXEMY,
TO TIPY NepeMelieHHH YPOBHER PTYTH H6yayT U3MEHATbCA 3JEKTpHUe-
CKHe CONPOTHBIEHWR NPOBOJIOK, a CJeJ0BATeJbHO, U TOK B AHaro-
HagH MocTa. MaHOMerp 3TOTO THIA MOXKBC NDHMEHATH Ak QHK-
CHPOBaHHBA BeJMYHHBI BAKYYMa Ha PACCTOSHUN, :

KomapeccuoHnbie MaHOMETPH (manomerp Mak-Jleona) ucnonb-
AYIOT A9 U3MepeHUs Jas/erHs p (puc. ?‘f) HAaCTORBKO MAJOrQ, 4TO
COOTEETCTBYIOLIAS €My PasHOCTb YPOBHEH IBYX DPTYTHHIX CTOGOB
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He NORNMAETCH NPAMOMY H3MepeHHIo, [IpHHIHN AelicTBUS MAaHOMETDa
OCHOBAH Ha HCIONb30BaHHH 3akoHA bofna-Mapuorra. Tlepen ua-
HaJoM H3MEpPeHHA KOHeN 6 Tpyfxu 3 COSAMHANT ¢ 06BEKTOM HaMe-
PEHHS, & eMKOCTh 6 CO PTYTBIO ONYCKAIT B TAKOS NOJOKEHHE, YTO6k
TIPH H3MEpAEMOM BaxyyMe YpOBeHb PTYTH B TpyGke & Haxommjics
HRZKe JIOBYINKH & (nosowxenue /). JIoByllka Heobxomuma muis TOTQ,
4TOOB! Y3LIPDLKY BO31yX4d, MONHUMAKOLLEECH B PTYTH, He MOIJIH Tpo-
HHKRYTB B H3MepaeMblll 0GheM.

Bo Bpems usmepenns emkocrb 6 co PTYTBIO MOAHHUMAIOT A0 Tex
op, fIoKa pPTYTh, 3amOJHUB Bech COCYA 4, He NOAHHMETCS B KAllHj-
Jsipe 2 10 YPOBHA 3aMasHHOTG KOHUA Kanuiaspa /. YpoBeHs pryry
B Kanmandpe I Opu 3TOM NOANKEeH OHTh HUKe YPOBHS PTYTH B Ka-
nwuisape 2 Ha ONpenedeHHYIO BequHHY /i (mosoxkenne /1), Ecaw
0603HAUATL 4epes p n3MepseMoe JaBJjeHHE, KOTOPOe YCTaHABJH-
Baerca B cocyal 4 U Kanwmaspe ! B MOMEHT NEPEKPLITHA PTYThiC
PA3BETBJCHHA @ NP MOLHATHN €MKOCTH 6, a uYepes p; AaBieHHe
CATOTO Tasa B Kanmuasape I, TO PasHOCTL YpOBHedl PTYTH B KANH-
JAPAX COCTABHT

h=p—p, (207}

TIe P ¥ pr—B MM DT.CT.

O6oznaune ofbem kKamuaasipa I u cocyma 4 no pasBeTBACHHS
qepes V, a KoweuHwil ofbeM cxaToro rasa m Kanuiasipe ! uepes
Vi, Ha ocHoBaHHN 3aKoua Boiins-Mapuorra (rak xak TeMIepaTypa
rasa BO BpeMd H3MEPEHNA He U3MEHAETCA) 3amullieM

|4
pV=pV up= —% (208)

Ecau oBoanauute maomans cevenns kanujasapa I gepes f, 1o
06BbeM CHKATOTO raza MONKHO BHIDA3HTh Tak:

Vi=jh. (209) -

U3 ypasuenni (207), (208), (209) moryunm caenyromee pa-
BEHCTBO;

rie c=f{V — mocroannas maa namuoi KOHCTPYKLIHH MaHOMeTpa Be-
AUUAHA, 3aBHCALLAS OT €I0 IeOMETPHIECKHX Pa3MepoB,
Vs ypasnerus (210) naxomum usMepaeMoe TaBJeHHe

cht
I—eh”

p= @11y

Ulpn moctaTouHo ManioM shauenmwn ¢ 3HaMeHaTelb B YpABHeHHH
(211} Moker moutH me OTAUMATLCA OT eIUHHIM H HOSTOMY
P =ch (212
136

Hs dopmyant (212) epamo, 910 ¢ yBennueHHeM oftema V i
YMeHbIIEHHEM MWIOIAAH CEYEHHHA KATMAIAPa | CHEXKAETCA LaBfhe-
HHe, KOTOPOE MOKHO naMeplTh MaHoMmerpoM Mak-JTeoga. Oanako
o6beM V He Lenawr obuuyio Ooable 250 cM?, tak Kak ¢ ypeauue-
HHeM cDbeMa 3aMeTHO YBe/MHUABAeTCH Macca pPTYTH H BO3pacraer
NpOIOAKUTENABHOCTE HaMepeunn [10]. HMnamerpel Kannmanapos Bui-
dupawor B npegenax 0,8—
2,5 mw, Kanuaaspu 7 n 2
BLIMOJIHAIOT H3 CTEKIAHHBIYX -
TpyGOK OCIOHHAKOBLIX JIHa- AN
METPOB NS CHUKEHHS \\
BJAKHAHHA KANHAASPHOH Hde- s ;
APEeCCHH MPIl OTCHETAX. N

Ha pue. 78 yxasausl
rpaluius paboded odaactH
MaHOMETPOB ¢ KBampaTHy- s
HOH [uKadofl 0pH Amm=
=92 MM, fpax=100 My 1
AHAMETpe KaNuaaapos d,
pagHoMm | o 2,5 MM, B 3a- 107
BHCHMOCTH OT CYMMAapHOIO
ofbema V cocyaa n kanui- .
Jasapa.

IpanyupoBrka Ma"omert- w7
Pa COCTONT B ONpele/edud o
MMOCTOSHHON  BEMHYHHBI . M A Y
T. €, H3Mepennu obbema V N N
H ILTOLIAnK NOfEpeyHoro " ‘\
ceueHds Kanuaaspa nd?/4 10
NpelBapHTEbHE  PACCYU-
TAHHOIO H H3FOTOBJAEHHUGTO N
MaHoMerpa. Hautonee 5 N
NpocTeEM cmocobom  Tpa- 0 b i 7y, em?
JYHDOBKH HABJAETCA BeCo- ’ . .
Bofl, CyllHOCTL 3TOTC Me- }

TORA 3aKMOUAeTCA B TOY-  pye 78, Jluanasowel pabothl (@} Komn-
HOM ONpEleieHHH O06GbeMa  pecchonnbix wmaHomerpos (6) ¢ KBaapa-
cocyaa 4 (cM. puc. 77) no THYHOR WIKAOH
PpasBeTBAeHUA a 1 0OBEMA X
Kanunnapa [ 3anofHeHHeM UX JKHIKOCTbI0 (Bogofi Wi pTYThIO} o
B3BellllIBARKEeM Ha AaHANUTUYECKHX Becax mo H [ocje 3afMoJHeHHS.
dopmMyaa ANa oUpefeneHus KIMEPAEMOrO NABJAEHHS HMEEeT BHLR
= & _ (213)
4 V¥V .
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U3z dopmyasl  (213) BHIKO, ¥TO NUCTOAHHAA MaHOMeTpa ¢=
=nd?4V wumeer pasHocTs MM~L Jlaa maHoMeTrpa, NoKaszaHHOro
Ha puc. 77, B pesyabTate rpaiyHpPOBKH BeCOBHM clocobom OHliaa
nosydeHa cefylomias pacyerHas QopMmyaa:

p = 1,096.10—%A%

37ech P— B MM PT.CT., i— B ML

Taxpm 0GpaszoM, TPafyHpoBOYHaa KpuBasg p=f(h) MaHOMerpa
Maxk-Jleona MoeT GHITh BLHIYHC/JAeHA HeflOCPeACTBEHHO IO ero reo-
METPHYECKHM JaHHLIM; MO3TOMY YKA3aHHBIH MaHOMETP MOXeT CJly-
MHTh 3TAJOHEEM NPHSOPOM A afCOJIOTHOTO H3Mepends maBJieHUs
I IpalyHpPOBKH IO HeMY IPYrAX THIIOB MAaHOMETpPOS,

B xauectBe Matepuana AAA HUSTOTOBJEHHS MaHOMeTpa Jyalle
BCErO TPUMEHNTh BBICOKOKAYECTBEHHOe GOPOCHAHKATHOE CTEKMO,
oToxcKentoe npy 400°C ang cHATAA TeMIepaTypHBEIX HANDPAKEHHIL,
CTeraaddble YACTH MaHOMETpPA CJeAYeT NPOMEITh XPOMOBOH CMEChI0,
3areM DHCTHAJNUPOBAHHON BOIOMH, CIAPTOM W HPOAYTH TOPAUHM UHC-
THIM Bo3AyXoM. OIOKH 43 cNoceOOB APOMBIBKU KANHJJApPa H3TOTOB-
JEeHHOTC MaHOMeTpa 3aKawuaercd B caeiaywolleM. B manoMerp, Ha-
XOAAUKIACA Mol HeGOALUIMM paspe:eHHeM, BBOAST BO3AYX B
OQIHOBPEMERKO 3aNGAHAIT KHAKOCTBI TakuM 00pasoM, 4TOOH
BBEPXY KaMUANApA octajcA HeSoaplwoll nyseipek Bosayxa. Ilpu
NOBTOPHOH OTKauke TMy3HIPEK BO3AYXa pPaclIHPAETCS H BHTECHAET
KUIKOCTE H3 xanuanapa. Llganra us BakyyMmMHOR pesudbl CASAyeT
KHITATHTD HecKOJNBKO YacOB B PACTBOPe KaYCTHUECKOH COIMI, 3aTeM
HPOMBITh QWCTHJIJIHPGBAHHON BOMOW, CIMPTOM H BHICYWIETh. PryTh
_mepen 3aJHBKOH B MaHOMETp TaKkKe JNOMKHA BT COOTBETCTBYIO-
M o0pasoM OYHMIeHA, BbICYINeHa, a AAd 0co00 TOUHBLIX H3Mepe-
Huil moABepTAYTA NeperoHKe B BAKYYMe.

EnnHCTBeHHBIM CYUWECTBEHHBIM HETOCTATKOM MaHoMerpa Maxk-
Jleona siBAsIeTCA HEBO3MOXKHOCTE HENPEPHIBHOTO HaGaI0eHUs 33 H3-
MeHMeHHeM INABJIEHKHS B BAKYYMHOH cHCTeMe, Tak KaK Kamioe H3Me-
PéHHe OTHOCHTCH AMWIE K [JAaBJAEHHW, YCTAaHABJHBAIOUIEMYCA B
MOMEHT MepEeKPLITHS DPTYTbIO Pa3BETBAEHUS @ MEMAY BaRYYMHOI
ClICTeMOH B H3MepHTENbHON uacTblo. OAHAKO IPH H3MepeHHH 1aB-
JeHpAd KOMUpPeCCHOHHBIM MAaHOMeTPOM HeoOXOIHMO HMEeTh B BHAY
CAefyIolulHe ero 0COOEHHOCTH,

1. {IpusegenHbie pacueTsl TOCTOSAHHON MaHoMmerpa Mak-JTeona
crpapellMBel UL AAA WAeaNbHEIX rasos. Boneacrede 3toro mamo-
MeTp ZaeT TOYHHIC Pe3yAbTaThl TOJAbKO NpW pabore ¢ rasaMmH, Gusu-
YeCKHe CBOMCTBA KOTOPHIX OJAH3KH K WAEaJBHEIM.

2. B uaMepurenbHol YacTH MaHOMeTpPa HAA PTYTBIO, NOXHSB-
ueficss Mpy usMepeHUH JaBJAEHUS B 3aNaAHHBIl KanuaIsp, Bcerga
HMEIOTCA BachllUeHHble Naphi PTYTH, A4BJCHHE KOTODHIX NPH KOM-
HaTHOW TeMmeparype paBHo npubansurenbHo 10-2 mm pr. cr. Ho rak
Kax BAHAHHE TAKOTO [aBJeHud Ha pPasHOCTE YPOBHeNl saMeTHTH
HeJlb3l. TO HaJHuuHe THAPOB PTVTH B HEMEPHUTENBHON YACTH MOMHC He
VUHTHBATS.
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3. Haawune mapoB PTyTH, a Tak¥Ke HNPYrHX BelllecTB B BaKyyM-
HOH cHcTeMe HCKaXaeT HOKasaHHsS MaHOMeTpa. B COOTBETCTBHH ¢
3aKoHOM MlanbToHa TOJHOE NABJEHKHE B BAKYYMHON cHCTEME

Prosn = Pa + Prs (214)

Ile pp — GAPUHAABHOE AaBJIeHHE NApOB, KOTOphe B COCTCAHUH
HACHIIUEHHA He HOMYHHAIOTCH 3aKOHY Bofna-MapHoTtra;
pr — NapuuanbHoe J1dBAEEHe Ta30B, KOTODhe NOIUHHAIOTCS
3akony boBasg-MapuorTa,

B BaKyyMHOH cHCTeMe MOTYT COAEpIKaThCA TOJNbKO TaKHE MapH,
JA4BJCHHE KOTOPBIX A2)Ke IPH CHJADHOM CKATHH B H3MEDHTEJbHOH
YaCTH MaHoMeTpa, KOPAA OHK JOCTHraloT HACHIHIEHHH, OCTAeTCH
HesHayuTeAbHuM (Hanpumep, 0,1 mum pr.cr.). Banaune nasienns
3THX NapOB HA Pas3HOCTb YpOBHEeH 3aMeTuTb Helb3fd, H MaHOMETp
Hyer NpaBUIbHO MOKA3BIBATH JHIib TApUHAMbHOE LaBJjeHHE Tas3os.
BaxTHUECKOe KEe NaBJieHHe B BaKYyMHOH cHucTeMe {cM. ypasHeHHe
(214)] paBHO cyMMe MapLHaibHbIX AABJICHHI. Hpennono“}ﬁnm, 4To
COTJIACHO TIOKA3AHHAM MaHOMeTpa ONaBjeHHe B BAKYYMBOH CHCTeMe
pasio 0,5 MM pr. ¢T.; HO 0,5 MM pT. ¢T.— 370 nMapuHanLHOe AaBMe-
HHe rasa, a NOMBOe faBaeHue pabho cymse (0,5+40,1) MM pr.crt.
CliefoBarensHo, NaBjeHHe H3MepeHo ¢ TouHocTbio 17%. Ommodka
Oyner TeM OoJbille, yeM HHKe H3MepeHHOe napfenue. [lycTe Kom-
NPECCHOHHB MaHoMeTp nokashiBaer 10-% MM pr.cr. B atom cayuae
{akTHueckoe nasaemne cocraBaser (0,14+10-%} MM pr.cr., T.e.
npuMepHo g 100 pas 0onblile H3MEPEHHOTO.

Ecay napjeHse MapoB, CKATHX J0 HAyajga KOHAEHCAHHH, CpaB-
HHMO ¢ pazHKlefl ypoBHell £ MpH cXKATHU rasos, TO 3T0 HaBJeHHe
npuGaBaAAeTCd K JABJASHHIO, COOTBETCTBYWIIEMY Pa3sHOCTH YPOBHel,
U pe3yAbTaT H3MEPeHHS UCKaXKaeTcsi, [IpHYeM BeJHUHHY HeJb3d
KOHTPOJIIPOBATH.

Tounble MOKa3aHHS KOMNPECCHOHHBIH MaHOMETp Aaer AHIB B
clydae TPHMeHeHUS! BHIMOPaKHBAHHA MApOB C MOMOILBIO JIOBYIUKH
U CBelIEHHH TéM CAMBIM NAPHWAJILHOIO MABJACHHA NAPOB K HCUE3ak0-
e manod BenauynHe. TOraa MOMHO CUHTATh, YTO pPr=0; MOCKOABLKY
B BAKYYMHON CHCTeMe OCTal0TCd TOABRKO Taswl, AaBieHde OyleTr H3-
MepeHO TOUKO.

B xauecTBe coxaaxkiawiuux CpeicTB AJS JOBYIMeK Hanbogee
pactpocTpaHeHsl TRepAAg YIVIEKHCAOTA, pasmellaHHad B BHIAE Ka-
1AL B ALETOHE, CHUPTE HAH 3QHpPe, H CHKIDKEHHEE Tassl (F1aBHBIM

06pa3oM BO2AYX W a30T). I1pH HcnosAb3oBanuH cMecH TBEpAOH yiJe-

KHCIOTH M alleToHAa MOMKHO NOHHarTb Temmepatypy 1o —78°C,

‘mpu pabore ¢ KHAKHUM aszoromM — a0 —I196°C. B ta6n. 17, cocrae-

JICHHOH MO JIHTEPATYPHBIM HAHHHM, yKazaMbl 3HAYEHHS NI aBJEHHS
HACBIEHHKIX [apOB BOJH H PTYTH, KOTOPHe MOMHO JIOCTHHUb IIDH
NOMOUIY JOBYIUEK.

Ha puc. 79 npuBenena cxema H3MepeHHsa HaBjieHHs BCACHIBaHHS
Hacoca maHoMerpoM Mak-Jleoga ¢ BHIMOPaXKHBAHHEM  BOJSHBIX
TIapeB B JIOBYIIKE, NMOMENEHHOH B COCYE €O CMEChW TBEpAOH yrae-
KHCIOTEI H ALETOHA,
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Tatbnwua 17

Jaeaenue HachimeHmX napos Bogb! B PTYTH QIPH HCMOAL3GBAHHH
PAIAHUHBIX OXMATHTENEH )

JapneHne HACHIUEH-
TeMl'Jepa— Hora napa B MM PT. €T,
OxaagiTen, TYpa 0X-
JagHTean
B “C BOAB PTYTH
Bes OxMADMTEMSE + . & v v v v 4 h e e e e 20 17,6 11,2,10—#
Jed & o . e e e e e e e e e e e s 0 4 6 2. 104
NaCl (33 u) + crer (100 9W) . . . . . o « v« —21.,3 0,67 -_—
Cuect TBepAOH YIAEKMCAOTEL ¢ ALETOHOM . - - o —78 4.10—¢ 10—
JKHIKHA BOSOYX . . v « o v v v 2 e a0 a —187 1010 10—z27
JKURKBI 830T + v o v h v v e e e e . oes .| —188 — —

JedopmauHokHble M ONTHYECKHE MAHOMETPH OCHOB2REl HA Aedop-
MaLH0 YYBCTBUTENBHOIO 3JeMeHTa IPH W3MepeHHH OapneHns. [le-
bopManHOHHEIE MaEOMETPH, KaKk M MKHAKOCTHHE, ABAAITCA Aud-

5

T

Puc. 79. CxeMa H3MepeHus AaBAeHHA BCACHIBAHHA H3coCe Mano-
merpoM Max-Jleona:

1 — nepean CTYICHL HACOCA; 2 — TPexXxOROBOA KpaW; I — Mopywwa; 4 — co-
oy Hwapa; 5 — manoM<Tp Mag-Jieoza

deperunanbHBIMK: HAa OOHY CTOPOHY NOBEPXHOCTH WYBCTBHTENBHOIO
27eMeHTa ZefCTByeT H3Mepsiemoe ASBJACHHE, Ha JPYryi — sapaHee

H3BeCTHOE aTMoCqepHoe UMM «HyJeBoe» nasnesne. /ledopmauuod-

HBle MAHOMeTpHl ¢ TpyGuaThmu (cnupane Byproda) nanm memGpan-
HBIMH YYBCTBHTEeAbHLIMH 3jeMeHTAMH IJSA H3MEPEHUs  JAaBjeHuH
Boie 100 MM pr.cr, Xopowmo H3BeCTHbI H HIHPOKO NPHMEHATCH B
TeXHHKe.

s usMepenns Gonee HU3KMX NABJAEHUH NPHMEHAWT MaHOMETPHI
B CilellHa/JbHOM HcOOJHeHHH [8], malpHMep, 3aMEHANT MeTaJJIHue-
CKY MeMGpaHy OoJiee q}IBCTBHTeJ'IbHOﬁ. I[J'IH 3TOH uesJH HHOTOA
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NPUMERAOT MeMOpaHbl: CTEKIAHHYW, 3alOJHEHBYIO PTYTbiO, KBap-
LEBYI0 ¢ ONTHYECKHM H3MepHTesieM mporuba (Ac 1 MM pr.cT.}, pe-
suHoBYI0 ToqumiiHoll 0,06—0,6 MM ¢ 3epkanbHBIM OTCUETOM nporuda
{mo 3-10-* mm pr.cr.). Ipn H3MepenHu HM3KHX AABJCHUA MOXKHO
NpUMEHATL M MeTallluecklie MeMOpaKbl, ecld B3MEPATb UX pedop-
MAUHNH C NOMOILbI> YYBCTBHTEAbHHIX 3JeKTPHUECKHX MeTtoics. Tak,
MeTaJJinuecKass MeMOpaHa MOMeT CAYXKHTh ORHOH H3 IJACTHH
3JEKTPHYECKOr0 KOHJAEHCATOpPA, H3MepeHWe JaBjaeHud TMNPH  3TOM
CBOLITCA K H3MEepeHUio eMKOCTH. MoxHO H3MepsTh JABIEHHE H3-
MepeHHeM HHAVKTHBHOCTH. €CIH COEMMHIITH MeMOpaHy ¢ MEIe3HBIM
cepIeyHHKOM, MepeiBUTAICHINMCH BHYTPH HeNOABHIKHOH AJEKTpUYE-
CKOfl KaTyLIKH,

[MpenmyliecTBOM MeMODAHEBIX MaHOMETpPOB ABJASIOTCA He3aBH-
CHMOCTh TOKA3aHHH OT DOMNA Tasza H BOIMOMHOCTE W3MEPEHHs HaBp-
JeHds CMecH rasce H HapoB. OIHakKo [0 - ciX nop MeMmOpaHHbIE
MAHOMETPLl Ha AaBACHHA HHKE | MM pT.CT. HCIOOJB3VIOT TOABKO
8 AabopaToOpHAX H3-38 CAOMHOCTH H3TOTOBAEHIN H 9KCHJAVATAUMM.
MeMmOpaHHbBIE MAHOMETDPHEI BECEMA UYYBCTBHTEABHH K HW3MEHEeHUAM
TEMOEPATYPLI W MEXAHHUEEKHM COTDICEHHAM [B).

I, dpeyn onuncelBaer cuAbQOHHLIA ONTHUYECKHE MaHOMET) M
HaMepenns nasjernii B HHTepBajse or I0~? 1o 55 mm prt.cr. (pas-
patorad Mer u Kron). Mauomerp storo tuna ocofeHHo 3drpeiTHEEH
NpH U3MePeHUH fabiaeHNil okono | MM pT.CT., KOraa, Kak npaBHdao,
nenoas3yot U-oGpasiible MaHOMETPH ¢ BAKYYMHBIMH Mackami HJH
pryTeio. OnTHYeckHil MaHOMeTp CBOOGOAEH OT HENOCTATKOB, MPHCY-
uix U-oGpasubis maHoMmerpaM (BcneHunBanue u aGcopOUilz BO3-
nvxa NpH HCHOJb30BAHNH Maces, HH3Kas TOYHOCTb OFCHeTa B CIY-
1ae €O PTYThbiO), 1t o6aanaer B TO ¥e BpeMA BLICOKOH YYBCTBUTEb-
HOCTBIO,

B onrtnueckom manomerpe (puc. 80) cunedou (rubkas rodpu-
pogadHaa TpyOKa) TOMNAKOBBIH WAM M3 cIaBa Meilb — OepHaRil
pasaenaser obaactH rasa ¢ pabBjeHHeM py U po. [Ipn u3MepeHuH
BAKYyYMa ORHY u3 obanacrelt, Haupumep, HAXOAKINYIOCA HpPH Haphe-
HEY, NPHCOCIHHAT K HAcoCy, KOTOPHIH CO3JAET NaBjieHue MpUMep-
o 10-% Mm pt.c1. Jdpyrvio ofinacth (maBjeHHe p|) COEAHHSIOT C
ofbeMOM, B KOTODPOM H3MepdioT Aaejeune. Eciau gasienue py 60jb-
e JABJAEGHHS Do, TO BEPXHAN YACTbh CHAb(OHA 6 MOAHHMETCA BBEPX.
JTo nepeMellleriie nepegaeTcsd BEPTHKAJLLHON 3a0CTPEHHONW ¢ ABYX
CTOPOH HIJIEe 5, KOTOpast, B CBOIO OdYepenb, NPURAET TOH WJIH HHOH
HaxJOH HeGONBIIOH NMANTKE ¢ YKPeNJieHHBIM HA Hell DNOCKHM 3ep-
xaabliem 3. Ha paccrogsuyu oxkoao 40 cM of MaHoMeTpa MOMeineHa
HeGONBLIAN JIAMIOYKA, JIYY CBETA OT KOTOPOH Manaer Ha HAKJOHeH-
woe mox yraom 45° sepkano I H3 anOMHEHAEBOCO ¢Nof,, HaHece-
HOTO HA MEPelHI CTOPOHY miaacTHubl, OrpamKasck OT 3epkania [,
AYY cBeTA TMoNalaer Ha moBopauwsapmleecs aepxano 3. Orpaxen-
HBIf OT 3epKana § AYyY OTKJOHSeTCS HA BeUYWHY IBOHHOTO yriaa
HOBOPOTA 3epKaJja, ITO OTKJACHEHHE H3IMEPSIOT MO iKaJje, Pacmoio-
HMeHHOR HemocpefcTBeHHo Hal Jaamuofl. Pasamemense naockoir
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IUKAJB H& pacCTOAHUH 40 cm ot Ma"HoMerpa JgdaeT BOIMOKBOCTL
noRyqaTth JIHHEﬁH}’IO 3aBHCHMOCTE OTKJOHEHHH JYYa OT H3MEPACMOTrD
AAaBJeHHS B HeCATHCAHTHMETPOBOM AHManasohe.

MEHOMQTD ITOrO THIla H3MepdAer NGAHoe gaBhcHHE, NMOCKOMABKY

OJHHAKOBO DealHpyeT Ha NPHCYTCTBHE KaK CMECH FTa30B, TaKk H
cMec raiop ¢ JerfKo

KOHAEHCHDYHOLIIMHLA
= _ napaMu. EanHcTBeHHOE
= OrpaHAYeHUe OMHCAHHBLY
A a MaHOMETPOB — HUX Hedlb-

J 7 f' v 31 NPHMEHSTH AAd H3-

| MepeHHA DaBNEHHA Ta-

: 308, BCTYHAWLHAX B De-

ot 2y AKIUHK ¢ MATEpPHAJOM,
5 H3 KOTOPOIrC BBUIOJIHEH
7 cubthoH.  OTeuecTBeH-
7 HOH NPOMBINITEHHOCTRID
|6 OCBOEH BBIIYCK ONTHYe-
CEKHX MAaHOMEeTpOeB He-
CKOJBKHX MoIndHKanyl
A\ Ha pasiuuRble HBTEp-
: BaJn JaBieHHH.

7
!
RN

7

] o > 1 7 Pre, 80. Onriyeckufi cHmib-
OHKRBIE MayOMeTp:

i— sepiano; f— ARH3A; J— 3épKa-

a0, 4 — KaMepa ¢ AABNEHHeM f30

\ 5 —nraa; 6 —cuibgod; 7 — Ka-
Mepa ¢ MABASHHEM

[Ipu6opr, ocHOBaHHblE H2 KOCBEHHBIX METOAAX H3MepeHHsl; B HHX
ACMIOAB3YETCH 3ABHCHMOCTh TOTO HAW HHOrO (PH3HUECKOTO CBOHCTBA
rasa o7 ZABJeHHA, MHOTGUHC/IeHHble THIIEL MAHOMETPOB 3TOTC KJac-
ca ONHUCAHH B cUeuuaJpHod anteparype [6, 8, 10k [lostomy apecw
NpHBeIEeHH KpaTKhe XapakTepHCTHKH Haubojee ynorpeSuTenbHBIX
THIOB 3THX MaHOMETDOB A8  H3Mepehns  jasaedudt 10—
10—3 MM pT.CT.: TENAOBHIX W HOHH3aUNOHHLIX PAJHOAKTHBHLIX MAHOC-
METpOB, 4 TaKKe pa3paiHelX TpyGOK.

Tennopble MaHOMETPH OCHOBAHLI HA FWPHHUHAE WCIOJb30OBAHIS
3aBHCHMOCTH TEIJIONPOBOAHOCTH rasa oOT AaBJeHHA. Jta 3aBHCH-
MOCTb NOABAAETCH B OGAACTH CpelHero BAKyyMa, SIOCTENEeHHO [e-
PEXOAsA B NpPAMY) OPONOPUHOHANBHOCTH B OOJACTH  BEICOKOrO
BakyyMa, B nacrtosniee mpeMs paclpOcTpaleHBl ABAa THNA TEILIO-
BBIX MAHOMETPOB: MAHOMETD COMPOTHBJIEHHS H TEPMODAapHBIl Ma-
HOMeTp.

MadoMmerp conpoTHBJeHHst MNpenctasaser cofoil NPOBOAHHK,
CMOHTUPOBAHHBIH B CTEKJIAHHOM HAN METAJNIHYECKOM HalliioHe, KOTO-
PBIH COeaMHEH ¢ BAKYYMHON YCTaHOBKOH. DIEKTPHUECKHH TOK, MpO-
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X0Aa yepe3 MPOBOAHMK, Harpepaer ero. Ilpu uaMeneHuH AaBJACHHA
MeHsileTcsl TeMileparypa HpOBOAHHKA, a cCjaeloBaTenbio, W €ro
SNEKTPHYECKOE CONMPOTHBAEHHE, N0 BeJHYHHE KOTOPOro B MaHo-
MEeTpaX STOTC THHA oNpeAeasaior JabieHne. CompOTHBICHHE H3MeE-
PAIOT ¢ NOMOWMBIO 3JEKTPHYECKHX MOCTOBHIX c¢xeM. (OOBIYHBIH
ARANa30H RaBJeHNi, HIMEPIEMBIX TEPMOMETPaMIl CONPOTHBIJIEHAS, —
or | no 10~ MM pr.ct.

B TepMonmapHHIX MaHOMETpAX TeMOepaTYypy HHTH H3MepAwT o
SMACKTPOIBHAKYLIEA CUHJAE TepPMONaphl, IPHCOSNHHEHHOH K WUEHTPY
HHTH. Taxde MaHOMETpbH CMOHTHPOBAHEI B CTEKASHHOM HAU METaA-
JHYECKoM Kopoyce. HarpesarteseM ¢JAy:KHT DJOATHHOBAs MPOBOJNOKA,
K KOTopofl npuBapeHa XpoMedb-Komejaepas repmonapa. Ha ocHose
TEPMOTADHLIX  MaHOMETPOB  paspafoTaHbl  TepMolapHbHlE  Ba-
KYYMETpHI, :

HoctonacTea TemnoBLX MAHOMETPOB 3aKJAIOYAIOTCH B NPOCTOTE
H3rOTOBJEHHAL M BO3MOXHOCTH HENpephIBHOTG HalMofeHHA 34 H3-
MeHEeHHeM IaBJeHHA B BAaKyyMHOR cicreMe. K uneny Hemocratkos
clegyeT OTHEeCTH 3aBUCHMOCTB NOKasaHwWil oT poia rasa, TOYHBLE
COCTaB KOTOPOTO OGHYHO He K3BecTeH. [JIABHBIM HCTOUHWKOM OMIM-
00K DpPH H3MepeHHUSX TePMONAPHHIM MaHOMETPOM ABJSETCS H3Me-
HeHWe COCTOSHHS MOBEPXHOCTH HHTH, YTO NPHBOLHT K HSMEHEHHIO
XxapakTepa IrpagyHpeBOYHON KPHBOH.

B WOHH3AUMOHHBIX DANHOAKTHBHBIX MAHOMETpPAX Mepoi HaBrie-
HHS CAYXKHT MCHEBIN TOK, NoJyuaeMpll B peaysnbraTe MHOHH3ALHH
raza aabda-uactHiiamil, TlocnenHHe HIJAYYalOT PAlHCAKTHBHOS Be-
HIecTBO, NOMelneHHoe B mMaHoMerpe. B cpfA3u ¢ 3THM HOHH3AUHOH-
HBIHl PafHOAKTHBHBI MaHOMETD OOLIUHO HA3LIBAIOT MPOCTO PaJIHO-
AKTUBHBIM MAHOMETPOM HJAH afAbpaTpoHoM. B KabecTBe paanoak-
THBHOTO BEIECTBA YACTO NPHMEHAOT COAN paaus, Pamud, xpome
OTHOCHTEJbHO Oe3BpefHBIX anab(a-yacTul, H3Ayyaer eie 63T1a- u
ramMMa-yacTHEEL, 00/Jajaloulie BBICOKOH TpOHUKAWIledl cnocod-
HOCTBIO, a B Npollecce pacnafa oOpasyer BpeAHBIA palnOaKTHBHBIR
ras — panoH, Bce 3710 tpebyer ApelfipHHUMATL oCOOHIe Mephi Ge3o-
DACHOCTH HPH IKCIIYAaTaUMH W XPaHEHHH TakHX MAaHOMETPOB.
B cBasy ¢ stum pacumpsercd o6a2cTh NPHMeHEHHS MAHOMETPOB C
AYyTORHEBRIMH PalHOAKTHBHBIMH HCTOUHHKAMY, AAIOIHMH ApPAKTH-
YecKH oaHO afdbda-uanywede, ITpn pabore ¢ pazHoOaKTHBHBIM MaHO-
METPOM CJelVeT YuHTBIBATh, UTO €r0 NOKA3aHHA 3aBHCAT OT Pona
raza. Heawss nonyckats NomanaHus B MaHOMETD XHMHUYECKH Aar-
PECCHBHALIX Ta30B, NAPOB KUCJAOT H JIPYI'HX BELIECTB, KOTOpPble MOTYT
JIETKO BCTYATh B XMMHYeCKoe B3aHMOAeNcTBHe ¢ mayrowreM. Heob-
XOIHMO TIMATENbHO O6eperaTb MaHOMETP OT YAapoB W MOMHUTD, UTO
NAYTOHHIT B eT0 CORAUHEHUS CHIBHO ALOBHTH.

OueHra Be/MMUHBI BAKYYMa 1O CBeYeHHIO paspala B Iase Ha-
XOAHMT WHPOKOe TIpHMEHeHHe B pas3JuyHOrc poaa padorax, cBs-
3&HHBIX € MMOAYYeHUEM BAKYyMa,

3TOT METO WCMOMB3YIOT, HANPUMED, B BAKYYMHDIX CHCTEMAX NpH
HCTTapeHHH MeTannos, (bpakuHOHHOH ALCTHANAUMH XHMHYECKUX HpO-
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AYKTCB, @ TAKAe B TeXHHKe KOHCEPBHDOBAHNA 1 00e3BOMHBAHHA
RPOLYKTOB.

Paspsarble TpyOxil 0ObIYHO H3TOTOBJAAIT H3 TYTONJABKOTO CTEK-
J&a, a B TpYOXY BUAMBANT MeTajgnuueckue 3nextpoin C u D, umer-
mHe BUI naacTud (puc. 81). DneKTPOAL! BBHINIOJHAIT H3 IJIATHHEL,

HUKSAA HAH  KOPPO3HOHHOCTOH-
KOH cTaju. JVIeKTpUYeCKHF pas-
pAn 8 TpyGKe MOXKHO BO3GVIUTD
B CM IpHcoelUHenueM  CIHOLO M3

i 2JIEeKTPOIA0B K BHICOKOUACTOTHO-
\ MYy TeHepaToOpy KJH RHIYKLHOH-

’ Ho#t Karywke. Tecaa, Apyrofi

K ysMeusemany s IASKTPOL  Pazpdanoll  TpyoeKH
Bangymy OCTABAAIGT CBOOCAHLIM WM, And

ofteriedud 8030YKICHHA K-
TRHUECKOro  paspsfiia, 3a3eM-
As107. XapakTep W WEeT BO3HH-
Kawwero B TpyOke paspaAja
3aBHCUT 0T (BU3IUECKOH NPUPOALL. Ia3a, ero 1aBAeHHs, ReJAHUHHE Pa3-
PALHOTO TOKZ, PAIMEPOB 3JMEKTPOOOB H HX pacnotoxetnd. Hadmo-
Ias 3a XapakrepoM cBedeHils B TasopaspajHoll TpyOKe, MOXKHO
AMWL rpyfo  onpefenuth JaBAeHue B npexesax ot 20 o
10-% MM pT. CT.

HeoBX0AHMO OTMETHTD, 4TO H3MEPEHHE BAKYYMA — 3TO CA0MKHBIA
BorpoC, TPeSYIOUINA TpHobpeTeRua oNpeleeHHbIX HABLIKOB, 1Ipex-
ne yeM MPHCTYNATh K M3MEPEHH!0, HYXKHO H3Y4HTh OCOORHHOCTH
TeXHOJNQITHYECKOro NpomHecca H 3HATh XOTA 6sl  NPHOJH3UTENBHBIH
cocTas oTRauuBacwmoro raza, [Ipw pabore ¢ TNaposKeKTODHBIMHU
BAKYYMHBIMII HACOCAMH CJIeflyeT NOMHHTDb, UTO BO3MOXKHA AHPGY3Ud
BOAMHBIX MAPOB K3 nMepBoft cTynend B Bakyymerp. THN BakyyMmeTpa
BRIGUPAIOT B COOTBETCTBHK ¢ TIpelfioiaraeMofl BeIHUMHOH BAKYyMa.

Puc, 81. Paspadwnas TpyOxa:

§ — porppaMonnidi  BEoL  (anametp 1 MM}
2 — MHKeAeBRIE 2. T0KTRO,
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Maochoscka4q Tunorpadus Ne 6 CowsnomnttpagupoMa
npn Cocvpapersennod womuteTe CopeTs Mnkiutnos COCP
MO LEAAM HIAATLALCIE BOMHIPAdHEN K HUILAKNDH 10DT0BIN

109058, Mockea MBS, IOMmunonopTosis vy 7t

INPEANCIOBUE

W3 Bcex BH[0B CTPYBHBIX anNnapaTos, pa3/U¥alOUIMxcA RO THRY
34 eKTHDYIOWEH CTPYH, B KHUre paccMOTPeHsl A8e T'D\TAM — napo-
CIpyHlble 1 rasocTpyiiHble, pabOYUMK  CPepaMH B KOTOPhIX
ABVMOTNCA BOAANON Nap M ra3 CUCHOBRBIMH JOCTOHHCTBAMH CTpY it
HEY BAKYYMIBIN  HACOCOE  SBJNAIOTCA TPOCTOTA  KOHCTPYRILIH,
LOMITARTHOCTD, HE3HAUHTEAbLHBIT H3HOC, BOIMOKHOCTL paboThl © 3a-
COPRHRBMI W drpecCHBRBIMI CPelaMi

1 a30CTpyHHble Bacochl  (3/4exTopbi), OOMIUHO  sHINOJIHAEMBIE
O IOCTY NCHYATEIMN, PaboTAIOT © hodDHULHEHTON 3Menunn Goablie
¢ IrALLT APY HERHAYHIRIBIIOM HCPEeNdie AaBAcHHi SOIH3M arMo-
cpephoro Tlpn nteobroanmocrit  co3lauds  Gofee  3IHAYUTEIbHHYX
PaspeX<HHH MPHMCHNIOT OAHO- ¥ MHOrOCTYNEHYATHIE NAPOCTpPYH-
qpie Hacockt  Onn MOryT ofecnzuuBaTh GOAbLINE NPOH3BOINTEND-

ROCTH NPl 14BJACHHH BCaceiBaduR 0T atMmocdepaoro o 1073 mm
pr cr

OTH NpensMyilecTsa oOyCAOBHIN  IIPOKO® pacnpocTpalieHue
fidpo- ¥ rasol1pyiiHblX HACOCOB B Pa3/uidHLIX OTPaC/Ax NPOMBIMI-
1€AHOCTH, B TeXdlike CYWECTBYeT liesblu pPAdL NPOH3BOACTE, NPOBE-
ACHHE TEXHOIOTHYEChOLO NPOUECCa B KOTOpRLIN BO3IMOAHO THMBRO
NDH YCAOBHH NpHIMEHEHHS CTPYHHBIX BaKYYyMHBIX HACOCOB T4k, B
AMUPHCUKOH MPOMBILIAEHHOCTR  AAA YAAJAeHHMS 1333 U3 Bah)yM-
MO TOAMOBHBIY 1t BAKYYM-KDHCTaNAH3AUNORHbLIY  ANNAPATOB  NpH
COYIIECTBACHNH  NPOUECCOB  AHCTHMIALGY, CylUAH M Bbifdphil
HEMOABL3YI0T B OCHOBHOM  MHOTCOCTYICHYATHIE NaposmenTopHble
nacoctl C PaiBHTHOM BAKYYMHOH METAdAYPri  BO3NHKIC HOBOE
Honipas ienne — MeToI BHeNevnon ofpaboThil AN1KOI0  METaaaa
Ilposeienite aponecca gerasaunn MeTalfa B hOBIE €Tado BO3-
MO.LHHM OJ1atonaps pa3paboTke 1 APHMEHEHIO B NPOMBILIICHITBIA
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