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[TPEIUCJIOBUE

HuarocrHokonbuessie mamunsl (KKM) spiasiorea ocobsiM
KJIACCOM OG'BEMHBIX MAIIMH NPAMOTO cxaTua. OHU HOJYYUIH IUHUPO-
KO€ PAcCIIPOCTPaHeHNe KaK BaKyyMHble HAcOChI U KOMIIPECCOPHI.

B TexH'ueckoil JuTepaType INpaKTHYECKH OTCYTCTBYIOT paboTh
110 MCCJIEJOBAHHUIO XUAKOCTHOKOJIbIIEBBIX MAIIMH. EAMHCTBeHHas pa-
6oTa, TOJHOCTHIO UM MocBsilleHHas, Halucana B.M.Teriopiokopsim
[75] u nagana B 1959 r. 3arem B 1964 r. ux HccaeROBAHUIO IOCBA-
IleH pa3flel B Ko/JeKTHUBHOM rTpylde [18], HanucarHsIi
B.A.PymsaHUeBsIM, H, HakoHel, B 1992 r. Takke nebonblicll pasge
B KoaJexTuBHOM Tpyhe [9], nanucanrbiit . B. ABToHOMOBOH.

ITo Hamemy MHeHMIO, OTCYTCTBHe paboT II0 5TOMY KJaccy Ma-
IIUH 06bsAcCHAETCA HeCKOJLKUMM NPUYMHAMHU.

1. Pabounil mpouece B KUIKOCTHOKOJBIEBHIX MAIIUHAX 3HAYUM-
TEJBLHO CJIOXHee N0 CPABHEHWIO ¢ APYTMMH KOMIIPECCOPHBIMM MAIITH-
HaMHU. B HUX CYHIeCTBYIOT OJHOBpeMeHHO ABa pabo4yuX Teja B pas-
JIUYHBIX arperaTHBIX COCTOSHUAX M KaXjoe M3 HUX MOJYUHSeTcHA
CBOUM 3aKOHOMEPHOCTAM. B OoT/Juuue OT IEeHTPOOEKHBIX M OCEeBBIX
KOMIIpECCOPOB M HACOCOB JBU/KeHHe JKHUIKOCTH B JKHIKOCTHO-
KOJIBIIEBBIX MAIINHAX .CYIIECTBeHHO HeCTAIlMOHAPHO, TAK KaK B Tede-
HUEe OJHOro UMKJA paboThl KUAKOCTh COBeplIaeT BO3BPATHO-IIOCTY-
naTejlbHOe JBH)KEHHEe OTHOCUTEJNLHO pabouux JonaTokK pabouero Ko-
jgeca. HacThb KHMAKOCTH, 3AllONHAKOLIAsA pabodee KoJeco, HaXOAWTCA
IIOJ] CHJIOBBIM BO3JeHCTBUEM JIONATOK, TOTHAa KaK Jpyrasd, Bellexias
U3 Hero, ABMKeTca cBobogHo. Mexay aTHMM YacTAMM HPOMCXOAHUT
IIOCTOAHHBIN 0OMeH KUAKOCThIO. Ilo rpaHuue pasfiena Mexnay pabo-
YUMH TejNaMM IIPOUCXOAAT WHTEeHCHBHEIE IIPOIECCHl TemJOo- M MAacco-
obMeHa. YacTh KHAKOCTHM HeIPepPBIBHO 3aMeHAeTCA [JJIA OTBOJA
TeIra.

TlonsITKM pas3jUYHBIX ABTOPOB HCTIOJIL3OBATHL AJNA HUCCIeAOBAHUA
HKKM umeromuiica onpiT Mo APYrUM KJjaccaM HAcOCOB M KOMIIpecco-
pOB 6€3 COOTBETCTBYIONIEro €ro KPUTHUECKOro aHalnda, Kak IIPaBH-
JIo, 3aKAHYMUBAJIUCh Heygadeil. ’

o cux mop OTCYTCTBYIOT MeTOObl pacueTa XapaKTepPUCTHK
KKM, r.e. onpeseneHna UX POUBORUTENLHOCTH U MOLIHOCTH B 3a-
BUCHMOCTH OT CTelleHM IOBBIIIeHUA ZABJEHHA, NpUYEM, ecJi UMeloT-
cA MeTOOUKU IO OIpejeeHHI0 [POUSBOAMTENLHOCTH B pacdeTHOH
TouKe, To noTpebHAA MOIMHOCTh olpegeisercs safauuem KIIIN mo
AHAJIOTUH.

2. Uccneposaune JKKM tpebyer yHuBepcanabHOH TeopeTHdeckoil
MOATOTOBKH U3-3a CJAOXKHOCTH IPOUCXOAANIMX B HUX INpoieccoB. Pa-
6oure MOJeNH 3THUX [POLECCOB AOJKHBI OBITH CyLleCTBEHHO HHBIMH
10 CPABHEHHIO ¢ APYTMMH TUNAMU KOMIPECCOPOB M HACOCOB.

OrcyTcTBUe TeopeTHYeCKHX HcCJeJoBaHUH pabouyero npoliecca B
SKMIKOCTHOKOJIBIEBBIX MAlINHAX IIPHMBOZUT K HeoOXOAMMOCTH dKCIle-
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PHUMEHTATLHBIX WCCIENOBAHUI BIIMAHMA TeX WIM MHBIX GAKTOPOB Ha
paboumii mponecc u xapakrepucturu JKKM. Bee atn HCCIIeJOBaHUA
HOCAT YacTHBIH xapakTep.

Hamu caenana momeiTka cosgamus FUAPOANHAMMYECKOK Teopuu
ABHXEHUA KUAKOCTH B JKHAKOCTHOKOJBIEBOM MaIlMHe, HTO HaeT
BO3MOKHOCTb NPOM3BOXUTE PACYEThl NMAPAMETPOB MAIUMHBI HPU JTIO-
ObIX COoOTHOMEHMAX AaBIeHUH Ha BXofe M BBIXOJe MAIUIMHBI U omnpe-
RenATh japleHde B /1060 TOUKe JKHMAKOCTH, GOPMY NOBEpXHOCTH
Pasftesia MeKIY SKHAKOCTBIO M TasoM, a TAKXKe CUJBI, JAeHCTBYOuIHe
Ha OTAe/NbHBIE 3/1eMEHTH KOHCTPyKuuH. IlpennokeH MexaHMaM yXo-
Ad MUOKOCTH M3 MAIIMHBLI, YTO IOBBOJIMJIO ONpeNedHTh BAUAHHE KO-
JIMYecTsa MOABOAUMOM JKUAKOCTH Ha PabouMil mpomecc B MalinHe U
ee MapaMeTpel. [11a TeopeTH4YecKoro UccaeJOBAaHMA BIUSHUA HA HUX
TeMIlepaTyphl pabouei KHMAKOCTH, & TaKKe TePMOAMHAMUYECKHX
CBOMCTB paBodveil MKHAKOCTH M OTKAUMBAEMBIX TA30B MCIONb30OBAHAL
3aKOHEBI TePMOJMHAMHMKY IepeMeHHOH MAcCHL.

Hamn nposeaen 6oxapuioit o6bem JKCIIePHMEHTAJIbHEIX HCCJHefo-
BaHUH pa6ouero mpouecca XXUAKOCTHOKONBIEBEIX MallMH M BIMAHUA
HA HEro pas/JM4YHBIX KOHCTPYKTHBHBIX NaPAMETPOB ¢ IENBIO NOJyde-
HHA HX ONTHMAJBLHBIX COOTHOLIEHHH, pa3paboTaHbl HeobXoquMbie
AJA NpOBeleHUs MPOYHOCTHBIX PACHETOB METOAH! ONpefleleHUA CHJI,
AeHCTBYIOIIUX HA KOHCTPYKTUBHbIE 3eMEHTHI MAIIMHDI.

C menpo CHH)KeHHS NABJIEHMA, CO3LABAEMOrO SKHMIKOCTHOROJIb-
IEBBIMI BAKYYMHBIMM HacOCaMH, Mepef HHMH YCTAHABIMBAIOTCHA
NPEABKMIOUEeHHbIe BO3AYINHbIEe 3’KEKTOPHI, KOTODhIe BIIePBHIE CTATH
HpUMeHAThCA dupMoit "Siemens”. HamMu mpefiioskeHo HOBoe MOHATHe
ONTHMAJIBHOTO MPEeJIBKJIIOYEHHOI0 3)KeKTOpa, OTAHYaomeecs OT 06-
IEeTPHHATHX MOHATHH ONTHMAJBHOCTH STHX amnmapatoB. IIposegen-
Had ONTHMHU3AIMA TOS3BOJNIMJIA YBEJAHYHUTh [POMIBOLUTENBHOCTD
IPeABKIIOYEHHBIX 3)KeKTopoB B 1,5-2 pasa mo cpaBHeHMIO ¢ HMel-
IIMMHCA ¢ PACIIMPHTE AMANa3oH paGoTH JKUAKOCTHOKOJBIEBHIX Ba-
KYYMHBIX HACOCOB o 1 MM pr.cT.

- ABTOPOM paCCYMTAHBl Bee BOJOKOJbIEBEIE MAIIWHE], BBINyC-
KaeMble CyMCKMM  MAaMIMHOCTPOMTENBHBIM HAy4YHO-IIPOU3BOACT-
BeHHBRIM o6beauHeHHeM MM. M.B.®Ppymnse. Ilog ero PYKOBOACTBOM
CO3J{aHBI OTpacjeBLle CTAHAAPTHI HA 5TY MAIIWHEL.

B nanno#l pa6oTe B 0OCHOBHOM HalaralTCs pe3yapTaThl HcCJIexo-
BaHMH, NPOBeZleHHBIX ABTOPOM, M Pe3yJBLTATHI, IoJyYeHHble UM cAa-
MUM Hu COBMECTHO ¢ yueHMKamu 3.B.Mamem, A.H.JIykearosoi,
B.A.Tanuyem u A.W.PynakoBbiM, a TakXe c COTPYAHHKAMU
JI.T.PefinmManom, A.C.fannnnaeiv, B.A.Iluporossim. Pasgens 2.5.4
u 2.5.6 Hanucansl coBmectHo ¢ 3.B.Mauewm, pasgenast 5.6 u 5.7 - co-
BMecTHO ¢ A.M.PaftamanoM. B nogrortoBke pykomucu k U3JaHHIO
npuHuManu yyacrue E.C.Bopo6res 1 M.3.Toscras.

BceM uM aBTOp BRIpa)kaeT CBOIO MPU3HATENBHOCTS.
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YCJIOBHBIE OBOBHAYEHUA

I‘eouempuuecrcue BENAUMUHDBL

TONIIMHA CJIOA JMKHIKOCTH B CpeJIHEM CedYeHUH
sauedkn paboyero KoJieca, IMPHHa OTBOJ&, M;
mupHHa pabodero KoJjeca, BBICOTA OTBOJA, IIHPUHA
MEeXXJIONaTOYHOro KaHaja, M;

IUaMeTp, M;

PHIpaBINYeCcKUH AUaMeTp, M;

IKCIEHTPHUCHUTET, M;

wiowaas, m2; o
oromafs OkHA, coobljapllerocs ¢ AYEHKOH pa-
6oyero Komeca, M%;

BBICOTA CJIOA KHIKOCTH, M;

onpeAeagOIINi reomerpnqecxuaﬁ pasmMep;
KOJIMYEeCTBO JKHUJIKOCTH, rasa, M%;

paguyc B HeNOABIXKHOM cucTeMe KOOPAWHAT C I€H-
TPOM Ha OCHM KOpIyca, M;

paauyc ; paiuyc B MOABHIKHOM cucTeMe KOOPAMHAT
¢ meHTpoM Ha ocu pabodero Kojeca, M;

paauyc pabouero Kojeca, M;

paanyc BTYJIKH pabodero Kojeca, M;

paccTogHNe MeXJy *KHAKOCTHBIM KOJBIOM H BTYI-
Koii, M; .

06BpeM, 06beM eJUHUYHOIO CEeKTopa, M°;

065eM JKHAKOCTH B CeKTope, M;

yucxo Jonarok pabodero KoJeca;

yrjoBasg KOOpPAMHATA B HEIONBHIKHOM cHcTeMe Ko-
OpJHUHAT ¢ IEHTPOM Ha ocHu pabouero x?.ueca;

yros MexAy KacaTeJIbHBIMH K CpejHell JHHMH JoO-
[aTK¥ M NPOH3BOJLHON OKPYKHOCTHIO C LEHTPOM
Ha ocH pabouero KoJjeca; ]

yroJ Mex Ay KacaTeJbHBIMHM K CPefHe# JHHHMH JIO-
NATKH M OKDYXXHOCTBIO Ha IIOBepXHOCTH pabouero
KoJieca;

yron HakJoHa o6pasyiome# BTYJIKH pabodero Ko-
Jeca;

pacctrosiHde Mexc[y pabouum kojecoM ¥ KOpIycoM
BROJL pajuyca pabodero Kojeca; TOJIHHA; BeJIH-
yyHa 3a30pa, M;

1IepOXOBATOCTh, M;

yroJ MeXAy BeKTOPaMH, NPOBeJIeHHEIMH M3 IEHT-
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poB pabGouero KoJseca ¥ KOPIIyca;

- YIJIOBad KOOPAMHATA B HENOJBM)KHOM CHUCTeMe KO-
OpPAVHAT C IIEHTPOM Ha OCH KOpIyca;

- yrjoBasg KOODAMHATA B NMOABM)KHOM CHCTEME Koop-
OUHAT C IIeHTPOM Ha ocH pabouero Kojeca;

- yrjoBas KOODAHWHATA CpeJHeH JMHUU AYEeHKH B IIO-
OBMIKHON CHcTeMe KOOpDAHMHAT.

Kunemamuueckue aeauyunol

- abCcoIOTHAR CKOPOCTD SKHUAKOCTH, M/C;

- CKODOCTBL B AJpe IOTOKa, M/cC;

- YCKOPEeHMe CHJIBI TAXeCTH, M/c?;

- yacToTa BpalleHMnA, 06/muxn;

- IlepeHOCHAA CKOPOCTh, M/C;

- OKPY>KHast CKOPoCcTh pabodero KoJjeca, M/c;
- OTHOCHUTEJIBHASA CKOPOCTh, M/C;

- yrioBas cKopocTs, 1/c.

Tepmo-, 2a30- u 2udpoduHamuyeckue eeAULUHbL

- TeMIIePaTYPOIPOBOAHOCTS;

- 6apoMeTpHYecKoe JaBieHue, [la;

- BakyymM, Ila;

- TernsIoeMKocTsb, x/kr °C;

- TeIlJIOEMKOCTh IPH NOCTOAHHOM JaBJIieHHWH, NpPH MO-
crosinHoM ob6beme, I /kr °C;

- MexaHHYeCKadA sHeprus, IxK;

- Macca, Ky MaccoBasd HPOHU3BOAUTEIBHOCTh, Kr/c;

- CEKYHIHBIH pacxof] rasa, mepeTeKaloLIero B A4elKy
Yyepe3 TOPUEBBle 3a30DhI [0 JIONATKAM M3 COCEeTHUX
CeKTOpOB, Kr/c;

- CEeKYHIHEIH pacxo[ rasa, lepeTeKalomero B a4eiKy
Yepe3 TOpLEBLIe 3a30pPbI MeXAY BTYJKoH paBouero
KoJleca ¥ KOpIIycoM, Kr/c;

- CeKYHJHBIN pacxof rasa, rnepeTeKaioliero B s4elKy
Yepesa OKHAa, Kr/c;

- H3MeHeHMe KOJMYecTBa rasa B siueiike, Kr/c;

- rUApaBIUYeCKUe TOTepH, M;

- sHTanenuA, JHK/Kr;

- Macca, Kr;

- MoIlHoCTh, KBT;

- cuna, H;

- IaBiaeHue, Ila;

Nos
Mus

IaBieHMe HACBHIIEHHOTO rnapa pabodell >XKUIKOCTH,
Ila;

obbeMHad IMTPOHU3BOAUTENBHOCTE, m3/c, w™m3/mumn;
KOJIMYeCTBO TemaoTsl, K,

Temnepatypa, K;

BpeMms, ¢;

yIeapHblt Bec, H/M3;

KHMHeMaTHYeCKHil KoaddUIMeRT BASKOCTH, M2/c;
CTelleHp MOBBIMEHNUA NaBJeHUHA;

IJIOTHOCTS SKMAKOCTH, rasa, Kr/me.

Koagppuyuenmot u omrocumenvhble 8eAULLUHbL

KpHTepuil Apxumess;

Kpurepuit ['yxmana;

MOKa3ATe]b M303HTPOIIBI;

kpurepuit Hyccensra;

[IOKasaTeNb MOJUTPONLI, KOIDGUIUEHT BKeKIIUN;
kpurepuit IIpanaria;

rasoguHaMudecKasa QYHKIUA PacXoaz;

ragoBada mocroaHsas, J[»k/kr°C;

Kpurepuit PeitHonpca;

K03 PUIMEeHT TeIIoOTAAYN; HONPABOYHBIM KO3(-
dbunueHT noJIA CKopocTell; OTHOIIeHMe NJOMaNel
3KEKTOPA;

OTHOCHMTEJIbHAS TOJNIIMHA  CJOA  JKUAKOCTH B
cpelHeM cedeHMH s4efiKH; KoabduumeHT 06BEM-
HOT'O pacIIUpeHuA;

K03 PHUIMeHT IUAPABINYECKUX IOTEph;
K03PDHUIMEHT MMOJe3HOTO JeHCTBUA;

obvemusntit KITI;

usorepmuueckuit KITM;

oTHomeHune Temneparyp T2*/T1* B axekTOpE;
rugpasaudeckuii KoadbdHIeHT IOTEepPh Ha TPEHHe,
npUBefleHHAs CKOPOCTh; KoddGPUIUEHT TelJIonpo-
BOLHOCTH; Koo PUINEHT pacxoja;

K09GPUIMEHT BarpoMOXKAEHUA MeKJIONATOYHOTO
KaHaja pabodero Kojeca JONATKAMH;

OTHOIlIeHMe PafUycoB ry/rg; KoddpduuueHT BoOCCTa-
HOBJIGHHUS TIOJHOTO HaBJEHHA;

KoadpHUIMeHT ydeTa KOHEUHOro YHcja JIONaTOK.



OJKOHOMUYeCKUe noKasamenu

C - CTOMMOCTE C)KATHA eIUHHIE ob6bema rasa,
py6./m3;

Ky - CTOMMOCTD 3/IeKTPO3Hepruu, py6./kBry;

Ko - CTOMMOCTE BOZBI, py6./M3;

Tyem - CTOMMOCTh yCTAHOBKH, py6.

HHuoexcovl, coxpaujetvie 0603HaAYeHUA

Bepxnue:

2 - OTHOCHTCHA K IlapaMeTpaM rasa;

x - OTHOCUTCA K IapaMeTpaM JKHJKOCTH;

KD - OTHOCHTCA K IlapaMeTpaM Ha Kopliyce;

K - OTHOCHTCA K HmapamMeTpaM B KaHajJle MeXAY JomaT-
KaMH,

oK - OTHOCHUTCA K IlapaMerpaM OKOH;

np - OTHOCUTCS K IapamerpaM B 6e3/iomaTo4HOM Ipo-
CTDaHCTBe;

cp - OTHOCHUTCA K IlapaMeTpaM , YCPeJHEHHBIM IO BBICO-
Te KaHajla K CpefHEMY CeYeHMIO A4elKH;

* - OTHOCHUTCSH K IapaMeTpaM TOPMOXKeHUS;

¢ - OTHOCHUTCS K NapamerpaM B cedeHHMHM OedJionaTou-
HOTO IIPOCTPAaHCTBa, NPeAlIeCTBYIOUIEM JaHHOMY;

2 - OTHOCHUTCH K TMOPAAKOBOMY HOMEDPY CEKTOpA.

Huoxcnue:

6 - OTHOCHMTCS K MapameTrpam OaHJa)XHBIX KoJer, pabo-
4Yero Kojeca;

8 - OTHOCHUTCA K IlapaMeTpaM BHYTpPeHHeH moBepX-
HOCTH KHUJKOCTHOTO KOJIBIA;

ac .- OTHOCHTCSA K lapaMeTpaM BCcachIBaHWA;

em - OTHOCHUTCA K HapaMeTpaM BTYJIKM pabodero KoJeca;

8x,8blX - OTHOCHTCs K IlapaMeTpaM BXojgdmel B ob6beMm
(BrIXOAAmMEN M3 00BbeMA) KUAKOCTH;

a - OTHOCHTCA K HapaMeTpaM JNCKa pabodero xoJjeca;

3a3 - OTHOCHTCA K IlapaMeTpaM B 3a3opax;

K,Kp - OTHOCHUTCS K IapaMeTpaM Ha Kopmyce;

KOH. - OTHOCUTCH K IapaMeTpaM KOHIEHCHUDYIOUIHXCA Ia-
pos; .

a - OTHOCHUTCA K IlapaMeTpaM JIoNMaTKH paGodyero Ko.ie-
ca ;

M - OTHOCHTCS K MeCTHBIM IIOTepAM;

mn - OTHOCHMTCS K TMOapaMeTpaM  ‘“MepTBoro  1mpo-
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cTpaHCTBa”;

OTHOCHUTCH K ITapaMeTpPaM HarHeTAHUS;

OTHOCHTCA K napaMerpam napogr paboueil XKug-
KOCTH;

OTHOCHUTCH K IlapaMeTpaM IepeTeKalollero Ho 3a30-
paM rasa;

OTHOCHUTCA K NapaMeTpaM pabouyero xojeca;
OTHOCHUTCA K IIapaMeTpaM cMecH r'as3oB;

OTHOCHTCA K CTaTHYecKHUM IlapaMeTpaM;

OTHOCUTCA K NMapaMeTpaM F'HAPaBJIHUYSCKHUX IIOTEPbH;
OTHOCHUTCA K LEHTPOOEKHBIM cHIAM;

OTHOCHTCA K NlapaMeTpaMm sf4Yeliku pabouero KoJe-
ca;

OTHOCUTCSA K TaHINeHOUAJBHBIM COCTaBJIAIUINM
CKOPOCTM B HENOABMIKHOM cHCTeMe KOOPAHMHAT;.
OTHOCHUTCA K TaHIeHIUAJBHBEIM COCTABJIAIOIIUM
CKOPOCTM B IIOABMIKHOHM cHucTeMe KOOPAHHAT;
OTHOCHTCA K NapaMeTpaM TeKYIero ceYeHus;
OTHOCHMTCA K IlapaMeTpaM IpeAlIeCTBYIOLIEro U IIO-
CJIeAYICIIIEero ceyeHH;

OTHOCHTCA K NapaMeTpaM paccMaTpHBaeMoil JHHHUHU
TOKa;

OTHOCHUTCA K PaJMAJIIBHBIM COCTABJAIOIIMM CKOpOC-
TH.

Coxpawenus:

KKM
JKBH
KK
I3

KHUIKOCTHOKOJIBIERASA MAIIMHA;
JKHUIKOCTHOKOJBIUEBON BAKYYMHEIN HACOC;
SKHMIKOCTHOKOJbIEBOM KOMIIpeccop;
NIPeABKJJIIOYEHHBIH 32KeKTOop.



I'nasa nepeaa

OBIIIUE CBEAEHUS O HKUIKOCTHOKOJIBIIEBBIX
MAIINHAX

1.1. ITpunyun pa6ombet #UJKOCMHOKOLbYEELIX MAULUH.
Hx docmouncmea u Hedocmamru

HuarocTHoronsuersle MaluHel (JKKM) yacTo HaswisawoT BOZO-
KOJBbIEBHIMHM, TaK KaK B KadecTBe paboueil *KMIKOCTHM B HUX TIpe-
UMYIECTBOHHO NPHUMEHsIeTCA BOAA, & HHOTAA - MAIIMHAMH C KHJ-
KOCTHRIM mnopuineM [75]. B cnpasounuke [9] oM ummenyiorcsa xug-
KOCTHO-KOJbLeBsIMHM (4eped geduc). OfHaKo rpaMMaTHUYECKHH aHa-
JIN3 TIOKa3biBaeT, YTO NPaBUJIbHOe HAIlMCAHMe 9TOr0 HAaUMEHOBAHUA -
Oe3 neduca. AHaJOTMYEO B PYCCKOM sA3BIKe MUIIYTCA CJIOBa KeJes-
HOJOPOYKHBIH, MaUIMHOCTPOUTeNABHEIN u T.11. U B pansHelimmeM MbI
HCIIOJIb3YEM CJIUTHOE HAIIMCAHHE 9TOrO CJIOBA.

Ha puc.1.1 mpencrasiena cxema JKKM. OkclieHTpUYHO pacno-
JIOXKEHHBIN pOTOP € pajJUalbHBIMK JonaTkamu (pabodee KoJeco)
Bpalaerci B UMJIMHIPUYECKOM KOPIIyCe, KOTOPHIM YACTHYHO 3AII0J-
HeH KujxocThio. Jlomarku pabouero Koseca IpH BPALleHUM 3axBa-
THIBAKOT JKUJKOCTh M OTOPACHIBAIOT ee K Koplycy. B peayabrare sTo-
ro BHYTpHM Kopnyca ofpasyercs Bpallaiolleec KOJbLUO KHIKOCTH,
KOTOpOE ¥ ]aJI0 HA3BaHMe NAHHOMY THUIY MAIIIMH.

Mexay BTyskoit pabouero koJieca M KOJBIOM KHIKOCTA BOSHU-
KaeT ceplioobpasHoe NPOCTPAHCTBO, ABAAKINeecd pabouell MOJOCTHIO
MallMHbI. JTO TNPOCTPAHCTBO pasfeisgeTcsA JOMATKAMH paboderc Ko-
Jleca Ha OTJeJibHble A4eHKHU nepeMeHHoro oObema. Ilpu yBeamueHuun
o6beMa sIYeMKH MPOUCXOLUT MPOIECC BCACHIBAHUSA, & IIPH yMeHbllle-
HUUY - IpoOIlecC COKATHA M HarHeTaHus. B npuBefeHHOH cxeme Bcachl-
BalOIIMe U HarHeTATeJbHble OKHA PACIIOJIOKEHB! B TOPIIEBBIX KPBILI-
rax. [Ipouecc coxatus B KM conpososkgaeTcd MHTEHCUBHBIM OTBO-
JOM TellJla OT COKMMAaeMoro rasa XK sKuakocTd. Temmeparypa coxu-
MaeMoro rasa npu Beixoge us JKKM majo cTiudaeTcs oT TemIiepary-
pBI Ha BXOJe, a pabouad KUAKOCTL HATpeBaeTCs, NMO3ITOMY ee HEoOXo-
JUMO IOCTOAHHO 3aMeHATh. Pabouag KHMIKOCTH MNojaeTcs aubO BO
BCACBIBAIOIIHI NATPYOOK, JIMGO 4Yeped THUAPABIHYECKOe YILIOTHeHIle
Basa pabodyero xKoJeca B paboyylo IOJIOCTh MALIHHEBI, 8 YXOAMUT depes
HarHeTaTeJbHEIE OKHA BMECTe CC COKATHIM I'as3oM.

OcHoBHoe goctomHcTBo JKKM - npocrora pabGorsi. Hacoe cocto-
HUT U3 HeGOJIBIIOrO KOJNHMYeCTRa JeTajJel - Kopnyca, pafodero KoJjeca
M JBYX TOPLEBBIX KpbIliek {puc.1.2). B Hacoce uMeeTcA TOABLKO ogHA
JBWIKYIasicA JeTaldb - Bpamjaloljeeci pabouee xojieco. Mexay
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‘fodei JKHUIKOCTBIO, KOTO-

pa601mm KOJIeCOM M KOp-
oycoM MAINMHBI, & TaK-
;g€ TOPLEBBIMM KPBILIKA-
MH €CTh TapaHTHDPOBaH-
HBpIA 3830D, a MOCKOJIbKY
B MAIIMHe HeT TPYLIMXCSH
neTajiell, OTCYyTCTBYRST BbI-
3bIBAEMBIM 3TUM M3HoC. B3
MAUINHE HAT ¥ I8YI8HOB,
mecTANeHYaThIx  flepejad
i T.1l. Ageranen, yTo TaK-

sKe ob:ciieyuBaeT BBICO-

KV HaJeKHOCTh pado- Puc.1.1. Cxema paboThl HHUKOCTHOKOJIbLLE-
BbIX MAIUMH IIPOCTOrO REHCTBMA C OCeBBIM
[IOABOKOM U OTBOZOM rasa

Tei. Mawnza He uMeeT
M&CJI0HACOCOB MU CIIelH
aNbHBIX CHCTEM CMAa3KH,
BCE 3a30pBl MeXAy pabo-
4MM KOJlecOM M KOp-
IIyCOMYIJIOTHAIOTCA  pa-

pad CMa3BIBAET TaKiKe
CAJILHUKU  YIJIOTHEHUA
Bana potopa. B KoHcH-
CTEHTHOM cMa3Ke HYMX-
NAITA TOJBKO HOLIIUII-
HUKH poropa.
WNsrorosneHne pera-
Jeldl MalUIMHBI He TpebyeTt
BBICOKOTO  KJacca TOoH-  pye 1.2. JKBH dupmsr "Siemens”:

HOCTH, Bce AeT&Jd B Hell N

B3aIMO38 MEH AEMEL. B a-paBoyee Ronecf), -KOpIIYC; C-TOpIeBhIe .c'reH-
) KM (JI060BHMHBI); Cj-BcachklBalolllee OKHO; Cg-

caydae HEeKOTOPOTo M3-  garyeratensHoe okHo; d- BeachlBAKOWMN M Ha-

HOCa TOpUEeBbIX IIOBEpX- rHeTaTeJbHBIA NaTpyGKu

HocTell pabouero KoJeca

B peayJabTaTe MHOrojeTHe paboThl, IPH HAJM YHU B OTCACLIBAEMOM
rage NBLJAHM, NeCKa W APYTHX NpUMece#l BOCCTAHOBJIEHHMe HeobXomm-
MEIX 3430POB NPOM3BOAUTCA NMoROODOM IIPOKIENOK MeX]y KOPIIycOM
{ TOPIEBBIMM KPHIIIKAMH.

ITepeuncnedHsie 0COGEHHOCTH IIPENOIPEReNHOT HEeBBICOKYIO
CTOHMMOCTL MAUIMHBL ¥ HpOCTOTY ee obcay:xuBaHusa. Mammuaa MoXxeT
paGoTaTt B TedeHHe [JUTEIbHOrO BpeMEHH aBRTOHOMHO.

Bogoxo/iplieBble BAKYYMEBIE HACOCBI OTHOCATCA K YHCIY HEMHO-
rux 6esmacisHbiX GOPBAKYyMHBIX HacocoB. OHM He Ttpebylor Iio-
BTOPHOM (PUIBTPALIMH raza M He YyBCTBMTENBHBl K IONAfaHMI0 B HUX
BMeECTe C OTCACBIBAEMBIM I'a3oM IIbLIM, BJATHM, NMecKa M JPYrUX IDH-
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meceii. Bece aTo ocTaeTcs B YKHMIKOCTHOM KoJIblle, a4 M3 MalllMHbl BBI-
XOAUT OYMIEHHBIN ras. B 1o ke BpeMs HajM4Yue [OCTOAHHOTO JABH-
JKeHNH SKUIKOCTH He NAeT BO3MOMKHOCTH HacTHIAM oT7araThCA BHYT-
PH KOpIyca - OHM BBIHOCATCA H3 MAIIMHBl BMecTe ¢ YXOAAIen Xul-
KOCTBIO.

KM ofecreuuBaloT paBHOMEPHOE oTcachiBaHUe U Ionady
cixumaemoro raza. OHM MOIyT NPOU3BOAHTE oTcacplBaHHne rasa U Of-
HOBpeMeHHO I[0laBaTh ero B eMKOCTh C ZaBaeHueM, OOJBIIMM ATMO-
chepHOTO.

OfHMM M3 CYIecTBEHHBIX goctonncTs KM ABJIALTCH usoTep-
MUYHOCTH IIpOllecca COKATUA, ABIAIOMAACH HeobxonuMON B IEJIOM
pslle TPOMBBO/CTB: MPH CKATHH AleTHIeHa, YIJIeKHCIIOro rasa, XJo-
pa u npyrux rasos. Ecin B oTCACHIBAEMBIX I'a3ax MMeeTcs OoJibIIOe
KOJIMYECTBO BOJAHBIX HAPOB, TO IPH COIIPUKOCHOBEHHU C KHAKOCTEIO
OHUM KOHJEHCHPYIOTCS B MallWHe, B pesy/pTare Hero pacTeT ee Npo-
M3BOUTENLHOCTh. [[0 MHEHHIO CIEIHAIUCTOR dupmst “Nash™, mpo-
M3BOMUTEILHOCTh [PH OTOM YBEIMIHBACTCH B 2,5 pasa. YpoBeHB
myma y JKKM sHauuTenbHO HUMKE, HEM Y IpPYTHX AHAJICTUYHBIX Ma-
LIMH. 3

OcropubpiM HegoctaTkoM JKKM spigeTcs OTHOCHTENLHO HU3KUH
BaKyyM. B 0Ted4eCTBEHHBIX BOJOKOJBIEBBIX BAKYYMHBIX HACOCAX
npejeJbHBIH BAKYYM NPH HyJleBoif MPOMBBOINTENBHOCTH COCTABJAET
90-95% (80-40 mMm pT.cT.). B oTneabHEIX SK3eMILIAPAX AOCTHUTaeTCA
BakyyM fo 20 MM pT.CT., HO 9TO HE ApJferca CTabMIBHBIM. JIBy:f-
crynenyarsle KM HeKOTOPBIX sapybexubix dupm ( Neyrpic ',
"Bosco”) obecredMBaOT BAKYYM 1O 10 mm pr.ct. Ho u Takoe nas.je-
HHe B LeJoM psAje CIy4aeB ABIAETCA HEJOCTATOMHO unaskum. Jasa
nanbpHeiIIero  CHMKEHU: paboyero  JaBJeHMA  IPHMEHAIOTCHA
Tpe/iBKIIOUeHHble BO3JYIIHbBIE 9KEKTOPhL. Hx ycraHOBKa NO3BOJIAET
doCTHYbL BAKyyMa IIOPAAKA 5-8 MM pr.cT. lIpu Heo6XOAMMOCTH yCTa-
HABJMBAIOTCA ABYXCTyIeHuYaTble IPeABKJIOHEHHDBIE a:KeKTOpHL, obec-
NeYuBaIoIIHe BAKYYM NopAjKa 2.0,5 MM pT.CT.

IpyruM HeAoCTATKOM YKKM (ocoGeHHO KOMIIPeccopoB) HOHUEMY-
FO CUMTAIOT OTHOCHTEJBHO HH3KNH KIIZl. Teoperuueckas OICHKA
A UIKOCTHOKOJIBIIEBBIX MALIMH NoKa3asa, 1ro 41 HMX MoJKeT ObITh
[oJy4eH nsorepmudeckuit KIIJl Ha ypoBHE 65%, T.e. He HUXKe, YeM
y BMHTOBBIX KOMIIPECCOPOB. PasHHUIA MEKAY TEOPEeTHHeCKH BO3IMOIK-
HBIM ¥ (PAKTHYECKH pealH3yeMbIM KIIJ{ roeopur o Majoil H3y4eH-
HOCTH IPOIeCCOB, NPOUCXONAIINX B KM, u o Goaplmux pedepBax
yBeJquueHNa ux dpdeKTUBHOCTH.

1.2. O6aacmu npuMeHeHUA

K HIKOCTHOKOIbIEBble MAIIMHBI IIKPOKO NPUMEHSIOTCA B pas-
IMYHBIX OTPACAAX HAPOJHOrO XO3AWCTBa 6jarojapa MX KOHCTPYK-
THBHOH IpocToTe, Ge3oTKasHOCTH B paboTe M CIIOCOGHOCTU M30TEPMH-
qecKM COKMMATb TasOXHJKOCTHbie cMecH G6e3 3arpA3HEHHA HX
MACJIOM.

Haubosiee 4acTo KUIKOCTHOKOJbIEBble MAIIMHBI HCIIONb3YIOTCA
B pPA3IMYHBIX TEXHOJOTHYECKHX IIpoHeccax XUMHYECKON MPOMBIII-
senHocTd. OHM NPHMeHAIOTCA KAK BAKYYMHBble Hacochl JUIA Co3AaHuA
paspeKeHuaA ¢ abcoJIIOTHHM JABJIEHNEM [0 3-5 klla, xak KomMupecco-
pel aas csxatus rasa go 0,6-0,8 MIla # KaK XuUMHUecKHe DPeaKTOpbl
IJIA MaccoobMeHHBIX HPOIECCOB MEKAY CXHMAaeMbIM radoM H pabo-
yeit sugroctoio [7].

Husie npuBeieH AajeKo He IOJHBIA nepedeHb objacTeil MCIIONB-
sosanusa JKKM B npoMBINIJIEHHOCTH, CENBCKOM xo03aicTBe U JPYTUX
oTpacaAX HAPOZHOro Xo3AHCTEA.

B xumuueckoil npoMbliiieHHOCMU!

Maccoo6MeH; pacTBopeHHe M copbupoBaHHe BpeAHBIX TIAa30B,
sunKocteil (besosia U Ap.); KPUCTANIU3AUMOHHEIE M QUCTHIIALNOH-
Hble YCTAHOBKHM [AJs IIPOU3BOJCTBA KpacHTeJel M a30THBIX yaobpe-
HUH.

CywnnpHble ANNApaTsl B I[POM3BOJCTBE CHHTETHYECKMX BOJO-
KOH, MOJHMaMHJOB, AMUHOIIJIACTOB, NOJMITH/IEHA, QPTaHHYECKHX pac-
TBODUTeJeH; BaKyyMHAd NPONMTKa B NPON3BOACTEE TpaHcthopMaTo-
POB, 3JeKTpojBUraTe e, KOHJIEHCATOPOB, Kabemeil.

BaxyyMasie GUIBTPBI AJ1A IIPOM3BOJACTBA UEJLIIOIO3DI, aHTHOMO-
TUKOR, oborallleHusa PyA.

CskaTe WMHePTHBIX, ArPeCCHBHBIX M JIEPKOBOCHIAMEHSIOMUXCH
rasoB (requs, BOJOPOAA, XJ0Pa, KHCJI0POAA, alleTHICHA ap-)-

B depesoobpabambieaioujeit u 6ymazodenamenvHoll npoMbllL-
JeHHOCIU:

O6paboTka, CyliKa M IlepepabOTKa NpeBeCHHBI; MPOH3BOACTEO
[eJIJII0JI03kI, KAPTOHOB, ByMarH.

B memannypeuu:

IlnaBKa ¥ IepenaBKa METAJJIOB, HOPOIIKOBAA MeTalIyprui.

CBepxyMCThle BellleCTBA, KPUCTAIBl A J1a3epos, CBEPXIIpo-
BOJHHKY; KaK MCTOUHHMK CXKATOro Bo3AyXa B MHEBMOCHCTEMAX.

B mMawuHocmpoeHuu:

Cpapka 8JIeKTPOHHO-JIy4YeBad 1 IuddysnoHHaA.

B onmuke:

BakyyMHOe aJIOMHHMPOBaHMe 3epKaJ, IPoCBeT/IeHNe OIITHKH.

B nuwesoii npoMblutleHHOCMU!

I nuTenbHOe XpaHeHHe M KOHCEDBHPOBaHME INPOAYKTOB - cybau-
ManMOHHAA CyLIKa; BhIIapHBaHHe IIPYU MPOUIBOACTBE caxapa, ONpPec-
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HeHUe BOJAbI; PeKTHGOMKAINA BHUHHO-BOJOUYHBIX H3[eJuil, MPUIOTOB-
JIeHWe CcoJIofa B IIMBOBAPEHUH.

B meduyune u papmayuu:

VeTaHOBKYM MM IPOBENEHUSA XUPYDPIHYeCKHMX OIlepalluil; H3ro-
TOBJIEHHe JIeKAPCTB, XPaHeHNe MeJUIMHCKUX I1pernapaTos.

B HayuHblx uccnefosanuax GuIuULeCKUX npoyeccos:

YcKopuTeau, YCTAHOBKM JJIS TepMOA/ePHOro CHHTe3a.

B ceabvckom xozailcmee:

IlonjbHBIE YCTAHOBKY, TPAHCIODTHPOBAHUWE CHITYYHX MaTepua-
JoB (MyKH, 3€pHA M T.II.).

B npoussodcmee cmpoilmamepuanos:

Jerasanyua riivH ¥ KepaMHKH.

TpaHCIOPTHPOBAHUE CHIIYYUX MATEpPHATOB (lleMeHTa U Jp.).

B rpuozenroil mexnure:

IIna uepeoxnasXJAeHHA KPHOreHHBIX (HUIKOKMIAMMX) KHUA-
KOcTeH.

Kak BuaHo ©3 npypBeJeHHOro nepednsa, o61acTh TPHUMeHEHUS
KM ouenr mupoka. B pAaZe NpomM3BOACTB OHHM SARBIAIOTCA €AUH-
CTBEHHO NpHEeMJIeMBIM THIIOM MAIINH, HAIPHUMep, Korga Tpebyercs
GeaMacagHbIN BAKyyM ¢ ab6CONIOTHBIM jgaBieHMeM jgo 10-20 klla. C
[IpUMeHeHHeM BOSAYIIHBIX 9KeKTOPOB BTO 3HAaYeHHe CHHKaeTcs [0
0,1 xlla, uTo gaeT BO3MOKHOCTH IPHMEHATh BOJOKOJIbIEBLIE BAKY-
ymusle Hacocsl (BBH) B kauecTBe hopRakyyMHBIX HACOCOB B CHCTe-
max 6GesMacisgHON OTKAYKHM, HallpUMeDp, B CHCTeMe HACOCOB Ha ycTa-
HOBKE TepMosgJepHOro cuHTeza Toxamak-15" [47], Ha BaKyyMHBIX
meyax NaaBKu TuTtaHa [15] u gpyrux merasios.

KM ucnoiab3yrTca Takske QIS OTCOcA I1apoBO3AYNIIHOI cMecH
B [apOoTypPOMHHBIX YCTAHOBKA&X TEIJIOBBIX 3JIEKTPOCTAHIMH BMecTo
BOJOCTPYMHBIX BAKYYMHBIX HACOCOB, YTO IMO3RoJsAeT IIPUMeDHO Ha
JBA TOPAJKA YMEHBIIHTh PAcXo] BOABI, Pecypchl KOTOPOH, KakK u3-
BECTHO, OFPAHMYEHSBI U POJ OT rojla PACTET ee LEHA.

IOna obesraxkmBanua paboueil XUIKOCTH NpH OYPEeHUH CKBAKUH
1 ofeclieyeHUA IIPOTUBOINOKAPHOH 6esonacHOCTH Ha HedTAHBIX U ra-
30BBIX MECTOPOJKAEHHUAX eXerojHo TpebyeTcd HECKOJbKO ThICAY
HAEKM.

3To JUIME HECKOJbKO XO3AHWCTBEHHBIX HAIIDABJIEHHUH, rie olly-
njaeTcA HyXJa B Dojiee COBEpIIEHHBIX TEeXHOJOTHAX NPH QyHKUIHO-
HUPOBAHMM OCHOBHOIO MJIM CONYTCTBYKIUUX pPaboyux Npoueccos,
KpOMe TOro, MMeeTcsA TeHJEHLUs HCIOJB30BATh B CHCTEMAX OTKAYKM
pAda XUMHUYECKUX IIPOU3BOJACTE GJIOK M3 HeCKOJbKHX BOJOKONBLIUEBBIX
HACOCOB MeHbINEH IIPOHU3BOAUTENBHOCTH BMECTO OJHOro Hacoca

Gonbliedl Ipou3BoAUTENLHOCTH. Bce aTo BeeT K pocTy mOTpeSHOCTH
B JKKEM. "'
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1.3. Knaccugurayua xudiocmHoKoable8blx MAULUH NO
KOHCMPYKMUBHbIM NPUIHAKAM

BCE HKHUIOKOCTHOKOJIblIE€Bble MAUIMHBLI MOTYT OBITH pa3gesyieHbl Ha
pakyymHble Hacockl ((KBH) u xomnpeccoper (3KK). Hu KomcTpyk-
THBHC, HM IIO0 IPUHUUIY paboThl OHU He OTJAHMYAIOTCA APYT OT ApPYyra.
OgHaKo MeXJy HUMK MMEIOTCH W CYLIeCTBEHHBIE Pas/IMUYus:

1. Bakyymusie Hacocsl paBoTalOT B IMIMPOKOM AHMAIla3oHe HaBJie-
Hu# BeachBaHUA. [nsa orevectBenHplx JKBH pacuerHbIM sABaserca
peskuM BakyyMma, yrkasauusiii B OCT 26-12-1113-74 [41]. Komupec-
cop MoJsKeH pacCUUTHIBAThCA Ha OIlpe/le/IeHHYIO cTelleHb COKaTHs, IOo-
sromy pacuetHble yciaosusa JKBH u K pasuble. 3ro onpenenser
pasanyHyio GOpMY BCACHIBAIOIIMX M HATHETATENBHBIX OKOH, DA3HLIH
ONTHMATBHBIN Yroj HAKJIOHA pabouyux JIOMATOK, PA3AMYHOE OITH-
MalbHOe KOJUYEeCTBO IMOLBOAUMOM KHAKOCTH U T.H.

2. B JKBH npu n060ii crerneHu COXKATHA HaWGOJBIIUI Nepeman
nasieHuil He npessimaer 1 kr/cm2. ¥V KK nepemasn napnenuil, Bos-
JeHCTBYIOIINH Ha 3JIeMeHThl KOHCTPYKUMH, 3HAYUTENBHC 6ojblle,
MMO3TOMY Y ITPOYHOCTH Y3JI0B KOMIIpeccopa HOoJIKHa ObITh GosbIIel.

3. VBejnYeHNe BaKyyMa IPH IIOCTOAHHOHN o6'beMHOHU MPOM3BO-
IUTEJbHOCTH MPUBOLSUT K CHHIKEHMIO MacCOBON MPOU3BOAUTENLHOCTH.
Bospacranue paGoTHI CKATHUA COIPOBOKARETCA CHH)KEHHEM KOJIH-
YeCcTBa COKMMAEMOro rasa, B peayibTaTe dero momuocts JKBH B mu-
poKOM JMAaIasoHe paboThl OCTAeTCA NMPUMEDPHO MOCTOAHHOH. ¥ KOM-
Ipeccopa JXe Macca CXKHMaeMOro rasa MeHseTci He3HaYUTeNbHO, |
POCT CTENeHM C/KATHUA IIPUBOAUT K Pe3KOMY YBEJHMYEHHIO morpebise-
Mol MomHocTH. IIpM ofMHaKoBON 0O6BEeMHOM IPOHBBOIUTENILHOCTH
mougHocTs geuratens y KK B 1,5-2 pasa Goasine, uem y JKBH.

4. J[laBieHHe Ha BbIXOo/[e BAKYYMHOI'O Hacoca He IIpeBhIIIaeT afT-
MocdiepHoe, u BomooTfAenurtenn JXBH He Bocrnpunumaer mnepenapa
pasiaeaust. ¥ KK Bogoormenurenr HaxoZUTCS 1104 JaBJIeHUEM MU
ICJIKEeH BBINOJHATLCSA B COOTBETCTBUM ¢ TpeboBaHuamu [octexHan-
3opa.

U3 ckasannoro caegyer, uro JKK Moryr mcmosbsoBaThcsi Kak
BaKkyyMmHble Hacockl. OgHarko JKBH mcronesoBaThess Kak KoMIIpecco-
pBI HE MOTYT. -

Bece dKKM mMoryT OvITh HOZpasfAesieHb! HA MAIUNHBI ¢ pagdab-
HBIM M MAaIUKdbl C OCEBBIM IMIOJBOJOM U OTBOZOM C:KMMAEMOTro rasa.
Cxema KKM c¢ oceBbIM HOABOAOM M OTBOZOM rasa IIOKasaHa Ha
puc.1.3, B paso6paHHOM BUIe MalllMHa IIpejcTaBieHa Ha puc.1.2. B
MaluInHe ¢ PaJualbHBIM IOJBOJOM M OTBOJOM ra3a BCACBIBAIOI[He H
HarHeTATeJbHbIE OKHA DAcMo/IoKeHBl B HeNOABI/KHBIX KOHYycax.
Cxema KM c paguanpHeIM rasopacipefie/leHHeM IIOKasaHa Ha
puc.1.4 u 1.5, B paso6panHom BuZe - Ha puc.1.6. Xora npuHOUN pa-
6oTsl B 0beHnx cxeMax 3aJioXKeH oJWH H TOT Ke, MeXIy HUMHU UMEIoT-
cA CYLeCTBeHHbIE PA3INYUA.



Puc.1.3. JKBH npocroro geiicteuss  Puc.1.4. JKBH npocroro peiterBus ¢
C OCEBBIM IIOLBOAOM M OTBOAOM paguaibHLIM [OJBOJAOM M OTBOAOM
rasa ¢ pafyalIbHBIMHU JIOTIATKAMU rasa :

1 - KUAKOCTHOE KOJAbIO; 2 - BTyJAKa 1 BeachiBaoLMii natpy6ok; 2 BCacCh!
pabouero kojeca; 8 - nonaTka paboyero pajpoujee oxHo, 3 - HarseraTes]bHOe OKHO;
Kosjeca; 4 - BaN; 5  BcachIBamlllee OK- 45,6 - ¢saAnyl HArHeTATEJBHOro NaTpyd
HO; 6 HargeTaTeJbHOe OKHO ka; 7 - cIMB BoAbLl M3 Kopnyca

Puc.1.5. Ilpomomsmelii  paspes Puc.1.6. JXBH psoiizoro peiicrus
JKBH peoitnoro aeitcrBus ¢upmbl dupMsl "Nash” ¢ pagunanbHbIM mOX-
"Nash” ¢ paguanbEBIM OZBOAOM ¥ BOJAOM M UTBOJOM rasa
OTBOZOM rasa

Kax yixe oTMeuasoch paHee, XXUAKOCTh B IIpollecce 0OHOBIEHUSH
yXOQUT u3 paboueil mosocTH uepes HarHeTare/bHble OKHa. B MaliuHe
¢ OCeBBIM IOABOJOM M OTBOJOM ra3a OKHa DACIOJNAralTCA B TOpUe-
BLIX CTeHKax-Jo6oBuHaX. IlojoxeHWe BHYTPEHHeH II0BEDPXHOCTH
SKMIKOCTHOTO KOJblla olpefesnseTcad (GOPMOM M pacrojoiKeHHEM Ha-
PY’KHOI KPOMKHM HarHeTaTeJbHOro OKHa. UeMm Hasbllle OHO HAXOLHUT-
cd OT IIEHTpA KOpIyca, TeM TOHbIIe 6yAeT JKUAKOCTHOe KOJIBIO M TeM
Goxblue obbeM Fa3a, KOTOPHI MepeTeKaeT B Ayeiikax pabodero Koje-
ca 43 IIOJIOCTH HArHeTaHUA B MoJOCTb BCachlBaHUA. B aToit cxeMe
06'beM ~MepTBOrO IPOCTPAHCTBA B 3HAUUTELHOH CTeNeHU 3ABHCHUT
OT TOYHOCTU M3TOTOBJIEHUS HArHeTATeJbHBIX OKOH. HesHauuTenbHble
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OTKJIOHEHUA B dopMe M pACIIOJIONKEHWM BepXHeM KPOMKH HarHeTa-
TEJILHBIX OKOH IPHBOAAT K CYILIECTBEHHOMY HM3MEHEHHIO XapaKTepH-
CTMK BaKYYMHOTo Hacoca, ocobeHHC B objacTu GOJBINMX CTeneHeH
[TOBBILIEHUSA HABJIEHUA.

IIpu pagmanrHOM MOLBOJAE M OTBOJE I'A3da HATHETATEJbHBIE OKHA
HAXOASATCA B HENOJBM)KHBIX KOHYCAX, PACIIOJOMKEHHEBIX I0oJ JonarT-
KaMH BHYTpU paboyero KoJjeca M SBJIAIOIIUXCA KaK OBl eTo BTYJIKOH.
IIpy ycTeUeHHUM KUIKOCTH M3 pabodell MoaocTH KHUAKOCTHOE KOJBIO
NepeKphIBaeT HADYKHYK KPOMKY 3THX OKOH. IIpMm HUIMHIDUYECKUX
KOHYCaX B TAKOH cXeMe IlepeTe4KHW rasa yepes  MepTBOE IIPOCTPAH-
¢TBO  BOODIIE OTCYTCTBYIOT.

‘Ecnn e yron HakioHa o6pasywomieil KOHyca JOCTATOYHO BEJIUK,
TO JKUJKOCTH YXOJMT TOJBKO Uepes BePXHIOK 4YacTh HATHETATENLHOTO
OKHA, a HIDKHAA 4acTh KUJKOCTBHIO He IepeKpbiBaerTcs. B aroM ciay-
yae 06'beM “MEPTBOro MPOCTPAHCTBA MEHAeTCA HedHauuTelbHo. Ilo-
3TOMY XapaKTepHMCTUKU BAKYYMHOTO HAcOcA ¢ PagHualbHBIM MOIBOZOM
U OTBOJOM rasa ABJAAKOTCA OoJsiee YCTOHUMBHEIMH II0 OTHOLIEHMIO K
¢opMe u pazMepaM HarHeTATeAbHOTO CKHA.

B opuBepenusix Ha puc.1.3 u
1.4 cxemax BcachlBaHMEe H Ha-
rHeTaHME TIa3a B TedYeHHe OIHOrO
obopora BaJia IPOUCXOZUT OTUH pas.
Ilo aHajoruu ¢ MOPIIHEBBIMHM KOM-
IpeccopaMy, TAKHe MAIlMHBI MOIYT
OBITH HA3BAHBI JKHIKOCTHOKOJIBIIE-
BBIMM MAaUIMHAMHM [POCTOro Jei-
CTBUA.

[y MOBLILIEHUST [IPOKU3IBOAU-
TEJBHOCTH UPHUMEHSIOTCA TaKXKe :
MAalllMHBI ABOMHOTO eHcTBUA, ¥ KO-  Pyc.1.7. Cxema JKBH gsoiixo-
TOPBIX 38 OJUH O0OPOT COBEPIIAIOT-  ro MeHCTBUA:
cA JB& IMKJa BcachlBaHMA M Ha- 1 BeachBaiomue oKHa; 2-na
FHEeTAaHUS (pnc.l.7). Umeroreca Ma- TrHeraTelsHble OKHa, 3,6-ceuenus

o i IIOJIHOTO 3alloJIHEeHUA HYECK paGoqe
IIMHBL [BOMHOTO MEHCTBUA KAK C 1o yoieca soumxoctbio, 4-cevenus
QCE€BBIM ITOABOAOM H OTBOAOM rasa - MaKCHMAJLHOIO 3alloNIHEeHHA fAveeK
dbupmer “Siemens” (puc.1.8), Tak u paGouero koJeca rasov, 5-Kopnyc
¢ pagvaJibHBIM NIOJBOAOM M OTBOJAOM rasa - KaHckoro 3agoma 6ymaro-
JenaTeJbHOT0 obopymoBanua, ¢upmsl Nash™ u gpyrume. B JKKM
JBOMHOTO JelcTBUA Ha OJHOM M TOM JKe INPOCTPAHCTBE HAXOIUTCS
BBOe 6GOJIbIlle OKOH M paccTofAHMe MeXXAy oKHaMu MeHbIle. CooTmer-
CTBEHHO CHUJKAeTCA CONPOTHBIEHUE IlepeTeKaHHIO rasa depez Tople-
BBIe 3a30PBLl M3 IOJOCTH HAUHETSHUA B IIOJIOCTh BcacklBaHuaA. llpu
MalBIX TepellajlaX [aBJIeHUA BIHSHHE DTHUX IlepeTeUeK HeCcYllecTBeH-
HO, HO OpU GOJILIION cTelleH! MOBBIIIEeHUA JaBjJieHUsa UX BIUAHHe Ha
mapaMeTphl MalIMHBI pe3Ko Boapacraer. Pabouee koneco KM
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NBOHHOTC ZeiicTBUA HMMeeT NPpHUMepPHO BABoe GoJiplle JIONATOK LA CO-
XpAHeHHA HeMSMeHHBIM uMcja fA4YeeK, MPUXOJAITUXCA HA CAMH TOJ-
Hbpll pabouuit nues. ToslnuHa JTONMATOK BHIGMpAETCA M3 TEXHOJOTH-
yecKMX coobpaxeHU, U II03TOMY 3arpoMo)kIeHHe pabodero upo-
ctpaHcTRa gonaTkamu y JKKM gBoitHoro meiictBus Gosbine.

Puc.1.8. YXBH ggoiigoro
neficteuss bupmbl Siemens”
C OCeBBIM NOZBOAOM M OTBO-
JOM rasa :

a - paBoyee Koneco; a; - BaJ po-
Topa; b - xopnyc; ¢ - JOGOBUHLI;
¢) - BcacbiBaKll¥e OKHa; Cg -
HarserTaTe/bHble OKHa; d - Bca-
ChLIBAKOIHE M HarHeTalliue
naTpy6bku

B KXKM 25-50% MOIIHOCTH HIeT Ha NpeojoJieHue I'MApaBJIHYe-
CKMX CONPOTHBJIEHMI, BO3HUKAIOUMX NPU JBIVKEHHH *KHIKOCTH. B
MaIliHaX ABOHHOrOC JeficTBUA 3a cyeT 6GoJibllled KPHUBUBHBL Kopllyca
rUJpaRInyecKHe NoTepyd HecKOJIbKO BO3PacTaloT, HO OHM IIPUXOAATCS
Ha yABOEHHOe 4HCjIo pabouux IUKJIOB. I103TOMy OTHOCHUTEelNLHAA Be-
JUYMHA MUAPABINYECKUX [IOTEPh Y HUX 3HAUMTEJbHO MeHbIIe.

Taxum obpasom, npoussogureavHocts KM nBoitHoro neiti-
CTBUS BO3pACTAeT IMOYUTH BABOe IO CPABHEHHUIO C MAIIWHOM NIPOCTOro
gelcTBUS Takux ke rabaputo. Ilpm Majlofl cTemeHM NOBBILIEHUS
JaBJeHUA YOeAbHA MOUIHOCTH Y 3THX MamyH meHblte. OHU addek-
TUBHBI Ipu Bakyyme go 50-70%. Ilpu Gosbiem BaxyyMme HIPOU3BO-
IUTeIBHOCTh [ajlaeT, & yZeJbHas MOIUIHOCTL Pe3Ko BoapacTtaeT. Ilpe-
NeJbHO JOCTMIKUMBIN BAaKyyM Y 3THX MAIIMH MeHbllle, 4eM Y MallWH
IPOCTOTO JeHCTBUA.

Bce paccMOTpeHHBIE 4O CHX IIOP MAUIMHBI ABJIAIOTCS OZHONM-
AuHAPoBeIMH. VX oTiHumTenbHas ocoGeHHOCT: - HAJIHWUMe OZHOTO
pabouero KoJjieca. UMeloTes Tak:Ke M JBYXUWIWHAPOBLIE MAHIUHEI , ¥
KOTOPEHIX [ABa pabouMx KoJjleca U [B& IMJAHHIApPa PacIoJIoXKeHbl Io obe
CTOPOHB!I OCHOBHOTC Kopniyca (puc.1.9). Yepes xopnye, ABasomuics
IJIQaBHOH 4YACTHIO MAIUMHLI ¥ KpenAlIMiica K GyHIaMeHTy, IIPOHU3BO-
OUTCA IOABOJ M OTBOJ CXMMaeMoro rasa. Takaf KOMIIOHOBK& HMeeT
cBou jocrouHcrBa. OHa ofecrneunpaer HOPOCTOTY OCMOTpa BHYT-
PeHHUX 4YacTell MalIWHBI 6e3 CHATHA ee ¢ PyHIaMeHTa M OTcoeJHHe-
HUA TpyOOIpPOBOJOB.

K IBYyXIMJAHHAPOBBIM MoJKeT ObITH OTHECEHA TAK)Ke KOMIIOHOBKA
MAIUMHBI, IpefcTaBieHHod Ha puc.1.10, XoTs OHa ckopee Bcero AB-
JseTcsa ABYXpAAHOH MauinHoi. B Hell Ha oZHOM Bayly HaXOJATCA [Ba
ABYCTOPOHHUX KoOJleca. IlenTpansHplil KOPIYC ABASeTCA OOIIMM AJA
obounx paboyux KoJjec. [|ByXUMAMHIPOBbIE MAIIMHB! IPUMEHAIOTCA B
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Pnc.1.9. IByxumnusgpo- " A 4 4

oIl JXBH npocroro peii-

creus CyMcKoro Mauiu- ! T
HOCTPOUTENBHOTO 3aBOJAA e \} 3
um. Ppyrse (BBH-50) : ?

1,5 - paboune xoJsieca; 2,4 - NS
UMJAKHADPH; 3 - KQpnye; 6 -
BaJd poropa; 7 - yIJOTHAO-
nas  BTyAxka; 8 - KpoH-
wTedH; 9 - nogmKunuEuk; 10 -
yIJIOTHeHHe

552

2 8 746 i i L

TeX CAy4YaAX, KOrja HaJ0 NONYYHTh GOJNBIIYIO NPOM3BOXUTEIHHOCTS,
2 U3TOTOBJEHHUe JeTajiedl COOTBETCTBYIOLUUX DA3MEDPOB IIpPefCTABIAET
6oJIbIIIMe TPYAHOCTH.

Puc.1.10. [Osyxuu-
guBapoBmii  JKBH
dupmel “Siemens”:

a - paboyee Koseco;
b - xopmyc; ¢ - nobo-
BuHa; d - BcacmBalo-
muil ¥ Hargertamomui
naTpy6ku; g€ - YIJIOT-
nAaKUAan BTYJKa;
P - TIPOMeKYTOUYHBIH
Kopnye

KunkocTHoKONMBIEBblEe MALIMHBI MOTYT 6BITH OHO-, ABYX- U
MHorocTyneH4aTsiMH. [IByxcrynenuarste KM (puc. 1.11) nmpume-
HAIOTCA VI co3JaHMa GOoJNBIINX cTelleHeil ckatusa. B ogHocTymeHua-
Tom JKBH wMakcuManbHO [OCTHKHMBIH BaKyyM IpU HyJeBoH

[eogpinsentiantl] S

Puc.1.11. IOsyxcry-
TIeHYaThIi XBH
bupmer "Pepvac”

P 6 ¢ ;
IIPOMBBOAUTENBHOCTH M TeMHepaType NoABoZHMMOI BoAwl 15°C cocras-
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nser 40-80 MM pT.CT., & B ABYXCTyHeHuYaTsIx - 10-15 MM pr.crT.
IByxcrynenuaras MKKM cocTouT us ABYX OTHAENBHBIX CTyIeHeM.
Pa6oune Koseca obeux crylieHe#l oObBIYHO HAXOAATCA Ha OJHOM Baly
M BpAIAlOTCA ¢ OJAMHAKOBOM CKOpocThiO. HuameTphl paGouHX KoJec
MOryT OnITh pasau4HbiMH (cM.puc.1.11), XoTsa dyame Bcero OHH
oqUHaKoBbl. O6beMHAS HMPOU3BOIUTENBHOCT BTOPOII CTYIIEHH 3HAYU-
TejibHO MeHbIIe, yem Meppoil. IlosTomy mIuMpuHa pabGouero KoJjeca
BTOpoHl cTyleHu o6bIYHO yMeHbIlaeTca B jaBa-Tpu pasa. OZHaKO y
aByxcrynenuatsix JKBH manoit mponsBoguTeNbHOCTH MOTYT GBITH U
OJMHAKOBble paboude Kojeca, uTo objerdaeT MX M3roToBjleHMe. ¥
TAKMX MAIINH CTeleHb CXKATUS BTOPOIM CTymeHW HaMHoro 6GoJiblile,
yem y nmeppoit. [Isyxcrymenuarsiit JKBH mosxer 6b1Th mostydeH myTeM
[ocJeqoBaTEeNbHOIO IOAKJOUeHUS [JBYX OLHOCTYIIeHYATHIX MAalIWH
(puc.1.12).

Ouenp ynobuo#l pisa
IBYXCTyIleHuaTol MalllH-
HBl ABJAETCA ABYXIH-
JUHAPOBAA KOMIIOHOBKA.
IIpu Takoil KOMIIOHOBKE
MOKHO IIOJIY4YUTH JU6O
napajjielbHYIO pabory
oboux ILHUIUHAPOB, JH6O
mocjefoBATeIbHOE  CXKa-
te (puc.1.18). MH=oro-
CcTylleHYaTas KOMIIOHOBK&
npumenserca ¥ B K.

a KKM pasauuarorcs
b 3 MexAy coboil Io pacro-
JIOXKEHHUIO BCACBHIBAIONINX U
HArHeTaTeJbHBIX OKOH.
Husa Mamue MaJjoil npo-
M3BOJAUTEJBHOCTH C OCe-
BBIM rasopaclipefesleHueM
XapaKkTepHBIM  ABJsSAeTCA

.’l‘:‘nc.l.12‘ IIBycTyrfenanﬁ“I‘/'f JKBH Hp-
mbr Pepvac”

[N
——d

=TTl

OTBOJ r'a3a. ¥ HUX HarHe-
TaTeJabHbIe u BCACHI-

OLHOCTOPDOHHUU NOABOA U

Puc.1.13. BoamoxxHble cXeMbl NOAKJIIOYEHUSA
meyxuunusapossix MBH:

a- llapanjejapHoOe; 6- nmocnegopaTtesibHOE

BalOUIe OKHa pacloJo-
JKeHbl B OJHOH JIOOOBHHE
{puc.1.14). TaxoBa KOH-
CTPYKIMA BaKyyMHBIX Ha-
coco BBH-0,75, BBH-1,5
M Jp.

Y malmnH cpefHell NMPOoM3BOJMTEJBHOCTH T'a3d MOABOSUTCA € OX-
HOH CTOPOHBI, & OTBOJMTCA - C APYroil. JTO CylIeCTBEeHHO YIIpOIaeT
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KOHCTPYKIHMIO JIOGOBMH, TaK KAaK BHYTPHM KaKAOHM M3 HUX UMeeTcs
ToJIbKO OAHA mHoxocth (puc.1.15). ¥V Mmamwun 6Goabuicit npomssoau-
TeJBPHOCTH JUIMHA pabouero Kojeca BeJMKa M 1A HPOXOLA CHKM-
MaeMOTo rad3a HeO6X0AMMO MAKCHMAJILHO BO3MOXKHOE PACKPHITHE Bea-
cpIBAIOLIMX H HATHETATENbHBIX OKOH. ¥ TAKUX MAIIMH BCACHIBAIONIHE
u HarHeTaTeJbHbIe OKHA PACIIOJAralTCA Ha KasKJOW TOPLEBOH CTeH-
Ke“(cM.pnc.lu.fZ). Beo6ute e pasrpaHMueHMe MesXIy MAIIMHAMM Ma-
n10#, CPefiHel 1 GOJBIION  ITIPOMBBOAUTENBHOCTH 110 PACIIOIOKEHHIO
OKOH He fBJAEeTCA coBep-
meHHO  OMpefeIeHHBIM.
PasnuuHbie GUPMBI Hoj-
XOAAT K PpelleHuIo 3Toro
pollpoca IMo-pasHoOMy, HO
yKasaHHad TeHJeHUUs
uMeeTcH.

Ipu pazualbLHOM
ra3opacupejeseH N  Ma-
IIMHBEL MaJIOH NPOU3BOLH-
TEJBbHOCTH TaKKe MMEeIOT
OJHOCTOPOHHHUH IOABOJA U
oTBOA rasa. B rakux
JKBH Toarko oguH Hemo-

Puc.1.14. Koncomsruit JBH wmanoit mpo-
U3BOLUTENILHOCT C OZHOCTODOHHUM TIa3o-

,(u:::{lmilgi) KOPNYC  pacnpegenenuem ¢upMel “Friedrichsfeld”
1 . i -
: N s
8\ -
YL g 2
: &\ % -
. @ = § © | L2 4

— !

Puc.1.15. JXBH npocroro gettctsus (BBH-3) Beccororckos

ro KOMIIPECCOPHOTO 38BOJA ¢ ABYXCTOPDOHHUM MOJBOLOM MU
OTBOJOM rasa

Pabouee roseco ssnmerca ocuoBHO#l neransio JKKM. OT ero
KROHCTPYKUMKN M OTJINYMUTEJbHBIX YepPT B 3HAYMTENLHOHM CTENeHM 3a-
BHCAT XapaKTePUCTHKY BaKyyMHOro Hacoca B Kommpeccopa. Tak e,
KaK y UPHTPOGEKHBIX HACOCOB UM KOMIPECCOPOB, paboyne KoJjeca
JKBH MOTYT GBITH OTKPBITBIMH, [IOJYOTKPHITHIMU M 32KPHITHIMH.



Puc.1.16. ITogeransras cxema JKBH xeoiinoro meftcTeusa pupMH Neyrpic
¢ OfHOCTOPOHHYM Y ABYCTOPOHHUM rasopacupejiesieHreM

B oTeueCTBEeHHBIX MallMHAX OTKPBITEIe C 06eMX CTOPOH JONATKH
BCTPEYAIOTCA TOJAbKO B MalIMHAX MAJIOH I POU3BOANTEIBHOCTH
(BBH-0,75). B3 sapy6esxkHBIX QUPM OTKDBITHIE paboune KoJieca IpH-
mensioT pupmsl “Pepvac”, "Sihi”, "Hibon" (puc.1.17) u ap. 3axpsi-
rhIe paboune Kojeca, HMeKIHe TNCKH ¢ 06OMX TOPIOB, NPUMEHAIOT-

ca B JKKM c pasuajbHBIM IIOJBOJOM U OTBOJIOM rasa (cm.puc.1.6 n
1.16). TexHodorms HBTo-

ToBJeHHA TAKHX pabouux
KoJiec CJOJKHee, TaK KaK
3HAYMTENbHO TpYAHee IMpo-
uagecTH obpaboTky MOBEpX-
HocTeil sonatok. Yaine
Bcero OHM Boobmle He obpa-
f6aTeIBalOTCA Mocjie JHUThA.
OCHOBHBIM HasHadyeHUeM
BcIIOMoOraTeJbHbIX  AHCKOB
ABJIAETCA YIpoUYeHHUe JIoIa-
TOK, TOCKOJbKY IIpH Dajiy-
aJbHOM MOABOJE KHIAKOCTH
KOHCOJIbHOEe KpeIleHHe JIo-

Puc.1.17. 3XBH ¢upmu "Hibon" ¢ orkpst- naToK OKa3blBaeTca HeJo-
THIM pabounm KoJlecoM cratoudeiM. Kpome Toro, y

MAIMH C 3aKPBITHIM pabouNM KoJIecOM OTCYTCTBYIOT MepeTedKy rasa
M3 ofHoR AuefiKkM B APYIYI0 Ueped TopUeBble 3adopbl. ITO cnocob-
cTByeT yBeaudenmio adpdexrusroctn JKBH.

o
o

OTkpeITHIe padodme Kojeca NPUMEHSIOTCA HNPU OCEBOM IIOABOIE
¥ OTBOJIE rasda B MaIllMHaXx MaJod nmpousBogurteabHoctu (BBH-1,5) u
np¥ SBYXLMJIMHIPoBOH KommnoHoBKe (cm.puc.l.9). Kax npasmio, y
TaKUX paboduMxX KoJiec JIOMATKH cO CBOBGOJHOIO KOHIA COeqUHAITCH
KOJIBLIOM HeGOoJIBIIOro cedeHWUA [JI NPHUAAHUA MM JOIOJHHTEeNbHOH
JKeCTKOCTH M NIPOoYHOCTH. ECTECTBEHHO, YTO MAIIMHBI C MOJYOTKPHI-
ThIM pabouuM KojecoM MMerT oJHOCTODOHHUM MOABOX M OTBOJ rasa.
OHAKO Yallle Bcero INPMMEHSIOTCA [BYCTOPOHHMe pabouHe Kojeca, y
KOTOPBIX OCHOBHOM IHMCK HaXofuTcA mnocepefguHe (cM.pwc.1.2 u 1.6).
Taxkue paboume KoJieca UIMPOKO pacHpocTpaHeHbl y MAIIMH KakK ¢
OCeBBIM, TaK M C paJuaJbHBIM radopacnpejgeiieHHeM. B oTanuue oT
HeHTPOOEXXHBIX HACOCOB W KOMIIPeccopoB pabouuil mponecc B Kax ol
MoJIOCTH JBYCTOpOHHero paboueroc KoJieca ABAAETCA U30JHPOBAHHBIM.'
B sToM cMBIcie MalllMHBLI ¢ ABYCTOPOHHHM paboUMM KOJEeCOM O4YeHb
OIM3KHM K ABYXUMJIHHAPoOBO#l KoMmnoHoBke. 1A obenx paboumx Imo-
jocTefl oBMIUM ABNAETCA TOJABKO JXKMIKOCTHOE KOJbIO. B HEKOTOPHIX
KOHCTPYKIUAX OHO TaKiKe pasfeiisieTcsa NeperopofKoil, KoTopad Xo-
polIo BHMJHa Ha puc.1.6 B Kopunyce MaIuuHBI. 3a30p MeXAY AMCKOM
paboyero Kojeca M 3Toil meperopogxoit paped 1-3 Mmm. Takas Mauu-
Ha B KaXJoll NoJIOCTH MOKeT MMeTh pa3MH4HbIM paboumit mpouecc,
HAIIpUMeD, BBITH JBYXCTyMEHYATOMN. i

Jlomatku paGouero Kojeca MoryT 6bITe Jub0 pagHaIbHBIMU
(cM.puc.1.3), 1mbo xpuposnHennsiMu (cm.puc.1.1 u 1.4). Uccreno-
BaHUA IoKa3ajM, YTO KPHUBOJMHEHHBle JONATKH, 3arHyThle Mo Ha-
NpaBlIeHUIO BpalleHWs, AoJKHbI obecneunBaTh 6osiee Bhicoxkuit KIII]
mamuHel [88]. Paboume Kojeca MalmiuH ¢ pajMaibHBEIM IOABOAOM M
OTBOJOM rasa HMel0T, KaK IPABNIO, KPUBoOJIUHENHbIe JONAaTKH.

Eme onHo#t xapaxkrepHoit ocobenuocThio pabounmx Koaec JKKM
ABNAETCA HAKJIOH BTYJKHM y MAIUMH C OCEBHIM rasopacrnpeleieHHeM
(HaKIOH KOHYCOB y MalllMH ¢ PaJiMaTbHBIM IMOJBOLOM H OTBOJOM ra-
3a). Y OTKPBITHIX pabo4YHX KoOJIEC B OCHOBHOM LMIMHJpHYeCKHe
BTyaKH. HeGoabioifi yrosm HaxJoHa y HUX MOMKeT cCyIeCTBOBATHL
TOJIBKO U3 cooOpameHuil TeXHOJOTHYEeCKOH le/1ecoo6pasHoCTH
(nanpuMep, JUTeHHDBIH YKI0H). Y MOJYOTKPBITHIX M ABYCTOPOHHMX
pabounx KoJiec yros HaKJIOHA BTYJKH ONpefeisieTca U3 KOHCTPYK-
THUBHBIX COOOPaKeHu.

Hunnuppuueckas BTynka obecmednBaeT Goanuinil o6beM AYeeK
pabouero Kojeca, YTo JOJKHO COOTBETCTBOBaTH GoJjibliei MPOH3BOJU-
TenpHOCTH. OHAKO NpPHM HEZOCTATOYHO TOYHOM PACIOJOKEHUH BCa-
ChIBAIOIINX ¥ HarHeTaTeJbHBIX OKOH 0o6pasylolleecs ' MepTBoe IIpO-
CTPAHCTBO TakKe HMMeeT Gonpmuil o6beM, B pe3ybTaTe Uero Pe3Ko
CHII)KAETCHA NMPOM3BOJUTENBHOCThL. ¥ HACOCOB ¢ KOHMYECKOW BTYJIKON
0bbeM sdeek pabouero xKoJjieca MeHbIlle, HO IPH CMEI[EeHHH OKOH 00b-
emM “MepTBolo NpocTpaHCTBA TaK)Xe HAMHOro MeHbile. IloaTroMmy
MamMHB ¢ KOHWYECKOH BTYJKOIl pabodero koJieca NOJKHBI HUMETH



XapaKTepPHCTHKH, OGosiee YCTOMUMBEIE IO OTHOUIIEHMIO K ITPOMBBO[I-
CTBEHHBIM OTKJIOHCHUAM.

Y MamuH ¢ paguaJbHBIM IIOABOAOM M OTBOJOM Tra3a yros Ha-
KJoHa ofpasyoileil KOHYCOB onpefiefiieTcs He TOJBLKO JKeJaHueM
[IOJIYYNTH OMTUMAJBHBIE XAPAKTEPUCTUKHU. 3a30p MeXIy BHyTpPeHHeH
TOPIeBOIl MOBEPXHOCTHIO JIOMATOK KM KOHycaMu JocraTodHo maJ. IIpu
momajaHUM B MalllMHy BMeCTEe ¢ Ia3oM NBLLIH, IeCKa H T.II. HPOHUCXOo-
IHUT U3HOC JIOMATOK U KOHYCOB, a YBeJWYeHHe 3a30pa IPUBOAUT K po-
CTy IepeTedyeK M YMEHBIIEHUIO TPOM3BOJUTEIbHOCTH BaKYYMHOI'O Ha-
coca. 3a30p MoXeT GBITH BOCCTAHOBJEH YMEHBIIIeHWeM TOJIHHEI
IPOKJAAOK MeJXAY TOPUEBHIMM KPBILIKAMHM U KODOYCOM M COOTBET-
CTBYIOIMM CMeIlleENeM KOHycoB. [loaToMy MaUIWHBI C PaguaJbHBIM
HOJBOJOM M OTBOJIOM rasa UMeKT JOCTATOYHO OoJbINoH yros HaKJo-
Ha obpasyomeil - 7-10°. ®upma "Neyrpic’ B MaminHax ¢ pajguaib-
HBIM TOABOAOM Jobuiack Hambojnee Bricokux KIIJ[, mo-smaumomy,
OPHUMEHUB LWIMHIPDHYeCcKHe KoHychl. OfHaKo ISKcIIyaTalMOHHBIe
XapPaKTePUCTUKHM MAINUH IIDK 9TOM yXYALIAKOTCH.

3ameHa pabodeit muaxoctn B KM apasgeTcs ogHMM M3 Heob-
XOAMMEBIX ycaoBuil mx pabortei. Hanbosee wacTo B kayecTBe paboueit
SKHAKOCTH HMCHOJB3YEeTcH BOJa, II0ITOMY €MKOCTh, B KOTOPOM NpPOHC-
XOAWUT OTAeJIeHHe ra3a oT JKUIKOCTH, Ha3bIBAETCA BOJOOTAEIHUTENEM.

B Hacocax MaJoit ¥ cpefHeil MPON3BOAUTENBHOCTH PACXO[] BOMBI
HeBeJHK. OHa NPOXOAUT Yepes BaKYYMHBIH Hacoc, BMecTe C Ia3om
nocTtynaeT B BojooTAeaurteas (puc.1.18) u oTTyma cineaerca B KaHa-

. Ainzanuio. B Gorpmnx MammHax pacxofi BoAbI HOBOJBbHO 3HAYMTENEH.
Hanpumep, BakyyMHBIi Hacoc PC 600/750 ¢upmer “Burckhardt”,
HMMeIOIMi NpoudBogUTeNbHOCTS OKoso 50 M3/Mur (npu 70%-HoMm
BaKyyMe), norpebaser 20 m3/u Boasl. Taxo#t SHauMTeNbHBIA pacxon
BOJBI 10 CTOMMOCTH COMOCTABUM CO CTOUMOCTBHIO 3JI€KTPOIHEPIHUH.

Puc.1.18. Cxema ycraHOB-
KU C pelupKyjsuuei pabo-
Yel KUJKOCTH:

1 - JXKM; 2- sojooTaenuTens;
3- Hacoc; 4- XOJIORMNBLHHUK; 5-
BOJOMEpHOE CTeKIIO

IlosToMy y MalIuH 60JblIoH NPOU3BOAUTEIBHOCTH NMPUMEHAETCS
YACTUYHAA DPelMPKYJANMS - I[OBTOPHOEe HCHOJB30BaHWe pabodeii
sKupaxocTd. CymecTBYIOT TaKHMe cXeMbl, B KOTODHIX HIpegyCMATpHU-
BaeTcs MoJIHad peUMpKyasuus paboueil XUAKocTH. OHY NPUMEHS
I0TCcA, ®CJAM B KayecTBe paboueil KM KOCTH HCIOJB3yeTCA CepHaf
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gyucjaoTa M T.I. B stom caydae HeoOXoAMMOIl YACTBIO CX€MEl ABJAET-
csi XOJIONUIBHMK, Yepe3 KOTODhlil pabouas JXKUAKOCTb NMPOXOAUT Ile-
pex nopadeit B Mamngy. O6siuno B BH pabouan XUJKOCTh HArpe-
paetca Ha 5-10°C. B xoMmpeccope MOMHO AONYCTHTE OoibLuMil mMogo-
TpeB.

Tlogeon paboueil KUAKOCTM B MAIINHY [POMSBOJAUTCA pa3auy-
gpIMH crocobamu. Yamie Bcero oHa mocTymaeT B CaJbHHUKOBbIE
yIJIOTHEHHMA ¥ 3aTeM BJOJb Bajda - B TopueBble 3a3opnl. IIpu arom
CaMBbHUKHY VILTOTHSIOTCA M CMa3bIBAIOTcs pabodeit skuakocThio. Ilpu
HOPMAaTBHOH paGoTe oHa BBIXOJUT dYepe3d CAJIBHWKM OTAeJbHBIMH
KaNAaMM AU ciaboit crpyiikoil. Pabouas KHAKoCTH YILIOTHAET TOD-
neBble 3a30DBI, MPefOTRpAIAd MepeTeKaHWe rasa M3 MOJOCTH HarHe-
TaHWA B NOJIQCTH BcachlBaHWA. B pafe MammH paboyad KHAKOCTH
nocTyllaeT Bo BCACBIBAIOIIMU maTpybok. Takasd cxeMa NpUMeHAETCH
Ha MalllMHax MaJloll mpoM3BogureiabHocTn BBH-0,75. W, HakoHen,
OHA& MOJKET IOCTYIIATh HeloCPeACTBEHHO BO BCACHIBAICINYIO MOJIOCTh.

Hocrmwxnmelit B ZJKBH BakyyMm orpaHudmeaerca AaBjeHHEeM Ha-
CBHIIIEHHEIX TADOB NpM TemnepaType pabouedt skupkoctu. Ilpu rem-
neparype 15°C pasjieHMe HacCHIIIeHHBIX IIAaPOB BOJLl NPHUMEPHO
18 MM pr.cT. Ilpn aToM faBieHUM BoJa 3aKHIaeT, M IMIPOU3BOJUTE/b-
nocts JKBH mapaer go myna. /Ina morydyeHus BaKyyMma ¢ JaBJeHH-
eM, MEHbLIUMM JaBJeHHSA HachlIleHHBIX NapoB, B KAaYeCTBe IE€PBBHIX
crynerneit JKBH npumMeHsOT mpeABKJIOYEHHBIEe BO3AYLIHbLIE 3)KEKTO-
pBI.

B KK gna monydyeHuMs BRICOKOI cTelmeHM ciXKaTHA HeobXoguMma
GosipIIAA OKPYXHAafd CKOpPOcTh pabodero Kojeca. JKOHOMHMYECKH ITO
HEeBBITOJHO, TaK KAK IPUBOJUT K DPE3KOMY POCTY THAPaBINYECKMX
[IOTEePh.

CylecTBeHHoe CHWIKeHUe — bpossomuuies
3THX I[OTepb JOCTUIrAETCHA B
KK c Bpamammumecs Kopny-

com (puc.1.19), korga B Heno- y \]
ABM)KHOM Kopllyce BpallaeTrcs W - ?%

w | w
NOJNBIA LUMJIMHAD, & BHYTPM He- 2 Yoy b 22
ro - paboymit potop. Yucio
060poTOB LMJIMHADA M pOTOpa == .
MOsKeT OBITh OJUHAKOBBIM, HO e
MOJKeT ¥ HecKOJbKO pasju-

YaThCA. ITo 3aBHCUT OT NpU-
Tolt KHHeMaTmueckoil cxe- Puc.1.19. KM ¢ Bpamamomumesa
I KOpIIyCOM

Cremens MOBBLINIEHUs [aBJeHUA B TAKOM KoMIIpeccope 3Ha4YH-
JIBHO BBIINE, YeM B TOPIIHEBOM, TaK KaK HeENOCPeJCTBeHHBIH KOH-
KT CXXMMaeMoTo rasa ¢ >KIJKOCTBIO cosfaeT 3d¢eKTURHBIN TeIlo-

. "BOJ, & OTCYTCTBHe macja B paGoueil MOJOCTH yCTPAH;ET ONACHOCTD



B3pbIBAa B Ipollecce CXKaTHA. B oaHoit cTymeHHM KomIpeccopa C Bpa-
[AIOI[UMCS KOPIYCOM AOCTHUIHYTa CTeNeHb [OBBIIIIEHUsS JABIECHUA,
paBHas 7. Ho u oHa He ABJIAETCA mpefeioMm. HegocraTkoMm noJOBHBIX
"KBH sBnseTcs CJIOXKHOCTh KOHCTPYKIHUM, [IO3TOMY IpAKTHYECKOT0
NpUMeHeHHs OHY He ITOJIYYHIIH.

MarTepuanbl, U3 KOTODBIX umarorapamBaorca KM, B 3HA4YH-
TenbHONR CTEMeHN 3aBHCAT OT POfa HepeKaduBaeMoro rasa. s me-
pekayuBaHMA Bo3AyXa M JAPYruX MHEPTHBIX rasoB NPHMEHAITCA
06 BIYHO KOHCTPYKIIMOHHEIE MaTepHassl - YyryH U CTAJb. Bo MHorux
IpPOM3BOJACTBAX BMeCTe C OTKAYMBAEMBIM rasom B JKBH momapawor B
KameJbHOM ¥ NapooOpasHOM COCTOSHHM XUMMHECKHE BellieCTBa, KO-
Topble MOTYT IIPHBECTH K GBICTPOl KOPPO3UH M PaspyILeHHIO neTaneil
MamuHbl. g mpeJoTBpAINeHMA 9TOro AeTasll KBH wusrorasH-
BAIOTCA M3 KOPPO3MOHHOCTOMKHUX MaTepnanon.}TaK, paboune KoJjeca
JKBH, BbimyckaeMblx KaHcKuM 3aBOJIOM, M3TOTOBJIEHH U3 OPOHBHI,
BeccoHoBCKUM KOMIPECCOPHBIM 3aBOJ BBINMYCKaeT KBH us HepxKa-
petonieil cranu, pAx GUpPM HITOTABINBAET nerann JKKM us TuraHa.
B HeKOTOPBIX c/Iy4adX MPOTOYHAS YACTH MALIMHEL [MOKPHIBAETCA CHH-
reTHUeCKUMH ILICHKAMU - MOANATUIeHOM, GaoauToM H T.A.

Ha ocHOBaHMM BHIIIeM3JIOKeHHOTro IpeiaraeTci KaaccupUKa-
MMA KOHCTPYKUMI *KHIKOCTHOKOJIBLEBEIX MAIINH, npuBe/leHHAA B
rabm.1.1.

1.4. TexHUuKO-3KOHOMUYUCCKUE napaMempbl HUOKOCMHOKOLbYEBbLY
MQULUH, BbINYCKAeMbLX 3apYOercHblMU QupMarU

B panHOM pasjiejte paccMaTpHBaloTCA HKEM sapyGexchk hupM.
HcTounnKkoM MHGOPMALIMH ABIATCA TPOCHEKTHI 3THX ¢dupM, KOTO-
phble 3a [OCJNeJHMEe TOJBI yAAIOCH co6paTs U MPOAHATUZNPOBATE. Ko-
He4Ho, 3To [JaJIeKo He HOJTHBIH IepedeHb (GHUPM, BBINYCKAIOIAX
KKM, HexoTophle AaHHbIe, BOZMOXHO, ycrapenu. [lo umeromumes y
Hac CBeleHHUAM, HEKOTopble (PUPMBI CMEHHIH HasBaHHe WIN IIPeKpa-
THJIM cBoe cymiecTBoBanne. Ham Takixe NBECTHEL HEeKOoTOphle Apyrue
¢bupMbl, TPONSBOAAIINE YKKM, HO MX IpocHeKTaMH MBI He pacroja-
raem. OnHaKo MBI CUUTaeM HeoBXOMMMBIM NPeJCTABUTh UMeEIoLHec
y Hac MaTepHalbl B TOM BHJe, B KAKOM OHM [aHbl B NpocIeKTax
(ecnmu MMelOTCA TPOCIHEKTHI 3a pasHble rofbl, TO IDPEACTABIAIOTCA
[aHHBIe IO IOCTeJHUM). D Matepuajbl WIJIIOCTPUPYIOT Ppacipo-
crpaHenHocts JKKM, auamasoHsl IIPOM3BOJUTEIBHOCTH, CO3A8-
BaeMOro BAKYYMA y HACOCOB ¥ [aBjeHUA HATHETaHHA Yy KOMIIpecco
pOB, TexHNUYeCKUil yPOBEHb MalINH pasANYHBIX GUPM H AP.

Pasnuunple (GUPMbl HEOJHO3HAUHO MPEACTARJIAIOT napameTps!
MalllMH, I03TOMY HaMH IIpoBe/leH COIOCTABUMBII aHANME STUX Hapa-
METpOB ¢ TeM, 4TOOBl MOKHO fplJIo CPABHUBATL MEXAY cobo Ma-
MIMHBI pasAMYHBIX QUPM.

Texanueckuil ypoBeHs JKKM onpefensgeTcs IelbIM KOMIIJIeKcOM

Tabauna 1.1

[ Onpege sAOIUI TapaMeTp Tune MaAamMUH
1. HauanbHoe U KOHeuHoe paBie- | Bakyymuble Hacochl

HMe CIKUMaeMoro rasa T'asogyBku
Komnpeccopul

1I. KoHCTpyKTUBHasA cXeMa C paguaibnHBIM IIOLBOJOM M OTBO-
oM rasa
C oceBLIM IIOZBOJOM M OTBOAOM

| rasa

II1. Yucno cTymeHeil cxKaTUA OzxuocTyneHYaTble
JIByXcrynenyarnie
BaxyyMHble HACOCEI ¢ BO3LYUIHBIM
33KeKTOPOM

IV. Ypeno nukios 3a oguH obo- | IIpocroro gedtcTBus

poT IBsoitHoro geiicTBUA

V. Yucno pabouux moJocTeit OxHONMINHADPOBEIE
JByX1uIMHIpOBhIe

VI. Pacnonoxenue Beachl- | OTHOCTOPOHHMM ITOABOJ, M OTBOJ

BAOIIUX WU HarHeTaTeJbHBIX | rasa

OKOH JBycTOpOHHUN IOJBOX M  OTBOK
rasa

VII. KoHcrpyxuus
KoJjeca
a) KperjleHue JIONAaTOK

pabouero

C oTKpBITBIM PA6OYUM KOJIECOM

C IONMYOTKpPBITHIM DpabouyuM KoJe-

coM

C 3axpbITHIM paboyum KoJjecoM

C IByCTOPOHHUM pabouuM KO0JIeCOM

C npAMBIMM JONATKaAMM, B TOM

yucjie ¥ ¢ PAZUAIbLHBIMMI

C KpUBOJIMHENHBIMU JIOTTATKAMU

B) dopma BTyaxu pabodero xoie- | G LM HIPUIECKON BTYIKON

ca ) C KOHMYECKOH BTYJIKOI

VIII. Kunemaruyeckas cxeMa C HeIloABUIKHBIM KOPITycoM

C ppalmammuMcs KOPIycoM

C OZHOKPATHLIM MCIOJL30BAHUEM

KUTKOCTH

C yacTUYHOI peLpKyadlMen

C noaso# pelMpPKyAALMe

X. Pox mnepexauusaemoro rasa |3 KOHCTPYKIMOHHBIX MAaTepHasoB

(MaTepnanel ocHOBHEIX feraieit ) | Fs 6poHsE!

W3 "eprxaseromeil cTanu

W3 turana

[ C BHYTpeHHUM
HIOKPBITHEM

napaMerpoB. CpelH HMX OCHOBHBIM ABJIAETCA COBEPIIEHCTBO IIPOLEC-

ca CHKATHA, KOTOpoe Y BAKYYMHBIX HACOCOB XapaKTepuayeTrcsa yAe.b-

6) dopma momnaTox

IX. ITogaya paBoden KUAKOCTHU

CHUHTeTHYeCKUM




HOM MOIIHOCTHIO, T.€. MOIIHOCTHIO, HeoBxoAuMoOM IJs CXATUA elu-
Humpl o6beMa raza , 8 Y KOMIPECCOPOE - K03 dHULMEeHTOM HOJIEe3HOT0
neitcTBUA, T.e. OTHOIIEHHEM MOIHOCTH B njeaJbHOM LHMKJE K 3aTpa-
yenHoit. Tak Kaxk ras 1py CXaTHH B KKM mpaxTHduecKH He Harpe-
BaeTcs, LeecoobpadHo HCIOJIb30BATh nsotepmuaeckuii KIITL.

PaboTa cokaTMs OJHOTO KMJorpamMma rasa B H30TEePMHYECKOM

LUKJIEe

A, = RT, -ln(Qpij , Iiow/xr.

P

HNzorepmuuecknii KIIJI onpeneaaeTcs ypaBHeHHEM :

RT, ln(&) -Qp
— Aust _ pl
"o = N.60 N-60

Mesxny H30TEPMHYECKHM KIIJIT u yAenpHON MOIHOCTBIO CY-
I{ecTByeT ofHO3HAYHOE B3aWMHOe cooterctaune. Jaa JKBH ono mpn-
pegero Ha puc.1.20.

YK HIKOCTHOKOMBIEBEIe MALIMHBl U3rOTOBIAIOTCA ¢upmamu 6o-
nee uem 15 crpaH. X TexHHUYecKHe XapaKTepUCTUKH IpPeACTaBIeHbI
B Ta6u.1.2.

OcHOBHOE KOHCTPYKTHBHOe pasjHvHe SKUIKOCTHOKOJIBIEBBIX
MaIIMH OIpefeisdercd CXeMoi rasopacnpeneienns. HaubGojee pac-
fpocTpaHeHHOH ABJIAETCA cXeMa C OCeBBIM IIOJBOJOM M OTBOIOM Ta-
aa. Tax, ua 35 3apyOesKHBIX (QUPM, paccMOTPeHHBIX B JIAHHOM pas-
nene, u 7 3aBOJIOB CHT, BRImyCKAaIOUIXX KM, nums 8 IpousBOJAT
MAIIMHEl ¢ PaZHAJbHBIM rasopacrnpeieleHieM. dupMbl, crelnain-
3upylolUMecs Ha BBIIYCKe MalliH olIpejleJIeHHON CXeMbl, MalIMH
Apyroit cxembl He ITPOMSBOAAT, 34 uekJoueHueM  GUPMBI
"Awamura’ .

CpaBHeHHe TeXHHKO-OKOHOMHYECKIX noKasareaeili MalllHH C
PasAUYHBIMHA cxeMaMil TasopaclpefieleHUs He I[O3BOJAET CHEIATH
BBIBOJ O IpeuMylecTBe kakoit-nnbo oxHok u3 Hux. Doiee mogpobHO
3TOT BOIIPOC PaccMaTPHBAETCA B IIABE 4.

YK HUOKOCTHOKOJIBIEBble MALINHBI BBIMIYCKAKOTCA IIpocTOro M
IBOIHOTO AeHiCTBUA C PASHBIM YHCJIOM pabounx IMKJOB 3a OAMH 060-
poT poTopa. BakyyMHBIe HACOCHL IBoiHOTO AeHCTBUA cefiyac NTpOU3-
BogATCA B OPAaHMYEHHOM KOJHMYECTBe, & MPOU3BOJCTBO BAKYYMHBIX
HACOCOB IpPOCTOro AeHCTBUA YBEJNUEHO, HTO obycloBJIeHO Tpexje
BCEro cIoCoBHOCTRK) IOCJeJHMX co3[aBaTh Gojiee TIYOOKMHA BaKyYM.
Tax, 60JBIIMHCTBO OFHOCTYyIEHUATHIX BaKyyMHEIX HACOCOB IIPOCTOrO
geficTBUA BeAyIIUX (GHPM COXpaHAeT OTKAUMBAIONIYIO CHOCOBHOCTE
npu 4-5 kIla, a BaKkyyMHBIe HACOCHI nBoiHOro NeHCTBUA MMEIOT Ipe-
IelbHOE JaBleHHe BCACBHIBAHUA OKOJO 15 xIla. Mamuusl ABOIHOIO
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jeficTBHA, paGoTamue B KauecTBe KOMIPECCOPOB, PaclpoCTPaHEH:!
GoJlee NIMPOKO B CBA3W C TeM, YTO BAT MAIIMHBI IPH TAKOH cxeme
pasrpy xer. Kpome Toro, y KoMIpeccopoB, HMeEIHX HeBoNlpIIKE OT-
HOIIEH!1A JABJEHUi, NMepeTeuyKH dYeped MepTBoe NMPOCTPAHCTBO He
cTOJIb CYIECTBEHHO CKA3BIBAIOTCA Ha MX 3(deKTHBHOCTH IO CpaBHe-
HUIO C BAKYYMHBIMYM HACOCAMH.

Tabauna 1.2
BakyyMHBIE Kommpeccopsl
HACOChI
Crpana dupma Ipouaso- | Jaenenue | Ilpousso- | Hasnenue
aUTeNb- BCachl- JAuTelNb- HarHerTa-
HOCTb, BaHUA, HOCTD, wus, MIla
B i _ m3 /Mun xIla m3/Mun
CIIA Nash 0,20-380| 10-100 | 0,76-282 0,13-0,88
2.0-100* | 1,5-10% | - S
"Sullair” 0,42- 28 | 14-100 - -
Fepmanusa | "Siemens” 0,30-260| 3,3-100 | 0,50-240 0,12-0,65
o 0,12.80*{ 1,0- 10* - -
"Slhl ) 0,05.178| 8,8-100 | 0,05-170} 0,12-0,30
Wedag 1,00-150| 4,0-100 | 2,50-145{ 0,12-0,30
. ) 1,5- 61* | 8,8- 10* - .
"Aerzen . 0,80-175| 4,0-100 :1,30-140{ 0,10-0,15
“Grassg'l 3,00- 63| 4,0-100 2,5 - 64 | 0,10-0,25
"Levac 4,30- 16 | 4,0-100 - -
fF;I(’lifdrichs- 1,00- 18 | 20,0- 60 | 0,8 - 10 ; 0,12-0,30
e
:Hesse" 0,26- 50 | 8,3- 16 | 17,0- 50 { 0,10-0,38
Beauxo- "Alley" 0,32- 61 | 8,3-100 | 0,22- 50 ' 0,12-0,31
6puramus | "Pepvac” 0.28-62 | 3.3-100 | 0,19- 50 | 0,12-0,30
o 0,2 -14* | 0,7-4,0% ] S
Hick 2,80 -62 | 8,7-100 , 1,40-50 0,12-
. 0,205
Hargreaves | 2,50 -35 | 1,1-4,0 - -
"Sisson” 1,10 -41 {13,0-100 - i -
Dpavuus :Neyrpic" 0,95-438 | 1,3-100 0,90-456 | 0,10-0,40
"Hibon" 1,28-133| 4,0- 80 - -
Baudot 0,14- 62 | 8,8-100 | 0,23-2,8 | 0,11-0,30
Hardoll” | 0,40- 5% | 2,5-10% i o
Agctpus :Voith" 2,10-140{ 20,0-100 - -
_ Ochsner” 0,25-140| 38,3-100 | 0,25- 70 | 0,10-0,50
I sefina- ::Bur!{hardt" 0,30- 13 | 4,0-100 | 0,30- 13| 0,10-0,60
us Bell” 2,50-183 | 8,0-100 | 2,50-167; 0,10-0,50
* C npuMeHeHHeM BO3AYLIHOT'O 3)KEKTOpa.
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Oxonuanue Tabauipl 1.2

Baxkyymusble Komnpeccops!
HacoCHI
Crpana dupma TIpousso- | laBneHue TIpousso- | [dasneHue
AuTeJb- BCACHI- IUTelb- HarHeTa-
HOCTb, BaHMNA, HOCTbD, aua, MIla
M3 /MUH x[la m3/Mun
Uranns "Bosco” 0,95.145| 1,3-100 | 0,90-190 | 0,10-0,40
"Robuschi” | 0,20- 50| 8,3-100 - -
) | "Simaco” 0,07- 50 | 3,8- 20 - -
ITseuna "Electro- 0,21-7,2 | 5,0-100 - -
skandia”
Besbrus “Ensival” 0,75- 90 | 5,0-100 - -
Anonns "Unozawa” 0,19-150 | 20,0-100

"Awamura” | 0,5-270 | 4,0-100 | 0,50-150| 0,11-0,80
1,0-22% 1,6-10% | -

‘ 0,80- 33 | 0,10-0,45

HUupus "SLM- 0,83- 33 -
Maneklal” X
Ciopaxkmua | Sigma” 1,00- 60 | 4,0-100 | 3,00- 27 0,10-0,15
Benrpusa "Deger” 1,00- 56 | 8,0-100 1,00- 56 0,10-0,16
Honsma "Polimex- 11,0- 28 | 10,0- 60 13.0- 29 | 0,10-0,19
Cekop”™
“"Fampa” 10,0- 60 20,0-100 10,0- 60| 0,10-0,20
Bonrapua | Arpomamu- 0,36-2,4 | 10,0-100 - -

HOMMIIEKC

TIpeMMyIeCTEOM MAIIMH IIPOCTOTO neficTBHA ABIAETCA TAKXKe
Gosee HM3KKil ypoBeHb myma ( 10 XAHHBIM $upMsI "Awamura,
ypoBeHb IIyMa MalIuH ABojtHOrO AeicTBUA BhILIe IIOUTH HA 20%).

dupmpr “Nash”, "Siemens”, "Sihi", "Pepvac” BbINYCKAIOT OfHO-
¥ BYXCTyIeHuaTble MAIIMHBL. YAeJbHAA MOIIHOCTE Ny, u obpeMHasA
IpoM3BOAMTENbHOCTE @ OfHO- ¥ ABYXCTYIEHYATHIX KHAKOCTHOKOIE-
1IeBBIX BAKYYMHBIX HACOCOB (QUPMBI "Sihi" mpu pasnMUHOM JaBJeHNH
npeactasienst Ha puc.1.20. ®upmsr “Wedag’, “Aerzen”, "Hibon"
BHIITYCKAIOT TOJBKO OHOCTYyNeHJaThIe MAIlMHBI, a ¢upma "Simaco”
crenUaJMadpyeTc Ha BBINYCKe TOJIBKO ABYXCTYTEHYATHIX MAIIHH.
[iByXcTyneHuaThle MAUINHBL 3aHHMAIOT MeHbIllee MeCTO B IpOUS3-
Bomerse ¢upm “Nash™ u “Siemens". ®upma “Nash” Beimyckaer He-
GoJIpIIoe UMCJHO Mojeseil ABYXCTYHMeHHATBIX BaAKYYMHBIX HacocoB H
ABYXCTyNeHYaThle KOMIIPeCCOPbI Masoli mpousBoguTesbHocTH. PHP-
Ma "Siemens” B ABYXCTYHNEHYATOM HCIIOJHEHHH BRIMYCKACT TOJBKO
KOMITPECCOpHI, & B OJHOCTYIEeHYATOM HCTIOJHEHHM - BAKYYMHBIE Ha-
COCBI.

JiByXcTymeHuaTEle BAKYYMHBIE HAcOCHI HMEIOT OTpaHUYEHHYIO
obnacts npuMenenus. IIpy AaBIeHMM BIINE 20 kIla oum ycTynaioT
Ho SKOHOMMYHOCTH OJHOCTYIEHUaTHIM HAcocaM, a IpH IaBJIeHNH
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menbize 4 KIla - ogHOCTyMeHYATHIM BAKYYMHBIM HAacOCAM C BO3RYII-
upIM KexTopoM. Hamnydmne mokasareld HBYXCTyNeHHYAThHle BaKy-
yMHbBIE HACOCHI obecrneunBaioT IpH AaBieHnw scackiBaHuA 5-10 xlla.
[Ipu oToM YZAeJAbHAsA MOIIHOCTH HapuboJiee BKOHOMHUYHBLIX 06pasIoB
cOCTABJIAET 1,?5-1,4 kBr-Mun/M3. OpHocTynmeHdYaThle BAKYYMHBIE Ha-
cochl ®upM “Siemens”, "Awamura” um "Neyrpic® mo TexHMKo-
»KOHOMMYECKHM [IOKA3aTeJSAM He YCTYNAIOT ABYXCTYIEHYATHIM HACO-
caM BO BceM AuamasoHe pabodmx naBleHMH Daske NpH AaBieHMH 5-6
xIla. JIByXcTyneH4aTble BakyyMHBIE HACOCH YCTYNAIOT OJHOCTYIEH-
4aThIM IO YAeIbHOMY pacxoAy BOABI, IO y/JeJIbHOM IUIOLIajgy ycra-
HOBKH M METAJJIOEMKOCTH.
 JKHAKOCTHOKONBIEBBIE  Ma- q

UHBLl IPUBOAATCA B AeiicTBHe OT e

ACMHXPOHHOTO 3JIEKTPOABHUraTeNsA TR

yepe3s PeAYKTOD WJIHM KJHHOpe- # :

MeHHYIO Hepesady, uto mossona- A ° [T X T/

eT M3MEHATs IpoHsBoiuTeNh- ™Y’ h

HOCTh MAIIMH B IIMPOKHMX Mpeje- 221 L4

aax. Mawmwunel mano#t NpousBo- ':: IRIIRNZAN

RUTeLHOCTH Bee $UpPMEI BBIILYC- 16 3 AN =

KaloT, ' KaKk I[paBHJO, B MOHO- ,:4 A

6/04HOM HCIOJHEHUU c dJaHIe- 12 h
34 £ W 20 30 48 50 Bxha

BBIM 3JIeKTpOJABHUIraTEJIeM, paclio-

ﬂ::; aA paﬁogee KoJIecO Ha B&JIY Pyec,1.20. XapakTepHUCTHKH BAKYyM-
meuratens 6e3 yCTAHOBKH MY®- wuux macocos dupmul "Sihi” :

ThI. )
B mociieiHee BpeMs PpacLIH- 1 - mopmenr LPH 95354, pxsyxcrymeHua-
P p H THIL; 2 - Moiens LPH 90554, ognoctymen-

pAerca o6jacTh NPUMEHEHHUA vyarmii; 3 - Mogens LPH 45318, asyxcry-
KM u guanmasoH HX IIPOM3BO- NeHuaThil; 4 - Mofens LPH 40516, ofHO-
putensHocTH.  PHpMBI "Sihi", crymemuaTsli

Pepvac”, Siemens” H3roToBIAIT BAKYYMHblE HACOCHI IDPOU3BOLH-
TeJLHOCTBIO MeHee 0,1m3/MuH, a c¢upmst “Nash”, "Siemens”,
Awar;lura - BAKyyMHble HACOCHI JIPOM3BOAMTENHHOCTHIO GoJlee
300 m3/mMun. ®upma “Neyrpic® pekjIaMHpyeT BaKyYMHBIi Hacoc
IIPOUBBOAUTENbHOCTBIO 456 M3 /MUH.

JKBH xapakTepHsyiOTcs CIOCOGHOCTBIO COXPAHATE MOCTOSHHYIO
06beMHYI0 [POM3BOXHTENLHOCT: B LINPOKOM [MaNasoHe JaBIEHHI
BeaceiBaHMA. C LeJbi0 HOBBIIIEHHA 9KOHOMUYHOCTH BeAylie GHUPMEI
BHIYCKAIOT BAKYYMHBIE HACOCHI PA3JIMYHOH MOAMPHKAIMH ANdA
ompefieleHHOro MHTepBaja JaBJeHHH C PadIM4YHBIMH AMCKaMU
(oceBoe rasopacmpesieieHHe) MIM KoHycamu (pajHajipHOe Trasopac-
npegenenue). Tak, Hanpumep, dupma "Nash” BeimyckaeT TpPH Mofe-
J¥ BAKYYMHBIX HACOCOB HA [AHAINA30HBI nasnenuii 12-25; 25-60 n
50-90 kIla. ’

Brinyckaemsle B mociennee Bpema JKK rakike wumeror 6oJee
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HIMPOKUI pabouuil nuanasoH nponssouwrenbnocrex‘&. BoJbUIMHECTEG
OHOCTYIEeHUATHIX KOMIPECcCOpoB NpefHA3HAHUEHO 1A paboTsl TIpM
na6sITouHsx mapieruax xo 0,3 Mlla, a Haubosiee SKOHOMUUYHBIE
IBYXCTyINEeHYATHIE KOMIIPECCOPHI - IPY AaBJIeHAN 0,6-0,8 MIla.

IlocTosHHO YJAYUIIAIOTCA YAeJAbHEIE IMOKA3aTENH HKKM. Vaeas-
HAsA MOIHOCTH BAKYYMHEIX HACOCOB GobIIoil IPOM3BOJIMTENLHOCTH,
BBIIIyCKAEMbIX BeXYIIUMH GHUPMaMy, 3a IOCTefHME 15-20 Jser cHH-
sxema ¢ 1,5-1,6 no 1,3-1,4 xBrMun/M3 OpH  JaBIeHHH 20 kIla.
Jlyuimne moKasaTen yAeJbHOH MOIIHOCTH MMEIOT MalIHHBI TPOUBBO-
IUTEeSbHOCTHIO CBBIllle 50 m3/MuH, y MAIIUH cpeAHell UPOUIBOAM-
renpHocTH (3-20 M3/MuH) ymenpHAA MOUIHOCTE BBHIIIE npuMepHO Ha
20%, a y MalIMH MaJol NPOM3BOAMTENBHOCTH - BJBOEe IpeBHINIAeT
aTOT MOKA3AaTeab MAIIHH 60JbIION HPOU3BOAUTEBHOCTH.

TouTH BceMH (GUPMAMHM YAydIIeH TaKoi BAJKHBIH IIapaMerp,
KaK yJeJbHBI# pacxoj BoAbl. Haubosiee HU3KHIA pacxol BOAbL UMeEIOT
BaKyyMHbIe Hacocsl ¢upm Siemens”, "Neyrpic', “Hibon",
"Awamura”, “Aerzen” - oxoio 2,5 a/M3 mpH A8BIEHMM BCACBIBAHUA
20 xIIa. Pacxox BoJsl BAKYYMHOTro Hacoca MEHAETCA B 3aBHCHMOCTH
or pexxuma paGorel. Hampumep, Ana BaKyyMHOTO Hacoca 2BABSTT
dupmer "Siemens”, uMerolero HOMHHAIbHYIO I POMU3BOAUTENBHOCTD
oxoso 50 M3/MHMH mpM dacTroTe BpallleHHs poTopa 710 o6/muH, pac-
X0/ BOALI IPU JaBJIeHHM BCACHIBAHNA 20 kIla cocrapisger 6,6 M3/4;
5,85 m3/u - npu 30 kIla; 4,5 m3/u - mpu 50 klla; 3,8 mM3/u - mpH
60 xIla u 2,4 M3/4 - npu 80 xIla.

VaenrHada MeTAJJIOEMKOCTD Hanmbonee osxoHomuuHbiXx JKBH
¢upm "Nash”, "Siemens”, "Hibon", "Sigma” cocTaBaser HpUMepHO
30 xr-mun/m3.

IIpakTHKa NOKa3BIBAET, YTO K IIapaMeTpaM, NpPUBOJUMBIM B
IpPOCHEKTAX, CIeRyeT OTHOCHTLCA C GoJIBIION OCTOPOKHOCTBIO. JTO He
o3HAuYaeT, uTO (GUPMBI 3aBeJOMO 3ABBHINIAIOT 3HAYEHUA MApaMeTposB
(TaKoe paHO HJIM TO3JAHO DACKPBIBAETCA W IPUBOAUT K mnoTepe
“ummaka” ¢upmul). OfHaKo ykasblBaeMble B IIPOCIHEKTaX JAaHHbIE
Tpe6YIOT COOTBETCTBYIOLIEH KOPPEKTHPOBKH H TIHATEeILHOTO AHAIM3A
npexje, 4eM UX MOXKHO 6yJeT CONOCTABIATH MEKIY coboir.

IleficTBUTeNbHBIE IAPAMETPHI MAIIMH MOTYT OTIMHATHCA OT HO-
MHHAIBHBIX 3HAueHMi. DBoJbIIMHCTRO (UPM IPHEOAMT 3HAYEHHA
MPOU3BOZUTENBHOCTH U norpebisieMofi MOUIHOCTH € AOIYCKOM 10%.
dupma "Siemens” B mociegHHe rofsl CHU3MJIA JOMyCK Ha IPOH3BO-
auTeasHOCTh Mo 5%, 8 HeKoTopble GHUPMBI, B TOM Hucie H dupma
"Nash", Boo6Ie He yKa3BIBAIOT JONYCK HA HOMMHAJIbHbBIE NADAMETPEL
CBOMX MAIIMH.

Ilpu cpaBHeHMM MalUMH, UMEIOIIHX pasJMYHBIH TPUBOJ, HeoD-
xoauMo yuurhiBaTs, yro KIIJ[ peayxropa M KJIHHOpPEMeHHOi mepe-
a4l cocTapigeT o6sruHo okomo 95%.

Ha BeinumHy o6beMHOfl INPOM3BOJAMTENBHOCTH OKAa3bIBAIOT

nﬂﬂﬂHHe TeMnepaTypa BOABI H BJAKHOCTL OTKaYHBaeMOI'O BO3AyXa.
BonbLUKHCTBO GUPM YKa3biBaeT MapaMeTphl MALIMH [pU TeMIepaTy-
pe Boasl 15°C, npu atoM HeKoTophkle GUPMBI IIPHBOAAT 3aBUCHMOCTD
DPOHM3BOJUTENLHOCTH OT TeMIIEPATYDPHI BOJBL. ®upma "Nash” gaer
ponpaBo4YHbIR Koaddunuent Ko ansa onpegerennsa obreMHON mpous-
BOJUTENBHOCTH IIPH OTKAYKEe HACBHII{EHHOr0 BO3AYyXa pasjudHol TeM-
pepatypsl (puc.1.21), a HOMuHAaNbHBle MApaMeTPhHl HACOCOB YKA3HI-
paeT NPH BJIaXKHOocTH Bosayxa 50%. BoaswmmHerso ¢upM mpHBOAUAT
3HadYeHHe INPOU3BOSUTEJBHOCTH INPK OTKAa4YKe CYXOro Bo3AyXa, IoO-
ATOMY €CJIM B TEKCTe CIelHAJTLHO He OroBApHUBaeTcA BJIAJKHOCTH, He-
?6:'co,zmMo" CUMTATH, 4YTO OTKAuNWBaeMbIl ra3 - cyxoil. Pupma
Siemens’, KoTopas paHee yKa3blBaJla mapaMeTpbl AJIs CyXoro BO3-

AyXa, B IIOCJeJHUEe roJbl MPUBOAUT 3HaUYEHME O00'beMHON MIPOU3BOJH-
TeJbHOCTH MPM OTKAUYKe BO3LY-

s M
xa ¢ BiaaxHocteo 100%, cooT- U5am
BETCTBEHHO, NAPAMETPHl BAKYyM- o —F—+—
HBIXHACOCOB  KaK Obl  yJayd- :“;z 7]
muanck (Ha puc.1.22 cnjomHsle 150 L
7
-
15 e Tty e —
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Puc.1.21. i1 ¥
TonpaBoYHEIT Ko3dUIH- LR L

€HT [NA olpefelieHUs O6beMHOMN
NPOMIBOAUTENILHOCTH TIIPU OTKAaYKe
HACHIIEHHOTO BO3ZyXa pasauyHoit
TemnepaTypsl MammuHoit cepuu CL
dupmer "Nash” : 1 - Mogeny 2BB962, wuacToTa BpalmjeAMs
poropa 266 o6/MuH; 2 - Mo

21 - TeMiepaTrypa Boagyxa 21,1 °C; yacToTa npaménus poTtopa zge;xg 365?&31';2,
: - TeMIepaTypa Bo3yxa 32,2 °C; 3 - mogensr 2BD202, uyacToTa BpAUIEHMA

- TeMIeparypa Bo3ayxa 37,8 °C; poropa 1450 06/MuH

4 - TemnepaTypa Boanyxa 43,3 °C;
5 - TemmepaTypa Boaayxa 48,9 °C

JUHUH coo'rr;e'rcrsyio'r noKasaTeJIAM HACOCOB IS OTKAUMBAHHS BO3-
ayxa co 100% -Hoit BIaXHOCTBIO, & MYHKTUPHBIE - CYXOro BO3JyXa).
3aBUCHMMOCTh VIEJbHOM MOIHOCTH OT JgaBJIeHUA BCAChIBAHHSA

Puc.1.22. XapaxTepucTMKM Baky-
YMBEIX OJHOCTYIeHYATHIX MALIUH
dupMut "Siemens” :
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OpM pasIuMyYHON YACTOTe BpAIeHHA POTOpPa BaKYYMHOIO HAacoca Mo-
nean 2BA661 dupmbr “"Siemens” mpepcraBieHa Ha puc.1.23, a Haco-
ca Mogenu Tk ¢upmsl “Voith” - Ha puc.1.24. IlouTH BCe BaKyyMHBIE
HAacoChl HMMEIT MUHHUMAJIBHYIO YAeJBHYIO MOIIHOCTh IIPH YacToTe
BpallleHHA POTOPa2, MeHbleH HOMHHAJBHON. Bakyymueifi Hacoc Mo-
nenn 2BA662 ¢upmer “Siemens”obeceyuBaeT MUHUMAALHYIO yAeb-
HYIO MOUIHOCTL IPH 4YacToTe BPallleHud poropa 530 06/MHUB u nasie-
Hum BeacpiBauuA 35-60 kIla , a NpM HOMUHAJTBHOHM 4acTOTe Bpalle-
Hua 585 06/MUH yAeJbHAS MOUIHOCTb MOREBINIAETCA HA 10%.

Wh-mp‘ I!y,xlm-nuu/n’
v 3 20
4 2

20| %é T A8 18 y
16

18 - l . 4%

16 _— 19 A2

“r 7 =1 |, T

i2 L \ 08 SN
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10 1] 06

W X 0 5 Pam 40 60 &0 Pwma

Puc.1.23. VieapHas MomHocTh BakyyMHoro Puc.1.24.  VpgenpHas Mom-
Hacoca Mogeiu 2BA 661 dupmur “Siemens” HOCTb BAKYYMHOI'O Hacoca MO-
Ipd pasludYHHIX YACTOTAX BpallleHusA poro- AeId 7x ¢upmet "Voith” npu
pa: pPA3JIMYHHIX dYacToTax Bparie-
HUA poTropa :
1 - 410 o6/mMun; 2 - 439 o6/MuEH;
3 - 468 o6/Mum; 4 - 497 06/MHuH;
5 - 556 of/Mnu; 8 - 585 o6/Mun;
7 - 614 o6/Mun; 8 - 673 o6/Mun;
9 - 731 o6/mum; 10 - 819 o6/MuA

1 - 420 o6/Mun; 2 - 500 o6/MuR;
3 - 540 o6/Mnnu; 4 - 585 06/MHE

BakxyyMHBIe Hacochl NPoU3BoZUTENbHOCTEIO 50-60 M3 /MuH dupm
"Alley”, Pepvac”, Robuschi”, "Simaco” nmeror uacrory BpamleHHs
poropa 730-740 06/Mun, BakyyMHBIA Hacoc dupmel “Wedag™ mpoms:
popurensHoctsio 120 m3/muu - 500 o6/muH. Ilo nyTH yBenuueHH.
OKPYXHBIX cKopocTeit mpu MogmepHusamun JKKM nger u dupms
"Nash”. HecMoTps Ha TO, YTO Ha MOBBIIEHHBIX CKOPOCTAX Bpalle-
HHUA POTOpPa BO3PACTAIOT NOTEPH MOIIHOCTH, 38TO CHHIXXAIOTCA MeTau-
JI0EMKOCTB, VAENBHBIH pacXxof BoABl M APYyITHMe MOKA3ATENH , & TAKXKe
mocTHraetcsa Gojiee Haxe:KHAA paboTa BAKYYMHBIX HACOCOB B 00jacTd
HU3KKUX RaBaeHuil. Bojlee moapo6HO 3TOT BOMPOC paccMaTpuBaeTcA B
raase 4.
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PacmnpeHne obsacTu IIpNUMEeHeHUs JKHUIKOCTHOKOJBIUEBBIX Ba-
KYYMHBIX HACOCOB IIyTeM CHWXKeHHSA JaRJIeHHs BCACHIBAHUA CTAJO
pOSMOXKHBIM OyiarofiapsA NPUMeHeHUIO BO3AYIIHLIX 3KeKTopoB. B Ha-
croAllee BpeMaA 6osee MecATH GHUPM OCBOMIN BHINMYCK BAKYYMHBIX
gACOCOB C 3)KeKTopaMH. DBojlee moZpobHO OHHM paccMOTpeHHI B
rjase 5.

®upmbr "Alley”, "Burckhardt”, "Neyrpic” u apyrue Belmycka-
jOT arperatel Ha 6ase KMIKOCTHOKOJBUEBHIX BAKYYMHBIX HAacoCOB ¢
[IAPOBBIMH 3:KEKTODAMH.

14. 1. JKudrocmHorxonvyesble Mauwunbl Gupmvt "Nash™

Kpynnrefime#l cnenuainsmposaHoit ¢upMoil 110 NPOU3BOACTBY
HKKM asagerca dupma "Nash”. NonosHoe nmpoussoacTro GUpPMBI Ha-
xonurca B CHIA, saBopwl pacmosioxxeHbl B Benuxo6puranun, Iepma-
gun, Bensrum, [Isenmn. OcHORHBIM eBpONMeHCKHM H3TOTOBHTENIEM
JKAJKOCTHOKOJIBIEBBIX BaKYyMHBIX HacocoB Nash sABiserca ¢upma
"Ahlstrtom” (Punnangus), spinyckaomas ux ¢ 1928 roga.

Ilpogykuuic dupmer "Nash” oTaudaer BeICOKAA HAAENHOCTS,
HKOJTOBEYHOCTh, BHICOKAA KyJbTypa HOpouasojcTBa. Pupme mnpuHan-
JIEKUT BeXyIlasa PoJb B 06JIaCTH MCCIefOBAHMA ¥ pPa3spaboTOX MAIIUH
¢ paJHaJIbHBIM rasopacrpejenenueM no cxeme Nash, oHa - oCHOBHOM
BJaJesiel] TATEeHTOB M JHIEH3MII Ha MX KOHCTPYKIHIO X TEXHOJOTHIO
H3TOTOBJIEHHA.

o cepeamnsl 60-x rogor d¢upma "Nash” Brimyckama JHKM
TOJBKO ABOMHHOro AeiicteuA cepuit L u H. 3t Mammubl BHIIycKAaiOT-
¢ M B HacToAllee BpeMs. OcHoBHO# psif mMamuH cocrouT us 10 ma-
KYYMHEIX HacocoB M 9 xoMmmpeccopoB. BaxyymHble HacoChl ¥ KOM-
npeccopsl cepuu L - HM3KoBakyyMHble, a cepuu H - BBICOKOBaKyyM-
Hple. OTIMYMe MAIIMH 3TUX CepHUil 3aK/I0uaeTci B NPHMEHeHHUM ra-
3opacrpeZile TUTeIbHBIX KOHYCOB PasjN4YHON KoHcTpykuuM. Keaxpaasa
MalInHa MOJKeT paboTaTh HpPHM PASJNYHON 4YacToTe BpameHUA NOpH-
BoJHOTO BaJa. Pabouue KoJjleca KOMIIPECCOPOB MMeEIOT 6oJiee BBICOKHE
OKDY>XHBIe CKOPOCTHM IO CPAaBHEHMIO C BAKYYMHBIMH HacoCaMM TOH
JKe IPOW3BOAUTEeNLHOCTH. TeXxHHUUYeCKHNe AaHHBle 3TUX MALIMH NpHUBe-
Zens! B Ta6in.1.3. XapaKTepHCTHKK BAKYYMHBIX Hacocos cepuu L u H
YeTeIpex Mogesell mokasaHsl Ha puc.l.25.

C cepemunnt 60-x romor ¢upma Nash” mauana srimycx Gosee
SKOHOMHYHBIX BAKYYMHBIX HAacCOCOB IpocToro aeicreus cepuu CL.
Cepua CL Bxiouaer B ce6sa 11 MamIMH IMPOM3BOJUTENBHOCTHIO OT 5,6
no 380 m3/mun. Bce OHM BHINYCKAIOTCA B TpeX MoOAMDUKAUUAX,
OTIUYAIOUINXCA, IMO-BHAMMOMY, JKINL rasdopaclipefeuTelbHbIMHI
Komycamu. Hacocsl Mogmdukanmuu 1 paccuuTaHbl Ha JaBjieHHe Bca-
ceBarna 600-300 mm pr.cT., Mogudmramum 2 - Ha JaBleHHUe
500 -200 MM pr.cT. M Mozupukauuyu 3 - Ha 300-75 mmM pr.cT. Bosee
HU3KYI0 yAeJbHYIO MOLIHOCTh, MEHBIINE pACXOR BOAH, YAEIBLHYIO
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Q" MYMur
160—5>
A Y A Pue.1.25. XapaxTepncTUKHM Ba-
Mya, 10 KYYMHBIX HACOCOB dUpMBL
nBrmunim’l G8 3 4 "Nash" :
2219517
2,2 AN
S
16 F \ — 4 1 - mopens H-5308A (200 o6/mun);
14t -~ T 2 - Moxens L-5308A (200 06/mMun);
12b 1/ - 3 - mogens H-2 (2000 06/MuH);
1o} 1 —~<] 4 - mogens L-1 (2000 o6/Mun)
100 200 300 400 500

Bum pmem

mrIomanb ¥ MerajioeMkocts (pHc.1.26) BakyyMHBIX HACOCOB CEpPHH
CL B 3Ha4yuTeabHON CTemeHU yIasoch JOCTHYL 38 CHET yBeJHYEeHHSA
OKPY’KHBIX cKopocTeii poTopoB ¢ 12-15 go 16-18 m/c.

XapakTepHO#L OCOGEHHOCTHIO BAKYYMHBIX HACOCOB GQHMPMEI
"Nash™ aBnsierca npuMeHeHWe PasdJUYHBIX NPHUBOZOB. IloMumo mps-
MOro TPHUEOAA OT ACHHXPOHHOI'O 3JIEKTPOJBUTATENs, MAIIMHbLI MOTYT
cHAGKAaTH-

']
NagrKBm ] Puc.1.26. Vzenbasle ma-
20 > 5 paMeTphl BAKYYMHBIX Ha-
18 T ets cocoB pupMut “Nash” npu
16 S a JABJEHUH BCcachlBAHUA
‘o/zd, 1‘# ‘!r & - & 20 KH& M
o & 2 RE ® . yheabEas MOIUHOCTH
nv:un,'f u i 1 aAd sl 1B MamuE cepuu H;
50 t2 T O - ygenbHad MOIMHOCTE
40 - t-—— e Mamne cepuu CL;
20 -t A - ypenpHHIT pacxoj BOAKI
10 mamne cepuu CL;
¢ 6 10 20 %0 100 200 400 * . ylenmeHAs MeTalJi0eM-
@’ wfmun KOCTh MamKE cepuy CL
Tabauna 1.3
Cepus IIponsBoguTensLHOCTS, Pabouee napnenue
MAIIHHBI M3 /MuH
BakyyMHBIe HacoChl
L 1,05 - 170 Ho 160 mm pr.cT.
H 1,00 - 164 385 - 100 MM pr.crT.
Komnpeccopst
L 1,85 - 73,8 0,385 - 1,75 krc/cm?
H 1,57 - 74,5 1,05 - 8,15 xrc/cm?

csl BCTPOEHHBIM PeAYKTOPOM, KJIMHODEMEHHOH Iepejaueil, HMeTh
IPHBOJ OT CHHXPOHHOTO BJEKTPOXZBUTraTeNs, POTOP KOTOPOro CMOH-
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THPOBAH HAa BAJY Hacoca. BEINYCKAKOTCA MAIIMHEI ¢ ABYMA cB0boj-
HBIMHM KOHIIaMM Balla, YTO AAeT BO3MOIXKHOCTH OCYIIECTBAATH MPHUEOX
GOJNBIIOTO KOJIHUYECTBA IOCJEJOBATEILHO COeTMHEHHEBIX HACOCOB OT
OJJHOTO 3JIEKTPOJABHMIaTEeIA HJIM K€ OT HMapoBoM TYPOMHLI depe3 pe-
AYKTOD, UTO, B CBOIO O4YeDelb, [I03BOJIAET IJIABHO U3MEHATh IIPOH3BO-
AUTETbHOCTE NYTEM Pery/UpOBAHUA YACTOTHl BPallleHUs Baja Typ6H-
ubl. Jlnsa ypoberBa MoHTaska BakyyMHble Hacochl cepuu CL mpomsBo-
AATEIBHOCTHIO cBbImle 50 M3/MMH MMeOT TPM maphl (IaHIEeBR AXA
oJicOefHeHNA HarHeTaTeJbHOH JUHUM: ¢ ABYX GOKOBHIX CTODOH HAa-
coca ¥ CHHU3Y.

JBycTopoHHee ragopacupefiesileHue II03BOJIAET HUCIIONb30BATE ABe
NOJIOBHMHBI MAIIWHBI B KaueCTBe OTHEJILHBIX BAKYYMHBIX HACOCOB C
PasJIHYHOH CTeNeHbIO DAlpeKeHHMA, YTO obecleyMBaEeT IOBBLIUICEHHYIO
rHbKOCTb BAKYYMHOM CHCTEMBEI.

Ina cosgaHuA DaBleHHA BCACHIBAHUA HHIKe 75 MM DPT.CT. BAKY-
yMHBIe Hacochl cepun CL MoryT cHabKaTeCs BO3AYIIHEIM 3KEKTO-
poM, obecredyMBaOIUM OPH AasieHM# Zo 20 MM PT.CT. [POM3BOJH-
TeJHHOCTb, COCTABIAIOMYIO oKoJo 50% oT HpOM3BOAMTENLHOCTH ca-
MOTO Hacoca, ¥ INpefejbHOe ocTaTo4Hoe JAaBjieHHMe okogo 10 MM
pr.cT. B KavecTBe ofHOro M3 CIOCOGOB CHUMKEHUS [ABJEHUA BCACHI-
BaHHA GUPMa DEeKOMEHAYeT TaK)Ke IOCJefoBaTeIbHOE BKJIOYEHME
ABYX OJHOCTYIEHYATHIX HACOCOB. J[ByXCTYIIeHYaThle HACOCH CepUHM
TS ¢upmet "Nash” wumeror nmpoussogurtesprocTs ot 0,56 g0 42
m3/MuH, gaBieHne BcacsiBaHus - 150-25 MM pT.cT.

®upma "Nash” Brlmyckaer BepTHKabHBIE MOHOGJIOYHEBIE BAKY-
ymuble HacocH cepuit MDF 1 MD ¢ ¢unanueBeIM sleKTpoAsuraTeiemM
npousBoAuTeabHOCTHIO or 0,2 no 2,2 m3/mMun. BakyyMmHBIe Hacocsl
cepun MD BrinosHeHsI 10 TPaAMIMOHHON cxeMe GUPMBI U obecmeyH-
BAIOT JAaBJIeHWe BCacBIBaHMA JO 75 MM pr.cr. Hacocw cepuu MDF
HMeIOT oceRoe rasopacrpejiefieHHe M paboTaloT NPU MeHBIINX OTHO-
IIeHUAX JaBJeHMil (faBieHume BcachiBaHMA - no 200 Mm pr.cT.).
Kasknan cepus Hacocor BKJIIOUAeT YeTHIpe THIOpasMepa.

Mamunsr cepun CL, Hcnoas3yeMsle B KauyecTBe KOMIIPECCODPOSB,
o6ecreYNBAIOT NPONIBOAUTELHOCTS A0 282 M3/MHUH IIpDH H3GBITOYHOM
nasiennn ot 0,3 fo 1,4 xkrc/cm?. Komnpeccops! cepuu AL BrIIOUaioT
OATH THOODA3MEPOB, PACCUMTAHHEIX HA M36BITOYHOE JaBJICeHHe
3,5 - T krc/cm2, nmpousBoaureasHoctsio 0,76 - 8,5 m3/mun. B ornu-
Y¥e OT BaKYYMHBIX HACOCOB KOMIIPECCODPHI BCeX CepHil - ABOHHOrO
Aeiicteun. Ha pue.1.27 u 1.28 npuselleHs! napamMeTpbl KOMIPECCOPOB
cepuit L u H. BepruxannupiMu mojocaMu OTMedeH NPHBeJeHHBIH

ANAIAa30H 7p, Ha HAX TOYKAMM - 3HAYCHHA /T OPH MaKCUMAJILHOM
3HAYEHUH ;.
®upma "Nash” BrilycKaeT TaksKe KOMIpeccopHkle arperatht 11

THNOpa3mepoB Aasa nuragusa posayxom KHII u nabopatopHbIx
yCTaHOBOK mpoMaBoguTeasHocTsio 0,76 - 2 M3/Mun npu uaberrousom
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Puc.1.29. XapakTepMCTHKK Mamiu-
HBl L-7 mOpu pasiauyHBIX dYacToTax
BpAINeHUA poTopa !

1 - 570 o6/MuH; 2 - 630 o6/Mnn;
8 - 690 o6/MuH; 4 - 750 of/MuH

205 24 275 34 345 38 Fe
Puc.1.30. XapaxkTepUCTHKY MAUIMH:

H-8 (1-1450; 2-1650; 3-1750 o6/Mu=r);
H-7 (4-1000; 5-1150; 8-1300 06/MuH)
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naBiaennu 3,5 xrc/em?; 1,27 - 8,5 m3/mum npu 7 krc/em®: 5,6 -
8,8 m3/mun npu 8,8 rrc/cm?. JIns XuMMYeCKo# NPOMBIIIIEHHOCTH
¢upMa BBINYCKaeT BAKYYMHBIE  HACOCHI H KOMIIPecCOphl, M3ro-
TOBJIEHHEIE W3 XPOMOHMKEJIeBBIX CIIJIABOB, GpPOH3HI, Hep)KaBeloLlei
cTajin. XapakTepUCTHKH HEKOTOPHIX KoMIpeccopoB ¢upmsl ~Nash”
rmokasaHbl Ha puc.1.29 u 1.30.

IIo sasBieHUIO cneunanuctos ¢upmer “Nash™, sogoxonsue-
Bble MAIITNHEI ABJAIOTCA HauboJlee 3KOHOMMYHLIMU [UIA 1eJIO-
ro paga upoussoAcTs.Mcnonbn3oBanyie BOAOKOJBLEBHIX BAKYYMHEIX
HACOCOB BMECTO NOCJAeJHUX CTYIEHEH NAPOBBIX 3)KeKTOPHBIX ycTaHO-
BOK, & TaK)Xe BMecTo TypOOKOMIIpecCOpPOB Ha OyMasKHBIX IIpOM3-
BoZcCTBax AaeT 6oabmol sKoHOMHYeCKU addeKT.

1.4. 2. JKudrocmnoroablyesble Mowunbl pupmvl “Siemens”

Beaymiee mecto B EBpone nmo mpoHM3BOACTBY KHUIKOCTHOKOJIBIIE-
BBIX BAKYYMHBIX HACOCOBE H KOMIDECCODOB 3aHMMaeT GuUpMa
"Siemens”, KoTopoil mpuHajieXUT GOJBLIMHCTBO eBponelicKUX mna-
reHToB Ha JKKM pasiuuabix KOHCTPYKIHUIA.

Mamuns ¢upmer “Siemens” umeroT Toprosyio mMapky ELMO-F.
IOna cosganusa Bakyyma o 110 MM pT.cT. drpma paHblue BHIITyCKasa
BaKyyMHEIe Hacocs! paza LP...m, a gua 6ojee BHICOKOTO BaKyyma /10
30 mm pr.ct.- Hacocet paga LP...hm. B 1967 r. ¢upma "Siemens”
BMECTO CHSITBIX C NPOM3BOJACTBA BAKYYMHBIX HacocoB paga LP...m
cTaja BHINYCKaTh Hacockl pAga 2BA...1, BMecTo HacocoB psAza
LP...hm - Hacocer paga 2BA...2, a BMecTO BaKYyMHEBEIX HACOCOB C
aKeKTOpaMu - Hacocel pazge 2BA...2+2BP. B rta6n.1.4 npuBegseHbI
TeXHHYeCKHe  XapAKTEePHUCTHKHM  BAKYYMHBIX  HACOCOB  (HUPMEI
"Siemens” npu aaBienuu scacbiBanua 160 mm pr.cT. PaBouee Komeco
KaXKJOro HACOCA MOMKeT MMeTh LIECTh PA3JIUYHBIX BAPHMAHTOB YaCTO-
THI Bpamenua. Takum o6pas3oM, ollHA U Ta Ke MallUHA MOKeT HUMeTh
PA3JIMYHYIO IPOU3BOJUTENIBHOCTb, & HACOCH PA3HBIX TUIOPA3MEpOB -
OJMHAKOBYIO NPOM3BOAUTEbHOCTE. Hampumep, NmpOM3BOAMTENBHOCTH
nopsaaka 220 M3/MHUH MOXHO HOJYYHTh, IDHMEHAA Pa3jMYHbIe HACO-
cbl ofHoro pAfa (Tunopasmepst 2BB862, 2BB922 u 2BB962).

Kommpeccopsr cepuit 2BD u 2BA - opHocTynmeH4yaThle, OZHOKO-
JlecHBle, JBOHHOro JeHcTBMA BuINYcKapTCA 17-Tm THOOpPasMepoB Ha
pabouee paBienme (u36.) 0,2-2 Krc/cM? M IIPOM3BOJMTENBHOCTD
0,5-240 m3/mMun; xomnpeccopsl cepuit 2BF muimyckatores 3-x Tulo-
pasMepoB B OJHOCTYIIEHYATOM HMCIOJTHeHHH, JBYXKOJeCHbBIe, IIPOCTOTO
JeiicTBUA Ha pabodee paBienue 0,8-2 Krc/cM? M IPOH3BOAUTENbHOCTD
40-150 m3/munH; KoMmmpeccopsl cepur 2BG - 5-tm THUNopasmepoB B
JBYXCTyIleHYaTOM HCHOJHEeHHH, IIpocToro HOeficTBHUS Ha pabouee HaB-
jJenne 2-6,5 krc/cM? u mpomsBopuTeabHoCTh 1-22 m3/MuH; KoMIpec-
coper cepuit 2BK - 10-T TunmopasmMeporR IBOHMHOIo REHCTBHA, OHHO- H
JBYXKoJlecHbIe Ha paGodee nasienue 0,2-2,3 Krc/cM? M IpPOM3BOJAHM-
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TaGanna 1.4

Tuno- | Homuma- | Ilpoms- | Ygens- Ynenbﬂ Vaens-  Pasmepn
pasMep {JbHas 4ac-| BOJLU- Has HBI Has Me- paboyero
ToTa Bpa- Teb- Molll- | pacxop } TAJJIOEM- KoJleca, MM
IeHUS po-| HOCThb, | HOCTh, | BO&BI, | KOCTD,
Topa, m3/mMun | _xBr | /M3 _KI'
06/MUH M3 /Mun ’ M3/MUH
[ oo | pana
2BD202 | 1450 | 2,02 1,64 | 4,46 | 40,6 | 2241 80
2BD212 1450 2,78 1,64 4,32 : 31,7 224 | 112
2BA212 1450 ' 3,83 1,68 5,22 ! 39,2 244 ' 125
2BA222 1450 5,78 1,73 4,83 | 85,8 244 { 190
2BA232 1450 7,63 1,64 3,91 ( 28,3 244 245
2BA312 970 9,93 1,61 3,36 ‘ 37,5 [
2BA322 970 14,5 1,66 2,87 ! 33,8 384 195
2BA332 970 20 1,55 2,5 ' 27 1384 385
2BA532 | 735 27,5 | 1,49 | 2,42 33,1 | 500 | 390
2BA552 735 24,8 1,48 2,39 | 28,4 500 | 500
2BA662 585 49 1,37 2,45 32,9 600 | 600
2BA722 500 67,3 1,37 2,48 34,9 700 ’ 700
2BA762 420 ] 94,2 1,36 2,48 34,6 830 830
2BA822 360 ‘ 127 1,36 2,49 36,2 970 | 970
2BB862 418 212 1,73 2,44 34 - -
386 196 1,54 2,47 36,8 - -
322 162 1,37 2,47 44,5 (109011090
2BB922 317 225 1,43 2,44 L 40,4 1220|1220
288 204 1,29 2,45 ‘ 44,6 112201220
2BB962 256 260 1,35 2,44 | 42,8 !'1370,1370
230 232 1,31 2,44 | 48 1370|1370
205 [ 200 | 1,30 | 2,5 ! 55,7 (18701370

renpHOCTh 2-106 M3/Mun; xommnpeccopsr cepun 2BT ogHocTymeHuya-
Thle THTAHOBBIE - 3-X THHOpPasMepoB Ha pabouee pnaBierue 0,2-
4 xrc/cM? u mpomaBoguTenabHocTh 2-22 M3/MmH Texuuueckue xa-

40

PAKTEPUCTNKH KOMIIPECCOPOB IPUBeAeHE! B Taba.1.5.

Tabauna 1.5
[ Tumo- Yacrora | Hasue- IIpouns- Yaens- | Vgens- Vgens-
pasmep Bpaule- = HHe Ha- Bozu- | Helif pac- | Hei Has Me-
HUA Po-  TCHeTa- Telb- | XOR Mol | pacxox | raioen-
Topa, | Hus HOCTb, HoeTH, BOJBI, KOCTB,
o6/mMud  (u36.), M3/MuH kBT X /M3 KT
xre/cm? m3/MuH | | m3/mMun
OpHOCTymen4arTsle
2BD2085 1450 | 0,5 2,1 1,78 | 4,76 33.3
2BD2185 1450 | 0,5 2,9 1,75 4,48 26,2
2BA2185 1450 0,5 3,7 1,76 2,25 36,8
2BA2286 1450 { 0,5 5,2 2 2,88 39,4
2BA2386 1450 \! 0,5 7,3 1,77 2,05 29,6
2BA3185 970 0,5 9,8 1,65 | 1,22 34,7
2BA3286 970 0,5 14 1,78 | 1,48 35
2BA3388 970 | 0,5 19,8 1,66 | 1,01 27,8
2BA5386 785 | 0,5 25 1,6 2 36,4
2BA5586 35 | 0,5 33,3 1,53 1,5 29,7
2BA6686 585 0,5 45 1,47 1,41 35,8
2BA7286 500 0,5 61,6 1,46 1,43 38,1
2BA7686 420 ! 0,5 86,7 1,5 1,31 37,6
2BA8286 360 0,5 118 1,48 1,41 39
2BB8685 320 0,5 149 1,48 1,45 48,4
2BB9285 290 J 0,5 188 1,49 1,46 48,4
2BB9685 255 [ 0,5 233 1,49 1,39 47,8
IIByXcTyneHuaTsie
2B2085 2930 5 1 14,8 24 77,6
2B2185 2930 ‘ 5 2,17 10 11,1 41,5
2B4085 1470 5 4,83 11,4 10,4 113,87
2B4185 1470 5 9,66 8,8 8,63 63,1
i36185 980 | 5 21,5 8,9 . 8,58 77,4
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TlapaMeTpsl OAHOCTyHIEHYATHIX, OJHOKOJIECHBIX KOMIIPeCCODOB
mpocToro feiicTBua mnpuBefeHbl Ha puc.1.31, xapaKTepPUCTHKH
HECKOJIBKUX KOMIIPECCOPOB 2Toro THIa - Ha puc.1.32, xapakTepu-
cruku kommnpeccopos cepuu 2BK2186 npu pasindHBIX YacTOTax
Bpamenusa poTopa - Ha puc.1.33. Ilpu ysesnuenun OKPYsKHOH CKO-
POCTH pOTOpa CTeleHb MOBLIMIEHKA AABJIEHHA, MPU KOTOPOH JOCTHra-
erca makcumanbubiit KIIII, Bospacraer.

®upma “Siemens”
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Puc.1.32. XapaxTepucTuky MAIIMH  Puc.1.33. XapakTepUCTHKM MAIIHM-
dupmet “Siemens”: e 2BK2186 mpu pasaMuEmIX uac-
TOTAX BpALIEHMA POTOpA :

1- 2BA7286; 2-2BAT7686; 3-2BA8286 1-970; 2-1160; 3-1450; 4-1740 (06/MuH)
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C 1976 roma ¢upma BHIIYCKAET AT TUIIOPA3MEPOB BAKYYMHBIX
pacocoB cepuu 2BV B MoHO6/I04HOM wucnojHeHnMu (¢ GJIaHIERBIM
3Je€KTPOABHUTaTeNIeM) IIPOU3BoAUTeNbHOCTLHIO OoT 0,3 mo 2 M3/MnH. Pan
BAKYYMHBIX HacocoB cepuit BA u BB paciumpen 3a cuer mMamuH Ho-
BBIX THMIIODA3MEDPOB, & TaKe pa3jelieH Ha TpH MoauduUKauMu II0
JAaBJIEeHUIO BcachIBAHHMA: HaccChl ¢ pabouumm pgasieHuem jgo 110 mm
pT.CT., g0 25 MM pr.cT. © Ro 160 MM pr.cT., 0603HAYEeHHBIE COOT-
percTBeHHO Hudpamu 1, 2 u 7 (mocnegusas mudpa B obozHayeHHH
TuopasMepa). B 1abn1.1.6 npuBefleHB] OCHOBHEBIE TEXHUYECKHE N8H-

Tabauna 1.6
Tunopasmep YacroTa BpalieHud, IIponaBoguTenBbHOCTS,
06 /MuH M3 /Mun

2BA261 1450 4,03
2BA262 1450 4,25
2BA271 1450 6,11
2BA272 1450 6,5

2BA281 1450 8,15
2BA282 1450 ! 8,35
2BA361 980 10,6
2BA362 980 11,1
2BA371 980 15,8
2BA372 980 16,5
2BA381 980 ; 21

2BA382 980 | 22
2BA5T7 740 51,7
2BA677 590 71,3
2BAT47 500 95,5
2BAT77 500 158
2BA847 330 167

2BB762 420 103

2BB767 420 103

2BB777 420 ! 133
2BB822 372 145

2BB827 372 143
2BB847 372 189

2BB877 330 237
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HBbI€ 3THUX BOJOKOJBLIIEBHIX BAKYYMHBIX HAaCOCOB. leeJIbHBIe IIoOKa3a-
TeJM BBICOKOBAKYYMHBIX HACOCOB Pa3/JIMYHBIX MoJuduKranuil ¢pupMsl
"Siemens” npegcrarnens: Ha puc.1.34.

Nyar B sutn/oe” Puc.1.34. YgensHBIe mapaMeTpsl
42 713 BAKYYMHLIX HACOCOB  (QUPMBI
?” ive2 oyl "Siemens” :

i:g' - P 1,4 - cepusa LP...hm gasa cyxoro Bo3-
14 =+ nyxa (AgBiende BcachiBauua 160 MM

Qua’ ¥ pr.ct.); 2,5,6,7 - cepun 2BB, 2BA,

d:‘:;/n’ T 2BD jans cyxoro Bosfyxa (AaBieHHe
4 BCACLIBAENA 180 MM pr.cT.); 3 -
2 1 cepun 2BB, 2BA, 2BD xis Bozayxa C

() OTHOCHTENBHOH BJaskHocTHIO 100%

"71 (naBneBne BcacsiBaEMA 160 MM pT.cT.)
6 A
40
2 1

1
r z # rozamq%

B 80-e roasl dupma craja IPOoH3BOAMTL BAKYYMHEBIE HACOCHEIE
arperarsl Tuna 2BW Ha 6ase "KHAKOCTHOKOJILLUEBBIX HACOCOB C 3aMK-
HYTOH CHCTEMO# IHPKyAAuMH paboueil XKHAKOCTH, oxJaxaalomledcs
B BOASHOM HJIM BO3JYLIHOM TeljoobMeHHuKE. JOTH Arperathl, Xapak-
TepHU3YIOLIHeCA He3HAUYHTEJbHBIMH yTEeUKaMH, MOI'yT HCIOJIL30BaThCA
IS COKATHA caMBIX PA3JHYHLIX FazoB U IIaPOB, a TaK)Xe B KayecTse
KOMIpeccopoB. BaxyyMHEIe arperaThl BHINIYCKAIOTCA TPeX THMOPA3-
MepoEB, B ABYX BApHAHTaX - ¢ 3XKeKTopoM U Gea Hero. Pabouee pasie-
Hue B arperate 6e3 skexTopa - 70 30 MM DT.CT., C 3XKeKTODOM - [0
7,5 mm pr.ct. IIpousBoguTeasHocThs npu AasieHun 150 mm pr.cr. -
25, 70, 115 m3/4. ArperaThl ¢ 3)KeKTOPOM HMEIOT IPOHU3BOLUTENb-
HocTs Tpu 20 MM pr.cT. - 7,35 u 57 mM3/4.

1.4. 3. udxocmHuokonvyesble MauHbl Gupmbt "Sihi”

@upma "Sihi" semxsercHi oxHOll U3 BefyIMMX IO IIPOU3BOACTBY
JKMAKOCTHOKOAbIeBbIx MammuH. JKBH ¢upmer "Sihi” umeloT oceBoe
rasopaclipefieJieHHe, BHIIYCKAIOTCA B OJHO- M ABYXCTYIIEHYATOM HC-
MOJHEHUH.
dupma H3roToBJsSET cleAyOliiHe OAHOCTYIIeHUYaThHle BaKyyMHbIe
HACOCHI:
= KoHcoJbHble Hacocsl cepuu LRM (4 turnopasmepsa) Ha pabo-
yee pasieHue 60-760 MM pPT.cT. IPOMIBOAUTENBHOCTHIO OT
0,07 mo 1,7 m3/mun;

= Hacockl ¢ OTKPbITEIM pabouuM KojecoM cepun LOH (8 rTumo-
pasamepa) Ha pabouee gasnenue 110-75 MM PT.CT. IIpOH3BOAH-
TeapHOCTHIO oT 0,05 10 0,97 M3/Mun;

=> HAcoChI C JABYCTOPOHHHM TrasopaciipefiejeHnem cepuun LPH
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(17 Tunmopasmepos) Ha pabGodee AaBieHue 90-750 MM pr.cT.
IpousgoguTenbHocTHIO oT 0,88 o 178 m3/mMuH.

IIpuBOS HACOCOB OCYIIecTBJIAETCS HemoCpPeJACTBEHHO OT ACHH-
XPOHHOTO 3JIeKTPOABUraTesld HJIM dYeped PefyKTOp B 34BUCHUMOCTH OT
rpebyemoil mpousBoguTesbHOCTH. Hacocs! 6o/bIIoH NPOU3BOAUTENS-
gocTH (cBbimie 25 M3/MuH) MMeIOT NPHUBOA ¢ PEAYKTOPOM, YTO IIO3BO-
JsieT UCIOJB30BAThH 3JeKTPOABHUIaTeIb MEHbIINUX rabapuToB M obJer-
YUTH MOHTAXK YCTAHOBKH, a TaK)Xe IOJYYHUTH ONTHMAJIbHLIE reoMeT-
pHUIO IPOTOYHOM YACTH M OKPY>KHble CKOPOCTH.

@®upma "Sihi” seinyckaer 21 TumopasMep ABYXCTymeHYATHIX Ba-
KYYMHBIX HACOCOB Ha 6oJlee MIMPOKUH [AHANIA30H NPOM3BOZHUTEJb-
HOCTH, ueM Apyrue dupmm (0,18-170 m3/Mun), Ha paGouee faBiIeHMe
g0 25 MM pr.ct. Cpexy HHX KOHCONBHBIA BAKYYMHBIH HACOC CePHH
LRV ¢ npoussogurensHocThio 0,5 M3/MMH  mnpum  gaBrenuu
40 MM pr.cT., 3 THHA Hacoca cepun LOH ¢ npousBoAHTeNBLHOCTRIO [0
1 M3/mun. Io 3aABIeHHIO GUPMBI, BHIIIYCKAaEMEIe €10 BAKYYMHble HA-
cocsl MOTYT OBITH HCIIOJIB30BAHE! B KadecTBe KOMIpeccopos 6e3 Ka-
KHX-JIN60 N3MeHeHMil.

®upMa H3roToBNAEeT OJHOCTYNeHYaThle Kommpeccopsl LOH
20103 u LOH 20107 na uabniTouHoe AasieHHe o 1 xrc/cm? mpous-
soguTensHocthio 0,2-0,85 m3/MuH, a TakKe 4 TUmopasmepa ABYX-
CTYNEHYATBIX KOMIIDECCOPOB, TeXHHUYECKHe XapaKTEePHUCTHKH KOTO-
pHIX OpHUBEAEeHHI B Taba.1.7.

Tabnuna 1.7
Tunopasmep ' YacroTa | Hasne- | IIponseozu- Y,mem,naﬂi Paexon
Bpaimie- , H¥e Ha- | TeJBLHOCTB, |  MOII- BOALL,
HUS po- , PHeTaHus | M3/MUH  HOCTB, N/MuH
topa, ' (u36.), " _xBr
o6/mMun  krc/cm? | M3 /Mun
LOH 05501 1450 | 1,2 0,052 7.5 3,3
. 1700 2,0 0,057 1‘9,2
TOH 250032800 1,27 0,200 6,0 6,7
3400 2,0 ' 0,200 12,0 10,0
LOH 25007 3800 1,277 0,450 5.1 6,7
3400 2,0 0,500 9.0 10,0
“LOH 9530099607 0,8 0,770 3,5 5.0
3500 1,2 0,960 | 4,6 13,3
e, [

3a nocnenuue 20 ner mapamerpsl JKKM ¢upmser “Sihi” namensa-
Jdch MaJio. Y AelbHAR MOLIHOCThL ABYXCTYNEHUYa bIX BaKYYMHBIX HA-
COoCOB ocTasnach Ha mpesxHem ypopHe (1,4-1,6 xBrmun/m3® npu pas-
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JeHHH BcachiBaHuA 75-90 MM pr.cT. AdA MamIH TPOH3BOAHUTE]b-
HocTBIO Gostee 2M3/MuH), ANA OJHOCTYIEHYATHIX BAKYYMHBIX HacoCOB
cepun LPH ona cHuammacs ¢ 1,5 - 1,6 5o 1,3 - 1,4 xBr MuH/M3 1IpH
naBreHun BcackiBauA 300 mm pr.ct. (puc.1.35). CpaBHeHue xapak-
TePHCTHK OJHO- M ABYXCTYIEHYATHIX BAKYYMHBIX HACOCOB HO3BOJAET
ONpefeNUTh NPeJIIOYTUTEILHYIO 06JACTh MPUMEHeHUA TeX M APYIuX
mamun. IIpu gaBieHHH BcachiBaHMA Huxke 150 MM pr.cT. ABYXCTY-
NMeHYaThse HACOCHl IKOHOMHYHEE OLHOCTYIeHYAThIX.

®upma "Sihi” sBasercs eauHCTBEeHHOH M3 M3BeCTHHIX HaM QupM,
KOTOpAf BLITYCKAeT TPeX- U deThlpexcryleHuaThie kommpeccopsl. Ha
puc.1.36 paHBl XapDaKTEPHCTHKM JBYX THIOB HeThIPeXCTYIeHYATHIX
KOMITPECCOPOB.

”ﬂ,lﬂlﬂ ”u”/”s “ /fm : - I: -1 -
038 ‘ \\
1 . 2
'L'—_l_—-ﬂ"_-(, .
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18 l ,
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Puc.1.835. YpgenanHas MomHOCTh OgHO-  Puc.1.36. Xapaxrepucrizn

CTYHEHUYATHX BAKYYMHBIX HACOCOB  4-XCTyHmEeHHaTHIX KOMIPeCcopoB
dupmur “Sihi” : ¢upmrur “Sihi” :
1 - §pn paBjJeHMM  BCachiBaHMA 1 - KLH-37202; 2 - KLH-47105

180 MM pT.CT.; 2 - OPH JaBJEHUH Bca-
cupaBud 300 MM pr.cT. '

1.4. 4. JKudxocmHoKonbYe8ble MAULURLL, BbinYCKaeMble pyzumu
HeMeyKumu pupmamu

Hapaay ¢ yxasauusiMu Boiite pupmamu, JKKM Brimyckalor emte
HecKonbKo ¢upm I'epmanun, cpegyn aux - pupma “Wedag”. Mamuns:
dupmer "Wedag” oaHocTyneHuaThle, HPOCTOTO AeHCTBHA M HMMEIOT
oceBoe TasopacnpefiejieRue. BricoKkoBakyyMHble Hacockl cepur LH
OTJIMYAXOTCA OT HU3KOBAKYYMHBIX cepuu L, mo-BHAMMOMY, JHIIb
dbopMoii OKOH rasopacnpefiefiUTeJbHBEIX JUCKOB. ¥YJelbHble IapaMeT-
PBI BAaKYYMHBIX HacocoB cepud L npencrasiens: Ha puc.1.37.

C 1968 roma ¢upMa Hauaja BHIIIYCKATH BOSAYIIHBIE 3)KEKTOPBHI,
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ppuMeHseMble ¢ Hacocamu cepum LH. Arperats! cepuu LHG, B co-
¢TAB KOTOPBIX BXOJAT HACOC M 3KEKTOP, UMeIOT pabouee AaBJeHHE 0
8 MM DT.CT. IPHU IIPOMU3BOGUTEJLHOCTH OKOJIo 15% OT mpoM3Boau-
TeJBHOCTH Hacoca. XapaKTepUCTHKHM BAKYYMHEIX HACOCOB PAa3HBIX
cepHil IpHBeeHbI Ha puc.1.38.
Komnpeccopsr  ¢up-
"Wedag” cepun LKS

Nyj,KBT-Mun/m>

go KOHCTPYKOHH A&HAJIO- 20 A
ra4YHBl KOMIilpeccopaM ce- 8 A
pau LK, HO ux poropst 18 1
uMeloT Oojlee BBICOKYIO 4 > "/\\
yacTOTy Bpamenus (960 Q M’ 2 \
mecto 730 o6/mum). Ila- /M’ A\
paMeTpsl  OJHOCTYIeHYa- 5 N
TBIX KOMIIPECCOPOB Mpo- 4 3
cTOro AedCTBUA IpHUBejge- - 2 ¢ -
e Ha puc.1.39; xapak-
1 2 4 0 20 40 100 200

TePUCTHKH HEKOTOPHIX M3
3THMX KOMIIDECCOPOB - Ha

puc.1.40 u xapakTepH- Puc.1.37. VjenbHble IapaMeTpbl BAKYYM-
CTHUKH KOMIIpeccopa HuIX Hacocos cepun L dupmu "Wedag”™ :

LK134 npu pasiauuHpIX
1 - yjeabHAA MOILHOCTH NPH JABJEHHM BcackiBa-
4acToTaX BPAINEHHA - HA pyug 150 MM pr.cT.; 2 - yAe]bHAS MOIHOCTH DM
pnc.1.4l. AaBJeHHM BcachiBaEMA 300 MM pT.cT., 3 - ygedn-
B peayﬂb'ra're Monep_ HblH pacxod BOAHl NPH [J&BJ€HHH BcachiBaHHA

Q" M3/ mun

mmsammn  JKKM, npope- 300 MM pT.cT-
IeHHoit dupmoii” Wedag”, Q" M3 / mun
yIenbHble napaMeTphl !
MAIIMH WM3MEeHHUIHCH He- ” !
BHAUYUTEJILHO, HPOHU3BOIHU- 120 }
TeJbHOCTh ~ BO3poCHa M 100 S
VAyJIlleH QU3aH. -
Nya, 80 5.

KBm-mun
Puc.1.38. Xapaxrepuctuxu M3 5
BAKYYMHBIX RacOCOR (M PMEL 22
“Wedag” : 20 \\
1,2,3 - mogens L 134 npm uac- :'g 41N
TOTaX BpamieAHsA pOTOpAa, COOT- Y ~J 7]
BeTeTBeRHo, 580, 500, 14
435 06/MuE; 4 - Mogeas LH 134 1,2 o
(500 o6/mMuH); 5 - HacocHHIH ar- |3
Perar  mopesm LHG 134 10 20 40 400 200 400
(500 o6 /munr)

P,MM DT, ¢T.
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Puc.1.89. [lapamerpn opmocTymenua- Puc.1.40. XapaxTepucTurkm Ma-
ThIX KOMIIPECCODPOB IIPOCTOrO AeMcTBUA  IuuH GupPMul “Wedag” :

upmel “Wedag”
bup g 1.LK116; 2.LK117, 3-LK118; 4.
LK119: 5-LK129*
4,
Moo
i J\\\r\
120 -
\\
o
© L i e Puc.1.41. XapaxTepucTHKH Ma-
T muHs LK134 Ha pasjinuHRIX yac-
/”“ TOTaX BpALeHUS POTODPA
\%" Zai D
10
0 |22
W (x 20 23 v 3

TexHMYyecKHMe XapakTePUCTHKH MOJEPHU3MPOBAHHBIX MAIIHH
npejcrasyeHsl B Tabi. 1.8.

C 1977 r. dupma "Wedag” mauaja BHINIYCK MOHOGJIGUHBIX Ba-
KYYMHBIX HacocoB cepun BL220 ¢ ¢aHIeBEIM 3leKTpoABHraTeseM.
OrnuynrensHONl 0cO6EHHOCTHIO 3TMX HACOCOB ABAAETCA HMCHONB3OBA-
HHe BOJOOTAENHUTE/]S B KayeCTBe OMOPHOHM paMbl, & TaKiKe Hajguyue
CHUCTEMBI ABTOMATHYECKOr0 PEeryJMpPOBAHUA MOAAYM JKHAKOCTH. Ba-
Kyymubsle Hacockl BL220 wumeror npoussoguteasHocts 2,5; 3,2;
3,9 M3/Mun u npefHa3HaUYeHBl JAA AaBileHua Jo 120 wvm pr.crT.,
YAeJbHAA MOLIHOCTH - NpUGAH3UTeabHO paBHA 1,9 KB Mum/MS.
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Tabauna 1.8

Cepus MaIIMHBI " TIponaBogu- Pa6ouee nasienune KoanuecTBo
TeJbHOCTS, TUIIOPA3MEDOB
M3/Mun

BaxyymHEBIe Hacocsl
L1 1,0-150 Ho 100 MM pr.cT. 15
LH1 2,1-100 Ho 30 mm pr.cT. 14
LHG1 1,5- 61 25-8 MM pT.CT. 14

..... Kommnpeccopsbl o
LK1 2,5-145 Io 2 krc/cm? 14
LKS1 2,5- 4,4 o 8 xrc/cm? 3

KuaKocTHOKOMbIeBEIe BAKYyMHble Hacochl ¢upMsl ~Aerzen”
eauHoit cepun Alpha-AL noaBMAMCh Ha MHDOBOM PBIHKe OTHOCH-
tenbHO HepaBHo. Ilog mapkoit Alpha BRIycKaloTCA MaIIMHBI HOMH-
HAJTBHOW IpPOM3BOAMTENbHOCTHIO oT 1,8 mo 50 m®/Mun, mox Mapkoit
AL - or 70 go 140 m3/mun. KoHCTpYKTHBHO MaIIMHBI GUPMBI
"Aerzen” aHasorauHs MamuHAM GHpMBL Siemens”. OcHoBHOe OT-
auuue MamuH Alpha - Hanu4Ye TOPLEBOro YIIOTHEHHA, UTO MO3BO-
JIUIO YMEHBIIUTL UX JJIUHY.

TexHHYeCcKHe  XApPaKTEePUCTHMKH BAKYYMHBIX HACOCOB QHPMEI
IPH JaBjleHHM BcachiBaHuMA 150 MM pT.cr. mpHBeZeHb! B Ta6i.1.9.
Munumanbsaoe pabouee papieHne Bcex MamuH - 30 mm pr.ct. Ecam
OPHUBOJ HacOCa OCYIecTBJAeTCA Yeped PefyKTop, TO YacTOTa Bpale-
HHA poTopa MOXeT G6BITh pasjM4HOM (OT TpeX AO LIECTH BapPHAHTOB),
2 IPOM3BOAUTENbHOCTS - M3MeHATHCA oT 0,8-1,1 mo 175 m3/Mun. Ilpu
He3HAUMTe]bHOM HepeobopyRoBaHMM Hacochl cepun Alpha-AL moryT
6LITh MCIIONIB30BAHEI B KaYeCcTBe KOMIIPECCOPOB.

®dupma "K.Ley” mnox mapkoit Levac Beimyckaer 4 THmopasmepa
BaKyyMHbIX HacocoB cepuu STW npomssoauresnsnocThio oT 4,3 1o
16 M3 /Mun.

®upma “Grassel” wumarorosnser 10 THUmOpasMepoB BaKyyMHBIX
Hacocos cepud WRP Ha gasnenue BcackiBanus jgo 30 MM pr.cT. npo-
M3BOJUTeNBLHOCTHIO OT 3 mo 68 mM3/MuH u 9 THHmOpasMepoB KoMIpec-
copoB Ha gaBieHMe Jo 1,5 xrc/cm? mpousBogUTeNBHOCTHIO OT 2,5 Ho
64 m3/Mun. Bakyymusle Hacocsl cepun WRP BrinyckaioTcsa Takke ¢
3KeKTOpaMH Ha AaBJeHHEe BCACBIBAHUA A0 O MM DPT.CT.

®upma “Friedrichsfeld” npousBofuT KOHCONIBHBIE KHIKOCTHO-
KoJIplleBble BAKYYMHBI® Hacockl 7 THIIopa3MepoB M Kommpeccops! 6
THHIopasMepoB cepuu LP npocroro gefcTBHA ¢ 0OCeBBIM rasopacmpe-
leseHueM.
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Ta6anna 1.9

Tabauna 1.10

Cepus | Komaye- | Homunmane- | Ilpousasosn- Ipumeuanue
cTBO Hoe faBJe- TeJIEHOCTD,
. THmo- HUe BCACKI- M3 /Mun '
pasMe- BaHNUA, |
‘ POB MM DT.CT. ’
711, 5 160 0,26-1,83 | OpHocTyneHuaTsIe, ©
712 ' OCeBBIM TrasopacIpe-
‘ | ejleHNeM
L ’ 2 60 0,33-0,53 ! [IByxcTynmeHnuaTsle, ¢
! OCeBBIM TrasopacIipe-
i JeJleHueM
RV ' 14 160 2,20-50  OpHOCTyNIeHuYaTsIe, C
| OCeBBIM Trasopacipe-
| { JeJleHUEeM

Tumo- | Yacrota |IlponaBoxu | ¥mensHri . VienbHelii Y@enapHas
paamep BpalieHns, | TeJLHOCTD, pacxof pacxoj Bo-  MeTaillo-
o6 /Muu m3/MuH | MoliHOCTH, ! R&BI, JI/M3 eMKOCTB,

kBT KL

M3 /MuH __M3/mun

Alpha 01 1410 1,20 2,65 7,50 50,0
02 1450 2,03 2,05 4,38 32,0

03 1450 2,78 1,60 4,14 25,2

04 1450 3,79 1,69 5,36 42,2

05 1450 5,74 1,71 4,36 34,0

07 1450 7,568 | 1,65 3,65 27,2

10 970 9,70 1,62 8,51 38,1

14 970 14,30 1,66 2,94 33,6

20 970 19,80 1,57 2,52 28,3

30 735 27,70 1,50 2,42 33,2

40 | 735 36,00 1,44 2,28 28,6

50 585 49,00 1,35 2,44 31,0

AL 70 500 66,5 1,42 2,48 38,5
100 420 94,6 1,31 2,33 36,8
140 360 126,7 1,37 2,45 46,1

HHuaKoCTHOKONBIEBEle MAITMHBl HECKOJBKHUX THIIOB BBIITYCKAET
dupma “Hesse". TexHnueckHe XapaKTePUCTHKH BAKYYMHBIX HACOCOB
aroit ¢upMEl npueefeds! B taba.1.10. Mamwunsr cepuit 711 u 712,
HCIIONIB3yeMbIe B KauecTBe KOMIPECCOpoB, MMeEIOT obo3nauenune 711K
n 732 cooTBeTcTBeHHO. JMX HOMMHaJbHOE JaBJieHHWe HArHeTAHHA
(u36.) - 1,5 krc/cm?. Ha naenenue BcacsiBaHuA HMKe 160 MM pr.cr.
BRINYCKAIOTCA Hacockl cepuy RV cnenuansnoro ucnossenus. Harwe-
TaTeJbHble OKHA 3THX HACOCOB CHAOM(EHBI HIAPDHKOBBIMU KJANaHaMU
Haubonee adekTHBHE 3T MammuHbBl Npu ZaBaeHuax 110-40 mm
pr.ct. Ilects Mopeneit mMamuu cepur RV npomspoguTelbLHOCTHIO OT
17 po 43 m3/MuH ucnonnsylorca B KayecTBe Kommnpeccopos (RV... k)
ApH HOMHMHAJBHOM JaBJIeHMM HarHeranua (u36.) 0,8 xrc/cm?. KK
dupmer "Hesse” Taxske BBINyCKalOTCA OTIeabHoll cepueir 733-736,
BKIWOUamomed 12 TumopasMepoB HpPOM3BOANTeNbLHOCTBIO oT 17 gmo
50 M3/MMH Ha HOMHHAIbHOE JABJeHMe HarHeTaHus (u36.)
1,5 krc/cm?.
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Mamunast ¢upmer "Hesse”™ oTcTal0oT OT COBpEMEHHOrO YPOBHA
JKKM mo TakoMy Ba)KHOMY IIOKA3aTeNI0, KaK yAedbHLIH pacxon Bo-
IbI.

14. 5. JKudxocmHuokoavyeabie MAUUHbL aH2AULCKUX DUPM

®upma "Pepvac” BEIIyCKaeT ONHO- M [ABYXCTyMeHYaThIe SKHUJ-
KOCTHOKOJIbIleBbIe BAKYYMHbIe HACOCHI H OJHOCTYHeHYaThle KOMIIpec-
cOpBI IIPOCTOro AEeHCTBHA C OCeBBIM rasopacupefeseHueM. TexHuue-
ckue xapaxrtepuctuku JKXBH dupmer npupegens: B tagum.1.11, ux
VAeJNbHBIE MOKa3aTeaM IpefcTaBieHrl Ha puc.1.42. Ilpu nagerwu
AaBjeHus BcachiBaHHA Huyke 300 MM pT.cT. yAeqbHble TOKA3aTeIH
BAKYYMHBIX HACOCOB peaKo yXyZAmalwTtcsa. [[ByXcTymeH4YaTsle Baky-
YMHble Hacochl IIPOMBBOAMTeNsHOCThIO oT 0,55 go 28 M3/MuH MoryT
ObITH CHAOMKEHBI BOBLYIUHLIM 3)XKEKTOPOM, HMelOMHM pabouee JaBJie-
Hye 30-5 MM pT.CcT. U npefelbHOE OCTATOYHOE NaBleHWe 4 MM PT.CT.
prnaaonn'renmoc'rs Hacoca ¢ 3:KeKTopoM co¢TaBjfAeT okosno 50%
NPOM3BOOUTENBHOCTH HAacoca B TOUYKe IMOJKJIIOYEHHS diKeKTopa. B
Ta6i. 1.12 npuBeseHbl TeXHUYecKHe IMapaMeTpsl KOMIIPECCOpPOB ¢up-
Mbl “Pepvac”. Ilpuson XKKM ¢upmer “Pepvac ocyuiecteiafercsa He-
TocpeACTBEHHO OT 3J1eKTPOJBUraTe .

®upma "Alley” marortoriser ofgHo- u xeyxcrtynendarsie JKBH c
OceBrIM rasopacnpepenenuem. OfHoOCTyIeHUYATEIe BAKYYMHBIE HACOCHI
cepmit SS (12 Tunopaamepon) u LSS (7 TMmopasMepoB) HMeOT IpPOU3-
BoaurenbHOCTs oT 0,22 mo 61 M3/MmH u pabouee JaBiieHMe Jo
150 mm pr.cT. JIByXCTyneHuaTsie BaKyyMHBIe Hacoch! cepuit TS (12
THopasmepoB) u LTS (6 TumopasmepoB) npu IaBjIeHUH RCACBIBAHHUSA
160-25 MM pr.er. ofecmeunBalor mpousBoAWTENBHOCTH  0,22-
58 mM3/muH.
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Tabauma 1.11

[OBOJBHO BBICOKHE KAYEeCTBEHHbIE MOKA3ATENHN, TO IO YAeXbHOMY
CcXO/Ty "KHIKOCTU OHH YCTYMAIOT JIYYINNM COBPEMEHHEIM obpasnam.

Tumo- IIponaBogn- HaBnexue Komnye- Yucio cryneHeit
pasMep TeJLHOCTD, BCACBIBAHUA, | CTBO TH-
M3/ MuH MM PT. CT. | Iopa3Me-
POB
FHV 10 0,19-0,85 xo 110 4 OfHOCTYIIeHUYaThbIe
FHV 12 0,25-1,20 o 30 4 IOsyxcTynexdyarsie
FHV 20
FV 21
FV 381
FV 51 0,20-26,0 no 160 16 OpHocTyIeHYaTEIe
FV 61
FV 71 |
FV 81 33,00-62,0 mo 160 | 4 OJHOCTyIeHYAThIE
HByxpagmusie
FV 02 0,028-0,075 160-60 2 OpHocTyIeHYaThHIe
FV 12
FV 22 0,23-0,55 160-30 2 JIByXcTynmeHyaThie
FV 32
FV 42 0,95-7,30 160-25 7 I ByxcTyneHyaTsie
FV 52 |
FV 62
FV 72 9,00-5,3 160-30 8 AByXcTymenuarsie
FV 82
Nyd ) KBT-mun/m® Puc.1.42. YpenpHnle napameTphl
BAKYYMHBIX HacocOB  (PMPMBI
"Pepvac”:
74
2,2 ©. yfenbHas MOLIHOCTHL OAHOCTyNEHYA
20k THIX MAIUMH IPH JaBJEEHH BCAcKIBA
1'8 Qd, AuA 400 MM pT.cT.;
1'6 » * a A ® . yZeNbHAR MOIHOCTL JBYXCTYIeH
' of ofll L o°l ®e gy YaThlX MAIIMH IPHY AaBJeHHH BCachl
L P oo . 1 BaBUA 60 MM pT.CT.;
1,2 ) 10 0 - ymeasHHN pacxof BOALI OJHOCTY
) ; L J NeHYATLX MAIIMH OPM AABJeHHH Bca
- Py 1t ] 8 cnipasng 400 MM pT.cT.;
4, wh 3 8100004 ,90 4 ¢ . yhenvHWMN pacxox BONH ABYXCTY
OeHYaTHX MallXWH IOPH JAaBJIeHHH Bca
o 1 2 4 ’aarza ’W ol cuBaEnA 60 MM pT.CT.
y MY/ MuN

M3 xapakTepMcTHK BaKyyMHBIX HacocoB ¢upmsl ~Alley”, moka-
3aHHBIX Ha puc.1.43, ciaengyer, 4YTo ABYXCTylleHUaThie BaKyyMHEBIE
HAcoCHl NPH AaBieHHUAX HuKe 150-160 MM pr. cT. Goslee BKOHOMHUY-

HEI, YeM oJHoCTymeH4YaThle. KEciH o yAeNbHON MOIIHOCTH BaKyyM

Hble Hacocsl pupMsl ~Alley”, ocobeHHO IBYXCTYIeHYaTEIe, HMEIOT
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Tabauna 1.12
Tunopaamep | IIpomaBogurens- HabbiTounoe gasie- Konuuectso
HoeTb, M3/MUH HUe HAarHeTaHM, THIIOpA3MEDPOB
Krc/cm?
FHC 10 0,19-0,7 mo 1,0 4
FHC 122 0,21 oo 2,0 1
FHC 208 1,00 mo 1,0 1
FC 21 0,22-0,5 o 0,6 2
FC 31 0,85-2,0 mo 0,8 3
FC 51
FC 61 1,90-50 oo 1,2 14
FCT1
FC 81
" 3/ mun
Puc.1.43. XapaxTepucTUKM BaKy- m/
YMHBIX HacocoB ¢upMst ~Alley”: 60 4 15
1 - Mogeas LTS 55 (735 o6/Mun); 23 Va
2 - Moflean LSS 45 (735 o6/mun); = 3 4 T
3 - Mozieas LTS 52 (960 of/Mun); %g p Nyd,
4 - Mmopeas LTS 42 (960 o6/Mun); AT,
5 - Mopens TS 23 (1450 o6/MuH); 15 3115 o T kBT - tun
6 - Monens SS 4 (1450 o6/Mun) ;»g [ m3
657 %g
Insa BaKyyMHBIX HacocoB Alley \ %.6
cpesHeit ® 6oJbIIOH HMPOM3BOAM- 5 417 2',;
TEJbHOCTH XapaKTepHBIM IIpU3- N4 & 11120
HaAKOM ABJAAETCA BBICOKaaA Yac- T 1 ": ;'g
TOTA BpallleHUA IIPMBOJHOTO Ba- N 2 P 14
12

aa. Tak, BaKYyMHBI Hacoc IIpO-
U3BOMUTENBHOCTRIO 12 M3/MuH
HMeeT YacTOTy EBpAallleHHA Baja
1450 06/MuH, NpPOM3BOAMTENLHOCTBIO MOpsAaka 25 mé/mur - 960
06/MuH, npousBoguTensHocTso 50 U 60 M3/Mun - 740 06/mun. Ilpn-
BOJ BCeX MAIIMH OCYIIecTBJAeTcA BENOCPEACTBEHHO OT ACHHXPOHHO-
ro aneKTpojBuraTesns. B KauecTse KomnpeccopoB MamuHsl Alley Mo-
TyT paboTaTh IpH AaBIeHMAX Ho 2,1 Kxrc/cm?. ‘

®upma "Hick Hargreaves”™ BBINIYCKaeT >XHAKOCTHOKOJNbIEBLIe

203040 60 100 200 300
P, MM pT.CT.
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BAKYYMHBIe Hacochl U Komupeccopb! MapkH Sihi-Hivac BaxyyMmHBIe
Hacocsl Sihi-Hivac BrimyckaloTca OOHO- M ABYXCTyleH4YaThiMu. OnHo-
cTyleH4yaTsle Mamuubr (12 mopeseil) npousBoA¥TeJbHOCTHIO OT 2,8
no 62 m3/Mun npeanasHadeHn: AN paboThI NPHM  AABJIEHHAX A0
150 MM pr.cT., AByXcTymeHuaTnle (12 Mogeseit) INIPOU3BOAUTENE-
HocThio oT 3,1 g0 53 M3/mMum - npu nasrenuax 175-28 mm pr.cr.
®upma H3roToBJAET TAKMKe arperaThl, cocToAllMe M3 JBYXCTyIleHYa-
TOr0 BAKYYMHOIO HAcCOCA M BOBAYIIHOrO MM IIapPOBOTO 3)KEKTOpA.
Boaaymupiil 9:KeKTOD HMeeT HOMHHaIbHOe AaBleHHe 20 MM pT.CT. H
npeaesLHOe OCTATOYHOe jJaBjeHWe oKojo 8 MM pr.ct. Ero mpomusso-
IUTeJbHOCTh cocTaByger 70-80% or maxcuManbHON NPOU3BOJUTEJb-
HOCTH Hacoca.

Komnpeccoprr Sihi-Hivac cepum K BrillyckaiooTeas 12 rtunopas-
MepoB Ha H3bbITouHOe paBiaeHue o 1,05 krc/em? M NpPOU3BOLUTEINH-
gocTh 1,4 - 56,6 M3/MuH. OTH MamuHEE O6BIYHO MMEIOT HeNOCpes-
CTBeHHBIt IIPUBOJ OT 9JEKTPOABHraTeNs, HO MOTYT OBITh TaKxXe
cHabsKeHsl ¥ KJIHHODEMeHHOH nepejayeil.

®upma “Sisson” sBrImycKaeT pAIL OZHOCTYHEHYATHIX BAKYYMHBIX
HACOCOE IIPOCTOro JeHMCTBHA ¢ OCEBLIM rasopaclpelle/leHHNEM, COCTOA-
muit 3 10 Mmamue mpoussoauTeabHOCTHIO OT 1,1 Mo 41 M3/MuH. Pa-
6ouee pamaenue jgo 100 mm pr.ct. Ilo yaenbHoMy pacxoRy BOABI
(1,5-2,5 a/m%) Bakyymusle Hacocel ¢upMbl "Sisson” HaxoAATCA Ha
JOCTATOYHO BBICOKOM YpPOBHE, OJHAKO OHHM He ofeclieunBaloT GoJkilo-
TO BaKyyMa.

14. 6. JKudrxocmnoroavlyesble MaulluHbl Opyzux 3apybexcHbvix Qupm

®parnysckad ¢upma ~Neyrpic® NpOM3BOIHUT SKUIAKOCTHOKOIb-
HeBble BAKYYMHble Hacochl M KOMIIPeCcCophl PA3IHYHBIX THUIIOB JBOM-
HOTO ,uef/'xc'anx C pagjHaNbHBIM rasopaciipejiejieHueM. BbICOROBaKy-
YMHBIe HACOCHI COXPAHAIT OTKAYMBAIOMYIO CIIOCOOHOCTH NDH AaBiIe-
HHUHM BcacklBaHMA 10 MM pT.cT., TOraa Kax MamMHBI IBOHHOro Aeit-
ctBua ¢upmbl “Nash” npu Hy/JeBoil NPOU3BOAUTENIBHOCTH HMEJH
ocTaroyHoe gapaeHme oxojdo 50 mm pr.ecr. B KM  ¢upmer
"Neyrpic”, mo-BHANMOMY, NPUMeHAKTCA LMJIMHAPUYECKHe rasopac-
Opefile/iUTeIbHBIE BTYJIKY B OTJHYHe OT Ta30PACIPEJeINTENbHEIX KO-
rycoB JKKM c pagmanrHbiM rasopacupejejeHueM OpPyrux ¢upM (B
yacTHocTH, GupMmei  Nash”™). B coyeTanun ¢ BHICOKOH TOYHOCTBHIO H3-
TOTOBJIEHMA M YAAYHBIM pacHoJIoKeHUeM OKOH JTO Mo3BojdeT uaba-
BUTECA OT MEPTBOTO MPOCTPAHCTBA , UOBBLICHB TEM CAMBIM MAKCH-
MaJibHOe 3HaYeHHe BakyyMa. OtaumuutensHoit ocoGennoctsio JKKM
¢upmsr "Neyrpic” Aniserca Tax)Ke HM3Koe 3HAUEHUe yAelbHOM 3a-
HUMaeMo# IJIOIAJH YCTAHOBKU. DTO AOCTHraeTcs 3a C4eT pPACIOJO-
JKeHHs BRICOKOOBOPOTHOTrO 3JIeKTPOABUTATeNA HA paMe, MOHTHUPyeMOH
Ha KopIyce Mamuabl. II[pHBOJg OT 31eKTPOABUIaTeNd OCYLIeCTRIAETCA
yeped KJIMHODeMeHHYIO mepefadyy. HarHeraTesbHBle M BCAChIBAIOLI[HME
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gaTpyOKH pacmosioeHbl TOPMIOHTAIBHO.

¥ apakrepucturu KM odupmsl "Neyrpic” sa mochienuume ropsr
paKTi{4eCKN He M3MEeHWIHCh, OJHAKO MOABMJIMCh BAKYYMHEBIE HACO-
cpl M Kommpeccops! cepuit M, B, NS, CNS GoJee BbICOKOIl npomaso-
guTenpHocTd. Tak, HapA#Y ¢ BBIIYCKABIIMMHCA paHee BaKYYMHBIMH
gacocaMu NS npoussonuTensHocTsio o 98 M3/MMH HMsrorosialTCA
gacocsl NS400 mpoussogutensrocTsio 375 M3/MMH NpH AaBIeHHH
pcacblBaHUA 300 MM pr.ct. HoBriMu paspaborkaMu $UPMBI ABIAIOT-
cf TaK’Xe THTAHOBble M rpadMUTOBBIE BAKYYMHBIE HACOCHI U KOMIIpec-
copbl. TexHMUecKMe XapaKTEePUCTHKM BAKYYMHSBIX HAacocoB GUPMEI
"Neyrpic" npusefeHns! B ta61.1.18, a XapakTepucTUKY KOMIIPECCOPOB
. B Taba.1.14.

Tabauma 1.13

[ Cepus " KoauuecTBo | [laBienne BcachlBaHUA, IIpounssoauTenn-
aasopos e Ny
BB = 250-10 0,95.6,6
NN 5 610-110 1,00-6,8
P 5 300-10 1,00-9,0
M 7 610-110 1,05-10,3
N 14 610-110 8,00-145,0
BA 9 600-50 6,50- 90,0
B 10 250-10 6,20-135,0
NS 6 650-150 22,50-438,0
GR 3 600-200 1,40-5,5
NN TITANE 2 600-100 2,00-6,0
EP l 3 10-0,5 10,00-130,0
Tabnuna 1.14
Cepua " Konumuecteo | M36uITounoe gaBie- IIpoussogurenn-
THIIO- HHe HATHeTAHUA, HOCTb, M3/MUH
| pasMepoB xre/cm? .
CNN ! 5 0-3,0 0,9-7,8
C 6 0-1,0 1,0-9,0
CN 15 0-2,0 7,1-190,0
CNS 4 0-1,0 54,0-456,0
CGR l 3 0-2,5 1,9-5,1
| CNN TITANE ' 2 0-2,5 1,8-5,6
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VaenbHBIe NMApAMETPHl BAKYYMHBIX HACOCOB (HUPMBI "Neyrplc"
NokasaHbsl Ha puc.l.44. CpaBHMBasdA BaKyyMHble Hacochl OJHOH IIPO-
H3BOAUTENBHOCTH AJIA DA3JMYHOro paGodero AABJIEHHA (puc.1.45),
MOXKHO BHIGpaTh Hanboslee 9KOHOMHYHYIO MALIHHY A obecrniedeHMa
tpebyemoro BakyyMa. J[Jifi mosyueHHs AABJIEHHA BCACRIBAHUA MEHE-
me 10 MM pr.cT. dupma ~Neyrpic u3roToBASEeT BakyyMHBbIE YCTa-
Hoeru cepuu EP, cocrosiue 13 BOJOKOJNBNEBOT0 BaKyyMHOro Hacoca

' MU
4 N
12 50
10 |
a:g' bl \ \ \
dnén i il /)l IARH 1]
2 - el Jo
Gyar Krmu \ 7173
KZWM ]'6 ~
a0 . A
60 YA 4+ A \ / N
w1 1
Il
410 20 40 100 W3 0 w0
Q' m/mun Pumpm cm

Puc.1.44. Vaensarle napamerps Ba- Puc.1.45. XapaxtepucTHKU BaKYy-
KYYMHBIX HacocoB cepum BA mnpu YMHEIX HACOCOB dupmur "Neyrpic™:
Rasnerun Beachisaria 150 mm pr.cr. 1-monens B15; 2-mopensr BAl4; 3-mMofens
NE14

¢ OQHO- WIH ABYXCTYINEHYATHIM IAPOBBIM 3’KEKTODOM C IpOMeXKyTod-
HBIM KOHJeHcaTopoM. YcraHoBka EP4, umeicmad HPON3BOLHTE]IE-
gocTh 50 M3/MuH mpn naBnenun 1 MM pT.CT., NOTpebaseT 140 xr/4
mapa ¢ gaBjieHueM 5 at™ u 10 M3/ oxaakaalomieii BOABI.

KKM gpyroit dpanmysckoit ¢upmer “Hibon" mo KOHCTPYKIHUH
6nu3kn MamuHAaM upMbl Siemens”. Pupma- "Hibon" srinmyckaer
OZHOCTYHmEeHYaThle BAKYYMHbIe HACOCH HPOCTOTO JEeHCTBHA C OCEBHIM
rasopacnpefefieHueM. [IpHBoj oCyINecTBAAETCA HeNocPeJCTBEHHO OT
ACHMHXPOHHOT'O 3JIEKTPOJBUraTeIA WM UYeped KINHOPEeMeHHYIO nepe-
nauy. B 70-e roasl ¢pupma mpoBesa MOAePHH3ALHIO: BaKyyMHBIe HA-
cochi cepunt HFP 6511M 3amenens1 HacocaMu cepud AL, B pesysipraTe
Yero CHM3WJIACH YAeNbHAA MOIHOCTh PAa MAIUIHH, YMeHBIIMJIHCH
Pacxo/l MUAKOCTH M yAeJNbHAS METAJJIOEMKOCTh. Y Je/lbHEIe napameT:
PHl BAKYYMHBIX HACOCOR IIDHBeJEeHBl Ha puc.1.46. Bakyymusie Haco-
cbl cepur AL Bemyckalorca 15 Tunopa3mepoB Ha JaBjleHue BCaChIBA-
uua or 600 go 30 MM pT.CT. M NpPOM3BOAMTeNbHocTs or 1,28 10
133 M3/Mun.

®dupma "Baudot Hardoll” uarotoBasieT ofHO- U miyxc'rynentm—
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rete JKBH u KK, Boagyui-  AMydraBorssun/s”
Hbl€ B8JKEKTOpPhI, BaKyyYMHbie 28 N
YCTAHOBKH C HCIIOJIb30BAHU- i’i‘\ A
eM MAIIWH pa3JHYHOTO TH- 72\ A
na. Texuuueckme xapaxre- 3’3 NE
PUCTHKM BAKYYMHBIX HAaco- 16 = !
cOB "(bnpmm "Baudot 14
Hardoll IPe/ICTABIEHB! B g:_;;;'.
7a61.1.15. IIo cBoeit akoHO- 14+
MMYHOCTH BAaKyyMHBbIE HACO- ;g 7
cbl 3TOH (MpPMEI HaXogaTcA 8 I 7
HAa  HEBBICOKOM  YpOBHE. 5 TN
JIByXcTyIeHYaTble MAIUIMHBI buo- h
cepur RC  mMoryr  6m1Th 80 {
cHabKeHbI BO3IyIUIHBIM % £ ! 4
sxxekTopom tuna KE7. Ilpo-

P p 2 4 10 20 yﬂ‘mﬁ

HM3BOAMTEJBHOCTE HAcCOCA C
3)KeKTOPOM IIPH JaBJIeHHH 4-
20 MM pT. CT. cocTaBisger
40-60% or mnpousBogHTEND-
HOCTH HAacoca B TOYKe IIoA-
KJIIOYeHHA 3XKeKTopa.

Puc.1.46. VYpenpHele IapaMeTpHl BaKy-
yMHBIX HacocoB ¢upmu "Hibon" npu
AaBJleHUM BecachlBaHuA 160 MM pr.cT. @

1- cepua NFP; 2- cepua AL

Tabnuna 1.15

Cepuss | Ilpoussomgu- HaBiernue Konuuectro Yuecno cryneneit
TeJLHOCTD, BCACHIBAHUA, THIIO-
M3 /Mun MM pT. CT. pasMepoB
RE 0,14-10,3 Ho 160 10 OfgHocTyneHYaThIe
RE1 0,22-0,5 360-25 2 [ ByxcTynen4aTsie
RC 0,97-10,0 360-25 9 IByxcTyneHyaTsie
RA 10,0-62,0 l o 30 7 OxHocTyneHYaTsie

Pupma BERINYCKaeT KOMIIPeccopsbl AEBATH Mofjejeil ( 4yeThipe of-
HOCTYNeHYAThIX M OATh ABYXCTYNEHYATHIX) PON3BOAUTENILHOCTEIO OT
0,23 go 2,8 m3/Mun. OgHOCTYMEHYATEIE KOMIIpeccOphl paboTaloT mpH
nsbrrrousoM Aasiaenuu go 0,8-1,2 krc/cM2, IByXCTymeHUAThIe - JO
0,1-2 xrc/cm?. Pupma "Baudot Hardoll” nmpoumssogur Takxske Baxy-
YMHBIe  arperaTsl, CcocToAllHe M3 JKHIKOCTHOKOJBUEBBIX HACO-
COB ¢ NapoBBIMH 3:KeKTopaMH Ha gaBiaeHue 0,5-0,1 MM pr.cT.

Anonckan ¢upma “Awamura” - eJVHCTBeHHAad M3 HM3BeCTHHIX
HaM ¢upM Beinyckaer JKKM npHHIUIMATBEO OTAMYHBIX KOHCTPYK-
TUBHBIX CXeM: ¢ PpaJUaJbHBLIM TrasopaclpefiejeHHeM JBOWHOIO
ReHCcTBHA U ¢ OCeBBIM rasopaclpefejieHueM IIpocToro geiicrsusa. Tex-
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HUYEeCKHMe XapaKTepUCTHKHM BAKYYMHBIX HACOCOR C pPAfMaJbHBIM Ta-
sopacnpegejenuem npupesensl B Tabi.1.16. Kak nmo ygeasHoH Mol
HOCTH, TAK M IIO PacXofy BoAabl Hacockl cepun ANV HaxoxdaTcs Ha
HU3KOM TeXHHYeCKOM YpOBHe. ArperaThl Ha 6a3e BaKyyMHOroO Hacoca
cepun ANV-K ¢ Bo3ayluHBIM 3KeKTopoM cepun AAE nmeioT mpous-
poguTespHOCTh Ha 50% HM)Ke IIPOM3BOAMUTENBHOCTH Hacoca M IIpe-
JleJIbHOE OCTATOYHOE AaBjieHue He MeHee 12 MM pr.ct. @upma mpoms-
BOAMT TaKxae KoMmipeccops! ceput ANC Ha ReBleHHe HarHeTaHMs [O
7 xrc/cm?. Komnpeccop, paboTalomuii npu 3ToM jJaBieHuH, obecrie-
yHMBaeT NpOM3BoAUTenbHocTs 1,5 M3/MuH npu moummoctH 22 xBr,
yacTOTA BpauleHusa portopa - 3450 06/Mun.

Tabauna 1.16

Cepusa IIpousBogu- HaBnenue Yueno MamvH
TeJNbLHOCT, BCcachlBAHUA, paga
M3 /mun MM PT. CT.

ANV-P 0,5-2,3 560-160 4
(KOHCONBHBIH) :

ANV-H 2,3-60,0 360-110 10
ANV-K 2,1-50,0 | 160-50 10
ANV-L 2,2-30,0 660-360 8
AAE-ANV-K 1,0-22,0 60-20 10

B 1975 r. pupma "Awamura” mHayasa Beinyck JKBH un KK c
OCeBBIM rasopaclipefieienueM cepun Sonit. PAx BAaKYyyMHBIX HACOCOB
Mopeneit Sonit-V cocrour us 14 MamIMH NpPOM3BOAMTENbHOCTHIO CBEHI-
me 2,7 m3/mMun; pabouee naBnenue - o 60 MM pr.cr. Ilpusox ocy-
LIecTBAAETCA HeNocPeJCcTBEHHO OT 3JEeKTPOJABUraTe]Id WJIH 4yepes pe-
nyKTop. MeHAA yacToTy BpallleHHMA poTopa Hacoca , MOYKHO IOJY-
yurs 31 3HaYeHHe NPOM3BOAMTENBHOCTH. MOIIHOCTE BJEKTPOABUra-
Tens Hacoca Molenu Sonit-V 3HauUTeNbHO MeHbIlle, YeM MOIIHOCTh
ajexkTpoaBuraTeas Hacocos cepun ANV. IlocTaTouHOo HHM3OK y MAIIMH
cepun Sonit ¥ yReNbHBIN pacxo[ *KHAKOCTH. B KadecTBe BasKHOTO
NpenMYII[eCTBA HOBBIX MaImluH ¢upmMa yKasplBaeT Takxe 0OoJjiee HHU3-
KUl ypoBeHb IuyMma mno cpasHeHuio ¢ Mammpuamu cepur ANV. Ilo-
CKOJIBKY BaKyyMHBIe Hacockl cepun Sonit nydiue paboraior B obfjac-
TH HHU3KUX [JaBJeHHH, arperaTsl Ha 6ase HacocoR cepum Sonit ¢
3)KeKTOPOM KMMeIOT 6oJiee BHICOKHe NOKa3aTelH, yeM Ha 6ase HACOCOE
cepun ANV-K. VpenbHsle napamMeTphl BAKYYMHBIX HACOCOB (PUPMBI
"Awamura” npexcTasnensl Ha puc.1.47.

Bosabpuioe KoaudecTBO cHenHalbHBIX BaKYYMHBIX HAcocoB M
KoMIpeccopos (pupmMsl “Awamura’, BbIIOJHEHHBIX U3 HepixaBeromen

58

cTaji: MpegHasHadeHb! AJMA pabo- Ny0,KBm Muk/M?
’

Thl B XMMHYEeCKOH MU HedTeXUMHU-
4ecKOH IPOMBIIIIEHHOCTH. 24
Hoyras sanonckas dupma 2,2 S
"Unozawa” BeImyckaer sxuakoer- &0 P S
HOKOJIbIEBBIe BAKYYMHBle Hacocer 18
¢ DaJHaJIBHBIM rasopacmpefene- 0
HyeM aBoiiHoro geiictBusa. Haco- Qg
col cepurr SRU Tpex tunopasme- 0"';" 3
poB (BePTHKaibHBIE ¢ OxHoCTO- O )
DOHHHM BcachlBaHHMeM) uMeloT O
npoudBoAauTeabHocTs ot 0,19 o 4 3
0,69 M3/Mun; macoc cepum SRI  Z
(KOHCOJIBHOTO THIIR) - NPOM3BOAM- 2 4 10 20 40 100 200
resabHOCTH 1,33 M3/MuE npu uac- Uy

ToTe BpamieHus Basa 145006/ mMun

u 1,8 M3/Mun npu 1750 06,/mun; Puc.1.47. Vgenvhrle napameTprr
Hacocsl cepuu SRC neBaTH THMmo- BAKYYMHEIX HacOCOB $upMut
pa3MepoB (c ABYXCTOPOHHHMM BCA- Awamura® npu gasieHuu Beackl-
CHIBAHMEM) - IIPOMBBOAUTENBHOCT it 160 am pr.cr. :

or 2,9 no 150 mM3/mMun. [asnenne 1,2- cepua ANV-H, 3 - cepus Somt
BCACBIBAHHA ECeX HacocoB - o 160 MM pr.cT.

Hacocer cepun SRC nmeior of6beguHeRHBIH naTpy6oK, HO MOryT
CHaGXKaThcA PA3NENBHBIMM BXOJAMH: ABYMA (MOAHMHKALMA SRD)
HiH 4eThIpiMA (moamdmkanua SRE). Hacocer Mogenm SRD  Boi-
IYCKAalTCsA nponasoauTebHOCThIO 85 U 150 M3/Mun, a mogenn SRE
- TonsKo 150 m3/mun. Ilpusox Hacocos cepunn SRC Moxker ocymgect-
BIATBCA HEIOCPEACTBEHHO OT 3JeKTPOABUraTesls M Yepes KJIHHODe-
MeHHy1I0 Iiepelauy. Pacxoa Boxbl y Hacocos cpefHeil M 6oJbIIOH
IPOM3BOAMUTENLHOCTH - 2,5-8 1/M3.

Amepuxanckaa ¢upma “Sullair”, mupoko -cnenmamuaupyio-
InasicA Ha BBIMYCKe BUHTOBBIX KOMIPECCOPOB, B KAYECTBE M3TOTOBHU-
Teass JBH crana uasecTHa cpaBHuTesbHO HeapHO. OHa BHITYCKAaeT
oxHO- n aByxcrymeHuaTele JKBH ¢ oceBniM rasopacmpegenenuem;
VIUIOTHAKWAA cpefia - Boja uin Macio. Hacockl mpuBoasaTca Hemo-
CPe/ICTBEHHO OT 3JIeKTPOJBUTATE/IA H BMECTE C HMM MOHTHPYIOTCA Ha
pame. BakyymHsble Hacocsl cepun SL obmenpoMsimienHOro HasHaYe-
HUA BBINYCKAIOTCA ofHocTyneHyarsiMy (10 Mopgesneit) u neyXCrymeH-
qateiMn (11 mopeneit). Kopmyca u pasnenuresbHble JUCKH HMSro-
TOBJIEHBI U3 YYI'yHA, KoJeca - U3 GPOH3bI, & BAJEI - M3 HepXaBemen
crann. OgHOCTymeHYaThle HACOCHI HMMEIOT NPOM3BOAUTENBHOCTH OT
0,42 mo 28 m3/Mum npu gapneHun BcacHBaHHA Ko 125 MM pT.CT., &
ABYXCTYNEeHYATBIE - Ty ’Ke NPOU3BOAUTENBHOCTh HPH BaKyyMe [0
25 MM pr.cT.

Ha 6ase ’XuAKOCTHOKOJABUEBBIX HacocoB cepuu SL ¢upma
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"Sullair” Brinyckaer ycraHoBru cepum SCS, npeaHasHadeHHBIE ks
HeHTPAJU30OBAHHBIX BaKYYMHBIX CUCTEM. Y CTAHOBKHM KOMILIEKTYIOTCA
ONHMM WJIM HECKOJbKHMH OJHO- WIM ABYXCTYNEHYATHIMU BaKyyM-
HBEIMH HacocaMy C 3JIEKTpOIpHBoAaMH. Bce ofopyloBaHue MOHTHDY-
eTcA Ha obmieil pame. B cocTaB YCTAHOBKM BXOAAT UMPKYJIALMOHHAR
cHCcTeMa CHaG)KeHUA YIUIOTHAKIOmMEH BOJOM M NPUOOPHBIA IUT KOH-
TpoJiA u ynpaBieHuUs. Ha HarHeTaTennHON JIMHHHM BAKYYMHBIX HACO-
COB YCTAHABJIMBAIOTCA celapaTopsl - [VIYINMTEAH IIyMa. B cocTar
YCTAHOBKHM BXOJHUT TaKKe BeDTHUKaJbHBIA pecHUBep. YCTAHOBKH MoOI-
HOCTBIO Jo 25 j.c. (ofHocTymeH4YaTsle) M MolHocThI0 no 10 i.c.
(AByxcTylleH4YaTsle) MOHTHDYIOTCA HA FOPHU3OHTAJILHOM pecHBepe. Bce
YCTAHOBKH IIOCTABJAIOTCA TOTOBBIMHM K 3KcIyaTauuu (Iocjie IpH-
COeAMHEHMA K 3JIeKTPOCeTH U CeTH BOJOCHAOXKeHHA).

dupMa NPOM3BOAUT TaKIKE MAac/JO3alloJIHEHHBle YCTAHOBKM cCe-
pun SVS, KoTophle NPH BBICOKOM BaKyyMe o6ecHedMBAIOT YBeJnye-
HHe IPOM3BOAMTENBHOCTH B 1,5 pasa 10 CpaEHEHHIO ¢ BOHOKOJbIle-
BHIMHM BaKYYMHBIMH HacocaMH. B ycraHoBky cepuu SVS BXojaT: of-
HOCTyneHyaThll (9 TUmopasMepoB) MM ABYXcTymeHdaTslit (8 Tumo-
pasMepoB) Hacoc, 3JeKTPOABUraTeNlb, TEIJIOOGMEHHMKH THIIA BO3LYX-
MacJjio HJIM BoJa-Macjio, MacAsAHbI# Hacoc, Macioc6opHHK ¢ ABYXCTY-
NeHYaTHIM OTAeJHTeJeM MacJa, Ipubopsl, TpyOoNpoBojHAs OOBA3KA.
Bce o6opynoBaRHe MOHTHPYeTCA Ha paMe U T'OTOBO K 9KCILIYATALMH.

Brinyckaemsie ¢pupmoit “Sullair” Baxyymunle Hacocsl cepuu LP
HMEIOT ImpouaBoguTeabHOoCcTh OT 1 fo 13 M3/MuH npu gaBieHUM Bca-
ceiBaEuA go 160 MM pr.ct., a KomMnpeccopsl cepun LP - npoussogu-
reasHocTs or 0,8 go 10 M3/mMun npm M36HITOYHOM JABJEHHH HATHe-
raHuA 2 krc/cm?. BakyyMHEIe HACOCHI M KOMIIpeccophl 3Toil (GHpPMBI
XapaKTepPU3YIOTCA HeBRICOKMMU MTOKA3ATE AMH.

B ABcTpuy XHAKOCTHOKOJBIEBEIE MAIIKHB! BBHIIYCKAIOT [BE
dupmsr - “Voith” u "Ochsner”. ®upma "Voith” cnemumanusupyerca
Ha BBHINYCKe BOJOKOJIBLEBLIX BAKYYMHEIX HACOCOB C PAJUAJIBHBIM Ta-
sopacupefieieHneM.  MalIMHBI  IPOM3BOAUTENBHOCTHIO  CBBIINE
6,2 M3/MHH - ABOMHOTrO JeHCTBHA M NPUBOAATCA UYepes KJIHMHODeMEH-
HYI0 nepegady. Oblee umncIo Mojejed BHIMYCKAEMBIX MAIIWH - 12,
IpUYeM Bce OHH MOTYT UMeTh [Be pasjudyHble CKOPOCTH BPAIEHMU.
IlponsponuTepHOCTh BCero pAga Mamue or 2,1 mo 140 M3/Mun.
Bnarogaps HHU3KHUM OKDPY’KHEIM CKOPOCTAM HACOCHI OTJIMYAIOTCA He-
GonbmIof yaeabHOM MOIJHOCTHIO IPH NABJEHHM BCACBIBAHUA BHIIIE
300 MM pr.cT., HO HMeloT Gojblnve YAejbHbIE METAIIOEMKOCTH H
maomans. IIpu ymeHbIlleEun JaBleHMA PE3KO YBeJHYUBAETCA KOJIU-
4eCcTBO NoTpebJiAeMoil KUAKOCTH. 1IpefenbHOe OCTATOYHOE NaBjeHMUe,
JOCTHUraeMoe AAHHBIMH HACOCAMH, He HIDKe 15 MM PT.CT.

dupma "Ochsner” ¢ 1964 r. BrinyckaeT BakyymHble H{KM oT
HeGonpwux (npomspogurensHocthio 0,04 M3/MHH) Ao mocraTouHO
KPynHBIX (mpouaBoauTennHocTsio 60 M3/Muu). Bakyymmsle Hacocs!
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¢upMbl MMeEIOT oceBoe Iadopacnpefenenue. Hacocsl mpoussoauTens-
gocThIo o 1,5 M3/MMH BBITYCKAIOTCA OZHO- M JBYXCTYIEHUATBIMHM.
IIpefenbHoe OCTATOYHOE JABJE€HKE ONHOCTYIEHYATEIX Hacocos - 150-
180 MM pT.CT., AByXcTyneHdaTthix - 20-75 MM pr.ct. BakyyMusie Ha-
cochl TPOHU3BOAMTENBHOCTHIO CBEIINE 3 M3/MHH BHITYCKAIOTCA OJHO-
CcTYNIEHYATBIMH H HUMEIOT MpejiejibHOe ocTaTouHoe AaBnenue 20 - 30
mM pr.cT. K cepeaune 70-x rogoe ¢upma saMeHusa GOJIBIIHHCTBO
crapbiXx MamIuH (M3 25 MoZenell BaKYyMHBIX HACOCOB IIPOJOJIKAETCA
BBIIYCK TOJBKO 7 mogeneit). Ilo mociegHMM H3BecTHHIM HaM [JaH-
HBIM, He BBIIYCKAKTCA MAIIMHBI IIPOM3BOAUTENLHOCTHIO MeHbINe
0,25 m3/MuH, yBenMueHa 6pIcTPOXOAHOCTS MaIUHMH ( HacoChl IPOUS3-
BOJUTEJBHOCTLIO MeHee 2 M3/MHMH MMeIOT 4ACTOTY BpAIlleHHUA INIPH-
pogHOro Baja 2900 o6/mMnu BMecto 1450 06/MuH). YBeanyeHHe 4ymc-
jJa THUIOPA3MEPOB HACOCOB AOCTHTHYTO (HUDMOH 3a cueT cozfaHuA
MBYXIOTOYHON KOHCTPYKIIMH, T.e. MAPAJJIEJbHOTO BKJIOYEeHMA ABYX
BAKYYMHBIX HacocoB. IIpy aToM Ha OZHOM RaNy pacIOJIOXKEHBI ABA
(oAHOCTYyNIeHYATbIE HACOCHI) MJIH 4YeThipe (ABYXCTyIeHYaTble HACOCHI)
pabounx Koseca. KopnycHble feTajy HACOCOB MaKCHMAJIbHO YHUPHU-
uuposadbl. IlapannensHoe BKJKOYEHMEe BaKYYMHBIX HACOCOB MO3BO-
JHJIO PaciMPUTh PAJ MAMKH IO IIPOM3BOLUTENHHOCTH MO
140 m3/Mun. TexHHuUecKHe XapaKTePHCTHKH HACOCOB  (HPMBI
"Ochsner™ npuseaens! B Tabn.1.17.

Tabauna 1.17

OpuocTynen4yaThIe JByxcrynenuarnie
ITapamerpm O HO- JABYX- OJHO- ABYX-
OTOYHbIe NOTOoYHbIe OTOYHbIE IOTOYHBIE

IIpouseogurens- | 0,25-12,25 1,87-2,37 0,28-13 1,95-2,45
HoCTh, M3/Muun | 14,20-70,0 93,3-140,0

Haprenne Bca- Ho 110 o 110 Ho 25 Ho 25
ChIBaHUA, o 30 Ho 30

MM PT.CT.

Konuuectso 11 2 11 2
THNOPasMepoR 9

Ilo ypennHBIM nmapaMeTpaM BaKyyMHbIe Hacochl GMPMEL ycTyma-
I0T aHAJIOTHYHBIM o6pa3naM BeAylux 3apybexHbix ¢upm. Komnpec-
cops! ¢upmsel "Ochner” umelorT gaBneHue Harmeranus 1,5 xrc/cm?
(oanocrynenuartsie) u 4 krc/cm? (AByXCTyIeHUYaTHIE).

B cocrase xoHnepua “Sulzer” (IlIBeitnapus) na Beimycke JKM
cnemuanuaupyworcs ¢upmsl Burckhardt™ u  "Bell”. dupma
"Burckhardt” mpoM3BOZMT XMAKOCTHOKOJbIEBBIE MAIIHHBI CBBILIE
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NATHAECATH JleT. BakyyMHbBIe HA&COCHI U KOMIIpeccopbl GUPMEBI UMEIOT
oceBoe rasopacipejesienre. Boiiia B COCTAB KOHIEepHA, GUpMa Hadya-
Jla crnenuanru3upoBaTecss Ha uaroroBireHum JKKM masoit npousBogu-
TeJIBHOCTH, OTKA3ABIIMCh OT BBIINYCKA [BYXCTYNEHYATHIX MAIIWH,
$Pupma "Burckhardt”™ npomosxaer Beinyck Kommpeccopos cepun PE
Npou3BOANTeabHOCTRIO o 13 M%/MMH, OCBoeHO NpPOM3BOJACTBO KOM-
npeccopos cepuit PMK u PMSK ¢aHueBoro MclojiHeHHUsA U BaKyyM-
HbIx HacocoB cepuil PMH u PMSH c¢ npuBozmom uyepes mydTy. Baky-
yMHble Hacochl (12 Tunopa3mMepoB) NIpH JaBJIeHHH BCACBIBAHHUSA [0
30 MM pr.cT. UMeT IpousBogHTeNbHOCT: oT 0,3 mo 18 m3/mun;
KOMIIPECCODPBI Ty ’K€ IPOM3BOJAUTEJILHOCTH obecneuusaioT mpu abco-
AIOTHOM [aBJIeHHH HarHeTaHWA A0 5 Krc/cm?. Hosble mMamuubl ¢up-
MBI UMeIOT MEHbIIIHe IrabapuThl, pacxol BOABI M Maccy.

®upma Burckhardt”™ BretmyckaeT Takye BaKYYMHBIE HACOCHBIE
arperaTel. Arperatr Apovac, UMEOUIUI 3AMKHYTYIO CHCTEMY IMPKY-
aAuuyd pabodeM KHUAKOCTH, BKJIKIOUaeT B cebs , nomumo Hacoca PMH
(unm PMSH), BogocGopHUK, IMKJOH, 3KUIKOCTHBIN H ra3oBBIN X0JO-
OIUabHUKH. OH Mo)KeT OBITH cHabG)KeH M ra30BBIM 3)KEKTOPOM, KOTO-
pBIHi [IO3BOJIAET CHUBUTL Npejle/ibHOe AaBJeHUe Ao 4 MM PT.CT.

Pupma “Bell” Brimyckaer mamuHsl cpeHeil u Gonpmioi npoua-
BOAWTEJBHOCTH, B ToM uucie: 10 THmopazmMepoB KOMIpPeccOpPoB CepHu
EK na abconoTHoe gaBieHue N0 3 Krc/cM? HpOM3BOLUTEIBHOCTHIO OT
6 mo 167 m3/mun, 3 Tunopasmepa xommpeccopos cepun FK Ha a6co-
JI0THoe JaBieHHe no 4 Krc/cM? NPOU3BOZMTENBHOCTBIO OT 2,5 10
6,6 m3/mun, 10 THmOpasMepOB BAaKYYMHBIX HAcocoB cepuil E Ha faB-
JIleHHe BCachblBAHMUA OO 75 MM PT.CT. IPOUIBOAUTENBHOCTRIO OoT 4 Io
183 m%/Mun, 3 THnopasMepa BaKyyMHEBIX HacocoB cepuH F Ha nabie-
HUe BcachklBaHHUA g0 60 MM pT.cT. nmpom3BoAnTeNbHOCTHIO OT 2,5 no
6,6 m®/mun. Mamuns cepuit F u FK BrINycKaoTcs B MOHOGI0YHOM
ucnoJHeHMH (¢ ¢raHUeBrIM ABUrareieM), maumnasl cepuit E n EK
HMeT NPHUBOL OT PACIOJIOKeHHOTo Ha KOPIIyce Hacoca aCHMHXPOHHO-
ro 3JIeKTPOJABHIaTeNA yepes KJIMHOPEeMEHHYIO mepenayy.

Hawnbosee KpynHelM u3 M3BeCcTHBIX HAM HpoussomuTtesaeir KM
B Hranum aengerca ¢upma "Bosco”, BHIIycKaoolas MAIIMHBL IO
JuneH3uH Gupmbl  Neyrpic', IpaKTHYeCKH B INOJHOM ob6beMe BOC-
IIPOU3ROLSA BCE €e OCHOBHBIE CepHM: BaKyyMHbIe Hacochl cepuil B,
BB, N, NE, BA u xomnpeccops cepuit CN, CNN. Boasmoit pag Ba-
KYYMHBIX HACOCOB C OCEBBIM rasopacHpe/lejleHHeM INpPOU3BCAMT GHp-
ma “Robuschi”: ogHoctynenuarrie - or 0,8 go 50 M3/mun, aByxcry-
neHdatsie - or 0,2 no 50 m3/Muu. OnHocTyNeHUaThIe BAKYyMHBble Ha-
cochkl NMelOT pabouee papneHue go 160 MM pT.cr., AByXcTyIeHYaThle
- 160-25 MM pr.ct. [IByXCcTyueHUYaThle BAKYYMHBIE HACOCHI ¢ OCEBBIM
rasopacnpeneleHiHeM Ha JaBieHHMe BcachlBaHMA 160-25 mm pr.cT.
npouspouTeNbHOcTEI0 OoT 0,07 no 50 mM3/Mum BRImyckaer ¢dupma
"Simaco”. YpenbHble moxasarenu 3THMX HACOCOB NpH HABJIEHHM BCa-
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cpiBaHUS 80 MM pT.CcT. mpeacTasjeHBl Ha puc.1.48. BaxkyymMmHbIe Ha-
cochl GUPMBL ~Simaco” GoJblIONW TPOU3BOAUTENBHOCTH MMEIOT XOPO-
mue moxasatenu. OfHO- U ABYXCTYIeH4YaTble HACOCHI MaJioil IIpous-
BONMTEJBHOCTH BBHITYCKAIOT TaKKe MTAIbAHCKMe GupMsl  Binacchi”

u FBM.

3 Rud,
N,a,xbrnun/n g'M’/M’
6 28
24
Puc.1.48. VYpgenvHnle mapa- 6y, s\ 20
MeTpbl BAKYYMHBIX HAacCOCOB _ﬁ_“_;‘iﬁ_ \\ N ;g
"Simaco” : M™ 4 / 9
bUpMEL 150 :
1 - yHenbHBIH pacxoA BoAml; 2- ;’;g 3 N
yAeJbHas MONHOCTh, 3 - yAelbHAA 100 4 2 N 2}
MeTANNI0EMKOCTE 80 \L
6041 3
40 MY
20 i N
01 020% 1 2 4 10 20 40
Q" M3/ mun

Beasruniickas ¢upma ~Ensival” seimyckaer ceprio d{BH c oce-
BBIM rasopaclipefejeHueM , COCTOAIIYIO M3 MaIUMH 17 THIopasmepoR
npousBoAuTeasHocteio ot 0,75 mo 90 M3 /Mun. BakyyMmHBIE HAcOCHI
I POHU3BOAUTENLHOCTHIO MeHee S M3 /MuH MMeloT pabouee faBleHHe [0
160 MM pT.CT.; IPOMBBOANTENBHOCTHIO CBhIIIE 6 M3/MUH BHIIyCKAIOT-
cA B Tpex Moaumdukaumax: Ha gaBienua 250-110; 100-40 u 500-
250 MM pT.cT. Hacocsr mnpownssonmrensHocThI0 cBhllte 40 M3 /Mun
MMeIOT ABe 4YaCTOTHI BpallleHMsa Baja. BakyymHbIe HacoChl GHPMEI
"Ensival” oTanuaoTcs HU3KAMH NOKA3ATEeJNAMH, MX YAeJbHAS MOII-
HOCTb He NpeBRbimaer 2 kKB Mun/Mm3.

B npoumssoncree ¢upmel ~Elektroskandia” (Illsemus) 14 moge-
jJefi BaKYYMHBIX HacocoB IpouaBogurenabHoctsio ot 0,21 mo 7,2
M3 /MUH pasIUYHON KOHCTPYKUMHM: OJHOKOJECHEIe ONHOCTOPOHHEro M
IBYCTODOHHEro BCACBIBAHMA, a TaKKe NByXpAnHrle. Bce HACOCHI H3-
FOTOBJAIOTCA C OCEBHIM TlasdopacnpefleleHHeM, IIPOCTOro JeMCTBHUA.
HoMmunaJLHOE naBjleHHe BCAChIBAHMA MalIMH padiauyHo: g0 150, mo
75, no 38 MM pr.cCT.

Unnnitickas ¢upma "SLM-Maneklal” npoussogur oaHo- u aByX-
CTyNeHYaThIe BAKYYMHbIE HACOCHI M KOMIIDECCODHI C OCEBbIM r'asopac-
npenenenneM npouseoxureasHocTsio or 0,8 mo 33 M3 /MuH. Pa6ouee
IAaBjeHUe OLHOCTYIIeHYATHIX KoMiipeccopoB Jo 1,5 Kre/cM?2, IByXcTy-
MeHuyaTsIX - 00 3,5 Krc/cm?. JIByXcrymeHuaThle KOMIIDECCOPBI MOH-
THPYIOTCA M3 IBYX OJHOCTYIEHYATBIX; IPHBOJ - OOIHI.

BonoKoiblessle Hacockl KoHuepHa Sigma” (CroBaxkma) ycTow-
Yupo paboTalOT B IIMPOKOM [AMANA3OHE NABJEHHUH BCACHIBAHMUA, CO-
XpaHAA Ha [JOCTATOYHO BBICOKOM YPOBHE IPOM3BOAUTENILHOCTH MPH
CHU’KeHNU HaBJeHuA ao 75 mm pr.ct. B 1980 r. xoHIlepH BMeCTO Ha-
cocoB cepur RLP nauan seimyck Hacocor cepuu SZO. Ilpu aToM KOH-

F
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CTPYKTHMBHAA cXema MalluHBI (IPOCTOro OeHCTBHsS, C OCEBBLIM I'a30-
pacupefieieHneM) ocTAJach HEM3MeHHO#, HO napaMeTpsl YJIYYILH-
auck. Hacocel cepum RLP geBaTH THNopasMepoB MMeJM LUAIA30H
npouaBoanTenbHocTH 5-830 M3 /MuH, a Hacocsl cepunm SZO - 1 - 60
M3/mMun. Pacxop Boxsl OpHM MOJEPHUBAIMH MANIMH [IPAKTHYECKM He
U3MEHMJICA U HAXOZWTCA Ha ypoeHe 2,5 jg/M% (y mamun mamoi
IIPOUBBOAUTENAHHOCTH - BhILIE). YJAejnHBIe NapaMeTphl BaKyyM

Nyg, KBT -Mun/m3 HBIX HaCcoCoB KOHIepHa
"Sigma” npu naBnemuu Bca-
24 ChIBAHUA 150 mmM pr.cT.
2,2 NG IIpeAcTaBJeHbl Ha puc.1.49.
AN NA g,
' = \ | A KF_MUN
1,8 2 \\’J T MMS
\\_——'
1 ; 40
I MTNSIN 20 Puc.1.49. Yaensunle napamerps
- BAKYYMHBIX HACOCOB KOHIUEPHA
2 "Sigma” :

1 2 4 0 20 4060
Q"’ M3/ Mun 1 - cepuna RLP; 2 - cepua SZO

OcobeHHO 3aMeTHO yJydyllleH TAKOH Ba’sKHBIM ITOKasaTeslb, KaK
yaAeJbHAA MeTa/lJIOEMKOCTh: MallMHbBI cepun SZO HMeT yAeIbHYIO
MeTaJIJICeMKOCTh B cpefHeMm npumepHo Ha 30% HMKe, yueM MaIIMHBI
cepur RLP, u no manHoMy mokasaTenio HaXOAATCA HA YPOBHE JYyH-
X MHPOBHIX 00pa3IoR.

Benrepckas ¢upma "Diger” primyckaer Goasmryio cepuo JKM:
BaKyyMHBIe Hacochkl ofjHocTyneH4arsie cepun EVM-1, aeyxcrynenua-
Thle cepun EVM-II n xomnpeccopsr cepun VK. Kaxpgasa cepua cocro-
ur M3 17 TumopasmMepoB W HMeeT AMANA30H IIPOM3BOLUTEIBHOCTHU
1-56 m3/mMun. OgHOCTyNEeHuUaTEHIE BaKYyMHBIE HACOCHI NpeAHA3HAYECHE]
Ans paboThl npM QaBleHUAx BeacklBaHMA ot 150 go 750 mm pr.cT.,
ABYyXCTyIeHuaTele - IIpHM JAaBJeHHMAX BeacklBaHMA ot 150 1o
60 MM pr.cr. PabGounit nuana3oH OaBjeHMII HATHeTAHUS KOMIIpecco-
poB cepun VK 1-1,6 xrc/cm2. [IByXcTymeH4aTHIiT BAKYYMHBIH Hacoc
mozenu EVM 65/200-11 (npoussopurensuocts 4,98 M3/Mnn) NCIOJIb-
3yeTcd € 3KEeKTOPOM, HMMeL[MM IpOou3BOAUTeNbHOCTs 3,3 M3/Mun
IpH JaBjdeHUH 15 mm pr.ct. [Ipeamosaraercs mcmoabsoBaHUe 3KeK-
TOPOB ¥ AJIA MAUIUH LPYTHX MOZeseil.

1.5. Texnuko-a3KoHOMULECKUE NAPAMEMPbL OMeEYeCMEEHHbLY
HUOKocmHoKoNbYeBblX MawuH. Ompacaesoii cmandapm

PaapaGoTka, IpoeKTHpOBAaHME M M3IOTOBJIERME XKMAKOCTHOKOJD-
neBsIx Mamgud B CCCP 6pu1M paccpesoTodeHbl HA Pa3JHUYHBIX IIpex-
NPUATHAX cTpaHbl. OTBEeTCTBEHHBIM 3a TeXHUYECKHUM ypOBEHBb JTHX
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MaIIMH GBI OTPACJIeBO# MHCTUTYT BH N koMmnpeccopmaln (P.CyMblu,
yxpauHa). OZHAKO 3TOT HMHCTATYT He HMeJ CHelUaTMCTOB TaKoH
xBaTHGUKALNA, KOTOpad IO3BOJIHJIA 61 paspabaTeiBath JKKM “Ha
ypOBHe MHPOBBIX CTAHJAPTOB , KAK GBIIO INPHHATO BHIPAKATHCH. Ha
paroToBjeHnH Toasko JKKM crmenuann3upoBasICh OBA 3aBOJAA - Bec-
cOHOBCKHMI KoMIpeccopHslii 3aBof (c.BeccoHoska, IlenseHckas o6:.)
u CyMcKoil MalIMHOCTpoMTenbHbIHM 3aBox um.M.B.Ppynse (r.Cymer,
Vrpanna). Kpome toro, #H{KM npoussoamiince eille Ha Psifie 32BOAOB
gpieiero CCCP. Ilepeuenr 3THX 3aBOOB M o0'BeMBI BBINYCKA Ma-
muH B 1990 r. (opHeHETHMpOBOYHBle JaHHbBIE) IPHBEJEHBI B T&?JI.I.IS.
Hacocs: BBH-25 Brimyckan cHadana JlebeJAHCKHN HACOCHBINA 3aBOJ,
3aTeM HX HM3rotoBieHue OnLio nepesaHo IleanmorpaicxkoMmy Hacoc-
gomy 3aBogy, a B 1988 r. UnMpumKCKOMY MAIIWHOCTPOUTEILHOMY
saBoAy.

B mauase 70-x rofor MBI ObIIH NpPHUEBJIEYeHH! K pa3paboTKe HO-
BOro PpAAa KMAKOCTHOKOJbLEBHIX MaImMH. B pedyibrare B3aMeH
yCTApPEBIINX MAIIMH OBIIM CO3AAHBI BBH-0,75, BBH-25 n BHOBB
paspaGorana BBH-300. TexHuueckne XapaKTepUCTHKH MAIUHWHBI
BBH-0,75 monpo6uo paccMoTpeHH! B pasi.4, a XapaKTepPHCTUKH Ma-
mue BBH-25 u BBH-300 nokasaus! Ha puc.1.50 1 1.51. O6mui1 Buj
sakyymuoro Hacoca BBH2-300 npuseaen na puc.1.52.

o fed L7
&[T j“ o ..

» . 350

a —‘-——"\d— 3 mill ° 20
, N . W/
,, \ V

a = 250 4
» EN X Jro ’—'!5: / \ {2

/ /"'/

Paedl Basuwe &/ lmrmﬁj
8 n 1] L S0 60 0 80 S0

. .1.51. XapaKTepuUCTHKHM BaKy-
Puc.1.50. XapakTepMcTMKM Baky- DHC
ymHoro macoca BBH-25 yN.Horo Hacoca BBH-300

B peaysbraTe aHajJH3a BO3MOXXHBIX KOHCTPYKTHBHBIX CX€M MBI
NpuILIM K BBIBOJY, UTOo Haubojee 1eJ1ecoo0pasHbIM ABJAeTCA MPH-
MeHenve cxemsl onuocryneHuarolt KM mnpocroro aemcrsus ¢ oce-
BLIM ABYCTOPOHHUM rasopaclpeneneHueM. Bce Mamuesr, Kpome
BBH-0,75 , pazpaGoTaHbl II0 3TOH cXeMe.
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Tabaunma 1.18

Mapxa 3aBOX-U3roTOBUTEIL Komuuectso
Hacoca BBIITYCKaeMbIX
HacoCOB
BBH1-0,75 |JInBeHckuil HACOCHBIN 38BON
10" JIueruapomaru  (r.JIusuer,Opa.o6a.) | 12000
BBH1-1,5 BeccoHoBckHil KOMITpECCOPHBII 3aBOJ
IO " Tlensoxomiipeccopmai”
(c.Becconoska, Ilens.o6..) 1700
BBH-3H BeccoHOBCKUIT KOMIIPECCOPHLIN 3aBOJ On.napTun
BBH1-3 BeccoHOBCKMIT KOMIIDECCOPHBIH 3aBOJ 2200
Kazanckuilt MexaHndecKH# 3880 800
BBH1-6 BeccoHOBCKHII KoMIIpecCOpHBIM 38BOJ 1400
BBH1-12TM | BeccoHoBCKUH KOMIIPECCOPHLIN 3aBOA On.nmaprun
BBH1-12 BecconoBckmit komnpeccopHulit aasoxg ' 3100
JHKBH-12H | Beccosorckuii KoMnpeccopHslii 3aos  On.mapTun
BBH1-25  |TIO "V3bekxummam" |
(r.Unpumnk, YsbexncraH) 2500
BBH2-50M |Cymckoe mamuHocTponTensHoe HITO
(r.Cymbl, VkpauHa) On.mapTun
BBH1-50TM | Cymckoe mammuHocTpourensaoe HIIO » On.naprun
BBH2-50X |Cymckoe mamusocTpourenboe HIIO Om.maprum
BBH2-50H |Cymckoe mamuHOoCcTpouTenrHoe HIIO | On.mapTuu
BBH2-50 Cymckoe mamnroctTpouTeasnoe HIIO 11200
BBH2-150 |Cymckoe mamuHOCcTpouTeanHoe HITO 1 300
BBH1-300 |Cymckoe mamunocrpourensHoe HIIO | 50
Hacocsr ¢ Kanckuii 3aBojg 6yMarojenaTejbHOrO |
NIpOU3BOAH- | 0OOpYyZAOBaHUA
trejbHOCTBIO | (r.Kanck, KpacHoapckuit kpaii) 400
ot 8 5o
70 m3/mun
{5 Mopeneir)
Hacocsr ¢ | PymueHKoBCKMi1 3aBOx ropHOro o6opy-
NPOM3BOAN- | JOBAHUA
TeabHOCTRIO | (r.JoHenk, YkpanHa) 1 200
or 50 po |
150 m3/mun i

———

OoCBOCHBI MPOU3BOACTEOM
(sanpumep, BBH-100, BBH-
200 u ap.), B OCTAJbHOM OH
goBTOPAET cTapblii cCTaHAAPT.
CraHIapT InpeaycMaTpHUBAET
BHINIYCK JBYX THIIOB BAaKy-
yMHBIX HacocoB: BBH1 c
pacyeTHHIM J[aBjieHNeM Bca-
ceiBanusg 40 kIla 1 BBH2 ¢
pacUETHBIM JaBJeHHeM Bca-
ceiBaHua 20 klla. IIpu atom
orosapuBaeTcad JOIIyCTHMoOE
CHIUKeHNe  [IPOU3BOLUTENIb-
HOCTH IPU YMeHbIUEHUM AaB-

JJeHHA BCacbhblBaHUA BIABOe,

¢ HOMWHAJNBHBIM

&,

Puc.1.52. Baxkyymumiit Hacoc BBH2-300
CymMckoro MamnHocrpourtenabHoro HITO

a TaK)Ke VYKa3bIBAIOTCA IlIpefesbHAA
yleJbHas MOIHOCTh Ha HOMMHAJIBHOM peXHMe, JOIyCTUMBIM pac-
X0l BOALI ¥ HEKOTOphle Apyrue mapaMmerpsl. KpoMe Toro, B cranaapre
JaHEI ITapaMeTpsl KOMIIPecCOpPOB HA HOMMHAJLHOM peXHMe IIPH JaB-
neaun Hargetanua 150 klIla. TexnuueckMe mapameTpsl 3TOro pAga
MAIIMH IpuBeAeHb! B Tabs.1.19 (BogokojbueBble BAKYYMHBIE HACOCHI
c HOMHHAJBLHBIM JaBiaeHueM BcachbiBaHus 40 kIla), ta6n.1.20 (BBH

naBieHuem BcackiBaHMAa 20 klIla) u T1aba.1.21

(BOJ_‘(OROJII:I_LGBBIG KOMIIpecCopbl ¢ HOMMH&JIBHLIM AABJIEHNEM Harnera-

aua 0,5 krc/cm?).

Tabnauna 1.19

Ha 6Gase ymoMsHyTBIX BbIllle MallMH [oJ HAIUMM HAYYHLEIM pY-
KOBOJACTBOM paspaboraH orpaciesoit cramgapr OCT 26-12-1113-74
"MamuHsl BofoKoAbleBble. TUNLI M ocHOBHBle nmapamerps!” [41]. B
1983 r. aroT craHgapT OBLN NepeM3faH ¥ MOJYYWI NPH TOM ’Ke Ha-
3gaHuM HHAekc OCT 26-12-1113-83. B HOBYK0 peAaKkumio cTaHIapTa
He BKJIOYEHBl MapKHM MalllUH, KOTOPhle K TOMY BpPeMEHH He ObLIH
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Mapxka IpousBogu- YMeHbIIEHUE Yaenrunasa Pacxox
KOMIIpeccopa TeJIbLHOCTb HOMUHAJIHLHOM MOIIHOCTB B BOJBI,
HOMMHAJIb- IIPOU3BO- HOMUHAJILHOM | JI/MHH
RafA, M3/MUH | IUTEJbHOCTH pexxuMe,
Ipy ZaBJIEHUM kBT
20 xIla B %, M3 /MuH
He OoJee
BBH1-0,75 0,75 35 2,00 3
BBH1-1,5 1,50 25 1,80 5
BBH1-3 3,00 18 1,65 8
BBH1-6 6,00 15 1,60 15
BBH1-12 12,00 12 1,57 24
BBH1-25 25,00 12 1,50 50
BBH1-50 50,00 12 1,50 100
BBH1-150 150,00 12 1,50 300
BBH1-300 300,00 12 1,50 600
67




Tabauna 1.20

Mapxa ~ TIpousBoxu VMeHblueHne Vaensuas  Pacxop
KOoMIIpeccopa TeJLHOCTH HOMMHAJIBLHOM! MOILIHOCTD B BOJbI,
HOMMHAJIb- MIPON3BO- HOMMHEAJIBHOM JI/MUH
Hasd, IUTEJIBHOCTH pexume,
M3 /MUH IIPU ZABJIEHUU KBT
10 xIla B %, M3 /MUH
He boJlee ‘ .
BBH2-0,75 0,68 35 2,30 4.5
BBH2-1,5 1,35 30 2,00 7,0
BBH2-3 2,70 25 1,83 14,0
BBHZ2-6 5,40 22 1,75 25,0
BBH2-12 10,80 20 1,70 35,0
BBH2-25 22,50 20 1,60 75,0
BBH2-50 45,00 20 1,60 115,0
BBH2-150 135,00 | 20 1,60 500,0
BBH2-300 270,00 ' 20 1,60 600,0

Tabnanna 1.21

Mapka IIpouspomn- | YMeHbIeHue Vapemsnan | Pacxop
KOMIIpeccopa | TeJbHOCTh HOMUHAJIBLHOMN MOIIHOCTBH B |  BOJHI,
HOMUHAJb- IIPOU3BO- HOMUHAJTBEHOM J1/MUH
Has, AUTeILEOCTU pexxume,
M3 /MuH IIpU JABJEHUH _KBT
10 xITa 8 % , M3 /MuH
He 6oJee '
BK-0,75 0,75 35 150 6
1
BK-1,5 1,50 25 120 6
BK-3 3,00 18 114 12
BK-6 6,00 13 114 24
BK-12 12,00 12 111 45
BK-25 25,00 12 108 95
BK-50 50,00 12 108 , 150
BK-150 150,00 12 108 450
BK-300 300,00 12 | 108 900

Ilocne BBIXOJa OTpacjyIeBOro cTaHaapTa MbI IIPOOOJIKNIHN CO-
TPYOHHUYECTBO C CYMCKPIM MAUIMHOCTPOUTEJNIbHBIM 3aBOJIOM H BMeECTE
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¢ HUMH paspaborann mamuusr BBH2-50, BBH2-150, BK-150/1,2H,
a TAKXe ILeJbli pax ux moauduxauuit. O6IMIl BHUA 5TUX MAaIIUH
npuBefeH Ha puc.1.53-1.55.

Mamunsl, BhINycKaeMble BecCCOHOBCKMM KOMIIPECCOPHBIM 38BO-
zoM, paspaboranst BHMHxomnpeccopmam caMocrosTesbHo, HO HM
oflH& M3 9THX MAIIMH Ha Napametpbl Moxauduxaumu BBH2 ne BhmI-
mta. OZHAKO B YCIOBMAX MOHONOJBHOTO BBINYCKA M OCTPOro medu-
pUTa 3aBOJBl He OBLIM 3aMHTEPeCOBAHHI B YJIYYIIeHWH [APAMETDOB
BBHIIIYCKAEMEBIX MAIIINH.

IIpu paspaboTke craHiapra
gaM#, mno JgaHHpIM [ocunnana
CCCP, 6b110 YCTAHOBJIEHO, YTO
norpebHocT B JKKM B crpane
yaoBiaersopsioorca Ha 80-50%.
[laxxe  moakJaOYeHHMe  PHUPMEI
"Sigma” uyepes COB He yMeHB-
IHJIO 3TOoT JedHUUT, M I[IpH-
00pecT MAUIMHY MOXHO OBIIO
TOJIBKO II0 padHapAjgke. B arTnx
yciaoBusax DBeccoHoBckmit  Kom-
IPeCcCOpHBIN 3aBOJ paszaBaJl
KOMIJIEKTEHI KOHCTPYKTOPCKOM
JOKYMEHTAIAN noTpebUTENAM.
Kormza e B crTpaHe mnpousomesn
KPHU3HC, MalllMHBI MO 3TOH JOKY-
MeHTallM CTaJ¥ BBINYCKATL Ha
MHOTMX IIPeRNpHATHAX, a DBecco-

HOBCKMii 3aBOJ ocrasics Ges sa- Puc.1.53. Baxyymani Hacoc
Ka3UMKOB. BBH2-50M Cymckoro MammurocTpou-
TeabHoro HIIO

53%1254 Baxyymubri HACOC Ppye.1.55. Kommpeccop BK-150/1,2H
-150 Cymcxoro mammuocrpou- Cymckoro MAIIITHOCTPOMTEILHOTO
TensHoro HITO HIIO
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Tlo saxkasy BHHWWrenumiiMam Hamu paspaboradH ABYXCTYNeHYA-
THIM BOJOKOJBIEBOHl KOMIIPECCOpP MPOM3BOJUTEIbHOCThIO 12 M3 /MuH
co CTemeHpI0 NoBblnenus gaBienusa 16-20. Ilepsasa cryneHs aToro
KoMIIpeccopa OpHBefeHa Ha puc. 1.56 m 1.57, Bropas cTyneHe He
Oblj1a M3rOTOBJIEHA.

Hamu taxsxe paspaboran Bakyymusiii Hacoc BBH-0,2 (puc.1.58)
nponsBoaureabHocthio 0,35 M3 /MUH B HepiKaBeKOIeM WCIOJHEeHUH.
TexHHUYeCKHe ITapaMeTpbl 3TOro Hacoca NpHBefeHsI Ha puc.1.59. Ilna
CpaBHEHHs HA 3TOM ’Ke DPHCYHKe IDHBEJIEHBl XapaKTePUCTHUKH BaKy-
yMHOro Hacoca ¢upmbl “Nash”, umeroujero Taxkyio ’Xe ycTaHOBJIEH-
HYI0 MOIHOCTE.

Puc.1.56. Komnpeccopuasa ycranoBka Puc.1.57. Komnpeccop BK-12/3,5
BK-12/3,5, paspaborannasa 8 KXTU

MyFl- 15

100 200 300 100 00 &7 Drp,,
Puc.1.58. Bakyymuniin gacoc Puc.1.59. XapaxTepucTUKH Baxy-
BBH-0,2, paspaGoraummii HIIII YMHBIX Hacocos BBH-0,2 un MVF-15

"KEKASM" dbupmer  Nash”

ITo 3akasy Bepxne-CanguHCKOro MeTayllypru4ecKorce obbeiuHe-
aua HIIII KXEKAOM paspaborasmo nDpoeKT BaKyyMHOro Hacoca
BBH2-12T, kKoTopslil OBLT LIETMKOM H3TOTOBJEH N3 XHMMYeCKH cTOH-
Koro MaTepuasa (THTaHA) [JIA HCIHOJL30BAHHA B TEXHOJOTHYECKOM
mpounecce IJIaBKM TuraHa. O6uMH B 3TOro Hacoca IpuUBeJeH Ha
puc.1.60, ero xapaxkrepucTiKa noxasdaHa Ha puc.1.61.
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Puc.1.61. XapakTepucTuxa BaKyyM-
Horo Hacoca BBH2-12T

Puc.1.60. BakyymubIit Hacoc
BBH2-12T

K3 o630pa KM zapyOe:xHBIX QHUDM M OTeUeCTBEHHBIX 38BOJOB
cJellyeTr, 4ro 3apybe)xHbIe (HUDPMELI YAENAIOT 3HAUYNTEIbHOEe BHUMAHHe
paspaboTKe MaIIMH 3TOro KJjacca. OHM BHINYCKAIOTCA MPAKTHYECKH
BO BCeX DA3BHTHIX cTpaHaX, IIPUYEM B HEKOTOPBLIX, TaKMX Kak [ep-
MAHHUsA, HA HX IIPOUIBOJACTBE CIEUMAIM3NPYyeTcA OOJbIIOEe KOJHYE-
CTBO QUPM.

Hlar mo NpouM3BOAUTEIBHOCTH Y MAIIMH 6OJILIIHHCTBA 3apybesk-
HbIX PupM BABoe MeHbIIe, yueM y JLKM, Beimyckaemrix 8 CHI'. Kpo-
Me TOro, HONBIMIMHCTRO 3apyOeKHBIX GUPM LJIA M3MEHEHMA TIPOU3BO-
OUTEJIBHOCTH IPHMMEHAIOT PEIyKTOPBl CO CMEHHBIMHU IIECTEPHAMH WM
KJIWMHOPEeMeHHYI0 nepeaady. Takum o6pasoM, 3aKa3uuK AJIA JIOOBIX
VCJIOBMHM DKCILIYATALMH MOJXKeT IoZo0paTh MAUIMHY HoTpeGHOM mpo-
HM3BOJUTEJNLHOCTH, TOorjaa kKak oTedecTBeHHBle JKKM, umes miar mo
IIpOM3BOANTENbHOCTH, DABHBIH [OBYM, Bcerha OyAyT Iepepa3sMepeH-
HBEIMH, T.e. HMMeTh HeONpaBAAHHO 3aBbIIIeHHLIE XAPAKTEPUCTUKH.
IIpn paspaborke oTpacieBoro crangapra [41] samu 6blia chegaHa
NONBITKA YMEHBIIMTH IUAT N0 NMPOHM3BOJUTEJNLHOCTH B [ABAa pasa 3a
CYeT BBEJEHMA MAIIHH INPOMEXKYTOYHOH NPOU3BOAMTENLHOCTH, Ha-
npumep, 4,25; 20 mM3/Muax  u T1.5. OZHAKO TroOJIOBHOM HMHCTUTYT
BHUHWkomnpeccopmall B 3TOM He INpPOABMJ HOJKHOM HACTOHYH-
BOCTH, a 3aBOABI-NIPOU3BOAUTENN MAIUMH B 3TOM He ObLIM 3auHTEpe-
cosansl. IloaToMy Bo Bropol pemakmuu cragjgapra B 1983 roxy Heo-
CBOEHHbIE MIPOMBIIIJIEHHOCTHIO MalllMHbI OBIIN HCKJIIO4YeHBl. Bce ato
SABUJIOCH CJIeJCTBMEM MOHOIOJHU OTEYECTBEHHLIX IIPOM3BOAMTEIEN
JKKM u oTcyTCTBMA KOHKYDEHIMH.

OTeyecTBeHHAs ITPOMBLINIJIEHHOCTh JO HACTOAILEro BpEMeHH TaK
H He OCBCHJIA BHINYCK MalIuH Masoi (MeHee 0,75 m3/mun) npousso-
AUTENBHOCTH, 4YTO 0ObsICHAETCH OTHIOAbL HE OTCYTCTBHEM IOTPe6HOCTH
B HHX, & JIIPOCTO HeXXEeJAHHEM 3aBOJOB 3aHUMAaTHCA TuKNMH MAJILIMH
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MamHaMH.
Bosiee 10 3apy6esKHBIX GHPM BBINYCKAIOT XXHUIKOCTHOKOJbIEBbIe

KoMmmpeccopsl. Tak, Hanpumep, dupma "Siemens’  TpON3BOAUT ORHO-
cTyNeHuaTble KomIpeccopsl 17 THIOpasMepoB NPOU3BOAUTENBHOCTHIO

or 1,9 go 210 m3/mMun. Hama npoMblLIIeHHOCTE HA CeroAHANIHHY |

JeHb BBITyCKaeT TOJbKO ofuH xommpeccop BK-150/1,2H. PaspaGor-
Ka 9To# MAIIMHLI IPOM3BOAMIACH N0 crenuaibHoMy llocTaHoBJeHHIO
IIK KIICC u CM CCCP wucxopa M3 moTpebHOCTeH caxapHOH IIpo-
MBILIJIEHHOCTH.

Ipoussoacreo JKBH ¢ npeaBk/oueHHBIMH 2)KEKTOPAMH 32 py-
Ge;xoM HaJlasKkeHOo OoJiee ueM B 10 ¢upMax, oTeyecTBeHHasA IIPOMBINI-
JeHHOCTh TAK M He OCBOMWJIA CEePUMHBIM BBIIYCK TAKHUX arperaros.
BoJsiee mompofHo BONpoC O TAKHMX YCTAHOBKAX paCCMATPHUBAETCA B
rnaBe Y.

Boob6ime, ucciaegopanuio U paspabotke JKBH B Halmeit crpane
yaeJlsercd o4yeHb MaJlo BHUMAHHA IO NMPUYUHAM, paHee OTMEUEHHBIM
B peJHUCJIOBUH.

I''nasea eamopaas.

OABUHEHHUE :KUOJKOCTHU B
HHUOKOCTHOKOJIBHEBBIX MAIIMHAX

2.1. Oco6enHocmu dsuxceHus #HudKocmu 8 HuUdKOCMHOKONLbYLBbLX
MAWUHax

Kak ykaarniBasioch panee, B paboueit monoctn JKKM (B oTinune
OT IIHMPOKO M3BECTHBIX OCEBBIX, HEHTPOOEXKHBIX W POTAIMOHHBIX Ha-
COCOB M KOMIIDECCOPOB) HMeIOTCA ABa paboumx Tejia B pa3/IMYHBIX ar-
peraTHBIX cocToAHMAX. MnakocTs, KoTopaA IPHBOJUTCA BO Epalle-
Hue paboumm konecom, B ceueHMH 0-0 (puc.2.1) HOJTHOCTBIO BHIXOJHUT
U3 Adeek pabouero kKoJjeca , a B cedyeHHMH 1-1 moMHOCTHIO MX 3aIloJ-
HAeT. B peayjbpTare mpoMcXOogUT mpolecc BCACBIBAHUA rasa, a 3aTeM
ero CoKaTHe W HArHeTaHMe.

IBH)KeHHe  JKHAKOCTHM B
HKKM saBasercAa HecTalMOHAP-
HEIM ¥ HECHMMMETPHYHBLIM OTHO-
CUTEJILHO BepTHUKaJbHOM ocu. He-
CTAIMIOHAPHOCTH omnpepeasercs
BO3BPATHO-IIOCTYIIATEJILHLEIM  XAa-
PaKTepOM MOBM)KEHUS JKHIKOCTH
10 OTHOLIEHHI0 K BpalaKIe-
Mycsa pabouemy KoJjecy. B mpo-
Ilecce  BCACHIBAHUA  JKHAKOCTDH
yxXonur u3 pabouyeil AyelKH, a B
nponecce CXKaTHAd W HarHeTaHUA
BXxoguT B Hee. IIpm arom cxo-
POCTH JKMAKOCTH HA BXOJe M BEHI-
Xome pasauuyHa. Hecummerpuu-
HOCTh ABH)KEeHHA XapaKTepHuayer-
CA TeM, YTO JAAaRBRJIEeHMe rasa HaJ
IIOBEPDXHOCTBIO JKHIOKOCTH IIpH
BcachiBaHMM M HarHeTaHUH XOTh
H pagjauyHo, HO OCTAeTCA I[OCTO-

AHHBIM, a [pPH CKATHH CyllecT-BeHHO MeHsercd. B cooTBeTcTBUH
C 3TUM H3MeHAEeTCA CKOPOCTh JKMAKOCTH B Oe3JIONAaTOYHOM IIpO-
CTpaHCcTBe MeXXIy pabounmM KoJjecoM M KoprnycoMm. Hekxoropsie Hccie-
AOBaTesH OTMeUAIOT, YTO TOJIHHA KHUJKOCTHOro KOJbHIAa M BJOJb
Ocu pabouyero Kojseca mepeMeHHaA.

Of1em rasa B paboueil Auelike ollpefessieTcad He TOJbKO YIVIOBOM

Puc.2.1. PacyeTHas cxema JXKHIKOCT-
HOKOJIbIIEBOIT MAaIllMHBI
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KOODAMHATOM €e HOJIO)KEeHUA, HO H KOJIMYECTBOM SKMAKOCTH B Heii
Ha rpamune pasgena MesKAy SKHAKOCTBIO M ra3oM IPOMCXOJAAT Ipo-
1IeCCHl TelJIo- M MaccoobMeHa, MHTEHCHBHOCTL KOTODPBIX 3ABMCHT OT
¢u3HYeCKHMX CBOMCTB paGoumx Tea (TeNJIOBMKOCTH, TeNJIONPOBOJ-
HOCTH, [AaBJdeHHMA HACHIIIeHHOTo ©apa) X OT HX IApaMeTPOR
(TeMneparyprl, JaBJ€HHMH, CKOPOCTH OTHOCHUTEJILHOTO HBHIKEHHS).
IIpu coxxaTmn gaBieHUe Tasa B OTAeJNBbHBIX AueHKax HEOAHHAKOBO, M
JKUAKOCTh MOXKeT nepeTeKarth 4Yepea GeasonaToyHoe MPOCTPAHCTEO M3
ofiHOM sAueHKH B apyryio. CKopocTs ABI)KEHMA >XUAKOCTH OTHOCH-
TeJIBHO KOPIYyca ZOCTATOYHO BeJHKA, YTO NPHBOAHT K 3HAYHTELHLIM
UAPOAMHAMUYECKUM HOTEPAM. 3a cueT TPeHMsA SKHAKOCTH O GOKOBbIe
IOBEPXHOCTH KOpHyca CKOPOCTh ee IBH)KEHHA HEOZMHAKOBA BJOIL
ocn BpameHusa paboyero xojeca.
Pabounit nponecc B KM onpegenserca nBusKeHHEM >KHAKOCTH,
M HNCclefoBaHHe 3aKOHOMEPHOCTeH 3TOro ABHXKEHHA ABJIAETCA OCHO-
BOM AuA M3ydenmusa pabouero mponecca. MapecTHo, 4TO CIOKHBH du-
3UYecKHUil mpollecCc BO BCEX ero CBA3AX M B3aMMOAEHCTBHAX PACCMOT
PeTh HeBO3MOMKHO, a NMOTOMY HeOGXOAMMO OCTABJATH B IoJe 3PeHHA
JINIIb OCHOBHMe (1A JAaHHOro ciaydas) cocraBngiommue. Huaa Hcee-
JoBaHMA ABMKeHusa Xuaxocty B JKKM cocraBiserca ynpomieHHas
HISANM3HPOBAHHAA CXe€MA - MATeMaTHYeCKAaA MOJeds JBHKeHUR
KHUAKOCTH, KOTOpAsA, Ha HAMI BalMIAL, AO/UKHA OTBEYATH CJIEAYIOLIUM
TpeboBaHMAM:
= 1. IlpuauMaeMEle DPefNOCHIIKKM ¥ JONYIUEHUA He NOJKHBI
YpesMepHO YIpPOL[ATb PacCMaTpHBAEMble POIECCHI.

= 2. B pasanyHEIX yacTAX Mofead NPH ONHCAHHU OTAEIBHEIX
atanmoB pabodero mpouecca mpefNOCHUJIKH MOryT OBITh pas-
HBIMH.

= 3. MaTeMaTHYecKas MOJejb JOJKHA GHITH DOCTpOEHA TAKHM
o6pasoM, yToOn MMejach BO3MOXKHOCTH e¢ JaJlbHeifmero co-
BepIIeHCTBOBAHMA: OTKA3 OT pAjAa AONYIUEHHUI, Iepexox OT
OOHOMEDHOH KapTHHBI TeUYeHUA JXKUAKOCTH K ABYX- M TpexX-
MepHO# K T.A.

= 4. Mogens Ao/’KHa BBIAABATHL KaueCTBEHHBIE M KOJMYECTBEH-
Hble JaHHbe O paboueM mpollecce M BHIXOAHBIX IapaMeTpax
MAaIIMHBl Ha PA3JIMYHEIX pesKuMax paboTsl.

= 5. PacueTsl mo MaTeMaTHYeckoil Mojenm JOJKHEI obecrmevu-
BaTh yayumeHue mapamerpoB JKKM, a rTaxike mgonyckark
npoBefileHHe UX ONTHMHBALMH.

KpurepueM uenecoo6pasHOCTH TOH HIN MHOM MaTeMATHYeCKOH
MOJeIM CIYXKHUT, B KOHeYHOM cyeTe, 3ddeKTUBHOCTh €e mpUMeHeHHA
1A YRYyYIIeHNA NapaMeTpoB XKUIKOCTHOKONbIEBLIX MAIIHH.

IIBuKeHMe >KHAKOCTHA B MKMAKOCTHOKOJBIEBBIX MAUIMHAX BHEP
Brle paccmoTpesn K.IIdaeiigepep [46] u obocHoBaN HANHumMe B Geaio-
HaTOYHOM NPOCTPAHCTBE CBOOOJHOTO MOTOKA MKHAKOCTH, KOTODHIH, IO

74

ero MPEATIOIOKEeHHAM, ABJIAeTCA ogHOMepHHIM. Ilpu sToM pamienue,
oByCHOBIEHHOE feHiCTBMEM UeHTPOBGe:KHBIX CHJ, BAOJb JMHHU TOKa
[OCTOAHHO, PAaCXOf XHAKOCTH 4epe3 sno6oe PagualbHOE cedeHHe
sKUAKOCTHOTO  KOJBIA OJAMHAKOB. TeopeTHMUeCKWe HcCCleZoBAHMA
K. Udneiinepepa moayuunm pganvHeiimee paspuTHe B paboTax
B.A.Pymanuesa [18], koTopslit BBes B pacueTsl HeKOTOpPble JOMOJIHH-
reJbHBIE INIPeOCRIIKN: YacTHYHOE NOTPY’KeHHe JIOMATOK B JMKHA-
xocTh B KOHIle IIpoliecca BCackIBAHH#A, 3arpoMoxxjaeHue paboueit mo-
jocTH Jonatkamu u gp. B.H.Terepiokos [75] paccmaTpuBan psmxe-
HUe SKUAKOCTH C y4YeTOM TMApaBiIMYecKuX moTepp. HexoTopsie aBTO-
phl HPEANONATANH, YTO OKDPYXKHAS CKODOCTh ABMIKEHHA SKHAKOCTH
poCTOAHHA.

Bce oTH NpemoChUIKM ABAAIOTCA CIAMHIKOM YNPOIIEHHBIMH, HE
AalOT BO3MOJKHOCTH IPOBeCTH AHAIM3 ABM KeHHsA skmaroctu B JKKM
¥ CO3AATH MeTOAUKY pacdeTa, KOTopas fAaBaja 6nl HaJesKHble pe-
3yabTaTil. B CBASHM ¢ 9THM Mbl [pPEANPHUHAIM HONBITKY ONMCATH
ABMKEHHe KHAKOCTH HA OCHOBe oOINX ypaBHeHWH rMAPOJNHAMHKMH.

2.2. Ypasnerue pacxoda

VYpaBHeHHe pacxopa MABIAETCA MATEMATHYECKHMM BRIpOKeHHEM
3aKOHA COXPAaHEHHA MACCHl M IJIA TeXHHMYeCKHX YycTPOMCTB Baluchl-
BAeTCA KaK paBeHCTBO pacxofga >XMAKOCTH (rasa) yepes ABa IPOM3-
BOJILHEIX cedeHHA. B cooTsercTBmm ¢ ofo3maueHHMAMH, NpPUBEJCHHLI-
MU Ha puc.2.1, MR KHAKOCTHOTO KOJIBIA OHO MOKeT 6BITh 3aIHCAHO
B BUJE

2 2 X
=l ghy _”Cadrdz = const.
2 or,

Tonmuna NOrpaHMYHOIO CJIOA CYLEeCTBEHHO MEHbINle HIMPHUHBI
pabodero KoJieca, MO3TOMY MOJKCHO INPHHATH ckopocth C, BAONBL OCH
Bpamenusa pabodero xoseca HeM3MEHHOHM, a ypaBHEHHMe pacxofga OT-
HeCTH K eZMHHUIE €r0 HMIMPHHEI :

r2 _ r2 Y
2t p+|Cdr=const. 2.1)
2 a
T2
Vpaererue (2.1) ornuuaerca oT auddepeHyKRanbioit GopMel 3a-
UMcH ypaBHeHNSA HepASPHIBHOCTH M ero IpMMeHeHHe TpebyeT COOT-
Bercrpyiomero obocHoBaHuA. OHO MOJKET HCHOJIB3OBATHCA B TEX CJIY-

Hasgx, Koraa ABMIKeHHMe KMIKOCTH M ra3a B MAIlHHE PACCMATPHBAET-
€A ycpeaHeHHBIM [0 BpeMeHH, T.e. KOT/[a He YUHTHIBAIOTCA CJIELYIO-
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upe ¢aKTopsl: cBOGOAHAA TOBEPXHOCTh KMUAKOCTH B AYeHKaX He.
KOHIIeHTPMYHA IOBEPXHOCTH pafodero KoJjeca M JaBJIe€HHe Tasa g
MPOMU3BOJILHOM TOUKe ABJseTca nyiabcupylomuMm. Hanpumep, ypas.
HeHue (2.1) npuMeHsAeTcs NIPU AHAJN3E DE3YJIbTATOE 3KCIePUMeH-
TAJLHOTO HCCIENOBAHUA ABW)KEHHA XKUIAKOCTH B 6e3J10NaTOYHOM IpOo.
CTpaHCTBe.

Ipr 6oxee AeTaJbHOM HCCHENOBAHMM OBMKEHHA KUAKOCTH
B KM Heo6xogumMo Y4UHTHIBATH
ero HeCTAllMOHApPHoCTb. B 3sTom
cayuae ypasHeHue (2.1) moikho
OBITH 3aMEeHEeHO IPYTHM, YYHMTHI-
BaIOIIUM TYJbCAIIMM CKOPOCTH
skuaKocTu. [as BeIBOza TaKoro
YpaBHeHUsA B IIollePeYHOM cede-
HHUM MalllUHBl BhIZeNsAeTCA enu-
HUYHBIH obbem ABCDEF
(puc.2.2), KoOTOpHIA oOrpaHUYen
ABYMA JIONATKAMH ¥ PaJUabHbI-
Mn ceyenuamu BC n ED, nposge-
ODeHHHIMH U3 UeHTpa pabouero
Kojleca, KOPIIYyCOM MAIIUHBI K
BTYyJKOH pabodero xoseca. B
JasibHeliIeM BhIAeNEHHBIH 06beM
6yzeM  HasplBATH  CEKTOPOM.
KonnuecTBo JKHAKOCTM B HeM B HAYalle Ipoliecca cXKaTHUA obycJoB-
JIEHO TOJIIMHOM JXKHMIKOCTHOTO KoJbla. UYepe3 HeKoTopoe BpeMms t

3TOT CEeKTOp TMOBEpHeTCsI Ha YyroJl « #u 3salfiMeT IIoJOXKeHue
A'B'CD'E'F (yriosas KoopauHaTa onpefesserca ToJI0KeHneM
cpeJlHero paJHaJjIbHOTO CedyeHNA Ha BTyJIKe pafodero KoJeca).

KonnyecTBo KUAKOCTH B ceKTOpe V¥ HOCTOAHHO MeHAeTcCd, TaK
KaK OH cooDllaeTcs ¢ COCeHHMH CEeKTOpPAMH M 4epe3d OTKpPBIThIe Tpa-
HHOBI BO3MOYKHO KAK BTeKaHWe, TaK M HcTedeHUe >kuparoctu. Koau-
YeCTBO JKHAKOCTH B CEKTOpPe PACCUYUTHIBAETCA IO YPABHEHHUIO

Puc.2.2. Cxema
efUHUIHOro obbeMa

BhIZleJIeHNA

* _ YK n x
V= I70 +I’a Kux : (22)
KugxocTs BXOZMT B paccMATPUBAEMBI CeKTOp Yepe3d cedeHHE
BC:
a,+Aa +—
| J j a)r -C )drda
! aa +Z
-4
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ay+Aa’ +— aj+Ae -2 "
= % I f(cor - C,)drda + J” I(wr - C,)drda |.(2.3)
aj+ha =% aa+Z T2

a BBIXOAUT 4yepes cedenue DE:

a,+Azz -z
Vo = f f or - C )drda =
afff_ . @o
=— I J wr - C drda+ I I a)r C)drda.
da’ 2 Ao’ -T2

C y4etom (2.8) u (2.4) ypaenenne (2.2) sanuceiBaeTcsa B BHIe

a+da i da +_
Vv =Vr +£ j j or - C,)drda - J'”J‘ or - C,)drda |-(2.5)
a+da LT PR

YpaeaeHue (2.5) Tarske spiderci ypaBHeHMeM pacxoja, HO B
oTauque oT (2.1) y4uThIBEET BO3MOJMKHOCTH IepPeTeKAHHs KUAKOCTU
u3 AYeHKH B sAdeliky Hoj meiicTBMeM mepenaja fasaeHuit. Ilpu pac-
CMOTPEHNH ABMKEHUA B HOABMIKHON CHcTeMe KOODAMHAT SKHIKOCTD
MOJKeT BBITEKATb M3 AYeHKH B 00e CTOPOHEBI. JTO MPOHUCXOAUT B TOM
cly4ae, KOrJa JaBJeHHMe rasa B paboueil adelike Gojpine, yem B co-
CeNHUX c Hel, HaIlpUMep, B KOHIle Hpollecca CKATHA.

KonnuecTso sxuaKocTH B ceKTope MokKeT GBITL BHIPAXKEHO Yepes
o6beM rasa B Aueiike:

veoyoyioy oS8 (2.6)

1 n-l
z2i\n 2 n
(o) (i)
KonuuecTeo rasa B cextope G’ ollpefeNserc ¢ y4eTOM IepeTe-

YeK yepes Topuesble 3aszopsl AG +AG” U ero pacxoaa uepes BcACHI-
Balomue u HarHeTaTeabHble oKHA AGF:
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G’ =G - AG - AG - AG™. 2.7

PacueT KoJIMyecTBa IlepeTeKAalOLIero yeped TOPIEBbIE 3a30PHI ra-
3a npueoguTea B pabore [31]. Benamunna AG®* mojno)xuTelbHA B Hpo-
IIecce HATHEeTAHMA M OTPHUIATeJbHA B Mpollecce BcachlBaHUA. Ee
MOJKHO BBIYMCJIMTH MO ILIOIAAN OKHa, NIPHUXOAAlleiicd HA RXAHHYIO
suyelKy, ¥ Nepellady AaBJIeHUMH.

C yuerom (2.6) u (2.7) ypaBHenue (2.5) sanuceIBaeTCA CJIEAyIO-
muM obpasom:

. (G -46 - 46" - 46*)RT,

VoY, P
S e
dayg+ da +—
= I(wr - Ca)drda - j I(a)r - C,,)drda .
Aa,i’— T2 Aa -% 2

Jlepas uacTs ypaBHenus (2.8) 3aBHCHT TOJABKO OT reoMeTpHdye-
CKMX pasMepoB MAIIMHbI, AABJEHUA rasa U HosoxeHud Adeitku. Ilo-
aToMy ypasHenHe (2.8) mMoxxeT 6BITH IIpefCTABIEHO B BUAE

Aa,+i-z' " Aa % .
[ [(er-c)drde- [ [(er-c,)drda = F(vy, ppa) . (29

Aay da

F

Ypasaenne (2.9) ABnserca ypasBHeHHMeM pacXofa B HeNOABIK-
HOfi cucTeMe KOOpAMHAT, CBASAHHOM ¢ KoprnycoM Mmammubl. [lna me-
pexoza K HOJBMYKHON CHCTeMe KOODAMHAT, CBA3AHHOM ¢ paboyum Ko-
JlecoM, HeobxoAuMo B ypaBHeHun (2.9) caenaTh MOJACTAHOBKH!

C,=v,+or; a=wt+g¢; dp=da.

IIpn sToM 3a Hauato OTCYeTa YIVIOEOW KOOPAMHATHI BEIGpaHO
cpelHee pajuUaibHOE CeYeHHEe CeKTopa, KOTopoe B HelOABIKHOW CH-

cTeMe oNpegensdercia Kak a=ot.

VYpasHeHMe pacXoja B MOABMKHON CHCTeMe KOODIHMHAT 3alHCHI-
BaeTcA B BUJe
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da -otsZ da 2
[ Jvdrdp- [ [v,drde = F(V},”‘, Py ot).  (2.10)
Ao vat-Z T2 fa -Z T2

ITonpiTkM paccudThIBaTH paboumil IMpollecc MO ypaBHEHHUIO pac-
xona (2.1) ycmexom He yBeHuanuch. Ha pe)xuMe ¢ HayaJbHBIM JaB-
jgeHreM BcacoiBaHuA 70-80 kIla B mpoliecce coXaTUsA NpPH AOCTH Ke-
HUM AABJICHUA rasa B fAdeiike, 6jauskoro Kk 100 xIla, pesxko BoadpacTa-
Jio faBJeHMe B AdeiiKke M CKOPOCTH JKUIKOCTH B Ge3sonaTo4yHoM Ipo-
cTpaHCTBe najana Ao Hyas. UMenno ato obcrosATenscTro morpebona-
JI0 UCTIoJIb30BaHMUA Oosee coxHOrO ypaBHeHud pacxoga (2.9).

3HaueHNA MTIHOBEHHOTO pacXofa *KHIKOCTH Npy (PUKCHPOBAH-
HOM TOJIoXKeHHHM pabouero Kojeca, pacCuUUTaHHble [ MAIIHHBI
BBH-3 npn maBnenun Beaceisanus 30 xlla, mpusesenst na puc.2.3.

+ U3aMeHeHHe MI'HOBEHHOTO pacxoaa CBA3AHO B OCHOBHOM C yIJIOM Ha-

KJOHA IPaHHUUBI pasfesia MexIy KHIKOCTHIO M rasoM B sueitke. Ha
puc.2.4 NoKa3aHO M3MeHeHHe DPACXola XHAKOCTH B (DMKCHPOBAHHOM
ceyeHMH B 3aBHCHMOCTH OT BpeMeHM. CpemHMil pacxof >KHAKOCTH B
JI000M PafuaIbHOM cedeHHH 3a BpeMs, CYlLI[eCTBEHHO IIpeBBINIaiOlliee

2r
BpeMs IIPOXOXJeHHs 4epe3 3TO cedyeHMe OAHOM dAdelkn ¢ 2 —,
w2
OAHHAKOB.
A0y ALY _ i
1 QR t g
o TN [~ o b
1
008 ' .
) !
[} 1
AL :,
g U% t 1 t
V) R )

0 Q002 0004 0006 DO0BC

Puc.2.3. B3uauenus Mrmomesmoro Puc.2.4. Vamemenue pacxofa Hz-
Pacxoza UAKOCTH TNPU QUKCHPO- yoery B (UKCHPOBAHHOM CEYeHUM
BAHHOM NIO/IOMeHUM PaBOTero Koleca (o o)

2.3. Ypaeuenusa deuncenua xudrocmu

Heusxenue xunroctu B $KKM npoumcxoaur ¢ gocratouso 60.1b-
Wumy cxopoctamu. Yucmo PeitHoapaca Re B mpocTpaHCTBE MeXAY
Paboyym KoslecoM M KOpmycoM B MAIIMHAX PA3JIMYHOH PasMepPHOCTH
PaBno 10%-107. Kpome Toro, pafouee KojeCO MAIIMHLI SABJIAETCH
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MOINHLIM TypOyIH3aTOPOM, IOITOMY pacCMATDHBaeMOe [BH)KeHue
SKHIKOCTH ABJsieTcA CYlUIecTBEHHO TYPOYJIeHTHBIM.

B mHacrosllee BpemMA YpPOBeHb Da3BUTHA HAYKH HeNOCTATOYey
OJIS TOYHOIO MATEeMATHYecKOTO DellleHWA 3afady O JABMIKEHWH K-
Koct B XKM. B cBABH ¢ 3THM IIpH pellleHUH IOCTABIECHHOH 3ajauy
NPUHUMAIOTCA CAeAyIOLINe KONYyUleHus:

= 1. JismxKeHne XKUAKOCTH B pabodeM KoJjlece m B GeasonaToy.-
HOM IIPOCTPAHCTBe paccMaTpuBaeTcAd paszenabHo. Ilapamerps
SKMAKOCTH HAa BbIXoJe M3 pabouero Kojeca ABJIAIOTCA TIpa-
HUYHBIMH [JIA [OTOKA JKHAKOCTHM B 0e3J0IaTOYHOM IIpo-
CTpaHCTBRe.

2. JIsMokeHHe KUAKOCTH NpeloJiaraeTc ABYMepPHBIM.
3. B paboueM Kolece CKOpPOCTh KHMAKOCTH OTHOCHMTEJBLHO JIO-
NAaTOK HA IOPAJOK MeHbllle, 4eM B 0eajonaToyHOM Iipo-
crpancree. IlosTomy B pabodeM Kojiece THAPOAMHAMHYECKUE
MOTEPH He YUYUTHIBAIOTCA.
= 4. TuppoaumaMuyeckve norepm B GeadJlomaTo4HOM IIpo-
CTpaHCTBe paclpefie/ieHbl PaBHOMepHo INo paguycy. Ycpex-
. HeHHadA BAOJb pajWyca BeJHYMHa MNOTeDh HAIIOpa omIpeZe-
JIAETCA ¢ YYETOM IIOTeph HA TPeHUE M Ha MOBOPOT HOTOKA.

4y

2.3. 1. Ypasnenus dsurxcenus sudrocmu 8 paboiem rorece

JAdBrxeHne XXUZKOCTH B paboyeM KoJiece paccMaTpHUBaeTcA B IIO-
OBUKHON cHcTeMe KoopAuHAT. B ofmieM ciydyase ypaBReHHe OTHOCH-
TeNbHOr0 ABMXKEHUA B BeKTOPHOI (opMe 3amucheiBaeTcA B BuAe [25]

2
é’ﬁ + gradi)— —vrotv + 2(5 '6) =F - —I—gradp ~-We. (2.11)
17 2 P

BexTop mepeHocHOro ycKOpeHMA MOABHMKHOM CHCTeMbl KOODAH-
HAT ONpefleJiAeTCA YpaBHEHUEM

We=§§+@F+’a‘;(EF) )
dt dt

Porop MaliumHBI BpamiaeTcsi pPaBHOMEPHO, COOTBETCTBEHHO ¥
BpallleHHe CHCTEMBbI KOOPAWHAT ABJIAETCA PABHOMePHBIM:

€ o, 22y, We=a(@r) .
dt dt

B nanHOM ciyuae mMaccoBble CHJIBI NIPEACTARIEHBI CHIION TAMKECTH

3
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F = gcosae, — gsin ae, = g cos(cot + (p)é, -£g sin(cot + (o)éq, .

CornacHO NPHUHATHIM INpPeAHIOCHIIKAM, [BH)KEeHHE paccMATpPH-
paeTcsd B JByMEPHOM HPOCTPaHCTBe:

O
U'P:&)rzo’w

-0, =2
v, 2

C y4eToM 3TMX 3aMeyaHMil yPABHEHHA [BMKEHUS B IPOEKIMAX
Ha OCH KOODJAUHAT I M () 3aNMCHIBAIOTCA B BHJE

r=0,=0,0,=0.

Y v v’ ]
. ,?& —"’-éb’—szco———"l—rwzz
ot o r o r
:gcos(wt+¢)—i@ ;
por
! (2.12)

ov v v

o Lo Z +u, ‘”+U"’U’+20,a):
ot r oo or r

1

rp

= —gsin(wt + @) -

P
G J
B cucreme (2.12) umerorcss TpH HensdBecTHBle GYHKIMU Vp, U,
H D, KOTOpble 38BUCAT OT aprymMeHToB 7, ¢ u i. J[na peurtennda sagauu
O IBM'KEHUH JKHUAKOCTH HeobXOoAUMO K STHM ypPAaBHEHHMAM NPpUCOeRH-
HUATH ypaBHeHHMe pacxopa (2.10).

PaccmoTpeHHas cucTema ypaBHeHHH HCIOJb3yeTCA IPH HCCJe-
HOBAaHMAX ABHIKEHMA XXUAKOCTH B paboyeM KoJjiece M AJNA olnpenelie-
HUA MoJIA NABJeHUN B Adeilke , B TOM YHCJe IO OKPYXHOCTH pabode-
r'o KoJjleca M BOOJIL JIOIIATOK. B KayecTBe Ha4YaJbHOTO YCJIOBHA AJNA
pelenus cucreMsl npunumaetca @ = 0 npu t=0, a B KadecTBe rpa-
HUYHOro yCJOBHUA 3afaeTcs AaRjJeHMe Ha BHYTPeHHell NOBEPXHOCTH
JKUAKOCTH B Adeitke pabodero xoJeca.

s G’RT,,
p A

v:(p.) ™

lpu t=t, (2.13)

i~
1l
Il
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KosnyecTBo raza B AdeiiKe pabodero KoJjieca 3afiseTcs CJIEAYIO-
ITAMM YCJIOBUAMH:

7[ 3
G =G: I px 0<a;t$a,”—;,
z __ 2 ok T %
G —GO—ZAG npu aun-——z—Sa)tSamxnﬁ-—z—,>(2.14)
T T
G =G, I px aw”+;30)t3ae“c ,
T
G‘:G;+ZAG°" 1 pH a““—;ﬁwtszﬁ.

7

YpaBaerus (2.13) u (2.14) gaoT BO3MOMKHOCTH OIpPEJEANTEh Ia-
paMeTphI rasa NpH J060M NoMoKEeHUH Adeliku pabodero KoJjeca.

2.3. 2. Ypasnenus dsuncenusn xudxocmu 8 6e310nAMOYHOM
npocmpancmase

JBMXKeHMe KHAKOCTH B 6e3/I0IaTOYHOM IPOCTPAHCTBE PACCMAT-
pHUBaeTCA B HENOJABM)KHOM cHcTeMe KoopamHar. Ilapamerpsl xux-
KOCTH B KaKJOH TOYKe 3TOr0 INPOCTPAHCTEA IePHOJUYECKN MEHAIOTCA
o BPEMEHU C YACTOTOM MPOXOXKAEHHA A4eHKH pabouero Kojeca. OHa
B 2z pa3 6osnbie yHcia obopoTos pabouero Kojeca U AJIA MAIIUH pas-
JIAYHBIX pa3MepoB cocTasjAerT 60-300 I'm. Kak moxassiBaioT akcoe-
PHMMEeHTHI, B 6e3JIONaTOYHOM IIPOCTPAHCTBE HAONIOAAIOTCA 3HAYUTENb-
HBle MYJIBCALIUN AaBJIeHNs, KOTOPble Ilo Mepe yAajleHMA oT pabouero
KoJeca K Kopnycy ociaberaior. OfHaKO AJIA KUAKOCTH NYJbCAIASIMH
¢ Takoil 4acToToli B NepBOM NPUGAM)KEHHM MOXKHO IpeHebpeur M
CYUTATH JBHKeHHe B 6e3JI0NATOYHOM IIPOCTPAHCTBE YCTAHOBHB-
HIMCH.

Ona neuskeHUs KUAKocTH 6ed ydeTa THAPOAUHAMHYECKHX IIO-
Tepb BAOJb JUHUY TOKA CIIpaBeJJINB MHTerpai BepHyiau:

c’ p
gU+—2—+~—:F, (2.15)
p

rae U - noremnuansaas GyHKIMA, KoTopas B pAcCMATPHBAEMOM
caydYae onpenenseTr meicTsue cma Taxkectn; I' - KoHcTaHTa, coxpa-

HAKINAA CBoe 3HAYEHHE BAOJNL JUHUKM TOKA YCPEeJHEHHOH CKOPOCTH.
Ee Benmunna onpenensercs Ha oKpysKHOCTH pabodero Kojeca B MecTe
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gHIXOZA U3 Hero 9Toil JUHMM ToKa. [INA KOHKpeTHOH JIMHHMM TOKA C
y4eTOM IOTeph ypaBHeHHUe (2.15) sanuceiBaeTcA B BUAE

C’ »p
—grsina + -+ ' r-gh,(a,r), (2.16)

\

rae 8hyp(a,r) - norepu Hamopa oT MecTa BhIXOJa JIMHMM TOKa M3 pa-
6odero KoJjieca JO pacCMATPUBAEMOro CEYeHHUA.

Ha puc.2.5 nzobpaxken sne-
MEHT 6e3J1011aTOYHOTO npo-
crpaHcTBa. CyMMmapHas MexaHH-
yecKasd OHeprua IIOTOKA SKHUI-
KOCTH, IIPOXOJAIeHl 3a eJUHUILY
BpEeMEHH 4epe3 NPOM3BOJLHOE pa-
JUalbHOe cedeHue Ge3yomaToYHO-
ro OpOCTPAHCTBA, BbIpakaeTc
ypaBHeHUEM

Puc.2.5. OnemeHT ©6e3J0MATOYHOIO
IPOCTPAHCTBA

Tx 2 Tk 2
E:J' —grsinaz+C—+£ dm=I —-grsina +C—+£ pbC dr.
rz 2 p r, 2 p

Ilpu mepeMenjeHMM BTOrO CedyeHUA Ha yroid dQ MPOUCXOJUT H3-
MeHeHHe I0oJIHOH 3Hepruu MOTOKa 3a cYeT IIOJBOAA AOIIOJHUTENHHOTO
KoJIMYecTBa KMAKOCTH M3 pabodero Koseca (Mam oTeBoja B pabBouee
koneco). Mexanuyeckas 9Heprus yMeHbIIaeTcs 3a CUET ee AUCCHIA-
IMM OpH OpPeoAOTeHHH THAPABINYEeCKUX NOTeph:

OHeprus, moasojumas U3 pabodero Kojeca B 6GessomarToyuHoe

NPOCTPaHCTBO 3a eAMHUIly BpeMeHH, Olpefiesasercd IapaMeTpaMHt
KHAKOCTH HA MWIMHAPHUYECKOH noBepXHocTH pabouero xoJjeca:

CZ
E, =T,dm = pbr,C, | —gr, sina+?’+£/—:— da

Tlorepn MexaHuuecKoil 9HePrMH HAXOAATCH II0 YPaBHEHHIO
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E, = gpb]2 C,dh,(a,r)dr .

IloncTanoska aTux Beipaxkenuil B (2.17) nmpuBOAMT Hocje HeKo-
TOPLIX IIpeoGpa3oBaHUN K YPABHEHHIO ABMKEHUA JKMIKOCTH B 6esso-
MaTOYHOM IIPOCTPAHCTRE:

Ty 2 2
17 . C . C; p
~——J' ~grsma+—+£ Cdr=rC, | —gr,sina+—=+-%
o ; 2 p 2 p

- g':f Mcadr .

(2.18)

T2

HeuspecTHRIMIH B 3TOM YpapHeHUM ABJIAIOTCA CKOPOCTB KHJ-
KOCTH M jgapjienne. CBA3L MeXXAy HUMHM yCTAHABJIMBAETCA deped Heii-
CTBUe LIEHTPOOEeXXHBIX CHII:

¢ . dr
P =P+ 8P =Pt p[Ci— (2.19)

Ypasrennsa (2.18) u (2.19) maroT BOIMOMHOCTH ONpejeATh Ia-
pPaMeTphl JKHAKOCTH B JI000# TouKe 6€3,10aTOYHOI'O IMPOCTPAHCTEA.

24. Mamemamuueckas modenv 9aa paciema napamempos
HUKOCMHO20 KOAbYA

24. 1. [Tpunyunuanvras cxeMa 8bt6panHoil Modenu

IIo xapakTepy TeueHMA H AeHCTBYIOLMM CHJIAM IIOTOK MKHJA-
KOCTM B MalluHe HeogHopojeH. JKHAKOCTb, HaxojAlladcis BHYTPH
pabodero KoJeca, BpalllaeTcsi BMecTe ¢ HMM C MOCTOAHHOHK yIjoBoil
ckopocTrio. Ha 8To aBUsKeHMe HaK/IaJbIBaeTCA ee OTHOCHTelbHoe IIe-
PeMelleHMe TOf AeficTBMeM HHepIMOHHBIX cui. Ilapamerpst B aroit
YACTH >XKHAKOCTHOTO KOJIBLA W3MEHAKTCH NUCKPETHO, TAK KAaK OHO
pasfiejieHo JOMATKAMHU. JTO ABM)KEHHE OIMMCHIBAETCA CHCTeMOil ypaB-
HeHuil (2.12). B GesnonaTounoM mpocTpa’HCTBe XHAKOCTHOE KOJBLO
conomuoe. CKOpoCTs B HeM olpefesifeTcAd O3Heprueit, MoJydeHHOH
JKMAKOCTRIO IIpM BBIXofle U3 paboyero Kojeca, a TakyKe COBOKYI-
HOCTBIO fgeifcTByromux cuia. OnMcanme 5TOro JBUXKeHUA ymobHee npo-
BOAUTL B HENOABMXHON cHCTeMe KOOPAMHAT ypaBHeHusaMu (2.18) ¥
(2.19).
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Takoe pasjesieHHMe KHUIKOCTH Ha B2 IOTOKA JOCTATOYHO YCJOB-
g0, TAK KaK OHM Hepa3PhIBHO CBA3aHB! JPYr ¢ ApyroM. B mpomecce
ABWKEHUA JKHAKOCTb HENPEPHIBHO MepexoAuT M3 pabodero xoseca B
fe3JIONIATOYHOe IIPOCTPAHCTBO M O6pATHO. B CBA3M ¢ BTUM Heo6XoTH-
Ma TaKasd MaTeMaTuU4eCcKas MOJeNb, KOTOpas JaBaja 6bl BO3MOXK-
HOCTBb y4ecTh OTMeudeHHble OCOGEHHOCTH U NPUBOAMJIA 6Bl K KOHEUHO-
My UMCIEHHOMY PelleHHIO.

Kak yxasslBaJIOCh paHee, AJA IOJYYEeHHA MaTeMATHYECKOH MO-
el B NONEepeYHOM CeYeHUH MAaIluHBI Bhlfesnserca cextop ABCDEF
(cM.pHc.2.2), monoxeHNe KOTOPOro O6yCIOBJIMBAETCA YIJIOM MOBOPO-
Ta CPeHEro paJMaJbHOroO cedYeHWd, M paccMaTPUBaeTCsd H3IMeHeHUe
napaMeTPoB KUAKOCTU U rasa BHYTPH BbifieJIeHHOro ceKTopa. Pee-
gye cHcTeMbl ypaBHeHuit (2.12) mo3posfeT ompeaesUTh mapaMeTphl
JKUOKOCTH B J11060#1 Touke IpocTpaHCTRA BHYTPH pabotuero Kojeca, B
TOM YHCJe M Ha IOBEePXHOCTH LMJINHJpA, orpaHAYMBaiollero pabouee
roJieco. IlapaMeTprl HA ero IOBEePXHOCTH ABJAIOTCA T'PAHHMYHBIMH
14 pellleHHs ypaBHeHHd (2.18).

Tax kak maBIeHWe XUAKOCTH B 6e3JI0IIATOYHOM IIPOCTPAHCTBE
OyJbCHPYIOIlee, CKOPOCTh BhIXo[a SKMAKOCTH H3 pabouyero Kojieca B
(hMKCHPOBAHHON HeNOABUKHOM TOUKe, O-BUAMMOMY, TaK)Ke SBJSAET-
cA myabcupyiomuM. B mMareMaTHyecKkoil MojJeH 3HAYEHUA BTHX IIa-
paMeTpPOB oIpeJeAITCA Ha ocH A4YeHKku Gesd ydeTa nmyJbcalytii.

HaBnenne rasa BHYTPH AYeMKH 3aBUCUT OT 3AHMMAEMOTO Ia3oM
ob’beMa, T.e. KOJWYECTBA JKHUAKOCTM B AYeilKe, M HAXOZUTCA IIO
ypaBHeHUIO (2.13). O6beM rasa omnpeneisierci COBMEeCTHHIM pellleHH-
€M ypaBHEeHHUA [BI)KeHUA XKUAKOCTH B 6e3JIONaTOYHOM IIPOCTPaHCTBE
M ypaBHeHMA pacxoja. AHJINTHYECKOEe pellleHWe 3THX YDaBHeHUH
3aTPYAHHTENbHO, NI03TOMY OHO IpoBoguTca Ha IBM ana paga moso-
JKeHUH sAdediKM paboyero Kojieca MeTOJOM IOCJEeNOBATENLHBIX IIPH-
6ioxenuit . B Xoze pacyera mpeamosiaralorci M3BeCTHBIMM BCe Ia-
paMerpsl B (i-1 )-M nonoxxesnu sadeKU pabodero xoneca. Ilpu ee me-
peMellleHHH B i-e MoJIoXKeHHe 3a/aeTCA KOJIMYEecTBO KUIKOCTH BHYT-
pu vexkropa ABCDEF. 910 naer BOSMOKHOCTh ONpeAeNHTh IapaMerT-
PBI KMIKOCTH - JaBjJeHWe U CKOPOCTH B JI0GOil Touke, M 3aTeM IO
VpaBHeHUIO HepadpblBHOCcTH (2.10) MpPOBEpHUTH COOTBETCTEME 3aJaHHO-
0 KOJIMYECTBA U pacueTHOro. Ec/IM HecooTBeTCTBHe IIpEBHIIIAET JIO-
OycTuMoe 3HaYeHHe, TO 3aAAeTCA HOBROE KOJHYECTBO JKHMIKOCTH M
Pacyer moBTopseTcA [0 IOJydYeHHA HeoOXoXMMON TOYHOCTH.

24. 2. Pacuem dasneHusn Ha YUAUHOpUYLeCKOl nogdepxHocmu
pabovezo Koneca
Iasienue Ha moBepxHOCTH pabodero koJieca CKJIAJBIBAeTCA M3
JaBJIeHUs rasa M KHUAKOCTH, Haxohsweica B Aueiixe. Hua ompene-
JeHNA fAaBI€HUA B KHIKOCTH HCIOJL3YeTCS CHUCTEMA YPABHeHUN
(2.12). TIpu ee pemrenun npegmosaraeTcA, YTO KHAKOCTb IBHIKETCH
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KOHTDYSHTHO cpejHel JIMHUM A4YellKM H ee CKOPOCTh B OKPYHom
HallpaBJleHUn He MeHsercsa. [lomydeHHas NpPH 3TOM INOTPELIHOCTY
yMeHbmaeTcs ¢ poctom ducia Jonarok. Ilocse ymHoxenus nepsorg
ypaBHeHMA B cucTeMe (2.12) Ha dr, BTOpOrO - Ha rd@, HX CIOXeHug
¥ MHTErpupoBaHHUA IOJayYaeM

j(F,dr+F2d¢)=—ij @—dr+@d¢ , (2.20)
. py\ar 27
F = r 5!), Ui 2 2
roe I, = P +0, > L0 — I —gcos(a)t+¢),
ov
F, =—*r+v,—%r+u,0, +2v.0r + grsin(et + ¢).

ot or

Beipaxkenue B cKo6Kax B mpapoit yactu ypaBHenms (2.20) sas-
Jdercsa mojaHbIM AuddepernuaioM AaBjeHuA. B jeBol yacTH - MHTe-
rpanisl KPHUBOJINHEHHbIE.

CBsA3p MeXAY NPOCKIMAMH OTHOCHTENbHOM CKOpocTH (C ydeToM
KOHTPY3HTHOCTH JIHHHUM TOKA) OIpefiesIfeTCA COOTHOIIEHMEM

) do d do
o, =r 20 _ d0 dr_. do 2.21)
ot dr dt dr
do
Onsa paguanbHbIX JONATOK —d—— =0 , IIO3TOMY IIPOEKIUA CKO-
r

poctn L, = 0. ¥Yron got B ypaBHeHuu (2.21) - xoopjaunaTta cpejHeit

JHHHMM MeXXJONaTOYHOro KaHajla. Ero MakcuManbHas BeJHYMHA AJIA
JIONIATOK, BHINOJHEHHBIX II0 Ayre OKDYXKHOCTM DaJuUycoM 7, paBHA
pasHocTH yrioB (puc.2.6):

' r R B
¢ = £ZBOC- ZAOC = arcsin-% - arccos——2—2.,
r 2rr,

9To BBIpasKkeHHe HeyAoGHO IJA pacyeToB, IIOITOMY OHO all-
TIPOKCHMMPYeTCA TpeXUJIeHOM:

¢ =a, +ar’ +a,rt . (2.22)
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Koaddunmenrs: B (2.22) HaXoaAaTCA M3 yCJIOBUA PABEHCTBA Yr-
jg0B () TpHM Tpex 3HaueHHUSAX pajuyca

r=yri-rt; r=r;

Tax kax yron ¢ o6bI4HO He

npeBbimiaer 10-15° u B 3aBucH-
MOCTH OT pajguyca MeHsercsa HO-
cTaTOYHO IIJIaBHO, Omubka B

onpeejieHNN yrja ¢ , KaKk IoKa-

3aJI CPABHUTEJIbHbIe PACYETHI, 38
cueT BBeHEHHOM aNIpoOKCHMALYK
He IpeBHIIaeT 5. Y4YurThBadA,
YTO OTHOCHUTEJbHAA  CKOPOCTH
KUAKOCTM B MeKJONMATOYHBIX
KaHanax He npeBslmaer 3-4 M/c, Puc.2.6. Cxema snonmarku paGouero
BO3MOJKHasA omubKa H3-3a BRe- KoJjeca
JeHHOH
ANNIPOKCHMAIIMYA He OKASBIBAET CYII[eCTBEHHOrO BJIWAHUA HA DPe3yJb-
TaThl PacYeToB IIC paclnpefleleHHIO JAaBJIEHUA B *XUAKOCTH.
Pagvanbaas cocTaBAAKOLIAA OTHOCHTEJNBHOM CKOPOCTH JKHA-
KOCTH PAaCCYHUTBIEAeTCA IO CEeKYHAHOMY pACXOAY KHUIKOCTH dUepe3
MEKJIONATOYHBIM KaHAN M 3aaaeTcA IPOU3BOLHON MO BpeMeHM KOJIH-

decTpa :KUAKocTH B HeM AV / dt. Ora KuIKoCTH MPOXORHUT ueped
NOBEePXHOCTh PAJUYCOM I, IJIOMaAb KOTOPOH paBHa
_ 2mrby,

2

F

Koaddummenr i, ydUTHIBAIONIUMI 3arpoMoKJeHHe KaHaja Jo-
IaTKaMwu, ompejessgeTcss COOTHOIIEHHEM

s %2 (2.23)
Ha 2arsing, '

PajgnaibHas cocTaBiadol[ad OTHOCHTeNbHOH CKOpPOCTM HAaXOJHT-
CA 110 ypaBHEHHUIO

av* 1 _dv¥ 2 A

v =l . = . (2.24)
dt 2arbu, u,r

" "dt F
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avy =z
dt 2nb
KonudecTBo >KHAKOCTH B KaHajne pabouero Koseca (pHc.2.7)
onpejenseTci KaK PASHOCTb MEXAY KOJIMYECTBOM KMAKOCTH B CeK-
Tope V* U ee KOMUYECTBOM B 0e3JOMATOYHOM IPOCTPAHCTBE B 0b6BeMe
BCDE V™, kortopoe 3ajjaeTcs IBOMHBIM MHTErpagoM:

31ech: (2.25)

Aa+— A“*’“
V™ - b J’ J‘,.d,.da b j —2——da X (2.26)
da -Z72 Aa ——

Paamyc-BexTop Kopnyca I'y B CHCTeMe KOODAMHAT C IeHTPOM Ha
ocu paBouero xoJeca (puc.2.8) HaxogUTCA 0 ypaBHEHHIO

= JRi, —€’sin‘a +ecosa .

Ilocsne moACTAHOBKH, HMHTETPUPOBAHUA M YIPOUIEHHUSA pe3yJibTa-
ToB ypasHeHHe (2.26) nprHUMaeT cleAyIOMINA BUI:

T . . T Vs
V,=b (R,fp - r;)— + ez(Zcosz a - 1)sm—cos—+
z

A 2

2

. T k . e (4
+eR, cosa sm—+—2—’iarcs1n 2—cosa sin—||.
kp

2 2

Puc.2.7. Cxema ompepmenenusa Koau- Puc.2.8. Cxema onpegeneHus paju-
YecTBA JKUAKOCTH B MEIKJONATOYHOM YC-BeKTopa Kopuyca
KaHnaje

OXHHM H3 BO3MOMKHBIX CIIOCO60B IpeobpasoBaHMA KPHBOJIMHEN-
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gbIX HHTerpanoB ypaBHeHUA (2.20) B obbIYHbIE ABJISETCA BHIOOP IIYTH
AHTETDHPOBAHUSA , KOTOPHIA HIPOXOAMT IO JHMHMAM, KOHTPY3HTHBIM
cpefiHe#l JMHUM JonaToK. B aTom ciayuae Heo6XoAHMO B ypaBHeHMe
(2.20) BmecTo auddepennuana yrioBoit KOopAUHATE (¢ MOACTABUTH
ero 3HadeHMe, ONpejesisieMoe U3 YPABHEHUS JMHHUU TOKa.

nsa paguanbHeIX JONATOK OKDY)XHAA COCTABJAAIOLIAS OTHOCH-
rTe1bHOHl CKOpPOCTH paBHa HYJIO, & HHTErpUpoBaAHME IPOU3BOJUTCA
TOJIBKO BJOJb Dafuyca. B atoM ciydae ypaBHenue (2.20) ympomjaer-
cA ¥ IPHHHUMAaeT BUA

_AP ——dr+ v———dr ra)zdr— g cos(wt + p)dr -(2.28)
p (wt + )

Hpenenm HHTerpUPOBAHUA ONpefe/siOTCa HaYaJbHON M KOHeU-
HOM TOYKAMH DACCMATPKBAEMOM JMHUY ToKa. KaXAplil M3 oTHX MH-
TeTrPAJIOB MOXKeT OLITh B3AT B KOHEYHOM BHJE.

Komnnekc A (2.25) He 3aBHCHT OT TeKYUIMX KOODAMHAT B
Me’KJIONATOYHOM Kanate. IJocKoAbKy K09¢GDHUIMEHT f; MeHAETCS He-
3HAYHUTENBHO, NPH WHTE[PHPOBAHUK OH INPHHHMAETCA IOCTOSHHBIM
o BCell TOJIIIMHE CJIOA JKUJKOCTH M HAXOAUTCA NO BeJWYHHe pajl-
yca, COOTBETCTBYIOLIEH IeHTPY oO'beMa KUJKOCTH:

r +r
2

C yueToM sTHX 3aMedaHHI1 6epyTcA MepBule [Ba MHTErpaja :

re =

(g [0 2y L Gk da dr_
ot & ru, Ly, da dt r
r r (2.29)
_ @ di ).
u? da \r)’
- . 2 2 2
, 1 1
juréidr=iuf _If 4 (_j _E—.) : (2.30)
;a2 2\ |\ r

Taxum o6pasom, npy pagMatbHBIX JONATKAX [aBleHHMe B KHAKOCTH
BROJIL paguyca H3MeHSETCA COMIACHO CIelyIolleMy YpPaBHEeHHIO:
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ap_ V()

- = ~——2———+gcosa(r —r)—~-—ln
SEH @
2\u,) |\r r) |

Hna nonatok, BBIIOTHEHHBIX 10 Ayre OKPYXHOCTH, IPH HHTe-
rpupoBaHuu ypapHeHus (2.20) BMecto d@ Heo6XoAUMO MOACTABUTEL

nubdepernmnan d(o‘, onpejendeMblii U3 ypaBHeHus (2.22):

31)

AP
![ ﬁtr +v, ﬁ;r, —v;%—Zuwa)—rw’ — g cos(wt + ¢)}dr+

7‘— ﬁ() d)
+_f[ 0": r+u, 0,,: r+uv.0, + 20 0r - grsin(et + ¢)J (2.32)

-(2a,r + 4a2r3)dr = _A7p.

HHTerpuporaniie JaHHOTO YPaBHEHMA C y4eTOM 3aBHCHMOCTE
(2.21), (2.24) n (2.25) mociie ynpoumeRuit NPUBOAUT K 3ABUCHMOCTH
IIPUPOCTA NABMEHUA B KMAKOCTH BHOJB JUHUM TOKA OT pajuyca:

A7p = —% . iw{ln:—..' + af[(rT - (r‘)“:! + g—alaz[(r")s - (r')e} +
=l -0)-G Rl - o)
+801a2[(r')4 - (r')4] + 8a§[(r“)6 - (r)s]} - w—;[(r")z - (r')z] _

*g(r" - r') cosa + —galg{[(r"f - (r‘)ﬂ + g : Z—j[(r')s - (r)s}} (2.88)

HOCTH IIOCTOAHHOI'O pajuyca onpegeyseTcA AHTEIPUPOBAHHNEM BTOPO-
ro ypaBHenus cucteMsl (2.12) npu r=const.
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AW dv, v A
j[ Lo, —2+ "2+ 20,0+grsin(ot + ¢>)]d(0 = -2 (2.39)
9 & pr

or r

B ypasuernun (2.34), corsacHo cAielaHHBIM NPeANOJOXKEHHUAM O
ABM/KEHHU SKHJIKOCTH IO JMHMUAM TOKA, KOHIDYIHTHBIM CpefHEeH Ju-
HMH KaHAJIA, CKOPOCTh He 3aBMCHUT OT YIJIOBOM KoopauHathl. IloaTo-
my ypaBHeHme (2.34) uHTerpupyercs AOCTATOUHO IIPOCTO!

ov ov

L.V .
Ap = -pr P yp —2 412 ¢+2u,(o) -0 )-
p p(at SE (¢ -¢)

(2.35)
-gr cos(cot + (o') +gr cos(a)t + (0)]

3aMeHa CKOPOCTH KUAKOCTH KOMILIEKCOM A IPUBOAUT 9TO ypas-
HeHWe K BUAY

Ap = pgr? [cos(a)t + (o') - cos(cot +@ )] - prIZZ to _ (4a,r +
, ) (2.36)
+16a2r3)££”—] - (Zalrz + 4a2r‘)§; : % ( S - (p') .

VYpasuennsa (2.33) u (2.36) naoT BO3MOKHOCTH ONPEeNHUTH JaB-
JeHHe B JI060# TOYKe Me)XJIONMATOYHOTO KaHajla B paboyeMm KoJiece
NpPY KMSBECTHBIX JABJEHUM ra3a M IOJOKeHUH YPOBHA *KMIKOCTH Ha
OoCH KaHaJja, B TOM 4YHC/Ie U HAa HADY)KHOH IUINHADHYECKOH NOBepX-
HocTu paboyero kKojeca. Kpome Toro, 9TM ypaBHEHHA ITO3BOJAIOT
HaliTH (popMy MOEBEPXHOCTH KHAKOCTH B SYeitKe IO ee IOJIOKEHHIO
Ha cpendeil nuauHu. Jlna storo us (2.33) onpepensiercss faBjeHue Ha
IlepeceyeHHH cpefHed JIMHMU AYeHKHU ¢ OKPYKHOCTbIO pabowero Ko-
Jeca, a U3 (2.36) - gaBnaeHHe BJOND 3TOU OKPYXKHOCTH B pslle TOUEK.
3arem mo (2.83) BEIYHCIAIOTCA PAXUYCHI I'g, IPH KOTOPHIX JaBjleHHe
B XXHUJIKOCTH HA JIMHHUAX TOKA, IMPOXOAAIINX Uepe3 BbIOPaHHBIE TOY-
KM, U gaBleHMe rasa B Sdeilke commnafaiorT. COBOKYIHOCTbh HailjeH-
HBIX TOYeK M OIpefiesisieT IMOBepPXHOCTh KMAKOCTH B syeiike. Peayis-
TAThl pacyeTa (pOPMBI IOBEPXHOCTH MKHUAKOCTH B fAuellKe M UX cpaB-
HeHHe ¢ pesyabTaTaMM SKcllepHMeHTA IIpUBeleHHl B pasf.2.6.
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24. 3. Pacuem dauixcerusn mudxocmu 8 6e310namoiHoM
npocmpaHcmae

Ilapamerpsl KuAKoCTH B 6e30NATOYHOM IIPOCTPAHCTBe OIpefe.
AAI0TCA B cpefgHeM cedenumu uyactu cexropa BCDE (cm.puc.2.2) no
ypaeHeHuaM (2.18) u (2.19). IIpn 5ToM rpaHUYHBIMHK YCAOBUAMM SB-
JAKTCA NapaMeTpPHl "KUAKOCTH Ha IMJIMHAPUYIECKOW I0BepPXHOCTH
pabouero koJseca.

Jaa pByx mociefoBaTeJbHBIX MoJoxkeHuit cextopa (i-1) u |
ypaBHeHHe (2.18) sanucbizaeTcd B BUE

p‘)C dr - j ( —-grsing;_, +C—+—&———)Cm._,dr=
2 p

T[—rgsm a, +— ¢
2

T2

p

T2

Th-1 071 ( )
=rzczﬁ( —gr,sing, + =2~ C pzi] g4a,; j —~——~C _,dr .(2.37)
o,

[ns mepexonsa K MaTeMaTHYeCKOW MOZAENIHM MHTETpaibl B 9TOM
VpaBHeHHH 3aMEHATCA cyMMaMu. HHAeKcHl j 08HAYAIOT I10JIOMKEeHHe
KOHKDPETHOM JIMHHM TOKA B i-M PAZHAJIBHOM cedeHUH 6e3siomaTodHOTro
npocrpaHcTBa. IIpm xonmuecTBe ToueK MeKAy pabodYuM KOJIeCOM M
KOPIYCOM B KOHKPETHOM i-M CeYeHHM , DABHOM E, KOJIMYECTBO pac-
cMATPUBAEeMBIX JMHMI TOKa paBHo kK+2, a KOJIHMYeCTBO cjoeB - R+I
(puc.2.9).

IlepBas nMuUHHMA ToKa Xapak-
Tepuayercd pajuyc-BeKTOpPOM pa-
fouero KoJieca, E+2 mpoxoiuT mo
BHYTDeHHe#l IOBeDXHOCTH KOpIIY-
ca. Ilpyaumaerca, uTo Mexnay j-it
u (j+1)#t IMHUAMH TOKa HAXO-
JuTes j-i cIod KUAKOCTH.

Puc.2.9. CxeMa pacmosoxeHus -
HUI ToKa B 0eajlonaToyHoM IIpo-
CTpaHCTBe

C yueToM cpenaHHBIX IpeAnosioKeHuit ypaBHeHue (2.37) morkeT
6BITH IIpeACTABIAEHO B BH/E

k+1 C2 k+1 C.2
D |-gnsina+-L+=L\C 4| - | -grsinag+ L+
=1 2 p R 2
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j C:,
+£’—]CajArj = rZCZn.( —gr, sina; + —=- 2 pz,) -

P 1 P
(2.38)
k+1
- gAa,| Y ———~ ,(r2) jC,Ar,
j=1 (0 .

Crnoit sKUIKOCTH, BRIXOAAIIEHl HA CTOPOHe BCcackIBAaHUA M3 pabo-
yero KoJleca 3a spemsa Af;=Aq;/® npu ero nepemenienun us (i-1)-ro B
j-e cedenue, B 06e3JoNATOYHOM NIPOCTPAHCTBE HMeeT TOJNUIHHY
Arj=1=C2riAq;/ ®. Pacder mapaMeTpoB JKHJKOCTH Ha BBIXOZEe M3 pa-
pouyero Koseca mpueegeH B pasg.2.4.2 ( B ToM ymMcie WU JaBileHUe B
SKUAKOCTH HA OCH KaHAJA).

Harnenne Ha paccroamum Arj-; or pabodero koieca onpeje-
JadeTcs 1o ypasHenuio (2.19):

(PJ:Z) = Pa t pcj:. ar_; - (2-39)

=1
O

B nanmmeiinieM HHAeKC @ B CKOPOCTH JXKHAKOCTH OIyCKAeTcsd,
TAK KAK yroJ Me)XJy BEeKTOPOM 3TOH CKOPOCTHM M HOPMAJBIO K pajguy-
Cy AOCTATOYHO MaJ, & KOCHMHYC STOr0 yIJjia COOTBETCTBEHHO GJIM3OK K
eJUHHIIE.

CyMMapHas MexaHHUYecKas SHeprHs B TO4YKe [-To ceYeHMA IO
JMHUU TOKa j=2 HaXoxuTcA U3 ypaBHeHHsA (2.16):

(Fi)j:z = (I‘ifl)jzl - %:—a)‘,dai . (2.40)

Ilo ypasHenuio (2.40) MoXHO HANTH CKODOCTH B paccMaTpH-
BAEMOH TOUKe:

. C: p h,(r,a)
(CJ=2)‘, =2 —-gr,sina + "Zi‘f” ';2 - e Aq, -

1~1 i

- gg’—;l + g(rj:z)sin a, ;. (2-41)

Ina omnpegeseHMs CKOPOCTH KHMAKOCTH B JPYIMX TOYKaXx i-ro
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cedeHUA OHO pasbuBaerca Ha pAX yuacTkoB Arj, rme 2< j < K+1.
Kaskgoit TOuKe i-ro ce4eHHA COOTBETCTBYyeT Touka (i-I)ro cedeHus,
paccTogHMe M0 KOTOPOH oT pafouero KoJieca PacCHHUTHIBAETCH IO CoO-
OTHOIIEHHIO

51—1

i J
Ar) :( Ar] — =L (2.42)
(; : i-1 ; : i 51' - Ar]':l

JlaBIeHMe U CKOPOCTh JKMJAKOCTH B IIPOM3BOJILHOM TOUKe i-ro ce-
YeHHA ONpeAesOTCA [0 YPABHEHUAM

J CZ
(pj+1)i =Pxut _B—ir— Ar | s (2.48)
l=1 r[ +__l
2 i
C? p, oh (r,
C, =.|2¢| -8, sina+—’——& - —————“’(r %) Aa; —
2 p o ox
(2.44)
(p!')i

p +g(r, sin a)i .

Ha cTopoHe cx¢aTHA M HATHETAHHUA KUAKOCTh M3 GesonaTo4Ho-
ro IPOCTPAHCTBA BXOJUT B paGouee Koieco, moatomy Arj—;<0. Pac-
YeT NMapaMeTPOB B IIDOH3BOJILHOM CedeHHMH B BToH obyacTu TakxKe
IPOM3BOANTCA 10 ypapHeRUAM (2.42)-(2.44). Meronuxa onpeneneHud
IMAPABINYECKUX NOTeph IpHBejeHa B pas3f.2.7.

Kak moxazanum pacdersl, JByMepHaA 3aja4ya 6e3 6ojbiroro
yiepba A8 TOYHOCTH MOXKeT GbITh CBeJeHA K OJHOMEPHOH, 4YTo CY-
[IeCTBeHHO yNpoliaeT ee pelledne . YpasHeHMe (2.37) sanucsiBaercs
B BHJe

4] 1 ™ 1 Tk Ty )
—g! Cr;sina,dr + 3 f Cldr + ;j pCdr + g j G i sine, dr -

T3 T2

1 Tx 1 Ty . Czi p i
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toh,(ra
- gAc, | [—(%—)) C,_dr. (2.45)

YcpeaHenMe CKODOCTH B KaKAOM M3 UYeTHIpeX THIIOB IOJIYUeH-
HBIX MHTETPaJIOB NPHBOAUT K PA3JHYHBIM ee 3HaueHUAM. IlosTomy
CPEHIOI0 CKOPOCTE CJIEAYeT HAXOAMUTh U3 YPABHEHHA Hepa3PbIBHOCTH
(r-e. 3ajaHHOe IOJle CKOPOCTEH M NOJAy4YaeMad CPefHAA CKOPOCTB
AOJIAKHBI ObeCevTHBaTh OJIyYeHHe OMMHAKOBOIO PACKOAA):

]Cdr = C""’]Lir = C“’(r" - r'), (2.46)

- .~ -\2 02
ICr sinadr = C? sin ajrdr =C*? £C)—;(—r)sinaz . (2.4

B AByx aApyrux umTerpanax ycpeiHeHme IPHBOAMT K Heobxomu-
MOCTH BBeJleHHA MONPaBOYHBIX KoaddUiueHTOR:

IC3dr = a,(C”" )3] dr=a I(C“’ )3(r" - r'), (2.48)

]pCdr = C"’]pdr . (2.49)

Hasnenue B nmpoussonsHO# TouKe GesnonaTouroro IPOCTPaHCTBA
ONlpexpesisaeTca AaBjleHMeM HAa IMJIMHAPHYECKON MoBepxHocTH paboue-
T0O Koneca p; M MepenajicM HABJEHMH B KHAKOCTH O PacCMATPH-
BaeMo# TOYKH Ap M MoKeT GBITH NPEACTABIEHO CyMMOK

p=p,+4p . (2.50)

I[aBJerne D2 HAXOJNHUTCA M3 pacyeTa ABHXEHUA XUIKOCTH B pa-

Gouem konece, a aBrenue Ap 3aBHCHT OT DPACCTOAHHA Mexay pabo-
UMM KojecoM M paccMarpuBaeMoif Touxoil. B mampmeiimem mpepmo-
Jlaraercs, 4To B 6€3/0MATOYHOM NPOCTPAHCTBE MMepenaj AABJeHHMI B
PanuanrHOM HampaBIeHNM CO3AAETCA TOJIBLKO IEHTPOCTPEMHMTENBHBIM
YCKopeHMeM, KOTOpoe HAIPABJIEHO K LEHTPY KOpIyca:
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[an- 1
Ap=|—dR=p|——dR . \ (2.51)
RpaR RPR

3amMeHa CKOPDOCTH H2 ee ycpeAHEHHOe 3HaueHUe IIPUBOAMUT ypag.
Henue (2.51) K BUOY

4p = paz(C“’)z ln}t{i .

P
3nech

~_dR
JR
o, = . . (2.52)
¢ (R
(CCP) In| ==
R

j4

je

C yuerom (2.50) n (2.51) ypasHenue (2.49) MoMHO 3amucats
CJeAYIOINM obpasomM:

]:PCdr = CCPPZ]: dr + az(CCP)ap]: In }I%idr ) (2.53)
r4 r. r' P

Cornaco  pmc.2.10, pac-
CTOAHHUA [0 IIPOMIBOJBHOU TOYKH
OoT neHTpa paboyero Kkojieca M
IleHTpa KOpmyca CBSA3AHBI MeXKIY
coboll ypaBHeHHeM

R= \/(r - ecosoc)‘z +(esinoc)2,

YTO JaeT BO3MOJKHOCTh B3AThH
BTOPOM HMHTerpaJl B ypaBHeHHH

(2.53)
Pnc.2.10. Cesspb Mex gy paguycaMu B
PABIHYHKIX CHUCTeMaX KOOPAUHAT
- 2 . 2 -
r (r-ecosa)” +(esina) " r-ecosa
Iln 3 3 dr | In——dr = .
;- ecosa) +(esina) : r,—ecosq
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I‘" —ecosa

=(r" —ecosa)ln———
r, — ec?sa (2.54)
—(r' - ecosa)lnﬁ——:fw—(r" —r') .

r, —ecosa

IIposepouHsle pacueTsl mOKazajm, YTO OLIMOKA OT YIpPOINEHHUA
nof 3HAKOM WHTerpaja e npesbimaer 1%.
Taxum ob6pasom, ypapuenve (2.49) npuBoguTCca K BUAY

J ar = ") a7 | ("-econe)n TS -
—(r'—e cos a) In recosa (r"—r') (2.55)

r, —ecosa

Koshdunuents: @; u Q, omnpefensioTca mojeM ckopocteit. ITo
pesyabTaTaM SKCIEePHMEHTOB OHY NPUHATHI PABHBIMH, COOTBETCTBEH-
Ho, 0;=1,02 n @,=1,05 (pnc.2.30 u 2.31). B panpneiimem ypasHe-
Hue (2.45) nna cTOPOHEI BCaCBIBAHUA M CTOPOHBI CXKATHUS M HarHeTa-
HuA 6yJeT 3alHChIBaThcA mo-pasHoMy. Ha cTopoHe cokaTud KM HarHe-
TAaHUA NPH ABM)KEeHUM ceKTopa oT (i-1)-ro go i-ro cedyeHHMA 4AaCThb
KUIAKOCTH BXOJNUT B pabodee Kojseco. IloaTomMy HOTOK >KHMIAKOCTH,
IpoxoAAIMi B i-€¢ ceyenue, B (i-1 }-M cedyeHNHM 3aHMMaeT cJOH, TOJ-

muHa Kotoporo § ‘ (cM.puc.2.7) onpefensieTca no ypaBHeHHIO, aHa-
JoruyHoMy (2.42) :

- Aa;
51-_1 = 5 17 Cgﬂ——a;— . (2.56)

-

Ecnu B ypasHenuu (2.45) B i-M u (i-1 )-M ceueHuAxXx paccMaTpH-

BATH MOTOK TOJIIUHON O M O ¢ COOTBETCTBEHHO, TO B HEM HEOOXOAMMO
HCKJIIOUMTL cJIaraeMoe, KOTOpOe XapaKTepH3yeT 9HEePrHio IIOTOKA,
YxXopamero B paboyee kKojeco. ¥YpasHeHue (2.45) ¢ yyeToM BEIpae-
Ruit (2.46), (2.47), (2.48) u (2.55) mocne cokpallleHHs HA BEIHUHHY
Pacxoma npuHuMaeT BHA

2
cp
(Ci ) y P2, (Cicp)z T —€€0Sq;
2

cp .
8rosina; +q,
P 0,
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2
cp
1 P a3 (Ci‘l)
-1|+gr¥sina,_, -a,~——-
r,—ecosq, 2

In T €C0S Q,

-ecosqa,

Psi_; Ce® 2 Ty y
—_— —— az( i_l) .
0;y

Fy.; —€cosa,,

1leg o'hw(r,a)

‘In .
I —€COSQ;_; =0, oa

Ada; =0 . (2.57)

IlonyyeHHOe ypaBHeHHe AaeT BO3MOXKHOCTH OIIPEAENUTH Cpel-
HIOI0 CKOPOCTb ABMKEHHUS KMAKOCTH HA CTODOHE CXKATHA M HarHeTa-
HUA:

A \ra = Dy
g\ r¥sina, - ¥ sing, , - [—"’ﬁ(——) Aa, |+ Prii = Py
) p
C“/‘P —_ i +
r, —ecosqa; . I, —ecosa, a
a, ki iln ki i —a, + -1
0; r, —ecosq; 2

=

2 n,;, —ecosa,._ r,_,—ecosaqa,_ a
(C,cf,) az[ -1 — € -1 In hi-1 25 B 1] + %
1-1 2_

+ 4 Ty — €C0Sa;_; =& .(2.58)
Iy —ecosa, . r, —ecosq a
o, £ M Lo, + %t
o, r, —ecosa, 2

Ha cropoHe BcachlBaHMA NpY ABWXeHUH oT (i-1)-ro mo i-ro ce-
YeHHUA YacTh XXUIKOCTH BBIXOJUT M3 pabouyero Kojeca coO CKOPOCTHIO

C, =C,,cosn, - C, sinn, .

PasuansHas cocTaBaAmOmad 3TOM CKOPOCTH paBHa paguaipHOH
COCTABJIAIOLEH OTHOCHTENBLHOH CKOPOCTH Ugp, KOTOPaAA HaXoguUTCA IV

(2.24). TaureHnuaJbHAfd COCTABAAOIAA OIlIpeJeliseTcA IO ypaBHE
HUIO

_Der (2.59

C,, =or, + YO,, = Qr, + Y tan .
a2
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HosddULIMEeHT ¥ yYMTHIBEET BINAHHe KOHEYHOTo 4McJja JIona-
TOK. CYIIECTBYIOT pasjIMdYHbIe MeTOJbl pacueTa 3TOro KoadguiueHTa
IS POTOPOB LEHTPOGEKHBIX MamuH. [uA KHAKOCTHOKOJBIEBOH
MAIIUHBI OHH He JalOT YAOBJETBOPHTEJBHBIX De3yJIbTATOB, TaK KaK B
OTJINYME OT LEHTPOOEKHBIX MAIIMH B MEXXJONATOYHBIX KaHajiax
KM umeerca cBOOOAHAA NOBEPXHOCTH JKUIKOCTH, 4 €€ NBHXKEHHE
ABJAeTCA HeycTaHOBMBIIMMcA. [loaToMy Bupear a0 TNOJYy4YeHHA [O-
CTOBEPHBIX Na8HHBIX Y NPUHAT PABHHIM €JUHUILE.

HKugroeTs, nocrymapomand Ha CTOPOHE BCACBIBAHMA B i-e ceUeHHe
n3 (i-1)-ro, pBmKeTcss co ckopocThio C’; ¥ 3aHHMMAET TONBKO 4acTh

ceyeHMsA, BeJHUMHa J; KOTOpOil ompefesserci aHAJOTHYHO ypaBHe-
nuwo (2.56):

-C A2, . (2.60)
1)

5;' = 51'-1 2ri

HOna naxoxxpenus cxopoctu C’; ypapHeHHe (2.45) npeoGpasyert-
ca B aHanoruuHoe (2.57) u sanvcuiBaeTca cJIeLYIOUIMM o6pasom:

o \2
(_Clz';)gjimz(q)? s €0,

1

2
cp
P o (CH) Py
-1|+gr7sina, -« - -
-6, —ecosa, 2 p

cp 2
gr’sing, +

pTw — €cos

n,

T

_a (Ccp )2 rkifl~eCOS(Ziv1 ]n rkiil—ecosai_l _1 +
A 8, r,—ecosa,_, 260
oh (r,a '
Jo

i

Crxopocts xunxoctu C’; HaxoAUTCA 1O ypaBHEHHUIO, aHAJIOTHY-
Homy (2.58). Cpeaunss CKopocTh BCEro MOTOKa JKUAKOCTH B i-M cede-
HHH Ha CTOpPOHe BCACHIBAHUA PACCHUUTHIBAETCA M3 ypaBHEHHS
-« C,+C

2i 2i-1 _
Ci5i + ——'2—-'*‘“—(51 5i—1)
C? = % . (2.62)

1
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IonyuyeHHble ypaBHEHHUA [JAIOT BO3MOXKHOCTE ONPeAeNHTh CKo-
POCTE MXHUAKOCTH B N1060M ceueHMH 6€3JI0IaTOYBOT0 IPOCTPAHCTEA.

24. 4. Onpedenenue Koruwecmea KHudKocmu 6 eQUHULHOM CeKmope
KojumdgecTBO KUAKOCTH B i-M mnonoeHun cexropa ABCDEF
(cM.puc.2.2) onpefessieTcd KOMHYECTBOM JKHMAKOCTH, 3AlONTHAIIINM
ero B (i-1)-M TOJIO:XeHHH, H KOJHMYECTBOM MOCTYNMBILIEH (MJIN BHI-
Tekueil) KUAKOCTH NPH IepeMellleHMH paboyero Kkojeca 32 Bpems
At;=Aa;/@ uepes oTkpbiThle rpaHuusl cekropo BC u DE (cm.pue.
2.7):

V¥ =V*+Vg -Vpp . (2.63)

KonuuecTso KuakocTH, mpoxonsameit yepes cedenusa BC u DE,
HaXOJUTCA [I0 YpPABHEHUAM

Vi =b(r, - rz)%‘f(UBC — Cge)s (2.64)

B = b(rrc s rz)'%)o—[(UDE - CDE)’ (2.65)

TAe T'yn YU Tz - PAOMYC-BEKTODHI M3 HeHTpa paboyero Kojeca 1o To-
yex C u D, T.e. Ao mepeaneit u 3a7Heil rPaHUI] CEKTODA ;
r, +7r.
U=2+t—2p. (2.66)
2

CKOpPOCTH XHIKOCTH Ha IlepefHed M 3ajHeil rpaHHMNAaxX ceKropa
C, u C; COOTBETCTBEHHO BBIYUCJIAKTCA mo ypasHenuiwo (2.58), B Ko-
TOpoe BMecTo mapaMeTpoB c¢ MHAekcom (i-1) mopcraBasmioTcA INapa-
MeTphl CpeJHero ce4eHHs sA4YeHKH, a BMECTO apaMeTpoB ¢ MHAEKCOM
i - mapamerpsl HcKoMoii rpaHuupl. Ilorepn mpH 9ToM NPHHUMAIOTCH
PaBHBIMH HYJIIO.

JlaBmeHusa Ha OKPYXXHOCTH pa60qero KoJeca Pz, U Pz, HAXoATCA
no ypaBHeHHUKO (2.33) noACTaHOBKOM B Hero KOOPAMHAT IJIA nepenneu

T oo .
@ =@ +— u3agHelt ( = (@ — — TpaHHIl AYEHKH, a TaKxe pa-
2 2
auyca pabouero kojeca =Ty .
CKOpOCTh NepeceyeHHus XUAKOCTHIO NepeJHeH rpaHUIb! ceKTopa

BC ompefensieTca ee CKOPOCTHIO AO IepecedyeHHMs B IpeAbiAyuIeM
(L+1) cextope M mepenajoM JaBjJeHuil o o6e CTOPOHBI ceYeHUA BC:

160

Cie =(c) + i(p:f” pt), (2.67)

rae Csitl u pslt! - cpeAHAs cKOpocTh M JaBjeHMe B 6e3JIONATOYHOM
OpOCTPAHCTBEe Y 3a8JHell rpaHMIBI CeKTOpa, CJEAYIOL(ero 0 OTHOIIe-
HUIO K paccMaTpuBaeMomy L . OTH mapaMeTphl HAXOLATCS TaK iKe,
gax C3 M D3 IPH mmepeMellleHMU PaccMaTPHUBAEMOI'O CeKTopa Ha yToJ

2n
—— 110 HalpaBJeHHI0 BpallleHNA pa6odero Kojeca. AHAJOTHYHO
2

pacCcYUTHIBAETCA CKOPOCTh IlepeceYeHMA XUAKOCTHIO 3aHed IpaHHUIlb]
DE cexTopa:

Cis=(cr) - %(p.é? -p), (2.68)

rge C,L'! u p,l-l. cpegHAs cKOpOCTL M JaBieHHe XHIKOCTH B 6e3JIO-

maTOYHOM MpOCTPaHCTBe y IlepefHell TI'paHHUIBI NpeAlIeCTBYIOUIEro
ceKTopa.

2.5. DxcnepumenmanvHoe onpedeneHue Cropocmu #HudKocmu &
6e310namoiHoOM npocmpaHcmee

2.5. 1. Onucanue axcnepumenmanvhoil ycmanosxu. Memodura
nposedenus sxcnepumenma

TeopeTuueckue HcclefOBAaHUS ABMKeHHA KuAKocTH B JKKM u
pacyeTs!, OpOBeAEeHHLIE 10 MATEMATHYECKON MOJeNH, TOKA3AJH, UTO
CKOPOCTh >KHUIKOCTH B 0e30IaTOYHOM IpOCTDAHCTBE IePEeMeHHAa II0
BeJU4YHHe KAK B OKPY’KHOM, TaK M B PANHAILHOM HalpaBAeHHAX.
Tlonyuennsie pesyiabTaThl TPeGYIOT 3KCIEPHMEHTAJILHOTO IOATBEPIXK-
OeHuA.

Ilpu 3amepe cKOpPOCTH IPHIIJIOCH OTKA3ATECA OT HMCIOJL30BAHUA
Tpy6ox Ilnro-IlpanaTns, KoTophle mpegHASHAYEHB! MIA 3aMepa CKO-
POCTH MOTOKa ¢ NPAMOJHHENHON ochblo KaHala M ¢ MOCTOSHHOM HIH
IIaBHO MeHAIOLIeHCA BAOML OCH KaHaja ILIOIIa/AbI0 MOINEPedyHOro ce-
YeHna. JlokaJbHAA CKOPOCTh JKMAKOCTH M ee HANpaBJeHHe MOIyT
ObITH 3aMepeHB! MATHTOYEUHBIMH IIAPOBBLIMM Hacankamu [43]. Oxna-
KO HcIoAB30BaHMe HMX JiA 60JbIIOro KOJIHMYeCcTBa 3aMepPOEB (B HallleM
SKcnepMMeHTe MX 4uciao npeBbicuio 4000) crasamo co 3HAYUTENb-
HBIMH 3aTpaTaMM BPeMeHM KaK HA IIPOBeJleHHe 3KCIIePHMMEHTOR, TaK
¥ Ha nx o6paboTKy.

HenatensHo HeoGxoAMMBIE 3aMepsl HPOM3BOAUTHL 6oJjiee Mpo-
CThIMM AaTYMKAMY, KOTOphIe obecliedMBasy OB HPHEMJIEMYIO CTEleHb
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TouyHOoCcTH. [N 8TOTO GBIAM WCHONB3OBAHBI MHOI'OTOYeYHBIE 3CHHBL o
Tpy6ramu IInTo, # ¢ MX IOMOLIBIO ONpefleIAJOChH T0JIe MOTHBIX Nag-
JMeHUWt B pagMAJIbHOM CedYeHHH G6e3JomaToYHOro NpocTpaHCTBa. B
3TOM JKe PafMATLHOM CeYeHHH 3aMepAJIOChH CTaTHYeCKoe JaBIeHUE Ha
Kopnyce mMamuHbI. CTaTMyecKoe AaBjeHHe B COOTBETCTBYIOHIMX TOY-
Kax pajiMaJbHOTO CeyeHHs MOJXKHO HAWHTH 1O npuBefeHHON HIKe Me-
TOOMKE.

Jlna moATBepsKAEHHA AOCTATOYHOMN CTENeHH TOYHOCTH DPACCMOT-
PEHHOTO MeToja onpelejeHHsA CKOPOCTH MXHUAKOCTH INPOHUIBOAMIIMCEH
CpPaBEHTENbHbIE 3aMephl CKOPOCTH MKHJKOCTH II4POBBIM NATHTOYEH-
HbIM 30HA0oM. Kpome Toro, samepasioch craTHYeCKoe JaBjIeHWe B TOY-
Kax ycTaHoBKHK TpyGok IluTo.

O6BeKToOM HCIBITAHMI ABIANCA CepHMHBIH BaKyYMHBIH Hacoc
BBH-8. OcHoBHBIe reoMeTpHYeCKUe pa3Mephl Hacoca cilefyloliHe:

rg = 100,0 Mm; e= 13,5 MmM;  Pg, = 64
ry = 52,5 mm; b=220,0mm; 2z =12;
Ry = 116,6 mmM; O = 5,0mMm; n = 1450 06/mMuH.

B 3Toif MaUIMHe OKHO BCACBIBAHHMSA DACHOJIOKEHO HA OJHOH Jo-
60BMHEe, 8 OKHO HarHeTaHHA - Ha Jpyroil. CooTBeTCTBeHHO AATYMKU
CTATHYECKOro AABJEHNA HA Kopmyce o603HauYeHb! HHAEKCaMH.

IIna 3aMepa NOJA CKOpoCcTefl B CIeNMaJbHO HITOTOBICHHOM
yCHJIEHHOM KOpIyce MAIIMHBI mpope3aHsl 11 ma3oB B cpefiHeM IO OT-

HOIIEHMIO K JioGoBMHAaM cedeHuH. B mepxsem VI ceuenun (6=180°)
pasMeIeHHI0 asa NPendTCTBYyeT KaHAJ HOABOAa BoAbl. B kaxiom
nase MOXKeT GbITH yCTaHOBJIeH rpebenuarsiit 3oHA Tpybok Ilmro, Ko-
JAMYECTBO KOTOPHIX B 3aBMCHMOCTH OT CedeHMA H3MEHANoch oT 1 Ao
7. CpeaHee paccTosHMe MeKIy TPYOKAMHM B KaXAoM 30H/JE OBLIO
pasro 3-4 mm. ITomHoe naBnenne uamepanock B 41 Touke Gessoma-
TOYHOro mpocTpaHcTBa. I1a3bl pacmoNOKeHEI TAKHM ofpasoM, 4YTOOBI
KOoHIBI Tpybork IluTo mpuxoamiauch Ha pajuaibHble CeYeHHUd, OT-
cToAmMe APYr oT Apyra Ha 30°. Hauamo oTcuera ceueHMit IPOH3BO-
AHJIOCH OT BepTHKambHol ocn 0-O (cm.puc.2.1) B HampasjJeHUH IIPO-
uecca cxxarua ( cevenma 0-XI, 6=0, 30, 60, 90, 120, 150, 210, 240,
270, 300, 330°).

Ha kopnyce B paguajbHOM ce4eHMHM Io ofe CTOPOHBI OT 30HAA
Ha paccTogHuH 50 MM ycTaHOBJIEHB! JATUHMKU I U3MeDeHHA AaBjie-
HMA KUIAKOCTU Dyge M Pyy Ha Kopryc. Ilepennuit cpea Tpy6ok Iluro 1
OTBepcTHA AJA 3aMepa AABJEHHA DaclojIOKEHBI B OJHOM IJIOCKOCTH,
npoxoJsmieii Yyepes och Kopmyca. Ha BXoJHOM YacTH KakAoll TPYOKH
Huro cuata dacka nox yruom 90°, 6rarogapa 4eMy OTKJIOHeHHe IIO-
TOKAa OT OCH TPYO6KH B mpefenax 10° mpakTH4YeCKH He BAHAET Ha TOY-
HOCTh 3aMepa IojHoro Aasneuns [43]. 3aMep NaBiaeHMs Bo Bcex AaT-
ynKax npousBogmiaca U-o6pasHBIMK PTYTHHIMH MaHOMeTpamu. UTO-
651 M3berxaTh MOMaJaHUA BO3AyXa B TPYOONPOBOABI, COEIUHAIOIUHE
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JATUUKH JaBJIeHUA ¢ MaHOMeTpa-
MM, B CHCTeMe 3aMepa HCIIOJb30-
BAJIMCH CIleLHaJbHBIE BO3TYXOOT-
pexuTeau (puc.2.11). OHu 6p1IM
yCTAHOBJEHbl B HAMBHICIIEH TOY-
Ke 9KCIEeDHMEHTAJIbHOM YCTAHOB-
xu. Ilepex HadanoM mnpoBegeHUS
AKCIIEPUMEHTOB cHCTEMAa Tpy6o-
OPOBONOB MeXJAY MaHOMETpPHUYE-
CKUMH TPYOKAMM M JaTYUKaMH
JaBJIEHMA 3alONTHANACs BOZOH.
Tlocste Banmycxka MAaIUMHBI IIpH
KaJKJOM BKCIIePHMEHTe IPOH3BO-
JUCA ApeHa)X BO3JyX&a M3 Bepx-
Hell 4aCTH  BO3AYXOOTAENMTeNeH Puc.2.11. CxeMa  BO3ZyXOOTHeNH-
¢ MOMOINBIO 3a/KUMOB I, M JMIIL Tens

mocje 3TOro CHMMaJTHCh 3aokuMbl I, oThenawmue naTuMkH  HaBile-
HUA OoT mMaHoMerpa. Ilepen xasknoit octaHoBko# saskumel Il yerana-
BJIMBAJIVICH CHOBA.

3aMepsl NPOM3BOAMIMCH Ha 24 pesKMMaxX INpH JaBIeHHAX BO
BcachlBapleMm narpybke 90, 80, 70, 50, 30, 10 kIla u npu pacxomax
BoAibl uepes Hacoc 4, 8, 12 u 15 1/MHMH B KaXXJAOM CeYeHMM pa3feib-
Ho. Ilpm 3TOM BOHABI BO BCeX OCTAJNBHBIX IIA38X 3aMeHSAJIHCH 3a-
TIYyOIKAMH, KOTOpble YCTaHABJIMBAJIKUCH 3ANOAJNHIO C BHYTPeHHEH Io-
BEPXHOCTHIO KopIyca.

Konrpons uaenTHYHOCTH pesxnMMOB paBoThI MPH 3aMepax B paa-
JMYHBIX CEYEHUAX OCYILECTBJIANCA IO MOKA3AHHUAM KOHTPOJBHOTO H
6a30BOro MaHOMETPOB, KOTOpPHIe 3aMePAIOT AaBjIeHHe Ha KOPIYC B Ce-
yenuy II (6=60°). OTo ceuenme BHIGPAHO B KadYecTBe KOHTPOJBLHOIO,
TIOCKOJIBKY OHO HaXOAUTCA B 30He KOHLA IIpollecca CXKATHA rasa Jo
CoelMHEHHA A4YeHKM ¢ HATHETATEJBLHBIM OKHOM. B 3ToM ceyeHuy mua-
MeHeHHe pe)XMMa DabOTHI MAIMHE! CKAa3LIBACTCH HA JaBJeHHH HAH-
6osiee cHUIBHO.

IlaBreHue Ha HEKOTOPHIX pedXMMax paboThl  JOXORMIO [0
0,25 MIla, u naa saMepa Takoro naBieHHA TpeGopamuck U-o6pasHbie
MaHOMeTpH! BbIcoToN He MeHee 2,0 M. UMeBmuecs B manuumu MaHo-
MeTphpl GBIIM KOpOYe M MO3TOMY 3aMepBI IIPOMBBOAMIKCH AHU(depeH-
IHaabHO, T.e. cCPaBHEeHHeM ¢ 6a30BbIM JaBeHMeM Ha Kopnyc Dg Bo 11
CeYeHHH CO CTOPOHBI HATHETAHUS.

2.5. 2. Memoduka o6pa6omku pe3yabmamos ucnsimarui

IIpn o6paboTKe pe3ysLTATOE MCHBITAHHH JaBieHMe YIoOHee BBI-
Pa)kaTp B MAOBITOYHBIX efuHHUUaX. OnpeleieHHe KOHTPOJIBHOTO Dy H
6azoBoro Ps RaBiaenuit Bo II ceueHyv mMpon3BOANTCA NC YyPABHEHHIO
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p=133(2-U)+9,8h+U+ R, cosb, ,), lia.

I'paduxu suaueHMit P, ¥ Ps B PABAHYHBIX 3KCIIEPHUMEHTAX Npy.
BeleHBI Ha puc. 2.12.

IlagneHne BO3ZyXa BO BCACBIBAIOIEM NATPYOKE Pgr PACCUHTEI-
BaeTcd IO YPaBHEHUIO

p=133(9-U), Ila.

HaBneHue >XMAKOCTH H& KOPHYC Pge M Dyjy M IOJHOE AABJIEHHe
B TpyOKax IIuTO B KAXKIOM CeUueHHM HAXOZATCA 10 YDPABHEHUIO

p=133(3-U)+9,8(p, - By, cosb,_, - Ry, cosb,), Ila.

Bo Bcex cayuaax (3 U) asnsercs anrebpaudecKoil cyMMou OT-
KJIOHEHUH YpOBHS pPTYTH OT HYJeBOoM JHMHHH B 0GOMX KoJIeHax

xllarP ; T P ] o
o) | - s I R — :. f{ﬂ.
%0 = == n = ¥ J
120 . E. -t -t / T
_ ~ -3
o R 1 \I, b T ~— A
N Papus Ssamun P xbipe e ] ¥ g
1 Tow Serepen B —
& i cevenany Q"= 01 %' j‘F )
® | % 1 1 ~- -+~ \l_ —t —- 1+
1 T 1 ;
| TPs| | M 1 r __‘h\ ln.!—iA -
L] —T ] |30 oL 1] < 1 DU 2
| I |
8} ) &
C+*—1 a ] 6

Puc.2.12. KonTpoabHble u 6a30BHe ZaRJeHUA Ha Kopryce Bo Il cevennu:
a - NPH pasiNYHLIX [JABJCHUAX BCACHIBAHMA U pacxofe Boxnl 12 j/MuH;
6 - Ipu pa3dMMYHOM pacxoje BoAsl M xasyieHNy BeaceiBaHuA 30 xIla

U-o6passHoro maHomerpa. I'padMKN H3MeHeHHUA AABIEHHA >XUJKOCTH
Prec ¥ Pxn TpHUBeileHs Ha puc.2.13, a rpaduku usmeHeHHsa mnoselt
HOJIHBIX JABJE€HWH P NPU Pas/IM4YHBIX peKUMaxX paboThl Hacoca - Ha
puc.2.14. ITo ocn abcuycc Ha HUX OTJIOXKEHO PACCTOSHHe OT Kopryca
o0 TOYKH 3aMepa IIOJHOro HaBieHusa p. Kakgaa Kpuead Ha rpa-
duKax COOTEETCTBYET ONpejeleHHOMY CEYeHHIO.

Ona HaxoxneHusa moJas cKopocTeil B 6esjJomaToyHoM IIpoO-
CTPaHCTBe MOTOK SKHIKOCTH pasiejifdeTcAd JUHHUAMHM TOKa, IPOoXojd
IMUMU Yepe3 UeHTPHl Tpyb6ok Iluro. Ilepenan mamjeHusA, BO3HHKAI-
uuil mox NefCTBHEM LEHTPOGEeKHBIX CHJ B j-M cjioe SKHAKOCTH, pac-
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cYHUTHIBAETCA 110 YPABHEHHUIO

R

2 R
Ap, = pi %dR = p(c;P)lnR%‘ :
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Puc.2.18. JlaBreHye KUAKOCTU HA KOPIYC MAIIMHE ¢ 06eUX CTOPOH 30HJA
Tpybok Iluro:

a - IPYU PA3JMYHEIX AABJIeHUAX BCACKIBAHMA M pacxofie BORW 12 j/MuH;
6 -IpM pA3NUYHOM pacxoje BOAH u faBileHUM BecachiBaua 30 xIla

CpefHAA CKOPOCTD XXHAKOCTH B j-M cjloe IPUHUMAETCHA PaBHOM

C? +C?
CP = ——’—2L’ . (2.69)

JlaBneHMe M CKOPOCTHOM HANOp Ha j-H JUHUK TOKA ONpPeReIsIOT-
CAl 10 YypaBHEeHUAM

cp 2 R]+I CJZ *
P,:pm_(cj) lnR ’ p_:z—:pl_pl' (2.70)

i)

CxopocTs KuAKOCTH Ha j-H JMHHUHA TOKa Haxogurcesa u3 (2.69) u

(2.70) :

105



R1+I

* 1 2
p] “pj+5p(cj+1) ln R
1
C =
R
Ply—1n2t
2 R

7

Opnako ypasHeHHe (2.69) HenpueMeMo JJIs pacdyera Iepena-
Ja JaRJeHMs B NPHMBIKaIieM K xKopnycy (j+I1)-M cioe, Tak kak
HeHBBECTHO paclpefiejleHHe CKOPOCTH B HeNOCPeJCTBEHHOH 6imsocrtyn
or Kopmyca. IIpu omnpefenenun cpegHeit ckopoctu B (j+1 )M cioe
HCIIONb3yeTCA TeOPHA IOrPAHHYHOrO cJosA. B nepBoM nmpubamxe-
HMM MOJXHO CYMTATH TeUeHHe B IOrpaHHYHOM cjoe maockuM. Co-
raacHo [4], KaHaJ npeAnoJaraeTci rEAPABINYECKH IJIaAKHM, M IPo-
duias cKopocTeil A/ Hero B MOTPAHUYHOM cJoe 3aJaeTcid yPaBHeHM-

eM
1
__(?__ _ (Rkp B R]:k«rljn
C, )

o0 ne

(2.71)

IIpu TeueHMH >KHMIKOCTH BAOJIB ILIOCKOH CTEHKH KO3QQHIHEHT
n=7, ecin Re uaxoautcsa B auanasone 10%<Re<2.10%. Tipu atom 3a
XapAKTEPHBIH TeOMeTPHYEeCKHil pasMep NPHHMMaeTCs TOJIIMHA IIO-
rPAHMYHOTO coA Op.. IIpoBefieHHbIe pacyeTs MOKA3aMH, YTo AIA HC-
CJIedyeMOro Hacoca 3TO YCJIOBHe BBIOJHIETCA.

Pacxon suaxoctn B (k+1)-M cnoe (cm.puc.2.9) MoxkeT OBITH onpepe-
JIeH JBYMSA PA3JHYHBIMH yPABHEHUAMH

R,
x ¢ _n_ bC, nl
Q= CP bRy - By)- (2.73)

HUa (2.71) - (2.73) BemiBOAUTCA COOTHOWIEHHME MJIA HAXOXJIeHUA
cpefiHell CKOPOCTH KupKocty B (k+1)-M cioe:
n 7
ct ., =—=C_.. =—=C_.,. (2.74)
]=k+1 n+l 1=k+1 8 J=k+1

106

ofla g PP~ r v T 7 .
4 I = i

r_{a,;mh.o"* ard | ™ o, 2

"
3
%

3

P

SO

e
"wep
e
ol B e e/
- -

/]
g 7
w
“p
“w

for aebe

Er
LM Mew g v B
LT
Fr )
A Mele;0° =pz &

||
!
82 85 0 W% 0B M e

Puc.2.14. Tlommoe IaBjleHUe IKUJ-
Koctm B GeanomaTouHoM  npo-
CTPAHCTBe NPU DA3JIMYHOM ZABJIEHHUU
BCACHIBAHUSA

a - 10 xIla;

6 - 30 kIla;

B - 50 kIla;

r - 70 xIla;

I - 30kIla
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Cxopocts xupkoctn Ha (k+1)-it

Ypasnenuit (2.70) u (2.74):
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JMHUHK TOKa oIpelenseTcsd H3
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2P(P;=k+1 - pi=k+2)

2
R
1- z(Z) In—*_
8 R, .,

7

C}=k+l -

(2.75)

B pacuerax faBjeHHe >XMAKOCTH HA KOPNYC Pyp NPHHUMAETCH
PABHEIM CpefHEMY MeXAY MOKA3aHMAMM 000HMX JaTUMKOB:

woe T Prn
Dy = p—é"—— . (2.76)

3HayeHHUA JaBJ€HHA KHIKOCTH HA& KOPOYC NpH DPA3THYHBIX pe.
JKUMAX NpHBeJeHB! Ha puc.2.15.

Hlasnenue B :xupKocTH Ha (k+1)-it TUHUM TOKa B OPOH3BOJIBLHOM
ceyeHMH oTpefie/igeTca CAeAyOmuM obpasom

2
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Puc.2.15. YcpeguenHoe gaBieHye XUAKOCTH Ha KOPIIYC HA PAa3JUYHBIX pe-
HKUAMAEX :
a-npy gaBnenun scacuniBanuA 30 xIla un pasanuHOM pacxoge BOJEL,
6-nipu pacxoze BOALI 12;1/MHH M PA3JIMIHOM IABIEHUU BCACHIBAHMSA

CKopocTs MKHAKOCTH B IPOM3BOJLHOM CEYEeHUH Ha JMHHUAX TOKA,
npoxoAAmux ueped Tpy6xm Iluro, 3a mckiaroueHmeM (k+1)-it muuHuH,
HAXOJAUTCH II0 YPABHEHHIO
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p;—pj+§1n he

C, = — (2.78)
Plg—in-2
2 R,

J

AHQIOTHYHO pacCUHTHIBaeTCA AaBJieHHEe Ha 3THUX 'Ke JIMHHUAX TOKa:

o\ 1. B
Py = Py, “P(CJP) ln—-li’ - (2.79)
:

ITony4ennsie ypaBHeHHS AAIOT BO3MOJKHOCTh IIOCTPOMThL IOJe
cKopocTell B JKMAKOCTHOM KoJble. ITons ckopocTeil B 6e3ionaToyHoM
NpocTPAaHCTBE HA PA3JIMYHBIX PeXMMaX NpHBeleHb! Ha puc.2.16.
Crenyiolum 3TanoM B o6paboTKe pe3yIbTATOB 3THX SKCIEPHMEHTOB
ABAAETCA OIllpeJefieHNe cpefHe#l CKOpPOCTH XHAKOCTH B 6esJomna-
TOYHOM IIPOCTPAHCTBE.

Ina aToro HaXOAUTCA CEKYHAHBIN PAacxXon SKHMAKOCTH dYepesd IIPO-
M3BOJIbHOE pajHaIbHOe ceyeHue

k+1

Q. =b> (R. -R)CP| . (2.80)
j=1 "
CpeaHsas cKopoCTs KUIKOCTH B 6€3I0NATOYHOM IPOCTPAHCTBE
xn
l.cp — Qsaai . (281)
R, - (Rf:l)i

Tak xax B VI ceuennu (6=180°) samep CKOpOCTH He MPOHIBO-
Awica (3TOMY IPeNATCTBOBAJ KaHaJl MOABOJAA KHUIAKOCTH), €e MOXXHO
OllpeJleIUTh YCJIOBHO MO YPABHEHMIO

C? = Z%r—z . (2.82)

Ipadukn CPeJHUX CKOPOCTEH JKHMIKOCTH NpUBefileHBl Ha pue.2.17.

OJly4eHHbIE IIOJIA CKOPOCTEH >KHUAKOCTH M JaBJeHMH B GeasomaTod-
HOM mpocTpaHCcTBe AAIOT BO3MOJKHOCTH OIpEeNeJHUTh 3HaAUYEHHA Ko3P-
bunuenron Q@; U a3, KoTophle BXoAAT B ypaBHeHuna (2.48) u (2.53),
15t pacyera cpefHe#l cKOPOCTH JKHIKOCTH M CpefHero mepemnajga RaB-
JTeHuit. ItH KospPHUIMEeHTH! HAXONATCA MO yPaBHeHHUAM, aHaJOTHY-
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G iR 1) o :4‘ = f(ket) - a-npH pacxofe BOAKl 12 J/MUH M pa3IMYHBLIX JABJIEHUAX BCACLIBAHUSA
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el 0 Y < 10 xlla: Puc.2.18. IonpaBounstit koodduum- Puc.2.19. Ilonpasounsiit Koaddu-
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2.5. 3. KonmpoabHbie U3MepeHUA CKOpocmu sudxKocmu 8
Ge3nonamoiHoOM npocmpancmaee

PaccMoTpeHHBIH MeToJ OIpeje/eHHS CKOPOCTEH JKHIAKOCTU B
6e3JI0aTOYHOM IIPOCTPAHCTEE OCHOBAH Ha IIPelNOJIOXKeHHUH, YTO H3-
MeHeHMe [aBJeHHA IO pajuycy o6YcJIOBIEHO TOJBKO MAeHcTBHeM
HEeHTPOGeKHBIX cui. [[JId NMpOBEePKM IPAaBHJIBHOCTH 3TOTO HPEAINoJIo-
skenns Ha Mamude BBH-0,75 6pL1H IpoBeJeHEl 3aMephl MoJiel IOJ-
HBIX M CTATHYECKHUX JaBJIeHUH B GeasonaToyHOM MPOCTPAHCTEE.

Meroguka 3amepa moJad gapaenuit Ha BBH-0,75 naentuuHa pac-
cmorpenHo# paHee. CraTmuecKkoe JaBleHMe B NOTOKe 3aMepAIOCH
TpeMs pasIMYHBIME AaTd4dKamu. J[Ba pmaTumka umenn I'-obpasHbie
Hacanku Amamerpom 3 mm. Ha paccrosrumm 15 MM oT mepeaHero 3a-
OCTPEeHHOTO KOHIIA PACONOXKeHBI [Ba OTBepCTUA Auamerpom 1 mm. ¥
mepBOro AaTYMKAa OCh OTBEPCTHH IepleHAHKYJADHa JAepXKaBKe, Y
BTOpOro - mapasjensHa eil. TpeTuit JaTUMK HMeJ HacaJKy C IIPOTO-
koM. Bce TpH AaTumMKa IIpeJBapHTEIbLHO TAPHPOBAJHMCH B IPAMOJIH-
Heiinoit Tpy6e. laTuuky saMepa cTaTH4YeCKOro JaBJeHHUA BBOJAMIHCDH
B 6essonaToyHoe MPOCTPAHCTBO MAIINHBI Yepe3 OTBEPCTHE B 3ArJIyIl-
Ke, KOTOpad BCTABJIAJACH B KopIyc BMecTo 30HAa Tpy6ok Ilmro. Hna
dbuKcanuu NOJOKEeHUA NaTUMKA Ha ero MAep)XaBKy HAKJENBRJIACH
mnonka. ['y6uHa morpysKeHusa AaT4uka GHKCHPOBAJACh IO PHCKAM
Ha JepKaBKe.

3HavyeHHMA CTATHYECKOIO [JaBJeHHs, 3aMeDeHHbIe JAaTUMKAMH H
paccyUTaHHbIe IO BBIIIENPHBEJleHHON MeTOAMKe, IpPeACTaBJEHBI Ha
puc.2.20. MaxkcuMalpHOEe pacXosxjeHHe MeXKAY HHMH COCTaBjfgeT

cMafge 1 T T T ¢ M T
I .
’m ’e kﬂ: =‘0Kﬂa
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70 ] ”1\
0 ¥ L a0 85 % 55 00 M

Puc.2.20. Pacyernnie u sxcrnepumen- Puc.2.21. PacueTHsie u 3xcrepumeH-
TaJbHble 3HAYEHUS CTATMHECKOTo TalbHEle 3HAUEHMA CKOpDOCTel MMJ-
ZaBJeHUs B OeajomaToYyHoM IIpo- KocT® B GessomarouHoM — mpo-
crpadcree Mamuas BBH-0,75: crparcTee mamuesl BBH-0,75:

O-pacyeT; X - 3KCIIepHMEeHT O - pacyeT; X - 3KCIEPUMEHT

600 Ila, T.e. npumepHo 5% OT CKOPOCTHOTO HaIoOpa. 3HAYEHHUA CKO-
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pOCTeH, OoJNIy4YeHHEIe OGOHMH criocobamMm IJIA TeX Ke PEeKVMOB IIpu-
Be[leHbl Ha puc. 2.21. MaKcumalbHOe pACXOMKIECHHE B :maq;eamix
CKOPOCTH XUIKOCTH He IpeBsimaer 2,5% .

Ha mamune BBH-0,75 3aMepsJINCh CKOPOCTh KMAKOCTH H ee
HAllpaBJIeHNe C NOMOIIBIO LIAPOBOTO 30HAA (JUaMeTp IIapuKa -5 MM)
Ha puc.2.22 noxasanm ckopocTtu - '

SKHAKOCTH B HYJEBOM CeyeHHU ol ﬂ~--vI -+ 1-
UPH JaBAeHMM BcachiBaHmMA 40 AT ydod
xlla, saMepeHHEbIe mAapoBLIM 30H- P 'IS\ r
AoM. MakcumanbHoe pacxoxje- % /s U\
HHe He mpeBslmaeT 4%, oqHaKo NS
. L
w’/ wled]
y ¥
Puc.2.22. Ornocurensuas ckopocTs i
KUAKOCTH B 6e3sonaToyHOM npo- )
cTpaHcTBe Mmammusl BBH-0,75
~

2 % % ¥

OHO YBEJHUYHEAETCA y KOpIyca, IAe Ha IOKA3aHMA B0HAA MOJKeT
BIMATH 6JIU30CTH CTEHKU.

Taxum o6pasom, xBoitHas mposepka MeToza OIlpeJieJIeHUA CKoO-
POCTH KHAKOCTH IIO IO NOJHOTO JaBJeHUA, 3aMepAeMOMY 30HJa-
mu Tpy6ox IluTo, M mo craTMyeckomy pamjenmio Ha KopHyce Il OKa-
3aJIa ero JOCTATOYHYIO TOYHOCTh M HAJEKHOCTb.

2.5. 4. Ananrus pesyrvmamoe sxnepumermos

B iponiecce SKCIEPUMEHTA HPOUIBOAMINCH 3aMephl [OJA MOJ-
HBIX RaBJeHHH JKHAKOCTH B IIPOCTPAHCTBE MeXXAY paboYMM KojecoM
H KOPIyCOM H JaBJeHHA KHUAKOCTH Ha KOpIyce Hacoca. Belmumabr
TOJTHBIX MABNCHHUN B PASIMYHBIX TOYKAX XHAKOCTHOIO KOJbIA GBILIM
npusefeHsl Ha puc.2.14. Kak npasuso, moiHoe QaBieHHe B Hampas-
JIEHHN OT paboyero Kojeca K KOPIYCY CHAYANA Pe3KO yBeIHUMBAET-
CA, a 3aTeM 3TOT POCT CTAHOBHTCA He3HAUYNTeNbHBIM. Takoe moBege-
HYe KPUBLIX NOJHOr'o AABJEHUA B PAJUANBLHBIX CeUeHUAX o6BACHAET-
CA TeM, YTO 3JIeMeHTapHble CTPYHKH, TeKyl[ue GiMxe K KOPIycy, B
TOYKaxX BhIXOAa M3 paboyero Kojeca MMEKT GoJblliee IOJHOE HaBie-
HHe 3a cYeT 60JIbIIIero IEeHTPOGEKHOTO AABICHHA KULKOCTH B f4eii-
Ke. Cxasannoue He OTHOCHTCH, KOHEYHO, K 06JIaCTH, HerocpeJCTBEeHHO
Upwieraioien K KOpIycy Hacoca, IZle omylnaeTcs BIUAHHEe CHJ BA3-
KOCTH.

OTKJIOHeHMe OT yKA3AHHOTO pACIpefle/IeHHA MONHBIX AABICHMIT
SaMeTHO B TOYKax, 6IM3KMX K paboueMy Kojecy, B ceueHmax IX, II
u III (6=270; 60; 90°). B mepBoM M3 BTHX ceueHHi (8 Hemocpeg-
CTBeHHOH 6JmM30OCTH OT paGouero Kojeca) AaBieHHe IajaeT Gojee
besko, yeMm B Apyrux. B aTtoM ciayuae ckasriBaerca BAMAHMe paGodero
KoJleca Ha ABH)KeHMe XXHAKOCTH, TAK KAK MMEHHO 34ech HabiomaerT-
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¢ HaMGONBINAA PASHHUIA MeXAY OKPYXHON CKOPOCTBIO pabodero ko-
Jleca M CKOPOCTBIO KUJKOCTH OKOJIO Hero.

C yMeHbIlIeHMeM NaBJeHMsA BCACHIBAHMA BeJWYHHA IOJHOTO JAR-
JICHUS JKHUAKOCTH Takye ymeHbuiaercsi. CHM)KeHHe JaBJeHHA B JKHJ-
KOCTH COOTBETCTBYeT INPHMEPHO CHH)KEHMIO [aBJeHHs BO BCAChl-
Balem natpybxe. Ilpm BospacTaHMHM pacxola BOABI 4Yepe3 Hacoc
[HoJHOe [aBJeHHe IOBbIIIaeTcA He3HayuTeabHo. C yMeHblIeHHeM
NAaBJMeHUSA BCACBIBAHMA 3TO BIMAHHME YMEHbIIAeTCA W IIPH JaBJIE€HUHN
pcackisaaua 10 xIla cxoaut “Ha ner”.

Iepenan MONHBIX ZaBleHWH MeXAy cedeHusamu VIII (6=240°) u

IV (6=120°) B TouyKaxX, OAMHAKOBO YyJAaJIeHHHIX OT Koplyca Hacoca,
yBeJINYMBAETCA C YMeHBIIEHUEeM JaBJeHHs BCACHIBAHUA. JTO CBHJE-
TeILCTBYET O POCTe MOTeph AABJIEHHA Ha TpeHMe o Kopmyc. OT pacxo-
a8 BOABI YKA3aHHBIM INepemaj 3aBHCUT He3HAYHUTeNLHO, IpUYeM
BJIMAHME pacxola BOABl YMEHBIUAETCA ¢ MOHUKeHHEM JaBJieHHH BCa-
CHIBAHUSA.

PesynbTaTsl 3aMepoB JaBJeHUA Ha KOpPNyc OBLIM IpeACTABJIEHBI
Ha puc.2.15. Kak # ciefoBasio oXHAaTh, BeJHYHHA ITOro AaBIEHH:A
B 06JIaCTH BCACBIBAHMA OCTAETCA IOYTH IOCTOAHHOM M Pe3KO pacTeT B
obacTu coxaTus rasa B sdeiikax. CHHiKeHHe naBjleHNs Ha KOPIyc B
o6acTH BcachlBaHMA Ha pPA3JHMYHBIX peXHUMaxX [PHMEpPHO COOTBET-
CTBYeT CHHKeHHIO AABJEHHS rasa BO BcachiBaiomieM narpybke. Ha-
MeHeHMe pacxofia KHUAKOCTH uYeped MAIIMHY INOYTH He BJHMfAeT Ha
AaBJeHHMe Ha KOpIyc B oGJacTé BcackIBaHHMA. B obiacTu coxaTHs U
HarHeTaHHA NPH AapideHuAX BecackiBanua 90, 80, 70, 50 kIla c yse-
AudeHHMeM pacxofa paboueil KuakocTH HabJogaeTcs 3HAUYMUTEJIBHBIN
POCT faBleHHA. JTO CBA3AHO C BO3pacTaHMeM JaBJeHHUA rasa B Adeil-
kax. Ilpu maBnemmax BcacsiBanusa 30 u 10 xIla yxasaHHBI pocT
gaBJeHUN He Habaiofaercs. MaxcuMassHOe 3HayYeHHe JaBJIeHHUA
AUAKOoCcTH Ha Kopmyc gocturaer 0,25 MIla, munumansnoe - 0,035
MIla.

Corqacao rpagMKaM 3aBHCHMOCTH JaBJeHHMA Ha4 KOPIIyC OT yIJia
nmosopora pafodero Kojeca , ONTHMAJbLHBIM IS HCCIEAYEMOro HACO-
ca aBAAeTcA aaBieHme BcackiBaHuA 50 klla, Tak KaK Ha 3TOM peXH-
Me Iocjle OTKPBITHA OKHa HATHETAHMSA JaBJeHUe HA KOpIyc, a clelo-
BATEJbHO, H JaBjJeHUe rada B AYeKax He MEHAIOTCA.

Ha puc.2.13 noxasano, Kak QeHicTByeT NaBjleHHe Ha KOpIyC ¢
obenx cTopoH rpebenuyaToro 3oHAa. B mpomecce BcackIBAHMA [aBJe-
HHe GoJibllle cO CTOPOHBLI TOH JOBOBHMHEI, The PACIOJIOMeHO HATHeTa-
TeJbHOe OKHO. IIpM HArHeTA&HMM, HaobGopoT, JaBjleHHe Gosblie cO,
CTOpOHEI JioGoBuHB! BecackiBaHuA. Korga okHAa 3aKpPBITHI, JaBjeHue C
ofenx cTOpPoH oguMHaKOBO. Ilo-BMAUMOMY, 9T0 OOYCIOBJIeHO H3MeHe-
HHeM TOJIMHBI KoJbLia BAOJHL pabouero Kojeca 3a cueT yBjedeHUSA
JKMJKOCTH BXOJAIIMM MY BHIXOAAIIMM IIOTOKOM rasa.

Ilona cxopocTeit B 6e310MaTOYHOM IPOCTPAHCTBE IOKA3AHHI HA
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puc.2.16, oTKy4a BHAHO, YTO CKOPOCTH KHUIKOCTH TIIPUMEPHO OJUHA-
KOBa BO BceX DpaJHAJBHBIX CeUeHHUsSX, COOTBETCTBYIOUIHX 06JacTH
BCACBIBAHNS r'asa, a B objacTH cxxarusa HabGiiofaeTcs ee pe3Koe Ia-
feHue. XapaKTep U3MEHEeHHMA CKOPOCTH B 3TOM cJydae MAJIO 3aBHCUT
oT pesxuma paborsl Hacoca. Xopomo 3aMETHO, YTO CKOPOCTb SKHUA-
KOCTH B ceueHuH (=0° majmaeT mo Mepe yMeHbLIeHHA BaKyyma. STO
BBIBBAHO POCTOM KOJMYECTBA IIepPeTeKAIOLIero rasa uyepe3 TOPIERbIE
3830DPBI MEXKAY JIONATKAMH M JOOOBMHAMHM ¥ COOTBETCTBYIOIIHMM pOC-
TOM [aBJeHHUA rasa B 3TOM cedyeHHMU. KaK HpaBmio, cCKOpocThb Kuj-
koctH B ceyeHuax XI, 0 u I (6=330, 0 , 30°) B6ausu paboyero Koe-

ca HecKoJbKO nagaer. B ceuennax IX n X (6=270° u 300°) na mno-
FUX DpeXHMaxX TaKoe majJeHHe HEe OTMEYAeTCA, [IPHYEeM CKOPOCTh
SKMAKOCTH BOJIM3U pabouero Kojeca 6ojblie OKPYXHOW CKODOCTH.
910 0OBACHAETCA TeM, 4YTO B yKa3aHHKIX CEUeHHMAX pALUAIbHAA CKO-
POCTb JNBMYKEHMSA J>KMAKOCTH NOCTHIraeT MAKCHMYMa, & TaK KakK Jo-
NaTKHU 3arHyTHl 110 HAIIPARJCHUIO BpalleHUs, TAHMeHIUAJBHAA CO-
CTABJAKIAA CKOPOCTH >KHAKOCTH, BRIXOAAINeil M3 paboyero KoJeca,
GoJibIlle ero OKPY’KHOH CKOpPOCTH.

Ha cropone c:kaTHs U HarHeTAHHA CKOPOCTh JKHUIKOCTH YBEJIH-
YHUBaeTcs OT Kopmyca Hacoca K paboyemy xojecy. C pocrom pacxona
BOABI MOPOHMCXOMUT HEKOTOPOe yBeJWYeHHE CKOpocTd B ceuenuu VII
(6=210°) u ymeHbLIeHHKe ee B cedeHun V (6=150°).

HanpHefmuit aHATN3 MONAA CKOpocTedl B Hacoce yA0GHO IIPOBO-
AuTk 10 rpadukam ycpeaHeHHo#t ckopocrtu CP (cm.pme.2.17). Hs
PHCYHKOB BHJHO, YTO CKOPOCTBH KMAKOCTH B 06JIacTH BCACHIBAHUA
uaMenserca B npegenax 1,065-0,95 or oxpyxHoi cKopocTH pabouero
KoJleca, 4To cocraBasfer 13%. BenuunmHa CKOPOCTM BO MHOrMX cede-
HHAX 9TOH 06JacTH INpeBHILIAeT ero OKPYKHYK CKOPOCTh, PABHYIO
15,5 m/c.

Ha cTopoHe c;kaTua M HarHeTAHHUA BeJIMYHUHA cPeTHell CKOPOCTH
YMEHbIIaeTCA M Ha HEKOTOpHIX peXUMAax p[afaeT g0 3HayeHHA
(0,4-0,45)wr;. MunumanpHas cKoOpocTs W GOpMA KDPHBOH cpeXHHX
CKOpocTe#t B 9TOM 4YacTH Hacoca 3aBHCAT OT pexxuMa paborei. Hau-
MeHplIasd BeJMYMHA CKOPOCTH HMMeeT MecTo IIPH GOJBIIMX pacxomgax
BoJbl M RaBiaeHUAX BcacbiBanusa 90 u 80 kIla. Ilpu nasnenun scacsl-

BaHnA 10 xIla sro nmageHue sameTHo JMIUL B ceyenuu (=0° no-
CKOJIBKY C POCTOM BaKyyMa yMeHbIIaeTcH abcoJIIOTHOe NaBJeHHe rasa
B Aaveiikax. Kpome Toro, ymeHblllaeTcss BeCOBOE KOJIHYECTBO rasa, Ie-
peTexaloliero mo TOpUEBHIM 3asopaM. IlosTomMy naBjeHHe rasa B
A4ellKaX NPH TOH ’Ke CTENeHH MOBBIIUEHUA [ABJIEHUS Ha CTOpPOHE
CIKATHUA MeHbIIe, COOTEeTCTBEHHO MeHbllle M INaJeHVWe CKOPOCTH B
Geanonarousom mpocrpaHcTBe. CoxpaHeHHe BBICOKOH CKOPOCTH KHI-
Koctu npy gasieHun 10 xlla Ha Oojee HQIMHHOM ydacTKe Geajomna-
TOYHOrO INPOCTPaHCTBa HPHUBOAUT K OTMEeUYeHHOMY paHee pocry Io-
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Teph HA TPEHHUE B 3TOM pesKIMe.

Kax Buaso ua rpaduxos (cm.pmc.2.17), npu RaBJeHHAX BCACHI-
Baaud 90, 80 u 70 kIla nmocne OTKPBHITHA OKHA HarHeTaHUA, T.e. P
#=60-90°, cpefHAA CKOPOCT: B PAAMAJIBHBIX CedeHHAX pacTeT. ITo
CBUAETEJ]LCTBYET O TOM, UTO ra3 B AUeHKax OBLI ciKaT A0 JaBJIeHUA,
npessimaomero arMocdepsoe. IIpu oTKpEITHH OKHa HarHeTAHHS raga
paciImpseTcs, B Pe3yJbTaTe 4ero BO3PACTAeT CKOPOCTEH SKUAKOCTH B
sKugKocTHOM KoJblie. Ilo Mepe 3akpBITMA OKHA OCTABINHIICA B S4ei-
Ke ra3 CHOBA CXKUMaeTcs W BrI3bIBAET MaZeHue CKOPOCTH KUAKOCTH B

KoJIBlle, KOTopoe 3ameTHo Hpu (=120°. IIpm maBreHMAX BcachbIBaHUA
50, 30 u 10 xIla nepecixaTue rasa B AueHKax He IIPOMCXOJUT, IIO-
3TOMY CKOPOCTb SKUIKOCTH IIPH OTKPBITHM OKHA HE YBeJIHYUBAETCH.

Panee yxe orMeuasoch, YTO ONTHMAJIBRBIA PEeKHMM AJIA JAHHOFO
Hacoca Hanbonee 61130k K AaBdeHuio BeachiBarua 50 kIla. I'paduxnu
cpegHMX cKopocTeil HOATBepsKAaloT 9T0. IIpM OTKPBITHM OKHA HarlHe-
TaHuA, T.e. npu =60-120°, BesuyuHA CKOPOCTH OCTaeTCA NPUMEPHO
MOCTOSIHHOM, cJlefloBaTelbHO, K MOMEHTY OTKPHITHA OKHa HarHeTa-
HUA JaBJIeHMe B AdeilKe paBHO aTMochepHOMY.

2.6. Hcenedosarnue popmvt #mudrocmHozo Kolsya

®opmMa KUIKOCTHOrO KOJbLA ONpeAesisieT OCHOBHBIE NapaMeTphl
HKM. Ee npomsBoguTeNbHOCTs 38BUCHT OT 00beMa rasa B pabouux
Adefikax B KOHIEe Ipoliecca BCACHIBAHMSA, T.e. IVIyOMHBI NOrpy’KeHHUS
JonaTok pafodero Kojeca B JXKHMIKOCTh, & MepeTeUKM rasa dYepes
"MepTBOe NpPOCTPAHCTEO M3 MOJOCTH HAalHETAHHUA B MOJIOCTE BCACKHI-
BAHMA - OT PACCTOAHMA MEXKIYy BTYJKO# pabouero Koseca M IOBepX-
HOCTBIO KHAKOCTH B BepPXHel ~MepTBOM Touke .

CaMo HoHATHE KUAKOCTHOrO KOJbIA Ipefolpeienuyo cTpeMie-
HHe MHOI'MX HCCJeJoBaTe/el OINHCATh ero BHYTPEHHIOIO IIOBEPXHOCTH
OKPY’KHOCTBIO ¢ HeHTPoM B Toil miau MHOI Touke. Ilpm HabaromeHuM
KUIKOCTHOTO KOJIBIA Uepe3 IMPO3PAYHYI0 CTEHKY IpPaHHIa MeXAy
JKHUIKOCTHIO M FA30M K8)KeTcH CHJIBHO pasMbIToil, UTO IIPHBENO HEKOo-
TOPHIX HceieZoBaresell K BHIBOAY O CYIlecTBOBAHMM Ha IpaHHIUE 3Ha-
YHUTeJbHOTO BclleHeHHoro cjosa. OpHako ¢oTorpadbupoBanue KHUJ-
KOCTHOTO KOJbIA IpH cTpobockonuyeckom ocsemenun (Grabow [88],
Hetzel [89]) nokasaso orcyrersue rakoro ciod. Ho npn aTtom 3a cuer
HAJIOKEHHMA Ha IoJy4aeMylo doTorpaduio HeCKOJbKHX fdeeK (MM
HEeCKOJBbKHMX IIpOIeccOoB B OfHoH AdYeiiKe) He yJanoch HNOAYYUTH ZHO-
CTATOYHO YeTKYI0 MPAHMIY MeXJy sKHAKocThI0 M razoM. Kpome Toro,
YPOBEHb 'KMAKOCTH B sidellKax cApuraica Ha mar jonatok. Ilostomy
DA onpeneJeHNA ReMCTBUTENLHOro MOJOMKeHUS KHUIKOCTH B g4eHKe
HAMH Oblla HCHONB30OBAHA CKOPOCTHAA KHMHOCHEMKa KaMepoil
CKC-1M, xoropas nosBojsaja IPOU3BOSUTH CHEMKY C HacTOTOH A0
4000 xagpoB B cekyHnnay. Heobxonumas yactoTa JocTUrajaachk peryJju-
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poBaHMEM HAIDAXEeHNA 3JIeKTpoaBUrarejad KHHOKAMePHI depes peo-
cTaT.

CheMKa XUAKOCTHOrO KOJBLA OCYIIECTBIANACH HA JKHIKOCTHO-
kolbleBo mamune BBH-0,75, nepesnsas kpelimka KoTopoit Gslaa
M3roTOBJIeHA U3 OpraHMyeckKoro crekja. Heobxogumas maxcuMas-
Has 4YacToTa cbhbeMKH W Haxomiack U3 [ONYCTHMOrO CMeIeHHA

n3o6parkenns J, npunaroro pasHbiM 0,03 mm:

w = Yoo k
om
rie U6 - CKOPOCTh 06'beKTa (B AaHHOM ciyuae paBHa 12 m/c); k- Ko-
adgduuneHT 06TIOpPAINI, KOTOPHIA AJAA 4YeTHIPeXIFPAHHON KOMIleHca-
nuonnoit kamepst CKC-1M pasen 0,2; 1/m - numeiiHsit MacmTa6
usobpaxkerns, papubiit 50. Ilpu TakuxX yCcIOBHAX 4ACTOTA C’HeMKH He
meHee 1500 xagpos/c.

INA pervcTpauuy 4YacTOTHI CHEMKHM NPUMEHSIAch BallUCh
Bemblllek HeoHoBo# aammer MH-7, xotopas npm nurannm mepemeH-
HBIM ToKoM 4YacTtoroit 50 I'y maer 100 Bensimex B cexynny. Ceer ot
JiaMIIBl TIONAJAJ HA IJIEHKY ¥ 38CBEYUBAJ ee BAOJb Kpasd BHe KAJpOB
creMKH. Ilocse npoABieHusa NJleHKU OTMETKH MMeJIH Ha Heit Buj IO-
Jqocox wmupunoit 0,8 MM. YacroTa cheMKHM ompefeidjach 0 YHCIY
KaJpOB MeXIY ABYMA OTMETKaMH. 1A nmonyyeHUs YeTKOH IPAHMIBI
BHYTPeHHeH NOBEPXHOCTHM XMAKOCTH NOAKpPAIIHBAJIachk abcopbHpyio-
IDUMHM CBeT BellleCTBAMM - POJAMHMHOM U CePHOKHCIBIM 6apueM.
OcHOBHO# cBeT ObLI HampaBJ/leH Ha MNepPeJHIOI0 KPHIIIKY MAaIIHUHBI ¢
TPpex cTopoH moj yriom 45°. B kauecTBe MCTOYHMKOB HMCIIONb30Ba-
Juck 3epKasibHble gamnsl K-500. B zasucuMocTv OT 4acTOTHI CHEMKH
OCBEINeHHOCTh PEryJHpoBajach H3MEHEHUEM PACCTOAHMS HMCTOYHHMKA
CBeTa OT O0'BEeKTA.

Hdna paboThl HCNOAB30OBANACH MJIEHKA YYBCTBHTEJBHOCTHIO
500 en. IlepBbie 5 M NJEHKH, COOTBETCTBYIOIIMe BpPEeMEHH pasroHa
KHHOKaMephl, He o6pabarsiBajinck. CheMKa >KHMIOKOCTHOTO KOJbIA
[pOM3BOAMJIACH DU AaBiaeHUAX BecachiBaHUA ot 70 go 10 xIla u pac-
xoze Bofsl oT 2 no 4 n/mMuH. Ilpu c’reMKax MCIOAb3OBANHCH paGoyne
Kojleca pa3IMYHOM KOHCTPYKIHMM C PasHbIMH yIJIaMHM BhIXOJa JomNa-

Tok pabouero kosneca [J5, ot 90° go 40°, a TakKe c PasSHBIMH yriaMu

HaKJOHa ofbpasymomeil BTyiaKH paGodero kojseca Ygn=0, 5 u 10°.
Yueno obopoto paGodero koleca MeHsuoch oT 1500 o 1800
06/mMun. Beero 6p110 cpenano 40 cremok. YacToTa CHEMKHM cOCTAB-
JAana 1500-2000 KaapoB B CeKYHAY, YTO COOTBETCTBYET YIVIY MEXAY
AByMA (HKCHPOBAHHBIMH IIOJIOKeHHUAMH pabodero Kojeca 3-4°.
Tax xax umeno Jomatok paGodero Koseca paBHo 12, Ha kKa’xJOM
CHHMMKe uMelTca 12 nmono)KeHUH ypOBHSA SKHMAKOCTM B Adeilkax co
carurom 30°. aa nmonyueHMsA NOJMHON KapTHHB Heobxogumo 7-10

?
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nocjaefoBaTeJLHBIX ¢dororpaduil Kojiblia, 4TO COOTBETCTBYET NPUMep
Ho 100 pasajuMuUHBIM IIOJIOJKEHHAM YPOBHA XXHMJAKOCTH B Avelike Ha
puc.2.23 moxasaHBl MocJeAOBATEIbHbIE IIONOXKEeHUA pabodero koJieca
M JKHJKOCTHOI'O KOJbUA, IIOJyYeHHble Ha OZHOM M3 PeXXMMOB PaboOThI

Hacoca.

Puc.2 23. CxopocTHas KMHOCHEMKA NOJOXKeHUS XKUAKOCTH B paboyeMm KoJe-
ce XXHUIKOCTHOKOJbLIEBOH MAaIlTUHbI:

KonnuecTBo KaJpoB - 1800 1/¢
JaBJieiHe BCachiBAaHHUA - 40 xIla
Yucao obopoTor paboyero koJjeca 1600 o6/Mun
¥ros BrIXoJa JonaTok paGodero koieca - 40°

¥Yron HaknoHa ofpaayiolileil BTYJIKH pabodero xoseca 5°

OaHOBpeMeHHO cO CHEMKOH NpPOBOJUIOCH HHAWUMpOBaHU: pabo-
yero Inporecca B AYeiKke pabouero KoJieca, KOTOpHI#M moapobHo pac-
cmarpusaercqd B pasn.3.3. Ilo dororpaduam onpenensncs obvem ra-
3a B AYeilKax, KOTOPHIM HeoOXONUM [JIA HaXOXKAEHHs IoKazaTesd
[IOJIUTPOIIBI IIpoliecca CXKAaTHA.

IIpu obpaGoTke pe3yAbTATOB HUCHBITAHUIA CHATHle Kajgphl Mpoe-
DMPOBAJIMCH HA 3KPaH, Ha KOTOPOM 3aMepSAJHNCh PACCTOAHUA OT OCH

pabodero Kojeca Jo cpefHeH TOYKM INOBEPXHOCTH JKHUAKOCTH O U yroJ
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HaKJIOHA IIOBEPXHOCTH K paguycy & Ilpu atom KPHUBOJIMHEWHas 1o
BEPXHOCTL aNNpPOKCHUMMPOBAIACH ILIOCKOCTHIO. Kak IIOKAa3a anmn:;
MHOTOYHCJIEHHBIX ¢oTorpaduit, omna ns KOTODPRIX NpPUBENeHa X
puc 2.23, BosHMKaKIas TIOI'PELITHOCTh OT ANMPOKCHMAUMHU IIPH Ofra
ASJIPHBIX IIONOKeHUAX A4eHKM HA yuacTKe yriaoBo# mpoTsike )
HocThI0 15° HenocpeacTBeHHO moOCIIE OTKPBITHUA BCACKIBAIOLIErO ox:z;
mocturHer 1,5 mm. Ha apyrux yuacrrax IIOTPEITHOCTH OT ANNPOKCH-
MAaUVH 3HAYMUTENBHO MeHBbINe. DTH napamMeTpel HOKa3aHbl HA pHc
2.24 u 2.25 pna aByx pesxumos paGotsl. Ilonydennsie kpugble npe,u:
CTABIAIOTCA C JOCTATOYHOM CTENEeHbIO TOYHOCTH pagamu Pypre. ns

aboue =40° =
P ro xoyeca c¢ f3,,=40° u y,,=5° IIpN naBiIeHUH BcachiBanus 40

an a CHM! %8 HMEKT ¢

p = (59,45 -19,2cos ot + 6,68 sinwt + 1,48 cos 20t —
- 2,38sin 20t - —0,94cos 30t - 0,49sin30t) - 10 |
€= (85,85 - 6,0 cos wt ~ 20,67 sin wt + 7,25 cos 2wt -
= 5,49sin 20t + 2,28 cos 3wt - 0,49 sin 3wt) 1, paa
57,37 77

rae @ = mn/30; t - Bpema, ¢; n = 1500 06/MuHs.
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Puc.2.24. Paccroanne or ocu pa- Puc.2.25. Vron wnakmona cBobogHOM

6o %
o H9ero kKojeca o cpemgHell TOUYKH TIOBEPXHOCTH HUIKOCTH B AYeiiKe
OBEPXHOCTH XUAKOCTU B AveliKe
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KospdunmeHTsl B YPaBHe-
HUM HAXOASTCA ODILEeN3BECTHBIMY
MeToZaMK. OTH YpaBHEHHA He-
MOJIB30BAJIHCh [JIsA aHAJUTHYe-
CKOro pacyeTa JBIM)KEeHUA Kuj-
KOCTH B siUeiikax pabodyero Kole-
ca.

MaTemaTn4ecKad MOZENE
IBMJKEeHHUA JKHMAKOCTH B AYelike
MO3BOJIAET ONpeAeJUTh I'PAHHULY
pasjesa MeXKAY XHUIKOCTHIO U ra-
oM pacyeTHsiM nyTem. Ilpm
dUKCHPOBAHHOM NOJIOKEeHUH
AYelKN BAOJH ee CPefHell JTHUHUM
Pnc.2.26. ®opMa NOBEPXHOCTH HHUJ- HaXoJHUTCA [aBJleHHe B JKUAKOCTH
KocTM B pabouyeM Kojece MAIITUHE Ha OKPYXHOCTH pa6oqero KoJieca.
BBH-0,75: Barem mo ypasHeHuam (2.33) u
(2.836) paccuyuTeIBaeTCA H3IMeEHe-
HUe HaBJeHMA BIOJb HWJIMHADA,
orpaHMynBapIero paboyee KoJjieco uepes onpeneieHHBIH HHTEPBAT

AYTOBO# MPOTSA’KEHHOCTH (B HAILEM Clyuyae miar Ao 1pUHAT PABHBIM
5°), M B Kax[oif TOuKe ONpejeifAeTcA 3IHAUEHME NaBIEeHUA. Broas
KpHBOH, OKCHAMCTAHTHOM cpefHell JHHMH SYeHKH, ONpejesAeTcs
napjieHHe XXUAKOCTH BHYTpH sdefikn. Toukyu Ha JTHHMAX, B KOTOPBIX
IaBJeHMe MXHAKOCTA CTAHOBUTCA DAaBHBIM /ABJEHHUIO rasa, COOTBET-
CTBYIOT I'PAaHHOE pasjesa MexAy XKUAKOCTHIO U ra3oM.

dopMa MOBEPXHOCTH JKHMAKOCTM B sAdelKe, IOJNy4eHHad NPH
cKopocTHOH doTocreMKe, NOKa3aHa Ha puc.2.26. 3pech Ke HaHeceHA
pacuerHan ¢opma nosepxnocTH. Kak BHpHO Ha PHUCYHKE, CXOAMMOCTE
MeXXAy pacyeTHOH M B3KCHEPHMEHTAJBHO HANEHHOM dopmoit KHA-
KOCTHOTO KOJIbIla BIIOJIHe IIpHeMJIeMa.

— pacyeT; o dKCIepHMEHT

2.7. I'udpasauueckue nomepu 6 6e310namo¥HOM npocmpancmaee

I'uppapauueckue norepu B JKKM saABisioTcA OCHOBHBIMM, TaK
KaK IUCCHNALNA SHepruy NpPU ABMKEHHH KHIAKOCTH OTHOCHTENBHO
Kopmyca co cKopocTsio 10-20 M/c o4eHb BelHKAa. DTt norepu obyc-
JIOBJIEHBI NPUHIUIIOM paboTsl MalIMHBEI U MOTYT OBITh CYILleCTBeHHO
CHUXeHbI TOJIBKO 38 CYeT TAKOro PAJUKAIBHOTO YCIOXKHEHHA MAllH-
HBI, KAk Bpamaloluiicsa KopIyc.

B pabore [18] mpuBegeHo 3Ha4YeHHe TI'UAPABIMYECKOro K1,
yUMTHIBAIOIErc Bce [OTepH, cBA3aHHbBIE C BpalleHMEM JKHIKOCTHOTO
Koasua (17,=0,4-0,55). MoxHo Hcmob3oBaTe METOAMKY pacteTa aTHX
norepp ¥ B JKKM. Amamurudeckoe onpefesieHue rugpaBIMYecKHX
noTeph AACT BO3MOKHOCTH OLEHMTh MX MCTHHHYIO BeJMYHHY, yCTA®
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goBUTh BepxHuH mnpefen KIII 1 HaliTH ero 3aBHCHMOCTh OT Pasd/N4-
HBIX KOHCTPYKTUBHBIX (PAKTOPOB.

Bnepsrle Bompoc o Heo6xoAMMOCTH ydyeTa THAPABJIHYECKUX IIO-
repp mocrapieH B.M.Terepiokossim [75]. O nmpepyiaraer y4mTeBaTh
goTepu Koad(dHUIMEHTOM MeCTHBIX CONPOTHUBJIEHHIN AJIA JBUKeHUSA
sKAOKOCTH IO 3aKpyIJaeHHol TpyGe npsmoyrojisHoro cedeHus. CKo-
pocTk KMAKOCTH M CPeAHss BeIMYMHA KO3(PHUKEHTA MECTHBIX CO-
OPOTHBJIEHHH NPUHHUMAIOTCA NOCTOSHHBIMH, YTO MO3BOJAET Olpefe-
JATH YMeHBIIIeHHe CKOPOCTH KaK B 00JIACTH BCACBIBAHUSA, TaK U B 00-
JACTAX CXKATUA U HarHeTaHUA.

JApyrue aBTopHl BRIYUCAAIOT FHAPABIUYECKHe NOTePH AJA Bcero
JKMAKOCTHOTO KOJbUAa B HedoM. TakoH crocof6 He MoxXeT GBITH Hc-

N0Jb30BAH NIPH pacyeTe ABUKEHUA KUIKOCTHU B 5e3/J0MATOYHOM IpO-
CTPaHCTBe.

2.7. 1. Teopemuueckoe onpedenenue zudpasauiecKux nomepb

I'mppasaudeckue moTepu mesiecoobpasHo onpefefsTh OJHOBPE-
MeHHO ¢ pacyeTOM JABIUKEHHA MXHAKOCTH B 0e3JonaTroyHOM IIpo-
crpaHcTBe. Hamnbosee 6,1u3Koit A1 pacueTa MOAENLIO SABJIAETCA Tede-
HUe *KHJKOCTH 10 3aKPYIJIEHHOMY SKeJIoby IpAMOYIroJBHOro ceYeHHA
(puc.2.27). B pabore U.E.Upeavunxa [23] npusegeHs! 9KcrepuMmeH-
TAJIbHO HalJeHHBle KOo3(GGHUUUEeHTH TUAPABINYECKUX IIOTEPh AJSA OT-
BOOAa NpAMoyroabHoro ceyedHud. Ilonnoe momobme Teuenus B GedJo-
IATOYHOM INIPOCTPAHCTBE U B IMOJIOBHHKe OTBOAA He cobawgaercs, Tak
KaK MOJA CKOpocTedl B HUX He MAeHTHUHHI. OJHAKO Takasd cXxeMa
MO’KeT OBITh IPHHATA KAK MepBoe NMpHOIM)KeHHWe OO IOJydeHHus 6o-
Jlee IOCTOBEPHBIX JAHHBIX.

Puec.2.27. dleMeHT MoOJenn
HeasronaToYHoOro npocTpascTBa

I'mppaBiuyecKue norepH Ha-
XoAATCA A HeboaAbIION yrioBo#
NPOTAKEHHOCTH KaHajla Aq;, Ko-
Topas ABJAeTcd IIarcM pacdeTa
MaTeMaTH4YecKoil mofeau. Paspa-
60oTKa Takoil MozenM IOBBOJAET
BHIYYCJANTL IOTEpH C y4eToM
U3MeHeHMA CKOPOCTH JKHUAKOCTH BAOJB JKMIKOCTHoro koJbua. I'ma-

PaBiuyecKUNl IUaMeTp paccMaTpUBaeMOro KaHaja olpefesideTcs co-
OTHOMIeHHeM

p - 25
T b+ 26
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CorsiacHo pabore [23], moTepn AaBieHUA CKJAAABIBAIOTCA U3 Io-
Tepb Ha TPeHUe O KOPOYC M MECTHBIX IIOTepb NPU MOBOpOTE MOTOKA:

2
Bpry = (Euy +£2) 55 e 80

IloTepn Hamopa uepesd IOTepH AABJICHUA PACCUMTHIBAIOTCA 1O
YPaBHEHHIO

AP, c? dh c?
_ mp et 28 w 4
Ak, = p n(gmp+§u) > Aq, WA io _(gmp +gx)——2 . (2.88)
T'uppaBanvecKHit KoadGHIMEHT NOTEPs HA TPeHMe:
r, +7r
Emp = ALt —% Aa . (2.89)

2D

r

Kak maBecTHO, KoaddHIUeHT A 3aBHCHT OT IIEPOXOBATOCTH CTe-
HOK KaHaja ¥ uucia PeifHonpaca. OH MoxeT GBITH Halifed mo rpa-
duxam, NpUBEAEeHHBIM B paGore [28], mau mo dopmyne AJBTIIY-

na [4]):
4 1001
A=0,1-1146—+— .
D Re

r

KoaddumuenTs: MeCTHBIX [OTEPs HA y4acTKe YIJI0OBOM MpOTA-
sKeHHOCTBI0O AQ paccuuThIBajoTCA [0  GQopMye, IpeJIosKeHHON
I'.H.A6pamosuuem [23]:

£ =k, k- A-B-C-Aa . (2.90)

KoadduupeHT A 3aBHCHUT OT yrja IMOBOpOTa OTBOAA M XapaxTe-
pHU3yeT BeJMUMHY BXOLHBIX M BBIXOAHBIX MOTEPh. Coraacno [23], naa
MaKCUMaJILHOrO yIjia IIOBOpOTa NOTOK&, PaBHOTo 180°, A=1,4. Io-
3TOMY MOJKHO IPHHATH, YTO MJIS YACTH OTBOAA yIJI0BOH MpOTAXKeH-
nocteio B 1 pag. A=0,445.

Kosbduuuent B onpefesisieTca 00 yPaBHEHUAM

2.5
_ L3 "o/ _ .
B =021 (D) npu D= 0,5...1,0;

r
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0,5
r. r
B= 0,21/(—’%) npu %r > 1,0.

Koaddununenr C, apaaomuiics dyHKIMelt GOopMBI ceyeHHA, Ha-

XOAMTCA MO rpadHKy, KOTOPHIH M
oKeT OBITH amIIpoKc
BUCHUMOCTAMM POKCHMHPOBaH 3a-

C=0,223(b/25 P )08 1pu  b/25%P> 3 ;

C=(b/25%P)095  qpu b/25P<3 .

Koapdunuenrsr kp, u k saBucaAT oT oTHocHTeNbHON LIepOXOEBa-
TOCTH CTEHKH Kopnyca M uuciaa Peitmoasaca. Kosdpdbuumenr kg,=1
npu Re > 2-10%. Eciu ke Re < 2:105 , 10 kg~ 64-Ag,, rae Ag, - Ko
ad)(bnnne:l'r COIIPOTHBJIEHUA T'UAPABIHYECKUX rna,zucn;c prGR.e I[JI.F;
Re > 104 , yro xapakTepHo A1s 6esnomaTouHOro IPOCTPAHCTBR, KO-

asbdunueHT Ag, onpefenserca YpaBHeHUEM
Ape=0,3164/Re025 .

Taxn‘r,vx obpasom, koabdunuent kp, Moxer GHITh HaiileH u3
yPaBHeHHUH

kr=20,30/Re%25 npn Re<2-10° ;

kr~=1 npu Re>2-10% .

Kosddunuenrt k, yuursisaer Biusnme mrepoxosatocTu. B pa6o-
Te [23] nmpuBeseHs! creayIolMe 3BHAYEHUA ITOTO KoaddpHUuMeHTa:

ka=1 npu Re = 3-103 - 4-104

ks= 1+ (4/D,)2-10° nupu Re >4-10%,

Iljix BBIDABHUBAHHNA CKAYKOB B 3HAUEHHMH 3TOro KoaddHUIMeHTa
npyu 104<Re<2-10° Benuuuna xosdbunuenrta k, mensetes or 1 a0 2:

ki=1+(Re-10%).(4/D,)2-106/2-105

rops ;Iﬁﬁpéd:?ﬁ.ZS pUBeieHbl KO3(PdUNMEHTH TUAPABIUYECKUX IIO-

OIIATOYHOTO MPOCTPAHCTBA BaKyyMHoro Hacoca BBH-3
Paccynrannsle mo ypapnenuam (2.88)-(2.90). Ilpm manoit nmpxmc;
KaHaja OCHOBHBIMH ABJIAIOTCA IIOTEPH HA TPeHMe, & NPH yBeIHMYeHUH
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epH.
MIMPUHBI KaHaja npeo6.na,na!ou1nMn CTAHOBATCA MECTHbIe IoTepPHn

u € Puc.2.28. KosdpduuuernTsl NOTepp
zns mamuesl BBH-3

/ / IlonyyeHHble  3aBMCHMOCTH
' ABJAIOTCA HMCXOQHBIMH AJ1A OINpe-
JeleHUs THUADPABIMYECKHUX  [IO-

/ EJI Teps, KOTOpbI€e DOJIXXHBI YYUTHl-
//

paThCA B Ipollecce pacyeTa IBH-
- / sKeHUs JKMIKOCTH B 6eajomaTou-
HoM kaHaue. [Ipu pacdueTe ycpen-
HeHHoro 1o  Ge3JlONATOYHOMY
| o KaHAJy MOTOKa TUADPaBJINYECKHUe
A I I T T
noTepy HAXOJAATCA MO ypaBHeHHIO (2.87). IlpuHATO, 4TO ANA ABY-
MEpHOTO TeueHHA B Ge3JONATOYHOM KaHajle OHM PaCIpeReIaioTcs
paBHOMEDHO 1o BCeMY CeueHHMIO.

MomHocT, 3aTpaunBaeMasd Ha MNpeofojieHHe THUAPABIMIECKHX
CONpPOTHBIIEHMUI1 B 6€3/10NATOYHOM IPOCTPAHCTBE, PACCYUTEHIBASTCH 110
ypABHEHUIO

.

2z 2r pcz
Ny = Ideme = Icw(gmp + 5*)_2—da -
0 0 (2.91)
2r

= .1323 '[(.fmp + §x)C35da

0

Puc.2.29. Pacnpegenenue rugpo-
g%? FMHAMUYIECKMX IIOTEPL MOILIHOCTH
B 6e3J0NAaTOYHOM IIPpOCTPAHCTBE
mamussl BBH-3 npu  gaBineHud
peacwiBaunsa 30 xlla

&

. =20 /
/ bl [

/ Kax Bugso us puc.2.29, Ha

i KOTOPOM HpHBelieH rpadpuk 3a-

L BHCUMOCTH IHOQABIHTErpaJibHOU

BenwuuHbl ypaBHeHuA (2.91)
Ha PpAasJMYHBIX peXHMax OT

yriaa Q, 9Ta MOUIHOCTb paclpe-
£ genseTcA IO OKPYSKHOCTH pa-
foyero KoJjieca HepaBHOMepHO
[uanasoH HM3MeHeHUA ee 3BHP
yeguit pased 10. Boasmoe

AN

AR\ Y QN

60 20 40 240 300
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BJHUSAHHE HA& MOIITHOCTh OKa3biBaeT HN3MEeHeHHe pPacCToAHUA MeXOy
paboYHM KoJlecoM M KopnycoM. IIoTepMm MOI[HOCTH TaKKe B 3HAYH-
TeJIBHOHM CTeIIeHH BABMCAT OT CO3JABAEMOr0 BAKYYMA: YeM OH 6OJb-
e, TeM 6OoJIbLIECKOPOCTh KUIAKOCTH (CM. puc.2.17a), a MOIIHOCTH
f0TePh NPONOPUMOHANIBLHA KY6y aTOH CKOPOCTH.

2.7. 2. kcnepumenmanvhoe onpedenenue Ko3ghpuyuenma
nomeps 6 6e3A0NAMOYHOM NPOCMPAHCM.Ee

Ha puc.2.14, rme npusesens! 3aMepeHHBIE [OMA MONHBIX naBJe-
HUM KMAKOCcTH B GeasonatouHoM mpoctpaHcTBe Mamuesl BBH-3 ua
pasHYHBIX peXUMax paborsl, BUAHO, UTO B O6GJACTH BCACHIBAHUSA
NOJIHOe JMABJeHHe JKHUAKOCTH B HANDABJIEHHU ee [JBUKEHHA YMeHb-
maeTcA. 3aMepeHHble 3HAYEHHA INOJHBIX AABJeHUH AAIOT BOZMOIMK-
HOCTB ONPefeJIUTh KOB(HUIMEHTH! MOTePh U CPABHHUTH UX C PACCYUH-
TAHHBIMH 110 ypaBHeHuAM (2.88)-(2.90).

Kak yxaseiBanocs B pasn.2.4.3, NPHU IIepeMellleHHH JXUAKOCTH B
6e3JI0IIATOYHOM MPOCTPAHCTBE B OGJACTH BCACHIBAHMA ee MONHAs
9Heprus H3MeHAeTcA BCJeACTBHe IIOJBOAA IONOJHUTEJIBLHOrO KOJH-
4ecTBa XXUAKOCTH M3 pabouero KoJeca M YMeHBIIAETCHA 3a CUeT IIpe-
offoneBuA noTeps. Ilpu ompeneneHun norepr AaBTeHHMA MeKAY cede-
HHUAMH, B KOTOPHIX YCTAHOBJIEHBI 30HABI TPyGok IIuro, Heobxomumo
pacxoj; JKUAKOCTH IPUHUMAThL oguHaKoBbIM. IloaToMy mo ypaBHeHH-
aM (2.69) u (2.74) maxonurca cpemHasA CKOPOCTBb KHAKOCTH B j-M
ciroe, a 3aTeM 1o ypasHeHHIO (2.80) - pacxo[ XMAKOCTH B MCXOZHOM
(i-1)-m ceuenun. B caepyiomem 3a HUM i-M ceueHHH PACCUHMTHIBAETCA
TOJIIMHA CJIOA XKUAKOCTH J,. PacXof KUAKOCTH dYepes aTOT cloi pa-
BeH pacxXofy sKHAKocTH depes (i-1)-e cedyeHne.

Ilonroe nanenme B (i-1)-M ¥ i-M ceueHMAX ONpefenseTca IO
YDaBHEHHIO

n
* o
Z P:Qy
NP _ k=1
p == (2.92)
29
[
k=1
Ilpn BrruMcienuax no ypasxenuam (2.80) u (2.92) ceuenme 6es-
JIONATOYHOr'0 MPOCTPAHCTBA PasbUBaeTCA HA I CJICEB TONLIMHOM 2 MM
Kaxneiit (mocaeAHM coit MoXKeT MMeTh MeHBIIYIO TOJNIUHY).
Pasuuna nonusix gasnenuit mexay (i-1)-M u i-M ceueHusMM Xa-

PakTepusyer ruipaBiMdecKue MOTEPH HA DACCMATPUBAEMOM Y4YACTKe

Besnonarounoro npocrpaHcTBa. Koadduiuenr moreps onpenensierca
o ypaBHeHMIO
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o M YCJIOBHO OTHOCHTCA K CepeliHe
yuactka. CpeJJHAA CKOPOCTh s
cepeJMHbI TOTO Y4YacTKa BBIYHC-
asaeTcA no rpaduram
( (cm.puc. 2.17).
C . KoahduiueHTH NOTEPH pac-
. CUMTHIBAIOTCA Ha BCeX peXXuMax,
A yKa3aHHBIX B pasm. 2.5.1. Oun
v I pUBeJeHbI Ha puc. 2.30,

o ! —

0,06

a0

\

Puc.2.30. KoadpduieHThl IOTEPHL B
6e3JI0MIATOYHOM IIPOCTPAHCTBE MANIN-
x um BBH-3:

30 %0

e
2

B0 220 260

— pacueT; ® IKCIIEPHMEHT

rlle faHA Tak)Ke KpHUBad KoodduuueHTa NoTeps A KaHAJOB MEeXIY
(i-1)-m u i-M ceueHNAMH, HaiileHHOro Mo ypasHeHHAM (2.88)-(2.90) u

OTHECEeHHOro K YIJIOBOH IPOTAMKEHHOCTH KaHAJOB Aqa=30°. Bxcnepu;
MEHTaJbHble TOUYKHU IPYNOHUPYIOTCA AOCTATOYHO 61M3K0 K pacyeTHOH
kpusoit. Ilpu yriax a=260-360° sxcnepMeHTaJIbHEIE 3§{auemm KO-
adHUIMeHTa NOTePh HUKe PAcUeTHHIX MPUMEPHO ga 20%. Iloaromy
npu onpefeJeHMU CHAPABINYECKUX MOTEp: B MeTORMKY HX pacdeTa
BHOCATCA COOTBETCTBYIOIYE KOPPEKTHUBBHI.

Takum ob6pasoM, Bo BTOpOH rjaBe Ha OCHOBE caMBIX O0OIIUX
ypaBHeHHMH T'HAPOJMHAMHIKY BBIBEJIEHDI ypABHEHHA JBHKeHUA KHUI-
kxoct B JKKM, KoTopble HaiOT BO3MOMKHOCTH ONPeReIHTE CKOpOCTh H
KaBJIeHpe B JI060M TOUKe KHJKOCTHOrO KOJbNA. .

IIpuBeseHs! peayabTATH BKCIEPHMEHTOR 110 onpefieJeHUIO HoJIeU
AaBIeHHH M CKOpocTed B 6e3J10IATOYHOM HPOCTPAHCTBE M IOJTyHeH-
Hasg MeTOJOM CKODOCTHOM KMHOCHEMKH (popma MOBepXHOCTH paszesa
KHUAKOCTH M rasa B AueliKaXx MeXAYy JOMATKAMM pabodero KoJjeca-
Onpefie/ieHHble AHATUTHYECKUM NYTEM runpgsnw{ecxue norepd OpH
ABMKEHMM JKHAKOCTH CPAaBHHMBAIOTCA C HaliJeHHBIMM OBKCIepUMEH-
TaJIbHO. 3 )

Peay/bTaThl pacyeToB ABMKEHHA JKHIKOCTH B nasbHelmeM Plf‘
ONIL3YIOTCA IIPH onpeleeHUH norpe6isgeMoit MOUHOCTH H CHI, Jent
CTBYIOIIMX Ha paboyee KOJIeCO MAIMHBI.
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I'nasa mpembva

[MTPOLIECCHI B dKUOKOCTHOKOJIBIIEBBIX
MAIIMHAX

3.1. Hecnedosanue nepemener za3a deped mopyeeble 3a30pbl 6
HUOKOCMHOKONbY e8blX MAULUHAX

IlepeTekanue rasa yepesd 3a3opbl B JKMAKOCTHOKOJIBIEBBIX Ma-
MUHAX OKashlBaeT cylljeCTBeHHOe BAMAHMe Ha pabouuii mpoiecc.
Tax, B BaKYYMHBIX Hacocax Ha NpeJeJbHOM BaKyyMe Bech CKUMae-
MBIl Ta3 uepes 3a30phl BO3BPANIAETCA BO BCACHIBAIOINYIO IOJIOCTH. B
KM neperekaHHe coKaTOro rasa MOKeT NPOMCXOJUThL B 3830pax
TPex BHUAOB.

1. IMeperexanne rasa yepes "MepTBOe NPOCTPAHCTBO H3-3a He-
IIOTHOTO NpHIeraHUA SKHUAKOCTHOTO KOJbLA K CTyNHIle pabodero
rosneca. IIpeRoTBpaTUTL IepeTeKaHWe HMIM YMEHBIIUTHL €r0 MOMKHO 32
CUeT NPaBHJIBHOIO PACHOJIOKEHHSA HarHeTATETbHBIX OKOH (0 yeM 6y-
JAeT cCKa3aHO HU’Ke), pamMoHajbHOro BhIGopa yria HakjJoHa ofpa-
ayouledl BTYJIKHN pabodero KoJeca, SKCIEHTPHCHTeTa M pala APYyTrHX
KOHCTPYKTHBHBIX IIapaMeTpOB.

2. Ileperekanue raza Me)XAY JONATKAMM U TOPIEBRIMU IOBepX-
HOCTAMHM Kopnyca (Jo60BMHaMu). 3TH IepeTedKH IPOUCXOAAT TOJNb-
KO B IIpoliecce CIKATHA, TAK KAK B Ipolieccax BcachlBaHUA M HAarHe-
TaHUA JaBJeHHe rasa mo obe CTOPOHBI JONMATOK OJUHAKOBO, & B 30He
"MepTBOro MPOCTPAHCTBA JIOMATKH MOJHOCTHIO IOTPYXKEHBI B SKHJI-
KOCTB.

3. Ileperexanme rasza Me)XJly TOPIIEBOH NOBEPXHOCTBIO BTYJIKH
pabouero KoJeca ¥ JOOOBHHAMHU.

Bce gpyrume Bo3MOKHble MyTH IlepeTeKaHWA IePeKpHITHI pabo-
Yel JKHUAKOCTBIO.

Teuenne rasza B pasjMYHOro pPojAa 3a30PaxX KOMIIPECCODHBIX Ma-
IWMH MccleoBAHO Bo MHormx pa6orax, Hanpumep [70]. B KM astu
Ipotiecchl OCNOMHAKITCA BO3MOJKHBIM NPUCYTCTBHEM B 3a30pax pa-
Bouel sxnaxocTy. IlepeTekanue rasa yepes 'MepTBOe IPOCTPAHCTRO
ROJIKHO YUMTHIBATHRCA B TEePMOJHHAMHUYECKOM pacdere pabouero
nponecca. IlepeTexanue rasa MesKAy JONATKAMH U JOGOBUHAMHU pac-
CYUTHIBAETCA TAK /K€, KAK B APYTHX BUAAX POTAIMOHHBLIX MAIIUH.

Ocobblil MHTepec BBI3LIBAET IIepPeTEeKaHHe ra3a depes TOPIEBbIE
3a30pBl MeXXAy BTYJKOH pabodero Kojeca M JOOOBHMHAMHM, TAK Kakx
Yepes HUX IIPOM3BOJUTCA MOABOZ paboueil KHUIKOCTH U OHH YacTH4-

127



HO 3AIOJIHEHBI 3TOM KUAKOCTBIO. [/ BeIACHEeHHA GUIMUECKOH Kap.
THHBI COBMECTHOI'O TEeUEeHHA JKHUJIKOCTH M rasda B TOPILEBOM 3a30pe
6BlIa M3rOTOBJEHA OKCIIePUMMEHTaJbHas ycraHoBka (puc. 3.1), co-
cTosllad M3 ero Mozenu, BaKyyMHOTO Hacoca, Ia3oBOro CYeT4YMKa,
cucTeMsl Tpy6onporosos, U-06pa3HbIX PTYTHBIX MaHOMETPOB H po-
tameTpoB PC-5 u PC-7 ans onpenenenusa pacxona BoJbI.

TeyeHMe KMIKOCTH M rasa B TOp-
LIeBOM 3a30pe MeXIY BTYJIKOH
paboyero KoJjieca M J0OOBHHamMy
BAKYYMHOI'O HACOC& BOCIIPOHU3BO-
murca B mojenu (pue. 3.2), maro-
TOBNEHHON U3 oprcrerkjga. OHa
COCTOMT M3 ABYX IlacTHH 1 u 2,

Heo6XoauMBIHl 3a30p & MEXAY Ko-

. TOPHIMM YyCTAHABAMBAETCS IIpH
Puc.3.1. CxeMa sKcIepUMeHTAJIbHOMK oy mporaiox 3 # 4. Tlo
YCTAHOBKM [JI MCCJIELOBAHUA Tede- noMoIn p al :
HHA JXUAKOCTM M rasa B Toprepom CBOMM TreOMETPHYECKMM pasMe-
3a3ope paM MoJeslb COOTBETCTBYeT TOPp-

LIeBOMY 3a30pY MeKAy BTYJIKOH

paGouero kKojeca U KODPIYyCOM B
mamuge BBH-3. Ilpm Bxiio-
YeHMM BaKyyMHOIO Hacoca BO3-
IyX 3acacelBaeTci depe3d ra3oBBIH
CYETYMK B mieJb MeXJy [JIacTH-
Hamu Mogeau. CoanasaeMBI IO
obeMM CTOpPOHAM INeJH Irepernaj
OaBjJeHMN aHAJOTMYeH PpPa3HOCTH
RaBJeHUN B MOJIOCTAX HarHera-
HUA ¥ BCACBHIBAHMA B BaKYYMHOM
Hacoce. OJJHOBpEMEHHO 4epes Me-
PeXoAHHK 5 U KoJbleBoe IIPo-
CTPAHCTBO MeJKAYy OTBepCcTHEM B
OAHOHM W3 NJIACTMH M OOOBIIIKON
Puc.3.2. Cxema Mofienu xns uccie- 6, MMHTHpYIOLIedl Baj, B MoJeib
KOBAHUSA JBIIKEHUS IKUAKOCTH U Tra- MOJAEeTCA Bojaa, KoTopad, KaK U B
3a B TopLleBOM 3a30pe TOpIEeBOM 3a3ope paboTampuiero
Hacoca, pacTeKaeTcs Mo LIeJH.

Y , fx
U

TIpu npoBefleHNH SKCHEPUMEHTOB JJIA KAXKJIOro 3Ha4YeHUA 3a30-
pPa 3aMepAJMCH: Pacxoj BO3JyXa II0 ra30BOMY CHeTYHKy Ged mopBoig

Bozbl @ ; pacxoj BosZyxa NPH HOABOAE BOARI B TOPIERBOH 3a30P

2 n
Q; pacxon BOAHL Yepe3 MOZeJb II0 POTAMETPY Q™ ; naBnenue 34

MOJIENBIO [0 PTYTHOMY MAHOMETPY; AaBJeHHe Iepex BCAChIBAIOLUIUM
naTpybxkomM Hacoca; 6apoMeTpHuYecKoe [aBJeHHe; TeMnepaTypa
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OKPY Kalolllero BO3JAYXA; TeMIepaTypa BOALI M AaBJeHWe BOALI Iepef
mozeabio. Pacxon Boasl dyeped MoZens ycraHaBJHMBAJCA B JUAIA30HE
2-6 n1/MuH; KaBIeHMe BO3AYyXa PeryJHUpOBAJIOCh BEHTHJIEM HA BXOJe B
paKyyMHBI Hacoc oT 90 xo 6,5 xkIla. Ilpu He6GonbuIoM pacXome Bob
BO3AYyX redOpMHUPYET MOTOK, OTIKHMAET €ro K cpeflHeH 4acTH MOLeNIU
¥ NPOXOJUT Yepe3 OCBOOOAMBINYIOCS 4YacTh 3a30pa. IIpu yBeamueHuH
pacxXxoZa BoAbl MJIM YMEHBIIeHHWM Nepelaja NaBJeHUIl pacXon BO3Iy-
X8 B MOJeJH yMeHbIIaeTcA.

KapTuna TedeHMs Boanl M BO3LyXa B MoJenH IpejcTABIeHA Ha
puc. 3.3. B pesyibTaTe npoBefleHHBIX SKCIIEPUMEHTOB AJIA KAXKIOTO
3HAYEeHUS 3a30pa MOCTPOEHH! 3aBHUCMMOCTH pacxofa BO3Jyxa depes
MOJeJib OT CO3JaBAEMOro Niepenafa AaBJeRKIl Npu pasau4HOl mozaue
soAbl. Taxkme gsaBucumocTH aiaa 3asopa 0,8 MM mnpuBeAeHH Ha
puc. 3.4.

"C =80l ’1qatll ,77;; F% w' /.—-
// a‘cz o) |
& v —
w Z /Sd& —|
/ )y Py |

{00 F7] 80 ¥ xNa

Puc.3.3. Cxema TeueHus HUIKOCTH Puc.3.4. Pacxop BO3LYyXa ueped MO-
H rasa B TOpLIeBOM 3a3ope AeJb IIPY Pas3IMyHOM Iogaye BOAbl

AHanu3 3THX 3aBMCHMOCTEH IO3BOJIMJ CHeJATh CHeAYIOIIHe BbI-
BOJBI:

1. C yBennmueHueM paspeXeHUs PACXOJ BO3AYXA Uepes Mojeib
BHa4Yajle BO3pacTaeT, 3aTeM IPH JOCTHM)KEHHMH OIpejelIeHHOTO mepe-
naja AaBjleHWI CTAHOBHUTCA NMOCTONHHBIM, TaK ‘KaK CKOPOCThL BO3IyXa
Ha BHIXOJie U3 IIeJH NPUCIMKaeTCA K KPUTHUYECKOMY 3HAYeHHIO.

2. Ha naHHOM pexume paGOTHI KEOKABIM JUTP BOALI, HOJA-
BaeMoi B 3a30p 3a MHHYTY, 3aHHMAET IPUMePHO OJUHAKOBYIO OTHO-
CUTEJBHYIO ILIomajb 3asopa. IIpw yBenHueHMM noJayMd BOABI HA
1n/Munr pacxoi Bo3gyxa yMeHbLIaeTcA B cpefHeM Ha 17-20 ji/mun
npu nwobom 3asope. CiefoBaTeIbHO, CKOPOCTh BOABI MAJIo 3aBHUCHUT
OT BeJINYMHBI 3230pa M ee pacxoja.

8. NaMeHeHHe pexkuma pabOTHI, HE3aBUCHMO OT BEJUYHHBLI 3a-
30pa M pacxofa BOABI, NIPUBOAUT TIPUMEPHO K OAMHAKOBOMY H3MeHe-
HHIO pacxojia Bo3Ayxa yeped mofenb. Tak, np¥ yMeHbIIEHHH JaBJe-
Hua BcachiBaHudA oT 50 go 20 kIla pacxoj Bo3gyXa BospacTaeT B
cpearem Ha 17-20 j/MuH.
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4. [lna kesxJIoro 3a3opa CYLIECTBYeT MHHHMMAaJbHOE 3HAYEHHe
BAKYyyMa, KOTOpPO€ MOXKHO HOCTHYh B YCTAHOBKe HPU MOCTORHHO
nogade Bojgbl. IIpM MeHbIlleM BaKyyMe BOJ8 HAYMHAET NOCTYIATH g
rasoBeil cueTuuK. Ecim mepeBecTH pe3yJbTaThl 3KCIEPUMEHTOR Ha
ycnoBus paborsl BakyymHoro Hacoca BBH-3, To oxasmiBaeres, uro
nasKe npu nogade Bogsl 10-12 1/MHH B ToplieBble 3a30DBI BEIHUYUHOIKL
0,2 MM Bo3ZyX HAYMHAET IepeTeKaTh U3 IIOJOCTH HATHETAHUA B Ho-
JIOCTH BcachIBaHUA Ipu JAaBieHuH Ha Bxogze 50 kIla. IIpu Taxoit mo-
nade BOAbI 3a30phi BeauduHo# 0,3-0,4 MM OTKPBLITHI IJIS IepeTedek
rasa Ha BceX pe;KHMMaX paboThl BaKyyMHOro Hacoca.

5. XapaKTepHa NOUYTH JUHellHasd 3aBUCHMMOCTb pPacxoia BO3Ayxa
yepes MoJeJIb OT KOJHUYeCTBa IOABOAUMON BOABI /1A Pa3JIMYHEBIX 3a-
305)03 NpH pasHBIX peskumax pa6oTs! (puc.3.5).
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Puc.3.5. Pacxox Bosgyxa uepes Mo- Pwuc.3.6. Pacxox Bosgyxa uepes Mo-
AeJh TpH pA3IMYHBIX 3a30pax M AeJb IPY Pa3JHYHON mojade BOREl K
JaBneAun BcaceBanus 20 xlla zaenenuu secacuBanua 20 klla

C pocToM BeTMUYMHBI 3a30pa pacXof Bo3qyXa deped MOLesb YBe-
JIH4YuBaeTcA 6ojiee MHTeHCHMBHO (puc.3.6), TaKk KaK B 3TOM ciy4ae
YMEeHBIIAIOTCA TUApPaBJMYecKHe HoTepu. C yBelmdeHHeM 3a3opa [0
0,4 mM npu aasnenuax 30 u 50 kIla nmepereukn rasa yepes Mopeas
Bo3pacTaloT Ha 160 J/MuH HesaBMcHMO OT pacxola BoAsl. IlomyueH-
Hble N3 SKCIEePHMeHTa 3HAYEHHS Dacxolja BO3JyXa UYepes Mofelb
Q%09 A1 PA3IMYHBIX 3830POB Ha DasHBIX pesKuMMax paboTel M pas-
HOT'O KOJHYEeCTBA NMOAROAHMOH BOABI ITepeCHUTAHLI HA NepeTeqyKy 4e-
pes TopueBble 3a30phl BakyyMHoro Hacoca BBH-3 Q% u Ha ycio-
BUSA BCACHIBAHHUA 10 YpaBHERMIO

. e 100
Qnac_ona JOO—B

Peayasrarsl mepecdera AJNA Topuesoro 3adopa 0,3 Mm m pasie-
uuA BcackiBanua 30 kIla npemcramnensi Ha puc.3.7. AHanmsupys
MX, MOXXHO OTMETHUTh cllefylouiee:

1. YMeHsIIeHHe AaBaeHus BeackiBaHUsa ¢ 50 ao 20 klla mp#
mojauye 35 MUHYTY 12 J1 BOABI NPHBOAMT K YBeJIHYeHUIO HepeTedeK

(3.1)
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poaayxa Ha 0,21 m3/mMun npu aasope 0,2 MM, na 0,78 M3/Mun npu
sasope 0,3 MM u Ha 1,7 m3/Mun npu sasope 0,4 Mm.

2. YBeauuenne Topueroro sasopa c¢ 0,2 go 0,4 MM npu gaBie-
puM BeaceiBaHUA 30 klla m nw06oil duxcupoBanHO!l Nojade BOZIBI
OPHBOAMT K YBeIUYEHHIO nepereuex Ha 1,06 m3/mum.

3. Ilpu Benmumsze Topueroro sasopa 0,83 MM (0H JomycTuM IO
yeprexxam Aiad BBH-3) u gaBnenuu Bcacripamus 5 xIla mpu mogaue
BOJBI B KoJindecTBe 12 JI/MMH mepeTedKH COCTABIAIOT 3 M®/MMH, UTO
CPABHHMO C IIPOM3BOAUTEILHOCTHIO HACOCA.
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Puc.3.7. Ilepeteuxy Bospmyxa ue- ' ("

pe3 TOpLieBHE 3630pPH MAIIHHAI

BBH-3 : 1200 (LA
a-NpH DPA3JMYHBEIX AaBJEHHAX BCACH- ﬂ'" h‘.%
Banud, §=0,3 MM; 100 /%z%
6-npn pasaMyHOA mozade BoAH, 6=0,3
MM; V/’///

yoo
B-IIpU pa3NHyHON mojaye BOAW ¥ AAB- r L~
Jedun scacnBaBudA 30 klla /
0,/ ¢ q2 %] an B

TakuM ob6pasoM, >KUAKOCTh 3AHUMAET TOJBKO YACTh CeYeHUSA
TOPIIEBOrc 3a30pa, & OCTABIIAACA 4YACTH CBOGOAHA AJA IepeTeKaHNA
raza M3 MOJIOCTH HArHETAHMA B MOJIOCTh BeachiBaHUsA. Tak Kak mepe-
TeYKH rasa MOryT OKa3BIBATH CYIIECTBeHHOe BJIMAHME HA XapaxTe-
puctukn JKKM, nposesenne pacdeTa TedeHHS KHMAKOCTH M rasa B
TODIERLIX 3830pax MeXAYy pabouuM KOJEeCOM M KOpPNYCOM JOJKHO
OBITL 06A3ATENBHBIM AJMA KaXXJOW MALIHHBL.

KonmdecTro meperexainero rasa MOXXHO OUpeJeJIUTh, €CIH U3-
BeCTHA CKOPOCTh OBUKEeHUA >KMIKOCTH B 3asope. Ilo sToit ckopocTH
U pacxoAy KHAKOCTH HAaXOJUTCA Ta HacThb CeYeHHsA TOPIEBOro 3a30-
P&, KoTopylo oHa 3aHHMaeT. IIpyu onpelleleHUH CKOPOCTH JKMAKOCTH
B MoJiesiM IpefnoJaraeTca, YTo XKUAKOCTh BTeKaeT B TOPIEBOHl 3830p
PaBHOMepHO MO Bceil OKPY/KHOCTH M JIMIIG 3aTeM IoJ AeHCTBHeM Iie-
Pennaga maBreHUM rasa MeHAeT cBoe HampaBiieHue. Pacyer mpousso-
OUTCA AJIA CedeHUdA, MpPOXoJAlero uyeped och paGodero KoJjeca Hu
Kopnyca. CKopocTh BOAEI B 3TOM CeUeHHH oIpefiesseTcss ypaBHeHHeM
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o~ - Q | .

QZ
B(r, —1,0,) | 1-
1 ean 2
Q,
rae Koaddunyent 4 B 3HaMeHaTeJ e BOSHUKAET 3a CHET TOTO, HTO ve-
pes aBa 3a3opa mpoxogut 1/2 @.
wjcee L= I

PeayapTaThl  pacueTa  Io
ypaBHeHHI0 (3.2) HOPHBEJEHBl Ha
59 puc.3.8. Us rpaduxa BUAHO, uTO
CKOpOCTh KHIAKOCTH 38BHCHT OT
BeJIMYMHEBI 3830pa U peXHUMa pa-
7 4 60Tsl MaIIMHBI. KOJW4ecTBO NOJ-

*IFQ AT, BOJYMON JKHUIKOCTH HA CKODOCTH
j ee IBIKEHNA INPAKTHYECKH He
Jo BAHAET.
| & IInAa HCHONB3OBAHHMA IONY-
af q2 q3 9¥ M  deHHBIX De3yJbTATOB B pacHdeTax
KKM HeobxoauMa yBEPEHHOCTH B
IPABOMOYHOCTH HMX IlepeHOCAa Ha
peanbHBIE YCJIOBMA PaboTHI. Hnsa
3TOr0 CKOPOCTh OBMIKEHHS JKHA-
KOCTH B 3a3ope GbLIA TAKKe PACCUMTAHA OOMIeM3BECTHBIMHM METOZA-
MM IIO Ilepenaay naBsieHA ¥ Ko3GbDHIMEHTY IIOTeph:

Puc.3.8. CKopocTH XHUAKOCTH B TOP-
1leBOoM 3a3ope:

° -pacyer; [ - akcnepuMeHT

c* = 24p (8.8)

T,
A—L1—-1
P 26303

I'ie Ap - Tepenajx AaBJEHMH B JKUIKOCTH Ha BXoJe B MOJeNh W HA
BBIXOJle U3 Hee.

PesynpTaThl pacdeTa No ypaBHeHHMIO (3.3) Takxe IPUBEJEHBI HA
puc.3.8. PacueTHble M 3KCIlepHMEHTAJbHBIC CKOPOCTH JIOCTATOYHO
XOPOILO COrJacyloTcsi. JTo JaeT OCHOBAHME PeKOMEHJOBATE ypaBHe-
aaa (3.1) u (3.8) ana pacuyeTa CKOPOCTH JKMAKOCTH B TOPUEBBIX 3A-
3opax JI0OBIX KUAKOCTHOKOJBIEBBIX MAIIHH.

TlepeTeuku rasa o TOPIERBIM 3a30paM ONPeAeTAIOTCA IO MeTo-
Ay, nsjoxeHHoMy B pabote [70]. HroGeI HaiTH IJIoHmalb cedeHusd,
3aHATYIO ra3oM, HeoOXOAMMO [0 YPABHEHHIO (8.3) cHauasa ompeje-
JUTH CKOPOCTH JKUJKOCTH, & 3aTeM IJIoIiadb 3arPOMOXK/JEHUA TOPIE
BOro 3a3opa IOABOAMMOM paboueit SKUAKOCTBHIO. Pasunua mexny 06.,
mei MIOImAABI0 ceueHMs1 TOpUeBoro 3asopa M IUIOMAJLIO, 3aHATOH
JKUIKOCTHIO, ¥ ONpefeNseT Ty MIomaab, depesd KOTOPYIo ImepeTeKaeT
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ra3. Ilonp3ysAck NOAYYEeHHBIMHM pe3yJbTATAMM, MOXKHO TAKIKe pac-
CUUTATh KOJM4YECTBO JKHMJIKOCTH, HeobXoqumoe AJjis IOJHOIO Iepe-
KPBITHSA TopueBbrx 3adopoB B JKKM.

Ona cyljecTBEHHOro yMeHb- Boda
IMeHUs I[epeTedYeK rasa depes
TOPLEBEIe 3a30DPBI M KOJHMYECTBA
[IOAABAEMOH JKHUAKOCTH paspabo-
raHA KOHCTPYKIUSA TCHApPABINYE-
CKOTO 3aTBOpa, 3aljUlieHHadA aB-
TOPCKUM cBUjgeTenbcTBoM [98].
VmloTHeHHe B 3TOM  3aTBOpe
(puc.3.9) ocymjecTsaferca IO
OUINHPNYECKON [MOBEPXHOCTH
6ypTa M ero BBINOJIHEHUE HE BBI-
3BIBAET TEXHOJOrMYEeCKHUX  3a-
rpynHennii. Ha  askcmepumen-
TABHOH  YCTAHOBKe, KOTOpasd
paccMoTpeHa BhIlle, GbIIa HCIBI-
TAaHA MOJelb C YIJIOTHeHHEM
TOPLEBOT'O 3a30pa UMEHHO TAKOI
KOHCTPYKUMH. PagumanbHeIi 3a- l
30p B HCHOBITAHHOH MoAEIH Obli
paser 0,15 MM, mepeTeukm BO3- \\ /_p.siml
OyXa ONpeleidAlNch NPHU Tople- ® \|

20y
BOM 3a30pe MeX]y IJacTUHAMH . /
0,4 mMm. \, il
’ » y 4

S0y

s

— 2

i ¢ 45 ¢ N w——
"F7 A7

Puc.3.9. Cxema ruppaBiIndecKoro
3aTBopa B TOPLIEBOM 3a3ope

3>

PesynvraTtsl mnepecuera me-
peTeyex rasa 4epes TOpLEBHIE 3a-
sopsl Mamuasl BBH-3 mo ypas-
Henmio (3.1) npuBegeHHl Ha
puc.3.10.

IIpn paBnenum BcackIBaHUA
30 xila u mogaue Boxsl 6 s/MuH
nepeTeyky Bo3gyxa cocraBmiam Puc.3.10. Ilepereuxku Boagyxa depes
150 n/mMuH, Torga Kak B oOBIYHOI TOPLEBhIe 3430PHI C 'J[PABIMIECKUM
KOMIOHOBKe IIPH MeHbIleM TOp- 3aTBopom Mamuuk: BBH-3, §=0,3 MM
uesom  3asope (0,3 Mm) B
AHAJIOTMYHBIX YCIOBUAX MPOTEKAeT 3a MUHYTY 800 n Bosmyxa. Ta-
KMM 06pa3oM, KOHCTPYKTHBHBIe YJYYIIIeHNA MAUIWHBI ITO3BOJAIOT
O/IHOBpeMEeHHO YMEeHBIIHTh PACXOJ SKHAKOCTH M HepPeTedKH rasa ye-
pe3 Topliesble 3a30DHI.

B Mogenn BKclnepMMeHTaJbHOH ycTaHOBKM (cM.pmc.3.2) obe
CTeHKH 3a30pa HENOABUIKHBI, TOrJa KAK B MAallllHe OJHA M3 CTeHOK
Bpamaerca. Ilox JeiicTBHeM CHJ BASKOCTH KMAKOCTh MOJKeT IIPUHTH
BO BpaujaTelpHOe JBH)KeHHEe M KADTHHA ee TedeHHUSA B TOPUEBOM 3a-
30ope, IpMBeJeHHAA Ha puc.3.3, U3MeHUTcA. B cBA3M ¢ aTUM HeobGxo-

NN\ 2

4 N 6 7 8 9 10
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AMMO JAaTh OOOCHOBAHHE BHIGPAHHON cxeMe TeueHUsA JKHUIKOCTH B
ToplleBOM 3a3ope. [l ONEHKH BIMAHUA BpalleHnd pabouero KoJeca
Ha TedeHMe JKMIKOCTH HAXOAMTCS TAKAA BeJUYMHA 3a30pa, NPH Ko-
TOpoit NpHHATAA CXeMa COXpaHAETCH. K rpasunaM IOTOKa XHJ-
KocTH (cM.puc.3.2) NPHIOKEHBI CHJIBI JABJEeHHs rasa. Ecnu cym-
MapHas cuia OT Mepelajga AaBJeHUi IIpeBbILIaeT CHJBI BABKOCTH
MeXy BpaliarmuMca pabodyuM KojecoM U KMAKOCTHIO, TO IIpPenro-
naraeTtcs, 4To GopMa MOTOKA OCTAETCA CTAOHUIbHOH.

Beanumua KacaTeJbHbIX HAIPAMXKeHMIl OolleHHMBaeTCA IO yDaBHe-

HUIO

_ A pv’
4 2

TanrennuaiabHaa cuia T, ZeHicTByomias Ha KHAKOCTH CO CTO-
pOHBI Bpamaiomeiici BTYJIKH paGodero Kojieca, PacCUMThIBACTCA
cnegyIonuM o6pa3oM:

T . (3.4)

T = [tFdF =Trf%~ﬂl2’i.rd¢dr=
F

%1% (3.5)
A pv’ _ .rf—rf
V) (02 = 02)- =57

KoaddunueHT CONPOTHBJIEHUA TPEHHA A HAXOJUTCA IO HMCIY

Peitnonsaca Re npm momomu dopmynst Ilyaseitna A=64/Re. Co-
riaacHo puc.3.8, PN KaBileHUH BCachlBAaHUA 30 kIla 1 BeaMUHKHE 3a-
sopa 0,2 MM CKOpOCTh KHJKOCTH DABHA 4,2 M/c, UTO COOTBETCTBYET
Re=1680, nan A=0,038.

Cuna oT AeHicTBMA Mepenaja AaBJeHMIl Ha MOTOK JKUAKOCTH B
3a3ope onpele/AeTcA MO YPaBHEHUIO

P=6-(r,-1) (Pu— Pu)- (3.6)

Ilns coXpaHeHUA NPUHATON CXeMBI TeYeHHA XKUIKOCTH B 3a30p€
HeoBxoaumo, uTo6sl cobmioganock yciaosue P>T. Torza BenutuHa
3asopa , IpM KOTODPOM CHJIBI JABJIEHMA YJEPKHUBAIOT XKUAKOCTH OT
NpOBOPAYMBAHUSA, PACCUMTHIBAETCA KAK

T A pv?

T,
(h-r) (P.—P.) 8 2

Py~ P

o> 3.7

(p.—0,)
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Iipuunmasn Yo Q1=71/2; px=105 H/m2; ry;=52,5 mm;

Pec=310° H/M%  1,=20,0 MM, HaxoauMm, YTO BeJHYMHA TODPIEROTO
zasopa J, IpU KCTOpoM (GopMa MOTOKA OcTaeTcsa CTAGHIBHOM, AOMIMK-
Ha ObITh He MmeHee 0,045 mM.

B Baxkyymurom nacoce BBH-3 penuuusasl TopueBhIX 3a30POB Jie-
sxaT B npegeaax 0,15-0,30 mm. Taxum o6pasoM, OLeHOUYHBIH pacyeT
[IOKA3bIBaeT, YTo AeHCTBUTENBbHEIN 3a30p, no KpailHeil Mepe, B 3 pa-
38 GosipIe HEOOXOAMMOro M B MalllMHe DEAH3YeTCA cXeMa TedeHHA
JKUJIKOCTH, ITIOKasaHHasA Ha puc.3.3.

B saknmouenun storo pasfesa HeoGXOZMMO OTMETHTb, UTO Be-
JIMYUHA TOPHEBBIX 3830POB MeXKAY pabouMM KOJECOM M TOPLEBHIMH
CTEHKaMM KopIIyca oIpefeideTcad M3 TeXHOJIOTHYECKHX coobpaske-
HMII M y MalIMH pAasJMYHOH NPOM3BOJUTEILHOCTH NPAKTUYECKH
oguHakoBa. [loaTomMy BeaumuuHA 3a30pOB, O KOTOPOMY IlepeTeKaeT
ras M3 INOJOCTHM HATHETAHHUS B IIOJOCTh BCACBIBAHHUS, MPOIOPIMO-
HallbHA JIMHeIIHBIM pa3MepaM, Torga KaK I[IPOM3BOAUTENBLHOCTH
KM npomopuuoHaJbHa KBajpaTy STHX JHHEHHBIX pasMepoB (IpH
MIOCTOAHHOH OKPYXKHOH CKOpPOCTHM pa6odero Kojeca). ¥ MaIuH
60bImMION NPOH3BOAUTENBHOCTH IHOABOAUMAS JKHAKOCTH IOJHOCTHIO
IepeKPBLIBAET TOPIEBhIe 3a30P5I.

3.2. Hemeuenue paboveil wudkocmu u3 HazHemameabHozo OKHA

O6HOBIeHHE XHAKOCTH B MKHUAKOCTHOM KOJble MAIIMHBI SAB-
JiAeTcs ONHMM H3 HeoOXOAMMBIX YCJIOBHI ee HOPMANBHON pabOTHI.
Kak ykassiBasoch paHee, B Ipoliecce CHKATHUA TEIIO OT rasa Iepexo-
OUT K KHUAKOCTH, KOTOpaA HArpeBaeTrcs ellle U U3-32 FHAPOJUHAMMU-
YecKHUX norepb. OGBIYHO KUAKOCTh cJefyeT MOABOAHUTH TAKHUM obpa-
30M, 4TOOBI OHA YIIOTHAJA TOPIEBHIE 3a30DHEl MeXKAY pabouuM Ko-
JlecoM ¥ KopnycoM. V3 MalIMHBI JKMAKOCTh YXOAHUT BMECTe ¢ ras3oM
Yepe3 HarHeTaTeJbHOe OKHO M YacTHYHO ero 3arpoMosKJaer
(Mcnapenme B Hacoce He npepbimiaer 1% oT Beeil MOABOAUMOM KMI-
KOCTH), 4YTO IPHBOJUT K HEKOTOPOMY YBeJHUYeHHIO CKOPOCTH rasa,
yxoxdiuero u3 paboyeil MOJOCTH MAIIUHBI.

IloBrimenue Ttemnepatypsl skuakocty B JKKM serko paccum-
TaTh, €CJIU IPeANOJOKUTh, YTO BCA MOIHOCTh PACXOAyeTCA Ha ee
nonorpes. MapectHo, uro 1 KBT u coorsercTByer 860 Kau. Temia.

JIY IPHHATH HONYCTHMBIN IOJOrpeB KUAKOCTH B MAIIVMHE PABHBIM
15°C, mo Ha KaxABIH KMIOBATT MOIIHOCTH HeO6XOAMUMO IOABORUTH
npumepHO 1 JI/MHH XKHIKOCTH:

Q _ 80 _ 860 iy
N 60-At-c 60-15-1 muu
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OcHOBHOe BJHMAHME KOJUYECTBA IPOXOAAUIEH uepes Mammnuy
paboyelt XUAKOCTH HA ee XapPAKTePHCTHUKH NPOoABIAETCA B HU3MeHe.
HUH TOJIIUHBI JXHIKOCTHOTO KOJBIA, B PEe3yJIbTaTe Yero U3MeHsieTcy
o6'peM pabouHX AYEeK CO BCEMU BBITEKAION[MMU OTCIOZA IIOCJEJCTBY-
aAmu. Ecam cuutaThs, YTO BcA HOABOAMMAA JKUIKOCTb IPOXOIAUT ofT
OKHa BcachblBaHMA 0 OKHa HATHETAHMA M CKOPOCTh JKHUIKOCTH Ipy
9TOM He MeHseTCA, TO TOJIIMHA KOJbIA 38 cYEeT IOABOAA KUAKOCTH
BodpacTaeT BecbMa HeaHauuTeabHo. [ina BBH-3, Hanpumep, arg
yBeauuyenue cocrasiaser (0,05 MM m He Mo)XeT 3aMeTHO BJWATH Ha
napaMeTphl MAIIUHBI. B JeHCTBHTEJIFHOCTU XK€ TOJIIMHA >KHAKOCT-
HOro KOJbIa B MallIMHE HM3MEHAEeTCSA LOBOJBHO 3HauuTeabHo. [na
BEIXOZa pabodeil JKUAKOCTH yeped HarHeraTelbHOE OKHO Heobxopuma
olpefiesIeHHAA BHICOTA CeUeHUS ee MOTOKA, BEIWYHHA KOTOPOTO Mo-
JKer OBITH HaillleHAa PACUETHEIM NIYTEM.

Ha ycranoBusmeMca pedXmme paBoThl KUAKOCTHOE KOJBIO
YACTHYHO HepeKphiBaeT HATHeTaTeJbHoe okHo. Ilmouwiags mepexpsi-
THA 3aBHCHT OT CKOPOCTH HCTeYeHUs JKuAKoctH. [laa mnpoxopma
GoJsislIErO KOJHMYECTBA JKUIKOCTH Tpebyercsi COOTBETCTBEHHO 60.1b-
Imas MJIomajh IepPeKpBITUA, M IPU NOPOYHX DPABHBIX YCJHOBHUAX
MMEHHO 3TO BJIMSET HA TOJIUHY JKMIKOCTHOTO KOJBIA.

Pacyer dopmbl BHYTpeHHER! NOBEePXHOCTH KHAKOCTHOTO KOJIBIA
JaeT noje S3KBHUAUCTAHTHBIX KPHUBBIX, OIUCHIBAEMBIX YPABHeHUEM
BHAA

r,=n-[1-AlaB,)). (3.8)

B mammne ma ganHoM pexume paboThl peayn3yeTcA TOIBKO
OfHA U3 HUX - UMEHHO Ta, KoTopas obeclleuMBaeT NPOXOJ depe3 OK-
HO 38JJaHHOT'0 KOJHMYECTBA >KUIKOCTH.

®opMa BHelIHell KPOMKHU HACHETATEJLHOTO OKHA MOMeT OBITh
sajlaHa ypaBHeHHeM I'y=ry(a). B paneHeiilem nmpepnosnaraeTrcd, 4TO
BHEIIHAA KDOMKA HArHeTaTeJbHOTO OKHA JKBHUAMCTAHTHA IIOBepX-
HOCTH KUAKOCTU B AdYeilKe. DTO MO3BOJAAET cllellaTh NpeArooKeHne
0 TOM, HTO TOJINHMHA CJOA BHITEKAIOIIEH ueped HarHeTaTeJbHOE OKHO
SKMIKOCTH BCIOAY OJWHAKOBA.

KonudecTBo XUAKOCTH, BBITEKAIOIIEH dYepes 3JeMEHTAPHYIO
JIOIAAKY B HarHeTaTelsHoM okHe dF=rdAdr aa Bpems dt, paBHo

dQ* = C*rda drdt. (3.9)

Yepes Bech cHAOM KUAKOCTH, IE€PEKpPHIBAIOUIUI HarHeTaTelbHOE
okHo BHYTpH cextTopa A'B'C'D'E'F’ (cM.puc.2.2), 3a Bpems ero me-
peMeLUeHHUs BJOJb 9TOTO OKHA BBRITEKAET KOJHYECTBO JKHAKOCTH,
olnpefenseMoe ypaBHeHUEM
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Qr = pﬂtj’ I;TCfrda drdt, (3.10)

tl a_f T,

2z

rae t; U t2 - BpeMa Hauyajla KM KOHIA TlepeMellleHHS CEKTOPa BAOJb
OKHA.

HcredeHHe »UAKOCTH HPOUCXOUT :

1) nmox nelicteueM nepenafia IaBJ€HMII rasa Ilepej HarHeTa-
TeJIBHEIM OKHOM M 3a HHM:

Ap=p° - p,; (8.11)

2) nox pmeficTBuMeM mnepernaga JAaBNeHHH B KHAKOCTHOM KOJbILE,
BO3HMKAOLIEr0 B PAAUAIBHOM HAIDABJCHUH H3-3a ACHCTBMA HEHT-
pobexHBIX cH:

2 2
27 T
Apud = pa '—T, (3.12)

3) 3a cYeT yBJIEYeHUA KUIKOCTH yXOAAIIMM Ia30oM, YTO YYHTHI-
BaeTca BBefeHMeM Koaddunuenra k, onpegeigeMoro skcmepuMmeH-

T&JIBHO.
CKOpOCTB HCTeYeHUs KUJKOCTH HAXOMUTCA 10 YPABHEHUIO

2 2
Cr==k 280 _y, —(p’ —pu)+ wz(rz - rf) (8.13)
p p
Ilocne mogcTaHOBKM BHIPAYKEHUA CKODOCTH M HEKOTOPBIX IIpe-
obpasopaHuil ypapHenue (3.9) npuobperaer caeAyIOMMUHA BHA:

a~E 3
z

=£}£~ ]Ik pz)z(p’—pn)+r,f—r,f 2dozdt——

n
t, a-Z

u oy P on
—t!kpwz(p—p") Fi

)
=%

(8.14)

-

Hna pemenus ypasHenus (3.14) Heobxopumo zajgaTes ¢opMmy
HATHeTATEJBHOI'O OKHA, & TaK)Ke yDAaBHEHMe BHYTDEHHeil IoBepX-
HOCTH JKUAKOCTH B Auelike. Ilpum aToM HaBieHMe HAa IIOBEPXHOCTH
KUAKOCTY NPUHUMAETCA NOCTOAHHBIM U PaBHBIM pF.
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IIpu pacyeTe MaIlIMHBI Ha KaKOM-JIuB0 peXuMe B KaXKIOM l-M
HoosKeHUn sueiiku pabodero xoJjeca onpefeafioTca dopma moBepx-
HOCTH KUAKOCTH B Heil K KOJTHUYECTBO KUIKOCTH, BLITEKalome ua
paboueit mosocTH 4eped HATHeTaTeIbHOe OKHO 3a Bpema Ao /w
CyMMapHBI pacxoj 4epe3 OKHO AOJKEH 6BITh pABEH KOJHMYECTBY
JKHUAKOCTH, TOJBOJMMOMY B MAIIHHY. TIpu HeBBINOJHEHHU BTOTO
yc/IOBMA B pacdeTe 3ajaeTcA Apyroe 3HAYEHHE HAYAJLHON IIyOHMHBL
HOrpy)XeHus JIoNaToK.

Tlepenap AaBjeHU# B HarHeTATeJbHOM OKHe pACCYUTHIBAETCA IO
YPaBHEHHUIO

Ap* =¢, &)2— (8.15)
2(F;)

H o 4
rae Q- cexymambiil pacxoj rasa Hepes parHetaTensHoe okmo; F. -

IUIOIIAJb HOINEePeYHOTo ceYeHns MOToKa rasa.
CropocTHON Hamop KHUAKOCTH, BRITEKAIOIel uYeped HAarHeTa-
TeJbHOEe OKHO, OllpefeideTcs YypaBHEHUEM

ey, @)

H % 2
2 2(F, - L,) (3.16)
+ k——wz(rn - —]-h:‘) ot
2 2

rae L, - AnuHa BHeIIHe!l KPOMKH HArHETaTeJbHOTO OKHA.
ToJLIAHA BHITEKAIOMETO CJIOA XKUAKOCTH HAXOIUTCA depe3 ee
CKOPOCTB:

Q/

hY = , (3.17)
» T LC"
KoTopad onpejie/igercs cleAyiolInM obpasoM:
2 . 2
r Q: ¥ 1 Q"‘
C* = ks, 2 (@) 5+ ko®|T, Q. -—(") (3.18)

o (F ) Q:‘) LC* 2p (Cx)z
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Ypasuerue (3.18) umeer 6-if MOPAJOK OTHOCHTENIHLHO CKOPOCTH
M B KOHeYHOM BHJe Hepa3dpemunmo. Ilopsajok ypaBHeHHA MOYKHO

CHH3MUTH JO TPeTnero, ecjy npeHebpeur OTHOCHTENLHO MAJIBIMH CJla-
raeMsiMH B ero KosdbdumuentTax’

A\2
(C"‘)3 - ke, )—0‘-’;%"—)0* - ka'r, %— = 0. (3.19)

H

Pewmenne storo YpaBHeHNdA AaeT BO3MOKHOCTh OINPpeNeJINTh CKO-
POCTh HCTEYEHNA XUIKOCTH U3 HArHETATE/JILHOI'O OKHA:

1
-ch{—arcch T (8.20)
2 2\ |2
2 1 kg, P (Q")
37" p* F]
npu
Hn 2 2z 2z 2 ?
(i o’r, QL] -| 4 'O—(Q") >0
2 L, 3 7" p* F? ’
HIn
2 2. QF
» 1 pz (Q; ko‘r
c* =2 gk " Fz) -cosTéarccos L, ; L(3.21)
. L (ne2 2
3 Ly, o (@)
3 p* F;
opu
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2
o
L

H

ikmzrn

IA

0.

3
1, ¢ (@)
_ } ke, _p"‘ ———-—Fuz

BricoTa cjof BBITEKAIOIEeH JKHA-
KOCTH HAXORWTCA H3 YDPABHEHHUS:
| (3.17). Ee usmeHeHue B 3aBHCH-
MOCTH OT pacxofia paboueil Xun-
=B KOCTH OJHO3HAYHO OIPEeAeJAeT
U3MeHeHWe TOJIIMHBI JKHAKOCT-
soro kombma. Ha puc.3.11 mpu-
v BefieHA paccUMTaHHAA MO YpaBHe-
Ba | auam (3.17), (8.20) u (8.21) BHI-
coTa CJOA KUAKOCTH B HAIHeTa-
Puec.3.11. Bricora cjoa SKUIKOCTH B TeJIHPHOM OKHEe MAaIIHHBI BBH-12.
HATHeTATEJHHOM oxme Mamuum VI3 PUCYHKa BHAHO, yT1O TOJILIUHY
BBH-12 KOJbIA MOYKHO M3MeHATh Ha
1-3 MM, BapbUpya pacXof KHA-

xoctu.Ilo-RuAMMOMY, HCTedeHHe

SKUAKOCTH BJAOJIb Bcero HarHeTa-

TeJbHOr0 OKHA, 0cObeHHO B KOHILE

mpollecca HATHETAHMA, YBEAMdH-

BaeT pa3Mephl  MepTBOro Ipo-

— cTpaHcTBa", uTO MPHBOAMT K
GoJblIeMy MepPeTeKaHUI0 rasa BO

Puc.3.12. (opMa HATHTATEILHOTO BCACBHIBAIOMIYIO IIOJIOCTH. Anaaus
oKHa [O ABTOPCKOMY CBUMETENLCTEY sTOro ABJEHHUA MNpHUBET K dopme
HAUHeTATEeJIbHOIO OKHA, nzobpa-

Ne 623001
senHoit ma puc.3.12 [101]. 9ke-

HepMMEHTHl HA MalluHe BBH-25 nokasaju yBelnyeHHE TIpPOM3BOJH-
TeJLHOCTH IIpHMEpPHO Ha 1,5-2% un cooTBETCTBYIOILEE CHU/KEHUEe

yZieIbHOM MOLJHOCTH.
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3.3. HuduyuposaHue 2a3060iL noaoCMU HUFKOCTIHOKOAbYEEbIX
MAWUH

Ina OUEHKH JOCTOBEPHOCTH MaTeMaTHUeCKoH MOJeaH Heobxo-
JMMo KCIePUMEHTaIbHOEe ONpeeIene p3MeHeHHs [aBjeHu# rasa B
paGoueil MOJOCTH MAIIMHEI U €70 cpaBHeHME C PacHyeTHBIM. Hsgecrt-
HO, YTO MHINIMpOBAHHE rasoBoit mosoctu JKKM priepBhle BBIIOJIHE:-
o W.I.Knayccom n B.E.JIMCHYKHHRIM HA mamuue BBH-3 [24].
M uauuupoBanue MNPOM3BOAUIOCH HPH [OMOILIN TeH30MeTPpHYecKnX
IATYMKOB, KOTOPble MOJBEPIKEHSI TeMmepaTypHOMY BIHAHMIO. Kpome
TOTO, HAJWYME MKHIKOCTH B paboueit mojiocTH M ee MONAJAHUE Ba
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JaTYMK TAKsKe MOryT BIMATh Ha ero moxasarenu. Iloatomy H
HCIIONB30BATNCH NIbe30KepaMUYecKue JaTUNKH. v
uoneﬂf}?ﬁ? 3y;:gs)m%:z1rp:{najxcx B paiWajibHOe cBepJieHUe pa6ouero

-3.13). aJl OT Hero uyepe3 TOKOCHEMHMK, HePeKJo-
yaTenb, KATOAHBII OBTOPUTENb U YyCHJINTEJSb IIOCTyNasj Ha MHAUKA-
g)lplzggmennﬂ, B Ka4yecTBe KOTOPOro MCIOJIb3OBATIHCH OCHUIOTPadBI

- u H-105. Oiasa cMHEXpOHU3AIUHM OCIMJIOIPAMMEL NaBlIeHHA

NpUMEHANCH 3nem~pnqeczcnﬁ AaTYMK Yrja [OBOPOTA, NOJAIOIIMI
IMKOODPA3HBINA CUIHAJI IPH COOTBETCTBYIOIEM nonomel;pm pabouero
rgoseca. OIHOBPEMEHHO 3TOT CHUTH&JI IIOCTyIaeT B HACTOTOMED IS
3aMepa CKOPOCTH BpAllleHUd. g

Iiaa nonyyeHusa pernepHOH

TOYKK Ipu pacmindpoBKe OCIUII-
JIOTPAMMB! BO BCACHIBRIOIIEM IIAT-
pyOKe YCTAHABIUBAIUCH JAaTUUK
JABJEHHA M OTMETYMK PAaBHBIX
nasiaennit [26].Cpennee pannenue
BO BcachlBalOlleM DnaTpybke 3a-
mepserca U-oOpasHbLIM MaHOMET-
poM. CurHaJBI OT OTMETYHMKAa
PABHBIX JaBJeHUH M JaTYHUKa
JABJEHUN HocTynasu Ha miaedd
ocnuaaorpadga.

BKchepKMeHTbI IIPOBOJUIUCE Puc.3.13. Cxema  pacrnonoxeHus

Ha cepuilHBIX Hacocax BBH-6 u A8TIMKOB JaBJeHMI:

BBH-0,75 npu pa3ju4YHBIX [AaB- 1-mbesokepaMuueckail maruuk; 2,3 - or-
JeHUAX BCACHIBAHMSA B JMANA30HE METUMKH PaBHEIX JaBIeHMH T
100-20 xIla u pacxomax Bogsr 3-6 ua/mur gas BBH-0,75 n
16-24 n/mun ans BBH-6. Pacxox paboueil :XHAKOCTH Kom*pc,um 0-
BajicA poTaMeTpaMu PC-5 u PC-7. OnnoBpeMeHHO C 3aMepaMu ngn-
JeHunil B pabodeil MoJocTH M BecackIBaoONmeM MaTpybxe ompefelfanch
IPOUBROAMTENILHOCT, Hacoca rasoBsIMM cueTdnmxkamu PI-40 u PTI-
100, mnorpebiseMas 9JeKTPOABUraTeeM MOIMHOCTE KOMILJIEKTOM
npubopos K-50, Temneparypa rasa u paGoueil HUAKOCTH PTYTHHIMH
;z;;:;:::giiamn. OcouiiorpaMmsl  JIal0T BO3MOKHOCTb OIpPe/IeJUThH

AaBJIeHUA rasa % %

e B paboueil moJjiocTH 3a Bech paboumit mpo-

BaMepeHHble M paccYUTAHHEE 11O ONMHMCAHHOH BHIIIE METOANKE

(cm. rnaBy II) gapnenus B paboumx nojoctax mamun BBH-0,75 u

BBH-6 npusezenst Ha puc.3.14. PacxoxjeHus, KOTOpEie HaGJ,uonw

JINCh B MOMEHTHI OTKPBITHA BCACHIBAIOITUX M HArHeTATEJIBHBIX OKOH,

::I(!Ba}lbl, OYeBHIHO, ABJEHUAMH, HE YUTEHHBIMH B MeToJUuKe pacye-

141



-

188k 6, L S0t ISR
0[R20 oo, o8] ] !

e T . _ i
0 - QI8 Ry 6"\ “\ Ma (7] PaFa) |
1774

.4

.___,mnn \ 0 i !
40 \ 5 - JP
4 — st
20\ [ W Seipemind
ol
4 &0 160 290 X0 el

L3
a o a0 o sw el

Pnc.3.14. aBienue B paboueit moJOCTY MAIIMHLL:
a- BBH-0,75; 6-BBH-6

Panee mpuBogunucs pesynbraTsl ¢oTOrpadMpoBaAHUA CKOPOCT-
HOHM KMHOCheMKH IOJIOKEHKSA KUIKOCTH B paboueM KoJiece MAIIMHEL
BBH-0,75. OHH ja10T BO3MOKHOCTH ONpPEefeNINTh M3MeHeHUe obbeMa
paboueil moJocTH MeKAYy JoNarkaMM paGouero Kojeca IO yIay ero
noeopota. McrmonpzoBaHue aTux JaHHBIX MO3BOJIAET IMOCTPOUTH HH-
AUKATOPHBIE AMAarpaMMsl paGodero mponecca (puc.3.15).

~
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Puc.3.15. Megukaropras guarpaMma pabodero mpoliecca MaIIXHEL
BBH-0,75:

a-YTON HaKJIOHa BTYJKH pabovero xoseca 0°;
6-yros HaKJIOHa BTYJIKH paoyero xojeca 10°

Ha atux gnarpamMmax BHAHO, YTO OTKDHITHE HATHETATENBHBIX OKOH
AJI PACCMATPUBAEMBIX PEKHMOB PaGOThI MPOMCXOAUT C HEKOTOPHIM
3aIa3/ibIBAHNEM, & OTKPBITHE BCACBIBAIOIINX OKOH - CBOEBPEMEHHO.
Namenenne o6bemMa paboueit monoctn mamuns: BBH-6 mosyue-
HO pacyeTHHIM nyrteM. MRguKaTOpHBIe fUArpaMMBl JJs 3ToH MAlIH-
HBI npuBeleHH Ha puc. 3.16. OzHako ANA XKUAKOCTHOKOJLIEBLIX
MAIIMH MHAMKATODHAA AUarpaMMa He HMeeT CTOJbL CYI[eCTBEHHOTO
3HAYEHHUS, KAK JJIA HOPIIHEBBIX KOMIIPECCOPOB, HOCKOJBKY OCHOB-
Has TPYZHOCTH 3AKJIOYAETCA B ONpefesleHHMHM C JOCTATOYHOH cTelle-
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HBIO TOYHOCTH oObeMa CXXHMAEMoro rasa. XapakTep Ipolecca cyka-
THA CYIIECTBEHHO 3aBMCHT OT TeMIIepATyDhlI CXKMMAEMOTO ra3a M pa-
goueil :xuaKocTH. Tak KAK NPH CKATHU ra3a MeHseTCd ero Temiepa-
Typa, TeIJIOOOMeHHBIe IIPOIEeCChl MeXKIY radoM U KUJKOCTBIO HHTEH-
cMdHOUPYIOTCS U POCT TeMIIepaTyphl rasa 3aMeAsgeTcd.
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Puc.3.16. UngukaropHasa auarpamma pabouero mpouecca Mamnibsl BBH-6:

a- Ip¥ aaBJeEUH BeachiBagua 30 kIla;
6- npn gaBjeHuy Beacweaana 10 xIla

O6BIYHO B KOMIIPECCODHBIX MAIIMHAX NPOIECC CXKATUA Xapak-
TepUsyeTcs moKasaTeaeM HNOJMUTPonsl 12 . [ad KHUAKOCTHOKOIBIEBBIX
MalmuH B paboTax pasHBIX ABTOPOB NPUBOAATCA PA3JIHYHBIE eT0 3Ha-
yennd. Tak, B.A.Pymasnes [18] mnpexnaraer npuHUMATE
n=1,05-1,07, U.II.Knaycc [24] cuuraer n=1,02-1,35. B paborax
[24] u [94] nokazaTess HOMUTPONB! ONpejeideTca HA4YalbHBIMU H
KOHEYHBFIMM IIapaMeTpaMM CXKATUS. BosbInoi pasbpoc B 3HAUEHUAX
[TOKA3ATE/IA TOBOPUT O HE3HAYMTE/ILHON TOYHOCTH €ro onpenesleHUs
1 He MO3BoJsAET BHIOHUPATH C JOCTATOYHON JOCTOBEPHOCTHIO €ro 3HAa-
YeHUs npu npoeefienuu pacyetoB JAKM. Dto MoXeT IIpHBECTH K He-
[IPABUIBHOMY Ollpeie/IeHUIO KOHCTPYKTHBHBIX ITapaMeTPOB MAalllMH.

Inia omeHKHM BAMAHUA NOKA3aTeld ITOJUTPONLI Ha Iporecc

cKATMA NPOM3BEeEHBI pacdeTs! Ipolecca ckaTua B mamuHe BBH-
0,75 npu pasaMUYHBIX 3HAYeHHAX n (puc.3.17).
Ananns MHAMKATOpHBIX auarpaMM (cM.puc.3.15-3.16) noxassiBaer,
YTO B JAeMCTBUTEJBHOCTH IIpOLlecC CoOKATUS IIPOMCXOAUT IpH CY-
I[eCTBEHHO MeHAmeMcs Nokasartene 7 . IlpubankerHo 3TOT mpoO-
MecC MOKHO PACCMATPHBATBH COCTOALIUM U3 HEKOTOPOIo YMc/a MOo-
c/lefloBATETbHEIX IOJUTPOMHLIX IIPOUECCOB, B KAMXKAOM H3 KOTODBIX
OKa3aTesb NOJUTPONBI HAXOAUTCA MO YPABHEHUIO

_lep -lep’,
C gV, -V

(3.22)
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Puc.3.17. Ilpouecc cxKaTHA B MAIIM-
e BBH-0,75 npn pasiMyYHBIX IIOKAa-
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Puc.3.18. UameHeHre IToKasaTes A [IOJIUTPONLI B [Ipoliecce CoKATUS rasa npu
pasnuyHoil TeMIepaType paboueil KUIKOCTH!

a-BBH-0,75; 6-BBH-8

— — - pacyeT; ¢ - IKCHepHMeHT

3HayYeHHUs IMOKas3aTeJs MOJMTpPONSLl It , ONpefesieHHbIe IO JKC-
[epUMEHTANBHO noJy4eHHON nnnuxa'ropngifx JuarpaMmme
(cM.puc.8.156), mokasausi Ha puc.3.18. OHM HaHZeHB! pacyeTHHIM
NyTeM 1o BhILIENPUBeJeHHON MeToAuKe (IIaBBI I n III) ¢ maroMm
Aa= 5°. Tlpu oauHAKOROH TemmepaType KHAKOCTH M BCACBIBAEMOIO
rasa IIPOLECC CHKATHA HAYMHAETCA NpU IMoKasaTejle IOJHTPOMBI,
paBHoM 1,4, T.e. 6e3 Temronepenayd. IIo Mepe NoOBBIIEHUA jaBje-
HHMA pacTeT TeMIepaTypa rasa M yBeJNYMBAETCA TeIJIOOTAaYa OT ra-
38 K JKUAKOCTHM, YTO NPUBOAMT K YMEHBINEHHIO NOKa3aTesd NOJUT-
ponsi. Ilpu TemnepaType rasa, IpeBHIIAIONIEN TeMOepaTypy XKHA-
Koctu Ha 20-25°C, mpoliecc CTAHOBUTCA UBOTEPMHYECKHM M 1= 1,02.

CieflyeT OTMETHTb, YTO IOJy4eHHbIE BBHIBOABI OTHOCATCA B mep-
BYI0O OdYepefhb K MAIIMHAM MAaJOH NPOM3BOAUTENPHOCTH, ORHAKO
CIpaBefIMBEI M JJIA MAUIHH GOJBIION MPOM3BOJUTENIEHOCTH. Ho ko-
JIMYeCTBEHHBle XapAKTEePHCTHKH MOCHEJHUX MOTYT M3MEHATHCA, TAK
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KaKk Macca rasa pacreT GbICTpee, uYeM IJIOLIAAL TIOBEPXHOCTH TeILJIO-
Tepesauu.

3.4. Bauanue menao- u maccoo6Mena Ha paboruil npoyecc
u napamempb. MOULUH

B I KHMAKOCTHOKOJBLEBLEIX MAIIHHAX IPOM3BOJUTENILHOCTE B
GosnpIneil cTemeHH, ¥YeM B APYIUX THIAX MAIIMH aHAJOTHMYHOTO
Ha3Ha4eHUA, BABHCHUT OT Mpoliecca BcachiBaHUA. Kpome nepereuex
rasa yepe3 3a30pbl M MepPTBoe NPOCTPAHCTBO , MOTEPh AABJEHHUA BO
BCACHIBAIOL[EM TPAKTE U TellJIoOOMEHA MeKIy Ta3oM U 3JeMeHTaMuU
MaIlUHBI, Ha OpouaBogutejbHocTs KKM B aHauuTenbHOR cTelmeHu
BJUACT MacCooOMeH MeXJy IlepeKauuBaeMBIM ra3oM H pabodeit
sKuAKocThI0. OcoBeHHO CHABHO 3TO BIMAHME CKA3BIBAETCS HPH pas-
MUYHBIX TeMIepaTypax SKHAKOCTH M rasa ¥ MAJIBIX JABJEHUIX Bca-
ChIBAHUA.

CymecTBenHoe BAMAHHE HAa npoudBoguTeabHocTh JKBH oxassi-
BaeT UcIapeHHe pabodell >KMAKOCTH B IIpoUecce BCAaCHIBaHWA, 0CO-
6eHHO NpH yBelHYEeHHUH BakyyMma. Kax yxassiBasoch paHee, ¢pupMa
"Siemens” ¢ xosHma 70-X TOJOB B CBOMX NPOCHEKTaX YKA3LIBAET IpPO-
N3BOAUTENFHOCTh BAKYYMHEJX HacocoB mpu 100% -moii BiaskHOCTH
nepekaynraemMoro rasa. ToJIbKo 3a cYeT 3TOTO PeKJaMHpyeMas Ipo-
M3BOAUTEJIBHOCTs, Kak Onl yBenwuuiacs Ha 10%. Haawume xup-
KOCTH B pabodell HOJOCTH B pAAe CJIYyYAeB ABNACTCA IOJOMKUTEND-
HLIM KAYeCTBOM, TaK KAK IMPUBOJUT K CHHIKEHHMIO TeMIepaTyphl
C)KMMAEMOro rasa, MO3BOJIAET NePEeKAYNBAThH JIErKO pasjiaraiomjuecs
rassl 1 T.A. OgHAKO 3TO MOJKeT IIPHBECTH K UHTEHCHBHOMY Hcrape-
HUIO JKUAKOCTH B Mpollecce BCACHIBAHMSA ¥ 3HAYHUTEJBHOMY CHM)Ke-
HMIO IIPOU3BOSUTENLHOCTH.

IIpu  uccneposanmu  pabodero  mpollecca B HACcCOCax
K.Ilpxeitnepep [46] cuuTaerT mpomecc cKATHA UIOTEPMHUYECKUM, a
B.A.Terepiokor [75] u B.A.Pymannes [18] mpouecc cokaTua mpu-
HUMAKT NOJUTPONHLIM. B fefcTBUTEILHOCTH, M3-38 HAJIHUYMUA IIepe-
TeyeX B MalllHHe, NPOIECCOB TeNJo- U MaccooOMeHa HCIOJb30OBaHUE
YPABHEHUA MOJHTPONEI IJA MCCAeJOBAHUA HpOLlecca CHKATUA MOXKET
NpUBECTH K 3HAYUTEeIbHOU morpemrHocTd. IloaTtoMy B ocHOBY MeTofa
pacyera pabouero nponecca B JKKM asropom mosoixeHB! 3aKOHBI
TepMOAMHAMUKH [epeMeHHOM Macchbl, chopMyTUpoBaHHbIE
B.A.Mamontosmim [34, 35] u wucnonssoBanHsle B.A.JloBraneBbiM
[20] nna poTanMOHHBIX MAIIMH.

HameHeHNe TepMOIMHAMHMUYECKMX IAPAMETPOB ra3a OITUCHIBAET-
ca puddepeHIUANLHEIME YDaBHEHUAMHI HepeMeHHOH Macchl ¢ yde-
TOM BHeEUIHero TellJooOMeHa!:
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dv dGJ[(k _pde (IT - 1)dG
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#=P pdV — RTdG

-k, 8.24
v | e

dQ +(IT - i)d
ar = * =L (pav - RT4G) Q+(II-1)dG (3.25)
R pdV — RTdG

WaMeHeHMe KoJMYecTBa rasa B paboueil mosocTd 3a BpeMsa dt
onpejenaeTca HO YPaBHEHHIO

(Z G, Z Gym]] (3.26)

t4 ks
rae Gn u Gymj - BecOBOM pacxoj rasa, COOTBETCTBEHHO IIOCTY-

napiero B paboyyio MOJOCTh MM MNOKHUARIOIIETO €ro B paccMaTpH-
BaeMBI MOMEHT BPEeMEHH.
MonHas yxenbHas sHeprusa rasa B pabodedt mosoctu

i=CT. (3.27)

TonHaa yaenbHAA JHEpPruA MpPHCOeIMHSEMBIX 3jeMeHToB II ©
y4eToM TOro, 4ro B pabodyl0 IOJOCTH IOCTyIaeT ras, UMeIomnii
pa3IMyHBIe 3HEpreTHYeCKHe YPOBHHM, PACCUMTHIBAETCA 110 yPaBHEHMIO

Z G’ZUCPT"]
T =
26

j=1

(3.28)

TIocie COOTBETCTBYOLIMX MOACTAHOBOK W  IIpeoGpasoBaHmit
ypasuenusd (3.24) u (3.25) npusojATca K BUAY

i - |4 (S 64 - i o
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dQ + (Z G:C,T: - Z; meCpT’j dt
. /=

plav’ - R(Z G T - G;m,T*] dt
=1 7=1

-k (8 29)

z _ k-1 2 z A
ar* = 2= [p av* - R(Y Gi,T: - ZGyij )dt}

j-1
dQ +[ZI G;ijTnz] Z ym] p J
o =
p'dv’ - R[i G, T - Z G,.T, )
1=1

-1/ (8.30)

9TH ypaBHeHUs OJA paboueil MOJOCTH MAIUMHBI MOTYT GBITH 3a-
OUCAHBI B CJEAYIOleM BHUJe:

dp' k-z[ do

——+II(AG’ +AG, + Gjn)—

do oV | du
-i(AG;, +AG, )- 73%(0 r’ ‘g: ; (3.31)
ol ('; :@?:z [0) 2121867 + 06, + 4GS, -
~AG, - AG;, )+ TI(AG; + AG;, + AG, ) -
-i(AG, +AG;, )- p'o %]. (3.32)

O61beM rasoBoil MOJIOCTH olpefeldeTcd KOJTHYECTBOM JKHIKOCTH
B A4elike :
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Vi=V,-V*. (3.33)

KoxuuecTRo KHUAKOCTH B Aueiike V,* HaxofuTcA 1O ypaBHe-
guo (2.68), a KoIMYECTBO rasa B A4yeilke - IO ypaBHEHHIO, aHAJO-
rudasoMy (2.7):

@ =G -L[(6; + 6+ Gl Yo (3.39)
o 0

Yepes BcachIBalomue (narHe1aTeqpHbIE) OKHA B pabouyio Imo-
TocTh TMocTymaeT (YXoAWMT) KOJM4ecTBO rasa, onpefjesseMoe Bhipa-

sxerueM [1]

G = o P o do (3.35)

Jr ®

rae q(A) - rasogMHAMUMYECKAA QYHKUUA, ONpefeiemMas no mepemna-
1y naBieHUii B COOTBETCTBYIOImEM okHe. Kak npasuio, sTOT mepenaj
HeBeJMK, NM03TOMY HHAEKCHI NIapaMeTpPOB TOPMOXKEHUA Y P U T ony-

IIeHBI.
Yacrs mIOMAZM OKHA, Yepe3 KOTOPYIO NPOMCXOAMT HATEKAHHe

(ucTexaHue) rasa, onpejieAeTcA MO ypaBHEHUIO
F:=F"*-F*+>F,,. (3.36)
IInomans oKHa F°F 3aBHCUT OT KOHGUTypaluM OKHA (puc.
3.19):
W, Tox v, rZ ~_rz R2 . r2
Forczf I rdrda:j‘ ok 2orcenda= oxzorcsw.(wz __w1)+

WiTox an Vi

2 2
Ssinay, - simzy )+ (sinye R~ (v -

2

—sin \yl\/;{f”— (e, . sin \u,)zj + Rz"" arcsin

e, Sinv,

oK

e, sinvy,

—arcsin 2% (8.37)

oK
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Benuunna F* onpege-
JIAETCA KAK 4acTh ILJIOLanu
OKHAa, MepeKpulBaemMas
HHUAKOCTHBIM KOJbIOM
(cm.pasg.3.3).

Beanyuny JF,, MoX-
HO HaWTH @O YHCAY OT-
BEPCTUH, PACHOJOKEHHEBIX
nepen HarHeTaTeJbHBIM
OKHOM H [PHUXOJAIIUXCS
Ha BBbIJeJIeHHBIA CeKTop B
LAHHOM ero ITOJIOKeHUH.
IIpu sTOoM  HeobxoguMO
YYUTHIBATH, OTKPBITBI OT-
BEpCTHA  WJIM  3AKPBITHI
KJIanaHaMu.

KoanuecTBo rasa, IepeTeKalomero Mo TOPLEBLIM 3a30paM U3

aveiiku B Aayeiiky (G, ), pacCUHUTHIBAETCA 110 METOAUKe, ITPUBENeHHOH

Puc.3.19. Cxema pacnosokeHus HarHeTa-
TeJbHOTO OKHA M KJIAaIlaHOB

B pabore M.A.Caxyna [70]. KosuuecTBo rasa, mepeTrexaiomero Io
TOPLEBOMY 330Dy MeXAy BTYJKON pabodero KoJjeca M JIoOOBUHOM,
HaxoAuTcA [0 METOAHKe, U3J0XKeHHOH! B pa3n.3.1.

Tenno, coobmennoe rasy B paboueill mosocTH, onpefpelserca
HCIIApeHuEM JKHUAKocTH dQ; (MIn KoHAeHcanueil napos dQ;) M KOH-
BEeKTUBHBIM TeNJ000MEHOM Me)XAY ra3oM, IOBEPXHOCTHIO JKHIKOCTH
¥ ajleMeHTaMu pabodero Koseca d@3. Kax moxasanm mpexBapHress-

HEBIe OIleHKH, JYYUCTBHIM TeN1006MEeHOM MeXJy HUMU MOXKHO HpeHe-
fpeus.

dQ = dQ, +dQ, + dQ,. (3.38)

Tenno, KoTopoe BbijenseTcAd IPU HCIIAPEHHH, HAXOAMTCA IIO
YPaBHEHHUIO

dQ, =dG" -i. (3.39)

le/l CXXATHH CMeCH BO3ayXxa ¢ HapaMH JXKHAKOCTH IPOHCXOAUT
YacTHYHasA KOHJEeHCAaIMA 3THX ITapOB M BBIJeJsAeTCA TeIJIo:

dQ, =dG, -r. (3.40)

Tennora koupgencauuu I (k[[K/Kr) 3aBUCHT OT TeMIlepaTyphI
SKUAKOCTH M onpejie/ifeTcs SMIIUPUYECKONH 3aBHCHMOCTHIO, IIPejJIo-
sxerHoit M. .M. Punsreem [37]:

r=2500-2,38t*.
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KouBeKTHBHBIN Temoo6MeH MeXIy TasdoM, SKUJKOCTHIO U dJile-
MeHTaMH pabouero KoJeca omnpegjelisaercd Io ¢opmyse HproroHa:
2 2
dQ, = [ak(TMB— T*)F,, +a,(T, - T )Fw]dt . (3.41)
YcnoBHO IpUMHUMAaETCA, 4TO Ko3dPHUIUEeHT TeNJIOOTHAYH OT HO-
BEPXHOCTH JKHIKOCTH U pabouyero KoJseca OAMHAKOB. IIpu mcroias3o-

BaHuu ypaeHeHnus HriooToHa TpyAHOCTE 3aKiiouaeTcs B ollpejeleHUn
TeMIiepaTypbl IoBepxXxHocTH pabouero xoJjeca Tp U kxoaddpuinmerTa

TeIJIOOTAAYH (L.

3a BpemdA ojHoro obopoTa poTopa, KOTopoe Y MalllMH pasjuy-
HBIX padMepoB Haxogurca B npegenax 0,04-0,2 c, nomatku pabodero
Kojleca II@JJMKOM TMOTPYKAIOTCA B JKHAKOCTh U BBIXOLAT U3 Hee.
OneHouyHble pacyeTshl MOKABANH, YTO TEIJIOOOGMEH MeXXIy JIOMaTKaMu
pabouero Kojleca M pabouell *KHIKOCTBIO, II0 KpaliHeil Mepe, Ha Ilo-
pAfoK GoJiblile, YeM MeXXAy JomaTkaMu u rasoM. [losromy B mass-
HellllleM TeMmepaTypa JIONATOK IpUHHMMaeTcd DPaBHON TeMmmepartype
paboueil JKUAKOCTH.

TennoobMeH HPOMCXORZUT MPH MePeMeHHOM A&BJEHUMN rasa, Ie-
PEMEeHHEIX CKOPOCTAX rasa, B IoJie HEHTPOOEeKHBIX CHJ U IPH ORHO-
BpeMeHHOM MaccoobmeHe. B atux ycnoBusix KoshdHUIHEeHT TenIoor-
Iauy¥ ABJAAETCHA CJOXKHOM GYHKIMEH CKOPOCTH HATEeKAHUA rasa u
JKHAKOCTH, (PHUINYECKUX CBOMCTB JKHAKOCTH M rasa U reoMeTpude-
cKuXx napaMerpor MamwuH [27] :

a = f(v,j aw C 01, C 0, L). (3.42)
Ha teopuu Tensonepesayy MIBECTHO, YTO '
Nu-}\ 5.43
o =, .
k I (

rae Ay - KospPHUMEHT TerJIONPOBOJHOCTH BO3AyXa IPH COOTEET-
CTBYWOIMX TeMIlepaType U ZaBjleHMH; L - XapaKkTepHbI JIMHeUHEIH
pasMep ( B JAHHOM ciyd4ae - JUIMHA JONATKU pabodero KoJjeca).

Ha yuacTke BcachIBaHMA M HarHETAHUA NPHU IIOCTOSHHOM JAAaB-
JeHUMH ra3a KodhbUIUeHT TeIJIONPOBOSHOCTH OIlpefesdeTca II0
dopmyne Carepaenga [8]:

15
v o=a, 2BFCIT )T (3.44)
T+C \273

rae Agm - KoadduuuenT rensnonposogaocTy npu 0°C; C = 125° piaa
BO3JyXa.
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Ha yyacTke coxatus npu nepeMeHHOM AaBjeHUH Koad@ULIUEHT

TEIJIOIIPOBOAHOCTH HaXoAUTcA no ¢dopmyJtie BapradpTuka-Ilenenbepra
[10]:

Moo=, Blp" - pl), (3.45)

rae /?,Op - Koaddunuent renaonposoguaocty npu 0,1 MH/mM2; Bun
- KOHCTaHTHI (AJs1 Bodayxa B = 510%; n = 1,28).

Ha yuacrke BcacmiBanua u HarHeTaHusa xpurepuit Hyccembra
3allMCBIBAETCA B BUJE

Nu = f(Re, Pr,Gu, ) . (3.46)
Kpurepuit Peitnoapica onpenensercsa 3aBHCHUMOCTBIO
v: L
Re = 22 | (8.47)
\%

CxopocTs HaTeKaHuA rasa B pabouyio IOJOCTH 4Yepe3d BCACHI-
Baoljee OKHO PACCUMTHIBAETCS 110 YPABHEHHIO

. dv,/dt
v, =—=2l (3.48)
FBC

rge F,. - YacThb momaaM oOKHA BCACBIBAHUSA, NUPHUXOAANIASCA HAa
AYEHKY.

I'paduKy u3MeHeHHA CKOPOCTH HaTeKAHHWA rasa B AYEHKY KH[-
KocTHOKOJIbUeBEIx mamun BBH-0,75 u BBH-3 npusegenst Ha
puc. 3.20. CropocTu HaTeKaHHA rasa onpefesieHbl ¢ YUYeTOM HcIape-
HUA XHUAKOCTH. B MOMeHT coBMellleHHsA SYeHKH C BXOLHON KPOMKoOH
BCACBIBAIOIIETO OKHA CKOPOCTh ra3a MaKCUMaJlbHA, 3aTeM oHA ObI-
CTPO yMeHBbUIAeTCA M MOXKeT IDHHATH OTPHIlaTeJbHOe 3HadeHue (NpH
3TOM CKOpocTh 06pa30BAHUSA MAPOB JKHUJKOCTU IpEeBLIIIaeT BO3pacTa-
HMe o6beMa AYelKH).

Kpurepuit Ilpannriaa onpefensercs 3aBUCHMOCTBIO

C
pr=2Y= u—. (8.49)
a A

m

Kpurtepuit I'yxmana yduuTbiBaeT BIMAHHE TEPMOTMHAMHUYECKHX
CBOMCTB BJIAYKHOIO Mapa Ha IIpollecchl TeMJIOOTAaYHM ¥ MCIAapPeHUsA

2 . TZ
Gu = L—— (3.50)
T
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rage T? u T?,. - TemnepaTypbl IlepeKadWBaeMoro rasa, 3aMepeHHEBIe
IICUXPOMETPOM.

A | o #lv. | 1]
\ 75 }
R AN \ZT
0 e — pr B\ 2277
0 N\ % s
‘a \ \ ‘1 }'ai |
N, LY N \\ N /JZ“
4o \ | ) \\ 243 :
N \\\‘ i
20 \\J 74 N
-l N |«
40 60 80 100 120 1403009 a §0 100 tio 140wad 6

Puc.3.20. CKopocTh HATeKAHUS rasa B S4eilKy Yepe3 BcachiBalolllee OKHO
mamues: a- BBH-0,75; 6-BBH-3

Tak KaxK Hponecc TeMJIOOTAAYM M HCIAPEHHUSA MOXKeT IIPOHCXO-
IUTh B YCJOBHAX, KOTJAa TeMIepaTyphl I'a3a M XKHAKOCTH PadJIUYHBI,
BBOJUTCA ellle OJMH MAPAMETDHUYECKHI1 KPUTEPHUN - TeMIIePATYPHBIH
darxTop:

® = . (3.51)
TﬂOB
TeMIlepaTypa NMOBEPXHOCTH JKHUJKOCTH 3ABUCHT OT HANDPABIEHUA
M MHTEHCHBHOCTH IOTOKOB Temia M Macchl. A.B.Hecreperko [37]
OPUBOAUT CJIEAYIOIIYK 34BUCHMOCTh TEMIIepATYPEl IOBEPXHOCTH
SKUIKOCTH OT YCJOBHM Ipolecca:

x : _me -5
T -T,,a_ 0.01 35(_7;_71_:) (Ar- pr)™”. (3.52)
T - Tnzoa T" -

nce

OTcioila HAXOJUTCA TeMIepaTypa IOBEPXHOCTH MXHJIKOCTHOTO
KOJIBIIA:

* _ me L5
T, .= T* - 0,0135((71—}"—3)05(Ar pr)™”. (8.53)
Tz - nzc

Bxoaamuil B aTo ypaBHeHHMe KpuTepuil Apxumesa omnpejenser-
cA 3aBHCHMOCTBIO
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gL’ Ap

Ar = 5
V' op,

(8.54)

B obmactn cikaTusa oTcyTcTBYeT HaTekaHMe rasa. Kpurepmit
Hyccensra B faHHOM ciiyyae UMeeT BHL

Nu, .= f(Ar Pr). (8.55)

Obob11eEe ONBITHBIX JAHHBIX, OJYUEHHBIX B Ipoliecce IIPOBe-

JIeHHBIX 3KCIEPUMEHTOB, II03BOJHJIO MOJYYUTh pAcUETHOe YpABHEHHE
AJ1s1 Y4aCTKA BCACHIBAHUSA U HAMHETAHUA!

Nu = 0,53 Re®® Pr®* Gu®'"®?, (8.56)

a TaKMXe JUIA y4YacTKa CXKATHA!

Nu =5,0I(Ar Pr)o’wj.

YpasHenus (3.44)-(3.56) aalOT BO3MOKHOCTb ONpPENENHUTH KO-
addunueHT Temrooraadn no ypapHeHUIO (3.43).

Ecau BcacripaeMrlit ras cofepKuT 60JIbIIOE KOJUYECTEO BOMA-
HBIX [TapoB U HMeeT OoJlee BHICOKYIO, 4YeM y pafoueil JKHIKOCTH,
TeMIIepaTypy, To B paboueil mOJOCTH MOKET NPOMUCXOJUTH YACTHY-
HaA KoHJeHcalMdA, IIPU KOTOpo#N BhIjessierca Temno. O6o6lieHHoe
ypaBHeHHNe JiuA Kpurepus HycceawTa npu TemsgooTiade OT KOHIEH-
CHDPYIOIUUXCA IAPOB KUMeeT BUJ

Nu = f(Ga, Pr, k) . (3.57)
3aecy Ga - kpurepuit M'annnen:
2,273
o ‘rpL
Ga=—"—22, (3.58)
)

k - xpHTepMil, XapaKTepPU3YIOIUN H3MeHeHHe ArPEraTHOrO CO-
CTOAHUA:

-
C, At

(3.59)

Ha ocHoBanum o6paboTKH 3KCIEePUMEHTANBHBIX AAHHBIX ypas-
Henue (3.57) sanucniBaetca B BUIE

Nu = 0,135(Ga- Pr-k)"”. (3.60)
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KoanyecTro Henapsiciie s ACHIKOCTH HaXoOUTCA IIo dopMyJte
HOansrona [91]). Ilpesnonaraercs, 4TO BeCh HACHIIAOMINNCA IIapaMu
MOBEPXHOCTHBIN CJIOH ra3a YHOCHTCHA IMOTOKOM .

g L[ [ GTRT™

—_— -F™ .dt. (3.61

4 nos
Iﬂ

Iro auddepeHuuaNbHOe ypaBHeHHe MOXKeT ObITh IPOMHTEIDH-
pOBaHO IIPU HU3BECTHBIX BaBHCHMO TAX Fp 0™ u V; oT yrioeoit Koop-
ZUHATHl S4efKu:

GJ‘C _ e__.J‘E 1 *RXT* .

(3.62)

Ilnowane cBoGoAHON MOBEPXHOCTH >KHAKOCTHOIO KOJbIA, IPH-
XOOAIAACA Ha ONHY AYEHKY, olpejensercd C ydeToM IOJIOMKeHHUA
SKUIKOCTH:

x 2 8
e —}rz(l—ﬁ)—ﬁ,‘ (5*63)- (3.63)

Ilromans BHYTPEeHHeHd MNOBEePXHOCTH AYEHKHM HAXOZUTCH KaK
cyMMAa Ijolllafied MoBepXHOcTe#i ABYX JIONATOK, YACTH CpeJHero
JuCKa U BTyJKH paboyero KoJjeca:

F=2F +F,+F,; (8.64)

-

8 1|8 2
F.n = (-2——6aj[r2(1—8)-7'11—5 5—65“ 18Y oms (3.65)

12

Fa :-:— rZZ(l_B)Z_ r1+(%_68jtgyem -

(3.66)

-8 4n(I-B)-|r, +(g~—66)tgym}
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Ilapnenne HachllleHHOro mapa sABafeTcs GYHKIMWeH TOJBKO TeMmIe-
paTyphl ¥ onpefensercsa no gopmyae M.MU.Punrues [37]:

in(p,.) - 156 +8.12t,,,

(3.68)
236 + tn o8
O6pazoBaBmivecsd MNaphl KUAKOCTH 38HMUMAKOT 4YacTh obbeMa
Adeiiku. IIpn pacueTe NPOM3BOAUTESHHOCTH MAINMHEBI HOJIKHO Y4H-
THIBATHCA HAJU4YHe 3THX NApOB B A4eiKe:
. GJKRJICTM
2 — 2 _ n o __ 2 -
vy =v;-vr=v; e
p

Haiitennsiit o6beM Heo6XOAMMO MCHNOJIB30BATH B YPABHEHHUH
(3.48) npu omnpepeleHHM CKOPOCTH HaTeKaHUA rasa B pabodyio mo-
JIOCTh uepe3 BCACBHIBAIOIIEe OKHO.

3.5. Bausanue memnepamypul pabodell sudxocmu Ha napamempsi
HUGKOCMHOKONLYEBbIX MAULUH

Kax yxaspiBajocs BhlIIe, TeMIOEpPaTypa XXUAKOCTH CYIIECTBEHHO
BJIMSAET HA lapaMeTpPhl MAIIMH BCJEICTBHE Temjo- U MaccoobmeHa
MexXJy NEepPeKauYWBAEMBIM Ia3oM M JKUAKOCTHIO. XAapPAKTePHUCTHKHU
MAIINH MOrYT OBIThH OIpeje/leHbl 110 METOAUKE, HU3JIOKEeHHOHN B rJjage
II »n pasg. 3.4.

[nA SKcIepUMEHTANBHOM NpPOBEPKM 3ABUCUMOCTH IIPOM3BOAH-
TEJIBHOCTH OT TeMIIepaTypel BOAsl OBLIa CO3JaHA YCTAHOBKA
(puc. 3.21), npuHUAN AeHCTBUA KOTOPOM 3aKiioyaeTcd B CJEAYIO-
meM. Boga nogorpesaeTca B cnenuanbHoM Oake 1 3JIeKTPOKMIA-
TUABHUKAMH [0 3aJaHHOW TeMOepaTypel, KOHTDPOJUPYeMOH PTyTHBI-
mu tepmomerpamu 2. [[ns moamep:KaHMA paBHOMepHOH TeMmeparty-
Pel BoJa B 6aKe MOCTOAHHO IlepeMelluBaeTcA. B MallMHY BOAa IIO-
JaeTes UeHTPobeXHBIM HacocoM 3, PACXO[ ee yCTAHABIUBAETCA BeH-
THNeM 4 ¥ KoHTposaupyeTca poramerpamu 5 (tun PC-5 u PC-7). Ilo-
nada-Bo3qyXa peryiaupyerca BeHTumieM 6. Pacxopn Bosgyxa samepseT-
ca rasoBeIMu cuerdyuxamu 7 (Tun PI'-40 u PT'-100), a naBienue me-
pell BeachlBaOIUMM narTpy6koMm - U-o6pasHeIM DPTYTHBIM MaHOMET-
pom 8. BapomerpuuecKoe JaBjleHHe onpefenseTcs 6apoMeTrpoM-
asepongom MJI-49-2, norpebisgemas MoUIHOCTh - KoMILleKToM K-50.
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JlaHHAasT yCcTAHOBKA HCIOJb30Ba-
7 [ Jack AJA NpPOBeJeHUS BSKCIepu-
MeHTOB Ha MamumdHax BBH-3 yu
BBH-0,75. Ananorudyssle HCIIbI-

4| - TaHUA nposopuiaucs Ha CyMckom

MAaIIHHOCTPOUTEIbHOM 3aBOMe

P { uM. M.B.®PpyH3e, Ha MallluHe
1 BBH-50.

AbconoTHOe JaBJIeHHWe Ha
BCACBIBAHMM oIpeflefdeTcs Kak
pPa3HOCTh MeXay OapoMeTpuye-
CKUM JaBJIeHHEeM M IToKasareleM
U-obpasHoro pryTHOro MaHOMET-
pa:

Puc.3.21. Cxema askcnepuMeHTaJNb-
HOU YCTAHOBKM [JA oOlpefejleHUSA
BAUAHMA  TeMIlepaTyphl  paGoueit
JKUIKOCTH Ha IapaMeTpPhl MAUIMHbI

p,. = B-(U-9). (3.69)

3aMephl NPOM3BOANINCH IIPU JABJIEHUAX BO BCACHIBAIOLIEM IaT-
pyoke 50, 40, 30, 20 u 15 xIla 1 HecKoJBKMX 3HaYEeHUAX pacxoja
Bogbl. IlpoussogmTenbHOCTH BAKYYMHOIOC Hacoca, OTHeceHHasd K
YCIOBUAM BCACBIBAHUA, ONpeeasieTcs MO YpaBHEHUIO

60-V°.B
Q=—c'"—“
4 * Pac

Ilonyyennble SKCIEPUMEHTANBHO 3aBUCHMOCTH IIPOUIBOJUTENb-
Hocti JKBH ot pexxmma paboTsl u TeMmepaTypsl paboded KUZKOCTH
ana mamud BBH-3 u BBH-0,75 (xapakTepHCTHKU BaKYyMHBIX Ha-
cocoB) mnpejcTaBiaeHsl Ha puc. 3.22. C pocToM TeMmepaTypHl BOJbI
IPOM3BOAUTENLHOCTh Hacoca cHUXKAeTcA M Io Mepe NafleHUA JaBlie-
HMSA BO BCACBHIBAKOIIEM IATPyOKe STO CHHM(EHUE CTAHOBHTCA Bce Oo-
qee sHaumTensHBIM. OZHAKO clelaTe KakHe-mubo 06OOLIEHUA II0
9THM rpaduKaM 3aTPyAHUTENBHO, O3TOMY Pe3yJbTaThl UCIBITAHMH
OpuBefeHb K 6Ge3pasMepHOMY BUMAY M IlipefcTaBieHsl Ha puc.3.23,
rfe TO ocH OPAMHAT OTJIOMKEHO OTHONIeHWe IIPOM3BOJUTENIHHOCTH
IDH AaHHOM TeMIepaType K npousdBogureiabHoct npu 288 K.

Oboburennas 3aBucuMocTh mnpoussogureabHocTH KM ot
TeMIlepaTyphl pabodedl KUAKocTH OBLIA HCHOJL3OBAHA HAJIA IIPHBe-
JeHUs NapaAMeTPOB K HOpMaibHHIM ycaoBuam B OCT 26-12-1113-74
"MamunHsl BofoKosbHesble. TUnsl u ocHOBHbIe mapamerpsl [41] u
MOCAeSYIOUIUX €0 PeJaKIUAX.

: (3.70)
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Puc.3.22. XapakrepiicTKY BAKYYMHEIX HACOCOE IIPY PA3JHYHBIX
TemIeparypax paboveil JKUAKOCTH:
a-BBH-3, @*=12 n/mun, 6-BBH-0,75, Q*=31/Mun
Q
1
03 N

6

08

A

Py~ 47xil
07 40x0 A

~
Puc.3.23. Obobuiennas 3aBUCHMOCTH \
NPOUSBOAUTENABHOCTH  MAIIUHLI  OT
pexxuMa paboThI 1 TeMIlePaTyphl pa- . 33xllo

Boueil KugKOCTU 06 /\

27xNaA
05 /
20\(“9/ \

29 30 30 320

T
K

3.6. Bausanue ceolicme pabouell xudrxocmu Ha pabouuil npoyecce
8 HUOKOCMHOKONbYe80l MAULUHe

OzHuM U3 CYIIECTBEHHBIX JOCTOMHCTB KHAKOCTHOKOJIBIEEBIX
MallnH, ocobeHHO NPH X IPUMEHeHWH B XUMHUUYECKOH, HedTeXUMH-
YeCKOl ¥ [OPYyrHX aHAJOrMYHBLIX OTPACHSX IIPOMBIIIJIEHHOCTH, SB-
JgeTcd BOBMOMHOCTh paboThl Ha Pa3MUYHBEIX PabouuX KHAKOCTAX.
Haubonee usammeiM npegcraBasercA pellieHde, HPU KOTOPOM pabo-
Yad XUAKOCTh B BAKYYMHBIX HacocaX ABJISeTcA KOHIEHCATOM OTKA-
YMBaeMbIX TIa30B (3al(UIeHo 8BTOPCKUM CBHAeTeThcTBOM). Ilpum
3TOM He IIPOMCXOAUT 3arpA3HeH¥Me OTKAYHEBAeMOIo rasa napaMH pa-
Godell KUAKOCTH, B TAKMKe 3arpA3HeHHe MXUAKOCTH KOHAEHCHUPYIO-
UIMMHCA IIapaMM, KOTOpble Mor'yT o6pas3oBBIBAThCA IIPH CIKATHU Ta-
3a.

Hdpyrum ¢axkTopoM, BIHUSIOLIAM Ha NPHMEHEHHEe pasJIHYHBIX
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pabounx xuaxccteit B KM, sABiIgeTcA BO3MOXKHOCTb HCIOJBL30ORBa-
HHUA UX CBOMCTB JJIA COBMEIEHUs IPOIEcca CIKATHA C APYTHMy
nponeccamu. Tak, B XJIOPHBIX KOoMIIpeccopax B KadecTBe paGoyeiy
SKHMAKOCTH MCIIONL3YeTCH BBICOKOKOHUEHTPUDOBaHHAA cePHasd Kuc-
Jora. B HMX MpoHecC CKATHA COBMEIIAETCA C OXJAXKIAECHHEM CiKu-
MaeMoro ra3a U ero ocylKod. B pesysibpTaTe IPOMCXOAUT IOCTEIEH-
HOe CHIKeHUEe KOHIeHTpanuyl cePHO KUCIOTHI.

Hamn peanbHo paccmarpuBasica npoekt JKKM pua cixarus ra-
30B ¢ 6OJBIINM cOfep/KaHUeM OKMCJIOB cepbl, B KOTOPOH B Ka4decTse
paboueil MKHIKOCTH NPEAIOJAraIoch HCIOAb30BATH pacllIaBIeHHYI0
cepy, & TaKyKe pAJ APYTUX JOCTATOYHO SK30THYECKHX IMPOEKTOB.

IIpu sTOoM Bo3HMKaeT IpobieMa onpefieleHUsA BJIMAHUA CBOHCTEB
paboueit sxkuaxoct Ha mpomeccst B JKKM. 9tu mpobieMer paHee
paccMaTpHUBAJHCh B HEKOTODHIX paborax [38 5]. B nux npusopsaTcs
pesyJiLTATHL 9KCIepHMEHTOB, HO HH B OJHOH M3 3THUX pabor HeT Ka-
YeCTBEeHHOTO aHaau3a u 0000lLIeHuA pe3yabTaToOB, KOTODbIE MOJKHO
6B1710 6B MCIIOJIB3OBATH IIPH CO3JAHHMHM HOBLIX MAIIHH.

M= npegnonaraeMm, uto Ha pabouyuil nmpouecc B JKKM piausior
nBa ¢uzUYecKUX cBoilcTBa paboueil KUAKOCTH: IJIOTHOCTh M BA3-
xocTh. KoHeuno, MOryT BJAMAT, U APYrLHMe ee CBOMCTBa, HaIpHMep,
IMOBEePXHOCTHOEe HATAKEHMe, HO MX BIMSHMe Ha paboumuil nmporecc Msl
He pPacCMaTpPUBAJIU.

KonuuecTseHHbIN aHAMU3 BINAHUA CBOHCTB pabodeil KHUAKOCTH
Ha TapaMeTphl MAIIMHLI MoXKeT GBITL HPOBeJeH TOJIBKO HA OCHOBA-
HMM pacdeTa NoJA CKopocTeil B GeasomaroyHoM mnpocTtpaHcTee. Ta-

KMe pacueThl JIA MJOTHOCTH pabodeit Kuaroctn p=100, 1000, 1500
n 2000 xr/m3 mpu Baskoctn ¥=10% m2/c u ana BaskocTu paboueit
skuakoetn v=10%10510% u 4104 m%/c npm mIOTHOCTH

p=1000 xr/m3 6b11u nposesens! Ans mamnasl BBH-3 no metoauke,
u3no)xensou B raase II.

Ipaduky BAMAHMA IJIOTHOCTH Ha CKOPOCTH KHAKOCTH B Geajio-
maToYHOM HpOCTpPaHCTBe HpH AaBieHuu BcacsiBanma 30 xIla npu
HOXBOAE B MAILMHY 8 JI/MUH XMAKOCTH IpMBeJeHbl Ha puc.3.24a. 3a
cYeT pe3xoro najieHusA JaBJeHHA ra3a IPH Iepexoje KHAKOCTH W3
obsacTu HArHeTAHUS B 00JacTh BcachlBaHUA (B paccMaTpUBAREMOM
KOHKpeTHOM caydae - Ha 0,07 MIla) ee ckopocTs B Oe3djionaTodHOM
npocTpaHCTEe BoapacTaer. Yem 6oJbllie IJIOTHOCTh, TeM MeHbIUE
IIPHPOCT CKOPOCTH JXMAKOCTH NpH 3ToM nepexoge. VMeHHo aTo 06-
CTOATEJBCTBO MPUBOJUT K YMEHBIUEHHUIO CKOPOCTH YKHMAKOCTH B HA-
yaJjle npoiecca BCACHIBAHMSA C POCTOM e€ INIOTHOCTH.

B nponecce BcacslBaHUA KHUAKOCTH BHIXOAUT U3 gdyeeK pabouyero
Kojleca B 6e3J0mATOYHOE NPOCTPAHCTBO CO CKOPOCTHIO, He 3aBuCA-
et ot ee miaorHocTH. IloaToMy ee BJIMAHNE Ha CKOPOCThH KHIKOCTH
B KOHIle IIpolecca BCACHIBAHUA CXOZUT Ha “Her”.3amac KHHETH-
YeCKOil 3Hepruy B KUAKOCTH IPH OAHOM M TOi Ke cKopocTm npAMO
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ppolloplyioHaled NiaoTHocTH. CiefosaTejsHo, B 06JaCTH CIKATHS
GoJbIIed IIJIOTHOCTM COOTBETCTBYET MeHbIlee CHUKeHue CKOPOCTH
HKHAKOCTH IIPM OAMHAKOBOM YBeJIMUeHWH JaBJeHHA rasa. OgHaro
poCT JaBJeHUA rasa B AdYeliKax Mo YIVIy MoBopoTa paBodero KoJjeca
JUIA DA3HBIX UAKocTeHl HeoAUHAKOB: GoJbIlIeil MJIOTHOCTH COOTBET-
cTBYeT MeHbIINI pocT AaBieHus rasda. O6a aTu ABJeHUA NPHUBOAAT K
MeHBIIeMY CHHM)XEeHHIO CKODOCTH B OOJIACTH CHKATHA V MKHJKOCTEH C
foJbHIEH IJIOTHOCTHIO.
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Pnc.3.24. CxopocTs :uAKOCTH B 6€3JI0MATOYHOM IPOCTPAHCTBE MAIIKHEL
BBH-3 npu zasnenuu scacriBanusa 30 klla:
&-I1pY Pa3JINvYHON IJOTHOCTH paboyeil KUAKOCTH;
6-IpK pPAasIMYHON BA3KOCTH paboueit XULKOCTH

Usmenenue GopMeI Kosbla KUAKOCTH CKA3BIBAETCA TaKXKe M Ha
HMCTeYEHHMH MKHUAKOCTU M3 OKHa HarHeTaHus. JKHaKocTs ¢ Maioi
IVIOTHOCTBIO UMeeT GoJIBUIYIO TOJNLIMHY KOJBIA B Hauyajle HarHeTa-
TeibHOoro oxHa. IIpu sroM HeTedeHHe MKUAKOCTH IPOMCXORUT B
OCHOBHOM B Haualle OKHa, 8 B KOHIIE KOJILIO Kak 6sI OTXOZUT oT He-
ro. Juakocts c¢ 6ojbleil NJIOTHOCTHLIO IepeKphiBaeT BBIXOAHYIO
HacTh HATHETATEJIbHOTO OKHA, [OITOMY NepeTeuKH Hepes ~MepTBOe
npoc'rpaﬂc'rno MEHBLBIIIe.

Bospurest MIOTHOCTH COOTBETCTRYIOT TaKKe GOJIBIIME THAPABIIH-
4YecKue MOTepU. ITo 0O'bACHAETCA TJIABHBLIM 0Opa3oM TeM, YTo IIOTe-
PU [aBjieHUS NPH HPOYMX PABHBIX YCJAOBUAX NPONOPHMOHATIBHLI
IJIOTHOCTH, M YACTHYHO OOJIbIIEH CKOPOCTBIO KHUAKOCTH B obJjacT
CXXaTUA M HArHeTaHUA. Baancnmoc'm MOIIJHOCTH N IPOM3BOANTEJIb-
HOCTM MaIMHBI OT MJOTHOCTH pabodeill KUAKOCTH INOKA3aHbl Ha
puc.3.25.

Ins onpefeneHNs BANAHUA BA3KOCTH HA NAapaMeTphl MAIIMHEI
PaccumraHel KoadPUIMEHTH! T'HIPOJAUHAMHYECKHX IIOTeph pH

=105,104 u 4 10-* m2/c (puc.3.26). Biuaune BA3KOCTH Ha CKOPO-
Pocte xUAKocTH B 0e3jomATOYHOM IIPOCTPAHCTBE TOKA3aHO Ha
Puc.3.246. 310 BiMAHME AoJKHO Goslee HATJIALHO IIPOSBIATHCA
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y MalldH MaJioll pasMepHOCTH,
TAK KAK TJABHYI pOJb 37eck
urpaer aHadeHue kputepus Peir.
monsaca Re. Ilna BBH-3 npu pa-
/ 60Te Ha BoJle cpeiHee IHAYEHUe
- {1 Re umeer mopagox 105, noatomy
— 1 ysenndyenne Ba3KocTw B 10 pas
(mpu v=10-% m2/c) npakTHuecku
He CKAa3plBaeTcs Ha IapaMeTpax
mamuHel. OfHaKoO yBeJlUUYeHuUe
Puc.3.25. IIpousBOGUTENBHOCTE M  BA3KOCTH HO 4-10% m2/c (uro
momsocTs Mamunel BBH-3 mpu  coorpererryer macay H1-A) ama-
Aasnenuy Beachisanusa 30 xlla, YUTeTHHO BINAET HA [1APAMETPLI

Ux

€~ Mo et
/

.
W W Ky A D

V=106 m2/c; Q*=8 n/mMun MAIIAHBI.
2] % B »auane obnacTH BCachliBa-
/ HUA CKOPOCTh B 0e3/IonaTo4yHOM

NMPOCTPAHCTBE MAJIO B8BUCHT OT
pA3KocTH. Ilpm nmepemellleHum
0 10 MUINKOCTH OT BepxXHero ceyeHus
BHH3 DA3HMIIA B CKODOCTH 3a cyer
IUAPOAHMHAMHYECKHX IOTEPH

233 10t />7
1

12 :m';: ngoamae'rca BCE (‘:ml.ineezn Ipu
a=0° nna v=4-10%* wm?/c mo
CpaBHEHHIO C BOJAOH CKODOCTbH
o yMeHbIaeTes Ha 1,4 M/c, T.e. Ha
Voo oow womooWmom 9%. DT0 NPUBOAUT K OTHOCH-
Puc.3.26. Koodduiment mnorepr B TEIBHOMY YEEJIHYEHHIO TOJNIIHHB
6e3JI0IaTOYHOM NIPOCTPAHCTBe Mamy- JKHAKOCTHOTO KOJbBIA IIPHMEpPHO
et BBH-3, p=1000 xr/m3 Ha 3 MM H COOTBETCTBYIOLIEMY
yMeHbIIEHUIO KOJIMUECTBa
3acachblBaeMoro rasa. B Ipomecce c:XaTHUA rasa CKOPOCTh KHIKOCTH

ymensmaercs npu v=4-10-% M2/c 6bicTpee, YeM y BoJbI, KaK 3a cueT
moTeps, TAK U 3a c4yeT GoJiee 6BICTpPOro HapacTaHUA [AaBIeHUA B
AYyenKax.

Ilocte oTKpPHITHA OKHA HaTHETAHHMA YacTh KHAKOCTH cpagdy yXo-
OUT U3 KOJIbIA B HATHeTaTeJbHBIA NATPYOOK, CKOPOCTb KHIKOCTH,
HeCMOTpPA Ha THAPOSUHAMMYeCKHe II0TepH, BoapacTaeT M KHAKOCT-
HOe KOJIBIIO OTXOAMT OT KPOMKHM HarHertaTeJIsHoro okHa. IIpu atoM
yBeamYuBaloTca o6beM 'MepPTBOTO NPOCTPAHCTBA U IePeTedKH rasa
Yyepea Hero u3 Io0JocTH HarHeTAaHUA B IIOJIOCTSH BCAChIBAHMA.

Taxkum ofpasoM, IpM NPOEKTHPOBAHUM MAaNIMHBI, NpeJHA3HA-
YeHHOH AnA paboThl HA BA3ZKON KUIAKOCTH, HEOOXOAMMO yBeJHUIH
BATh 3KCIEHTPHMCHUTET, CMeIIaTh BHU3 BXOJHYI0O KPOMKY HArdeTa
TeJbHOT'0 OKHA M HPUOIMKATH BHEIIHIOK KPOMKY HarseraTenpHOTIC
OKHa K BTyJKe paGouyero xoJeca.
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PucnpeneneHe ruzpoAHHAMHYECKHUX IMOTEDPh MOIHOCTH BIOJb
6e3JI0I4TOYHOTO0 HPOCTPAHCTEA B 3ABHCHMOCTH OT BA3KOCTH paboueil
KHUAKOCTH TIOKa3aHo Ha puc. 3.27, a 3aBHCHMMOCTH MOUIHOCTH M
NPOH3BOMUTENBHOCTH MAIIMHBEI OT BAIKOCTH paboueil KHUIKOCTH - Ha
Ipuc. 3.28.
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Puc.8.27. Pacnpegenenme ruppoxu- Puc.3.28. IlpouseopuTennHocTs U
HAMWYECKUX II0Tepb MOUIHoCTH B MomHocTe Mamuusl BBH-3 npu pas-
6e3JI00aTOYHOM IIPOCTPAHCTBe Maluu- JeHMH  BeackBauua 30  xlla,

Bel BBH-3 npu naBnerun BcachiBa- £=1000 xr/mM3; @*=8 n/mMun
rua 30 xlla

B paGotax [5,6] npusegeHbl pe3yJabTATHI 3KCHEPHMMEHTATIBHBIX
ucciaenoparuiit Ha mamnge BBH-3 ¢ KHAKOCTAMU pasjIMyHON ILIOT-
HocTH. Jlna cpaBHeHMs oHM HaHeceHsl Ha pHc.3.25. IIpm pacyere
NMPOM3BOAUTENIBHOCTH YYTEHO TaK)e, YTO BA3KOCTh U IJIOTHOCTH
SKUAKOCTH BIMAIOT HA TedeHMe JKHMJIKOCTU B TOPLEBBIX 3a30pax H MX
W3MeHEeHHe COOTBETCTBYIOLIMM o6pasdoM yBelWUYWBaeT HJIH YMeHb-
UIaeT 3arpoMosKJieHNe TOPUEBhIX 3a30POB KUAKOCTHIO.

Bonpockl, paccMoTpeHHBIe B JaHHOU TIiaBe, AAKOT BO3MOMKHOCTE
NOHATH PUIHYECKYIO cylHocTs npoHcxoaanmux 8 JKKM npoueccos.
Bes aToro HeBo3MOKHO co3JaTh BbICOK03GhGEKTUBHbIE U JOCTATOYHO
SKOHOMHYHEIe MAIIHHEI.



I'nasa wemeepmas.

OIIPENEJEHUE KOMIIOHOBKHN U
ONTUMAJIBHBIX PASMEPOB
JKUINKOCTHOKOJBIIEBBIX MAIIINH

B pasn.1.3 npupefieHa KJacCMPHKAIMA KHAKOCTHOKOIBIEBLIX
MAIIKH 0 KOHCTPYKTHBHBIM npusHaxaM. Jlng BeiGopa Tod MIH HHOH
KOMIIOHOBKU HEJOCTATOYHO MPOM3EECTH pacyeT ABMKEHHA JKHAKOCTH
3a mpormecc, NpoBeJeHMe ONTHMU3AINM KOHCTPYKTUBHBIX NapaMeTpos
MOXXeT RABaTh MOTPEeIIHOCTH H3-3a TeX NONYIIeHHH, KOTopble OBLIN
CeJIAHBI IIPU COCTABJIEHHH MaTeMaTHYeCKOH MozieH B paszn.2.4. IIo‘:
3TOMY AJA BHIABJICHUs HauGoJee pPalHOHAJIBHOM KOHCTPYKTHBHOH
exeMsl MallMHLEI ¥ ONTHMAJIBHOIC COOTHOIeHHWs ee IapaMeTpoB He-
06xX0JUMO WCHOJIB30BATH YoKe MMeIONUICA OIIBIT, COOTBETCTRYIOLIHNM
o6pasom ofpafoTaB M CHCTEMATH3MPOBAB J[AHHBIE IO pa3JIHIHBIM
MamuHAM. B psaje ciyuseB mpuxoauTca mpuberaTh K CTATHCTHYE-
CKUM CpaBHEHMAM KaK Hanbojee [JOCTOBEPHBIM H HCKJIIOYAIOIIHM
BOBMOKHBIE METONUUYEecKHe MOTPEellIHOCTH NpH dKcllepuMeHTax Ha OT-
NeJILHBIX MalluHaX.

B usBecTHOI HAM JHTepaType HeT CHCTEMAaTHUYeCKOro M o6ocHo-
BAHHOTO AHAJNM3A PASTHYHBIX KOHCTPYKTHBHBIX cxeM JKKM.

4.1. AHaAUu3 KOHCMPYKMUBHbBLX CXEeM HUTKOCMHOKONbYe8biX MAULUH

BriGop koHCcTpykTHEHOH cxemsl JKKM sBiasgerca ompepesdio-
muM npu ee mpoexkTupopaHnu. OcHoBHOe TpeGoBaHue, mpeXbABILIE-
Moe K MalluHe, - 00eCIeYnTs NPOM3BOAUTENBHOCTD N0 YCIOBUAM BCA-
CHIBAHUA HPH COOTBETCTBYIOIIEM BaKyyMe (WM CTeNeHH MOBBIIICHHA
naBsrenusa). Kpome Toro, cTOMMOCTb CXKATHA rasa JOKHA GEITH MHU-
HUMaJIbHOHM, AJIA 4Yero HeoO0XoZMMO oOecleudTh TeXHOJOTHIHOCTD
KOHCTPYKIMHM, & TaK)Ke MHHHMaJbHOe MNOTpebiieHHe 3JeKTPOIHEePIiy
u pabouel MHUAKOCTH. .

Jna aHanM3a KOHCTPYKTHBHOM CXEMBI COIIOCTABHM MEXAY coboit
MAIIMHB ¢ OCEBBIM M PAJAUAJbHEIM IIOJBOJOM H OTBOJOM CXHHMAaeMOTO
rasa, MaIIMHBI IPOCTOTO M ABOMHOro JAeHCTBHA, OJQHO- M ABYXCTY-
MeHUATHIEe, & TAKXKe OJHO- ¥ ABYXIMINHAPOBble MAIIMHBI.

4.1. 1. Mawunst ¢ ocesbim u paduanrbibim nodeodom u omeodom
zasa

Ilpuanun paboTsl MalIMH C OCERHIM M PAJUATILHBIM ITOJBOAOM 24
OTBONOM Ta3a OJHHAKOE, OJHAKO CYLIECTBYeT pA3IH4YHe B HMX KOH-
CTPYKTHBHOM 0QOPMJIEHMH, YTO OKA3BIBAET BIUSHHME U HA mpoTeKa-
HHe pabouero mpomecca.
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B MalliIMHEe C OCeBbIM razopacrnpenejleHuemM BCACBHIBAKOILIIEe 11 HAa-
FHeTale/IbHblE  OKHA  DACHOJIO)KeHBl B TODHEBBIX  CTEHKAX
(em. pric.1.1-1.8), u TONMHA KMAKOCTHOTO KOJIBIA OIpeleaseTcs
dbopmoil M mMoNoKeHHMeM BHeIlHell KPOMKH HATHETATeJLHOTO OKHA.
Yem nanbille OHA HAXONUTCA OT IIEHTPA KODIyca, TeM TOHbIIE 6yaeT
JKHIAKOCTHOE KOJNBIO U TeM Gosbllle 06beM rasa, NMepeTeKaolero B
AYedKax pabovero Kojieca M3 MOJOCTU HATHETAHWA B [TOJOCTL BCACHI-
BauuA. lIpu Takoil cXemMe MaIUMHBI BeJMYHHA ' MepTBOrO IIPO-
CTPAHCTBA B 3HAUUTEJILHOM CTElleHH 3ABMCHUT OT TOYHOCTH H3LOTOB-
JIeHUsA HArHeTATeNbHbIX oKOH. HeGoJplIMe OTKIOHEHMA B PACIOJIO-
KeHUU UX BHEUIHedl KPOMKHM MOIYT NPUBECTH K CYIIeCTBeHHOMY M3-
MeHEHMIO X8PAKTePHCTUK MAaILIUHbLI, 0COGEHHO NpM GOJBIIMX CTele-
HAX IOBHIIIEHUS JARJIEHNA.

Ilpu paguanbHOM rasopacnpefeleHHy HarHeTaTeJbHble OKHA
pacrnonoXens! B KoHycax (cm.puc.1.4-1.6) u yxomamasa KHAKOCTH
nepekpoiBaeT MX. Ecium yron HakmoHa ofpaayromeii KoHyca gocTa-
TOYHO BEJIHK, TO XUJKOCTh YXOUZHUT TOJBKO Yepes BePXHIOK 4acTh Ha-
THETATEJBHOIO OKHA, 8 HIDKHAA €ro 4acTh KHUAKOCTBHIO He IepeKpbl-
BaeTcia. B atom ciayuae BenuynHa “MepTBOro mpocTpaHCTERA  MeHbIIe
3aBUCHT OT DACHOJIOJKEHUA HAalHEeTATeIbLHOTO OKHA.

Kaxux-1160 3KCIIepHMEHTATBHBIX AAHHBIX IO CPABHEHHIO KO-
HOMHYHOCTU MAIIMH C OCEBHIM M PaJWaJbHLIM rasopaclupefeieHUEM
B M3BECTHOM HAM JHTepaType HeT. MoXHO BOCIIOJIB3OBATHCA  CTa-
TUCTHYECKHMH JAHHBIMM 3apyOe)XHBIX (GUPM, BHINYCKAIOMIMX MAIIU-
HBI PACCMATPUBAEMBIX KOHCTDYKIMIL.

Jlyumue MamuHBI ¢ OceBHIM MOABOZOM M OTROJOM rasda, IO
UMeOWHMecA Y Hac JaHHBIM, BHIIYCKAlOT (uUpMbl Siemens” wu
"Hibon". Vaensnas momuocts y ¥XBH dbupmsr “Siemens” npn gas-
nenun BcackiBaHMA 30 klla pgocruraer 1,27 xBrmmu/m3, y JKBH
¢upmbr  "Hibon™ - 1,33 xBrmun/M3. Kommpeccopsr ¢upmsr
"Siemens” mpu crenenyn NoBbIIIEHUA XABJEHUA Tp=2 MMEIOT M30Tep-
muueckuil KIIJl na yposue 51%, a xoMnpeccopsr dbupmsr “Hibon" -
no 60%.

Jlyumire MamuHBl ¢ paguanbHBIM IIOABOAOM M OTBOAOM rasa
npoussogar ¢upmer Nash™ u "Neyrpic”. ¥V JKBH ¢upmer "Nash”™
VAeJibHad MOIIHOCTH NpM AaBieHuM BeaceiBaHuA 30 kIla umeer sHa-
uyenie He xyxe 1,18 xBrmuu/m3, y XBH ¢upmer “Neyrpic” -
1,15 xBrmun/m®. Hsorepmuueckuit KIIJl y xommpeccopo 3Tux
thupM IIpn crelleHH MOBBLIIIEHUA AABJEHUA, PABHON 2, HAXOZUTCA Ha
yporae 50%.

Mamuss mpocToro gedcTBUA o6eHX paccMaTpHUBAeMBIX CcXeM
CO3JAI0T NMIPHMMEDPHO OAWHAKOBBIH NpeleabHbilt BakyyM. Kosddunuenr
Pacxofa pIf STHX MAallWH, KaK BuJHO U3 puc.4.1, taKixe npumepHO
onuHarkoB. HMa mpupefeHHBIX AAHHBIX MOMKHO CHeJIaTh BBIBOJ, 4YTO
JHIKOCTHOKOJIbIIEBbIe BAKYYMHBIe HACOCHI ¢ paJNasIbHBIM Tradopac-
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mpefeseHNeM MMEIOT VYAeJIbHYH MOIIHOCTh, IIPHMEDHO HAa 10%

MeHbIIyIo 1o cpapaernio ¢ JXBH ¢ vceBsIM razopacnpejeeHueM.
OxHako  MaIIMHBI  3THX

¢upM paboTalOT B PASINYHBIX

Ty A A- [fss | Vodhy yenosuax. Tak, HBH dupmer

"Siemens” pa6oTalT Ha 601b-
IDIMX OKPY)XHBIX CKOPOCTAX, HYeM
7KBH dupmsr "Nash”™ (naBHBIMHE
06 OKPYXHBIX CKODOCTAX Ma-
mua ¢upmer Neyrpic” MsI He
pacroJiaraem). Mamrunsn
2BA531, 2BB921 u np. dupMmsl
"Siemens” (mo karajory 1970
r.) OpH JAABJEHUHM BCACBIBAHUSA
30 xIla MMerT yAeJIbHYIO MOII-
moets 1,267 xBrmun/M3 npu
oKpysHOH cropoctn 19,3 wm/c,
rorga kax y mampneer CL6002
dupmsr  “Nash” yAenpHasa
MoIHOCTH, paBHas 1,185 kBrMuH/M?, HonydyeHa OpPHM OKPYXHOM
ckopocru 18,1 m/c. IlosToMy IS OKOHYATEJIBHOTO CYXJeHU:A o6
SKOHOMMYHOCTH MALIMH TOH MJIM HHOM CXeMEl HeobXOAuMMo HUX mapa-
MeTpBI CPABHMBATH DY OAMHAKOBOH OKPY/KHON CKOPOCTH.

B xarajore ¢dupmbi “Siemens” (1967 r.) _meercs rpaguK me-
pecdeTa mapaMeTpoB IPU U3MEHEHHMH OKPYSKHOM CKOPOCTH, COTJIACHO
KOTOpOMY INIpM Hepexoje ¢ OKpyixHoi#t ckopoctn 19,3 Mm/c Ha cKo-
poers 18,1 M/c ypenpHasd MOUIHOCTH CHIDK@eTCA Ha 6% . Tarkue xe
peaysIbTAaThl HOJYYAIOTCA IPU AHAJIM3E XAPAKTEPUCTHK MAIIMH (Hp-
Mol “Nash”. Taxum o6pasom, IPH PaBHEIX OKPYKHBIX CKOPOCTAX Ba-
KYyMHBIe Hacochl 00eHX cXeM HMelOT IIPUMepPHO paBHble YIeJIbHbIe
MOIITHOCTH.

Ilpu cpasHeHUHN TaKXe HEOOXOZUMO YYMTHIBATB, YTO MAIIUHBL C
pajMaIbHBIM MOJBOJOM M OTBOXOM Tasa KOHCTPYKTHBHO Goslee CIOK-
Hbl M MeHee TeXHOJIOTMUYHBI. Pabodee Kojieco U KOPNyc Y HUX HUMeIOT
foJiee CIOKHYI0 KOHCTPYKLIMIO, Heobxogumo obecreynTs Majble 3a-
sopsl (mopsiaka 0,1-0,3 MM) MeXXAy KOHHMYECKMMH ITOBEPXHOCTAMH U
ux o6paboTra TpebyeT GoJee CIOKHOrO 06OPYLOBAHUA.

DroT aHaana GBI MpOBejeH HaMM HPU pas3paboTKe OTpacieBoro
crangapra [41]. B peayisraTe 3a OCHOBY B CTAHAApPTe OBLIM IPHHATHI
MAITMHEI ¢ OCeBBIM rasopagrpefenenuem. IIpu aTrom TakXKe y4HUTBI-
BAJINCH CJIOKHBIIMECH K TOMY BpeMeHHM TPaJHOHMU OTedyecTBeHHOIO
Mall¥HOCTPOEHUA.

Puc.4.1. KoadpduumeHr pacxoja Ma-
IIVMH  pasauYHEIX GUpPM HpH JaBie-
Hum Beacwiauua 30 xlla

164

4.1. 2. Mawunbsl npocmozo u 38oitHozo delicmaus

B oTanume oT MamuH HpocTOro AeHCTBUA B MAaHIMHAX KBOIHOTO
neitcteua (cMm.puc.1.7 1 1.8) 3a oamu 060poT poTopa MPOUCXOLAT ABA
pabounx nuxia. HanGosee pacnpocTpaseHbl MallMHbLI TBOWHOTO Heil-
CTBUA ¢ PAAMAIBHBIM IIOJBOJOM ¥ OTBOJOM cXXHUMaemoro rasa. Teope-
THYeCKM IIPOU3BOJHUTEJSLHOCTh MAIUIWH JXBOWHOTO JEHCTBUA MOXKET B
OBa pasda IIpeBBIIATH ITPOM3BOJHTEJBHOCTh MAIKH NPOCTOro nei-
creuA. OgHaKO LeNBI# pAx NPUYMH CYKAeT 3TOT PA3phIB.

Mamunsr gBoiiHOro AefcTBUA MMEIOT MO IBA OKHA HAUHETAHHA H
BecachIiBaHMA. PaccTogHue Me)xgy HUMM MeHblle, YeM yV MAUIIUH IIpPO-
CTOro NeHCTBHUA, HOdTOMY I'MAPABIMYECKOE CONPOTHUBJIEHHE IepeTeKa-
HHUIO rasda M3 [OJOCTH HATHETAHUA B IIOJIOCTh BCACHIBAHWUA B MAIIH-
Hax JBOWHOIO JefiCTBUA TaK)Ke MeHbIlle. B CBA3H ¢ STHM BO3PacTaioT
nepeTeyku rasa. Kak ykassiBasioch paHee, NIPH MaJIbIX CTENEHAX IIO-

BbIIIeHUSA OaBJeHUA 7 BJINAHMNE IIepeTedeK Ha mapaMeTpPhl MallMHbI

HeCYIJeCTBEHHO, HO C POCTOM 7y OHO DPe3KO BO3pacrtaeT, 6iaarciaps
yemy HBH asoiiHoro geficTBMsa HMeOT MEHBIIYIO IpelejbHYI0 CTe-
IIeHb NOBBIMICHHA NABJSHHA.

¥ pabouero Kojleca MaIIMHBLI JBOHHOro AeMCTBUS HpeRycMaTpH-
BaeTcA NMPAKTHYECKU yIBOEHHOE YHUCJO JIONATOK, YTOOBl COXPAHANOCH
HEU3MEeHHBIM 4YMCJIO AYeeK Ha OJAUH MOJHBIH pabouuit mukia. Tomuu-
Ha JIONATOK BBIOMpAeTcA M3 TEXHOJOIHYECKHX COOGpasKeHUil, IoaTo-
My 3arpoMokieHue paboyero mpoCTpAHCTBA JONMATKAMH Yy MAIIUH
ABoIHOro JeieTsudA OGonbire. CKOPOCTH rasda BO BCACBIBAIOINUX M Ha-
THeTaTeJbHBIX OKHAX Yy HHUX TAKKe OONblIe, YTO MPUBOJUT K pOCTY
noTeph JAaBjeHUsd. Bce 3TO CHHM)KaeT NPOUIBOAUTENLHOCTE, TOITOMY
HPOU3BOJUTENLHOCT, MAIINH ABOMHOIO AeiICTBMA IIpEeBHINIAET IPOH3-
BOJUTEIBHOCTh MAIIMH MPOCTOTO JefcTBHA He B 2, & TOJABKO B
1.3-1.5 pasa. 9To mnoATBepKIaerca CpaBHeHHeM Ko3hpdUUIMeHTOR
pacxogna, IPHUBeJeHHbIX Ha pHc. 4.1.

B JKM snauyuTensHad MOIJHOCTL 3aTpadyHBaeTcAd Ha Mpeojoie-
HUe THIPABINYECKUX CONPOTHBJIGHUH B Oe3jonaTouyHoM IMpo-
cTpaHcTBe. B Mammuax asoiiHoro AeiicTBusa 3a cder Gosblredt Kpu-
BU3HBI KOpIIyca I'MJPaBIMYECKHe IIOTEPH HECKOJBKO BO3PACTAIOT, HO
OHM NPUXOJNATCA HA YABOGHHOEe UMCJI0 pabounx HUKJIoB. B peaynpra-
Te BeJIMYMHA IUJPABJHYECKHX IIOTEPh YV STHX MAIIMH OTHOCHTENBLHO
MEeHBIIe.

Hawuboiee nenecoob6pasHo MPOBOAUTH CPABHEHHe MAUIMH NPOCTO-
ro M ABOMHOrOC HOedcTBMA, BHIyCKAeMBIX OJHOM M ToH ke ¢upMoi,
TaK KaX y pasJuyHbIX GUPM MAIIHHBI MMEIOT Pa3HbIH TeXHUYeCKHH
ypoBeHb ¢ GospluuM paszbpocoM mapamerpoB. 1A cpaBHeHus BhIGpa-
Hbl MamruHel Gupmsl ~Ahlstrom”™. XapakTepHCTHKH BAKYYMHBIX HACO-
coB 3Toit ¢upMbl NmpuBefeHbl Ha puc.4.2, oTKyJa BHIHO, YTO IIpH
JaBjJeHNN BcachiBaHusa, npebsimaioimeM 40 xlla, skonmommunee ma-
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LIMHBI JBOHEOTO [AeHMCTBHA, a IPM MeHbIIeM AaBJeHHH BCACHIBAHUA -
MAIIMHEI TPOCTOrO AeHCTBHUA.

Opuum us TpeGoBaHHMiI, NpeAbABIAEMBIX K MalliHaM obliero
Has3HadyeHUHA, ABJIAeTcA UX yHHIHUKaINA, U cyljecTBOBAHME DA3JINY-
HBIX HO KOHCTPYKIMM JXMAKOCTHOKONBIEBBIX MAIIUH ANA pPasjiuy-
HBIX AUANA30HOB QABJEHUN HelesecoobpasHo.
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Puc.4.2. XapaKTepUcTHKY BaKYYMHBIX HacocoB ¢upmer “Ahlstrom”:
a-mpocToro jelicTBuA; 6-ABOAHOrO AefcTBHA

B MamuHax HIpocToro JAeificTBMA Ha paGodee Kojeco jeiicTByeT
ycuame, onpefeifeMoe PA3HOCTHIO NPUIOKEHHBIX K HeMy A&BJICHHIA.
Eciu yc/0BRO HPoBeCTH BepPTHKAJIBHYIO IIJIOCKOCTh Yeped OCh Bpallle-
HuA pabouero Kojeca, To cjeBa Ha 3Ty IJIOCKOCTb AeHCTBYeT AaBie-
Hue BCACBIBAHMA, a clpasa B o6iiacTH HarHeTaHHUA - JABJIEHUE HATHe-
TAHNA M B oOJIACTH CXKATHA - MepeMeHHOe JaBJeHKe, cpefHee MEXIy
JaBleHUEeM CKaTUA M HATHETAHMA. JTO YCHJIME JOCTATOYHO BEeJINKO
u, Hanpumep, y BBH-8300 cocrapaser okono 20 1. B mamrunax npoit-
HOTO JeficTBMA AaHHbIE YCUIUA B3aMMHO raciaTcs IO YCJAOBHAM CHM-
MEeTPUYHOCTH, YTO 0cOGEHHO CYI[ECTBEHHO JJA KOMIPECCOPHBIX Ma-
LIMH, TAX KAK y HMAX JAaBIeHHe BCACHIBAHNA B HECKOJIbKO pad 6GoJib-
Ule, 4eM y BaKYYMHBIX HACOCOB, & NEHCTBYIONIME YCHJIMA NPONop-
NHoHANLHB! AaBaeHun0. IloaToMy Kommpeccopsl, ocoGEéHHO Ha 60JIb-
IiMe NaBJeHWs, Ieecoo6pasHO CTPOMTh IO CXeMe MAIIMH ABOHHOIO
peitcteua. KpoMe Toro, HeOGXOAUMO YUMTHIEATh, YTO B KOMIIpeccope
BJIMAHHe IlepeTeyeX Ha ero IMapaMeTPhl HE3HAUMTENBHO H3-38 OTHOCH-
TeJIbHO HeDoJILUINX cTeleHel MOBHIIIEHUA JABIEHUA.

4.1. 3. Odno- u deyxcmynenuamoie MAULUHbL

OJHOCTYNIEHYaThIe SKUAKOCTHOKOJbIERbIE KOMIIpeccophl MOryT
obecneuuTts gocratouro Bhicokuil KIIJl mpm cTemermm mnopbimeHUA
nasiaenua go 3,0. Ilna moiaydeHMsa GOJBIIMX JaBiAeHMIT Heo6XOAHMO
IpMMeHeHHe ABYXCTYNEHYATHIX KoMIipeccopoB. 3a pybesxom oHM HO-
JYYMIM OIMPOKOe pacnpocTpaHeHHe. OTedecTBeHHBIX ABYXCTyleH4Ya-
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THIX KOMIIPECCOPOB HeT.

IlpumeHenue ABYXCTyHmeHYaTHIX BAKYYMHBLIX HACOCOB HeEIeJaeco-
06pa3Ho, TAK KAK OJZHOCTYIeHYATHIE MALIMHBI C IPEeJBKIIOYeHHEIMM
3KEeKTOpaMHU 10 BCeM IapameTpaM npeBocxoaAT HUX. Ioxpo6Ho aroT
Bompoc 6yner paccMoTpeH B riase V.

4.1. 4. O0nHo- u d8yxyuIUHOPOBbIE MAWUHDI

Hpu paspaborke B 1971r. mamunast BBH-300 (a mamuns rakoit
IPOM3BOANTEIBHOCTH OTeYeCTBEHHAS IIPOMBIILJIEHHOCTs [0 TOTO Bpe-
MeHH He BHIMYCKaJa) O4YeHb aKTHBHO OOCY)KAAJICA BOMPOC O ee KOM-
noHoBke. B To Bpemsa CyMckoil MaIIMHOCTPOHTENBHBIM 3aBOJ HM.
M.B.®pynse cepuiino Brinyckas mamudy BBH-50 B asyxmumusApo-
BOM HcnojHeHHH (cM.puc.l.9) u npeamosaran B TAKOR JKe KOMIIO-
HoBKe paspaborars BBH-300. IlpoBemenHbIt HaMH aHaTu3 obenx
KOHCTPYKTHBHBEIX CXeM IIOKA3as, YTOo ABYXIHIHHAPOBAS cXeMa MpPO-
MrPBHIBAET OZHOLMIMHAPOROMN MO CJIEAYIONINM MOKA3ATEIAM.

1. B AByXUMIMHAPOBON KOMIOHOBKEe ABa KoJjieca MMEIOT deThipe
TOpIleBble IOBEPXHOCTH, IO KOTOPHIM NPOUCXOJUT TPeHHe O Kophyc,
BMECTO ABYX IPH OJHOUMJIHNHAPOBON KOMIOHOBKe. BeoencTene 3Toro
VBEJHYHBAIOTCA NIOTEPH MALIMHEL.

2. ITo TopmaM IpOMCXOJUT HEKOHTPOJHPYeMOe IepeTeKaHHe Ia-
3a ¥ XKHAKOCTH U3 06JIaCTH HAIHETAHMA B 06JIaCTL BCACKIBAHUA.

3. Ban y opHOOMAMEAPOBOH KOMIOHOBKH 3aleMJieH B paboueM
KoJlece KOHCOJIBHO, H B MecCTe BBIXOJla Bajia K3 paGoyero KoJjieca Aeit-
CTBYeT MAKCUMAJIBHBIN HM3rubamomuid MoMeHT. B ABYXHMIMHApPOBOM
KOMIIOHOBKe OH BO3HMKaer 38 pabouymM KoOJecoM H ero BeJNYUHA
3HAYNUTEJbHO Gosbllle M3-3a GOJBINEro PACCTOSHUA OT ONOPH! Baja J0
aroro ceueHuA. IIpH Mpouymx paBHBIX YCJIAOBMAX NP OLHOLMIMHAPO-
BO# KoMnoHoBke mMamunsl BBH-300 guamerp Basia mosy4asics pas-
HBeiM 330 MM, a npu ABYXHMAMHAPOBO#N - 440 MM, YTO IPMBOAHIO K
HeoOXOAMMOCTH YBeJWYEHWA AHAMETpPa BTYJIKH, LIMPMHBL pabouyux
KoJiec ¥ T.[.

B pesynwraTe 5TOr0 aHA/NM3a B COOTBETCTBHH ¢ HAIIMMH PeKo-
meHgaunuamMu Mamuda BBH-300 6ni1a BRIDOAHEHa MO OXHOLMJIMH-
ApoBoil cxeMe. B pasnpHeillmeM mpu MojepHM3AlMM MAIIMH 3TOro 3a-
BOJa BCe OHHU OBLIM MepelpoeKTHPOBAHBI Ha OJHOIMIMHIPOBHIE.

4.2. Butbop oxpyxcnoll ckopocmis paboiezo KoReca

OxpyxHasg cCKOPOCTh KOHIOR JIOHATOK Pabouero xKojeca fABIAET-
cd OJHMM M3 cymjecTBeHHBIX MapamerpoB JKKM. Orto ompepmensercsa
NPUHIHIOM MX paBoThl, KOTOPHIY 3akjlodaeTcAd B mepejfade SHEPruH
OT Bpamamouieroca paéoyero KoJjeca K XHJAKOCTH HA CTOPOHE BCACHI-
BaHUA M 38TEM OT JKUAKOCTM K rady Ha CTOPOHe CXKaTHA M HarHeTa-
HUA.
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Yem 6osbliie CKOPOCTH BHIXOAAINeil M3 pabouero Koseca KHJA-
KOCTH, TeM OoJslleil KHMHeTHUsiecKOM aHeprueil oma objafaer U TeMm
BosbIIYI0O pabOTy MOXKET COBepIINTH IPHM CKATHHM rasa. Keaw aroi
SHepr¥id JJIs C)KATHA HeJNOCTAaTOYHO, BO3HHKAeT JABJIEHUE, HA3BI-
Baemoe cphiBoM. OHO XapaKTepH3yeTcs Pe3KUM IaJleHHeM IIPOU3BO-
OUTETBHOCTH M pocToM mnoTpebaseMoit MounHoctu. IlosTomMy nns
JKMIKOCTHOKOJBIEBBIX MAIIMH XapaKTepHBIM IoKa3aTejleM ABJAETCSA
MHHUMAJIBHAA OKPysKHas CKOPOCTb, IPH KOTODOHl ellle NMPOMCXOAUT
HopMadbHaA pabora 6e3 cpeiea. HackolIbKO HAM H3BECTHO, BIlEpBble
ona 6n1na onpenenena K.IIgaeitnepepom [46].

U = 3_(‘_’.).’1_:_%.}_)_“_) . (4.1)

p

Ilpu pgasmenun BcackiBauus 30 xlla M naBTeHnm HarHeTaHUsA
105 xIla MuHMMAaJNbHAsA OKPYKHAA CKOPOCTh, paccuMTaHHAd II0
ypaeHenuo (4.1), pagHa 16 M/c. OgHako Ha sTom pexkume JBH pa-
6oralor 6e3 cpeiBa NpH 3HAYUTENBHO MeHBIIHX OKPY/KHBIX CKODO-
crax. Takum o6pasoM, MpPaKTMKa NOKa3blBaeT, 4YTo ypasHenue (4.1)
JAeT 3aBbIIeHHoe 3HAaYeHUe MHHHMAaJIbHOH ckopoctu. [locTaToduHo
OpPOCTO MMHUMAJBHASA OKDPYXHas CKOPOCTh pOTOpa MOXKeT OBITH
onpejiesieHa U3 ypaBHeHHA BepHynau, eciu NpeAmnooUTh, YTO BeCh
CKOPOCTHOM HAIop KMAKOCTH HAET Ha MPHUPOCT JaBJeHHA:
2 2
—p—'£+—c"—°=&+—ci. 4.2)
P 2 p 2

B ypasuenmu (4.2) oTCyTCTBYIOT cjiaraemMaie eOMeTPHYECKOTO
HAIlopa, Mbl MMH IIpeHebperaeM BBHAY WX MAJIOCTH II0 CPaBHEHHIO C
apyrumy uwieHamu ypasHeHHA. Ilonaras C,=0 u C,.=Up,,, nonyyaem

2
Umm = - H - pec * (43)
(.- p)

s Tex »Ke 3HavYeHMI JaBieHMI BcachlBAHUA M HarHeTAHHWA K3
ypaBHeHua (4.3) ciepyeT, YTO MHHMMaJIbHAA OKPYKHad CKOPOCTh
pasaa 12,25 m/c. [lanHoe ypaBHeHMe, KK IOATBEPKAAIOT 3KCIEpH-
MEHThI, IIO3BOJIAeT AOCTATOYHO TOYHO PACCYUTHIBATP MHHUMAJIBHYIO
OKPY'KHYIO CKOPOCTb.

BrimeusaoxeHHoe HeoOXOAMMO PpPacCMATDHBATh TOJBKO Kak
HOATBepsKdeHHe (aKTa CYI[eCTBOBAHUA MHHAMAJBHON OKpYsKHOHN
CKOPOCTH pabouero Kojieca M BO3MOKHOCTH IPubGIMIKEeHHOTO ee ompe-
JlelleHUsI, ToIJla KAK CaMoO SBJeHHe CDBIBA Tpebyer HeTaJbHOro H3-

168

NA (5120542 OHo SABJAETCA OYEeHb CJOKHBIM I MOXET BO3HHKATL He
TOJIEKO NIPH MaJIof OKpy:xHO# ckopoern. Hanpumep, cphiBHEIe sABje-
HUSA MoABJIAKTCA B BakyymMHoM Hacoce BBH-3 wHa cxopoctn B
1450 o6/mun (Upy=15,2 m/c) npm yReAM4YeHMM HOJAYM BOABI HA pe-
KUMax paboTel ¢ JaBieHmsAMH BcacelBaHua 80 u 50 kIla; npm
YMeHBIIeHNN IUIOIAAN HATHETATeJIBHOIO OKHA M B HEKOTODPHIX ApY-
rux ciaydasax. SIeienue cpeiBa o6iaafaeT cBOCTBOM IHCTepeaHca, T.e.
IpY H3MEHeHHH peXXumMa paboThl B CTOPOHY YBeJMYeHUA WIHN
YMEHpIIEeHUA CO3JaBaeMoro BAKYyMAa OHO BOSHHKAET M HcYe3aeT NpH
Pa3IMYHOM abCOJIOTHOM AaBJeHUH BCACHIBAHMA.

OpHako MamvMHa He AO/KHA paboTaTh HA MHUHUMAJIBHO JOIY-
CTHUMOH OKDY)XHOHM CKOPOCTH, IIOCKOJBKY y Hee HOJIKEeH 6BbITH ompe-
AReleHHBIN 3amac ycTodunBoctH. KpoMe Toro, MUHMMAaTLHAA OKDYK-
HAasg CKODOCT:L He sABIAeTcA caMoOM SKOHOMUYHOI. 3aBHcHMocTH
VAEJIBHOM MOLIHOCTH OT OKPYsKHON CKOPOCTH /I PAa3HMYHBIX MaLlNH
npu nasieHud BcaceiBaHuA 30 klla mpuBesens Ha puc.4.3, orkyna
BHAHO, YTO MHHUMAJbHOE 3HAYEHUE YAEJIHLHOW MOIIHOCTH COOTBET-
CTBYeT OKDPYXKHOH ckopoctu 13-17 M/c, Torma Kak MHHMMAJBHAA
OKDYKHAA CKOPOCTh JJIs 9TOTO pexxuMa cocrapaser 12 m/c.

B To xe Bpema mo-
JAyydyeHune MUHMMaIBHOHN 6# 5%«:1
YAEeJIbHOM MOIIHOCTH He 21
ABNAeTcA CAMONENBK.
Kpome zatpar Ha npmsog
MalllMHbI, HMEIOTCA TaK-
JKe 3aTpaThl Ha moja-

1,9

BaeMyl0 pabouyio xug- (7 \

KOCTE (Hampumep, BoAay),

Ha npHobpeTeHHMe YycTa- 15

HOBKM ¥ T.5. Ilo-Buam- \

MOMY, OCHOBHEIM Tpefo- {3

BAHHNEM JOJUKHO OBITH IO-

Ay4eHHe  MHHMMAJIBLHOH 94 Un/con-
CTOMMOCTM CIKATHA e[U- 10 15 20 95

HUIB! 00beMa (Macchl) ra- .
Puc.4.3. 3asucumocTs yAenbHON MOIJHOCTH

3a, JJIA ONpefesleHus Ko- "
OT OKpYKHOU ckopocTu pabouero Kouseca

Topoil HeobXoxumo yera-
HOBHTEL ee B3IAMMOCBASE © pPa3sINYHbIX MAaIIWH IIDH JaBJeHUM BCACKIBa-
¢ Hua 30 xIla:

OKPYXHOM CKOPOCTHIO.
Py p 10 1 - 2BA332 dupmul “Siemens”;

YpasHenue CTOUMOCTH 2 - P650/650 dupmu “Siemens”;
CXKATUA eNUHUIEI 0O6'beMa 3 - CL3001 ¢pupmor “Nash”;

ra3a 3alMCEIBAeTCA B BH- 4 - BBH-50; 5 - BBH-12;

Ie 6 - mamnBa ¢pupmsl “Wedag” [89]
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c-F N _k Q Ty m
60 @ 60 @ R
OnTuMaibHAA OKPYKHAA CKOPOCTH ONpefiesIAeTcs MeTOAOM Ma-
Jbix orxnonenuit [79]. Cornacno artoit paGore, OTHOCHTENBHBIM NPH-

pamenueM J, BeIMYUHBI X HadhBaeTCA OTHoIIeHMe dX/x . OTHocH-

TeJIbHOEe MpUpAalleHe CTOMMOCTH CXKATHA eAUHMIB obbeMa HaXoJuT-
€A N0 YPABHEHHIO

(4.4)

dc 60 @ \@) \60 R) @
sc=2%_ @ \Q Q@ (4.5)
C ﬁ . _N_ + _&_ Q"‘ + _T'yc_m 1
60 @° 60 R Q°
C mocraTouHOM CTeNEHBIO TOUHOCTH MOXHO NPHHATH, UTO Lpo-
H3BOJAHUTENBHOCTD HOpOMOPIHOHAILHA OKPYXKHOK CKopocTH
Q’ = AU, . Nonaras, uro
T
b ge, Ten
BN,
60 @
Hony4nM
1 N B
6C 0 oU,. 4.7

MuHNMaNbHOe 3HAYEHHE CTOMMOCTM COKATHA rasda JOCTHMIAETCH
npu 8C=0. 310 obecneynBaeTCA BHIIOTHEHHEM YCIOBUA

N
QZ

Ilo cTaTHcTHUeCKMM MJAHHBIM JJISA OTEUYECTBEHHBIX MAMLIMH
B=0,35-0,7. [lna Hamero aHanu3a 3ToT KoaddHUIHMEHT MOKeT GBHITH

B) = BSU,. (4.8)

N
npuHAT paBEbEIM 0,5. Ilo xpuBpIM — = f (U ) OTHOCHTEJbHOE IIpH-
Q° z
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pailieHMe yZeabHo MOUHOCTH oupeJieisieTcs ypaBHEHHEM

su,, 4.9)

§[N) ) (g] ”(g?), Uy,

6; (ﬁ) Uzo_U:n
Q/,

rae najgekcaMu O ¥ 1 o6o3HayaloTCAd JBe JOCTATOYHO GIM3KUE TOYKHU
Ha ocu abcuuce, MeXIy KOTOPHIMHM HAXOAWTCA NpUpallleHHe apry-
meHTra. Conocrasnenre ypasnenumii (4.8) u (4.9) mosgoJser caeaars
3aKJIO4YeHMe, UYTo B ypaBHeHHH (4.9) I moJydeHMs pe)KHMa MHUHH-

MaJbHOHM cToMMocTH coxaTus Kosdduuuent nepex 6Us Homxen GuITh
pasen 0,5.

Ha puc.4.4 mpuseaena 3aBMCHMOCTb YHAENbHOM MOUIHOCTH OT
OKPYIKHOHM CKOpPOCTH IJIA OXHOM M3 MamuH ¢upmsl Siemens”. Bug-
HO, YTO Ha PeKOMEHJAYEMBIX peXMMaxX DaboThl MMeeTcA JOCTATOYHBIH
aanac ycroifumeocTu. C yBeJnyeHHEM CO3JABAEMOr0 BaAKyyMa pacTeT
OKPYKHafA CKOPOCTb, NP KOTOPOIl JOCTHrAITCA MUHHMAaJbHEIE 3HA-
4YeHNd YAeJbHOH MOIHOCTH M CTOMMOCTH c)KaTuA rasa. Ha aTom ke
PHUCYHKe IOKa3aHa KpWBasg HamboJsiee BHIFOJHBIX, ¢ TOYKM 3PEHUS
CTOMMOCTH C/KATHSA Tra-
3a, pEeXUMORE, oOIpeje- ﬂ. %HF
JIeHHBIX [0 YpPABHEHHIO N /

(4.9). OHa cooTBeTCTRY- /
eT OKPYKHOI CKopocTH, 16 /
N peBBIIIAOIIei Ha 3xlla //
2-3 M/c 3HayeHUs, NpHU L] ‘\ /f’ 4
KOTOPBIX obecrneun- “ b / //
BalOTCA DPEKHMMBI MH- / '
HUMAJILHON  yJAeNbHOH /l ‘\%Z./;M/
MOIIHOCTH.

Ilposenennriit ana- L’:rﬁ—/
Jun3 obbAcHAeT, MoYeMy ’/ ‘15_
y 3apybexHBIX GUPM T e A
OKDYHbIE CKOpOCTH ngﬂ(
HKKM pagamr  17-19
M/c, TOrAa K&K OITHU-
MANBHBIMH 10  YAe]b-
HOH MOIIHOCTH ABJA-
I0TCA OKPY)XXHBIE CKO-
poctn 14-16 m/c.

12 14 16 18 20

Puc.4.4. Y penbuasn MOIIJHOCTH  MAIIUHBL
2BA822 ¢pupmu “Siemens”:

- - - MHMHHMAJLHAA OKDPYXXHAA CKOpPOCTb IO ypaBHe-
HUIO (4.3),
~——— MMHAMAJILHAA YAeJbHAS MOIHOCTH,

- - pexXHM, JKOHOMHYECKM HAMBHIroAHeiimMi, mo
ypaBreRNIo (4.9)
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4.3. Onmumaavioe coomHoulerlue ULUPUHbL U duamempa
pabouezo Koneca

Bonpoc 06 ONTUMAanIbHOM COOTHOLIEHHMM UIMDUHBI H JHaMeTpa
paboyero  KoJeca  PACCMATDHMBAJICA  HECKOJBKMMH  ABTOPAMH.
B.N.TerepiokoB [75] pexomMeHAyeT NIPHUHUMATL B3TO COOTHOLIEHHE
paBueiM 1,25-1,5. HexoToprle aBTODPBI YKA3BIBAIOT, YTO HAUMEHBIIUM
[IOTEPAM COOTBETCTBYET COOTHOIIEHUE IIMPHHBI JKUJKOCTHOI'O KOJIbIlA
K ero TojimuHe, paBHoe 2. lllupuHa Koibla NpUMepHo PaBHA 0,5r,,
4TO 3KBUBA&JIEHTHO COOTHoWeHMNo b/ds = 0,5, KoTopoe U pexoMeHAY-
eTcs IPUHEUMATh NPU NPOEKTHPOBaHMYM HOBhIX MamuH. Taxkum obpa-
30M, B PasdHBIX MCTOYHHMKAX BeJIMYMHA ONTHMAJLHQIO COOTHOINEHUS
b/d, wmnaMeHseTcA NPHMePHO B 3 pasa.

B To jXe BpeMA M3BeCTHO, YTO Y OOJBUIIMHCTBA MAIIMH KaK OTe-
YeCTBEHHBIX, TaK U 3apyBesXHBIX 3TO COOTHOIIeHUe GIMBKO K eXUHH-
ne. OueBHHO, KpUTEepHeM AJS BHOOPa ONTHMAIBHOIO COOTHOIIEHHS
MosKker SBJAThCA yAeabHasd MomgHocTh. B MKKM coorHomeHue mu-
pUHBl M AuaMeTpa pabodero Kojeca MOMKeT BJIHATH HA YAEJIBHYIO
MOIIIHOCTb JHMO0 3a cHeT IMAPOAMHAMHYECKUX [OTepb (MX POCT HpH-
BOJUT K YBeJIWYEeHHIO 3ATPAYHMBAEMOP MOIHOCTH), Jnbo 3a cueT oT-
HOCHTEJIbHOH BeJMYHMHBI TOPILEBHIX 3a30pOB M THAPABIMYECKHX IIO-
Tepb BO BCACHLIBAIOIIMX W HArHeTaTeJbHBIX OKHaX. Yem 6oblile OTHO-
cuTeNbHas mIuHa pabodero Kojieca, TeM MeHbIIe OTHOCUTeJILHAA Be-
JMYNHA IepeTedeK, HO ¥ TeM OoJsblle IHApPaBJIHYeCKUe NMOTEPU B OK-
HaX 3a cYeT POCTa CKOPOCTH ra3a B HHX.

Aprey l PaccmarpupaeMblit BOIpoc

&"v{ﬁ“ \5‘ ABAAETCA JOCTATOYHO CJIOK-

14 " s HBIM, ¥ HaJle)KHOoe pelleHHe
A

MOXKeT OBITH MOJIYYEeHO TOJIBKO
B pesynsTare GoJbmod cepuu
v TIIATENBHO IIOCTaBJIEHHBIX

aKcrepuMenToB.  Ilo-Bupmmo-

: Y
W M
w,,e by My, Jiyyllle Bcero Ajis dTOM Iie-
- &
RS

/‘ JY MNOAXOAUT aHaJAu3 CTaTHC-
-

22

20

THYeCKHX JAHHBIX.
Ha puc.4.5 npupefeHs!
9\%' '3’ 3aBUCUMOCTH YAEJIbHOH MOILI-
HOCTH OT INUPHHBI pabodero
Kojeca [UIA pANA MAHIMH C
OJUHAKOBEIMH INAMETDAMH H
Pa3NMYHOM  IUMPHUHOH. OTH
IGHHBIE B3ATHl M3 I1POCIEKTOB

86 08 Gy 18 42

Puc.4.5. Ygenpuas MOUIHOCTH B 38BHU-
CHUMOCTM OT OTHOCHUTENBHOH IIMDPHMHBI
pabodero Kojeca

dupm "Siemens” (S) u "Burkhardt” (B). Ha rpaduxe ordersinBo

BUJIHO, YTO HANMMEHLUIAH yOeJbHAsS MOIIHOCTh NPHUXOAUTCA HA CO-
oTHoweHMe b/dy=0,8-1,1, Koropoe M MoOKeT GbITh PEKOMEHIOBAHO
AJIA HMCIOJB30BAHHA IIPH NMPOEKTHPOBAHHM HOBBIX MalliMH. B TO
JKe BpeMA He IIpocMaTpuBaercad KaKaf-Iub6o 3aBUCHMOCTh Koaddu-
UeHTa pacxoa OT IMIUPHUHEI pabodero KoJeca (cm.puc.4.1).

4.4. Konempykyua paboiezo Koseca

Pabouee koseco spnsercs ocHoBHOM dacThio JKXKM u cocrout us
BTYJIKH, pabouux JIONMATOK M HEKOTOPBIX 3JIeMEHTOB, obecIedyu-
BalOIIUX ero NPOYHOCTh U KecTKOCTh. OcHOBHbIe aJeMeHTHI pabouero
KoJeca - JOIMATKH, YNCJIO KOTOPBIX B MAUTHHAX PA3JMYHON IPOH3BO-
AUTeJBHOCTH MeHdAeTcsa oT 12 go 24. Boasmemy 4ucay JIONMAaTOK CO-
OTBeTcTByeT ©OoJlblliasd pPaBHOMEPHOCTb paclipefleleHHA AaBJAeHUA
MeXay AdediKaMu paGodero KoJieca, W, 3HAYUT, YeM OoJblIe Joma-
TOK, TeM 6oJjibllle paGouyuil IMpollecc MOJKeT OLITh NPHOJMKEH K uje-
AJILHOMY.

B npoueccax sBcaceiBaHHA M HarHeTAHUS [JaBJIeHHe ra3a B AHeH-
KaX NPAKTUYeCKH IOCTOSHHO, TAK KAK s4eliku pabodero KoJjeca co-
o6IIAIOTCH ¢ HAPHETATENLHBIMU HJIM BCACHLIBAIOIIMMH okHaMmHu. IlaB-
JleHHe B A4YeilKax HM3MeHseTcs B IIpollecce CXATHA U IPH IpoxXode
Yepes “MepTBoe HPOCTPAHCTBO , KOTAAa JAABIeHHe B SfueHKe YMeHb-
maeTca Jo OABJICHUS BCAChIBAHUA. MeXAy BHIXOAHON KPOMKOH Bca-
CBHIBAIOIETO0 OKHA M BXOJHOM KPOMKOH HATHETATEeJABHOTO MHOJIMKHO
6bITh, MO KpailHell Mepe, TPH AYeHKH. 3Mech IPOUCXOAUT IIPOIECC
CXKATHSA ra3a, X ecJH JaBJIeHHEe MeXJIY COCeTHUMHU s4YeHKaMH Oyner
CHJIBHO pa3jy4yaTbes, TO Iof JeHCTBHEM Hepeliafa AaBIeHHUH IO TOD-
HeBBIM 3a30paM MeXKAy JOMATKaMil ¥ OOKOBBIMH CTeHKaMu, He mepe-
KPBITBIMHM KHMAKOCTHBIM KOJBLOM, OyleT IepeTeKaTh 3HAYUTENbHOE
KOJIMYeCTBO CXXHMaeMoro rasa. Taxkoe neperekaHue B KaKOU-TO cTe-
IHeHH MO)KeT NPHBECTH K YMEHBUIEHHIO NPOM3BOAUTENBHOCTH, HO B
ocHoBHOM 3To ckKasxerca Ha KIII] mpomecca cokartus. AHanorudHo
MeXXAY BBIXONHOW KPOMKOI HarHETATEJBHOT'O OKHA M BXOJHOH KPOM-
KoM BcacnIBalolero JoJUKHA ObITh XOTA OBl ofHa suedka. W3 arux
CoODpasKeHNH 4YHCIO0 JOMNATOK, Kasaloch 6bl, HeoBXOAMMO YBEeNHYH-
BaTh. OJHAKO 9TO NpuBefer K HeXeJaTeIbHBIM SBJIEHUAM IO clle-
OYIOUINM IPAYUHAM.

Bo-nepBrix, K JomarkaM OPUJIAralTCs JOCTATOUHO 6oJipline
YCHUJINA, AOCTHIAOIMe MAKCHMAJIBHOrO 3HAYEeHMA Tolka, KOorga Ha
HHUX ¢ OJHOM CTOPOHBI AeHCTByeT AaBieHue HATHETAHHA, & C LPYroH -
IaBieHUe BcachiBaHmA. OCOBGEHHO BEJMKH BTH YCUIAHUA B KOMIIDECCO-
pax. TojmuHa JOHATOK B MecTe MX COeJMHEHHUSA C BTYJIKOH AO/IXKHAa
ompeleNIATbCA U3 YCJHOBMM IPOYHOCTH. Bo-BTOpHIX, MMEIOTCA HHCTO
TeXHOJIOTHYECKHEe OrPaHMYeHHA [0 MUHHUMAIBHON ToJINIHE JIONATOK,
0ocoGEHHO B TOM cJiyuyae, Korja pabodee Kojeco suroe. Jlomarku sa-
HUMAIOT onpelejJeHHYI0 yacTh o0bema pabouero Kojeca M ecjiM HUX
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HeONpARJAHHO MHOTO, TO CyMMAPHBIH 0o0beM sdeeK MeXAy HHUMH
yMeHbIIaeTcA ¥ IPOMUCXOJUT CHUYKEHHMe NpomaBoauTensHocTH. Kask-
Jasl JUIIBASA JIONATKA YMEHbIIAeT NOPOM3BOJMTENBHOCTh MALIMHEI
npumepro Ha 1% . TakuMm o0pas3oM, CYIIeCTBYIOT ABa B3RWMOIIOJaB-
JAMUX GAKTOpA NPH ONpPeJeTeHHH YucIa pabodux JIoNaToK.

Ha npakTHKe MHHHMAJBHOE YHCJIO JIONATOK IJIA MALIHH IIpo-
croro peificTBMA BhIOMpaeTca paBHbIM 12, JuId MallIMH ABOMHOrO Aeit-
crsua - 18. B mammHax InpocToro ZeicTeus 6GOJIBIIOI NPOM3BOIH-
TeJILHOCTH 4YMCJO JIONaTOK HaxoguTcsA B npegenax 16-20.

Pabouee KoJeco MAIIHMH C pajyAalbHBIM TrasopaclpegejieHueM
UMeeT YKOPOUYEHHYIO BTYJKY C HeHTPAJIbHBIM JHCKOM, K KOTODOMY C
obenx CTOPOH KpemATcsA JONATKH, COeTHHeHHbIe JUIA JKEeCTKOCTH IO
cBOMM KoHIaM koubnamu (cm.puc.1.5, 1.6). B aTux MamiuHax meHT-
PAJIBHBIHM JUCK ABIAETCA HEoOGXOAMMBIM 3JIeMEHTOM, KOTODBIH Hecer
OCHOBHYIO CHJOBYIO Harpy3ky. Tak KaK BajJ y MAIIUH DA3JHYHBIX
KOHCTPYKTHBHEIX CXeM BOCIPHHHMAaeT HPHMepPHO OAMHAKOBYI0 Ha-
rPY3KY H BBUJIET KOHCOJBHBIX YacTell ¥ HMX TaK)Ke [IPHMEDHO OJHHA-
KOB, TO M [AWAMETpPHl Baja IJIf MAIIMH OJWHAKOBROH Ppa3MepHOCTH
npuMepHo paBHBl. Ho y MalIuH ¢ OcCeBRIM rasopacmpeje/leHHEM IIO-
BepX BaJa MJET TOJBKO BTYJIKa pabodero kojeca, & y MallHH ¢ pagu-
AJNBHBIM IOJBOJOM M OTBOAOM ra3a IOBepX BaJja PaclloNIOXKeHBI I'a3o-
pacrpefenuTelsHble KoHychl. [losToMy o6wmem pafouero Koseca y
MAIIKMH ¢ OCeBHIM MOJBOJAOM M OTBOAOM rasda HCIOJB3yeTcs OoJiee pa-
MMOHAJIBHO, M IPHM NPOYMX PaBHBIX YCHOBHAX AJIA OJHOM U TOH iKe
NPOM3BOAMTENBHOCTH AJHHA pabodero Kojeca y HUX GyleT MeHbile,
YyeM y MAIIHWH ¢ pajglaJbHBIM rasopacnpejejleHueM.

V KEKM c oceBbIM IOZBCAOM H OTBOJOM rasa paboune KoJjeca
MAIIMH cpefHeil U GoJbINOH NPOM3BOAUTENBHOCTH TaAK)KEe HMEIT
HEeHTPAJBHEIN AHUCK, NpeJHasHaYeHHBIH /14 Oojlee MPOYHOro Kperlie-
HUA JomaTok. OfHAKO 3TH AMCKM 3aHHMAalOT DosIbINOH oObeM M CHU-
JKAI0T NPOH3BOAMUTE bHOCTs MamuH. B Hexkoropeix JKBH, manpumep,
BBH-150, Ha npoAoJsKeHNH NeHTPAIBHOrO AUCKA B KOpIIyce MMeercs
nepeMbruka. Taxum o6pasoM, JUCK M HePeMBIYKA DA3es AT Mald-
HY Ha JBe IIPAKTUYECKH CaMOCTOSATeJbHble HACTH, KaXXJasd H3 KOTO-
pPBIX MoO)KeT paboTaTh C PasJNYHOH CTeleHBIO MOBLIIUIEHHA AABJICHUA.
Pabouue JIONaTKH M0 KOHIAM COEAMHSIOTCA DaHJaKHBIMH KOJbIAMH.

Boobuje roropd, JONATKU COequHEHBI C BTYJKOH, IEHTPATbHBIM
OUCKOM M OaHAAKAMH ¥ COCTABJIAIOT JKECTKYIO IMPOCTPAHCIBEHHYIO
cucremy. Ilpu pacyeTax Ha IPOYHOCTH OOBIUHO MPpeExIoJIal al0T, YTO
JIOMATKY KOHCOJIBKO 3aKpellJeHbl TOJBKO BO BTYJIKe M paboTalT Ha
uaru6. B geificTBuresnpHOCTH JKe OAHTAKM TaKXKe JOCTATOYHO Harpy-
sKeHBl U paboTaloT HA pacTAKeHUe M coxarHe. ORHAKO NpPaKTHKE
npoextuposanua JKKM enje He pomina g0 TAKOro YPOBHA, KOrAa
TpebyeTcA y4YUTHIBATH HPH pacuyeTe Ha IPOYHOCTh BJIMAHHe Ganja-
Kel, 3a cueT 3TOro coajaeTcA HeKOTOpPHIH 3amac npodHocTH. BaH-

174

NasKHble KOJbILA PACHOJIATAIOTCA TAKHMM 00pasoM, 4TOOBI OHM OKAa3bI-
BAJIM MHHHMAaJbHOE BIMAHHWE HA JBMIKEHMUE JKHUIKOCTH.

B maremaTnueckoit mogenn JKKM, paccmorpenHoil B pasp.2.4,
MIpearnoJiarazochk, UTO JXHUAKOCTHOE KOJIBLO padfielieHO Ha [IBe HacTH,
OHA H3 KOTODBIX HAXOAHTCcA BO BpalllalollleMcs pafoueM KoJiece, a
Apyras cBobOJHO ABM:KeTCA B GE3JIOIATOYHOM HpocTpaHcTBe. Meway
3THMM YaCTAMM HENPEepPHBHO IPOHMCXOAUT oOMeH SKHIKOCTBIO. B
BepXHEM cedeHHH MKHAKOCTh IOYUTH BCA HAXOJRUTCA B AdeilKe MexXIy
JIONIATKAMHY U HA CTOPOHe BCAcChIBAHUS BBIXOJUT M3 pabouerc KoJjeca,
B HMJ)KHEM CeYeHHH OHAa MOYTH BCA B GE3JIOMATOUYHOM IPOCTPAHCTEE, a
Ha CTODOHe C)XXATHSA W HACHETAHUA CHOBA BO3BpAU(AaeTCA B SAYeHKH
pabodero xojeca.

dddexTuBHOCTs pabouero npouecca JKKM B spauuTensHo cre-
[IeHH 3aBHCHT OT CKOPOCTM ¥ HANDPABJIEHUA ABIDKEHUA KUIKOCTH,
BhIXoJAmel M3 pabouyero KoJjieca, NPUYEM CKOPOCTh BBIXOJA JKUI-
KOCTH IIepeMEeHHa II0 yrJjly ero mogopoTa. B BepxHeM M HUKHEM ce-
YeHHWAX PAJUATBHAA COCTABJIANOINIAA CKOPOCTH JKHAKOCTH paBHA HY-
JI0 MM 6JIM3Ka K 3TOMY 3HAYEHUIO, TRK KAK B STHX CEUEHHAX IIpo-
HCXOAUT CMEeHA HAIIpaBJeHHNs ABWKEeHHd, 8 MaKCHMaJILHOrO 3Hade-
HUA PAAMAJIbHASA COCTABJIAIOIAS CKOPOCTH HA CTOPOHE BCACBIBAHMA
JOCTHTaeT IpPHU yrje moBopora pabouerc KoJseca okoso 90° .

PaGouee Kogeco pacmosioskeHo B KOpHyce SKCHEHTPUYHO, M JIH-
HMH TOKA KHAKOCTH B 6e3JI0NaTOYHOM HPOCTPaHCTBE HAXOJATCA IOJK
HEKOTOPBIM YIVIOM K ero OKpysKHoCTH. Ecin HampaBieHMe BBIXOZ2
JKMAKOCTH U3 pabodero kojieca 3HAUYNUTENHBHO OTKJOHAETCA OT Kaca-
TeJbHON K JUHHUHM TOKa, TO B 6E3J0MATOYHOM HPOCTPAHCTBE MEXKAY
BHIXOAAINEH U yrKe BhIIMeAmeN KHUAKOCTHIO IIPOMCXOAUT IepeMelnu-
BaHHe, CONPOBOXKJaIOIleecad o6pasoBaHeM BHUXpeH M 3HAYNUTENbHBIMU
motepaMu. IloaToMy Heob6xommmo, uToOBI HampaB/leHHe BbIXoAsieil
SKUIKOCTH KAaK MOMKHO 6JUKe COOTBETCTBOBAJIO HANPABIEHHUIO YJKe
ABMIKyIOelica B 6e3JI0MATOYHOM HPOCTPAHCTBe KMAKOocTH. Hampasie-
HHe ¢ CKOPOCTH JKHJAKOCTH IIOKas3aHbl HA IJIAHAX CKOpOCTel
(cm.puc.2.1).

N3 BIIIEU3IOXKEHHOrO CjlefyeT, UTO YroJ HanpasjeHHs pabo-
YUX JOHATOK HA MX KOHIAX CYIIeCTBEHHO BJIMAeT HA paboumil mpo-
necc. Kpome Toro, uem Gojplite CKOpPOCTH KHAKOCTH B Gednomarod-
HOM IIPOCTDaHCTBE, TeM OGOJIBIIYIO 3HEePTUI0 UMeeT KUJKOCTD.

B pa6ore [87] ormeuaercs, uro Haubosee BBITOZHOM ABJSAETCHA
KOHCTPYKIHA JOoNaTKH, 3arHyToil 110 HaIpaBJIeHWIO BpallleHHsd, Kor-
Ja YroJl MexIy cpefHeil JUHHWeH M KacaTeJbHON K OKDPY’KHOCTH pa-
Bouero Koneca pasen 40°. OT0 HMOATBEPANIOCH B MHOTOYMCJIEHHBIX
3KCIepHMeHTaX Pas3/JMYHbLIX HCcjlefioBaTesied, B TOM UHCJIe H aBTOpA.
B HacrosAmee BpeMsa NpaxTHYecKUd BO BCeX MaIUYHAX B3TOT yroJ Je-
KUT B npefenax 40-60°.

CyuiecTBeHHBIM GAKTOPOM SABJIAETCH TAK)Ke OPraHHU3alUs BHIXO-
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A8 SKMIOKOCTH M3 KaHaIa MeKIy JonaTkaMu. VI3 TeopHu JONAaTOYHBIX
MaIIMH WM3BECTHO, UTO KMAKOCTh M3 KaHaJa MeXAY JIONATKAMH BbI-
XOOUT B HampaBJICHUM, IePHeHIUKYJAPHOM TOpPJOBUMHE KaHaIa
(puc.4.6.). ToprornHa compefenfeTca KAK HOPMaJjb, ONYIeHHas H3
KOHIA ORHOH JIONMATKM Ha CIMHKY APYyroil. 3a ropJoBMHOM MoiKeT
HNPOM3OUTH OTPHIB IOTOKA OT IOBEPXHOCTH JONATKH, €CJIH KPHUBH3HA
3Toif IOBEPXHOCTH, TAK HAZHIBAEMBIH 3ATBUJIOYHBINA yroJ, IpeBbINIAET
8-10°. Hasuune TAKOro OTphiEa MPUBOAUT K BOSHUKHOBEHUIO BHUXDeid,
KOTOpble CONPOBOXKAAKIOTCA MOMOJHUTEIBHBIMHU MOTEPAMM JHEPTHH.
Taxoe pemeHue 3aJa4ydl NpodUIVPOBaHUA JONATOK 3AIHINAETCA aB-
TOPCKUM CBHAETEIHECTBOM.

Bryaxka pabodero xoJeca
JOJXKHA OBITH KAK MOJKHO MEHb-
me. Ee pguamerp onpejendercsa
pasMepaMm Baja, KOTopble, B
CBOI0 oYepelb, PpACCYHTBHIBAIOTCA
H3 YCJOBHH HPOYHOCTH H JKecT-
koctu. IIpm mocagxe paboudero
KoJleca Ha BaJ cO INMOHKOM Aua-
MeTp BTYJKH oOIpefeisieTcd IO
HopMaM o6Iero MAIIHHOCTpPoOe-
HuA. PabGodee KkoJleco MOKeT
TaK)Ke 3aKPeIJATHCA HA BaJIy IO
Puc.4.6. Cxema pgemwwenmua wmy TOPAdedl mpeccosoit mocanke. B

KOCTU HA BBHIXOfe M3 MeXXjionaTouno- O9TOM cJIydae BTYJKa pPACCYHUTHI-
ro KaHaja Baercsad Ha IIPOYHOCThL U3 YCJO-

Buil  nedopManuK Inocje  ee
oxnaxaenusa. Tak Kax Kojeca MamuH 6oJbuiofl pasMepHocTH Haca-
SKMBAIOTCA HA BAJ MO ABYM IOACKAM, TO C OXHOM CTODOHHI IIpHMe-
HiAeTcsA NMOCaJKa ropAdelnpeccosas, a C APyroil - XoJoJHOIpeccoBad,
4TOOBI MCKJIIOUMTH BEPOSATHOCTbL pa3pbiBa pafoudero kojeca Iocje ero
oxyaxaeHus (a TAKWe ciy4yau MMeau Mecto Ha npakrtuke). Ilpu ra-
KOM BapHaHTe MOCAJKM Kojieca Ha BaJ IIOCJIe ero OXJIAKJEHHA IIPOo-
MCXOIMUT CABUT KoJjieca II0 MOACKY Ha cTopoHe, Ile MPHMeHAJAACh XO-
JIOZHOIIPeCCOBaA IOCaIKA.

4.5. Onpedenenue koappuyuernma pacxoda

Oauum us ocxHosHeix napamerpos KM sBaserca ee mpowusgo-
guTeapHOCTs. KaKk M Bo Bcex MallMHAX o6BeMHOTO THUIR, [IPOM3ROLHU-
TeJILHOCTD OIpeje/iAeTcA PA3HOCTHIO KoJUYecTB rasa B s4eilke pabo-

2
Yyero kKoJieca mnocJje ee oTCoefUMHEeHHA OT OKH& BCACBIBAHHSA Gsc " OK-

z
H&a Harderanms Gn :
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Opnnako B oT/IMYMe OT BceX APYIMX MALIMH ofheM rasa B Aueiixe
KM ompepnensdercs He ToNBKO UX FeOMETPHUECKHMMM pasMepaMM, HO
ellle ¥ IapaMeTPaMH KMJIKOCTHOTO KoibLa. B ceAsu ¢ atum B pabo-
rax K.Ilbaeitnepepa [45, 46], Tertepioxosa B.U. [75], Pymsanmesa
B.A.[18], Xernens [89], P.IIparepa [91] u np. BBomATcA obBeMHbIE
KII 7,5, XoTopble HO/:KHB YYHUTHIBATH OTJIMYHME AeHCTBUTENbHOM
NPOUIBOSUTENBHOCTH OT TeoPeTHYEeCKH BO3MOXKHOM, oIpeleademoii
obreMoM sdeek pabodero Koseca. llpuueM sHaYeHMA OOBEMHBIX
KIIMI, xak, Hampumep, B pabore [18], MeHAeTca B IIMPOKOM AHamna-
sone oT 0,4 g0 0,7. B paGore [2] HA HeKOTOPBIX peKHMAX OOBEMHBII
KIIJ nagaer mo Hyasa. 3a cuer o6bemuoro KIIII MoskHO o6BACHUTSH
n1060e HecoBUaAeHUe HeHCTEUTENBHOM NMPOU3ROAMTEALHOCTH M IIpei-
mojiaraMo.

Kpome Toro, 3a cuer 3aBefoMo Majoro ob6bemMa sA4YeeK
(oTHOcuTenBHO GoJbLIIOH AUaMeTp BTYJKHU paboyero Kojeca, TOJCTble
JIONATKHM MU T.4.) Ipu Goapimom 3HadeHHH ob6vemuoro KIIJ] npousso-
nureabHocTh JKKM Mooxer 6pITh HeopasiaHHO Masa.

Boo6bme romopa, obmemusrt KIIJ] ymobuo ucnonas3oBars B
MOPIIHEBBIX MaUIMHAX, Tjle OYeHb IIpocTo ollpejeiserca paboumit
o6rbem muwmHApoB. B KM, mno-sugumomy, 6Gosnee uenecoofpasHo
XapaKTEePH30BATh O0BEMHYI0 IPOH3BOLHTENBHOCTh KoaddHuiHeHTOM
pacxoja, BBeleHHBIM B paborax [46] u [96].

MakcHMaabHO BO3MOJKHEBIN o6BheMHBIM pacxo]l rasa Yepes Ma-
LIMHY MOXKeT OBITh OlpejiesieH MO ypPasHEeHHIO

Q... =60bD, H;— , M3/MuH,

rae bD, onpefenser MaKCHMAJbHO BO3MOXKIIOe CeueHMe AdYelKH, A
U,/2 - cpegHIOK CKOpOCTH I'a3a B 3TOM CEYEHUH.
KoaddunuesT pacxona onpeneaseTcsa cOOTHOLIEHHEM
QZ
A= — . (4.10)
max

Koaddunuenrsl pacxosa npu pasieHun scachipaHua 30 klla
JUIA HEeKOTODBIX OTEUEeCTBEHHBIX U 3apybGe)XHBIX MAIIHMH OBIIU IIDUBE-
JeHbl Ha puc.4.1; Ha HeM BUAHo, uYTO y MamMH dupm Siemens” u
"Nash” pasbpoc KoadpuUIHMeHTOB pacxXoia odeHbs Maj. Hamr onsit
NPOEKTHPOBAHUA JaeT OcCHOBaHUE IIPHUHATH KO3Q()HIUMeHT pacxoha B
KayecTBe XAPAKTePHOro JAJA IpoBefeHHA IPeABaAPHUTENLHBIX PACYETOB
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¢ sestuunHOM A=0,5-0,55.

s npakTudyecKUX Iejleil coBepIIeHHO 6e3pas3InyHo, KaKHe KO-
3¢ duIHeHTH] UCIIOJB3YIOTCA B pacueTax. Heo6xoqumMo TONBKO, HTOGEI
MMeJiMCh JOCTOREepHble AaHHBIe AJA BbIbopa MX 3HAYEHHA C JOCTA
TOYHO} CTelNeHBhI0 TOYHOCTH. B 3TOM OTHOmEeHHMH KoaddHIHeHT pac-
X048 MMeeT HECOMHEHHble IIpeMMYIlleCTBa, TAK KaK J8eT BO3MOK-
HOCTh Cpasy ompeJe/MTh WUMPUHY M AuaMeTp pabouero Kojeca. IIpu
BHIGPAHHBIX HMX 3HAYEHMAX OOBEeMHBIH pacxoj| olpefiesAeTCA ypasBHe-
HHeM

Q° = 154 bdU , m3/mun.

ObbeM sueexk paboudero Ko-

1 .:, Jleca HAOXOQUTCA BHIYMTAHHUEM U3

" obsema LMIMHADPS, OIIMCBI-

: BaeMoTo paboumm KojecoM, 00b-

as [ Yiar®® eMOB BTYJIKH, JomnaTokK. 6aHpa-

| ; ¥ el M T.A. 3aBHCHMMOCThL obbema

2 T AdYeek paboyero KoJjieca OT TJy-

- OMHBI IOTpY’KEHHUsS JIONATOK B

a4 JKHAKOCTHOE KOJbLO MJIA pasjng-

HBIX YIVIOB HaKJOHa obpasyronieit

g2 BTYJKM pabodero KoJjeca mokasa-
A HaHa puc.4.7.

TaxkuMm ob6pasom, Ajid 3aJaH-

|
079/ 92 95 av 87 a8 .., pa3MepoB M YACTOTHI Bpalle-

Hud paboyero Kojgeca MOXKHO C
Puc.4.7: 3aBucnMocTs obbeMa A9eeK MHOCTATOYHON CTEIEHBI0 TOYHOCTH
pabodero koseca oT [JIYSHHEI HOIDPY- ONpefeIMTb ITPOM3BOAUTETBHOCTD
JKEHHNA JIOATOK B KUJKOCTh KM n, naobopoT, mpHM 3ajaH-

HOW IPOM3BOJUTENBHOCTH Olle-

HUTH pasmepsl pabouero KoJeca.

4.6. Onpedenenue 3xcyenmpucumema

OKCUEHTPUCHUTET, T.€. PACCTOAHUE MEXIy ociAMH paboyero KoJ-
Jleca ¥ KOpHyca, ABASeTCA OJHUM M3 OCHOBHBIX TeOMETPHUUYECKHX
pasMepoB, onpelesAOUIUM ero mapamerprl. lIpH BeguumHe 3Kc-
HEeHTPHCHTETA, MeHbIIell olTHMAJbHOH, B KOHIE IpoLiecca BCACHIBA-
HUA KUIKOCTb HE BBIXOJUAT IOJHOCTBIO M3 fAYeeK U IPOHMIBOJNTEJIE-
HOCTh MAIIMHLEI He JOCTHrAeT BO3MOMKHOro 3HaueHusA. IIpu sxc-
LeHTpucUTeTe, BOJIBIIEM ONTHUMAJILHOIO, B KOHIE Ipollecca CoKaTHsd
paboyee KoJieco MOJHOCTHIO BEIXOJUT M3 JKHUAKOCTH M IIPOIECC CKa-
THA rasa HAUMHAETCH TOJALKO IIOCJe TOro, KaK JKHAKOCTh IepeKpoer
Aueitky. Takum obpasomM, B mpoliecce CKaTHA rasa nNpUHUMaeT yda-
cTHe MeHbIIlee KOJMYECTBO AUeeK M IPH 3TOM YBEeJHUYMBAIOTCA HNOTEPH
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B mpollecce CKaTus, 0 4Uem TOBODHUJIOCH HpI/I onpeneseHUH Hucjaa Jio-
IIaToK.

B pa6ore [18] pekomenayerca BpibMpaTh 3HAUEHHE B3KCIEHTDH-
cureta B quamasore 0,12-0,16 (pas6poc 25%), M mHuero He roso-
purca o cnocobe ero ompegeneHusa. HaXoXJAeHWI0 BeJIWUMHEI B3KC-
LeHTPHUCUTeTa CMelHaJbHO HocBAleHa pabota [89], ogmako mpumsa-
Thble HPU 3TOM IIPeANOCBUIKH (IMIMHAPHUYHOCTH BTYJKHM U Np.) HpH-
BOJAT K SHAYMTENBHBIM morpelsoctsaM. IlostoMy Heobxopum Gollee
CTPOTHH TOAXOJ K OlNpefie/ieHHIO BEJINYHUHBI 3KCIIeHTPHCHTETA.

Kak ykasbiBajock paHee, >KMIKOCTHOE KOJBLO IOXHOCTHIO
A4eilky He sanojudeT. CeKYHAHBIA PacXoj KMIKOCTH Yepes CeYeHUe
1-1 (cm.puc.2.1) MoKeT 6BITH PACCYNTAH IO YPABHEHHIO

QJK

z2n
C npocratouHoO# cTeneHbI0 TOYHOCTHIO MOXKHO TPEIIIONOKHTE,
YTO 3TOT Pacxol KUAKOCTH MPOXOAHUT Yepesd Jioboe paguaipHoe ceye-

H¥Me MaIlMHBI, B TOM 4yuncjie n depes cedeHue 0-0. Konamuecrso xup-
KOCTH B fiueliKke B 3TOM cedeHHMH OIpeleldeTca PasHOCTBHIO

V=V, -V, (4.12)

(V, - V,.,) +6,0C,. (4.11)

Cexynausiii pacxoy xuaxocts B ceueHun 0-0 yepes 6Geanoma-
TOYHOEe NPOCTPAHCTBO OIpefesieTcA 110 YPABHEHHMIO

z2n
QY =Q* -—V>*. 4.13
0 60 ° “-19)
OTOT XKe pacxoj MOJKHO HAHTH [0 CPefiHEeH CKOPOCTH MKHIKOCTH
Qy = bC,(2e +6). (4.14)

VpaBuenus (4.11), (4.13) u (4.14) aarorT BO3MOKHOCTH OIpeje-
JINTh BEJIMYHHY 3KCLEHTPHCHTETa :

a1 (v -7,) o1 ;_CG) (4.15)

e=———\V, -—

60 2bC, 2 C,

Kax sujHO H3-IOJYYEHHOro YPABHEHMA, BeJHUYHHA BKCIEHTPH-
cHTeTa 3ABMCUT OT CpelHEH CKOPOCTH JKHAKOCTH B (e3I0NMaToYHOM
NpPOCTPAHCTEE, METOAHK& pacdyeTa KOTopod npusefeHa B ri1.2. Yem
6onsme cxkopocts C,, TeM Mensie JoJKeH OGBITH SKCIEHTPUCHTET.
IlosroMy mpumeHeHMe KPHBOJMHEHHEIX JIONATOK, 3arHYTHIX IO HAa-
IIPABJIEHUIO BpAI[EHUsA PpoTopa, IMPUBOAUT K YMEHLIUeHHIO BKC-
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nedTpucutera. C gpyro#l CTOpOHBI, NPH 38AAHHOM 9KCIEHTpHUCHUTETE
¥ MeBecTHON (MM 3ajaHHON) BeJMYHUHE ~MepTBOrO mpocTpaHceTsa
Vyn O6bem rasa B A4Yeiike B CeUeHUH 0-0 mMo:KHO HaWTH IO ypaBHe-

Huio (4.15) :

V, = 60 - 2bC, e+—éi I—(J’
z2n 2 o

+ V0 (4.16)

a TeopeTHUYECKYI0 IIpon3BOJUTEJIBHOCTDH MAUIMHBI - 110 YyPABHEHUIO

Q: = 60bC,|2e+ 6, 1- % - zann—%, m3/muu.  (4.17)

0 b -

Ha BeiMuMHY 3KCIEHTPHCHUTETa BJIHAET MHOKECTBO Pa3JHYHBIX
GaKTOpPOB, B TOM YmcJe U TOJIIMHA JIONATOK. IIpu paspaboTke Ma-
muEsl BBH2-50 Ha onbITHOM 5K3eMILIsApe pabodero KoJjeca JOMATKYI
6BLIM CHeJaHB! BIBOE TOJIIE, YeM IPeAyCMATPHBAJIOCH PACHETOM. B
pesyjpTaTre 3HAYMTEJBHO YMEHBIIHJICA obbeM AYEEK MeXXIy JoIlar-
KAMH M M[PHMILIOCH CHEeIHMAJbPHO H3MEHHTh BSKCHEHTPHCHTET, 4yTOGBI
ysKe M3IOTOBJEHHOE KOJIECO MOMKHO OBLJIO MCHOJIB30BATH M BBIMYCTHTH
ONBITHBIN ob6pasel] MaIlllMHBl XOTH 6bI M C OTKJOHEHMAMH OT 38JaH-

HBIX TIapaMeTpoB.

4.7. Onpedenenue yzaa HAKA0HA obpasyoujell emyaxu pa6oiezo
Koaeca

unuaapuyeckasd BTYIKa obecreumBaeT GOJBIIMII 00beM AUYeeK
paboyero Kojeca, YTO JOJIKHO COOTBETCTBOBATDH Goablrell MPON3BOAH-
renpHocTH. OfHAaKO IIPH TAKOH BTYJIKe HeobxoauMo obecrieYnuTh BHI-
COKYIO TOYHOCTh B DACIOJIOKEHMH OKOH, WHatue obpasyercs "MepTBOe
HPOCTPAHCTBO ¢ OTHOCHUTeNbHO GoibImIMM o6BeMoM Vyn, 8 9TO TIpH
BLICOKMX CTelleHsX CKATHS CYIIeCTBEHHO CHHIKAET NPOH3BOJHUTENb-
HOCTb.

VBeauueHue yIrIa HakJoHa o6pasyioumed Ygm OAHOBPEMEHHO
MPUBOJHUT K YMeHBIIeHHIO pabouero obmeMa Kak AYeHrU, TAK U
“MepTBoro mpoctpaHcTBa . OTHOCUTeNBHBIH 06BeM "MEpTEOro IIPO-
cTpaHCTBa OIMpefieslfeTca ypaBHEHUEM

Vo = Low Ve V1
v, v,

s mamuner BBH-12 snauenus V,, B 38BUCHMMOCTH OT pac-
cTosHUA B ceueHMM 1-1 MesXay KHMIKOCTHBIM KOJBLIIOM M BTYJIKOM £

180

OpH  PAasJIMYHBIX yrJaX HakJoHa o6pa3symwolieii IIpHMBeleHBI Ha
puc.4.8. PaccToAHMe MeXAy SKMAKOCTHBIM KOJBIOM M BTYJIKoH pa-
Gouero KoJieca onpefeaercA HA TOPIEBBIX NMOBepPXHOCTAX. IIpHM aToM
IpeAnonaraeTcs, 4YTO KHUAKOCTHOE KOJBIO BO BCeX CEUEHUAX BHOJD
ocH pabodero KoJieca UMeeT OJUHAKOBYIO TOJIIHHY.

Kak sugso Ha pucynke,
Haubojiee WHTeHCHBHOe H3MeHe- Vs
HHe obbeMa “MepTBOro mpo-
CTPAaHCTBA IMPOMCXOAUT HPH Ma- 0% “["‘io—\
JBIX YyTA8X Yam. Ilpu Goasmmx f !—5—«—
yriax  HaKJOHa of6pasyomei
BTYIKH o6TLeM ~MepTBOro mpo- | dF
cTpaHcTea” O4YeHb MaJ M He Mo- =07
’KeT CYyIleCTBeHHO BJHAThH HA Jo= 15°
IIPOM3BOANTENLHOCTh MAIIMHEL, 8
pabounit 06beM s4YefiKH ¢ pocToM L~ -

=
A

aToro yria ymeHsbinaerca. Ciaego- /é% S

/)

BaTeNbHO, CcylnecTByeT  OIITH- ) 4 s 12 MM

MMLHL‘Eﬁ yroJ HakJOHAa obpa- Puc.4.8 OTHoCUTeI: . 5

3ylomeli BTYJKH, KOTOPRIH HPH wyeprsoro mpoer mc:;x’n ot
MPoYUX PaBHBIX yCJIOBMAX BBH-12 P AT
(0IMHAKOBOE PACCTOSTHUE MEXIY
SKHAKOCTHBIM KOJIBIIOM M BTYJ-

Kolt B ceuenmm 1-1, oguHAKOBOE e — __:._.__
NIOTPy’KeHHe JIOMATOK B  JKM[-
KOCTHOe KoJIbIo B cedeHuy 0-0 u — —_—
Ipyrue) obecneywBaeT Ha 3IaNaH- / o
HOM pe)XuMe paboTel Makcu- L
MAJIBHYIO IPOH3BOJUTEIBHOCTD. i

|

|

) /
A/

<

W
%
Z

A\

Kak BupHo us ypasuenus (4.17), T
OH 3aBHCHT OT co3xaBaeMoro Ba-
KyymMa  (crelleHM  IOBBIIIEHUS 0 /
JaBIeHNA) MAIINHBI. o

Ha pwuc.4.9 npuseneHs! 3a- / ' Te®
BHCUMOCTH IIPOM3BOAUTENIBHOCTH 4 [ 12 —
mamuasl BBH-12 or yriaa Ha-
KJOHa obpasywuleif nOpu JaBie-
HHUAX BcaceIBauma 50, 30, 20 u
10 xIla mpu S;/r»=0,05 =n
a,/r»=0,05. 3 aTmx 3aBHCHMO-
cTeil cieayeT, uto 4eMm 6oJiblie
co3laBaeMbIl  BAKyyM, TeM
SoJIBINMM JoJIsKeH OBITh YIoJl HakJoHa obpasyiomieil BTyJKku pabouye-

ro koneca. Ecum mamuna paboTaeT npy GOJIBIINX CTENEHAX MNOBHI-
IleHUA NaBJeHHs, TO y Hee 00A3aTeIbHO AOJIKHA OBITH KOHUUYECKAas

Puc.4.9. IIpouseBomurenbHocTh Ma-
murel BBH-12 npu  pasnmuuHbIx
yriax HakJoOHa obpasyiollell BTYJIKHU
paboyero xoneca:

ao/r3=0,05; Sl/r2=0,05
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BTyJKa paboyero KoJjeca ¢ yrjaoM HaKJJoHA ofpasyomeii He MeHee 7°.
CyujecTByeT 4eTKas B3aMMOCBA3bL MeXXJy YIJIOM HAKJOHA o6pa-
ayoumeil BTYJAKN ¥ 3KCIeHTPHUCHUTETOM pabouero KoJjeca. IIpu mocto-

AHHOM 3HAYEHHH 3SKCIEeHTpHCHUTeTa HN3IMeHeHHne yrijia Ygm He IPHBO-

o T
(]

— e

-}

Y

12 16

OAT K KaKoMy-aubo cylecTBeHHO-
My M3MEHeHWI0 IIPOM3BOJUTENE-
gHoctu (pmc.4.10), uyro HmOATBEDPIK-
paercs aHaJIM30M YpaBHEHHS
(4.17). 3agapHOE 3HAYEHME DOKC-
LeHTPHCUTETa Ipejolpejenser Mo-
CTOSHHBIN pacxoj KHAKOCTH Yepe3
6e3ji0naTOYHOE NPOCTPAHCTBO B ce-
yeyun 0-0. IlosToMy He3aBHMCHMO

oT 3HAYEHHA yria Vg, obbeM raza

B AdellKax B 3TOM CE€YEeHMM TaKKe
ABJIAETCA ITOCTOAHHBIM. Hexo'ropoe

U3MeHe-HMe IMPOM3BOJXMTEIBHOCTH
ompefie/ifieTcs BAWAHHEM IepeTe-
yex rasa uepes  MepTBoe IIPO-
crpancTBo”. OpHaKo raybuHa mo-

Puc.4.10. IIpou3BoguTeNbHOCTh M
[IyOVMHA TOTPYKeHUA JONAaTOK pa-
6ogero KoJleca B IKMJIKOCTHOE
kompuo Mamurs BBH-12 npu mo-

CTOAHHOM 3KCLeHTpHCHUTeTe:
S;/re=0,05; e=20MnM

2%

IPY’KeHHsA JOMATOK B >KUAKOCTHOE
KOJIBIIO NPH 3TOM M3MEeHAEeTCHA, TAK
KoK CEeKYHJHBIA pacxol KMAKOCTH

yMeHbBIIAETCA C POCTOM Ygm-

U ESN o 3 M 3K

SO g ABUCHMOCTL  MEXIY c-
[l BN g 2 % UEHTPHCHTETOM M IIPOM3BOAUTEIb-
N !\ \\ 7 ! mocThio mamuasl BBH-12 npu agas-
u\Aq\\\ /</ 5 5 % gemmu BeachisaHua 30 klla pnsa

1

N ! N
kN P ZaR /\\ , DROMMHYHBIX VIJIOB Yem TpHBeJeHA
NN 5 na puc.4.11, 3fech Ke HaHeCeHHI
d ™

N~ SN o R0, s JBBUCHMOCTH OT OKCIEHTPHCHTeTa
/// ™ \’0\~ \\\ rAybMHBL TIOTPYXKEeHUA JIONMATOK B
o €N N, KHAKOCTHOE KOJBIO. DKCHUeHTpH-
[ SN curer® aToit MamuHe paBeH 20 MM,
" l e YTO COOTBETCTBYET INPOU3BORMTE]b-

19

20

2t

goctn 11,9 m3/Mmm u raybuHe mo-
rpy:kerus Jomatok 17 MM. VY se-
NMYeHHMe BKCIeHTpucurera go 21,5

Puc.4.11. TIpomsBoguTensHOCTH M
r1ybuHa NOTPY’KeHWA JIONAaTOK pa-

Gowero xoieca BBBH ’;‘;RKO"T’*O" MM IPHUBOJAMT K POCTY IIPOH3BOJH-
KOJIBLO MAIIMHEL -12 mpu pas- poyppocTH npumepHo Ha 1 M3/MuH.
JNYHOM SKClLIeHTPHCHUTeTe n
S,/r2=0,05:

—— NIPOHU3BOAUTEJbHOCTE;

- - ry6uHa NOTpyIKeHHA

OHTMEVIBJILHBIG 3HAYEHNA JKCHEHTPHCHUTETA M yIrJia HaKJIoHa 06-
pasyiomeli BTyJIKH paboyero KoJjieca NpPOBEPAJMUCE HA SKCIEPHUMEH-
TaJIbHON yCTaHQBKe, cocTosIeil u3 BakyymHoro Hacoca BBH-0,75,
COEJHHEHHOTO YIIPYyroil MydToil ¢ acCHHXPOHHBIM 3JIeKTPOJBHUTATENIEM,
cuctemel nonaup BoAsl ¢ poramerpamu PC-5 u PC-7, U-o6pazHoro
MaHOMeTpa JAJis M3MEepeHHUs pas3peXeHHA BO BcachlBaloliem NaTpybxe
H KOMIIeKTa 3JIeKTpousdMepuTesbHbIX mpubopos KC-5 nna samepa
norpe6isieMoit MomHocTd. MolHOCTs NPHMBOJAA HAcCOCA OIpejeadiach
ITo XapaKTepUCTHKe ajeKTpojaBurareins, HoMmuHansHoe uwncyo obopo-
TOB 3JIeKTpojBHIaTesa, pasHoe 1450 06/MuH, KOHTpOJIHpOBajOCh Ta-
xomerpom MO-30 u mposepsasocs crpoboTaxoMerpom. BapoMerpuue-
CKoe JaBjleHHe u3Mepsoch GapomerpoM-aHeponsiom M]I(-42-2. O6®s-
eMHadA MPOM3BOANTEIbHOCTE 3aMepsajach rasoBbIM cyetryHrom PI'-40
M CeKYHAOMEepOM, a TaKjKe Olpejensanachk o ypasHeHHIo (4.28).

3aBHMCHMOCTH NPOU3BOJUTENBHOCTH ¥ YAEJBHOM MOU[HOCTH OT
OKCIEHTPUCHTETA PU yrile BBIXOAA JOMATOK 50°, yrie nakjoHa o6-
pasymonied BTYyJIKM pabouero Kojeca 5° m pacxojie Boasl 3 1/MuH
npHBejeHs! Ha puc.4.12, mo KoTopeIM onpefeiseTcs OINTHMAJbHOE
3HaYeHMe SKCLEHTpucHTeTa: e=13,5 MM (€/r2=0,15), uro nocraTouno
6JM3KO COBNAJaeT ¢ PacYeTHHIM - 110 ypaBHeHuio (4.15).

M&

[ @ (1| 8T *
ot g._/-—-n e 35 TMHI

=g

ears/ /
04 ® i }/
] M e

g 15

02 o El— =
A
75 1 B
k1Y 2 Tl 7 0 25 wila

6
Puc.4.12. XapaxTepucrukyu mMamurst BBH-0,75 npu pasnuursix skc-
LleHTPUCHTeTax:
a-NIpoN3BOANTEJILHOCTD; G-YJIOJIbHaﬁ MOIIIHOCTb.
P22=30°, Yem=5°, @¥=31/Mun

3aBUCHMMOCTH NPOM3BOJUTENLHOCTH W YAEJBHON MOITHOCTH OT
yria HaKjJoHa obpasymoomieli BTYJKHM pabouero xojeca NpPH yrIje BbI-
xona nomatok 50°, sKcuedrpucurere 13,5 MM H pacxojlie BoZbI
3 n/Mun npusesens! Ha puc.4.13. OnTuManbHBIM SABAAETCH YroJ

Yam=5°.
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Puc.4.13.XapakTepucTHKH MAIINHBI BBH-0,75 npu pasiIudYHBEIX yriax Ha-
KJoHA obpasyioleil BTYIKH pabodero Kojeca:
a-TPOU3BOIUTEJBHOCTD; 6-ynenpHas MOILIHOCTD.
B2=50°, e=13,5Mm, Q¥=31/MuH

4.8. dopma U pacnonocerue 6cachisawux u HazHemameabHbLX
OKOH

T'asopacnpejeienine B JKKM oxaszblBaeT Oojpliioe BAWAHKE HA
px mnapamerphl. B janHoM paszene paccMaTpHBAalOTCA TOJBKO Ma-
[IMHBI C OCEBHIM MOJBOJOM M OT-
pojoM rasa. Cxema pacIiojoie-
HUA BCACBIBAIOIIMX M HarHeTa-
TeJbHBIX OKOH IIPUBEJEH8 Ha
puc.4.14. Kondurypanus Kax-
7IOTO OKHA OIpejesseTcs paclo-
JIOMKeHMeM  ueTbIipex KPOMOK!
BXOJHO, BHEIIHeH, BBIXOJHOM U
pHyrpenneil. Ilpexpge uem Ie-
peiiTH K PACCMOTPEHHIO KaXJoro
U3 9THX OKOH HeoOXoAuMO che-
aTh HECKOoJbKO ofIuX 3aMeva-
HUA.

Bxozgable ¥ BBIXOJHBIE
KDOMKM OKOH OIIPe/leslAloT rpa-
1 - BXofHAs KpOMKa; 2 - BHEINHAA KPOMKA,; HUIBL  MEXAY npou;ec::aMH B
3 - pBLIXojHas KpoMmKka; 4 - BEYTpeHHAA HKKM. Otceyenne AjYeHKH OpH
KPOMKa ee [BHMKEHMM OT BBIXOJHOM

KPDOMKH BCACBIBAIOLIETO OKHA
ompefensieT HAYaso Ipoliecca CoKaTHA, coefiHeHHe AUeHKH C HArHe-
raTebHBIM OKHOM - KOHEL, IIpollecca CKATHA M Hadalo mpoliecca Ha-
rHeTaHMA; OTcedeHMe pabodeil AuedKM OT HArHETAaTEJbHOTO OKHA&

Puc.4.14. CxeMa pACIOJIOKEHUA KPO-
MOK OKOH JXMJIKOCTHOKOJIbLIEBOH Ma-
LIMHBI
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Ompe/ieNIACT KOHel NPOIecca HATHETAHUS M, HAKOHeN, COoefNHeHye
A4efiKU ¢ BCACHIBAIOI[MM OKHOM - HAYAJIO Mpoliecca BeackiBaHuA. Bee
3TH MPOLECCHl 3aJAI0TCs MOJI0KEeHHeM KOJIbIA KUITKOCTH.

HOna paguanbHBIX JIONATOK IIOJIOMKEHHE KoJjbiia M pabouero ko-
Jleca OTCUMTHIBAETCA B OFHOM cucTeme KoopiauHar. Ho sonarxku pa6o-
Yero KoJieca 3aPHYTHl Bllepe [0 HAIIPABIEHWIO BpallleHMA, U I10JIO-
JKeHue XHMIKOCTHOTO KOJIbIA ONpefelideTcsi KOHIAMM JIONATOK. Y-
JIOBOE PACIIOJIOKEeHHE OKOH J0JIKHO 3aJaBaThCA II0 KOHIAM JIOIMATOK
& He II0 MeCTy KpellleHMs 3THX JonaToK K BTynake. OBbIYHO Haxo:
OUTCS YyroJl CMellleHUA KOHIOB JONATOK W IOJ 3THM YIJIOM IIPOBO-
OUTCA OChb CHMMETPHUM, OT KOTOPOHl JOJIKHBI PAcCUMTHIBATHCA YTIJIBI
pacIojlosKenusa oxkoH. VMmeHHo 3Ta och NIpH NPOQUIMPOBAHUN OKOH
BO BCEX pacyeTaX, 0O KOTOPBIX T'OBOPUJIOCH Bhlllle, U OIpefesideT ceue-
Husa 0-0 u 1-1. lpu BeiGope 1m0JI0XKeHHUA BXOLHEIX M BBRIXOJHEBIX KPO-
MOK HeoOXOJMMO TakK:Ke yYUTHIBATH TOJUIMHY JONATOK.

4.8. 1. Beacvisaoujie oKHA

BHyTpenHAA KpOMKa BcachIBalOI[ero OKHa JOJKHa pacloja-
TAThCA -HeIIOCPeICTBEHHO 110 paguycy BTYJKH paBodero KoJeca. Ecam
ee pacloJIoKUTh 6imKe K Bajgy paboyero KoJjeca, TO 3TO NPUBeAET XK
YMEHbBIIeHHIO THAPABINYECKOTO CONPOTHBISHMA TOPLEBBIX IUeJel M
POCTy IlepeTedeK, a ecJH BEIIIe BTYJIKHU - K DOCTY CKOPOCTH BTe-
;:Zrzmero rasa ¥ yBeJIMYEeHUIO MOTePh JaBJEeHUA B IIpoIlecce BCAChIBA-

BHemHAA KpoMKa pacroJjiaraeTci Ha HEKOTOPOM PACCTOSHHMM OT
MOBepXHOCTH KMOKOCTHoro KoJbsla, pasaom (0,01-0,02)re, pas
mpefoTEpallleHusa Bei6poca paboueil KHUAKOCTH BO BCacChIBAOIHA
marpybox. J[nA ompejeneHUs NoJOKeHUS BHellHell KPOMKM BCACHI-
BAIOILEr0 OKHA MOJKHO BOCIIOJIL3OBATHCA Pe3yJIbTATAMH pacyeTa JBU-
JKeHHUsA KHUAKOCTH HJIH 9KCIepUMeHTa&JbHO IOJy4YeHHBIMHU 3HAYEHHH-
MH CPeJIHMX CKOpOCTell KMJKOCTH B IIPOCTPAHCTRBE MeXAy pabounm
KOJIeCOM B KOPIYyCOM MAIIHHBI.

CexyHAHBIII pacxoj KHUAKOCTH B MalluHe Q™ Eaxogurcs Io
ypasHenuo (4.11). Ilpegmosaraercsi, 4YTO TAKOH DPacxXoJ NPOXOAMT
yepes 11060e ceueHHe MALUMHBI. PaccToAHHE MeXkJy pabodum KoJe-

COM M KOPIYCOM B NPOM3BOJIBHOM CE€YEHHH onpejenseTrcd ypaBHEeHH-
eM

5, =R~ \/rf +e® — 2er,cosa . (4.18)

CexyHJHBIN pacxoj KMAKOCTH, NPoXoAdAllied B pabodyeM Koiece
Yepe3 BTO CEYEHHe, PACCUMTHIBAETCA CIEAYIOLIMM 06pasoM:

@, = Q" - 6,bC,. (4.19)
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O6wem rasas B Aueiike pabodero Kojieca B TOM XK€ IPOM3BOJIBHOM
ceyeHUM HAXOAUTCA IO yPaBHEHHIO

* .60

2n

V: =V,

pa =

(4.20)

M IO ero SHAYEHWIO onpejensercs Ha rpaduxe oTHOCHTeJbHAA TIy-
6uHA TOIPY’KEHUS JONATKM B JKHAKOCTDH [, XapaxTepusylomas
IpAHUIY >KHIKOCTHOTO KOJBIA. st Hacoca BBH-12 [, npeacrasJe-

ua Ha puc.4.15.
BxojgHasg  KpoMKa  Bcachl-

‘l% BAIOIero OKHa paclojaraeTca Ha
: o
05 ™\ / paccToOSHHM He MeHee OJHOH
’ £=q0 // aueitkH or ceueHma 1-1, T.e.
04 A I / 27/2, n okpyriferca paguycoM.
R0 IlaBnenne rasa B Aueilke opu Ho-
03 ; CTHKEHHHM UM BXOJHOW KPOMKH
\ ik BCcachIBAKOIEro OKHA B HAeAJb-
02 7 HOM cJydyae JOJKHO 6GBITH PABHO

\ AaBJIEHUI0 BCACHIBAHUA.
aHUA rasa B

Ot & ﬂ H'C}‘;opoc'rb HaTeK

o adenky | onpefelseres -Ho- ypaB-

menmio (3.48). Hs puc.3.27 u
3.28 BugHO , YTO 3T4 CKOPOCTh
Puc.4.15. Tpasuna IHHUJFKOCTHOTO ‘ngqngpmepng; npu coobIeHnn
xosbla Mamusasl BBH-12 npu gas- gYefKH co BcachIBaIOIHM IaT-
nenny Beachipanua 30 k[la. e=20 MM py6xoM  CKOPOCTh ra3a MAaKCH-
maJibHa, 3aTeM OHa pe3Ko Ia-
naer. OTciofa cieayeT BBIBOA, 4TO HE HY)XKHO CTPEMHTHCA pAacKphI-
BaTh BCAcChIBalOIlee OKHO B KOHII@ Ipolecca BCACBIBAHHA. Kpome TO-
ro, BHIXOJHYIO KDOMKY Iejecoo0pasHO pacmojaraTe Ha GoJpHIeM,
yem 77/2, PACCTOAHUU OT-eeHeHUd 0-0, TaK K8K B KOHIE Expou,ecca
BCACBIBAHMS MOJKET IIPOMCXOAUTH BBITEKAHHME rada U3 AYEHKH, HE-
CMOTPA Ha yBequdeHHe ee obbeMa. 3
B pasn.8.4 moxasaHo, YTo B IIpoIiecce BCACBIBAHHA B syelke
IPOMCXOAMT He TOJBKO HaTeKaHUe rasa yepes BCACBIBAIOII[HE OKHA,
HO U Ipoilecc UchapeHUs paGoued KHIKOCTH. .,B KOHIle IpoIecca
BCACBIBAHUA IPHUPOCT KOJHYECTBA IIApPOB paboueil SKMIKOCTH MOXKeT
HnpeBHIIATE YBeJHYeHHe o6rmima AYyeilKu M OpH 3ToM OyJeT IPOMCXO-
JUTH BLITEKAHME Irasa U3 AYEHKH.

60 120 180 240 300

4.8. 2. HazHemameJlbHble OKHA

BHYTpeHHAA KPOMKa HarHeTaTeJbHOTO OKHA TaK K€, KaK M Bca-
CBHIBRIONIETo, pacrojaraeTca HEIOCPEeJCTBEHHO MO Ppaguycy BTYJAKH
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pa6<mero xoJieca. Ecan OH& HaxoAHTCA Ha 6onpirem pagnyce, TO Ipu
AOCTH)KEHNHN ee KHIAKOCTHBIM KOJbLIOM B qui/‘IKe oTceKaerca YacThb
rasa, KoTopas 3aTeM IepeHOCHTCA B II0JIOCTH BeachblBaHMsA. Hempa-
BWJIBHOE DACIOJIOKEeHHe BHYTPeHHEH KPOMKH MOXKeT NPHMBECTH K He-
KOTOPOMY YXyAIIEHUIO IapaMeTpOB MAaUTHHEI.

Bremnasa KpoMKa HarHeTATeJbHOTO OKHa& ONpelesidieT TOJNIUHY
SKHAKOCTHOTO KoJblla.! Bauanue NnososkeHMA 3Toi KPOMKu Ha pabo-
YMii mpomecc MAIIMHBI JOCTATOYHO MOAPOGHO pACCMOTPEHO B
pasx. 3.4.

IlonokeHue BXoAHOM KPOMKM HATHETATEJbHOrO OKHA BJIMAET He
TOJBKO HA 3aTPAYMBAEMYI0 MOII[HOCTh, HO M Ha IIPOM3BOZHUTENBHOCTH
mamuEbl. OHa JoJxHa OBITH pAcIOJIONKeHa TaKHM o0pasoM, YTOOBI
opH cooblieHuU AYeHAKH ¢ HATHETATEeJbHHIM OKHOM [aBJIeHWe B HeH
OBLIO pPABHO JaB/JeHMIO HarHeTaHWs. PacmojioiKeHMe BBIXOZHOH
KPOMKH HArHETATEJILHOI'O OKHA AOJIKHO oDeclledMBAaTh MUHHMAJIbHbBIE
NepeTedYKH rasa yepes  MePTBoe [IPOCTPAHCTEO .

Onsa ompepeleHUs ONTHMAJLHOTO IMOJOKEHHMs KPOMOK BCACHI-
BAOLIUX UM HATHETATEJBHBIX OKOH ABTODOM OBLIM ITPOREJEeHHI 3KCITe-
puMenTs! Ha mMamuaax BBH-3 [13] u BBH-0,75 [32]. IIpn wucnoeiTa-
HUAX Ha BakyyMHOM Hacoce BBH-3 wucmosnssoBanacs ycTaHOBKA,
onucanHag B pas3f.2.5.1. Yrobnl obecrmeynTs u3MeHeEMA GOPMBI
OKOH, K JIOOOBMHE BmOTall Kpenuyivch BUHTAMM CTAJIbHBIE IJIACTHHSI
TOJIIMIMHOM 3 MM, B KOTODHIX BHIPe3alUCh OKHa TpebyeMoi reomMer-
puu. Ha BBH-3 6niim nposefieHbl HMCUBITAHHA IPH ITOJOKEHMAX
BXOJHON KPOMKHM , COOTBETCTEYIOIIMX JaBieHusam BcacbiBaHug 10,
20, 30, 50, 70 u 90 klla. TIpm 3THX uCcCHeJZOBAHMAX IOJOXKEHUA
BHEIIHEN ¥ BBIXOJHOH KPOMOK HATHETATEJLHOI'O OKHA He MEHSJIUCH,
T.e. OHM OBLIM paclofIoKeHbl TaK JKe, KaK U B CepUITHOM MallInHe.

HaMeHeHNe NPoM3BOAUTENBHOCTH M YAEJNbHOH MOIHOCTH B 3a-
BUCHMOCTH OT yIJIa PACIOJIOKEHMA BXOJHOM KPOMKHM IIPM pacxofe

BOABI 8 J/MMH MoKasaHo Ha puc. 4.16. VYriosan koopamHaTa gy

SIS N s
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4p 59_@—3{/ ~N ol %""D X_\] / ;}
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| . "‘\\\‘ " i&\ /, /|
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Puc.4. 16. Xapaxrepuctuxu mamuasl BBH-3 npu pacxoge soger 851/mun:

a-IPpOH3BNAUTE/LHOCTD; 6-y/lebHAasA MOIHOCTD
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OTCYUTHIBAETCA OT HyJIeBOI‘O ceyeHNA. HpI/I AAaBJeHUAX BCACBIBAHNA
70, 50 u 30 klla monokenue BXO/JHOM KPOMKH CYII[€CTBEHHO BIUSAET
Ha [POM3BOAMTENBHOCT, UTO NMOATBEPXKIAET uaoKeHHoe Beille GH-
anyecKkoe 060CHOBAHNE TAKOr0o M3MEeHEeHHA.

. TlonoxeHue BXOLHOM
Peom l | KPOMKM BJIMAET M HA BEIMUMHY
10 N ' npefileIbHOTO BaKyyMa. ra 3a-
BUCHMOCTb TIPH pacxojie BOJbI
4 15 a/mMuH npuBefeHa Ha
puc.4.17. CuHusxeHue Impeaessb-
70 AN HOro BaKyyMa CBS3aHO C POCTOM
\\ | IepeTedyex rasa yeped TopLEBble
* 3a30opbl 1U3-3a YBeJWUYEHHA LIH-

J& HBl BHyTpeHHEH KPOMKHU OKHa.
0 60 M 80 90 N0 (0epad Ha puc.4.18 noxasaHa cxe-
ma pacCTIOI0KEeHHU A BCACHI-

9

-

Puc.4.17. 3aBucuMoCTb IIPeAebHOr0
paxyyma mamuHer BBH-3 or monoxe-
HUA BXOJHOM KPOMKHM HarHeTaTeJIbHO-

BAIOIIMX W  HATHeTAaTeJbHBIX
OKOH, MCcileJoBaHHAA Ha BaKy-
YMHOM Hacoce BBH-0,75. OpHo-

ro OKHA BpeMEHHO NPOBEPAJIOCH BANA-
HUe IIOJOMKeHUA BXOJHOHN KpoM-
KM HarHeTaTeJbHOTo OKHa Ha
napaMeTpsl MAIIHHBI
s (puc.4.19a). Kak BHIHO H3 pHU-
Y 3 CYyHKa, 3[jech ONTHMAJIBHBIM SAB-
\ jAfdeTcd yIOJ BXOZHOH KPOMKH
Clgx=TT°.

WccnenoBanue BIAHAHUA
; mOJOKeHUA BHEIIHeH KPOMKH

"r'r"r OKHA Ha INapaMeTpbl MAaIINHEI

"o oKasajio, uTO 37Jech TaKXKe
! UMeeTcA OINTHMyM. PeaylibTaTel
HCHBITAHUII, NpPOBeJEeHHBIX IIPH
pacxojie BOABI 4 n/mMus, yriae
BppIXona Jjomarox 50°, yriae Ha-
KJaoHa obpasylomeil BTYJIKH pa-
Gouero Kojeca 5° W SKCIEHTDH-
cutere 18,5 MM, mnpelcTaBieHbl
na puc.4.20. Cyxenue okHa NPUBOAHT K HeycroilunBoil pabote Ma-
HNIMHE M HeYAOBJETBOPHUTENbHBIM IlapaMeTpaM, IIpH fobpIIOM pac-
KPHITMM OKHa [TapaMeTPbl MAIIWHBI TaKXe yXyAIIAaoTCA. :

BANAHME IMONOMKEHUS BHIXOAHOH KPOMKM HATNHETATEJBHOTO OKHA
Ha DapaMeTphl MALIMHBI, BRISBIEHHOE B XOI€ HccleJOBAHUH, IOKa-
saHo Ha puc.4.196, rge ABHO BHAHO, HTO ONITUMAJIBHOU sABIAETCA
dopma 2.

Puc.4.18. .CxeMa pacIloNOMXeHUs BCa-
CHIBAIOIIMX M HATHETATENbHBIX OKOH B
mamure BBH-0,75
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Puc.4.19. ITapamerpsl mamunas: BBH-0,75 npu pasnuunoii dopme Harzera-
TeJLHOro oKHa (cM.puc.4.18):
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Puc.4.20. Xapakrepuctuku Mamune:  BBH-0,75 npu pasauyroii dopme
(2,4,5,6) narueraTensHoro okHa (cM.puc.4.18):

a-yaeJbHasgd MONHOCTh; 6-IIPOM3BOAUTENBHOCTD

HeobxoarMo ocranHoBUTBCA Ha dopMe M PacIooKeHMH HarHeTa-
TEeJBHBIX OKOH B MAIIMHAX C pajgdajbHBIM IOJBONOM H OTBOZOM Ta-
3a. KosmuecTso oTsopuMoit paGouell >XMAKOCTH Yepe3 HarHeTaTeNlb-
HOe OKHO JOJI’KHO GBITH PABHO IOABOAMMOMY, MHAYe KOJBIO MPOCTO
CTaHeT TOHbIE U 6yZeT NepeKpBIBATh HATHETaTelbHOe OKHO He IIO
Bceit aauue. Ilpu sToM obpasyercs ~MepTBOe MPOCTPAHCTRBO , 4Yepesd
KOTOpOe rasd ImepeTeKaeT BO BCACHLIBAIOIIYIO mojoctb. Popma Ke Ha-
THeTATEAbHOro OKHA JOJKHA crnocobCcTBOBATE SAIMOJHEHHMIO Bceil
AdelKn pabouell KMAKOCTHIO B KOoHIle Ipoliecca CXKaTHA, a IJ1A 3TOro
Heo6X0QMMO yMeHLIUUTH pacxon pabouell KHIKOCTH, T.e. 3aCTABUTH
ee BLITeCHMTH Ia3d M3 AYeHKH. OTUM YCJIOBHMAM OTBeuYaeT NpelIoKeH-
Has aBTopoM dopma HarserarejbHoro okHa (puc. 4.21) [107].
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2 JKBH unpeanasHaueHsl AJIdA
paboTsl B HIMPOKOM JAHana3oHe
naBJeHuil BcachlBaHuA. B Mammu-
HaX, PACCUYMTAHHELIX HA riIyboKmMil
BAKYYM, HAa II€PeXOIHBIX pe’kH-
MaX faBjieHHe B siueiikax paboue-
ro KoJeca 3HAYNTEJIBHO IIPEBbI-
maer gapieHHe HarHeraHudA. Ilpu
\/ coeJMHeHNH AUEHKH ¢ OKHOM Ha-
rHeTaHUsA AaBjleHUe B HUX pPe3KO
CHUIK@eTcA, YTO IMPHUBOAMT K Ta-
Puc.4.21. Cxema mnarmeraremsmoro 1OMY K€ pe3xoMy yBEJIMIEHMIO

OKHA B Tas’opacupefeiNTelbHBIX Ko- CKOPOCTH JKHAKOCTH B Geaomna-

Hycax JKKM c paguancaniM ragopac- TOTHOM IIPOCTPAHCTEE. 3t mpo-
npegeseHHeM: mecebl B KOHEYHOM cdYeTe IIPHBO-

OAT K CHH)KEeHHIO IIPOM3BOJH-
TeJBHOCTH HA BTHX MEPeXOJHBIX
pesxuMax.

Bo usbe>xanue MoJOOHOrO CHHMKEHHUA NPOU3BOAHTENIBHOCTH IIe-
pen HarHeTaTelbHBIM OKHOM YCTBHABIMBAIOTCA KJANAHBI - OTBEPCTHUA
B TOpPLEBOil cTeHKe, KOTopble ¢ 0OPATHOH CTOPOHBEI 38KPHIBAIOTCA JIH-
60 NOANDYXMHEHHBIMM [IApDUKaMM, K8K y MalluH GUPMBI
"Siemens”, 1160 ynpyrum matepuajioM (Hanpumep, Pe3SUHOBBIMH Jie-
mectkamu). Korga nasnenue B sdeiike cTaHOBUTCA Gosibllle AaBJIEHUS
HarHeTaHMA, KJIAMAHB OTKPBHIBAIOTCA M IepPelyCKaloT Y4acTh CXKaToro
rasa B HarHeTATeJbHYIO NOJIOCTh. PadMep M YHCJIO OTBEPCTUH ompe-
IeJIAIOTCA M3 YCJIOBMM mpoTeKaHHMs YePed HUX rasa Ha II€PEXOJHBIX
pexumax. Tak, npu gasnenun scacsiBagna 80 xlla moryt 6bITH OT-
KpBITHI BCe KJIATIAHBI, NpH AaBieHuH BcachiBanua 60 xlla HuxHHNe
Kjanadbl 6yIyT 3aKPHITHI, & OCTAJbHbIE - OTKPBITHL ¥ T. 1.

IlnacTuHYaThie KJamaHel TpeOyIOT IPOBEpKH H& IMPOYHOCTB.
Tax, na mamumae BBH-.300 6pinm cpenaHbl OTBEpPCTUA AUaMeTpPOM
40 MM M IOZX JaBJIeHHEeM ra3a pe3UHY depe3 3THl OTBePCTHUSA NMPOJABU-
710, YTO NPHBEJO K PE’KOMY NAJeHUI0 NPOM3BOAMTEJLHOCTH. B aan-
HeilllleM padMep 3THX OTBEpPCTUM ObLI YMEHBIIEH, & UX YHC/IO YBeJIH-
YeHo.

1 - BxojHas KpOMKa:
2 - BBIXOJHasi KPOMKa

4.9. Onpedenenue nompe6asemols mowHocmu

Bcsa MomIHOCTE, NMoTpebiisgeMas XKHUIKOCTHOKOJbIEBOM MalllHHoH,
HIeT Ha npuBoj paBodyero Kojeca X MOJKeT OBITH padjioKeHa H& CO-
CTABJAIOILHE

N=N,+N,, +N (4.21)

Me x?

rae N, - MomHocTh, HeobXoaumas A IHpeofojieHMA T'HAPOJMHAMU-
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HYECKUX CHJI XKUAKOCTH; Npp, - MOIHOCTH, 3aTpauuBaeMas Ha [IPEOO-
JIeHHe CHWJI TPEeHHA [0 TOPLEBBIM IIOBEPXHOCTAM pabouero KoJeca;
Nyex - MOLIHOCTB, 3aTpauMBaeMas HA IPeOOJIEHHe CHII TPEHUsA B
VIJIOTHEHUAX B MOAMIMIHUKAX.

MoMeHT rHAPOAMHAMMYECKUX CHUI JKUAKOCTH OIpeleNsieTcs TAK
Ke, KAK BO BCeX TypbomammHax, - II0 BTOPOMY ypaBHeHuio Jiirepa.
Hnsa ero ompexenenusa Bokpyr pabodero Kojeca IIPOBOJUTCA KOH-
TPOJbHAA MOBEPXHOCTH , COCTOAIIAA M3 HMIMHADPA, KOHIEHTPHYHOIO
ero H%pyxmoﬁ MMOBEPXHOCTH M INPHMBIKAIONIETO K Heil, M ABYX ILJIOC-
KOCTeH, COBNARAIOMIMX C TopIaMyu paGodero Kojeca (puc.4.22). Ilpu
pacteTe He YYUTBIBAIOTCA MOMEHTBI, IPHJIOXKEHHBIE K TA3y M K 3KHJ-
KOCTH, HOJXBOAMMOMN HA IOAIMUTKY KMAKOCTHOTO Kojbua. OUeHKM Ho-
Kasaly, 4YTO BeJHUYMHA 3THMX MOMEHTOB E OOGBIYHBIX YCJIOBHUAX He
npespimraer 1% ot mnorpeGasemMoil momgHocTM. OHM MOTYT GBITH
VYTEHb OTAENBHO, HCXO[A M3 DPACXOAA Iasa M JKHUIKOCTH, 8 TaKKe
MecTa UX NOABOJAa K BpaulalonieMycs pabodeMy Kojiecy M BbIXoa M3
Hero. JlosroMy mpu mpoBefenmuy pacuera paccMaTpPHBaeTCA NBMIKEHUE
JKUAKOCTH TOJBKO Yeped UMIMHAPHNIECKYIO MOBEPXHOCTD.

Pnc.4.22. Cxema koHTpoJB-
HOM moBepxHocTH paGoyero
Kojleca IPH  oIpefeJeHHH
MomHocet JKKM

===

Ha cropone coxaTus u HarHeTaHMA JXHAKOCTD BXOXHT BO Bpa-
maneecs paboyee Kojeco, a HA CTOPOHE BCACHIBAHMA BBIXOLUT M3
Hero. Taxum o6pasom, kax 6Bl MMeeTCA MOTOK KMAKOCTH, IPOXOns-
e} ¢ MepeMeHHO CKOPOCTBIO Yepes, Bpaljaiomeecs pabodee Kojeco.
MoMeHT Koau4ecTBa JBHIKEHUSA OTHOCUTENBHO OCH BpaleHUs olpe-
JelIfeTcs ypaBHeHNeM

2n
Mkas = IC;; 'r2 'cosﬂ'dmcex:
0
(4.22)

cex?

2

— n

‘J 2ha " Ty - A
0

HC
rae C” - CKOPOCTh JKMAKOCTH HA KOHTPOJILHOI IOBEPXHOCTY;

B - yron Mexay HANpABICHMEM CKOPOCTHM M KACATEABLHOH K KOH-
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TPOJILHOM TOBEPXHOCTH; Mcex - CeKYHIHBIM pacxoj KUAKOCTH dYepe3s
KOHTPOJBLHYIO MMOBEPXHOCTb.

Ilns BRIYMCIIEHHA MHTErpana M3 ypPaBHEHUA (4.22) Heob6XomMMO
ero 3aMeHHTh IPUGIM’KEHHO CYMMOH TAK, KAK 3TO JejaloCh paHnee
npu BHIYMCTEHUN ypaBHeHus (2.38)

DeMeHTapHOe IepeMeleHne pabouero Kojeca Ha yronx Aa, (mar
cuera Ha DBM) npoucxoaut 3a Bpema At; =A4q;/o. IIpu aToM ceKTop
ABCDEF (cM.puc.2.2) mepememjaerci OT (i-1)-ro jo i-ro cedeHud.
HsMeHeHMe KOJMYECTBA KHIKOCTH B MEXKJIONATOYHOM CedeHHH oIpe-
JlessieTCA ypPaBHeHHEeM

Amy =p '(V:;—x - Vxx) . (4.23)

Tax kak paGouee KOJeCO MMeeT 2 A4eeK, TO MOMEHT KOJHIecTBa
ABMJKEHUA IO Bcel KOHTPOJILHOI NMOBEPXHOCTH 32 OTPE30K BPeMEHH
At; MOXHO IeACTABUTb CyMMOH, pacIpoCTpaHAIeAcA Ha IOJoXKe-
HHA ceKTopa ,KOTODHle COBNAJAIOT B JAHHBIH MOMEHT BpeMeHH CO
BCeMHM Me)KJIOMATOUYHBIMM KaHajaMy pabouero Kojeca:

z
MM, o = 3 naf(Vii - ViE)- i), - (4.24)
I=1
2r
Taknx moJoxxeHuil paGodero Kojeca MOKeT GBITH ———A——- . IIpu
2 Aa;
2r
Aq,=5° mz=12, ——=6.
2 Aq,

CpenHuit MOMEHT KOJIHYeCTBA NBMKEHHA BBEIPAXKAETCHA ypaBHe-
HHEeM

2r

2 -Aa, 2| &
—- ___l . e _ x*) 1N
(AMk.ae.)cp— P Z ZP rz[(vui—l ui) Zka]l -(4.25)
T e ;
[lna MOTydYeHHA CeKYHAHOTO MOMEHTa KOJIMYecTBa ABHIKEHMA

BhIpayKeHHe ypaBHeHHA (4.25) HeoOXoauMo pasfenuTh Ha At;. Tlocne
HEeKOTOphIX IpeobpasoBaHuil IOCHefHee ypaBHeHUe 6yner HMeTb
BHI:
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Aa,
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Ha cropone BcachiBanma KHAKOCTH BBIXOAMT M3 AYEHKH B Ges-
zona'ro‘moe _TPOCTDAHCTEO, M CKOPOCTh IepeceveHHA KUIKOCTBIO
OHTPOJBHON MOBEPXHOCTH PABHA CKOPOCTH SKHMIKOCTH HA BEIXOJE H3

aboyero Ko > =
p KoJleca Czka, 2., - Kax uasectHo, mpu sToM M, 5, > 0.

Ha cropone cxxatua ¥ nargeranuns JKHJKOCTb BXOAUT B AYEHKY,

H . CKOPOCTB = MNepecedeHUs €l  KOHTPOJIBHOM  IMOBEPXHOCTH

2k, — Ugy - €OS T, . Ilpu 5TOM My 95 < 0.

MomnocTs, nepesasaeMas ABMXKYIEHCA KHUAKOCTDHIO npu Bpa-
IeHun pabouero KoJjeca, PACCUUTHIBAETCA 110 YPaBHEHMIO

2
Aay

NI'=Mec'a):p'w2 .r2~2% Z(VATI‘K’:).CZL'COSW1+

(4.27)

2r

Aa;

+ 2 (i -va)e.,

=—+]
Aay

‘Crcopoc'rb KHIKOCTH onpepenserca B pasg.2.4.3, a ob6bvem Kua-
KOCTH B MEXJONATO4YHBIX KaHalax - B pasa. 2.4.4. B ypaBHeHunm
(2.59) rjpu pacuere ckopoctu Cgz, BBefieH koadduIueHT ¥, y4aTHI-
BAIOIHH KOHEYHOe 4YHCJIO JIOMATOK M IPHMHATHIN NpeABAPUTETBHO
paBHBIM enuHuue. CpaBHeHMe pacyeTHON MOIHOCTH C MOJY4YeHHOMN
9KCIIePUMEHTANBHO JaJI0 BOSMOXKHOCTb YTOWHHUTH 3HadeHUe 3TOTO KO-
sdpdunuenra: y ='0,91.

MomnocTs Tpenus mo TopmaM pafouero Kojeca ompegeiseTcs
110 MeTOAMKEe pacyeTa JUCKOBBIX NOTeph U Mo)XeT 6BITH HailfeHa 06-
WIEeNPUHATEIMH METOAaMH , KAK M MOIMHOCTH, KOTOPAS HAeT Ha Ipe-
OJl0JICHHE CHUJI TPeHHUS B CAJIBHMKAX U MONIIMIHHUKAX.

Hackonbko Ham wusBecTHo, NpuUBefeHHAS MeTOAMKA ABIAETCA

eMHCTBEHHON, KOTOpPAA MO3BOJIAET ONpeleIUTh NoTPebIAeMy0 MoI-
Hocts KM Ha m1060M pesxume ee paboTsl.
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4.10. Onpedenenue cunr, delicmeyuiix Ha paboiee KOLECO

Pacyer Ha NpoYHOCTH KHAKOCTHOKOJBIEBBIX MAIIMH B HM3BECT-
HOM HaM JuTepatrype He paccMarpuBaerca. Il1a NpoBelleHHsA TAKOTO
pacuyeTa HeOGXOJMMO OINIPeJe]UTs CHIBI, AeHCTBYIOIiHe Ha OTAEJIbHbIE
3JIeMEHTHI NpoTodyHo# yacTu. Hambosee CYIeCTBEHHBIMU ABJIAIOTCA
cuabl, feiicTByouine Ha pabouee Kosieco mMamuHbl. Pabouee Koxeco
JKKM rak ke, Kax U y IeHTpobeXHOro Hacoca, IO IMJIAHJPHYECKOH
[IOBEPXHOCTH CO BceX CTOPOH OKPYXKEHO [BMIKYIIeHcA KHMIKOCTHIO.
Onuako B IeHTpobGe)XHOM Hacoce pagualbHble Harpy3kH Ha pabouee
KOJleco cHMMeTpuuHEl, Torga Kak B JKKM rakoil cuMMeTpuH Her.

Ilepenan pmassenunit Ha noBepXHoCTH pabodero KoJeca co3jaer
CHJIBI, BOCIIPMHMMAE&eMBle BAJIOM M ero NOAIIHUITHUKaMd. PasHonen-
CTBYIOINAA 3THX CHJ MoKeT ObITh HalileHa KaK MHTerpaJ CHJI LaBje-
HUA, NPUXOAAUIMXCA Ha paboyee Kojieco MamuHbl. I{ns ee omnpege-
JeHHA HeoOXoQUMO HCIOJIB30BATH Pe3yJbTaThl PACYETOB IO ypaBHe-
HuAM (2.33) u (2.36). Oy Jal0T BOSMOKHOCTE ONpPeAeNUTh JaRJIeHUe
B J1060i1 TOUKEe MeKJONaTOYHOrO KaHAJIA, B TOM YMCje ¥ Ha IIOBepX-
HOCTH JIOIIATOK.

Cuna pgaBlleHMs ra3a Ha BTYJIKY pafouderc kKoJieca B KaxJol
AYeilke NpM ZaHHOM IoJoKeHun cexropa (puc.4.23) ompepensercs
ypaBHEeHHEeM

Pt = (2—” re -8,)b-6,)p" . (4.28)

am 2z am

IIpoexnuu 3Toit CHJIBI HA OCH KOOPAHMHAT PABHBI
(P:m)x = Pz(ZT” Tom = 5,)(19 - 5[,) sing;
(P:m)y = PZ(ZT”T':,’Z ~ 5,)(1? - 6,) cosp

Cunbl gaBjaeHHMA Trasa Ha
JIONATKY IIPHJIOKeHBI C 0beHx
ee CTOPOH M XapaKTepHU3YIoTCA
YPOBHEM IIOTDY)XKEeHHA JOMATKH
B JKHMJAKOCTH, KOTOPHIH C Kax-
IO CTOPOHBI JIONIATKHU oIlpeje-
asgerca ¢GopMOH IOBEPXHOCTH
HKUOKOCTH B COOTBETCTBYIOmEHR
Adelixe

(4.29)

Puc.4.23. Cxema peiicTBHS cUX Ha
asieMeHTHI paboyero xoseca JKXKM
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e L

(P:’")x = r}[pp‘ cos((o + g + g - ﬂx)dr -

!',f L+1
2 V4
[fpelo-2-2-0)e Toas: o

A
¢ L

o
( :m)y = r_!PpZ szn(ga + g + —;E - ﬂljdr

«m

) P L+1

- jp*sin(¢—§+-;[——ﬂx)dr (b-é‘ﬁ),

¥

Cunel naBneHMs KUAKOCTH Ha JonaTtky paboyero Kojeca Haxo-
AATCA IO ypaBHeHMAM, aHaJorudHbiM (4.80). OgHako BMecTo JaBje-
HHUA rasa B HUX HeoOXOZMMO IOACTABUTH AaBJeHHe SKMAKOCTU, KOTO-
POe NepeMeHHO BJOJIb JONATKM, & TaKXe ydYecTs cHIy, npujo-
KEHHYIO K TOpuy Jomatku. Tak Kax pacnpefie/ieHHe IaBjeHHA B
HHAKOCTH € KAX/I0 CTOPOHBI JOMATKY PA3JIUYHO, HEOBXOJIMMO 6pars
CpefHee MeXxIy AaBIE€HHEM Y NepefiHeH IPAHMIBI JAaHHOTO CeKTopa

Yy 3agHeit TPaHMIRI CEKTOPa, CieAyiomero 3a HuM. Iloxyumm cucremy
YPaBHEHMA:

L

(Pj")xz iipfcos(qo+—;£+—72—[~~ﬂ1)dr -

s

L+1

- reeos{p -2+ - g Jar
re 2 2

L+1

n t Sr .
.(b—é‘ﬁ)_p 2p3 .cos”ﬂz.SLn¢).(b_§a);
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L

(P,,”‘)y = ]{pjf sin((p + 2 % - ﬂﬂ)dr -

2
e
L+l
g T T
At il Z. % _p la . (4.31)
J;p sm((p z+2 'B") r
l', y
L L+1
_Pnt Py | 9, .cos@p-(b-5.).
.(b_c;ﬁ) 2 cos f,., ¢ ( a)

Cuna JeiicTBHA KHUIKOCTH Ha JHUCK MOJXKeT GI;IUTB HalineHa IO
AaBJICHHUIO JKUIKOCTH Ha HAPYXKHOH IIOBEPXHOCTH SYEHKH:

o+
I PrT:0,8ing - do;

p——
z

(7).
(4.32)

n
p+—
2

J'p;‘r253 cos ¢ - do.

a

(87),

Ilo ypapmenusam (4.29)-(4.32) ompeneqAlOTCA COCTABJIANIINE
CHJI, JeHCTBYIOMIUX HA OIHY ﬂqei?m;i pabouero Kojeca ¥ JIONATKY,
PACIIOIOKEeHHYIO Iepefl 3TOH AYEHKOM. Ilna onpegeneHnd pangonen-
cTByIOIIeil BCeX CWJI, NPHJIOXKEHHBIX K pabodeMy Kosecy, HeOOXORH-

MO OIpeJle/IUTh MX B Z I0JIOKeHUAX CeKTopa (c mwarom 277/2 mo yray
IIOBOPOTA) U CJIOXKHUTE:

b~ (), <), +07), (7).
P~ Efl), ), +7), +67))

BeanurHa paBHOAeHCTBYHOIIeH U ee HAIIpABJIEHHe ONPeAeAI0TCHA
ypaBHeHUAMH

(4.83)

pP= P} +P}; (4.34)
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P, g
Qp= arctanF + re (4.35)

x

ITo manosxeHHOM MeToAMKe GBHLIM MPOMIBEASHBI PACYETHI yCHIIMIA
A ABYX MOJIOMKEHWH paGodero KoJjeca, CMeLIeHHBIX JPYI OTHOCH-
TeJbHO APyra Ha yroa /2 Ha KOMIPECCOPHOM M BAKYYMHOM peIKH-
Max pa6otsl mamun XXK-10 u BBH-25A. B peaynsTaTe BHIACHH-
JIOCh, YTO IPM M3MEHEHWH IOJOXeHHA pabodero xoseca Ha yrosa 7/2
BeJMYMHA paBHOAeHcTByoomel MeHAercs Ha 10%, a mpu cmene pe-
JKHMa paboThl MeHAeTCA elle U ee HampasiaeHue. IlocuaenHee obbsc-
HAeTCA SHAYHTE/JIbHOM PA3SHMIEH B CTeNeHHM IOBBIIIeHUA AABAeHUS HA
BBIGDAHHBIX JIJIA MPOYHOCTHBIX PACUETOR PEXXKUMAX.

B Tom cayuae, korsia Heo6XoAMMO OLEHHUTL HAIDYXKAIONIHe BAT
cHUIBl 6e3 mpoBeJJeHUA TIHAPOAMHAMHMYECKOTO pacyeTa, MOJKHO BOC-
NOJIB30BATHCA NPUOIMMKEHHBIM pacdeToM. Cxema AeHCTBYIOI[MX CHJI
TAKOTO pacyeTa nmpuBefieHa Ha puc. 4.24.

Puc.4.24. Cxema geiltcTBua cua Ha
pabouee KoOJeco B IpPUGIMIKEHHOM
pacuere

Co cTopoHBI BCACHIBAHHMA K
paboueMy KoJiecy IIPUJIOKEHO
AaBJIeHHe BCACBIBAHUA, CO CTOPO-
HBl HarHeTaHWUsA - QJaBjJeHue Ha-
THETAHHA U CO CTOPOHBI CKATHA -
cpellHee JaBjeHUE MeXAY HUMM:

P.=p, d,b; (4.36)
Pn=pu-—\/—§—--dz-b; (4.37)

2
P :M._@.dz.b. (4.88)

[ 4 2 2

CyMMBI IPOeKIM# 3THX CHJ HA OCAX X M Y ONpeReNAIOTCA yDPAB-
HEeHUAMH
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P, =(P,-P,,) cos45° - P, ,

P, =(-P,+P, ) cos45° -G, .

y 14

(4.39)

i
i

BenpumHa ¥ HalpaBjieHHe pPaBHOAENCTBYIOIEH CHJB MOTYT
6BITH MOJIyYEHBI Mo ypaBHeHusAM (4.34) u (4.35).

Tlo cpaBHEHHMIO C BBHINIEM3JOXKEHHBIM ITOT METOA HaeT 3aHU-
skeHHble (mpumepHo Ha 10%) pesyasTaTsl. Pacuer BAJIA NPOM3BOJUT-
cA Mo obImenpuHATHIM MeronukaM. OmpeliejieHue AeHCTBYIOIIUX CHJI
A KUIKocTHoKoabmeBoro kKommpeccopa XHKK-10 mossonmio BbI-
ABUATH NPUYMHY MACCOBBIX IIOJIOMOK B&JIOB IIPM €ro SKCILIyATAIMU U
pa3paboraTh MepONPUATHA 110 YCTPAHEHHIO 3TOro AedeKTa, KOTOPBIe
6511 BHEJpPEHBl B IIPOM3BOACTBO M IIPMBEJM K IpPEKpAIeHHIO I10JIO-
MOK.

B HacToslllee BpeMsa [0 3TOM METOJUKE ONIPENeJsIOTCA CHJIBI,
NpWJIOKeHHble K BAly, HA BCeX IPOEKTHPYEMBIX MAaIIMHAX.

4.11. Qusuneckoe nodobue npoyeccos 8 HUGKOCMHOKOLbYEBbLY
MAULUHAX

Paspaborka n0boro Kjacca MalllMH PaHO WJIM MO3RHO IPUBOJMT
K HeoOXOAMMOCTH I[PUMEHeHHUS TeopHU Nofobus, 4To6Bl HMETh BO3-
MOJXHOCTh HCHOJB3OBAHHA HMMEIOL[erocs y)Ke ONbITA I CO3JaHHSA
HOBBIX MAIUMH, NPUBEICHUS MOJYYEHHBIX [IPHM HCHBITAHUAX MAUIMH
PesyJbTATOB K CTAHAAPTHHIM ATMOCEPHBIM YCJIOBHUAM M T.A. B arom
PAAY 0cobO CTOMT BOIPOC O pPaspaboTKe JKHUAKOCTHOKOJIBIEBBIX KOM-
npeccopHbIX MamuH. HacKoJpKO HAM HM3BECTHO, OCHOBHBIE IIDHUHIIHU-
nel Teopuu mojobusa mnpu npoexkrupoBanum KM He ucnonssosa-
JINCH.

HBH u KK ¢usuuecKku sBIATCA PasUYHBIMM MallMHAMH H
1A ofeclleyeHMA MOAOGHMA TPOTEKAIONMIUX B HUX IIpOIleccOoB Heo6Xo-
JUMO MMeTh TeOMeTPHUYeCKoe Nojo6HMe MAIIHH, T.e. ¥ HHUX JOJIKHO
GHITE OLMHAKOBOE KOJHMUECTBO pabouux JONATUK, OJUHAKOBOE pacrto-
JIO’KeHHe BCACHIBRIOIMX M HATHeTaTeJbHBIX OKOH, OJUHAKOBHIM OT-
HOCHTEJBbHBIH 9KCIEHTPUCHUTET U T.[.

Kak HeogHoKpaTHO yKasslsaulock paHee, B JKKM wumerorca nBa
paboumx Tesa - XKHAKOCTH U I'ad, KOTOPhle NMOAYMHAIOTCA DA3HBIM 34a-
KOHOMepHoCTAM. IIpolecchl, NpPoMCXOAAINKe B KHAKOCTH, B OCHOB-
HOM OIMCBIBAIOTCA KpUTepuamu mnonobus Ppypa Fr, Diuiepa Su,
Peitnoasaca Re. Kpurepuem @pyna MokHO npeHebpedyb, TaK KaK CH-
asl raskectd B JKKM He yuMTHIBalOTCSA M3-32 MX MAJIOCTH IO cpPABHE-
HUIO ¢ Apyrumyu cuiaMu. Ilo kpurepuio Peitnonpaca JKKM, kak npa-
BUMJIO, HAXOJUTCA B 30He aBToMoAeabHOocTH. TakuM ob6pasom, olpeje-
JIAIOO[KM OCTAeTCA ONUH KpuTepuil ditiepa:
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u = Apz’
pU

rxe Ap - pasHMIa AaBJeHM MeXIy HATHETAHMEM M BCACHIBAHHNEM,
P - IJIOTHOCTB Paboveit sKuAKoCcTH, U - CKOPOCTs paboueil M UAKOCTH.

ITpoueccsr , mpoucxonsiMe B rase, OMMCHIBAIOTCS KPUTEPUAMHU
Maxa Ma, PeitHonbaca Re u HeKoTOopBIMH Apyrumu. K mum mHago
ROGABUTE CTeleHb MOBBIILIEHNA AABICHUA Tp=P2/P;. B uponecce cixka-
TUA ra3a, KOTOPHIM ABJAAETCA OCHOBHBIM IIPOLECCOM B KM, cxopoc-
TM B AdYeliKe pa6odero Kkoseca NMpPeHeGDPEKMMO MAabl U onpenenso-
UM KpuTepueM sBjdercA 7. UMenHo cremeHs moBbImIeHHs HaBie-
HUA XAPAKTEPHU3YeT KOJMYeCTBO JKUAKOCTH B Aueiikax paGodero Ko-
JeCa MepeJ OTKPLITHEM HalHeTATENbHBIX OKOH. Takum obpasom, He-

06XOMUMBIM yCJIOBHEM NOHO6UA nponeccos 8 JKBH u KK, xpome
TeéOMEeTPUYECKOro MoJo6usA, ABJAETCA PABEHCTBO B HUX KpHUTEPUA

Jisepa JU U cTeNeHM NMOBBILIEHUS MABICHUA .

B obbrumsix yenosusax B JKK naBneHue BcachIBAHMA mOCTO-
AHHO W PABHO aTMOChepPHOMY, ycioBHO p; = 1-10° Ila. Ilepenag mas-
neauit B KK Ap,.=p,—p;=(m,—1)105 Ta. B JKBH nocTogHHEIM 174
TAKXKe paBHBIM ATMOCQEDHOMY HBAAETCA JaBjeHUe HATHETAHHUSA,

yeinoBHO pp=1-10°Tla. laBnenue scackieanusa 8 JKBH p;=1,/1y10°Tla.
Ilepenan pasnenuit B JKBH

Apmn =p,-p, = _l—i - 10° :ﬂk—_l-105, IIa.
Ty Ty

OrHomenue mepenagor napitenuit y KK u KBH oIlpefessgeTca
COOTHOIIleHHEM

Ap,., . m,—1

Apmm ) (ﬂ-k _1)/”11 )

o651 obecnieynTs paseHCTBO Kpurepus Ditaepa y KK u XBH,
Heo6X0AMMO BBIIOJHHUTE CJEAYIOIee YCAOBHe:

(PV*),. _ Ap,,
(oU)

CrepoBatensHo, mia nomobus mpomeccos B KK u JKBH (npm

OQHHAKOBBIX PAGOYMX SKHIKOCTAX) HeoBXOAUMO, YTOOH! COBIIONANIOCE
ycJoBUe

7Ty -
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UJIO{ = Uamn ﬂ—k
Hrak, JKBH n KK asasworca mofobHBIMH, eCcJy OHH 006JagaroT
reoMeTpMyecKuM MoAoOHMeM, MMeIOT OJHUHAKOBbIE CTEIeHH IMIOBBILIe-

HUSA JAaBJIeHHA, & OKPYXHbIe CKOPOCTH y HHX COOTHOCATCA Kak

w/7[ , - Ilpu mepexojie K APyruM pabo4ymm >KUAKOCTAM JJIA COXpaHe-

HUSA YCJIOBUH MoAoBUA HEoOXOAUMO H3MEHATH OKDPYKHYIO CKOPOCTH.
Tak, B KOMIpeccopax AJA CKaTHsi XJopa B KadecTBe paboueil XXuj-
KOCTHM IpPHUMEHSeTCs BBHICOKOKOHUEHTPHUPOBAHHAA CepPHAA KHCJOTa.
Jna coxpaHeHUsA ycJOBMH MoZobus 1o KpHUTepHio Oiepa Heob6xoxau-
MO COOTBETCTBEHHO M3MEHUTHL OKPYKHYIO CKOPOCTS.

lpr onuHAaKOBBIX Hepenafax AABIGHUH AP B OOBIYHOM M
XJOPHOM KOMIIpeccopax

(),
> =
('0 v )Hzo
OTcroaa
Usto4 = Unzo Lao :
H,S0,

OueBuAHO, YTO NPUMeHEHHE CepPHOUl KHCJIOTh B KauecTBe pabo-
Yell JKMAKOCTH INIPUBOAUT K COOTBETCTBYIOIIEMY YMeHBIIEHUIO
OKDYKHOH CKODOCTH.

ITpu mobom nepexofie oT ogHoW pabodeil KUAKOCTH K JPyroi
HeoOXOUM COOTBETCTBYIONMI AHATH3 IIPOIECCOB B MAIlMHE.

Taxum o6pagoMm, HM3J0KEHHBIE B 3TOH IJaBe MATEPHAJBI ITO3BO-
JIAIOT BBIGPATH KOHCTPYKTHBHYI cxemy vKKM, ompemenurs oKpyxX-
HYIO CKOpPOCTh pabodero KoJeca, oNpedelUTh reOMeTpHUECKHe pasMe-
pbl IPOTOYHOH YACTH U IIPOM3BECTH pacudeT Ha NPOYHOCTH OCHOBHBIX
3JIeMEeHTOB MAIIMHEL.

TIABA IISATASA

HHANKOCTHOKOJBIIEBBIE MAIIIHWHEI C
ITIPEABRJIIOYEHHBIMHA BO3AYINHBIMU
IWHEKTOPAMU

5.1. O6wue ceedeHus 0 npedSKAIOLEHHBLX IHCEKMOPAX

JKugKocTHOKOILIEBEIE BAKyyMHBIE HACOCHI CO3JAI0T OTHOCH-
TeJbHO HM3KWH BAKYyM, YTO OFPDAHUYMBAET UX NpHUMeHeHUe. [ocru-
KHMBIH B HMX BaKyyM olpefefifeTcAd AABJEHHEM HACBHINMIEeHHBIX Ia-
poB. Eciu Temmeparypa BoApl B JKMAKOCTHOM KoJblle pasHa 15°C, To
npu gasiaeHnu 1,7 xIla oHa sakunmaerT u npoussoaurensHocth JKBH
magaer go Hyjas. Ha mpakTuKe 3a cder IeperedeK, IOTePb U T.II.
npefesIbHO JOCTHIKHMOE AaBJeHHe HeCKOJbKO Goasiue. Jlasa cHuke-
HUA JaBjJeHUA BCACHIBAHHMA IIPU COXPAHEHHM npHeMjeMoil pabGoueii
npousBogureabHocTH mnepef JKBH ycraHaBauBaloTes  rasopble
(o6p1yHO BORAYIIHEBIE) 3KekTophl. Bmepsbie JKBH ¢ npeaskiaioden-
HBIM BO3AYHIHBIM 3:KeKTOpPoM (BOSAYINHOM IpHCTaBKOM) OBII paspa-
toraH ¢pupmoit "Siemens” (matenr Ne 968232 ).

AskexTop (puc.5.1) ABIgeTCA CTPYHHBIM ANNAPATOM, B KOTOPOM
CXKaTHe OTKAYMBAEMOIO rada OCyIIeCTBJAAETCA 34 CUET 3HepruM pabo-
4ero rasa. JJKeKTOp INepeXoAHOM Ka-
mepoit IIK coepumserca c OTKa-
YyuBaeMbIM o6wvemoM. CrhenmajsHO
cnpopuaupoBanHoe comio Jlasana
pabodero rasa coofmaeTcsi c aTMo-
chepoit HIM BHIXJONHBIM KaHAJIOM
XBH, B xoTopoM JAaBJeHHEe YYTh
BBIIIe aTMocdepHOTo 84 cYeT IOTEDPH
HABBITAJJKMBaHMe radoB. Cykalo-
meeca comyo IIC oTkaunBaeMoro ra-
38 KOHHUYECKOH HWJIM KPHUBOJHHEHHON
¢dopMBI COeMHEHO € OTKAYNBAEMBIM
obbeMoM. B kamepe cmemenus KC
IIPOMCXOLUT BBIDABHMBAHUE CKOPO-
cTeil ¥ JABJeHHIT 0GOMX MOTOKOB.

Puc.5.1. KoHcTpykTuBHAA cXeMa BO3-
LYLIHOTO 9¥KeKTopa

K nacocy
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Brixopaoe orBepcTue Auddysopa [ coeAMHEHO C BXOAHBIM narpyo6-
koM JKXBH, xoTophi#l HNOAIeP:KMBAET AABJIEHME NOPAAKA 10 xIla n

obecnieyuBaeT paGoTy 2IKEKTOpA. .
AHaNIN3 MHOCTPAHHBIX MCTOYHMKOB, MPOBEACHHBLIM HAMH B KOHIE

60-x rofioB, MOKA3aJ, YTO HeKOTOpble (PUPMBI, OCOGEHHO Siemens” u
"Sihi”, HayaJM IIMPOKO NPUMEHATh MNPEABKJIIOYEHHBIE TAa30BhIe
3KEeKTOPBI,  MMEHHO TOrZia MBI PelIMJH 3aHATHCA UX nccnenona;{cu-
eM U IpHMeHeHWeM. B pesyabraTe MOABUMIHCH PaboTHI [67, 68]. Ka-
KOBO Ke 6BLIO HAIlle YAWBJEHHe, KOIAAa MBI OGHADYKW/IH, WTO MpHU-
MeHAeMble 3TUMU GUPMAMY 3KEKTOPEI JaJleKH OT ONTHMAIBHBIX. 3ro
3ACTABUJIO HAC 3AHATHCA BOIPOCAMM ONTHMM3AIUU IPEIBKIKYEHHBIX
BOBOYLIHBIX 3)KEKTOPOB GoJjiee cepbesHo. Brina ocMebIcieHa U IOCTAB-
neHAa saja4a 06 ONTHMAJBHOM BOSAYIIHOM 3}KEKTOPE M MCXOAA W3
Hee IIPOBeJIleHBI MATeMATHYeCKHe HCCIeJOBAHMA JTOM 3ajatdu. Pac-
CMOTpeH Bompoc 06 HMCIOJb30BAHMHM KOHMYECKOH KaMephl CMelIeHH:d
M IIpoBeJeHBI 3KCHEPHMEHTHl IO ONpeflelieHHIO [ABJEHHA HA €e IIO-
BeDXHOCTH, pellleH BoIpoc of ydyeTe moTeph B 3JIEMEHTaX 3)KeKTOpa, O
npobunuporanumyu comia Jlapana (BepHee, 06 HCNOJB3OBAHUM
“3aKPHITHIX B TO BpeMs MaTepHaJioB) ¥ T.A. B pesyabrare Ham yja-
JIOCH CO3JAThH IpeJBKJIIOYeHHbIe 3)KEeKTOPHl, KOTOPhle IO CBOMM Iapa-
meTpaM B 1,5-2 pasa MPeBOCXOAMIHN aHAJOTMYHbIE OGPASUbl JYHIINX
aapybexubIx ¢pupm (puc.5.2).

7 mestwmmse o o T T Puc.5.2. XapakTepUCTUKH IIpen-
BKJTIOUeHHBIX 3)KEKTOPOB:

1-BBH2-12 ¢  oOAHOCTyHeHYATHIM
axkextopoM; 2- BBH2-12 ¢ asyxery-
meHYATHIM 3xkexTopoM; 3- LHGI14
Wedag; 4-2BA322 Siemens; 5-16624
Sihi; 6-CL703 Nash
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H. L 1

L L 1
[ Q1 82 4% 10 40 40 pixie

B aTo BpeMa o4eHb OCTPO ECTAJ BONPOC O CO3JAHMH BAKYYMHOM CH-
CTEMBI I NIOJyYeHNA MeTaUIMIeCKOro THTAHA M3 THTAHOBOH I'yOKH,
MocTABAfAeMON  THUTAHO--MArHMeBHIMM KomOuHaTamu. [l aTHX Ie-
Jeil MLITAMHCH MCIOJB3OBATEL IIAPORIKEKTOPHBIE HACOCHI, HO IO PAAY
OPUYNH OHM OKA3AJIHCh HepafoTocmocOOHBIMH, & IpPUMEeHABLINECH
MeXaHHYeCKHe MACJIO3AMOJIHEHHbIE BAKYYMHBIE HACOCHI OYeHb ObI-
CTPO BHIXOJHJIM M3 CTPOS H3-32 HAJHMYNA B OTKAYMBAEMBIX rasax
XJOPM/IOB MATHHA M MOTPeS/IANM B OTPOMHOM KOJNHMYECTBE BAKYYMHOE
MacJio, KoTopoe Iocje KaXJoH MJIAaBKM MO TOH JKe NpUINHe IPHUXO-
JUJIOCH 3aMEHATE.

PaspaGoTaHHad HAMM BAKyyMHAA CHCTeMA Ha 6Gase Hacoca Qup-
MBI "Sigma” ¢ JBYXCTymeHYATBIM NpEeIBKJIOUEHHBIM B)KEKTOPOM
HOJHOCTBIO pellinya 3Ty npobnemy [15,14,47,81], B mpouecce paspa-
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GoTKM 6bIO NOJYYEHO HECKONBKO ABTOPCKHX  CBHAETEIbCTE
[102,103,105,106,109]. C menrio peKnaMel CBOMX paspaboTOK MBI
PacCYNTAJM U MOCTABHIM OJUH M3 TAKMX ABYXCTYHOEHUATHIX 33KEKTO-
poB B MHCTHTyTe ATOMHOI 3HepruM Ha ycTaHoBKy Toxamax-15 [47].
Ilo npocs6e BHUHkoMnpeccopmamia HaMH BHOCHEACTBMH 650 cle-
jaaHo gonosHeHue K OCT 26-12-1113-83 “Mamrunsr BOJOKOJIbI[EBBIE.
Tunst u ocHOBHEIe mapamerpbr” [41] mo mpeABKTIOMEHHBIM BOBIYII-
HBIM 3JKeKTopaM.

OfHaKo TUIETHBIMM OKasaMCh BCe HAIIM IONBITKH yBegHTh TOT-
AAIIHHX “KOPHdeeB” KOMIpPeccopocTpoeHHs mpod. B.[1.JIy6enna
(MBTY um. H.3.Baymana) u K.II.Cenesnena (JIIIM um. M.U.Kann-
HMHA) B HeOGXOAMMOCTH paspabOTKU CepMHHBIX NpeBKJIIOYEHHBIX
9KeKTOpoB 1A oredectBeHHBIX JKXBH. IlepBeiit He mommman, kax
IIPH MOMOINU ATMOCHEPHOTO BO3AYXA CHHIKAETCA MOJYYAeMOe JABJIe-
HMe, a BTOPOHl IPHIEP:KUBAJICA MHEHHA, uTo mpuMeHenue MKBH Bo-
oblle HAZO 3aNPETHTh KAK MaoshdeKTUBHBIX. TIomBITKY HEKOTOPhIX
HcCIeloBaTe el "MO3AHMCTBOBATH yiKe CYNIECTBYIOIIME, HAMH pas-
paboTaHEBIe B)KEKTOPHI M TOCTABHTh WX Ha oTedecTBeHuble JKBH
OKA3aJIHCh 6e3pedy bTATHBIMH, TAK KAK OTH 3)KEKTODbI GBLIM pac-
CYMTAHBI JINA APYIHX MAIIHH C y4YeTOM TOJLKO MX TeXHUYECKHX IIa-
pameTpoB. BoT mo 3TMM mpHMUYMHAM OTeYeCTBEHHAA IIPOMBIILIEHHOCTH
Ao cux nop He Beinyckaer JKXBH ¢ mpegBk/i0o4eHHBIMH 3:KeKTOpaMH,
HeCMOTPA HA CO3AaHHLIA 3HAYMTENBHBIN TeOPeTHUeCKHI 3ases B aTOMH
obxacrtu.

Hamwu paBorer no npumenenuo KBH ¢ NIPeABKJIIOYEHHBIMH
SKEKTOpAMHM 10 WHAWBMAYANBHBIM 3aKa3aM MpOJOJKaloTci. B
OCHOBHOM OHM DPa3paGaTBIBAIOTCA [JIA 3aMEHBI NMAPO3KEKTOPHBIX HA-
COCOEB, IIMPOKO NPUMEHSAIOMUXCA B XMMUYeCKON M HedTeXUMUYecKoH
HPOMBINIEHHOCTH. H3-3a pe3sko Bospocuueil cToMMocTH Hapa u Heo6-
XORUMOCTH OYHCTKM KOHJEHCATA IOCJIe IIAPO3KEeKTOPHBIX HACOCOB, a
TAKJKe JKOJOTMYECKOro yiepba or ux npuMenHenus JKBH ¢
Ipe/IBKTIOYeHHBIMM 3)KEKTOPAMH OKA3AJIHCh 3HAYMTENBLHO BBITOLHEE,
OCOGEHHO C yYeTOM IOABNAIIEHCA BOSMOKHOCTHM BO3BpAaTa NPOAYK-
ta. Tak, Ha xombunaTe "HumxHekamckHedTexum”™ HaMu HpoBegeHA
3aMeHa 1ApPO3)KeKTOPHOTO HACOCA BAKYYMHOH KOJOHHBI AJsA IOJydYe-
HuA Gensosa Ha JKBH, paGoraromuit Ha monyuaembix NPOOYKTAX.
Pa3pabarhIBaloTCA AHANOTHYHBIE IPOEKTHl HA IEJOM psifie ApYyrux
IIPOU3BOMCTE.

Pa6oune mpomecchl B 3)KeKTopax JOCTATOYHO CJOXKHBI. B pac-
CMATPUBAEMBIX YCTPOHCTBAX OHH IIPOUCXOZAT NPH GOJBLIMX OTHO-
IIeHUAX NAaBlIeHUHN, B HEKOTOPHIX cjlyyadx Ipesslmaromux 1000, npu
CKOPOCTAX, B HECKOJBKO PA3 IIPEeBOCXOAAIINX 3BYKOBEIE, u T.4. He-
KOTOpble BOIIPOCHI TEOPHMH TAKMX 30KEKTODOB B M3BECTHOI HAM JINTe-
parype He paccmarpusanuck. IlosTomy MBI BHauasle B cxxaToit dpopme
H3JIATAE€M OCHOBHBIE NOHATHUA U3 TEOPHH I'a30CTPYHHBIX 3’KEKTOPOB.
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JHCeKmopos
5.2. OcHo8Hble NOHAMUA U3 MeopuU 2a306blx 3 p

HccleoBAHMIO IAa3OBBIX 3)KEKTOPOB MOCBAIEHO 60m;;1)<;§ :};Jé;{(
yecrso paGor [1, 12, 73]. Ilpu Paccmo'rpemm TeopHH ;zszasogoﬁ o
Topa Heo6XoAMM OlpeAeeHHBIH MUHHMYM cBelleHnH racosolt Ju-
HAMHKH, B TOM 4YmcJe M [0 ra3ofMHAMHYIECKHM <bym:[1:nom;3ymmﬂ
[puBefeHbl OCHOBHbIE MOHATUA U dbopMyJIBI, KOTOPEIE U
HaMM B JajbHeHIIeM IPU M3JOXKEHNH TeOpHUH rasoBoro .

= 2k RT" .

Kpurudeckas cKOpocTh G, P,

[IpusefeHHas ckopocts A = —.

TasoguHamMudeckue QyHKINH

p B 1—k+1

k-1
n(A) = P

p'F
T*

Pacxograsa M = mq(l) \/—_

k+1

2 IH—IE , mna Boaayxa 1npu k=1,4 u R=287,4

k-1 R

rne m=

=0,04037.
KunemaTnueckoe COOTHOLIEHMe B IPAMOM CKauKe YIJIOTHEHH

A -4 =1

%4

. -
VpaBHeHHe KOJHYeCTBA NBHKEHHA IJA d/1eMEHTApHOM 1928871
JApUYecKOH CTPYHKH
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(ple + U1M1) & (le’} + UzMz) =p;F,+v,M,.
Ilonublit uMoyasc noToxka

k+1

@=pF+v M= Makpz(/i).

Puc.5.3. Cxema mpocTeiimero raso- 2
BOTO 3XKeKTopa

£
SKeKTOpOM HAa3kIBAeTCH 4
yCTpo#cTBO, B KOTOPOM IIpOMC-
XOJHT llepe/laya SHEPrUHU OJHOM Fa
cpeasl (paboueil), ABMKYIeics
¢ 6oasiei cKOpocThIO, K JApPY-
roit (coxmMaemoil), ABMIKyINeHCA ¢ MeHBIIel ckopocThio. Ilpocreii-
IIHA rasoBBIN 3xKeKTop (puc.5.3) cocTouT M3 comta pabouero rasza 1,
KOTOpoe HAXOAMUTCA BHYTPHM COIIA CXHMAEMOTo rasa 2, KaMepsl
cmemtenns 3 u auddysopa 4. [laprenue paGodero rasa 6oibiie XaB-
JIEHHA CKMMAEMOTO raga, IIO3TOMY HA BBIXOAe M3 comaa 1 pabounmii
ra3 uMeer GONBUIYIO CKOPOCTE, YeM COKMMAEMBIH ras, BBIXOAAIIMH 3
conaa 2. Oba 3TH MOTOKA TOCTYNAIOT B KaMepy cMellleHUs 3, rie
TPOHMCXOANT BRIDABHHBAHME HX CKopocTed. CxopocTs paBouero rasa
YMEHbIIAETCA, A& CXKHMAEMOro - yrenuuuBaeTcd. JMuHA KaMepbl
CMeIlleHUsI BHIGHPAETCA M3 YCIOBUA IOJYYEHUA HA BBIXOJe M3 Hee
paBHOMepHOro moroka (06bIYHO JIMHA KaMepPEl BBIGUPAETCA pABHOMH
8-10 ee nuamerpam). B mguddysope 4 sa cuer TOPMOKeHUSA AABJIEHHe
ra3a BO3pACTAET, B Pe3yjbTaTe AABJeHHE CHKHUMAEMOTO ra3a Ha BBIXO-
Ae K3 9XKEKTOpa CTAHOBUTCA Gosiblie, 4eM Ha Bxofe. Takum ob6pasom,
9KEKTOP 110 CBOEMY HasHAUeHMIO MOXKeT GBITH OTHECEH K KOMIIpecco-
paM. B HEKOTOPBIX JUTEPATYPHBIX MCTOUHMKAX UX HA3BIRAIOT CTpyii-
HBIMHM KoMmpeccopamu [84].

Kamepa cmemmeHus sBi1seTCA OCHOBHBIM 3J1eMEHTOM 33KEeKTOpA.
O6pryHo OHa HMeeT LMJINMHAPHYECKYIO dopmy. Ha Bxoy B Kamepy
CMEILIeHUA MOCTYNAKOT ABa IOTOKA ra3a C PasjIMYHBIMH IapaMeTpa-
mMu. M3 Hee [oyKeH BBIXOAMTH MPAKTHYECKH DABHOMEDHBIH IIOTOK
raza. B nanpmeitinem mapamerpsr paGouero rasa 6yAyT o603HAYATHCH
MHIeKcOM 1", mapameTphl CXKMMAEMOro rasa - MHIEKCOM "2", napa-
MeTPBl CMecH Ha BBIXOJE M3 KaMephl CMellleHHs - HHAeKcoM 3" u
napaMeTppl cmecH Ha BbIXofe us auddysopa - wuHIeKcom 4"
{puc.5.4).

Ilpu nossykosoM mepenagse naBieHHH B Collie pabodyero rasa

AaBleHUe HA cPe3e COILIa B 06OMX NOTOKAX OAMHAKOBO (P, = D), a

CKOPOCTB p&60‘{el"0 rasa 60JII>UIB, yeMm CKHMaeMoro. an CcBOEM BV -
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V7 Puc.5.4. WsmeHeHUe IIOJS CKOpO-

2 3 cTell B KamMepe CMelIeHUA dIKeKTopa
21

5.4z %
27 -2 p, ~KEHMH IOTOK pa6ouero rasa
R Yy g e .1 ¥ yBJexaeT TIIOTOK CXKHIMAaeMOro
/.;,,L-_ - 33 % Ty rase ¥ Ha rpaHiUe MeXAy HAMU
Z r-' o6pasyercs TypOyJEeHTHBIH IIO-
fbfz/ o 3 o
2 3 y rpaHUYHBI#  CJIOH,  KOTODBIH,

pacimIupAAcCsh, 3aI0JIHAET Bce ce-

yeHMe KaMepbl CMellleHHA. 3aTeM HeT IpolecC BhIpPABHUBAHHA 110714
ckopocTeit. IIpy ManbIX (O3BYKOBBIX) CKOPOCTAX HPOLECCEI B M-
KOCTHOM M I'a30BOM 3)XeKTopax NpaKThYyeCKH OAHUHAKOBEBI. Passumnune
Me)K[y HUMH IPOABJIAETCA IPH CBEPX3BYKOBBIX CKOPOCTAX HCTEHE-
uusa pabouero rasa (puc.5.5). Ecam comro pabouero rasa cyxaercd,
To Ha ero cpese YyCTAHABJIHWBAETCA KPUTHHECKHH DeXHMM TeueHHA
(A1=1), a 3aTeM IPOMCXOAHUT pacIIMPeHHe rasa 3a rpejeramu coILia
o ceyeHHs — , Ile BRIPABHMBAeTCA [JaBJeHHE B paboueM M CHKH-
MaeMOM rasax. OJToO ceueHde HABHIBAeTCA CeUeHHeM 3amupaHHudA. Ha
HauaJbHOM ydacTKe MeXXy cpesdoM comia Jlapanda u cedeHMeM —

cMellleHMe rasos NpakKTHYeCKH He Haﬁmo}xag'mf{.

T _A <1 ' ~ 3
\\{21___;_?_%:_ ER Y
\./J_/L:'{ {j;%{ '}'—}’_:—vz. ¥ ‘v;r
~ P S AL
— =~ ~~3L/=J:é{ F P '{7/" Fs
2 2’ 71 2 3

Puc.5.5. JIsuxxeHUe rasza Ha BBEIXOJe Puc.5.6. CxemMa UIUIMHIAPHUECKOMN
U3 cyxaromerocs paboyero Ccomna KaMmephl CMEIIeHNS 3KeKTopa

IpM CBePX3BYKOBBIX Ilepenajfax [aB-

JleHu#

B 9skeKTope B IpoIecce CMellleHUA MPOMCXONAT NOTepU KUHETH-
yecKoi 3HeprHH, T.e. ee Nepexo] B TEIJIOBYIO [1]. Paccmorpum mpo-
CTeHINY OUIMHAPUYECKYI0 KAMepYy CMelleHHdA, B KOTOpPOJ MOTepH

Ha TpeHHe He y4ursiBaiorca (puc.5.6). Ilpumem p; = P, = P;;
F +F,=F n M, +M, = M, . TIpu oTcyTCTBUM BHEIIHHMX CHIT

M3 YypaBHEeHHA KOJIUYEeCTBA OBUMJKEHHUA ciaelfyer

p,F,+ My + p,F, + M,v,= p,F; + Mjv,
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:MIUI+M202
M,+M,

HiIn

3 (5.1)

KuHernyeckas 9Heprua Ha BXole B KAMepy CMeINeHHS CKJalbl-
BAETCA M3 CYMMBI 3HepPruil ABYX MOTOKOB:

UZ Ue
—n Yo 2
E,+E, =M, 5 +M27. (5.2)

AHaJIOrMYHO PACCYMTHIBAETCH KHHETHYeCKAR SHeprus B BBIXOA-
HOM Ce4YeHUH KaMephl CMeIlleHHUs:

v: 1 (Mu~+Mu,)
EB;Ma—zlzw( w0t Myos) (5.3)
2 M,+M,

YMeHbIIeHHe KHHETHYeCKOH JSHEPrMHM B IIpoliecce CMeLIeHHS
omnpefesAeTcA BeJUUYNHOMN

2 2 2
AE=E, +E, -E :MIQJ_+MZU_2_1(MIUI+M202) ’
2 2 2 M, +M,

ITocne HecoKHBIX Hmpeo6pasoBaHMil mocjeqHee ypagHEHHe MpPH-
BOAUTCA K BUAY

1 MM,

AE:E1+EZ—E3:
2 M, +M,

(vi-v,) (5.4)

Taxum o6pasoM, mMoTepH KMHETHYECKOH BHEPIHH, KOTOpHIE Ile-
PeXOoAT B TEMJIOBYIO B IIpollecce CMeIeHUsA, Bcerja CylUIeCTBYIOT,
NpHYEM MX BEIHYMHA BOIPACTACT IIPH YBEIMYEHHM DasHOCTH CKOPO-
cTel pabouyero u CKMMaeMoro rasos.

Crporo roeops, Ipouecchl B ra30BOM 3’KEKTOPe JOJIAHBI PACCUH-
TBHIBATBCSA IO JBYMePHON TeopHMH IRUKeHuA rasa. OJHAKO BO3HHU-
KaloIide IIPHM 3TOM MaTeMaTHYeCKHe 3aTPYJHEHHS HACTOJBKO YCJIOMXK-
HAIOT pacCMOTpPeHMe (PU3UUYECKHUX ITPOILECCOB, YTO B LEJOM pszie CJay-
4yaeB [OCTABJEHHBIE 3aflauil CTAHOBATCA HepalpelIuMBbIMH.

ObmenpuHaATO paboTy 3:KeKTOpA PACCMATPHUBATH II0 OJHOMEPHOMN
TEOPUH ABMiKeHHsA rasa. [[1s Kagoro IOTOKa ONpeleNsioTcs cpejl-
HAA CKOPOCTh M [pyrMe ycpeJHeHHble napaMeTpel. B ogHoMepHOH
TECPHMH 2)KEeKTOPOB MCIIOJIB3YIOTCA HECKOJBKO 6Ge3pasMepHSbIXK IIapa-
METPOB:

- Ko3h(}UIMEHT KEKUHH - OTHOUIEHHe pacxoJa COKUMAEMOro
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rasa K pacxozy pabodero rasa, 1L = M,/M,;

- OTHOLIEHME MOJHBIX AABJIeHHiI pabodero M CHKMMaeMOro ra-
308, U:p;/p;;

. cTemreHb MOBHINIEHHMA KABIEHHA B 3’KeKTOpe - OTHOIIEHHE JaB-
JTeHUs 3a 3MKEKTOPOM K JABJEHMIO CKHMAEMOro rasa, £ = p: / p; ;

- reoMeTpHUecKuil rapamMeTp 3:KeKTopa - OTHOLIEHHE mIomagen
NOTOKOB pabodero M CXMMAEMOro radoB Ha BXOJe B KaMepy cMelle-

HUA, O = Fl/Fz;
. OTHOLIEHMe TeMIlepaTyp CXMMaeMoro M pabodero rasos,
o =T, /T
2/t

B aKeKTOpe CYHMIECTBYIOT TPM NMOTOKA rasa: ABa Ha BXoJe W OAMH
HA BBIXOJE M3 Kamephl cMellleHuA (Auddysop ABIAETCA KAHAIOM Ie-
pEeMeHHOTO CeYeHHs H TedeHHe B HeM pDACCYMTHIBAETCA MO Cy-
MEeCTBYIOIUM JJId TAKMX KaHAJOB sapucuMocTaM). Kaxgbiit morox
rasa XapakTepH3YKIOT YeThIpe He3aBUCHMBIX IapameTpa, HANPHAMEP,
p, T, F, v

Insa pacyera 3KeKTOpa HeobxoauMo aubo pemnuTh CUCTEMY H3
12 ypaBHeruit, JU60 HEKOTOpble NapameTpsl CHHUTATE 3RJAHHBIMHM,
Torga 4HMCJ0 HeoGXOJMMBIX ypPaBHeHHUH COOTBETCTBEHHO YMEHBIIAeT-
csi. O6BIYHO 38JAIOT 9 IapaMeTpPoB. JTO IAPAMETPhI OGOMX IOTOKOB

* * * *
ma Bxoge B smexrop: P,y T, M, F,p,,T,, My F,, a raxxe

yCJIOBMe MMIMHAPWIHOCTH KAMEDBI CMELIeHNA F,=F + F,. Takum

o6pa3oM, YHCJIO ypaBHeHMH, HeOGXOAMMBIX Ajf pacdera 3)KeKTopa,
coxpalaercsa Ko Tpex.
Uz 3sakoHA COXpPAHEHUS MACCHI CJIeLyeT

M,=M,+M, uin M, =M,(I+n).

C MCHOJB30BAHMEM rasofHHAMHYECKNX GYHKIMA 3TO ypaBHEHHE
3amuceHBAETCA B clefyIolleM Buie:

Q(Z )P;Eﬁ?
Q(lz)p;FI\/E

W3 3akoHa COXpAHEHHMA BSHEPrHM, NPH MPEAIOJIOKEeHNH OQUHA-
koBofi mpupoAsl pabouero M cXMMaeMoro rasoB (T.e. R;=Ry=R3;
ki=ko=k3 w 1.1.), cnenyer

MT = MT +M,[T;.

=l+n. (5.5)
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IIocme HecsoXKHBIX Npeobpa3oBaHUI MOJYYUM:
* « 1+6n
T, =T —. (5.6)
I+n

- Torpa ypasuenue (5.5) ¢ yderom ypapHenus (5.6) mpurumaer

. RS VEN

pl=p! \/( n)(1+ 6n) . q(4 ,)
1+1/a q( )

M3 ypaBHenus xonuyecrBa ABMKeHMs (6e3 ydeTa CHJ TpeHHA)

IIOJHBIH MMIIyJNbC HA BBIXOJE H3 KaMepbl CMelleHUA paBeH cymMmmMme
TIONMHBIX MMIIYJBCOB HA BXOJE B 3XKEKTOP:

D=9 +P,,

. (5.7.

nIn

ITocne mpeo6Gpasopanuii mosiyyaeM ypaBHeHHe, KOTOPOEe HA3BI-
BAETCA OCHOBHBIM YDABHEHHUEM 9)KEKIMH:

Ja+n)-(1+0n)-2(2 ,)=2(21 ,)+n6 2(2 ,). (5.8)

K ypasuenusam (5.6)-(5.8) moser 6T Jo6aBlIeHO ellle COOTHO-
LIeHWe MeXAy IlapaMeTPaAMH Ha BXOJe B 3)KeKTOp:

_M, _ q(4 2)p;Fz\/T_; I (2 ,)
M, q(a )piFNT; M-aVd (2 )’

Ins askexrTopa, KOTOPBIIM IO CYTH CBOeHl SBJAsSeTcA KOMIIPEcco-
poM, MOKeT ObITh ompefieieH Ko3GdGDHIHEHT NOJe3HOTo HeHCTBUA.
IIpoueccel B aikexTOpe SABIAIOTCA 3HEProM3oJUDPOBAHHBIMH M HX 3¢-
dekTHBHOCTE HamGoJiee TOUHO oueHmBaerci aauabarnueckmm KIIII.
Ilox aguabarmueckum KIII s:xkexkTopa IOHMMAaeTCS OTHOIIEHHE aH-
abaTudeckoil paboTel paclIMpeHHA OO HAYAJIBLHOrO HABJEHHA rasa,
BBIXOASAIErO M3 3)KeKTopa, K pa6oTe, KOTOPYIO MOTr GBI COBEPIIHUTH

(5.9)
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paboumii ra3 NpH PACIIMPEHUH JO STOTO e HaBJEeHHUA:
n = (M, + M,) Ly,
ad — :
M 1’ laaz

Ecau npHHATH, YTO IPHPOAA pabouero M CKHMaeMOro rasos, a
TaKIKe MX TeMIIePATYPHI OLHHAKOBEI, TO ypaBHeHMe [JIA Ol pele/eHnA
axua6arudeckoro KIIJ npusoauTea K BUAY

k-1
1-(I/e) »
Mo = (1 + n)'_—(l_a)_),__f . (510)

()"

IlJIﬂ npuMepa npou3BsegeM pacyer 3)KeKTopa , B KOTOpOM CiKa-

THIM BO3QYXOM C IlapaMeTpaMM p;= 1,5:10° Ma n T;= 288 K Ben-

THAMpyeTcA ~ IOMellleHWe, TIJe  BO3AyX  HMeeT napaMeTpbi

p;= 1,013:10% Ila, T;= 288 K. Ilnomags comia paGoyero rasa

F;= 0,01 v ; muomajs coma cXKHMaeMOTo rasa Fa = 0,02 M2
Kamepa cmeleHns OUIMHAPHYECKAd. IloTepu Ha TpeHHe He YUMTHI-

BaeM.
OnpepessieM Geapa3MepHBIe TAPAMETPBI:

Hzp; 1510

Lo 220 ].4808;
p,  1013-10°

S

01

I‘l

0,5;

R
I
|

0

S

6-2=1
T,
BamaauMcs AaBJeHHeM COXKMMAeMOro rasa Ha BXoje B KaMepy
cMelleHUs p;= 0,98-10% Tla, npumem, uto P, = P, , ¥ HalifieM 3HA-

YeHHA rasoJMHAMHUYECKNX QYHKUUHK:

_p, _098-10°
ﬂ(l I) - p* 1’5 . 105

1

= 0,6533,
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w2 ) = B2 - 0:98-10°

p. 1013-10° 0,9674.

A1 =0,829; g(1;)=0,9648; z(i;)=1,0176;

Ag =0,2377; q(Az) = 0,3663; 2z(lz) = 2,2223.

ITo ypasuenwuro (5.9) onpenensem koadduiuenT 3KEKITUN:

II-aJ6 q(A,) 14808-05

=0,5128.
Ilo ypaBHenuio (5.8) paccuntsiBaem NPHUBENEHHYIO CKOPOCTh A3
npuHaB 0= 1: ,

on )= 20a)tna(ts) | 10176+0518-2,2227
I+n 1+0,5128

= 14261,

1 1
z(ﬂ, 3) = —2—(}{ st T) , orcioga Ag=0,4093.
3

Ilo Ta6nuue rasommmammdeckux ¢GyHKUMI HaXOoAUM 3HadYeHue

npusefieHHoro pacxoaa ¢(Ag) = 0,6014 u no ypasuenuswo (5.7) ompe-
JeslsieM [iaBjieHne B KOHIe KaMephl CMelleHHs:

e I1+n qr) (1+0,5128)-0,9648
P; =P — =L =15.10° ’ T =
A6 1 ]

1+——)-0,
a ( 05 6014

=12135-10Ia.

OTO naBieHMe TPATHTCA HA IIPEOfoJeHHe IIOTEPh B mubdysope u
CO3JaHHe CKOPOCTHOTO Hamopa Ha BhIXOZe M3 Hero. Ecau He yuuThI-
BATh IIOTePH, TO MOMHO HAWUTH CKOPOCTh Ha BEIXode m3 Auddysopa

* *
(mpu ycnoBuu , uro p, = p;), omnpenenus CHayaIa rasonuHa-
MHUYECKYIO PYHKIHUIO
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_ P L0I3 g enss.
(2 ) pr 12135

ITo Tabaune rasogMHAMHYECKHX GYHKIMHA HaXOAUM Ag4= 0,5492;

g(A4) = 0,7516. Ilo aTUM JAHHBIM MOJKHO ONPeJESUTh PACXOA BO3AY-
Xa Ha BXOfle B 9)KeKTop, IJIoIjaAb Ha BeIXofe M3 Auddysopa U ApY-
rHe HeoOXOAMMEIe ITapaMeTpEl. .

AgnabaTuyecKuit KoadHUIIMEHT I0Je3HOro JeHCTBMA Olpene-
nsieTca no ypasHeruio (5.10)

k-l

)0.286

1-(1,013/1,2135

= 07168 .
1-(1/1,4808)""

= (1+0,5128)

Oror KIIJl ydureiBaeT TOIBKO IOTEPH B Mpollecce cMeIleHHs I10-
TOKOB M He YYMTBIBAET IIOTEPH B cOmNax pabouero M CKHUMAEMOTO Ta-
30B, HA TpeHHe B Kamepe cMemeHus u Auddysope. C yueroM Bcex
5TUX IOTepb KOo3()OHIHEHT MoJe3HOro JeHcTBMA 3iKeKTopa 6yaer
CyLUeCTBEHHO MeHbIIe.

5.3. Ocobernnocmu pabombi axnceKmopa NpPU c6ePX38YKO8bLY
nepenadax dasneruil 8 conne pabouezo 2a3a

CBepX3ByKOBbIe Mepenajsl AABJeHHI peaqus3yoTca B comjax Jla-
Banf. B aTroM ciyuae Ha BeIXoJe M3 colia pafodero rasa IIOTOK
HIMeeT CBEPX3BYKOBYIO CKOpocTh. IIpM paBeHCTBe JaBleHHMH Ha cpede
comaa Jlapana B moToKax paboyero M CXXUMaeMoro I'a3oB Ipoliecc
CMellleHUs Ha4YMHaeTesd cpady 3a cpesoMm comia JlaBana. Ecam xe
IaBleHWe B IIOTOKe pabouero rasa GoJibllle, YeM B II0TOKe CXXH-
Maemoro rasa, To pafoyuil ra3 NMpoJOJKaeT PACIIMPATHCA 38 Npexe-
JIaMHU coIsia JlaBaad A0 cedeHMsA, KOTOpoe Ha3BIBAETCA CeUeHHEM 3a-
nupanusa ¥ obosHauaeTcs mHAexcoM  (puc.5.7).

IIpegnonaraercss, 4ro B IpocTeiillleM ciyyae B 3TOM CeYeHHH
IaBJIeHMe B oDOMX MOTOKAX BhIpaBHUBaercA. IIpM 3ToM NOTOK CXKH-
MaeMOTo rasa YCKOpseTcA OT ceueHua 2 - 2 fo cedeHus 2'- 2' , Tak
KaK 8TOT IIOTOK JO3BYKOBOI, a IJIONIaJb NONEPeYHOro ceYeHUd B HeM
yMeHbmaeTcss. B ceueHMH 2'- 2° BO3MOKHO HOCTH)KeHHE 3BYKOBOM
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ckopecTH, T.e. A= 1. Ilpum

aTon: O6ecIIeYMBAETCS MAKCH- \2-*_.“___2%___
MaJIbHO BO3MOXKHEIM pacxof Kp /gﬁﬁ.ﬂ —'{A;éi
CHMMAEMOrO Tra3a Yeped JaH- \/_"1 f { P
HBII 9:KeKTop. Pexxum paboTsl 4.'/‘{;’, >1 12474
!
Puc.5.7. JIsmxenne rasa Ha Ha- —Kp T - — j_‘_
YaJBbHOM YyYAacTKe KaMepul cMme-
LUEHHA TIDH Mepenajax AaBJIeHMit, 2 2’

60JIBIINX pACYETHOrO

)KeKTopa, INPU KOTODOM B CEYEHUH SAIUPAHMA CKOPOCTBL CiKH-
MAeMOTO rasa MMeeT KPHMTHYECKoe 3HAYeHHe, HA3BIBAETCSH KPUTHYe-
ckuM. B stom ciayuae pacxon c:KMMaeMOro rasa He 3ABHMCHUT OT JaB-
JleHHs Ha BbIxoje u3 auddysopa.

Paccmorpum axxexTop (cM.puc.5.7), B KoTopoMm AaBjeHue pabo-
Yero M CXHMAeMOro ra3oR Ha BXOJe B 3JKeKTOD 3adMKCHPOBAHO, &
laBJeHHe 3a 3)KEKTOPOM B ceyeHUM 4 - 4 yMeHbIIaeTcH, YTO MPHBO-
AUT K CHH)KEHMIO NAaBJeHUA B ceyeHHMAX 3 - 3 u 2 - 2. Pabouwnit ras,
MMEIOIIHMH CBEPX3BYKOBYIO CKODOCTB, 3& CUYeT ITOro HPOJOIXKAET
pPaAcIIHpATECA 3a NpefenaMy coiia JlaBaus, U momanb IOIEePeYHOro
ceyeHUA, 3aHUMaeMasd INOTOKOM paGodero rasa, ymeawuuBaerca. On-
HOBPEeMEHHO DACTeT pPACXOJ C)KHMAEMOro rasa, HMeLIero JO3BYKO-
BYI0O CKOpPOCTBH, KoTOopas B ceueHMM 2 - 2 BospacTaer. Mexnay ceue-
HusAMA 2 - 2 1 2'- 2" OpPOMCXOJHUT AasbHellllee yBeJMYeHHe CKOPOCTH,
BBIZBAHHOE yMEHBIIEHUEM ILIOMIANHM IIOIIEPEeYHOrOo CEUEeHMS IOTOKA.
Tak npogomxaeTcs K0 Tex MOP, NOKA B CEYeHHH 3allMPAHUS CKOPOCTh
CKHMAEMOro rasa He JOCTHTHET KPHUTHYECKOro 3IHAYCHMSA (/12'= 1),
mocjie 4dero gajbHeiIllee CHMKeHUE JaBjeHUA 3a auddysopom He 6y-
JleT BAUATL HA TeYeHHe rasa B KaMepe CMeLIeHUs 3XKeKTopa.

B ceuennu sanupaHWsa NOTOK pabouero rasa HMeeT CBEPX3BYKO-
BYIO CKOPOCTb, & MOTOK CKHMMaeMoro - 3BykoByw. IlosToMy B Kamepe
CMeIleHNs 3a ceYeHUEeM 3allMpaHMA B IIPOllecCe CMEIIeHUA CKOPOCTH
ABJAeTCA CBepx3ByKopoil. Ha Bxose B Audpdys3op CKOpPOCTh rasa B
CKadyKaxX YIUIOTHEHWA (MPAMOY CKAYOK YIJIOTHEHUS HJIH CHCTeMa KO-
CBHIX CKAYKOB YIIJIOTHEHUHA) [OJIKHA [TepeiTH B JO3BYKOBYIO.

Ilpn ompesneneHun moreph MOJHOIO AABNEHHUA IIpejIoJaraercsd,
YTO CKa4YoK YIJIOTHeHHA Neped Aud@dy30poM ABJIAETCA NPAMBIM, TAK
KaK IpH 3TOM MoTepu MakcuMaibHble. CKopocTs IOC/e CKayka
VILJIOTHEHUA ompefeldeTcsi ypaBHeHHeM, KOTOpoe cJeAyeT M3 KHHe-
MaTHYECKOrO COOTHOIIEHHUA:

1

A=
3a /13
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Ho'l‘epn IIOJIHOT'O JABJIEHUA B 3TOM CKadKe OIpelneIAI0TCA ypaB-
HEeHHeM

* * P;Q(/13)
a = Vc =
DP; P3;Ver (I(lga)

Bosepanjasgce X paccMOTPEHMIO KPUTHUYECKHX DPeKHMOEB paboThbl
3)KEeKTOpa, HEOOXOAMMO OTMETHTh, YTO HA PACUETHOM peXKuMe JaBJie-
Hue 3a auddysopoM pABHO JABJEHHIO OKPYXKamoIied cpeAbl (Uau
BHEIIHEeMY II0 OTHOIIEHWIO K 3KeKTopy pasieHu0). Ilpu cHmxernun
3TOro JaBJeHUA H3MeHseTci TedeHWe rasa B auddysope, CKadOK
VIJIOTHEHHWA mepeMelaeTcA BA0Jb HOTOKA BHYTPh guddysopa. Ilpn
3TOM CKOPOCTBH ra3a Iepe] CKAYKOM YIJIOTHEHMA BO3pACTAET 38 CYET
yBeJIMYEeHHsa IUIOLaRH [OIMepeYHOro CeYeHHMA KaHala H COOTBET-
CTBEHHO BO3DPACTAIOT IOTEPH IOJHOTO JaBJeHUS B CKAYKe YIUIOTHe-
HHUA. 3a cueT pocTa dTHX MOTEeph JaBjeHHe Ha BhIxode H3 Auddysopa
CHM)KaeTcA A0 HABJEHUA OKPYXKarollieil cpejsl.

Hanpyve ceyeHHs 3alUpPAHUA BHYTPM KaMeDBl CMEIUEHHA M
BO3HUKHOBeHHMe B HeM OcobBbIX YCJIOBMII THUIA /'Lg' = 1 npuBOXNT K He-
0OXOZMMOCTH y4eTa BTOro sSBJeHMA IpH pacdere sKeKropa. Cy-
IIeCTBYIOT /IBA PA3JWYHBIX NOJAXOZa K pacdeTy TedeHHA HA Hayaslb-
HOM ydacTKe KaMeps! cMelneHus [1]:

1. Ilpeanonaraerca, 4YTo B CeYeHHM 3aNUpPAHUA JaBjeHMe B 06o-

(5.11)

HX IIOTOKAX BBLIDABHMBAETCA, T.e. D, = P,(MeTOAHKA Ipe/JIOXKeHa
M.O.MurrsonmukorsiM u I'.\M.Pa6unrossm [12]). Otcrona

pa(A3)=p(A) wm #(2))=—=2 (5.12)

W3 ycaoBHA IMIMHAPUYHOCTYT HAYAJBHOTO Y4YACTKA KaMephl
CMellleHNd caegyer

F,+F2:F,'+F2',um—§’—+1=€;’—-?’+%. (5.13)
2 1 2 2

R&)KALII?I MIOTOK HA HAYAJBHOM ydYacTKe KaMephbl CMellIeHNs CYH-
TAeTCA N30JHUPOBAHHBIM, cJIeqOoBaTeNBHO,

Fg(A,)=Fg(2)) n Fg(2,)=Fg(1}). (5.14)

Vpasrenue (5.13) ¢ yuerom (5.14) npuBoANTCA K BUAY
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a+l= aq(ﬂ’)+q(/12)
) ) o

Us ypasnenus (5.15) HaxoauTca smaueHme IpHUBeJeHHOro pac-
xoJza:

g(2 2):q(/1 '2) -« Zg;;—l . (5.16)

Ypapuenus 0(5.12) u (5.15) ABNAIOTCA ZONONHHUTENBHBIMU K CH-
creme ypasHeHMH (5.6)-(5.8). OaHOBpeMeHHO BEOJATCA IBA HOBBIX

Hesa ' '
3ABUCHMEIX Napamerpa A ; 1 A, . Ha xpurnueckom pexkumMe pa-

6o A 2 = 1. Otcioga

. 1
7?(1 1) = EI(T (5.17)
Q(lz)=1—aM—1. 5.18
(5.18)

q(4))

2. Ilpeamonaraercsa, YTo CyMMBI MOJHBIX HMIIyJbCOB HA BXOJE B
KaMepy CMEIIeHHS U B CedeHMH 3ANMPAHUA DABHBl MeXLy COBOMH
( MeToxuka npegnoxena K0.H.Bacunbepsim [12].

D+ P, =P+ D, nm &, -, =D, - D,,

kE+1
TaK Kak @D = 7Makpz(1) , To

M,a,,,[2(2 ) - (2 ,)] = M,a,,[2(2 ;) - 2(2 2)]

Iocne HecmoxHEIX mpeoGpasoBanuil mocaeqHee YpaBHEHME NpH-
BOIUTCA K BUAY

B z(/l ',)~_z(/1 )
nvé = 0 2)_2(/1 3 (5.19)
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Ha xpurdyecKoM pe)xkuMe paboThl 3)KeKToPa [AAaHHOe YpaBHe-
HHe OyaeT HMeThL BUJ

nJo = 2(2 (’2 —)z_(); ) . (5.20)

HeobxoauMmo crenats CHAeAyIOIINE 3aMeYaHHA:

1. Uz ypasrenuit (5.16) n (5.19) cnegyer, 4TO npuBeJeHHAd
cKOpocTh A2 Ha BXOJle B KaMepy cMellleHUS HMMeeT IpefeslbHOe 3Ha-
yeHMe, KOTOpoe MOKeT GBITH cylljecTBeHHo MeHbIle eauHHIbl. Ceue-
HHMe 3aIMpaHHuA GoJbIIMI pacXxol CXXMMAeMOro rasza He IPONYCKAaeT,
oTCIOfa M ero HasBaHHe cedyeHHue sanmupanusa . Kak 6yser moxasaHo
HIKe, 8TOT pacXoJ Booblje MoxeT 6biTh cBefeH o Hyada. Takum 06-
pa3oM, MOABIeHHEe CEYeHUs 3allMPAHHA B KaMepe cMeUIeHUA MMeeT
OCHOBoOIIOJIATalOlee 3HAYECHNEe B I[OHMMaHMM paboThl 2:KexTopa Ha
60JBIIUX Mepenafax NaBJeHNA.

2. CpaBHeHMe pe3yJbTATOB pacdeTa IO 06eUM METOAMKAM IIOKAa-
38JI0, 4TO NpHU HeGOJBLIIKX MepenajaX HNaBJeHUIl OoHH AAIOT OAMHAKO-
Bble 3HAYEHHS MAPAMETPOB DKEKTOPOB, KOTOPBIe HOCTATOYHO XODOIIO
COTVIACYIOTCA ¢ SKCIepUMeHTaJbHbIMH. OfnaKo npu 6Goaplunx mepe-
magax KaBJeHUI ¢ dKCIepPHMEHTAJIbHBLIMU JAaHHBIMH JydYIlle CcorJa-
cyerca pacuer no ypasxerusm 10.H.Bacunsesa [1]. 3to obbacHseTcA
TeM, 4TO PpacliMpeHHe MOoToKa pabodero rasa 3a INpeAejaMK COILIA
JlaBana (koraa NoTOK GOPMHUPYeTCA He CTEHKAMH coOIll/la, a YCIOBHEM
paBeHCTBa JaBJeHMH Ha IpaHMIaX IOTOKA) IPUBOAMUT K CYIIECTBeH-
HOIl HepaBHOMEpPHOCTH JaBJIEHUA U HAPYINEHHUIO YCJIOBUA Py = P2 BO
BCEM IONIEPEYHOM CEUEeHHUMU.

Hanuuke B KaMepe cMelleHUA ceyeHUd 3allHPAHHA, B KOTOPOM
CYIleCTBYeT KPUTHYEeCKas CKOPOCTh, BBIBBIBAET IIPOSIBIeHNE HEOXH-
JAHHBIX CBOMCTB 3’KeKTopa.

PaccMOTpHM 3:KeKTop, B KOTOpoM JaBiieHMe pabouero rasa Ie-
peMeHHO, a [ABJeHHe CKMMaeMoro rasa saduxcupopado. C pocrom
NaBieHUs paboyero rasa NPONOPIHOHAJIBHO YBeJUYHUBAETCA €ro pac-
Xol, U, Kasajoch Obl, AOJKeH Bo3pacTaTh PACXOJ CXKUMAEeMOro rasa,
HO Ha CaMOM jeje 9Toro He IIPoMCXONUT. B COOTBETCTBMH c ypaBHe-

* ®
unem (5.17) ms-3a pocra orHomenus II = pl/p2 yBeJIMYHBACTCA
IpHMBeJeHHAA CKOPOCTh A ;, COOTBETCTBEHHO yMeHBIIAETCHA BEJIUYHHA

IIPHBeAEHHOTO pacxona q(/l 1) U yBeJIMUMBAETCA ILJIoIadb Iolleped-

HOTC ceueHUs, KOTOPYI0 3aHHMaeT IOTOK pabouero rasa B CeYEeHUH
sanupaHusa. IJTo IPOMCXOJUT TAKIKEe M M3-38 YBeJIMYEHUA MAacCOBOTO
pacxona pabouero rasza. Ho Tax Kax niaomafb IONePeYHOro cedyeHUA
HAYAJILHOTO yUYACTKA KAMePHhl cMelIeHHsl HoCTosHHA H (HUKCHPOBaHA,

216

nJIo.allb MOIEPEeYHOr0 CeYeHUA, KOTOPAA OCTAeTCA IJIA IPOXoxKge-
HHA IIHOTOKa CXHMaeMoro rasa, YMeHbIIaeTCA B COOTBETCTBEHHO
CHI)XKaeTCH PacXoJi coxumaeMmoro rasa. IIpu onpefeleHHOM gasieHup
pabouero rasa ero MOTOK MOXKET MOJHOCTHIO NIEPEKPHITh BCIO KAMepy
CMelleHHA H B 3TOM cCJIyuae PACXOJ CXKIMAEMOro ra3a CTaHeT pas-
HBIM HY110. Takum o6pasom, Ha peskHMe 3AMUDAHNA CHXUMAEMbIH ras
4yepes 33KeKTOp He IMPOXOAUT.

XapakTepucTHKa 9XeKTopa, - IPEJCTABIAOMAA 3aBHCHMOCTE
MEeXJY ero OCHOBHBHIMHM IIApaMeTPaMH, MOKeT GLITH 3aJaHa B pas-
JUYHBIX CHCTeMaX KOOpDAMHAT. B Tex caydyasx, xorga HeoGXOAMMO
HcclefloBaTh oOIIHe 3aKOHOMEDHOCTH 30KeKTopa, XAPAKTePUCTHKA
8)XKEeKTOpa NpeAcTaBisdeTca B 6e3pasMepHBIX BelHUYMHaX. Il1a mayue-
HUA KOHKPETHOro 3:KekTopa 6ojiee yJOGHBI 3aBUCHMOCTM €ro napa-
MeTpOB (IIPOM3BOAUTETLHOCTH CXXUMAEMOro I'as3a, AABJAEHHA U T.J.) OT
KOHKPeTHBIX YCJIOBHIT paboTsl.

Hna ompesesenns xapaKTepHCTHKHM 3:KeKTopa MCIIOIB3YIOTCA
pasuiHble yCTAHOBKH. IIpMHIMNIVAIbHAS cXeMa OJJHOM U3 HUX INIpHU-
BefeHa Ha puc.5.8.

Puc.5.8. [Ipuanunuansuas cxeMa H?
SKCNEePYMeHTAJIBHOM  YCTAHOBKU @

AN onpenesleHUs XapaKTepuCTH- \/

KU 33KeKTopa @ A ﬂz @
4, yip

>3-+ IKNEKTOPH-DX

B mponecce nposepmeHus 3sxc-
nepuMeHTa IpoccebHBIMHU
yerpoiicrsamu [, H» u 14 pe-

Ir'yJaupyerca aaBjieHHe pabode-

ro M CXXUMaeMoro rasoB, &

TaK)Xe JaBjeHHe 3a axKeKTopoM. OJHOBpPEMEHHO H3MeEpSIOTCA OTH
IaB/leHHA, PACXOX CIKMMaeMoro rasa, Temueparypa. Pacxon pa6ouero
rasa onpefejAeTcsa II0 HU3BECTHOU INJIOINaAY KPUTHYECKOTO CeueHHs

* ®
cotna Jlapana Fyp u saMepenusiM napamerpam P, u 1, , a gamie-
© *
HHue 3a KAMEpO#l CMeIlleHHMs P3 - 110 USBECTHbIM BeJHYUHAM IOTEphH
*
AaBneHUs B Ru¢dysope vJ u AaBneHuo P, .

Takum ob6pasom, B peayjpTaTe UCHBITAHUI 3aMepPAIOTCA CJie-
OyOIi¥e napaMeTphbl: pacxol pabouero rasa M;, TemmepaTypa u

x *
AasieHHe paBouero rasa T, m p,; pacxox cxxumaemoro rasa Mg;

x *
TeMIlepaTypa M JaBlieHHe COKMMAaeMOro rasa T2 u p,. Ilnomagu mo-

OepeyHBIX cedenuil anemenToB mxexTopa Fj, Fp, F3 u Fyp onpepe
JAIOTCA M3 YepTexxel MM HemocpeACTBEHHO M3 3aMepoB. [[poccemrm
M4 Ha Brixosme U3z auddysopa MoKHO UBMEHATDH JaBIeHHe Ha BBIXOAE
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M3 3KeKTopa p; ¥ TaKMM 00pasoM ompefeaATs IapaMeTpsl 3:KeKTO-
Pa Ha Pa3JNYHBIX pexkHMax paborsi. Ina Toro, yrobsl nccienoBaTh
BCE BO3MOJKHBIE DEKHMBI PaboThi- 35KEKTOpa, MOMKHO JIM60 HIMEHATH
AaBjeHHe pabodero rasa, KOTOpPsIN NOJBOAUTCA OT MCTOUHUKA CIKATO-
ro rasa (oT KoMmpeccopa Hau u3 bOaxnoHa), aub6o Ha BBIXOZe U3
9)KeKTopa YyCTAHOBUTH BAKYYMHBIN HACOC U T.A.

dna adanusa paboTsl axkeKTopa Hambojsee NOAXoquT 06OOGIIEH-
HaA xapakTepHcTuka (puc.5.9). Ha ogsom rpaduxe npusosarcs 3a-
BHCHMOCTH MEXIY KO3DIHUIMEeHTOM 3KEKIUHU 71, CTeNeHbIO MOoBhINie-
HUA [AaBJeHNAA &£, H OTHOUIEHHeM NOJHBLIX AaBienmit [1. Kampaa
KPHUBasA Ha 3TOM rpaduke COOTBETCTBYeT ONPEAEJEHHOMY OTHOMIEHHIO
monaslX AaBiaeuuil. IIpu nocrosmmom smadenunm I[I=I1,, vaMeHsasn
JaBJIeHHEe 34 3’KeKTOPOM, MOYKHO IIOJIYYHTHL DeKMMBI paboThI, OTBe-

» o L *
4alomue 110604 Touke Ha aToit KpuBoi. Hanmpumep, masnenve P,

MOYXHO OOJHATH [0 TAKOrO 3Ha4YeHHUs, YTO paboyuif ras y:ke He cMo-
JKeT YBJEKATH 3a co0oil cokuMaeMBIfl ras. JT0 peXUM MAKCHMAJILHO
BO3MOXKHOM CTeNEHM IIOBLIMICHNA AaBIEHMA (Epgr), U €MY COOTBET-

CTBYeT To4YKa Aj, DACIOJNOXKeHHAA Ha OCH OPAUHAT.
»

E? Puc.5.9. O6o6mennas xapax-
= o TePUCTHKA KEeKTopa

2 8
A: L

A 1z 2 IIpn moHmxenum RaBIeHUA

-

A _QL_ _B P, ko3dUDUEHT IKEKIUH

yBeJMuuBaeTcd, & CTENeHb

Cs C, ¢y n= Mz OOoBbIMIEH U JaBIeHHA

My CHMIKaeTcA.

TaxkoMy H3MeHeHHMIO NApaMeTPOB COOTBETCTBYeT POCT pacxoja
CXHMAaEeMOro rasa U yseJHYeHde NpUBefeHHo# cKopoctd Ag Coorser-
CTBeHHO BO3pacTaeT M NPHUBENeHHAA CKOPOCTh B CeYEHUH 3alHMpaHud
Az . Tlpu moctmrxenuu smadeHHA Ap =1 BOIHMKAET KPUTHUECKMIt pe-
sKuM paboTel 3)KeKTopa, IPH KOTOPOM yBenrMYeHHe pPacxofa CHKHU-
MaeMoro rasa (M KoapdUIMeHTa 3KEeKIUH) HEeBO3MOXKHO. JToMy pe-
JKHMY COOTBETCTBYeT To4uka B;. [lanbHeillllee cHmKeHHe JaBjeHHe 3a
3}KEeKTOPOM IPHMBOIUT TOJBKO K DOCTY HOTEpPh MOJIHOTO JABJeHUA B
Auddy3ope N YMEHBIIEHUIO CTENeHM MOBBIMICHUA JAABNEHHA NpH IIO-
CTOAHHOM 3HaueHHU KoaddunueHTa akekuun ( kpusas B;C;).

®
Ecim yBeanuuts pasieHHe Nepel 3:KeKTOPOM p,, T mpu mo-

*
CTOSHHOM JaBJIeHHH CKHMaeMOro rasa pZ Bo3pacTeT OTHOIDEHNE
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[OJHBIX AABJEHUiI ¥ AaHHOMY pexxuMy pabGoTel axexrtopa Gyaer co-
OTBETCTBOBATH TOYKA Ha Apyroit xpuBoil, Hanpumep, I[12. B arom
cly4ae KPUTHYECKMH DeXKHMM paGOThl JKeKTopa BOIBHKHeT upM
VeHbIeM 3HAYEHWM KOS(@UIMeHTa 3KEKIUH B Touxe Bz, Tax xam
OXHOBpEeMeHHO BO3poC pacxof paboyero rasa.

CoBOKynHOCTs TOYEK B omnpefielAeT KPHBYI0 KPHTNWSOKNX D®-
AKHUMOB paboThl 3:KeKkTopa. IlepecedeHHe KPHBO KPHTHWSCKNX pe-
SKMMOB paGOTBI C OCHIC OpAMHAT ONpeZieldeT peXUM 3ANNPARRA
3’KeKTopa, 0 KOTOPOM TOBOPWJIOCH DaHee. JTOT DeXXMM H& XAPAKTS-
pucTuKe obosHauaercsa Toukoit [J. Heo6xoamMo oTMeTHTS , TTO BO®
Touky y4acTka BC KpPHBBIX COOTBETCTBYIOT KPHTHYECKHM DERIDSAM
paboThl 3:KeKTOpA.

Ha 06061ieHHO} XapaAKTepHCTHKE KaXJad TOYKa, KOTOPO# coot-
BeTCTBYIOT olpeleleHHbie JHAYEHMA /1 M &, ONPEREIAIOTCA I1BYyMSA
anauenuamu II. Tax, rouxe F IIpM XOKPHTHYECKOM DexxuMe paborsi
cooTBeTcTByer 3Hadenue II; (xkpuBaa A;B;), a IDH KPHTHYECKOM
peskumMe paboTsl - 3Havenue [I; (KpuBas BJyCs).

TOpA IIPH [IOCTOAHHOM JaBJIeHHN 3a

Puc.5.10. XapaKTepHCTHKA 3IKeK- a
3
muddysopom

HOpyroit BUX XapaKTepHCTHKH ~
asKeKTOpA npuBeseH HA

puc.5.10. ¥V osToro 3xeKkTOpa
pabouumM rasoM sABIAETCA ar- c F‘
mocdepHBIII Bo3AyX C MOCTOAH- ¢)

HBIM AaBjeHHeM ( p; =const).

TloaToMy Ha XapakTepHUCTHKe HMeeTCA TOIbKO OJH& KpuBad. prm:
4ecKOMy pexuMy cooTmeTcTByer kpmsad BC, (OfHAKO BAOE aToit
KPUBO# BeJUUYMHA Nepenaja HOJHBIX AABJIEHHI Xnenmuxae'rca aa
cyeT yMeHBIIeHUA [aBJIeHUS CIKHMaemoro rasa p,. Touka C cooT-
BETCTBYET pEXKHMY 3alMPaHMA, OPM KOTOPOM pacXo[ CKHMAEMOro
rasa paBeH HyJTi0, a CTeNeHb MOBBLINERUA [aBJIeHMA MAKCAMAJILHA.
Bxosas KpHBOit AB npHBefileHHAs CKOPOCTh CXXHMAeMOro rasa B cede-
HUY 3amupaHUA MeHbIle eMHMIBI, MO3TOMY pacueT 33KEKTOpa MOK-
HO NPOM3BOAUTH Ge3 ydueTa ypaBHEHUA (5.19).



5.4. Oco6ennocmu pa6ombt IneKmopa ¢ KoOHQY30pHOiL
KaMepoll cmeuleHUS

TasoBrie s:xkerTopsl Haubosee addheKTUBHLI NpK paboTe Ha KpH-
TUYEeCKMX DesKUMaX, KoTophle XapaKTepuaylorcsa yciosuem A ,=1. B

3TOM cJydYae HOTEpH KUHETHYeCKOH SHEPTHH B Ipollecce CMeEIIeHHd
MHUHUMAJBHEI.
Paboumnii ras B Hawaje mpolecca CMellleHUs B CeyeHHH 3amupa-

HUA MMee? CBEPX3BYKOBYIO cKopocTs (A ; > 1), noaTromy H cKopocTs

CJKHMAaeMoro rasa B IIpollecce CMEIIeHMA TaK)Xe CTAHOBUTCS CBEPX-
3BYKOBOM,T.e. BCIO[y B KaMepe CMEIEHUA CKOPOCTh rasda IIPeBOCXO-
AUT CKOPOCTH 3BYKa. B CBePX3BYKOBOM IIOTOKE YMeHbINeHUe ILJIOIIa-
AM NONepeqyHOTo Ce4yeHWs NPHUBOANT K YMEHBUIIEHHMIO ero CKOPOCTH.
IlenecooGpasHo uMeTr KaMepy cMellleHHs KOHGY30pHOH ¢OpPMEL
(puc.5.11), Tak Kax Ha BBHIXOAe M3 Hee MO CPABHEHMID C UMIMHADH-
YeCKOH KaMepoil CMemIeHMA IOTepH Ha TPeHHe MeHblle, KaK M CKO-
pocTh rasa. OTo MPHUBOAUT K YMEHLIIEHHIO NOTEPH IOJHOTO JAaBJIeHUN
B NIPAMOM CKauKe YIJOTHEHHA , KOTOPHIe ONPeleqAITCA YPaBHEHHEM
(5.11). Kar noxa3nIBalOT pacyeThl U 3KCIEPUMeHTEHI, s¢deKTHBHOCTD
CBEPX3BYKOBHBIX 3)KEKTOPOB C KOHHMYECKUMH CY)XAIOI{UMICA Kamepa-
MM cMmernenua Ha 10-15% Goasme, YeM ¢ IWIMHEAPUYECKUMH.

Pue.5.11. Cxema axexTopa ¢ Ko-

2 Fz P HHMIECKOIl KaMepoil cMerleHns

v{ 3

— _74-?1 .. 7—;] Opgnako pacuer B3’KeKTOPOB ¢
{1 [\l KOHHYECKHMN KaMeDaMH cMe-
2 3 meHHA 6ojee caoxen. B Hux
4 Ha JBMJKYIIMICA ras JelcTBY-
eT CHJIa peaKIUu CTEeHOK

(R;), HanpaBJIeHHA&SA BAOJb OCH
kaHana. J[ng ee ompepesneHus Heo6XoAMMO 3HATH 3IAKOHOMEPHOCTH
pacnpefieleHusa AABJCHUA BAOJIb KAMepPhl CMEIICHHSA, HAUTH KOTOpble
TEOpeTHYeCKMM IIYTEM 3aTPYAHHUTENLHO.

I'.H.A6pamosnu [1] pekoMeHayeT NPHHATHL pacnpefgeieHHe AaB-
JICHUSA [PONOPHHOHAJBHEIM IJIOMIAZN TOINEPEeYHOro CedYeHUsd, UYTO
PABHOCHIBHO

:P;"'Ps.
2

B aToM cayuae cuia, feifcTByOIMaA Ha IOTOK B KaMepe cwmellle-
HH3#, ollpellefiAeTcA yPABHEHHEM

pcp
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R = —}-’%—&(FI +F, - F,). (5.21)

HeiicTBuTensnoe pacrnpegesneHue NaBjieHHUs BLOJb KaMepPEl cCMe-
IIeHHUS MOXKeT OTIANYAThCH OT Dep- IloaToMy HaMu 6bIIHM IPOBEJEHbI
3KCIIEPHMEHTH! O OllpeleleHUIO JAABJACHUA BIOJb KOHUYECKOH KaMe-
pel cmernenus. CxeMa pacmosloiKeHMA ToYeK 3aMepa I[IpuBefeHa Ha
puc.5.12. Kamepa cmemenuss uMejda yroj HaKJIoHa o6paayiomei
2°85', kakaas IocJefylollad ToYKa 3amMepa CABHHYTa OT
opepeigyineil Ha 90° gna mpeJoTBpalieHUsA HMX B3AMMHOrO BIUAHUA.
3amepeHHoe pacnpeiejieHre AABJIE€HHUA H paccqm‘anuoe 10 I1pepnjo-
xennio I.H.A6pamosuua npuBegens! Ha puc.5.13. Buano, uro same-
PeHHoOe NnaBJIeHMe He3HaYHTEeJbHO IIpeBBIIIIAET pACYETHOe (B cpegHeM
Ha 3-4%). Kax noxasanm pacueTnl, IpeBbIIIeHUe NeifICTBUTEILHOIO
RaBleHUA Hal D¢p TPUBOOUT K POCTY IIPOMSBOAUTENBHOCTH CHKH-
maemoro rasa Ha 3-4%.

xﬁ.’! B ’/{/7
5;’5-'175 sla A1@2 ,//
2 & 2 ‘fﬂ f//
F-/ s [ #'0 ; A’, :iﬁ
| 7 1oL
%0 45 zoe1
- 270 Ul ooy, o -

Y5 90 135180 bxo mpy

Puc.5.12. Pacnonoxenue Touex 3a- Puc.5.18. Pacnpegesnenue paBieHus

Mepa JaBJeHUA Ha CTeHKe KOHHM- HA ITOBEPXHOCTH KOHWYECKOH KaMephl

YeCcKOH KaMepnl CMeIleHus CMellleHNs B 38BUCHUMOCTH OT PacIo-
JNOXKeHUa comia JlaBans nepex BXo-
JOM B KaMepy CMellIeHU s

Ilpu pacyeTe 2:KeKTOPA ¢ KOHMYECKOH KAMEpOH CMeUIeHHA CHIY
peaklMHu cTeHOK Heo6XO0JMMO YUHTHIBAT: NPH BBIBOJle OCHOBHOTO
ypaBHeHHUA 9:Kexiuu (5.8).

+
@3:®1+¢2~p—22—pi(F,+Fz—F3)

nIn
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E+1 kE+1

M 3a,,p3z(/1 3) = M Iakplz(/’t )+

ML ;“ ! M,a,,02(2 ,) - 22-—;—& (F, + F, - F,)

‘/(1 +n)(1+6n)2(A ;)= 2(4 )+ nJ6z(1 ,) -

p:+p; Fi+F-F (5.22)
- ' E+1°
2 Mtaka

Hocne npeo6pasoBaHui aTo ypasEeHWe OPUBOAUTCA K BHAY

J(l +n)(1+6n)z(4 ,) = 2(4 )+ nVoz(A ,) -

1
__1_(k+1)’7-_1.(Pz +P3)'(F1+F2'F3)_
4\ 2 pia(2 ) F,

Takx Kax ANA 3KEKTOPa ¢ KOHMIECKOH KaMepoil cMellleHMA He
cobofaeTcss YCJIOBMe PaBeHCTBa ILIOLIajei (Fg= F; + Fj3), uame-
aserca u ypasgenue (5.7). OHo npuHUMAaeT CJIeAyIOMHNHA BHL:

(5.28)

. F, g4
p; = p“f(1+n)(1+9n)-—l—é--q—§j—‘é%. (5.24)

5.5. Pacyem axcexmopa C yuemom nomeps

IToTepn B Da3JHYHHIX DJIEMEHTAX IKEKTOPa CHIXKAIOT ero ad-
deKTURHOCTb, & TAKXKe BIUAKT Ha €ro ONTHUMAaJbHEIE TeoMeTpute-
ckme paaMepsl. I1103TOMY yueT moTeph HY’KHO MPOBOAMTP KaK B XOZE
pacueTa 3:KeKTopa, TaK H IPH ero ONTHMH3ANNH. YpasHeHUe 3KeK-
L[ C YHeTOM [eHCTBHA CHJ TPeHHd NPHBeJeHO HIDKe.

VMmeHblIeHYe TIOJHOrO AaBleHHA B paboueM comule IPOMCXOAUT B
OCHOBHOM 34 cUeT AeHCTBHA CHJI TPeHHA. JTH NOTEPH YIHMTHIBAIOTCA

CKOPOCTHHIMHU KOR(IHIMEHTAMU: (Pyp - ANA TedeHUA ras3a Ao KPpHUTH-

wecKOro ceuyeHMa coma Jlasansa u @p - AIA TeyeHHs ra3a B CBepx-
3ByKoBoit yacTu. [loTepn ZI0 KPUTHYECKOro CeYeHUA BIMAIOT HA pac-
xo[ paGoyero BoO3xyXa, KOTOPbIHA ONpeseAeTCA [0 YPaBHEHUIO
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P

kp~ kp * *

—pF=, TAe P, = P, Oy
T*

V 1

VY xopouro cunpoduanpoBaHHBIX comel JlaBana kKoaddUIHeHT
@xp = 0,97-0,98, uro cooTpeTcTByer KoadduULUEHTY Oxp = 0,96-0,97.

Obpasylomas cBepx3ByKoBOiH uacTu comaa Jlasansa Mmosxer GBITH
3afaHA PA3JUYHHIMN ypaBHeHMAMH. B mpocreiimem ciayuae oHa ups-
MOJINHeHHa, OJHAKO HPY 3TOM BeJHMKH IIOTEPH NOJHOrO NABJICHHS.
Haunbosee nenecoobpasHbiM sABIAeTcA OpoPUIMpOBaHHe comen Jlasa-
JIA IO MeToAaM, paspaboTaHHBIM JUIA cCOIeJl PAaKeTHBIX ABUraTejeil, B
KOTOPHIX 06pasylomas 3afaercad KOOPXHHATAMU B CUCTeMe, I'fleé OChIO
abeuuce asnAerca och comna JlaBansa ¢ HAYAJIOM B KPUTHYECKOM ce-
yenun. B T1abua.5.1 npusopaTcs KoopAMHATH obpasylomeil JIsa ofHO-

ro us conen Jlapans npu Asu = 2,079:

M, =mq(;l)-

Tabauna 5.1

| &
(=

0,05105 | 0,2509 10,7729 |1,908 | 3,545 6,144 |11,33 [12,84

wi
1

a3
™

y {11,014 1,074 1,246 1,611 | 2,024 {2,431 | 2,708 | 2,715

wi
]
1
~

®opma aToro comnJia NokKasa-
Ha Ha puc.5.14. Pasmeprr ana
npodbUINpPOBaHUA JI03BYKOBOM
YacTu comia JlaBaas IIpHBeJeHbI
B [1]. Taxkue comsa HMMeIOT CKO-
pocTHOH KoaddHOHEHT ¢ =
0,985.

Ilonnoe pasienue 3a comaom
Jlapana  paccyMThiBaeTca  Ifo

YPaBHEHHIO Puc.5.14. CxeMa conna JlaBans
. e . 75(’1 1 a)
p]:po‘01=p0~—~71‘—. (5‘25)
”( Do

ITorepu B comye cXXMMaeMoro rasa TaK)Ke ONpEAeJAIOTCA CKO-
POCTHLIM KoahdunueHroM (,. CropocTs B 9TOM CoOILIe NO3BYKOBasA,
MO3TOMY MOTEPH MOJIHOTO AAaBjJeHNA B HEeM OTHOCHTENLHO MAaJbl M
MOJKHO IPHHATL Qo = 0,92-0,96.

Ilorepn Ha TpeHHMe B Kamepe CMeIlleHHs OIpefedaloTca Mo ypaB-
HeEuio [lapcu-Beiic6axa yepe3 KoahPHUIHEHT CONPOTHRIEHNA TPeHUA
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Amp ¥ OTHOCATCA K BBIXOJJHOMY CEUEHMIO KaMepbl CMelleHUA. IJToT
K03 pHOHMEeHT 3aBUCUT OT aOCOJIOTHON UIEPOXOBATOCTH A M AHMAMeETpAa
Kamepsl dz, a Takxe oT Re. OgHaxo u3-sa Gonbilloff HepABHOMEPHO-
CTH TICJIA CKOPOCTEH TedeHNe B KaMepe CMeIleHHS OTINYaeTCA OT Tex
yCJIOBUH, NPH KOTOPHIX 9KCIePMMEHTAJbHO HaiJeHbI K03 PUIHeHTs
Tperus. B paccMaTpuBaeMoil pacueTHOH MOJEJIM BIOJbL CTEHKH KaMe-
pPHl CMeEINeHHS ABHIKETCS CXKHMMAaeMBIH ras, IPpUBeJEeHHAA CKODOCTh
xoTroporo BodpacraeT oT Az go Ag . IloaTomy morepu BHOJIB Kamepsl
pacupefieieHbl HepaBHOMepHo. EciM OHM OTHeCeHBI K KaKoMy-1Hu60
Ce4yeHMIO, TO HeobXoguMa KOppeKTHUpoBKa KodddHIMeHTa COINPOTHB-
JIeHUs TpeHHMA. B KOHKpeTHOM cjydae MJIA ONTHMMAJIBHOI'O 3)KEKTOpA
¢ LMIHHAPUYECKON KaMepoil cMellleHMA BaKYyYMHOTo Hacoca THIa
BBH-12 npusejeHHas cKOPOCTh OTKAUMBAEMOro rasa MeHSeTCHA OT
ﬂz, =1 go Az =1,8.

Ilpomeccs! B Kamepe cMelIeHNs 93KeKTopa U3yHeHBI HeLOoCTaTO4-
HO NOJHO H J[OCTOoBEpPHBIe JaHHBIe 00 HM3MEHEHUHM CKOPOCTH COKH-
MaeMOI'0 rasa BJOJE KaMepbl cMemIeHMs oTcyTcrByioT. Iloatomy me-
JlecoobpasHO OTHOCHUTE TOTEPH B KaMepe CMeIIeHUA HA TPeHHe K
cpepHell CKOPOCTHM, KOTopas B IepPBOM NPUOIMIKEHUM MOKeT OBIThH
HalileHa KaK cpefHeapudMeTHUECKAA OT 3THX ABYX INPHBEJEHHEBIX
Agtd,

cxopocreit . B pacueTHpIX ypaBHeHMAX yJob6Hee IOJb3O-

BATHCHA CKOPOCTHIO B KOHKPETHOM CEeUeHMHM KaMephl cCMelIeHHA (HaMu
BeiGpaHa cKopocTs Ag), COOTBeTCTBEHHO Koah)HUIHEHT HOTePs Ha
TpeHHe HeoOXOAMMO CKoppeKTupoBaTh. B ypaBnenue (5.23) BBogurcs
K03 PUIIHEHT

AaY
. A (4 )
A=A, 2 =" 11—i+1 . (5.26)
R 4 \1,

CxopocTh rasa Ha BHIXOJe M3 Kamephl CMellleHUA OoJjibille CKO-
pocTH 3BYKa, H B OOBIYHOM KOoHMYecKoM Auddysope oHa cHauala
YBEIMUUBAETCH, B 3aTEM MEPEeXOJUT B JOSBYKOBYIO B cHcTeMe KOCHIX
CKAYKOB MJM B IpAMOM cKauke ymirorHenmit. Ilpu pacuyerax mpepmo-
JIATAeTCA, YTO CKAYOK YIJIOTHEeHWH HaXOZUTCs Ha BXxoje B Auddysop.

I0.H.BacunressiM mpefjloKeHa Haed, COTJIACHO KOTOPOH MeKAY
KOHMYeCKoH KaMepoil cmemlenmsa u auddysopoM pacmoiaraerca IH-
JUHApPUYecKuH y4actox aauHoit (1,5-2,0)ds musa Toro, 4Tobbl CKa4KH
VIUIOTHEHUA NPOMCXOAUIM MMEHHO HA 3TOM Y4YacTKe IMPH MUHHMAJb-
HBIX CKOPOCTAX rada U COOTBETCTBEHHO ¢ MEHBITMMH IMOTEPAMU.
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Koadduumest BoceraHOBIE- v‘??__‘_
HHUSA IOJIHOFO JARJEHHA B CKadKe
Vex HaxoJuTcA TII0 YpaBHEHUIO
(5.11).  IlpeamoJiaraerca, uTo 0,9
CKa4YOK  YIJOTHEHHMsS  HPAMOH.
Kpome Toro, wumemwTca noTepu \
IIOJIHOTO JaBJEHUSA B NOSBYKOBOH [2)
yacTH Auddy3opa, KoTophle Xa-
PAKTEepUIYIOTCA CKOPOCTHIO TIasa 02 04 08 0
M yrjoM pacKpheITHA Iuddysopa. g =7
OKCNIepHMEHTANBHO IIOJYYEHHBIE Pyc.5.15. BaBucumocTs KoagpduLu-
JaHHple Mo 3TUM morepaM [19] ewra BoccrazoBienus mosHoro aas-
[IpuBeJeHbI Ha pHuc.5.15. JeHus B fucdy3ope OT EKOPOCTH Ta-
3a Ha BXoje
CyMmapHoe 3sHaueHHMe Kod(UIMEHTa BOCCTAHOBJIEHHUA IIOJHOTO

OaBjiaeHuA Auddyslopa HaxoZUTCA KaK NpoU3BeHeHHNE Vqn'Vy. Lare-
Hue 3a JUGPY30poM onpeRedeTcad N0 YPABHEHUIO

A3
y 4

Dy =V, V, Dy (5.27)

Cuipl TpeHUS B KaMepe cMellleHMS IMPHUJIOKEeHL K rady IPOTHR
HaIIPABJIEHUSA ero OBHKeHusa. OHM MoOryT GBITH OIpele/IeHbl U3 ypaB-
HeHUA

R, =Ap,, F = xmp.g.&z‘i.g -
3 (5.28)
_k+1 My,
2k 2
rAe ¥ - npusefeHHas AauHa [1]; 7 = 2k A —l—3~
’ E+1 ™d,

IloncTanoBxa BeAWUYMHBI CHUIBI TPeHUA B ypaBHeHue (5.22) npu-
BOJOUT ero K BHAY

k+1 k+1 k+1
% M;a,,2(4 ;) = ——é—M,akplz(ﬂ )+ —;—Mzamz(ﬂ 2)

+ k+1 M.v
BB B F) - S (5.29)

ITocne npeobpaszoBanuil nosyyaem
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\/(T+n)(1+9n)[z(ﬂ3)+§x/‘t3 = oA )+ B
1(k+1 3%(p2+ J(F, + F, - Fy)
.z(l 2)“"’( 2 ) ;q(/i 1)-F1 .

IIpn pacueTax 3XeKTODOB ¢ yueToM moTeps ypasHeHue (5.30)
ucnoJsibayerca Bmecto (5.22).

(5.80)

5.6. Onmunusayus napamempos npedsKiiOLeHH020 IHEKMOopa

TlonsaTHe ONTMMAJBHOCTH AN JI060r0 YCTPOMCTBA, B TOM 4YHCje
U 7 3KEeKTopa, 3aBHUCHT OT KOHKDPeTHBIX YCJIOBHUIl paboThl U obiac-
T ero npumeHeHuA. 10.H.Bacunber [12] HaspiBaeT onTHMaNbHBIM
TAKOM 3J)KEKTOP, KOTOPHIA ofecneymBaeT MHHHMAJIBHBIH pacxoj pa-
f6ouyero rasa NpH 3aJAHHOM pacXojie CKHMaeMOoro rasa M 3aJaHHOH
CTelleHYW NMOBBLIIMIEHUA AABJeHUA, T.e. ONTHMU3ANMA CBOAUTCA K MaK-
CHMAJILHO BO3MOKHOMY COKpallleHHIO pacxoAa pabodero rasa.

Taxas TPAKTOBKA MNOHATHA ONTUMAJIBHOCTH He IOAXOAMT IJIsS
MpPeJBKIIOUYeHHOIO 3KeKTOpa, TAK Kak pacxof pabodero rasa (a 3To
aTMocdepHBINA BO3AYX) B HeM HHYeM He OTDAaHMYEH U Ha ero cKaTHe
He TpeGyeTcs 3aTpauMBATL JSHEPruio. JSajaua ONTHMHMIAIMM JIA
NPeAEKJIOYeHHOI'O JJKEeKTopa ¢ ydeToM ero ocobeHHOCTEH MOoIKeT
6BITH TOCTABJIEHA CHEAYIOWIUM 06pasoM: ONTHUMAJBHBIM SBJISETCA
3)KeKTOp, KOTOPHIH IIDH 3aJaHHOM JABJEHHH CXKHMaeMoro rasa obec-
IIeYMBaeT MAKCHMaJIbHO BO3MOXKHBIH 00BeMHBIH pacxo, OTKauUH-
BAEMOT0 rasa A 3aZaHHOM Ha BHIXOJE U3 3KeKTOopa 3aBUCHUMOCTH
of'beMHOrO pacxoja rasa or paBieHuA. IlocsenHAA 3aBUCHMOCTDL 3a-
JaeTcsa XapaKTePHCTUKON BAKYYMHOTO Hacoca

Q.= f(P..)- (5.31)

Ilpn npoBefleHNH ONTHMHIAUMM JKEKTOPa OIpPEJesIAIOTCA Teo-
MeTpUYeCKMe pa3Mephbl IHPOTOYHON yacTH, NPHM KOTOPBIX IJd 38JaH-
HOr0 BAKYYMHOr0o HACOCA U 38ZAHHOrO JaBJeHHUA BCACHIBAHUA oObeM-
HBIH pacxof c:KHMaeMoro rasa 6yJeT MakCHMAaJIbLHBIM.

B upomecce onTHMHIamMM HCHoJb3yIOTCA ypaBHeHHA (5.6),
(5.9), (5.11), (5.24), (5.27), (5.30) n (5.31), a Taxxe 3ajaHHbIe 3HA-

* * * x
yenns napamerpoB P,,71, ,P,, T, . B KauecTBe He3aBHCHMBIX HpH

ONTHMM3AIMM BHIOpAHB! TPM cBobojHBIX mapamerpa Ay, A2, A3. AHa-
JIU3 UCIIOJb3YeMBIX YpPABHEHMI M NpPaKTHKa pPacyeToB IOKA3HIBAIOT,
YTO CHCTEMA YPABHeHHUH (COBMECTHO ¢ 3aJaHHBIMHU lapaMeTpaMH) fAB-
JseTcA MOJHOM M JaeT eMHCTBeHHoe pemeHue. IIpcnspoauTensHoCTh
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CHCTeMB! ~BaKYYMHBIH HacoC - IPeJBKJIOYEHHBIH 3)KeKTop™ cyle-
CTBEHHO 3aBHCHT OT 3HAaYeHUH CBOGOZHBIX mapamerpoB. Ilostomy B
mpouecce oNTUMHIAIMYE HEOOXOAUMO HANTH TaKue UX 3HAYEHHUA, IPH
KOTOPBIX IIPOM3BOANTEILHOCTE CUCTEMBI 6V AeT MAKCUMAJILHOI.
OpHako Takod MOPAMIOK OoNTHMU3ALMU He Bcerda ypoben. Hau-
6oslee mesecooGpasHO OKA3ANOCH ONTHMHAMPOBATH I'EOMETPUIO 3KEK-,
TOPa HA eJM.HIy MACCOBOrO pacxoja rasa IpY 3ajaHHOM JaBJIeHHU
HA BBIXOJEe M3 3)KEeKTopa. B aToMm cayyae GaKTHYeCKM 3aAalOTCH

olpefiejieHHAA CTeNeHb MOBHIINEHUA JaBJeHUA B 3)KeKTope & U Iepe-
naj NoJHBIX fNaBaeHui#t II. Jlna xago# mapst 3TMX HapamMeTpoB Ha-

F, F, F,
F, F, F,

XORATCA OTHOIIEHHA IJIoliagei , ob'beMHBIX pac-

Q,
XONOoB | —=-| ¥ Ko3hDODUIMEHTa IKEeKIUU (n), a TaK)Xe COOTBeT-

4

CTBYIOmUe UM 3HaueHUA A; u A3, KoTOophle, KAK U B PACCMOTPEHHOM

BBIIIE BAPDHMAHTE ONTHMHU3AIMM, ABIAIOTCSA CBOGOAHBIMM IapaMeTpa-
MH.

ITo 3HaueHMsAM aTHX BeJIHYNUH MOTYT GBITH MOCTPOEHB! rpaduKn
(puc.5.16-5.21). OTn rpadUKK ABJIAIOTCA YHUBEPCAIbHBIMH, TAK KaK
MOCTPOeHsl B 0Oe3pasMepHOM BHAE H ONPENENAT TIeoMeTPHYECKHE
pasMepsl ¥ mapaMeTphl 3KEKTOPOB, KOTODBIe JJA SaJlaHHBIX 3HAYe-
Buit IT n ¢ obecneynBaoT HanGoOJbIllee OTHOMEHHe 06'beMHOI Mpoua-
BOAUTENBHOCTH CXKMMAEMOIo rasa K DPOHM3BOJUTENLHOCTH HA BBIXOJE
u3 axexropa. Kpome Toro, atTu rpadmry He NpUBA3AHBI K KaKOii-
aubo KOHKpeTHOH MalnuHe, NPHYeM He TOJBKO K KHUAKOCTHOKOJIb-
meBoil, a K a1060My BaKYYMHOMY HacoCy: POTaillHOHHOMY, HNOPIIHE-
BOMY M ZP.

Yro6sl HallTU NapaMeTpsl ONTHMAJBLHOLO 3KEKTOpa MJIA KOH-
KPeTHBIX YCJIOBUiIl paGoTel, T.e. A4 BAKYYMHOrO HACOCA C XapaKTe-
puctukroit (5.31), Heo6XoaMMO BBIGPATH HECKOJBKO TOYEK Ha A3ToM
XapaKTePHCTHKe, [0 9TMM AAHHBIM BHIYKMCIHTb 3HaueHus II u &, a
3aTeM Ha rpaduxe (puc.5.16) onpesreUTH COOTBETCTRYOIME UM 3HA-

2
YeHUA 0OBeMHBIX PACXOJOR ——2; Tak kak Qj PABHO IIPOM3IBOAH-
4
TeJBHOCTH HACOCA IPU 3aJaHHOM HABJIEHUH, 3TO JAeT BO3MOMKHOCTh
HAHTH TaKoe 3HAYeHHMe NABJEHHA BCachIBAHUA HACOCA Pg., IPH KOTO-

2
pom Q) umeer Hambossmree sHaueHUe (pHc.5.22).
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Puc.5.16. OnTumanbHOe COOTHOILIE-
HUe TPOM3BOAUTEILHOCTU IIPefBKJIO-
YeHHOro 93KeKTOpa ¥ ITPOU3BOLHU-
TeJLHOCTH Hacoca
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Puc.5.18. OnruMasibHoe COOTHOLIe-
HMe BXOJHOTO JUAaMETpa KaMepbl
CMelleHMsT ¥ AUaMeTpa KDHTHYecKo-
ro ceueHMs conia Jlapais
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Puc.5.17. OnTuManbHOe COOTHOLIE-
HHMe BHIXOZHOrO auamerpa comna Jla-
BAJIE M AUAMeTPA KPUTHYECKOro ce-
yeHUs
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Puc.5.19. OntuManbHOe COOTHOIIE-
HHMe BHIXOJHOTO JAUAMETpA KaMephl
CMellleEMA M AUaAMeTpa KPHUTHYecKo-
ro cedeHus conina JlaBans
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15 100 | >t |
(U=
13 —
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Puec.5.20. OnTumaisHble aHaveHus Pue.5.21. OnTumanscHble 3HadeHUA
IpUBefeHHON CKODOCTHM rasa Ha BBI- IIPHBeieHHON CKOPOCTH rasa Ha BhI-

xoze u3 conna Jlapansa
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Xoje M3 KaMephl cMellleHNA

Puec.5.22. 3aBucuMocTs, OTHOCHTEJNDb-
HOH IPOM3BOZUTENBLHOCTH ONTHUMAJIL-
HOT'O 3XKeKTopa OT KABJIEHUS HA BXO-
fle 2KeKTopa U JaBJeHUA BcachklBa-
HUS BAKYYMHOTrO Hacoca

24

72} 20 Ppo p/imm

Haitnennsie mo rpadpuxy puc. 5.22 ontumannHsble 2Ha4eHHd 11 u

£ omnpenensaroT Ha rpabukax puc.5.16-5.19 coorsercTryIonMe 3HAaUe-
2
2 *

HuA — u n. Ilo paBaenuio BcachiBaHMA Hacoca (P, ) HaxXoauTtes
4

2 2 i3
Q4 , 3aTeM Qz M 10 HeMy MaccoBelil pacxof pabodero rasa

- Q,- p;
' nRT;

ro conja JlaBansa, a TaxkKe U Bce ocTajlbHble pPA3Meph! 3KEKTOpa IO
puc.5.17-5.20. PaccuuraHHpIfi TakuM o6pasoM 3KeKTop obecrneun-
BAET MaKCHUMaJbHBIH 06'beMHBIA pacxof c)kumaeMmoro rasa. Tak, Ha-
npumep, anad pe=1,0 xlla ontTumansaeIM Gymer AaBjieHHe BcachiBa-

HUA BaKYyMHOro Hacoca ps. = 11kIla, T.e. £ =11. IIpu atom ob6pem-
Had IIPOM3BOAUTENBHOCTh 3)KEKTopa OyJeT NpPeBHIIATh O06BEeMHYIO
NIPOM3BOAUTENILHOCTS BaKyyMHoOro Hacoca B 1,4 pasa. aa p, =

3,0 xIla ontuMasbHBIM 6yfeT P, = 15 klla, T.e. £ =5 u 1.4,

Kasanoce 651, B onTHMAIBHOM 3KeKTope B come Jlasana pabo-
Yyl ras AoJKeH PaclUMpPATHCA YACTHYHO, TaK KaK IPHU 3TOM IIOTEpH
Ha TpeHUe B comsle JlaBand yMeHBIIAIOTCS M OKOHYATENbHOE PaCIIH-
penye Tra3a N0 Ce4YEeHWUS 3alUpaHusd NPOHUCXOANT B IOTOKE CXXU-
Maemoro rasa. OpHako pacyeThl NOKA3AIM ONIMOOYHOCTH TAKOTO
NIPeNoJIOKeHnA.

Kax ykassiBasioch paHee, pasaiuyme B CKOPOCTSAX pabouero u
C)KHMAaeMOro r'a3oB Ha BXOJEe B KaMepy CMelleHMA IPHBOSUT K IIOTe-
PAM KHHETHYeCKO! 2HepruM. OTH [IOTepH OKA3AJMCH BBIIIE, YeM
mpexmoJaraBIIMiicd BBIMTDHIII 38 cYeT HEeJODACIIMDEHMA rasa B CO-
mwie Jlasana. IMeHHO 1o3ToMy Ha BceX ONTHMAIBLHLIX pelKMMax pa-
GOTHI 3XKeKTopa NPHBeeHHAA CKOPOCTb DaBHA eJUHHUIE, & I3TO GBHA-
yaeT, YT0 Ha pPACUETHOM peXMMe CedYeHUe 3anMpaHUsd COBIAJAeT C
ceyeHNeM Ha cpese comia Jlasasd.

, TIO3BOJIAIOIIMIA ONpEeAe/IUTh AUAMETP KPHTHUYECKO-
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5.7 Xapaxmepucmukxa nped8KAI0LEeHHOZ0 3HceKmopa

O6IgenpuAATO XAPAKTEPUCTHKOM TOr0 MJHM HHOrO yCTpoiicTea
HA3bIBATH 3aBUCHMMOCTH MeKAY ero ONnpefeiAIONIMMH apaMeTpamu.
Onsa 2:KeKTOPOB TaKo# XapaKTepUCTHMKOH 06BIYHO ABIAeTcA rpadu-
YecKasd 3aBHCHMOCTbL CTelleHM [OBHIIEHHS [JABIEHUA CKHEMaeMoro
raga £ or KosqGHOUEeHTa IKEeKOHH N M OTHOIMIEeRUS MOJHBIX XARBJe-
Huii pabodero u cxxumaemoro rasoB II. OHa paccMoTpeHa B paszg. 5.3
(cm.puc.5.9). Takasa 3aBMCHMOCTL YHHBepCcAJbHa, HO HeyaoOHA A
pacdeToB NPeJBKJIIOYEHHEBIX 9KeKTOPOB.

3a XapaKTepHCTHKY KHAKOCTHOKOJBIEBOTO BaKYYMHOIO HACOCA
IPHHEUMAETCA 38BHCHUMOCTh OO'BeMHOH IDOM3BOAUTENIBHOCTH CIKM-
MaeMoro rasa OT cCO3JaRaeMOro BaKyyMa (AaBJeHHUs), a XapaKTepu-
CTHKA NPEABKJIIOYEHHOTO 3KEKTOpa ABJIAETCA HEeNOCPeACTEeHHLIM ee
npogosskeHHeM. IloaToMy kenarelbHO 06e BTH XapAKTEePHCTHKH
“MeTh Ha OfHOM rpadHKe, T.e. B BHAe rpadHuecKod 3aBHCHMOCTH

*
Q= f(pz), xotopad ¥ npuBegeHa Ha puc.5.23. IlosHoe gamnenue
pabodero rasa B NpPeABKJIIOYEHHOM 3)KEeKTOpe Bcerja OXMHAKOBO

-
(p, =101,3 xlla) 1 KpHBaA 3aBHCHMOCTH 06'h€MHON NPOU3BOLUTENb-

HOCTH OT AaBJeHHa umeer Bui JuEuUN ABC.

Ha pwc.5.23 na xapakrtepucruxe IID oTmeueHB! xapaKkTepHkle
todkn 1, 2 u 3. Touxka 1 COOTBETCTBYET DeKMMY 3alMpPaHUA, TPHM
KOTODOM JOCTHIaeTci MHUHHUMAJIBHO BO3MOYKHOE OCTATOYHOE JgAaBJe-
Bve. Ho nopm aToM uepes comno JIapana raz mpoxoguT M OO MAacco-
BOMY pacxofy 3Toro raza Ha sapakTepucruke JKBH ompepenserca
Touka 1’, cooTBeTCTByOMaA TouKe 1 HA XapaKTepPHCTHKe 3:KeKTopa.
Touka 2 COOTBETCTBYEeT MAKCHMAJILHOH 06HEMHOM IPOM3BOZHTENh-
socTH [13. CymmapeBIit Maccossiil pacxop rasa yepes II9 ompegens-
eT Ha xapakTrepuctuxe JKBH coorBercTBeHHO Toury 2’. B Touke 3
o6’beMHAA NPOH3BOZUTENBHOCT: 11D paBHa o6beMHOH MNpPOU3BOJHU-
renbRocTH JKBH. Ha xapaxTtepucruke Hacoca eit cooTBeTcTByer TOU-
ka 3’.

Taxum o6pasoM, npn usMeHeHUM DpeXmMa paborsl IID or Touxkm
1 o Touxu 3 pexum paGorst JKBH uamensercs oueHp MasIo: OT TOY-
kn 1’ 1o Touru 2°.

Pa6ora Bakyymuoro arperata JXBH+IIO npu zaBieHusax 6oib-
OINX, 4eM B TodKe 3, HelesecooGpa3Ha.
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Puc 5.23. XapaxTepucTurn co-
BMECTHOI pabOThl IIPexBKIIOYEeHHOTO
rajgoBoro 2KeKTopa Y XKUIAKOCTHO-
KOJIBLIeBOro BAKYYMHOrO Hacoca

daa onpegeneHnus xapakTe-
PUCTHMKH 2XKEeKTopa HeoOXoJHMO
PEIIHTh CHUCTEMY M3 IIATH ypas-
Hemmit : (5.6); (5.9); (5.20);
(5.24) m (5.30), B xoTOpyIO
BXOAAT 13 He3aBHCUMBIX mepeMeHHBIX. VI3BECTHRIMM NPHHMMAIOTCA

10 20 Plecite

* : L 3
napametpst P,, T, ,T, , a raxske reoMeTpuuecKne pasMephl IKEKTO-

®
pa dyp, d1, d2 u d3. Eciu npoH3BOJBHO 3aKaTh AaBieHue D,, TO CH-

cTeMa ypaBHEHHH CTaHOBUTCS MOJHOH M Ja€T eAHHCTBeHHOEe pellleHUe
HCKOMoOe 3HaYeHHe OOTBeMHON IPOUIBOAHMTENIBHOCTH CHKHMAEMOTO

-
rasa Q2. Ilpn naMeHeHun sHadeHusa D, MeHseTcA 3HAYeHHe Q2 U B

pesyjabTaTe NOJTYYAETCH MHOMKECTBO TOUYEK XAPAKTEePHCTHKH IKEKTO-
pa. Ha mapaMeTrpml , Bxogdmue B pacCMaTPHBaeMYIO CHCTeMY ypag-
HeHHil, HeOGXOOHMO HANOXKHUTH orpamueHuel, <1 B cyxaiomemcsa
OTOKE.

IIpu BriBosie ypaBHeHus (5.20) DpHBATO, YTO NpUBEeJeHHAA CKO-
PoCTh B CeYeHUHM 3allMpaHHUA paBHa €JHHUIE, UTO COOTBETCTBYeT KPH-
THYECKOMY pexxuMy paboTsr 3:kekTopa. OfHAKO 3TO yCJOBHE BBIIOJ-
HSeTCA TOJAbKO HpH yBeJIMYeHWM INepenafa MOJHKX MABIEHHHA IO
CPAaBHEHHIO C PACYETHBIMH, T.e. KOrAa

p;
IT=-%52>11
P: i

Ecan e IT>ITpge, TO B CedeHMM 3ANMPAHHA YMEHBIIAIOTCH

TIpuBeleHEAaA CKOPocTh pabodero rasa A; M mJolalb HOIEPEYHOTo
ceyeHHs, 3aHUMAaeMas paGOYMM rasoM, OpH 3TOM pacXoA OTKa4H-
BaeMOro rasa [JoJiKeH BoadpacTaTs. OfHAKO 3TO He HOATBEpXKAaeTCA
OKCIepHMEHTAMH. B cedeHMM 3amuMpaHWsA INpUBeJEHHAsA CKOPOCTh
CKMMaeMoro rasa MeHbIle eJUHHILI, H 3TO CeueHHe IepecTaeT GBITH
xapaKkTepasiM. IloatomMy ypaBHerue (5.20) HckalouaeTcA U3 CHCTEMBI
ypaBHeHMH, MCIONB3yeMOil JJIA pacdyeTa XAPaKTEPHCTHKH 3KEKTOpa,
MCKTIONAeTCA TAKIKE K napaMmetp A;’.,Takum o6pasom, IpaBad BeTKa
XaPAKTEPUCTHKY 3’KeKTOpPA PACCUMTHIBAETCS IO CHCTeMe YDaBHeHHH
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T (5.6), (5.9), (5.24) u (5.30); aa-
22 - NaHHBIM ., IapamMeTpaM rasa
G0 ¥ 7 * * »

,}, H p,»T,T, wm wusBecTHBIM reo-
i b‘\L MeTpHYeCKUM pasMepaM 3XKeKTo-
“ dyp, dy, d ds. 11

o 1 — X pa Gyp, A1, G2 U a3. 11pH IIpouna-
J ] 1] *
10— '." BOJIBHO 3aJaHHOM HABIEHHH D,
i N CHCTEMa YPABHEHHH CTAHOBUTCSA
ZZ HER IMOJHON U TaKiKe [gaeT eINuH-
g2t L 4 CTBEHHOe pellleHHe.

’

a0 40 g0 40 190 s Ha punc.5.24 noxasaHo wus-
MeHeHMe XapaKTepHBIX Iapa-
Puc.5.24. IlpuBefieHHHE CKOPOCTH MeTPOB 20KEKTODA HA DA3IUYHBIX
rasa B  XAPAKTePHRIX  CeMEHUAX peppmax paborel. IlyHKTHpOM

exTOpA HaHeceHBI IlapaMeTphl, KOTOPbIe

HNOJIy4YaIOTCA IIPHM pacyeTaX XapPAKTePHCTHUKH JIeBOIl BETBH IO ypaBHe-
HHUAM OpPaBoil YacTH U , HAOGOPOT, IPABOM BEeTBM XAPAKTEPUCTHKH Ilo
ypaBHEHMAM JIEBOH BETBM.

Bce ckazamHOe Bbillle OTHOCHTCA K paCYeTHOMY OIpeNeeHHI0
XApAaKTePUCTHKM IpeABKJIIOYeHHOro akekropa. IIpu skcrnepumeH-
TATBHOM OIpefeJeHHH XAPAKTePUCTHKH INPeABKJIIOUEHHOTO 3MKEKTO-
pa, paboraloniero cosMecTHo ¢ JXBH, Heobxogumo Ajas KaXXAOro pe-
KHMa paGoThl 3:KeKTOpa HAXOJUTH COOTBETCTBYIOMMIL pexXuM paboThi
JKBH. D10 MoskeT GBITH CA€JAHO B TOM cly4ae, Korja ofHOBPEMEHHO
saMepsieTcs JaBjeHHe Ha BxOoJe B IPEABKJIIOYEHHEBIN 2KEKTOp M Ha
sxoxe B JKBH. Eciu B aKcnepMMeHTe NPON3BOAUJICA 3aMeD AaBJeHUA
roasko mepex 119, To coorsercreylomuil pexkum paGorer dBH mox-
sKeH GLITh OompejesieH AHAJIUTHYECKHU.

5.8. TexHUKO0-23KOHOMUYECKUE NAPAMEMPbL HUIKOCMHOKOLbYEBbLY
MAULUN C NPedBKAIOYUEHHbIMU IHEKMOPAMU 3apYCeHHbLX QUDM

Hackonbko HAM M3BECTHO, B IOcjeAHHe TOAbI, o KpaifHell Me-
pe, 10 doupm Tepmanmuu, CIIA, ®parnun, Aurauu n SmoHun BHI-
nyckaoT JKBH ¢ npeIBK/IIOUeHHHIMU 33KeKTOPAMHM, IpHueM Bce OHHU
OfHOCTYyNleHYAThIe. AHAJTH3 MX IIapaMeTpPOB NOKA3BIBAET, UTO CTEIleHb
IIOBBIIIEHNA JaBJIeHUA 9)KeKTopa pasHa 3-5, a JaBjeHHe BCACBIBAHHA
JKBH npu pabore ¢ asekTopoM cocTaBaser npumepro 10kIla. lna
CPaBHEHHA XAPAKTEPHCTHK MAIIMH PAa3AHMYHBIX QHUPM HAMM YCJIOBHO
OPMHATO, YTO HA HOMHHAJILHOM DeXKMe paboThl AaBjeHHe BCACHIBA-
Hus pasHo 2,66 kIla. Hambonee Baxxmpim mokasaterem JKBH c
OPefBKIIOYEHHBIM 3)KE€KTOPDOM SABJSETCA OTHOCHTENbHAA NMPONBBOAH-
TeNPHOCTh - OTHOLNEHHEe MPOM3ROJUTENILHOCTH 3JKeKTopa Ha HOMH-
HAJTLHOM pexkume K npoussoaurensHoctu JKBH npu pasnennu H2
BRIXOZE M3 3)KeKTopa (YCJIOBHO 3TO JaBjieHMe NIPHHATO PaBHBIM
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10kIla). B pdnsreitmem JXBH c I1D uMeHyIOTCA BAKYYMHBIMHU arpe-
raTaM.

* Pupma "Siemens” BhIlyckaeT BaKYyMHbIe arperaThl Ha 6ase of-
HOCTYIIeHYATHIX JKBH. IlapaMeTpsl arperatos IpUBEJEHBI JIA yCJo-
BUM BCACBIBAHHA IPpH aTMocepHOM JaRJeHHH OKDPYIKaloljeil cpexs
769 MM pT.cT., TeMmoepaType OKpysKawouiero u pa6ouero Bo3gyxa
20°C u remmeparype paGoueit Bognl 15°C. JleiicTBuTennHbIE mapamer-
PBl MOTYT OTJIHMYATHCH OT HOMMHAJIBHBIX [0 NPOU3BOXUTEIHLHOCTH M
notpebigemoit MomHocT Ha +10% y MamuH IPONBBOAMTENILHOCTBIO
mo 50 m3/Mun u ma +5% y MamuH 6Goabliell NPOHSBOZUTEILHOCTH.
IlapameTper arperatos npuseaeHs! B Tab1.5.2.

Ilpn Temmeparype pa6oueit

Boael 25°C mpomsBoAMTENBHOCTH * ¥l

n%n JaBJeHUM BcacsiBaHNA 2,66 7. 7

klla cHWwraerca wa 20%, a mpu )

30°C - ua 40%. Ilpm mumne%x- '&r
IleM IOBBILIEHHHM TeMIIepaTypsl " /r >
BOJbBI, IIOAABAaeMOM B Hacoc, HpO- 12 7 561-5 -
HM3BOJUTENLHOCTh  PpE3KO  CHH- " 1%
kaercad. Ha pwuec.5.25 pamer xa- fo _,zlp_’-z-'- V.',’m" b
PAKTEDHCTHKN HEKOTOPHIX BBI- Va
IIyCKaeMbIX (HPMOIl arperartos. 31 // 452-":
ITonoruit xapakTep KpHUBBIX roO- WY L~ l

28p2123

3XXEeKTOPDOB HEONTHMAIBHA.

®Pupma "Siemens” srInycka-
er JKBH, paborawmme npu pas-
JHYHBIX YacToTaX BpallleHUA pa-
6ouero Koseca. C yBeanuyeHHEM
YacTOTHl BpalUeHWS HX IIPOM3BO-
JHUTEJLHOCTh Bo3dpacTaeT. PupMma
coobljaeT 0 BOBMOYKHOCTH IlepeBoAa 3JeKTPOJBUraTesneil ¢ 4acTOTHI
anexkTpudeckoro toka 50 'y Ha uactory 60 I'm, uro npmeoauT K yBe-
JIMYEHHIO YaCTOTHl BpPAIIeHNA M K BO3PACTAHHIO IIPOM3BOJUTENLHOCTH
Hacoca Ha 15-20%, HO NPOMBBOAMTENHLHOCTL ATPETATOB C 3XKEKTOPA-
MH IIPH 3TOM He yBEJIMYHUBAETCH.

OrHonlenMe NOJHBIX AaBIeHHH paGoyero M oTKauUBAEMOIo ra3oB
B aKexTopax cocraBider 20-80. Ilpm rTakux nepenajax AaBJeHMi
)KEKTOPhI pabOTAIOT HAa KPUTHYECKUX K OKOJIOKDPUTHYECKHMX PEXKH-
max. IIpn aToM yMeHbIueHHe HaBleHWA 3a 2)KEKTOPOM He BJAUAET Ha
€rc NpOM3BOAUTENLHOCTH. ¥ BenuueHue mnpouspogurtesnsHocty JHBH
TNPUBOJUT TOJIBKO K CHUIKEHMIO JaBJEHMA 32 3KeKTopoM. Taxum o6-
pasoM, yseianyeHHMe YacTOTHl BpamleHMa paboyero roJeca JKXBH za
cyeT NPUMeHeHHs KJIWHODEeMeHHO¥ mnepeiayy, pefyKTOopa HJIN ApY-
IHM IIyTeM He OPHMBOAUT K YBEJIUYEHUIO NPOMIROAUTENBHOCTH BaKy-

’
5
BODUT O TOM, 4YTO reoMeTpus 4
2

e
=

n 16 Rxlia

)
oy

Puc.5.25. XapakTepucTHKH BakyyM-
HHIX arperatoB ¢bupmel “Siemens”
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yMHoro arperata. OfHAKO yMeHbI€HHe YACTOTHI BpAIEHUA U CHU-
JKeHHe NPOU3BOAUTEJIBHOCTH JKXBH npusefeT K NOBLIIIEHUIO AABJe-
HHA 38 8)KEKTOpoOM, IMepeXony ero Ha JOKPHUTHUYECKUI pesKuM paboTsl
M K COOTBETCTRBYIOUIEMY YMEHbIIEHHIO HPOHM3IBOAMTENBHOCTH, 4HTO H
IIPOMCXOANT, HAIIPUMeEp, [IPH YBeJHYeHNH TeMIEPATyph BOJBI, IIOJA-
paemoit B JKXBH.

OxkoHuaHMe Tabx. 5.2
YacTtoTa HaBaenue BcacwuiBa- | MomHocTs | Vaeawnsiit | Macca

Bpalue- nusa 2,66 klla 3JIeKTpo- pacxop KEK-
Tuitopaamep HudA po- | Ilpouaso- | OTHocH- | gBUraTensd, BOJBI, TOpA,
arperara TOPpA, JANTeNb- TeNbHAA kBT /M8 Kr
06/MHuNn HOCTD, TN POH3BO-

m3/Mun | auTenn-
HOCTD

2 BA 5524 730 23,1 0,63 75,00 3,6 120
+2 BP 5510

2 BA 6624 590 31,3 0,6 75,00 3,7 210
+2 BP 6610

Tabauna 5.2

YacTtoTa aBnenue BcacklBa- MomgocTs | YaenbHu# | Macca

Bpalle- Bnda 2,66 xIla 3JIeKTPO- pacxop IKeK-
Tunopasmep Bu" po- | IIponsso- | OTHocu- | ABHraTes, BOAHL, Topa,
arperaTta TopAa, AUTeNb- TeJpHaA kBT /M8 KI

0o6/MUH HOCTE, TIpOH3BO-

M3/MuB AATeNB-
HOCTD

2 BV 1020 2950 0,2 0,30 1,85 8,7 2
+2 BP 1000
2 BV 1320 2950 0,5 0,50 2,10 3,7 3
+2 BP 1300
2BV 1720 2950 0,9 0,50 3,80 4,7 4
+2 BP 1700
2 BD 2023 1435 1,1 0,55 4,00 8,6 10
+2 BP 2030
2 BD 2123 1435 1,7 0,62 5,50 6,7 10
+2 BP 2130
2 BA 2724 1460 3,7 0,63 11,00 6,7 32
+2 BP 2210

2 BA 213 1450 2,25 0,72 6,50 8,9

2 BA 223 1450 3,23 0,72 10,50 7,7 -
2 BA 233 1450 4,40 0,72 13,00 6,8 -
2 BA 313 970 6,00 0,72 16,00 5,6 .
2 BA 323 970 8,75 0,73 25,00 4,8 -
2 BA 333 970 12,10 0,73 32,00 4,1 -
2 BA 728 500 40,00 0,76 93,00 4,2 -
2 BA 763 420 56,70 0,76 130,00 4,1 -
2 BA 823 360 78,30 0,76 225.00 5,3 -
2 BA 923 290 123,30 | 0,76 280,00 4,2 -
2 BA 963 255 158,30 | 0,76 355,00 4,1 -

2 BA 2824 1460 4,8 0,62 15,00 6,2 35
+2 BP 2310

2 BA 2633 975 6,6 0,65 18,50 5,1 55
+2 BP 3110

2 BA 3724 980 9,3 0,62 30,00 4,5 64
+2 BP 3210

2 BA 3824 980 13,1 0,65 37,00 3,8 72
+2 BP 3310

2 BA 5324 730 15,6 0,595 5,00 4,3 118
+2 BP 5310
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OMieKTOPH arperaToB GUPMbI Siemens” NpPocTsl 0 KOHCTPYK-
nuH. 3a KaMepoill cMelleHNs KOHMYeCKoH (OpMbI clleflyeT MHMJIMH-
JApUYeCKHH YYacTOK, KOTOphil mepexoguT B auddysop. B xauectre
comaa pabodero rasa mpUMeHAeTCA KOHHYecKoe comio Jlasams. Bei-

‘XonHadA KPOMK& coIljla Jlapansa HaAXoOXNTCA B IIJIOCKOCTH BXOJHOI'O Ce-

YeHUs KaMephl cMelleHNA.

Ha pnc.5.26 npuseseHsl TpH MOAMPUKAIMM XKEKTOPOB, NpHMe-
HAeMmble ¢ JKBH paannuubix tunos. Jxxexrop (pHuc.5.26a) mas Haco-
coB Tuna 2BV mpexcraBiser coboil TomcrocTeHHYO TpyOy, B KOTOpOit
pacToueHbl KaMepa cMelueHus ¥ Auddysop. IlpuemHas xamepa BHI-
IoJIHEeHAa 3a04HO ¢ KoprmycoM. Comno Aia monauyu paBouero rasa Kpe-
IIUTCA B BerHefi YacTH KOpnyca KOHIEHTPHYHO KaMepe CcMellleHud.
OTkaunBaeMslit ras MoJBOJUTCA deped GOKOBOM IITYIEp. JKEKTODP K
Hacocy ¥ TpybGompoBojaM KpenuTca Ha pesnbe. KoHCTpyKIMA 2)Kek-
Topa (puc.5.266) pnaa HacocoB Tuma 2BD omimuaeTrca oTf Ipe-
OBIAYINEro pasMepaMH, 8 TAKKe TeM, YTO IpHeMHas KaMepa BBIIOJI-
HeHa OTHEJLHO OT KOpHyca. JKEeKTOP CO BCACHIBAIOIMM HATPYGKOM
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Hacoca U TPYyGOIIPOBOJAMM coeJUHAeTcs Ha ¢uaHOax. OMXKeKTOpbl
(puc.5.268) s HACOCOB cepHUH
2BA ¢ ueapd yMeHbIIEHUA
OJInHBl BHINOJHEHBl B BHJAE
JBYX TIapAJIIeNbHBIX CTyIeHel,
3AKJIOYEHHBIX B oBMIMH Kop-
nyc. B saBucumocTH oT BHAA
llepeKadnBaeMoro rasa 9iKeK-
TOPHI MOLYT GBITH M3TOTOBJIEHBI
U3 ceporo 4yryHa, ODOH3BI H
Hep)KaBewlileil cTanu.

®upma “Wedag” raxxe
Puc.5.26. KoHeTpyKuun 2KeKTOPOB AJ1A BBINYCKaeT TOJBKO OJHOCTY-
pasnuussix JKBH dupmer “Siemens” neHyatsle JXBH. Baxyymusie

v'“
;
N

N
\
N
N
N
N
§
He

a

arperatsl cepuu LHG ¢upmer coctoar nz JKBH cepun LH n sos-
OymHOTO 3iKeKTopa. Arperarsl cepun LHG usrorasausatorca 14 Tu-
mopasMepoB Ha fAaBjeHHe BecachiBaHUsA ot 1 mo 3.3 klla. Ilapamerps!
BaKyyMHBIX arperatoB dupMsl = Wedag" mpuseseHs! B Tabi.5.3.

Tabauua 5.3
Hasjenne Bcachipanus 2,66 xlla
Tunopaamep | IIpoussonn- OTHOCHTEMb- VY aensnasn YV nenvuniit Nanea
arperara TeJLHOCTE, HasA poHa- MOIIHOCTD, pacxon Boxwl, | 3’keKTopa
™3 /MnH BOJUTENE- kBT My n/m8 , MM
HOCTH M3

LHG 106 1,5 0,76 1,90 10,0 590
LHG 108 2,0 0,73 1,90 7,5 590
LHG 111 3,0 0,81 1,90 8,3 590
LHG 112 4,0 0,74 1,90 6,3 590
LHG 114 7,8 0,83 1,90 4,2 735
LHG 115 10,0 0,82 1,95 4,5 735
LHG 116 12,0 0,73 2,00 4,2 735
LHG 117 14,2 0,65 2,20 4,9 950
LHG 118 20,0 0,73 1,90 4,5 950
LHG 119 25,0 0,75 1,90 4,0 950
LHG 129 30.0 0,72 1,70 3,8 1050
LHG 132 36,0 0,71 1,80 3,7 1050
LHG 133 52,5 0,72 2,20 4,8 1050
LHG 134 61,7 0,72 2,40 4,9 1050
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DreKTOphl BAKYYMHBIX arperaTos ¢upmbl  Wedag™ mpu mpounx
PABHLIX YCIOBMAX HMEIOT MpOM3BoAUTeNbHocTh Ha 5-10% Gousbie,
yeM y dsKeKTopoB ¢upmel Siemens”. Ilokasarens yaejsbHoR wmot-
HOCTH, BAKYYMHBIX arperatoB ¢upmpl ~Wedag” mHa 15-20% syume,
yeM y arperaToB Gupmsl Siemens”. Y/enbHBIH pacXol BoJbl Y HHX
NPHUMEpPHO ofUHAKOB. Bakyymusle arperatsl Gupmsl  Wedag™ umeror
BO BCEM /Mala3oHe IPOM3BOJUTEJLHOCTH 6IM3KMe y/leJibHble Iapa-
MeTphI, YTO CBUAETENLCTBYET O XOpolleil KOHCTPYKTMBHOM m 3KcCIle-
puMeHTanbLHOM oTpaborre. IloTpebisiemas MOIIHOCTL ArperaToB BO
BCeM JAMANu3OHE BCACHIBAHHA ocTaeTcsd IIPAKTHYECKH HeN3MeHHOM.
CrnefoBaTe ibHO, NaBJeHHe 3a 3)KeKTOPOM MeHAeTCA He3HaUNTeIbHO U
pe:xuM paborsl JKBH npaxkTHuecku 1ocToAHEH.

XapaKTepUCTHKHM HEKOTOPHIX BAKYYMHBIX arperaTos (upMbI
"Wedag" npusenens Ha puc.5.27. Ha XapaKkTepHCTHKAX BaKyyMHBIX
arperaTos MaJIol M cpefHeil NPOU3BOJUTENLHOCTH B AHUalla3oHe JasB-
neHuil BcacwiBaEua 1,73-2,66 kIla mMMeeTcs HeABHO BBHIPAKEHHBIH
MAKCHMYM, YTO FOBOPHUT O GJIM30CTH BTHX XapaKTepUCTUK K OITH-
MaJIbHBIM. ¥ arperatos 00JBIIOHN NIPOM3BONUTEIBHOCTH TAKOIO ONTH-
myma Het. Ilo yTeepxpenuto dupmsr “Wedag”, neitcTBUTeNbHBIE ITa-
pamerpst JKBH oTamuaroTcs oT or HomuHanbsHbIX Ha 10-15%. Takoit
JOMyCK HAa OCHOBHBIe NapaMeTpsl ABjfAercsa O4YeHb OOJBIIMM U IIpe-
BeIIIAeT aHaJorMuHbll gonyck aina JKBH bupmer "Siemens™ B 1,5 -
2 paaa.

JKexTopsl GUDMBI 110 KOH- &, ¥/ wuy

CTPYKIUH MAJO OTIHYAIOTCH OT l | ] 13
BXKeKTOpOR GupMEl ~Siemens” , 50’ fHorss. | b
IpeJHASHAYEHHBIX A HAaCOCOB Sangl By .
tuna 2BV. Kamepa cmemlenud u Iy}
anpdysop a:KexTOopa BHINOJHEHBI LHGy )

Kak OJHO IeNoe. Jlutasa npuem-
HaA KaMepa HMeeT chepHUUECKYIO
dopMy, B Hell KOHUEHTPUYHO C
KaMepoil CMellleHHA yCTaHAaBIU-

- awcsd o

BaeTcd conno Jlasaasa. Mexay B
augdgysopoM U BcACBIBAIOUINM Z \«““
narpybxom JKBH  ycramasnu- '-'-..\

BaloTcA OOpATHBI KjamaH o p |
TPOMHUK 1y moacoefWHeHusn  0f 887 2 & 8K Rafla
Gaiinaca.

dupma "Sihi" ycranasam- Puc.5.27. Xapax'repnc'l"‘xmn BAKYYM-
BAeT IIPeBKII0YeHHbIe 3)KEKTOPhl HBIX ATPEraTon dupmsl “Wedag

TonpKo Ha pByxcrymeHduatsie JKBH, wotopsle craGuiapHO paboTait
g0 maBieHua BcacwipaHus 4-4.5 klla. BakyyMmuble arperarsl Ha 6aze
nacocoB cepuu LOH pa6orator ¢ a:xexropamu cepuu GOV, a Ha Gaze
racocos cepnu LPH - ¢ ssxextopamu cepun GPV. [luanason pabouux

287



JaBJIEeHUI 3)KeKTOPOB cMelleH B o6JiacTh Gojlee HM3KHUX HaBleHMH, u
BaKyyMuble arperaTel ¢upmpt “Sihi” paGoraiorT mo gaBieHuiT Bcachl-
Banusa 0.8-1.8 klla. Arperar ua 6aze dKBH LPH 5620 ¢ askexTopom
GPV 5112 equncTBeHHBIX M3 BCeX BHIIIyCKAeMBIX 3a pybekoM, KoTo-
pPrlit obecmeunsaeT cTabWILHYIO paboTy NP JaBJIeHUM BCACHIBAHUSA
0,4 xIla. IlapameTrpsi BaKyyMHBIX arperatoB (PUPMBI IIDHBEJEHHI B
Tab61.5.4, U3 KoTopoll ciejiyer, UYTO yAeNbHble IapaMeTphl BaKyyM-
HbIX arperatoB ¢upmer "Sihi” mouTtu B 2 pasa XyXe, 4eMm y arpera-
ToB hupMm "Siemens” u "Wedag”, uro, no HalleMy MHEHMIO, ABJIAET-
cs cle[CTBMEeM NPHUMEeHeHHA B KadecTBe OA30BBIX JBYXCTYIeHYaThIX
KBH. ®upma "Sihi", kax u dupma “Siemens”, orosapusaer BO3-
MOJKHOCTb OTKJIOHeHHs TIapaMeTPOB BAKYYMHBIX arperaToB B IIpefe-
aax 10%. 9ra dupma ABAgeTcA eJUHCTBEHHOH, KoTOpas 3aMeHAET
OAMH BO3JYIIHBIA 9)KEKTOp Ha APYroii B 3aBUCHMOCTH OT TeMIepary-
PBI IOABOAMMOM BOABI.

Tabauua 5.4
Tuno- | daBnenane BcachBagusa 2,66 | Vgeas-
pasMep xIla HbIH Onuna | Macca
TuunopasmMep axexro- | IIpona- | OTHOCH- Vnpens-| pacxoa | axkexTo- | ancexTo-
Hacoca pa BOAM- | TeJbHAH Hasf BOXHI, pa, MM | pa, Kr
Tesb- npon3- Moni- a/m8
HOCTB, BOAH- HOCTD,
M3/Mun | Tenn- | kBrMum
HOCTB M3

LOH 25007 | 3211 | 0,23 | 0,37 7,4 18,8 | 230 3,5

LOH 25309 | 3212 | 0,45 | 0,56 4,9 16,7 230 3,5

LPH 3704 4013 | 0,45 | 0,56 6,7 25,9 | 315 10,0

LPH 3708 4011 | 1,10 | 0,67 3,4 12,1 413 11,0

LPH 4616 4012 | 2,00 | 0,67 2,9 11,7 553 17,0

LPH 5612 5011 | 2,90 | 0,67 3,2 11,0 | 6583 22,0

LPH 5620 5012 | 4,50 | 0,67 2,8 10,0 | 714 25,0

LPH 5620 5112 | 4,75* - - 9,5 714 25,0

* . npm pasnemun scacblBaHUs 0,8 klla.

®upma “Sihi” usrorapiMBaer BaxyyMHBIe MoHOGIOUYHEBIE HACOC-

Hble ycTaHoBKM cepuu PL, cocrosmue u3 aByxcryneHdarsix JKBH, .

CMOHTHDOBAHHBIX BMeCTe C BJIEKTPOJABUraTesJeM Ha pame, Koropas
OXHOBPEMEHHO sABJsAeTCA BAArcoThelUTelleM. Takue )Xe ycTaHOBKHU c
NpPEJBKJIIOYEeHHEIM BO3JYUIHBIM 9KeKTopoM wuMeloT cepuio PLG.
DKEKTOP MOJKeT pacloJaraThCi FopU3OHTANLHO WIN BePTUKAILHO B
3aBUCUMOCTH OT TpeboBaHM#t KommouosKH. IloagKaioueHNe BAKYyyMHO-
ro arperaTa K OTKauYMBaeMOMY oO0'beMy IPOM3BOAHMTCA Ueped KOMIIeH-
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CcaTop, K KOTOPOMY IpHCOeJHHAETCA WIApPOBOM OBPaTHHIH Kianam.
Texuuyeckue fgaHHble MOHOGJOYHBIX BAKYYMHBIX AI'PETATOB cepuu
PLG npmBegiens! B T861.5.5 (B CKOBKAX YKA3AHBI THITBI 3KEeKTOpoB,
KOTOpble yCTaHABAMBAIOTCA B BAKYYMHEBIX arperarax IIPH TeMIeparTy-
pe moaBoauMoii Boasl 30°C), a MX XapaKTEeDHCTHUKHU - Ha puc.5.28.
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41 4 / Puc.5.29. Xapaxk TepucTHKY
ot I JKBH u BakyyMHHIX arperartos
@ wo Tew M2 upmbr "Nash™:

1 - ogHocTynmenuaTwit JKBH;

2 - peyxcrynenyarwii JKBH;

3 - opmocrynenmyaThit dKBH c
BOZAYIIHBIM 3)EeKTOPOM;

4 - pgeyxcryneryatrwit dKBH c
BO3AYNIHKM 3)KeKTOPOM

Puc.5.28. XapaxkTepucTukM BaKYYMHEIX
arperaToB ¢dupmet "Sihi":

IpH oXJaxpalomei Boge 15°C;
- - - - IpPH oxJaxJalomeii Boge 30°C .

¥ Bakyymmbix arperatos PLG 25007 u PLG 25309 upu pasme-
HUM BecachiBaHMA 2 klla NoBbIIeHWe TeMIEPATYPHI TOABOKMMOIT BOMBI
c 15 po 30°C mpMBOAMT K CHMIXKEHHIO NPOM3BOAUTENBHOCTH Ha 50-
60%. 3ameHa 3KeKTopa HA CHENHANBHO CIIPOEKTUPOBAHHBIN A
3THUX YCNOBMil BKCIJIYaTAllMM YMeHbIIaeT noTepu no 15-20%.

KoHCcTpyKTHBHO BOBAyIIHBIe 3:KeKTOPH (upMer Sihi” amaso-
THYHBI 9)KeKTopaM ¢upmel Siemens” gas HBH tuma 2BV. Dsxex-
TODHI BBIMYCKAIOTCA B TpPeX HCHMOJHeHUAX: A, B u C u oTauuatores
APYT OT [pyra AuUHeWHBIMH pa3dMepaM{ M pas3MepaMU MPHCOeNUHH-
TeJbHBIX (iaHues. KpoMe Toro, sexkTopst Tuma C npuMeHsOTCS
IIpH OTKAYKe BBICOKOTOKCHYHBIX FasoB. B kadecTBe pabouero B 8TOM
cjlydae HCHOJb3yeTcs HWHEPTHBHIX ras WJIM ras, orOupaeMblii M3 Ha-
rHeTateqbHON mosoctn KBH. B aasucuMocTu or BHAA HepeKauu-
Baemoro rasa ¢upma "Sihi” msroropiaser aKeKTOopH H3 YYryHa, He-
paxaBeloleil cranu, 6poHssl U s6oHUTA.
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Tabnauna 5.6

Tsxnopasmep YacTtoTa O6beMHasi 11POMIBOAMTENILHOCTL arpera- MounocTe
Hacoca Bpanienus, | Ta (M3/MUH) DM PA3JIMUHOM JIABJEHMM | BJIEKTDOABHUTA-
o6 /Mun BCACHIBAHMSA, Tend, KBt
2,686 xIla 4,0 kIla 5,05 xIla
CL 203 1750 2,0 2,4 2,5 5,6
CL 403 1170 4,5 5,0 4,9 15,0
CL 703 890 6,8 8,1 7,9 22,0
CL 1003 690 11,1 12,8 13,5 50,0
CL 2003 580 15,6 23,5 28,7 125,0

Tabauna 5.5
Tunopasmep Tunopaamep Tunopasmep | ¥Yerano | TabapurHble pa3- | Mac-
arperaTa Hacoca KEKTOpa BOYHAA Mep»l (AIHHA ca,
MOImI- | -mupuua‘BeicoTa), | XTI
HOCTE MM
KBT
PLG 25007 |LOH 25007 |GOV 3211 1,5 785-395:560 89
PLG 25309 |LOH 25309 |GOV 3212 2,2 785395560 | 100
PLG 45008 |LPH 45008 |GPV 4011 4,0 1140-530-680 | 217
(GPV 4311)
PLG 45311 |[LPH 45311 |GPV 4812 4,0 1145-530-680 | 232
PLG 45316 |LPH 45316 |GPV 4012 5,5 1175-530-680 | 250
(GPV 4313)
PLG 5612 LPH 5612 |GPV 5011 11,0 | 1610-680-850 | 453
(GPV 5311)
PLG 5616 LPH 5616 |GPV 5312 11,0 1650°680-856 -
PLG 5620 LPH 5620 {GPV 5612 15,0 | 1720-680:850 | 496
(GPV 5313)

®upma "Nash” npoussogur BakyyMHbIe arperaTsl Ha 6ase ofHO-
crynendatsix JXBH mpocroro pgeiicteua cepum CL...8 u Ha 6Gase
aeyxcryneHuaTteix JKBH cepunm TS. TexmmuecKue mapaMeTpnl HEKO-
TOPBIX ArperaToB NPUBedeHbI B Taba.5.6, a Ha puc.5.29 gaHo coor-
HOUleHNe NapaMeTpoB OXHO- M AByxcrymeHuaThix KBH, Brimyc-
KaeMbIx (PHPMOIl, a Tak/Ke BAKYYMHEIX ArperaTos Ha ux 6ase. Bup-
HO, YTO II0 Mepe najJeHUA JaBleHHsa BcaceiBaHHA Hmke 10 xlla mpo-
H3BOJNTEJLHOCTh arperaToB pe3Ko MafaeT. OITO TpeAonpefesser
GosbllIoe BIMAHHNE YCJOBUH SKCIJIyATAIIMM HA XAPAKTEPHCTHKM Ba-
KYYMHOTO arperata, B YACTHOCTH, NPH YBeJIUYeHUM TEeMIEPATYpPHI
MOABOJUMOM BOABI PE3KO NajaeT IPOU3BOJUTENbHOCTD.

ITponsBogUTENPHOCTE 9KEKTOPOB 10 CpPAaBHEHHUIO ¢ 6a30BBIMH
JKBH Hepenuxa. OTHOCHTEJNbHASA TPOMIBOAUTESBHOCTH COCTARJIAET
0.5-0.6. YpensHaA MOLIHOCTH BAKYYMHBIX arperaToB HaXOLUTCA B
nuanagode 3-4 (kBrmun/M%), uro B 1.5-2 pasa Bhillle, yeM y arpera-
ToB GupMel ~Siemens”. VaeabHEI pacxof BoAbl paBed 7.5-8 i/mMuH.
Pupma "Nash” oropapusaer MaKcHMaJbHO BO3MOX(HOe, N0 CpaBHe-
HHUIO ¢ APYIUMH GUPMaMH, OTKJIOHEHHe JelCTBUTENILHBIX NapaMeTpPoR
BAKYYMHBIX arperaToB oT HOMHHAIbHEBIX.
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Tlo KoncTpykuuMM a:KexkTopsl GupMsl ~Nash” aHaJIOIMUYHBLI BIKEK-
ropam ¢upmer ~Siemens” aasa JKBH tuna 2BV. B nuroit npuemHoii
KaMepe cdepuuecKoii ¢GoOpMBl ycTaHaBIHBaeTes como Jlamans,
HMelolllee IO MeCTy IIOCAAKM JBa YILUIOTHAIOIMNX KoJbLa. Bo Bcacsl-
BAIOIIeM HNaTpybKe NpHEeMHON KaMephl yCTaHOBJIeHa ¢HALTPYOOLAd
ceTka. BXoA B Kamepy CMeIIeHMA BbHINIOJHEH CKPYIJICHHBIM M HAXO-
OUTCA HA HEKOTOPOM PACCTOAHUM OT Kpas BBIXOZHOTO OTBEPCTHA CO-
niaa Jlasana. Kamepa cmellleHHA KoHHW4YECKO# (OPMBI HEpPeXOAUT B
MUINHEIPUYeCKHHl y4acTOK, a 3areM B Auddysop. JKeKkTop ycTaHa-
BIMBAETCA TOPU3OHTAJIBHO M KpPelHTCA K BcacChIBAIONEMY NaTpybky
ABH ua pe3nbe unu Ha dpaaHuax.

®upma "Nash” Briyckaer TakoKe BAKYYMHBIE arperartsi, co-
croamue u3 ¥CBH u maposoro axxextopa. Ilo gannsiM pupmsl, 3ame-
Ha mapocTpyHHOro Hacoca Ha TAKOM arperaT Ha OoXHOM H3 HedTelle-
pepabaThIBAIOIMINX 3ABOKOB IMO3BOJNMIA MOJYYHUTH BKOHOMMIO B 438
THIC. JOJMJIAPOB.

®upma "Pepvac” Ha 6ase gsyxcrymendaTtsix JKBH paspaborana
9 THmOpasMepoB BaKyyMHBIX arperaTos Ha pabouee napieHue 1,3-
4 klla. IlapaMerpnl aTHX arperaToB INpPM JaBJ€HUHM BCACBIBARUSA
2,66 kIla npusegens! B Ta64.5.7.

B saBHCHMOCTH OT peXuma paboTbl CTeNeHb MOBBHILIEHUS AaB-
JeHNA B 33KEKTOpAaxX U3MeH#AeTcs B puanasore 3,5-6 , a koaddunmeHr
sxexknuu - B auamasore 0,03-0,37. OrHocHTeNbHAA INPOM3BOLUTENE-
HOCTh BAKYYMHBIX arperatos ¢pupmMsl = Pepvac’ HpHMepHO TaKas e,
KaK y arperatos ¢upmsl Sihi” , a mo yJaeapHOH MOITHOCTU M YAenb-
HOMY pacXofdy Boabl oHM Ha 20-25% nuxe.

D:KeKTOpBl PHPMBI Pepvac” cocTodT M3 NpUeMHON KaMepsl U
LMIHHAPUYECKo# TPy6bl, COeAHHEHHBIX MeXXJy cofoil mo pesnbe. B
OUIHHAPHYECKON Tpybe BHINONHeHbl KOHWYECKAA KaMepa CMeIleHuns
u nucddysop. Bakyymusiit arperar FV 7240 umeer nBa mapajlenbHo
VCTAHOBNEHHBIX 2:KeKTopa. PHpMa BBINYCKaeT TaKXe BAKyyMHble
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arperaTsl ¢ NapoOBLIMHU dyKeKTopamu. IlpesensHsiil BaKyyM arperara c
ONHOCTYIIEHYATHIM IIapoOBbIM 3)KexTopoM paeeH 0,66 xIla, ¢ gsyxcry-
neHuaThiM - 0,13 kIla. Ilpu Heo6XoAMMocTH BaKyyMHBIM arperar
KOMILJIEKTYeTCA MaJorabapuTHBIM XOJOZHUJIBHUKOM [AJH ITIPOMEXY-
TOYHOM KOHACHCAIMH BOAAHBIX IAPOB M OTBOJA JIMIIHEH BOJBI.

Tabnuua 5.8

Tabauna 5.7
Habnerne BcaceiBagus 2,66 xIla
Tunopasmep ar- IlpouaBsoan- | OTHOCHTeXbHas Y peabras Y aeavunii

peraTa TeJLHOCTE, TIPON3BOAUTENb-(  MOIIHOCTL, P&CXOA BOAHI,
M3 /MuH HOCTE ggB';x;’mn a/M3
FV 2204 + j1 0,20 0,40 5,2 23,0
FV 2304 + j2 0,45 0,57 5,0 22,2
FV 3208 + j3 1,10 0,70 2,5 10,7
FV 4216 + j4 2,00 0,70 2,1 13,3
FV 5212 + j5 2,90 0,68 2,5 10,3
FV 5220 + j6 4,60 0,68 2,1 8,7
FV 6224 + j7 5,80 0,58 3,4 18,7
FV 7220 + j8 9,20 0,67 2,4 9,8
FV 7240+2:j7 12,20 0,48 2,8 10,6

®upma "Hick Hargreaves”™ ma 6ase asyxcrynenuatsix MBH
paspaborasa 12 THUmOpasMepoB BaKYYMHBIX arperatos Ha pafouee
dasaenue 1,33-5,2 kIla. Ux napamerpsl Ajas JaBieHUs BCACHIBAHUSA
2,66 xIla npusesens B 1264.5.8. .

®upma "Hick Hargreaves™ BrimyckaeT BaKyyMHEIe arperaTbl C
IIapoOBBIM a:KeKTopoM Ha Gase Tex ke JKXBH. Kak BuaHO Ha puc,5.30,
npUMeHeHMe IAapOBOT0 KEKTOPA MOSBOJIAET HPHU [NABJIEHWH BCACHI-
BaeMoro rasa 2,66 xIla yBeJHYMTh, OPOU3BOZUTEIBHOCT, BAKYYMHOTO
arperata B 4-5 pas.

®upma "Baudot Hardoll” Ha 6ase ognoctynenuatsix JXBH paa-
paborana 9 THHOPa3MepOB BAKYYMHBIX arperatoB Ha paboyee gaBJe-
Hue 0,5-3,0 xlla. IlapaMerprl 91X BAKYYMHBIX arperaToB IIpU AaB-
JleHuH BcackiBaHuA 2,66 kIla npusemeHs! B Ta64.5.9, a xapaxTepu-
CTUKM - Ha puc.5.31. [uanasoH paboumx JgaBJeHMH y BaKyYMHBIX
HacocoB 3Toil GUPMBI 3HAYMUTENbHO HIMDE, YeM y ArperaToB (UPMEI
"Pepvac”. IlpenensHoe ocTaTouHoe gaBienue coctaBisger 0,18 Kima.
Ilo yaensueiM mapamerpaM BakyymHBbIe arperaTsl ¢upmsl  Baudot
Hardoll” wnaxogaTca Ha ypoBHe IIapaMeTPOB AarperaToB (QUPMBI
"Pepvac”. ®upmMa orosapusaer BO3SMOMKHOe OTKJOHEHUE NAPAMETPOB
OT HOMHUHAaJBHBIX B npefenax 10%.
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Tunopasmep | Hponapouu- | OTHOCHTENB- Y penbras YV nenbHBIi Tlponaso-
arperara TeJLHOCTH, Haf Npous- MOIHOCTS, pacxon Bo- | auTesbHoCTL
Ma/MHH BOJIUTENDb- kBT MuH aul, n/m8 naposoro
HOCTh M3 a3KeKTopa,
M3 /Mun
L 5708 2,8 0,73 2,3 10,9 11,1
L5612 3,7 0,76 1,9 8,0 15,3
L 5616 4,8 0,81 1,6 6,9 18,2
L 5620 5,7 0,80 1,9 7,0 21,2
L 6616 6,7 0,78 2,2 7,2 27,7
L 6624 8,4 0,72 2,3 6,6 38,0
L 7620 12,1 0,85 1,8 5,6 52,5
L 7630 16,3 0,77 1,8 5,4 68,1
L 7640 21,8 0,81 1,5 4,5 82,2
L 8635 27,8 0,82 1,7 5,0 99,3
L 8645 35,5 0,83 1,6 6,1 127,7
L 8665 44,5 0,85 1,5 6,1 170,2
Tabnuna 5.9
Tunopaasmep arperata | IIpousBoxm | OTHocHTENb- VYnensnan VaeapHmi )
TeNlb- Haf IPOUBBO- MOI{HOCTB, Pacxojf BOJIHI,
HOCTD, NNTeNbHOCTL kBr-MuH n/m
M3/Mun M8
18 RC11+E7 DC6 0,5 0,56 4,5 20,0
18 RC12+E7 E04 1,0 0,58 2,8 11,5
18 RC13+E7 F03 1,3 0,58 2,7 10,5
23 RC12+ET F04 2,0 0,59 2,7 12,5
23 RC13+E7 G03 2,8 0,61 2,5 10,5
23 RC14+E7 G10 3,3 0,62 2,6 10,5
23 RC15+E7 H13 3,6 0,59 2,9 11,0
28 RC14+E7 H14 4,2 0,60 3,5 14,5
28 RC16+ET7 j03 5,6 0,60 3,4 14,2
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BAKYYMHBIX 8TDEraToB (pupMHI

“Hick Hargreaves”: 4% s a1 ? ¢ § 8 0Brma

1 - psyxcrynenvaruiit JKBH;

2 - pByxcrymenuarstit JKBH ¢
BOIAYIIEKM 33KeKTOPOM;

3 - mByxerynenvatmii JKBH c
napaBhIM 33KeKTOPOM

dxexToprl dbupmst “Baudot Hardoll” mo cpasnenuio c APYTHMH
Gosee TpymoeMKu B M3roToBneHMH. IlpHeMHas KaMepa BBHINOJHAETCA
OTAEJBHO M KDEfIUTCA K KOPOycy BiKeKTOpa (UAHIEBBIM COeNUHEeHH-
em. Comyo JlaBansa HAXOZUTCA HA HEKOTOPOM PACCTOAHHM OT KaMephl
cmemenus. Kopmyc mpejcrasiser coboii UMIMHAPHUYECKYIO TpYBy, B

- KOTOPYI0 BCTABIAKOTCA KaMepa CMellleHuA ©U auddysop AKEeKTopA,
BBINIOJIHeHHEBIE KaxX OfHO Uenoe. Han mpueMHo#l xamepoil ycramapmu-
BaeTcA GHUIALTP.

Pupma "Neyrpic” paspaGorana Ha 6ase oaHocTymenuaThix JKBH
BaKyyMHbIe arperaTsl C II8POBBIMH 3KeKTopamMM. WX mnapaMeTpnl
np¥BeJeHHI B Taba.5.10.

Pupma "Awamura” paspaborana ma 6ase JKBH ¢ pasmansmsim
ragopacnpenesienneM 10 THnOpasMepoB BAKYYMHBIX arperaToB Ha pa-
Bouee pamnenue 2,5-5,5 klla c NIpe/leIbHBIM OCTATOYHLIM [aBJICHHUEM
1,6 xIla. ITapaMeTpsl 9TWX arperaToB Aaf [aBTeHHA BCACHIBAHUS
2,66 xlla npuBenensr B Taba.5.11. PupmMa NpPoM3BOZUT TakiKe 14
tunopasmepoB JKBH ¢ oceBsiM raszopacnpepenemmem cepum Sonit
Ipon3BoAuTeNbHOCTRIO OT 2,7 o 265 m3/Mun u pabouum maBIeHUEM
no 8 klla. Ha puc.5.32 npencrasienst [apameTpel BaKyyMHOIO arpe-
rara Ha 6ase JKBH 100 Sonit ¢ jpsyxcrymenuaTeim BO3AYIUHBIM
9)KeKTopoM. Pupma ABIAETCA eNMHCTBEHHOH H3BECTHOH HaM 3apy-

Puc.5.31. XapakrepueTuky BaKYyMHHIX ar-
peraTos ¢pupmul “Baudot Hardoll”
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6exxnoit dupmoil, KoTopas paspa-

6oTase TaKoi arperar.

Pure.5.32. XapaKTepHCTHKHM BaKyyM- [ ~

HBIX arperatroB ¢upMmel “Awamura’

(tun Sonit):

1 - 100 Sonit - V+80 AAE+65 AAE;
2 - 40 Somt - V+32 AAE
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Tabauua 5.10

Tumno- | Tlapamerpu 1 crymenn Pac- IlapameTpn 2 cTyneHH Pac- V.
pas- upy gasjernu 0.66 kIla xozn npy pasjennu 0.266 xIla | xof pac-
Mep IIpo- | OrHo- | Yaenn- | napa 8 | IIpo- | Orno- | Yjgens- | napa Xon
arpe- | M3BO- | CUTEJb Hafd 1 cTy- | u3BO- | cUTedb Has BO 2 BOJEL
rata | uTenb | Had Moni- | memH, | auTens | HadA Moul- | cryne 2-x
HocThb, | mpous- | HoeTh, | Kr/u | HOCTB, | mpo- HOCTb HM, | CTyIeH
M3 poau- | XBT M3 H3BO- kBT kr/u | waroro
MHMH | TeapHO | MHH MMH | AMTeNbL MHUH 33KeK-
cTh ‘M3 HOCTH n3 Topa,
a/m8
EP-2| 10 4,8 | 0,38 55 22 10,5 | 0,17 | 65 9,3
EP-4| 25 7,6 | 0,25 | 120 55 16,7 | 0,11 | 140 | 7,5
EP-6{ 60 - - 280 | 130 - - 330} 7,4
Tabmuma 5.11
TunopasMep arperara IIponssoan OTHOCHUTEN - YnensHnit MoniHocTs
TEJBHOCTS, Has DPOM3BO- | pacXoj BOJH, | 3JIEKTPORBH-
M3 /MuE LUTEJLHOCTh a/m8 ratenas, KBT
E 035 - VK 040 0,76 0,64 39,2 5,5
E 040 - VK 050 1,07 0,63 37,6 7,5
E 050 - VK 070 1,60 0,61 31,3 11,0
E 070 - VK 080 2,30 0,61 25,8 15,0
E 080 - VK 100 3,60 0,57 25,1 22,0
E 100-5 - VK 130 4,80 0,57 25,0 30,0
E 100-6 - VK 160 6,10 0,56 24,8 37,0
E 130 - VK 180 9,00 0,55 22,3 55,0
E 160 - VK 200 12,30 0,56 26,0 75,0
E 180 - VK 260 16,80 0,57 22,6 100,0
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Ilposenennsniit ananus napameTpoB JKBH sapybesxHBIX dMDPM ©
TIPeABKIIOYEHHBIMY BOBAYUIHBIMM 3)KEKTOPAMHU IO3BOJASET CHEIATh
CJenyIolLHe BbIBOLEL.

1. Mmuoruve 3apybe)xHble ¢GUPMBI, CIEUHUAJUIUPYIOLINECH Ha
OpPOU3BOJCTBE SKHUAKOCTHOKOJBIEBBIX BAKYYMHBIX HACOCOB, BBIIYC-
KalOT TaKsKe TPeJBKJIYeHHEbIe BOSAYIIHbIe 3)KeKTOPHl, HO MX TEeXHU-
YeCKHHA ypOBEHb HEBLICOK.

2. Haubosee nenecoo6pasgo MCHOIb30BATh B KauecTBe 6AZOBBIX
oauocryneHuatsle J{BH. IIpumenenue paByxerymenuaTeix JJKBH
IpHUBefeT K BO3pacTaHUIO yAeJbHOM MoutdocT# B 1,5 - 2 pasa.
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