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BJIUAHUE CNNOCOBA PETYJIHPOBAHHUSA
HA 3KOHOMHYHOCTb PABOTbl 3ABOMHOT0 TYPBOHACOCA

B. M. BOPOHUMXUH

(ITpencraBneHa Kadenpoil TOPHBIX MallMH, PYAHHYHOTO TPAHCIOPTa H TOPHONH MeXaHHKH)

[Ipu nmpoxoaKe BepTHKAJbHBIX CTBOJIOB HIAXT U OKOJOCTBOJIbHBIX BBIPa-
00TOK IIHPOKOe TNpHMeHeHHe MJs OTKAUKH BOJBl TOJYYHJ 3a60HHBIN
typ6onacoc H-lm ¢ mnHeBMaTHUeCKHM TIIPHBOJOM, CIIPOEKTHPOBAHHBIH Ha
NIPOH3BOAUTENbHOCTL 25 M3/uac u nasaenne 40 M BOM. CT., KOTOPHIE OH pas-
BHBaeT INpH JAaBJeHHH cxkaToro Bosayxa 5 aru. TypGonacoc paspaGoran B
KayecTBe Hacoca IepBOH CTyNeHH ABYXCTYIEeHYaTOH CHCTEMBbI BOJOOTJIHMBA
ISl TIOflauu BoJABI M3 3a60s1 cTBosia Ha BhicoTy 20—40 u B 6ak mojaBecHOro
Hacoca, a U3 Hero HacCOCOM BTOPOH CTYNEHH BOJA OTKAYMBAETCS HA MOBEPX-
HOCTb HJIM MPOMEXKYTOUHBIH FOPH30HT.

B ycaoBusix NpoOU3BOACTBA TypOOHACOC 3KCIJIYyaTHPYeTCS YacToO MpH
JlaBJIEHHH CJKATOTO BO3JyXa BbINIE 5 AT, MOJK/IIOUAETCS K TPyGONpPOBOLY
C MaJIof reo/le3nuecKOd BBICOTOH (TOpPH30HTAJIbHBIE UM HAKJIOHHBIE TPYO6O-
NPOBOABI HeGOJbIION AJHHBI), a TaK¥kKe HCHOJb3yeTcsd B KaueCTBe Hacoca
6anbeBoro BOAOOT/IHBA. I[Ipom3BoauTesbHOCTH TypOOHACOCA 3aBHCHT OT
reoJle3u4ecKoil BBICOTHI IIOJAUU BOJbI, COIIPOTHUBJIEHHS HANOPHOro Tpy6Ompo-
BOJld M JlaBJIeHHSI CXKAaTOTO BO3AyXa. B TexHumueckoil JuTepatType yKasbBaerT-
Cd, UTO peryJupoBaHHe TPOHU3BOAUTEJBHOCTH MOMKET TPOU3BOJUTHCS
JpocceJHPOBAaHHEM CXKAaTOTO BO3JyXa BEHTHJEM HJH HNPOOGKOBBIM KpaHOM
Ha THTapmeM Bo3ayxonpoBode [l1] waM co3manumem JONMOJHHTENBHOTO
CONMPOTHBJIEHHSI BEHTHJIeM Ha HanmopHoMm Tpybomposoae [2]. TToasox cxkaToro
BO3JlyXa K TypOoJBHraTtesio Hacoca TPOU3BOIAUTCSI uYepe3 JiBa COMJa,
II03TOMY BO3MOXKEH ellle OJUH Crnoco6 peryJupoBaHHUS — U3MEHEHHeM 4YHcJja
BKJIIOUEHHBIX COTIEJ.

JlpoccennpoBaHueM CKAaTOTO BO3AyXa MOXKHO TOJYYHTH IMJIaBHOE H3Me-
HeHHe MOILIHOCTH TypOOJBHraTessi, CKOPOCTH €ro BpallleHHs H TPOU3BOIHU-
TeJbHOCTH Hacoca. OJHAKO NPH 3TOM TepseTcsl Y4acTb JSHEPTHH CKATOro
BO3/lyXa Ha NpeoJioJieHHe CONPOTHUBJIEHUS IPOCCEJS.

YBeJHueHHeM CONPOTHBJIEHHSI HANOPHOTO TPYBOMPOBOMA TaKkKe MOIKHO
NOJIYYHTh TJIaBHOE H3MeHeHHe IPOHU3BOJAUTENbHOCTH, HO MPH 3TOM crocobe
peryJHpoBaHHsl pPacxoJ CXKAaTOro BO3JAyXa OCTAETCSl NMOCTOSHHBIM, TaK Kak
OH He 3aBHCHT OT pexkHMa paboThl Hacoca.

IIpun comjoBOM peryJHpOBaHHH MOUIHOCTH TYpPOOIBHTaTeNs, €ro CKO-
pOCTb BpallleHHs] M TPOH3BOAUTENBHOCTb HACOCA M3MEHSIIOTCSI CTYIeHYaTo,
NpH HaJUYHH JABYX COIles TypOOJABHraTessi M HEeH3MEHHOH XapaKTepHCTHKe
HamopHOro TPy6GONMpoBOJAa MOXKHO TOJYYHTh TOJBKO JNBAa PaGOuuX pekuMa
TypGonacoca. IIpH OTKIIOUeHHH OJHOTO COIIa PAacXOA CXKAaTOro BO3AyXa
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Puc. 1. Xapakrepucriuku TtypOonacoca H-1M npu BKIIOYEHHH OJ1-
Horo comja typboasurartess: | — npu AasjeHHn 4 aru U pacxo-

ne Bo3myxa 2,95 m3/mum, 2 —npu jgaBieHms 5 aTu W pacxone
Bozayxa 3,53 m3/mun, 3 —mpu paBieHuu 6 aru W pacxoje BO3-
nyxa 4,1 m3[mun

yMeHbllIaeTcs B JBa pasa, a MOUIHOCTb TypOoJBHrartessi H3MeHHUTCS OoJjee
yeM B JBa pasa, NOCKOJbKY MeXaHHYeCKHe U BeHTHJ/SLUHOHHBIE IIOTEepPH B
TypOoaBHUTaTE e, NPUXOASUIHECST HA MEHbIIYI0O MOLIHOCTb, NMOHU3AT €ro Ko3(-
(bULHEHT MOJIe3HOr0 AeHCTBHS.

Jlisi  OlleHKH 3KOHOMHYHOCTH paboThl TypOoHAacoca € pasaUUHBIMH
criocobaMH perynupoBaHusi Ha Kadeape OblIH NPOBEJEHBl €ro HCIbITAHHSA
C OJHHMM BKJIIOUEHHBIM COMJIOM TypOOABUraTesas NpPHU AABJEHUSX CXKATOIO
Bo3ayxa 4, 5 u 6 aru. OTK/IIOUEHHe BTOPOro CONJA IPOU3BOAHJIOCH CBHHILO-
BOHI NPOOKOH CO CTOPOHBI BXOJHOIO OTBEPCTHUS.

[Ipy ucnblTaHUU H3MEPSJNUCh TPOU3BOJUTENbHOCTb, JaBJieHHEe, Pa3BHU-
BaeMble HACOCOM, ero CKOPOCTb BpallleHuss M pacxoJ Bo3ayxa TypOojaBura-
TeseM. YaenbHass paboTa, coBepuiaemMasi CxKaTblM BO3AYXOM, ONpeae/siiach
1no ¢gopmye

k-1

Lyy=- i Ry A (ELT) 5 KZM/I{Z,
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Puc. 2. Xapakrepuctuku Typobonacoca H-IM u ynpesnbublili pacxop

9HEPTHH CXKATOrO BO3JyXa IPH PEryJIHPOBAHHU peRuMa paboThI:

| — npu maBsieHHH BO3[oyXa B COIJIOBOII Kamepe ppx =6 aru; 2 —

TO XK€ NpU Ppx =3,0 aTu; 3 —IpH ppx =6 aru u ogHOM paboueM

comie. I — xapaxrepucTuka TpPyOonpoBoja INPH OTKAUKe BOJLI B

6aznpio; I — To ke mpu HakjJoHHOM Tpybomposonae; III — k Gaky
MOBECHOTO Hacoca

rae k —mokaszaTesb aguabaThl; ‘
R =29, 27 —rasoBas TnocTosiHHas Bo3ayxa, Kem/xe° C;
T,x — aBCcoJIOTHas TeMIlepaTypa Bo3Jyxa nmepen comiaom, °K;
P,. — arMocdepHoe JaBJjeHHe, aTaQ; :

P, — naBJieHue BO3JyXa B COIJIOBOH Kawmepe, ard.
Anuna6arnueckasi (pacmnoJsiaraemasi) MOIIHOCTb TypOOJABHraTe s
Tl O

e , Kem
60-102

rie G — pacxoix Bo3ayxa TypGoJBHTaTeNeM, K2/MUH.

XapakTepHCTHKH TypOoOHacoca, NOCTPOeHHble Noc/ae 00pabOTKH pe3yib-
TATOB HCNBITaHHs, NpuBefdeHbl Ha puc. l. Kak BuaHo u3 puc. 1, npoussoju-
TeJbHOCTh TypOoOHacoca INpH MaJoi reofe3udyecKod BBICOTe M HeOOJBLIOM
COTPOTHBJIEHHH HANOPHOTO TpyGompoBoga MoxKeT pocturath 20—30 x%/«ac.
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Maxkcumasbiple 3HAueHHS K.I.J. HpPH JaBjeHud Bo3ayxa 4, 5 u 6 aru
COOTBETCTBEHHO cocTasisitor 12, 14,5 u 16%, 1. e. HEeCKOJIbKO HHIKe, ueM
npu pabore TypOOABHraTe/] sl HA THX JKe AABJIEHUSX CIBYMS BKJIOUEHHLIMH
conyiamu [3].

Onunako ouenuBatb paboty TypboHacoca TOJLKO MO K. I J. HeJb3S.
Bosiee nmpaBusbHbIM OyZeT NMOKasaTe/b YIEJbHOTO Pacxojda 3SHEPrHH CrKa-
TOrO BO3JlyXa Ha €JUHHIY IPOM3BOJAHUTEJbHOCTH TypOoHacoca

an

g = , Kem-u/m3,

rae Q — npousBoJAHTeLHOCTD TypGoHacoca, m%/4ac. Ilpuuem anumabatHue-
CKasi MOIIHOCTb C3KAaTOT0 BO3JAyXa IPH APOCCEIbHOM pPeryJnpOBaHHH J0JKHA
ONpeleJsiTbCsl He MO JaBJEHHI0 BO3AyXa B COMJOBOII Kamepe TypOOaBHra-
TeJisl, a 10 JaBJIeHHI0 BO3/lyXa B MHEBMATHUYECKOH CETH.

Tab6auma l
BuA BOX0OTAHB Feik b g o O A kg gl s SRR e

OTKauka BOJbI B 6ajnbio Touka A 45 0,46 148
(H, =25 x) Touka A’ 34 0,60 194
Touka B 34 0,38 123

Touka C 3310u i 0,31 100

- OTkauka BOJbI 1O Ha- Touka A’ 34 0,60 150
KJIOHHOMY TpyO60NpOBOLY Touka B’ 26,5 ) 0,50 125
(H, =25 x) Touka C’ 26 0,40 100
OTKauka BOJbl K O6aky Touka A” 30,5! 0,68 105 °
MOJBECHOI'0 HAcoca Touka B” L5 0,76 117
(H, =30 ) Touka C” 16 0,65 100

ConocraBsenue cnoco60B peryJupoBaHusi M  yAeJbHOIO pacxoja
SHEpPTHU INpPOBeJeM Ha NpUMepe pPas3JHUUHBIX peKUMOB paboTel TypOoHacoca
(puc. 2). JlaBsieHHe CKATOro BO3JAyXa B INHEBMATHYECKOH CETH IpUMEM
paBHbIM 6 aru. [Ipu oTkauke BoAbl B 6aJblo XapaKTepUCTHKA TpyOOnpoBoaa
(kpuBast 1) nepecekaercss ¢ XapaKTepUCTHKOH HeperyJupyemMoro TypOoHaco-
ca B Touke A. [Ipu 3TOM NMpOU3BOAUTENBHOCTh Hacoca cocTapJsier 45 m3/uac
H YyIeJbHBbIH pacxonx sHepruu (Touka a) Oymer 0,46 xkar-u/m3. Ipoccenupo-
BaHHEM CXKaToro Bo3dyxa 1o 3,5 aru (touka B) u BKJIWYeHHeM B paboTy
ofHoro comnaa (Touka C) NpOH3BOAMTENBHOCTb TypOOHACOCA COOTBETCTBEHHO
cHuKaercss 10 34 u 33,5 m3/uac. A1y Ke NPOU3BOAUTENILHOCTD MOXKHO TOJY-
YHTH TPH YBEJIHYEHHH CONMPOTHBJEHHsI HANOpPHOro Tpybomposoaa (Touka A’).

Pexxum pa6otel B Touke A’ moJsiyuaercss Takzke NPH OTKauke BOJABI 110
HaKJOHHOMY Tpy6GonpoBoay auamerpoMm 60—75 mm u gaunoir 50—100 x
Cc MaJjiod reojxesanueckodl BeicoToil (kpuBas II). Ilpu apocceapbHoM u comn-
JIOBOM pEryJHPOBAHHH MOXKHO IOJYYHTb PEXKHUMBI PabOTBl COOTBETCTBEHHO
B Toukax B’ m C’. Anasornunbie pexumbl pa6orel (touka A”, B” u C”ua-
kpuBo# III) nonyuarorcs npu oTkauke BOABl U3 320051 cTBOJA K Oaky IOJI-
BECHOTO Hacoca, pacrnoJioxkeHHoro Ha BeicoTe 30 m oT 3abos.

TexHHKO-3KOHOMHUECKHE I0Ka3aTeJH BCeX YKa3aHHBIX peXUMOB palo-
THI CBefleHbl B Taba. 1.

U3 T1aba. 1 BHAHO, YTO HAHMEHbIIHI PacXoJ 3SHEPrHH MOJYdyaeTcs BO
BCeX paccMaTpHBaeMbIX CJydasX IPH COIJIOBOM peryJHpPOBaHHH. YBeJande-
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HHe CONPOTHBJIEHHSI HANOPHOTO TPyOONpPOBOJAA NPHBOJUT K 3HAYHTEJIbHOMY
ilepepacxo/ly HEPTHH CKATOTO BO3/AYXa, I03TOMY TaKOH Crocob peryJaupo-
BaHHs He CJelyeT NPUMEeHsITb, TeM 6oJjiee YTO PeryJHpPOBOUHBLIH BEHTHJb yiKe
caM yBeJHUYHBAET COIPOTHUBJIEHHE HANOPHOTO TPyOOIPOBOAA H, CIeLOBATE/b-
HO, yMeHbIlIaeT 3KOHOMHUHOCTb paboTel TypOonacoca. [IpoccenbHoe peryJiu-
poBaHHe IPH OTKAuKe BOJABI B 0a/(bl0 M HAKJIOHHBIH TPYyOONPOBOL CONPOBOXK-
JaeTcss yMeHbIIeHHeM Y/eJbHOrO pacxoia 3Heprud, a INpH Iojaye BOIBI
K 6aKy MOJBECHOr0 HacoCa yJIeJbHbIH PACXOJ SHEPTHH MOBBILIAETCS.

[Ipu yBesnnueHun reojeanueckoil BeicoTel 6osee 30 m commoBoe peryJu-
poBaHHe TaKxkKe CTAHOBHUTCH HEe3KOHOMHUHBIM. OJHAKO B 3TOM cJayuae
COMJIOBOE peryJupoBaHue BooOlle Heleaecoo0pa3Ho NMPOHM3BOJAUTb, TaK Kak
HacoC pa3BHUBaeT MaJlylo NPOHU3BOJUTENbHOCTD.

Takum o6pasom, COIJIOBOE peryJaupoBaHue pekuMma paboTel TypOoHAco-
ca sIBJSIETCSI SKOHOMHUHBLIM BHJOM peryJaupoBaHHsl, ocoOeHHO mnpu paboTe
typboHacoca Ha KOPOTKHI TPyOONPOBOJ C MaJOM Teo/le3H4YeCKOH BBICOTOH.
YMeHbllIeHHe JKe pacxofa Bosayxa TypOoaBHraTeseM Hacoca NPH MaJod
MOIIHOCTH KOMIIPECCOPHOH cTaHUuu OJaronpusATHO CKaxkeTcs Ha pabore
ocTaJbHBIX 3a00iHBIX MexanudMoB. Kpome Toro, pa6ora typOGoaBuraTess C
OJIHUM BKJ/IIOUEHHBIM COTIJIOM yMEHBIIAdeT ONacHOCTb «pa3Hoca» TypOoHacoca
Ha «XOJIOCTOM XOJy» NPH HEUCHPABHOM IpPeJLOXPaHUTEJbHOM KJ/alaHe.

K coxaJseHuio, miupokoe NpHUMeHEeHHe COIJIOBOTO peryJHpoBaHHSl orpa-
HHYHBAETCS TeM, uTO TypOOHACOC HMeeT BCero JBa COIlJIa OJHHAKOBOTO
JHamMeTpa, MO3TOMY OTKJ/IOUeHHe OJHOT0 COIlja COIPOBOKAAETCS PEe3KHM
yMeHbIIeHHEeM ITIPOH3BOJAHTENbHOCTH. ECau H3TOTOBHTH COIJIA pa3HOro JHa-
meTpa, Hanpumep 7,5 u 9,0 mm (Bmecro 8,5 mm), TO MOKHO TNOJYYUTH IPH
OJHOM JaBJIEHHH BO3JyXa B 3aBHCHMOCTH OT BKJ/IOYEHHS CONesJ TPH pas-
JIMYHBIX XapaKTepUCTUKU TypOoHacoca. [IpuMeHHB Ipu 3TOM TakkKe yacCTHY-
HO€ JPOCCEJHPOBaHHE CKATOTO BO3[yXa, MOJYYHUM BO3MOXKHOCTb IJIABHO H
3KOHOMHYHO peryJHpoBaTh NPOHU3BOAUTEJBHOCTb TypOOHAacoca B HIMPOKHX
npezenax. :
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