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Pucynok 2. 3aBucumocts miotHoctd HB cMecu «HedTh B BOJIe» OT CKOJIbXKEHUs HeTH

st ydactka | (3a0oit — npuem Hacoca)

TO JUIS €70 OIIPEAEITICHUS HEOOXOANMO 3HAThH /1aB-
JICHUE Ha MpUemMe Hacoca P, , U IIOTHOCT HB
cMecH Q. 3HaueHHe P, 10CTaTOYHO H3MEPHTH
YCTaHOBKOM AaT4MKa AaBJICHUs Ha IIPUEME Ha-
coca. OcraeTcsi ONpeneanTh O, NPSMBIM HUIH
KOCBEHHBIM criocobom. [Ipu sTom npousBoau-
TEJIBHOCTh CKBAXXHHBI OyJeT OIpeaesaThCs Ha-
MIOPHOM XapaKTEpUCTUKON Hacoca.

Jna pacdera nnotHoctn HB cMmecu p, mo
(hopmye (10) He0OX0AUMO 3HATH TOKOMITOHEHT-
HBII pacxoJl )KUIKOCTHU B MPH3a00HOM 30HE I1a-
cTa. DTU JaHHBIE MOXKHO IIOJY4YHTh Jadoparop-
HBIM aHaJIN30M TIIYOWHHBIX MPOO >KUIKOCTH,
OLIGHKOH PEe3yJbTaToOB I'MAPOIUHAMUYECKHUX HC-
CJIeIOBaHUI CKBAKUH U HCIIOJIb30BaHUEM Ha3EM-

HBIX PacXOZOMEPOB U BJIAroMepoB B JCHCTBYIO-
LIMX CKBaKMHaX. BbIpaskeHue ISl MIOTHOCTH
HB cmecu p, (10) mo3BonseT Noay4uTh AaBiie-
HUE Ha ydacTke I, ¢ TeM, 4TOOBI TOMONHSS ero
JIaBJICHUEM 3aTpyObs, ONIPEACIUTh 3HAUYCHHE 3a-
OOWMHOTO NaBJIEHUS AJI €ro UCIOJIb30BAHUS B
ypaBHEHUH yripasieHus (1).

Nsmenenne mnorHoctu HBI' cmecu B mex-
TpyOHOM TIpocTpaHcTBe (ydacTok II) ckBayKuHBI
TakKe HEOOXOANMO YUUTHIBATb, T.K. TPAIULIHOH-
HBIE METOIbI PAacyeTa JaBJICHUS IEPEMHOKEHUEM
BBICOTHI CTOJI0A JUHAMUYIECKOTO YPOBHS Ha Cpeji-
HUU YIETbHBIN BEC KUAKOCTU B CKBAXKUHE OCHO-
BaHbI Ha IOCTOSIHHOM 3HAY€HHUH IUIOTHOCTH JKUJI-
KOCTHU Y IIPUBOJAT K OIIMOKaM B pacyere JaBiie-

Pucynoxk 3. 3aBucumocts mwiotHoctn HBI™ cMmecu ot oObema raza st yuactka 11 (MexTpyOne)
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Pucynok 4. 3aBucumocts otHoctd HBI' cMecu oT ckonbkeHus ra3a npu JaBIeHUU
paBHOM WITH HIDKE JTaBJICHUS HACHIMCHIS (BbIIeneHue rasa) mist yaactka 11 (HKT)

HHUs Ha mpueme Hacoca Ao 50 % B ciydae
BBICOKOT'O Tazocoepkanus [4].

Hns onpenenenus nnornoctu HBI' cmecu
TIPH BBIZICIICHUH Ta3a B MEXTPYyOHOM MIPOCTPaH-
CTBE MOYKHO BOCIIOJIb30BaThCs CIIEAYIOIIeH dhop-
Mynoii [4]:

Vzpe + (Vmeofc — Ve) " Poc

Pen = % >

meodnc

eV, 1V, — 00beM MeXTpyOHOro IPOCTPaH-
CTBa CKBaXMHBI X 00BEM ra3a Ha pacCUHTHIBae-
MOM WHTEpBaJe;

., — IJIOTHOCTb Ia3a;

. — TUIOTHOCTB 5KUJIKOCTH.

Ha pucynke 3 npejcraBiieHa 3aBUCUMOCTh
mnotHocT HBI' cMecn ot oObema rasza st
yuactka Il (MexTpyObe), KoTopast HOATBEPIKIACT
u3meHenue wiotHoct HBI' cmecu npu u3mene-
HUM 00BeMa ra3a 1 HeoOXOANMOCTh MAaHOMETPH-
YeCKHX H3MEPEHUI B MEXTPYOHOM IPOCTPAHCTBE.

VYuactok II — MexTpy0be (prcyHoK 1) mocie
BBIXOJ[a HACOCA HAa YCTAHOBUBIIMHICS PEXAM Xa-
pakTepeH TeMm, YTO JaBleHre Ha IpuéMe Hacoca
paBHO (M3MEPSETCS CTAITMOHAPHBIM TITYOMHHBIM
MaHoMmeTpom), BHP nHaxomuTcs Ha ypoBHE TipH-
€Ma Hacoca, BBICOTa CTOJI0a JTeTa3supOBaHHOMN
He()TH OTHOCHUTENHHO MPHUEMa OTIPEICTISETCS 110

hopmyme:

(12)

Pn
Ht)qu :_—I;’ (13)

e H,, — AMHAMHYECKUH ypOBeHb, £\ >F, , .
B ycranosusuiemcst pexxume H, = const,
IIOTOK MEXKTPYObsi OTCYTCTBYET, J, = 0, K IPUTOK

KHUJIKOCTHU M3 I1acTa Ql PaBCH MNOTOKY 4YCPE3 HaA-
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coc O, (pucyHok 1). OnHako ycTaHOBUBILUICA
PEXHUM HOABEPKEH MOCTOSHHO BO3HUKAIOLIUM
BO3MYIICHUSAM HUMITYJIbCHOIO, CTYIIEHYaTOrO U
MOHOTOHHOTO BUI0B (OCTAHOBKA U MYCK COCEl-
HEH CKBa)KMHBI, HapaHO- HITH COICOTIIOKCHUE
B TpyOax u T.1.). bonbias yacte 3TUX BO3MyILie-
HUI KOMIIEHCHPYETCSl YBeJIMYCHUEM JTMO0 YMEHb-
HICHUEM ITUHAMUYECKOTO YPOBHS KMIIKOCTH B
MEXTpYyObe.

B ciydae ymeHbIIeHHS TPUTOKA )KUAKOCTH U3
nnacta Q) (HanmpuMep IpH OTKIIIOYEHUH HarHeTa-
TEJIbHOW CKBa)KMHBI), BOSHUKAET KOMIICHCUPYIO-
LI 9TO YMEHBILICHUE MOTOK M3 MEXTPYObs
0,, B pe3yJIbTaTe Yero CHIKAETCA AMHAMUYECKUH
YPOBEHb 110 BelNU4YMHbl H 5, 5. DTO IPUBOIUT K
YMEHBIICHUIO 3a00HHOTO aBICHUS U, COOTBET-
CTBEHHO, K pOocTy (J;, BOCCTaHaBJIMBAIOIIEMY
MIPEKHUHN yCTONUMBBIN PEKUM 3alaHHONH HOPMBI
JOOBIYHM KUIKOCTH, IIPH 3TOM MaHOMETP Ha MPH-
€me Hacoca HoKasbiBaet P, .

Ecny npuTox sKuaKOCTH U3 macTta ) yBemu-
quIIcs (HarpuMep MpH OTKIIIOUYEHUH COCEIHEH J10-
OBIBAIOIICH CKBa)KUHBI), TO BOZHUKAECT U30BITOK
MPUTEKAIOMIEH KHUAKOCTH, KOTOPYIO CIIOCOOEH
MPONYCTUTHh HACOC NPHU JaHHOW ITyOMHE CKBa-
JKUHBI, IPOTUBOJABJICHUN Ha YCThE, TUaAMETPe
TpyO U T.A. ENMHCTBEHHBIN ITyTh, KyZla U30BITOK
JKHJKOCTU MOYKET IIONAcTh, — MEXTPYyOHOE Mpo-
CTpaHCTBO. B pesynbrare TMHAMUYECKUH yPOBEHb
H,,,, nanenue Ha npuéme P, , 3a00iiHoe 1asie-
Hue P, ; HAYUNHAIOT PACTU, U IPUTOK KUJKOCTHU U3
nnacra O, ymenbaercs. Ilpexnuil ycToiunBbiit
PEKUM BOCCTAHABIMBACTCS TIPH HOBOM JTUHAMH-
4eCKOM YpoBHE 1,3, AaBIE€HUM Ha IpUeMe
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Hacoca P, (13MepseTcs cTallMOHapHbIM TITyOUH-
HBIM MaHOMETPOM) M HEU3BECTHOW IJIOTHOCTH
CMECU p, B MEXTPYObe, cocToslIel 13 cTonba
HedTH BbIcOTOM H ), 5 1 N30BITOYHOTO IPUTOKA B
Bune HB cronba Bwicoroit (H,,; —Hy,.).
[TockonbKy TBUKEHHE KHIIKOCTH B MEXTPYObe
Mocjie NTOCTUXKEHUS YCTAaHOBUBILETOCS PeXuMa
OTCYTCTBYET, TO Ha yuacTke Il HaumHaeTcs pac-
CJIOEHUE KOMITIOHEHTOB KMJIKOCTU: BOAA OCTAETCS
BHU3Y, ra3UpOBaHHast HEPTh, TNIOTHOCTH KOTOPOH
MEHbIIIE IeTa3UPOBAaHHOM, BCIUIBIBAET BBEPX, U,
JIOCTUTAsI YPOBHS, T AABICHUE MEHBIIIE JaBJie-
HUsSI HACBHINICHUS, BBIJCISICT CBOOOIHBIN ras.
Takum 00pa3zoM, BCe BOMYIIICHUS, ISHCTBYIOIINE
MOJI0OHBIM 00Pa30M, TaK U3MEHSIFOT COCTaB JKUJI-
KOCTH B MEXTPYObe, UTO MJIIOTHOCTh €€ HEBO3-
MOYKHO PacCUMTaTh. JDTO MOATBEPKIAET HEOOXO-
JMMOCTh YCTAaHOBKH CTAIlHOHAPHOTO TITyOHMHHOTO
MaHOMETpa Ha MpUEMe Hacoca.

Pacuer naBnenwmii no yuactky Il Hauném c
orpenereHuss He0OXOMMOT0 Haropa, co3/1aBae-
MOTO0 HacocoM. B Hamiem ciyuae paboTa Hacoca
npoucxomur npu P,, . > P, . 1 BbIIEICHNN ra3a
Ha HekoTopoii BeicoTe B HKT. [lockonbky naBie-
HUE Ha BBIKUJE HACOCa, C OJHOM CTOPOHBI, CBSI-
3aHO C IPUTOKOM >KUIKOCTH M3 Iuacta O, a, C
JpyTOii, — ¢ TpeojoieHneM: Beca ctonba HBT
CMECH, TPEHUs O TPYOBI ¥ TPOTHUBOAABIICHHS Ha-
3eMHOM cucTeMbl cOOpa, TO IPH OIIEHKE pacIpe-
nenenust aasnenus no creony HKT ucxopum u3
caenyromiero (Ha npumepe DI[H). Jluneiinas
WHIUKaTopHas kpuBas (1) B JTaHHOM IpUMEHe-
HUU IMEET BUJI

O =K (P = Prug)=K-AP=0,, (14)
rae O = 0, — IPUTOK U3 IUIACTa MPHU yCTaHO-
BHUBIIIEMCS peXrMe paboThl Hacoca, KOTOPHIi

TIPH 3TOM pa3BuBaeT Hamop [S5] (B BUIE TOTHUHO-
MUHAJIBHOH armpoOKCUMAIIAN)
2
H=Hy+a-Q,-b-0;, (15)
rne H — Hamnop, pa3BUBaeMblii HACOCOM U CO3-
naromuii naBnenue P, . 171 IpeoJoseHus Beca

6bl
cronb6a HBI' cmecu ¢ (MKTUBHOMN MIOTHOCTBIO
p?;
H,— nanop npu @, =0;
au b — ko3 punueHTH! anmnpoKCUMAaIUy.
H3BecTHO, uTO B ckBaxknHax ¢ DI[H Ha ne-
KOTOPOM BBICOTE OT BBIKM/Ia Hacocapu P < P, .

BO3HUKAET TaK Ha3bIBaeMbIl ra3iu(THBINA (-
¢exr [3]. Kpome Toro,

P =pcm-g-ch+Py+AP, (16)

6blK
e Py — JIaBJICHHE Ha yCThE CKBAKUHBI (M3Me-
psieTCsl HA3eMHBIM MaHOMETPOM);
Pem — MIOTHOCTH cMecH B KojioHHe HKT;

leonorus. leodusumka. bypeHne
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H_,,— miybuHa criycka Hacoca;

AP — cymMmapHBbIe IOTEpH JAaBlIEHUS Ha Tpe-
HHE, TUJIPOCONPOTUBIICHUS, HHEPLHUIO U Ta3-
TUQTHBIN 3 deKT.

[IpencraBumM GUKTHBHOE PABEHCTBO
AP=Ap-g-H,, (17)
rae Ap — cumwkenue miotHoctd HBIT cmecu B
HKT or razmudtHOTO 3pdekra.

C yuerowm (17) Beipaxkerne (16) Oynert BoITIS-
JIETh CIIEYIONUM 00pa3oM:

PSbm_Py:(pcm_Ap)'g'ch

win Py, — P, = pt.g-H,, (18)

e pcd’ — ¢ukTuBHas mioTHOCTh cMecu B HKT,
onpezensemas usmepenuem Py u P

Taxum 00pazom, He0OX0AMMa YCTaHOBKA CTa-
[IMOHAPHOTO MAaHOMETpa Ha BBIKME HACOCA.

Ha pucynke 4 npezacraBieHa 3aBUCUMOCTb
miotHOocTH HBI' cMecn oT ckombkeHus ra3a (ipu
P, =0,95-10° xr/M* 1 p, =1 kr/m*) oTHOCH-
TeJIbHO cMecH i yuyactka Il npu naBnenuu,
paBHOM WJIM MEHBIIE JABIICHHUS HACBIIICHUS
P, ., T.€. IDH BBLICIICHUH T'a3a.

ITpu none rasa o 20 % (7, = 0,2) usmeHeHue
mnotrHoct HBT' emecu no crBoiny HKT npakTu-
YEeCKH OTCYTCTBYET, TaK KaKk HeOOJbIIIOe KOJTu4e-
CTBO ra3a HeCyIIECTBEHHO BIIHET HA H3MEHEHUE
miorHocty HBI' cmecu. B nanbHeiiiem, npu
yBeau4deHuH razoconepxkanus (r,=0,4; 0,6;0,8;1)
B HKT nabmtogaeTcs yMeHbIIIeHNE TNIOTHOCTH
HBI cmecu (pucynok 4).

Wzmenenus miotnoctu cMecu B HKT u B mex-
TPpyObe MPH Pa3IMIHOM T'a30COAEPIKAHUH, TTOTY-
YEeHHBIC BHIIIIE, CBUJIETEIHCTBYIOT O HEOOXOANMO-
CTH M3MEPEHHUs JIaBIICHUS B CKBXXHUHE. J[pyrumu
CJIOBaMU, HEOOXOMMBIM U JTOCTATOYHBIM YCIIO-
BHEM MH(OPMAITHOHHOTO 00ECIICUCHUS SBIISCTCS
YCTaHOBKa TMCTAHIIMOHHBIX CTAIIMOHAPHBIX Ma-
HOMETPOB Ha BXOJI€ M BBIKHJIC TIIYyOMHHOTO Ha-
coca, a taxke BHyTpr HKT 1 B MexTpyOHOM TIpO-
CTPaHCTBE JOOBIBAIOIIEH CKBaYKHUHBI C IIEITBIO MTPH-
MEHEHHS UX B CUCTEME KOHTPOJIS U YIPABICHUS
rporieccoM HedTeno0sau. IT0 TpedyeT paspa-
OOTKH HOBBIX, HEJTOPOTOCTOSTIINX, CTAIIMOHAPHBIX
CKBOKHHHBIX IIPHOOPOB JIJIsl H3MEPEHHS TAaBJICHUS
B COOTBETCTBYIOIIIX TOYKAX CTBOJIA CKBAKHUHBI.

ABTOpamu pa3paboTaHO YCTPOHCTBO IS OfI-
HOBPEMEHHOTO M3MEpPEHHs JaBICHUS BHYTPH
HKT u mextpyOHOTO IpOoCTpaHcTBa [6], T03BO-
JISTOIee U3MEPATH IaBJICHHE B HECKOJIBKHAX KOH-
TPOJIBHBIX TOYKaX CTBOJIA JOOBIBAIOIIECH CKBa-
JKUHBI (PUCYHOK 5). 3arylaHuPOBaHO BBITIOJIHE-
HUE ONBITHBIX 00pa3moB YCTpPOWCTBA H

2019, 1.17,N23
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1 — HKT; 2 — obcannas konoHHa; 3, 4 — ycTpoicTBa
JUTsl OJIHOBPEMEHHOTO u3Mepenust napnenust Buytpu HKT (P> P))
" MEXTPYOHOTO TIpocTpaHcTBa (P;- P;)

Pucynok 5. Cxema yCTaHOBKH JIBYX YCTPOMCTB B JOOBIBAIOIICH

CKBaXXHWHC

MTPOBE/ICHNE UCTTBITAHUH HA 00BEKTaX KOMITAHUU
[TAO «TataedTb».

YcraHoBKa npenjgaracMoro ycTpoiicTa He u3-
MCHSIET TEOMETPHUIO THAPABINYECKOrO KaHaja
BHyTpu HKT, uT0 1aeT BO3MOXKHOCTh IPUMEHSIThH
€ro BO BCEX JOOBIBAIOIIMX CKBaXKMHAX, B TOM
yucae u B ckBaknHax ¢ LHIIT'H. Mimes nanHbIC 110
CTBOJIY CKB2)KHHBI U ITapaMeTpbl paboThl Hacoca,
CTAHOBUTCS BO3MOKHBIM MOIYYUTH LIETOCTHYIO
KapTHHY paOOThI JOOBIBAIOIICH CKBaYKHHBI.
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