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HBIC IIEHBbI, TO3BOJIAOIIUE CHUSUTD UX CPEAHIOIO ITPOAOJIKUTEIBHOCTD «CTOMKOCTHY. ,ZIaHa OLICHKA BJIMSAHHIO ITOBBIIICHHOI'O
U TIOHMYKEHHOT'O JIaBJICHUH Hal 005eMOM ITeHbI Ha 2 ()EeKTHBHOCTD NCTEUCHU ST MEKITY3BIPEKOBOH )KHIKOCTH KaK OCHOBHOT'O
KOMIIOHEHTA, ONIPE/EIISIONIETr0 yCTOWIHBOCTD EH K Pa3pyICHHIO.
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The article shows the results of the theoretical analysis of the methods of an effective impact on production foams, which
reduce their average “resistance”. The article presents the assessment of the impact of increased and decreased pressure over
the foam volume on the effectiveness of interbubble fluid outflow as the main component which determines foam fracture
properties.
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Beenenue. Boripocam reHOo0Opa3oBaHUs U TIEHOPa3pyIIEHUS B MUPOBOM HayKe MOCBAIIEHO MHO-
KECTBO paboT, OTHAKO JI0 HACTOSMIETO BPEMEHH HE CYIIECTBYET €ANHON TEOPUH, OOBICHSIIONIEH TTPHH-
LIMITBI 00PA30BaHMS U Pa3pyIICHUS IICH.

Ilena npencrapisieT COOOW JJUCTIEPCHYIO CUCTEMY, COCTOSIIYIO U3 SUEeK — IMy3bIPHKOB ras3a (Bo3-
JyXa, rapa 4 1p.), pa3JelieHHbIX MJICHKaMU KUIKOCTH (MJIX TBEpIOro BemecTBa). OObIYHO Ta3 paccMa-
TpUBaeTcs Kak aucrepcHas ¢asa, a )KUJIKOCTh (MIJIM TBEPIOE BEUIECTBO) — KaK HEIpephIBHAS AMCIIEP-
cuOHHaA cpera. JKuaKne uin TBepAble MICHKH, pa3/eNsIoniie My3bIphKH Ta3a, 00pa3yioT B COBOKYTI-
HOCTH IJICHOYHBIN KapKac, sBJISIIOLINICS OCHOBOU MEHBI.

MHorre OHOTEXHOJIOTUYECKHE W MPOU3BOACTBEHHBIE MPOLECCHl B MHINEBOW MPOMBINIICHHOCTH,
MIPOTEKAIOIINE B CUCTEME «Ta3— KUIKOCThY, COMMPOBOKIAIOTCS HHTEHCHBHBIM TICHOOOpa30BaHUEM, YTO
XapaKTEePHO TSI UCTUHHBIX U KOJUJIOMTHBIX PACTBOPOB, OCIIKOBBIX M PAOOYUX CPEI, COACPIKAIIUX T10-
BEPXHOCTHO-aKTHBHBIC BEIIECTBA U CTAOMIN3aTOPHl MHOIOKOMIIOHCHTHBIX CHCTEM.

[leHooOpa3yommM pacTBOPOM B KapTOo(heIeKpaxMabHOM ITPOU3BOJICTBE SBISETCS BOJHBIA pac-
TBOP KJIETOYHOTO COKa KapToders, colepKaliiuii 3SHaYNTEIIbHOE KOIMYECTBO PACTBOPHUMBIX OEIIKOBBIX
KOMITOHEHTOB, Pa3JIMYHbIX OPraHUYECKUX U MUHEPAIbHBIX BEILECTB.

OOpa3yromuecs MeHbI SBISIOTCS OHOW M3 MPUYUH HAPYIICHUS PEKMUMOB TEXHOJIOTHYECKUX TIPO-
LIECCOB, CHMXKEHUS KayeCTBa TOTOBOIO MPOAYKTAa M CO3/IaHUs aHTUCAHUTAPHBIX INPOM3BOICTBEHHBIX
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ycioBuil. B ¢Bsi3u ¢ 3THM OCHOBHas 3a/1a4a B 00pb0e ¢ MEHOM COCTOUT B €€ CKOPEHIIIeM BBIBOJE U3 TIPO-
M3BOZICTBA U pa3pyeHuu [1].

l'a3o-xmuaKocTHas NeHa, Kak U JIr00asi TUcnepcHas CHCTEMa, SIBISETCS arperaTuBHO HEYCTOWYNBOIA.
HectabuiibHOCTE IIEHBI 00BACHSETCA HaIMYMEeM HU30BbITKA IIOBEPXHOCTHOW 3HEPruH, MPONOPLHOHAIb-
HOU TIOBEPXHOCTH pa3zaena (a3 KUAKOCTb—Tas3.

W3BecTHO, 4TO 3aMKHYyTasi cucTeMma, objanaromas M30bITKOM BHYTPEHHEH DHEPruH, HAXOHUTCS
B HEYCTOWYMBOM PaBHOBECHH, TIOITOMY SHEPTHS TAKOW CHCTEMBI BCETAa YMEHBIIAeTCs. DTOT MPOIece
MIPOTEKAET JJO MOMEHTA AOCTH)KEHHSI MUHUMAJIBHOTO 3HAYCHUSI S3HEPIUH, IIPU KOTOPOM B CUCTEME Ha-
cTymaeT paBHOBecHe. Ecnu Takasi cucteMa COCTOMT M3 Pa3iuYHbIX (a3, HampuMep KUAKOCTH U rasa,
KaK 3TO MMEET MECTO B IIeHaX, TO MUHUMAJIbHOE 3HaYeHHE BHYTPEHHEH SHEpruH, a 3HAUUT, U MOBEPX-
HOCTH pa3fiena, OyIeT JOCTUTHYTO TOT/Ia, KOTaa BCS TICHA MPEBPATHTCS B )KUIAKOCTH U ras [2].

Paspyuienne neHsl MPOUCXOAUT B PE3YJIbTaTe OJHOBPEMEHHOI'O MIPOTEKAHUS CIACAYIOIUX IpoLec-
COB: HCTEUCHHS MEKYTUICHOYHOW JKUIKOCTH (cuHepe3unc); Auddy3un ra3za MeKIy. y3bIpbKaMu; pas-
pbIBa MHIUBUAYAIbHBIX TUICHOK IeHbl. [IpeoOnananue TOro WM WHOTO Mpolecca MpH pa3pyIleHHH
IICHBI 3aBUCUT OT MHOTUX (akTOpoB. B oueHb cTaOMIBHBIX NMEHAX pa3pblB IJICHOK HE IPOUCXOIUT, 110
KpaiiHeld Mepe, B niepBble 10—20 MuH. B meHax BBICOKOW KPaTHOCTH («CyXHX»), a TaKkKe MeHax, IMOy-
YEHHBIX M3 BSA3KUX JKHJKOCTEH, MpOLEeCcC UCTEUCHUS 3aTPyIHEH, W pa3pylIeHHE MEeHbI 00YCIOBICHO
B OCHOBHOM Juddy3ueii raza. [IeHbl ¢ OTHOCHUTENEHO TOJICTHIMH JKHIKHME ITPOCIIOWKAMH, COJICPIKAIIIHU-
MU 3HAYUTEJIbHbIE KOJUYECTBA KUAKOCTH, Pa3pyIIAIOTCS B IEPBYIO OU4EPEIb B PE3yJIbTaTe UCTCUCHUS
XKHUAKOCTH, KOTOPOE MPUBOIUT K OBICTPOMY YTOHUYCHHUIO IJICHOK, JIUIIb MOCJE 3TOr0 B HUX HAYMHAIOT
npeobnaaate nudy3us raza U pa3pbiB TIIEHOK [3].

[Ipornecc ucTeueHus KUIKOCTH U3 MEKITY3bIPHKOBOM JKUIKOCTHOW MPOCIOWKH B TeHE 00yCIOBIICH
BJIMSIHUEM I'DAaBUTALMOHHOM CHJIBI HA Maccy KUJKOCTHU B IICHE.

[loBenenue KUAKOCTH B TIEHE, HAXOSIIEHCS B TPaBUTAL[HOHHOM IOJIE, ONPENENSETCS COOTHOILIEHH-
€M MEeXJy KalWUISIPHBIMU CUJIAMU M CUJION TSKECTH, BBIPAXKEHHBIM B BUJE YCJIOBUS T'UAPOCTATHUE-
ckoro paBHoBecHs (1):

oP_Joh +pg =0, (1)

rjie OP, /Oh — rpaJMeHT HapacTanus JaBjieHus sxujkocty (H/M?) B kanane Ilnaro na Beicote i (M); p —
IJIOTHOCTE JKUIKOCTH, KT/M>; ¢ — YCKOpEHHE CBOOOIHOTO TaJeH s, M/C2.

B 3aBrucumocTH 0T aGCOMIOTHOTO 3HAYSHUS BENUYUH B ypaBHEHHUH (1) TPOMCXOIUT MU UCTEUEHHUE
KUJIKOCTH B HOJIE CHJIbI TSXKECTH (pg>— 0P, /Oh), iy KanMJISPHOE BCAChIBAHME XKUIKOCTU B MEHY
(pg<— 0P/ 0h).

OCHOBHBIM NOKa3aTejieM YCTOHYMBOCTH TICH SIBISIETCS CTAOUIIBHOCTD, T. €. CIIOCOOHOCTD MEHBI CO-
XpaHITh 00IIUH 00beM H MPEISITCTBOBATh caMopa3pylieHn0. YacTo B KauecTBe MEpbl CTAOMIIBHOCTH
[IEHBI WCIIOJIB3YIOT BPEMS CYIIECTBOBAaHMS (CTOMKOCTH) H3BECTHOTO 00BheMa TIeHBI, TIOJIOBUHEI WU He-
KOTOpO# 4acTH ee 00beMa, a TAaK)Ke DIIEMEHTA MEeHBI (OT/IEIBHOTO ITY3bIPhKa, TUIEHKH).

CymecTByeT MareMaTH4eckas 3aBUCHMOCTb, YCTAaHABIMBAIOIIAS CPEIHEE BPEMsSI «CTOMKOCTH»
neHsl [3]:
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o Vop — HAUQIBHBIE 00BEMBI KUJIKOCTH M Ia3a B NEHE COOTBETCTBEHHO, ML, V , V. — dyHkumo-
HaJIbHBIC 3aBUCMOCTH. 00BeMa KUIKOCTH U Ta3a OT BPEMEHH CaMOpa3pyIIeHUs ¢ COOTBETCTBEHHO, MJT;
{_— BpeMs MIOJTHOTO Pa3pyIEHHs TIEHBI, C.

[IpeacraBacunas Gopmyina (2) MO3BOISET PACCUUTATh CPEIHEE BPEMs «KH3HU» ITEHBI, €CIIH H3-
BECTHBI ()YHKIIMOHAJIBHBIC 3aBUCIMOCTH:

V.=f@) wu V.=£0

OnHako faHHas GopMmylia HE OIMPEISIIsIeT BO3MOKHOCTH BIUSHHS M3BHE Ha MPOJIOJIKUTEIBHOCTh
«CTOMKOCTU TICHBI.

Ienb paboThl — TEOPETUUESCKHIA aHATTU3 BO3MOXXHOCTEH aKTUBHPOBAHUS MTPOIIECCa UCTCYCHHU S KU T
KOCTH M3 TICH Ha IPUMEpE MEeHbI KapTo(eneKpaxMalibHOI0 TPOU3BOCTBA.
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Marepuajbl 1 MeTOABI HcciegoBanusi. s onpeneieHus MpOoROIKUTEIBHOCTH «CTOHKOCTH
HEeHbl y00HEe HCII0Ib30BaTh SKCIEPUMEHTAIbHBIA METO/, 3aKJIIOYAIOIIUICS B TOM, YTO B IPOLECCE
9KCMEPHMEHTa B MEPHOM IIIMHAPE BO BpeMEHH (PUKCHPYIOT YPOBHHU MOBEPXHOCTEH MeHA —KHAKOCTh
(IDX) n nena—ra3 (I1T"). [1o mony4eHHBIM JaHHBIM CTPOSIT IpadUKU 3aBUCUMOCTH U3MEHEHHU T 00HEMOB
KUAKOCTU M KUJKOCTb+Ta3 B IeHe BO BpeMeHH. [lo 3HaueHHIo opauHAT Ha MOJyYEHHBIX TpaduKax
B JIF000H MOMEHT BPEMEHH { MOKHO OIIPEJENINTh COCTOSHUE IICHBI B LIEJIOM, & TaKKe KUAKOH U Ia30BOH
COCTABJISIIOIINX TIEHBI.

Ha puc. 1 npencraBineHa 3aBUCMMOCTD MOKa3areseil 00beMHOI0 COCTOSHUS TIEHBI B LENOM, JKH/I-
KOCTHOM M ra30-KUAKOCTHOH (hpakuuil OT BpeMEHH OTCTaMBaHMs 00paslia MEHBl, IOJIy4YeHHON U3 Co-
KOBOI1 BO/IbI Ha BeceoBckoM KpaxmMaabHOM 3aBO/IE.

Hcxonnas nena, B3sTasi 1J1s UCCIEJOBAaHUM, UMeNa Cleayouue (U3nKo-TeXHOJIOTNYECKHUEe 0Ka-
3arenu: 00beM TeHbl — 650 MIT; 00beM COKOBOH BOJIBI B 00beMe NeHBI — 250 MIT; MaccoBast JIOJs CyXuX
BEIIECTB B COKOBOH Boje — 5,4 %; KpaTHOCTh MOJYYEHHOH HeHbl — 2,6; MIOTHOCTh COKOBOH BOJBI —
1,02 r/cM?; HauabHAS TIOTHOCTH MOMy4eHHOU meHbl — 0,39 r/em?.

IIpoBenenHbIi aHaTU3 TIOKa3aTenei u rpadukoB Ha puC. | TIO3BONISET CAETIATH CIEAYOIINE BHIBOJIBI.

1. B mporuiecce oOpa3zoBaHus NeHa MPEACTABIISIET COOOM ra30-KUIKOCTHYIO CUCTEMY B BHJE MMy-
3BIPBKOB BO3/yXa C JKHJKOW IMPOCIONKOW MEXKIy My3blpbkaMu B O00BEMHOM KosmdecTBe 250 mit
(38,5 %) coxoBoii Bonbl 1 400 mut (61,5 %) raza (Bo3ayxa).

2. B nepsbie 20 MUH PaBHOBECHOI'O COCTOSIHUS TIEHBI MPOTEKAIOT BHYTPEHHHUE IPOLECCH: aKTHB-
HOE CTEKaHME )KMJIKOCTH B HUXKHIOI YacTh IIEHBl U HEKOTOPOE pa3pyILEHUE IIEHb] B €€ BEpPXHEH 4acTH,
npu 5ToM B 00beM HUke nosepxHoctu 1K crexaeT okono 80 % Beel cOKOBOM BOABI, H3HAYAIBEHO CO-
JepKaleiicsl B TIeHe; B BepxHeil yactu Huke noBepxHoctu [1I" o0bem neHsl ymenbiiaercs Ha 6,2 % oT
HCXOAHOT0 00BEMA.

3. Ilocne 20 MuH OT HaYajla OTCTAaUBAaHUS (Hadajga aKTHBHOTO HCTCUCHUS JKUIKOCTH U3 TIEHBI) CO0-
CTBEHHO I€HA 3aHUMAET B MIJIMHAPE 0KOJIO 63 % o0Bhema.

4. Cnycts 14 4 nocne Havana OTCTauBaHUs HavyallbHBIH 00BEM MEHBI paclpeaesnics CIeAYIOIUM
o0Opa3oM: ucTekas cokoBas Bozxa — 33,8 %, codcTBeHHo neHa — 35,4 %, o0beM camMopaspyIUBIICHCS
reasl — 30,8 %.

JanpHelimee oTcTanBanue (Ha puc. 1 He OTPaKEHO) MOKA3aJI0, UTO MPOAOTIKUTEIEHOCTh «CTOMKO-
CTHU» TIOJIOBUHBI 00beMa HCCIIeIOBAaHHOTO 00pa3ua TIeHbl, MOTYUYSHHOW U3 pacTBOpa KIETOYHOrO COKa
KapToQes, cocTaBisieT okoio 20 u.

700
2 650 100
x
=8
3 600 I ra3 (Bo3ayx) 90

550 o
z —-.-—-_.__—.____‘___ 180 z
S5 —— 7 g
I 5 450 D
o @ T
= E =
Sz 400 neHa (ras + XuaKkocTh) 60 3
= T x
o o 350 @
. —50 ©
S = 300 z
= 2 =
g = +40
S 20 2
S 200 N 0 ©
% = KUAKOCTb
3 +20
) b
S ¢ 100

50 - 10

> 0
100 200 300 400 500 600 700 800
Bpems, MuH

—&— Kugkas yactb, M —&—[leHa, Mn

Puc. 1. 3aBucuMocTh Mokasarejaeii 00OBEMHOIO COCTOSHHUS KHUIKOCTHOM, ra30-KHIKOCTHOMN
¥ Ta30BOi (hpakLnU MIEHBI OT BPEMEHU €€ OTCTANBAHMUS
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Pe3yabraTsl 1 ux o0cy:kaeHue. Takum o0pa3oM, SKCIIEPUMEHTAIBHBIA METO MMO3BOJISICT HATIISA -
HO TPOAHAJIU3MPOBATHh NWHAMHKY CaMOpa3pyIlIeHHs MEeHbl BO BPEMEHHU, HO OH TaK)Ke He JaeT Ipe.-
CTaBJICHUSI O BO3MOKHOM BbIOOpE 3(PPEeKTUBHBIX MEp BO3ACHCTBUS HA MEHY C LIETbI0 YMECHBLICHUS €€
CTaOMJIBHOCTU U COKPALIECHUS PONOIKHUTEIBHOCTH «CTOMKOCTI.

YCcTaHOBIIEHO, YTO pa3pylIeHNe EHbI COIPOBOKIAETCS TPEMsI apalJIeIbHBIMU IPOLIECCAMMU; UCTE-
YEeHUEM KHUAKOCTH, 11 dy3ueii ra3a u pa3pbIBOM IUIEHKH. B muteparype oTMEYeHO Takxke, YTO pa3phlB
My3bIPHKOB MIEHBI IIPOUCXOIUT MPH OMPEACICHHON TONIINHE IJICHKH, 3HAYeHHUE KOTOPOH J0JIKHO OBIThH
MEHBILIE HEKOTOPOro KpUTHUYEeCKOro [4]. IlockoapKy TOMIMHA NICHKH ONPENEeTCs TOMILMHON MEX-
My3bIPHKOBOM JKHUIKOCTHOM MPOCIONWKH B TIEHE, CJIEAOBATENBHO, SPPEKT CHUKEHUS TOJIUIMHBL MJICHKH
HANpPsSMYIO 3aBUCHT OT 3 PeKTa CTEKaHUS KUIKOCTH U3 MEKIUIEHOYHOTO ITPOCTPAHCTBA.

Ucxonst u3 rpadukoB Ha puc. | cTeKaHUE KUAKOCTH M3 TEHBI MPOUCXOANUT HAa BCEM MPOTSKEHUH
camMopaspylleHHs MEeHbI, I03TOMY OYE€BUHO, YTO IPUHYIUTEIbHAS HHTCHCU(DUKAIHSL ITpoLiecca CTeKa-
HUSI )KUJIKOCTH MPUBEIET K CKOpPEeHIIeMy YTOHUYEHHIO TIJICHOK My3bIPHKOB M UX Pa3pPhIBY.

Uccnenosarenn M.II. Kpyrnsikos, JI.JI. Ky3nenoBa npenioxxuian crnocod yCKOPEHUsT UCTCUCHHUS
JKUJKOCTH U3 TEH IO ACHCTBHEM OOJIBIINX I'PaJueHTOB naBieHuii (OP/Oh > pg) B kanajnax [lmaro
3a CUET CO3/1aHus 30HBI MOHMKEHHOTO HMJIN MOBBIIICHHOTO JaBJICHUH B HUKHEW (MJIM BEpXHEH) 4acTH
ctos0a nensl [5]. Ha puc. 2 npeacraBieHa npeaioxKeHHas aBTOPAMU CXeMa yCTaHOBKH ISl HCCIIEA0Ba-
HUS TIeH IPU Pa3IUYHBIX Tepenagax AaBIeHUs..

B npennoxeHHON SKCIEpUMEHTaIbHOM yCTaHOBKE, IPEICTABISHHON Ha CXeMe, IOBEPXHOCTh, pas3-
JeTISTIoIasi 30HbI TOBBIIICHHOTO W TIOHM)KEHHOTO JaBIICHUH, SIBISIETCS (PUIBTPYIOMIEH, ISl 4ero uc-
MOJIB3YIOT CTAKaH M3 MOPHUCTOTO CTEKJA, BHYTPb KOTOPOTO 3arpyaroT neHy. B mponecce skcnepu-
MEHTa IeHa B CTaKaHe HAaXOJMTCsS IMOoj arMOoc(epHbIM JaBJICHUEM, a CHAPY)KM CTaKkaHa CO3JAlOT Ba-
KYyM 3aJJaHHOTO 3HAU€HUsI, B Pe3yJIbTaTe Yero MpOMCXoAuT (PUIBTPOBAHKE MEHBI Yepe3 MOPHI CTEKJIA.
JBmxyiel cuioil mpouecca sBIIsIeTCsl pa3HOCTh MEXAY aTMOC(HEPHBIM JaBJICHUEM U OCTaTOYHbBIM JaB-
JICHUEM B HaXOJSIIIEMCs M0/l BAKYYMOM CTEKJISTHHOM KO)KYXe.

IIpencraBnenHas SKCIIEpUMEHTANIbHAS YCTAHOBKA HO3BOJISIET B HAYYHBIX LENSAX BU3yaJIbHO MPOCIE-
JUTH MTOBEACHUE MIeH Ha (PUIIBTPYIOLICH TTOBEPXHOCTH, pasesioniel meHocoaepKalue 00beMbl, HaX0-
JsIyecs Mo pa3IndHbIMH JABJICHUSMH, HO B KQUECTBE aHAJIOTa IIPOMBIIIUIEHHOI'O YCTPONCTBA I UH-
TeHCU(HUKAIMK Pa3pyLIICHUS TICH 32 CUST CTEKAHUS KIJAKOCTH HUKAKOW LIECHHOCTH HE MPEJICTABIISET, 10-
CKOJIbKY B IaHHOM ciyuae yepe3 GuiIbTp OydeT IPOHUKATh U XKHUJIKAsl, U ra30Basi COCTABJISIOIAS TICHBL,
a MMPOU3BOJUTEIBHOCTD YCTAHOBKH OY/IET OMPENCIITHCS CyMMapHOH IOBEPXHOCTBIO (DHITBTPAITHHL.

3ajada HalIUX MCCIEOBAHUI COCTOSWIA B TEOPETHUECKOM aHAJIM3€ BIMSHUS BO3JACHCTBHS BHEII-
HEro JaBJICHHWs Ha COCTOSHHE TEHbI B OTPAaHMYEHHOM 3aMKHYTOM OOBEME M YCTaHOBIIEHHE, IIO-
BO3MOXKHOCTH, TIPeAeIoB 3PPEeKTUBHOCTH TAaKOr0 BO3ACHCTBHS. sl IpOBEACHUSI HA3BAHHOTO aHAJIn3a
u3 puc. 1 ObLI BBIZICNIEH 3IEMEHT COCTOSHMUSI IICHBI, IPEICTABJICHHBIN B BUJIE CXEMBI Ha puC. 3.

4,
—
g gty miewdt % | Aﬁx
— 7 4 r
Puc. 2. Cxema yCcTaHOBKHM JJISI MCCIENOBAHUS TEH TPHU 4r
pasIHUYHBIX Tepenagax MAaBlICHUS: [/ — eMKOCTh AJs
OYUCTKHM U YBJIAKHEHUS BO3AYyXa; 2 — MAaHOMETD; 3 — eM- Puc. 3. 3aBucHMOCTb H3MEHEHHUS YpPOBHEH IEeHHOU
KOCTB C PACTBOPOM; 4 — IOPUCTHIH QHIIBTP; 5 — CTEKJISTH- W OKMJKOU (paKLnii IIPH OTCTaNBaHUY IICHBI B pe3epByape
Has KPBILIKA; 6 — CTAKaH U3 OPUCTOIO CTEKJIa; 7 — CTe- C IOCTOSHHOM MJOIIAJbl0  IONEPEYHOr0  CEUYCHHUS
KJISTHHBIH KOXYX; § — BaKyyMMmeTp; 9 — peccusep 110 BBICOTE OT IPOAOJIKUTEABHOCTU OTCTAMBAHUS IICHBL
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[Ipeamonoxum, 9To0 MBI UMEEM PEABHYIO TeHY, UCTEUCHUE XUAKOCTH W pa3pylIeHUE ITy3bIPHKOB
B KOTOpOH onucaHo rpaduKaMHu, NpeacTaBIeHHbBIMU Ha puc. 1. ['paduky mokas3pIBaroOT, 4TO B MIEHE, HAXO-
JUSITICHCS B COCTOSTHHM MOKOS TPY aTMOC(EPHBIX YCIOBHUSIX, TOCTOSHHO MPOTEKAET HETTPEPBIBHBIH MPOIIece
caMopa3pyIleHus], 3aKITIOUarONIHics B 00IeM YMEHBIICHHN ee 00beMa U, COOTBETCTBEHHO, B yBEIHYe-
HUU 00BEeMa KUAKOCTH B HIKHEN yacTr. OHAKO MTPOIecC caMOpa3pyIIeHHsI O9€Hb PACTSHYT BO BPEMEHH.
[Ipu ycioBuH, 9TO CKOPOCTH IEHOOOPAa30BaHUs Oy/IET MPEBHINIATh CKOPOCTh CaMOPa3pyIIeHHs], B TIPOH3-
BOZCTBE OyJIeM UMETh MECTO HAKOILJICHUE TICHBI.

I[Tpenmnonoxum, 4T0 B HEKOTOPBIA MOMEHT BpeMeHH #, (puc. 3) uccienyeMblii 00beM MEHBI OyeT
MMeTh Clielylomue pU3NKO-TEXHOJIOTHYECKHUe MoKa3aTenu: V' — HadanbHbIi 00beM MeHbl; MJT; /m° — Ha-
yanbHas Maca o0bema MeHsl, T; P’ — HayajibHas MIIOTHOCTH NEHbI, I/M’; P) — HauaabHOE JaBlCHUE Hal
00beMOM TIeHHI (aTMochepHOe naBieHne), [1a; d3y3 — CpeIHUN JUaMeTp ITy3bIpbKa NeHbI IIPH JTaBICHIT
P, Mm.

0

VHE : G)

HJ’IS[ JaHHOT'O COCTOAHUSA IIEHBI, IIPOBEIAA TeopeTI/IquKHﬁ aHaJIN3, MOJYYUM CIICAYIONNEC 3HAUYCHU !
0 0
0o _ 6Vn (pm _pn) (4)
pasn do >

my3 P

0 m

Pn =

0o _ Pudn, 5)
3PPy

rae Fgm — CyMMapHasi IOBEPXHOCTh pasJieia pacTBOP KIJIETOUYHOT'O COKA — BO3JYX B UCCIICyEMOM 00b-
€M€ IIEHBI; 8)2.r1p — YCJIOBHAsl CPEAHssl TOJIIMHA >KUJKOCTHOW NMPOCIONKH MEXAY IIy3bIpbKaMHU IEHbI
B MICCIIEyeMOM 00beMe IIEHBI, U3 KOTOPOH MPOUCXOAUT UCTCUCHHE KUIKOCTHU (CPEIH SISl TOIIIMHA KU1~
KOCTHOM IUIEHKH, Pa3JeIIsIIOIIEeH My3bIpbKU BO3yXa).

Crenyet OTMETHTb, UTO 8}2_@ HE SIBJISICTCS] BETMYMHON TOCTOSIHHON MO BBICOTE 00BbeMa TEHBI, MO0-
CKOJIbKY B HW)KHHX CJIOSIX CTOJIOA MEHBI MIOTHOCTh €€ BBIIIE, YeM B BEPXHHX, CIICIOBATEIHHO, BBU-
Jly HEpa3pbIBHOCTH MPOCTPAHCTBA 00bEMa TICHBI 0OJIbIIIee KOJMYESCTBO JKHUJIKOCTH MEX]Y My3bIpbKa-
MU IIEHbI B HIDKHUX CJIOAX IPEAIosaraeT 0oJIbILyI0 TOJIIIHUHY KMIKOCTHOM NPOCIONKH B 3TUX CIIOSX.
OT10 00BsACHSETCA ycnoBueM paBHoBecHs (1)

IIpennomnoxum, 4To B HEKOTOPBIA MOMEHT BPEMEHH f, (pHC. 3) 10 HCTEYEHUH IPOMEKYTKA BPEMEHH
At HaJ1 NCCIIElyeEMBIM 00BEMOM TIEHBI CO3/IAHO JIaByieHue P, OTIIMYHOE OT JaBjieHus P, 3a NpOMEKYTOK
BpeMeHHU Af U3 NIEHbI UCTEUET KUJKOCTh B KOJIMUECTBE Ami:

Am=AVp =Ah Fp .

rae AV, — 00beM KHMIKOCTH, HCTEKIIEH U3 TIEHBI, MJI, P, — IJIOTHOCTb XXHAKOCTH, 00pa3yomen »u-
KOCTHYIO IIPOCIIOKKY B TeHe; A, — IIPUPOCT ypPOBHS KUIKOCTH 3a BpeMst Af; F. — TI01Ia/1b IonepeyHo-
r0 CEUCHUSI COCY/a, B KOTOPOM OTCTAUBACTCS IICHA.

Jli1st 5TOro HOBOTO COCTOSIHMUS TIEHBI MOJT IABJICHUEM HaJl IEHOM P, U3 KOTOpOii yepe3 BpeMst Af uc-
TEYET KUJKOCTh B KOJUUESCTBE Am, HAMH I10J1y4YCHBI pACUCTHBIC (POPMYJIbIL:

0 0
Fl = o, (fm Py) B
dnyzp»(

Q)

0.0 0
1 _ (Vn pn _Am)dnys .3

e )

1 o _ -
rIe Fpm — CyMMapHasl TIOBEpXHOCTE pa3eiia pacTBOpa KIECTOYHBIH COK — BO3AYX B UCCIEIYEMOM O0h
€Me€ IMeHbI, HAXOAAIEMCS TI0]1 AaBJIEHHEM P ; 8”1( up — CPGILHSIA TONIIMHA JKUJTKOCTHOW TIPOCIIONKH MEXTY
Iy3bIPbKaMH TIEHBI B HCCIIEAYEMOM 00BEME TIEHBI, HAXOSAMIEMCS MO/ IaBIEHUEM P,

(7
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Anamus Gopmyabl (7) MO3BOJISET OLEHUTh CTEHEHb BIMSAHUA BEIMYMHBI Am M naBienus P, Ha
CPEAHIOI0 TOJIIUHY XUAKOCTHOH MPOCIOWKH MEXAY My3bIPbKaMH MEHbI, ONPEACISIONIYI0 TOIUHY
IIJICHKH, Pa3/eisIomeil my3bIpbKH eHbl. PaccMOTpUM Ba ciiydasi COCTOSTHHSI IICHBI.

Cnyuai 1. 3aBpems Ar MpOU30IIIO UCTEUCHUE HEKOTOPOTO KOMUUECTBA Am KUAKOCTH U3
TIEHBI IIPH OJIHOM M TOM JKE JIABJICHUH Haj neHok (P, = P ). [lna manuoro ciaydas ¢popmyna (7) Oyner
UMETb CIEAYIONUN BHI:

o 0ol - Amdy, ®
3, Py

Amnanu3 nokaseiBaet, uto npu Am — (V°p%), & )ll(.np — 0, T. €. KOTMYECTBO UCTEKILEH JKUIIKOCTH Am
3a BpeMsi Af orperesisieT TONIIUHY KUIKOCTHOM MPOCIONKN MEXY ITy3bIpbKaMHU MIEHBI IO OKOHYaHUH
poMexxyTka BpeMeHH Ar. Takum oO0pa3zom, ueM Bbile 3HaueHue Am/At, TeM dQPeKTUBHEE UJIET CTEKa-
HUE XKUJIKOCTH M3 MIEHBI, T. €. 33 CYET OBICTPOTEYHOTO CTEKAHU ST )KHJIKOCTH MOXHO OBICTPO IOCTUTHYTh
3HAUCHUSI Sniﬂp, 6nm3koro k 0, Tpu KOTOPOM YCKOpeHHBIE (P PY3HOHHBIE TTPOIECCH M CAMOTIPON3BOITb-
HBIH IIpoLiece pa3pyIleHHs! Iy3bIPbKOBbIX IIIIEHOK HEU30EKHBbI.

Cnywaii 2. HanwuccrenyeMbiM 00beMOM IEHBI V7 3a KpaTyailimil NpOMEXYTOK BPEMEHH
At — 0 co31aHO HEKOTOPOE AaBieHue P, oTan4Hoe ot P, ipu 3ToM Ak 1 Am OyayT Takxke Onusku K 0.

st aToro cinydas popmyna (7) mpuMeT TaKOH B

0 70
1 pndnyz

" 3(p, —pn)
B mpou3sBOACTBEHHBIX yCIOBUAX 3HAYCHMS JABJICHUS P, OrpaHMYEHbl TEXHOJOTUYECKMMH PEXKH-
MaMH TPOIIECCOB M TEXHUYSCKUMH BO3MOXKHOCTSIMU MalliuH. [Ipyu pereHnn BOmpocoB MEeHOTalICHU S
napjieHue P, MOXeT HaXOAUThCs B MHTepBase 3Hauennii (0,21+3,1)- 10° I1a.
CrnenyeT OTMETUTh, YTO IMOCKOJBKY B (hopmyse (9) mpencraBiieHO COOTHOILICHUE JABJICHUH, TO
B pacyeTax MOXKHO HCIOJIb30BaTh JIFOOBIC OJMHAKOBBIC €IMHUIIBI H3MEPEHUSI JaBJICHHUSI, OTHOCSIIIHECS
K OJTHOM M TOM K€ CHCTEME SIMHUIIL.

©

P2
1

B 3aBucuMOCTH OT 3HAYEHUS COMHOXKUTEISI ? P2 B pCaJIbHBIX YCJIOBUAX TICHA MOKET HPLETCPIIC-
0

BaTh TPH COCTOSIHU S, CBSI3aHHBIE C U3MEHEHUEM BHEIITHETO JaBJICHU HaJl CIIOEM TIEHBIL.

1. Cocrosinue B aTMOC(EPHBIX YCIOBUAX, TIpU KoTopoM P = P, =1,01325-10° I1a.

2
B nmaHHOM cOCTOSHUY 3HaYSHHUE BBIPAKCHHS 3 ? =1; )KMJIKOCTHAS TIPOCIOIKa MEXIy My3bIpbKa-
0
MH OCTaeTCsl HE3aBUCUMOI OT BIMSHMS BHELIHETO JaBJIEHUS, a TOJIIMHA €€ U3MEHSeTCs 3a CUeT UC-
TEUEHUS )KUAKOCTH, 0O0YCIIOBJIEHHOTO BHYTPEHHEH peopraHusaliieil meHbl, COCTosIed B N3MEHEHUH
TUAPOCTATHYECKOTO PaBHOBECH I, H3-3a M1 dy3un Bo3ayxa B My3bIpbKax MEHbI, COMPOBOKIAEMOM pa3-
PBHIBOM IIJICHOK OTJIENIbHBIX ITY3BIPHKOB.

2. CocTosiHHE MO/ IOBILEHHBIM JIaBJIEHHEM, IpH KoTopoM P, < P, = (1,01525-3,1)-10° I1a. B coot-
BETCTBUHU C 3aKOHOM boliisi-MapuoTTa, MPOUCXOJIUT CXKAaTUE BO3YIIHON COCTABIISIONICH MEHBI U, KaK
CIIEZICTBHE, TIepepacIpeAeIeHIe KUIKOCTHON MTPOCIONKH MEXy YMEHBIIEHHBIMU B 00bEMe ITy3bIPh-
KaMHU TICHEI.

2 2

1 v
3 o > 1. Tlocie MOACTaHOBKY 3HAYECHHUHN TTOTYIHM: { - 0,28. lannoe
0

3HAYCHHUEC IMOKA3bIBACT, YTO MIHOBCHHOC YBCIIMYCHUC NABJICHUA HaId CJIOEM IICHBI (OTHOCI/ITGJILHO aT-
MochepHOro). B 3 pa3a MO3BOSCT YBEIMYUTH CPEIHIO BEIUYUHY JKUIKOCTHOW MPOCIONKH MEXITY
My3bIpbKaMu TIeHBI B 2,08 paza W TeM caMbIM JOMOJHUTEIHFHO O00ECIIEIUTh YBEIMYCHHUE KOJIMYECTBA
CTEKAaIOIEeH M3 MEeHBI KUIKOCTH Am B 3TO ke KOJIMYECTBO pa3 MO OTHOIICHHIO K OCTATOYHOMY KOJH-
YeCTBY JKHJIKOCTH B IIEHE HA MOMEHT BPEMEHW TIOBBINICHUS JaBieHus. llocie mcredeHns: KUIKOCTH
B IICHE YCTAHOBHUTCS HOBOE THIPOCTATHYECKOE paBHOBECHE, 00YCIOBIEHHOE BEIMYMHON BHEITHETO JaB-
nenus P

B sTom cnydae 3HaueHue
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3. CocrosHME 1O/ NOHMKEHHBIM JaBJICHHEM (MIO]1 BaKyyMOM), mpu kotopom 1,01325 Ila = P, > P,
=(1,01325+0,21)- 10° ITa. B cOOTBETCTBUH C BBIIICHA3BAHHBIM 3aKOHOM ITPOMCXOIUT PACIIHPEHUE BO3-
JIYIIHOW COCTaBJISIFOIIEH MEHBI.

1
B manHOM ciyuae 3HaueHue } P < 1. Bo3nyurasie my3bIpbKy MEHBl YBETUIUBAIOTCA B 00BEME;

0

KUIIKas TIPOCTIONKA TepepacipeaessieTCs 0 BO3POCIICH OBEPXHOCTH MYy3BIPHKOB; CPEIHSIS TOMIIIIHA
SKUIKOCTHOU TTPOCTIOMKH YMEHBIIIACTCSI B KOJIHMYECTBO pas3, paBHOE 3HAYCHHIO IMOJAKOPEHHOTO BBIPAXKe-
HHSI; CTEKAHHE )KUIKON IPOCIONKY NPEKPAIIAETCS; B 3aBUCUMOCTH OT 3HAYEHUS NaBJICHUsA P BO3ZMOXK-

HO 3} QeKTUBHOE pa3pyLICHUE Ty3bIPHKOB IJICHOK.

2

IMocse MOACTAHOBKY 3HAYECHHUN MONYYUM: { ’12 = (,342. Drta BenMUYUHA MIPECTABISCT KOIPPU-

IIMEHT YMEHBIIICHNs CPeTHEN TOJIIMHBI )KUAKOCTHON MPOCIOWKN TPH CO3aHUH BaKyyMa HaJl CII0OeM
nieHsl paBHoro 0,20265 - 10° I1a, 4To TEXHUYECKH BBIIIOJHUMO B IPOU3BOJCTBEHHBIX YCIOBHUSIX.

3akJjroueHune. 3a CYET HCKYCCTBEHHOM MHTCHCU(UKAIIMY UCTCUCHUS KUIKOCTH M3 MEKITY3bIPhKO-
BOT'0 MPOCTPAHCTBA MEHBI, B 3aBUCUMOCTH OT CO3IaHHOM CKOPOCTH UCTEUCHUS, MOKHO B KpaTdyalIiuii
CPOK JOCTUTHYTH TOJIIWHBI INIEHKH MEHBIIIE KPUTHIECKOTO 3HAYCHH S, YTO TIPUBEJIET K pa3pyIICHUIO
TIJICHOK TICHBI 32 9TOT K€ IMePHOJ BPEMCHH.

IloBeimIeHUE AaBiICHUS HaJ O0OHEMOM IEHBI BIUSAET B TMEPBYIO OYEPEAh HA yMEHBIICHUE 00beMa
CKUMaeMOH (ITy3bIPhKOBOM) YaCTH MEHBI, YTO CO3/IaeT JOMOJHUTEIbHBIA 00EM CTEKAIOIICH KUIKOCTH
B nieHe. [lociie ucTedeHns 3Toro JOMONHUTEBHOTO 00beMa YCTaHABIMBAeTCsS HOBOE paBHOBecHe, 00-
YCIIOBJIEHHOE BHEITHUM JIABJICHHEM, TIOCJIE YeTO MPOIeCcC UCTEUEHHU ST TPOAOIIKACTCA.

CHmxeHue JaBJIeHUs HaJl 00bEMOM TEHbI (OTHOCUTEIBLHO aTMOC(EPHOr0) B MEPBYIO OYEPE/b MIPH-
BEJICT K YBEIUYCHHIO 00beMa C)KUMAEMOH (ITy3bIPbKOBO#) YacTH TICHBI, IPH 3TOM TOJIIIUHA XKHUJKOCT-
HOM MPOCIONKHU YMEHBIIHUTCS, KaK MOKa3bIBAET PACUET, A0 3 pa3, UTO, BO3MOXKHO, COCTABUT 3HAUCHUE
TOJIIIIUHEI TIPOCIONKH MeHee KpUTH4ecKoi. Vcnonp30BaHne MeToAa BaaKyMHUPOBAHUS TIEHBI 1EJI1eCOo-
00pa3Ho Ha 3aKITIOYUTEILHOM dTaIle UCTCUCHUS JKUIKOCTH M3 TICHBI, KOTIa PE3KOe CHUIKCHHUE TOIIITHHBI
SKUIKOCTHOU MPOCIONKHN MOXKET IPUBECTU K MTHOBEHHOMY Pa3pyIICHUIO ITy3bIPHKOBOM YaCTH MICHBI.

JIro00ii BapHaHT COKpAIICHHS MTPOOTIKUTEITHHOCTH UCTEYCHHU S KU IKOCTH U3 TICHBI OMPENIENSIEeT CO-
KpaIeHus TPOIOJDKUTEIFHOCTH TIepruo/ia «CTOUKOCTHY TICHBI.
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