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VY nanieHue pa3iMuHbIX BUIOB 3arpA3HEHUH TIPH IPOU3BO/CT-
BE KOHCEPBOB IIOTOKOM MOIOLIEH KHAKOCTU B YIbTPa3BYKO-
BOM I10JI€ COCTOUT U3 MHOI'MX HPOLIECCOB, JUIS ONUCAHUS
KOTOPBIX MOKHO BOCIIOJIb30BaThCS KIIACCHUECKHMH 3aKO-
HaMH PaBHOBECHOH TepMoauHaMuKH. IIpu aToM Haubosee
HOAXOASIUM SBJIACTCS. METOJ] TEPMOIMHAMHYECKUX TTOTEH-
uanoB. B craTbe paccMaTpuBaroTCst HEOOXOAUMBIE YCIIO-
BUsI IPOTEKAHUs TpoLEecca yAaJIeHUs 3arpsA3HeHUi B O-
TOKE >KHIKOCTH. J{J1 3TOro BBOIMM TEPMOIMHAMHUYECKHE
MOTEHIHAJIBbI, KOTOPBIE SIBIAIOTCS (YHKUMSIMHI COCTOSIHHS
paccMaTpyBaeMOK CHUCTEMbI. 3aTeM COCTABIISIEM ypaBHEHHE
JUISL LIEJIOrO KOMILIEKCA U3ydaeMbIX MPOLIECCOB, YIUThIBAS TOT
(baKT, 4yTO U3MEHEHHE COCTOSIHHMS CHCTEMbI BEJIET K yBe-
JIMYEHUIO WM YMEHBLICHUIO TIOTCHINAJIOB, SABIISIOLINMCS
nosHeIM uddepenimanomM. MeTos TepMOANHAMUYECKHX
MOTEHLHAJIOB HauOosee MpEeINouTHTENEH ¢ (HU3HUECKOH
TOUYKU 3pEHHs IIOTOMY, YTO BEJIMYMHBI, BXOIAIINE B IOTY-
YEHHbIC YPaBHEHHS, MOXHO 3KCIEPUMEHTAJIbHO HU3MEPHTB,
a 00BEKT OYHMCTKH paccMaTpuBaercst Oonee 000OIIEHHO.
B kauecTBe BeJIMUMHBI, XapaKTepU3YIOLIEil CTOHKOCTh 3a-
IPSI3HEHUH, HAMU TIPEAIaraeTcsl UCIoNb30BaTh 3HEPIHIO,
3aTPadyeHHYI0 Ha Pa3pylIeHUE U yIaJICHHE eIUHMIBI €ro
Mmaccel. Takum 00pa3oM, BO3JEHCTBHE IOTOKA MOOLIEH
KHUIKOCTH B YJIBTPa3BYKOBOM IIOJIE HA IUICHKY 3arpsi3HCHUS
CBOZIMTCS K HAXOXKICHHIO BEJIMYHMH ITOTEHINAa CTOMKOCTH.
A 3Ha4uT, MBI CMOKEM YCTaHOBHTb 3aKOHOMEPHOCTHU B Ca-
MOM MEXaHH3Me IpoLecca yIaJleHus 3arpsi3HeHHs ¢ IOBEpX-
HOCTM OOBEKTa OYMCTKH M HauOolee 3HaYMMble CBS3H,
npucyTcTByromye 3aech. Heobxonumo ormeruts ToT (axr,
YTO NPAKTHKOM YCTAHOBIEH CYIIECTBYIOLUIMH ONTUMAIbHBIN
TEMIIepaTypHbI AMAINa30H KaK Ul MOIIIMX PAacTBOPOB,
TaK U VI YIbTPa3ByKOBOH OYHMCTKHU, KOTOpBIE COBIIAJAIOT.
OTO CBS3aHO € TEM, YTO IIPH MEHbLICH TeMIepaType CHIbKa-
ercsl XMMUYEeCKasi aKTUBHOCTh PACTBOpA, IPU Oomblieil —
MOBBIIIAETCS YNPYrOCTh Iapa BHYTPH KAaBUTALIMOHHOW
OJIOCTH, YTO IPUBOJUT K CHHKEHUIO HHTEHCUBHOCTH Ka-
BUTAIIMOHHOr0 Bo3zeicTBus. Kpome Toro, Temmeparyp-
HBIM T'PaIM€HTOM MOXHO IIpeHeOpeyb.

Knrouesvie cnosa: xecrsiHpie OaHKY, 3arps3HEHUE, MTOTCH-
[MaJl CTOMKOCTH, HOTOK JKHAKOCTH, CKOPOCTh pa3pyIIeHus,
CKOPOCTh PacTBOPEHUS

Removal of various kinds of pollution in the production of
canned with the flow of washing liquid in the ultrasonic
field consists of many processes. To describe them, we
can use the classical laws of thermodynamics equilibrium.
The most suitable is the method of thermodynamic poten-
tials. The article discusses the necessary conditions of the
process of contaminants removal in the fluid flow. For this
purpose we enter thermodynamic potentials which are
functions of a condition of the considered system. Then we
form the equation for a whole range of processes under study.
We take into account the fact that the change of state
of the system leads to an increase or decrease in potential,
is a total differential. The method of thermodynamic po-
tentials is most preferable from a physical point of view.
The values included in the resulting equations can be
experimentally measured, and an object under cleaning is
viewed more generally. As the quantity characterizing the
durability of pollution, we propose to use the energy spent
on the destruction and removal of units of its weight.
Thus, the impact of the flow of washing liquid in the ultra-
sonic field on the dirt film is reduced to finding the values
of the resistance potential. This means that we will be able
to establish patterns in the very mechanism of the process
of removing dirt from the surface of an object under cleaning
and the most important connections, present here.
It should be noted that existing practices set an optimal
temperature range for washing solutions, and for ultrasonic
cleaning, which coincide. This is due to the fact that at a
lower temperature the chemical activity of the solution
decreases, at greater — the vapor pressure increases within
the cavitation cavities, which reduces cavitation intensity.
In addition, a temperature gradient can be neglected.

Keywords: cans, pollution, resistance potential, flow of liquid,
rate of destruction, dissolution rate
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IMoreHuuaa CTOMKOCTH /Ui 3arpsA3HeHUil
B YJbTPa3BYKOBOM I10JI€
AA
¢p=—, (1)
Am

rie AA — sHeprus, 3aTpadeHHas Ha pa3pylleHue
U yJaleHue equHUIBI Macchl Am 3arpsi3HEHHUS.

PaccmoTtpum komruieke mporieccoB (puc. 1), mpo-
WCXOJAIMX TIPU yIAJICHUU 3arpsa3HEHUs C MOBEpX-
HOCTH JIBUKYIIErocsi 00beKTa OYHUCTKU B YIIBTPa3By-
KOBOM TIOJIE.

[Ipu ero BxoxaeHuM B MOIOIIyIO KUIKocTh (MK)
Ha IMJIEHKY JIeHCTBYIOT ynbTpa3BykK (¥Y3) u runpoau-
Hamuyeckue cwibl. [lox aeiicTBueM yaapHOl BOJ-
HbI, BO3HUKAIOLIEH MpH 3aXJONBIBAHUN KaBUTAIlH-
OHHBIX MY3BIPHKOB, B IJICHKE 00pa3yloTCsl KABEPHBI.
[Iponukasg B HUX, MOJEKYJbl MOIOLIETO pPacTBOpa
OT/IEJISIFOT TPS3EBYIO YACTHILY OT MOBEPXHOCTH 00B-
ekta. [lox meficTBHEeM yIbTPa3BYKOBBIX KOJEOaHHM
My3bIPEKA MHTEHCHUBHO KONEOIIOTCS, TaKKE BBI3bI-
Basl pa3pylleHHEe BEPXHEro 3arpsA3HSIONIEro CIosl.
Tem caMbIM mpoucxoauT ourctka [1].

Boowuwiii nomox

Puc. 1. MexanusMm nponecca yaaneHus 3arps3HEHNS
C MOBEPXHOCTH JBMIKYIIErocsi 00beKTa OYUCTKH
B Y/IbTPa3BYKOBOM I10J1€

Heo0xonumble yci0BHSI NMPOTEKaHMsI Mpolecca
ylajieHusl 3arpsi3HEeHU B YIbTPa3BYKOBOM I10J1€

[Iycte dh, — TonmmmHa TUICHKH, pa3pylaeMon
BOJIHBIM ITIOTOKOM 3a Bpems df, u dh,, — riayOuHa
MPOJABMKEHUS (DPOHTA MPOHUKAMOIICH B IUICHKY
MOIOIILIEH KHUAKOCTH 33 TO YK€ BPEeMs MO ACHCTBUEM
yIbTpa3ByKa 3a Bpems dt;, Toraa

ﬂ < % ] Q)
dt dt,

Beipasus dh, u dh,, yepes sneMeHTapHbIE 00be-
mbl dV, n dV,,;, IIOTHOCTH 3arps3HEHHS P, U IIJIOT-
HOCTb Moromleil Kuakoctu py, = f (hu.t, grad p)
Y dJIEMEHTapHBIC MaCCHI,

di
any T G
pn py3 _f(h/\met’grad p)

rae pys =f (ht, grad p) — GyHKIUA pacnpeneneHus
TUIOTHOCTH MOIOIICH KHUJIKOCTH B IIJICHKE 332 BpEMs
JEICTBUS yJIbTPa3ByKa .

C HEKOTOpPBIM MPHUOIMIKEHUEM MOXXHO MPUHSTH,
910 P, = Pys. 1I0dTOMY

dm dm
- < n G
,0,, pn _f(h,uuzt’ grad p)
OTO ypaBHEHHE IIOKA3bIBACT, YTO IPOUCXOIUT
HU3MCHCHUC DJHCPIUH CHUCTEMBI 3a CUCT HU3MCHCHUSA

KOHIIEHTpallMd WM COCTaBa €€ KOMIIOHEHTOB H3-3a
BO3JICHCTBHUS IMOTOKA KUAKOCTH U Y3 Ha BETUUIHHY

e
Z(P}gidn}ei > (5)
i=1
e ¢, — XUMHUYECKHH ITOTEHIIMAJI MOIOIIEH KU~
KOCTH;
dn: . — KOTWYECTBO KOMITOHEHTOB i MPU MHTpPa-

y3i
LMY MOIOIIEH KUAKOCTH MO ACHCTBHEM Y 3.

OcHOBHOe TepMOIMHAMUYECKOE YPABHEHH e
3arpsi3HeHUil B YJIbTPa3ByKOBOM I0Jie

Bo3sgeiicTBue ynbTpa3Byka Ha IUJIEHKY COIpPO-
BOXKJA€TCSl KOMIUJIEKCOM B3aWMOCBSI3aHHBIX TEIUIO-
MaccOOOMEHHBIX, (PU3HKO-XUMHYECKUX H (PH3HUKO-
MeXaHHUYECKHX TporeccoB. [IpuHiMas Bo BHUMaHHE
TOT ()aKT, YTO OCYIIECTBIISIETCS KBA3UCTATUYCCKUIA
MPOIIECC, OCHOBHOE YpaBHEHHE TEPMOAUHAMUKH JUIS
CHCTEMEI C IEPEMEHHON MacCON MOXKHO 3aITCaTh:

y3i

n n
TdS =dU + 3 ,Cdc, + 3 ¢,dn;,.,  (6)
i=l i=1

rae T — temneparypa;

dS — QyHKIUSA, KOTOpas MOXKET ObITH OIIpeseeHa
nrddepeHnaIBEHBIM YpaBHEHUEM;

S — sHTpONHS;

dU — n3MeHeHne BHYTPEHHEW SHEpTHH paccMmart-
pHMBaEMOI CHCTEMBI «yJalsieMoe 3arpsi3HeHHe —
00BEKT OUHUCTKHY,

C; — obo0OmenHas cuma, 3TO ecTh (YHKIHUS
BHEIIHUX NIAPaMETPOB ¢; U TeMuepaTypsl 7.

CeobosmHas sueprus ['106ca Oymer onpenensiThb-
cs 1o opmyiie

n n
dG ==SdT + pdV +Vdp - 3 Cdc, = 3 ¢,.dn;,. , (7)
i=1 i=1
rIie p — THAPOCTATHYECKOE ABIICHNUE;
dV — GeckoHeUHO MaJioe M3MEHEeHHEe o0bema pac-
CMaTpUBAEMOU CUCTEMBI;
V' — 00beM cHCTEMBI.
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Ilycte O4; — pabota, coBepiiaeMas MOIOIIUM
pacTBOPOM MpPH YIAJIECHUHU 3arpsi3HEHUs], NIPU ITOM
CMEIIAIOTCSl €ro TPaHUIlBl U IMPEONIOJICBACTCS PaB-
HOMEpPHO paclpeielieHHOe THIPOCTaTHYECKOe IaB-
JIEHWE p, KOTOPOE HE BCerlia paBHO JIABICHHIO B CHU-
cTeMe. DTO PaBEHCTBO MOMKET HAOJIIOJAaThCA B TOM
cllydae, KOrja yaalsieMoe 3arpsi3HeHHE HaXOIHUTCS
B KBa3MCTATHIECKOM PABHOBECHH C TIOTOKOM.

SA] = C]dC] EpdV (8)

04, = c1dC, = pdV, T = const, ypaBuenue (7) me-
penuIIeTCs :

n n
dG =Vdp - Z]:Cdcl. - Z]:(p’w.dn;m. i )
i= i=

CrnenoBaTenbHO, A7l ONMHCAHHS IMPOIECCOB yIa-
JICHUS 3arpsi3HEHUM C Y4EeTOM JEHCTBHUSI MOIOLIETO
pacTBopa B YIBTPa3ByKOBOM I0JI€ HanOoee ynoOHbIM
C MPaKTUYCCKOH TOYKH 3PCHHUsI SIBJSICTCS ypaBHE-
Hue (9), Tak KaKk B 3TOM ciiy4ae paboTa BHEIIHUX CHII

n

Y Cdc; , U3MEHEHHE YHEPTHH CHCTEMBI 33 CYET M3-
i=1
MEHEHHUSI KOHIEHTPAllMM WJIM COCTaBa €€ KOMIIOHEH-

dn}

31

n
TOB HPU MaccOOOMEHHBIX Mpoleccax » ¢

i=1
U COMYTCTBYIOIIUX UM TEPMO-(HU3UKO-XUMUYECKUX
mpoleccax paBHa U3MEHEHHIO CBOOOIHOW 3HEPruu
CHCTeMBI (puc. 2).

>
y3i

Boowwiit nomox

Obvexm oyucmxi

= + +
Am  Am  Am  Am
Puc. 2. Cxema 15 onpesiesieHus MOTEHIMana CTOMKOCTH
3arpsi3HEHMS: #; — KOJIMYECTBO KOMIIOHEHTA 7, YUCIIO MOJIeHi;
L — XUMHYECKHH MMOTEeHIHA, TI0Ka3bIBAIOIIII H3MEHEHNE

CBO6OZ[HOI>1 OHEPI'uy 3arpsA3HCHNs, BbI3BaHHAs H3MCHCHUCM
COACpIKaHUA l'*FO, €CJIM OCTaJIbHBIC HCU3MCHHbBI

BECTHUK MAPUMUCKOro roCYQAPCTBEHHOIO YHUBEPCUTETA

n
[epemennsie Y Cdc, — d1eMeHTapHbIe PaboTHI,
i=1

COBEpLIAEMBIE CUCTEMOM IPOTUB CWJI PA3NAYHOU

)5 @M},,; — OTHOCHTEIIb-

n
npuposiel. [lepemennrie Y o, dn;
i=1

Hble W3MEHEHHUs1 paboT, coBeplIaeMble CHUCTEMOM
MPOTUB TeX K€ CHJI Pa3iWYHON IPHUPOIBI B CBS3U
C MPOUCIIEIIIUMHI MacCOOOMEHHBIMH TPOIECCAMH.

n
Y Cdc, 3anmuchIBaeTCsi CO 3HAKOM «—», TaK Kak
i=1

HaGJ’IIOZIaIOTCSI OHEPIreéTUYCCKUEC 3aTpaThl MpHU U3ME-

n
HEHUH CBOOOJHOM SHEPrUU CHCTEMBI. z(p’y';idn;@i
i=1
3aMKChIBACTCSA CO 3HAKOM «+», TaK KaKk WHOHUIbTpa-
[IHSI IPUBOIUT K YBEITHMUCHHUIO PAa3PYIICHUS TUICHKH.

Onpenesienne NOTEHIHMAIA CTOHKOCTH
3arpsi3HeHUil B YJIbTPa3ByKOBOM I0Jie

B TOM ciydae korja mpoiecc yaaneHHUs 3arpsi3-
HEHHS C IMOBEPXHOCTH O0OBEKTa OYMCTKH M MH(UIb-
Tpalyy CTaOWUIM3UPOBAJICSA, NaBJICHUE U TEMIICpaTy-
pa MOCTOSHHBI, MUHUMAJIbHAS M ITOCTOSHHAS BO BCEX
TOYKax 00beMa CHCTeMbI CBOOOIHAsI dHEpTHsl G MO-
JKeT OBITh JOCTHTHYTa COYCTAHMEM TaKUX BEIUYHH,

KakK Vdp, iCdcl' s i(p’ygidn;"si :
i=1 i=l

[IpounTterpupyem ypaBuenue (9):

AG = —Ad=—Ad, - Ady - A4y,  (10)

rae A4, AA;, AA; — >Heprum, 3aTpaduBaeMblc Ha
IIPOLIECCHI.
Paznenim 00e yactu ypaBHeHUsI Ha Am:
A4 A4, A4, A4,
=——= + + .
Am  Am  Am  Am

¢ (11)

BriBoabI

1. Jia onmcaHus MPOLIECCOB YIAJICHUS 3arpsi3He-
HUM TPEIJIOKEHO HCIIONb30BaTh METOJl TePMOAMHA-
MHUYECKMX MOTeHIaI0B. C MPaKTHYECKOM TOUKHU 3pe-
HUS UIMEHHO TepMOAMHAMIYECKIH moTeHIan [ nboca
HanOomnee ynoOeH, Tak Kak BCe BXOJAIIME B HETO Be-
JINYUHBI MOYKHO U3MEPUTH IKCIIEPUMEHTAJIBHO.

2. BoIsiBII€HO, YTO MOTEHIIHAT CTOMKOCTH — BEJTH-
YyHA aJJIUTUBHAS U IIOCTOSHHAS NIl KOHKPETHOTO
BUJIA 3arpsi3HEHUS, BBIPAKAIOIIMN €ro CBOWCTBA,
U BBICTYIIA€T B KauyeCTBE E€IMHOIO HHTErPajbHOrO
KPUTEPUS OLIEHKH CTOMKOCTH 3arpsi3HEHUS.
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