26 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eotexHiuna mexanika. 2015. No122
VK 622.457.2:620.165.29

Boaommu A.HU., yn.- kop. HAH Ykpaunnsl,

IHonomapenko C.H., kaH/1. TEXH. HAyK, CT. HAYYH. COTP.

(UI'TM HAH VYxkpaunsr)

I'yoenxo JI.U., unxenep

(T'TI «Kb «tOxxnoe» um. M.K. Surens»)
YPABHEHMUE TEIIVIOBOI'O BAJIAHCA SHEPI'MHU ITPU KOHTPOJIE
IF'EPMETUYHOCTH 1O METOAY ®UKCUPOBAHHbBIX OBBEMOB

Bosaommn O.1., un.-xkop. HAH VYkpainu,
Ionomapenko C.M., kaH]I. TEXH. HAYK, CT. HAYK. CITIBP.
(I'TM HAH VYkpainn)
I'yoenxo /I.1., inxenep
(IIT «Kb «IliBnenne» iMm. M.K. SIHremns»)
PIBHSAHHS TEIIIOBOI'O BAJJAHCY EHEPI'II IPU KOHTPOJII
TFEPMETHYHOCTI IO METOJY ®IKCOBAHUX Ob'€EMIB

Voloshin A.l., Cor. Member NASU,
Ponomarenko S.N., Ph.D. (Tech.), Senior Researcher
(IGTM NAS of Ukraine)
Gubenko D.1., M.S. (Tech)
(Yuzhnoye State Design Office)
THE EQUATION OF THERMAL ENERGY BALANCE FOR THE LEAK
CONTROL BY METHOD OF FIXED VOLUMES

AnHoranus. PaboTa HanpaBiieHa Ha TEPMOJMHAMUYECKHUI aHAIU3 MapaMeTPOB, XapaKTepHU3Y-
IOLIHMX MPOLECC YTEUKU Ta3a U3 KOHTPOJIMPYEMOro 00BEKTa C yYETOM €ro TEII00OMEHa ¢ OKpyXkKa-
FOLIEN Cpeaoi.

[Tony4yeHo ypaBHEHHE TEIJIOBOro OaylaHCca, KOTOPOE XapaKTepu3yeT pacHpeiesieHHe >HEpPruu
IIPU KOHTPOJIE TEPMETHYHOCTH MOJBIX 0OBEKTOB 110 METOTY (PUKCUPOBAHHBIX 00bEMOB. MeToa0:10-
I'Hs MpeaycMaTpUBAaeT MCIOJIb30BaHUE JABYX €MKOCTEH, B OJIHOM M3 KOTOPHIX (3TaJIOHHOM) PUKCH-
PYIOTCSI HayaJIbHbBIE MapaMeTpbl U3MEPEHU, a B APYroil (KOMIEHCAIIMOHHOMN) — Tekymue. Tepmo-
CTa0MIIN3aLUs 3TUX €MKOCTe MHUHMMHU3HUPYET BO3MYILEHHS OT TEIJIOBOTO BIUSHHS T'PAJHEHTOB
IapaMeTpOB OKPYIKAOIIEN cpenbl. BINMOIHEH aHaIN3 pacipenesieHnust SHEPTUHA TIPU KOHTPOJIE rep-
METHYHOCTH TMOJIOT0 00BEKTa M0 MeToAy (PUKCUPOBAaHHBIX 00beMOB. VcciaenoBaHbl TepMOIUHAMHU-
YecKue Mmapamerpbl PU3NYECKUX MPOIECCOB, MPOUCXOIAIINX B 3aKPHITOW TEPMOJIMHAMUYECKON CH-
CTEME C YYETOM €€ HErepMETUYHOCTH U TEIUI000OMEHA ¢ OKpYXKarolleil cpefoil. Y cTaHOBIEHA 3aK0-
HOMEPHOCTh PacCHpelesICHNs SHEPTUH B STAJIOHHON M KOMIIEHCAIIMOHHON €MKOCTSIX, HAXOASAIIMXCS
BHYTpH TepMocTaTa. [loka3aHa B3aMMOCBsI3b BHYTpEHHEH paOOThI MPUMEHSIEMOTO JJIsi KOHTPOJIS
TepPMETHYHOCTH Ia3a U COBEPIIAEMON UM pabOThI 10 MePEMEIICHUIO MAaCcChl 3TOTO rasa.
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Obecnieuenne TpeOyeMOil CTEIEHH HETEPMETUYHOCTH TPYOOIIPOBOIHBIX CHUCTEM,
NPUMEHSIEMBIX JJII TPAHCIOPTHUPOBAHUS >KUIKUX U Ta3000pa3HbIX Cpel, SBISETCS
KIIFOUEBBIM KpUTEpHUEM OLICHKU 3 ()EeKTUBHOCTH uX npuMenenus [1]. Uarerpuposa-
HUE B MUPOBOE KOHOMHYECKOE COOOIIECTBO TpeOyeT, B YACTHOCTHU, CePTUHUKAIIMU
NPEeANpUATAA MarucTpajibHOrO TpaHCHopTa HEPTH U HEPTEMPOIYKTOB HA COOTBET-
CTBHE MEXIyHApOAHBIM 3Kosiornueckum crangaptam [SO 14001 B obnactu onepa-
TUBHOT'O OOHApYXXEHHsI yTEUCK TpaHCIOpTHpyemoro npoaykra [2]. Hambosee mac-
mTabHOE NPUMEHEHHE TPYOOIPOBOJHBIE CHUCTEMBl HaXOAAT HA MPEANPUATHIX TOp-
HOJOOBIBAIOLIEN OTPACIH, TJI€ OHU SIBJISIOTCS OJHUMH M3 OCHOBHBIX RJIEMEHTOB CH-
CTEM JIera3alli, a TAK)Ke TPAHCIIOPTHUPOBAHUS CIKATOTO BO3ayxa U Boxbl [3-4]. Cre-
[IEHb HET€PMETUYHOCTU OOOPYAOBAHMS M TEXHOJIOTMUECKUX CHCTEM, 00€CIEYnBaIO-
IIMX T[POU3BOJCTBEHHBIN MNpPOLECC AOOBIUM IMOJIE3HBIX HCKOMAEMbIX, BO MHOIOM
onpenensieT 0e30MacHOCTh BEACHHS TOPHBIX padOT U UX BIMSHHUE Ha OKPYkKAIOLIYIO
cpeny [5].

B nHacrosiiee BpeMst CylIECTBYIOT pa3IMYHbIe METOBI U CIIOCOOBI KOHTPOJIS rep-
METHUYHOCTH IOJIBIX 00BEKTOB, K KOTOPBIM OTHOCSATCSI TPYOOIIPOBOIHBIE CUCTEMBI [6].
Haubonee pacnpocTpaHeHHBIM METOAOM 0€30apOKaMEpPHOr0 KOHTPOJISE T€PMETHYHO-
CTH TIOJIBIX OOBEKTOB SIBISETCSI MAaHOMETPUUECKUN METOJ, OCHOBAHHBIN Ha orpeje-
JICHUM BEJIMYUHBI CI1aJla JaBICHUsI KOHTPOJIBHOTO Tra3a 3a €IMHUILY BPEMEHU, UMEHY-
€MBbIl METOZIOM «claza AaBieHus». OCHOBHBIM HEJOCTATKOM JAHHOTO METOJA SBJIs-
€TCSl HaJIM4Yue CYIIECTBEHHBIX MOrPEIIHOCTEH, BBI3BAHHBIX BIIUSHHEM TIPaJHEHTOB
MapaMeTpoOB OKPYXAIOLEH Cpebl HAa PE3YJIbTATHI OMPENENICHUs YTeUeK KOHTPOIbHO-
ro raza. YCTpaHUTh 3TOT HEJOCTATOK BO3MOXHO 32 CUET NMPUMEHEHUsS MeToJa (UK-
CUPOBaHHBIX 00BEMOB, KOTOpPbIM ObLT pa3paboran u ampobupoBan B UI'TM HAH
Yxpaunsl [7].

[enpto maHHOM pabOThHI SBISETCA MOJYyYEHHE YpPaBHEHHUS TEIUIOBOTO OanaHca
KOHTPOJISI TEPMETUYHOCTH IO METOJTy (PUKCUPOBAHHBIX OOBEMOB ISl YCTAHOBJICHUS
3aKOHOMEPHOCTEN (PM3UUYECKUX MPOLECCOB, MPOUCXOASIINX B 3aKPHITON TEPMOAUHA-
MHUYECKOU CHUCTEME C YUETOM €€ HEerepMEeTHMYHOCTU U TEIUIO0OOMEHa C OKpYKarolen
Cpelou.

Jlyis mpoBeieHUs aHaIn3a PaBHOBECHBIX, OOPAaTUMBIX KBa3UCTATHUECKUX TEPMO-
JTUHAMUYECKHUX IPOLECCOB, MPOUCXOMAIINX PHU ONPEIEICHUN YTEUYKU C HCIIONIb30-
BaHUMEM MeTO/a (PMKCHPOBAHHBIX OOBEMOB, MPUMEHUM YpaBHEHHE MEPBOrO 3aKOHA
TEPMOJIMHAMHUKHU, KOTOPOE BBIPAKAET U3MEHEHHUS B TEPMOJMHAMHYECKON CHUCTEMeE
IIpY MOJBOJE K HEH HEKOTOpOTo KonuuecTBa Temia [8 — 12]. [lpunuunuanbaas cxema
TaKOW TEPMOJIMHAMUYECKONU CUCTEMBI Mpe/icTaBIeHa Ha puc. 1.

B obmem cnydae nuddepeHnuanbHoe ypaBHEHHE OajlaHCca SHEPrUu sl JIF0OOM
TEPMOJAMHAMHYECKOM crucTeMbl nMeeT By [8 — 11]:

dQ' =dK +dI7 +dL, (1)
rne dQ' — u3MeHeHNE MOABOAMMOrO (OTBOJIMMOTO) K TEPMOIMHAMUYCCKOH CHCTEME

HEKOTOpOro KoyimdecTBa Teruia, J[x; dK — u3MeHeHrne KHHeTHYeCKOW SHEPTUH MOJIe-
KyJ BO3AyXa 3a CYET MOABEJACHHOW (0TBeAeHHOW) TernoThl, [[k; dIl — nu3meHeHue
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MOTEHINAFHON YHEPTHH MOJIEKYJ Bo3ayxa, Jx; dL — n3meHeHnue coBepmaemaii Mo-
JIEKyJIaMU BO3/yXa BHEIIHEN paboThI,

JIK.

1 — 00BEKT KOHTPOIIS; 2 — TEPMOCTAT; 3 — MHEBMOOJIOK; 4 — KOMIIEHCAIIMOHHAsI EMKOCTB;
5 — sTanmoHHas eMKOCTh; 6, 7 u 8§ — 3anopHas apMaTypa; 9 — nuddhepeHInaTbHBIA JATIHK
nepernaja AaBJIeHUs

Pucynok 1 — IlpunnunuanbHas cxeMa TepMOAMHAMUYECKOM CUCTEMbI KOHTPOJIS T€PMETUYHOCTH
10 METO1Y PUKCUPOBAHHBIX 00BEMOB

JIns pacdera KOJMYECTBA TOJBEICHHOTO (0TBeneHHOro) Terwna Q' B euHMITY
BpeMeHH T 00bIYHO mpuMeHsieTcs: popmyna Herotona-Puxmana [9 — 11], B koTopoii
TEIJIOBOW MOTOK CUMTAETCS MPOMOPLUOHAIBHBIM Pa3HOCTH TEMIIEPATyp MEXIY Tel-
JIOHOCUTEJIEM U CTEHKOM:

Q—t:oc(Tt—Tf)F, ()

T

rJIe T — BpeMms, ¢; o — KoddduurenT Terooraaun, Br/(M*-K); T; — TeMmeparypa Ter-
nonocurens, K; Ty — temneparypa cteHkd, K; F — miiomnanb NOBEpXHOCTH CONPUKOC-
HOBCHHSI TETIOHOCHTEISI CO CTEHKOM, M.

CnenyeTr oTMeTUTh, uTo opmyisia HetoToHa siBisieTcs popMaIbHBIM BBIPAKECHUEM
TEIJIOBOTO MOTOKA W B SIBHOM BHJI€ HE YYUTHIBAET BCE (DAKTOPHI, BIMUSIOUIME HA HH-
TEHCUBHOCTH Terootnauu [10 — 12]. TlosTomy 3TO BIMsIHUE JOJIKEH YUUTHIBATH KO-
3 PUIUEHT TETUIOOTAauH.

Ha npakTthke MHTEHCUBHOCTH TEIJI00OMEHa OOBIYHO HEOJAMHAKOBA IO BCEHl IIO0-
A COMPUKOCHOBEHMSI TETJIOHOCUTENSI CO CTEHKOW U KO3((ULMEHT TemIO0TAaun
MMEET Pa3IMYHbIE 3HAUECHHMS JUIsl PAa3HBIX YYACTKOB IIOBEPXHOCTH COMPUKOCHOBEHHS.
OpnHako, Uit TepMOCTaTa, B KOTOPOM 3a CUET KOHCTPYKTHBHOI'O HMCIIOJIHEHHSI MOXKHO
CO3/1aTh TeMIEepaTypHOH MoJie, OJM3KOe K paBHOMEPHOMY U CTallMOHAPHOMY, B pac-
yeTax JAOMYCTUMO IOJIb30BAaThCA OCPEIHEHHBIMU BEJIMYMHAMU JJI1 BCEW MOBEPXHO-
CTH CONPUKOCHOBEHHSI.
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Tak kak w3MeHeHUe BHyTpeHHel »Hepruu Bozmyxa dU paBHo dU =dK +d77, a
areMeHTapHas aedopMaioHHas paboTa (BHEIIHSS paboTa) BO3IyXa, HaXOAAIIETOCS

B 00beMe V 1oj gaBieHueM P, paBHa dL = PdV [9, 11], To ypaBHenue (1) ms ogHO-
ro KT BO3/yXa MOXKHO TIeperrcaTh B BUJIC:

dQ' =dU + Pdv, (3)

. 3
rae dU — usmenenue BHyTpeHHEH sHeprun, [k, P — naBnenue, [1a; V — 00bem, M.
WuTerpupoBanue ypaBHeHUs (3) 1a€T CIEAYIONYIO 3aBUCUMOCTb:

3
rae Vi u V, — HadaabHOE M KOHEUHOE 3HaUeHUE 00beMa, M.
3Has (yHKIMOHANBHYIO 3aBUCHMOCTh P = f(V), mocienHee paBeHCTBO MOKHO

IIPEICTABUTH B BUJE:
Q' =AU+ [ f(V)dV. (4)
s maeanbHOro Bo3ayxa ¢ NOCTOSSHHOM TEIUIOEMKOCTBIO ¢y U3MEHEHUE BHYTPEH-
HE# sHepruu omnpeaensercs mo dopmyse [11, 12]:
AU =mgc, (T, -T,), (5)
rae M; — HayajJbHOE 3HAYCHUE MACChl BO31YyXa, KI; ¢y — U30XOpPHAsS TEINIOEMKOCTH
Bo3ayxa, Jx/(kr-K); T; u T, — HaYaJIbHOE M KOHEYHOE 3HAUYCHHE TEMIICPaTyphbl BO3-

nyxa, K.
C yuetom paBeHcTB (2) u (5) ypaBHenue (2.31) npumeT BU;

oc(Tt—Tf)Frzmlcv(Tz—Tl)erl\]gf(V)dV. (6)

Vi

J1J1s1 TOJMTPOITHOTO TpoIiecca CpaBeTMBO paBeHcTro [11, 12]:

(L) - P{ﬁ] , (7
m m,

rae M — macca Bo3ayxa, Kr, N — II0Ka3aTejib MOJIUTPOIIHI, P1 — Ha4YaJIbHOC OaBJICHHUC
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Bo3ayxa, Ila.
[TpounTterpupoBaB paBeHCTBO (6) ¢ yueToM paBeHcTBa (7), OyJeM UMETh:

BV,m, —RV,m
a(T, =T, )Fr=mg, (T, -T,)+ - 1m22(n_21)2 , (8)

rae M, — KOHEYHOE 3HaUE€HUE MACChl BO3/AyXa, KI'; P, — KOHEYHOE J1aBlICHUE BO3/yXa,
ITa.

[Ipu OTKPBITHIX BEHTWIISIX 6, 7 U 3aKPBITOM BEHTUJIE 8 (CM. pUC. 1) MBI OJIy4YUM
TEPMOJIMHAMUYECKYIO CUCTEMY, COCTOSIIYIO U3 ATAJIOHHON 5, KOMIEHCAIMOHHOU 4
€MKOCTEH U pacloOXKEHHBIM MEXTYy HUMH JU(depeHINaTbHBIM JaTYUKOM IIepena-
na naeneHus 9. Tak Kak 3TaJlOHHas €eMKOCTb PACIIONOKEHA B TEPMOCTATE, MOAEPKU-
BAIOLIEM ITOCTOSIHHBIM MOJOKUTENIBbHBIN OalaHC TeMIEpaTyphbl ¢ OKpYXarouiei cpe-
JOW, TO CYUTAEM, YTO U3MEHEHUS TapaMETPOB BO3/lyXa B HEW OYJyT MPOUCXOTUTH MO
anuabatHOMy 3akoHy, T. €. N = K, rae kK — koaddunment amunadarsr. Kpome srtoro,
CUMTas pacCMaTpUBAEMYIO CUCTEMY JOCTaTOYHO I'€pMETUYHOM, MpPU 3aKPHITOM BEH-
tusie 8 (cM. puc. 1) OyaeM UMeTh:

My =Mz = M,y
Pl = Psm;
Vl = VSI

rae m,,, — HadaJlbHOE 3HAaY€HHE MacChl BO3yXa B ATAJIOHHOW €MKOCTH, KT; P,,, —
HavyaJbHOE JaBJICHHE BO3AyXa B 3TAJIOHHON eMKOCTH, [1a; V,— 00beM 3TaJIOHHON eM-
KOCTH, M°.

B sTom ciydae ypaBHeHue 6ananca sHepruu (8) 1S 3TATIOHHOM €MKOCTH Oy/IeT
UMETh BUJI:

o, (T, =T, )F,r=m, GAT, + PV, —( Pa,H(: _AS )(V, +AV,) |

e o, — KO3(GUIMEHT TeIUIO0T/Aaun CTEHKH dTAIOHHOM eMKkocTH, BT/(M*-K); T},
TeMITepaTypa CTCHKH JTaJOHHOW eMKOCTH, K; F, — Imiomaas MOBEepXHOCTH ATAJIOH-
HO#t emKocTH, M°; AT, — H3MEHEeHHUe TEMIIEPATYPBI BO3/lyXa B dTAIOHHOW €MKOCTH, K;
AP, — U3MEHEHUE N1aBJICHUSI BO3AyXa B 3TaloOHHOM eMKocTH, [la; AV — HekoTopoe
U3MeHeHne oObeMa BO3/yXa B ATAJIOHHOW €MKOCTH 3a cUeT mporuba amadparmsl
muddepeHnranbHOTO AaTUrKa Mepenajia JaBjieHus, BBI3BAHHOE HAJTUYUEM IpajiieHTa
JaBJICHUS, M.

B ypaBuenuu (9) usmenenue oobema AV yCIIOBHO OEpPEM CO 3HAKOM «+.

AHaOTUYHOE ypaBHEHHWE MOXKHO 3alHCcaTh W JJII KOMIIEHCAITMOHHOW €MKOCTH,
VYHTHIBAs, IPU 3TOM, 4TO s Hee AV, HE0OXOoIuMO OpaTh C MPOTUBOIOIOKHBIM

©)
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3HAaKOM, a HaJIM4ue 00BEKTa KOHTPOJISI PU OTKPHITOM BeHTUje 6 (cM. puc. 1) nomo-
HUTEJIBHO JACT U3MEHEHHE Macchl AMy:

Ol (Tt —Tix ) Fct=m,CAT, +
PoVi (Mg, +Am ) =(P,,, + AR, )(V, —AV,)m, , (10)
(M., +Amk)(k 1) !

+

r/ie Oy — Kod(hGUIMEHT TEI00TAa4H CTCHKH KOMIICHCALOHHOMN eMKkocTH, Br/(M*-K):;
T;x — Temmeparypa CTEHKH 3TaJOHHOW eMKocTH, K; Fy — miomane moBepxHOCTH
KOMITCHCAIIHOHHON eMKOCTH, M, ATy — H3MEHEHHE TeMIepaTyphl BO3AyXa B KOMIICH-
CallMOHHOU eMKocTH, K; APy — U3BMEHEHUE NaBJIEHUS BO3yXa B KOMIIEHCAIIMOHHOM
eMkocTH, Ila; AV; — HekoTopoe m3MeHeHHe o0beMa BO3/lyXa B KOMIICHCAIIMOHHOM
€MKOCTH 3a cueT nporuda nuadparmel guddepeHmaisHoro JaT4uKa nepernaja J1aB-
JICHUSI, BbI3BAHHOE HAIIMYHMEM T'PAJIMCHTA IaBJICHUS, M .

3HaK W BeauyuHa AMy 3aBUCUT OT COOTHOIIEHUS BEJIMYUH HETEPMETHYHOCTH
00BEKTa KOHTPOJIS U KOJIMYECTBA TEIUIa, MOJYy4YaeMOIo WM OTIaBaeMOro 0OBbEKTOM
KOHTPOJISl 32 CUET €ro TEII00OMeHa C OKpy»Karouien cpenoil. [y npoBeneHus aHa-
nu3a B ypaBHeHuu (10) Amy yCIIOBHO BO3bMEM CO 3HAKOM «+).

Ha ocHoBanmu 3akona Ilackamst o paBeHCTBe namienHuii P =P, =P, a

AR = AP = AP, rae AP — u3MeHeHue JaBjeHHe BO31yXa B pacCMaTpUBAEMOM Tep-
MOJAMHAMHUYECKOM cHCTEME 3a IPOMEKYTOK BpeMeHH T, [1a.

B Tom ciydae, eciii 3TaJIOHHass M KOMIIEHCALIMOHHAs €EMKOCTHU BBITIOJHEHBI 01U~
HakoBoro oobema (V, = Vi = V), ¢ 0JJHOTO ¥ TOTO K€ MaTepuaia, MMEIOT OJIMHAKOBYIO
dopmy u reomerpuueckue napametpsl (F, = Fy=F), o a, = ax = o, a Trx = Tt,, = Tt
unpu Ty, = T,,, = T 6ynem umetb M,,, = My,, = M.

VYuuThiBas BBIIEU3IOKEHHOE M MpPHUpPABHHUBAs JIEBbIE YacTW ypaBHeHHU (9) u
(10), monmyumnm:

PV (m+Am,)—(P+AP)(V —AV,)m _
(m+Am, )(k-1) -
PV — (P +AP)(V +AV,)

(1)

BrinonnuB npeodpazoBanue ypaBHenus (11), OyneM uMeTh:

mc, AT, +
(11)

mc, AT, +

mc, (AT, — AT, ) =
[PV —(P+AP)(V +AV,)|(m+am ) =PV (m+Aam ) —(P+AP)(V — AV, )m
(m+Am,)(k—1)
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NI

(P+AP)[(V +AV,)(m+Am, )~ (V - AV, )m |

(m+am, )(k —1) (12)

mc, (AT, —AT,) =
C yuerom Ttoro, uro AV, << V, ypaBHenue (12), npeneOperas mporubom aua-

dbparmbl AuddepeHnaIbLHOro 1aTyuKa JaBJIeHUs, MOKHO MepenucaTh B BU/IE:

(P+AP)V  Am,
(k-1) m+Am,

mc, (AT, — AT, )= (13)

VYpaBHeHue (13) xapakTepu3yeT pacnpeleieHUE SHEPTUU B ITAIOHHOM M KOM-
IICHCALIMOHHOW €MKOCTAX, HaXOJIIMXCs BHYTPU TepMocTara. B aToM mponecce Best
coBeplIaeMasi BO31yXoM pabota (TpaBblil UIeH ypaBHEHMsI) MOJIy4yaeTCsl 3a CUET U3-
MEHEHHsI €ro BHYTpEHHEH 3Hepruu (JIEBBIN 4WiI€H ypaBHEHHs) M, HA00OpOT, Jr000e
M3MEHEHUE BHYTPEHHEN SHEPrur BO3AyXa CONPOBOXKAAETCS paboTOil BO3/1yXa MO Ime-
PEMENIEHUIO HEKOTOPOM Macchl BO3yxa AMy. 3HaK U BelInurHa AMy, 3aBUCIIIUE OT
3HaKa U BEJIMYMHBI AP, B CBOIO 04e€peb ONPEIEISAIOT 3HaK U Bennununy ATy.

Bxopsmue B ypaBHeHus (12) 3HaueHusi Macchl BO3yXa B ATAJIOHHON M KOMIIEH-
CallMOHHOW €MKOCTSX OIpeAeIsieTcs M0 YPaBHEHUIO COCTOsIHUA B opme MeHnpenee-
Ba-Knaneiipona [11]:

m=PV/RT, (14)

riae R — rasosas nmocrostnnas, Jx/(kr-K); T — temmeparypa, K.

Bxonsee B ypaBHeHue (13) 3Haue€HHE TEIJIOEMKOCTH €y MOXHO OIpPEACIIUTD,
BOCITOJIb30BABIIMCh U3BECTHBIMU 3aBUCHUMOCTSIMH ISl TETIJIOEMKOCTEH P MOCTOSIH-
HOM 00BbEME U JABJICHHUH, a UMEHHO (opMysoid Mailiepa u 3aBUCUMOCTBIO /IS TTOKa-
3arens aauadarsl [12]:

c,—cv=R; c,/c, =k
13 KOTOPBIX CJIEYET:
¢, =R/(k-1). (15)
Jiis cxxatoro Bo3ayxa (R = 287,14 JIx/(xr-K); K= 1,4) B COOTBETCTBHH C ypaBHE-

HueM (15), umeem ¢, = 717,85 JIx/(xr-K).
C yuyetom paBeHcTB (14) u (15) ypaBHenue (13) mpumer BU:



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) 'eorexniuna Mexanika. 2015. Ne122 33
AT, —AT P+ AP Am,
T P m+Am,

(16)

[Tockonpky 1m0 cBoeMy (U3MYECKOMY CMBICTY nAaBiieHue P, temmeparypa T u
Macca M MoJoXuTenbHbl, a AP < P; Amy < m, To, Kak cienyer u3 ypaBHenus (16),
AT, —AT, <0 npu Am < 0 1 AT, — AT, >0 npu Amy > 0.

3HadeHnss KOA(DPHUITMEHTOB TEIUIOOTAAYN O, = Ok = O, BXOISAIIAX B YPAaBHCHHUS
(9) u (10), ABIAIOTCS CHIPAaBOYHBIMU JTAHHBIMH, OJIHAKO HAMHOTO TOYHEE UX MOYKHO
ONPENEIUTh SKCIEPUMEHTANIBHBIM IyTEM, BOCIOJIb30BaBIIUCH ypaBHeHUEM (9). C
ATOM LENBIO0 3aKPBIBAIOT BEHTUJIb 6 U OTKPBIBAIOT BEHTHWIN 7 U 8 (cM. puc. 1). B atom
cilyyae, eclid cucTteMa JoctatoyHo repmetudHa, To AVy = 0 u AP = 0. Torga, 3Has
TEeMIIEpaTypy TepMocTara 7i 1 HAYaJIbHYIO TeMIIeparypy If, a TaKKe U3MeEpPss U3Me-
HeHue Temnepatrypsl AT, 3HaueHue koddduirenta o 0yneT paBHo:

mc, AT,
o=
(T.-T()Fr
WK ¢ yuetoM paBeHCTB (14) u (15):
PV AT, (17)

(k _:l')FT (Tt _Tf )T

[Tpu KOHTpOJIE TEPMETUYHOCTH 0€3 MOAKIIOUEHUs 00BbEKTa UCIIBITAHUH, T. €. IPU
3aKPBITHIX BEHTWISIX 6, 7 1 8 (cM. puc. 1) BemuumHa AMy, TOTydeHHAs] U3 YPaBHECHUS
(16), macT cTeneHb HErepMETUYHOCTH CaMOTO MHEBMOOJIOKA YCTPOMCTBA KOHTPOJISA
repMeTuyHoCTH [/]. B cocTaB mHeBMOOJIOKa BXOJAT CIAEAYIOUINE SJIEMEHTHI:

— KOMIIEHCAllMOHHAs U 3TAJIOHHAs! EMKOCTH;

— ¢ depeHunanbHbIA JaTYUK Nepenaaa JaBIeHus;

— 3all0pHAas apMaTypa U MHEBMOMArUCTPAIIH.

Bennunna coOCTBEHHON HETEPMETHYHOCTH IMHEBMOOJIOKA YCTPOMCTBA KOHTPOJIS
TFepPMETUYHOCTH, KOTOPYIO HEOOXOJWMO YUYUTHIBATH NPHU ONPEACIIEHUU CyMMAapHOU
HETEPMETHYHOCTH OO0BEKTAa KOHTPOJIA, B COOTBETCTBUU C ypaBHeHHEeM (16) Oymer

paBHa:
ko T = T ’

rae Amy, — N3MEHEHHE MacChl BO3yXa B KOMIICHCAIIMOHHOM €MKOCTH 3a CYET yTeu-
KH, KT.
C yuerom paBeHcTBa (14) nocieHee COOTHOIIEHUE TPUMET BU/L:

~ P?V (AT, —AT,)
" RT[T(P+AP)-P(AT, -AT)] '

AM (18)
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PaccmoTpuMm Tenepb TEpMOAMHAMHUYECKYIO CHUCTEMY, KOTOpas MpPH OTKPBITHIX
BEHTWJISIX 6, 7 M 3aKpbITOM BeHTUJIE 8 (CM. puc. 1), Oyner cocTosATh U3 00beKTa KOH-
Tpoias | U KoMIneHcamoHHON eMKocTH 4. Tak Kak 00BEKT KOHTPOJISl HE U30JIMPOBAH
OT BO3JICHCTBUS OKPYXAIOUIEH cpesibl, TO U3MEHEHUS TApaMETPOB BO3yXa B HEM Oy-
YT MPOMCXOAMUTH IO MOJUTPOIHOMY 3aKOHY C IOKa3aTesneM mnoiutpomns! N. Toraa
ypaBHEHUE OanaHca SHEpruu Juisi 00bEKTa KOHTPOJIs, C yuyeToM Toro, yto AV, = 0,
OyzZeT UMeTh BUJI, aHaJOTH4HbIN ypaBHeHHto (10):

a, (Ta —Tf,u) Ft=m,CAT, +
PV, (m,, +Am,)—(P, +APV,m, (19)
+
(mu’H + Amu)(n -1)

rae o, — Ko3(GQHUIUIEHT TEMIOO0TAaYN CTeHKH 06beKkTa KoHTpous, Br/(M*K); T, —
TeMIiepaTypa okpyxatomei cpenbl, K; 7T, — TemrepaTypa CTEHKH OOBEKTa KOH-
Tpoiis, K; F, — ruiomaas moBepXHOCTH 00BbEKTa KOHTPOJISA, M*; M, — HAa4aJIbHOE 3Ha-
YeHHE MAacCChl BO3yXa B 00bEKTE KOHTPOJIA, KT; AT, — U3BMEHEHHE TeMITepaTyphl BO3-
nyxa B 00bekTe kKoHTpons, K; P,,, — HauaJbHOM JIaBJICHUE BO3/lyXa B OOBEKTE KOH-
tpoiis, [1a; V, — o0beM 00beKTEe KOHTPOJIS, M Am,,,, — AI3MEHEHHUE MacChl BO3/lyXa B
00bEKTe KOHTPOJISI, KI; AP, — U3MEHEeHHUE JaBIICHHS BO37yXa B OOBEKTE KOHTPOJI,
ITa.

[Ipu >TOM, cCymMMapHasi BEJIMUMHA W3MEHEHMs] MacChl BO3AyXa B OOBEKTE KOH-
TPOJIS IJIS TIOJMTPOITHOIO IPOIEcca ONPEACIISIETCs 0 YpaBHEHHIO [7]:

Am,=m, (%+1J%—1 , (20)

rne AP onpezaenseTca Kak CyMMapHOE U3MEHEHHE JIaBJICHUs BO3yXa B 00ObEKTE KOH-
TPOJISL.

C yuetom paseHcTB (14), (15), (20) u Toro, 4yto Ha ocHOBaHMH 3akoHa [lackans o
paBeHCTBe AaBneHuu, P, =P, a AP = AP :

L U AR e T L SR 1)

T, (k=17 " (n-1) (n—l)(A;lej%

VYpaBHeHue (21), mosrydeHHOE Ha OCHOBAHHMM IEPBOTO 3aKOHA TEPMOJWHAMUKH,
XapaKTepU3yeT pacrpeesieHne MOABEACHHOW (MM OTBEIEHHOM) K OOBEKTY KOH-
TPOJISI TEIJIOTHI MEXKJIy €ro BHYTPEHHEH SHEpruei M coBepIacMoi TersioTou pabdo-
Thl. B 00111eM cllydae XapakTep 3TOro pacnpeeiaeHus: MPOU3BOJIEH U HE MOAAeTCs
OMKCAHMIO, T.K. JIOJIM TEIJIOTHI, 3aTpaurBaeMbie Ha padOTy U BHYTPEHHIOIO YHEPTHIO,
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MOTYT MEHATHCS B JIFOOBIX OTHOIIEHUSX. [IpU KOHTpOJIE TEPMETHYHOCTH TI0 METOY
dbuKcHpoBaHHBIX 00bEMOB (CM. pucC. 1), kKak ciemyeT u3 paBeHcTs (18) u (20), cnpa-
BEJJTUBBI CIICYIONINE 3aKOHOMEPHOCTH [7]:

— MaccoBas BEJIMYMHA CTENEHU HETEPMETUYHOCTH 00bEKTa KOHTPOJIS HE 3aBUCUT
OT €ro TerI000MeHa ¢ OKpYyXKalollel cpefioil M OmpeeNsieTcs Mo mnepepacnpeene-
HUIO MacChl KOHTPOJIBHOTO T'a3a MEXIAY 00bEKTOM U KOMIIEHCAIIUOHHOW €MKOCTBIO;

— BJMUSHHUE TPAJAUEHTOB NAapaMETPOB OKPYNKAIOLIEH Cpeabl YUUTHIBACTCS MOKAa3a-
TEJIEM TIOJIUTPOIIBI ¥ TIOTPABOYHBIME KO3(PPUIIMEeHTaMy Ha PE3yJIbTaThl H3MEPEHUH.

Taxkum 00pa3oMm, BBITOTHEHHBIC WCCIAEAOBAHNS TIO3BOIMIN MOJYYUTh YPaBHCHHE
TEIJIOBOr0 OajlaHca SHEPruM i TePMOAMHAMUYECKOTO aHajlu3a MapaMmeTpoB, Xa-
PAKTEPUBYIOIIUX MPOIIECC YTEUKH ra3a U3 KOHTPOJIUPYEMOT0 00bEKTa C YUYETOM Tell-
J000MeHa ATOro 0OBEKTa C OKpYXKAIOMIeH cpesoil. Y CTaHOBJICHBI 3aKOHOMEPHOCTH
pacrpeneneHus SHEPTruy B STAJIOHHONW U KOMIIEHCALIMOHHOM €MKOCTAX, HaXOASIIUXCS
BHYTpU TepMOCTaTa, U B3aUMOCBS3U MOJBOJIMMON WU OTBOJMMOMN K OOBEKTY KOH-
TPOJISL TEIUIOTHI MEXAY €r0 BHYTPEHHEW DHEPrUeW U COBEPIIAEMOW ATOW TEIUIOTOU
MEXaHM4YEeCKOI paboToi.
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AHoranisa. PoboTa crnpsiMoBaHa Ha TEPMOJIMHAMIYHHI aHaNi3 MapameTpiB, 10 XapaKTepu3y-
I0Th MPOLIEC BUTOKY ra3dy 3 KOHTPOJIbOBAHOTO 00'€KTa 3 ypaxyBaHHSIM HOTo TEII00OMiHYy 3 HaBKO-
JIUIIHIM CEePEeIOBUIIIEM.

OTpuMaHO PIBHSHHS TEIJIOBOTO OalaHCy, SKE XapaKTePU3ye PO3MOALIT SHEprii mpu KOHTPOIi
TEPMETHYHOCTI TTOPOKHUCTUX 00'€KTIB MO MeToay (ikcoBaHUX 00'eMiB. MeTomoJI0TisI epeadavae
BUKOPHUCTaHHA JIBOX MICTKOCTEH, B OJHIH 3 sKHX (eTajoHHil) (QiKCYIOThCS MOYATKOBI MapaMeTpu
BUMIpIB, a B 1HIIN (KOMIEHCAIlIHIN) - MOTOoYHI. TepmocTabimizalis 1UX MICTKOCTEH MiHIMI3ye
30ypeHHs BiJ] TEIUIOBOTO BIUIMBY IPaJII€HTIB MapaMeTpiB HABKOJIUIIHBOTO cepeoBUIIla. BukoHanuii
aHaII3 PO3MOJAUTY €Heprii Mpu KOHTPOJI TePMETUYHOCTI MOJOro 00'€KTa Mo MeToay (hiKCOBaHMX
o0'emiB. [lociipkeHo TepMOIUHAMIYHI TapaMeTpH (I3UYHUX MPOIIECIB, IO BiOYBAIOTHCSA B 3aKPH-
Til TEPMOAMHAMIYHINA CUCTEMI 3 YpaxXyBaHHIM i HETEPMETUYHOCTI Ta TETNIOOOMIHY 3 HaBKOJUIIIHIM
cepenoBHIeM. BCTaHOBIIEHO 3aKOHOMIPHICTH PO3MOJIUTY €HEprii B €TaJOHHIM Ta KOMIICHCAIIHHIN
MICTKOCTSIX, 110 3HaXOJAThCS BcepeanHi TepMmoctara. [Toka3zaHo B3a€MO3B'I30K BHYTPIIIHBOT po0o-
TH Ta3y, SKHH 3aCTOCOBYETHCS IS KOHTPOJIIO T€PMETUYHOCTI, Ta pOOOTH, IO 3IIHCHIOETHCS HUM 3
MepeMilIeHHsI MacH 1IbOTO Tasy.

Kiro4oBi ci10Ba: KOHTPOJIb TEPMETHYHOCTI, METO (PIKCOBAaHUX 00'€MIB, €TAJIOHHA T4 KOMIICH-
calfiiiHa MiCTKICTb, BUTIK, TEITNIOOOMiH, HABKOJIMIIIHE CEPEIOBHIIE, EHEPTisl, poOoTa.

Abstract. The work is focused on thermodynamic analysis of parameters which characterize a
process of gas escaping from the controlled object with taking into account its heat exchange with
the environment.

A heat balance equation was formulated, which describes energy distribution when leakage
from the hollow objects is monitored by the fixed volume method. The methodology assumes us-
ing of two vessels, in one of which (reference vessel) initial measurement parameters are fixed, and
in the other (compensation vessel) current measurement parameters are recorded. Thermal stabiliza-
tion of these vessels minimizes thermal perturbations caused by gradients of environmental parame-
ters. Energy distribution was analyzed at monitoring leakage from the hollow object by the fixed
volume method. Thermodynamic parameters of physical processes, which occurred in a closed
thermodynamic system were investigated with taking into account rate of the system leak proofness
and heat exchange with the environment. Pattern of the energy distribution in the reference and
compensation vessels inside the thermostat was set. Interdependence was showed between internal
work of the gas, which was used for monitoring the leakages, and the job which was performed for
this gas mass motion.

Keywords: leakage monitoring, fixed volume method, reference and compensation vessel,
leakage, heat exchange, environment, energy, job.
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Pexomenoosarno k nyonuxayuu 0-pom mexu. nayxk B.I. [lleguenko



38 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eotexHiuna mexanika. 2015. No122

V]IK 622.413.4.002.237
HukosaeB A.B., kKaH/. TeXH. HayK, JOIICHT
(ITHUITY)
IIYTU NIOBBIINEHUA 9OPEKTUBHOCTHU BO31YXOIIOAI'OTOBKH
HA 'OPHOAOBBIBAIOIIUX IIPEJAIIPUATUAX

Hikonaes O.B., kaHa. TeXH. HayK, JOIIECHT
(ITHAITY)
HIJVIAXHW HIIBUINEHHA EOEKTUBHOCTI ITIOBITPOIILIATI'OTOBKH
HA T'TPHUYOBUAOBYBHUX IIIIIPHEMCTBAX

Nikolayev O.V., Ph. D (Tech), Associate Professor
(SNRPU)
WAYS TO INCREASE AIR-TREATMENT EFFICIENCY IN THE
MINING ENTERPRISES

AHHOTanusA. B cTaThe NpHUBOAUTCS ONHUCAHUE PA3NMYHBIX KOHCTPYKLHMH MIAXTHBIX KaJOPH-
¢depupix ycranoBok (LLIKY). B mepBom Bapmante mpexacrasiena LKV, cocrosimas u3 snekrpo-
HarpeBaTreIbHbIX IUIACTUH. BO BTOPOM — M3 IJIACTMHYATHIX JIEMEHTOB, SBJISIOLUXCSA pedpaMu Tpy-
00Kk ¢ TeroHocuteneM. B oboux ciydasx mpemaraercs pacnonarats LIIKY B xanopudeprom ka-
Hajie, 000pyJI0BaHHOM [0 IepuMeTpy TepmocTekiioM (thermo glass). Tperuii BapuaHT TeXHHYECKO-
IO pelIeHUs MPEANOIaraeT pacnoyioKeHne TeMI000MEHHUKOB 110 IEPUMETPY HAAIIAXTHOTO 3/1aHUs
B oAMH psa. Takxke B cTaTbe ONMCHIBaeTCs cuctema apromarusauuu padotel IIIKY coBmecTHO ¢
aBTOMATUYECKUM YIPABICHUEM peXUMaMH pabOThl TJIaBHOM BeHTWJIATOpHOHM yctaHoBKH (I'BY),
MO3BOJISIONIAs HOBBICUTH 3(PPEKTUBHOCTH BO3AYXOMOATOTOBKH.

KutoueBble cioBa: maxTtHas KajgopudepHas YCTAaHOBKA, IUIACTUHYATHIE JIEMEHTHI, KaJOpH-
(bepHBIii KaHall, TEPMOCTEKIIO, TJIaBHAS BEHTUISATOPHAS YCTAaHOBKA.

Ha Bcex moa3emMHbIX TOPHOAOOBIBAIOMIMX MPEANPUATHSIX C LENbI0 00eCIeUeHUs
0€30IacHOCTH OCYIIECTBIIEHUS MPOU3BOACTBEHHOTO Mpoliecca coriacHo [1] momaBa-
€MBbIl B BO3IyXONOJAOIINE CTBOJBI BO3AYX B XOJOJIHOE BpeMs roja HeoOXOIMMO
NoJI0rpeBaTh B AXTHBIX KanopudepHsix ycraHoBkax (LIHKY) no temmnepaTypsl He
amke +2 °C. B HacTosiiee BpeMs IIHPOKOE MPHUMEHEHHE HAIILTH BOSHBIC, a B YCIIO-
Busax Kpaiinero Cesepa snekrpuueckue [LIKY. B cBs3u ¢ TeM, yTo 00beMbI 10/1aBae-
MOTO B IIAXTy (pyAHHUK) BO3yXa 3HAYUTENIbHbIC IO CBOEH BEJIMYMHE, HA €r0 HarpeB
TaK)Ke TpeOyeTcs 3aTpayuBaTh 3HAUUTEIbHOE KOJIMYECTBO SHEPTUU.

Taxke npu momorpeBe Bosnyxa B IIIKY BosHmkaer mpobiieMa HOpMamu3amuu
TEIJIOBOTO PEXUMa B BO3IYyXOIOAAIOLIMX CTBOJaxX. BrI3BaHa OHA T€M, 4TO B BO31Y-
XOTOJAIONIUH CTBOJI MOCTyMHaeT JaBa MoTtoka Bozayxa: HarpeTold B IIIKY (Quky) u
moJjicachlBaeMbIil uepe3 HaamaxTHoe 31aHue (Qy ;) 32 c4eT oOIIenaxTHO! Jemnpec-
CHH, CO3/1aBa€MOM TJIaBHOU BEeHTWIATOPHOM ycTaHoBKou (I'BY) (puc. 1)

C uenpio mojaepx aHusi TpeOyeMOl «CMEIIMBAEMOCTH» HEOOXOAMMO PEryiIupo-
BaTh MPOU3BOJUTEIBHOCTh U JABJICHHE, PA3BUBAEMOE HArHETATEIIbHBIMU BEHTUIISATO-
pamu LIKY.
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