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METO/JAYECKHI MOAXO0] K PACYETY U BLIBOPY IIAPAMETPOB
BAPBOTAKHOM CUCTEMBI TOIIJIMBONOATOTOBKH

OJiHO#T U3 BaXXHBIX 3aJ]a4, PEIIaeMbIX CPEJICTBAMH 3alPaBKHM JICTATENIbHBIX AIIapaToB, SBISETCS obecreye-
HHE TpeOyeMBIX ITapaMeTpOB KOMIIOHEHTOB TOILIUB, KOTOPBIE JOCTUTAIOTCS B MPOLECCE TOINIMBOIOATOTOBKU. Ha
HPAaKTHKE JUIS PEILICHUS 3aa4l 00€3BOXKUBAHNUS YIIICBOAOPOAHBIX TOPIOYMX, HACHIIIICHHS FA30M U JICTa3UPOBAHUS
MIMPOKOE IPUMEHEHUE OIydrI 0apOOTaXx TOIUINBA Ta30M.

Llenbio paboThl sBIsIeTCs: pa3paboTka 0OOOLIEHHOr0 METOJMYECKOro MOAXOAa K OMHCAHUI0 (PU3HIECKO
KapTHHBI, BO3HHUKAIOMIEH B IIpoliecce TOIIUBOIOATOTOBKHY Ipu OapOoTaxe, a Takke OIpeeeHre Ha TOH OCHOBE
HPOCKTHBIX TapaMeTpoB 6apOOTAXKHBIX KOJUIEKTOPOB, 00ECIECUHBAIOIINX HUBEINPOBAHUE TEXHOJIOINYECKON paB-
HOBECHOCTH TIpOIIecca.

Jlist onpezeneHus XapakTepUCTHK mpolecca 6apOoTaxa u MPOEKTHBIX MapaMeTpoB 0apOOTaXKHBIX KOJIICK-
TOPOB PACCMOTPEH MEXaHU3M HCTEUCHHS ra3a B JKHIKOCTh Yepe3 OTBEPCTHUE.

ITo pesy:nbTaTaM BBIMNOJIHEHHBIX PabOT pa3paboTaHa METOAMKA pacyueTa ONpPEC/IAIOINX apaMeTpoB 6ap-
00Ta)KHOTO IIpolecca TOIUIMBOIOATOTOBKH, BKIIOYAIONIAs: ONPENENICHHE TPAaHUYHBIX PEXUMOB 0apOOTaKHOrO
HpOLIECCa; ONpeJIeCHHe KPUTHYECKUX PaJNyCOB ITy3bIPHKOB, IPH KOTOPHIX HACTYNAeT MX APOOJIEHHE, a TaKkkKe
JIIaMeTPOB YCTOIYHMBBIX ITy3BIPHKOB; pacdeT yIeIbHOH Mexda3HOl ITOBEPXHOCTH, P EICTaBIIONIeH OTHOIICHUE
CYMMapHO# MOBEPXHOCTH I'a30BbIX My3bIPKOB K 00BbEMY JKMAKOCTH; OIPE/EICHIE H3MCHEHHUS Ia30COACPIKAHUS B
CJI0€ TOILUIMBA JUIS TOPU3OHTAIBHO PACIIONOKEHHOH eMKOCTH B 3aBHCHMOCTH OT PacXOJOHAINPSKEHHOCTH 6ap0o-
THPYEMOTO rasa.

BripaboTansl pekOMEHIaINH 110 KOHCTPYKTUBHOHN cxXeMe 6apOO0TakKHBIX KOJUIEKTOPOB JUISl YCTAaHOBKH TOII-
JIMBOIIOATOTOBKH.

OJHUM 3 BaXJIMBHX 3aBJaHb, L0 BUPILIYIOTBCS 3aco0aMu 3alpaBiieHHs JITAIBHHUX araparis, € 3abesrne-
YeHHs] HEOOXIAHHX MapaMeTpiB KOMIIOHEHTIB MAJMB, SIKi JOCATAIOTHCS B MpoLeci ManuBomiAroroBku. Ha mpak-
THL JUIS BUPILICHHS 3aBJaHHs 3HCBOAHIOBAHHS BYIJICBOJHEBHX TOPIOYMX, HACHYCHHS Ta30M i Jera3yBaHHS IIH-
POKe 3aCTOCYBaHHs IicTaB 6apOOTax maauBa ra3oMm.

Mertorw po6oTH € po3podKa y3aralbHEHOr0 METOAUYHOIO MiJX0Ly [0 OMUCY (i3MYHOI KapTHHH, 1[0 BUHHU-
Ka€ B MPOIECi MaaMBOMIArOTOBKH HpH 0apOoTai, a TaKOXK BH3HAYEHHS HA Liif OCHOBI MPOEKTHHX MapaMeTpiB
6apOOTaKHUX KOJIEKTOPIB, 10 3a0€3MeTyIOTh HiBEJIIOBAHHS TEXHOJIOTTYHOI PIBHOBAKHOCTI IPOIIECY.

J1st BU3HAYCHHST XapaKTEPUCTHK MpoLecy 6apOoTaxka i MPOEKTHHX mapameTpiB 6apOOTaKHUX KOJIEKTOPIiB
PO3IISIHYTO MEXaHi3M BHTIKaHHS Ta3y B PiMHY 4epe3 OTBip.

3a pe3ynpTaTaMu BUKOHAHHX POOIT po3pobiieHa METOAMKA PO3paXyHKiB BU3HAYAIBHUX HapaMeTpiB 6apbo-
TaXHOTO IPOLIECY MAIMBOIIATOTOBKH, IO BKIFOYAE: BU3HAUCHHS IPAHUYHUX PEKHUMIB 6apOOTaXHOroO MPOLECY;
BU3HAYCHHSI KPUTHYHHUX DPAJiyCiB Iy3UPYUKIB, OPH SKHX HACTAE iXHE IPOOJEHHS, a TaKOX HiaMETpiB CTAIUX
IIy3UPYHKIB; PO3PaXyHKH IIUTOMOI MiX(a3HOi IIOBEPXHi, IO € Bi[HOMICHHAM CyMapHOI OBEPXHi Ta30BUX Iy3Up-
YHKIB 10 00'€eMy PiMHU; BU3HAYEHHS 3MiHM Ia30BMICTY B ILIapi MajKBa Ul TOPU30HTAIBHO PO3TAIlIOBAHOT EMHO-
CTi 3aJI©)KHO BiJl BUTPATOHANPYXKEHOCTI 0apOOTipyeMOro rasy.

Bupobieni pekomeHaallii 3 KOHCTPYKTHBHOI CXeMHU 0apOOTaXHUX KOJICKTOPIB Ul YCTAaHOBKH IMAJIMBOIIII-
TOTOBKH.

One of the important problems is to provide the required parameters of propellant components, which are
attained by the propellant preparation. This problem is resolved by facilities for spacecraft propellant filling. In
practice splashing the propellant by gas is widely used to resolve the problem of dehydration of hydrogen-carbon
fuel, gas saturation and degassing.

The research subject is to develop a generalized methodic approach to description of a physical pattern dur-
ing the propellant preparation with splashing as well as determination of the design parameters of splashing col-
lectors for levelling a technological balance of the process.

To define the splashing characteristics and the design parameters of splashing collectors, the mechanism of
the gas flow in fluid through orifice is examined.

In accordance with the research results the design procedure of the determining parameters for splashing
during the propellant preparation is developed including: determination of the limiting conditions for splashing;
critical radii of bubbles resulting in crushing, diameters of stable bubbles as well as calculations of a specific
interface surface represented by the relation of an overall surface of gas bubbles and a fluid volume; determination
of variations in the gas content in propellant layer for a horizontally-located capacity depending on gas intensity
of the splashed gas.

Recommendations are made for the design of splashing collectors of propellant preparation facilities.

OnmHO¥ M3 BAXKHBIX 33144, PEIIaeMbIX CPEICTBAMH 3aIIPABKH JICTATEIHHBIX all-
napatoB (JIA), sBusercs obOecrieueHHe TpeOyeMbIX MapaMeTpoB KOMIIOHEHTOB
toruuB (KT), KOTOpble HOCTUTAIOTCS B MPOIECCE TOILTMBOIIOATOTOBKU. B obmem
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ciIy4ae, IeJIb TOTUTUBOIIOATOTOBKH — o0ecredeHrne HeoOXOAMMOro Baro- U ras3o-
COJIepKaHuUs TOTUIHB.

B KOHIMIIMOHHOM TOIUIMBE, KaK M B JIFOOOH TEXHHYECKH YHMCTOH >KHIKOCTH,
JIOITYCKAeTCsl HAMYME HEKOTOPBIX IMpPHUMEcel, He OKa3bIBAIOMIMX, W3-3a MAaJoi
KOHIICHTpaIuy, BiIusHUS Ha cBoiicTBa KT. OxHako nx npeneiabHble KOHIICHTPAITAN
CTPOTO PErIaMEHTHPYIOTCSL.

[Ipu HECOOTBETCTBHM TpEAENBHBIX KOHIEHTPAIU 3aJaHHBIM TpPeOOBaHUIM
SKCIUTyaTallMOHHBIE W DJHEPreTUYeCKHe XapaKTePHCTUKH TOIUIUB CYIIECTBEHHO
YXYAIIAIOTCS, 9TO BIIOCIEACTBUN MOXKET OKa3aTh HETATHBHOE BIFSIHUE HA paboTo-
criocobHoCTh JIA.

N3BecTHO, UTO pacTBOPEHHBIA BO3AYX OTPHUIATEIHHO BIHMSIET Ha HEKOTOPHIE
9KCITyaTallMOHHBIE CBOWCTBA YTIJIIEBOJOPOMHBIX TOIUTMB, MPEXKIE BCEro Ha HX
npokaunBaeMocTs [1]. Tak, mpu NOHMKEHUH BHEITHETO JaBJICHUA (C YBEIHUEHUEM
BBICOTHI TTosieta JIA) pacTBOpUMOCTD BO3yXa B TOIUIHMBE YMEHBIIAETCS — BO3IYX
HAYMHAET BBIJICISITHCSA, YHOCS C COOOM Mapsl TOIDIMBA. B 3THX yCIOBHSAX IO TOTI-
JUBHOU cucTeMe OyJeT mepeKadnBaThCS HEOTHOPOIHAS KUAKOCTE (CMECh KHUIKO-
CTH W TIAPOTa30BEIX MMy3bIpeit). O0OBeM maporazoBoii (a3bl MOXKET JOCTUTHYTH Ta-
KOH BEIMYWHBI, YTO MOXKET HapYIINTh HOPMAIBHYIO pabOTy HACOCOB, BILUIOTH JIO
KaBUTAIMOHHOTO cphiBa [2, 3]. OOpa3oBaHHe M WMCYE3HOBEHHUE ITy3HIPHKOB B CH-
CTeMe T0J[a9y TOTLTUBA MPHUBOANT TaKKe K BOSHUKHOBEHHUIO KOJeOaHU JaBIICHUS,
KOTOpBIC BIUSIOT Ha IMPOIECCHI, MTPOUCXOMISIINE B KaMepe CrOpaHus, U yCTONYIH-
BOCTh ropeHus [4].

Kpowme atoro, s 6e3onacHON U HaJIe)KHOHN dKCILTyaTanun JIA GombIioe 3Ha-
YeHHEe MMEET BIIAaroCO/ep KaHNEe YTIEBOJOPOMHBIX TOIUIMB M O0YCIOBIICHHBIE W3-
MEHEHHEM TeMIIepaTyp TaKue sSBICHU, KaK: Iepexo paCTBOPEHHON BOJBI B CBO-
00JTHOE COCTOSIHEIE; TepPeXO Kareldh BOJBI, BBHIIEIUBIINXCS W3 TOIUIMBA, B KPH-
CTaJIBI JIbJIa; OOpa30BaHME MHES Ha CTEHKaXx eMKocTed W T. m. Tak, Hampumep,
KPUCTAJUTBI JIbJIa TIPUBOMAT K 3a0MBKE (QHIBTPOB, MPUMEHSEMBIX B THAPOCHTEMAX
JIA, 9TO OKa3BIBa€T HETATUBHOE BIUSHIE HA TIepeKayKy TOIUIUB [5, 6, 7].

B cuny ykazanubix ocobennocteit KT, TOMMMBOMOATOTOBKA SIBIIIETCST 00513~
TETHHBIM KOMIUIEKCOM MEPOIPHSTHN B HA3€MHOM TEXHOJIOTHUYECKOM 00O0pYI0Ba-
HUM, KOTOpPHIE HAlpaBJIeHBl Ha JOCTIKeHUe Tpebyembix mapameTpoB KT mepen
3ampaBkoit JIA, a e€ 3pPexTUBHOCTE OIpenensieTcs UCIOoNb3yeMbIMH METOIAMH U
000py/IOBaHUEM.

Ha mpaxTuke ans pemeHus 3afadn 00€3BOKUBAHUS YTIIEBOJAOPOIHBIX TOPIO-
YUX, HACKHIIIEHUS Ta30M U JIETa3MpPOBAHUS MIMPOKOE MPUMEHEHHE TTOIyqri 6apOo-
Ta)k TOIUIMBa Ta3oM [8].

[Ipomecc OapboTaxka, Kak MpaBUIIO, peaTM3yeTCs IMojadeil ra3a B KHUIKOCTh
yepe3 cucteMy nephoprUpOBaHHBIX TPYOOIPOBOIOB, PACIIONOKEHHBIX B MPH/OH-
HOW 9aCTH €EMKOCTH Y UMEIOIIUX OTBEPCTHUS OTIPEICICHHOTO CEUSHUSI.

JmMTenbHOCTh Tporiecca TOTLTMBOIIOATOTOBKH, a TaKXKe 3aTpaThl 0apOoTHpy-
€MOr0 ra3a B 3HAUHTEIBHON Mepe OIPeNeaI0TC THAPOAUNHAMUKOMN OapOoTaxa.

U3 Teopun mMaccooOMeHa M3BECTHO, YTO MHTEHCHBHOCTH INPOLECCOB B Ta30-
KHUJIKOCTHBIX CHCTEMax 3aBUCHT OT Koa(duuueHra MmaccoooOMena ([3) u mosepx-

HocTH MaccooOomeHa (F). C ux yBenuueHneM 3¢ (heKTHBHOCTH Ipoliecca Bo3pacTa-
et [9].
Koadduuuent B 3aBUCHMOCTH OT THIA YCTAaHOBKU TOIUIMBOIIOATOTOBKH U

THIPOANHAMHYECKOTO pexXuMa €€ paboThbl MOXKET M3MEHATHCS MPOHOPLUOHAIBHO
ckopoctu moroka B crernenn 0,3+1 [10]. [Toaromy mist BeIOOpa panmoOHAIBLHOTO
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peXrMa Ba)KHOM 3ajjadell SBIETCS ONpeAeNieHHe XapaKTepucTHK OapOoTaxka
(CKOpPOCTh BCIUTBITHS Ty3BIPHKOB, (hOpMa BCILIBIBAIOILIMX ITy3bIPHKOB, Ta30Coep-
XKaHue, yaenbHas Mex(asHasi TOBEPXHOCTh U T.JI.), BIUSIONINX Ha MPOIECChl Mac-
CO00OMEHa TIPH TOILTMBOIIOATOTOBKE.

Lenpto paboTHI SABIAETCS pa3padoTKa 000OIIEHHOTO0 METOIUYECKOTO TOIX01a
K OIMCAHUIO (PM3MUECKON KapTHUHBI, BO3HUKAIOIIEH B IPOIECCe TOTUTUBOIIOATOTOB-
Ku 1ipu O6apboTake, a TakKe OMpe/esIeHne Ha 3TOM OCHOBE MPOEKTHBIX ITapaMeT-
poB 6apOOTAKHBIX KOJIJICKTOPOB, 00CCIICUNBAIOIINX HUBEIHPOBAHUC TEXHOJIOTH-
YEeCKOW PaBHOBECHOCTH TIpOIlecca.

st ompenenenns xapakTepUCTHK Mporecca 6apboTaka W MPOEKTHBIX IMapa-
MEeTpOB 0apOOTaXKHBIX KOJUIEKTOPOB PAacCMOTPUM MEXaHW3M HCTEUEHHs ra3a B
KUJKOCTh Yepe3 OTBEPCTHE.

B 3aBrcuMoOCTH OT BEMYMHBI pacxojia ra3a HaOJII0al0TCs Pa3IndHbIe THAPO-
TMHAMHUYeckue pexumMbl. Tak, B padote [11, 12] BeIIensIOT ABa pekuMa: My3bIph-
KOBBIH 1 cTpyitHBIH. [1y3bIpbKOBBIN pekuM HAOIIIOIAeTCsI IPH MaJIOM pacxojie Ta3a
U XapaKTepu3yeTcs MPOoX0oKIeHHEeM depe3 )KUIKOCTh OTJIENbHBIX My3bIpbKOB. Pa3z-
Mep 00pa3yIOIMXCs My3bIPFKOB OJIMHAKOB, ITy3BIPHKH PABHOMEPHO PaCIpeIeIeHbI
0 BBICOTE XUAKOCTH. [Ipy MOBEIIEHNH pacXxoa A0 BETUYHHBI, Ha3bIBAEMOU KPH-
TAYECKOW, peamn3yercss MEepexXOqHOW pekuM 0apOoTaka, MPOUCXOAWT CIHSHUE
ITy3BIPHKOB | MOCIEAyIomIee (OPMHUPOBAHHUE CTPYHHOTO pEeKUMA.

BennanHa KpUTHYIECKOro pacxofa rasa V., 3aBHCHT OT AUaMeTPpa OTBEPCTHS

OapboTepa, PU3NIECKUX CBOWCTB XUAKOCTH, B KOTOPYIO HCTEKaeT ra3, U MOXET
OBITH paccunTaHa 1o 3aBucumoctu [13]
0,83
o, -dg,
V,p =182-¢%0 . Zx ot 1)
Px

rae § — yCKOpeHHe CBOOOJHOrO MaAeHHs, G, — KOIPPHUIUEHT MOBEPXHOCTHOIO

HaTsDKCHUS )KUAKOCTH, P, — INIOTHOCTB XKUAKOCTH, d — AUaMCTp OTBEPCTUS B

OTB
0apO0TaKHOM KOJUIEKTOPE.

3HaYeHUsT KPUTHUYECKOTO PacXojia ra3a B 3aBHCUMOCTH OT JHWameTpa OTBep-
CTHS, PACCUUTAHHBIC MO 3aBUCUMOCTH (1) JUIS BOJIBI M PAKETHBIX TOTUTUB (230THBIH
TETPAOKCH/], HECUMMETPUYHBIN TUMETHITHIPA3KH), IPUBECHBI Ha puc. 1, rae 1 —
A30THBIA TETPAOKCHJI;, 2 — HECUMMETPUYHBIH JTUMETHITHAPa3uH; 3 — Boja; 4 —
9KCIIEPUMEHTANIbHBIC 3HAYCHUST KPUTHUECKOTO PACX0/1a ra3a B BOJAY U3 OTBEPCTHSI
auamerpom 0,4 cm o marHbIM [14].
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Puc. 1

CormnacHo BU3yalbHBIM HaOmOAcHUSAM [15], ra3oBbIil MOTOK MpU CTPYHHOM
peXUME UCTCUCHHMSI TIOCTOSIHHBIM, COXpaHSIONIMI GopMy U pa3Mepsl dakena. ITOT
(haken BcreACTBUE TMHAMUYECKOTO B3aUMOACHCTBHSA ra3a 1 >KUJAKOCTH pacrajaet-
Csl B ITOCTIETYIOIEM Ha OTIENbHBIC MY3bIPbKH, JBIKYIIHECS B )KUAKOCTH.

B pabote [16] oTMeuaeTcs, 4TO Ja)xe MpPU MajbIX pacxojaxX pacHpeeiieHue
MY3BIPEKOB HE SIBISIETCSI paBHOMEPHBIM. J[namMeTp 00pa3yromuxcsi My3bIpbKOB HE
MOXET OBITh CTAOMJILHBIM M XapaKTePU3yeTCs CIIEKTPOM pa3MepoB. B mporecce
1oJbeMa My3bIPbKOB BO3MOXKHO HX CIHMSHHE M 00pa3oBaHUE KOMIUIEKCA MY3bIPb-
KOB, JIBHJKYILETOCS CO CKOPOCTBHIO, 3HAYUTEIBHO MPEBBHIMIAIONIEH CKOPOCTh CBO-
0OIHOTO BCIUIBITHS OTACIBHBIX ITy3bIPHKOB.

[IpuMenuTeNnbEHO K MpoIeccaM TOIUTMBOIOATOTOBKH C UCIOJIL30BaHUEM Oap-
OoTaxa HEOOXOJIUMO 00ECIECYUTh PA3BUTYIO TYPOYJIEHTHOCTh B JKUIKOCTH, 00Y-
CIIOBJICHHYIO BCILIBIBAIOIIIMMH T'a30BBIMHU Iy3bIpbkaMu [17] U XapakTepH3yroIyo-
csi Gonmpiiumu ymciamu Peiinonbaca (Re>800), 4To COOTBETCTBYET CTpYHHOMY
pexxuMy ucTedeHus rasa. [Ipu atom no ganHbM [18] npu uncnax Peitnonbaca 60-
nee 200 my3bIpek TepsaeT chepudeckyro GopMy U MpUHUMAeT GOpMY CILTIOIIEHHO-
'O 3JUIATICOU/IA, KOPOTKAsi OCh KOTOPOTO PACIIOJIOKEHA B HAMPABIICHUH JIBHKCHHSI.

Cornacho [19], rpaHuIbl CylecTBOBaHHs Pa3inuHbIX (HOPM ITy3bIPHKOB MOXK-
HO onpeaenuTs rpadudecku (puc. 2). C 5TOH 1eNnb0 UCTIONB3YIOTCS CIIeTYIONIIe
KPUTEPHHU.

Kpurepuii DTBemia, xapakTepu3yIOHMIUH OTHOIICHWE CUJI TPAaBUTALMU M TIO-
BEPXHOCTHOTO HATSKEHHUS,

EO:g'D]?'(pae_pé)’ (2)
(¢)

=<1

rie P; — IUIOTHOCTH OGapOortupyemoro raza, D, — muamerp BcruisiBaromiero my-

3bIpbKa.
Kpurepuii MopToHa, 3aBHCSAIINN TOJBKO OT (PU3HYECKUX XapaKTEPUCTHK (a3,
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Mzg‘Hi'(Pms—Pz), (3)

2
Paic O

rae W, —Kod(pOHUIMEHT TMHAMUYECKOH BA3KOCTH TOIIMBA.

Kpurepuii PeiiHonbpaca, XapakTepHU3YIOIIMM PEXHUM BCIUIBITHS Ta30BbIX IIY-
3BIPHKOB B KHUIKOCTH,
Vo-D,

Re=-0 "1 (4)

Ve

rae V, — CKOPOCTb BCIUIBITHS I'a30BOTO Iy3BIPEKA, V., — KO3(Q(QHIMEHT KHHEMA-

TUYECKOU BS3KOCTH TOTUIHBA.

O6macts m3Menenns kputepueB Re, Eo u M pa30uTta Ha TpH 30HBI, OIpee-
JISFOIIME TPH TUTIA OPMBI ITy3BIPHKA.

Ecnu Touka, coOTBeTCTBYIOLIAsl 3aJaHHbBIM 3HadeHUsIM KpurepueB M, Eo,
HaxoAuTcsa B 30HE |, my3sIpek siBisieTcst chepudeckum, B 30He 11 — snmmumncongans-
HbIM, B 30HE Il — umeer popmy kosmauka [20].

10°
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I[J'IS[ pacuceTa CKOPOCTU BCIUIBITHA I[eq)OpMI/IpOBaHHLIX ITy3bIPbKOB, B IIPCAIIO-
JIOKCHHUU O HE3aBUCUMOCTH CKOPOCTH BCILJIBITHUA (VO) OT JuaMETpa BCILIbIBAIOIIUX

my3eIpbKoB (1pu Re>600), Hanbosee OJIM3KOE COBMAACHUE C IKCIIEPUMEHTAIbHBI-
MU JIaHHBIMH JIaeT UCIIOJIb30BaHNe 3aBUCUMOCTH [21]
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2 0,2

Vo =101 —22 | (5)

[Tpu cTpyiiHOM peKUME UCTEUSHHUS ra3a U3 OTBEPCTHSI OTPHIBHOM JHaMETp Iy-
3BIPHKOB 3aBUCHUT TOJIBKO OT 0OBEMHOT0 PAacXo/a U PaCCYMTHIBACTCS 110 3aBUCHMO-
cru [13, 22]

: (6)

rae V., — oObeMHBIH pacxon rasa.
[Tocne moacranoBku ypaBaeHUs (5) B (6), 3aBUCHMOCTB Ipeodpa3yeTcs K BULY:

D, =138- )

[TomyuenHble ¢ MCIONMB30BaHUEM 3aBUCUMOCTHU (7) pacyeTHble 3HAYEHHS OT-
PBIBHBIX AMaMETPOB ITy3BIPHKOB ra3a Mpu 0apOOTa)ke PaKeTHBIX TOTUTUB IS M-
JIMHIPHYECKO eMKocTH 06bemMoM 20 M2 co crenenbio 3anonuenus 0,8 U pacxoo-

HanpspkeHHOCThIo renusi G, /V, , tie G, — BeCOBOIl pacxoj rasa, OTHECEHHBIH K

OJTHOMY KyOMYEeCKOMY CaHTUMETPY TOIUIMBA — V,

.« » ABMEHSAIONICHCA B IHUANa30He

ot 4,4-10° 10 2-10** r/(cm®-¢) [23], mpuBeaeHs! Ha puc. 3.

D,, cm

4,0

3,5 7z

“
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0 50 100 150 200
Puc. 3

V., em’lc

C yBenuueHrneM pazMepa B TPOIIECCE BCIUIBITHS, ITy3bIPEK JieOpMHPYETCS U
JIPOOUTCH.

Kputnueckuil pagmyc my3sIpbKa, MPH KOTOPOM HACTYMaeT €ro ApoOJeHue,
MOXET OBITh HAWICH 10 3aBUCUMOCTH [24]
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R =3 LT 8)

Kp C : 2 3 - _2 )
D Vg VP2 Poie
rae Cp — K03 UIMEHT CONPOTHBIICHUS.

Hawubomnee Tounoe COBITAACHHC CD 1 3KCIICPUMCHTAJIbHBIX JAHHBIX HACT 3a-

BUcHMOCTH [19], yuuTtsiBaromias GopMy BCIUIBIBAIOIIETO My3bIPbKa
Co =2 Re?.M05.Eob5 = 26,2.R—; . 9)
3 Vo

Ilocne moncranoBku ypaBHeHHs (9) B (8) W JOMymIeHWH O paBEHCTBE
Ry =R,y 3aBHCHMOCTB IpeobpasyeTcs K BUIy

O 58.00175
R, =290 (10)
vyl pd?

B pab6ote [21] ycTaHOBIEHO, 9TO CPETHUN AUAMETP YCTOWYHBOTO IMy3bIpPhKa B
IBYX(a3HOM CII0€ MOXKET OBITH OIIPEIEIICH U3 BBIPAKECHUS

a.vé
=570 11
cp Zg ( )

rae & — KO3 UIMEHT COMPOTUBICHUS OTHOCHTEIHLHOMY IBI)KEHHIO IY3BIPHKA,
KOTOPBIH onpenensiercst o rpaduky (puc. 4).

A §
1,6 -

1,2
0,8

0,4

|
02 04 06 vome

Puc. 4

PacueTsl, mpoBeIcHHBIC MO 3aBUCUMOCTH (5) 11 HOPMAJIBHBIX YCIOBHM (t =
20° C), moKa3pIBaIOT, YTO CKOPOCTh BCIUIBITHS MY3BIPHKOB T'a3a B a30THOM TETpa-
OKCHJIC ¥ HECUMMETPUYHOM JUMETHITHIPA3UHE MPAKTHYESCKH OJMHAKOBA U CO-
craBnsier ~ 0,27 m/c. PacueTHple 3HaUEHHS CPEIHErO JAUaMETpa YCTOWYMBBIX My-
3BIPBHKOB, OMpeeNieHHbIe TI0 3aBucuMoct (11), cocTaBisroT dCp ~5,2 MM, a kpu-

TUYECKHH TMamMeTp Mmy3bIpbKoB (1o 3aBucumoct (10)) Dy, =2R,, *15mm.

@®opMbl BCIUTBIBAIOIINX MY3bIPHKOB, ONPEIEICHHBIE (CM. PUC. 2) C UCIIOJIB30-
BaHMEM KpUTEpUAIBHBIX 3aBUcuMocTeit (2), (3) u (4), moKa3bIBaIOT, YTO My3bIPHKU
npu D, — konmnauky, a npu dg, — SIIUICOM/IBIL.
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Takum o6pa3zom, daken razoKUIAKOCTHOH CTpyH OyIeT XapaKTepHU30BaThCs
CIIEKTPOM Ta30BBIX My3bIPbKOB MameTpom o d ., 10 Dy, nmerommx pasnnunyo
dopmy.

[Ipu anamm3e paboThl 6apOOTaXKHBIX YCTAHOBOK WCHOJIB3YETCS MOHATHE
yAeTpHONH MeX(a3zHOW MOBEPXHOCTH (Fy()), MIPEJICTABISIIONIEH cO00M OTHOIICHHE

Kp'!

CYMMapHOH MOBEPXHOCTH Ta30BBIX MY3bIPHKOB K 00BEMY XKHIKOCTH, B KOTOPOM
— 2/ r3
onu Haxozstest Fy, =F, . Ny (M),

Just pacuera F,, MOXKeT ObITh HCIIONB30BAHO YPAaBHCHHE [25]

6.
Fyr = d(Pr : (12)

nys

rIe @, — ra3ocolIep)KaHue B CI0€ KUIKOCTH.

Ypasuenue (12) crpaBeMBo I Ta30’KUIKOCTHON CMECH, Coaep KaIiei oa-
HOPOJIHBIE My3bIPBKHU UamMeTpom d,, ;.
CtpykTypa 6apOOTaXXHOTO CIIOSI XapaKTEPH3YeTCs MOJNUAUCICPCHOCTBIO Pa3-

MEpPOB ra30BBIX Iy3bIPHKOB, OITOMY JUIS M3BECTHBIX AMaMETPOB My3bIpbKOB D,

u d., cpennee 3nauenue muamerpa D, mpu HOpManbHO-NOrapuMUIECKoM 3a-

KOHE pacipeieieHust MOXKET ObITh orpeeseHo o Gopmyiie [26, 27]

Dep = /Dip ep -

B pabGore [28] mpeanoxkeHa 3aBHCUMOCTBH Ul pacueTa Ta30COACpKaHHUs B
coe XKUAKOCTH npu @ < 0,7, 00001aronas onbITHBIE JaHHbIE MHOTUX UCCIE0-
BaHUI

015 0,68
¢ =04 Pr ) Vr.4p_}1( , (13)
Pk G 9
rjie V- — IIPUBEIEHHAs CKOPOCTh Ta3a.

Kak BugHO 13 3aBucumoctH (13), GOIBIIMHCTBO BXOIAIINX B HEE MapaMeTPOB
OnpeAesatoTcs (U3NKO-XUMUYECKHMMHA CBOMCTBaMU TOILUIMBA. VICKITIOYEHHME CO-
CTaBJIET MIPUBEJIEHHAs CKOPOCTh 0apOOTHPYEMOro rasa V., KOTOpas 3aBUCHT OT

€ro pacxonaa, recOMETpUYCCKUX IMapaMCTPOB CMKOCTH U criocoba eé YCTAaHOBKH.
HpI/IBe,HeHHaH CKOPOCTH ra3a OInpeacIMTC KaK

G
pF'FeM FeM

2

Vr

)

rac FeM — IjIom@aab TOPU30HTAJIBHOI'O0 CEYECHUSA CMKOCTH.

PacuerHble 3HaueHHs ra3ocojepkaHusi Npu OapOOTake PaKeTHOTO TOILIMBA
JUISL IaHHBIX, PUHSTHIX B padote [23], ¢ ucnosnb3oBanuem 3aBucumoct (13) mpu-
BeJICHBI Ha pUC. 5, rae 1 — a30THBIN TETPAOKCH, 2 — HECUMMETPHYUHBIA JUMETHII-
THJIPA3HH.

s ycTpaHeHHsI TEXHOJOTMYECKOH HEPaBHOBECHOCTH, BO3HMKAIOLIEH 3a CUET
HETIOJIHOTO OXBaTa 00beMa YCTPOHCTBA TIOTOKOM T'a30BbIX My3bIPHKOB, HEOOXO/IH-
MO 00€eCIeunTh TIEPEKPHITHE COCEIHUX MOTOKOB Oapbotupyemoro raza [23]. C me-
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JIBI0 peayM3aIiii JAaHHOTO TPeOOBaHMSI, COCETHUE OTBEPCTHS 0apOOTaKHBIX KOJI-
JIEKTOPOB HEOOXOJMMO pacIojiaraTh TaKUM 00pa3oM, 4TOOBI 00JacTH 3axBaTa ra-
30BBIX (DaKeIOB ePEKPHIBAITUCH.

Cormacuo [18, 29], ncrekaromas U3 OTBEPCTHS OCECHMMETPHUYHAS 3aTOILICH-
Hasl CTPYS XapaKTepU3yeTcs yriioM pacumupenus (o ), paBHbIM ~ 24°. Pamuyc ra-
30KHJIKOCTHOTO (haKesia, BBIXOJISIIEr0 Ha TIOBEPXHOCTh, ONPEACSACTCS KaK:

o
Rem ztg[Ej'HKPT'

rae Hypr — BBICOTA yPOBHS TOILIMBA.

Pr
6,5E-03
5,5E-03 / vz
2)/
4,5E-03 / \_
1
35E-03 //,
2,5E-03 ////
G/V,,
1,5E-03
3,0E-05 7,0E-05 1,1E-04 1,5E-04 1,9E-04 2,3E-04

Puc. 5

PacueTHble 3HaYEHNUS paJuyca BBIXOAAIICH Ha IOBEPXHOCTh CTPYH JUIS Xapak-
TepHOro auanasoHa Hypr=1,5 + 2,5 M cocrasistor 0,3 1 0,5 M COOTBETCTBEHHO.

Paccrosiare Mexy cOCeTHUMH OTBEPCTUSAMH B 0apOOTaXKHBIX KOJUIEKTOpax C y4e-
TOM TIEPEKPHITHS Ta30BbIX (akenos coctaut 0,4 + 0,8 m.

W3 mpuBeNeHHOTO CIEyeT, YTO C yBEIMYEHHEM BBICOTHI YPOBHS TOILIMBA
TaKkXke HeOOXOMMO yBEIHMYUBATH PACCTOSIHUE MEKAY OTBEPCTHIMH 0apOOTaKHBIX
KOJIJIEKTOPOB.

[Ipu TOIIMBOIOATOTOBKE METOAOM OapOoTaka B TOPHU3OHTAIBHO PacIojo-
KEHHOW €MKOCTH IeJecO00pa3HO B HIDKHEH MOJOBHHE €MKOCTH YCTaHABIMBAThH
napaensHble 6apOoTaxHble TPYOOIPOBOABI JUTMHOMW, OMpeeNsieMOd MpOTSHKEH-
HOCTBIO IMJIMHIPUYECKON YacTH €MKOCTH, 00pa3yrolllie CETYATYIO CTPYKTYpY C
paBHbIME cTOpoHamu oT 0,4 10 0,8 M.

Taxum 00pa3oM, B HACTOSIIEH cTaThe pa3paboTaHa METOJUKA pacueTa oIpe-
JIEJISIONTUX TTapaMeTpoB 0apOOTaKHOTO TPOIECCa TOILTUBOMOATOTOBKH, BKJIIOYA-
romast:

— OmpeJeneHue TPAaHUIHBIX PEXUMOB 6apOOTaKHOTO TIPoIIecca;

— ompeneNneHnue KPUTHIECKUX PaJyCoOB Iy3bIPHKOB, ITPH KOTOPBIX HACTYIIA-
eT uX Jpo0JieHue, a TAKKE TUAMETPOB YCTONUUBBIX My3BIPHKOB;
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— pacyeT yaenpbHOW Mex(a3HOW MOBEPXHOCTH, MPEACTABIISIONIEH cO00M OT-
HOIICHUE CYMMAapPHOU MOBEPXHOCTH T'a30BbIX ITy3bIPHKOB K 00BEMY KHUIKOCTH,

— ompeJiesiecHUe U3MEHEHHUs Ta30COJepKaHus B CJIO€ TOIUIMBA JUISl TOPH30H-
TaJIBHO PACHOJI0KEHHOW EMKOCTH B 3aBHCUMOCTH OT PacXOJOHANPSHKEHHOCTH
OapboTupyemoro rasa.
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