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HOBKax C BOASAHbIM TenroHocuTenem. MuKpoTBan npeacrtaenseT cobow Lwapuk
AnameTpom nopsigka MUNNMMeTpa, COCTOALMI M3 TONMMBHOIO SApa, NMOKPbITOro
3awmTHon obornoykon. O60MNoYKM pasgensaiT TONNMBO U TeNNOHOCUTENb U obec-
neunBaloT yaepXaHne NpoaykToB Aenenus saep. bnaronpuatHele Tennogusnye-
CKve CBOWNCTBA 3aChIMNKN MUKPOTBISIOB B COYETAHUM C BOASHBIM TEMMOHOCHTENem
no3BonsAT n3bexaTe aBapuiHbIX NOCMNEACTBMI neperpesa Tonnuea. V3BeCTHbI
NpeanoXeHWs No UCMoMb30BaHMI0O MUKPOTB3NoB B BBOP, npsamoTouHoM peakTtope
C NeperpeBoM napa, peakTope CO CrneKTpanbHbIM peryrimpoBaHneM 3a cyeT n3me-
HeHus1 napocoaepXaHus.

B cTaTtbe pacyeTHbIM METOAOM aHanM3npyeTcst BO3MOXHOCTb BO3HUKHOBEHMWS
PEXMMOB C HEpaBHOMEPHOCTbLIO pacnpedeneHns TEennoHOCUTEns B 3achbirke.
YcTaHoBneHa HeyCcTOMYMBOCTb, CBSI3aHHas C HEOAHO3HAYHOCTbIO 3aBUCKMMOCTU
nepenaga AaBfeHWn OT Pacxo4HOro napocogepxaHus. HeycTonumBocTb yMeHb-
LaeTcs C yBeNMYeHMeM MaccoBOro pacxoda, pasmepa 4acTul, CO CHUXEHUEM
abconioTHOro AaBneHusi, a BAWsiHWE NOpUCTOCTU Ha adpdekT mano. Hawnbonee
onacHbIN AnanasoH — Npu NapocoaepXaHny nopsaka eavHuubl. BosHukaloT nopel,
3anoriHeHHbIe TOMNbKO NapoMm, M Nopkl C Bogonaposon ¢ason npu napocogepxa-
HWMW, MEHbLLEM CpeAHero no 3ackinke. B npAmMoToYHOM peakTope € meperpesoM
napa B TakOM pexuMe Ha Bbixofe TennoHocutens byaeT cogepxaTb AONIO BRaru
B kanenbHoOW opme. HaigeHo, 4To B 4YacTu PeXMMOB C HEAOrPEBOM Ha BXoAe
OBWXEHWe TeMnmoHOCUTENS HeYCTONYMBO MPOTUB CUMbHOMO BO3MYLLEHUS TEYEHMS.
B peakTope paguanbHOro Tuna npu Npounx paBHbIX YCHOBUSAX HEPaBHOMEPHOCTb
pacnpegeneHns AByxdasHoOro TENIOHOCUTENS MO 3ackifnke Bblle M0 CPaBHEHWIO
C 0AHOMa3HbIM TENIIOHOCUTENEM.

KnoueBble crnoBa: napoBOOsHOW TENMOHOCUTENb, 3acbinka, TennoBbiaens-
loLLMe YacTULlbl, AAepHbIN peakTop.

Mn. 3. bubnwuorp.: 11 HasB.

NONUNIFORMITIES OF TWO-PHASE COOLANT DISTRIBUTION

IN A HEAT GENERATING PARTICLES BED
SOROKIN V. V.

Belorussian National Technical University

Sufficient atomic power generation safety increase may be done with micro-
fuel adapting to reactor plants with water coolant. Microfuel particle is a millimeter
size grain containing fission material core in a protecting coverage. The coverage
protects fuel contact with coolant and provides isolation of fission products inside.
Well thermophysical properties of microfuel bed in a direct contact with water
coolant excludes fuel overheating when accidents. Microfuel use was suggested
for a VVER,; a direct flow reactor for superheat steam generation, a reactor with
neutron spectra adjustment by the steam partial content varying in the coolant.

Nonuniformities of two-phase coolant distribution in a heat generating particles
bed are predicted by calculations in this text. The one is due to multiple-
valuedness of pressure drop across the bed on the steam quality dependency.
The nonuniformity decreases with flow rate and particle size growths absolute
pressure diminishing while porosity effect is weak. The worse case is for pressure
quality of order of one. Some pure steam filled pores appears parallel to steam
water mixture filled pores, latter steam quality is less than the mean of the bed.
Considering this regime for the direct flow reactor for superheat steam generation
we predict some water drops at the exit flow. The two-phase coolant filtration with
subcooled water feed is unstable to strong disturbance effects are found. Uniformi-
ty of two-phase coolant distribution is worse than for one-phase in the same radial
type reactor.

Keywords: steam-water coolant, fillings, heat-emitting particles, nuclear reactor.
Fig. 3. Ref.: 11 titles.



3amada pacueTa BO3MOXXHOM HEPAaBHOMEPHOCTH pacIipelesieHHs NapoBOAS-
HOTO TEIUIOHOCHUTEIS B 3aChINKE TEIUIOBBIACISIOINX YaCTUL] BOSHUKAET B CBSI3H
C CO3JJaHMEM HACBHIMHBIX AKTUBHBIX 30H SAEPHBIX PEAKTOPOB C MUKPOTBIIBHBIM
TorIMBOM. Takasi TeXHHKa pa3pabaThIBaeTCs C HENbI0 KapAWHAIBHOTO yIydIle-
HUs1 0€30I1aCHOCTU aTOMHOM YHEPIreTHKH.

CoBOKYNHOCTh TPeOOBAaHHH K SAJEPHOMY TOIUTUBY, TETNIOHOCUTENIO U IPY-
MM MaTepHuajiaM aKTUBHOM 30HBI HACTOJIBKO OIPAaHMYEHA, YTO Ha CETOAHALIHUM
JIeHb CHCTEME «BOJa — IIUPKOHUI — OKCHJ ypaHa (TIIyTOHHS)» B aKTUBHOM 30HE
MOIITHOH KOMMEPYECKOW aTOMHOM 3JIEKTPOCTAHIUU TPYIHO MPEIJIOKHUTH allb-
TepHaTHBY. K coxanenuto, sTa cuctema ys3BHMa IPU aBapUsIX ¢ HapyLICHHUEM
OTBOJA TEIJIOTHI OT ToruBa. Yxke npu 900 °C mpo4HOCTh IMPKOHUEBOTO CIIIA-
Ba CHM)KAETCsl, 3aMETHO YBEIWYMBAETCS BBIXOJl BOJOPOAA BCIEIACTBUE PEAKLMH
LUPKOHMSA C BOAOH, MpOrpeccupyeT Tedb PaAMOAKTHBHBIX BellecTB. Pabouas
TeMIIeparypa B LEHTpPEe HEKOTOPhIX TabneTok Tomiuea npesbimaeT 2000 °C, Tak
YTO yrpo3a peaju3alud OIIaCHOIO IeperpeBa OOOJOYKH HE yMO3PHUTENbHA.
[IpyuuH, KOTOpPBIE MOTYT IPUBECTH K HAPYIIEHUIO OTBOJA TEMIOTHL OT TOILINBA,
MHOTO: T€4YM TETUIOHOCHUTENS, OTKIIOUEHUE 3JIEKTPOIHEPIUH, KPU3NUC TEmI00T-
naun. Cutyarnusi ycyryOuseTcss HEBO3MO)KHOCThIO MTHOBEHHOTO. ITPEKPAICHHS
TeHepaly TEIJIOTHl B AKTUBHOW 30HE, B TEUCHHE BPEMEHU IOPSAKA MHUHYTHI
MOIHOCTh MO>XHO CHHM3UTh Ha TMOPSNOK, OCTaTOYHAs TEIUIOBas >HEPIus Ha
ypoBHe 40 MBT BeIensercsa mecsuamu. ClieHapui UHIUIEHTOB C BO3MOKHBIM
HapyIIEeHHEM OTBOJAA TEIUIOTHI OT TOIUTMBA YYUTHIBAIOTCS YK€ HA CTaIUH IPOEK-
Ta COBPEMEHHOT'0 YHEeprodIIoKa, AJs KaXXI0T0 MHIMACHTA MPeTyCMaTpPHBAIOTCS
MEpHI ¥ CPEACTBA, FAPAHTUPYIOIIUE HETONaJaHue PalioaKTUBHOCTU B OKpY’Ka-
IOIyI0 cpeny. TemM He MeHee BO3MOXHOCTh HapyIIEHUs OTBOAA TEMJIOTHI OT
TOMJMBa OOBEKTHBHA WM BBI3BIBAET OOOCHOBAHHBIC OIACCHUS CIICIHATIICTOB
1 OOIIECTBEHHOCTH B JOCTATOYHOCTH YPOBHS 0€30MaCHOCTH aTOMHOM 3JEKTpO-
CTaHLMH, YTO SIBJSIETCS] IOCTOSHHBIM apryMEHTOM IPOTUB BbIOOpa BapHaHTOB C
SIIEPHOI KOMITOHEHTOM SHEPreTUKHU.

Cy111ecTBEHHO MOBBICUTH Ha/IEKHOCTh NMPU HApyIIEHUH OTBOJA TEIUIOTHI OT
TOIJIMBA MOYKHO TPH HCHOJB30BAaHHM TOIUIMBA B (POpME MHKPOTBAIIOB, HEMO-
CPEICTBEHHO OXJIAXKIACMBIX BOJISHBIM TETUTIOHOCUTENeM. MUKPOTBAII TIpeAcTaB-
JeT cOOOW IIApHK, COCTOSAIIMA W3 TOIIMBHOTO S/Ipa, MOKPBITOTO 3alMTHOM
0005104K0i. O0O0JOYKH PA3AEIIAIOT TOIIMBO U TEINIOHOCUTEIb U 00ECICUNBAIOT
yIepKaHue IPOAYKTOB JeNieHHsl sfaep. MHKpOTBaIIbl, cBOOOIHO HAachIaHHBIE
B KOpP3WHBI, 00pPa3yIoT 3aCBIIKH, KOTOPbIE SBJISIIOTCS CTPYKTYPHBIMH 3JIEMEHTA-
mu TBC. TemnoHocutens BXOAUT CKBO3b CTEHKY KOP3WHKH, TBHXKETCS CKBO3b
MOPBI MEXAY MHUKPOTBAJIAMH, HAarPEBAaeTCS M BBIXOIUT Yepe3 MPOTHUBOIIOIOXK-
HyIO CTEHKY KOp3WHKH. Temrmeparypa TOIuMBa B MUKPOTB3JIe HU3Kas, B IEHTpPE
3epHa — nopsiaka 350 °C. Oto obecnieunBaeT BHICOKHN YPOBEHb CaMO3aIIHIIECH-
HOCTH, JJa’ke HeOOJIbLIOE MOBBILIEHHE TEMIIEPATYPhl TOIUIMBA BHIKIIOYAET LIEHIHYIO
peakiuio 0e3 UCIIOIb30BaHMS CTEP)KHEN yIpaBiIeHHs U 3aiuThl. TersoBble mepe-
XOJIHBIE MPOLIECCHI B 3aCHIITKaX MUKPOTBAJIOB POTEKAIOT OBICTPO. OO0JI0UKN MHUK-
POTB3JIOB HE MMEIOT LIBOB, IIPOYHBIE U CTOWKHE OHM HAJEKHO YAEP’KUBAIOT IPO-
JYKTHI JICJICHUS, HE COACPkAT METAUIMUECKOTO LUPKOHKS, MOTYT padoTaTh MpH
OoNpIIMX CTEMeHsX BbIropaHus TorumuBa 10 10—15 % TsxensIX simep, BBIACPIKU-
BaroT HarpeB g0 1600 °C. 3acpllika XapakTepu3yeTcss OONBIIONW TUIOMIAIBI0 TI0-
BEPXHOCTH TEIUIOOOMEHA M HU3KOH MOIHOCTBIO TEIUIOBOTO MOTOKA. biiaronpusit-
HBIC TEIUIO(U3NUECKUE CBOMCTBA CHCTEMBl MUKPOTB3JIOB U BOISHOTO TEIJIOHOCH-
TeIs O3BOJIIIOT H30€XKAaTh aBAPUIHBIX MTOCIIEICTBUI NIeperpeBa TOILIMBA.
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W3BecTHBI TpeIOKEHUS TI0 MCIIOIL30BaHUI0 MHKPOTB3JI0B B BBOP [1],
MPSIMOTOYHOM PEAaKTOpE C MEPErpeBOM mapa [2], peakTope CO CIEeKTPaIbHBIM
peryIUpOBaHUEM 32 CYET M3MEHEHHs Tapocojepxanus [3] u B apyrux [4-6].
JIByx(da3Hble TeUCHUSI B JHEPTETHYECKOM 000pYIOBaHMH MOTYT OBITh HEYCTOM-
YUBBIMH [7], B YACTHOCTH W3BECTHBHI MPUMEPHI HEYCTOHYMBBIX TCUEHHH depes
TIOPHUCTHIE CPENbl U 3ePHUCTHIC 3aCHIKHU [8]. DPIEKT MOKET MPOSBIATHCS Kak
aBTOKOJeOaHUe W/WIINM PACCIIOCHHE TETIOHOCHUTEINS TI0 mapocoaepkanuto. C mo-
SIBIICHUEM yYpaBHEHHH IBIKEHHUSI, aJAITHPOBAHHBIX JUIS MPUIIOKEHUS K TeUEHU-
M IBYX(a3HOM KUAKOCTH B 3aCHIIIKE MHUKPOTBIIIOB MPH MapaMmerpax, Xapak-
TEPHBIX JJIS aTOMHOM JHepreTuku [9], BO3HHKIA BO3MOXHOCTH PAacUETHOTO
olpesiesieHns HepaBHOMEpPHOCTEH pacrpeneieHns U HEyCTOMUMBBIX PEXKHMOB
IBWOKEHUS TersioHocutens. Takas nHpopMaius mo3BossieT n3bexaTh Hexena-
TEJIHHOTO PEXHUMA WM MPEIYCMOTPETh MEPHI ISl OCIIa0JIEHUS €ro MPOSBICHUS.
PaccMoTpuM HEKOTOpPBIE TUITHI HEYCTOHYUBOCTH.

JJis yCTOWYMBOCTH COCTOSIHHSL paBHOMEPHOTO pachpejefieHus mapa 1o mna-
paJUIeIbHBIM TIOPOBBIM KaHAJIaM yBeJMUEHHE Tepernana JaBieHus AP B 3aBHUCHU-
MOCTH OT MacCcOBOT'O PacXOJHOTO IMapoCOJEpKaHUs X NOJKHO MPOHUCXOIUTH
ObICTpee, YeM I10 JIMHEHHOMY 3aKOHY (BTOpas MPOM3BOJHAS Mepenana JaBiIeHus
10 PacXOJMHOMY TapoCoAepKaHHIO Ooiblie Hyis). Torma mroOas JIOKaJIbHAS
pasHUIa pacXoJ0B B COCETHUX IMOpax OyIeT MPUBOAWUTH K BO3PACTAHUIO MECT-
HOTO CONPOTHBICHUS W TOSBICHUIO CWJI, CTPEMSUINXCS €€ YCTpaHUTh. Pexu-
MBI Ha pUC. | MONyYeHbI pacyeToM IO 3aBUCHUMOCTSM, MPEATIOKEHHBIM B [9],
Hh — tonmmna 3aceinku. Bapuauts 1, 2, 4 ycroitumBel, peskum 3 mpu X ~ 1 He
ycroilune. HeyCTOMUNBOCTE YMEHBIIAETCSA C YBEIUYEHUEM MAacCOBOIO pacxoja
Y pazMepa 4acTHll, CO CHIDKEHHEM aOCOJIOTHOTO NaBleHus. Biusane mopucro-
cti Ha 3 dexT Mao.

6| Ap/Hh, /
MIla/m /, 1]

/

4 ] 7
A L~
/ 5

2 v —
L // ///é-

% g

|§E:—:f—f

0 0,2 04 0,6 08 x 1,0

Puc. 1. 3aBucuMOCTb Tiepenaja AaBieHus oT napocoaepxanus: 1 — (pw); =55 Kr/(M2~c),
abcomrotHoe nasnenue P = 0,9 MIla; 2 — 55, 2,0; 3 55, 3,0; 4 — 22, 0,9; anamerp MUKpOTB3Ia
d =2 mm; mopucrocts € = 0,37, «Boza + mapy, pacuer 1o [9]

Pexumsl ¢ Gonee 3aMeTHBIM TposiBIeHHEM d¢¢dekTa momo0pansl Ha puc. 2.
Teuenus, cooTBETCTBYIOUIME TUHUK 3 Ha puc. 1 n nuausM 1, 3 Ha puc. 2, oTnu-
YaroTcsl MaccoBbIMM pacxofamu. CHIDKEHHE pacxojia MPHUBOJUT K YCHIIEHHUIO
HEYCTOHYMBOCTH M BOSHUKHOBEHHIO MHOTO3HAYHOCTH B 3aBucHMOCTH AP(X). TTo
Mepe CHIDKEHHMS pacxoja Ha rpaduke BO3HHKAET TOYKa rmeperuba npu x = 1, 3a-
TEM OHa CIIBUTAETCA B 00yacTh 00Jee HU3KUX MapoCOIepKaHUH, MmapaienbHO
bopmupyeTcs MakcuMyM riepernazaa gaiaenus npu X < 1 (x = 0,95-0,99), koro-
pBIH TakKe mpoaBHraercs B 001acTh MeHbIINX X. KpuBas 1 B coBOKynmHOCTH C
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psiMoit 2, mpoBeneHHOM uepe3 Touku ApP(0) m Ap(1) Ha puc. 2, OTpaHUYNBAIOT
0071aCTh HEYCTOMYMBOCTH (BBIICTICHA 3ATHMBKOI).

3001 Ap/Hh, xIla/m
200 5 L
100 [ T
L1 --—""'"—_'--—g
= L] |
Lt T | |
0 01 0,3 0,5 0,7 09 x

Puc. 2. 3aBUCUMOCTB Nepenaja JaBIeHHs OT apOCOASPIKaHU:
1, 2 — (pw); = 22 kr/(M*c); 3 — 11; p= 3,0 MIIa; d = 2 mm; € = 0,37, «Boza + map», pacuer 1o [9]

Hanmnuue makcumymMa gaBineHus Ipyu X ~ 1 TOMKHO IPHUBOAUTE K MOSABICHUIO
I0p, 3aIllOJIHEHHBIX TOJIEKO TTapoOM, M TOpP C BOJOMAPOBOM (ha3oil mpH mapoco-
JepKaHWH, MEHBIIEM CpeIHero mo 3ackinke. ClieyeT 0KuaaTh, YTO B MPSAMO-
TOYHBIX PEAKTOpax C MEpPEerpeBOM Iapa Ha BBIXOJE TEIIOHOCHTENb OyAeT co-
JepKaTh JIONI0 BJard B KamedbHOH (opMme, eciy He MPeayCMOTPETh MEPHI IO
MTO/IaBJICHUIO HEYCTONYNBOCTH.

Onenum BnusiHue (akTopa NBYX(a3HOCTH TEMJIOHOCUTENsI HAa paBHOMEp-
HOCTh pacIpe/esieHus] MOTOKa B 3aChIIKE IIOCKOTO peakTopa C pagualibHOU
paznayeil. Cxema ycTpoiicTBa ImpuBeAcHa Ha pucC. 3. TEIIOHOCUTENb NPU TEM-
MepaTrype HaChIIICHUS BXOAMT Yepe3 Yy4acTOK | B pa3fgaromuid KOJUIEKTOp, IMO-
CTyIaeT B HACaAKH 7, 8, BEIXOJUT B COOMPAIOMINK KOJUIEKTOP M MOKHIAET peak-
TOp 4epe3 y4acTok 6. B 3achilke TEIJIOHOCUTENh HarpeBaeTcs W 00oramaeTcs
napoBoit ¢asoii. B cobuparorieM KomwieKTope KHUIKOCTh ByX(Da3Has, B pasja-
fo1eM — oHoda3Has.

Puc. 3. Cxema peaktopa

ITpumem paszmep pasnaromiero koyuiekropa h, cobupatomero — H, wmny pe-
akropa — L. Omimune pacxomoB mo ydactkam 7, 8 ompenensier HepaBHOMEp-
HOCTb pacrpeeeHus TeIUIOHOCUTEN 10 3ackinke. [1ycTs ckopocTH 1o ydact-
KaM oTinvarTes HesHauutenbHo: Uy = Ug(l + €g), €€ << 1.

B 3ackinke mapocojepkaHue pacTeT JMHEHHO 0 JJIHMHE, €CIM SHEpProBblJie-
JIEHUe paBHOMEPHO 110 00bemMy. ITo puc. 1 u 2 npu X < (0,15-0,30) npubnmkeH-
HO MoxHO TpHuHATH AP(X) ~ (1 + kx), rme k — xosdduiment. Torma mepe-
1aj| JABJICHUS HA CJIO€ 3aCHIKH HpeacTaBuTcs BhipaxenueM pkU %(1 + kx/2),
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rJie P — TUIOTHOCTh JKUJKOCTH; K — MPOHHIAEMOCTh 3achiku; U — CKOpOCTb
¢unpTpanuy; X — nHapocojepKaHrie Ha BEIXOJE U3 3aChINKH.

JluHaMHUYeCKUE YCIOBUS MO YYaCTKaM PeakTopa (A1 MPOCTOTHI KOJUIEKTOPHI
CUHTaeM KOPOTKHMH W WX THPABINYECKOC COMPOTHBICHHUE HE YUYUTHIBACM)
oTpeneNsITcs mo GopMmysiam:

pl+pU12:p2+pU22:p3; pet+ BU62=p5+ BU42=p4; (]_)
(p]_ +p2)/2 — (p4 +p5)/2 = pKU72(1 + kXL/Z), (2)
(p3 + p2)2 — (ps + ps)I2 = pxUg*(L + kx./2), (3)

rae p — IVIOTHOCTh ABYX(a3HON KUAKOCTH.

VYcioBUsl COXpaHEHHsI MacChl:
hU,*= LUz HUg = p/p LU:. 4)

W3 ypaBuenntit (1)—(4) ciexyer orieHKa BETUIHHB HEPABHOMEPHOCTH EE.

gex = [(p/ p JL/H)* (L)W [4x(L + kxif2)]; ®)
€€ = [(L/H)*+(L/N)*/4x; (6)
geg/eeoy = [(p/ p )(LIH)+H(LMVI((LH)*+(LIh)*) (1 + kxu/2)], @)

TIE €€44, E€op — PA3IUUUE CKOPOCTEH MO YACTSAM 3aCBHINIKU B CIIydae IBYX- U OJ-
HO(a3HOTrO TEMIIOHOCUTENEH COOTBETCTBEHHO:

CornacHo (6), HepaBHOMEPHOCTb PACPEAEICHHs TEIIIOHOCUTENS TI0 3aChIIl-
K€ B yCcTpoWcTBe 1o puc. 3 Hen3bOexHa. [IpuunHa — BO BIUSHHHM CKOPOCTHOTO
Hamopa B KoJuleKTopax. HepaBHOMEPHOCTH BO3pacTaeT ¢ JUIMHON KOJUIEKTOPOB
(peaxkTopa) U yObIBaeT C yBEIMYEHHEM CONPOTHUBIEHUs 3achinku. IlogOopom
MapaMeTpoB YCTPOHCTBA HEPABHOMEPHOCTH MOXET OBITh OTpaHHYEHa MpHeMIIe-
MbIM ypoBHeM. HecmoTpsi Ha mpoctoTy ypaBHenuit (1)—(4), Belpaxkenue (6)
a/IeKBaTHO MpeCTaBisAeT HaOmoaeMble Ha pakTtuke 3¢ dekrsr [7, 10, 11].

HepasaomepHoCcTh mpu Hanmuuuu (a30BOTO TEPEX0/Ja B 3aCHINKE, COTJIAc-
HO (5), IOTIOJHUTENBHO OCIA0NISICTCS 332 CUET POCTa CONMPOTUBIICHUS HACAJKH U
YBEJIMUMBACTCS 32 CYET YMEHBIICHHUS TUIOTHOCTH MOTOKAa B COOMpArOLIEM KOJI-
nekTope. MroroBoe n3MeHeHne paBHOMEPHOCTH IO CPAaBHEHHIO C OZHO(A3HBIM
cimydaem naet hopmyna (7).

Bripaxkenue (7) MOXHO YIMPOCTUTH, MIPUHSB TOMOT€HHYIO MOJIENb JJISl Tell-
JoHOCHUTENs B cobupatoieM Komuiekrope p = pp”/((1 — X, )p"+ XLp), paBEeHCTBO

pa3MepoB KOJJIGKTOPOB M TpeHeOperas BennunmHamu 1, (1 — X )p” no cpaBHe-
HUIO C X p. ['oMoreHnsanmuu TedeHUst B KOJJIEKTOPE IOJDKEH CIOCOOCTBOBATH

BBIOPOC U3 3aCBIIIKU paclpelesIeHHbIX TI0 JIJIMHE Mapora3oBbix cTpyek. C yueTom
yrporeHuit u3 (7) morydaum

€€,/€€0p = PIP"K. (8)

IMockonbky Tpu HEOOMBIIMX X MOXHO 3amucath K = Op/p”; © < 1
(puc. 1, 2), To
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€€ leey = 1/0 21, 9)

T. €. B TOM € PEaKTOpe, B paMKaxX MPUHATHIX YIPOIIEHUH, pABHOMEPHOCTD pac-
npeneneHns AByX(a3HOro TErIOHOCUTENS MO 3aCBIIKE YXYALIUTCS 10 CpaBHe-
HUIO ¢ 0JHO(hA3HBIM TEIUIOHOCUTEJIEM.

PaccmoTpum npuMep JBHKEHUS TEIJIOHOCUTEINS Ye€pe3 3aChIIKy C BO3MOX-
HOCTBIO pa3BUTHs OOJBIION HEPaBHOMEPHOCTH Pacxoja napa Ha BbIxone. BHyT-
PH 3aCBHIIKM OJHOPOAHO IO 00BEMY 3€pEH BBINENSAETCS TEIUIOBas >HEPrHsl.
Ot 3epeH oHa mnepenaercs xuiakoctd. Ha Bxox mopmaercs TeIUIOHOCHUTEINb
(>KUIKOCTB) C HEAOTPEBOM, BHYTPH 3aCHIIKU MPOUCXOJUT POCT €0 TEMIIepaTy-
pBI 10 HACBHILEHUS, Aajee HAET ABM)KEHUE C YBEJIWYEHHEM MapOCOICpMHKaHMS
10 IJIMHE 10 BBIXOJA.

N3yuuM cHauana ciiy4ail paBHOMEpPHOro ABUXEHHsS. Bocnosb3yeMcs ylpo-
LIEHHBIM YPaBHEHHEM IBW)KEHHs ABYX(a3HOH cpensl B 3aceinke:. s cioydas
PaBHOMEPHOTI'O 110 CEYECHHIO MTApOCOJECPKAHM IIepenas AaBIeHUsT Ap Ha 3acCblIl-
K€ BBIpa3uTcs (GopMyIIon

— 2 1 :
Ap=w 1+kjZ xdz ; (120)

X = (Xo + b)z/w —b; zo =wb/(b + Xp),

W — pacxo/Hasi CKOPOCTh TEIUIOHOCHUTENS; Z — KOOPAWHATA TI0 TOJIINHE 3aChII-
KH; Zg — KOOPJIMHATA JOCTIKEHUS TCIJIOHOCHTEIIEM TeMIIepaTyphl HACHIIICHUS;
Xo — MApoOCOIep)KaHUe Ha BBIXOJE M3 3aCHINKH; D — mapocojepkaHue Ha BXOJE
B 3aCBITIKY (HEIAOTPER).

Torna, npuHEMas cedeHue 3achIlKK 3a 1, IOTy4YHM, 9TO PacXoj1 mapa depes
HEE COCTaBIISICT Xg, PACXOHAsI CKOPOCTh TEIUIOHOCUTEINST W (Jlasiee W IOJIOKUM
paBHoili 1), 3HaUeHUe nepenaja IaBIcHHs

Ap =1+ kxo/2(xo + b). (11)

PaccmoTpum ciiyuait HepaBHOMEpPHOTO JBW)KeHHs. Pasnenum ceueHue 3a-
CBINKY HA JIBE MOJOBHUHBL. [IpeonoKuM, 4To Yepe3 MepByro TeUeT TEIIOHOCH-
TeJIb CO CKOPOCTBIO, MPEBOCXOAAIICH W HACTOJIBKO, YTO HACHIIICHNE JIOCTUraeT-
Csl TOJIKO Ha BBIXOJE M3 3achikH. CKOPOCTh COCTaBUT BenuuuHy (Xo + b)/b,
a mepernaj AaBleHus

Ap = [(Xo + b)/bT>. (12)

Ecin 9epe3 BTOPYIO MOJIOBUHY TE€YET TEIUIOHOCUTENL CO CKOPOCTHIO, MEHB-
meir W u paBHO#t (D — Xo)/b, TO cyMMapHBIi pacxo/l TEIIOHOCUTENS U Tapa o
JIBYM TOJIOBMHAM OKa)KETCSI KBHBAJICHTHBIM CIIy4ar0 PaBHOMEPHOU (HIIbTpa-
uuu. [lepena 1aBiaeHus 10 BTOPOM MOJIOBUHE COCTABHUT

Ap = [(b — Xo)/bJA(L + 2kbxo/(b — Xo)). (13)

PaccmarpuBast BenmuunHy K Kak mapamerp, OmpenesinM ero, IpupaBHUBast Ime-
penanst nasinenuit B (12) u (13) mo momoBuHAM 3aCHITIKU:

[(%o + b)/b]* = [(b — xo)/bJ*(1 + 2kbxo/(b — Xo)),

OTKyJa

95



k = 2/(b — Xo). (14)

IMoacraBus (14) B (11), Haiimem Benu4uHBI D ¥ Xo, IPU KOTOPBIX IMeperna
nasieHus o gopmye (12) 6ompie nepernasna, BEIAuciIeHHOro mo (11)

1+ /(b - %0)(% + b) > [(% + b)/b]* (15)

HepasenctBo crpasemnBo mpu B = Xo/b € [0,84, 1]. Inst 5TuX peskMMOB
CMEHA PaBHOMEPHON (UIIBTPAIMU HA CHIIBHO HEPaBHOMEPHYIO OyIET COIpo-
BOJK/IAThCSl CHUYKEHHEM COIPOTHBICHUS 3achiMkd. Takum 00pa3om, cucrema B
YacTH PEKUMOB (PHIBTPAIUU OKa3bIBACTCS HEYCTOWYHMBOW MPOTHB CUIHHOIO
BO3MYIIEHUSL.

BBIBOJ

B npsaMOTOYHBIX peakTopax ¢ HapocolIepKaHueM OKOJIO eIUHMLBI HIIH C TIe-
perpeTsIM MapoM Ha BBIXOJE TEIUIOHOCHTEIh MOKET COJepXkaTh JIOJIIO BJIAru
B KameibHOW (opMme, eclii He NMPEeAyCMOTPETh Mephl MO HEWTpaTu3alun He-
YCTOMYMBOCTH PAaBHOMEPHOTO MapocoiepkaHus. B peakrope paananbHOro THUMA
BEIOpaHHOH KOHCTPYKUUH PaBHOMEPHOCTH pacmpeiencHus AByX(}azHOro Ter-
JIOHOCHTEJIS TIO 3aChINKE YXYAIIUTCS 10 CPAaBHEHHUIO C OJHO(A3ZHBIM TEIUIOHOCH-
TeneM. 3achlllka C ABYX(a3HBIM TEIUIOHOCHTENEM B YacTH DPEXHUMOB (UIIBT-
panyuy ¢ HEJOTPEBOM Ha BXOJE HEYCTONYMBa MPOTUB CHIIBHOTO BO3MYIICHHS
TEYEHUS.
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