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HenaBHue my6avMKamuy 1o rOpeHUIo TpaHyIMPOBAHHOM IIMXTHI, TpenHA3HAYEHHO IS CUHTE3a KOMITO-
3UIIMUiI1 HA OCHOBE KapOu1a TUTaHa, BBISIBUJIM 3HAUUTEIbHbIC U3MEHEHMSI XapaKTEePUCTUK U CKOPOCTU Tope-
HUS TIPU CITyTHOM TIOTOKE MHEPTHOTO Ta3a. ABTOPHI MCCIICAOBAHUIM CBSI3aJIM 9T U3MEHEHUSI C KOHBEKTHB-
HBIM peXHUMOM ropeHus. B nanHoii paboTte npuBeneHa TeopeTudeckast MOAE/Ib, KOTOpasi IIO3BOJISIET aHa-
JIN3UPOBATh BKJIaJ KOHBEKTUBHOI Tepeaadyu TeTula MpY TOPEeHUHU TPAHYJIMPOBAHHON IIUXTHI B CITyTHOM
MOTOKE raza B Mpolieccax caMopacpoOCTPaHIIONIErocsi BBICOKOTeMIepaTypHoro cuHTte3a. [TokazaHo, 4To
B 3aBUCMMOCTH OT pacxoja ropsiuero rasa, mpoayBacMoro CKBO3b I'paHyIMPOBaHHBIN 00pa3ell, BO3MOXKHBI
TpU pexxrMa ropeHust. [Ipy OTCYTCTBUM MJIH HeGOJBIIOM pacXolie raza (Ha ypoBHe 1 Kr/M? - ¢ M HITXe) POJb
KOHBEKIIMM He3HAUYUTeIbHA, a GPOHT rOpeHUsI B OCHOBHOM TUTOCKUiA. [Tpu yMepeHHBIX pacxonax (Ha ypoB-
He 10 Kr/M? - ¢) BIMSIHHE KOHBEKLMH CTAHOBUTCS 3aMETHBIM, CKOPOCTb TOPEHMsI BO3PAcTaeT BABOE, a
(bpoHT TopeHMsT yke He SIBISIETCS TIIOCKHUM, TTOCKOJBKY ITOBEPXHOCTHBIE CJIIOW TPaHyJl pa3orpeBaroTCs
ObICTpee, YeM cJIou B LieHTpe. HakoHell, mpu BEICOKUX pacxonax (Ha ypoBHe 50 Kr/M~ - ¢) BKJIaJl KOHBEKIIMU
CTaHOBUTCS MpPe00IagarolIM, CKOPOCTb TOPEHUS IPEBHIIIaeT 0a30BYyIO (B OTCYTCTBHE 00MyBa ra3oM) 60-
Jiee YeM Ha MOPSIA0K BEJIMYMHBI U TIPOUCXOANUT 3HAUYUTEIbHAS IEPECTPOIKa CTPYKTYPhI BOJTHBI TOPEHUSI.

Kntouegule cno6a: KOHBEKTUBHOE TOpEHUE, IPaHYyIMpOBaHHAasI IIIMXTa, CITyTHBII ITOTOK ra3a, TeIIooOMeH,
MIPOLIECCH CAMOPACIPOCTPAHSIONIEIOCS BLICOKOTEMIIEPATyPHOIO CUHTE3A.

DOI: 10.31857/50207401X23080034, EDN: HYJAKY

BBEJIEHUNE

B nmociieqHue roapl B psge myoaukauuii [1—6] Obl-
JIO OKa3aHO, YTO MpU T'PaHYyJIUPOBAHUM HUCXOOHOM
LLIUXTHI, IPUTOTOBJIEHHOMN /ISl CUHTE3a KOMITO3ULIUI
Ha OCHOBE KapOuga TUTaHa, HAOJIOJAIOTCSl 3HAUYU-
TeJIbHbIC U3MEHEHUSI XapaKTepUCTUK ropeHus. I'pa-
HYJIbI, CaMU IO ce0e MOPUCThIe, UMEIOT TUITMYHBIN
pa3mep: 1 MmMm. Bojiee BbicoKasi ra30NpoOHULIAEMOCTb
rpaHyJIMPOBAHHOM MacChl MO3BOJIMIA BBISIBUTDH 3 -
¢eKThl, HaIOMUHAIOIIE KOHBEKTUBHBII PEKUM I'o-
peHuUsl.

TeopeTnueckoe MoaeaMpoOBaHUE TOPEHUS TUIOT-
HBIX ITOPOIIKOOOPAa3HBIX SHEPTETUUECKUX MaTepra-
J10B (DM) npu CIIyTHOM IIOTOKE ra3000pa3HbIX IPO-
JIYKTOB TOPEHMUS WJIM BHEILIIHETO Ta3a MPOBOAWIOCH B
psine pabor (cM., Hampumep, [7—10]). Bcem atum
MOJEISIM CBOMCTBEH OIMH M TOT e HEIOCTaTOK:
MpeArogaraeTcst, YTo Moma AeiicTBueM KOHIYKTUB-

HOI0 M KOHBEKTUBHOIO MCTOYHUKOB TeIlIa YacCTH-
bl OM nepen ppoOHTOM IJIAMEHU MPOrpeBalOTCsS
u3oTepMUYecku. JpyrumMum cjioBaMM, B 4YacCTUIIAX
OTCYTCTBYET paavalibHOE pacIipeaeicHrue TeMIIepa-
TYphI, K KOTOPOMY IIPUBOAUT KOHBEKTUBHEII IIPO-
I'peB YaCTUII ITOTOKOM rasa. ckitoueHueM SBIsieT-
ca ctaThs [10], roe cpeny HeCKOIBKUX MOAEJICH pa3-
HOIrO YpOBHSI  NPHUOIMXKEHUS  IIpedcTaBlieHa
TpexTeMIrepaTrypHasi MOJIe/Ib, B KOTOPOIi B JOMIOJIHE-
HUe K TeMmIepaTypaMm ra3da U KOHICHCHPOBaHHOM
¢dazbl (K-da3pl) IPUHUMAETCSI BO BHUMAHUE TEMIIE-
paTypa IIOBEPXHOCTH IT0P. DTO ITO3BOJIMJIO aBTOpaM
y4ecTh “HEU30TEPMUYHOCTH” TIPOrpeBa YacTUIl K-
das3nl. TemM He MeHee B OCHOBE MOJIEJIMN OCTaBJIceHA
cpemHsis A1 yacTul, DM mM3oTepMUIecKast TEMIIe-
paTtypa, Ha KOTOpYIO HaKJIaAbIBACTCS IIPOMU3BOJIb-
HbI mapaboianyeckuiit mpoduib paclpeaeacHus
TeMIIEpaTyphl B YaCTHUILIE.
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Puc. 1. a — Cxema rpaHyIMpOBaHHOTO 00pa3iia, pa3MeNIeHHOTO B KaMepe CropaHusi: /| — MCXOMHbBIEC TPAHYIIbI; 2 — TPAHYJIbI,
TIOBEPXHOCTh KOTOPBIX MPOTPEBAETCS 32 CUET KOHBEKIIMU OT ITOTOKA TOPsTYeTro ra3a; 3 — ropsiiyue U CropeBIlIe TpaHyJIbl;, 4 —
criMpasib HakajduBaHUsl. 6 — Mojeib TOpeHUsl Ha YPOBHE TpaHyJl, 00TeKaeMbIX IMTOTOKOM ropsiuero rasza: / — ocb CAMMETPUM
UWIMHAPUYECKOTO CTOJIOMKA TuaMeTpoM d; 2 — DM B UCXOTHOM COCTOSTHUH; 3 — (DPOHT ropeHust; 4 — ropstmuiit DM uim npo-

IyKT €ro rOpeHust; 5 — MOTOK rasa; 6 — MoBepXHOCTb CTOJIOUKA.

MATEMATUYECKAA MOJEJIb

B nmaHHOIi cTaThe MpemIoXeHa MOJEeb, KOTopast
MpenHa3HayeHa JJis aHaju3a BKJIaJga KOHBEKTUBHOTO
MOTOKa TerJja, MOCTYMNalIero OT CIIyTHOrO rasa,
MpU TOPEHUU TIPaHYJIUPOBAHHOrO TBepAOoro OM.
CxeMa MoJIenu mokaszaHa Ha puc. 1. Ob6pasel, co-
CTaBJICHHBII U3 OAMHAKOBBIX TpaHy1 DM nrameTpom d,
3achIlaeTcs B HWJIMHAPUYECKYIO KaMepy CropaHusi
anuHoit L. TopeHMe MHULIMUPYETCS MO BEepXHEMY
TOPIYy U PaCIpPOCTpaHsIieTcs] BHU3 CO CKOPOCThIo U.
Yepes BepxHUIT TOpell B KaMepy MOCTYIaeT CITyTHBI
ras, KOTOpbIi HarpeBaeTcsl 10 TeMIIepaTypbl TOPEHUST
U TeYeT I10 TTopaM BIoJIb 0Opa3slia, OTaaBasi CBOe Tell-
JIO TpaHyJlaM U MOKWJask KaMepy uyepe3 HUKHUI To-
peu. PucyHok 1a moka3sbIBaeT, Kak MOAEIUPYeTCs Tell-
JIOOOMEH MeXXAy MOTOKOM rasa B Iopax U OTAeTbHBIMU
rpaHyjamMu obpasua. Ilermouku rpaHy/1 B HalipaBJIeHUU
TOPEHUsT 3aMEHSIFOTCSI CTOJIOMKAMU, UMEIOIIIMMU Ira-
MeTp, paBHBII IaMeTpy rpaHyJl. [a3 TedeT BOOJIb CTON-
OMKa B KOJIBLIEBOIT 000iiMe, XapaKTepUCTUKM KOTOPOit
OIpEACIISIIOTCS TIOPUCTOCThIO TPaHYJIMPOBAHHOIO 00-
pasua u 1MaMeTpoM IpaHyJl.

Huxe npuBomsiTcs ypaBHEHUSI MOIEIU, MaKCU-
MaJIbHO YIIPOILLIEHHbIE MJIs1 60Jiee HAISIAHOTO BhIJE-

JIEHUSI BKJTaJla KOHBEKIINH B TOpEHUE TPaHYIMPOBaH-
Horo DM. lanee naeTcst pelliecHrue CUCTEMBI ypaBHe-
HUM MoOHOeNW, TPUBOIITCS KpaTKoe OOCyXIeHHE
pEe3yabTaTOB PACUYETOB M BHIBOIBI PaOOTHI.

YPABHEHUA MOJAEJIN

Cucrema nuddepeHINaNIbHBIX YPaBHEHUI MOIEIN
BKJTIOYAET ABYMEPHOE YpaBHEHHE TEIDIONPOBOTHOCTHA
111 croiornka DM B kKoopauHatax z {0, L}, r {0, d/2},
ypaBHEHHUE UIST CKOPOCTH 3K30TePMUYECKOTO TIpe-
BpaleHUss DM, a Takke OMHOMEpHBIC YpaBHECHUS
HEepa3pbIBHOCTU M COXpaHEHUs SHEPTUM I ra3a u
ypaBHeHUe dubTpanun dapcu:

oT, A, 9(rdT,) , 0T, om
e =N T2 Hp, 2, (1
PsCs at ’ 8}"2 + A 8Z2 + Ps at ( )
an E
Al | - 2
” n exp[ RTJ, (2)
%P; 05t _ g )
ot 0z
oT. oT. du
pgcv a_fg + pgugcv a_Zg + Pa_zg = —ASOC(E - T;d)/q)a (4)
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K oP 5)

W, 9z

31ech HCIONb30BaHbl CIICAYIOIINEe 0003HAYCHUST: | —
BpeMsI; 7 — KOOpIMHATA BAOJIb OCU LIWJINHIPA; F — pa-
IrajibHasi KoopauHarta; T — TeMrieparypa; 1| — Macco-
Bas IOJIS1 TBEPIIOTO BEILIECTBA; P — MJIOTHOCTD; U — CKO-
pocth; P — naBieHue; A, — yaejibHasi MOBEPXHOCTb
IrpaHyI; 0 — KO3OULINSHT TeIrjIoo0MeHa MexXny da-
3aMu; ¢ — MOPUCTOCTh OoOpaslia, pacCUYMTaHHAsI IO
00BbEMY Ta30BBIX MPOMEXYTKOB MEXAY IpaHylIaMU;
A — TEIIONPOBOIHOCTD; A, E 1 H — NIpen3KCIOHEH-
UaIbHBIIT MHOXUTEIb, SHEPTUsI aKTUBALIUM U TEII-
JIOBOII 3(GeKT XMMHUUECKOM peaklMM, COOTBET-
CTBEHHO; R — ra3oBasi IocTosiHHast; K — KoahGUILIMEHT
ra3oMpoOHULIAEMOCTH; L — BSI3KOCTb; ¢, — TEILUIOEM-
KOCTb I'a3a ITpH ITOCTOSTHHOM 00BbeMe; MHIIEKC “s” OTHO-
CUTCSI K TBEpIOMY BelllecTBY (K-(a3e), “sd” — K 00KO-

BOIi MOBEPXHOCTHU LIMJIMHIpPA, “g” — K rasy.

I CKOpOCTH 3K30TEPMUYECKOTO IIPEBPAaIeHUS
KCIIOJIb30BaHO YpaBHEHMUE OpYyTTO-KMHETUKY IIEPBO-
ro nopsaka. Termnodusnyeckue cBoiicTBa K-(assl 1
€€ MJIOTHOCTh IMTPUHSTHI TOCTOSTHHBIMU. XMMUUYECKOE
MpeBpalleHre He U3MeHseT UX BeTMYuHbl. Crleayer
OTMETUTh, UTO TPAHYJIb UMEIOT HOPUCTOCTh, KOTO-
pasi 1o YCIIOBUIO 3a1a4y HE yJ4aCTBYET B (GDUIbTpaALINU
raza. [TosToMy B KauecTBe INIOTHOCTHU K-(a3bl B MO-
eI WCIOJIb30BaHAa CPEOHSISI IIJIOTHOCTh TpaHyIl.
Takske TIPUHSITHI TOCTOSTHHBIMU TEIIOEMKOCTh U KO-
a¢ppunmueHTsr nepeHoca raza. K cucreme (1)—(5)
cienyer 100aBUTh YpaBHEHUE COCTOSTHUSI UIEATbHOTO
rasa 1 (popMyJIbl ISl yAETBHOM MOBEPXHOCTU TPaHYII U
ko3 duimeHTa TerroooMeHa. st mocnenHeir Bemm-
YHHBI UCIIOJIb30BaHA MIPOCTEMINAsT CTeIIeHHAsT 3aBUCH -
MocTh urciia Hyccenbra ot uncia PeitHonbaca:

g

PW,
7 = 6
Pl = ©
6(1-0)
4 =20"9 7
7 (7)
AN d
=22 Nu=BRe", Re=P? (g
d VI8

I'PaHUYHbBIE YCIOBUS:

=0, 1,=1, Ly, )
0z
c=1, %Ly, (10)
0z
r=0 95 o (11
or
r=d, 0L, -1, (12)
or
HauvansHbIe yCIOBUS:
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T, npn z< L,
T, mpu z> L,

0 mpu z <L,

1 mpu z> L,
3necw T, — HavasibHas Temneparypa; 1, = T, + H/c, —
TeMmIrieparypa ropeHust 9M; L, — qyinHa yyactka 00-

paslia, 3aJJaHHOIO TOpPSIIUM B HadaJbHBIII MOMEHT
BpeMeHU. B pacuerax mpuHumMaiock, yto Ly, = 0.02L.

[:O, 7;:7;:
(13)

INpexne yem MPUCTYNMUTh K PELICHUIO TPeaio-
JKeHHOM CUCTEeMbl YpaBHEHUI, Mbl PELLIIA BBECTU He-
CKOJIBKO JTOTIOJTHUTEIbHBIX yIpolleHuii. Bo-nepBbIx,
COIIACHO YCJIOBUSIM OITBITOB T€YEHME Tra3a B oOpaslie
UMeET CKOpOCTY Ha ypoBHe 1—10 M/c, T.e. sIBsIeTCs Cy-
IIECTBEHHO T03BYKOBbIM. CKOpPOCTM (DpOHTA BOJIHBI
TOpPEHUS ellle HIDKe, o KpaifHeil Mepe, Ha 2 TTIopsiIKa
BeJIMUMHBI. [To3TOMY MEPBBIM cllaraeMbIM ypaBHE-
Hus (3) MOXHO npeHeOopeub. MHTerpupys 1o z, mo-
JIy4UM, UTO pacxof rasa, Q, eCTb MMOCTOSTHHAST BEJIU-
YUHa:

(14)

Bo-BTOpBIX, IEepenan AaBieHUs BOOJb 00pasiia B
onbiTax He mpesBbian 0.1 MIla. IToaTomy BMecTo
ypaBHEHMS (pUIbTPALIUU Mbl PELIMIM UCTIOJb30BaTh
YCJIOBUE MTOCTOSIHCTBA AABJICHUS:

p,u, = Q = const.

(15)

Ddopmyinsl (14) u (15) Ucnoab3yIOTCS BMECTO ypaBHE-
Huii (3) u (5). YunteiBag (6), (14) u (15), ypaBHeHHE
(4) MOXHO 3arcaTh B BUIe

P = B = const.

_pchTb % + ch a& + Qa& -
T, ot 0z  p,T, 0z

) (16)
= —A0(T, —T,»)/9,

rae
PW,
RT,

ITpu ynciieHHOM peanTn3aluy MOJAESIIH IJIST HAXOXK-
JIEeHUsST pelIeHUs] WUCIIOIb30BaJICSI METOH ITPOTOHKU.
IIar mo BpeMeHM BBIOMpaics B 3aBUCUMOCTH OT CXO-
IUMOCTU WTepallMii Ha KaxKIOM BpPEMEHHOM cJjioe.
B paccMoTpeHBI IBa BUIa KOHEYHO-Pa3HOCTHBIX
CETOK ITI0 MPOCTPAHCTBY: C MOCTOSIHHBIM IIaroM I10
00enM TIPOCTPAHCTBEHHBIM KOOpAWHATAM W JTWHA-
MUYECKU amalTUpYoIIasics K pelIeHUIO CeTKa B Ha-
MPaBJIIEHUU OCH Z C TIOCTOSTHHBIM 1I1aroM B ITONeped-
HOM HamnpapiaeHUH. 1 BBIOpaHHBIX ITapaMETPOB
pa3HUIIA B cueTe ObLIa HE3HAUYUTEIbHOI, TMO3TOMY
pacyeThl MPOBOAWINCH Ha TMOCTOSHHOI CETKe IO
MMPOCTPAHCTBY, KOJUYECTBO Y3JIOB CETKU B ITPOIOIb-
HOM HarpasjieHnu Ob110 paBHo 2001, a B moreped-
HOoM — 21.

Py =
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Puc. 2. I[Ipoduim TemrepaTypbl BI0JIb 0Opa3iia Ha OCH
cummetpuu (= 0) B pa3IMuHbIe MOMEHTbI BDEMEHMU ¢ B C:
0.15 (1), 0.17 (2), 0.19 (3) n 0.21 (4). PacueT rmpu 6a30BBIX
3HAYEHMSIX BXOTHBIX mapameTpoB 1 Q = 10 1<r/M2 - C.

PE3YJIBbTATBI PACYETOB

Pacuersl mpoBOAWIN MPU CIAEAYIOIINX 3HAYEHUSIX
BXOOHBIX MapaMeTpoB 3agaun: d = 1 MM, L = 100 MM,
T, = 300 K, 7, = 3000 K, P, = 0.15 MIla, ¢, =
=560 Ix/kr/K, p, = 1000 kr/m3, A, = 1 Ix/m - K - c,
0 = 0.5, H= 1.5 MIx/xr, E = 30 kkan/monb, A =
=108c™!, ¢, = 740 Ix/xr - K, W, = 28 r/monb, B =
= 0.2, m = 1. Pacxon ra3za Q OblI BEIOpaH B KayeCTBe
OCHOBHOTIO ITapaMeTpa 3aJadyu, KOTOpPbIiA BapbUpO-
BaJICA B IIMPOKMX peaenax, ot 0 mo 50 kr/M? - ¢, ¢ TeM
YTOOBI YCTAHOBUTH BIIMSTHUE KOHBEKTUBHOM TIepeaaun
TeIlJIa Ha MEXaHWU3M U CTPYKTYPY BOJTHBI TopeHust. Ho-
MUHAJIBHOE 3HaueHHWEe ITapaMeTpa, UCIONb3yeMoe B
SKCIepUMEHTaX, cocTasiser Q = 1 kr/m? - c.

Ha puc. 2—5 npuBeneHBl pe3yibTaThl PacyeTOB
IS BapUaHTa, KOTOPHIM AeMOHCTPUPYET SIBHO BBIpa-
XKEHHBIN 3¢ @GEKT KOHBEKTUBHON Nepeaayu TeIlia.
Pacuer BemmonHen npu Q = 10 kr/m? - ¢. Ha puc. 2
TIpUBENCHBI TTPOPIMIN TEMIIEpaTyphbl BIOJL 00pa3iia
Ha ocu cummMmeTpun (r = 0), B pa3IuUHbIE MOMEHThBI
BpeMeHU ¢ mHTepBajioM B 20 mc. ITpodnan mpakTtu-
YeCKU OMMHAKOBBIE U OTPAXKAIOT BHIXOI BOJIHBI TOpE-
HUS Ha CTAallMOHAPHBINA pexxuM. OnuH 13 TIpoduieit
TeMIlepaTyphl B OoJbIIeM MacluTabe TpUBEICH Ha
puc. 3. ®opma nipoduiasg TUITMYHA [J1s1 BOJIHBI rope-
HUst. OCHOBHOM POCT TeMIlepaTyphbl MIPUXOIUTCS Ha
YYaCTOK JUTMHOM OKOJIO 50 MKM.

B xauectBe (hpoHTa BOIHBI TOPEHMS BHIOEPEM TOU-
Ky, B KOTOpO# Temnieparypa pasHa 1, = (T, — T;)/2. To-
I1a CKOPOCTb BOJIHBI TOPEHMSI Ha YCTAHOBHMBILIEMCSI
pexume coctaBuT 312 MmMm/c.
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Puc. 3. [Ipocduns TeMriepaTypsl BAOIL 0Opa3iia Ha OCU CUM-
metpud (= 0) B MoMeHT BpemeHu ¢ = 0.19 ¢. PacueT npu 6a-
30BBIX 3HAYCHMSIX BXOMHBIX mapaMmeTpoB 1 Q = 10 Kr/M2 -C.

Ha puc. 4 mpuBeneHsl npoduiam TeMIlepaTyphl,
B3SITBIE B HEKOTOPHKI MOMeHT BpeMeHu (7 = 0.19 ¢) B
TPpeX XapaKTepHBIX ITO3UIHUSIX: B K-daze Ha OCH CUM-
meTpuu nipu » = 0, Ha TOBEPXHOCTU NMpU ¥ = d/2 U B
rasze. BumHo, 9To nmpodmiib Ha MTOBEPXHOCTH, pasie-
Jisonneit K-¢asy u ras, CylmecTBeHHO OTInYaeTcst OT
PO Ha OC CUMMETPHH: 3aMETHBIN POCT TeMIIe-
paTypbl HAYMHAETCS paHblie, U caM MPOoGhUIb CIBUHYT
1o ocu z. Pa3HuIIa TemMIIepaTyp MeXIry ra30M 1 IIOBEepX-

T,K
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500 |- 1 L
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Puc. 4. PacnipeneneHue TeMneparypbl BIOJIb OCH Z TP
t=0.19c: 1 —npur=0; 2—npu r=d/2; 3— Temreparypa
ra3a. Pacuet rpu 6a30BbIX 3HAY€HHUSIX BXOIHbBIX MTapaMeT-
posu Q=10 Kr/(M2 ‘c).
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Puc. 5. luarpamMbl (ppoHTa IUIAMEHU 11O paavaibHOI
KOOpIMHATE B MOC/IeI0BaTEIbHbIE MOMEHTBI BpEMEHU OT
0.185 mc (kpuBas 1) mo 190 mc (kpuBas 6) ¢ marom 1 mc.
Pacuer npu 6a30BbIX 3HAYEHUSIX BXOIHBIX [1apaMETPOB U
0=10 1<r/M2 - C.

HOCTBIO CTAHOBHMTCSI 3aMETHOI Ha ydacTKe, Haxo[s-
IIEeMCSI Ha PACCTOSTHUM 8—9 MM OT 30HBI TOPEHUS; €€
MakcuMaJibHasg BeanuuHa gocturaet 1900 K.

Ha puc. 5 npuBeneHbl nuarpaMMbl (OpOHTA BOTHEI
TOpeHUsI, TOCTPOEHHBIE IO PAANYCY OT OC CUMMET-
pUM 10 MOBEPXHOCTHU, pasieisioneii K-dasy u ras.
Bnaromapst noToky Teria, repenaBacMoro oT ra3a 3a
CUeT KOHBEKLIUHU, TIOBEPXHOCTHbBIE CJIOU pa3orpeBa-
IOTCSl OBICTpee, YeM CJIOU Y LIeHTpa, M AuarpaMma
dpoHTa TIprodpeTaeT GopMy, BOTHYTYIO IT0 LICHTPY.
PazHocTh Mexxny koopauHaTaMu GPOHTA BAOJIb OCH g
M Ha MOBEPXHOCTH COCTAB/ISIET HEMHOTO OOJIbIIIe
0.2 MmMm. Ha omarpammax ¢ppoHTa mMMeeTcsT BOJTHOBasI
CTPYKTypa ¢ M3JIoOMaMUu (HAKJIOHHBII y4acTOK TLIIOC
“m1aTo”). BoaHBI MenIeHHO OETyT OT ITOBEPXHOCTHU K
LEHTPY, IEePEHOCS TOMOJIHUTEIBHOE TEIIO CO CKO-
poctbio 20—25 Mm/c.

Ha puc. 6 u 7 maHbI pe3yJabTaThl pacyeToB, IIPOBE-
JIEHHBIX ITPpY 0a30BbIX 3HAUEHUSIX BXOJHBIX TApaMETPOB
u Q = 50 kr/M? - c. YBeaM4eHue pacxoaa ra3a B 5 pas
MpUBEJIO K CYILLIECTBEHHOMY YCUJICHUIO KOHBEKTUB-
Horo a¢gdekra. Kak v B mpenbiayileM BapuaHTe,
CKOPOCTb BOJIHbI TOPEHUSI BBIXOIUT Ha YCTAaHOBUB-
IIMICS YPOBEHb, OMHAKO BeJIMUYMHA CKOPOCTHU Tope-
HUS B 3TOM BapHaHTe npeBbicuia 1.5 M/c. Ha puc. 6
npuBeaeHbI NPOoGhUIN TeMIepaTyphl, B3SITbIe B HEKO-
TOPBIi MOMEHT BpeMEHU OT Havaja TopeHus (¢ =
= 38.5 Mc), B TpeX XapaKTepHbIX MO3ULUSIX: B K-(haze
Ha ocU CUMMeTpuUM npu » = 0, Ha TTOBEPXHOCTU MpU
r=d/2 u B raze. Ilpoduyiu B raze U Ha MOBEPXHOCTHU
KauyeCTBEHHO aHAJOTMYHBI MPOGWISIM B BapuaHTe C
0 = 10 xr/M? - ¢, XOT4 U3-3a 60Jiee BLICOKOI MHTEH-
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Puc. 6. PacnipeneneHue teMmneparypsl BIOJIb OCH Z TIPU
t=38.5mc: I —npur=0,2—npur=d/2,3—Brase. Pac-
YyeT Mpy 6a30BbIX 3HAYSHHUSIX BXOIHBIX ITapaMeTpoB U Q =
=50 kr/mM“ - c.

CHUBHOCTHM TETUIOOOMEHA pa3HUIIa TeMITepaTyp MEKIY
STUMHU NPODUIIMU CTAHOBUTCS CYILLIECTBEHHO HUXKE
Ha BCEM y4YacTKe KOHBEKTHBHOIO Harpesa, JJrHa KO-
TOPOro, OTCUMThIBaeMasli OT (poOHTa TOpPEHMUSs, CO-
CTaBJISIET OKOJIO 5.5 MM.

CyliecTBEeHHO, OOHAKO, YTO NMpoduib TeMIlepa-
TYpbl Ha OCM CUMMETPUU OTCTaeT OT MPOdUIs TEM-

25 MM

22F 3

Puc. 7. quarpamMbl (ppoHTa TUIAMEHU TI0 paavaIbHOI
KOOpAMHATE B ITOCJIe0BaTEIbHBIE MOMEHTBI BpDEMEHU OT
13 Mmc (xpuBast 1) no 16 mc (kpuBas 6) c¢ marom 0.5 Mmc.
Pacuer ripu Ga30BbIX 3HAYSHUSIX BXOTHbBIX ITApAMETPOB U
0=50 KF/M2 - C.
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14.2 8

14.0 -

13.8F
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13.4 3

1321

13.0 I I 1 1 1

Puc. 8. luarpamMbl (ppoHTa TUTAMEHU 110 paavaIbHOI
KOOpAMHATE B MOCJIeA0BATEIbHbIE MOMEHTBI BDEMEHU OT
65 mc (xkpuBast 1) 1o 72 mc (kpuBast 8) ¢ marom 1 mc. Pac-
YeT mpu 0a30BbIX 3HAYCHUSIX BXOIHBIX TapaMeTpoB U Q =
=1Kkr/M"-c.

repaTrypbl Ha MOBEPXHOCTU CTOJOMKA IO OCHU Z Ha
2 MM — OOJIBIIIOE PACCTOSIHUE, B 4 pa3a mpeBbIlIalo-
mee paauyc rpaHyia. CKOpOCTb pacnpoCTpaHEHUS
¢poHTa TOpeHUs] B paauajbHOM HamNpaBJIeHUU CO-
crasisieT okosio 300 MM/c, UTO B 5 pa3 MEHbIIIE, UeM
CKOPOCTb BOJIHBI TOPEHUSI BAOJIb OCHU Z. JIJ1s1 TpaHyIu-
poOBaHHOTO 00pa3iia 3TO O3HAYAET, YTO B BOJIHE TOpe-
HUsT popMUpyeTCsl CTPYKTypa, Koraa 3a GpOHTOM ro-
peHUsI BIOJIb OCH Z pacIiojiaraeTcsl Liernouka, mo Kpaii-
Heii Mepe, M3 NBYX IpaHy/J, B KOTOPBIX TOpEeHUE
pacnpocTpaHsieTcsl OT TIOBEPXHOCTU TPaHYJI K UX LIeH-
TpY. DTO HAITOMUHAET MPOCTPAHCTBEHHYIO CTPYKTYPY
BOJIHBI TOPEHUSI, XapaKTEPHYIO JIJIsI KOHBEKTUBHOTO
pexuma ropeHust BB [11].

ITo mepe ymeHbIIeHUs pacxoma ra3za 3(p¢eKTHl,
BhI3BaHHBIC KOHBEKTUBHBLIM IIEPEHOCOM TeIlIa,
ocnabasaoTes, GpOHT BOJIHBI TOPEHUSI CTAHOBUTCS
0oJiee IUIOCKMM, a CKOPOCTb TOPEHUSI CHMKAETCS.
AHaJIOTUYHO puC. 5 (GOPMUPYIOTCS TIOTIEPEYHbIE
BOJIHEI, II€pEHOCSIINE M30BITOYHOE TEIJIO OT ITO-
BEPXHOCTHM K OCH CHUMMETPUM U WCKPUBJISIOLINE
¢poHT ropenus. [Ipumep peleHus IJIsk BapruaHTa C
0 = 1 xr/M? - ¢, IeMOHCTPUPYIOLIUi (POPMUPOBAHUE
M pacnpocTpaHEHME MOIMEPEeUYHbIX BOJIH, IIPUBEACH Ha
puc. 8. CKopocTb 3TUX BOJH cocTaBisieT =130 mm/c;
9TO TIpuGIM3NTeNbHO Ha 20% HUXKe, 4eM CKOpPOCTh
BOJIHBI TOPEHUSI B HampaBjieHUM ocH z. HamisimHoe
TIpencTaBJAeHUE Tal0T AUarpaMMbl 5—&, Ha KOTOPBIX
BUIHO, KaK M3JIOM AuarpaMmbl (KpuBas 5) pacmpo-
CTpaHSIETCS B IOIIEPEYHOM HarpaBiieHUU (KpUBLIE 6, 7)

n mpubmmkaerca K ocu. [losamm usznoma GpoOHT
OCTaeTCs TIOCKUM.

BausHue pacxoada raza Ha YCTaHOBUBIIYIOCS CKO-
POCTb TOP€HMUA IIPH pacyeTe C 0a30BBIMM 3HAYCHMUSI-
MU BXOAHBIX ITapaMETPOB ITPEACTABIICHO HMXKE!

0, kr/M? - ¢ 0 1 4 10 50
u, MM/C 146 154 203 312 1580

I1pu oTCyTCTBMM Ta30BOr0 MOTOKA (PPOHT BOJIHBI TOpE-
HUST TUTOCKUIA, CKOPOCTb TOpeHUs paBHa 146 Mm/c.
Ipu pacxone raza 1 Kr/M? - ¢ CKOPOCTb TOPEHHUS YBE-
nuuuBaercs Ha 5.5%, a npu Q = 10 xr/m? - ¢ 3a cuer
KOHBEKIIMM OHA YBEJIMYMUBAETCS IIpUMepHO B 2.1 pa-
3a. Pacuer npu Q = 50 Kr/M? - ¢ 1aJI IPUPOCT CKOPO-
CTU TOpeHMs MouTH B 11 pas.

Bein Takke mpoBeneH pacueT npu d = 0.5 MM u
0= 10 xr/M? - c. TToayueHo cieayioliee 3HaAUYEHNE
CKOpoOCTU TopeHus: u = 275 mm/c. Takum obpasom,
MPY YMEHBIIIEHUX BABOE IUaMeTpa I'paHyJl CKOPOCTh
TOPEHMSI CHIDKAETCS IIPUOIM3UTEIHHO Ha 12%.

OBCYXIEHUE PE3YJIIbTATOB

MexaHM3M M 3aKOHOMEPHOCTU KOHBEKTHBHOTO
TOpeHUs U3BECTHBI IOCTATOYHO AaBHO, IJIABHBIM O00Opa-
30M 0 MCCJIeNOBaHUSIM, TIPOBEIEHHBIM Ha rpyboauc-
nepcHbix BB u mopoxax (cM., HarpuMep, MoHorpaduu
[11, 12]). KoHBeKTUBHOE TOpeHUE BO3HUKAET MPU J10-
CTVKEHUU OMpeleeHHBbIX YCIOBUi (0OBIMHO, €Ciiu
JlaBJieHW€e B BOJIHE TOPEHUSI CTAHOBUTCS BbIIIIE KPU-
TUYECKOTO JAaBJEHUSI CPbIBA MOCIOMHOTO TOPEHUs
BB), korna npoayKThl TOpeHUsI, TIPOHUKHYB MO MO-
paMm B my0b BB, HarpeBaroT 1 MOMXUTAIOT MTOBEPX-
HOCTb TTop. [Ipoucxonut KapauHajibHasl MepecTpoii-
Ka TIPOCTPAHCTBEHHOI CTPYKTYpPhI BOJIHBI TOPEHUSI:
BMECTO (DpOHTAJIbHOM CTPYKTYPhI TTPU KOHIYKTUB-
HOM MeXaHU3Me TOPeHUsI, Koraa (ppOHT BOJHbI OT/IE-
JsieT ucxogHoe BB oT mponykToB ropenusi, hopMupy-
eTcs1 00beMHasl CTPYKTypa, Koraa 3a (9)pOHTOM BOCILIa-
MEHEHUsI OMHOBPEMEHHO B OOJIBIIIOM KOJUYECTBE
TOPSIT TI0 HApYXKHOM MOBEPXHOCTU yacTuilbl BB. 3Ha-
YUTEJTbHOE Ta30BBIICIICHUE BBIZBIBAET CTPEMUTEIIb-
HBI POCT AaBJIEHUSI U CKOPOCTU PACIIPOCTPaHEHUsI
BOJIHbI KOHBEKTMBHOTO TOpPEHUSsI, KOTOpasi OObIYHO
Ha JIBa 1 6oJiee MopsiaKa BeJTMYMHBI TPEeBbIIIAET CKO-
pPOCTb KOHIYKTUBHOTO TopeHus [11, 13, 14].

KoHBeKTUBHBIN peXXnM TOpeHUsI, HAOII0IaeMbIiA
B OIIBITaX IO TOPEHUIO TPAaHYJIUPOBAHHON IIUXTHI B
poliecce caMOopaCIPOCTPAHSIONIETOCS BHICOKOTEM-
nepatypHoro cuarte3a [1, 2], BRINISIIUT MHAde: CKO-
POCTb TOPEHUS B pe3yJibTaTe 00IyBa IpaHyI TOPSITIUM
ra3oM yBeJIWUMBAETCS BCEero B HECKOJBKO pa3s. Paz-
JINYME BBI3BAHO 3aMETHO MEHBIINM OOBHEMOM ra3oB
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o cpaBHEHMIO ¢ TopeHreM BB 1 oTHOCHTETHHO 00-
Jiee BBICOKMMU TeMIIEpaTypaMu, HEOOXOAUMBIMU I
BOCIIAMEHEHUS TPaHyJIMPOBAHHON IINXTHI. TeM He
MeHee 1 B 3TOM CJIy4yae KOHBEKTHMBHBIN ITOTOK TEILIA,
MOCTYITAIOIIETO Ha IIOBEPXHOCTh TPaHy, IIPUBOINUT K
MEPECTPOMKE MPOCTPAHCTBEHHOM CTPYKTYPbI BOJIHBI
ropeHus1. TeMmriieparypa cjioeB MaTepuaia, IpUMbIKao-
IIUX K MOBEPXHOCTU I'PaHYyJI, MOBBIIIAETCI, U (PPOHT
TOPEHUSI IPOXOIUT ITU CJIOU C 60JIee BHICOKOI CKOPO-
c1hi0. UMeHHO 3ToT 3¢ (eKT BHOCUT CBOI BKJIAJI B CKO-
POCTb TOpeHMsI 00pa31a, KoTopasi 10JKHA BO3pacTaTh
10 Mepe YBeJIMYEeHUs pacxoma rasa, o0IyBalollEero
rpaHyJIbI.

Teopetuueckast Moaeb, TIpencTaBieHHAas B 1aH-
HOM cTaThe, IMpU3BaHa I10Ka3aTb, KaK IPOMCXOIUT
nepecTpoiika NpOCTPAaHCTBEHHOM CTPYKTYPhI BOJIHbI
ropeHus Ipu 0OIyBe I'paHYJMPOBAHHOIO oOpasla
ropssuumM razom. CoznmaBasi MOJI€NIb, Mbl CO3HATEIbHO
WCKJIIOUMJIU U3 PACCMOTPEHUS PsI IIPOLIECCOB, 3HA-
YUTEJIbHO YCIOXHSIOIINX TOPEeHME. XOTS OBIJIO JOKa-
3aHo [3, 6], 4TO ropeHue IeiiCTBUTEILHO IIPOTEKAET B
o0ObeMe TpaHyJl, mepeaaeTcs OT I'paHyJIbl K rpaHyJjie B
MeCTax X KOHTaKTa U CyIlIeCTBEHHO He UBMEHSIET ra-
30MPOHUIIAEMOCTb IPaHyJIMPOBAaHHOIO 0Opasia, oli-
HaKoO B XOJ€ FOpPEeHMs IIUXTa IUIAaBUTCS, IJIaBJICHUE
COTIPOBOXIIAETCSl BhIICICHUEM MPUMECHBIX ra30B U
W3MEHEHHEM 0o0beMa, a 3K30TepMUYECKOE IIpeBpa-
IIEHHE TTPOTEeKaeT 10 MEXaHU3MY, CyIIIeCTBEHHO 00-
Jiee CIOXHOMY, YeM OQHOCTaauiiHasl peakiusl Mmep-
BOTIO MOpsaKa, MPUHSATAasI B MOAEIU.

Llernmouku rpaHy, MO KOTOPBIM PaclpoCTpaHseT-
csl TOpeHHUe BIOJb 00paslia, B MOJEIU 3aMEHEHBI Ha
HUJIUHAPUYECKUN CTONOMK C AMaMETPOM, PaBHBIM
auameTpy rpaHyi. [Topbl Mexay rpaHyjaMu, IO KO-
TOPBIM TEUYET CIYTHBIM MOTOK ra3a, 3aMeHEeHbI KOJIb-
LIEBBIM 3a30pOM, IUJIOLIAAb KOTOPOTO OMNpPEAEIseTCs
IUAMETPOM TpaHys U NOPUCTOCThIO . a3, Brekaro-
LM B KOJILLIEBOM 3a30p, UMEET TeMIlepaTypy, paB-
HYIO TeMIlepaType ropeHusl, U OXJ1aXkaaeTcs, oTaaBast
CBO€ TEIJIO MOBEPXHOCTU CTOJIOUKA.

KirtoueBbIM BapbUpyeMbBIM ITAPaMETPOM SIBJISIETCSI
pacxon raza. B pacuerax B 3aBUCMMOCTU OT pacxona
rasa HaOmogaloTcs cienytomue cutyanuu. [Ipu He-
GonbIMX pacxonax (Ha yposHe 1 Kr/M? - ¢) (GpOHT ro-
pEeHUS TIPEUMYIIECTBEHHO IUIOCKMi. OmHAKO pOCT
TeMIepaTypbl Ha MOBEPXHOCTU CTOJIOMKA, BbI3BaH-
HbIi KOHBEKTUBHOM Iepegayeii Tera, IpUuBOIUT K
MOSIBJICHUIO M3JIOMOB Ha (PPOHTE TOPEHUSI. DTU U3-
JIOMBbI PacIPOCTPAHSIOTCS IO paguycy K OCU CUM-
METPUU, BEIpaBHUBAsI (PPOHT.

Ipu yMepeHHBIX pacxonax (Ha ypoBHe 10 Kr/M? - ¢)
G1aromapst UHTEHCUBHOMY IIPOTPEBY HAPY>KHbBIX CJI0-
€B CTOJIOMKA CKOPOCTb TOpPEHMSI BO3pacTaeT OoJee
YyeM BABOE, a (PPOHT TOpeHUs MOXoX 1o ¢opmMme Ha
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oOpallleHHBI KOHYC C yIi10M oKoJjio 65°. IIpu Bbico-
KMX pacxozax (yposeHb 50 Kr/m? - ¢) CKOPOCTb rope-
HMUSs TIpeBbILIaeT 0a30BYyI0 (B OTCYTCTBUE 00OQyBa ra-
30M) OoJiee YeM Ha MOPSIIOK BEJIMUUHBI, 2 BbICOTA 00-
palleHHOTOo KOHyca, KOTOpPbIiA BOCIPOWU3BOAUT
¢dopmy ppoHTa TOpeHUsI, TOCTUTACT ABYX AMaMETPOB
cronbouka. PakTUUECKH, 3TO COBEPIICHHO Ipyrasi
MPOCTPAHCTBEHHASI CTPYKTYpPa BOJIHBI TOPEHUSI, B KO-
TOpoii (DPOHT TOpEeHUsI pacHpPOCTpaHSIETCs IO TI0-
BEPXHOCTU TPaHYJI, Cieayst KOHBEKTUBHOMY ITOTOKY
TerJia, IMOCTyMaloIero oT ra3a, Torma Kak MexaHu3M
repeHoca Teria 3a CYeT TETUIONIPOBOIHOCTU KOHTPO-
JIUpYeT MPOJIBUXKEHUE BOJHBI TOPEHUST OT MOBEPXHO-
CTH rpaHyJ K LIeHTpy. BKi1ag KOHBEKIIUM CTAHOBUTCS
npeob1agaroIM, MPOIEcC MPU 3TOM YPOBHE pacxo-
Jla ra3a MOXKHO TTPU3HATh KOHBEKTUBHBIM TOPEHUEM.

Kaptuny, koTopast HabmomgaeTcs IIpyu yMEpeHHOM
YPOBHE pacxojia raza, HeCMOTPsI Ha 3aMETHBI BKJIaj
KOHBEKIIMM, Ha3BaTb KOHBEKTUBHBIM TOpPEHUEM
Henb3st. Ckopee, 3TOT Mpoliecc clieoBajo Obl Ha-
3BaTh KOHIYKTMBHO-KOHBEKTUBHBIM PEXUMOM TO-
peHus. YTo KacaeTcsi 9KCIEPUMEHTOB, TO MIJIST COIO-
CTaBJICHUSI C pacyeTaMy MOXHO MCIIOJIb30BaTh MaH-
HBIE T10 TIPUPOCTY CKOPOCTU TOPEHUSI, KOTOPBIIA IIJIsI
IpaHyIMpOBaHHBIX 00pa31ioB U3 MxThl Ti + C yBenm-
4yuICA BIBOE IIPY PACXOJIE a30Ta Ha ypoBHe 1 KT/M? - ¢ [2].
B pacueTax Takoit MpupoCT CKOPOCTU TOPEHUS MoTyda-
eTcsa nipu pacxone raza 10 kr/m? - ¢c. Hecmorps Ha 3a-
METHBII BKJ1aJd KOHBEKTUBHOM COCTaBSIONIECH, ITPO-
Iecc, HaOMomaeMblii B 3KCIIEPUMEHTaX, CJIEOYeT,
cKopee BCero, OTHECTU K KOHIYKTUBHO-KOHBEKTUB-
HOMY pexXumy. YHToObl MOTyYUTh KOHBEKTUBHBII pe-
KM TOpEHUSI B 9KCIIEPUMEHTAX, IOTpeOyeTCs CyIle-
CTBEHHO YBEJIMYUTD PACXO]I Ta3a.

PesynbraTel MogeIMpoBaHusl, TTIOJydeHHBIE B CTa-
ThE, JAaIOT BO3MOXHOCTh IIPOKOMMEHTHUPOBATH TE€O-
peTUYECKrEe OLIEHKU, KOTOpbIe ObLIM MPEIIOXKEHBI B
pabote [1] ipu aHaM3e¢ KOHBEKTUBHOTO pesKMMa Iro-
peHUs TPaHYJIMPOBAHHOM CMECH TUTAHA C YIJIEPOAOM
B CITyTHOM NOTOKE ra3a. OLleHKM OCHOBaHbl Ha Ipel-
MMOJIOXKEHMSX, YTO XapaKTepHBIM pa3Mep 30HbI KOH-
BEKTMBHOTI'O HarpeBa B HalpaBJICHUU PaCcIIPOCTpaHe-
HUSI BOJIHBI TOPEHUSI paBeH AUaMeTpPy TpaHys, U 4TO
KOHBEKTHBHBIII TMOTOK TeIlJla HarpeBaeT ITOBEpX-
HOCTB IpaHyJ1 0 TeMnepaTypbl BocruiaMeHeHusl. [1o-
clielHee YCJIOBUE OIpeAcisieT BpeMsl HarpeBa IO-
BEPXHOCTU TPaHyJI, 1 YTOOHI TTOJIyYUTh COIJIaCHE C
SKCIIEPUMEHTOM MO CKOPOCTU TOPEHUSI, BEIUUYUHY
Ko3(ddpunmreHTa TeruioooMeHa nmoTpedoBaIoCh yBe-
JIMYUTH Ha TIOPSIIOK T10 CPaBHEHUIO C JIMTEPATYPHBI-
MU JaHHBIMH.

CormacHo pe3yiabTaTaM MOACIUPOBAHUS IJIMHA
30HBI, B Mpeaeiax KOTOPOM TEIUIO OT TOPSYero rasa
MOIJIOIIAeTCs TIOBEPXHOCTHIO TpaHyJ, B 5 u 6osee pa3
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MpeBbIIaeT guaMeTp rpanyia. Ecim ydecTh Takyro
BO3MOXHOCTh B TEOPETUYECKHMX OLIEHKaX, TO TOLIa
HEOOXOOUMOCTD Ha MOPSIIOK YBEIMYNBATh KO3hPU-
LIMEHT TerIiooOMeHa oTiamaeT. [1oyduTh cornacue
OLICHOK C KCIEPUMEHTOM MOXKHO OYIeT, YBEINYUB
ko3 dpunmeHT TeruroooMeHa B 1.5—2 pa3za 1o cpas-
HEHUIO C JUTEPaTypPHBIMU JAHHBIMHU, YTO BITOJHE
YKJIaAbIBAETCS B BO3MOXHBIN 3(h(HEKT, CBI3aHHBIN C
pPa3BUTOI LIIEPOXOBATOCTHIO TIOBEPXHOCTHU TPaHYII.

Hpyrast xapakTepHast 0COOEHHOCTh MOJIEIN, pac-
CMOTpEHHOI B TaHHOI paboTe, COCTOUT B TOM, YTO
KOHBEKTHUBHBIN MMOTOK TeIljIa, ITOCTYIAOIIETo Ha ITo-
BEPXHOCTh TpaHyJl, HaKJIambIBaeTCsd Ha Tepenady
TeIlIa 3a CYET TeTUIONPOBOIHOCTH BO (DPOHTE BOTHBI
ropenust. Kak ciemcTBue, CKOpOCTb BOJTHBI TOPEHUS
BO3pacTaeT 6Jlaromaps ee pacipoCcTpaHeHUIO IO Ha-
IPETBIM yJ9acTKaM Haxe MPU CPaBHUTEIHLHO HU3KOMN
WHTEHCUBHOCTH TEIUIOOTIAaYM, KOTIa OHa SIBHO He-
JMIOCTATOYHA, YTOOBI HATPETh IMTOBEPXHOCTH TPAHYJT 10
TeMItepaTyphl BociutaMeHeHHsI. CKOPOCTh TOPESHUS
MO0 Mepe YMEHBIIeHUsS pacxoia Ta3a MOHOTOHHO
CHITXaeTcs, MpUOIIKasch K 6a30BOil CKOPOCTH TO-
pPEHUS B OTCYTCTBHE CITYTHOTO ITOTOKA rasa.

CoBceM JIpyrylo KapTUHY OalOT TEOpETUYECKUE
OILICHKM, KOTOpHIE caenaHbl B padbote [1]. B Hux He
yIUThIBaeTCs 3@ EKT OT HATOXKEHUS [TIOTOKOB TeTlIA.
Kak cienctBue, 1mo Mepe yMeHbIIIEHUS pacxoia rasa,
Onaromapsl CHIDKEHUIO Koa(dduIMeHTa Terioo0MeHa
BpeMsI HarpeBa IMOBEPXHOCTHU TPAHYJ 10 TeMIIePaTyphbl
BocIuiaMeHeHUs pacteT. CKOpOCTb TOPEHMSI, KOTopasl,
comtacHo [1], paBHa OTHOIIIEHUIO AUAMeETpa IrpaHyl K
BpEeMEHU HarpeBa, TAkXKe YMEHbIIIAETCS I B KOHIIE KOH-
LIOB OKa3bIBaeTCs HIDKE, YeM 0a3oBasi CKOPOCTh Tope-
HUS B OTCYTCTBHE CITyTHOTO ITOTOKA ra3a.

BbIBO/JbI

1. [1pencraBiieHa TeopeTUYECKast MOMAEIb, TO3BO-
JISIOIIAas aHAJTM3UPOBaTh BKJIA[ KOHBEKTUBHOI TIepe-
a4y TeTlia TIpYU TOPEHUN TPaHyJIMPOBAHHON IINXTHI B
CITyTHOM ITOTOKE Ta3a B IPOILIECCaX CaMOpaCHpacTpaHs-
IOIIETOCST BEICOKOTEMITEPATYPHOTO CUHTE3A.

2. [Noka3aHo, 9TO B 3aBUCUMOCTH OT Pacxoia ro-
psi9ero rasa, MpoAyBacMOro CKBO3b IPaHYIMpPOBaH-
HBIIT 00pa3selr, HaGIIoIaloTCs TP PeKrMa TOpeHUS.

3. Ilpu OTCyTCTBUM Ta3a MU HEOOJIBIIIOM €ro pac-
xoze (Ha ypoBHe 1 Kr/M? - ¢ 1 HIKe) PPOHT rOpeHUs
MIPEUMYIIIECTBEHHO TIJIOCKUI 1 KOHBEKIINS He UTpa-
€T CYIIIECTBEHHOM POJIM.

4. TTpu ymepeHHBIX pacxonax (Ha yposHe 10 Kkr/m? - ¢)
CKOPOCTb TOPEHUS YBEIUUNBAETCS BIBOE, UTO OOBSIC-
HSIETCS MHTEHCUBHBIM IIPOTPEBOM HapPYKHBIX CJIOEB
BOJIM3M TToBepXHOCTH TpaHya. [Ipu aTom dppoHT TO-

peHus B TpaHylax Mo opMe CTAHOBHUTCS MOXOXUM
Ha oOpallleHHBIV KOHYC C YIII0M 0K0J10 65°. TopeHue
MPU 3TUX YCIOBUSIX CIIEAYeT, CKOpee BCEro, OTHECTU
K KOHIYKTUBHO-KOHBEKTUBHOMY PEXKUMY.

5. IIpu BeIcOKMX pacxonax (Ha ypoBHe 50 Kr/m? - ¢)
CKOPOCTb TOPEHMSI TPEBBIIIacT 6a30Byl0 (B OTCYT-
CcTBHeE 00MyBa ra3oM) 6oJjiee YeM Ha ITOPSIIOK BEIMIM-
HBI, a pa3HUIIa B TEMIIepaTypax Ha MOBEPXHOCTH Ipa-
HYJI ¥ B IICHTPpEe CTAaHOBHTCS ellle Oojiee 3aMEeTHOIA.
IIpu 3TOM GIaromapsi KOHBEKTUBHOMY MOTOKY Tellla,
KOTOPBII TTOCTYITAaeT OT Ta3a, (PPOHT TOPEHUS pacIpo-
CTpAHSIETCS TIO TIOBEPXHOCTH TPaHyJI, a TIPOIBITKEHIE
BOJTHBI TOPEHUST OT IOBEPXHOCTH TPaHyJI K IIEHTPY TTPO-
WCXOIUT 3a CUeT TEeIUIONPOBOTHOCTH. [Ipormecc mpu
5TOM yYpOBHE pacxoia Ta3a MOXHO IPU3HATh KOHBEK-
TUBHBIM TOPEHUEM, ITOCKOJBKY BKJIAal KOHBEKIIMU
CTaHOBHTCS TIPEOOTaTAIOIINM.

ABTOpPBI BEIpaXKalOT UCKPEHHIO 0JIaromapHOCTh
b.C. Cemmsipckomy (MCMAH um. MepxaHoBa) 3a
nIyOOKHMe OOCY:XKIEHUS W TUCKYCCHU IO BOIIpOCaM
KOHBEKTUBHOTO TOpEHMSsI, KOTOpbI€ B pe3yJibTaTe
MPUBEIN K HAITMCAHUIO 3TOM CTAaThMU.

Pa6ota BrinmosiHeHa B pamkax I[IporpamMmbl pyH-
MIaMEHTaJIbHbIX Hay4YHbIX McciaenoBaHuii Poccuii-
ckoit Demepamuu (tema No 122040500073-4 u
122040500068-0).
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