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Ins coBpeMeHHbIX ITPOrPAaMM OCBOEHUS KOCMOCA C UCIIOJb30BAHUEM PaKeT-

HOCUTEJel C ALEPHLIMU YCTAaHOBKAMU MOABWIACh HE0OXOLUMOCTb OLICTPOTO U
3G QeKTUBHOrO pacyeTa TeMIIepAaTYPHLIX [TOJleN ['0JI0BHON YaCTW PAKeTH Iis
obecreyenns 6€30IacHoi TPAHCTIOPTUPOBKU AREPHEIX YCTAHOBOK Ha OpOUTY.
B paboTe paccMaTpuBalOTCA ITOCTAHOBKA W aTOPUTMbL PellIeHUs HEeCTalMoHap-
HOW 33/1auM pacyeTa TEMITEPATYPHLIX TT0J1ei 000104YKYU BPALlEHUA B BLICOKOTEM-
[epaTypHOM a3pOfiMHAMUYECKOM IIOTOKE C 33fjlaHHOW TeMneparypoint. Ilpeana-
raerca ¢pusnyeckas Mozeb U alrOPUTMBL pacyeTa TeMIlepaTypHLIX IONei B
71060BO YAaCTU U B OKPYKHBIX ceueHuax 06010uku. Moaensb ¢ yueToM yHoCa
Marepuana I03BOAUT IIPOTHO3UPOBATh BO3MOXHOCTb BHIITONIHEHUA 11e1€BO
HAIPaBJIEHHOCTU 000J10YKU TPU PA3IMYHBIX 3HAYEHUAX OTIPEfeIAMX Tapa-
METPOB.

KnioueBble cioBa: 060/104KHM BpalLeHUs, ypaBHEHWE TENIONPOBOJHOCTH, PacyeT Temne-
paTtypHoro nons.
Key words: shells of revolution, heat transfer equation, calculation of temperature field.

BblBOJ HENMHEWHOIO YPABHEHUA TEMJIONPOBOJHOCTHU
OB0J1I0YKH BPALLLEHMA

Puc.1. 060s04Ka BpalieH!s 1 ee reoMeTpUYeCKUe napameTpsbl

PaccmoTpum 0607104KY BpalleHUs nepeMeHHol TonwmHbl h(z) (puc. 1) ¢ npous-
BOJIbHOM 06pa3yloweit, hopMy KOTOPOIl MOXHO 3aAaTh ypaBHeHUeM y = F(z) B nps-
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MOYroNbHOW CUCTEME KOOPAMHAT UK Tabnuuein KOopAUHAT (Z, y) ee 0OCHOBHbIX TO-
yek. [pu BbIBOAE YpaBHEHUIA U ONUCAHUN HEOOXOAMMBIX MONOXEHWUN OyfEM UCMOJb-
30BaTb 0603HAYEHMA PAAUYCOB KPUBU3HBI BHELWHeH NOBEPXHOCTU Ry, R,; paguycos
napanneneint 060N104KM BpaleHUa R; NONAPHOTO paguyca r B OKPYXHbIX CEYEHUAX
060/104KM; OCW BPALLEHNUA Z U LNUHBI AYTU MEPUAMAHA S.

YpaBHeHMe TeNONPOBOJHOCTM MOXHO NOAYYUTL U3 YCOBMA TENN0OBOro 6anaHca
Manoro anemeHTa (puc. 2), KOTOpbIN BbiAeNEH U3 06010YKM ABYMA MEPUANOHANbHbI-
MW CEYEHUAMU, ABYMA OKPYXHbLIMU U IBYMA IKBUANCTAHTHBIMU NOBEPXHOCTAMMU.

Puc.2. BbifeneHHblit anemMeHT 060104KM A1 UANIOCTPALMN BHYTPEHHNX TEMNOBbIX NOTOKOB

YpaBHEHUs IKBUAUCTAHTHBIX MOBEPXHOCTEN MOXHO NPEACTaBUTL B BUAE I'=C, r=c+dr.
Ho, yunTbIBas, 4To TENO0OMEH UAET C BHELWHUM NOTOKOM, Lie1eco06pas3Ho BBECTU TaKKe OCb
X TI0 TOJILLMHE 060JI0YKM C HAYaNIOM OTCYETA HA BHELLUHEN NOBEPXHOCTH, HAMPAB/EHHYIO B NPO-
TUBOMOJOXHYIO CTOPOHY ocK r. [pK 3TOM KOOPAMHATHI X TOYEK OKPYIKHOTO ceyeHuns OyayT
MEHATbCA OT HY/IA Ha BHELUHE MOBEPXHOCTM O TONIMHbI h Ha BHYTPEHHE NoBEpXHOCTH. B
3TUX 0603HAYEHUAX YPAaBHEHME TENI0BOr0 GanaHca BbILENEHHOTO 31eMeHTa NPUMET BUS,

or or o or

“A—-r-do+| MT)—+—-A-—dr |-(r+dr)-do-| 1+ -ds-dt+
6rr(p(()8r or arrj(r r)(p =X star

+ —xa—T-r-dcp+(kﬂ+2-k-ﬂds)-(r+gd5j-d(p dr-dt= (1)
0s 0s Os 0s 0s

=C-pﬂ-r-d(p-d5-dr-dt.
ot

B 3TOM ypaBHEHUM
o _dR-x) _dR_d R _ 1R pcos0do_ ) R) (g
0s ds ds dssin® sinbds  sin“Ods R,

rae 0 — yron mexay HopManbto K NOBEPXHOCTU 0B0NOYKM U OCbIO BPALLEHUS.

PaccmMoTpuM npeobpa3oBaHMs claraeMmbix 1€BOI YacTh ypaBHeHus (1) No oTaeNbHOCTHU.
0T6pocKB cnaraemble NATOrO NOPALKA MANOCTH, NOJTYYUM
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29, -do (kﬁ 2. ﬂdrj (r+dr)-do-| 1+
or or or or

(ﬂ oor 11 1 T G)

ar H-ds-dr:
R, —x
+ + -4
ort oror ror R—x or

AnanornyHbiM 06pa3om npeobpasyem BTOPOe ClaraemMoe eBOM YacTu ypaBHeHus (1),
KOTOpO€ OTpakaeT 3Tanbl NepeMelleHuns TenI0BOro NoToka No MepUAMOHaNbHON KOop-

OUHaTe s:
—K-g-r-d(p-dr+ kﬂ+ikard r+gds -do-dr=
0s 0s 0s Os os

2
(6T+l.d_7u.8T+8T dr J “A-r-ds-do-dr .

)krdrd(pdsdr

(4)
:g A ds Os Os r-ds

MopcTaBuM Tenepb NOJYYeHHbIE BbIpaXeHUs B ucxofHoe ypasHeHue (1). Nepexops oT Ko-
OPAUHATLI I' K KOOpAKMHATE X NO TOJILLNHE CTEHKU 060M104KMY, noayvymm
T oT (1 1 )or 1 anar
_— —+ —4t —_—
ox* os° \R-x R—-x)ox MT) ox ox
1 on oT  ctgd 'El Rj o _cop ol

% s 0s R —x s A ot

BbipaxeHus Npoun3BOAHbIX OT KO3 dULMEHTA TENTONPOBOJHOCTU A MO KOOPAMHATAM I, S
HYXXHO 3amucaTh C y4eTOM 3afaHHoi 3aBucumocTu A(T(x)) oT Temnepatypsl. B pesynbTate
HEeIMHENHOCTb NOJTy4EHHOT0 ypaBHeHUs OYAET NPeACTaBNeHa B ABHOM BUAE

T T 1 1 Yor 1 o (arjz Karjz
—t | —t || = | +| =] |+
ox°  0s R,—x R,—x) ox MT) oT |\ ox 0s

R, —x Rl o5 Aot

(5)

roe BblpaXkeHue i% MOXXHO NpeACTaBUTb B TAOAUYHOM BUAE UKW B BUAE PYHK-
uuu ot T. MT) ©

OTMETUM, YTO ypaBHeHMWe TennonpoBogHOCTH (5) 6e3 yueTa 3aBUCUMOCTY TEMNONPOBOS-
HOCTW A OT TEMNepaTypbl JJ1s NPOM3BOIbHOW 060104YKM BPALLEHUSA B KPUBONMHENHbBIX KOOP-
AMHaTax 060/104KM BpalyeHus BrepBable OblN0 NosyyeHo B pabote [1].

FPAHUYHOE YCJ/IOBME TENJIOOBMEHA C BO3YLWHbLIM MNOTOKOM

[paHMyYHOE yCnoBMe Tenno06MeHa 060/104KM C BO3AYIHbLIM MOTOKOM NOYYMUM C YCNOBM-
eM TennoBoro 6anaHca Manoro 3jemMeHTa 060/104KM, NPUEraloLLeEro K HEKOTOPOIl YacTu
BHELHEN NOBEPXHOCTU Ry-d@-ds 1 UMetoLwero ToNwmHy dx/2:

ATOE) 2 TOD _ o (7,(5,7)-T09) g ™
2 ot
rae P — NIOTHOCTb; O, Te(S, T) — KO3 @ULMEHT TENNOOTAAYM U TEMNepPATypa NOTOKA; iy —
MOTOK U3Ny4yeHUs MOBEPXHOCTM 060N0YKM HA 3a[jaHHOM BbicoTe H.
NHTerpanbHas nAOTHOCTb U3yYeHNUs TOBEPXHOCTM 0000YKHM Ha BbicOTe H BbluMCsieTCs
npu ucnonb3oBaHuu 3akoHa CtedaHa-bonbumara [2, 3] no hopmyne

Gu="—| (T0,0)+273)' (T, +273) |, ©=5.6693-10°Bm/(w -K*), (8)
T
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rae € — K03 ULMEHT CTeneHN YepHOTLI MOBEPXHOCTU 060/104KM; G — NocTosHHasA CTedaHa-
bonbumaHa; Ty — Temnepatypa Ha 3agaHHon BeicoTe H no Lenbcuio.

BHYTpeHHI0K NoBEPXHOCTb 060I0YKM CYMTAEM TEMNOU30MPOBAHHON U BTOPOE rPaHny-
HOe yCNoBMe NPU X = h 3anuwem B Bue

T(h,7))-p-dx oT(h, or T(h,t)-T(h-dx,
(T ?p x (atr):"“a __, Th) d)(( X1 .
x=h

rae NpoM3BOLHAA OT TEMNepaTypbl HAa BTOPOW rpaHuMLe 3anMcaHa Kak KOHeYHas pasHoCTb
TEeMNepaTyp B ABYX TOYKAX OKOJO rpaHULLbl, NoAeNeHHas Ha AJIMHY OTpe3Ka dx MeXay 3TUMU
TOYKaMMK.

KOHEYHO-PA3SHOCTHASAl CXEMA YPABHEHUA

Mpy pacyeTe TemMnepaTypHbIX NOJE NO TONLLMHE 0600YKM CleayeT YYNUTLIBATD, YTO TON-
WMHa 060104KM Mana No CPaBHEHWMIO C PaanNyCamMn KpUBU3HbI M ATMHOW MO OCK BpalyeHus. B
pe3y/ibTaTe 3TOr0 rPafMeHTbI TEMMEpaTypbl N0 06pasywLLeil NpeHebpexxMmMo Masbl No Cpas-
HEHWIO C rpafMeHTaMmn TeMNepaTypbl MO TONLWMHE CTEHKN 060104KM. [103TOMY YMCNEHHOE
pelleHue 3aaum LenecoobpasHo NPOBOAMTL NPU UCMONb30BAHUM NIOKANIbHO-OAHOMEPHBIX
ypaBHeHU 6e3 yyeTa B3aUMHOTO BIUAHWUA TEMNEPATYPHbIX MOJEN B OKPYIKHbIX CEYEHUAX
060/104KH. B 3TOM C/iyyae B KaXJ0M OKPYXKHOM CeyeHum ypaBHeHue (6) npeobpasyercs B
O[JHOMEpPHOE ypaBHeHWe

2 2
ﬂ_( 1,1 Jar+ 1 on (arj _cp ol (10)

o’ \R—x R—x) ox AT) of (ox » ot
KOTOpOE HYHO peLuaTh C NpeAcTaBNeHHbIMU Bbllle FpaHUYHbIMK ycnosuamu (8), (9).

Mpy Mcnonb3oBaHUM METOAA KOHEYHBIX Pa3HOCTE MCNONb3YIOTCA PasHble cnocobbl an-
npoKcumaLumn audhepeHLManbHoro ypaBHEHNA 1 rpaHNYHbIX yCnoBwii. [pu aBHOI cxeme an-
NPOKCMMALMN NPON3BOLHBIX CUCTEMA BCEX KOHEYHO-PA3HOCTHBIX YPAaBHEHUI B lAHHOM CAy-
Yae NpUHMMAET BUf,

n
2\]

7;"+1_T1n 2
= o, (T(5,7,) = T) = g (t,) |+ ——(T7 =T , (11)
o aar e ) T e |+ s (BT

n+1 n n 2Tn n n n n 2
7;‘ _7;‘ :}\’f d7;‘ _ 1 + 1 X f+l_7;'—1+ 1 % 7;41_7;‘4 (12)
dt cpl dx® R —-x, R —x 2dx MT") or 2dx
[ 2\, .
W (T -T) . =23, ., N-1. (13)
n 2
dt Copdx
CnepyeT OTMETUTb, YTO NPU 3anucu cuctembl ypasHeHui (11 — 13) ncnonb3oBaHbl 060-
3HayeHus
d°T" T -2 +T"
N 1 _Tn _An _An
dX;‘ =- d);z = T(x,t,) =T X, 1,)=¢, Mx,T,)=A.

DU3nYeCKUN CMbICT KOHEYHO-PA3HOCTHbIX ypaBHeHMit (11 — 13), 3anucaHHbIX NO AB-
HOM CXeMe annpoKCUMALLMU, MOXHO 0OBACHUTL KaK 3anucCb rpaHUyHbIX ycnosui (11) u
(13) B coBOKYNHOCTU C ypaBHeHueM (12) BO BCex BHYTPeHHUX TouKax i=2, 3, ..., N-1
4J17 MOMEHTa BpeMeHU T = T, C annpoKCMMaLMen NpoM3BOAHON NO BPEMEeHU KOHEYHOM
Pa3HOCTbIO TEMMNepaTypbl C Warom Bnepes.

B pe3synbrare B npaBble YaCTW BCEX ITVX YPaBHEHWIN BXOAAT TONbKO M3BECTHbIE TEMMEepaTypbl
T7i=1,2,3,..., N, u pelweHve 3aaauun npu SBHON CXEME annpoKCUMALIMM MPOU3BOAHBIX 1 YPaBHE-
HWiA CBOAMTCS K NPOCTbIM BbIYMCIEHUAM TeMnepatypsbl 77+, 71=1, 2,3, ..., N B ka0 y3nosoi
TOYKE C HOMEpOM 7 MO TONLLMHE 0G0NOYKM LAr 3a WAroM Mo BPEMEHM T C Larom dr.
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Mpu HesBHOI CXeMe annpoKCMMaLMN KOHEYHO-PAa3HOCTHbIX YPaBHEHWIT BCe ypaBHe-
HWS 3aNUCHIBAIOTCA /17 MOMEHTA BPEMEHU T = Tp,q, @ NPOU3BOAHBIE MO BPEMEHM T ann-
POKCUMMUPYIOTCS KOHEYHBIMU PA3HOCTAMMW TeMMEepaTyphl C WAroM Ha3ag. B pesynbTate
ypaBHeHus (11) - (13) npeobpa3sylTcs B CUCTEMY YPaBHEHUN C TpexAuaroHanbHOIA
MaTpuLei Ans onpefeneHns HeEU3BeCTHO Temnepatypbl 7,71, [Ina 6onee HarnagHOro
CpaBHEHUSA C Npeablaylwmmu ypaBHenuamm (11) — (13) 3anuwem 6e3 GopmanbHbIX U3-
MEHEHMUI, 3aMEHMB NULWb UHAEKCALMIO NO CyLEeCTBY BbilWeCKa3aHHOro:

7'1n+1_Tln 2 . 27\/ . .
= o, (T,(5.7,.,)-T"")—q,(t,. LT, (14
e e LR ACL R R MU Ere] LA A P

n+1 n n 21 n+1 n+1 n+1 n+1 112
U e O S S 1 ax(ml Tj (15)

dt c’p| dx R —x, R,—x 2dx MT") or 2dx
n+l _n n

il A AT =T, i=2,3, ., N-1. (16)

dt crpdx?

Mpu 3anucu ypaBHeHuit (14) — (16) B aprymeHTax k03dULNEHTOB TENNOEMKOCTU C U
TENNONPOBOAHOCTU A BEPXHWE NHAEKCHI HE MEHANNUCH B MPEANONIOKEHNH, YTO UX MOXKHO Bbl-
4UCNATL MO TEMNEPATYpe NpefblAyLEero Wwara no BpeMeHU, Kak 1 Npu SBHOW CXeme anmpokK-
cMMaLMK, Korfa Heo6xoaMMas TOYHOCTb AOCTUMAETCA MyTEM YMEHbLUEHWS BPEMEHHOTO Luara.
B nopsfke 060CHOBAHMA 3TOTO NONOXEHUA U Obia PaCCMOTPeHa NPU3HAHHAsA B UHXKEHep-
HOI4 NpaKTUKe ABHAA CXeMa annpoKCMMaLMU KOHEYHO-PA3HOCTHbIX YPaBHEHUI.

OTMeTUM TaKxe, 4To B ypaBHeHusx (15) ecTb HelMHelHOoe ciaraemoe, 6e3 NnHeapu3aLmumn
KOTOPOro pelleHne NpoAoIKUTL HEBO3MOXHO. lpefcTaBuM 3TO cnaraemoe B Bufe

1o (TeTEY 11y
MT7) or (TJ dTW'a_r'("“l_Tf‘ll) (17)
U Heapu3yeM KBafpaT pa3HOCTW B NPaBOM YacTu ypaBHeHus (17):
(rost =7 = (T =) 2T =T [ (7 = 150) = (7 -7
nnun
' (r -1mt) =2(m -1 ) (r -1 - (R -7 ) (18)

AHanornyHo BLINONHUM NMHEapU3aLMio BbIpaxeHus (8) fns TENNOBOro NOTOKa U3nyye-
HUS iy B TPAHUYHOM ycnoBuu (14).

MopcTaBnsas BoipaxeHue (17) B ypaBHeHus (15) npui=2, 3, ..., N-1 c y4yeTom nonyyeH-
HOrO NIMHENHOrO BblpaXkeHua (18), nony4nm cucteMmy TMHENHbIX KOHEYHO-PAa3HOCTHbIX ypaB-
HEHWIi C TpexaMaroHanbHoW MaTpuULLeH, pelleHrne KOTOPOW erko HaXoAMUTCA MeTOL0M CKansap-
HOW NporoHku. [lanee paccmMoTpuMm pesynbTaThl pacyeTa B BUAE rpauKoB TeMnepartypsl B
OTAENbHbIX CNOAX 1060BOI CTEHKM 060104KN.

PE3YJIbTATbI PACHETA TEMNEPATYPHbIX NOJNIEH B CNOAX
NNOG0OBOM CTEHKM OB0J1I0OYKH BPALLEHHA

Ha pucyHkax 3 v 4 ans cpaBHeHMs NpUBOAATCA rpadvKu TemnepaTypbl CNoes
n060BOM cTeHKM 0607104KM BpaleHus (cM. puc. 1) npu 3agaHHbIX TeMnepaType BO3-
AYWHOTO NoToKa (BepXHME KPUBLIE Ha PUCYHKAX) U TennooTAaye noTtoka. Cneayer
06paTuTh BHUMaHME, YTO Ha puc.1 nokasaHa 060104Ka, TONCTOCTEHHAA B N106OBOI
yactu. HeobxoamMmMocTb NpeaycMaTpuBaTh OTHOCUTENBHO 6OJbLIYIO TOMLUHY N06OBOW
CTEHKM 06yCcNoBAEHAa BO3MOXHOCTbIO pacniaea, abnsaumm n yHoca NOBEPXHOCTHbIX
cnoeB 060104KM BO3JYLWHLIM MOTOKOM.
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Puc. 3. Pe3ynbTathl pacyeta Temnepatypbl noToka (BEpXHss KpuBas) U cioes 1060BOM CTEHKM HOCKA

6e3 yyeTta yHoca MaTepuana
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Puc. 4. Pe3yanaTb| pacyeTa Temnepartypbl NOTOKa (BerHﬂﬂ KpMBaﬂ) 1 cnoes 1060BOI CTEHKM HOCKA

C y4eToM yHOCa MaTepuana

Pe3ynbTathl pacyeta (puc. 4) noayyeHbl Npu UCNOAb30BaHUM GU3NYECKON MOAeNU Npo-
Liecca yHOCa matepuana, OTMEYEHHOW B Hayane cTaTbMu. CyTb ﬂaHHOﬂ Mo[eNnn 3aK4aeTca B
cnefyiollem:

— Npu Harpese 0 TeMnepaTypbl Bbille T =T, NOBEPXHOCTHbIE cIoM 060/104KM NpeBpalya-
0TCA B pacnjas, (13830806 COCTOSAAHNE KOTOPOro MOXeT ObITb I'IO,qO6HO COCTOAHUIO CTEKNO-
Macchl;

—npu UHTEHCUBHOM TennooTaaye BO3AYyWHOro NOTOKAa BA3KOCTb pacniaBa CHUXXAETCH, B
pe3ynbTaTe Yero nof fLeNCTBUEM KACaTe/IbHbIX MOBEPXHOCTHBIX CM1 NOTOKA t MOBEpXHOCT-
Hble cIou 060/104KM CABUraloTCA nocnenoBatenbHO CNOAMU TOJNWUHDBI h ’

— CABMT NOBEPXHOCTHbIX CTI0EB 000/104KM MOTOKOM MPUBOAMUT K UX OTCJIOEHWIO, OTPbIBY U
YHOCY BO3[lyLIHbIM MOTOKOM.

YHoc matepnana cnoamu 3aiaHHO TONILMHBI f, NPOUCXOANT TOrAia, KOrfa no Beeil Ton-
WMHe h, TemnepaTypa JOCTUTIA W NPeBbILIAeT Temnepatypy pacnnasa T,. Mocne yHoca 370-
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ro CN10A KOOPLMHATA BHELIHEN NOBEPXHOCTU U3MEHSAETCA Ha BENMYMHY pa3mepa hy, a rpaHuy-
HOe ycnoBye Ten000MeHa C BO3AyLWHbIM MOTOKOM BbINOHAETCS HA APYroil NOBEPXHOCTU A0
MOMEHTa YHOCa CIeflyIoLero cnos TONMHbI A,.

Pe3ynbTathl nonyyeHbl A5 1060BOM CTEHKM, HaYabHas TONWMHA KOTOPOii h = 2.5 cM.
[na pacyeta TemnepaTypHbIX NONei KOHEYHO-PA3HOCTHAA CETKA MOJyYeHa C Warom
dx =h/1000 = 0.025cmM. TonuMHa CNOEB B MOMEHT yHOCA 3aJaBanach pasHoi 0.01cm.

B pe3ynbTaTe npu 3afjaHHbIX NapamMeTpax NoToKa U Npu 3aaHHOI TemnepaType pacnia-
Ba Ty = 1000 °C K KOHLY pacyeTa coxpaHunoch 611 cnoes ¢ cymmapHo TosumHon 1.53 cm.
Mpwv 3TOM NOKa3aHHbIN rpaduK TeMnepaTypbl NOABUKHON HAPYKHOM NMOBEPXHOCTH ABNAETCA
KOMMNO3MLMeit TeMNepaTypbl NEPBOro €104 [0 Ha4ana YHoca Ha 16-1 cekyHae, TeMnepaTypsl
cnepyowmx 388-mMu C10eB, KOTOPbIE MCYE3aM B NpoLecce YHOCA [0 68-01 CeKyHAbI, U TeM-
nepatypsl 369-ro cnos nocne 68-n cekyHAb.

BeinonHeHune pacyeToB TemnepaTypHbIX NoNei No NpeAcTaBieHHON CXeMe W aHaNu3 no-
JIY4YaEMbIX pe3ynbTaToB NPK 33AaHHbIX NApaMeTPax NOTOKA M 3a/I0XKEHHBIX B pacyeT 3Hauve-
HUAX OCHOBHbIX NapaMeTpoB yHoca Ty, Ay, t, M Apyrux N03BOANUT NPOrHO3MPOBATL BO3MOX-
HOCTb BbINONIHEHWA LieNeBOii 3344 AaHHON 060104KM, KOTOPAs, HANPUMEP, MOXKET ObITb
OCHOBHOI4 YaCTbio NIETaTeNbHOrO annapaTa, TaKoii Kak roloBHoOii 06TeKaTeNb pakeTbl [4] unu
Kopnyc pakeTHoro gsuratens [5].

13 aHanu3a n cpaBHeHUA NPUBEAEHHBIX TPAMKOB BUAHO, YTO C YBENUYEHWUEM TONLLMHDI
cnoes yHoca h, cyMmapHas To/lMHa 0CTaBlumxca cnoes 6yaet pactu. Hanpumep, ecnu B
[aHHOM c/lyyae 3aaaTthb h, = 0.1 CM, TO 0CTaBLIAACA TOMLMHA 10O0BOI CTEHKN COCTABMUT 2.2CM.

B 3akntoyeHne OTMETUM, YTO AN CPAaBHEHUS PA3IUYHBIX CXEM IMHEApM3aLum Obian Hanu-
caHbl nporpammbl Ha ®opTpaHe, C UCMNONb30BAHMEM KOTOPbIX MOXHO CAENaTh Cleaylolme
BbIBOJbl N0 pe3y/ibTaTaM pacyeTa.

Mpn ncnonb3oBaHUM ABHOM CXeMbl NONYYAOTCA NINHENHbIE YPABHEHWS, HO PACYeTbl HYX-
HO NPOBOAMTL C OMpefeNeHHO| OCTOPOXKHOCTLIO, MOCKObKY Pe3ynbTaTbl MOXHO NONYYUTD
HABEPHSKA TOJbKO NPU BbINOSHEHUW N3BECTHOTO YCIOBUA YCTONYUBOCTM BLIYUCIUTENBHOTO
npouecca [6], C NOMOLLbI0 KOTOPOro OnpeaenseTcs LONYyCTUMOE COOTHOLIEHMWE LAroB CETKM
Mo KOOPAMHATE M NO BpeMeHW. B LaHHOM ciyyae 3TOT KpUTEPUIA 3aNUChIBAETCA KaK

A-dt
cp - dx’

Mporpammbl ¢ NMHeapu3aLmet no HeloTOHY 1 no Jinepy AT NOYTU OAMHAKOBbIE pe3y/ib-
TaTbl, NOCKOJIbKY NPW MANOM Liare No BPEMEHU Pa3HULA BbIPAXEHWUI CIEBA U CNPABA COOT-
HowweHusA (18) npaKTUYecKu He 3amMeTHa.

Mpu 3TOM CneflyeT OTMETUTb, YTO NpeHebperaTb OTMEYEHHbLIMU BbllEe HEJIMHERHbIMMU Ca-
raembiMu HelenecoobpasHo. MpoBepKy BAUAHUSA 3TUX CNlaraeMblX MOXHO OCYLLECTBUT, Bbl-
MOJIHMB PacyeT NPy UCNONb30BAHUN HEKOTOPbIX PUKTUBHBIX MHOXKUTENEN.

<1. (19)
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YK 621.039.052

Numerical simulation of the coolant flow in the porous body model of a fast breeder reactor \ Leskin
S.T., Slobodchuk V.I., Shelegov A.S., Yaurov S.V., Chistozvonova E.A., Sorokin A.P., Opanasenko A.N.,
Kalyakin S.G., Zaryugin D.G.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obninsk, 2013.
- 8 pages, 8 illustrations. — References, 5 titles.

The results of numerical simulation of the coolant flow in the model of a fast breeder
reactor are presented. 3D-model of an experimental facility is developed and the simulation
is carried out with ANSYS CFD code. The porous body approach is used for simulation of
complicated elements of the reactor model such as heat exchangers, reactor core. The numerical
results of thermohydraulic characteristics for the case of the coolant forced circulation as
well as for the case of emergency cooling are presented. The numerical results are in qualitative
agreement with the experimental data. The performance capability of a passive emergency
cooling system with self-contained heat exchangers is confirmed.

VAK53.072.8

Conception design of intensive nonreactor neutron source based on hydrogen ion accelerator \ Kononov
0.E., Kononov V.N., Bokhovko M.V., Gremiachkin D.E.; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power
Engineering) — Obninsk, 2013. - 9 pages, 7 illustrations. — References, 3 titles.

Creation of intensive neutron source for various types of neutron therapy is discussed.
The way to generate intensive neutron beams and they ability is described. Shown that
accelerator with 3 MeV beam energy it is possible to create neutron facility for oncology
clinic.

VAK 621.039.526.034+621.039.546.8:536.24

Experimental analysis of flowrates distribution features in double-loop reactor channels \ Avdeev
E.F., Chusov I.A.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obninsk, 2013. — 7 pages,
5 illustrations. — References, 5 titles.

Experimental data on the flowrate distribution in working channels dummies of «Research
reactor model» experimental facility with double-loop configuration are provided. The
procedures of experiments performance and received experimental data processing are
provided in detail. Based on the fulfilled experiments, the conclusion was made on
applicability of the obtained data for the reactor plant safety analysis.

VIK 532.5

The equations and algorithms for the calculation of temperature fields of shells of revolution in
aerodynamic flow considering dependence of its material properties on the temperature \ Rozman
L.S.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Hier Scools. Nuclear Power Engineering) — Obninsk, 2013. - 7 pages, 4 illustrations.
— References, 6 titles.

Due to the rapid development of space exploration programs using rockets with nuclear
facilities there was a necessity to quickly and efficiently calculate temperature fields of head
part of missile to ensure safe transport of nuclear installations to orbit. We consider the
formulation and solving algorithms of the non-stationary problem for calculation of
temperature fields of shell of revolution in high-temperature aerodynamic flow with known
temperature. We propose and consider the physical model and calculation of temperature
fields in the frontal part and in circle sections of the shell of revolution. The proposed physical
model of shell heat transfer with the ablation of material will predict the ability to perform
the targeting of the shell by calculating the temperature fields and the total thickness of
entrained layers for different possible values of the parameters defining the ablation
parameters for shell material.

V1K 621.039.516

The comparison analyses of VVER REMIX-fuel characteristics when multiple recycling were made \
Dekusar V.M., Kagramanyan V.S., Kalashnikov A.G., Kapranova E.N., Korobitsyn V.E., Puzakov A.Yu.;
Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
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