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Mpo6nema MOBbILLEHNS KayecTBa W3AENNIA CTPOUTENbHOW KepaMuKK nna-
CTUYECKOro (POpmMoBaHWUA N yMeHblUeHns bpaka B pesy/bTaTe CYLUKW BCerpa
WHTepecoBasia NPOM3BOACTBEHHMKOB. Maccosoe (10'...10% wT. B rog) npowms-
BOACTBO 3TUX W3AENNIA HAa KPYMHbIX 3aBOJAX 3acTaB/isfieT 60pOTbCA 3a KaX[plii
MPOLIEHT YMeHbLLIEHNA bpaka.

Mo MHeHVIO Beaywwmx uccnegosatenein [1, 2], npoueccbl MOBEPXHOCTHOIO
TpeLLHo06pa3oBaHMs 1 KOPOOIEHNS, MO KOTOPbIM MPOU3BOAUTCA OTOPaKoBKa
U34enuii Ha 3aBofiax, NPOUCXOAAT B Hauae CYLLKW B TeYEHWe NPOMEXYTKa Bpe-
MEHW, COOTBETCTBYHOLLEr0 MacCoobMeHHOMY KpuTeputo ®dypbe Fo, < 0,2...0,5,
4TO 418 NOMHOTENIOr0 KMprMya COCTaB/IfeT HECKO/bKO YacoB. B 3To Bpems 3a-
KaH4MBaeTCs nepuog, nporpesa (HavyalbHbIA NEPUOZ CYLLKW) U CTabun3npyer-
CA Mone Temnepartyp, a pacrpefefieHne BNaXHOCTW B MOMEPeYHOM CeYeHUM
(hOpMOBOYHOI Macchbl NPUHMMaET (HOpPMY KBagpaTU4HON napabonbl ¢ NOCTOSAH-
HbIM MNepenagoM BXXHOCTU MEXAY MOBEPXHOCTHbIMUA W LEHTPasIbHbIMU
cnoamn AU,

Kak nokasanu mnccnefosaHus [3], npy KOHBEKTUBHON CyLUKe (Temnepatypa
Bo3gyxa t. = 46 °C, oTHOCUTENbHAA BNaXKHOCTL ¢ ~ 80 %, CKOpPOCTb BO3gyxa
v =~ 1,0 m/c) cTaHAapTHOrO MOJIHOTENOr0 KUpnuya BAvsHWe TepMOrpagneHTHOro
BNaroriepeHoca Ha pacnpefefneHne BMaXKHOCTU 3akaHuMBaeTca 4yepes 2...3 Y,
KOrfa HaumHaeTcs 1-i nepuos, CyLLKW.

Mpy paguaunoHHOW W KOMOGUHMPOBaHHOW  pafnalMOHHO-KOHBEKTUB-
HOM CyliKe Mapabonuyeckoe pacrnpefiefleHe BNXKHOCTWM HacTynaeT uepes
240...480 muH. [4] n 3a4acTyto Npu BNaXHOCTN 06paTHOIN (HeTpanbHOW) CTO-
poHbI 06pasua (U,) cywectBeHHO MeHblle (Ha 3...5 %) HavanbHoM (Up), uTO
CBA3AHO C BO3/EVCTBMEM [OCTATOYHO MOLHBIX (= 0,1 BT/CM?) TennoBbIx noTo-
KOB. B TeuyeHue yKa3aHHOM NPOAO/MKUTENbHOCTM HaYa/IbHOro nepuoja pacrpe-
[eneHne BNXHOCTEW B MNOMEpPeYHOM CeyeHUn 06pasLoB B/IM3KO K SKCMOHEH-
LMaNbHOM, YTO MOLTBEPAWS KOPPENAUMOHHbIA aHanu3. Tak, Mpu paccTosHUM
nosepxHoCcTM h = 175 MM 06pa3sLia HMKHEKOTENBCKOW T/IMHbI OT NOBEPXHOCTU
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n3nyyatens ¢ temnepatypoii t = 300 °C pacnipefesneHve BNaXKHOCTW B Havaslb-
HOM nepuoje CyLKn (puc. 1a) LOCTATOYHO XOPOLUO COOTBETCTBYET (hopMasibHO
6e3pasmepHoin (Kr/Kr nnm %) aMnnpuyecKoii 3aBUcrMocTu

U, = Uy — AU, = Ug — (exp(ax) — 1), @

roe Uy — BN@KHOCTb T/IMHWUCTOM MAcChl Ha PacCTOSHUM X OT Hayasa «aKTuB-
HOM»  30HbI; Uy — HauanbHas (POPMOBOYHAA BNaKHOCTb TMIMHUCTON Macehl;
AUy — nepenag BNaXHOCTW Ha PacCTOSAHUM X OT Hauana «akTUBHOW» 30HbI CYLL-
KV B K&X[bI/i MOMEHT BPeMEHW; oL — KO3(PULIMEHT NOKa3aTens 3KCNOHEHTbI.

[na npugaHua pasMepHOCTW BbIPaXXEHMIO B CKOOKax MOXHO BBECTW pas-
MEPHbI COMHOXWTENb, KOTOPbIA nMeeT pasmepHocTs U, HO paBeH 1. Kpome
TOro, 4115 Y40BNEeTBOPeHWs HavaibHoro ycnosusa npu x = 0; AU, = 0 n Uy = Uy
BBefeH (-1).

Kak nokasbiBaeT KoppensuyoHHas 06paboTka 3KCreprMeHTasIbHbIX TOYeK
Ha puc. 1a, KoahULMEHT KOPpPenaLmMmn cocTasniseT okono 0,9, a OTHOCUTENbHbIE
KO3(pprLMeHTbI Baprauum OTKNOHeHU Ky, ~ 0,016; 0,04 1 0,062, T. e. BeCcbma
Masibl M He BbIXOAAT 3a Mpefesibl 3KCMePUMEHTaIbHbIX BO3MOXHOCTER. Mpu
3TOM TOJILLMHA «AKTUBHOM» 30HbI CYLIKM R, 1 o0 COOTBETCTBEHHO U3MEHSNNCH C
Havana cywwku: R, = 2; 3u 4 cmu a. = 0,69; 0,59 1 0,53 cm™. OfHaKo y Harpe-
BaeMOi NMOBEPXHOCTY BCEACTBME annpoKCUMaUymn pacyeTHble 3HaveHns U, BO
BCEX CNy4asX 0Ka3a/IMCb HECKO/bKO 60/IbLUe IKCMEPUMEHTASIbHBIX, YTO NPUBEO
K HEKOTOPOMY 3aHVXXEHUI0 BeNnyuH AU,, KOTOpbIe ABMIAKOTCA ONpeAenstoLwmmum
NPy OLEHKE YyBCTBUTENIbHOCTM (DOPMOBOUHbLIX MAcC M FMNH K CyLLKe. [Mo3aTtomy
B Aa/lbHenLweM ¢ HeKoTopbIM (80 10 %) 3aBbilLeHVeM 06beMa yCaaKu NPUHATO
AU, = exp(aR,) — 1, 4T0 No3BoniseT nNo AU, 1 R, nerko onpeaenuts o.
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Puc. 1. PacnpefieneHvie Bnarvi B NMonepeyHoM CeYeHUN TOHKOM MIMHAHOM NIaCTUHbI B HAYa/IbHOM

nepvofe CyWKKW: a — pagualMoHHas Cyllka Mpu TemnepaType MOBEPXHOCTM m3nydatens t, =

= 300 °C 1 paccTosiHiM oT o6pasua h = 17,5 cm [4]; 6 — pacyeTHoe pacnpefeneHne BNaXHOCTU
B NlerkofedopmMmpyemMoin NpMpoaHOI CMCTeME MPW FPaHNYHbIX YCNoBUsAX 3-ro poga [6]

[N KpMBbIX Ha puc. 16 BBMAY NOCTPOEHMS MX B OTHOCUTE/bHBIX e4UHULAX
nofoLLNa annpoKcnMaLmoHHas Kpueas suga AU, = 1 — cexp(—ax), npu Ucnosnb-
30BaHUM KOTopoW r ~ 0,97 1 0,91, a Takxke K;, ~ 0,001 1 0,003, 4TO MCKNKOUN-
TenbHO mMasio. OgHako ¢ = 0,0093 1 0,0087 npu o = 12,46 1 4,21.

* TloHATUE «aKTMBHasA» 30Ha cyLLKku no A. ®. Ymxckomy [5].
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HeobxoaMMo OTMETWTb, YTO annpOKCUMALIMA 3KCMEPUMEHTa/IbHbIX KPUBbIX
pacnpefeneHns BNaXXHOCTU B HAYalbHOM Meproje CYLLIKM C NOMOLLb0 rnapabo-
NINYECKUX KPUBBIX fAeT BO/bLUNE OTK/IOHEHMS 1 MOKa3aTe/n CTeneHu, SBHO OT-
JiMyaromecs oT 2.

Kak ykasbiBaeT 3. A. CM0/1gKoBa [7], BbIABUHYTbIE K TOMY BPEMEHU r1MoTe-

3bl H. H. lo6poxoToBa 1 A. B. JIblkOBa, 006BbSACHSAIOLLME NOSBNEHNE TPELUH Ha
MOBEPXHOCTW NOABEPraeMoro CyLluke maTepuana, 6bivM NpoBepeHbl B nabopa-
TOPHbIX ycnoBusx. PacueTHble dopmynbl H. H. [JobpoxoToBa 1 A. B. JlbikoBa
Mo/nyyeHbl W3 MNPOCTEMLUNX CXeM Teopuu YrpyrocTn 6e3 yuyeTa CBA3HOCTU
HanpshkeHWin 1 feopMauym BO BCE KepaMUYeCcKOW macce Npu ee ycagke B
CNyyae HepaBHOMEPHOro 06e3BOXWBaHWA MNpu cywke. B dopmyne H. H.
[lobpoxoToBa, Npes/IOKeHHON AN pacyeTa MNPeAe/ibHOro HanpsXKeHUs 1 0CHO-
BaHHON Ha npefenbHON NIMHENHON Aethopmaumy, UCMONb30BaICA Nepenag
B/TAXKHOCTMW.
B dopmyne A. B. J1biKoBa, OCHOBaHHOI Ha Aechopmauymn casura, NPUMEHeH no-
BEPXHOCTHbIN FPagueHT BAAXHOCTH, Nog KoTopbiM 3. A. CMO/ISiKOBa NOHUMAET
nepenag, BaykHOCTN MEXAY LIEHTPOM M MOBEPXHOCTbLIO KMPMYa, OTHECEHHbLIM K
efiMHMLEe ANVHBI.

MpviBeseHHble B [7] 3KCMEpUMEHTa/IbHbIE 3aBUCUMOCTM MPOYHOCTM He-
CKOJIbKUX T/IMH, YCTaHOB/IEHHbIE Ha CABWMIOBOM MpMOope, No hopMe aHaioruny-
Hbl OMpefeneHHbIM KoHycom 1. A. PebuHaepa, HO [JatOT CYLECTBEHHO MeHb-
LLUMe 3HaYeHNS NPeje/bHbIX HANPSHXKeHUN, TaK KakK U3MepsatoT TONIbKO «YUCTbIA»
cagur. OfiHako B 00pa3oBaHUM TPELMH YYacTBYHOT Pas/vyHble HampsXeHUs
B 3aBMCMMOCTU OT CBOWCTB MaTepuana, 1 Hanbosee onacHbIMU B COOTBETCTBUM
c Teopueid A. I. pudhdutca ABNAIOTCA pacTArMsatoLme.

Xota, no ytBepxaeHuo 3. A. CMOMSIKOBOW [7], 3HaueHUs KPUTUYECKOro
rpagueHTa BNayKHOCTU, paccumTaHHble no opmyne A. B. J1bikoBa, COBMajatoT ¢
OMNbITHBIMM [aHHbIMW, B faNibHeLLIeM 3Ta (hopMy/ia He Mosyyuna npakTMyecko-
ro noATBepXKAEHNS.

Mcnonb3oBaHve ycnoBuiA TpeLHo0bpa3oBaHns B COOTBETCTBUMN C MOZE/bIO
aHasIorMYyHON TepMOYNpPYrocTu, NPy y4yeTe CBA3HOCTM YCafouHbIX Aedopmauuii
C HanNPsXKeHWAMM Mo BCEMY «aKTUBHOMY» 06beMy (HOPMOBOYHOI MacChl M03BO-
NsIeT UCMO/b30BaTb XOPOLLIO pa3paboTaHHbIN MaTeMaTUyeckmii annapart [8]. Oa-
HaKO Npu 3TOM HeobX0AMMO OnpeseNnTs napaMeTpbl (POPMOBOYHbLIX Macc, aHa-
NOTUYHbIE HAMPAXKEHWIO Y MOZY/NO NPY TEPMOYMPYTOCTH.

Wcnonb3yemoe BblpakeHWe (1) HECKONbKO OT/IMYAeTCA OT MPUHATON paHee
[9, 10] annpokcumaumMoHHOW POpMY bl BCNEACTBME M3MEHEHUS HarpaBieHWi
CUCTEMbI KOOPAMHAT ¥ npefenos nHTerpuposaHus (ot 0 go R). Moatomy HoBoe
aHa/IMTUYECKOE BbIpKEHWE AN NPefenbHON BefIMUMHBI YCa0uHbIX Hamnpsxe-
HWIA Ha MOBEPXHOCTM MJIACTUH HECKO/bKO OT/IMYAeTCA OT NPUBELEHHOr0 paHee
[9, 10] n ~meeT NPUGAVKEHHBI BUA

2R2
o :&{13QR1_12_G2R2+12(1R—70{ RT}

' aRH-) " expoR) -1 @

rae B — yaenbHblin KoadurumeHT ycaaku, 1/%; E — moaynb gedopmaumun, MMa;
AU, = Uy — U, — nepenag BNaXXHOCT MeXAY NOBEPXHOCTbIO U, U LEeHTPasIbHOM
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4acTblo, MPUHUMAEMON A1 HAYa/IbHOrO Nepuoja PaBHOM HaYvaslbHON BNaXKHO-
ctn Uy, %; v — KoaththmupmeHT lMyaccoHa.

Kak ycTaHOBNEHO B pe3y/ibTaTe TEOPETUYECKUX U 3KCMEPUMEHTA/IbHbIX MC-
CNefloBaHWUiA, B KauecTBe npefebHOM MPOYHOCTU FIMHUCTOM Macchl niaacTnye-
CKOro (popMOBaHWA MOXHO MPUHATL BEIMUUHY MPeAebHOW M1acTUYeCKoM
npoYHocTH Py, onpeaensemyto ¢ MOMOLLbIO KoHyca M. A. PebuHaepa, ecnv npu
3TOM B KayecTBe mMoayns fedopmauymn E ncnonb3osatb BeNMUMHY NPUBEAEHHO-
ro MoZyns 6bICTPOW U Mef/IeHHON anacTnyeckux gedopmaumin [11] E,, Buge

— 2E1E2

_ , 3
" E+E, )

rae E; — mogynb BbICTPOR 3nacTUYeCKOW AedopManmn, UK YCOBHLIA MOAY b
ynpyroct, MMa; E; — Mofy/b MeA/IeHHO 3nacTnyeckon gedopmauuu, MMa.

Torga KpuTuueckas BennymHa AU, nNpy BO3HWKHOBEHUW YC/IOBWI MOBEPX-
HOCTHOrO TpeLLHO06pa30BaHNA NPUBINKEHHO COCTaBUT

_Pa-v) o’R?

AU, . =
PR R —12- a2

. 4
120R — 70°R? )

exp(oR) —1

L9 TMHNCTBIX Macc NnacTUyeckoro hopMoBaHNUA MOXHO NPUHATL v = 0,45,
n Torga

P
AU, 4 =B?mK, (5)
m

rae K — KoahuumeHT, yunTbiBalOWMIA CUNOBbIE Y MPOYHOCTHbIE OCOBEHHOCTH
rMIMHUCTBIX Macc.

Kak BuAHO 13 (4), BennumnHa Koapdu-
umeHTa K 3aBMCUT OT KOMIMJIEKCHOrO Ma-
pameTpa aR, WU rpauyeckn n3obpaxeHa :
KpvBbIMM 1 1 2 Ha puc. 2, rae Kpueasa 1
paccuuTaHa no (4), a kpueaa 2 — no [9]. i
Pasnunune Mexkgy sTUMN KPVBbLIMU HEBESN-
Ko (£10...15 %). i

ky
i1

Puc. 2. 3aBucMMOCTb KOapumumeHTa yueTa aedop-
MaLuuM MO CeYEHWO MAACTWUHbI Ha MOBEPXHOCTHbINA
nepenag BAaxxHocTn: 1 — no dopmyne (4); 2—no [9]

[ i 2 3 4wl

KomnneKcHbIii napameTp aR. B CBOK O4vepelb 3aBUCUT OT BPEMEHMW C Haya-
na CyLuKu, a BennumnHa o — oT R.. Kpome Toro, u3 (1) cnegyet, 4to aR, =
= In(AU, + 1) 1, cnegoBaTensHO:

a=m@§ﬁ9=ﬂ&) ©)

Mpy HeM3BeCTHON BennuuHe AU,. Takas 3aBUCMMOCTb YCTaHOB/IEHA B pe3y/bTaTte
KOPPENSLUMOHHOr0 aHanm3a 3KCNepuMeHTasIbHbIX AaHHbIX (Tabn. 1), 3anMCTBOBaH-

57



HbIX Y Pa3/INyHbIX aBTOPOB [4...6] M3 KPUBbIX pacrpefeneHns BAKHOCTER 1 ans
HWXKHEKOTE/BCKON 1 CNOHAWMOBOM FNWH rpagvyeckn npefctaBneHa Ha puc. 3, a
Ansa necka [4] — Ha puc. 4.

Tabnmua 1
HekoTopble XapaKTepnCcTUKM Ha4a/TbHOr0 Neproaa CyLLIKW CIOHAWIO0BOM [5]
N HKHEKOTENIbCKOM MIMH, a Takke necka [4]

N MnnHa Mecok

0

| R,cM AU, %] t,MuH | o, eMt | @R, | Rucm [AUL, % | T, MUH | o, cMt | oR,
1 0,3 5,0 1 6,0 1,8 1,2 2,0 15 0,9 1,1
2 04 7,0 2 5,2 2,1 13 2,0 20 0,85 1,1
3 0,5 8,0 3 4,4 2,2 15 5,0 15 1,2 1,8
4 0,8 10,0 19 3,0 2,4 15 5,0 15 1,2 1,8
5 1,0 11,0 30 2,5 2,5 2,0 3,0 15 0,7 14
6 15 8,0 60 15 2,2 2,0 2,0 15 0,55 1,1
7| 325 11,0 120 0,76 2,5 2,0 3,0 40 0,7 14
8 3,5 9,0 80 0,66 2,3 2,3 5,0 15 0,8 1,8
9 0,6 4,0 15 2,7 1,6 2,5 2,5 20 0,5 1,25
10| 07 12,0 15 3,65 26 2,5 3,0 30 0,56 14
1] 1,0 5,0 15 1,8 1,8 2,5 4,0 15 0,64 1,6
121 1,0 10,0 30 2,4 2,4 2,5 3,0 30 0,56 14
13 1.2 11,5 15 2,1 2,5 3,0 4,5 30 0,57 1,7
1417 20 10,0 30 1,2 2,4 3,0 5,0 30 0,6 1,8
15| 2,0 13,0 60 13 2,6 3,5 55 30 0,53 19
16| 20 4,0 20 0,8 1,6 4,0 3,5 40 0,37 15
17| 25 6,0 40 0,8 2,0 4,0 5,0 30 0,45 1,8
18| 25 5,0 20 0,64 1,6 0,65 2,5 0,01 2,0 1,25
19| 25 6,0 40 0,8 2,0 2,3 55 01" 0,83 19
20| 3,0 10,0 70 0,8 2,4 3,25 7,0 0,2 0,65 2,1
21| 3,0 15,5 35 0,93 2,8

22 3,5 10,0 70 0,7 2,4 * 3HayeHMe MaccooBMEHHOro Kputepus
23 4,0 18,0 180 0,73 2,94 |Pypbe Foy, No AaHHbIM B. A. Cbluesckoro [6]
24| 40 | 190 60 0,75 3,0 |NPv Aecopmannm

a, CM o, CM R,
50
4
3f 1L 41,0
20
1k
L L L ,0’0
0 1 2 3 R,cMm 0 1 2 3 Rycem

Puc. 3. BansHne BeNUYMHBLI «aKTUBHOW» Ton-  Puc. 4. BavsiHWe BeMYMHBI  «aKTUBHON»
LMHBI C/105 FIMHWCTOR Macchbl R, Ha mapaMeTpbl  TOMLWWMHBI CN0st R, mecyaHoli Macchl Ha napa-
o U oR; B HaYyanbHOM Mneproge Cywwkun: 1 (¢) — MeTpbl o U oR, B HayanbHOM Mepuo-
3HaveHus o; 2 (°) — aRy; 3 — a(A) 1 aR(A) ans ae cywku: 1 (o) — 3HaveHus o; 2 (o) — aR;
pacyeTHOro pacnpefeneHns BAaXHOCTU B fier-

KoAethopMupyemMoii NpMpogHoli cucteme [6]
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Kak BugHo (puc. 3), B Haya/ibHOM repuofe cywwku (T < 180 MuH) no mepe
pOCTa aKTUBHOWM TO/LMHbBI TIMHUCTON Macchbl R, BennymHa KoapuLmeHTa no-
KasaTens CTereHu Nnpu 3KCNOHEHTE Pe3K0 yYMeHbluaeTcs (kpusas 1). B pesysib-
TaTe KOpPensaLMoHHOro aHanv3a yCTaHoB/IEHO, YTO NpuHATasA paHee [10] akcno-
HeHUMabHasA 3aBucnmMocTb o = f(R,) He ABnseTCa HamnyYLlein popmoii annpok-
cUMaLMK, XOTS XapakTepuyeTcs KoapguumeHTOM Koppensuum r ~ 0,91, Ho
nveet Kg, ~ 0,67, UTO SBNSIETCS CAMLLKOM 6OMbLIOIA BENNUYNHONW. B cnyyae uc-
Mo/b30BaHUsA T1NepboInYECKOl 3aBUCMOCTY BUAA

a=aR;’ (7

NPy TOM >Ke€ 3HAYEHUW I OTHOCMTENbHbIA KO3MMULMEHT Bapuauum COCTaBUT
Kso ~ 0,16 nput a = 2,2 [cM" ] 1 b ~ 0,88, uTo ABNSETCA JOCTATOUHO XOPOLLMM
pe3ynbTaToM.

3aBucumocTb oR, = f(R,) B gnanasoHe 0,3 < R, < 4,0 cm B nepsoM npuénu-
YXEHVN MOXET ObITb annpoKCUMMPOBaHa IMHERHON (hyHKLMel

oR.=a;+ bR, (8)

roe a; U by — amnmpuyeckne KoapguUMeHTbl, U3 KOTopbIX b; nMeeT pasmep-
HOCTb CM ™.

[ns aTol 3aBMCMMOCTM Nony4veHo r ~ 0,37 npu Kg, ~ 0,16, T. €. ¢ gocTaTouy-
HOW TOYHOCTbIO, HO MPY HWU3KOM BAMAHUK R.. Mpwn aTtom a; = 1,99 n by = 0,13.
Mpn cywke necka [4], vumetowero KoahpUUMEHT MNOTEHLMAIONPOBOLHOCTYH
K Hayany 1-ro nepuoga B 3aBUCUMOCTWM OT TemrepaTypbl MOBEPXHOCTH
an ~ (25...55)-10* M%/u, 4To NpUMepHO B 20 pa3 6OMbLLE NO CPABHEHMIO C HIDK-
HEKOTENbCKOM [NIMHOI B TakMX e ycnosusx (am ~ (1,2...3,0)-10™ m*u npm
t, = 40...85 °C), He HabMOLAETCSA CTOMb PE3KOr0 YMEHbLLUEHWS o C POCTOM R,
(puc. 4, kpuBas 1), kak ana rauHbl (puc. 3, Kpueaa 1). Tak, npu R, = 1 cm ans
necka oo ~ 2,5, HECMOTPA Ha 3HAaUYWUTENbHO OOMbLUee 3HaYeHWe Ko3pduLmeHTa
TepMOrpagneHTHOro BnaronepeHoca & No cpaBHEHMIO ¢ rAnMHON (Npu Uy ~ 14 %
Ansa necka & =~ 0,20 %/°C, a gnsa ravHel npn Uy = 21...23 % 6 ~ 0,08 %/°C, T. e.
nprMepHo B 2,5 pasa 6onbLue), 06e3B0XMBaHNE NOBEPXHOCTHOIO C/I0A COCTaB-
nano Bcero 2...3 % 3a nep.ble 15...20 MUH. Y [NIXHbI 32 3TOT Xe MPOMEXYTOK
BPEMEHW C Hayaa CyLLKN 06e3B0XKMBaHUe Aocturano 4...5 % npu 3Ha4YnTeIbHO
MeHbLUEM KO3(D(hULIMEHTE TEPMOrpagneHTHOro BarornepeHoca. Takoe HecooT-
BETCTBME 0OBACHAETCA OrPOMHOI pasHULIE BeMUNH KpuTepus Jlbikosa Lu gns
necka (Lu = 2...5) n ravHbl (Lu ~ 0,05...0,13), KOTOpbIA ONpegensieT COOTHO-
LLIEHMe CKOPOCTEN NpOTeKaHWs MPOLLECCOB TEPMOrpPaneHTHOrO 1 NOTeHLUMano-
NMPOBOAHOIO B/1ArornepeHoOCoB.

MOXHO cuMTaTh, YTO MPW BbICOKUX 3HAYEHUAX KOIPMULMEHTOB BNaronpo-
BOAHOCTW KanunnsapHO-NOPUCTOro martepuana noyvT ¢ caMoro Havasa CyLUKu
yCTaHaB/IMBAETCA NPUMepPHO napabonunyeckas (KBagpaTnyHas napabona) 3aBu-
CUMOCTb pacrpefeneHns BNaXXHOCTU B NOMepeyHOM CeYeHUM Macchbl. [pu 3Tom
POCT TemnepaTtypbl, XapakTepHbI 414 nepuoga nporpesa Maccbl (HavasbHbIiA
Mepuog, CyLUKW), He OKa3blBaeT CYLLEeCTBEHHOrO B/IMAHWA Ha pacnpepeneHvie
B/IXKHOCTW. OfHaKO M B 3TOM C/ly4yae TOJILLUMHA «aKTMBHOr0» C/109 YBE/IMYMBa-
eTCs MOCTENEHHO, HO MOYTKM B 2 pasa BbICTPee Mo CPaBHEHUIO C FIMHOIA (puc. 5).
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Puc. 5. 3aBUCMMOCTb «aKTUBHOM» TONLIMHBI 1L F
Closi OT MPOMEXYTKa BPEMEHW C Hayana ; t
cywkmn: 1 (o) — rAnHUCTLIE Maccbl; 2 (o) — rzloo
necyaHasi Macca 0 20 40 60 T, MUH

Kak nokasana cTaTucTiueckasi 06paboTKa flaHHbIX, NPUBEAEHHbIX B Tabn. 1
ANS TNIMHBI, 3aBUCKUMOCTb R, = f(T) MOXHO annpoKCMMIPOBaTh KPUBOIA BUAA

R, = azTn, (9)

rae T — BPeMSA C Havana CyLIKWU, MUH; @, — SMNUPUYECKUI KOID(DULMEHT, paB-
HbIA 0,343 (CM-MMH™"); N — NOKa3aTe/b CTENEHW, paBHbIi 0,493.

Mpun atom r = 0,7 npn Ko = 0,35. VIHTEPECHO OTMETUTL, YTO B Cyyae npu-
HAaTMA N =0,5a, = 0,333 npn r = 0,77 n Kg, = 0,35. XoTa Kg, LOCTATOYHO BENUK
N YKa3bIBAeT Ha BAUAHWE APYruX (hakTOpOB, HO A0NS BAMSAHUA NapameTpa Bpe-
MeHn r? cocTaBnseT 50...60 %. MonydyeHHoe 3HayeHne n = 0,5 COOTBETCTBYeET
KWHETMKE U30TePMUYECKOr0 KanuansapHOro BNUTLIBAHNA XXUAKOCTU LUANHAPK-
yeckum Kanunnspom [1, .10-2-3]. Takum 06pa3om, pasBUTUE «aKTUBHOIO»
CNOSi TMHUCTOM Macchbl B HaYa/lbHOM MePUOAe CYLLUKW B 3HA4MTENbHOW Mepe
3aBMCUT OT KanuangapHoro nepeHoca enaru.

C yuetom (7) n (9)

oR, = aa, V1" = ga, %% (10)

4TO YKa3blBaeT Ha [OCTAaTOYHO cfiaboe B/IMSIHWE BPEMEHW Ha BE/IMYMHY KOM-
nnekcHoro napametpa oR,. Tak, Npu NPOLO/MKUTENbHOCTU CYLLIKM T = 180 MUH
Be/iMuMHa oR, yBennumBaeTcs no cpasHeHUIO ¢ 1 MuH ToMbKO B 1,3 pasa. Npu
3TOM 3HaueHve koamumeHTa K Bospactet ¢ 0,19...0,22 go 0,21...0,24, T. e.
npvmepHo Ha 10 %, 4To HaxoAWTCA B Npefenax TOYHOCTY NOA0OHbLIX PacyeToB.

3 3KCnepumeHTaNibHbIX AaHHbIX, MPUBEAEHHbIX B Tabn. 1 1 Ha puc. 6 ana
[INHBI, MOXHO HENOCPeACTBEHHO NOJYYUTb 3aBUCUMOCTb aR. = f(t). [ns Takoii
annpokcumaumm, mexogdd us aR, = 0 npu t = 0, aR, # 0 npu T = 0, B NepBoM
C/lyyae 3aBMCUMOCTb annpoKCYMUPOBasacb ypaBHeHNeM

aR. = as(1 - exp(-y1X)), (11)

rae az — SMNUPUYECKNin KOIPMUUMEHT, paBHbIN 2,3; y1 — KO3 PULMEHT NoKasa-
TeNst CTerneHm 3KCMOHEHTbI, paBHbIi 1,4 [MuH™].

Puc. 6. BnvaHWe mpomexkyTka BpPeMeHu C
Hayana Ccywku Ha napametp oR.;: 1 (e) — L L
[/IMHWUCTbIE Maccbl; 2 (o) — MecyaHas Macca 0 50 100 T, MUH
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OfHako Npu Takow annpokcuMauuy Ko3ULMEHT KOPPensumm oKasa/ics
poctaroyHo Man (r = 0,41) npu He6oNbLIOM 3HaYeHUn Kg o ~ 0,17.
Mpwn annpoKCMMaLMOHHOM ypaBHEeHU

aRT :a4(1 - eXp(—'Y2X)) +C, (12)

roe a; ~ 1,12; v, = 0,058 n ¢ = 1,4, KOa(hUUMEHT Koppensauum octancsd npu-
MEPHO MpeXxHuM, a 3HadyeHne K, ~ 0,196 yBenMunnocb Mo CpaBHEHUIO C
npeabiaywnm cnydaem. 3HavyeHns oR, ¢ poctoM t 40 180 MUH yBenuymBaoTCs
00 2,3...2,5. MuHumaiibHoe 3HayeHune oR; no (12) npu t = 1 MWH cocTasnset
1,4. CnepoBatenbHo, pocT aR, no (11) n (12) 6onee 3HauNTeNbHBbIV MO CpaBHE-
HUo ¢ (10) n npuBoANT K yBenuyeHuto kosthhmuymeHta K ot 0,18...0,21 go
0,22...0,26, uTo cocTtaBnseT 0kono 20 %, HO, yuMTbIBas 3HAUMTE/IbHbIN pa3dpoc
TOYeK, He MPOTUBOPEUNT NOMYYEHHBLIM paHee pesynbTaTam.

Kak nokasblBaeT aHa/in3 Be/IMYUH, NPUBELEHHbLIX B Tab/. 2, NpakTUYeckme
3HAYEHUS KPUTUYECKMX NepenasoB BNaXXKHOCTU A1 Pa3/IMyHbIX (DOPMOBOYHbIX
MacC W3MeHATCA B WWMPOKUX npefenax (AUg = 2,5..15 % npn oR, =
~1,6...2,8). MNpu 3TOM BeNUUMHA oL U3MEHAETCH OT HECKO/IbKUX eJMHUL, B HaYa-
Ne CYWKKN A0 o < 1 K Havany perynsipHoro pexuma rno maccoobmeHy, Korga
[LO/MKHO YCTAHOBUTLCA pacnpefesieHne BMXKHOCTM B MOMEPEYHOM CeYeHUU
(hOpPMOBOYHOI MaccChl B COOTBETCTBUM C KBagpaTuyHoin napa6onoi (Uy = U, —
dx?), 4TO 3a4aCTyI0 He MPOMCXOANT BCNEACTBUE MEPEMEHHON BNaronpoBOfHO-
CTW MaTepuasa M3-3a NoBbILLEeHUA TeMnepatypbl U 06e3B0XunBaHna [1]. MoaTo-
MY 3KCMOHEHLMa/IbHOe OMuncaHue 3aBUCMMOCTU pacrnpesieneHns BNaXKHOCTA AB-
nsetca 6onee yHMBEPCA/IbHBIM U BO MHOTUX C/lyyasx NPUrofHO He TO/bKO A/1A
Ha4ya/lbHOro, HO 1 AN 1-ro nepuoga CyLUKu.

Kak B1AHO 13 CpaBHEHWS 3HAYeHWI NapaMeTpoB o U oR, A1 FHbI U nec-
Ka, B NocfiefHeM C/lyyae B CBS3U C BECbMa O60/bLUMMUM 3HAYEHUAMU KO3IPPUL M-
€HTOB NOTEHLMANONPOBOAHOCTY [4] BeNNUUHBI o M alR, CYLLECTBEHHO MEHBLLE,
4TO CBWAETENLCTBYET O BAUSHMM CBOWCTB MaTepuana. Mpu 3TOM Takke yBenu-
YMBAETCA CKOPOCTb PasBUTUA «aKTUBHOI0» cnos (puc. 5).

MpeacTaBneHHble B Tabn. 2 cBefeHUS Takxke MO3BO/MSOT OLEHWUTL B/IUAHME
oTowmteneir Ha AUy, ECM NOBEPXHOCTHbIN (CPEAHWIA) rpagneHT BNaXXHOCTM
AU, ons ravH 6e3 oToLmMTeneil MPUHATL 3a eAUHNLY, TO MOXHO OMnpefenvTb
KO3PPULMEHT 3PHEKTUBHOCTY OTOLLMTENA B BUAE (Tabn. 2)

K3 = AUKp_olAUKp, (13)

rae AUy, — KPUTUYECKUI TPAAMEHT BIXXHOCTM TIMHICTON Macchl C OTOLLUTE-
nem, %; AUy, — T0 e 6e3 oTowuTens, %.

AHanuns BAnAHUA Konnyectsa otowmtens B npegenax 10...50 % Ha ysenu-
YeHMe KPUTUYECKOTO rpafineHTa BIaXKHOCTY NMoKasas HEBbICOKYH CTabu/IbHOCTb
aToro npouecca. Tak, npu gobaske 50 % necka B NOCUHCKO-KANIATMHCKYHO [N~
Hy IV cnos AU, YBENMUMIOCH OTHOCUTENbHO AU, TOMBKO Ha 50 %, HO npw
nob6aske 20 % necka B 3Ty Xe ravHy Il cnos — Ha 100 %. Mpu gobaske 10 %
rnecka B TbINUCTCKYHO FMHY AUy, BO3pocno Ha 70 %, a npu gobaske 20 %
necka — To/1bKo Ha 40 %.
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Tabnmua 2
KpuTuyeckme napameTpbl (FpaguveHT 1 nepenag ) BNaKHOCTU KMprnya-cbipua
13 YNCTOW FIMHBI U CMECU U C OTOLLMTENSIMM

Otowwmtens  |PopmoBoy-| Kputuueckuin
MecTopoxaeHue Konnye-| Hast BNax- |rpagneHT Blax-| AUy, oR o K
[/IUHbI Bua |cteo, %| HOCTb, HOCTM, % ® om0
% %/cm
[NocuHeko- bes oTowmTens 44,0 0,5 1,63 0,97 | 0,30
KO””WlHCKoel [Mecok 20 34,0 1,0 3,25 1,45 | 0,45
Il cnow — | 40 253 11 358 | 152 | 047 22
[NocuHeko- bes oTowmTens 39,9 0,6 1,95 1,08 | 0,36
KonaruHckoe, [Mecok 50 23,0 0,9 2,93 1,34 | 041 15
IV cnoii
Kapmblwwesckoe | bes otowmrens 30,7 0,4 1,30 0,83 | 0,26
Mecok 10 27,9 0,4 1,30 0,83 | 0,26
—— 20 24,2 0,8 2,60 1,28 | 0,39 | 2,0
KpennsHckoe bes oTowwmrens 27,0 1,6 5,20 1,82 | 0,56
Mecok 10 25,3 1,8 5,85 192 [059| 1,1
—— 20 22,8 2,6 8,45 2,24 1069 | 1,6
LWamot| 10 26,6 1,9 6,18 197 | 060 | 1,2
—— 20 24,5 2,3 7,48 2,13 | 064 | 1,4
Toeinnucte (3c- | bes oTowwmTens 32,0 1,0 3,25 1,45 | 0,45
TOHUS) [Mecok 10 29,0 1,7 5,53 1,88 | 058 | 1,7
—— 20 26,25 14 4,65 1,73 | 053 | 14
LWamot | 10 29,9 19 6,18 197 |0,30| 1,9
—— 20 26,9 1,3 4,23 165 | 051 13
Benukonykckoe | bes otowmrens 18,5 1,4 4,55 1,71 | 0,53
Mecok 10 17,25 2,2 7,15 2,09 (064 | 16
—— 20 15,1 3,4 1105 | 249 | 0,77 | 25
LLnak 10 16,9 2,8 9,1 231 | 0,72 | 2,0
—— 20 15,9 34 1105 | 249 | 0,77 | 25
CMoneHcKoe bes oTowmTens 22,0 2,3 7,48 2,14 | 0,66
[Mecok 10 20,8 2,5 8,12 225 068 | 1,1
—— 20 19,0 3,0 9,75 2,37 10,73| 1,3
LLInak 10 20,5 3,0 9,75 2,37 10,73 | 1,3
—— 20 18,8 3,2 10,4 243 | 0,75| 14

3aT0 BAMAHME BENNUNHBI AUy, T. €. OMpefeneHHoN YyBCTBUTENbHOCTU /n-
Hbl K CYLUKe, Ha 3(h(heKTMBHOCTb [06aBKU OTOLUMTENel BbISBUIOCH BO/HE
onpeseneHHo. B pesynbTate KOPPensuMoHHOro aHasm3a NpuBeLeHHbIX B T1abn. 2
[aHHbIX, 32 UCK/KOYEHNEM KapMbILIEBCKOM IMnHbI ¢ 10 % necka, YCTaHOB/EHO,
yto And 3asucumoctn K, = f(AU,,) KOIPMULMEHT KOppenaLmn cocTasun
r ~ 0,54 npu 0THOCUTENBHOM KO3(humLmeHTe Bapmaunn Kg, =~ 0,23 ana nuHei-
HOI annpoKcumupytoLlein 3asmcumocTtn K, = 2,12 — 0,35AU,, (34ecb amnupmye-
cKuii koaddmymeHT 0,35 MOXKET UMETb pasMepHOCTb 1/%) n K, ~ 0,13 ans akc-
MOHEeHLMaIbHOM annpoKcuMupytoLleit 3asucumoctn K, = 1 + cexp(-YAU'y),
rae ¢ = 1,38 u W = 0,25 [%] ™ 6e3 yyeTa BENMKOMYKCKON FnHbI. Heobxoammo
OTMETUTb, YTO BO BCeX C/y4yasx f06aBKa OTOLLMTENA YMeHbLUAa (POPMOBOYHYHO
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B/TXKHOCTb [IMHWUCTOM MacChl, YTO NPUBOAUT K ee YNpoYHeHnto. OHaKO X0po-
LU OTOLMTENb AOMKEH HE TONbKO YKPEennAaTb (DOPMOBOYHYHO MacCy U YMeHb-
Wwatb KO3((hUUMEHT ycafkn B, HO W YBeNMYMBaTb NOTEHLMA/IONPOBOAHOCTD.
MoaTomMy LWaMOT M LWIaKN ABAAIOTCA MPeanoyvTuTeNbHee necka. OpeKTnB-
HOCTb M MapameTpbl Pas3/iMyHbIX OTOLLMTENe MMetOT GO0/bLIoe 3HaYeHne Ans
NOMTyYeHNs KayeCTBEHHbIX M3denuin. B cBeTe mocnegHux pesynbTaTtoB Habsto-
[EHWIA aKTMBaUMW 3anonHuTeneii 6etoHoB [12] m acanbToBbIX cmeceli [13]
3TOT BONpOC TpebyeT cneumanbHbIX UCCNefoBaHWin. MonyyYeHHbIe 3aBUCUMOCTI
K, = f(AUy,) CBMAETENLCTBYIOT O CHYDKEHUWN 3((EKTUBHOCTM OTOLLMTENEN C PO-
CTOM AUy, 1 [/19 Ma/I04yBCTBUTE/bHBIX TINH MPUMEHEHNE OTOLLMTENEA MOXET
0Ka3aTbCs BbIFOAHbIM TO/IbKO B C/ly4ae HU3KOM CTOMMOCTU OTOLLMTENS.

Kak nokasblBatOT MCCMef0BaHUA M MPaKTUKa, BENIMYMHA KPUTUYECKOTO Me-
penaga BNaXXHOCTW 19 Pa3HbIX [IMH B pa3fIMYyHON Mepe 3aBUCUT OT HaYda/lbHOW
B/TXKHOCTW (BNOXHOCTUN B LLEHTPE) FIMHUCTON Maccbl. OCOBEHHO MoKasaTe/bHbl
B 3TOM BOMpOCe pe3y/nbTatbl uccnegosaHmsa A. ®. Umkckoro [5], npeacrasneH-
Hble B NepepaboTaHHOM BuAe Ha puC. 7. 34eCb KpuBble NPOBEAEHbI N0 HUDKHEN
rpaHnLe 3Ha4eHNin KpUTUYECKOW BNaXKHOCTW 418 COHAWMOBOW I/MHbI OTHOCK-
TeNbHO BIXKHOCTN B Hayasie CyLLKN 1 B LIEHTPe B MOMEHT 06pa30BaHusA TpeLu-
Hbl. /13 9TUX KPKBbLIX, KOTOPbIE HE COBMAaAatoT, BUAHO, 4TO npu Uy(U,) < 27 %
BE/IMUYMHLI 0R; U COOTBETCTBYIOLLME 3HAYeHUA AU, NMPUMEPHO CTabununsnpy-
tOTCA.

aR|
2,5
2,0-
i Puc. 7. 3aBucumocTb napameTpa oR, A4
CMOHAWNOBOW FNHBLI NO AaHHbIM A. ©. Yux-
| ckoro [5]: 1 — mpu pas3nMyHON HavabHOM
15 w w BNXXHOCTU Ug; 2 — Npy pasnyHON BNaXKHO-
20 25 30 Uo Uy, % CTV B LigHTpe o6pasuia U,

BblBOAbl

1. Vicnonb3oBaHWe 3KCMOHEHLMANIbHON 3aBUCUMOCTMN pacnpeseneHuns Bax-
HOCTW B MOMEPeYHOM CeveHUM (OPMOBOYHON MacChl MO3BOMSET AOCTATOYHO
MPOCTO onMcaTb AUHaMKKY MpoLecca B Ha4a/lbHOM MepUOAe CYLLKW.

2. Vcnonb3oBaHHas aHanorua npouecca ycafky OPMOBOYHOW Macchl B
Ha4Ya/lbHOM  Mepuoje CYWKM C  XOpOWO  pa3paboTaHHOW  (m3MKo-
MaTeMaTU4ecKo MOAEeNbio TepMOYNpyrocT Mo3Bova MonyynTb YA0OHYHO
3aBMCMMOCTb  MpefieNlbHo  A0MYyCTUMOro rnepenaja BA&XHOCTU OT  (IU3UKO-
MeXaHNYECKNX XapaKTepucTUK (hOPMOBOYHOI Macehl.

3. MonyyeHHbIN ANS XapaKTEPUCTKN AMHAMUKW BHYTPEHHEr0 MaccoobmeHa
B HaYa/IbHOM Mepuofe CyLLKX napameTp oR, MO3BO/AET YYMTbIBATL CBA3HOCTb
pa3BUTMA POCTA HANPSHKEHWIA U MPOYHOCTY B (DOPMOBOYHON Macce.

4. C yMeHbLLUEHWNEM YYBCTBUTENBHOCTU FMHBI K CYLLKe 3(heKTUBHOCTb UC-
M0/b30BaHUSA OTOLLMTENEN CHUKAETCS.
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MpeacTaBneHa Kadepoi
Tennora3ocHabXeHus ¥ BeHTUNALMN Moctynuna 9.09.2004

YOK 621.311.22

OLEHKA 39 PEKTUBHOCTU T3L,
BE3 PASOENEHNA PACXOAA TOIMJIMBA MO BUAAM MNMPOAY KUNU

JokTopa TexH. Hayk, npodeccopa MNUP A. 3., KYHTbILL B. B.

ApXaHrefbCKuii rocyapcTBEHHbI TEXHUYECKNIA YHUBEPCUTET,
Benopycckuii rocyapcTBeHHbIA TeXHONOTMYeCKNiA yHBEPCUTET

Bnarogaps paunoHanbHOW 3HEPreTUYECKON MONNTUKE, YUUTbIBAIOLWEN Kn-
maTuyeckve ycnosus Poccum, pons T3L, cpefn reHepupyroLwmx MOLLHOCTEN
TEenoBbIX 3NeKTpocTaHuuii npesbiwaeT 30 %. B 1990 r. KOMOMHMpPOBaH-
HOe MPOW3BOACTBO TEMJIOTbl W 3M1EKTPO3HEPTUM 0BEeCneynBasio 3KOHOMMIO
A5 MAH T Y. T., nnn 12 % o6Lero NoTpedneHms TONIMBa BCEMU 3N1eKTPOCTaHL M-
amn MuHaHepro Poccuiickori ®egepaumm [1].
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