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B nacrosieér pa6ote Obla BbIOpaH O/ U3yYeHUS] THUNHYHBIE NpencTa-
BUTE/Nb BTOPHYHbIX BB — TeTpusa. M3BecTHbl MHOTHe ero TenaopHu3uyecKHe
XapakTepucTHkH [1—3], KMHETHKA TepMHUYECKOro pa3/oMKeHHs B KHIKOM
COCTOSIHUH NPH NOCTATOYHO BBICOKMX TeMIlepaTypax [4, 5] U cocTaB NpPOAYK-
TOB ropenust [6].

METO/LMKA

M3mepeHue TemnepaTypHOro npoduiasi IpoOUu3BOAHIH JeHTOYHbBIMHU [1-06-
pasHbIMU IMHKpOTepMonapaMu (BodbdpamM+59Y penusi — Boabbpam+209%
pPEeHHs1) TOJNLIHHOH 5—7 MK 1o MerTomuke, omucaHHoH A. A. 3enunnbiMm [7].
CBapky TepMonap NPOU3BOLUIM Pa3psioM 3JEKTPOJUTHUECKOTO0 KOHAEHCa-
topa 6oublioii emkocTn (800 mkg). 3apsiabl 3anpeccoBbIBaId B MJAEKCHIJIA-
coBble TPYOKH BbIcOTON 40 MM C BHYTPEHHUM AMAMeTPOM 8 MM H TOJIIUHOH
CTeHKU 2 mm. 51 momelienusi Tepmonap B 3apsii Obll NpUMEHEH CJIeaylo-
IHHA croco6: cHavyasa B TPyOKY 3achimajd MOJOBUHY HaBeckd BB u ¢uryp-
HBIM TIyaHCOHOM JeJajH TpaneuveBUJHOe YrIyb/aeHHe, B KOTOPOE 3aTeM
BCTaBJ/SJIM TepMONlapy, 3achllajJi BTOPYIO MOJOBHHY HAaBECKH M TPOM3BOIH-
JIM TIpeccoBaHMe Ha FHAPaBIHYeCKOM npecce a0 miotHoctH (1,68—1,70 2/cm?),
6smM3Koi K MakcuMadabHo#l (1,73 e/cm3). Cxuranue 3apsiioB MPOU3BOLUIU B
6omMOe NMOCTOSTHHOTO [aBJEHHS C OKHAaMH, YTO NO3BOJSIO OJHOBPEMEHHO C
3alUCbI0 TeMIlepaTypHOro mnpocduas QUKCHPOBaTb XapaKTep MU CKOPOCTb
rOpEeHHS.

PE3YJIbTATbI ONbITOB

TunuuHble ocLUIMIOrpaMMBl paclipefiesieHusI TeMIepaTyphbl B 30HAX rope-
HHMS TeTPHJIa NMPH Pa3TUUYHBIX JaBJEHHsIX NpeLcTaBiaeHbl Ha puc. 1. Ha Bcex
OCUUJ/IJIOTPaMMaX MOXHO PasJIHUNTh C/AeLYIOIHe XapaKTepHble 30Hbl. 30Ha |
OT HauaJbHOH TeMIepaTyphl 10 NepejoMa, OTBEUaIoLero TeMinepaType nJjaaB-
JIeHHs, T. €. 30Ha TBepJOro BelllecTBa ¢ TeMmneparypoi menbiue 130°C; 30-
Ha Il or TemmepaTypsl nmiaBieHHs] 4O MeCTa XapakKTepHOro mneperuba Ha
OoCLMJIJIOrpaMMe, OTBedYalollero TeMIepaType Ha IOBEPXHOCTH KOHIEHCHPO-
BaHHON ¢a3bl 7, T. €. 30Ha pacHIaBJeHHOrO BeIllecTBa H peakIHOH-
HBIA cjofi; 3oHa nmepBUuyHOro miaamedu III, HemocpelAcTBeHHO mpHJerarplas
K DEeaKUUOHHOMY CJIOI0 KOHAEHCHPOBAHHOH ¢asbl, W, HAKOHEL, 30Ha
BTOPHYHOTo nyaMeHH IV, Koropasi - moOsIBAsIeTCSI TOJbKO MNpH AaBJeHHSIX
Bbllle 7 Ke[cm?,
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MakcuMaJdbHasi TeMiepaTypa ropeHus (puc. 2) cHauaJla MeHSeTCs OY€Hb
cna6o ¢ 900°C npu atmocdeprnom masiaenuun go 1000°C npu p=7 ke/cm?,
3aTeM pe3ko Bo3pactaer a0 2100°C (mosiBasiercs 30Ha BTOPUYHOrO MJjaame-
HH npu 8 ke/cm?), nanbHelillee yBelUUueHHe JaBJaeHUs 10 45 Ke/cm? MpUBOAUT
JUlUlb K HE3HAYHTEJbHOMY pPOCTY MaKCHMaJbHO!N TeMIepaTypbl TOpPEeHHS.
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Puc. 1. OcuuanorpaMMbl TeMNepaTypHbIX TNpodHJel, NOJyYeHHbIX
NPH TOPEeHHH TeTpuJa TNpH aTMocdepHOM HaBjeHHH (a), npH
p=8 kefcm? (6) u npu p=45 Kz/cm? (8).

bJan3kue 3HaueHHs MaxkCHMaJbHOH TeMIepaTypbl FOPEHHs TeTpujaa Modyue-
ubl B pa6orte [8] I1. ®. [Toxunom u B. M. ManbuessiM. B MOMeHT nosiB/ieHHUS
BTOpHYHOTO maaMenu (8 xe/cm?) MakcuManlbHas TeMlepaTypa B HeM JoO-
CTHraercsi Ha pacCTosiHUH 4,5 MM OT NMOBEPXHOCTH KOHJAEHCHPOBAHHOH ¢a-
3bl, HO C YBEJHYEHHEM [aBJEHHS 3TO paccTosiHie ObLICTPO yMeHblIaeTcs
(puc. 3) u npu p=45 xe2fcm? oHo cocrasasieT ~ 0,25 mn.

MakcuManbHas TemMnepatypa NepBOro NnJaMeHH MPH YBeJHYEHHH AaB-
JIEHHS] HECKOJIBKO BO3pacTaeT (CM. pHcC. 2).

OrmeruM, uto npu Aasiedusx 1—20 xe/cm? B 3TOi 30He Habawogaercs
obaactb KoseGaHHsI TeMIepaTypbl, KOTopasi HeNocpeACTBEHHO TPaHHYHUT C
KOHJIEHCHPOBaHHO# (a3oii. YKaszauHas o6JaacTb Xopollo BHAHA Ha puc. 1,4, 0.
Ipu 45 kefcm? takux KoseGaHHUil TeMepaTypbl He oTMedyeHo (cM. puc. 1,8).
[To Mepe MoBbIiIEHUST AaBJEHUs aMIIMTYyAa KoJeGaHUi TeMIepaTypbl yMeHb-
ulaercsi, a yactora HX Bo3pacraer. [Ipu omHoli aTmocepe 3aMeTHbl Kode-
OaHus TeMIepaTypbl H B KOHIeHcHpoBaHHOH ase (cM. puc. 1,a). e

TeMmnepatrypa moBepxHOCTH ropsiuiero terpuna 71, (raba. 1, puc. 2)
npu atMocepHOM AaBJEHHH COBMajaeT C TeMIepaTypoH KHIIeHHsl TeTpHJa.
YBeanuenHe AaBJdeHHsI MPUBOAUT K MaaBHOMY pocty T, (cM. puc. 2) 1o KpH-
BOM, OM3KOH K pacyeTHON 3aBHCHMOCTH TeMIepaTypbl KHIEHHS TeTpH./a Of
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naBnenusi. Temnepatypa kumenusi (cM. puc. 2) paccuurana no ¢opmyJe
Knaitnepona — Kmaysuyca, Hcxost U3 TOTO, YTO, o AaHHBIM A. @. Bensiera
[1], remneparypa xuneuus T, TeTpusaa NMPH aTMOC(HEPHOM [aBJEHHH paBHA
310°C, a TenJioTa HUClapeHHUs ero cocrasJsieT 26 KKAA/MOAb.

10 20 30 40  p,uz/cm?

Puc. 2. 3aBucumocts temneparyp: nosepxHoctu (1), mpiMora-
30BOi1 30HHBI (Z), M3KCUMaJbHOH (3) u KuneHus T OT HaB-
JIeHUSL,

TeMHepaTyprle I]pO(i)IfIJII/I [TO3BOJIMJIM OIpeAeJanTb TpaJAUEHT TeMIiepa-

Typbl BOJH3H NOBEPXHOCTH KOHIEHCHPOBAHHOH (as3bi — {"7‘—) (3Ta Be-
\ @x /n
JHUHHA U TeMIlepaTypa MOBEPXHOCTH ONpeleJasieTcsl 3HaYMTeJbHO MeHee Ha-

NeKHO, YeM TeMIepaTypa TOpeHHs W KOJMYECTBO TemJa, I[epefaBaeMoro
TEMJONPOBOJAHOCTBIO U3 Ta30BOH (ha3bl B KOHAEHCHPOBaHHYIO (Taba. 1).
[Tpu paccmorpenuu ocuu/asiorpamm oGpaiaer Ha cebGsi BHUMaHHE pac-
npefenenue Temneparyp B 3oHe I (T<
<T,). XapakTepHoit 0COOEHHOCTbIO 3TOMU
30HBI SIBJSIETCS TO, YTO pacnpefesneHHe
TeMIlepaTypbl B Hell, Ka3aJoch Obl JOJIXK-
HO CTpOro <cjeqoBaTh 3akKoHY Mruxesnb-
COHA, TaK Kak TIPH TaKUX HHU3KHUX TeM-
neparypax (7<130°C) 3a BpeMsi mpo-
rpeBa B BOJIHE TOPEHHUS] 3aMETHOTO pas-
JIOXKEHUs] TeTPUJIa TPOUCXOLUTD He LOVIXK-
Ho (mepwon mnoaypacmaga mpu 120°C
paBen 8700 uac {4]), mostomy c pocTom
CKOpPOCTH TOpEeHHsl ¢ LIHpPHHA MPOTPeTo-
ro ciaos [ pomxkHa Obl1a 6Bl YMeEHbIIATh-
Puc. 3. PaccrosHne 0T NOBEPXHOCTH csl Tak, uTOG6HI NPOU3BEIEHHE ul ocraBa-
KOHJAEHCHPOBAHHOH d)aSBI A0 MAakKcCH-
MaibHO/i  TeMnepaTypm  BTopHumoro J1OCH NMOCTOSIHHBIM, HO YBEJIHYEHHE JaB-
nnamenu h. - JieHduss ¢ 6 mo 45 ke/cm? HeOXKHUAaHHO

e o

pynefem?



O ropenun Terpuiaa 13

IPUBOJHUT K CHJIBHOMY POCTY IIHPHUHBI nporperoro cjaos ¢ 0,05 xo 0,5 mm, uro,
B CBOIO Ouepelb, NPHBOAMT K yBeJuueHHIO mpousselenus ul B 20 pas
(puc. 4).

1
Taganua u-L'/OJCMVceK
p, K2lem? 25
o
Onpeuenﬂemue BeJHYHHBI
1 7 10 20 45 20
‘ o
o
Ty, -°C (ombiT) 310 | — | 350 400 | 405 15
T °C (pacuer) 310 | — | 377 | 400 | 427 /0 o1
k_——} 1074 2padfen|2,7 | — | 5 |7,5 | 15 10 ' °2
dx |y
4, cmfcex 0,045/0,1810,22 | 0,35 | 0,55 °
iy, cmjcex —10,19(0,25 | — | 0,55
0, °C 0 0| 45 89 78
r, Kaijcm? - cek 0 0 4 12 17 10 20 30 p,uefcm
S, cu = — |®2 1008 40,1 p 0 4. ViameHeHue npoH3Beje-
IR, % - - 8 24 34 HHﬂ.lll‘}lﬂﬂ yucroro Tetpuia (/)

¥ TeTpuna c caxeit (2).

O603HAaYeHU s1: U — CKOPOCTb TOPEHHSI YHCTOTO TEeTPHJA; i) — CKO-
pOCTb TOpeHHsi CMecH TeTpuaa € 5% rasoBoil caxu; R — MakcHMaJbHO BO3-
MOJKHBIH CBETOBOH NOTOK W3 30HBI NuaMeHH. R=0 T4 (R=50 kaa/cm? . cek).

NMPOTPETBIN CJIOM TBEPOAOW ®A3bl

MoXHO TpeanosoXUTh, YTO YBeJIHUYEeHHe NPOU3BENEeHHs1 Ul CBSI3aHO C
1emJionepejayeil U3JayyeHHeM H3 30HBI BTOPHYHOrO mJjaMeHu. [leficTBUTENb-
HO, TPOTpeThii CJ0i HayuHAaeT pAacCUIUPSATbCS MPH MOSIBJEHHH BTOPHY-
HOTO TJIaMeHH, KOTOpoe MOJKHO 06Janarb GOJMbIIOH H3AydaTeJbHOH CIIO-
co6HOCThIO (8], Tak KaK NpH TOpPeHHH TeTpuJa obpasyercs OOJblIOe KOJH-
yecTBo yraepona {6]. Kpome Toro, TeTpus A0CTAaTOYHO NMpO3paueH, MOITOMY
MHTEHCHBHOE H3JyueHHe BTOPHYHOIO IIJIaMEHH, MMeIoLlero TeMmIeparypy
2000—2300° C, MoxxeT HarpeTb BHYTPEHHHE CJOM BELIECTBA H BBHI3BATb pac-
LIHpPEHHe NPOTPeTOro cJosl M CYIIeCTBeHHOe OTKJOHEHHe pachpeles]eHHs
TeMIlepaTypbl OT MHXeAbCOHOBCKOrO. UTO6H NpPOBEPUTH 3TO NPEANOJOXKEHHE
O POJIH H3Jy4yeHHs], OblIH NPOBEEHBI ONBITH C TETPUJIOM C MpUMechio 2 U 5%
ra3oBoH caxM, KOTopasi IpeBpaTHaa ero B NPAaKTHUECKH HENpO3payHbIi Ma-
TepuaJ, ¥ MO3TOMY BeChb IOTOK H3JYyUeHHs AoJXKeH Obl 3aJepKHBATbCs B
BEPXHHUX CJIOSIX pacljaBa U He NPOXOAUTh B 30HY ¢ T<T;.

Jlo6aB/jeHne K TETPUJY CaXH MOYTH HE H3MEHHJIO CKOPOCTH TOpEeHHs
(tabs. 1), HO TpuUBeJO K PE3KOMY COKpAlleHHIO IIPOrpeToro <cJaos MNpH
10—45 x2/cm?, Tormna Kak Npu MeHbUIUX HaBJaeHHsX (7 Ke/cm?) MmIHpHHA NPO-
rpeToro cjoss He H3MeHHJach. [IpousBenenue wl AJs TeTpu/aa C caxell He
M3MEHsIeTCsl C yBeJMUYeHHeM AaBJaeHHs (cM. pHcC. 4), T. e. TelJolepefaya B
HENpo3pauyHOM BellleCTBe, KaK U CJeJ0BaJIO OXKHIAaTh, OCYIIECTBJSIETCS TOJb-
KO TelJIONPOBOAHOCThIO. TakuM 06pa3oM, MOXKHO C YBEDEHHOCTbIO CKa3aThb,
yTo pacmupenue 30ubl T<T CBSI3aHO C H3JyUEHHEM.

Jnsi BHISICHEHHSI XapaKTeDUCTHK TEIJIOBOTO IIOTOKa M 3aKOHa pacipe-
JeJeHusl TeMIepatyp B 30He | 3amuuem ypaBHeHHe TemjaoBoro Gajanca AJs
CTALlHOHADHOI'O pPaCHpOCTpPaHeHHs, NMPHHHMAs, YTO . XHMHUEcKas peaKIus

! Ina onpegeneHHOCTH paccrostHie [ uaMepsiin ot I'—70 go T=129°C — nepenom
Ha OCLHJIOrpamMMe.
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OTCYTCTBYET H HMEETCH MOTOK H3JYUeHHUs

a-T ._upc_!l_f_-r_‘exp(_x_\-——oy (1)
dx? dx S S

rie u—JHHeiHasi CKOPOCTb TOpeHHusi, Cm[cek; p— MIOTHOCTb, efcm3; C —
TelJIOEMKOCTb, Kai/e - epad; r — TENJIOBOH TOTOK HU3JYyUeHHs, BXOASIUHA B
30HY TBEPIOro BelLlecTBa, KaA[cm? « ceK; A — TelJOMPOBOAHOCTb, KAA/CM -
- cex - epad; S — paccTosiive, Ha KOTOPOM HMHTEHCHBHOCTb MOTOKa H3Jyde-
HHAl yMeHbliaercs B e(~2,7) pas, cm. M3ectHo, yTo S 3aBHUCHT OT AJHHBI
BOJIHbI CBeTa, 31ecCb JAJs YNpolleHHUs 3ajauyd BbIGpaHO cpelHee IJsl CNeKTpa
nJ1aMeHH 3HauyeHue.

Peurenne ypapHenus (1) mnpu rpanuunbix veaosusx (T=T, npu
x=—o0; T=T, npu x=0) ecTb

T—T(,=(Tl—To—ﬁ)exp(-—)—}—ﬂexp(% (2)
rie
§ = r. (3)
R
ly — —— (4)
upce

Bennuyuna 0 mokaseiBaer, Ha CKOJbKO TPajyCOB HarpeBaercsi TBepaas
¢t aza ropsuero BB nanyuenuem.
Jlorapugpmupys Bbipaxenue (2) u yuutbiBasi, uto npu S>> I, u | x| > [,

wyaen (T, — Ty — 6) eXp -~ CTaHOBHTCA npeHe6PEXKHMO MaJbIM, MOJYYHM
a

[ x|

(T — 7,)=1In® npu S > s x| > L, (5)

crenoBatenbHo, B koopauHatax In(T — Ty) — x moMKHa GBITH NpsMas Ju-
HHS, KOTOpasi OTCeKaeT Ha OCH OpJAMHAT BEJHYUHY InB MU HMeeT TaHTeHC
yrja HakJaoHa, pasuelii S—1. Kak Bumno

lg(7-7,) u3 puc. 5, npu nasaenusix 20—45 xefcm?
2,0ﬁ B YKa3aHHBIX KOOpPIAMHATAX MNPOQHIH
TeMIepaTypbl JeHCTBUTENbHO CIPAMJIS-
IoTcsl ¥ Toabko mpu 10 kefem? (I, npu
-2 Oamxkaercsi K S) HWMeeTcs OTKJIOHEHHe
or npsamoit. I[Ipu S >/, Boipakenune (3)
15 ynpolaercs
N© rl r
cou
10 [Tonyuenusle Beauuunsl 6, r, S mpeacras

0 0,5 10 xmwm J€HBl B TabJ. 1, rie nokasaHo, 4yto S He
N 3aBHCHT OT JAaBJjieHHs. DTO CJAYKHT KOC-
Puc. 5. ®opMa NpOQHNA TEMNEPATY-  pepppy TIOATBEPKIEHHEM PACHIHPEHHS
pbl B NOJYJNOrapu(pMHYECKHX KOOD- ;

jnnarax npn faenemn 10 arw (1), ~ 3OHBI IPOrPeBa N0 CPABHEHHIO C MHXeb-
20 arn (2) u 45 arm (3). COHOBCKOH H3-3a TemJonepefaud H3jy-






