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Bocniamenenue KOHJIEHCHPOBAHHBIX BeEIIECTB HarperbiM rasoM fB-

sdeTcs MIAPOKO pacrnpocTpaHeHHBIM mporeccoM. Kak mokasanau ucc/iepoBa-
Hus [1, 2], npoBegeHHe ONBITOB B NPOCTEHINMX, KOHTPOJUPYEMBIX YCTOBUAX
Tensoo6MeHa MexXay o0pasiuoM BellleCTBA M Ta30M TIO3BOJSET yCTaHOBUTh
OCHOBHbIE 3aKOHOMEPHOCTH BOCMJIaMEHEHHsl, H3VUUTh MeXaHH3M Mpoiecca,
a Takxe omnpenequTb 3(h(GeKTHBHblE KHHETHUeCKHe TMapaMeTpbl peakuuy,
NPOTEKAIOINX B WHIVKIMOHHLI Tmepuox. B sTux padorax oCyIIecTBJSIHCH
JBa TIPeeNbHBIX PeXUMa BOCIUVIAMEHEHHs: TENJIOBOI B3PHIB MEJKUX ChepHu-
YeCKHX YacTHI[ B HarpeToM rase [l] # 3axuraHue IHHJIMHIPHUECKHX 00pas-
II0B BeIllecTBAa NOTOKOM Tasa MpPHU MOolepeuHoM oOTekaHuu {2].

B naunoii paGoTe B pa3BUTHe Pe3yJbTATOB, HOJYYeHHBIX B [I, 2] mis
NUPOKCHJINHA, TIPHBEIEHbl 3KCIepUMeHTaJbHble NaHHble /A pAda APYrux
BeleCTB ¥ TNPOBeJeHa KOJHYECTBEHHAs 00pabdOTKa YCTAHOBJEHHBIX 3aKO-
HOMepHOCTell Ha OCHOBE TelJIOBOH TEeOpHM BOCHJIaMeHEHHS.

METOAHUKA 3KCNEPUMEHTA

[Tpu usyuyeHuu BoCIJIaMeHeHHs cpepUUeCKUX YaCTUL, BellleCTB B Harpe-
TOM rase ONpefeJsIOTCS KpUTHUeCKHe TeMIepaTypbl M BpeMeHa 3alepKKi
BOCIJIAMEeHeHHs] B 3aBUCHMOCTH OT pa3MepoB YacCTHI, COCTaBa M TeMIepa-
TypHI rasa. ¥YC/l0BUS NPOBEIEHUS ONBITOB COOTBETCTBYIOT MaJbIM 3HAUEHUSM
kputepues PeliHosmbaca u I'paccroda, Tak uTo TemIooOMeH MexXIy dacTHIell
¥ Ta30M HPOHCXOAUT B pexHUMe UYMCTOH TemaonpoBogHocTH. B padorte (1]
BpeMs 3aJepKKH BOCIJIAMEHEGHHST 4YaCTHI, paCCUUTLIBAJOCH TIO BeJHUHHE
DaCCTOAHUA, NPOHLEHHOTO YacTullell 10 MOMEHTa BOCIJIaMeHEeHHsS C YUeTOM
3aKOHa JBHKEHHMS dYacTulbl. B maHHON paboTe mnpuMeHeHa CllelUaJbHAN
3JIEeKTpHUecKas CcxeMmMa [Js HelNOCPeACTBEHHOIo («0e3pacueTHOr0o») u3Mepe-
HHsSI BPEMEHH 3aJepxXKkKH BocmiaaMeHeHus (puc. l). Ilpumensemuiii cnocod
d3Mepenns Z; CBOOOJEH OT OrpaHHUeHHi, HAK/JIAAbIBAEMBIX Ha (HOPMY U
pasMepbl YacTHl, X He NpeJnoJaraer 3ajJaHHe ONpene/NeHHONO 3aKOHA CO-
IIPOTUBJICHHUS] ABUKEHHIO YACTHILBI.

HacThna BemlecTBa, NOMeIleHHAss HA KOHUMK MIJIBI aBTOCHmyckKa 1,
BOpachiBaeTcss 10 HanpaBJsiollell TPYyOKe K OTBepCTHIO TPYOHL. Ilposmeras
fepejJ IIeJbl0 NePBOTO (OTOYMHOXKHTeNS Z, YacTHLa CBETHTCS OTParKeH-
HBIM CBETOM, CO3JaBaeMbiM ocBeruTeseM 3. Jlanee, MPOXOAs HEKOTODHIit
nyTh b, OHA TMOTajaeT B HArpeThiil Tas. ¥ Topia TPyOB HAXOAUTCH BTOPOL!
(bOTOyMHOXKHTEb, KOTOPHIH (UKCHUPYET MOMEHT BOCIJIAMEHEHHSI W IJIH-
TeNBHOCTb CBeUeHHs YacTUIBL. CHUrHaJMbl OT (OTOYMHOMKHTeJell MOoZAITCs
Hepe3 ycwauTe b Ha uefidoBblil ocumiiorpad H-102 BmecTe ¢ meTkamit
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BpeMeHu oT BuGpartopa ¢ uyactotoil [=500 ey. Omnpenensis IJUTEIBHOCTDH
MeXIy CHrHajsaMH 1-ro ¥ 2-To (OTOYMHOXKHTeNs] M PaCcCUUThiBas BpeMsd
NaJeHUs YACTHLbI TIepey] BJETOM B HaTpeThlii Ta3, MOXKHO MOJYYHTb BpeMs
3a/epKKH BOCIJIaMeHeHHs
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rle 2 — CKOPOCTb TajeHHsI YaCTHUbl, PACCUHTHIBAEMOIl MO0 JUIHTEJbHOCTH
curdana 1-ro (HOTOYMHOXKHTEIs] NPHU U3BECTHOIl IIMpHHE LIeNH Ha yyacTke

b=1 cm.
CaeaveT OTMETHTb, UTO Haua/bHas CKOPOCTb MaJeHUs YaCTHIbl, 3a1a-
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Puc. 1. Cxema H3MepeHHSI.

Puc. 2. OcumworpaMma 3anuc Temie-

obpasua.

|
paTypbl NOBEPXHOCTH NMHPOKCHIHHOBOTO !
|
1

BaeMasi NMPYKHHOI aBTOCNYCKa, B OmMbiTax cocrasasiaa 65—70% oT ckopo-
CTH YCTAHOBHBLIErOCsl MajeHHsi U €e H3MeHeHWeM TIpU BjeTe B TpyOy (Ha
yvuacTke b) MOKHO TipeHeOGpeub. TOUHOCTb M3MepeHHs &; yKa3aHHBIM CHOCO-
60M 3aBMCHT OT JJMTEJbHOCTH NPOTEKAIIIEro Mpolecca H B ONBITAX H3Me-
Hsach OT 3 (HU3KHe Temmepartypbl) a0 129 (BbicOKHe TeMNepaTyphl).

B onbiTax no 3aXKHTaHUIO HWJIHHIPHYECKHX 00paslLoB TOTOKOM Trasa
ompejessieTcss 3aBUCHMOCTh f; OT CKOPOCTH MOTOKa, TeMIepaTypbl H CO-
CTapa rasa, HayaJbHOIl TeMilepaTypbl U AMaMeTpa BelllecTBa. [IpH 370M HH-
TEHCHBHOCTb TerJonepenaud MexkAy o6pa3lioM U IOTOKOM MOXKHO XapakTe-
pH30BaTh BEJHYMHONH 2 — o, - 0, Iye

5 10.371 :
o, = 1,141 (_ﬂQ_)'”(_V_) ,a o, ~sed Tem [3].

B 1awHoii paGoTre nMpoBeieHO YTOUHEHHE BbIDAXKEHHS /s ¢» TIPUMEHH-
TeJIbHO K YCJAOBHSIM HAUIMX ONBITOB MYTeM 3KCINEPHMEHTaJIbHOTO M3MepeHHs
TEMIepaTVpbl TOBEpXHOCTH 0Opasna. J[laTyukoM TeMmmepaTtypbl CayxKHIa
TpOKaTaHHAs XpOMeJb-KomeseBasi Tepmonapa (TOMIIMHON ~35 W), NOI-
KJleeHHasl To J000BOIl o6pasyiouieil odpasua. CHTHAJM ¢ TepMoONaphl BMecTe
C MeTKaMu BpeMeHH peructpuponaJcs ocuuagorpapom H-700. Tunuunas
ocuuasorpaMma sanucu 7n (¢) npuBeleHa Ha puc. 2. UToOb yMeHbUIUTD
BJAHSIHME H3JyUueHHs OT CTEHOK cocyjaa, B Hero BBOJAMJIACh CTeKJsHHAs 000-
JIouKa, rmocepebpenHasi ¢ BHyTpeHHell cTOpOHbl. Ko3Gh@HUHEHT TenaooTAauH,
acornacHo [4], HaxoauTcs no Qopmydae

4 T(! \ ’ \ Is \
L=-"—""" = %" A J, (8 exp (— B Fo). (1)
Tu—To 1
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IlpuMeHeHne Takoro cmoco6a pacuera ¢,, OCHOBAHHOTO Ha pelleHHH
OJHOMEpHOH 3aJayd O NporpeBe LUUAWHAPA!, K aHHBIM YCJOBHSIM OIBITA
BO3MOJKHO, TaK KaK TaHTeHIHAJbHBIM pacipefenerneM 7T ¥ ¢ BOJIH3H
J060Bo#l o6pasymoueil [3] moxkHO mpeHeOpeub. Taba. | waaocTpupyer Be-
JIMYUHBI 04, TIOJY4YeHHble Ha 00paslax pa3HbIX BeIeCTB B OJMHAKOBBHIX
ycaosusax oneita. Kaxpoe 3HaueHnme o ecTb pe3ysabTaT 06paboOTKH JABYX-
Tpex KpUBBIX. Pa3bpoc pe3yabTaToB COCTaBJASI~ 5Y%.

Ta6auma 1

T,==310°C, w=06,6, M3/4ac, d=0,8 cu

e [IupoKCHAHH [onuBunuanu-
ges scp"“'“:q cex :TgaGT cer AcGoueyent
55 ; - a-10?
N T 3 5
° 2?% S S g PRTE %cp-10°| g.10¢ |%cp-16°
2 |m5e| cu-cex-2pad t
1 2,8 3,9 4,0 3.6
2| 41 3,8 39 40 ' 4,0 | 37 I
3| 56/ 39 74,0 J 391 38! 3.0
41 69 4,0 4,1 3,8
51 80 3.9 4,3 3,7
6| 91 4,3 4,6 3,9
71108 4,8 4.20

Kax BumgHOo u3 Tabauupl, K03pdUUHEHT TeNJIOOTAAa4YH COXpaHseT Mo~
CTOSIHHOE 3HAuyeHHe Ha 3HAUMTEJNbHOM OTpe3Ke KpHUBOH [ n (f). Kaxkymeecs
yBEeJIHUEHHE €ro K 'KOHIY ONBITa MOXKeT OBITb CBfI3aHO KaK C yXyAlleHHeM
KOHTaKTa TEePMOMaphbl ¢ TMOBEPXHOCTbIO 00paslla TMpH HAaTPeBaHHUH, TaK H C
BBIIe/IeHHeM Temja peakuueidl. HecKoabKO 3aBbllIeHHblE 3HAYEHHS O, 110
CPaBHEHHMIO C TEOpPETHYECKHMMH OOYCJIOBJEHB, TO-BUAUMOMY, BJHSHHEM
yCJIOBHH BXOJa NMOTOKAa M3 HarpeBaTelas B PeakLHOHHBI COCYH, a TakKXKe
HaspuyueM (Kak [OKasaju H3MepeHHs .C momoilbio Tpyoku Iluto) Hekoro-
poro rpajueHTa CKOPOCTeH TI0 AHAMeTpPy COCYyIa.

B pesysnbTaTe H3MepeHHH, OXBATHIBAIOIIUX AMANA30H H3MEHEHHsT Mapa-
MeTPOB B OCHOBHBIX OTBITaX, NoJdydeHa ciaenyiomas (opmyaa Ajas pacyera
KOHBEKTHBHOT'O K03 dHuUueHTa TennooO6MeHa MexXay 00pasioM U TOTOKOM:

J @

a, = 1,48 )\( duv

3KCNEPUMEHTAJIbHBIE PE3YJIbTATHI

ViccenoBanuch 3aKOHOMEDHOCTH BOCIJIAMEHeHHSl psila  HeJeTydux
KOH/JeHCHDOBAHHBIX BelllecTB: TOJUBHHUIHUTpPATA, as3uia Oapus, HUTPO-
KpaxmaJja, a TakiKe THPOKCHAWHA (B JOTMOJHEHHe K ‘pedyabraram [l, 2]).

3aBUCHUMOCTb  KpUTHUeckHX Temrnepatyp (Toxp) TEmIOBOTO B3pPbIBA
4aCTHL 0T Ko3(p]HUUHeHTA Temyonepenaud & (& = A7) 1Js TIOJNHBUHUI-
HUTpaTa MpUBeLeHa Ha PUcC. 3. BeauunHa a ©3MeHsANaCh KaK 3a CYeT (pa3MepoB
4acTHI?, TaK M 32 CUET TeNJIOMNPOBOTHOCTH CPEMIbL.

! Pemenne 3ajauu O HarpeBe I0JYGECKOHEYHOTO MPOCTPAHCTBA JJIsl MaJblX { JAaeT MpH-
MEpHO TaKo¥ e pes3ysbTar. JTO IOHSTHO, €C/H YYecTb, YTO NPH 3TOM pPaGOTaeT TOJIBKO:
TOHKHH NIPOrpeThlil CJIOH.

2 CodepuuecKHe yacTHUBI TOJHBHHHJIHHTPATA H HUTPOKPaxMajia MPHUTOTOBJISIMCL MeTO-
AGM, aHaJOrHuHbIM ([6].
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Kak BuIHO M3 NpHUBeNeHHBIX MAAHHBIX, B cCjayuae TOJUBUHUJIHUTPATA,
TaK e Kak H AJs nupokcuauHa [1] m asuga Sapus [5], umeercss ogHO3HAU-
Has 3aBUCHMOCTb T oxp (@) 1/ pasHBIX ra3oB. B uyacTHoCTH, pasanuHOe
NPOLEHTHOE CONepKaHHe KHCJAODPOAA
B CMECH HHMKaKOro crnequpuyecKcro
IefcTBUsl He oKasblBaer. [ljisi wacTuig
JKe HUTPOKpaxMaJja, Hao0OpOT, BJHS- 250 ’
HHE KHCJIOPOAa Cpeibl Ha BEIUUHHY ’
Toxp ABASIETCS CYLIECTBEHHBIM (110
Mepe pocTa CORepkKaHus KHcaopoia 240 o
B cpefe BeanunHa Toxp YMeEHbLIAer-
Cs1), U 3aBUCHMOCTb T «p(2) He sB-
JAeTCsT 0THO3HAYHOII.

230 300

220 280

Puc. 8. 3apucumocte T p (@) A5 HOMHBH-

uuaauTpata (a), mupokcuiauna {1] (6), nHu- 260 /
Tpokpaxmana (8) u asuma Gapus (2): ‘

21 37
1 — onbITHl B BO3AYyXe; 2 — B CMeCH aproHa C KHCJO-
poaoM: 3 — cpeaa Bo3ayx; 4 — cmech 15% KHcJI0pO-
na + 85% Bo3myxa; 5 — 4MCTBIH BO3JAYX; 6 — ONMBITHI
B aprosHe; 7 — ONBITHl B BO3AYXe. 4 P 8 0 12 14

04-105, kan/cm?-cex-2pad

[lpu pacuere KosdduuuenTa Tenjonepesayy AJs8 cMecel rasos cymmap-
HbI KO3((MHIMEHT TemIOnpOBOLHOCTH A, paccuuThiBasics no dopmyae [7]

i

he = +
1+ Ay — 1+ A, ——

Ille X; — oObeMHble JOJH Ta30B, a ko3houuuentsr A; u Aji  ABIgIOTCR
GYHKUUSAMH AHAMETPOB MOJEKYJd H MOJEKyJsDHBIX BECOB KOMIIOHEHTOB.

3aBUCHMOCTh BPEMEHH 3aJepKKH BocllaMeHeHHs f; (T, 7) A1 4a-
CTHIl TIOIUBMHUJIHATPATA M HATPOKpaxMaja npuBeleHa Ha puc. 4. OmbiTh
fIPOBOJMIUCE B aTMoc(epe BO3AyXa, a TaKke B CMeCAX C Pas3JHUHBIM IpPO-
IIEHTHBIM COJepKaHueM Kucjaoponaa. IlonyueHHble [JaHHBIE II0Ka3BIBAIOT,
4yTO B aTrMoc(epe BO3AyXa M (CMeCsIX, OOOTAILEHHbIX KHCJIODOJOM, BpeMeHa
3allepXKKU BOCIVIAMEHEHHsI MpPH TPOUMX pPAaBHBIX YCIOBHUSX (r=const,
To=const) mpakTHUeCKH OAMHAKOBBHl (KO3(P(UIHEHTH TemJONpPOBOJHOCTH
BO3JyXa W KUCIOPOAA B HCCAENyeMOM HHTepBaje TeMIepaTyp OTJIHUAIOTCS
HA ~5%).

B ombiTax mo 3a)KHTaHWIO OMpeensiiach 3aBucuMoctb f; (a, T, Ty).
Jlnana3oH n3MeHeHNs] NapaMeTPOB B OCHOBHBIX ONBITAX MpPHUBENEH B TadJ1. 2.
Pas6poc pesyabTaToB [/51 NOJHBUHANTHUTpATA IcoctaBiaser 5—69% ot cpex-
Hero 3Hauenusi, ;s asupa Gapus — 10%. OGbiuHO npoBoAmIOCE 3—4 OnH-
HAKOBBIX OIBITA.

3aBucumocTh %, (@)  uccaenoBajsach TPH TeMmmepartypax rasa 270 o
310°C (momuBuuuanutrpar) #u 330°C (asum OGapus) nmpu T, = const
(20—25°C). BesnunHa « H3MeHSJACh TyTeM HCIOJb30BAHUS DAa3JHYHBIX
rasoB (uepe3 HU3MeHeHHe TeNVIOMDH3UUECKHX XapaKTEPUCTHK), a TaKKe Ty-
TEeM H3MEHEHHMs] CKOPOCTH IIOTOKa, JuWaMerpa oOpasiia, CTeNeHH YepPHOTHI
TIOBEPXHOCTH CTEHOK COCYy/a.

B skcmepuMeHTax ¢ TMOJHMBUHHUIHUTPATOM [PU MAaJblX CKOPOCTSIX MOTO-
Ka (<70 cm/cex) 6bl10 0OHAPYKEHO, UTO HA KpHBOH f, B 3aBHCUMOCTH OT
pacxofga rasa (@) HMeEIOTCS SKCTPEMYMBI, KOTODbIE, KaK 0Ka3a/d0Ch, UMEIOT
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a -— NIOJIMBHHUJIHUTPAT:

Puc. 4. 3aBucumocts f3 (Ty, )

1—r=150 m; 2—r=125 u; 3—r=100 uw B armocdepe

BO3-

nyxa; 4 —r=150 p; 5§ —r=125 u; 6 —r=100 W B aTmocdhepe KHcaopoja. O — HHTPO-

Kpaxman: [ —r=150 w; 2—r=125

B cpeme 92% Bosayxa + 8Y%  KHCJIOPOAa;

3 —r=125 @1 B KHCJOpOXE.

YUCTO THAPOJHHAMHUYECKOE TPOUCXOXKIAEHHE. Kax mnokasaJju ONBITH TO H3-

MEepeHHI0O BPEMEHH HarpeBa Iy

MOBEPXHOCTH MHEPTHHIX acOoLleMeHTHBIX

06pasioB 10 (GUKCHUPOBAHHOI TeMnepaTypel I'n B TeX XKe yCJOBHSAX, B JaH-
HOH 06/1aCTH CKOPOCTEH HMEEeT MeCTO MAKCHMYM M MHHHUMYM KO3((HIHEHTa
TEMJIOOTAAYH MeXAy 00pa3lloM U TOTOKOM, KOTODble SBJSIOTCS, TO-BHIH-

TaGauma 2

Enununa | ITOJHBUHUI- Aszun
TlapameTphl | ysyepenns HUTpaT Gapus
To °C 250+330 | 300--370
d oM 0,5-1,0 |0,8+1,2
0 | 2lemd 1,5 1,5
U cujcex | 10300 | 90270
Re — 10600 | 120600
ts cex 8--26 I 1236

MOMY, pe3yJbTaTOM BJUSHUA YCJIO-
BIifl BXOJa NOTOKAa K3 HarpeBaTesas B
peaximonuyo Tpyoy (puc. 5). OcHOB-
Hble Pe3yJbTaThl MOJYyUeHbl B 00/MaCTH
GOJIBIIKHX PACXOLOB, TIPU KOTOPBIX 3TH
3 dexTH He TPOABIAIOTCS.

Jlanuble TO 3aBUCUMOCTH I, (&)
JJIS TIOJMBHHUJIHUTPATA, asuga Oapust
v THPOKCHJINHA TIpPUBeIEHBl Ha pHuc. 6,
H3 KOTOPOTO BHJHO, YTO BCE 3KCIle-
PUMEHTaJbHble TOUYKH JJIS OFHOTO
BEIleCTBA, COOTBETCTBYIOIIHE pa3J/uu-






