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HCCJEJNOBAHME 'MIPOAVMHUMUKHA U JUCHEPCHOMN
CTPYKTYPbI ®AKEJIA PACIIBIJIA ®OPCYHKU XKHUJIKOI'O
HATPUS U MEXAHU3MA B3AUMO/JIEMCTBUSI HATPUSI C
KHCJIOPOJIOM BO3AYXA

Y crarTi npoBefieHe JOCTI/UKEHHS TOYKOIO CTPYKTYPH CMONIOCKHIIA PO3NHIy 6aratoazosoi BiXUEHTpOBOI
dopcyHKH 1 MPHCTPOIO, IO PO3NOPOLLYE, 3ACHOBAHOTO Ha eeKTi CTPYMEHIB, LIO 3ilITOBXYIOTHCA, 33 10-
TIOMOTOI0 ONTHYHHX MeTOMIB. JIoCTiUKeHHR NPOBECH] Ha XONOAHHMX | FAPAYMX MOJENSX, YCTAaHOBIEHH
MEXaHI3M FOPiHHA i YTBOPEHHS MEPEKICHUX CHOJIYK HATPIIO B CHCTEMI — IHCTICPCis Kpanns HaTpIio — Cyxe
TOBITPS.

This paper conduct the investigation a dot the structure torches centres forces and spreading arrangement,
foundation this effect a movement stream for assistance the optical methods. This investigations conduct on
the cold and worms models, the establish mechanism be on fires and be formed this sodium combination in
system — “the drops of sodium — dry airs™.

Beenenne. Ilponecc ropeHns MeTaTMYECKOTO HATPHS IIUPOKO HCHONL3YeTCs
BO MHOTHX TEXHOJIOTHYECKHX NPONECCaX, HanpuMep, IPH NOJTy4eHHH OKHCH HATPUS
(Na,O), nepexucu Hatpysa (Na,O-), NIpH yHHHMTOKEHHH OTXOIOB IPOH3BOACTBA Me-
TaJUTHYECKOTO HATPHs U Ap.

OueBuiHO, UTO /IS pacueTa MPOLECCa U CO3NAHUS PEaKTOPHOMH CHCTEeMb! He-
00X0/1MMO 3HaHHE MEXaHH3Ma NpoLecca ropesns Na B KHHETHKH JaHHOTO Mpolec-
ca.

U3BecTHbIC JaHHBIE O MEXaHM3ME NPOLECCa FOPeHNst H 00pa3oBaHKs MPOIYK-
TOB peakUHH 06a3MpyloTCa Ha TepMOAMHaMuKe peakuuii Na ¢ kucnoponom [1, 2] u
ONHCHIBAIOTCS CNIENVIONIMMY VDABHEHUSAMU:

2 Na (ms.) + 1/2 O, (2.) — Na;0 me.
Hyos=451,3 ke
Faos =— 382,96 xllorc
2 Na (xc.) + 1/2 O, (2.) = Na,O me.
Hspp =— 436,64 k]
2 Na (meg.) + O;(2.) = Na,;O; ms.
Hygs=—505,3 k]
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B pabore [3] mnpuBOmsTcs naHHble O TemnoTe obpasoBaHus Na,0O
(AH = —511,6 x/[x/monb), Na,O, (AH = — 253 x[x/Mons), NaO, (AH = — 2640,54
kJ[K/MOJIb) H YTBEP)KAAETCS, YTO B MPOAYKTAX PeakuUuH HapsAxy C OKCHIOM, mepe-
KHCBIO Na MoxeT 06pa3oBeiBaThcs nepokuch Na (NaO,) i Na,O,.

H3zBecTHble nanHble [1 — 3] moydens! uig ciiydaeB cBOOOJHOTO TOPEHHUS KycC-
KOBOTO HATpHs, TOJNCTON CTEKArOIIEH WiH HeMoABIKHOM 1wieHkH [4]. ITpu peamiza-
MM BBINIEYKAa3aHHBIX TEXHOJIOTHYECKHX MPOIECCOB CYIIECTBYET HECKOJBKO OCO-
OeHHOCTEl OpraHH3aly IPOLECCca TOPEHHS:

— MpOLIECC TOPEHHUs OCYIIECTBIIAETCS B OFPAaHHYEHHOM 00BeEMe, C TeruiooOomMe-
HOM B OKPYXaloIlylO cpeny, ¢ ()MKCHPOBAHHOI TeMrepaTypoil B peakiHOHHOM CO-
cyne;

— NPOLECC OCYMIECTBIAETCA PU PA3JIMYHBIX MOJIIPHBIX OTHOWEHHAX Na/O, ot
0,25:1 no 8:1;

— METaUTMYeCKHH HaTpuil BBOIAMTCS B PeakTop B BHIE paciulaBa (CKHIKOCTH)
npu Temnepatype 180 — 250 °C;

— B 3aBHCHMOCTH OT CII0C00a BBOZIA XMIKOT0 Na u CyX0ro BO3lyXa B peakTope
MOKeT Habmonarbes namuHapHoe nuddysnonHoe wiaMs ((aken) Hian TypOyaeHT-
Hoe mnams (daken).

BrimienepedncieHHble OCOOEHHOCTH ONPENIENAIOT TeMIEpaTypHbIH, KOHLEH-
TPalLMOHHBIA peXKHMBI B (haKesie H N0 €ro CeYeHHIO, pa3Mephl Kamnejb HaTpws (dac-
THIL) H TIOBEPXHOCTh KOHTaKTa ¢ 0>, COCTOSHME MOJIEKY] KHCIopoja U T.11. Bee 310
MOXET H3MEHHTb MOZIE/Ib MEXaHH3Ma TOPEeHHs U, COOTBETCTBEHHO, MOZIEJIb pacyera
mpouecca.

Hcxons M3 3TOro, B JaHHOH CTaThe pacCMaTpUBAETCS BO3MOXKHAS MOJENb
‘B3ammoneiicTeis Na ¢ KHCJIOPOAOM BO31yXa MpPH yueTe BEILICOTMEYEHHBIX 0CO0CH-
HOCTEH.

MeToabl npoBeJeHHsI SKCIEPHMEHTANLHLIX HCCJIEIOBAHHH H pPacyeTos.
IIpuAnMnHanbHas cXeMa YCTaHOBKM NPUBE/ICHA Ha PHCYHKeE .

IIpu NpoBEIEHHH 3KCTIEPUMEHTOB, B NEPBYIO O4epenb, ObUIM MpPOBENEHBI HC-
CJIeIOBaHKA THAPOJHHAMHKH U JAHCIIEPCHOM CTPYKTYpHI (hakena pacmbuia MeTajuin-
4ECKOro HaTpHs B PEaKLIHOHHBIH COCYI.

B kauecTBe pacHbUIIONIMX YCTPONCTB HCIONB30BATHMCH CIEAYIOIIHE CXEME],
KOTOpbI€ IPHBE/ICHBI HA PUC. 2.

OKCNEPHMEHTANIbHOE  ONpEe/ICHHe THAPOIMHAMHYECKHX XapaKTEpPYCTHK
JBYX(a3HOro NOTOKAa OCYIIECTBISIETCS BH3yalibHO (kHHOGOTOCHEMKa) M GeckoH-
TaKTHBIM METONOM — Jia3ep — JAOILIEPOBCKUM [5, 6].
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Puc. 1. Cxema 3kcriepiMeHTaIBHO#M yCTaHOBKH
1 — BeHTHIB ofauy mapoB Na; 2 — BeHTHIIb T0/1a41 CyXoro N, Wi BO3/lyXa; 3 — BeHTHIIb 110-
Jaqy xkuakoro Na; 4 — peryampyrowmii BeHTHIIB; 5 — YCTPOHCTBO /171 PacIbUICHHS;
6 — peakuuonnbli cocyn; 7 — nasep JIF-38; 8 — mupomerp; 9 — aker; 10 — mnaMoBblif Hacoc
JUTS o1k skuAKoro Harpust; 11 — Bentuns mis nognmutku O,; 12 — nnaBUIbHAS EMKOCTb.

Ontrueckas cuctema (puc.l, nos.7) GpopMHpOBaHHMs JTa3epPHOTO HOXKaEY BKIIO-
yaeT B ce6f MCTOYHMK u3yrydenus (ytasep JII'-38), Teneckonudeckyio cuctemy, co-
cToAuIyIo M3 JinH3 ¢ GokycHsM pacctosareM 30 u 180 MM, KoTOpbIe MpenHa3zHaye-
HBI JUIS YBEJHYEHHA TOTIEPEYHOr0 CE4EHHMs1 JIA3ePHOTO Jiyya 10 He0OX0ANMOTO pas-
Mepa W yMeHbLICHHS YIa PacX0AHMOCTH, a Takxke LHIHHAPUUECKYIO JHH3Y, (op-
MHpYIOLIYO TUIOCKOTapaieab bl my4ok. ToJLiHHa CBETOBOrO My4Ka coracHo [6]
omnpeensnach U3 COOTHOLICHHS:

1

tS'—Z-* (1)
R nyy

rze R — pasmep gacTull (MM), N — KOHLIEHTPALHA YaCTHLL B IOTOKe.

I'npoauHaMHgecKHe XapaKTepUCTHKH (hakena, B epBYIO ouepe/ib, Onpeaesns-
JIMCh Ha XOJOIHBIX MOIENSX (Boga — Bo3lyX). Hcrnionb3oBanue XoNnonHbX Moaeneii
0BGOCHOBBIBAJIOCH TEM, YTO TUIOTHOCTB, BA3KOCTh Na M €ro MOBEPXHOCTHOE HaTsKe-
HHMe TOpH Temreparype IMOAa4Yd B peakTop OMM3KH K TaKOBBIM Ul BOMIbI
(Pxa = 0,9037 r/em’; puzo = ~ 1 T/eM’; M na = 0,45 Cm; 1 o = 0,469 Cr;

o e = 0,211 H/M; 63320 = 0,075 H/m). etk ve e
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Prc. 2. KoncTpyKkiuu pacnbuisiomux ycrpoiicTs

A — opcynka TypGyeHTHO — BUXpeBas
1 — kopiiyc; 2 — kamepa st TIOAAYH BO3AYXa; 3 — COIUIO MOJAYH KUIKOTO HaTpus;
4 — narpyGok BBOs1a Na; 5 — ycTpoiicTso s unctky kanana; 6, 7 — narpyOky moaauu
BO3J1yXa; 8 — lonacTHbli 3aBUXpHTEIT.
B — peakropHas cucrema, ocHoBanHas Ha adekTe CTATKHBAIOMIMXCS CTpyii
1 — oTBepcTHS JUIS oYM Bozzyxa (1,4 cm); 2 — orBeperus ans BBoaa Hatpus (1,6 cM);
3 — peakTopHasi roJI0BKa; 4 — HUKEeBas BCTABKA; 5 — KODITyC peakTopa;
- 6 — Touka H3MepeHus aaBnenus; 7 — HUKeleBas Tpyba.
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Ana AMMTAUMH BIMSHUS TBEDILIX HACTHII HA TMAPOIMHAMHKY B TIOTOK BOJBI
BBOJIHITHCE 9aCTHIIB! KOATHHA ¢ nuametpoM 1 — 5 mkwm. Kak nokasaHo B [7], 4acTu-
LI C TAKHMHM Pa3MEPaMH C BBICOKOH TOYHOCTBIO CIIEAYIOT 3a TOTOKOM rasa. ITpu
NPOBENICHHH TOPAYHX SKCNIEPUMEHTOB TeMmeparypa B (akese U B 00beMe peaKiy-
OHHOrO CoCyZna onpeAesiack mupomeTpoM (puc.1, no3s. 8). TOYHOCTH ONPEACTIECHIs
coctaBngeT + 50 °C, Maccosbie pacxosl peareHToB ONpEeNessUICh CTaHAaPTHBEIMU
METONaMH, HIEHTH(UKAIKA KOMIIOHEHTOB (hakeNna MPOBOJNIACE METONOM BBICOKO-
TeMTepaTypHo#i ra3oBoli MK-cmektpockonuu [8] B muamasone 200 — 1000 cm .
Tlpu ropseM nporecce B kayecTBe peareHToB HCTOMb30BATHCH XH/KHI Na ¢ Tem-
nepatypoit 180 — 250 °C, xoropsiii Haxomwics mox atmochepoit N, B eMKoCTH
12 (puc. 1) u pacnnas 0TX040B npoussoacTsa Na.

DU3UKO-XUMUYECKHE XapaKTePHCTUKH METATIMYECKOTO HATPHS: COZep:KaHue
Na ~ 99%; 1) na = 0,45 Cr; pya = 0,9037 r/eM’; 6y, = 0,211 H/m.

DH3NKO-XUMUYECKHE XapaKTEPUCTHKH OTXOJ0B MPOU3BOACTBA METAUIHIECKO-
ro HaTpus: cogepxanue Na ~ 88 — 90%; mpumecH 11e104HO3EMEBHBIX METAJIOB U
HX OKCHMAOB ~ 7 — 8%; mpuMecH coieli MEeNOoYHbIX MeTawioB ~ 2 — 3%; Pra or =
0,9840 r/cM’, N xa or. = 0,695 CI; G g or. = 0,22 H/m.

Bo3ayx, momaBaeMblii B peakTop HpPH FOPAYEM PEXHUME, HMEIN BIAXHOCTh
0,2%, comepaHue KHCIOPOJa B HEM PEryJlMpoBaloch B mpezenax oT 6 no 40% c
HoMoIIbi0 BeHTHIIeH 2,11 (puc.1).

PesyibTaThl 3KCNICPHMEHTOB W MX ob6cyxaenne. Ha pucynke 3 npencrasie-
HBI CXeMBI (haKesia pacmbijia TOCPEJCTBOM pacHbUIAIOIMX YCTpoiicTs (puc.2). Co-
racHO puc.3 NpH pasTHYHBIX MeToaax pacmbuia (opmuposanus pakena), a Takke
TIPU Pa3IHYHBIX COOTHOIIEHHAX PACXOAOB BO3/yXa W KWAKOCTH, JABICHHS CHKATOro
BO3JTyXa pasMepbl M (opMa anpa 0OpaTHBIX TEYEHHI MOTYT MEHATBCA, HO A/1po (ha-
KeJla BCeTr/ia CyLIeCTBYET, HarOMHUHAA NETALLYIO KarLTio. -

Hccrnenys THAPOIMHAMHYECKYIO KapTHHY TEUCHHUs B PEaKTOpe 1O BH3Yann3a-
1M MOTOKOB, YCTAHOBHJIH, 4TO Kak € HCIOJIB30BaHNEM TypOYNEHTHO — BHXPEBOH
(OpPCYHKH, Tak M C MCHONB30BAHHEM BCTPEHUHBIX CTpyH i AByX(a3sHBIX CHCTEM
(Bona — BO3/TyX) pesy/bTHpYIOLIas CTPYKTypa NoToka Obuta THIHYHA [Ns BYX (das-
HBIX PACIIMPSIONIUXCH CTPYH.

B ciyuae mogaus cTpy# tpexdasnoii cHcTeMe! (puc. 3B) KapTHHA TeueHus pa-
JMKATBHO M3MEHSETCs N0 CPABHEHHIO C MPEBUIYIIHMH. YUyTb HWKE MO MOTOKY OT
comen dopmupyercs cTpyiHbIi UEHTPATLHBIA TIOTOK, IHAMETP KOTOPOro mpuGimi-
3UTEJIHHO pasel ot 1/3 Ao 1/2 auameTpa coruia. Hiwke 1o noToky, kak u B npensi-
JyIIeM CTyuae, eHTpaTbHas CTPYA NOCTENEHHO PaCIUPAETCS M, B KOHEYHOM HTO-

l
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Puc. 3. Cxema crpykrypsl hakena n0T0KOB CIpyit
A) — Cxema CTpyKTYpH! (hakesna pacibina mpu HCMOIB30BaAHUHK TypGyIEHTHO — BHXPEBOI
(opeyHKH: 1 —30Ha MHTEHCHBHOIO NIEPEMELIHBAHNS; 2 — BHELIHMI NOTPAHUYHEIH CIIOM;
3 — BHYTpPEHHHIT NOrPaHUHHEIH CIIOH; 4 — A1PO; 5 — 30HA MOCTOSHHO CKOPOCTH;
6 — 30Ha BLICOKOJ CKOPOCTH; 7 — nepexoanas 30Ha; 8 — rpanuua daxena.

B) — CrpykTypa moTOKOB NpH CTAIKHBAIOLIAXCS CTPY X

B) — CTpykTypa nOTOKOB IPH CTAIKHBAIOLIMXCS CTPYSX, CONEPKALIHX
TBEPUOTENILHBIE YACTHIbI

158



re, 3aHAMAeT BCE CCUCHME cocyna. CTpyKTypa MOToKa B 3TOM Clly4ae, B OTIHYHE OT
npenpiaymeli, Ype3BhlYaiHo HeyCTOHYHBA, YTO MPOSBJIAIOCH KaK BO (IIyKTyTam-
OHHOM XapaKTepe PaCllMpeHHs UEHTPaILHOM CTPYH, TaK H B €¢ OpHeHTalyH. Beany
BRXHOCTH (IIYKTyalmii, OCYINeCTRIAN HCC/IENOBAHNS N0 HECTAGWILHOCTAM, KOTO-
phi€ BRMABIBUTHCh NIPH HENPEPLIBHOM KOHTPOJIE MACCHI TBEP/OH (a3bl, HaKaIUIMBae-
Mot B My¢ToBOM HIETpe TIpH 0T6Opax nmpob. BLUIO YCTAHOBJIEHO, YTO BCE H3Me-
HEHHA TIOTOKOB OCYINECTBISIOTCS 3 BpeMs, He npessimaiomee 3 cex. ITpu 6ompmmax
BPEMEHHEIX WHTEPBANaX NOTOK Yepe3 Kax bl MpoOHUK GBI NOCTOAHHEIM H HE H3-
MEHSJICS BO BpEMEHH.

Taxmm 06pazoM, MOXKHO 3aKIIOYHMTh, Y4TO BCe (UIyKTyalMH B Nnpolecce paboTsl
HMEIOT 3HAYATENIbHO GoMblMe JacToThl. UTO e Kacaercs mpupoasl HabmonaeMoi
HEeyCTOWYHBOCTH, TO, BOSMOXHO, OHa 3aKJIIOYAETCS BO BIMAHHHM ManbiX (rykrya-
LMH pacxoja XHAKOCTH Y ra3a Ha BEIXOAaX H3 COnell.

Pe3yneraThl 3KCIIEPHMEHTAa Ha XONOAHBIX MOJEJAX MOKA3bIBAIOT, YTO JUTMHA
agpa obparHoro Tedenus (L) CYIIECTBEHHO 3aBHCHT OT COOTHOINEHHS pacxonoB
cxaroro Bosayxa (G,) u pacisuiuBaeMoit xuakoctH (Gy) M MOXeT OBITh OnucaHa
SMIMPUYECKO 3aBHCHMOCTBIO:

- (Be 103
B @)

Wccnenopanue CTpyKTYphl OXBAaTHIBAIOIIEro MOTOKA B OKPECTHOCTH SApa C To-
MOIIBKO JIa3epHON IHATHOCTHKM NOKa3aJlo, YTO NMOTOK MMEET HEPaBHOMEPHOE pac-
npeaeieHHe CKOPOCTH MO CBOEMY CEHEHHIO H OFPaHMYEH MOTPAHMYHBIMM CIOAMMU:
BHYTPEHHUM CJIOEM, OKDYXAIOLAM SO OOpaTHBIX T€YCHHH M BHEIUHEM — Ha Tie-
pucepuu daxena pacrsuia.

B Talnuue NpHBOAATCA 3HAYEHHs TONIIMHBI BHELIHETO «NOIPAHHYHOTOY
ciost (B,), TOTYSEHHOr0 SKCIEPUMEHTANIBHO, U (B), PACCYMTAHHOIO SMITMPHYECKH T10
dopmyze [9]:

8 =nr+ 6, 3)

rze n — K03(pPHUIHEHT HEPABHOMEPHOCTH, I' — PACCTOAHHE N0 pajuycCy dakena
pacnkuia (MM).

Ko>dduipenT HepaBHOMEPHOCTH ompefensics no ¢opmyne AGpamosuda
[10]:
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7
n=2[(=)2rdr, ()
0 " Om

rae Vo — cpeaHepacxonHas CKOPOCTb MCTEYEHHA CTPYHM M3 COILIa;
Vom — CKOPOCTB Ha OCH Cpe3a COILTa.

Tabnuna
3Havuenue Taﬁmmu BHENIIHETO NOrpaHu4yHOro Cjos
X, MM 5 20 40 60 80 100 120 200
I, MM 7 15 26 42 55 64 74 202
B, MM 2 2 36 4.4 52 6 6.8 10
| B,, MM 203 24 24 4 52 6 7.2 10,6 |

rae X — paccTostHue BJIOJIb OCH (haKesia pacibLia.

Cremnietb TypOyJIEHTHOCTH BHEIIHETO TOTPAHHYHOTO /10 cocTapmsia 3 Y%,
TNpH YBEIHYCHHU PACCTOSHHUS OT OCH BO3HMKAjla 30Ha HHTCHCHBHOTO NEpeMelnBa-
Husl pakena H cTenens TypOyneHTHOCTH focThria 35 %. M3Mepenue npoduns cko-
pocreil ¢akena pacrbiia Ha HaualLHOM y4acTke B 4eThipex ceuenusx: X = 5; 10;
20; 40 u 200 M1 mpezCTaBNEHB! HA pHC. 4.

M3 3KCepUMEHTANILHBIX JaHHbIX CIICYET, YTO HAa HAuYalbHOM y4acTKe TOJIo-
KEHHE MaKCHMyMa OCEBBIX H TaHI€HLMANBLHBIX CKOPOCTEH HECYIIEro IOTOKAa He
COBMAJAIOT, HO HX COOTHOILCHHE:

Tymax/ Twmax = 1,37 ¥ IOCTOSIHHO HA BCEM YYacTKe TaKxke, KaK M CTENEHD KpYTKH
(akena (OTHOLIEHHE OCEBOH CKOPOCTH K TaHr€HUHANBbHOMN): Ve / Wia = coNSt,
npH4eM MaKCUMYM TaHTeHIMAILHOH CKOPOCTH HAaXOAMTCA GIIKe K OCH dakesta mpu
mobbix oTHOMEHHAX G,/G,. 3a mpeienaMu HaYambHOTO Y4acTKa Ha PacCTOAHHH
X = 40 MM OTHOWIEHHME Tymex/Tymax PABHO | M B JanbHeiimem ymenbmnaetcs. Ha
HAYAILHOM Y4aCTKe HECYLHi OTOK HCKPHBJIAETCS KPHBOJIMHENHO, YTO NPUBOIMT K
UX B3aUMHBIM CTONIKHOBEHHSM.

CoracHo Teopuu pacriaja cTpyu Ha karumu [10], kpurepus BeGepa, npu koTo-
POM TIPOHCXOAMT APOOIEHHE CTPYH Ha KaIllu, JIEKHT B uHTepBane 1,3 <W,<7.

Ilocne pacnana ctpyu kpurepuii We:

We=pdV?/<1 (5)
I'I€ O — MOBEPXHOCTHOE HATSAXKEHME.

PesynbTarel skcniepumenta (puc. 5) nokasaum, 4To ApobieHHe Kariesib Impowc-
XO/INT 3a TpejiesiaMu -00J1acTH pacmajia CTpyH, npuueM, 4yeM Bbille G,/G,, Tem
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MEHBIIIE pasHHIa B PA3MEPaX Kanenp B pa3nuuHbIX CeYeHMAX, a NPH MaKCHMabHOM
B HallIAX 9KCIIEPUMEHTAX OTHOmEHuH G,/G,= 5.5-10° 3Toit pasHHILI HE HabmonaeT-
cs. 10T (bax'r MOYXHO OOBACHHTH TEM, YTO NpPH OTHOLUIEHUAX G,/Gy= ]'103 = 2'103
0bpasyroTcs KpynHble Kali aameTpoM ot 40 o 100 MKM, KOTOPBIE IIPH JBIDKE-
HuK B (akese COYIApAIOTCA, W mpoucxoaut uX apobnenue. IIpu oTHOmIEHHM
Gy/Gy= 5.5-10° o6pasyrotcs kamm ¢ pasMepoMm, IpH KOTOPOM CHJIBI IOBEPXHOCTHO-
ro HaTSDKEHNA NPENATCTBYIOT ApoBieH IO Kamnesib B pe3yjbTaTe CTOIKHOBEHHS.

Ve & —V - Bosyx
457 © —V — xanens d= 60 Mim
X —V - kanens d = 100 mxm

40

35 ;\\\

30 r . :

0 5 10 15 L
v"k_ & —V - poaayx

© —V - ganens d = 20 mxm
X —7V - xanens d = 100 mxm

15+

T T T T
: 20 40 60 5

Puic. 4. 3aBHCHMOCTb CKOPOCTH ABHKEHHA Kanellb OT pajuyca (akena B pasnuuHbIx
ceyennsix X (V — CKOpOCTb BO3)lyXa WIIH Karejib, M/C)

HabmoiaeMble SKCTIepHMMEHTANIBHBIE JAHHbIE U PE3Y/IbTaThl HX 06CYKICHHS HE
NPOTHBOPEYAT TeOPeTHIECKHM NPE/ICTABICHUAM Abpamosuua [10] u Jlaatca [11].

Taxitm 0Gpasom, nipu cooTHOWEHHX Gy/Gy 0T 1:10° 210 5.5:10° B pesepayape 6
(puc. 1) XuakocTh HAXOAUTCA B BUAC Karejb pa3jIfYHOro pasMepa.

Bpems nonera Karwid XXHAKOCTH B obbeme pe3epByapa MOXKeT GBITh BBIUHCIIEHO
110 06BIYHOMY GaUTHCTHIECKOMY YPaBHEHHIO [12]:
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dV. _ Pre-—Pe\= 3¢ pg 2V
A (C ey RO TR 6
e e ©)

rae V— CKOpOCTb TONETa KamelbKH, T — BPeMsi, g — YCKOPEHHE CHITbI TSDKECTH,

% — panuyc kanenabkH, C— ko3 pHIHEHT TpeHHSI.

Vpasnenue (6) uarerpupyercs, ecnu u3sectHa gpyuxuus C = f(R,).

S heKTHBHOCTB CropaHus MpH 3TOM ONpENeNseTcs Kak OTHOLIEHHE SHEPTHH,
BBIJIENICHHON eMHHYHOM Maccoit Na(Q) k MakCHMalbHO BO3MOXXHOMY €€ TEOpeTH-
geckoMy 3HauyeHHio (Q,) [13].

7Py N’ ~d*Q | d%0

(7
3
3dr ‘335 P NdgOpy d”00p,

rae N — 4ucio kamens B eIMHHIY BpeMeHH, (Q — SHeprus, BbiIe/NCHHAs ellyi-
HU4HO#H Maccoit Na, do, d — cOOTBETCTBEHHO pazMep Karuiv B HAYanbHbI MOMEHT U
TEKYILAH.

3aKOHBI TOPEHHST MOXKHO BBIPa3uTh Kak [13]:
&d-dy=-kr €))

rzie k — KoHcTaHTa ropenus.
Ilpn naMuHapHOM MOTOKE Kanenb B COCYAE PeakTopa JTMHA IUIAMEHH MOKET
ObITh BhIUHCHEHa 110 Gopmye [15]:

V

ST ©)

rae C; — MonbHas (pakiuid TOIUIMBA B HENMPOPEAKTHPOBAHHON CTEXHOMETpH-
ueckoii cmMecH Na ~ O,, D — koadpumpent auddysun.

Ilpu TypOynenTHOM moToke [14] HeoGxoauMas IMHA MIAMEHH BHIYUCIISETCS:

e R M,
—= C,+(-C 10
- Cr\/mr[r e =Y (10)

rae T; — Temneparypa nnamenu, Ty — Temneparypa coruia, T — Bpems, d — pas-
Mep Karienlb, My — cpe/inii MonexyiapHblii Bec Tonmua, Ms — cpeainii Monekynap-
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HBI} BEC OKpY>Kalomeit cpenpl.
Ilpn 3TOM MONBHAA 0N KMCIOPONA B IUIAMEHHM Ui 06EHX TeYEHHH MOXKET
ObITh BIYHCIIEHA [13 — 14] mo dopmyne:

X02 CD2/30,16{8B(Tr _TO)}IIJ (] ])
L% v

rie C — MonbHasd koHuentpauusi O,, D — koaddumment mupdysun O,
€ — BMHCCHOHHaA CNOCOOHOCTh TuIaMeHH, B — ko3¢ dHIMEeHT 00BLEMHOrO TepMuYe-
ckoro pactupenns, T., — TeMnepaTypa cpefibl BOKpYT TUIaMeHH.

Mexcay xnakum Na B KHCIOPOZOM BO3/yXa MOTYT MPOMCXOAUTD ClIEIyIOIIHE
peaKIuu:

4Nay+ Oz = 2NayO + AH,, , (12)

Dra peakis MOXXET IPOMCXOAHTH B MapoBoi dase, Tak 4To pe aKIMio B (a-

KeJie MOKHO 3arm1caTh B BUE:
4Na,+ O; — 2Na,0 + AH (13)

3Hepl"ﬂﬂ pCaKkLyy ONPEAENAETCH H3 3THX ABYX ypaBneHm"d C HUCIIONTB30BAHUEM
YpaBHEHUA HCTIAPCHHSA Na:

2Na,— 2Na, +AHgps.. (14)

Mostomy AH=AH, o — AL

ITo 5Toii MOzeNH dHeprus Bblaesercs no peakuuu (13) u pacxoayeTcs Ha Ha-
rpeBanue Xuakoro Na, ucriapeHHe 4acTH Na, KOTOpBIif 3aTeM Cropaer B CpeaHHii
MHTepBaJl BpEMEHH TI0 3aK0RY (8).

ECiiH NPe/noIoKuTh, YTO NPH NEPEXO/Ie 3 OJHOTO COCTOSAHHSA HATPHUS B ADY-
roe KonuyecTBo Na, CropeBIlero B MapoBoi (ase BBIJE/IAET SHEPTHIO JOCTATOYHYIO
IS MCTIApEHHS TOTO e KonuyecTsa Na, T0 obiiee ypaBHeHHE MOXKET OBITh 3amuca-
HO:

4Na,. + O; — 2Na,O + AH Na,0 (15)

TakuMm 06pazom, BbIAETHUBIIASACH B 9TOH peakLH SHEPIHsl PACXOAYETCs TONbKO
Ha HarpeBaHye MpoAyKTOB CropaHis OKPYXKaIOILEH CPebl B OCTABMIErOCS KUIKOro

...Na. Bonee Toro, ecnn paccmMaTpHBaTth Takoe o6pa3zoBaHHe: HEPEKHCEH;,- FO -9TA-MO- - - - -
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nejib MOXET GbITh HCIIONb30BaHa 1Sl OOIIEH OLEHKH Macchl MPOIYKTOB, 06pa3yio-
LIMXCs B ONPEENICHHOH NpOmopLUy.

Hna peanusanyuy mozenn Heo6Xoanmo, 4To6sl B MOMEHT BpeMenn T = 0 Beckh
Na Haxozwics B Buae cyepHuecKHX Kaneib OZHOTO pasMepa, PaBHOMEPHO paciipe-
HACNEHHBIX 10 00BbeMy. DTO NONOXKEHNE 10Ka3aHO HAMH NPH IIPOBEIEHUH THIPOIH-
HAMHYECKHX HCClIeloBaHMi. 3aKOH rOpeHHs KaIuli ONHCHIBAeTCs ypaBHeHHeM (8),
NPOMYKThbI TOPEHNUS NPEACTABIAIOT CO00H MOHOOKHCH Na, IepeKHCh WM CMECh TOTO
H Ipyroro. PacyeTsl 110 ypaBHeHHs MoJenu U Tepmoaunamuku (7—15), a Takke me-

C/leJ0BanuA IPOBOMIHCE /LISl HAYaIbHBIX ycnouit: P, — 0,102 mlla, T, - 20°C, Cy,
—21 %, Tna— 550 °C.

Pacuer paBHOBECHOI KOHLIEHTPALMN Pa3THYHBIX Fa30BBIX HIH KOHLEHTPHPO-
BaHHBIX cHCTeM Na — BO3/IYX NMOKa3bIBAET, YTO CYLIECTBYET ABYX(a3Has o6nacTs, B
KOTOPO# MOTYT CyIeCTBOBaTh MOHOOKHCEH W Tiepekuch Na, 1mo3ToMy HeoGXOAHMO
YUHTBIBATh 00€ peakIyu:

4Na+ 05 — 2Na,0 (16)
2Na + 03 - N(lez

Obmee ypaBHEHHE HMEET BHJL;
2Na+ (]—g) 0, — mNa;O + (I m) NayO, (17)

9T0 paBHOCHILHO MPEATIONOKEHHIO, YTO OKHCh HATPHUS B 3TOM COOTHOLICHHH
o6pasyercs HenoCpeACTBEHHO B TIAMEHH.

[Ipn mpoBeeHHH TrOpPAYMX IKCNEPUMEHTOB YCTAHOBJIEHO, YTO TeMmmneparypa
BocriamMenenns Na Bo BrakHoif atMocepe Thoen = 320 °C, B cyxom BO3IyXe
Taoer= 200 °C, nucniepeus kanens Na B Bozayxe Ty, < 150 °C.

Ilpu 3Tom namunaphoe middysnonHoe wiams HabMOIANOCh TIPH COOTHOLIE-
HusX Na/O, ot 6 : 1 no 8 : 1, panmyc kamens Na =250,0 mxm, Ty = 900 °G;
T¢= 1200 °C, pnuna riamern 190 mm. TypGynenTHoe niaMs Habmoaanock TIPH CO-
orHomenun Na/O, pauom ot 025 : 1 mo 3 : 1, pamuyc Kanems 160 MmxM,
Tn=1100°C, T;= 1200 °C, mnuna mamenn 230 M.

Ha pucynke 5 npusenena 3aBHCMMOCTS BenguHbl Ty 0T cooTHOmERHs Na/O,.

Ha puicynke 6 npuBe/ieHbl 3aBHCHMOCTH H3MEHEHH JIaBIICHHsA B TOUKe 3aMepa
(puc. 2, no3. 6) ot cooTHourenus Na/O, 1 3aBUCHMOCTb BPEMEHH PEaKIH T ot P,

CnekTpockonuueckne u3MepeHus mokasamu, yro npu T = 350 — 400 °C na-
-~ OmonaeTcs XxumMuueckoe Bo3byxaerre Na nonocs 400 — 500 MM H XeMHITIOMMHeC-
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Te
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Na/O;

Puc. 5. 3aBucumocts T ot cootHomenns Na/O,
(1 — MrHOBeHHOE cropanme, 2 — pacyeTHas KpHBas).

1
0,8 = /,,‘\\\
a'~-—' N
06 % rd \\
u » r \\
a L) 'r"
ity | ey A 1
/
-t
02 !
1 1 T T 1 T T " il
2 4 6 8
Na/Oz
8 -
3
o 6 x
K . 2
ey
2 -
- 1
T T T T T T ——
ST R 1,0 1,5

Puc. 6. Bansnue coorHouenns Na/O, Ha jaBienne H BpeMs Peakuuu
A — 1 — MFHOBEHHOE CrOpaHHe; 2 — pacyeTHas KpuBas.
B — 1 — Na/O,= 0,25; 2 — Na/O; = 3; 3 —Na/O, = 4.
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LCHIMSA MOBEPXHOCTH KAILUIH, TIPH TeMIepaType B pesepsyape Too = 700 °C Habmo-
AAXOTCSH XapakTepHble NHHUH 512 1 470 MM C SHepreTHYECKHMH XapaKTepHCTHKAMM
232 x]Jx/mMonb 1 253 k]IK/MOJIb.

910 B3aumoneiicteue N ' + O, — NaO + hV, NPpH KOTOPOM Ha0JIIOIaX0TCA Jin-
HHH XapakTepHbie 1 Na — 589 HM.

[lpuuem npy naMuHAPHOM INIaMEHH Ha KAIUIAX reTeporeHHas peakiys MPOXO0-
JIMT C POCTOM OKCHIHOM IUTEHKH.

ITpu TypGynenTHOM raMeHu 30Ha ropenns Gm3ka k TIOBEPXHOCTH Karuti Na,
HO peakuus NMpoTekaeT B napoBoii ¢ase Ha pacctosuun ~ 1....1,5 MM. B 06oux
Ciyyasx B ueHTpe (akena, rae Te> 1400 °C cuctema cocTout M3 atoMoB Na* 1 Mo-
nexyn xucnopona Oy, Monekysisl NaO 1 Na,O mpy 3THX YCIOBHSX He 3auKcHpo-
BaHbl. OYEBNIHO, IPH ITHX YCTOBUAX HABIOAAETCA PaBHOBECHE:

ZNGJOM‘ > 4Na,, sk 03, (]7)

3Ha4YeHHss KOHCTAHT AHCCOLIHAIINM Ol BLIYMCIISINCH NpH pasinyuHeiX Ty DTH 3Haye-
HHA MOXXHO annpoKCHMHPOBATh CJICIYIOTIHM SMITUPHYECKUM YPaBHCHHEM:

a =AI’+BI+C (18)

rae A = 8,20045:10 ; B = 8,540059 -10 %, C = — 1,048528:10 " 1 — SHEprus
HOHM3auH Na.

Pacuets! nokasam, uro peaxkuma (17) ue JIMMHUTHPYET MpOLECC, KOHCTAHTA
ropenns k s wactun amamerpom 500 MM pasha k = 4kp, 118 YacTHI AMAMETPOM
200 — 240 mxm — k =k,/4. 3necn Kk~ koHcTanTa paBHOBecus peakmmn (17).

Beriuenpusenentbie 3aBHCHMOCTH NOATBEPIKAAIOTCS 3aBHCHMOCTIMH CKOPOCTH
TOPCHHA HaTpHs MpH PasIMYHBIX Temreparypax Too u onpeleneHHeM KOHLEHTpa-
1t odpasosanns Na,O B 30Hax, 6.113kHX K dakey (cM. puc. 7.).

B pesynbrate ananusa BEILENPHBEEHHBIX Pe3yITbTATOB MOKHO YTBEP)KIaTh, 4TO
OkucieHne Na u 00pasoBaHHe OKHCH M TIEpeKHCH HATPHA MPOTEKAET M0 CXEMe, KO-
TOpasi MPUBE/IEHa Ha puc. 8.

BriBoabi:

— HCCJIC/I0BaHa TOHKaA CTPYKTypa (pakena pacrbiia, MOTYHEHHOTO ¢ NpHMeHe-
HHEM Pa3JIMIHBIX YCTPOWCTB M ONTHYECKHX METOAOB; YCTAHOBJIEHO, YTO pacrisi-
JISIOWHME YCTPOHCTBA, AHCTBHS KOTOPBIX OCHOBAHBI Ha 3 (EKTe CTANKHBAIOIMXCA
CTPYii, TO3BOJIIOT MOJNy4YaTh GOJiee TOHKHE AHCMEPCHH Karlellb B PEaKIMOHHOM
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o6beme ot 60 10 200 Mkm; onpeienieHO pacTipe/ie/ieHHe Karielb 110 pa3MepaM B 3a-
BHCHMOCTH OT THINA YCTPOWCTBA, YCJIOBHA MX APOONEHHS M FMAPOAMHAMHYECKOro
B3aMMOZEHCTBHS TIPH MX CTAKHBAHUM; ONPENENIeHO, YTO OCHOBHBIMH BETMUHHAMH,
KOTOpBIE BIIHSIOT Ha paszmep Kamelb sBIsEOTCS cooTHomeHHI G,/Gy M KpHTEpHH
BeGepa (We).

— YCTaHOBJIEHO, 4YTO HAYaJBHBIN pasMep KalUlh SBJISETCS OCHOBHBIM (haKTo-
poM, ONpEAENIAIOIINM BpeMs IOPEHHA M KOJIMYECTBO cropepwiero Na, mpH 3TOM
KpyIHbIe Kanuu pasMepoM 6oiee 300 MKM MOTYT CropaTh He TIOJIHOCTbO H OCEaTh
Ha CTolKaX peakTopa, Tie ropenue 6y et MpOUCXOIUTh B CTEeKatowieH mieHke Na o
M3BECTHBIM 3aKOHaM.

— YCTaHOBIICHO, YTO Karmi Na pasmepamu meHee 250 MKM CropatoT B COOT-
BETCTBHH C MEXaHU3MOM, KOTOphIi BKJIIOYaeT ucrnapenue Na, nocie 4ero mporteka-
HHE peaKIHH ¢ KUCJIOPOAOM BO3IyXa B napoa3oBoii cpe/ie; peakllMOHHAS 30Ha TpH
3TOM pacHojiaraeTcs Ha pacCTOSHHM MPUMEPHO 1 — 1,5 MM OT MOBEPXHOCTH Karliy.
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Puc.7. Bnusinye Temneparypbl To0 H pasMEPOB Pe3epByapa Ha KHHCTHKY FOPEHHS.
A-1-d=01m2-d~ 0,22 m; B—d,=0,1 m.
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Puc. 8. Cxema 0Gpa3soBaHis IEPEKUCH HATPHS

— Ha OCHOBE TEPMOJMHAMUYECKOTO aHAJMH3a W JKCIEPHMEHTANBHBIX JaHHBIX
TPE/ICTaBIICH MCXaHH3M 00Pa30BaHusA NEPEKHCHBIX CoekHennii Na, KOTOpbIit yuli-
THIBAET OCHOBHOE B3anMozeiicTBre Mexy Na u O, B maposoii dase.
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