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UCCJIEJOBAHUE r'MJPOJIMHUMUKH U JUCHEPCHOM
CTPYKTYPbI ®AKEJIA PACIIBLIIA ®OPCYHKH )KUJKOT'O
HATPUSI U MEXAHU3MA B3AMMOJIENACTBUSI HATPUSI C
KHCJIOPOJIOM BO3JIYXA

B crathe mpoBemeHO MCCIEIOBAHUE TOYKOW CTPYKTYpHI (Dakesa pacmbiia MHOTO(A30BOHM IMEHTPOOSKHOM
(hopCyHKH M pacHBUISIONIETO YCTPOWCTBA, OCHOBAHHOTO Ha (P PEKTe CTAIKUBAIOIIUXCS CTPYH C MMOMOIIBIO
ONTHYECKUX METO/MOB. lccrnenoBaHusi MPOBENEHBI HAa XOJNOIAHBIX W TOPSYUX MOJIENSAX, YCTAHOBIICH
MEXaHU3M TOpPEHUsI U 00pa30BaHUs MEPSKUCHBIX COCIUHCHUN HATPHsI B CUCTEME — «JIUCIEPCHUs Kareib
HaTpUs — CyXOH BO3IyX».

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 combina-
tion in system — “the drops of sodium — dry airs”.

BBeaenue. [Iponiecc ropeHrst METAULIMYECKOTO HATPUS IUPOKO UCIIOIB3YETCS BO
MHOTHX TEXHOJIOTMYECKUX MPOIECCax, HapuMep, Ipu MOJTyYeHUH OKUCH HATpuUs
(Na,O), nepekucu Hatpus (Na,O,), Ipy YHUUTO)KEHUU OTXOJI0OB MTPOU3BOJICTBA
METAJIJTHYECKOTrO HATPUs U Jp.

OueBHIHO, YTO JIJISl pacyeTa Npolecca U CO3/IaHUs PEAKTOPHOU CUCTEMBI
HEO0OXOMMO 3HaHUE MEXaHU3Ma npoliecca ropeHus Na 1 KWHETUKU JJAHHOTO
npoiiecca.

N3BecTHBIC NaHHBIE O MEXAaHU3ME ITPOIIECCa TOPEHUsI U 00Pa30BaHUS TPOTYKTOB
peakiuu 0a3upyroTcsl Ha TepMOJIMHaMuKe peakiuii Na ¢ kuciaopoaoMm [1,2] u
OMUCHIBAIOTCS CIEAYIOIINMU YPABHEHUSIMU:

2 Na (ms.) + 1/2 O, (2.) — Na>O me.
Hs=451,3 xllonc
Fas =— 382,96 k/loc
2 Na (xc.) + 1/2 O:(2.) — Na,O me.
Hspp = — 436,64 ko



2 Na (ms.) + O:(2.) — NaO: ms.
Hos=—505,3 /o

B pabGore [3] mpuBoasTcs maHHbie o Teruiore obOpaszoBanusi Na,O (AH = —511,6
kJ>x/mMomp), Na,O, (AH = — 253 kJIxx/monb), NaO, (AH = — 2640,54 x/[x/M01b) 1
YTBEPXKIACTCSA, YTO B MPOAYKTaX PEAKIMU HApsAy C OKCUJIIOM, IMepeKuchio Na
MOKeT 00pa3oBbIBaThCs epokuch Na (NaO,) wiu Na,Os.

N3BectHbie nanHbie [1-3] modydeHsl sl ClIydyaeB CBOOOJHOTO TOPEHUSI KyCKOBOTO
HaTpHs, TOJICTOM CTEKArolleW WM HenoJABWKHOW IieHku [4]. Ilpu peanuzanuu
BBIIIICYKA3aHHBIX ~ TEXHOJOTMYECKUX  MPOIECCOB  CYIIECTBYET  HECKOJIBKO
0COOEHHOCTEHN OpraHU3alluy MPoIecca TOPEHHUS:

— MPOIIECC TOPECHUS OCYIIECTBIIACTCS B OTPAaHUYEHHOM 00BEME, C TEIII00OMEHOM B
OKPY’KaIOIIYI0 Cpefy, ¢ (GUKCUPOBAHHOM TEMIIEpaTypoi B pEaKIIMOHHOM COCY/IE;

— TIPOIIECC OCYIIECTBISCTCS TPH PA3IMUYHBIX MOJSPHBIX OTHOmEHUsx Na/O, oT
0,25:1 no 8:1;

— METaJUTMYECKUW HATpU BBOJUTCS B PEAKTOP B BUE paciuiaBa (3KUIKOCTH) MpPU
temmepatype 180 — 250°C;

— B 3aBHCHUMOCTH OT CIloco0a BBOJia KHUJAKOro Na M CyXOoro BO3jayxa B peakTope
MOXXET HaOmomaThCcsi JamuHapHoe auddy3uonHoe 1iams  (daken) wim
TypOyneHTHoe miams (paken).

BrienepeuncieHHbIe 0COOEHHOCTH ONPENEISAIOT TEMIEPATYPHBIH,
KOHIIEHTPAIMOHHBIN PEXKUMBI B (paKesie 1 MO €ro CEUEHUI0, pa3Mephl Karelb HaTpus
(yacTuIl) U MOBEPXHOCTh KOHTaKkTa ¢ O, COCTOSHUE MOJIEKYJ Kuciaopoaa u T.a. Bee
3TO MOXET M3MEHUTh MOJENIb MEXaHu3Ma TOPEHUsl U, COOTBETCTBEHHO, MOJIEIb
pacuera npoiiecca.

Ucxons w3 3T0Oro, B JaHHOM CTAaTbe paccMaTpUBAETCsl BO3MOXKHAS MOJEIb
B3aUMOACUCTBAsI Na C KHCIOpPOJOM BO3JAyXa IIPH YYETE BBIILICOTMEYEHHBIX
0COOEHHOCTEH.

Metoabl mNpoBeldeHHS] JIKCIHEPUMEHTANbHBIX HCCIACAOBAHUII W PacyeToB.
[IpuHnMnManbHas cXeMa yCTaHOBKHU MIPUBEJIEHA HAa PUCYHKE 1.
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Puc.1. Cxema 3kcniepMeHTaIbHON YCTAaHOBKHU
1 — BeHTW/IH MOJauu napoB Na; 2 — BEHTWIb MoAauu cyxoro N, WM BO3Ayxa; 3 — BEHTWIIb
nojauu Kuakoro Na; 4 — peryaupyromuid BeHTUIb; 5 — YCTPOMCTBO ISl paclbUleHHs; 6 —
peakunoHHbIN cocyn; 7 — nazep JII-38; 8 — nmupomerp; 9 — daxen; 10 — mmamoBbIil HacoC IS

nojauu >xkujkoro Harpus; 11 — BenTunb ana nognutku O»; 12 — nnaBuibHass €MKOCTb.

[Ipu mnpoBeneHWH HKCIEPUMEHTOB, B TIEPBYIO OYEpEb, OBUIM TIPOBEICHBI
UCCTE0OBaHUs THUAPOAMHAMUKU M JUCIEPCHON CTPYKTYyphl (hakena pacrbuia
METAJUIMYECKOr0 HATPUS B PEAKIIUOHHBINA COCY/L.
B kauectBe pacnpuUISIIOIIMX YCTPOWCTB MCIOJb30BAIUCH CIIEAYIOUIME CXEMBI,
KOTOpPBIE MPUBEICHBI HA pUC.2.
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Puc.2. KoHCTpyKIMH pacnbUIAIONIMX YCTPOMCTB

A — dopcyHka TypOyIeHTHO — BUXpeBast
1 — xopmyc; 2 — xkaMepa Uil MOJAYd BO3AyXa; 3 — COIUIO MOJAuM >KHJAKOro Harpus; 4 —
narpyook BBoAa Na; 5 — yCTpoiCTBO AJIsl YMCTKU KaHama; 6,7 — marpyOKu MoAa4n BO3AyXa; 8
— JIONACTHBIN 3aBUXPHUTEIT.
b —peakropHnas cucrtema, ocHOBaHHas Ha 3(p(peKTe CTATKUBAIOLINXCS CTPYH

1 — otBepcTus ans nogaun Bosayxa (1,4 cm); 2 — oTBeperus A BBona Harpus (1,6 cm); 3 —
peakTopHasi TOJIOBKa; 4 — HUKEJeBash BCTaBKa; 5 — KOpIIyC peakTopa; 6 — TOYKa M3MEpPEHUs
NaBJICHUs; 7 — HUKeNeBas Tpyoa.

OKCIIEpUMEHTAJIbHOE ~ OMNpeAeNieHne  TUJIPOJUHAMUYECKUX  XapaKTEePUCTHK
nByx(ha3HOTO IMOTOKA  OCYIIECTBISIETCS  BHU3YyaJdbHO (KHHOPOTOCHEMKA) U
OECKOHTAKTHBIM METOJIOM — JIa3ep — JOIIEPOBCKUM [5,6].

OnTuyeckas cucrema (puc.l, mo3.7) GopMupoBaHus JTa3epHOTO «HOXKa» BKIIIOUAET B
ce0st UICTOYHHK M3iTydeHus (jazep JII—38), TelecKonnYecKyo CUCTEMY, COCTOSLIY IO
u3 JuH3 ¢ (PokycHbIM pacctosHueM 30 u 180 MM, KOTOpbIe IpeAHa3HAYEHBI IS
YBEJIMYECHHsI MTOMEPEUYHOTO CEUEHHs JIa3epHOro Jiydya J0 HEOOXOAMMOTO pa3Mmepa U
YMEHBIIEHUS] yIJla  pacXogUMOCTH, a TaKXKe UWIUHAPUYECKYIO  JIMH3Y,
GbopMUPYIONIYIO  TJIOCKONApAJUIETbHBIM  My4oK. TONIIMHA CBETOBOTO Iy4Ka
COTJIaCHO [6] ompeaensinachk U3 COOTHOLICHHUS:

1
t<

(1)

TR 2710
rie R — pasmep vactuir (Mm), ng— KOHIICHTpAIMs YACTHUII B TIOTOKE.

I'uapoauHamMuyeckue XapakTepUCTHKU (pakerna, B MEPBYI0 OYEpeb, OMPEAEISUINCH
Ha XOJIOAHBIX MOeNnax (Boma — Bo3ayX). Mcronb3oBaHWE XOJNOAHBIX MOjeNen
00OCHOBBIBAJIOCH TEM, YTO IUIOTHOCTh, BSI3KOCTh Na M €ro IMOBEPXHOCTHOE
HATSDKEHUE MPU TEMIIEpaType MoAaYl B PeakTop OJIM3KU K TAKOBBIM IS BOJBI (Prna =
0,9037 r/em’; paao=~ 1 r/em’; e = 0,45 Cr; M pzo= 0,469 Co; o n = 0,211 H/ v

6 120 = 0,075 H/M). [{ns uMuTanuy BAUSHUS TBEPABIX YAaCTULl HA THAPOJIMHAMUKY B
MOTOK BOJIbI BBOJWJIMCH YACTHUIIbI KOAIMHA ¢ nuaMmeTpoM 1-5 mkm. Kak mokazano B
[7], yacTULBI C TAKUMHU pa3MepamMu C BBICOKOH TOYHOCTBIO CIIEIYIOT 33 ITOTOKOM
raza. [Ipu npoBeieHUN ropsiYMX SKCIIEPUMEHTOB TeMIieparypa B akene u B oo0beMe
PEaKIMOHHOTO cocyJa omnpeaensuiack nupomerpoM (puc.l, mo3. 8). TodHOCTH



ompezencuus: cocrapisieT = 50°C, MaccoBble PacXoibl PEareHTOB OMPEICIISUIUCH
CTaHAAPTHBIMU METOAAMH, UJEHTU(UKAIMS KOMIIOHEHTOB (akesna MpOBOAMIIACH
METOJIOM BbICOKOTeMIiepaTypHoil razoBoii MK — crektpockonuu [8] B aAuamnasoHe
200 — 1000 cm . TIpu ropsiueM MpOLIECCE B KAUECTBE PEArEHTOB MCIIOJIL30BAIUCEH
xunkuii Na ¢ remmeparypoit 180 — 250°C, KOTOpBI HaXOAWIICS MO aTMOC(EpOit
N, B emkoctu 12 (puc.l) u pacmiaB oTxo/10B Ipou3BocTBa Na.
OU3HKO-XUMHUYECKUE XAaPAKTEPUCTUKN METAJUIMYECKOrO HAaTpUs: cofepxaHue Na ~
99%; Nna = 0,45 C; pra = 0,9037 r/em’; 6na = 0,211 H/m.

DU3NKO-XUMHUYECKUE XapaKTEPUCTUKU OTXOAOB IPOU3BOJACTBA METAIMYECKOIO
Hatpus: coaepxkanue Na ~ 88 — 90%; npuMecH eT0YHO3EMENbHBIX METAJIOB U UX
OKCUJIOB ~ 7 — 8%; IpUMECH COJICH MIETOYHBIX METALIOB ~ 2 — 3%; pna or. = 0,9840
r/eM’, Nraor. = 0,695 CIT; G naor. = 0,22 H/M.

Bo3ayx, nmogaBaeMblil B peakToOp IPHU TOPSYEM pPEXUME, UMEN BIaXHOCTh ~ 0,2%,
COZIEpKAaHUE KHUCIOpOoAa B HEM peryaupoBalioch B mpegenax oT 6 mo 40% c
nomoiibio Bentuien 2,11 (puc.1).

Pe3yabTaThl 3KCIEPUMEHTOB M MX o0cy:kaenue. Ha pucyHnke 3 mpencrtaBieHbl
cxeMbl (pakemna pacrbliia TOCPEACTBOM PACIIBUIAIONINX YCTPOUCTB (puc.2). CornacHo
puc.3 mpu pa3IMyYHbIX METoAax pachbiia (popmupoBaHus Qakena), a TakKe MPH
pPa3IMYHBIX COOTHOLIEHUSX PACXOAOB BO3AyXa M KUIKOCTH, JABJIEHUS CKATOrO
BO3Iyxa pa3Mepbl U (opma siapa oOpaTHBIX TEUEHH MOTYT MEHSATHCS, HO PO
¢akena Bcerza CymecTByeT, HAOMUHAs JIETSIIYIO Karllio.

Hccnenys ruipoAMHAMUYECKYIO0 KapTUHY TEYEHHsS B PEAaKTOpPE MO BU3yalH3aluu
MIOTOKOB, YCTAaHOBWJIM, YTO KaK C HCIOJb30BaHUEM TYpOYJEHTHO — BUXPEBOM
(OpCYHKH, TaK U C MCHOJIB30BAaHHUEM BCTPEUHBIX CTPYH ISl JBYX(a3HBIX CHCTEM
(Boma — BO3AYX) pe3ylbTUpYyIOLlas CTPYKTypa NOTOKa OblUla TUIWYHA IS
IBYX(a3HBIX paCHIMPSIOLIUXCS CTPYH.

B ciyuwae momaum ctpyil TpexdaszHoil cuctembl (puc. 3B) kapThHA TeueHUS
paauKaIbHO U3MEHSETCS M0 CPABHEHUIO C IPeabLAyuMU. Uy Th HIDKE 110 TTOTOKY OT
comen (opMupyeTcsi CTPYWHBIM IEHTpalIbHBIA TOTOK, JHAMETpP KOTOPOTO
npuOaM3uTEIbHO paBeH oT 1/3 no 1/2 nuamertpa coruta. Huke mo moToky, Kak U B
OpeapIIyLIEM Clly4yae, LEHTpPaJbHAsl CTpPys IIOCTENEHHO paclIMpseTrcs H, B
KOHEYHOM HMTOre, 3aHUMaET Bce ceueHne cocyaa. CTpyKkTypa MOTOKa B 3TOM Cllydae,
B OTJIMYME OT MPEABIAYIIEH, YPE3BBIYAMHO HEYCTOMUYMBA, YTO IPOSBISUIOCH KaK BO
(IIyKTyTalMOHHOM XapaKTepe paclIMpeHHs] LEHTPaJbHON CTpyH, TaKk U B €€
opueHTauu. BBuay BaKHOCTH (IyKTyaluid, OCYHIECTBISUIM MCCIEAOBAHMS IO
HECTAaOMJILHOCTSIM, KOTOPBI€ BBIABISUIMCH IPHU HEMPEPHIBHOM KOHTPOJE MAacCChl



TBEpAOH (a3pl, HaKaIUIMBaeMoil B My(ToBOM (miIbTpe mpu oTO0opax mpod. beuio
YCTQHOBJIEHO, 4YTO BCE HW3MEHEHHs IIOTOKOB OCYIIECTBIIIOTCS 3a BpeMs, He
npesbimaromiee 3 cek. [Ipu 6onbIINX BpeMEHHBIX HHTEPBAIaX MOTOK Yepe3 KaxIblii

HpO6HI/IK OBILJ1 IIOCTOSSHHBIM M HE U3MEHSICS BO BpPCMCHU.

A




Pucynok 3A — Cxema cTpyKTypsl (hakesa pacnbiiia IpH UCIIOIE30BaHUU
TypOYJIEHTHO — BUXPEBOM (POPCYHKH
| — 30Ha UHTEHCUBHOIO NEPEMEILMBAHNS; 2 — BHELIHUM [TOIPAHUYHBIN CIOW; 3 — BHYTPEHHUM
NOTPAHUYHBIN CJI0M; 4 — A71po; 5 — 30HA MOCTOSHHOM CKOPOCTH; 6 — 30HAa BBICOKOW CKOPOCTH;
7 — nepexonHas 30Ha; 8 — rpanula akena.
Pucynoxk 3b — CTpyKTypa HOTOKOB HPU CTAJIKUBAIOLIUXCS CTPYAX
Pucynox 3B — CTpykTypa NOTOKOB IPH CTAJIKUBAIOIIUXCS CTPYAX, COAEPIKALIUX

TBEPAOTCIBbHBIC YaCTHUIIbI

Takum 00pazoMm, MOXKHO 3aKJIHOYUTh, YTO Bce (UIyKTyallud B Hpolecce padoThl
UMEIOT 3HAYUTENIBHO OOJbIINE YacTOThl. UTO ke KacaeTcss mpupoabl HabIoAaeMon
HEYCTOMYMBOCTH, TO, BO3MOXKHO, OHA 3aKJIOYaeTCs  BO BIUSHUU MaJbIX
¢uryKTyanuii pacxoqa >KUIKOCTH U Ta3a Ha BbIXOJaX U3 COMell.

Pe3ynbraThl SKCIIEpUMEHTa Ha XOJOAHBIX MOJENSAX MOKA3bIBAIOT, YTO JJIMHA fA]Ipa
oOpartHoro TeueHust (L) cylecTBEHHO 3aBUCUT OT COOTHOIIEHHUS PacXOJI0B CXKATOro
Bo3ayxa (Gs) u pacnpuiuBaeMor KUAKOCTH (Gx) M MOXKET OBITh OIKCaHa
AMIIMPUYECKON 3aBUCHMOCTBIO:

G 103
L~ (%) 2)

HccnenoBanne CTPYKTYyphl OXBAaTBIBAIOIIETO TIOTOKA B OKPECTHOCTH sapa C
MOMOIIBIO JTa3€PHOM TUArHOCTHKHU TOKAa3ajo, YTO MOTOK HMMEET HEepPaBHOMEPHOE
pacmpeneseHue CKOPOCTH IO CBOEMY CEUEHHI0O W OTpPaHWUYCH IMOTPAaHUYHBIMHU
CJIOSIMH: BHYTPEHHUM CIIOEM, OKPYKAIOIINM SIIPO OOPATHBIX TEUCHUN U BHEITHUM —
Ha niepudepun pakena pacmblia.

B tabnwine nmpuBoaSTCS 3HAYCHUS TONIIMHBI BHEITHETO «IOTPAHUIHOTO» CIIOS (B.),

MOJTyYEHHOTO SKCIIEPUMEHTAIBHO, U (B), PACCYUTAHHOTO AIMITUPUIECKH 10 hopmyIie

[9]:
r7ie n — K03 PUIMEHT HEPABHOMEPHOCTH, I — PACCTOSIHHUE TI0 paanycy dakerna

pacrbiia (Mm).
Koaddunment nepaBHoMepHOCTH onpeensuics no hopmyrne Abpamouya [10]:



LV 2
n—Zg(@) rdr 4)

rae Vo— cpegHepacxoqHasi CKOPOCTb UCTEUEHUS CTPYH U3 COIUIA; Vom — CKOPOCTh Ha
OCH cpe3a CoILia.

Tabimma
3HaueHue TaOIMIIBl BHEIITHETO MOTPAHUYHOTO CIIOS
X, MM 5 20 40 60 80 100 120 200
r, MM 7 15 26 42 55 64 74 202
B, MM 2 2 3,6 4.4 5,2 6 6,8 10
B,, MM 2.2 2,4 2.7 4 5,2 6 7,2 10,6

Tac X - PACCTOSAHUC BAOJIb OCH q)aKena paciblIa.

Crenenb TypOyJE€HTHOCTH BHEIIHErO MOTPAHUYHOrO CJIosi cocTaBisuia 3%, a mpu
YBEJIMYEHUU PACCTOSIHUS OT OCH BO3HHKaJla 30HA MHTEHCUBHOTO MEPEMEUIMBAHMS
dakena u creneHb TypOyneHTHOocTH jocturia 35%. W3mepenue mnpoduis
CKOpOCTEH (pakena pacrbliia Ha HAYAJIbHOM YYacTKE B YETBIPEX CEUEHHUAX: X =
5;10;20;40 1 200 M ipeacTaBiIeHbI HA puc.4.

N awie & — B - Eosrgvss
<45 o — % — mamedk d — &0 pIEDa
* — %W — ramene od = 100 paecma
=40 —
= 1 T T
A i | s — BT L Eosawi
= — W — pamen: d = 20 naena
. — % - aments < = 100 mITa
15 —
\\D_C?—G
D T T T T
=20 E iy =1 et

Puc.4. 3aBucumocts CKOpPOCTH ABUIKCHUS KaAIICJIb OT paanyca (baKCJ'Ia B PA3JIMYHBIX




ceueHusix X (V — cKOpOCTh BO3yXa WU Kamelb, M/C).
N3 skcriepuMEHTaNbHBIX JaHHBIX CIEAYET, YTO HA HAYAJIbHOM YYAacCTKE MOJIOKEHUE
MakCMMyMa OCEBbIX W TaHICHUUAIbHBIX CKOPOCTEM HECYyIIEero TIOTOKa He
COBIAJAIOT, HO UX COOTHOIIEHUE:
Tymax/Twmax =~ 1,37 ¥ MOCTOSHHO Ha BCEM YYacTKe TaKXke, KaK U CTENEHb KPYTKU
¢dakena (OTHOILIEHHE OCEBOM CKOPOCTH K TAHTEHIHUAIBHOM): Vimax/ Wmax = const,
IpUYeM MAaKCUMYM TaHTE€HIIMATBHOM CKOPOCTHU HAXOJAUTCS ONMkKe K ocH ¢akesa npu
mo0bIX oTHOWEHUAX Gu/Gx. 3a mpenenamMu Ha4ajJbHOTO y4acTKa Ha PaCCTOSIHUM
X=40 MM OTHOIIEHHUE TIymax/Twmax PABHO 1 W B JanbpHeHIeM ymeHblnaercs. Ha
HAYaJIbHOM YYaCTKE HECYIIHI MOTOK MCKPUBIISIETCS KPUBOJIUHEWHO, YTO MTPUBOIUT
K UX B3aHMHBIM CTOJIKHOBEHUSIM.
CornacHo Teopuu pacmnana ctpyu Ha karou [10], kputepus Bebepa, npu koropom
IPOUCXOAUT OPOOJIEHHE CTPYH HA KaIlu, JIEKUT B uHTepBaie 1,3 < W.<7.
[Tocne pacnaga crpyu kpurepuii We:

We=pdVv?/<1 (5)

IJIe G — MIOBEPXHOCTHOE HATSKEHHUE.

PesynbraThl skcniepuMenTa (puc.5) mokasanau, 4To JpOoOJIeHHE Kareidb MPOUCXOAUT
3a mpenenaMu o0JacTH pacmaja CTpyd, npuueM, yeM Bbile G,/Gyx, TEM MEHbIIe
pa3HMIIA B pa3Mepax Kamelb B Pa3IUYHbIX CEYCHMSIX, a MPU MAKCUMAJIbHOM B
HaIIUX dKcrepuMenTax otHomeHur G,/Gy= 5.5-10° 310l pasHuLbI HE HAOTIONAETCS.
DTOT (PaKkT MOXKHO OOBICHUTH TeM, 4To TpH oTHomeHusX G,/G,= 1-10° — 2-10°
o0pa3yroTcss KpymHble Kamium auamerpoM oT 40 mo 100 MKM, KOTOpbIE HpH
JBIKCHUM B (pakesie coymapsitoTcs, U MPOUCXOAUT UX apooisieHue. [Ipu oTHOIEHUH
G:/Gs= 5.5-10° oOpasyrorcs Kamid ¢ pasMepPOM, TP  KOTOPOM  CHJIBI
MOBEPXHOCTHOTO HATSHKEHUSI MPEMATCTBYIOT APOOJICHUIO Kamellb B Pe3yJbTaTe
CTOJIKHOBEHHUSI.

HaGmomaembie sKCneprMEHTaNbHBIC JAaHHBIE U PE3YJIbTaThl MX OOCYXKICHUS HE
IPOTUBOpPEYAT TEOPETHUECKUM TpeacTaBieHusaM Adpamosuua [10] u Jlaarca [11].
Takum oOpaszom, npu cootHomenusx G,/Gx or 1:10° mo 5.5-10° B pesepsyape 6
(puc.1) *KUAKOCTh HAXOAUTCS B BUJE Kalellb Pa3IMYHOTO pa3Mepa.

BpewMst mosiera Karim KUIKOCTH B 00beMe pe3epByapa MOXKET ObITh BHIYMCIICHO 110
O0OBIYHOMY OAJUTHCTHYECKOMY YpaBHEHHIO [12]:



dv _Pg— 3¢ 2V
7:(M)g-7 Pe = (6)
dt O ose 8 Py d

rze V— CKOpOCTb TOJIETA KaleJIbKU, T — BPEMS], € — YCKOPEHUE CHIIbI TSXKECTH,

d
2

paauyc kanenbku, C— ko3 GUITUEHT TpeHUs.

VYpaBuenue (6) uarerpupyercs, ecnu nzBectHa ¢pyakmus C = f(R.).

D} PeKTUBHOCTh CropaHus TMPU STOM OIPEACTAETCS KaK OTHOIIEHWE DSHEPTHH,
BBIZICTICHHON eauHuYHOM Maccod Na(Q) K MakCMMajJbHO BO3MOXXHOMY €€
TeopeTuueckomy 3HadeHuto (Q.) [13].

4np,eN(do - d*)0 _ a0

3 7
3d174;T,09,CNdOQm d”00 (7)

rae N — 4ucio Karesib B eUHHIYY BpeMeHH, Q — dHeprus, BblAC/ICHHAS SAMHUYHON
maccot Na, dyp, d — COOTBETCTBEHHO pa3Mep Kariid B Ha4yalbHBI MOMEHT U
TEKYIIUH.

3aKoHbI TOPEHUSI MOKHO BBIPa3HUTh Kak [13]:
& —dy=—kt (8)

r7ie k — KoHCTaHTa rOpeHusl.
[Ipu namMuHapHOM MOTOKE Kareib B COCYZE peaKkTopa JJIMHA IIAMEHH MOXXET OBITh
BbIYMCIIeHa 1o ¢hopmyre [15]:

_r
L= 47C s D ©)

rae Cr — MomnpHas (pakius TOIJIMBA B HEIIPOPEAKTUPOBAHHON CTEXHMOMETPUUYECKON
cmecu Na — O, D — koadpdunuent quddysun.
[Ipu TypOynenTHOM noToke [ 14] HeoOxonuMas JIMHA MJIaMEHU BBIYUCIISIETCS:

L 53 [T, M
— =2 C,+(1-C,) —
d C, \/TNdr[ e * r) MN] (10)



rae Tr — Temmeparypa miamenu, Tn — TeMIiepaTypa coria, T — Bpems, d — pa3mep
Karenb, My — CpeIHUI MOJIEKYJIIPHBIN BEC TOIUIMBA, Ms — CpeHUN MOJIEKYJIAPHBIN
BEC OKPYXKAIOIIEH CpeIbl.

[Ipu 3TOM MOJBHAs AOJS KUCIOpPOAA B IUIAMEHU JIJIsi 00EUX TEUEHUN MOXKET OBITh
BbIumciieHa [13 — 14] mo ¢popmyie:

X
% cp?Po,16f

ep(T; - Ty)
- Xy, \Y%

}1/3 (11)

rne C — monbHas koHueHTpamus O, D — koaddumuent muddysun O,, & —
AMUCCUOHHAS CTIOCOOHOCTH IJIaMeHH, 3 — KoaPUIIHEHT 00BEMHOTO TEPMUIECKOTO
pacmmpenus, T, — TeMIiepaTypa cpeibl BOKPYT IJIaMEHH.

Mexnay >xkunkuM Na U KUCJIOpPOIOM BO3[yXa MOTYT MPOUCXOAUTH CIEAYIOIINE
peaxiuu:

4Na,e + Oz, = 2Na;O + AH ~a.0 12)

OTa peakius MOXET MPOUCXOIUTh B MapoBoM (ha3e, Tak YTO pe akKIuio B Qakene
MO>KHO 3aIucaTh B BUJE:

4Na, + O, — 2Na;O + AH (13)

OHeprusi peakuyMy ONPENENSIeTCS W3 ITUX JABYX YPAaBHEHUH C MCIOJIb30BAaHUEM
ypaBHEHHMS ucnapeHus Na:

ZNCI,WC_) 2Nan +AH3032. (14)

[Toatomy AH = AH ~a,0 — AHgesr,

ITo sToli Momenu nsHeprus BbiAenseTcs no peakuuud (13) m pacxomyercss Ha

HarpesaHue Xuaxoro Na, ucnapenue yactu Na, KOTOpBIM 3aTeM CropacT B CPEIHUMN

WHTEPBAJI BPEMEHH 110 3aKOHY (8).

Ecnu npeanonoute, 4To MpU MEPEXOJE M3 OJHOTO COCTOSHUS HAaTpUs B JIPYroe

KOJM4ecTBO Na, CrOpeBIIEro B MapoBoi (aze BBIACISIET SHEPTUIO JOCTATOUHYIO TS

UCTIapeHus TOro ke KoaruecTBa Na, To 00I11ee ypaBHEHHUE MOXKET OBITh 3alMCaHO:
4Na,.+ O, — 2Na;O + AH ~a.o (15)



Takum 00pa3oM, BbIACIUBILNAACS B 3TOM PEAKIMK SHEPIHsl PACXOAYETCS TOJBKO Ha
HarpeBaHWe NPOAYKTOB CTOPaHUs OKPYKAKOLIEH Cpelbl W OCTaBIIETOCS MKUIKOIO
Na. bonee Ttoro, eciu paccmarpuBarh Takoe OOpa3oBaHUE MEPEKUCEH, TO 3Ta
MOJIEJIb MOXXET OBITh HCHOJb30BaHa JJsi OOLIEHl OLIEHKM MacChl MPOIYKTOB,
oOpa3zyrommxcs B OIPeAeIeHHON NPONOPLHUH.

Jlnst peaninzanuu Mozeiin Heo0XoauMo, 4ToObl B MOMEHT BpeMeHnu T = () Becb Na
Haxoqwics B BHJe Cc(epuuyecKux Kamelb OJHOrO pa3Mepa, pPaBHOMEPHO
pacnpesieIeHHbIX MO0 00beMy. DTO MOJOKEHUE TOKA3aHO HaMH MpHU MPOBEACHHUU
TMIPOJMHAMHYECKUX  MCCIEIOBAaHUN. 3aKOH TOpPEHMS KalUuld  OIHMCHIBAETCS
ypaBHeHUEM (8), MNPOAYKTBI TOPEHHsI MPEACTABISAIOT COOOM MOHOOKHCH Na,
HNEPEeKUCh WIM CMEChb TOro M Jpyroro. Pacderbl 1o ypaBHEHUS MOJAEIM U
TepMoguHamMuku (7—15), a Takke HcCleIoBaHUS MPOBOJIUINCH JIJII HadaJbHBIX

ycaoBuil: Pr — 0,102 mllIa, T.—20°C, Cp.— 21%, Tna— 550°C.

Pacuer PaBHOBECHOM KOHIICHTPAIIUH Pa3TUYHBIX ra30BBIX WU
KOHIICHTPUPOBAHHBIX CHCTeM Na — BO3AyX I[I0OKa3bIBa€T, YTO CYIIECTBYET
nByxda3Hasi 00J1acTh, B KOTOPOH MOTYT CyIIECTBOBaTh MOHOOKHCH M MEPEKUCh Na,
M03TOMY HEOOXOJMMO YYUTHIBATH 00€ PeaKIInu:

4Na + O, — 2Na,O (16)
2Na + O; — Na;0:

OOG1iee ypaBHEHHE UMEET BUI:
2Na + (z—g) 0, — mNa;O + (I- m) Na:O: (17)

DTO PaBHOCUIIBHO TMPEAMNOJOXKEHHUIO, YTO OKHUCh HATpUsi B 3TOM COOTHOIICHHUU
o0Opa3zyeTcsi HEOCPEICTBEHHO B IIJIaMEHHU.

[Ipy npoBeaeHUU TOPSYMX SKCHEPUMEHTOB YCTAaHOBJIEHO, 4YTO TeMIeparypa
BociuiaMeHeHus: Na Bo BiaxkHou atMocdepe Twoer= 320°C, B cyxoM Bo3ayXe Troen=
200°C, nucnepcus kaneiab Na B Bo3ayxe Tyoen < 150°C.

[Ipu sTom namunHapHoe nuddy3noHHOE TIaMs HaOMIOAATOCh MPU COOTHOIICHUSIX
Na/O; ot 6:1 no 8:1, paguyc kamenbp Na =250,0 mxm, Tn = 900°C, T¢= 1200°C,
muHa tiamend 190 mm. TypOysneHTHoe muiamsi HaOMIOAanoCh MPU COOTHOILICHUU
Na/O, paBHom ot 0,25:1 mo 3:1, paamyc kanenp 160 mxm, Ty = 1100°C, Ty =

1200°C, npnuHa mwrameHu 230 MM.



Ha pucynke 5 npuBenena 3aBUCUMOCTb BeTUYHHBI Tr 0T cooTHOIIeHUS Na/O,.

T'r
000 =

2000 = 4

1000 =

TTai s

Puc.5. 3aBucumoctsb Ty oT cootHomenus Na/O, (1 — MrHOBEHHOE cropaHue,
2 — pacdeTHas KpuBasi).

Ha pucynke 6 mpuBeneHBI 3aBUCUMOCTH W3MEHEHHs JABIICHUS B TOYKE 3amepa
(puc.2, mo3. 6) ot cootHouieHust Na/O; 1 3aBUCUMOCTh BPEMEHHU peakiuu T ot P.

Pulla

Pulla

Puc.6. Brnusaue cootHommenust Na/O, Ha TaBlIeHUE W BPEMS PEaKIIuu
A — 1 — MTHOBEHHO€ CTrOpaHue; 2 — pacueTHasi KpuBas.
B -1-Na/O,=0,25; 2 - Na/O, = 3; 3 - Na/O, = 4.
CnekTpockonuyeckue u3MepeHus mnokasaimm, yro npu T = 350 — 400°C
HaOmomaeTcss XUMHYeckoe Bo30yxkaeHne Na mosockl 400 — 500 MM w



XEMITFOMUHECIICHITNS TIOBEPXHOCTH KaIUTH, MIPU TEMIIeparype B pe3epByape Too =
700°C nabmomaroTcst xapaktepHble JuHUU 512 U 470 MM C SHEpPreTUYECKUMU
xapaktepuctukamu 232 kJx/mMonb u 253 kJ>x/MOJb.

O10 B3aumoseiicteue N * + Oy — NaO + hV, npu KOTOpOM HAOMIONAIOTCS JTHMHUU
xapaktepHsbie 111 Na — 589 Hwm.

[Tpuvem mpu TaMUHAPHOM IJIAMEHU HA KAIUIIX TETEPOTCHHAS PEaKIusl MPOXOIUT C
POCTOM OKCUIHOU IJIEHKH.

[Ipu TypOy/neHTHOM TUTAMEHH 30Ha TOPEHHS OJM3Ka K MOBEPXHOCTH Karumk Na, HO
peakius mpoTekaer B mapoBoil ¢aze Ha paccrossHuu ~ 1....1,5 mM. B o0oux
ciydasx B neHrpe (dakena, riae Tr> 1400°C cucrema cocToMT M3 aroMoB Na' u
Monekyn kucimopona O, monekynsl NaO u Na,O mnpu 3THX YCIOBUAX HE
3adukcupoBanbl. O4eBUIHO, IPU ITUX YCIOBUAX HAOIIOJAETCS] paBHOBECHE:

2Na>0,. <> 4Na, + O:. (17)

3HaUeHUSI KOHCTAHT aucconuanydy O BBIYHUCILUIMCH IIPU  Ppas3sIMYHBIX T Ot

SHAYCHHA MOXKXHO alllIpOKCUMHPOBATH CICAYIOIMIUM SMIITMPUUCCKUM YPAaBHCHUCM!
a =AI°+BI+C (18)

e A = 8,20045-10 °; B = 8,540059 ‘10 °; C = — 1,048528:10 '; I — sHeprus
uoHuszauuu Na.

Pacuetsl nokazanu, yto peakuus (17) He TUMUTUPYET MPOLECC, KOHCTAHTA TOPEHUS
k nna wactun quamerpom 500 mxMm paBHa k = 4k, nns wactun auamerpom 200 —
240 mxm — k = ky/4. 3aech k,— koHCcTaHTa paBHOBecus peakiuu (17).
BrimenpuBeieHHbIE  3aBUCHMOCTH  TTOATBEPKIAIOTCS 3aBUCUMOCTSIMUA CKOPOCTHU
TOPCHHUS HATPUSA TPH PAJTMYHBIX TeMIlepaTypax Too W ompeaeieHHeM
KOHIIEHTpaIuii oopa3zoBanus Na,O B 30Hax, OJM3KUX K ¢akeny (cMm. puc.7).
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Puc.7. Bnusaue temneparypsl Too 1 pa3mepoB pe3epByapa Ha KHHETUKY TOPEHUSI.
A-1-d~=0,1m2-d,=0,22m; B—d,=0,1 m.

B pesynbraTe aHaiv3a BBILIECNIPUBEICHHBIX PE3YJIbTATOB MOKHO YTBEPXKAAaTh, YTO
okuciieHne Na u 00pa3oBaHME OKUCH M IEPEKHCH HATPUSI NPOTEKAET IO CXEME,

KOTOpasi IpUBEJIeHa Ha puc.§.

Na I
® AH Bo3T. Na
— Na — >
108 x/Ix ’ 496 x/Ix r
+ NaZO S
0 WE | E,_ . 0+0"
r 120 xJIx 394 ]Ik
O 2r
00", nNo, 22, o,
Po 5
Puc.8. Cxema 006pa3oBaHus EPEKUCH HATPUS
BoiBoabI:

— WHcclenoBaHa TOHKas CTPYKTypa ¢akena pacrmbuia, IOJTYYEeHHOTO C
NPUMEHEHUEM PAa3JIMYHBIX YCTPONCTB M ONTUYECKUX METOJOB; YCTAHOBJIEHO, YTO
paclbUISIONINE  YCTPOWCTBA, JCHCTBUS KOTOPBIX OCHOBaHBI Ha 23ddexTe
CTAJIKMBAIOIINXCS CTPYH, MO3BOJISIIOT MOTy4YaTh 00Jiee TOHKUE TUCIIEPCUU Karellb B
peakimonHoM oobeme oT 60 10 200 MKM; ompenesieHO pacipeesieHUe Karelb 1o

pazMepaM B 3aBUCHMOCTH OT THIIA YCTPOMCTBA, YCIOBUA HX JAPOOJICHUS W



TUAPOJMHAMUYECKOTO B3aUMOJCHCTBUSI MPU UX CTAJKUBAHUU, OMPENEIICHO, YTO
OCHOBHBIMHM BEJIMYMHAMM, KOTOpbIE€ BIMSIOT Ha pa3Mep Kamellb SBISIIOTCS
cootHomenus GGy u kputepuii Bedepa (W.).

—  YCTaHOBJEHO, YTO HauyaJbHBIM pa3Mep Kalulk SBISETCS OCHOBHBIM
(dakTopoM, OmpenessIonMM BpeMsi TOPEHUsS U KOJIMYeCTBO cropesiiero Na, mpu
3TOM KpYIHbIE Kamn pasmepoM Oosiee 300 MKM MOryT croparb He MOJHOCTBIO U
ocellaTh Ha CTOMKax peakTopa, Iie ropeHue OyAeT MPOUCXOAUTHh B CTEKarollen
wieHKe Na 1o W3BECTHBIM 3aKOHaM.

— YCTaHOBJEHO, 4yTO Kami Na pasmepamu MeHee 250 MKM CroparmoT B
COOTBETCTBUM C MEXaHU3MOM, KOTOPBIM BKJIOYaeT ucnapeHue Na, IMOcCIe 4ero
NPOTEKAHUE PEAKIMH C KUCIOPOJIOM BO3JyXa B Mapo(azoBoil cpele; peakliMOHHas
30Ha TIpPU OSTOM pAacCIoiaraercss Ha paccTOsHMM mpumepHo 1 — 1.5 MM ot
MOBEPXHOCTH KAILIH.

— Ha OCHOBE TEPMOJMHAMMYECKOIO aHAIN3a U HKCIEPUMEHTATbHBIX JaHHBIX
IPEJICTABIIEH MEXaHM3M O0pa30oBaHUsl TEPEKUCHBIX COeAMHEHHH Na, KOTOpBIif
YUYUTBIBAET OCHOBHOE B3aumojieiicTBre Mexay Na u O, B mapoBoii ¢ase.
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