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TOPEHUE KOHIAEHCHPOBAHHBIX CMECEW
C BbBICTPOTOPAWLUMHA KOMNOHEHTAMH

A. E. ®ozeavsane, C. M. Koascos, B. C. Ceeraos, B. fI. Adwceman
(Mocksa)

MopnenbHble cMecH, HCCAeAOBAHHBIE B HACTOSIee BpeMs, COAepPXKaT B
KayecTBe OKHC/HUTEs BellecTBa H/AH HeCoCOOHBIE K TOPEHHIO, HJH TOps-
mue ¢ Manoi ckopocteio [1, 2]. Toproume, HCOONbL30BaBUIMECH B TaKHX
cMecsiX, KaK IIpPaBHJ/IO, HeCIOCOOHBI K CaMOCTOSITeNbHOH rasudukanud. Tak-
3Ke H3BECTHO, YTO eC/H OJAHO M3 COCTABJAIOUIHX ABOHHOH KOMIIO3UILHH FOPUT
OBICTPO, TO IpPH ONpeAeNeHHOM pa3Mepe HacCTHI[ JPYroro KOMIIOHEHTa KO-
POCTb TOPEeHHUsI cMecH ONpele/seTcs INIaBHBIM 00pa30oM CKOPOCTbIO NpeBpa-
LIeH#S OBICTPOTOPSIUIETO BELLeCcTBa, XOTA KOJHYECTBO €ro MOXeT GhITh OYEHb
ManapiM [3]. DTO maer OCHOBaHHS II0JaraTb, YTO 3aKOHOMEPHOCTH TOPEHMS
COCTaBOB, COAEPKAIUX OBICTPOTOPSAILHE OKHCIUTEJNb WJIH ropiouee, MOTYT
OTJIHYATBLCH OT 3aKOHOMEDHOCTEH TOpeHHs cMeceH, MCCAeJOBAHHBIX K Ha-
crosimemy Bpemenu [1, 2]. ITostomMy npeacTaB/siio HHTepeC PaCCMOTPETb
rOpeHyue COCTaBOB € OKHCJHUTENeM U IOPIOYUM, CIOCOOHBIMH K CaMOCTOS-
TeJNbHOH ragu(uKaluu ¢ OOJNbHIOH CKOPOCTHIO.

B kauecTBe OBLICTPOropsllero roproyvero Oblla BblOpaHa NepeKHCh GeH-
30MJ1a, CKOPOCTb TOpPEHHs KOTOpOoA npu namjeHun 1 m 100 at cocrasaser
0,3 u 6,2 cM/c coorBeTcTBeHHO. IIpOTOTHIAMH OGBIYHBIX TOPIOYHX, He CIIO-
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Puc. 1. 3aBucumoctb u(p) cmeceili nepuonara am- Puc. 2. 3aBUCHMOCTb CKOPOCTH rope-

monusi ¢ [IMMA. HHS TIepHOJlaTa aMMOHHSI OT KOJH-
| — nepHojaT aMMOHHs; 2—cmecb ¢ 5% HI'\);XMA; 3;\— yecTBa BBefenHoro [IMMA.
cMech ¢ 7,3% IIMMA (a=1); 4 —cmecn c 15% IIMMA; 1—100 at; 2—50 at; 3—20 ar; 4—
5—cMmech ¢ 20% TIMMA; 6 — cmech ¢ 30% ITMMA. W ax 10 ar.” &

COOHBIX K CaMOCTOSITEIbHON Tasu(pUKalyH, CIYXKHUIN NMONUMETHIMETaKPUIAT
(pasmep yactun, ~3 MkM) u gudenusa. C neapio Bbi6opa ObLICTPOTOPSILErO
OKMCJUTENS] OBIJIO HCCAELOBAHO TOpeHHE psfa COEIUHEHUH C MOJIOXHUTENb-
HBbIM KHUCJIOPOJHBIM GaJaHCOM.

OnbiThl NPOBOAUNUCHL B OoMOe INOCTOSHHOIO HAaBJeHHMs B aTMocdepe
asora. CKopocTb ropesusi (ukcupoBasnachb 6OapabaHHBIM (POTOPETHCTpPaTo-
pOM MJIM KHHOKaMepoill (B OTpaKeHHOM cBeTe). 3apsjbl TpeccoBa/HCh B
TPyOKM M3 OpICTeKJa ¢ BHYTPEHHUM OHaMeTpOM 4 MM 0OJ JAaBJeHHEM
2500—3000 ar. Cmecu ¢ mosuMeruaMmerakpuaatrom (IIMMA) roroBuau
CMelleHHeM KOMIIOHEHTOB Ha KaJbKe Pe3uHOBO MpoOKoH B TeuyeHue 20—
30 muH. a5 mpUroTOBJEHHS COCTaBOB, COAepXkalllMX IepeKuchb OeH3oumna
Uiy AMpeHus, nocjaefHHUe PacTBOpPANHCh B xJopopopme. PacrtBop cMewn-
BajCsl ¢ OKHCJAHTEJNeM M 3aTeM pacTBOPHTeNb YAAJAAACA IPH NOCTOSHHOM
nepeMelIMBaHu1, a FOTOBas CMeCh CyLIMJach DM KOMHAaTHOH TeMIneparype
NoJ, BaKyyMOM.

Haubonbiuer cKOpPOCTbIO M3 BCeX PaCCMOTPEHHBIX OKHCAHTeaed o6Ja-
JaeT NMepHodaT aMMOHHS, IIO3TOMY OH Obll BBIOpPaH HJs AajbHeHINNX HC-
cnenoBanuil. ONBITH NPOBOAUJYU € NEPHOZATOM aMMOHHUS, UMEIOLIUM pa3Me-
pbl yactul 60—100 MKxM.

3aBHCHMOCTb CKOPOCTH TOPeHHsl cMecell nmepuogarta amMmoHus ¢ [IMMA
OT JaBJleHHd NpelcTaBjJeHa Ha puc. 1 u taba. 1. OTMeruM, MTO BCE CMeCH
ropar MelseHHee uyncroro NHyJO4 u, B oTAnYHe OT CMecell ¢ paHee HU3YyueH-
HBIMH OKHCJIHUTEJNIMH [2], He HMEIOT MakKCHMyMa Ha KPHBOH CKOpOCTb ro-
penus — cocraB. Bpelenue naxke HeGOJLIIOIO KOJHYeCTBA TOPIOYEro NpHU-
BOMHUT K YMeHbIUEHHIO CKO-

poctn ropenus. Ilpuuem TaGauna 1

UEM HHXKe JaBJEeHHEe, TeM 3asucumoctb u(p) cmeceit MTMMA c¢ nepuomarom am-

6onee  pesko no6GaBka monnus (60—100 mkm)

IIMMA cHuxaer CKOpoCTh

ropenus (puc. 2). P NINMA 5 core- aapas wens Rasnen, SEB(IZC)P,IMcOnf/ch
ITocne cropanus sapa- <% 2% ar

JIOB, COAepKamux bu 7,39

TIMMA, pnpu lIaBJIeHI/I/?/I 5 2,6 5100} u=0,87p%

nuxe 10 ar B Tpy6Kax oc- 73 2.5 3100 |u—0,24p%02

TaeTcs KeJATO-KODHUYHEBHIH 15 2,4 5—100 [u—0.16p°*

HaJjleT, JNaloIUA Npu pac- 20 2,2 10—100

TBOPDEHHH B BOJE KHUCJAYIO 30 2,0 20—100 u=0016 p0,67

peakuuio. BepositHo, 31ech, ’
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TaGauima 2

3asucumoctb u(p) CMeceii NepeKHcH GEH3OMJIA C MEPHO-
natom ammonus (60—100 mkm)

Tak¥e KakK H B clydae
yucroro NH,JO, o6pa3sy-
ercs J.0s [4]. ITo mepe

MOBBIIIEHUS JIlaBJIEHHS
nepexnca Gon- [TMOTHOCTs |turepnan nap- | Sammemwocrs  LBET OCTATKA H3MEHSETCH
son-"la:c? c%Mecn, 3?})@14‘38' JleHH s, aT u(p), cm/c oT )KeJITO-KOpI/I‘{HeBOI‘O i o)

¢uoseroBoro, a peaxkuus

pactBopa — OT KHCJIOH HO

5—30 1=0,4p"7 . a8

5 2.8 HeHATpaJbHOM.
30—100 | u—3,7p%1 CMecu mnepuonara am-
- 595 11=0,48p0.7 MOHHUS C Hepe6KMCbIO 6eH-
7.4 , o009 30u7a ropAr OBICTpee aHa-
25—100 u=22p> JOrnuubix cmeced ¢ [IMMA
% 93 1—12 u==0,28p%9% (ra6a. 2). MaccoBasi cko-
’ 12—100 POCTb TOpEHHSI 3THX CMe-
1—100 _07p05 ggi najaeTr CyBeJqHYeHHEM
1,8 epKaHus ropIouero
0 1—25 1 —0,64p%% (pncl.) 3,a), xors Hpsnatm-
25—50 u:=223p016 TeJbHO cJjabee IO cpaBHe-
60 1,65 | 50100 |u—02p0% Huo co cmecsimn NH.JO4c

[IMMA. Taxkoe CcHHUXKeHHE
CKOPOCTH, MpaBAa, MOXKHO OBLJIO OTHECTH 32 CYET YMEHbIUEHHS MJIOTHOCTH
3apsiIoB N0 Mepe O0OralleHHs CMeCH TOpIoYHM, TakK Kak MI0THOCTb NHJO4
paBua 3,06 r/cM3, a nepekucu ‘Gensomnaa— 1,3 rfem®. OnHako JuHeHHbIE
ckopocTH ropeHusi (puc. 3, 6) TakkKe He HMEIOT MakKCHMyMa Ha KPHBOH
CKOPOCTb TOpeHHs — cocraB. Ha BHX 3THX 3aBHCUMOCTEH CyIIeCTBeHHOE
BJIMSIHHE OKAa3bIBAET COOTHOIIEHHE CKOPOCTeH ropeHHs KommoHeHTOB. Ilpn
100 at, korza ortHoueHue ckopocteil ropenus NH4JO4 u mepexucu 6ensou-
na cocrasaser 0,8, maxe 609% ropioyero He CHHXKAeT CKODOCTH TOpEHHS
okucaurensa. [Ipu 10 ar (orHomieHue ckopocteil ropenus ~ 0,48) BBeleHue
yxKe 5% mnepekucu OeH3ousna TNPHBOJUT K PE3KOMY [MAaJeHHIO CKOPOCTH,
a JnaJjbHeliliee OOOraiieHue CMeCH FOPIOYMM IIOYTH He OKa3blBaeT BJIHSHHS.
Kpusbie mpu 20, 50 u 70 aT 3aHUMAIOT NPOMEXYTOYHOE IOJNOXKEHHE, MPH-
yeM ¢ TOBBIIIEHHEM NAaBJEHHS M yBeJHYEHHEM OTHOLIEHHS Unepexncn/UNH,IO,
TEHJEHLMS K Pe3KOMY CHUKEHHIO CKOPOCTH I'OPEHHs COCTaBOB TIDH BBEJCHHH
MaJIbIX KOJIMYECTB T'Opiovyero ocnabeBaer.

CoBepiueHHO Apyroil xapakTep HMEIOT 3aBHCHMOCTH CKODPOCTH TOPeHHUS
cMeceil Tepx/0paTa aMMOHHsI C NEPeKHChI0 GeH30M/Ia OT cocraBa (Tabi. 3,

75 (GsH5C0),0,, %
Puc. 3. 3aBucumoctb MaccoBoil (a) u auHeliHOR (6) CKOPOCTH TOpEHHS Tie-

puozata aMMOHHA OT KOJIHYECTBa BBEHEHHOF[ TNEePEeKUCH GeHszoua.
1 —100 aT; 2—70 aT; 3—50 at; 4—20 at; 5§ — 10 aT.
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Puc. 4. 3aBucUMOCTb MaccoBOH (@) W JHMHERAHOH (6) CKOPOCTH TOpeHHs mep-
XJIopaTa aMMOHHSI OT KOJHUeCTBa BBeNEHHOH mnepekucH Genszomaa. (0OGo3-
HaueHHs aHaJOTHYHEI pHC. 3.).

puc. 4, a, 6). 31ech yBelHUeHUHE KOJHUECTBA OBICTPOTOPSILIETO TOpIOYEro
IPUBOLUT K BO3PaACTaHHUIO CKOPOCTH TOPEHHs, HO JIHHEHHble CKOPOCTH Tope-
HHSI He MPEBBIMIAIOT CKOPOCTb TOPEHHUST WHCTON IepPeKHCH. 3aBHCHMOCTb Mac-
COBOH CKOPOCTH TOPEHHSI OT COCTaBa IIPH BHICOKHX JIaBJEHHSX HMEET MaK-
cuMyM (comepxanue nepexucu 40%).

Ecnn 3ameHuTh mepekuch OeH30HIa B CMeCsiX C MePXJOPATOM MU
IepHOZATOM aMMOHHS Ha NU(EHUJ, KOTOPbIH SIBJASETCS OLHHM 13 OCHOBHBHIX
NPOAYKTOB €€ TNHPoJH3a [5], TO CKOPOCTb TOpPeHHs yMeHbliaeTcs. Takas
KapTHHA HaG/I01aeTcs KaK JJIsi COCTABOB € H3GBLITKOM TOPIOYEro, TaK il [JIs
cmeceit, umeromux oo=1. Cxkopocru ropenusi cmecei NH4ClO; u NH,JO,
¢ mepekucbio Gensouna (e=1) npu 100 art cocrasasiior 3,5 m 20 r/(cMm2-c),
ac mudennmoMm — 1,6 u 151/(cM2-¢) coorBercTBenHo. ‘O6oralienne cocra-
Ba NH4JO; — nucdenus ropiouum NPUBOAUT K PE3KOMY INaJeHHIO CKOPOCTH,
uro He HaOmiomaercs y cMmecei NH4ClO4— nudennn. CkopocTs TopeHHs
NH4JO4+20% nucennna Bo BceM HCCHEJOBAHHOM HHTepBaJe IaBJEHHH
6osbiie, ueM coctaBa NH;JO4+209% TTMMA.

CoBepIIeHHO HEOOBIYHBIN BHI HMEIOT 3aBHCHMOCTH CKOPOCTH TOpEHHS
cmeceit NHJO4 ¢ TIMMA o1 pasmepa uacTHI OKHCAUTeNS (PUC. D). YMeHb-
mwenne pasMmepa yactur, NHgJO,4 ot 180 mo 130 MKM NIPHBOAUT K NaAeHHUIO
cKopocTH ropexust cMmecd. OCOGeHHO YETKO 3TO 3aMeTHO JJis cMeceH, oGora-
IICHHBIX TropiounM (pHuc. 5, 6). JlanbHefiniee yMeHbLIEHHE pa3Mepa YaCTHIL
orkucautens npu 70 u 90 aT CcOBepLIEHHO He CKa3blBaeTCs Ha BeJHUHHE
CKODOCTH TODEHHSI, a IpH GoJiee HH3KHX IaBJEeHHSIX CKOPOCTb TODeHHs cJaa-
60 pacTeT 10 Mepe YMeHbLIEHHS pa3Mepa YacTHIL OKHCIHTeNsd. s cmeced,
6oraTblx raployuM, MHUHH-

o Ta6auma 3
MYM Ha KpUBO#l u(d) BBIpa- .
JKeH Gosee PE3KO. 3asucuMocTe u(p) cMmeceit nepekHucH GeH3oWsaa C mep-

O6CyKaeHHe Pe3ydb- xnoparom ammonusi (60—100 mkm)

TATOB. KaK yXe oTMmeua- KonuuectBo nepe-|[InoTHOCTb | MHTepBan 3aBHCHMOCTb
J0Ch, 3aBHCHMOCTb 4(@)  “Gucem, mec. 5 | —wews | “ax | e ewe

cMecelt ¢ OBICTPOrOpSILIUM

OKHCJIUTEJEeM  OTJHYaeTCs 5 1,9 1—100 | u=0,043p°5°
OT aHAJOTHYHBIX KPHUBBIX 12,5 1,86 | 1—100 |u-—0,072p%"
NI CMeceH ¢ IepXJopaToM 2 1.75 1—20 | u==0,12p%58

aMMOHHSI HJIH JIPYTHMH ’ 20—100 | £=0,068p%7"
OKUCJIHUTENSIMU  TNOJO0GHOTr0 1—10 ©—0,14p0.80

tina [1,2,6] —Ha kpuBoi 40 1,68 |10—40 |u=0,085p"%
OTCYTCTBYeT MaKCHUMyM 40—100 |u—0,47p0%

CKOPOCTH TOpeHHs. ITO 60 145 | 1—10 =0,27p%%2

MOXHO OBIIO CB3aThb C 10—100 | u=0,52p05¢
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5. 3aBucuMocTb ckopoctH ropenust cMecd NHJO4 ¢ TIMMA (@ —a=1u 6 —15%
TIMMA) oT AHCIepCHOCTH OKHC/IUTENS.
1-—90 ar; 2—70 ar; 3 —40 ar; 4— 20.aTr; 5— 10 ar.

teM, uto NH,JO, rasudpunupyercs c¢ O0JbIIOH CKOPOCTbIO, NPOAYKTHl €ro
pasjioXKeHHs] UMEIOT HU3KYI0 TeMNepaTypy (nmpu p=1 aT U3MepeHHSI TepMO-
napamu maior Benauuudy 920+10K, a pacueret Ha IBM — 1038 K, u mo-
3TOMY He BHI3BIBAIOT NHpPOJH3a ropioyero. OIHAKO CMeCH C Jerko rasuu-
nupyloulefics nepekucbio GeH3omsna (TeMnepatypa Bcnblikd okodgo 100°C),
CNOCOGHON CaMOCTOSITENBbHO TOPETh € BBHICOKOH CKOPOCTBLIO, TaKxKe He HMeloT
MakKcHMyMa Ha Kpusoi u(a). B TO Xe BpeMs pacueTHble TeNJOTHI TOPEHHS
cmeceii NH,JO, ¢ nepekucbio 6eH30usIa Bblllle, YeM HHAMBUAYAJbHBIX KOM-
noHeHToB  (Qnu,j0 = 130 kkajafkr; Qus=170 &ran/kr; Qema=1,=
=310 KKaJ/Kr), a HMEHHO C 3TUM CBS3bIBaeTCsi HaJW4YHe MaKCHMyMa CKO-
poctn Ha KpuBoil u(w) [2]. C npyroil cTopoHbl cMecH OBICTpOTOpslleil
nepekucu 6ensomna ¢ NH,ClO; umeior MakCUMyM Ha KPHBOH U, — COCTaB
(puc. 5, a) u ckopocTh ropenusi cmeceii Boie ckopoctu uucroro NH;ClO,.

Taxum o006paszom, HeoOBIUHBIN xapakTep KpHBOH (o) HJIA CMecel C
NHJOs4, BeposiTHO, He CBSI3aH ¢ BHICOKON CKOPOCTbIO TOPEHHS OKHCIHTES.
OObsicHeHHE MONYUEHHBIX 3aKOHOMEDPHOCTEN, MO-BUAUMOMY, CJAEAYET UCKATh
B Da3/IHYHWH peaKIMOHHON CNOCOOHOCTH MPOIYKTOB, 00pPasylouIuxca INpu
N¥POJIN3e TepXaopaTa U NepuofaTa aMMOHUS.

Taxk, no mepe BoccranoBsenust CI7* u Cl% okucaurenbHast aKTHBHOCTb
IPOJIYKTOB BO3pacTaer.

Cl, <- CIO «ACIOQ <—C103 <-C10[,

eCJIM O HeH CYIHUTb [0 BEeJUYHHE OKHCJIUTENbHOIO IOTeHLHana, Kak 3To che-
nano B pa6ore [4]. Ilpy ropeHuu opraHu4ecKHX HepXJOpaTOB Ha QoTope-
THCTPOrpaMMax BTOPHYHOTO MJIaMeHH oOHapyxeHo He Gwuto [7]. Taxxke
H3BeCTHO, 4To Tas3oBble cMech ¢ HCIO, (C17F) [8] ropsT MmenseHHee, yeM

cMecH CC Og (CI*+y [9]. B clyyae BOCCTaHOBJeHHsi J7+ B mepHopaTe aMMoO-
1,14

aust Jy <« JO— <« JO3z «JO4 BO3MOXHO o6pa3oBaHie MaJOaKTHBHOTO
n<pOMe>KyT0quro npoaykra JoOs. edictBurenbHo, npu ropernn NH,JO,
[4] B mpoaykTax npeBpauieHus OOHAPYXKeH HONHOBATBLIA aHruApuA. Ilpm
rOpeHnd HeKOTophix cMmecel, conepxamux NH,JO4 Kax 370 61710 OTMEUEHO
BhlIe, TaKxke obpasyercs Jo,0s. KpoMe Toro, Ha oroperucrporpaMmax
rOpeHusl HEKOTOPBIX OpPraHHYeCKMX IMepHoIaTOB OGHAPYKEHO BTOPHUHOE
niamst [7]. IlosToMy MOXKHO NpPeAnoJoxHTb, Yro rasuduxauusg NHJO,
NPOXOJUT TIO CXeMe:

NH,JO4— H,0+4-0,5N24-0,4J05+4-0,1J5.
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CKopoCTb B3aMMOJEHCTBUSI  MaJOAKTHBHOTO Ut T
okucauteas J;Os € rOproYUM HJIU TPOAYKTa-
MH €T0 NMHPOJH3a, BEPOSITHO, OYEHb MaJja, U I0-
3TOMY TOCJHEIHHE MOTYT BBHICTYyNaTb B POJIH
MHEPTHOrO pasdbaBHTeN]s. DTO NOATBEPK/IAETCS
TeM (pHuc. 6), UYTO Aa)ke MaKcuMaJbHas CKO- 0,20
pPOCTb TOPEHHUSI cMeceil MOJHOBATOrO aHIHIpHULa

0,25

(pasmep uactuy 60—100 MxMm) ¢ [IMMA (o= \
—1) 3HAUMTENbHO HHKe cKopocTeil ropenms &% N
anagsornunbix cMeceit ¢ NH,ClO4 1 Hamopsmox \L
MeHbiue, yem Yy cMmeceir ¢ NH,JO,4 Ilockonbky 67

temnepatypa niaaMend NH,JO; OTHOCHTEJIbHO ¢ G5 40 49

Maja, Jaxe HeOOJbINOE KONHUECTBO DPa3- Puc. 6, 3aBucumocts u(w) cmecedt
6aBuTens MO2KeT IIPUBECTH K  pe3Ko- J205 ¢ IMMA npu p—40 ar.
My mMaJeHHI0 CKOPOCTH ropeHusi. B asToMm

clyyae  CTAaHOBUTCS  IOHSTHBIM,  INOYEMY

COoCTaBbl C KPYNHBIM TIEPHOJATOM AaMMOHHS, HWMEIOUIUM MaJjylo yaesb-
HYIO JIOBeDPXHOCTb, TOPST ObicTpee cocTaBoB ¢ MeJKUMH NHJO,.
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BJIUSAHHUE CBETOBOIO NOTOKA
HA CKOPOCTb HECTAILHOHAPHOTO TOPEHMUA
B MEPEXOJHbIX MPOLLECCAX

B. E. 3apko, B. H. Cumonenxo, K. Il. Kyyenozauii
(Hosocubupck)

HernocpencrBenHoe u3MepeHHe MTHOBEHHOH CKOPOCTH TOpEHHsl Ipelo-
CTaBJIsIeT 3KCIEPHMEHTaTOpaM HOBble BO3MOMXKHOCTH B 06JaCTH HCCJIENOBa-
BaHusl MeXaHH3Ma TOpeHHs KOHAEHCHDOBAaHHBIX BelllecTB. M3aydeHue mnepe-
XOla OT 3aXKHMI'aHHs K CaMOIOAAEpPKHBAIOLIEMyCsl paclpoCTpaHeHHIO (PpPOH-
Ta NJaMeHY, Nepexoja C OJHOTO CTAallMOHApHOTO peXuMa Ha JAPYyroM, xa-
pakTepa TOPeHHS NPU NEePUOLUYECKOM H HMIYJbCHOM TEIJIOBHIX BO3JAEHCT-
BHSIX Ha ropsiiuil obpasel — BOT [aJeKO He NMOJHBIH TepeyeHb 3KCIepuMeH-
TaJbHBIX 3alay, TPeOYIOIMX CBOero pemreHus. B Hacrosueid pabore co06-
IIAIOTCS Pe3yJabTaThl 3KCHEPHMEHTOB 1O M3MepeHHIO HeCTallMOHAPHOH CKO-
pOCTH TrOpeHHsl B NepeXOAHBLIX Mpoleccax NpHM 3a)KUraHud u 1pu cbpoce
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