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O KOHBEKTNBHOM ITOPEHUN

YIK 532.5

CMECEW MEPXJIOPATA AMMOHUA C AJIFOMUHNEM

B. E. Xpanosckuin', B. I'. Xynasepaues®, A. A. Cynumos'

LuctuTyT xumnyeckon duzuku um. H. H. Cemenosa PAH, 119991 Mockea, khrapovsky©@mail.ru
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DKCIepUMEeHTAITLHO UCCIEIOBAHO BIUSHIE (GOPMBI YACTUIL ATOMUHUSI, TNIOTHOCTH 00PA3IIOB, HEGOIIh-
mrx n00ABOK OPraHUYEeCKOrO FOPIYEro (MOIMMETH/IMETAKPUIATA) HA BO3HUKHOBEHWE U DA3BUTHE
KOHBEKTHUBHOI'O TOPEHNsI B HACBHIMHLIX U MMOMIPECCOBAHHBIX CMECIX MMEPXIIOPATA AMMOHUS C ATIOMUHI-
em. Ilokaszamo, uTo 3amena chepuueckux uactull ajgomuaus ACI-4 ma uemyiuatoie [TATI-2, yse-
JIMYEHNe TIJIOTHOCTU CMECH BBIIIE OMPEeNeIeHHOr0 3HAUEHUST MPUBOASIT K BO3PACTAHUIOD MUHUMAJILHON
IJIMHBL 00PAa3Iia, Mpu KOTOPOl HAYMHAETCsSI KOHBEKTUBHOE FOPEHNE U PErUCTPUPYETCS ero Mepexon BO
B3peiBHOI pexxum. C BBeneHueM HeGOIbIIIX KOIudecTB (10 4 %) momuMeTuaIMeTakpuiIaTa 5Ta AJInHa

YMEHBIIIACTCA.

KmroueBnie cmoBa: mOCTOWHOE rOpeHne, KOHBEKTUBHOE FOPEHIEe, B3PBIBHON MIPOIIECC, MAHOMETPUYe-

ckas bomba.

BBEAEHUE

B pa6ore [1, c. 163, 167] uzyuanocs BO3HUK-
HOBEHUE B3PBIBAa B CMECAX IIEPXJIOpaATa aMMOHUS
(IIXA, pasmep uactur 100 MM u Gosee) ¢ mern-
KOMUCIIEPCHBIM AJTIOMIHUEM B 3apANaX HACHITHON
miorHoctu. ComepXkaHue ATOMUHUSA HE MPEBbI-
maito 27.3 %. Y craHoBIIeHa BLICOKAd B3PBIBOOIIAC-
HOCTh TAaKWUX CMeCell, MpuIeM HamboJee OmacHas
cveck w3 5 % amomuaus u 95 % [IXA (pasmep
wqacrur 315 + 400 mxwm). [Ipn ncnons3oBanum Mei-
kux gactur [IXA (=14 mkMm) B3pbIBa He HAOIIO-
IAJIOCH.

B [2] mpoBeneHO UmMCIICHHOE MOAEIMPOBAHUE
KOHBEKTUBHOI'O TOPEHUI B IIPECCOBAHHBIX CHUCTE-
MaxX HA OCHOBE MEJIKONUCIIEPCHOTO AIIOMUHUSI U
IIXA. [IpencrasieHb OTHOMEPHAS TEOPETHIECKAS
MOJeb W KOMIBIOTEDHAS MTPOTPaMMa, KOTODBIE
OpeqHa3HAYCHBbI OJId aHaJIn3a KOHBEKTUBHOTO T'O-
peHus B MBYXKOMIIOHEHTHOU cmecu. [IpuBemerbr
BAPUAHTHLI PAcueTa, NEMOHCTPUPYIOIINE BIMSHUAEC
MOPUCTOCTH OOPA3IOB U pa3Mepa IaCTUI] OKUACITHA-
TeJId, KOHOCHTPaOu’? aJIOMWUHUA B CMECU, MOIILI-
HOCTHU BOCILZIAMEHUTEJIA, BBEOACHU OPTraHUYIECKOTO
rOpIOYEro.

B [3] paccMOTpeHBI pPe3yIbTATBI HKCHEpU-
MEHTAJILHOTO UCCIIENOBAHUA KOHBEKTUBHOTO TOpe-
HUS BBICOKOILUIOTHBIX 3apSAIOB U3 CMECEH aIioMu-
aus ¢ [IXA nopucrocteio 7 + 18 %. Uzyueno siam-
SHIE HAYAILHOU INIOTHOCTH 3apsia, MUCIEPCHO-

Pa6ora Boeimonnena mpu duHaHCOBOM mommepxkke Poc-
cmitckoro HoHma GYHAAMEHTATBHEIX WUCCICIOBAHME (TIpO-
exter N 06-03-32097, 09-03-229).

CTU W COOTHOIIIEHWSI KOMIIOHEHTOB cMech, (POpMBbI
YaCTUL, AJIIOMUHNUS, MOIITHOCTU BOCIIJIAMEHUTEJIA.
Omnpenenensr GaxTOpPbI, TO3BOIISOIIE YDPEKTUB-
HO BIUSATH HA XAPAKTEPUCTUKU KOHBEKTUBHOTO
roperus. s aHamu3a MOIMyUYeHHBIX TAHHBIX WC-
[IOJIB30BAHBI PE3YIILTATHI YUCIIEHHOTO MOIEINPO-
BAaHU. PeByJ'II)Ta,TI)I paCUYeTOB HAXOOATCA B Kave-
CTBE€HHOM COTJIaCUM! C SKCIEPUMEHTAJIbHBIMU OaH-
HBIMU.

B [4] uccrenoBasoch KOHBEKTUBHOE TOPEHUE
06pa3IioB HACKITHON MIIOTHOCTY MEJIKOMUCIIEPCHO-
ro IIXA (20 mxm) um ero cmeceir co chepmaeckn-
vu gactunamu ajgiovuauns ACI-4 (4 mxwm). Co-
IepXaHume AJOMUHUS BapbUPOBAJIIOCH B MUAIMA-
some 0 + 54 %. I[lokazaHO, 9TO B 3aBUCUMOCTH
OT HAYAJILHON BBICOTHI 06pa3ua MOXKET BO3ZHUKATH
OCJTIOMHOEe WM KOHBEKTWBHOE TOPEHWE, TOCIIeI-
HEe Ipu naaneﬁmeM YBEIUYCHUN OJINHBI O6p3,3-
[[a TEePEeXOMUT BO B3pBIBHOW pexum. Ompemere-
HBI MUHUMAJIbHBIE IIXHBI 06pa3ia, Mpu KOTOPBIX
peanm3yercs: KOHBEKTUBHOE TOPEHME UIIA B3PhIB-
HOIL oponecc, BBIABJIICEHA WX 3aBUCUMOCTB OT KOH-
mearpanun ACJII-4. Ycranosiieno, aTo Hambosee
B3peIBoOmacHa cmech 44 % ACI-4 + 56 % IIXA.
IlaHO OOBsSCHEHWE BIUSHUSA OIWHBI 0Opasma Ha
XapakTep MpPOTEKAMIuMX Mporeccos. [lokazano,
YTO BOBHUKHOBEHUE B3PBIBHOTO IIPOIIECCa CBA3aHO
€ BOCIIAMEHEHUEM NUCIEPTUPOBAHHON B3BECH 33
(DPOHTOM TIJITAMEHU, COMPOBOXKMIAOIINMCS WHTEH-
CUBHBIM TTOI'HEMOM [TABIIEHUS.

B macTosmer pabore IpencTaBiIeHbI pe3yilb-
TATHI, IOy YEHHBIE B XOMIE MPOMOIIKEHUSI UCCIE0-
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BaHUI [2—4] IO BO3HUKHOBEHUIO U PA3BUTHIO KOH-
BEKTUBHOI'O TOPE€HUs B BBICOKOIIOPUCTBIX CMECIX
I[IXA c¢ amomuuneMm. W3yuamocs BraugHme HOpMbI
TACTUIl AJTFOMUHUS, HOOABOK OPTAHUIECKOTO TO-
pIOYero — MOIMMETWIMETAKPUIATA, U3MEHEHUS
IJIOTHOCTU oOpasnoB B guama3one p = (0.6 =+
1.48 v/cm3 (mopucrocreio 77 + 33 %).

MOCTAHOBKA 3KCMNEPUMEHTA,
N3MEPAEMbIE NMAPAMETPbI

UccmenoBaruss mpoBOOMIIN B MAHOMETPUUE-
ckoit 6oMGe 06beMoM ~80 cM°. JlaBieHue B Heit
U3MEPSIIN C MOMOIIBI0 OTKAITMOPOBAHHOTO ITHE30-
srmekTpudeckoro narunka T-6000 tuna «Kistlers.
Cursall ¢ maTumka MOCTYmajl Ha mudpoBOl aHA-
JIN3aTOP W BBIBOOWJICA Ha KOMIIBIOTED. MCHOJ’II)Sy-
eMasl CHCTEMa, TI03BOJISIIA PErUCTPUPOBATH CUTHA-
JIBI ¢ pa3pemnierneM 00 o ~+ 10 Mkc Mexny Omxan-
UMY TOYKAMU U MAKCUMAJBLHBIM IaBJIEHUEM IO
200 MITa. TlorpemrsocTs perucTpauu TaBICHUS
He mpeBbImaaa b <+ 8 %.

[Ipumensiics TEXHUYECKUT TEPXIIOPAT aAMMO-
HUS CO CPEOHUM pa3MepoM dacTuil, <20 MKM
OIIpeNesIeHHBIM C TIOMOIIBI0 MUKPOCKOITHOTO aHa-
nu3a. Mcnomp3oBancs aIOMWHUN OBYX MAapOK:
ACII-4, cocTodmmii U3 MOJMOUCIEPCHBIX YaCTHUIIL
chepuaeckont GOpPMBI CO CPEIHUM TUAMETPOM OKO-
710 =4 MKM U yIOeJIbHOW MOBEepXHOCTHIO (.6 M2 /T3
ITAII-2 ¢ gacTumaMm dYerryirgaToi (GOpPMBI TOJI-
IIMIHON ~~1 MKM ¥ CPEIHUM JIMHEHHBLIM Pa3MepoM
20 + 30 mxwMm.

KOMHOHeHTbI CMECH THIATEJIBbHO IIepEeMEeNIn-
BaJIX BPYUHYIO. MUKPOCKONHBIA aHAIU3 CMecen
mokasaJ, aro npu ucnonb3osanuun ACII-4 gacTu-
el amoMuand 1 [IXA pacmonoxeHnsl pa3menbHo,
B cmecsx ¢ [TATI-2 wactumer [IXA obBonakusa-
IOTCs 9aCTUIIaMU AJIFOMMWHNT . I/Iccne,c[yeMbIe cMecn
3aChINAJINCHL B IJIEKCUTJIACOBBLIA CTAKAHUIUK ana-
merpoM 10 mwm, BeicoTont 20 + 80 mwm, ¢ Tosmmm-
HOW cTeHKWm 3 MM. HawanmbHas INTIOTHOCTH CMe-
ceit mpm 5TOoM cocTasisma ~0.6 r/cM®. Yeemuue-
HUEe IFIOTHOCTHU JNOCTUTAJIOCH Jrb0 3a CIeT yTPYyC-
K1, JuOO TMOPIMOHHBIM YINIOTHEHUEM OT PYKWU.
Cwmech BOCITAMEHSJIACH C BEPXHErO TOPIA C TIO-
MOITIBIO HABECKU M3MEILUYeHHOTO TBIMHOTO TIOPOXa,
maccort 0.5 T, TONXKNUTAeMOr0 HIXPOMOBOU CIUPA-
JIBI0. Y Ka3aHHAs HABECKA CO3[IABAJIA, MABJICHUE HA,
yposee 1.5 + 3.0 MIla.

B skcmepumenTax ¢ KOpoTKmMEU oOpaslia-
MU TIOI NEeWCTBUEM IABJIEHUS, CO3OABAEMOTO BOC-
ITAMEHUTEIEM, MIPOUCXOOUIIO YIDIOTHEHUE CMe-
cu u ee mocioiHOe ropenume. 3amucu p(t) B Ta-
KUX ONBITAaX XapPaKTEPU3YIOTCId HUZKVUMU TEMIIa-

mu Hapacraaus gasieaus ((dp/dt)max = 0.009 +
0.07 MIIa/mc) u ckopoctsmu ropenus (W =
0.04 =+ 0.09 m/c). B wacTtu onerToB mpu cropaHunm
06pasIloB B TAKOM PEXUMME 3HAUCHUS MAKCAMAIIb-
HOTO MABJIEHUS HE HOCTUTAJIO YPOBHS 3aITyCKA, CH-
crembr peructpamun (~3 MIla) n 3anucs nasme-
HUS OTCYyTCTBOBAJIA.

Haunnas ¢ onpenenenuoit AnuHbl Ly ¢ (BBI-
IeJIeHO KYypCUBOM B TaOil. 1-3) B cMecu BO3HUKA-
JI0 U Pa3BUBAJIOCH TOJIBLKO KOHBEKTUBHOE TOPEHUE,
a Tpu BBICOTE Lpip e (BBIIEJIEHO XWPHBIM KyD-
CABOM B Ta,6I[I/IL[a,X) " BBIIIIE€ KOHBEKTUBHOE TIO-
peHme Tepexonusio BO B3PBIBHOM PEXUM. Xapak-
TEpHBIE 3AMUCA U3MEHEHUS TABIICHUS BO BPEMEHU
B MAHOMETPUIECKON O0MOe miis TmepBOrO Ciydas
npencTasienbl Ha puc. 1 (mudpsr cooTBeTCTBY-
0T HOMEpY ombiTa, L, — mimmua obpasma, M —
macca cmecn). Ompenenenne OCHOBHBIX MAapaMeT-
poB npoBonuiock anamoruaso [4]. Ilo kpusoin p(t)
(cM. puc. 1) onpenensnu naBieHue u BpeMs HAUA-
JIa KOHBEKTUBHOTO MOPEHUS — TOUKA S C KOOPIU-
HATaMU Pg, g, B KOTOPOU HAUWHAJICI 3aMETHBIN
POCT MaBJEHWUs TIOCIIe CTOPAHUS BOCILTAMEHUTEIIS,
a TakXke MABICHUE W BPEMs OKOHUAHUS KOHBEK-
THUBHOTO ropeHus — Touka F ¢ xoopnuraramn py,
tf, B KOTOPOU NOCTHUTAJICS MAKCUMAJIBHBIN TDaI-
ent masieHus (dp/dt)max. MOMeHT mocTuXeHWs
MaKCUIMAJIBHOTO OABJIEHUSI — TOYKaA M C KOOp-
MUHATAMEA Dy, tyy — COOTBETCTBYET OKOHUAHWIO
MOTOPAHUSA MUCIEPTUPOBAHHON B3BeCU. Bhrumciis-
JINCH BpeMs paCIPOCTPAHEHUS KOHBEK TUBHOTO TO-
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Puc. 1. smenenue naBieHus BO BpEMEHU B Ma-
HOMETPHUIECcKO OoMbOe Py Pa3BUTUN KOHBEK THIB-
HOTO TOPEHUS B CMECSX:

omeir Ne 112 — 28% ACIH-4 + 72% IIXA (L =
24 mm, M = 2.0 r), omerr Nelld 28 % ITAII-2 +
72% XA (L =41 mm, M =39 1)
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Brnusinue popmbl, pazmepa yacTuu antoMMHUSE U HaYasbHON MIOTHOCTU CMECH

Tabmauma 1

Ha XapakTepUCTUKUN ropeHus

Al/TIXA Homep M, r L,| p, W % ts, |t (¢n),| tm, | Ds, |Pr (Pn),| Pm, | (dp/dt)max,| W, | ta, | IIpo-
OIIBITA, MM |T/cM MC MC Mc |MIIa| MIIa |MIIa| MIla/mc | M/c | Mc | mecc

206 | 067 |8 |1.03| 52| — | — | — | —| — | — — — | —|or
ACI-4/IIXA| 295 | 1.01 | 3] 1.00 | 53 | 10.8 | 15.2 |105.9| 1.4 | 4.8 |12.1 2 3.0 | 91 | KT
28/72 111 | 1.5 | 18] 1.06 | 50 | 13.0 | 230 | 123 | 23| 74 | 96 1 1.8 | 100 | KT
112 | 2.0 |24]1.06 | 50 | 140 | 175 | 185 | 1.0 | 174 [22.3] 160 69| 1 | KD

113 | 252 [ 29| 1.10 | 48 | 16.0 | (19) | 20.0 | 1.6 | (15.6) | 30.7 — — | 1 |B3p

458 | 07 |15|060 | 73| — | — | — | —| — | — — — | —|Hr
ACEZ%EXA 456 | 1.0 | 20| 064 | 71 | 189 | 319 | 55 | 19| 47 |84 1 15 | 23 | kI
103 | 1.89 [39] 061 | 73 | 190 | 215 | 25 [3.0| 18 |26.3 56 17 | 3.5 | KD

455 | 2.5 |49 065 | 71 | 21 | 58 | 89 | 15| 205 |316 58 13 | 3 | KD

453 | 2.9 |58 064 | 71 | 95 | (117) | 20 | 17| (5.7) | 38 — — |17 | Bap

104 | 388 (80| 0.62 | 72 | 13.0 | (15.0) | 22.5 | 2.5 | (14.0) | 62.5 — — | 7.5 | Bap

109 | 0.96 | 13]0.98 | 56 | 44.0 | 184 | 284 | 3.0 | 42 |47 0.09  |0.05|100 | IIT

110 | 1.52 | 18] 1.08 | 52 | 26.0 | 294 | 32.8 | 2.4 | 127 |14.2 11 6.0 | 3.4 | KI'

186 | 1.50 | 20| 0.96 | 57 | 11.6 | (18.9) | 20.0 | 0.4 | (4.2) |20.0 — — | 1.1|B3p

108 | 1.93 |24 ] 1.02 | 54 | 18.0 | (22.2) | 24.5 | 2.0 | (11.2) | 27.0 — — | 1.7 | B3p

105 | 3.19 | 40| 1.02 | 54 | 185 | (20.5) | 22.0 | 3.2 | (17.5) | 46.0 — — | 1.5 | Bap

443 | 24 |21|146 | 35 | — | — | — | — | — | — — — | —|or

447 | 273 | 25| 136 | 39 | 324 | 331 | 382 | 19| 16 |[325 36 38 | 51 | KT

445 | 4.9 | 41| 1.48 | 33 [320.4|(320.6) | 328 | 1.5 | (11) |66.0 — — | 7 |Bap
MATL-2/IIXA| 114 | 3.9 |47]124 | 42 [ 180 | 259 | 280 | 14 | 285 |40.7| 225 50 | 21| KT
28/72 115 | 7.1 | 79| 1.15 | 46 | 25.0 | (70.0) | 81 | 2.5 | (7.5) |86.0 — — | 11 |B3p
TIATI-2/TIXA| 101 | 1.82 | 40| 058 | 74 | 7.0 | 10.0 | 560 | 15 | 6.6 |22.0 2 13.0 | 46 | KT
44/56 102 | 365 80| 058 | 74 | 41 | 63 |33.0]| 24| 193 |453 9 37.0 | 26 | KT
106 | 3.0 |40] 096 | 57 | 11.0 | 177 | 187 | 2.5 | 25.0 |29.0 0.6 0.25| 10 | kI

107 | 7.0 | 80| 1.10 | 50 | 35.0 | 279 | 304 | 3.1 | 42.3 |76.2 0.3 0.33| 25 | KD

IIpumeuanne

. II' — mocmotinoe ropernne, KI' — kxoHBekTHBHOE ropeHue, B3p — B3pHIB.

penms 1o Bcemy obpasuy (tf — ts) m Bpems moro-
paHWs MUCTIeprupyemoir B3secu (tg = tm — tf).
3Has HAUAIIBHYIO MUIMHY 00pa3siia, u BpeMst tf —ts,
OIIEHUBAJIN CPEOHIOI0 CKOPOCTH ropenus W.
XapaxTepnsie 3anmcu p(t) mpu mepexone KOoH-
BEKTUBHOI'O T'OpE€HUA BO B3prBHOﬁ pexum npemn-
craBieHbl Ha puc. 2. B sTom ciyuae momosmHwm-
TEJIBLHO OMPENesyiCS MOMEHT BPEMEHU iy, KOTOA
HaOIIONAJICA PEe3KU NoObeM OABIEHUS — TOUKA
N ¢ koopguHaTamu pp, t; — C HOCHEOYIOIIAMY,
saryxatomumu ¢ nepuonoMm 30 <+ 70 mxc xomeba-
Husmu. OCpemHeHHOe 1O HUM TABIICHUE BO3PAc-
TaJI0 OT CPENHEero B HavaJjle KOoJeOaHWN 3HAUEHUS
Py — B TOUKe V € KOOPDOAMHATAMU Py, £y — IO MAK-

CcuMaJILHOTO B Touke M ¢ xoopmmHATAMY Djpyy T -
3uaueHus Df, t§ B CKOPOCTH KOHBEKTHBHOIO IOpe-
Husg W B 5TOM ciIydae He BRIUUCIISIINCH, BPEMS OO-
ropaHusd t; pacCUUTHIBAJIOCH KaK Pa3HUIA MEXITY
ty 1 tmy,. [lorpemrHocTs W3MepeHus BHIMIEYKA3AH-
HBLIX apaMeTpoB He mpepbimadia 10 + 12 %. ITpn
B3PBIBHOM HPOIECCE MIIEKCUATJIIACOBBIA CTAKAHTIIK
B XO[le OIBITa IIOJIHOCTBIO Pa3pYIIAJICA U Cropall,
a B oObeMe GOMOBI PUKCHPOBAIOCH OOIIBITIOE KO-
JIMYIECTBO CAXKM.

O cTeneHu B3PLIBOOMACHOCTH CMECHU CYIUJIN
0 MUHUMAJILHOW AjuHe Ly ¢, HA KOTOPOR Ha-
UMHAJCA B3PBIBHOM IIpOIlecC, & B CIIyUae ero OT-
CYyTCTBUSA — II0 MAKCUMAJILHOMY I'DAIUEHTY IaB-
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Tabnunma 2
Bnusnne nobaskun nonumetunmerakpunata MMMA k cmecn 5% ACO-4 + 95 % MXA Ha xapakTepucTukn ropeHus
Homep| MMA. % | M. v | Is| P | r. 9| tss |t (tn)s| tm, | Ps, |Pr (Pn),| Pm, | (dp/dt)max,| W, | td,| Hpo-
OTEBITA ’ " v /| mc | wmc | mc [MITa| MIa | MITa| MIla/mc | M/c | mc| mecc
174 0 25 [26]1.01 | 49 | — — — | — — — — — |— | r
172 0 3.1 | 401099 | 50 | 31 53 122 2.1 14.8 29.3 1 1.8 |69 | KI'
173 0 6.7 [ 80| 1.07 | 46 | 30 54 7| 1.9 28.5 97.1 58 3.3 |21 | KT
281 1 20 [26] 098 | 50 | — — — | — — — — — | — | I
305 1 24 (32096 | 51 | — — — | — — — — — |— | r
283 1 3.2 | 401098 | 50 [123| 186 |238]| 2.1 25.0 41.0 2 0.7 |52 | KI'
280 1 59 | 80| 094 | 52 | 18 25 35 | 5.1 35.7 | 108.6 60 10.8 |10 | KI'
289 2 20 [26/098 |50 | —| — | —| —| — | — — — | —|mr
306 2 23 (320002 |53 | —| — |—| —] — | — — — | —| o
294 2 3.0 | 40| 096 | 51 21 44 84 | 2.5 32.3 50.2 3 1.7 |40 | KI'
287 2 59 (80| 094 | 52 | 25 34 56 | 2.7 77.0 |122.8 39 9.4 |22 | KI
303 4 1.9 [26]093 |52 | —| — |—| —| — | — — — | —|mr
304 4 23 | 321092 | 52 | 26 48 62 | 2.7 29.3 37.7 3 1.5 |14 | KI'
302 4 3.1 {40 091 | 53 13 (18) 26 | 2.6 | (16.3) | 50.9 — — | 8 | B3p
Tabnauma 3
Bnusnne nobaskn NMMMA « cmecn 44 % ACL-4 + 56 % MXA Ha xapakTepucTnku ropeHus
Homep| iviMA. % | M. e | D | P | e | tss |t (tn)s| tm, | Dsy |DF (Dn)s| Pm, | (dp/dt)max,| W,| ta, | IIpo-
ombITa ’ T v r/em®| mc | wmc | mc |MITa| MIla |MIla| MIla/mc |m/c| mc | mecc
194 1 035 |5 08263 | —| — | —|—1] — | — — — | —|or
195 1 0.74 1 9 | 0.86 | 61 7.6 11.2 |1 23.0] 0.9 6.0 9.6 1.9 26|12 | KI
187 1 095 |13 | 088 | 60 |14.0| 19.0 [27.0| 0.6 7.5 10.2 2.6 2.6 |8.0| KI'
189 1 1.26 | 17| 088 | 60 | 5.9 | (82) | 9.0 | 1.1 | (5.9) | 16.0 — — |0.8|Bap
185 1 1.43 120|089 | 60 | 45 | (7.0) | 9.5 | 1.0 | (5.0) |17.6 — — | 3.3 | Bsp
197 2 0.31 08|62 | —| — | —|—| — | — — — | — | mr
198 2 077 | 7|16 a7 | —| — | —| — ] — | — — — | —|or
188 2 1.28 | 18| 1.18 | 46 7 13.7 29 | 11 7.7 12.4 1.7 20|15 | KI
191 2 141 |16 | 1.11 | 49 | 89 | (12.7) | 15 | 1.1 (8.4) |18.7 — — 24| B3p
184 2 1.7 |20 108 |5 [60| @7 | 9 | 10| (67 [210 — — 9.0 B3p
183 4 032 |1 4.5 085 | 60 |12.5| 17.5 25 | 1.9 3.0 3.8 0.3 09|75| KI'
182 4 0.67 |8.0| 1.0 53 | 8.5 13 28 | 0.8 2.9 6.3 0.7 1.8] 15 | K"
181 4 1.02 | 13 | 0.98 | 54 | 7.6 9.9 146 | 1.3 6.3 9.7 4.6 57| 5 | KI'
192 4 1.26 |16 | 1.01 | 53 | 5.5 | (9.4) |17.0| 1.4 | (11.0) | 16.2 — — | 7.6 | B3p
180 4 1.7 | 21| 1.06 | 51 80 | (9.2) |14.0] 1.5 (3.9) |19.9 — — | 4.7 | B3p

neuus (dp/dt)max TPU PA3BUTUM KOHBEKTUBHOTO

TOpEeHUS.

OKCIEepUMEHTHI ¢ ONTUYECKON PEruCTPAIIN-
ei1 [4] mokazanm, 9TO CKOPOCTH PACIPOCTPAHEHUS
KOHBEKTHUBHOTO TOPEHUS BO3PACTACT MO [JINHE

oOpasma, a pe3Kmid NOOBbeM MABJIEHUS CBI3AH C
WHTEHCUBHBIM BOCILJIAMEHEHUEM TUCIIEPTUPYEMON
IpU KOHBEKTWBHOM TOPEHUU B3BeCH 33 (HPPOHTOM
mIaMeHn u oOpa3zoBaHWEM OBICTPO PACIIHPSIO-
1ietics B o6e CTOPOHBI BTOPpUYHOM BOIHEL. [Ipu no-
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Puc. 2. smenenure nusMeHeHus TaBIeHUIsT BO Bpe-
MEHU B MaHOMeTpUdeckoin 60oMbe mpu mepexome
KOHBEKTHUBHOI'O TOPEHNUsI BO B3PBLIBHOW IIPOIIECC:

omerr Ne 113 — 28% ACH-4 + 72% IIXA (L =
29 mm, M = 2.52 1), omsrr Ne 115 — 28 % ITAII-2 +
2% INXA (L=79 Mmm, M =7.1T1)

CTATOYHOW [JImHE 00pa3sila CMecru B3auMOIeNCTBIAE
9TOU BOJIHBEI C TIEPEOHNM (PPOHTOM KOHBEKTMBHOTO
TOpEeHUsI TPUBOAUT K BO3HUKHOBEHUIO HU3KOCKO-
POCTHOH IeTOHAIINH.

PE3YJIbTATbI 3KCNEPUMEHTOB

Bnusuue popmbl yacTUl antoMuHmus

Bausare dopmbr gacTull aiOMUHUS HA BO3-
HVKHOBEHVE U1 pPa3BUTHNE KOHBEKTUBHOI'O TOpeE-
HUS B CMECH M3YYajOCh TMPU KOHIEHTPAIUAX Me-
ramna 28 um 44 %, MCIONB30BAJCA ATIOMUHUI
mByx Mapok: cepuueckmit ACJII-4 u veryituarhiit
ITATI-2. Ycrauosieno, uro mpumenenue [TATI-2
Bmecto ACJI-4 npuBOOUT K BO3PACTAHUIO 3aI€P-
XKEK BO3HUKHOBEHWS KOHBEKTUBHOTO ropeHus (t),
K YMEHBIIIEHUIO MAKCHIMAIHLHOTO 3HAUCHUS TEMIIA
pocra masierus (dp/dt)max (cM. puc. 1) u cko-
POCTM KOHBEKTUBHOTO T'OPEHUSA IIPU OOMHAKOBBIX
mmaax L o6pa3ioB, K yBEIUYEHUIO MUHUMAJIE-
HBIX JIUTAH 3apsafa Liip e, OPU KOTOPBIX Peau3y-
eTcs B3pBIBHOI mporecc (rabum. 1).

IIpu comepxammm B cmecm 44 % ACI-4
B3PBIBHOW MPOIIECC HAYMHAETCS TPU BBICOTE 00-
pasna L = 20 mm (Ne 186, Tab. 1), mpu ncmosns3o-
Bauuu [TATI-2 nepexoma KOHBEKTUBHOTO TOPEHUS
BO B3PBIB He HAOIIONAIOCH 10 MAKCUMAJILHOM BHI-
corsl o6pasma 80 mm (Ne 107).

IIpm koHmenTpamumm B cMmecum 28 % amromm-
aust ACJI-4 B3pBIBHOW MPOIECC PETCUCTPUPYETCS
HAUWHAS C BBICOTHI Lpnip o = 29 mm (Ne 113), a

npu ucnonbzoanum [TATL-2 — ¢ Ly e = 79 MM
(Ne 115). TIpu sTOM amMIUIATYHA TOMBEMA MABIIE-
HUS TOPU Pa3BUTHUU B3PBIBHOTO Ipomuecca (abco-
JTOTHAS W OTHOCUTEIBLHO OOIIEro MOmMbeMa HaB-
JEeHUS] TPU CTOPAHUM BCEH CMECH) IJIS CMECH C
ITAII-2 3ameTno mHuxe, yem mis cmecu ¢ ACI-4
(cM. puc. 2). OrauuaeTcs u XapakTep HOLbEMa
MABJEHUS, CIIEAYIOIIEr0 MOCTe CKAYUKA MABICHUS
mpu B3pwuiBe. s cmecu ¢ ACII-4 om mpowucxo-
IOUT C YMEHBIIAIOIMMCS TpaaueHToM dp/dt, aro
YKa3bIBAET HA, BOCILIAMEHEHUE BCEWl TOBEPXHOCTHU
YACTUI] CMECH TPU PE3KOM MONbEME NABJICHUS U
HA TOCJEMyoIee X MOTOPAHUE ¢ COKPAIAOIIEH-
Cg MOBEepPXHOCTHIO ropeuns. ma cmecu ¢ ITAII-2
MOCJIe MHTEHCUBHOTO TONBEMA IABIICHUS B TEUE-
HIEe HEKOTOPOTO BpeMeH! HAOIIIAeTCs ero PocT ¢
YBEJIMUMBAOIIUMCS TPAAUEHTOM, UTO YKA3ZLIBAET
HA HEMOJITHOE BOCINIAMEHEHUE JYACTUI] TPU B3PhIB-
HOM TPOIEcCe W TMOCIENYIoIIee UX TOPEHUe C BO3-
pacTalolieil TOBEpXHOCTHIO.

B [3] nokazaHO, 9TO NpU NOBBIMIEHHOR M0
p=18 I‘/CM3 INIOTHOCTH CMECH KCIOIb30BAHUE
ITAII-2 Bmecto ACII-4 Taxxe TPUBOOUT K CHU-
JKEHUIO CKOPOCTY KOHBEKTUBHOTO TOPEHUS U TEM-
Ia pocTa MAaBJIEHUS B MAaHOMETPUUIECKON Oombe.

Takum 06pa3oM, B IIIIPOKOM WHTEPBAJE OT-
HocurenbHOR miorHocTH (0.26 + 0.84) mpumene-
mue amomuaus Mapkm ITATI-2 smecro ACII-4 B
cvecu ¢ [IXA saTpymHsieT pa3sBUTHE KOHBEKTUB-
HOT'O TOPEHUs U MEPEXOM €r0 BO B3PHIB.

B [4] mokazaHa BO3BMOXHOCTH BOSHUKHOBEHUS
1 Pa3BUTHUA KOHBEKTUBHOro ropenus B IIXA Ges
nobasku roprodero. VsMeHeHne KPUBBIX MOOBEMA,
IaBJIEHUS B MaHOMETPUIECKon Oombe mpu cropa-
aum [IXA 6Ge3 amoMuuus um ¢ mOGABKOU K HEMY
ACI-4 (5 %) u TIAII-2 (44 %) npm ommmako-
BBIX InuHaX obpasna (L = 80 mMMm) m mopucrocTn
(r = 50 %) mnmoctpupyet puc. 3. Beenenue astro-
MUHUS YBEJIUUMBACT BPEMs 3aI€PKKUA BOZHUKHO-
BEHWs KOHBEKTUBHOTO TOPeHus (fg) U yMEHBIIAET
CKOPOCTB TIOMBEMA, MABICHUS HA HAUAJILHON CTa-
MU, UTO CBUOETEILCTBYET O 3ATPYIHEHUU BO3-
HUKHOBEHUS KOHBEKTWBHOTO TOPEHWS U €r0 Pas-
BUTHUMU HA DTOW CTAOUU, TPUUEM MPU HUCIOIB30-
Bauuu [TATI-2 Temn pocTa maBileHUs CHUXKAETCS
CUIIbHEE. Y BEIIMUEHNEe TEeMIIa MOMBEMA MABICHUS,
MPOUCXOMAIIEE B NATLHERIIEM, CBI3AHO ¢ TOPEHU-
€M AJTIOMUHUA B IUCITIEPTUPOBAHHON B3BECH.

3ameniieHre CKOPOCTH MOMBEMA, TABICHUS HA,
HAYAJIBLHON CTAIUM KOHBEK TUBHOTO TOPEHUS C BBE-
IEHUEM AJIIOMUHUS MOXKHO OOBSICHUTDL YBEIMIEHN-
€M 3aTpaT TeIJIa HA MPOTPEB U BOCIIAMEHEHUE
IOp, TI0 KOTOPBIM B MAJTLHEHNIIIEM PACITPOCTPAHS-
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HOMETPUUIECKON 60MOe mpu CrOpaHUU MepXJiopa-
Ta ammMonns (omerr Ne 223, M = 5.9 r); cmecn
5% ACIO-4 + 95% XA (Nel73, M = 6.7 r),
cvecn 44 % TATI-2 + 56 % IIXA (ombit Ne 107,
M=70r)

eTCsI KOHBEKTUBHOE roperune. bojsiee cuitbHOE BiIu-
sane uyacTul agoMuaus mapku [TATI-2 wa pas-
BUTHE KOHBEKTUBHOTO TOPEHUS BO3MOXKHO CBA3a-
HO ¢ obBomakuBaHumeM rpaHyil [IXA wacrumamn
ITAII-2, HamumumeM Ha 5TUX YACTUIAX, IOMUAMO OK-
CUIOHOU TUIeHKW, ci10s nepesuHa (mo 3.8 %), uaro
OOIIOJTHUTEJIBHO 3aTPYOHSAET IIPDOrPEB W BOCILIA-
MEeHEeHUe TI0p.

Bnusinne HauanbHOM NNOTHOCTU CMECH

Brnusaume HavambHOW MIOTHOCTH OOpPA3IIOB
U3y9aJloch HA CMeCax ¢ comepxkanmem 44 % asmo-
mvuaus (ACI-4 u ITATI-2). IlnorHOCTH BaphUpO-
Basack B mmamasone p = 0.58 <+ 1.48 r/cm® (mo-
pucrocts = 74 + 33 %).

B cnyuae cmeceit ¢ MAl-2 ysennuenne miaor-
mocru ot 0.58 1o 1.0 + 1.1 r/cm3 sarpynmser Bos-
HVWKHOBEHVE 1 Pa3BUTUEC KOHBEKTUBHOI'O I'OPDEHUA.
YBemumuuBaioTCS BpeMs 3aIepXKKM lg 7 HABIIE-
HUE Dg, IPU KOTOPBIX HAYMHACTCI KOHBECKTUBHOE
TOpEeHNe; CHUKAIOTCSI CKOPOCTH €r0 PacIpoCTpa-
HEeHUs U TeMII HAPACTAHUS MABICHUs IPU ONMHA-
KOBBEIX mimHax obpasmoB 40 mm (Ne 101, 106) u
80 mm (Ne 102, 107 Tabm. 1, puc. 4). Usmenser-
Cs XapaKTep POCTa, HABIICHUS B MAHOMETPUICCKON
6ombe. g cmeceir mmoTHOCTBIO (.58 I‘/CM3 opu
nnuHax obpasuos 40 u 80 mm (Ne 101, 102) Ha Ha-
YAIILHOW CTAOUN PETUCTPUPYETCS MHTEHCUBHBIN
IIOOBEM IOABJIECHUSA C ,Ha,J'II;HeleIHM 3aMenJIeHnEeM
TEMIIa €r0 POCTa. Y BeJIMUECHNE HAUAILHON IINHBI

CXXUTAHUU B MAaHOMETPUUECKOn Oombe cmecu
44 % TIATI-2 + 56 % IIXA npu pasHbIX HAYAID-
HBIX IJTOTHOCTSIX U OJIMHAX OOPAa3IIoB:

ombrT Ne 101 — L = 40 mm, p = 0.58 v/em®; Ne 102 —
L =80 v, p = 0.58 r/cm®; Ne 106 — L = 40
p=0.96r/cm®; N2 107 — L = 80 mm, p = 1.10 r/cn®

obpasia IPUBOANT K CHUXKEHUIO BPEMEHU 3aIePXK-
KI BOCIDIAMEHEHUS tg, BO3PACTAHUIO TEMIIA PO-
CTa OABIIEHUS, €r0 MAKCUMAJILHOTO 3HAUCHUS (CM.
puc. 4), CKOpOCTH Pa3BUTHUS KOHBEKTUBHOTO TOPE-
vt W. Ha ynmorsenssix no p = 1.0 <+ 1.1 I‘/CM3
ob6pasmax (Ne 106, 107) pocT maBieHus Ha HAYAITL-
HOIL CTaoun IPOUCXOOUT MEOJICHHEE W IIPDAKTU4Ie-
CKM He 3aBUCUT OT JIMHBI oOpasma. BeicTphIi
IONBEM MABJIEHWS PETUCTPUPYETCS B MAJIbHEH-
IIeM ¥, BEPOSTHO, OOYCIIOBIIEH BOCIJIAMEHEHUEM
MUCIEPrUPOBAHHON B3Becu. B3pbIBHOE pa3BuTHE
[IpoIiecca He PerucTPUPOBAIIOCH BINIOTH 10 MAKCH-
MAaJIbHON IJIWHBI 0Opa3lia, BO3MOXHOU B 6boMbe, —
80 mwM.

B cnyuae coctasa ¢ ACO-4 ¢ ysenmmuenmem
mioreoctu ot 0.64 mo 1.08 r/cm® mMuHEMAIL-
Hasg mamHa 3apsana Lpyin ¢, TPA KOTOPOX BO3HU-
KaeT KOHBEKTMBHOE TOpeHWe, CHAYaJIa IpPAKTHU-
UecKU He MEHSIeTCs, NP MaJbHEHIeM BO3pacTa-
Huz mioTHOCTH 10 1.36 1/ cM® OHA yBeTIUIMBACT-
csa mo 25 mm (cm. tabmn. 1). MuanManbras mnHa
obpasna Ly ¢, TPW KOTOPOW BO3ZHUKAET B3PHIB-
HOW TIpoItecc, Bo3pacranuu miioTaoctu ot (.64 mo
0.96 r/ cm? yMeHnbIaercsa ¢ 58 no 20 MM, mpu mo-
CITEIYIOIIIEM IIOBBIIIeHTE IIOTHOCTH 10 1.48 7/ oM’
nnuHa yBemuumBaercs mo 41 mu. IlaBmenwue, mpu
KOTOPOM HAUWHAETCS KOHBEKTUBHOE TOpEHUme, C
POCTOM IJIOTHOCTHU MEHSIeTCs C1ab0 U COCTABIISIET
~2 Mlla. Bpems 3amepx)ku BO3ZHUKHOBEHUST KOH-
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BEKTUBHOTO I'OpEHUSA C YBEJIUYICHUEM HAYAJILHON
moraocty ot 0.64 mo 1.36 < 1.48 r/cm® Bo3pac-
taet ¢ 18.9 mo 320 + 324 mc. B stux cmecax moce
CrOpaHus BOCINIAMEHUTEIS B T€USHUE MITUTEITHHO-
ro Bpemeru (=300 Mc) ropeHme mpoTeKaer mep-
BOHAYAJIBHO B MOCJIONHOM pexume. Ilapierue p,
OpU KOTOPOM BO3HWKAET B3PBIBHOI MPOIECC (mpm
mmmaax obpasna Liyine), ¢ yBemmaenmeMm mior-

Hoct: ¢ 0.64 mo 0.96 r/CM3 HECKOJIBKO CHUXKa-
erca (Ne 453, 186), a mpum majbHEHIIEM U3MeHe-
Huw moTHOCTH 10 1.48 T/cM® — Bo3pacTaer no
11 MITa (Ne 445).

B [4] mokazaHO, UTO HpUM INIOTHOCTAX P =
1.84 + 1.94 r/cm® obpasmer w3 cmecn IIXA c
44 % ACI-4 mmuuon 71 <+ 74 MM cropaiu B KOH-
BEeKTUBHOM pexuMe (6e3 B3PBIBHOTO IIPOIECCA) B
nHTEepBaje masieHun ot 23 -+ 82.5 Mlla. Ilpmu
p=20r/ CM3 KOHBEKTHBHOE TOpeHme He yOaJioCh
peann3oBaTh BILIOTH no masieHus 73 Mlla.

Taxum obpazom, nas cmecu 44 % ACI-4
+ 56 % IIXA cymecTByeT ompeneseHHOe 3Haue-
Hue WIOTHOCTH (OKOJIO 1 I‘/CM3), Ipu KOTOPOI
oHa HamboJlee B3PHIBOOMACHA, NUMEET HAMMEHbBIIINE
3HAMEHU AIUH Linin ¢ 1 Liping

Bausiuue pobaskn yactuuy noJIMMETUNMETAKpUIaTa

Brnusaue opraHuveckoir moOGABKU IMOTIMeE-
runmverakpuiaara ([IMMA) ¢ pasmepom wacrun
~10 MxM mccrenoBanock Ha cmecax [1XA ¢ amo-
vuauem ACJII-4, comepxarmmux [IXA B u3bbiTke
(95 %) mam menocratke (56 %) mo oTHOmEHMIO K
crexuomerpuu. [lomumep BBOOUIICS B KOMMUIECTBE
1, 2, 4 % ceepx 100 % cmecn.

B cnyuae coctaea 5% ACO-4 + 95 % MXA Bse-
neaue 1 u 2% TIMMA He u3MeHsSeT MUHUMAJIb-
HYIO BBICOTY 06pasna Ly . = 40 MM, Ha KOTOpOI
BO3HUKAET KOHBeKTUBHOE roperue (tabi. 2). [Ipu
yeemmuennn kommdectsa IIMMA mo 4 % smaue-
Hue Ly, o cHEXKaeTcs no 32 mm. [Ipm sTom xe
KonmaecTBe nobaBkm HaumHast ¢ Ly o = 40 Mm
perucTpupyercst B3PBIBHOI mporecce. s cvecn
6e3 IIMMA u nipm ero comepxanuu 10 2 % B3PbIB-
HOW IIPOITECC He HAOITIONAICS BILIOTH 0 MITUHBI 00-
pasna 80 MM, pa3BHBAJIOCH TOJILKO KOHBEKTUBHOE
ropeane. CKOpOCTH €ro pacupocTpaHeHus (mpu
L = 80 mm) Beime mas cmecein ¢ [IMMA.

IIpu BBICOTaX OOpasma, PABHBIX MUHUMAJIIb-
HBIM AiuHAM Lpyip o = 32 -+ 40 MM, mpu KOTOPBIX
BO3HUKAET KOHBEKTWBHOE TOpEHUE, 3HAUECHUS g,
(dp/dt)max 7 cpennee 3HaueHne W mpaxruaeckn
He MeHAITCa npu BeeneHnu 1 <+ 4 % mobasku, a
MaKCUMaJIbHOE HaBjeHue B OoMOe Py, yBeImInBa-

ercs.

B cnyuae coctasa 44% ACO-4 + 56% MXA
Beenenue [IMMA cunbHee BiusgeT HAa BO3ZHUKHO-
BEHIE M PA3BUTHE KOHBEKTUBHOTO TopeHms. Mu-
HIMAJIbHAS BBICOTA CMECH Lpip ., TPH KOTOPOX
HQUYUHACTCA KOHBEKTUBHOEC TOPEHUE, YMCHBIIIACT-
csa ¢ 18 mm (6e3 TIMMA, Ne 110, Tabu. 1) mo 5 mm
(4% IIMMA, Ne 183, Ta6i. 3). MunnmasbHas BI-
cota cMmect Ly, ¢, COOTBETCTBYIOIMIAS BOSHUKHO-
BEHUIO B3PBIBHOTO MPOIECCA, U3MEHAETCS Cadee:
npu nobaske 1% IIMMA ona camxkaercs ¢ 20 mo
17 MM n HE MEHAETCS IPY TIOCIIEMYOIIEM YBeIImYe-
wun [IMMA o 4 %. Oro snavenue Ly, o aBiset-
€Sl HAUMEHBITTUM IJIs ucciemyeMbrx cmecein ACJII-4

¢ [IXA.

BbIBOAbI

e Y CTAHOBIIEHO, UYTO B BBICOKOIIOPUCTHIX CMe-
CeBBIX COCTABAX MEPXJIOPATA AMMOHHUS C AaJIio-
MUHUEM 3aME€Ha C(pepﬂquKHX JaCTUIl AJIIOMUHUA
ACH-4 ma uermyituatere [TATI-2 mpuBonuT k 3a-
MEIOJICHUIO Pa3BUTUIA KOHBEKTUBHOTO TOPDEHUA 1
YBEJIMUYEHWIO BBICOTHI 00pasIa, Ipu KOTOPOR BO3-
HUKAET B3PLIBHOU PEXUM.

e OOHADYXEHO  HEOMHO3HAUHOE  BIIASHUE
UIOTHOCTU HA CMECH MEepXJIopaTa aMMOHUS
¢ 44 % amoMumHUS ¢ YACTUIAMEA Pa3InIHON
dopmbr.  [lpm  wCmONMB30BAHUU — UEITYUIATOTO
amomuuang [TAII-2 yBeaumueHme INIOTHOCTH C
0.6 o 1.0 + 1.1 r/cm® sarpynmser passuTze
KOHBEKTUBHOT'O TOPEHUI M B3PBIBHOTO IIpOLECCA.
s cmeceit co cpepuueckum amomunanem ACJII-4
pa3BUTHE KOHBEKTUBHOTO TOPEHWS ¥ B3PBIBHO-
0 TPOIeCCa MpPU POCTE MIOTHOCTA B TOM XK€
MUAIA30He YCKOpsIieTCs. 3aMeyieHue pacIpocTpa-
HEHUS KOHBCKTUBHOTO TOPDEHUSA W YBEJINYCHUEC
MUHUMAJIBHBIX [IJIMH 00pa3loB, OpU KOTOPBIX
perucTpupyeTcs B3PBIBHOU IIPOIECC, TPOUCXOOUAT
Opyu MAJIbLHEUIEM MOBBIIMIEHUY ILIOTHOCTU MO0
1.36 + 1.48 r/cm3.

e JloGaBiieHne OPraHUYECKOTO TOPIUEro —
MOJIMMETUIMETAKPUIIATA, 00JIErdaeT BO3HUKHOBE-
HIE€ KOHBEKTUBHOI'O TOPEHHUI MW €ro mnepexom BO
B3PBIBHO PEXWM TP WCIOJIB30BAHAU CMecen
mepxjopara aMMOHEMA ¢ 5 m 44 % amoMuHRA
AC]II-4 macemnol mwiorHocTn. Hamnbosee sdpdek-
TUBHOE HefcTBUE MOOABKU HAOIIIOMAETCS IIPU CO-
nepxaaum 44 % amomMuHMS.
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