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PaCCManMBa@TCﬂ cicTemMa ypaBHeHI/IM ra3oBov AMHaMUKM ropeHns Ha OCHOBE MCXOAHbIX MOHATUN «HOPMaJlbHasA CKOPOCTb» A «MOBEPX-
HOCTb roOpeHus». Typ6yl7(:’HTHOE‘ n1ams ONUCbIBAETCS OLHUM HENMHENHbBIM I'lapa60/7M‘~I€CKMM YypaBHeHneM. ”pOBE‘,[{E‘HbI pac4eTtbl B3PbiB-
HbIX MpoLeccoB B pr6ax A/15 pAfa ropoymnx cmecen. CpaBHeHMe TeopeTndeckmnx AaHHbIX 10 4JIMHe 1 BpeMeHU repexoda measeHHoro
FOPeHVA B 4eTOHAUMIO C SKCNeEPUMEHTalIbHbIMW PE3Y/ibTataMy MOKa3bIBaeT VX yLAOBIETBOPUTEIbHOE Corfiacme.

Wznoxennsie B [1] paccyXaeHust MPUBEIN K TIPe-
CTaBJIEHUIO O TypOYJEHTHOM IJIaMeHU B TpyOe paanyca
@ KaK O XaOTWYECKM OJyXmaroleil IMOBEPXHOCTH C
(pakTajIbHOI pa3MEPHOCTBIO d, T/IE €€ SIEMEHTAPHBIH
Y4acCTOK JBMXKETCS OTHOCHUTEIBHO Ta3a ¢ HOpMaIbHOMI
CKOPOCTBIO U, TaMUHapHOTo TutameHu. [loBepxHOCTh
TOPEHHS TOIOJOTMYECKN MOXET OBITb M MHOTOCBS-
3HOI. Bechb ra3 cocTouT U3 AByX KOMIOHEHT — CBEXeil
CMecH ¢ MaccoBoii noneii C (KOHIIEHTpaLueit) u mpo-
nykra ropeHust. Kak u C, Bce TepMOAMHAMUYECKUE U
TUAPOIMHAMUYECKHE ITapaMeTphl ITOTOKA Ta3a 1o OT-
HOILIEHHUIO K TMAPOAMHAMMYECKOMY XaoCy MMEIOT Ta-
KOM X€ CMBICJI CPEOHUX BEIUYMH, KOTOPBI OHU UMe-
10T B HEe TYpOYJIEHTHBIX Cpelax 10 OTHOIICHMIO K Xao-
CYy MOJIEKYJISIpHOMY. T.€. OcTaroIuecss MaKpOoCKOIMIe-
CKMMU BPEMEHHBIE ¥ IIPOCTPAHCTBEHHBIE MAaCIITAOBI
TypOYJIEHTHOCTM MHOTO MEHbIlIE aHAJIOTMYHBIX Mac-
mTaboB paccMaTpUBaeMbIX HIXE IpoleccoB. s
MJIaMEHW B TaKOM MaKpOCKOMMYECKOM OINMHUCAHUU
MOXHO BBecTH K03 buuueHT nuddysuu D [2]:

Dzzaun(1+3%')“', s=d, -2, 1)

conepxaiieil TypOyJIeHTHYIO MyJIbCaLUIO U’ CKOPOCTH
notoka rasa. [IpespailieHue UCXOMHOM CBEXei cMecH
B MPOAYKT TOPEHUS OIUCHIBAETCH BBIPAXECHUEM IS
CKOPOCTH XMMMUIEeCKOI peakimii O

@(C)z%"(H BZ—)"’C(I—C)Z, )
NPUXOASIINM Ha CMEHy 3aKOHY AppeHuyca. CBoboj-
HBII TapamMeTp B 3aBUCUT OT CBOWCTB Ta30BOM CMECH.

Cuctema ypaBHeHUI ra3oBon AUHaMUKN FOpPeHust

ITyctb p, p, T u — CpefiHUE TIO CEYEHUIO TPYObI
JlaBjieHKe, TUIOTHOCTh, TeMIepaTypa U CKOPOCTh Tasa.
B 061mux ciyyasx 0e3 orpaHM4eHUI Ha CKOPOCTh IBU-

XeHUs! TypOYJeHTHOTO TIaMeHM, ra30AMHAMUYECKHE
napaMeTpbl U KOHLIEHTpalus cBexeit cMecu C, MOTYT
OBITh HalIEHBI peLlICHNEM YpaBHEHMIA [2]
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rne Q — TerioBoit 3(h(PeKT TopeHus TopIoYeii Ta30Boit
CMECH C TEMIOEMKOCTBIO ¢, IPU MOCTOSAHHOM JIaBJie-
HUW ¥ Ta30BOM TOCTOSHHOM R,; y — MOKasaTeb ajiu-
abaThl; f, X — BpeMs U KOOpAUHATA BIOJIb OCH TPYOBI.

VpaBueHust (3) He 3aMKHYTBL: HE XBaTaeT CBS3M
MEXIy MyJbcalieil CKOPOCTH M CKOPOCTBIO # TIOTOKA
raza. Taxxe cucreMa (3) momkHa OBITH JOIOJHEHA
CBSI3bI0 (DpAKTAIbHOM pPa3MEPHOCTH C IapaMeTpoM,
XapaKTepU3YIOIIMM TypOyJaeHTHOe TiamMsl. Takwx Ta-
PaMeTpoB 3ech ABe: uncao PeitHonbaca Re u oTHome-
HUe u/u,. B nanbHeiiniem Mbl OyleM MOJb30BATHCS
mpocreiitueii Gopmyoit 3ambikarust [3] u=VAlu. Uto
KacaeTcsl (pakTaJbHOM pPa3MEPHOCTH TOBEPXHOCTH
TOpeHHs, TO (QYHKIMOHAIBHYI0 3aBHCHMOCTD
d=d(Re,u/u,) T0Ka He yIaeTCA YCTAHOBUT.

Ha psine mpuMmepoB TOKaxeM HEMpOTUBOPEYM-
BOCTb Yp. (3) paHee ycTaHOBJIEHHBIM TEOPETUUECKUM 1
3KCIIepUMEHTaIbHbIM (akTaM. M3BectHO [4], uTO C
TOYHOCTBIO O OLIMOOK 3KCIEPMMEHTa KOHIEHTpa-
LMOHHbBIC M TEIJIOBbIE Mpeaesbl JaMUHAPHOTO Tope-
HUS U IeTOHAIIMK WM COBIIANAIOT, MJIM MaJio pa3inya-
10Tcs. B kayecTBe mpumepa B Ta01. 1 mpUBeIEHbI 9KC-
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MepUMeHTATbHBIE JaHHBIE MO KOHIEHTPAIMOHHBIM
npeaeiaM JeTOHAMK ¥ HOPMAJIbHOTO pacipocTpaHe-
HUs IJTaMEHU psifia Ta30B B cMecu ¢ BozayxoM [4]. U3
(3) cnenyet, yTo 3TU Mpeebl coBmagawT. JeicTBU-
TeJbHO, eciu #,=0, 4TO MMeeT MeCTO 3a KOHLIEHTpa-
LMOHHBIMM TIpefesaMu, To yp. (3) OyayT onmuchiBaTh
XUMMYECKU MHEPTHYIO CPey, TIe 3aBEIOMO HE MOXKET
OBbITh HY JETOHALIMYU, HU MEAJIEHHOTO TopeHUsl. Takum
00pa3oM, copMyaupoBaHHasI MOJE/b TOPEHHUS Ta30B
M0 KOHIICHTPALIMOHHBIM TIpeeNaM IBYX TpeaeTbHBIX
PEeXUMOB — Jedarpallii U IeTOHALIMU He MPOTUBO-
PEUUT SKCIEPUMEHTY (BO3MOXHOCTh ONMCAHUS JETO-
HALIMOHHOTO rOpPEeHMsI TI0Ka3aHa HUXeE).

Tabnuua 1. KoHUEHTPaLUMOHHble npeaesbi AeToHaumu U Meg-
JIEHHOIO ropeHus /18 PAAA ropioYmx ra3oB B CMecu ¢

BO34yXOM
KOHUEHTpaLWOHHbIM Npeaen AeToHaLum (M HopManb-
[optoyee HOrO PacnpOCTpaHeHWs nnameHn), %
HuxxHMI BepxHui
JTaH 2,87 (3,0) 2,57 (2,20)
MponaH 1,98 (1,90) 3,32(3,10)
ByTaH 3,55 (2,25) 12,2 (12,5)
STuneH 7,37 (9,50) 6,18 (8,50)
Mponwnex 14,7 (32,0) 10,4 (10,8)

B [5] ananu3om yp. (3) mokazaHo, 4TO B OJHOPO.-
HOIi TypOyJIeHTHOI cpefe (u'=const) IIaMs pacrpo-
CTpaHSIETCsI CO CKOPOCTBIO

u, =u,(1+Bu'/u,)’, 4

W UTO OHa SIBJISETCS COOCTBEHHBIM 3HAUSHUEM HEJH-
HeltHo# KpaeBoii 3amaun. [TocnenHee oOCTOSITETBCTBO
SIBJISIETCS] OMHUM M3 BaXXHEHIIIMX MaTeMaTMYeCKUX Xa-
PaKTepHMCTHUK BOJIH TopeHus [6]. [Ipu oTcyTcTBUM Typ-
OyJIEeHTHOCTH CKOPOCTh TUIAMEHM B TOYHOCTH paBHA
SKCIIEPUMEHTAIILHO HA0MONAEMOMY 3HAYEHMIO: U=,
Eciau MHTEeHCHBHOCTb TYPOYJIEHTHOCTH BBICOKA, TO BbI-
paxeHnue (4) nepexomut B opmyny Bumonosa-Kiu-
MoBa. T.0., MCIIOb3yeMBle TPEACTABICHUS TOPEHMS,
OCHOBAHHBIE Ha TTOHATUSX «[TOBEPXHOCTb TOPEHUSI» U
«HOpPMaJIbHAs1 CKOPOCThb IJIAMEHW» HE TPOTUBOPEYAT
M3BECTHBIM TIOJYSMIIUPUYECKUM U CTaTUCTUUECKUM
MoJXomaM B TEOpUM TypOyleHTHOro ropeHusi. bonee
TOrO, €CJIM paHee YKcio s B hopMyne Bumonosa-Kiu-
MOBa ITPUCYTCTBOBAIO KakK (POpMasbHbIIA MapaMeTp, TO
3lI€Ch OHO MMEET SIBHYIO T€OMETPUYECKYIO TPaKTOBKY,
YKa3bIBasi HA MEPY CIOXHOCTH MOBEPXHOCTU TOPEHMUSI.

Pacyer nepexoja mepJjieHHOro ropeHusa B geToHauuio

[Tepexoq MeaJEHHOTO TOPEHUS B JETOHALIUIO ObI-
CTPOTOPSILIMX CMECEl M3yyasics Ha OCHOBE CHCTEMbI
(3), B KOTOPOI1 IMepBOE ypaBHEHME MTEPEIICAHO B yI00-
HOIA 1151 YUCTIEHHOTO peliieHus (hopMe U BCEM YpaBHe-
HMSIM TIpuIaHa quBepreHTHas ¢opma. Ilepexon x 0e3-
pa3MepHbIM BEJIMYMHAM TPOBOAMICS MO CIAEAYIOUINM
MaclITabHbIM MapamMeTpam

2
u, :Z/I”M, p* :ponp* :Poun 2
t.=alu,x,=aM,M =\|p,/ pu’.

n’
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3mech p,, py — HauyajibHble 3HAYEHUS NABICHUS U
TUTOTHOCTH Ta30BOM cMecH. YMCIeHHO pelnainch ypa-
BHEHUS B 6€3pa3MepHBIX MEPEMEHHBIX:
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Bripaxenue mist KoapouimeHTa COpoTUBICHUS
A (popmyna Hukypanze) B3aro u3 [7]. Koaduuuent
KUHEMATHYECKOM BA3KOCTU V CUUTANICS TIOCTOSTHHBIM.

ChopmynupyeM HavyaibHbIe ycaoBusl. [1pu BeiBoae
BeipaxeHuit st @(C) (1) u D (2) 3aBegomMo mpeamnona-
raetcs Hajauuue (poHTa ropeHusl. ITo 03HAyYaeT, YTo
yp. (3) unu (5) NPUHLIMIIMATIBHO HE MOTYT ONHUCHIBATD
CTaIMI0 BOCIUIAMEHEHU Toproveii cMecu. HavanbHoi
MOMEHT TOPEHUS [OJLKEH MOJEIMPOBATHCA METOLAMU
KJIaCCUYECKOM TEOPUU TOPEHMS, U3JI0XEHHOI, Halpy-
Mep, B [6]. [losTomy mpm pemenun (5) HayaabHBIE
yCJI0BMSI HEOOXOMMMO 3a/1aBaTh B BUE c(HOPMUPOBAB-
merocst GpoHTa MJIaAMEHU.

[ToTepu Tema B CTEHKY TPYOBI B pacueTax He y4u-
ThIBatoTCs. Hauaso B3pEIBHOTO ropeHMs TIPOMCXOINT B
LIEHTpPe TPYObl HEOTPAHUUEHHOM ATMHBIL. DTO 9KBUBA-
JIEHTHO 32XUTaHUIO Y 3aKPbITOi YacTu Mpy anuabdaTu-
YeCKUX YCIOBHUSIX Ha XECTKOM TOpIIE.

Havambable YCJIOBUA UMCIOT BU:
p=15,C=0,u=0,p=03, ma—c<x<+g; (6)
p=1,C=1Lu=0, p=1- g opyrux x.

KoHcraHTa & monbupanach TakumM 00pa3oM, YTOObI
pa3mMep 00J1aCTh «HaYaIbHOTO» TOPEHUSI ISl BCEX CMe-
ceit ObI10 paBHBIM 3a. ITokasaTesh annadaTsl U Ko3g-
(buLMeHT KUHEMaTYeCcKoii BA3KOCTH Opaich paBHbI-
mu 1,4 u 1,5:107° m*/c. Paguyc tpy6st a=1,3-102 m.

Cucrema yp. (5, 6) pelianach YUCIEHHO IO SIBHOI
2-10 TOpSIAKa TOYHOCTH 1O MPOCTPAHCTBEHHOM KOOp-
nuHate cxeMe TogyHoBa-KonraHa.

MopenupoBaHue Iepexoa MeJJIEHHOTO TOPEHNS B
JeToHalulo IpoBoguiock g cmecedr 4H,+0,,
2H,+0,, H,+0,, H,+20,, CH,+20,, C,H,+Bo3nyx,
2C0+0,, Mo KOTOpBIM MMEIOTCS HamOojee IMOJIHbBIE
JKCIEepPUMEHTAIbHBIC JAHHBIE, BKITIOUAs YCIOBUS ITPO-
BeJICHUSI ONBITOB. Bce HavanbHBIE JaHHBIE COOTBET-
CTBYIOT HOPMAJIbHBIM YCJIOBHSIM.

CpaBHeHME pacueTHOW IMHBI R, TpeaneToHa-

LIMOHHOI'0 YYaCTKa U BpeMEHU f), TIepexona MeJJIEHHO-
IO rop€Husda B AC€TOHALIMIO C 3KCIECPHMMEHTaJIbHbLIMU
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naHHbIMU [8—10] mokasbIBaeT MX YAOBIETBOPUTETLHOE
cornacue (tabi. 2). OcHOBHBIE pa3MepHBIE ITAPaMETPHI
(HavanbHBIE JaBICHWE W TUIOTHOCTH TOTUTMBHON CMe-
CM, TeroBoX 3GhdeKT peakuuu, HOpMaubHas CKO-
POCThb MJIaAMEHU U TIp.), onpenensiomue R, U t,, OTBe-
YaloT YCJIOBUSIM TPOBEAEHUSI SKCIIEPUMEHTOB.

Ecnu mapamerp B momoOpaH [Jisl COINIaCOBaHUS
pacueTa ¢ 3KCIepUMEHTOM, TO 0JIM30CTh 3HAUYEHMUSI T10-
KazaTessl S K eIMHMIIE JIeTKO 000CcHOBaTh. B akcrepu-
MEHTAJIBHBIX UCCIIeN0BAaHUSX (haKeJIbHOTO TYpOYJIeHT-
HOTO TOPEHUs Ta3oBbIX cMecell 3HaueHue s~0,7...0,8
[10]. ITpu cumbHOM TYpOYJIEHTHOCTH, MMEIOILE MECTO
B TIEPUOJ YCKOPEHUS MIaMeHU, (DpaKTabHas pasMep-
HOCTb IIOBepXHOCTH TopeHus s— 1. Ho mpenensHO 10-
TyCTUMOE 3HaueHue s=1 (T.e. d=3) peannsyerca TUILb
npu Re=o0. [ToaToMy 31ech u ganee s=0,8...0,9.

Tabmuua 2 CpaBHeHvie Teopum ¢ IKCNEPUMEHTOM MO orpesesne-
HWIO MPOTAXEHHOCTY MPeaaeTOHaLMOHHOIO y4acTka
Ro/2a v BpemeHu nepexoga ty

Ro/2a
TEOP. SKCM.
45 [ 38 [ 14 | 12
86 | 92 | 95 | 83
54 [ 79 | 59 [ 3.

tp, MC
CMmech B(s) 0

TEO0P. K.

2H,+0, 25
H,+20, 15
4H,+0, 30

CH,+20, 20 57 56 2,1 21

1,81
1,61 1
1,41
1,24 3
1,01
0,81

GHy+B0o3ayx 22
2CO+0,

67 92 5,7 6,1
396 | 375 3,8 3,0

(0,8)
(0,9
(0,8)
H;+0, 30009 | 44 | 4 16 | 18
(0,9)
(0,9)
(0,9)

DBoMOLKS pacrpeneeH s JaBIeHUs U CKOPOCTH
ans cmecu H,+20, npuBeneHa Ha puc. 1-3, 11s cMecu
CH,+20, — Ha puc. 4—6. LieHTpy cCHMMETpHH COOT-
BercTByeT x=0. Ha OoCTalbHBIX pUCYHKAX MHAEKCHI Y
CHMBOJIOB YKa3bIBAIOT Ha TPUBEIEHHBIE B MOAPUCY-
HOYHBIX TTOAIMCSIX MOMEHTHI BpEMEHH.

[Tpu cBepx3BYKOBOW CKOPOCTU MBUXEHHUS TypOy-
JIEHTHOTO TITAMEHU B €T0 00J1aCTH PacTooXeH!sT Ha-
0J1101aI0TCS OBICTPHIE MPOCTPAHCTBEHHBIE M3MEHEHMS
BceX (pU3MUECKMX TTapaMeTpoB (puc. 1, ), XapakTepu-
3yIOIIMX ropeHue. Tak Kak 3HaueHUe TPUBENEHHOMN
ckopoctu xumudeckoit peakimu O(C) mpakTiecKu
HEJTMKOM OTIpenessieTcs TypOYJIeHTHON COCTaBIISIO-
IIei, TO MONOXEHUEe MAaKCUMYMOB Ha Mpodue CKOpo-
ctu u comanaeT ¢ Makcumymamu ®(C). OkpecTHOCTH
ToueK MakcuMyMoB pyHKImU ®(C) MOXHO CUMTATh,
KaK 1 B KJIACCUYECKOH TeOpHH JJAMUHAPHOTO TOPEHMS,
o0acTsIMU JIOKaIM3aluy TYpOYJIEHTHOIO ILIaMEHHU.
OHM XapaKTepu3yIOTCsl BLICOKOM TeMIepaTypoil 1 Obl-
CTPbIM W3MEHEHWEM KOHILIEHTpAllMU UCXOAHOTO Mpo-
nykta. Ha puc. 1, 6, BUmHBI Ba CIeAYIOLIMX IPYT 3a
JIpYTOM TYpOYJEHTHBIX IUIaMeHHM. Takasl JBOMCTBEH-
HOCTb OOBSICHSIETCS TEM, UTO 3a TIEpBBIM (PPOHTOM TYp-
OyJIEHTHOTO TIaMeHM (OpMUpYeTcs BOJHA pas3pexe-
HUSI, TJIe CKOPOCTD rasa (Kak U JaBJeHKE U TIOTHOCTD)
OBICTPO MafaeT. DTO BIEYET 32 COO0I CHIKEHIE CKOPO-
ctu xummdeckoii peakimu @(C). B pesynsrate ncxon-
Hasl cMech He ycreBaeT cropeth. Bo BTopom (poHTe
MJlaMEHM CHOBa aKTUBM3MPYETCS CKOPOCTb TOpPEHUS,
9TO BHOBb COIPOBOXIACTCS MHTEHCH(UKAIIEH Tope-
HUSI, POCTOM JABJICHMSI, CKOPOCTH Y TUIOTHOCTH Ta3a.

00 05 1,0 1,5 20

Puc. 1. Cragua yckopeHusi ¢poHTa nnamenyn B cmecn H,+20,

anata)7,2,6)9,0mc1-p,2-u,3-p,4-C

CKopocTb IBMXEHUS] BTOPOro (hpoHTa TypOyJIeHT-
HOTO TOPEHUS TIPEBLIIIAET CKOPOCTD MePBOT0. DTO 00-
YCIIOBJICHO T€M, YTO Ha TIPOIIECCHI TOPEHUS, COTTIACHO
NPUHATON 3/eCh MOJENM, CYIIECTBEHHBIM 00pa3oM
CKa3bIBACTCS BIMSHUE Ta30IMHAMUUYECKUX (HaKTOPOB.
CkopocTu JBMXeHUSI (DPOHTOB TOPEHUS 3aBUCST OT
XapakTepa 3BOJIOIMHU (CIEAyIOIUX APYTr 3a APYroM)
yIapHBIX BOJH, KOTOPbIE CAMM K€ MX TeHEPUPYIOT.

Eciv cKopocTh MIaMeH! MEeHBIIE CKOPOCTH 3BYKa
B MCXOJHOM CMECH, TO TIPOCTPAHCTBEHHOE PacIIpeje-
JIEHHE Ta30IMHAMUYECKHX TTapaMETPOB 1 KOHIIEHTpa-
mun C rmagkoe, 6e3 SPKO BBIPaKEHHBIX W3JIOMOB
(puc. 1, a). 3mech MaKCHMaJIbHast CKOPOCTb Ta3a coCTa-
BIIIET HECKOJIBKO HECSITKOB M/C, a CKOPOCTb TypOy-
JIEHTHOTO TUTAMEHM OTHOCHTENIBHO Ta3a HEMHOTUM
MPEBBIIIAET CKOPOCTh JAMUHAPHOTO FOPEHMUS U,

Ha puc. 1, a, oTYeTIMBO BUIHA B TOUKE X~2,6 cla-
0as BoJIHA CcxKaTusl Briepenn (poHTa TJIaMeHU, Halu-
Yiie KOTOPOi 00YC/IOBIEHO HAYaIbHBIMU JAHHBIMU (6).

Ha puc. 2 mprBeneHbI 3Tarmbl GOPMUPOBAHMS TETOHA-
LIMOHHOTO pexXuMa ropeHusi. Bropast BojHa TypOyeHT-
HOTO TOPEHNS 31eCh YXe JOTHAIIA TIEPEIHIOI0 BOJTHY, B pe-
3yJbTaTe Yero 00paszoBaiach 0mHa 00J1acTh TypOyIeHTHO-
IO TOpeHusl ¢ 0osee BHICOKOM CKOPOCTHIO XMMMYECKOM
peaKimu, GOJBIIMMI CKAYKaMK Ta30IMHAMITIECKIX TTa-
paMeTpoB, YeM TepBble 1Be. [ocie Takoro CIMSHMS BOJH
TypOYJIEHTHOTO TOPEHMS TTePeXO MEIUIEHHOTO TOPEHNS B
JETOHAIIMIO e11le OOJTbIITE YCKOPSIETCS.
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401
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Puc. 2. BO3HUKHOBEHWE [ETOHAUMOHHON BOJHLI B CMECH
H,+20, anat: 1) 9,4, 2) 9,7, 3) 9,9 mc

404
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P,
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104 /
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00 05 10 15 20 25 30
X

6-
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P

/
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00 05 10 15 20 25 30

X
Puc. 3. [lepexon nepecxarov AETOHALMOHHOU BOJIHbI B CTALMO-
HapHyo B cmecy Hy+20,

22

BonHooOpa3Hblit Buj pacrnpeneiieHnit AaBieHusl,
CKOPOCTH M TUIOTHOCTH 32 (PPOHTOM IIIaMEHH BBI3BaH
OJyXmalouMi BO3MYILEHHUSMHU, BO3HUKIIUMHU TIPU
JIOTOPaHWM OCTAaTKOB CBEXEM CMECH, M YACTUYHO — MPU
CITMSIHUAY JIBYX TIEpBOHAYAIbHBIX (PPOHTOB TYpOYJIEHT-
HOT'O ropeHusi. OTU BOJIHbI, B3aUMOJIEHCTBYS C YIapHOI
BOJIHOM U «CTEHKOI» (C LIEHTPOM CUMMETPUM), C Teue-
HUEM BpeMeHM wucyesatoT. Ha goctaTroyHo OOMbLIMX
BpeMeHaX, KOraa 3aBeplleHo (OPMUPOBaHUE CTAIMO-
HapHOI eTOHAIIMOHHON BOJIHBI, a MOCAEAHSS 3HAUM-
TENTBHO YIaJeHa OT CTeHKH, OMyXKIaloITHe BOJTHBI TIpaK-
TUYECKU He HabmoatoTcsl. MakcuMyM JaBleHuUs HaXo-
JIMTCS BCeTia HEeMHOTO Briepeau miameHu. [TonoxeHue
TOC/IeIHe OTpeesIeTCs 0 MAKCUMYMY CKOPOCTH XU -
MIJecKoi peakimn. O6pa3oBaBIIasCsS BIIOCIEICTBIN
repecxarasi JeTOHALMOHHAS BOJIHA (PUC. 3) BHIXOAUT C
TeYEHUEM BPEMEHH (C TOYHOCTHIO JI0 OIIMOOK arpoK-
CUMallM) K PEeXUMY, COOTBETCTBYIOLIEMY Ha JIETOHA-
LIMOHHOI anuabaTe Touke YemmeHa-XKyre. Dkcnepu-
MEHTaJIbHOE 3HAYeHNE CKOPOCTH IETOHAIIMOHHOM BOJI-
Hbl B cMecn Hy+20,~1927 m/c. PacyeTHast ke ckopocTb
B UcIosb3yeMoit Moaenu — 1857 m/c. Takxke HECKOIIbKO
3aHIKEHHOM 0Ka3aJoch OTHOIIEHKE MIOTHOCTH ra3a B
VIapHOii BOJHE p,, K py: 5,6 B7MecTo 6,0.
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Puc. 4. Yckopenve cnabo TypbyneHTHOro naamMeHu B CMecu
CH,+20, ansit:a) 0,79,6) 1,18 mc; 1-p, 2 —u,3=p, 4 -C

KauecTBeHHas KapTuHa pa3BUTHS Mpoliecca mepe-
X0jla MEIJIEHHOTO TOpeHUsl B JAETOHAIMIO A CMECU
CH,+20,, He oTM4aeTcs OT TOM, YTO UMeeT MECTO IS
cvecu H,+20,. 3pech Toxe MoryT HabmogaThCs IBa
(ppoHTa (BOJHBI) TypOYJIEHTHOIO TopeHust (puc. 4, 5).



EcTecTBEHHbIE HayKun

Ha puc. 4 nokaszaHo mnocjenoBarebHOE Pa3BUTHE BTO-
poro (¢hpoHTa, KOTOPbI ABUXETCS U YCUITMBAETCS ObI-
cTpee mepBoro. B HeM cKopocTh TypOyJIeHTHOTO Tope-
HUS TIOKA ellle OTHOCUTENbHO Hu3Ka. Eciin muk nasne-
HUA B TiepBoit BojiHe 3a BpeMs oT 0,79 (a) mo 1,18 (6)
MC YBEJIMYMIICS BCEro Ha efl. %, To BO BTOPOIl BOJIHE
JaBJIeHKE BO3POCJIO IPUMEPHO B 1,4 pa3a OT mepBOHa-
YaJIbHOTO 3HaueHUs. DBONIOLMOHHOE Pa3BUTHE BTO-
poro ¢ppoHTa TypOyIEHTHOTO TOPEHUS UIET CTONb ObI-
cTpo, uto yepe3 emie 0,24 mc (puc. 5, a) aMIUIMTYAa 1a-
BJICHMS B HEM CTaHOBUTCH B 1,68 pa3a GoJbllie aMILIH-
TY/BI JABJIEHUS B TIEPBOM (DPOHTE TOPEHUSI.
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Puc. 5. ®poHT TypbyneHTHOro nnameHm ¢ AByMs o4aramu rope-
Hus B cMecn CH,+20, ana t: a) 1,42, 6) 1,71 mc; 1 = p,
2-u3-p,4-C

TaxKe CUIBHO Pa3MYaroTcs M CKOPOCTH IBIDKECHUS
YKa3aHHBIX BOJH TypOyJeHTHOro TopeHns. CKOpocTh
TIepBOI BOJTHBI MEHSIETCSI CO BpeMeHeM ¢J1a00, Ha puc. 4,
5 oHa ~1100 m/c. CKOpOCTh ABIXEHUSI BTOPOI BOJHBI
OBICTPO pacTeT; ec/i B MHTEpBaJIe BpeMEHU Ha puc. 4 oHa
HMEET CPEIHIO CKOpocTh ~300 M/C, TO B IPOMEXYTKE OT
1,18 (puc. 4) no 1,58 mc (puc. 5) coctapmser ~2000 m/c.

HecMmoTpst Ha He3HAUUTEIbHOE OTIINYME ITOM BeJIH-
YMHBI OT CKOPOCTM CTAllMOHAPHON JETOHALIMOHHOM
BOJIHBI 2146 M/C TUKY JaBleHUS ¥ IUIOTHOCTU B yaap-
HOW BOJIHE Briepeau (ppoHTa miaMeHu (puc. 5) B 1,5 u
Oojiee pa3 HIKe, 4eM IpH JETOHALIMOHHOM TOPEHUM.
CinustHue OByX BOJH TYpOYJIEHTHOTO TOPEHUS B OIHO
1IeJI0€ TIPOUCXOINUT KO BpeMeHH 1,86 Mc. B 3ToT MOMeEHT
00J1aCTh MAKCUMAJIEHOTO JABIEHUS HE UMEET OCTPOKO-
HEYHOTO THKa (puC. 6, ), Kak IpH APYTHX BpeMEHaX.
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Puc. 6. 3aBepiuaroiLias CTagums BO3HUKHOBEHS AETOHALIMOHHOM
BOJIHbI B cMecy CHy+20, ana t:1) 1,86, 2) 1,97, 3) 2,1 mc

B cmecu CH,+20, HabropaeTcs mepexos MeieH-
HOTO TOPEHMS K CTAIMOHAPHON TeTOHAIIMOHHOM BOJ-
He Jepe3 mepeckartoe coctosHue. [lepexon 3 mepec-
3KaToil B OOBIYHYIO NIETOHALIMOHHYIO BOJHY MPOMCXO-
JUT C OTPHIBOM OT (DPOHTA AETOHALMM HEeOOJBIIOTO
BO3MYILIEHUSI. DTO BO3MYyILEHHUE, CIab0 3aMeTHOEe Ha
puc. 3, TeTKo 00HapyXMBaeTcs Ha pHC. 6, a, KakK BBIITY-
KJIOCTb Ha TIpOIIe NaBIeHNMS 03311 JeTOHAIIMOHHO-
ro nuka. OHO pacrpocTpaHseTcsl B MPOTUBOIMONOXK-
HYIO CTOPOHY 0 OTHOLICHUIO K HATPABJICHUIO IBUKE-
HUSI IeTOHAIIMOHHON BOMHEL PeToHaIIMOHHAS BOMHA,
Bo3HuKawmasg B cmecu 4H,+0,, umeer spko BbIpa-
>KeHHY10 popMy yaapHoii BosHbI (puc. 7). Ipu npose-
JIEHUHU PacyeToB JJIsl 3TOi cMecu 0OHAPYXEHO, UTO aM-
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TUTUTYAA PETOHALIMOHHOM BOJHBI PAacTeT MO Mepe yBe-
JIMYEHMST aMTUTATYIBI YIAPHO! BOJIHBI, MAYIIEH BIIepe-
11 ycKopsiionierocsi (poHTa TypOyJI€HTHOTO TUIAMEHH.
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Puc.7. PetoHaumoHHas BosHa (x = 0,5) v BOSIHa HayasibHOro

BO3MyLeHus (x = 6,4) B cmecn 4H,+0,. 1= p, 2 — 4,
3-p,4-C

Ou3nyeckast MpUPoJa MOSIBJIEHUS 00paTHOM BOJI-
HBI 3aKJII04YaeTcsl B HEOOXOAUMOCTH «yHOCa» HEKOTO-
poro M30bITKA SHEPIUM U3 MEPecKaToil IeTOHAIIMOH-
HOI BOJTHBI TS TOTO, YTOOBI TTOCTIETHSIST MOTJIA BBIATH
K COCTOSTHMIO CTAallMOHAPHOM N€TOHALIMOHHOM BOJIHBI.
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OrpulatenbHOe HarpaBleHKe IBMKEHUS BOJHBI BO3-
MYIIEHHSI, KOTOPYIO HAa3hIBAIOT PETOHAIIMOHHON BOJ-
Hoii [8, 10], ciemyeT U3 3aKOHA COXPaHEHUS UMITYJIbCa.

BbiBOAbI

— YpaBHeHMsI Ta30BOi AIUHAMUKK TOPEHUSI [Aa30BbIX
cMecei TommycKaT GOpMYITMPOBKY Ha OCHOBE HC-
XOIHBIX TIOHATHI «ITOBEPXHOCTb TOPEHMSI» M «<HOP-
MaJibHast CKOPOCThb» PACHIPOCTPAHEHHUS [LIAMEHH.

— B Takoii ¢opMyIMpoBKe YpaBHEHMIA Ia30BOM IH-
HAMUKY TOPEHUS TIPY MOJIETMPOBAHUY TYPOYJIEHT-
HOTO MJJaMEHU OTCYTCTBYET MpoOJieMa 3aMbIKaHU i
ypaBHeHn# Tnmia @punmana-Kemnepa, HO BO3HHU-
KaeT Apyras — mpobiieMa HaXOXICHWS YUCICHHBIX
3HaYeHUi Mephl Xaycmopda v (ppakTanabHOM pas-
MEPHOCTH MOBEPXHOCTH TOPEHUSI.
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TEOPETUUECKOE BpeMsl M MPOTSLKEHHOCTb Mpee-
TOHAIIMOHHOTO YJ4aCTKa YOBJIETBOPUTEHHO COTJIa-
CYIOTCSI C BKCTIEPUMEHTATbHBIMU AaHHBIMU. Takxe
coIJlacue TEOPETUYECKUX PE3YJIBTATOB C BKCIEpHU-
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