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[IpoBenmeHO MaTeMaTM4YeCKOE MOJEJIMPOBaHUE HEWIEeaJIbHOI JETOHAUMU TPEXKOMIIOHEHTHBIX CMeceil
anurpomerana (HM) n niepxinopara ammonust (IIXA) ¢ 6onbiuM n30bITKOM antoMuHus. Mcronbp3oBaHa
MoJieJib, pa3paboTaHHasl paHee, B KOTOPOM 3K30TepMUYECcKOe MpeBpalleHrue CMECHU ITPOTeKaeT B TPU CTa-
uu, BKmovalomux pasinoxenne HM u I1XA u nuddysnonHoe ropenue amomMuHus. PacdaeTs! nanu xopo-
ILII1E COIJIacHUe C OMBITHBIMU JAHHBIMU 11O CKOPOCTU NE€TOHAILIMU B CTAIBHBIX 000JIOUKAX AUaMeTpoM 18 MM
C BapbMpPOBAaHUEM B LIMPOKOM nuarnazoHe couepxanuss HM u cootHomeHnus Al/TIXA B cMecsix. 3HaYeHUS
KOHCTaHT ckopocteii npeBpaiieHuss HM u [TXA, koTopblie UCITOIb30BaIUCh IIPU MOJIECJIMPOBAHUHU I€TOHA-
LIMU TPOHHBIX CMECEeU, ONpPenesIuCh U3 HAWIYYIIEro COMIaCHs PacueToB C SKCIIEPUMEHTaMU CO CMEChIO
HM + 54% ITXA 1o ycTaHOBJIEHUIO 3aBUCUMOCTH CKOPOCTH IETOHALIMM OT AuamMeTpa 3apsiaa. [Tokasarenu cre-
MEeHU 110 JaBJIEHUIO ObUIM MOJIOXKEHbI pAaBHBIMU eAuHMLIE. [1py M3MEHEeHNH COOTHOILLIEHMSI KOMIIOHEHTOB pac-
YeThl, IPOBEICHHbBIC C TEMU K& KOHCTaHTaMU TTPEBPaIlEeHUsI, 1aJTh XOPOoIllee COIIache C ONbITHBIMU JAHHBIMMU.
MMeHHO Ha 5TOM OCHOBaHUM BBIOpaHHbIE 3HAYEHUS MCTIOIb30BAIUCH [IJIS1 PACYETOB JETOHALIUU TPOMHBIX CME-
ceil. Huzkas ckopoctb npeBpaiieHus [1XA no cpaHeHuto ¢ HM npruBOIMT K TOMY, YTO JUTMHA 30HbI peaKIn
JeToOHALMOHHOI BoJIHBI mocturaeT 10 Mm. KommyecTBo cropesiiero ITXA cocraBisieT 4yTh MEHBIIE ITOJTOBUHBI
B cMmecsix ¢ cooTHotieHueM Al/TIXA 1 : 1 u yyTh GoJibliie OgHOM TpeTH Tpu oTHoLIeHUu Al/TTXA 2 : 1.

Karouesvie croea: MaTeMaTdecKoe MOIOCIIMPOBAHUE, CKOPOCTb 9K30TEPMUHUYECCKOTO ITPpE€BpaAllICHUA, HEUIC-
ajJibHad I€TOHal WA, CMECEBbIC B3PbIBUATLIC BEIIECTBA, HUTPOMETAH, NMEpPXjIopaT aMMOHMUA, ATIOMUHUI.
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BBEJIEHUNE

MexaHu3M B3pbIBYATOrO MpEeBpallleHUusl U AETO-
HallMOHHBIE CBOMCTBA CMECEN, COCTOSIIINX U3 KOM-
IMOHEHTOB, KOTOpbIE pa3jaralTcs C CYLIECTBEHHO
pa3IUyYaloIIUMUC CKOPOCTSIMU, TIPENCTaBISIOT HE
TOJILKO TEOPETUYECKUIA, HO U TIPAKTUYECKUI WHTE-
pec [1]. B kauecTBe mpuMepa MOXHO IIPUBECTU 3ada-
YU, B KOTOPBIX HEOOXOAMMO COXPAHUTh U30OBITOUHOE
roprouee B COCTaBe CMeCH JJIs TTOCeNyIO0lIero Aope-
arupoBaHUs ¢ BHELIHUM oKucauTesaeM. Takue cmecu
B YCJIOBUSIX IMTPAKTUYECKOTO TIPUMEHEHUS AETOHUPY-
IOT B HEUJICAJTbHOM PEXUME CO CKOPOCTSIMU U TaBJIe-
HUSIMU, 3HAYUTEJIbHO YCTYTNAIOIIMMU XapaKTepUCTH -
KaM OpM3aHTHBIX B3pbIBUYAThIX BellecTB. OgHaKo
WMEHHO HEPTUS MEIJIEHHO pa3jaraloininuxcs KoM-
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IMMOHEHTOB, KOTOpasi BBIACISIETCS 3a MOBEPXHOCTHIO
YenmeHna—2XKyre, mjiM U30BITOK Topiodyeit 100aBKU,
JIoTopalolleil IIpy paclIMPeHNU NPOIYKTOB JeTOHA -
UM WM B OKUCIUTEIILHOM arMocdepe OKpyKaio-
ILIEi Cpeabl, ITO3BOJISIOT IIPU OIIPEASIEHHBIX YCIIOBY-
SIX 00ECIICYNTh 3aMETHBII MPUPOCT dPPEKTUBHOCTH
B3PBIBHOTO BO3JIEUCTBUS [2—4].

J1s1 TIOMCKa HOBBIX COCTABOB B3PHIBYATHIX CMECE
U nocjenyolleii oNTUMMU3aln YCIOBUI UX SKCILTY-
aTaly HeOOXOAUMO MMETh MH(OPMAIINIO O CKOPO-
CTSIX 9K30TEPMMUUYECKOro IIpeBpalleHUsT U B3alMO-
JIEMICTBUSI KOMIIOHEHTOB, KOTOpasi B HACTOSIIIIEE Bpe-
MsI HE MOXKET OBITh MOJydeHa 3KCIIEpUMEHTAJIbHbBIM
nyteM. OOIIETPUHSITHIN CITOCOO TTOIydaTh HEOOXO-
IUMble cBeaeHus (CM., Hampumep, [5—7]) ocHoBaH
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Ha MaTeMaTUIeCKOM MOIEIMPOBAHUH TIPOIIecca IeTO-
HaIlMY C MCTIOJIb30BaHNEM SKCIIEPUMEHTAIBHBIX TaH-
HBIX I10 3aBUCHMMOCTM CKOPOCTU AeToHaiuu (D) ot
nuameTpa 3apsna (d) u cBoiictB obonouku. s Ka-
JIMOPOBKY YpaBHEHUI CKOPOCTU peakLMU, KaK Ipa-
BHJIO, TIPOBOIUTCS CEpUSI pACYETOB, B KOTOPBIX BaphH-
PYIOTCSI 3HAYCHMST KOHCTAHT CKOPOCTEH 9K30TepMUUe-
CKOTO TIpeBpallleHMsI, 3aKaablBaeMble B MOIETb, U
BBIOMPAIOTCS T€ VX 3HAUEHMS, IPYU KOTOPBIX TOCTUTAET-
Cs HauJTydlliee COIlache pacyeToB C 9KCIIEPUMEHTOM.

B naHHoI1 cTaThe B KauecTBe 00BbEKTa UCCea0Ba-
HUIi BBIOpaHbI TpOMHBIE cMecH HUTpoMmeTan (HM) —
nepxaopar ammoHus (ITXA) — amomunuii (Al). B
aTtux cmecssx HM mcrionb3yercss Kak ceHCMOMIn3a-
Top, IIXA CIY:XUT OKUCIIUTEIEM, a AJIIOMUHUNI, KO-
TOPBI 6epeTcs B OOJIBIIOM MU30BITKE (COOTHOIIIEHUE
Al/ITXA Bappupyetrcsior 1 : 1 1o 2 : 1), npenHa3HadYeH
JUTSI TIOJTYYEHUS TOTIOJTHUTEBbHOM HEPTUU OT JIOTO-
paHusl BHE 30HbI peakilui AETOHAIIMOHHO BOJIHbBI B
OKpyXarouieit cpene (Bo3nyx uiu Bona). EcrecTtBeH-
HO MPEAIOJOXUTh, YTO 3K30TepMUYECKOEe TMpeBpa-
IIEHUE B ITHUX CMECSX MPOXOIUT B HECKOJbKO CTa-
Ui, KOTOpblEe BKJIOUYAlOT B cebsl pasnoxeHue HM,
paznoxenue [TXA, B3auMoeiicTBre MPOayKTOB pa3-
noxxennst HM u ITXA u ropeHmre 9acTul aJTTOMUHUAS
B Cpe/ie OKUCIISIIOIINX PEAreHTOB.

TeopeTuueckoe rccienoBaHUe HEUACATbHON ae-
TOHALIMM 1 CKOPOCTEi MpeBpallleHUsI KOMIIOHEHTOB
TpoiiHbix cmeceit HM/ITXA/Al npuBeneHo B HalIei
pabote [8]. B xadecTBe 3KCIIEpMMEHTAJIBHOMN Oa3bl
WCIOJIb30BaHbI JIUTEpaTypHbIe NaHHbIE MO JETOHA-
1 cmeceit HM ¢ ITXA B TOHKOCTEHHBIX CTaJIbHBIX
obosoukax [9] u netoHauuu unucroro ITXA u ITXA B
CMeCsIX C MMOPOIIKAMU aJIIOMUHUS B 1EJ10(aHOBBIX
obonoukax [10, 11].

DkcrnepumMeHThI co cMecsimu HM ¢ TTXA [9] mpo-
BOOWIU Ha 3apsiaax auaMeTpoM oT 5 1o 40 MM pu Ba-
PbUPOBAHUYN COOTHOIIIEHUSI KOMIIOHEHTOB U pa3Me-
pa dactunl ITXA. CKOpoCcTU AeTOHALIMM OXBaThIBAJIA
IIMPOKUIT IUara3oH 3HaueHuii — ot 5300 mo 6800 m/c
u n3meHsumch Ha 500—700 M/c mpu UI3BMEHEHUM 1A~
MeTpa 3apsiga u 1o 1200 M/c ipy U3MEHEHUH pa3Mepa
yactuil ITXA. JIJ1s1 YMCIeHHBIX paCUeTOB UCITOJIb30BAIN
MOJIETb CTAlIMOHAPHOW HEWIeaTbHOW AETOHAIUU CO
C1a00aBEPreHTHLIM TeUeHEM B 30He peakuuu [7, 12,
13]. JocTUTHYTO XOPOIIIee COMIACHE PACUETOB C SKCIIE-
PUMEHTOM II0 YCTaHOBJIEHMIO 3aBHUcuMocTeil D(d),
YTO JaJ0 BO3MOXKHOCTD OIPENEIUTh KOHCTAHTHI CKO-
pocTteii 3k30TepMudeckoro npeppameHus HM u ITXA
IUIST OTHENBHBIX (hpakiuii pazmepoB yactuil TTXA.
OIHaKo KaxXIblil pa3 IMpyu U3MEHEHUM COOTHOIICHMS
KOMIIOHCHTOB IIPUXOMMJIOCh MU3MEHSTH KOHCTAHTBI
CKOpPOCTEii, YTOOBI MOJIYYUTh COINIACHE PACUYETOB C
9KCIEPUMEHTOM.

Yro kacaercsa TpoitHbIx cmeceit HM/TTXA/AL, to
JUIT HUX B padote [8] moaydeHBI IepBbie dKCIEePH-
MEHTaJIbHbIE TAHHBIE TI0 CKOPOCTH AeTOHAILIMU. B ombI-
Tax, MPOBENEHHBIX B MPOUYHBIX CTaJIbHBIX 000J0UKaX
IUJIsl cMeceit, o0oralieHHbIX aTlOMUHUEM, TTOJTy4eHbI
3HAYEHUSI CKOpOCTH Ha ypoBHe 2700—3500 m/c, uTto
3HAYMUTEJIPHO HITKE, YeM B cIydae MBOMHBIX cMecei
0e3 amoMuHUA. Pe3yabpTaThl U3MEpPEHUA COITOCTaB-
JICHBI ¢ TepMOIMHAMUUYEeCKUMHU olieHKamu. [Tokaza-
HO, YTO cOIJlacue MO CKOPOCTSIM JAETOHALIUU MOXKET
OBITh MOJIYYEHO, B IPEATIOI0KEHN U, YTO 3HAUUTEb-
Hast 9acThb [1XA 1 mpakTU4ecKu Bech aTIOMUHUI He
YYaCTBYIOT B B5K30TEpPMHYECKOM TIpeBpaIllcHUU B
Tpeneyiax 30HbI XMMUYECKON peakiny JeTOHAIIMOH-
Holi BoJiHBL. ChopMyIMpoBaHa TeOpeTUIECKast MOACTb
craliMoHapHoM aeToHauuu cmeceiit HM/TTXA/Al, on-
HaKO pacueThl MO 3TOM MOJEIU HEe MPOBOAUINUCH U3-
3a OTPaHUYECHHOCTH OTBITHBIX JaHHBIX.

OKCNepUMEHTAIbHbIE JaHHBIE MO 3aBUCUMOCTHU
CKOPOCTHM JE€TOHAlLIMM YKa3aHHbIX TPOMHBIX CMeceil
OT OTHOCHUTEJIbHOI IJIOTHOCTH, IMaMeTpa 3apsiia u
COOTHOILIEHUSI KOMIIOHEHTOB B 00beMe, JOCTATOUHO-
'O JIJIsI IPOBEIEHUSI TEOPETUYECKUX OLIEHOK, TTOJTyue-
HEI B padotax [14, 15]. AHanu3 3TUX 3aBUCUMOCTE 1
OlIEHKa CKOPOCTE U MOJIHOTHI 3K30TEPMUUYECKOTO
npeBpaiieHust B cmecsax HM/TTXA/AI, oGoraiieH-
HBIX AJTIOMUHUEM, — 1IeJIU JaHHOU cTaThbu. LIt pac-
YETOB MCITOJIb30BaHA TeOpeTUUeCcKasi MOJIeb HEUIE-
aJIbHOM AeTOHALIMU, IIpeAcTaBlieHHas B padore [8]. B
MPUHILIMIIE, IS TPONHBIX CMeceid MOXHO OBbLIO MC-
MOJIb30BaTh CKOPOCTU 3K30TEPMUUECKOTO TpeBpallie-
Husgs HM u ITXA, koTopbie ObLIM TTOJyYeHHI B [8] Tipu
aHaJIM3€e JBOMHBIX CMeCe 3TUX KOMITOHEHTOB. On-
HaKO OBIJIO TIPUHSITO pellIeHUe TTPOBECTU HOBBIE pac-
YyeThl UIS1 IBOMHBIX cMeceil. DTo ObLIO ClelaHo 10
CJIeYIOLIUM MPUUMHAM.

Bo-nepBrIX, B pacueTax, IpoOBOINMBIX B padbote [8],
MpU U3MEHEHUM cooTHoleHus1 Mmexny HM u TTXA B
JIBOMHBIX CMECSIX CKOPOCTb TIpeBpallieHUs KOMITOHEH -
TOB IPUXOOMJIOCH KOPPEKTUPOBATh, YTOOBI JOOUTHCS
comiacusi MEXIy pacyeToM M 3KcIiepuMeHToM. s
TPOMHBIX CMECEM, IlIe B OIBITAX COOTHOIIICHNE MEXIY
HM u I1XA u3MeHSJI0Ch CYIIECTBEHHO, OTCYTCTBHE
SICHOM 3aKOHOMEPHOCTHN OTHOCHUTECJIbHO BJIMSIHUSA CO-
OTHOILIEHUSI KOMIIOHEHTOB CTaJIO Obl ITPOOJIEMOIA.

Bo-BTOpbIX, YTOOBI BOCHPOM3BECTM B pacuerax
BIIMSIHUE OUaMeTpa 3apsiia, HabaoJaeMoe B DKCIe-
puMeHTax, B pabote [8] mpHMILIOCH CYyIIECTBEHHO
CHM3UTBD ITOKa3aTeJib CTENEHU 10 JaBJISHUIO B 3aKOHE
ckopoctu pasyioxeHus: [1XA no » = 0.2 o cpaBHe-
HUIO C BEJIMUMHOI n = 1, KoTopas ObLIa MOJdy4YeHa
NP aHaIM3€e JAaHHBIX MO JeToHAa UM ynuctoro ITXA u
cMmeceii [TXA ¢ amrommaneM. OgHAKO MO30HEE ObLIO
nokasaHo [16], 4To cylliecTByeT APYroil crnocoo cy-
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IIIECTBEHHO CHM3WUTh BIMSIHME OUaMETpa 3apsna B
pacueTrax, He yMeHbIIIas IToKa3aTeab cTerneHu #. Oka-
3J10Ch, YTO €CJIM YBEJIUYUBATHh Pa3pblB MEXIY CKO-
POCTSIMU OBICTPOI U MEIIJIEHHOM CTaguii 9K30TepMU-
YeCKOIo npeBpallleHUsI, TO 3aBUCUMOCTb D(d) BBIIIO-
JIaXXMBaeTCs BIUIOTh OO IOSIBJICHUS HA HEll ydyacTka,
Ha KOTOPOM CKOPOCTb IE€TOHALIMY ITOYTU HE 3aBUCUT
oT nuamMmeTpa 3apsna (3¢ dexT nceBagonaeaabHON ae-
TOHAIIVMN).

Hrak, ripu mpoBeAeHUM HOBBIX PaCcYeTOB IIPOLIeC-
ca HEUIeaAIbHOM NeTOHAIMM IBOMHBIX cMecei HM ¢
ITXA MBI BepHYJIMCH K 3HAUYEHUIO ITOKa3aTeJIsI CTelle-
HU 1 = | B 3aKOHeE IJIsl CKOpOCTH TpeBpaiieHus [TXA.
Cornacue pacyeToB ¢ 3KCIIEPUMEHTOM M0 3aBUCUMO-
ctu D(d) DOCTUTHYTO 3a CYET 3aMETHOIO CHIDKCHUS
KOHCTAHTBI CKOPOCTHU mpeBpalieHust G. MoXHO mpe/-
MMOJIOXUTh, YTO 0OJIee HMU3KAsI CKOPOCTh IIpeBpaille-
ausa ITXA B cmecu ¢ HM 1o cpaBHEHUIO C YUCTHIM
ITXA u cmecsamu ITTXA ¢ alloMuHHEM, CKOpee BCEro,
CBSI3aHA C T€M, UYTO AEWCTBUE YIApPHOIO CXKaTus Ha
aHcaM0b yactull ITXA, MOKpBITEIX HUTPOMETAHOM,
CO3IaeT Topa3a0 MeHbIIee KOJIMYECTBO TOPSITUNX TO-
YeK ITo cpaBHeHMIO ¢ yacTuiiamMu [1XA 6e3 HM, xo-
TOpPbIE HAXOASATCS B MPSIMOM KOHTAaKTE C BO3IYXOM,
3aIIOJHSIIOLIM TTOPHI.

BHOBB 1ToyyeHHBIE 3HAaUEHMSI KOHCTAaHT CKOPO-
CcTel sKk3oTepMmueckoro npespamiennss HM u ITXA
3aTeM OBIJIM MCIOJIB30BaHbI 0€3 KOPPEKTUPOBKU MTPU
aHaJM3e 9KCIEPUMEHTOB T10 HeuaealbHOU NeTOHa-
uuu TpoiiHbix cmeceit HM/IIXA/AI ¢ paznuuHbIMU
HavaJlbHBIMU CBoOiicTBaMu. B ciiemyrommx pasmenax
CTaThM M3j1araeTcs KpaTkas MH(GOpMaLKsI O TEOPEeTH-
YeCKOM MOAeIN HeUICaTbHOM IeTOHALIMM, IIPUBO-
JISITCSI HOBBIC OLIEHKM CKOpocTeii rpeBpamiennss HM
u ITXA B IByXKOMIIOHEHTHBIX CMECSIX, a TAKXKE JaeT-
Csl CpaBHEHME PAcUETOB C 9KCIIEPUMEHTOM ISl TPEX-
KoMITOHEHTHEIX cMeceit HM/ITXA/Al, oboraiieH-
HBIX aJTIOMUHUEM, OOCYKIAI0TCS pe3yIbTaThl UCCIIe-
JIOBAHUS U TIPUBOOSTCS BHIBOIBI PAOOTHI.

MATEMATNYECKAA MOJEJIb

YT100BI MOTYYUTH OLICHKY CKOPOCTEI K30TepMUYC-
CKOI'0 MpeBpalleHUs 1T MHOTOKOMIIOHEHTHBIX KOM-
MO3ULINIA, HY>KHO BBIIIOJTHUTD OOJIBIION 00BEM BbIUKC-
JICHUI1 ¢ BApbUPOBaHUEM BXOTHBIX ITApaMETPOB 3a1adll.
JJ1s1 pacyeToB MCIIOIB30BaIaCh KOMIIBIOTEpHAs IIPO-
rpaMma, co3JaHHasi Ha OCHOBE KBa3MOIHOMEPHOI Ma-
TEMATUYECKOM MOJIEJM CTallMOHAPHOM HeuIeaabHOMI
JIETOHALIMU JIBYX-TPEXKOMITOHEHTHBIX cMmeceii. Mo-
JIeJib ObLIa pa3paboTaHa i1 OMHOCKOPOCTHOM ABYX-
¢da3HoOli pearupylolleil cpeabl U MOAPOOHO IIpem-
CTaBJieHa B HECKOJBKMX ITyoymkanuax [7, 8, 12, 13,
16]. B TeopeTUECKMX OCHOBAaX OHA MaJio OT/IMYAETCS
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OT MoJelieil, KOTOpble UCITOJIb30BAJINCH [IJISI aHAJIO-
TUYHBIX 1leJieli IpyrMMu aBTOpaMu (CM., HarpuMmep,
[5, 6]). [MaBHBIEC OTIMYMS COCTOST B (DOPME ypaBHE-
HUI COCTOSIHUSI IPOIYKTOB U pa3lieIcHUN 3K30Tep-
MUYECKOTO IIpeBpalleHs Ha OTACIbHbBIC CTAIUN.

MmMeeTrca nBe BepcuM MOAECIU B 3aBUCUMOCTU OT
CBOICTB 000JIOUKM. B Tex ciydasix, Korma CKOpOCTh
JIETOHALIUY TIPEBBILIAET CKOPOCTh PACHpPOCTPAHSIIO-
1Ieiics 110 000JI0UKe YIAapHOM BOJHEI JINOO 000I04Ka
OTCYTCTBYET WIHU €¢ BAUSHNEM Ha CKOPOCTh IETOHA-
LMY MOXHO MpeHeOpeUb, UCIIOJIb3YETCS BEPCUST MO-
JIelI, YYUThIBAIOIasd KPUBU3HY yIapHOro ¢poHTa
JI€TOHAIIMOHHOIA BOJIHEIL.

OnHako HEepeaKo CKOPOCTh HeUACATbHOM AeTOHA-
LIMU OKA3bIBAETCS HUXKE, YeM CKOPOCTh yIAPHOI BOJTHBI
B obosouke. st aToro ciyyas paspaboTraHa BTOpast
BEpPCUsSI CTallMOHAPHOM KBa3WOIHOMEPHOU Mojaenau
HeuJlealbHOM JeToHaluu. [1pu HanvMcaHuu ypaBHe-
HHU 3TOM MOJIEJIN YUMTHIBAIMCH PE3yJIbTaThl HA0IIO-
JieHui (cM., Harpumep, [17]), CBUAETEIbCTBYIOLINE O
TOM, YTO B TTOJIOOHBIX YCIOBUSIX OCHOBHBIMU CBOW-
CTBaMU OO0OJIOUYKM, OKa3bIBaWIlell CylIeCTBEHHYIO
MOJAJAEPXKKY AETOHALIMOHHOIN BOJIHE, SBISIIOTCS ee
WHEPLUMOHHOCTb U MPOYHOCTh. [IpuHSATO, 4TO HPOHT
JIETOHALIMOHHOM BOJIHBI TUIOCKMI, a TEYEHUE B 30HE
peakiu JMBEPreHTHO O1arogapst 00KOBOMY pacllInpe-
HUIO 000JIOUKH, KOTOPOE OCYIIECTBIISIETCSI B UHEPIIU-
OHHOM pexume. B naHHol paboTe 1151 aHaIM3a IBOM-
HbIX 1 TpoiiHbIX cMeceit HM /TTXA u HM /TTXA /Al uc-
MOJIb30BaJIaCh UMEHHO 3Ta BepCcusl MOJIeJIU, KpaTKoe
oInucaHue KOTOPOU MPUBEIEHO HUXE.

PaccmarpuBaeTcst neToHallMOHHAsI BOJIHA, KOTO-
past pacIpoCTpaHsIeTCs ¢ MOCTOSTHHOM CKOPOCThio D
o 3apsiny BB, 3akitoueHHOMY B MaCCUBHYIO LIMJIUH-
Ipuyeckyo 00010uKy. Pearupytoiiiast cpena B 30He
peakiivu MpencTaBiisieT cCo00i CMeCh UCXOIHBIX KOM-
TMTOHEHTOB U MPOAYKTOB UX XMMHUUYECKOTO TpeBpalie-
HUsI. XMMUYECKOEe TpeBpallleHue s TPEXKOMIIO-
HeHTHBIX cMeceit HM/TTXA/Al BkirodaeT Tpyu He3aBU-
CUMBIX CTaIMU: pa3oXeHue HUTpomeTaHa (ctaaus 1),
paznoxeHue ITXA u B3auMmoneicTBre ¢ MPOAyKTamMu
pa3oXeHuss HUTpoMeTaHa (CTanus 2) M TOpeHue alio-
MMHUS B MPOAYKTaX, 0Opa30BaBIIMXCS B pe3yJbTare
JIBYyX TIepBbIX cTanuii (cranus 3). IpenmomnaraeTcs, 4To
CKOPOCTb CTAANU 2 IMMUTUPYETCs pasiokeHreMm [TXA.
BzaunmogeiicTBue ¢ mpoaykKTaMu pasioxeHus HM,
okpyxatoimu yactuibl [TXA, nporekaeT ropasno
ObicTpee. B pearupyioliyio cpeay BXOIST 11eCTb KOM-
rnoHeHToB: HM u nponykTtsl ero pasinoxeHusi, [IXA u
MPOIYKTHI €70 B3aUMOACHCTBUS C MPOAYKTAMM pasio-
xeHust HM, amtoMuHMil U pOmyKThI €r0 TOPEHUS.

KoMrioHeHTbl HaxonsTcsl B JIOKAUILHOM MeXaHU-
YECKOM PaBHOBECUH, T.€. UX JaBJieHUsT P U MaccoBble
ckopoctu U 0IMHAKOBBI, TOT/A KaK TeMmeparypa,
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BHYTPEHHSISI SHEPIUSI U TDIOTHOCTD pasimyatorcs. Mc-
KJIIOUEHME COCTABJISIET TeMIIeparypa MpOayKTOB peak-
LIUK, KOTOpasl MPUHSITA OMMHAKOBO /11 3TUX KOM-
MOHEHTOB. XMMMUYECKOE IIpeBpalleHrue (TopeHuUe)
WHULIMAPYETCS B IIPOILIECCE BI3KOIIACTHYECKOTO
CXJIOIIBIBAHUSI TIOp B IIpeleliaX yaapHOro (ppoHTa
BosHBIL. [lpeamomnaraercst, 4To 3aAepKKO WHUIIAM-
pOBaHMS MOXHO IIpeHeOpedYb B MaciuTadbe BpeMeHU
XUMUUYECKOTO TIpeBpallleHMUSI.

YpaBHEeHUS TeUeHMsI pearupymolieil cpeabl 3aI-
CaHbl B OMHOMEpPHOM Bue. [ ydyeTa IMBEepreHIInu
TeYeHUsI B ypaBHEHUSI BXOAUT IUIOIIAAb ITOIIEPEYHO-
ro CeYeHUs 3apsifia, KOTopasi yBeJIMYUBaeTCs 110 Mepe
paciurpeHus KaHajaa 000JI0YKKU. YpaBHEHUS COCTOSI-
HUSI KOMIIOHEHTOB Cpellbl IIPeACTaBJIEeHbl B (popme
Mu—IproHaiizeHa. KoHCTaHTBI, BXOASIIME B YpaBHE-
HUSI COCTOSTHUS IS ICXOMHBIX KOMIIOHEHTOB, B3SIThI U3
JIMTEepaTypHBIX TaHHBIX T10 yIapHBIM aguabdaTtam. s
MPOAYKTOB KOHCTAHTbI W3 YypaBHEHUIA COCTOSHUSI
OIpeIe/ISUIMCh IIyTeM 00pabOTKHU pe3yJIbTaTOB Tep-
MOAMHAMMNYECKMX PACUETOB IETOHAIIMOHHBIX XapaK-
TEPUCTUK, KOTOPHIE IIPOBOIMIINCH C TOMOIIBIO KOM-
NBIOTEPHOI TIpOrpaMMBI, pa3paboTaHHoil B [18], ¢
BapbUpPOBaHMEM HaYaJIbHOM MJIOTHOCTH CMECH.

VYpaBHeHUS i1 CKOPOCTEl XMMUUYECKOIO IIpe-
ppameHnsgs HM m ITXA BKIIOYalOT MaccoBYIO OO
KOMITOHEHTA 1| ¥ NaBJICHUE:

M = py(m/my) G(P/P.)". (1)

3nech py — TeOpeTUyYecKasi MaKCMMaslbHasl IJIOT-
HOCTBb MCXOMHOTO KOMIIOHEHTA, T, — €ro HadaJbHast
MaccoBasl OJisl. YpaBHEHUE BKJIIOUAET TPU IPOU3-
BOJILHBIX KOHCTAHTBI: KOHCTAHTA CKOPOCTH IIpeBpa-
meHus G, mokasaTellb CTeNIeHH! T10 TaBJISHUIO # 1 TI0-
Kaszareljib IerpecCUBHOCTU ropeHus k. [lapamerp P,
BBEJCH JIJIST y1oOCTBa, YTOOBI KOHCTaHTa CKOpOCTU G
VMeJIa pa3MEPHOCTD €~ HE3aBUCUMO OT BEJIMUUHEI 7,
1 BbIOpaH paBHbIM 1 I'Tla. g ITXA B mpenmnonoxe-
HUU, YTO TOPEHUE YACTULL UIET C YMEHBIIEHUEM UX
IMOBEPXHOCTHU, IIPUHATO 3HaUYeHue k = 2/3. Ina HM
MMEIOTCS JaHHbIe, MOJIyYeHHBIE B pe3yIbTare Teope-
THUYECKOTO aHAJIM3a SKCIIEPUMEHTOB 10 KPUTUYESCKOMY
IrameTpy aeToHaumu cMeceit HM ¢ moponikamu pas-
JIMYHBIX MaTepuasioB [19], cortacHO KOTOpPBIM pasJio-
KEeHMe HAaYMHACTCS B TOPSTYMX TOYKAX, CO3MAHHBIX Ky-
MyJISILMEN yTapHBIX BOJIH Ha TOBEPXHOCTH YaCTHUIL TTO-
poliika, a gajee uaeT 6e3 CyleCTBEHHOTO U3MEHEeHU S
CKOpOCTH peakuuu. B maHHOI paGoTe pacdeThl Mpo-
pomymichk ipn k = 0.3. TakmM oOpa3oM, ypaBHEHUS
CKOPOCTHU peaKIIMU BKIIIOUAIOT M0 JBE HEU3BECTHBIX BE-
JIMUMHBI 17151 cTanuii 1 1 2: KoHcTaHTa ckopocTu G U T10-
KazaTeJlb CTETIEHHU IT0 JABIIEHUIO /.

DdopMyna I CKOPOCTU MpPEBpAIleHUs aTIOMU-
Hus (cragust 3) yuuTbiBaeT nupOy3nOHHBIN XapaK-
TEp B3aUMOAEHCTBUSA U UMEET CJIEAYIOLLIUI BUI;

My = pAl,OGAl(nAl/nAl,0)2/3(P/R~)”Cax M|, )

ox pr

3nech koadduuueHt C,, — MoOJIbHAS OOJSI OKUCIIU-
TEJIbHBIX PearcHTOB B IIPOAYKTaX, KOTOPEIE IoIyda-
IOTCS B pe3yJIbTaTe Pa3IOXXeHUST OKUCIUTes. Taxk,
eciu okucautenb — [TXA, To B 4 MOJISIX €ro TIpoayK-
TOB paszfioxeHus couepxurcs 2 moasd H,O u 1 monb
O,. YuutbiBasg, 4TO aKTUBHOCTb MapoOB BOJIbI MpPU-
MEPHO BABOE HIKE aKTMBHOCTH KMCJIOPOAa, IT0Iyda-
em st [1XA C,, = 0.5. Ecnu okucauTenb — NpoayK-
Thl B3aumogeicteus ITXA 1 HM, To 3Ta cMech B Ka-
YeCTBE OKMCIISIONINX KOMIIOHEHTOB COAEPXKHUT TOIBLKO
H,0 u CO,. C yyeToM HU3KOI OKUCIISIONIEI aKTUBHO-
ctu CO, B pacuerax M 3TOM CMECH MCHOJb30BaIA
s3HaueHue C,. = 0.2. B dopmyne (2) C,, yMHOXaeTcs Ha
TEKYIIIYIO JOIIO IIPOIYKTOB Pa3IOXEHMST OKUCIUTES,
OTHECEHHYIO K IOJIHOM Macce MPOAYKTOB IIpeBpallie-
HUS CMECH, KOTOpasli CTOUT B KBaJpaTHBLIX CKOOKaXx.
OKoHuYaTeIbHO, B YpaBHEHME JJISI CTAIUU 3 TAKXKE BXO-
JISIT IB€ HEM3BECTHBIX KOHCTAHTHIL: G U K.

CucremMa ypaBHEHM T MOAEIM BKJIIoUaeT 12 0ObIK-
HOBEHHBIX auddepeHunalIbHbix 1 11 anreopande-
CKUX YpaBHEHUM 1151 24 HE3aBUCHUMBIX TTIEPEMEHHBIX,
B YMCJIO KOTOPBIX BXOMST MAacCOBBIE NOJU, TIJIOTHO-
CTH W BHYTPEHHHE SHEPTUM IJIST MIeCTH KOMITOHEH-
TOB, a TaKXKe TJIOTHOCTh, BHYTPEHHSISI SHEPIUSI, MacCo-
Basl CKOPOCTh U JIaBJICHHE CMECHU, CKOPOCTb pacilrpe-
HUS OOOJIOUKM M CKOPOCTh AeToHammu. Mmeercs,
OIHAKO, €llleé OJHO YCJIOBUE, TUITUUYHOE IJI TEOpUU
netoHauu [20], KOTOpoe COCTOUT B TOM, YTO pelie-
HUe, HauMHaloIeecs Ha yoapHOM (pOHTe BOJHEI,
TIOJDKHO TIPOMTH Yepe3 CUHTYJISIPHYIO TOUKY B KOHIIE
30HBI peaklu. B 3T0i1 TOuKe NOJKHBI OMHOBPEMEH-
HO BBITIOJHSTHCS PAaBEHCTBO MAaCCOBOI CKOPOCTH
MECTHOI CKOPOCTHU 3BYKa M PaBEHCTBO TEIUIOBBIIE-
JICHUsI OT XMMUYECKOM peakiuu IOTepsIM SHEPIUu
n3-3a 60KoBOro pacimpeHus. OHa OTHOCUTCS K TH-
ny “cemiio” M M3BecTHa Kak Touka YenmeHa—XKyre.
DTO yCIOBUE UCIIOJb3YETCS ISl OTpeesIeHUsI CKO-
poctu meToHaun. B manHoOI paboTe IJIsT HaxoXmme-
HUS COOTBETCTBYIONIETO pEIICHUS WCIIOIb3yeTCs
OOBIYHBIN METOM “TIPUCTPENIKN .

ITapameTrpsl Ha ymapHoM (poHTe IIpU 3adaHHON
CKOPOCTH AETOHALIMM OIPEACIISIIOTCS PEIICHUEM CH-
CTEMBI aJireOpandyecKnX ypaBHEHUI1, B KOTOPYIO ITO-
MHMO OOBIYHBIX YPaBHEHUI COXpaHEHMSI MaCChI, KO-
JIMYeCTBa IBVMDKEHUS M SHEPTUM CMECH Ha yIapHOM
CKayKe BXONSIT YpPaBHEHMS COCTOSIHUSI MCXOTHBIX
KOMIIOHEHTOB 1 aJJIUTUBHOCTU, a TAKKE YPAaBHEHUSI,
OoImpelesIIoNe pacupeaesieHrue IIpupocTa SHEPTun
B yIApHOI BOJIHE MEXIY MCXOOHBIMU KOMIIOHEHTA-
mu cMmecu. Ilpeamnonaraercs, 4To NpUPOCT SHEPTUUN
pacnpenensieTcsi 00paTHO IMIPONOPLMOHAIBHO KBaI-

XUMUNYECKAA ®U3UKA Ne 9
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paTy aKyCTMYeCKUX UMITEJAHCOB, KaK 3TO MPEeIIOXKe-
HO B pabote [21].

PE3YJIBTATbBI MOJEJINPOBAHUA
Cmecu numpomemana c I11XA

DKcHepUMeHTalIbHbIE JAHHBIC IO 3aBUCUMOCTU
D(d) npu peronauuu cmeceit HM ¢ I1XA B mmpokom
Iuara3oHe pa3mMepoB yacTull — oT 9 mo 400 MKkM st
HECKOJILKUX COOTHOIIIEHUI KOMITOHEHTOB TpUBEIe-
Hbl B pabote [9]. ONbITEl NIPOBOAWIN B CTaJIbHBIX
o0oJioukax guaMeTpom oT 3 10 40 MM IIpU TOJIIIMHE
cteHOK 2 MM. CKOpPOCTb JEeTOHALIUU U3MEPSIIN TIsI-
ThIO CTEKJIOBOJIOKOHHBIMU JaTYNKAMU, KOTOPHIE ObI-
JIV BCTaBJICHBI B TOHKKE OTBEPCTUS B 000JI0UYKaX IUA-
MmeTpoMm 2 MM. IlorpeimrHocTh U3MEpPEeHUsT CKOPOCTH
JIeTOHAIIMU yYKa3aHa B ripeaesiax +50 m/c. KpuBbie, BbI-
paxarolye OOIIEIPUHSITYIO 3aBUCUMOCTb CKOPOCTU
JETOHALIMM OT OOpaTHOrO AVMAaMeTpa 3apsiia, UMEIOT
¢J1a0y10 BBIMYKJIOCTb BHU3.

ComnocTaBisist KCIepuMEHTaIbHBIE KPUBLIE C pe-
3yJIbTaTaMM YKUCJICHHOIO MOJIEJIMPOBAHUSI, MOXHO
OINpEee/NUTh IBE HEM3BECTHBIE KOHCTAHTBI, BXOISI-
1€ B YpPaBHEHMsSI CKOPOCTH peaKIMU aHaJIU3Upye-
Moro marepuaia. Tak Kak B ciydyae cMmeceii HM c
ITXA yuuTbhIBatoTCs ABE peakluu: cTagus 1 v cragus 2,
TO COOTBETCTBYIOIIME YPaBHECHUSI COJIEPXKAT YeThIpe
HEM3BECTHBIC KOHCTAHTHI (IB€ KOHCTAHTHI CKOPOCTU
peakumy G ABa MOKa3aTesI CTEIICHU I10 JaBJICHUIO 7).
Taxkmm o6pazom, IJ1d penreHnsI 3a1auyl HeOOXOINMO
MIPUBJIEKATh TOMOJHUTEIbHYIO NH(MOPMALIUIO.

31ech B KauecTBe TaKoil MHGOpMALIU UCHOIb30-
BaHBI IUTEPATyPHbIE JAHHbBIE IO CKOPOCTSIM IIpeBpa-
IIeHUS, TTOJIydeHHBIEe ITyTeM 00pabOTKU pe3yJIbTaTOB

9KCHEPUMEHTOB 1o ropeHnio HM 1pu BBICOKMX 1aB-
neHusx [22] u neroHauum yuctoro ITXA u cmeceit
ITXA c amromunuem [ 10, 11]. 3a ocHOBY B3sIThI 3Haue-
HUS TI0Ka3aTesisl CTEIIEH! 110 JaBlieHuIo (n = 1 s
0001X KOMITOHEHTOB). OcTaBIINeCsI IPON3BOJIbHbBI-
MU 3HAYCHMSI IBYX KOHCTAHT CKOPOCTH peakuuu G —
w1t HM u TTXA onpenensirorcsl IyTeM COITIaCOBAaHUST
pacUyeToB C IKCIIEPUMEHTAIbHOI 3aBUCUMOCTBIO D(d).
I1pu 3TOM 3a cUeT pa3HUIIBI MEXIY CKOPOCTSIMU CTa-
Iuii 1 m 2, KaK 3To BIIEpBBIe OBbLIO IOKA3aHO B paboTe
[16], MOXHO JOBOJILHO LIMPOKO U3MEHSTH XapaKTep
3aBucuMoctu D(d). Takoro pona rpumep JaH B TaoI. 1.
B nepBoii cTpoke TaGAuIbl MPUBEAEHBI 3HAUYECHUS
CKOPOCTH NETOHALIMM, U3MEPEHHbIE B OIILITAX IIPU
nramMeTpax 3apsaa 4 m 12 MM gt cmecu HM ¢ comep-
xanueM I[TXA 54%; pasmep yactuir [TXA — 90 Mxm.
PasHuiia MeXay CKOpOCTSIMU JETOHALIUM B 3TUX
onbiTax cocranisgeT 300 M/c. B cienyronimx crpokax
Taba. 1 mpuBeaeHBI pe3ylabTaThl PaCYeTOB, KOTOPHIE
MIPOBOAMINCH II0 BapUaHTy MOOEIU C ILJIOCKUM
GPOHTOM IPpU 3HAYCHUSIX TTOKa3artesst # = 1 1j1s1 o0e-
ux peakuuii. [IpencraBineHa cepusi pacyeToB, B KOTO-
pPBIX M3MEHSUIOCh OTHOIICHUE MEXIY CKOPOCTSIMU
MpeBpalleHnsI KOMIOHEeHTOB. I1pu 3TOM KOHCTAaHTBI
ckopoct G TIOmOMpaCh TaKUM OOpa3oM, YTOOBI
pacyeTHble CKOPOCTU IeTOHALWU IJis 3apsija aua-
METPOM 4 MM OCTaBaJIUCh OJIM3KU IKCIIEPUMEHTAb-
HbIM. Bo BTOpOIi cTpoke Tabj1. 1 mpuBeneHbI pe3yJib-
TaThl pacCYeTOB IJ11 0a30BOT0 BapraHTa, KOTOPHIE 10-
CTaTOYHO GJIM3KO BOCIIPOU3BOAUT SKCIIEPUMEHT JIJISI
oboux auamMeTpoB 3apsiaa. OTMEeTUM, YTO B 3TOM Ba-
puaHTe pacyeTa KOHCTaHTa CKOPOCTHU IIpEBpaIleHUS
HM BbIllIe KOHCTAHTBI peaKIIUU CTaOUU 2 IPUMEPHO
B 13 pas.

Tabauya 1. TIpumep, AEMOHCTPUPYIOIIMI BJIMSIHME OTHOILIEHHS CKOPOCTeii IpeBpaIlieHNsI KOMIIOHEHTOB HA 3aBUCIMOCTb CKOPOCTH
JeTOHAIMH OT JMameTpa 3apsaa. Pacuer ms evecu HM + 54% ITXA (mmotHocTh — 1430 Kr/M3, pasmep yactin ITXA — 90 MKm)

CKOpOCTh AeTOHALIMU, M/C KoucranTa G, Mxc ™!
DKCITepUMEHT
U BapuaHTBI pacyeTa

d=4mm d=12Mmm XA HM
DKCHEPUMEHT 5460 5740
bazoBriii BapuaHT 5480 5730 0.018 0.24
Bapuanrt 1, tutato 5440 5500 0.0036 0.48
BapuanT 2 5480 5690 0.016 0.27
Bapuanr 3 5460 5790 0.021 0.2
BapuaHnT 4 5470 6150 0.054 0.075

XUMUYECKAA ®U3ZUKA  Tom 42 Ne 9 2023
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Puc. 1. 3aBUCMMOCTb CKOPOCTH AeTOHAMM D OT o6paT-
Horo muametpa d 3apsima wig cmecu HM + 56% TTXA.
Pasmep yactui [TXA d =9 (0), 35 (v), 90 (»), 200 Mmxm
(¢). CBerjible 3HaYKU — IKCIEPUMEHT [9], TeMHble —
pacueT uIsl BapMaHTa ¢ TJI0CKUM (DPOHTOM.

B Tpetbeit cTpoke TaGaUILIBI TIPUBEIEH BapUaHT
pacyeTta, Ha3BaHHBIN “T1aTo”. B 3TOM BapuaHTe OT-
HOIIIEHWE KOHCTAaHT CKOpocTu G IJisl ABYX peakiuii
cocrtaBmiio Oosee 130, a pa3HUIIa B CKOPOCTSIX AETO-
HaIWU U1 3apsI0oB IMaMeTpoM 4 1 12 MM CHU3MJIACh
mo 60 M/c. B Tpex ciaeayolnx BapuaHTaxX pacyera
pa3HUIIa B CKOPOCTSIX IeTOHAIIUY YBEINIMBACTCS 110
Mepe CHIKEHUSI OTHOIIEHMSI KOHCTAaHT CKOpocTH G
IUIT OByX peakuuii. B BapmaHTe 4 mpu OTHOIIICHUU
KOHCTAHT OKOJio 1.4 pa3HHMIIa B CKOPOCTSIX JIeTOHA-
LIAY 1J1s1 ABYX BHIOpPAHHBIX TMaAMETPOB CYILLIECTBEHHO
yBeJIuduiiach U npubausuiack K 700 m/c.

Pe3ynbTaThl pacyeToB BMECTE C 9KCIIEPUMEHTaIb-
HBIMU JAaHHBIMU 11 KoMmo3uuuu HM + 54% T1XA
(rurotHOCTh ~1400 Kr/M3) ¢ pasaIMYHBIM pa3sMeEpPOM
YaCTUIL OKUCIIUTEIS ITpUBEACHBI Ha prc. 1. 3HaueHUS
KOHCTaHT CKOPOCTH peaKIIu, IPU KOTOPBIX TOCTUT -
HYTO COIJIaCHE pacyeToOB C BKCIIEPUMEHTOM, MpUBe-
JeHbl B TabJ. 2. ITocKoJabKY pacueThl IIPOBOIMIINCH
10 BApUAHTY MOMEJIN C IIJIOCKUM (PPOHTOM, MBI Orpa-
HUYWINCH OITBITAMU, B KOTOPBIX CKOPOCTh AETOHA-
muu He npesbimana 6100 M/c. B atux omnbltax ymap-
HBIE€ BOJIHEI 110 000109Ke (151 CTajIl CKOPOCTh 3ByKa
B 3aBHUCHMOCTHM OT BHIA BO3MYIICHUIA COCTaBJISIET
5200—5800 m/c) Oeryt ObICTpee, 4YeM OEeTOHAILIMOH-
Hasl BoJIHA I10 3apsiay cMecu. CieayeTr OTMETUTD, UTO
eCJIM JJIsl peakluu pazjioxkeHuss HM BennumHa KOH-
cTaHTBI cKopocTH G B cpenHeM noctosHHa (0.2 Mxc™!)
He3aBMCUMO OT pa3mepa gactuil [TXA, To mjst peak-

D, m/c
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Puc. 2. 3aBUCHUMOCTb CKOPOCTH AeToHau D oT o6paT-
Horo auametpa d 3apstma mist cmecu HM + 39% TIXA.
Pasmep vactuir [1XA d =9 (), 35(v), 90 (A), 200 MKM
(¢). CBerjible 3HaUKUM — IKCIEPUMEHT [9], TeMHble —
pacueT UIsl BapMaHTa ¢ TJI0CKUM (DPOHTOM.

uun pasnoxeHus ITXA sra BeanmuynmHa MOHOTOHHO
pacTeT 1o Mepe YMEHbBIICHUST pa3Mepa YacTHll.

Hnsa opyroit cmecu, a umeHHo g1 HM + 39%
ITXA, ckopocCTh AeTOHALIMUA B 3aBUCMMOCTU OT JUa-
MeTpa 3apsgia OblIa pacCUMTaHa ¢ MCIIOJIb30BaHUEM
3HAYEHUI KOHCTAaHT (7, KOTOpble OBLIM MOJYYEHHI B
pacyeTrax IS CTEXMOMETPUUYECKOM CMECH U TMpUBE-
JIeHBI B Ta0J1. 2. Pe3yIbTaThl pacueToB BMECTE C DKCIIe-
PUMEHTAILHBIMY JAHHBIMU IIPEICTABICHBI HA puC. 2.
OTMETHUM HEIJIOXOE COITIAaCHE PacyeTOB C IKCIIEPHU-
MEHTOM, KOTOPOE JOCTUTHYTO 0€3 KaKO-JTMO0 KOop-
pPEKTUPOBKU. B 11e10M pacyer cjierka 3aBhIlIaeT Ha-

Tabauya 2. 3na4eHNsI KOHCTAHT CKOPOCTH peakunn G 1si cMe-
cn HM + 56% ITXA npu pa3imysbix auamerpax yacrun ITXA

G, Mxc™!
d, MKM
IIJISL peakiu IJIST peaKkiu
paznoxenuss HM  |pasnoxenus [TXA

9 0.20 0.053

35 0.22 0.029

90 0.24 0.018

200 0.162 0.009
XUMUYECKAA ®U3UKA  Tom 42 Ne 9 2023
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Tabauya 3. DKcnepUMEHTAJIbHbIE TAHHBIE IO CKOPOCTH JAeToHAIMHU TPoitHbIX cMeceit HM/TTXA/Al
B CTAJIbHBIX 000JI04KaX auaMerpom 18 mm

I[o6aBKal HM MaccoBbie 101 TMopricTocts IInoTHOCTE 3apsna, | CKOpOCTb AETOHALINY,
K IUCITepCHOM Macce, % |kommnonenTtoB HM/TTXA/Al Kr/m> M/c
CootHomeHue Al/TIXA 1: 1
10 0.09/0.455/0.455 0.4 1230 2700
17 0.146/0.427/0.427 0.26 1460 3370
23 0.19/0.405/0.405 0.17 1580 3920
30 0.23/0.385/0.385 0.09 1700 4540
40 0.29/0.355/0.355 0 1750 5450
CootHouenue Al/TTXA 2 : 1
10 0.09/0.303,0.607 0.42 1250 1300
17 0.146,/0.286,/0.57 0.33 1350 2270
23 0.19/0.27/0.54 0.18 1540 3400
30 0.23/0.256,/0.514 0.06 1690 3950
40 0.285/0.24/0.475 0 1790 4800
KJIOH 3aBHMCHMOCTE CKOPOCTH AeTOHALIMM OT oOpatHO-  15]. CMecu conepxKajiu 3HAYUTEIBHBIA W30BITOK

ro IuaMeTpa 3apsiaa ist Bcex pa3MepoB dyacTull [TXA.

Tpexxomnonenmuvie cmecu HM/TIXA/Al

OnbITHl MO U3MEPEHMIO CKOPOCTEl NeTOHAIuu
st cmeceit HM/TIXA/Al npuBeneHbl B padoTax |14,

D
6000 - /e
=
5000 | A
]
4000 | o A
® A
3000 1
0 A
A
2000 |
2
A
]000 1 1 1 1 1 1 1

10 15 20 25 30 35 40
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Puc. 3. 3aBUCUMOCTb CKOPOCTU JeTOHAUMU D TpOMHBIX
cmeceit HM/ITXA/Al ot comepxkanuss HM. Csetibie
3HAYKU — 9KcHepuMeHT [ 15], TemHbIe — pacueT. COOTHO-
mrenue Al/TIXA 1:1(/)un2:1(2). O6om09Ka — CTATBbHOI
LIWIMHAP IMaMeTPOM 18 MM, TOJIILIMHA CTEHOK — 6 MM.

XUMUYECKAS ®U3UKA Ttom42 N9 2023

amoMuHus (mopoinok Mapku ITAIT-2 ¢ yactuamu
Yye4yeBUYHOI (POPMBI, ITACCUBUPOBAHHBIMU CTEapU-
HOBoOI1 KrcioToii). IlepxiopaT aMMOHUS OBLT B3SIT B
¢dopMe TToJIMANCIEPCHOIO MOPOIIKA C pa3MepoM Ya-
ctur, MeHee 40 MKM. Buutit mcrmonb30BaHBI CTATBHBIC
000JIOYKH TMaMETPOM 18 MM ¢ TOIIIMHOI CTEHOK 6 MM.
HaubGonee noagpobHbie TaHHBIE MOTYYEHBI TSI ABYX
KOMITO3UIIMIA, B KOTOPBIX JMCIEPCHBIE KOMITOHEH-
ThI, atoMUHUN 1 [TXA ObUIM B3SITHI B BECOBBIX COOT-
HomeHusax 1 : 1 u 2 : 1. Hurpomeran moGaBisuim K
TIIATEJILHO IIEpeMEIIaHHON MUCIIEPCHOII Macce B
konuuectBe oT 10 mo 40 Bec.%. [dajlee UMEHHO IIO
9TOI BeJIMUYMHE MBI OyieM pas3jinyaTh MCCIeIyeMble
cMecu. Bmecte ¢ conepxxanuem HM B cMecu uzme-
HSUTACH TaKXKe TUIOTHOCTh M MOPUCTOCTh 3apsiaa. Mc-
XOIHBIE TaHHBIC OITLITOB IIPEACTaBISCHEI B Ta0d. 3.

B pacueTax ucriosb30BaHbI CAEAYIONINE 3HAUYCHUS
KOHCTaHT CKOPOCTHU DPa3joXeHUs KOMIIOHEHTOB, G.
st HUTpoMeTaHa KOHCTaHTa ckopocTu G ObLia IMo-
noxeHa paBHoii 0.2 Mkc™! (cpeaHsas BeIMUMHA U3 TeX
3HaYeHUi1, KOTOPbIE UCITOJIb30BAJIUCH BhIIIIE B pacue-
tax a1 cmeceit HM ¢ TIXA). g ITXA 3a ocHOBY
obuto B3sATO 3HaueHue 0.03 Mxc™!, KoTopoe pume-
HSUIOCh B TeX XK€ pacueTax IJisl cMeceil ¢ yacTulamMu
I1XA pa3mepom 35 mxMm. IlokasaTenb crenmeHM MO
NaBJIEHUIO, 1, 1J11 000MX KOMITOHEHTOB ObLJ1 BIOpaH
paBHBIM €IUHMUIIE.

TopeHre aMIOMUHUS B OKMCIISIIONIUX MPOAYKTaX
JIeTOHAIUY MpoTeKaeT B NU(hGHYy3NOHHOM peKnMe, U
€ro CKOpOCTb, OUEBUIIHO, CIa00 3aBUCUT OT IaBJie-



70 EPMOJIAEB u np.

1.0 |

0.8

0.4 3

02F 4 5

0 2 4 6 8 10
X, MM

— |

Puc. 4. PacnpeneneHne OCHOBHBIX XapaKTepHCTUK (Y)
ISt TPOIHOM cMecu ¢ comepkanuemM HM 23% (cootHo-
mreHue [TXA/Al 1 : 1) B 30He peakiiuu AeTOHAITMOHHO
BoJIHBI. PacyeT 1ipy moTHoCTH 3apsina 1580 Kr/M3 , CKO-
poctb aetoHaimu — 4050 m/c; I — naBneHue, OTHECEHHOE
k10TTla; 2—1— Maz; 3 —maccoBas noist [TXA; 4 — mac-
COBasl 107151 HUTPOMETaHa; 5 — MaccoBasi 10Jisl TPOAYKTOB
JIETOHALIMU.

Hus1. B HallIMx pacyeTax mokasaTtelib CTEIIEHU I10 1aB-
JICHUIO OBbLT MOJIOXEH paBHBIM HyJ0. B nuteparype
JIaHHbIE O BEJIMYMHE KOHCTAHTBI G CKOPOCTHU TOpe-
HUS aTIOMUHMS MOXXHO HaiTU TOJIBKO IJIsI cheprude-
ckoro nopomka [10, 11] m mupoTeXHUTIeCKON MyaphI
mapku ITT1-2 ¢ yactTunamum yennyiryaroii opmel [16].
31ech MCMOIb30BajIv 3HAY€H1sI KOHCTAHThI CKOpocTU G
or 0.25 1o 1 mxc~!. [IlurMeHTHAs aTIOMUHMEBad IyIpa
mapku ITAII-2, koTopyto IpUMEHSIINA TSI TPUTOTOB-
JICHUS UCCJIEYEMOM TPOMHOM CMECH, TAaKXKE UMEET Ya-
ctuibl B ¢popme demryek. ITo cpaBHEHUIO C ITyapoid
mapku [1I1-2 gyactunbr nynapsr [TAIT-2 B cpenHeM nme-
FOT HECKOJIEKO OOJIbIIIME MOIIEPEUYHEIC pa3Mephl U Iac-
CHBHMPOBaHBI 3aMETHO OOJIBIINM KOJIMYECTBOM CTeapy-
HOBOI KMCJIOTHI. /IS pacyeToB MBI BBIOpaIN 3HAYEHUE
KOHCTAHTHI cKopocTH G, paBHoe 0.25 Mxc™!.

PesynbTaThl pacueToB MpUBeAeHbBI HAa pUC. 3—5 1 B
Tab1. 3. [laHHbIE, MpUBEIEHHbIE HA PUC. 3, TIO3BOJISI-
IOT COTIOCTaBUTh U3MEPEHHBIE Y PACCUYUTAHHbBIE CKO-
POCTU JI€TOHALIMU TPOMHBIX CMECEi MJisI ONbITOB B
CTJIbHBIX 000JIOYKAaX C COOTHOIIEHUSIMU MEXIY alto-
MuHueM u [1XA, paBabimu 1 : 11 2 : 1. Xopoliee co-
TJ1acyie OMBITOB U PACYETOB IOIYYEHO 0€3 KaKOu-Tnbo
KOPPEKTUPOBKU C MCMOb30BAaHUEM KOHCTaHT CKOPO-
creii npespaieHuss HM u ITXA, kotopbie paHee ObUTU
onpenesieHbl U3 pe3yJibTaTOB aHajiM3a JeTOHAlluUu
JIBOMHBIX CMECE 3TUX KOMITOHEHTOB.

Ha pwuc. 4 nan mpuMmep IIpPOCTPaHCTBEHHBIX IIPO-
¢duIIeil MacCoOBBIX HOJIeii KOMITIOHEHTOB M ITapaMeT-
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Puc. 5. IIpodniab MaccoBoi CKOPOCTH U IJISI CMECH C CO-
nepxanueM 23% HM nipu cootHomenun Al/TIXA 1 : 1.
Pacuer nipu rutotHocTH 3apsina 1580 xr/ M3 , CKOPOCTb Jie-
toHauuu — 4050 m/c.

pOB IETOHALIMU BAOJIb 30HBI peakiiuu. PacueT npose-
JIeH JJ1 TpoiHO# cMecu ¢ comepxxanneM HM 23%
npu cootHoueHuu ITXA/amoMuHuit, paBHom 1 : 1
(muameTp 3apsima — 18 MM, cTajgbHast 00OJIOYKa,
TUIOTHOCTh cMecu — 1580 Kr/m>, CKOpPOCTb JeTOHA-
1 — 4050 M/c). st 3TOro Xe pacyeTHOTro BapuaH-
Ta Ha pUc. 5 MpuBeaeH NPOoGUIb MAaCCOBOU CKOPOCTHU
B 3aBUCHMMOCTHU OT BpemeHu. [Ipoduiab umeer cna-
Oy10 BBIIYKJIOCTh BHU3, CPENHUI TEMII CaJla Macco-
BOIi ckopocTu coctabisieT 230 M/c 3a 1 MKc.

PesynbTaTtel pacyeToB CyMMUpPOBAHbBI B Tadj. 4.
31ech NOMUMO PaCCYUTAHHON CKOPOCTHU AETOHALINU
OpUBEAEHBI IJIMHA 30HbI peaKIuy, OTCUYUThIBaeMasi
oT PpoHTa BOJTHBI 710 Toukn Yenmmena—2Kyre, 3Hade-
HUS DaBjIeHUs Ha GPOHTE BOJHBLI U B Touke Yenme-
Ha—2Kyre, a Takke MacCOBbIE JOJU KOMITOHEHTOB,
YCIIEBIIIMX CTOPETH B IIpeliesiaX 30HbI peakluy J1eTO-
HaIOHHOM BOJIHBI. BUIHO, YTO OTHOIIICHUE YKa3aH-
HBIX JAaBJICHU HEMHOro Oobliie AByX. JIrmHa 30HBI
peaxkiuny pacTeT 110 Mepe YMEHBIIIEHMS COACPKaHUSI
HM, usmenssicey B nuamasone ot 7.4 mo 14.4 mm. K
KOHILY 30HbI peaKIIM1 BO BCEX pACCMOTPEHHBIX Bapu-
aHTax cropaet nopasssttonast yactb HM u Bcero He-
CKOJIbKO MpPOLEHTOB amoMuHusi. KommdecTBo cro-
peBuiero ITXA cocTaBisseT HEMHOIO MEHbIIIE I10JIO-
BUHBI B CMECSIX C COOTHOIIeHrneM amoMuHuii/TIXA
1 : 1, m 9yTh OOJIBIIIE OMHOM TPETH B CMECSX C COOTHO-
meHueM amomuHuii/ITXA 2 : 1.

OBCYXIEHME PE3YJIIbTATOB

CornacoBaHue pE3yJIbTaTOB MaTeMAaTU4YCCKOI'O MO-
JOCJTIMPOBAaHMA C SKCIICPUMMEHTOM I10 3aBUCUMOCTH CKO-
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Tabauya 4. Pe3yabTaThl pac4eToB MapaMeTPOB JeTOHAIMM TPoitHbIX cMeceii HM /TIXA/Al

B CTAJIbHBIX 000JI04KaX auaMerpom 18 mm

71

Jlo6aBKa HUTpOMETaHa Loy cropeBIIMX KOMITOHEHTOB, Bec. %
K IMCIIEPCHOM Macce, D, m/c L, Mmm Py/Pcy, TTla

% HM XA Al
CootHomrenne Al/TIXA 1:1

17 3520 11.6 7.5/3.4 13.5u314.5 | 19.5u342.7 2.8

23 4050 10.0 9.8/4.7 17 u3 18.7 17.6 3 40.5 2.5

30 4610 8.9 12.5/6.1 21 u323.1 16.5 u3 38.5 2.2

40 5220 7.9 15.7/7.9 25.6u328.6 | 14.5u335.5 1.9
CootHomienne Al/TIXA 2 : 1

10 2460 14.4 3.7/1.7 14 u3 14.5 12 n3 30.3 2.3

17 2780 12.4 4.6/2.2 13.2u314.5 | 12.1 m328.6 2.0

23 3390 10.2 6.6/3.1 16.3u3 18.7 | 10 u3 27 1.5

30 4170 8.5 9.7/4.8 19.6 u3 23.1 8.9u325.6 1.3

40 4900 7.4 13.4/6.6 24 13 28.6 8.1mu324 1.2

Ipumeuanue: D — cKOpOCTb AeTOHALINM, L — IIMPUHA 30HBI peaKiInu, Pf/ Py — naBnenus Ha bpoHTe BOJIHBI U B Touke Yermmena—2Kyre.

pOCTH IeTOHAIUM OT AuamMeTpa 3apsina D(d) 1mo3Bo-
JISIET OIIPENSINTh IBA IIPOMU3BOJBHBIX KO3 PUIINEH-
Ta, BXOISIIMX B ypaBHEHUE, KOTOPOE OIIpeAessieT
CKOPOCTH IJIOOQIbHOM peaklMy 3K30TePMUYECKOTO
MpeBpallleHUs B3pbIBUATOrO BelllecTBa. st Mmatepu-
ajia, mpeBpalleHue KOTOPOro MOXHO 3aAaTh C TIOMO-
IIIbIO OTHOM CTanmuu, ABYX KOO(MHUIIMEHTOB, B IPUH-
LIUTIE, JOCTATOYHO, YTOOBI OIIPEAEINTE CKOPOCTh peakK-
LI W PaCCUUTATh CTPYKTYPY AETOHALIMOHHOI BOJIHEL.
OnHako 1Jj1s1 CMECH IBYX U 00Jiee KOMIIOHEHTOB, pea-
TUPYIOIINX B HECKOJBKO CTaaMii C pa3HBIMUA CKOPO-
CTSIMH, HEOOXOTMMOE KOJIMIeCTBO KO3 DUIIMEHTOB,
KaK MUHUMYM, BIBoe oosbire. M Torma omHo 3aBU-
cumoctu D(d) CTaHOBUTCS HEIOCTAaTOYHO; HYKHA
JIOTIOJIHUTEJIbHASI MH(OpMALIKS.

EcrecTBEeHHBIM BBIIJISIAUT TIPEAITOIOKEHUE, YTO
CKOPOCTH TIpeBpaIleHNnsI U 3aKOHOMEPHOCTU, KOTO-
pble peaIM3yIoTCsl, KOTJa KOMITOHEHTHI JeTOHUPYIOT
10 OTIEIbHOCTU, MOTYT OBITh TIPUMEHEHBI K JIETOHA-
mu cMecu. OTHAKO B peaslbHOCTH HaOJI0OAat0TCsl pas3-
JINYHbIE cuTyaluuu. Tak, HanmpuMmep, ObUIO JOKa3aHO,
YTO TIPU OETOHAIIMU B cMecHu ¢ amoMuHueMm [1XA
pasnaraeTcs ObIcTpee, yeM 0e3 amtoMuHus [13]. Dd-
dekT nMmeeT huzndecku sicHoe oobsicHeHne. BmecTe
C TeM B OTJIMYHE OT KOHCTAaHTHI CKOPOCTH peakinn G
ToKasaresb CTeIIeH! # MeHee BapuaTtuBeH. I1o Kpaii-

XUMUYECKAS ®U3UKA Ttom42 N9 2023

Heli Mepe, IJIsi Bcex Opu3aHTHBIX B3pbIiBUaThiX BB, a
TakxXe IJIsi HUTpaTa W IepxjopaTa aMMOHUSI U MX
CMECEN, TSI KOTOPBIX MPOBOIUJIICS aHAIU3 3aBUCHU-
MocTteit D(d) [12, 13], ckopocTh TipeBpallleHus B 1e-
TOHALIMOHHBIX BOJIHAX MPU HE CJAMIIKOM BBICOKMX
NaBJIEHUSX MOAYUHSETCS CTENEHHOW 3aBUCUMOCTHU
OT JIaBJIEHUS C T0Ka3aTesieM CTeleHu 1 = 1.

B nannoif paboTte mpoBeaeHbI HOBBIC PACUETHI JIJIST
cmeceit HMA c I1XA, B KOTOPBIX 1S 00erX cTaguid
9K30TePMUYECKOIO IpeBpalllcHUSI BEJIMYMHA ITOKa-
3aTess 1 II0JIOXKEHA paBHOI equHMIIE, a ABa 3Haye-
HUSI KOHCTAHTBHI CKOpOCTU G ONpele/suIMCh IMyTeM
COIJIAaCOBAHMUS PACYETHOU M DKCIIEPUMEHTAJIbHOM
3aBrucuMocTteit D(d). briio mokazaHo, 4To Ipu U3Me-
HEHWM COOTHOIIEHMSI KOMIIOHEHTOB CMECH XOpollee
corjlacre pacyeToB C M3MEPEHUSIMM ITOJydeHO Oe3
M3MEHEHUST KOHCTAHT CKOPOCTH NpeBpallleHUs TP
Bcex pa3mepax yactull I1XA. I1pu yBennuyeHuu pas-
Mepa vactull ITXA koHcTanTa ckopoctu G mimst HM
OKa3bIBaeTCsl IIOUTH IIOCTOSIHHOI, TOrga Kak IS
ITXA BennunHa G MOHOTOHHO yMeHbluaeTcsi. Ecimn
OLICHUTb 3TO M3MEHEHWE aHaJIUTUYEeCKOn dopMy-
JIOM, TO peaju3yeTcs cieayrollasi 3aBUCUMOCTh: G
M3MEHSIETCSI OOpPaTHO IMPOMNOPLUMOHAIBHO IUAMETPY
yactul [1XA B crerrenu 0.6.
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DTH XK€ 3HAaYeHUSI KOHCTAHT CKOPOCTE IIpeBpa-
meHus HM u ITXA Ob1711 ncImonb30BaHbBI B pacyeTax,
KOTOPbIE TTPOBOANINCH IPUMEHUTEIHHO K IETOHALIUU
TpoitHbix cMeceit HM/ITXA/AL, conmepxamux OO0yb-
IO M30BITOK AJIIOMUHMS. PacyeThl ObUTH BBIITOJTHEHBI
0e3 KOPPEKTUPOBKM BXOTHBIX JAHHBIX II0 CKOPOCTSIM
MpeBpaIleHns KOMIIOHEHTOB 1 Jajld XOpOIIlee CoIia-
CHE C IKCIIEPUMEHTOM I10 BEJIMYMHE CKOPOCTH IETOHA-
LIMU JJI51 OTTBITOB, B KOTOPBIX U3MEHSIIIOCH COJIEp>KaHUE
HM B cMecu 1 oTHoIIeHUe antoMuHMi/TTXA.

Crenyer elie pa3 IMOTYEPKHYTh, UYTO IS cMeceit
HM c ITXA BenrnymHa KOHCTAHTHI CKOPOCTU G CKO-
poctu npeppauieHus: ITXA okazajiach CyllleCTBEHHO
HMKE aHAJIOTUYHBIX BEJIMYMH, KOTOPbIE UMEIOTCS B
mutepatype mis unctoro ITXA u cmeceii [TXA ¢ amo-
muHuEeM [13]. MoxHo cpaBHnTh 3HadeHUd 0.053 n
0.029 mkc~! 13 Tabi1. 3 JAHHOI CTaTbU, KOTOPHIE OT-
BeyaroT cMecsiM ¢ HM mipu pasmepe yactui [1XA 9 u
35 MKM, COOTBETCTBEHHO, 1 3HaueHus 0.43 1 0.22 Mxc ™,
KOTOpBIE TIOJY4EHBI IMyTeM O0OPaOOTKY OITBITHBIX JaH-
HBIX MO0 cKopocTH aeToHaumu [TXA HaACHITHO TI0T-
HOCTH ¢ pa3MepoM yactull 10—12 u 26 MmxMm. Bo3mox-
HOM TIPUMYMHON MOXKET OBITH 3aIloJIHEHUWE MOPOBOTO
o0beMa HUTPOMETAHOM, YTO 3aTPYyAHSIET 0Opa3oBa-
HUE TOpsS4YUX ToueK M BocmiameHeHue IIXA mpu
JIeCTBUM yIapHOTO (ppOHTA.

ITo pe3yabpTaTaMm pacyeToB MOXHO OLIEHUTD JUTUHY
30HbBI peakKlMU OT (PpOHTA BOJHBI 40 TOYKU YernMme-
Ha—2Kyre, KkoTopasi B OOJILIIMHCTBE BapUaHTOB CO-
cTraBmiIa 0KoJio 10 MM, a TakKe IO IIpOpearupoBaB-
IIMX KOMIIOHEHTOB, KOTOpPHIE ITOATBEPKOAIOT CYIIE-
crBeHHOEe Hepgoropanue [TXA 1 0co0eHHO aTIOMUHUS.
W3 npyrux xapakTepUCTUK IIPEACTaBIISIIOT MHTEPEC
Mpoduv 1aBIeHUS U MacCOBOI CKOPOCTH B 30HE pe-
aKI1M JETOHALIMOHHOI BOJIHEL. M3MepeHue npoduis
MAacCOBOI1 CKOPOCTH C COIIOCTaBJICHHEM C PacueToM
SBIISIETCS OOHOM M3 TeEM JAJIbHEUIITNX NUCCIEJOBAHUNA.

BbIBO/IbI

1. IIpoBeneHo MaTeMaTU4YecKOe MOIEIUPOBaHUE
HeuAeaJIbHOM JIeTOHAIIMU TPEXKOMIIOHEHTHBIX CMe-
ceiit HM u IIXA ¢ OoJIbIIMM M30BITKOM aJTFOMUHMS.
Hcrnonb3oBaHa Monenb, pa3paboTaHHas paHee, B KO-
TOPOI BK30TEPMUYECKOE MPEBPAIICHIE CMECH TIPOTEe-
KaeT B TPY CTaauM, BKIIIOYAIONIMX pa3ioxeHuss HM n
ITXA u nuddy3rnoHHoe TopeHue aTioMuHus. Pacue-
TBI TAJI XOPOIIIee COIIACHUE C OIBITHBIMU JAHHBIMHU IO
CKOPOCTH JIETOHALIMU B CTAJIBHBIX 000JI0YKAX JUAMET-
poM 18 MM ¢ BappupoBaHueM conepxxanust HM ot 17
1o 40% nipu cootHomeHUsIX Al/TIXA 1:1m2: 1.

2. 3HaYeHUsT KOHCTAHT CKOPOCTEM IIpeBpalleHUs
HM n ITXA, xoTopble UCTTIOJTH30BaINCh ITPU MOICIN -
pOBaHUM JIETOHALIMU TPOMHBIX CMECEi, OIpencss-

JINCH M3 HAMJIYYILIETO COTIACUS PACUYETOB C IKCIIEPU-
MEHTaMU 110 3aBUCUMOCTH CKOPOCTHU JIETOHALIMUA OT
nramMeTpa 3apsaa st cmecu HM + 54% T1XA. TToka-
3aTejI CTEeTIeHU TT0 JaBJICHUIO ObUTA TOJIOXEHBI paB-
HbIMU enrHuLe. [Tpy n3MeHEHNM COOTHOIEHMSI KOM-
IMTOHEHTOB PAaCUYeThl, ITPOBENEHHBIE C TEMU K€ KOH-
CTaHTaMM CKOPOCTH IIpEBpAIlEHUs, JAIU XOPOIIee
coIJlacHe C ONMBITHBIMU JaHHBIMU. VIMEHHO Ha 3TOM
OCHOBaHMUM BHIOpAHHBIE 3HAYEHUST MCIIOIb30BAINCH
JIJIsl paCYETOB JIETOHALIMY TPOMHBIX CMECEA.

3. N3-3a HU3KOM ckopocTu mnpeBpaiteHus: ITXA
no cpaBHeHUI0 ¢ HM njinHa 30HBI peakuuuy AeToHa-
IIMOHHOM BOJHEI focTuraeT 10 MM. KosmmaecTBoO cro-
pesitiero ITXA cocTaBiseT 4UyTh MEHBIIIE ITOJIOBUHBI B
cMecsX ¢ cooTHoureHueM amoMuHuii/IIXA 1 : 1, u
YyTh OOJIbIIIE OMHOUW TPETU MIPU COOTHOIISHUM ajo-
MuHuit/TIXA 2 : 1. KonudyecTBo CropeBIIEro aTtoMu-
HUsI COCTaBJISIET BCETO HECKOJIbKO MPOLEHTOB.

PabdoTta BbINTOJIHEHA MpuU (HUHAHCOBOM COIEH-
ctBumM Poccuiickoro ¢onaa ¢pyHIaMeHTaIbHbBIX UC-
ciaemoBaHuii (tipoekT Ne 20-08-00654). YacTe pabo-
ThI, Kacalolasicsi UCCIeOBaHNS JBYXKOMITOHEHTHBIX
cmeceit HM/IIXA, BeimomHeHa B pamkax IIpo-
rpaMMbl @yHIaMEHTAIbHBIX HAYUYHBIX UCCIEI0Ba-
Huii PO “IIpouecce ropeHus 1 B3pbiBa” (perucrpa-
LMoHHbI HoMep Ne 122040500073-4).
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