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1. OBWWME CBEAEHUA O NPOUECCAX TrOPEHUA

[Ipoueccl ropeHHss W B3pbIBA UTPAIOT OOJBIIYIO POJIb B KU3HEAESITEIbHOCTH
yesioBeka. C OHOM CTOPOHBI, 3TH MPOLECCH HIUPOKO HMCMIOIB3YIOTCS B Pa3IMUHBIX
OTpacisiX COBPEMEHHON TEXHHUKH M TEXHOJOTMU. OTMETHM JIMIb TaKUe BaKHEHIIHe
OTpaciM Kak TEIJIOPHEPreTHKa, JBUTraTelIeCTPOCHHUE, TPAHCIIOPT, paKeTHasl TEXHUKA U
aBualus, B KOTOPbIX OCHOBHBIMM HCTOYHHKAMU JHEPrUU SBISIOTCS YIpaBisieMble
npouecchl ropenusi. C Ipyroil CTOPOHBI, MPOLIECCHl TOPEHUS U B3PbIBA YACTO MPUBOIST
K KaTacTpo(PUUYECKUM MOCIEICTBUSAM — JIECHBIE MOKaphl, B3PbIBbI MAPOBBIX KOTIOB U
ra3onpoBOJIOB, AJIE€pHbIE B3PbIBBI U T.1. JJI1 OLIEHKM XapaKTEPUCTHUK MU IMOCIEICTBUI
9TUX SBJICHUA HEOOXOAUMO 3HaTh OCHOBHBIE 3aKOHOMEPHOCTH MPOLECCOB,
MPOTEKAIOUIUX MPU TOPEHUU U B3PHIBE PA3TUYHBIX BEILIECTB.

Bepnymuca ¢ ocnagnenue

1.1. OCHOBHbIE NOHATUA ®U3UKN TOPEHUA U B3PbIBA

['openue — 3TO CHOXHBIA (U3UKO-XMMHUYECKHI TMpolecc, MNpu KOTOPOM
MPEBpPAILEHUE BEIECTBA COMPOBOXKIAETCS MHTEHCHUBHBIM BBIJEICHUEM TEIIA, SPKUM
CBEUCHHUEM M TEIJIOMAacCOOOMEHOM C OKpyXkaroiiei cpenoil. B OonbIIMHCTBE clydaeB
TrOpEHUE TMPOUCXOJUT B pe3yibTaTe HKIOTEPMUUYECKOIO OKHUCJIEHHUS BEIIECTBa,
CIOCOOHOT0 K FOPEHUIO (TOPIOYEro), HEKOTOPHIM OKUCIUTENIEM (KHCIOPOJAOM BO3ayXa,
XJIOPOM, 3aKHChIO a30Ta U T.A.). llpu 3TOM B mpolecce ydacTBYIOT JBa OCHOBHBIX
KOMIIOHEHTa — roproyee U OKHUCIuTeNb. [lo 3ToMy MeXxaHu3My NMPOUCXOIUT TOpEHHE
ra3oB, He()TH, OEH3MHA, KEPOCUHA, JPEBECUHBI, TOPpa U JPYTrUX TOPIOYUX BEIIECTB —
YIIE€BOAOPOIOB, COACPKAIIMX B XUMUYECKOH (hOopMyJie yriepoa U BOJOPOA.

Opnako mpouecc TOpeHUs MOXKET MPOTeKaTh HE TOJBKO NpPH peakusix
COCIMHEHUS TOPIOYEro BEIIECTBA C OKUCIUTENEeM, HO W NpU APYTHX peakiusx,
CBS3aHHBIX C BBIJCICHUEM 3HAUYUTEIBHOIO KOJHUYECTBA TEIUIOTBI M C OBICTPBHIM
XUMHYECKUM MpeBpamieHreM. K HUM OTHOCSTCS pa3jioKE€HUE B3PbIBUATHIX BEIIECTB U
030HAa, B3aUMOJIEUCTBHE OKCHUJIOB HATpus MU Oapus ¢ AMOKCHAOM YIiepoja, pacnaj
aleTUICHA U T. 1.

['openue MoXXeT HayaThCsl CaMOIIPOU3BOJIBHO B PE3YJIbTaTe CAMOBOCILUIAMEHEHUS
(manpumep, Oyprta 3epHa Wik TOp(psHKUKA), MO0 MHULIUHUPOBAHO 3a’KUTaHUEM (CBeda
aBTOMOOMJIBHOTO JBUTATENs, CIUYKA, MCKpPAa KOPOTKOIO 3aMbIKaHUS, pPAaCKaJeHHBIE
Kalld MeTajljla IpH 3JIeKTpocBapke W T. A.). llepexon mepBoHadasbHO MENJIEHHOMN
XUMHYECKOM pPEAKUMU B PEXKUM TOpeHHs OOYCIOBJIEH HEIMHEWHON 3aBUCHUMOCTBIO
CKOPOCTH PEaKLUU OT TEMIIEPATYphl, ONPEEsIeMOi 3aKOHOM AppeHuyca.

['openue mnpexacTaBisieT cOOONW KOMIUIEKC B3aWMOCBA3aHHBIX XMMHUYECKHX U
¢u3nyeckux npoueccoB. BaxHelme npouecchl Ipy TOPEHUH — 3TO TEIUIONEPEHOC U
MaccorepeHoc (MepeHoc TeIoTh U BemiecTBa). Hanbonee oO1muM cBOMCTBOM ropeHus
ABJIIETCSI CIIOCOOHOCTh BO3HMKIIEIO oyara IUIAMEHH MepeMEeIaThCcs Mo BCeH roproyeit
CMECH NyTeM IMepeAaud TEeIUIOThl WIH MyTeM AU(P(Yy3UOHHOTO MEepeHoca HarpeThiX
YacTHIl M3 30HBI TOpPEHHMs B CBEXYyK cMecb. B mepBoM ciaydae MeXaHU3M
pacnupoCTpaHEeHHs] IJIaMEHU Ha3bIBAETCS TEIJIOBBIM, BO BTOPOM — AUG(Y3HMOHHBIM.
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OOBIYHO TOpeHue MPOTEKAeT M0 KOMOMHUPOBAHHOMY MEXaHU3MY, BKITIOYAIOIMIEMY Kak
TEMI000MeH, TaK U AUP (Y310 TOPIOYMX KOMIIOHEHTOB U POAYKTOB TOPEHHMS.

JUis  TpOIecCOB TOpPEHUs XapaKTepHO HAIMYUE KPUTHYECKHX YCIOBHU
BO3HUKHOBEHHUSI W PpACHPOCTPAaHEHHUS IUIAMEHH — HEKOTOPHIX (UKCHUPOBAHHBIX
3HAUEHUN JIaBJICHUS, TEMIEPaTypbl, pa3MEPOB CHCTEMbI, COCTaBa TrOprovYeil cMecu U
T.J1., TPH JOCTHKEHUH KOTOPBHIX MPOUCXOAUT BOCIUIAMEHEHUE CMECH, PaCIIPOCTPaHEHHE
IUIaMEHU WK €ro moracaHue. Bo Bcex ciywasix JJis mpouecca TOpeHUsl XapaKTepHbI
TPH CTAJIUU — BOSHUKHOBEHHE, pACIIPOCTPAHEHUE U NTOracaHue MIaMeHHU.

B 3aBuCMMOCTH OT arperaTHOrO COCTOSIHHSI TOPIOUNX KOMIOHEHTOB (OKHCIUTEIS
WJIM TOPIOYETO) pa3inyaroT TpU BUAA TOPEHHUS.

e ['OMOreHHOE ropeHue — TOPeHHe Ta30B U NapOOOPa3HBIX TOPIOUNX BEIIECTB B
cpelie ra3000pa3HOro OKUCIUTENS.

e ['eTeporeHHo€ TOpEeHHWE — TOPEHUE KHUAKUX M TBEPIbIX TOIUIUB (TOPIOUUX
BEILIIECTB) B Cpele ra3zo00pa3HOro OKHUCIHUTENS. Pa3HOBUAHOCTBIO TE€TEPOrEHHOIO
TOPEHHUS SBIISCTCS TOPSHHE KUAKUX Karelb TOIUIHUBA.

e T'openue B3pHIBYATHIX BEIIECTB U MIOPOXOB.

[lo ckopocTu pacnpocTpaHeHHs IUIAMEHU TOPEHUE TNOoJApa3JeNsiercs Ha
nednarpauuio 1 aetoHanuio. JledaarpainoHHOE TOPEHUE — 3TO TAKOW PEXKUM TOpEeHHS,
Py KOTOPOM ILIaMsi paclpoCTpaHseTcs C JO03BYKOBOM ckopocThio. IIpu neronarmu
iaMsi pacrpoCTPaHsAETCs CO CBEPX3BYKOBOW CKOPOCTBHIO, HAIPUMEP, B BO3JyXE — CO
ckopocThio 6osiee 300 m/c. JZ[03BykKOBO€ ropeHHE MOJpa3esisieTCss Ha JaMHUHApHOE U
TypOynentHoe. CKOpOCTh JIAMHUHApHOTO TOPEHUS 3aBUCUT OT COCTaBa CMECH,
HAYaJIbHBIX 3HAYEHUH TEMIIEpaTyphl W JABJICHUSA, a TAKKE OT CKOPOCTH XUMHUYECKUX
npeBpamleHuid B TuiaMeHu. CKOpPOCTh pacnpoCTpaHEHUs TYpOYJIEHTHOIO IUIAMEHU
MOMHMO YKa3aHHBIX (DAKTOPOB 3aBUCUT OT CKOPOCTH IMOTOKA, CTETIEHW W MaciTabda
TypOyJIEHTHOCTH.

[lpenenpHBIM cllydaeM TOPEHHS SIBISETCS B3PBIB — TMPOIECC YPE3BBIYANHO
OBICTPOro BBIJCIECHHSI OONBIIOTO KOJMYECTBa JHepruu. B pesynbTare B3pbiBa
B3pPBIBOOINACHAS] CMECh, 3amoJIHsIONmas O00beM, B KOTOPOM MPOU3OLILIO BbIJCICHHUE
SHEPTrUH, MPAKTHUECKA MTHOBEHHO MPEBPAIAETCS B CUIHLHO HArpeThIil ra3 ¢ BBICOKUM
JABIIGHUEM. OJTOT ra3 C OOJBIION CHION BO3JAEHCTBYET HAa OKPYXKAKOMIIYI Cpeidy,
BbI3bIBasi 0Opa3oBaHHWE yJapHOW BONMHBI. Pa3pyiieHus, BBI3BaHHBIE B3PHIBOM,
0oOyCJIOBJIEHBI MMEHHO JeWCTBUEM ynapHOil BoiHbl. [lo mepe ynaneHuss oT mecra
B3pbIBa MEXaHUYECKOE BO3ACHCTBHE yJapHON BOJHBI CHU)KaeTcsa. MICTOUHMKOM B3phIBa
MOXXET ObITb HE  TOJBKO XHMHUYECKOE IMpeBpalleHue, HO U  J000H
BBICOKODHEPIeTHUECKUN MpPOLEcC (aToMHas WM TepMOsACpHAs PEaKIHsl, BBICOKOE
JaBjeHUe Mapa B KOTJIE, MOJIHHA B aTMocdepe, U3BEp)KEHUE BYJKAHA, I[yHAMH,
najcHUe METEOpUTa H T.]1.).

Bepnymuca e ocnagnenue




1.2. \CTOPUSA PA3BUTUA 3HAHUU O FOPEHUN

B Hacrosimiee BpeMsi ropeHUE SBISIETCS OCHOBHBIM HCTOYHHKOM JHEPTUHU.
Otmetum, uto Oonee 85% noTpebisieMoil 3HEPrUM B MUPE UMEET CBOMM HMCTOYHHUKOM
ropeHue, OOJBIIMHCTBO COBPEMEHHBIX TEXHOJOTMH OCHOBAHO HAa HCHOJIb30BaHUU
ropenusi. KonnyecTBeHHOE OMMCaHUE 3TOTO SIBJICHUS MPEICTABISET HE TOJIBKO YUCTO
Hay4YHbII UHTEPEC, HO TAK)Ke UMEET O0JbIIOe MpaKTUYecKoe 3HaueHue. M3yuenue orus
HAayaJloCh B KaMEHHOM BEK€ KaK MpakThueckas mpodsiema s NepBOOBITHOTO
YeJioBeKa.

[lo naHHBIM apXeoyoruM, JIFOAM Hayajdd MOJb30BaThCsl OTHEM JUisl 00orpeBa u
npurotoBiaeHus nuiy 600 TeICSY JIET Ha3a/1, a HAYYUIIUCh MOJy4aTh OrOHb — 30 ThICAY
net Hazana. [lopox Obut u300peteH B Kutae, a Takke ucnonb3oBaics B AnoHuu Ooliee
TpeX ThICSY JeT Ha3ad. OTHIO OTBOAWIIOCH 3HAYUTEIBHOE MECTO B pPaHHUX MHU(DAX U
JIereH1ax, HarpuMmep, B rpeueckom mude o Ilpomeree, mOXUTUBIIEM OrOHb y OOTOB U
OTJABILIEM €TI0 JIIOJISIM.

[lepBbie = Hay4yHble  MPEACTABICHUS  OTHOCUTEIBHO  IJIAaMEHU  ObUIK
chopMyIIUpOBaHbI, MO-BUAUMOMY, TpeueckuM dusocopom ['epakianTom, CUUTABIINM,
YTO OTOHb SIBJIAETCS OJHUM M3 OCHOBHBIX BEIIECTB. V3 mepBbIX TEOPUM, MBITABIINXCS
OOBSACHUTH CYIIHOCTh MPOLECCa TOPEHHUs, CIEAYET OTMETUTh TEOPHIO (DJIOTHCTOHA. DTa
TEOpHUs ChIrpalia U3BECTHYIO POJb B PA3BUTUM XUMHHU M, B YaCTHOCTH, B M3YYECHUU
npouecca ropenus. Ona nosisunack B XVII Beke B cBsi3M ¢ pa3BUTHEM METAILTYpPrUH.

[lo sTolt XMMHYECKONW TEOpUH BCE BEIIECTBA, CIIOCOOHBIE TOPETh, COJEPIKAT
0co00€e BelecTBO — (PJIOTUCTOH, KOTOPOE BBIJIENSETCS NpU TopeHuu ((PpIorucToH — no-
rpeyecku «roprouuit» — daorucroc). Ilpouecc ropenns no 3Toi TeOpUH 3aKIOYAETCA B
Pa3N0KEHNUHU BEIEeCTBA HA (PJIIOTMCTOH U OCTATOK — 3eMJ1t0. CUUTANIOCh, UTO B yIiepoe,
cepe, BOJOpPOJE CoAepk uTca Oofbiie ¢GIOrUCTOHA, YeM B MeTaiiax. OaHako psij
SBJICHUM, COMPOBOXKIAIOIINX MPOLECC TOPEHUs], 3Ta OIMOOYHAsI TEOpUSl OOBACHUTH HE
Morjia. BeiieauTs YuCThIM (DIOTMCTOH U U3YUYUTh €r0, pa3yMeeTcs, TAKKE HE yJ1aJoCh.
[ToaTomy Teopus yorucrona u3 pakropa nporpecca B pa3BUTUA XUMUU MTPEBPATUIIACH
B €ro TOpMO3. BOJBIIMHCTBO XMMHUKOB TOrO BPEMEHM MNPUIAEPKUBAIUCH TEOPHUH
¢bnoructona. AHrnuiickuii ydenold PoGeptr boinb cuuTan, yTto mpu HarpeBaHUH
METaJVIOB «OTHEHHAsl MAaTepHs» COEIUHSETCS C MeTallaMM M TpeBpallaeT HuX B
okanuHy. Tak Kak BEC OKaJIMHbI OOJIbIlIE BEca MeTalia, U3 KOTOPOro OHA MOJIy4YeHa, To,
1o MHeHUI0 bois, (paorucTon uMmeer Bec.

BrnepBbie Teopuio  (IIOTMCTOHA ONPOBEPr BEIUKUM PYCCKUN  yUEHBIN
M.B. JlomonocoB (1711-1765 rr.). On mnpoBena OOJBIIOE KOJIMYECTBO OIMBITOB C
MPOKAJIMBAaHUEM CBUHILIA U 0JIOBA B OTKPBITHIX U 3alasgHHBIX cocyAax. B aTux ombiTax
MPOBOJWJIOCH B3BEIIMBAaHUE BEIIECTBA A0 M mocie mnpokanuBanus. [Ipu stom ObLIO
MOKa3aHO, YTO METaulbl MpH MPOKAJIUBAHUU COEAUHSIOTCS C BO3IYXOM U
yBeJIMUMBaKOTCS B Bece. [IpokanuBasg meraiul B 3anmasHHOM cocyzne, M.B. JlomonocoB
HaIlleJl, 4TO XOTS Ha MeTa/uie W oOpa3yeTcs OKajauHa, HO OOuui Bec cocyla ¢
METajlIoM ocTaercs Heu3MeHHbIM. JlomoHocoB M.B. mokazan, yto (JoructoH He
MPOHUKAET CKBO3b CTEKJIO 3alassHHOIO COCYy/Aa, a OKajduHa oOpa3yeTcss 3a CYeT
NPUCOECIUHEHUSI K METally BO3JyxXa, Haxojsauierocsa B cocyae. CBOMMM ONBITAMH
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JlomoHOCOB M.B. BBIABUI HE TOJIBKO CYIIHOCTbH IpoOllecca IOPEHUs, HO U YCTaHOBUII
OCHOBHOM 3aKOH COBPEMEHHOW XMMHUHU — 3aKOH COXpaHEeHHs Macchl BenlecTna (1756 r.).
[Toznnee, B 1773 r. JlaByaspe moBTopuin onbiTel M.B. JloMoOHOCOBa M mokasan, 4TO
TOJIBKO YacTh BO3JyXa COEOUHSAETCS C METAUIOM, IPUYEM 3Ta YacTb COAECPKHUT
npumepHo 20 % oT o6bema BO3/1yXa, TO €CTh COCTABISET JOII0 KUCIOPOAa B BO3IyXE.
Cpenu ydeHbIX, KMBIIMX U paboTaBmIMX /10 Havyasa XX Beka, HAauOOJIBIINI BKJIAJ B
pa3BuTue Hayku o ropeHuu BHecnu II. bepreno, P. bynsen, P. bakoH, A. JlaByasbe,
M.B. JlomoHnocoB, B.A. Muxenbcon, M. @apaneii, C. UenMeH u apyrue.

B XX Beke Hayka O TOPEHUU U OCHOBAaHHbIE Ha HEM TEXHOJOTUM CTaldu OBICTPO
pa3BuBaThcs. B 1926 r. amepukanckuii unxkenep P. 'ognapa pazpadoran, ucnbitan u
MOJIYYMJI TATEHT HA MEPBYIO PAKETY € KUJIKUM TOIUIMBOM. [IprMepHO B 3TO ke BpeMs B
CCCP @®.A. llanzmep co3ain M UCIBITAN PAKETHBIE ABUTATEIN HA XKUIAKOM TOIIMBeE. B
1932 r. B Mockee C.II. KoponeBpiM ObUla cO3laHa Tpynmna CHELUATUCTOB IO
u3ydyeHuro peaktuBHoro aswxkenus — ['MIPJ1. B aBrycre 1933 r. Obina 3anyiieHa nepas
coBeTckas xkuakoctHas pakera ' MIPJ[-09, a B Hosi6pe 1933 r. — TUP/1-10. D11 paboTh
obutn pogoskeHsl C.I1. Koponesbim, B.IL I'mymiko v apyrumMu y4eHbIMH YK€ MOCIE
BoiiHBL. B pesynpraTe 3THX pador CCCP cram nmuoHepoM B OCBOEHUM KOCMOCA.
BypHbIMM TeMmaMy Hayka O FOPEHMM Hadajla pa3BHUBAaThCA mociie BTopoil MupoBou
BOWHBI.

OcHoBormonararonuii BKJIaJi B HAyKy O TOPEHHM ObUT BHECEH aKaJeMHUKOM
H.H. CemenoBbiM, koTOpbIi nonyursi HoOeneBckyro npeMuio 1o Gpu3uke 3a OTKPhITHE
LEMHBIX Pa3BETBJICHHBIX PEaKUUW, UTPAIOIIMX OINPEACIAIONIYI0 pOJib B TOPEHHHM U
B3pbiBe. H.H. CemenoB ocnoBan Mucturyt xumuueckoi puzuku AH CCCP, koTopsiit
Ha MPOTSXKEHHMM MHOTHUX JIET 3aHMMAaeT BeJyllee MOJOKEHHE B 00JIaCTH TOPEHHS.
Boigatonumcst ydeHsIM B 0o0siacTu ropenusi 0bu1 akagemMuk S.b. 3enapaoBuy (TpHKIbI
I'epoit Commanuctuuyeckoro Tpyna). Bximang B Hayky o ropenun S.b. 3enpaoBuya
HACTOJIBKO BEJIMK, YTO MUPOBOE COOOIIECTBO MO TOPEHHUIO YUPEIUIIO 30J0TYI0 MEIalb
€ro UMEHU 3a JIOCTWKEHHsI B HAYKE O FOPEHUHU, KOTOpask Bpy4aeTCsl KaXable J1Ba roja
Ha MeXyHapOIHBIX CUMIIO3UyMaXx IO TOPEHUIO.

Ha cTblke XMMU4eCKON KMHETMKH M HAYKH O FOPEHUHU IUIOJOTBOPHO padoTanu
K.K. Annpees, A.®. bensie, B.B. BoeBoackuii, A.A. KoBanbckuii, B.H. Kongpatses,
I1.®. Iloxunm, [.A. ®pank-Kameneukuii, [O.b. XaputoH u MHoOrme papyrue
BBIIAIOIINECS] COBETCKME YueHble. 3a pyOekoM Hayka O TOPEHHUUM HHTEHCHBHO
pazBuBaetrcs B CIIA, rae ClIOXKWINCh KPyNHBbIE HAy4YHbBIE IIKOJIbI HCCIEIOBATEIIEH,
Bosraasisiemele @.A. Bunesamcom, T. Kapmanowm, b. JIstoncom, A.K. Onmnenrerimepom,
M. Cammepdunpaom, I'. Dnapde. U3 eBponeiickux y4eHbIX B 00J1aCTH (PUBUKU TOPEHUS
MOkHO otMeTuTh M. Bappepa, A.I'. I'eitnona, Jlynmxu ne Jlyka, J[.B. Cnonaunra u

IPYTUX.
Bepnymouca 6 o2nagnenue
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1.3. OCHOBHBbIE OBJIACTU NPUMEHEHUA TOPEHUA

[Ipouecchl TOpeHMsS] JKMIKMX, TBEPABIX M Ta3000pa3HbIX TOIUIMB MIMPOKO
UCIIOJIB3YIOTCSl IPAKTUYECKU BO BCEX OTPACIISAX COBPEMEHHOW TEXHUKU U TEXHOJIOTHHU.
OtmeTuM HamboJee BaXKHbIE HANPABICHUS UCIOIb30BaHUS MPOLIECCOB TOPEHMS.

e HaubOonee BaXHYIO POJb MPOLECCHl TOPEHUS WUIPAIOT B TEIUIOIHEPreTUKE.
TemioBble 3JEKTPOCTAHIMU HCIOJIB3YIOT YHEPTUI0 FOPEHHUs YIJIA, FOPIOYUX Ta3oB, U
KHUJKUX YTIIEBOJOPOAOB.

e B TexHOoIOrMM NOJy4YeHHs] YEPHBIX U LIBETHBIX METAIOB, CTEKJIA, KEPAMUKH,
LEMEHTa, U APYTUX HEOOXOUMBIX MAaTEPUAIIOB TAKXKE HUCIIOIB3YETCS SHEPTUsl TOPEHUS
JUIsl HAarpeBa U IUIaBJICHHS] COOTBETCTBYIOLIUX KOMIIOHEHTOB U ChIPbS.

e ApTHiIEpHsl, CTPEIKOBOE OPY>KHE U IPYTrUe BUJIbI BOOPYKEHHUI HCIOIB3YIOT B
KaueCTBE NCTOYHHMKA YHEPTUHU B3PbIBYATHIE BEIIECTBA PA3JIMYHBIX KJIACCOB.

e bonbinoe HapoJHOXO3SUCTBEHHOE 3HAUYEHHE UMEIOT B3PBIBHBIE TEXHOJIOTHH,
MpUMEHSIEMBbIE JI JOOBIYM YTJIA U JPYTUX MOJE3HBIX HCKOTIAEMBIX, TPU CTPOUTENIbHBIX
paborax (BO3BeJEHUE TUIOTUH, IPOKJIAJKA TYHHENEH U T./1.), IPU Pa3pyLICHUU JIEITHBIX
3aTOPOB.

e BaxxHbIM HampaBiI€HHEM B HAayKe O TOPEHHMH SBISIOTCS 3KOJOTHMYECKHE
acneKTbl TOpEeHMs, MOJy4YMBIIME OOJIbLIOE pa3BUTUE B mocienHee Bpemsa. K Hum
OTHOCSITCSL TEXHOJIOTHUS CXKUTaHUS OBITOBBIX OTXOJOB, M3yYEHHE MEXaHU3MOB
o0pa30BaHus HKOJIOTMYECKH BPEAHBIX IMPOAYKTOB CropaHusi (OKCHIBI a30Ta, caxa,
COCIMHEHHUS XJIOpa). DTHU HUCCIENIOBaHUS IO3BOJSIOT HAWTH YCIOBUS, MPU KOTOPBIX
KOHLEHTpAIUsl TOKCUYHBIX BEIIECTB B BHIOPOCAX MUHUMAJIbHA.

e OgHUM U3 BOXHEWIIMX HANPABICHUN HAyKU O FOPEHHUU SBIIAETCS M3yUYECHUE
MOapoB (B >KUJIBIX MOMEIIECHUSIX, JECHbIX MAacCUBOB U T.A.) U pa3pabOTKa METOAOB
nokapoTyuieHus. J[Jig TylleHus NO0KapoB HCHOJB3YIOTCS Kak (u3umyeckue, Tak M
XUMHYECKHUE CIOCOOBI, KOTOPbIE CIIOCOOCTBYIOT OOpPBIBY LiETIE XUMHUYECKOW peaKInu
rOpEeHUsl.

e OTaenbHO claeAyeT OTMETUTH POJIb MPOLIECCOB TOPEHMSI B IBUTATEIIECTPOCHUH,
aBUallMd U pakeTHOM TexHuke. [Iporecchl ropeHus HCMONB3YIOTCA IS TOJYyYEHHS
JIBWKYIIEH SHEPruu paziuyHbIX TPAHCHOPTHBIX CPEJICTB, HauMHas OT MapoBO3a H
BIUIOTh O COBPEMEHHBIX PAaKETHBIX JBUTrATENEeH, aBTOMOOUIIEH, CAMOJIETOB, CYJOB U
T.1. B KauecTBe nmpumepa pacCMOTPUM CXEMY HPSIMOTOYHOI'O BO3AYIIHO-PEAKTHBHOTO
JIBUTaTelNsl, IPUBEACHHYIO Ha puc. 1.1.
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Puc. 1.1. Cxema npssIMOTOYHOIO BO3AYIIHO-PEAKTUBHOTO IBUTATEIIS:
1 — Bo3ayx; 2 — nuddy3op; 3 — BOPHICK TOprOYero; 4 — cTabuau3arop IiaMeHu;
5 — Kamepa cropaHusi; 6 — Corio

IToMUMO KUIOKOCTHBIX PAKETHBIX JBUTATEJIEH, B KOTOPBIX B KAUECTBE TOPIOYETO
UCIIOJIb3YIOTCSI HECUMMETPUYHBIA TUMETUITUAPA3UH (TeNTU) WIN KUJKUA BOIOPO, a
B KaUECTBE OKUCIUTENA — a30THYIO KUCIOTY WM *kujakui kucioposa, B CCCP, CIIIA,
SAnonuun, Kurae, 3amamgHoii EBpome monydnnum pa3BUTHE PaKETHBIE [BUTATENId HA
TBEPAOM TOIUIMBE. B KauecTBe TBEPAOro TOIUIMBA, CIIOCOOHOTO K CaMOCTOSITEIbBHOMY
FOPEHUIO, Yallle BCETO  MCIOJB3YETCS CMECh IIOJMMEPHOIO TOPIHOYEro U
MOPOIIKOOOPAa3HOTO OKHUCIMTENSA, Hampumep, mnepxiuopara aMMoHus. OCHOBHOM
3a/layeil Mpu CO3JaHUU TOIUIMBA SIBJIAETCS MOJy4YE€HUE HauboJiee BHICOKOTO YIEIbHOIO
UMITyJIbca (OTHOUIEHUE TATU JABUTATENII K MACCOBOMY CEKYH/IHOMY pacxoJy TOIUIMBA),
JOCTUTaeMOT0 MpU HamboJiee BHICOKOW TeMmepaTrype W HAauMEHBUIEM MOJIEKYJISPHOM
BeCe MNPOAYKTOB cropanuss. C 3TON LEIpI0 B COCTAB TBEPABIX PAKETHBIX TOIUIUB
N00aBIISAIOT MOPOUIKH JIETKMX METAJUIOB — aJIOMUHUA WM MarHus. M3ydeHue ropeHus
TaKMX CJOXKHBIX CHUCTEM IMPEACTABISIET CEPbE3HYI0 3aJauy B COBPEMEHHOU (u3uke
TOpPEHHS.

Hayka o ropenuu nponomkaeT pa3BuUBaThCsa. B mocienHue roasl MOSBUIMCH
HOBBIE HANPABJICHUS B HAyKE O TOPEHHWH U TEXHOJOTHMHM, OCHOBAaHHBIE Ha HEM. JTO
CaMOpAaCIPOCTPAHAIOIIUNCS BBICOKOTEMIIEPATYPHBIA CUHTE3 — IPOLIECC NEPEMEICHUS
BOJHBl XUMHUYECKOW pEaKIMM IO CMECH TBEPAbIX JUCIEPCHBIX pPEAreHTOB C
o0pa3oBaHWEM TBEPJbIX KOHEUYHBIX MPOAYKTOB. JlaHHAs TEXHOJOIHsI MO3BOJISIET
CUHTE3UpOBaTh HOBBIE MaTepuajbl U BElIECTBA C OCOOBIMH CBOWCTBAMH. MOXHO
Ha3BaTh €II€ LENBIN P TEXHOJIOTMH, YUCIO KOTOPBIX IMOCTOSHHO MOIMOJHSAKTCA, T1I€
IIPOLECCHI TOPEHHUS Y B3PbIBA UTPAIOT OIIPEAEIISIOLLYIO POJIb.

Hecmorps Ha UIMHHYIO MCTOPUIO, KOJHMYECTBEHHOE OIMCAHUE IIPOLIECCOB
TOPEHHsI CTAJIO0 PA3BUBATHCS CPABHUTEIBHO HEAABHO. JTO CBSA3aHO CO CJIOKHOCTBIO
SBJICHUS, KOTOPOE BKJIIOUAET B C€Os LIENbIN psAJl XUMUUYECKUX PEaKUUi, a TaKXKe TaKue
aCIEeKThl, KaKk TeUEHHUE ra3a, TEIIONPOBOJAHOCTh U AU (Y3MOHHBINA MEPEHOC BEIIECTB.
B nocnegHue roapl SKCHEPUMEHTAJNbHAs TEXHHUKA M TEXHHKA KOMIIBIOTEPHOTO
MOJICJIUPOBAHUS MOAHSIMCH JO TAKOTO BBICOKOIO YPOBHS, YTO MHOTHE MPOOJIEMBbI
rOpPEHUsI MOTYT OBITh OMKMCAHbI KOJTUYECTBEHHO.

Bepuymuca 6 o2nagnenue
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1.4. TOPEHUE N OKUCIEHUE

[Tpu coenrHEHNU TOPIOYMX BEIIECTB C KHCIOPOJAOM BCET/la BhIIETSAETCS TEIIoTa,
HO HE BCE ATH peaKIUy MPOTEKAIOT B BHUJE ropeHus. Hanmpumep, okucaeHne 3TUI0BOro
CIHMpTa B YKCYCHBIM albJeTH] HENb3sl Ha3BaTh ropeHHEeM. B 3Tom ciydae cKopocThb
peaKIMy HEBEeJIMKa, ¥ KOJWYECTBO BBIACIAEMON TEIUIOTHl HEAOCTaTOYHO IS
HarpeBaHus MPOJAYKTOB peakUuu A0 cBedyeHus. Eciu kakum-mubo crocodbom
YBEJIMYUTh CKOPOCTh PEAKIMH M, CIEOBATEIbHO, BBIACIEHUE TETUIOTHI, TO MPOIIECC
OKHCIICHUS BEIIECTB MOXKET Mepeiitu B ropenue. CinenoBaTenbHO, TOPEHHE OTHOCUTCS K
MPOIECCY OKUCICHHUS M XapaKTEpH3yeTCs TOJILKO BBICOKOW CKOPOCTBIO pPEaKIMid |
3HAYUTENILHBIM TETUIOBBIM 3P (HEKTOM.

B nanpreiimem Oyaem pa3nuyaTh MPOLECCHl OKUCICHUS U TOPEHHS IO BHEIIHUM
NpU3HAKaM: OKUCIIEHHE — 3TO MPOIIECC COSAMHEHHUS TOPIOYETO BEIIECTBA C KUCIOPOI0M
0e3 BBIJICIICHUS CBETa, TO €CTh 0€3 IUIaMEHM WM HaKajla BEIIeCTBa, TOPEHUE — ITO
MPOIECC OKHUCTICHHSI C MOSBICHUEM TUIAMEHH MJTM HaKaJia BEIeCTBa.

[losiBneHne miaMeHW WM Hakajla BEIIECTBA B MPOLECCE OKUCICHHS BCErnaa
SBIISIETCS PE3yNbTaTOM 3HAYUTENBHOTO TeIioBoro 3¢ dexra peakumu. M3myueHue
CBETa B TPOIECCEe TOPEHUS — OTO pe3ydbTaT MepexoAa XHUMHYECKOH DSHEpruu
pearupyrommx BEIIECTB B TEIUIOBYIO PEAKIMIO MPOMEXYTOUYHBIX M KOHEYHBIX
IPOAYKTOB PEAKIIHH.

Bepnymuca e ocnagnenue

1.5. YCNNOBUA, HEOBXOOUMBIE AJ1A TOPEHUA

['opeHue BemIecTB BO3MOXKHO TOJIBKO TIPH HAJWYUM TOPIOYEro BEIIECTBA,
KHCJIOpOJa BO3Ayxa (WU JPYyroro OKUCIUTENs) U JOCTHXKEHUS TeMIlepaTyphl,
CrOCOOHOM BBI3BATH MPOLIECC TOPEHUSI.

Bo3nyx u roprodee BEIIECTBO COCTABISIOT CHUCTEMY, CIOCOOHYIO TOpeTh, a
TEMIEpPAaTypHbIE YCIOBUS OO0YCIIaBIMBAIOT BO3MOXKHOCTh CaMOBOCIUIAMEHEHUS W
ropeHusi cuctembl. [Ipu ycTaHOBHBIIEMCS PEKHME TOPEHUS H3MEHEHHE COCTaBa
CUCTEMBI U TEMIIEPATYPHBIX YCIOBUN BEJET K U3MEHEHHUIO CKOPOCTH TOPEHUS WIJIH €ro
npekpainieanio. Hanmpumep, n3meHeHne KOHIICHTPAIIMK TOPIOYETO BEIIECTBA B Ta30BBIX
WM TIBUICBBIX CMECSAX MEPBOHAYAIBLHO M3MEHSET CKOPOCTh TOPCHHSI B TY WM HHYIO
CTOpPOHY, a 3aT€M BEJIET K YMEHBIIICHUIO CKOPOCTU U MPEKPAIICHUIO TOPECHHUS.

N3 cocraBHBIX yacTel BO3/AyXa B TOPEHUM YYacCTBYET TOJIBKO KHUCIOPOI. A30T U
peIKHe rasbl, HaXOJsIIUecs] B BO3AyXe, B ITOM IMpoOIecce He ydacTBYIOT. M3menss
KOHIICHTPAIMIO KUCIOPOJa B BO3JyXE, MOKHO U3MEHUTh CKOPOCTh TOPEHUS BEIIECTB.
HauGonpmass CKOpOCTh TOPEHHUS IMOJY4YaeTCs TpPH TOPEHWH BEIIECTBA B YHUCTOM
KHCJIOPOJIe, HauMeHbIlas (MpeKkpalieHue TropeHus) — mpu coaepxkanuu 14-15 %
KHCIIOpO/a.

['opeHue BelecTB MOXET MPOUCXOAUTH 3a CUET KHUCIOPOJa, HAXOJSIIETrocs B
COCTaBe JPYrUX BEIIECTB, CHOCOOHBIX JIETKO €ro otTjaaBaTh. Takue BellecTBa
Ha3bIBAIOTCS OKucauTensiMu. [IpuBeneM Hanbosee U3BECTHhIE OKUCIUTEIIH.

e bepronerosa conb (KCIO3).

o Kamiinas cenmurpa (KNO3).
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Hatpuesas cenurpa (NaNO3).
Hutpat ammonus (NH;NO3).
MapranreBo-kucibiid kamuit (KMnOy,).
o [Ilepxiopar ammonust (NH;CIO,).
B cocraBe okucnuTenei coaepKUTCs KUCIOPO, KOTOPbIA MOXET OBbITh BbIIEJICH
MyTEM Pa3JI0kKEHUs COJIH, HATIPUMED:

2 KCIO3 = 2KCI + 3 0O,

Pa3noxkeHne OKMCIMTENEH MPOUCXOINUT NPU HATPEBAHUM, & HEKOTOPBIX M3 HUX
Jake MoJ BO3JEUCTBUEM CUIIBHOTO yaapa. [ Toro, 4To0bl BEUIECTBO FOPEO 33 CUET
KHUCIIOpOAa OKUCIMTENSA, HEOOXOAMMO KaK roprodee, TaKk U OKUCIUTENb U3MEIbYUTh U
TIIATEJIBHO MEPEMEIIATh U YBEJIMYEHUS IUIOMAAN CONPUKOCHOBEHMS PEArUpPYOIIMNX
BellecTB. ['opeHHe Takux cMmeced MNPOUCXOAUT C OOJIBIION CKOPOCTBhIO, TaK Kak
KHCJIOPOJI B MOMEHT BBIICJICHUS] HAXOAUTCS B aTOMapHOM COCTOsiHUM. [Ipumep Takmx
CMECE — 4YEpHBIM MOPOX, TEPMHUT, MUPOTEXHUYECKHE COCTABBI, CMECEBBIE TBEP/bIE
PaKETHBIE TOILJINBA.

Jlist mpexpallieHus TOpeHusl He0OXOAMMO HAPYIIUTh BbI3bIBAIOIINE €r0 YCIOBUSI.
Tak, ©npu TyLWIEHUH BOAOM IPOUCXOAUT OXJIAKICHUE TOpAILLEro Belecrsa U
YMEHBIIEHNE KOHLIEHTPAllMU FOPIOYMX ra3oB 3a cueT o0pa3oBaHus mapoB Bojbl. [Ipu
TylIeHUH He(TH TEeHOM MpeKkpamaercss mnojaya TEIVIOThl OT IUIAMEHH K HepTH U
3aTPYAHAETCS €ro NOCTYIUICHUE B 30HY T'OPEHUS.
Bepuymuca 6 o2nagnenue

1.6. NMPOAYKTblI TOPEHUA

[TpoxykThl TOpeHUsT — 3TO ra3o00pa3Hble, >KUIKWE WM TBEpJble BEIIECTBA,
oOpa3yromuecs B npoiecce roperusi. CocTaB MPOIyKTOB CTOPaHUs 3aBHCHT OT COCTaBa
TOpSIIEro BEIIECTBA M OT YCJIOBUHN ero ropeHus. OpraHuyeckue W HEOPraHHMUYECKUE
rOpIOYHE BEIECTBA COCTOST, TTIAaBHBIM 00pa3oM, M3 yriiepoja, KHCIopoa, BOAOPOa,
ceprl, pocopa u azora. U3 Hux yriepon, Boaopona, cepa u ¢dochop CrnocoOHbI
OKHUCJISITBCS TIPU TEMIIEpaType ropeHust 1 00pa3zoBbIBaTh NMpoayKThl ropeHusi: CO, COy,
SO,, P,0s. A30T nipu TeMIiepatype TOpEeHUsl He OKUCIISECTCS U BBIACISAETCS B CBOOOTHOM
COCTOSIHMH, a KHUCIIOPOJ PAcXOIyeTCsl Ha OKHCIIEHHE TOPIOYMX DJIEMEHTOB BEIECTBA.
Bce ykazanHble MpOAYKTHI cropaHus (3a uckimoueHne okucu yriepona CO) ropets B
nanbHeueM 0oJplie He ciocoOHbl. OHU 00pa3yrOTCs MPHU MOJTHOM CrOPAaHUU, TO €CTh
NpU TOPEHUH, KOTOPOE MPOTEKAET MPH JOCTYIE JOCTATOYHOTO KOJIMYECTBA BO3AyXa H
IIPU BBICOKOUW TEMIIEPATYypE.

[lpy HemosHOM CropaHUM OPraHWYECKUX BEHIECTB B YCJIOBHAX HHU3KHX
TEeMIEepaTyp W HeJ0CTaTKa BO3lyxa 00pa3yrorcst Oojee pa3HOOOpa3Hble MPOAYKTHI —
OKHCh YIJIEpOJa, CHOHUPTHI, KETOHBI, albJCTUIbI, KHCIOTHI W JApPYyrue CJIOXKHBIC
XUMUYeckue coeanHeHns. OHU TOMy4YaroTCsl MPU YaCTHYHOM OKHCIICHHH KaK CaMmoro
rOprovero, Tak M TPOAYKTOB €ro CyXOod MEeperoHKu (Muponu3a). DTU TMPOIYKTHI
00pa3yroT eAKUH U sIMOBUTHINA AbIM. Kpome TOro, mpoayKThl HEMOIHOTO TOPEHHS CaMu
CHIOCOOHBI TOPETh U 0Opa30OBBIBaTH C BO3YyXOM B3pBIBYATHIE CMECH. Takue B3pBIBBI
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OBIBAIOT MPH TYIIEHUH MOKAPOB B MOJABANAX, CYHIMIKAX U B 3aKPbITHIX MOMEILIEHUSX C
OOJBIIMM KOJMYECTBOM TOpIOYEro martepuana. PaccMoTpum KpaTko CBOMCTBa
OCHOBHBIX TPOAYKTOB T'OPEHHSI.

Yenexkucnwoui caz

VYraekucneid ra3 wim 1Byokuch yriepoaa (CO,) — mpoayKT MOTHOTO TOPEHUS
yraepona. He umeer 3amaxa u nBeta. IIMOTHOCTH €ro mo OTHOIIEHUIO K BO3AYXY
p = 1.52. IInoTHOCTH yraekucioro ra3a npu temmneparype 7= 0 2C u npu HOpMaIbHOM
naBieHnd p = 760 MuwUIMMETpoB pryTHOro croimdba (Mm HQ) paBHa 1.96 Kr/m°
(IUIOTHOCTB BO3IyXa IPH THX e YCIOBHSX paBHa p = 1.29 kr/m°). Vriekucislii ras
xopoio pactBopuM B Bojie (mpu 7' = 15 72C B 0JJHOM JUTPE BOJBI PACTBOPSIETCS OAUH
JUTP Ta3a). YTIJIEKUCbIM ra3 He NOIJEpPKUBAET FOPEHHE BEIIECTB, 3a MCKIIOYEHUEM
HIEJIOYHBIX M IIEJOYHO-3€MEJIbHBIX MeETauloB. ['OpeHue MarHus, Hampumep,
MPOUCXOJIUT B aTMOC(epe YrIeKUCIOro ra3a no ypaBHeHHIO:

CO, +2 Mg = C + 2 MgO.

TOKCMYHOCTh YTJEKUCIOro ra3a He3HauuTelbHAa. KOHLEHTpauus yriekucioro
ra3a B Boznyxe 1.5 % Oe3BpenHa Jij1s yesnoBeka JuTesbHoe Bpems. [Ipu koHIeHTpanuu
YTJIEKUCIIOTO Ta3a B BO3JyXe, NpeBbimatoniein 3—4.5 %, Haxox/IeHHe B MOMEIICHUU U
BJIbIXaHUE ra3a B TEUEHHE Moydaca onacHo s xu3nu. [Ipu remneparype 7=02C u
nasneHnn p = 3,6 MIla yriekucinslii ra3 neEPEXoguT B JKUAKOE COCTOSIHUE.
Temneparypa KuneHusi KUAKON yriaeKkucioTel coctasiger 7 = —/8 AC. Ilpu OsicTpom
UCMIAPEHUM KUAKOM YIJIEKHCIOTHI Ta3 OXJaXJaeTcd U TMEepexXoJuT B TBEPIOE
cocrosiHue. Kak B JKMAKOM, Tak M TBEPAOM COCTOSHHUM, KalId W TOPOLIKH
YTIEKUCIOTHI TPUMEHSIOTCS AJI TYILIEHUS OXKapOB.

Oxcuo yznepooa

Oxcupn yraepoga wunu yrapssiii raz (CO) — HOpOAYKT HEMOJHOTO CropaHus
yriaepojaa. DTOT Ta3 HE HMEET 3amaxa U IBeTa, ModTOMY 0c000 omaceH. OTHOCUTENbHAS
mwiotHocTh p = 0.97. [InotHocTh yrapuoro raza mpu 7' = 02C u p = 760 mm Hg
coctaBmsier 1.25 kr/M°. DTOT ras jerde BO3AyXa M CKAIUIMBACTCS B BEPXHEH YacTH
MOMEIIEHUS TIPpU MoXkapax. B Boje okcua yriaepoaa moutu He pacTBopsieTcs. CrocobeH
TOpPEeTh U C BO3AYXOM 00pa3zyeT B3phIBUATHIE CMECH. YTapHBIN ra3 MpH TOPEHUU JacT
TUTaMsi CHHETO I[BeTa. YTapHbIU ra3 sBIsieTcsl OUeHb TOKCUYHBIM. Biapixanue Bo3ayxa ¢
KOHIIeHTpareil yrapHoro raza 0.4 % cwmeprenpHO ans venoBeka. CrTaHmapTHBIC
MPOTUBOTA3bl OT YrapHOTO raza He 3alUIIaloT, MOITOMY MPH MOXKapax MPUMEHSIIOTCS
crienanbHble (GUIBTPHI WU KUCIOPOAHBIE U30IUPYIOIINE TPUOOPHI.
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Cepnucmeutii 2a3

Cepnuctbiii ra3 (SO;) — MPOIYKT TOPEHHS CEPbl M CEPHUCTHIX COCIMHCHUH.
becuBeTHBIli Ta3 C XapakTepHbIM pe3KuM 3amaxoM. OTHOCUTENBbHAS TUIOTHOCTH
cepHuctoro raza p = 2.25. IlnotHocts 31oro raza npu 7' = 07C u p = 760 mm Hg

coctaBmsier 2.9 Kr/M°, TO €CTh OH HAMHOTO TsDKeliee Bo3ayxa. CepHHCTBII ra3 XOpoIo
pacTBopsieTcs B Boje, Hanpumep, npu temnepatrype 7' = 0 7C B 0HOM JUTpE BOJIbI
pacTtBopsieTca BocembecaT TuTpoB SO,, a ipu 7' = 20 2C — copok autpoB. CepHUCTHIN
ra3 TOpeHHE He NOJJEepKUBaeT. [[efcTByeT pasapaxkaroliuM 00pa3oM Ha CIU3HUCThIE
000JIOUKH JBIXaTENbHBIX yTEH, BCIEICTBUE YETO SBISECTCS OYEHb TOKCHYHBIM.

Hoim

[Ipu TOpeHMH MHOTHX BEHIECTB, KPOME PACCMOTPEHHBIX BBIIIE MPOAYKTOB
CropaHusi BBIJICISETCA JbIM — JUCIEPCHAs CHUCTEMa, COCTOSIIas W3 MeJIbUalIlnux
TBEPJIbIX YACTHIl, HaXOJSIIUXCS BO B3BEIICHHOM COCTOSSHUM B KaKOM-TTMOO Tase.
JlnameTp yacTull IbIMa COCTABIISIET 10-107° cm (ot 1 mo 0.01 mxm). OT™MeTHM, 9TO
1 mxM (Mukpon) pasen 10° m mmm 107 cm. Bomee KpymHble TBepble HacTHIIEL,
oOpasyroniuecs Mpu TOpeHuH, ObICTPO OCEAI0T B BUJE KOMOTU U caxu. [Ipu ropeHun
OpraHUYECKUX BEIIECTB JIbIM COACPKUT TBEP/bIC YACTHUIIBI Caxku, B3BelieHHbIe B COy,
CO, Ny, SO, u npyrux razax. B 3aBUCUMOCTH OT cOCTaBa U yCIOBUM TOPEHUS BEIlECTBA
MOJIy4aroTCsl pa3jIMuyHble MO COCTaBy M MO IBETY JbIMbl. [lpu ropeHun naepena,
HarpuMmep, o0pa3yeTcs cepoBaTO-UYEPHBIN JIbIM, TKAaHU — OypbId JIbIM, HEPTEIIPOAYKTOB
— YepHbIU JbIM, (hocdopa — Oebiit 1bIM, OyMaru, COJI0MbI — OEI0BATO-KEITHIM JIBIM.
Bepnymuca e ocnagnenue

2. BOCINNAMEHEHUE

['opeHne Bcex BeIIECTB HAYMHAETCS C UX BOCIUIAMEHEHHS. Y OOJIBIIMHCTBA
rOPIOYMX BEIIECTB MOMEHT BOCIUIAMEHEHHUS XapaKTEePU3yeTCs MOSIBICHUEM IIaMEeHU. Y
TE€X BEIECTB, KOTOpbIE TOpSIT O€3 IUIAMEHHU, HalpuMep, Yy TEPMHUTHBIX COCTAaBOB,
UCTIONB3YIOIIUXCS JJIsl CBapKKW METANIOB, MOMEHT BOCIUIAMEHEHHMsSI XapaKTepus3yeTcs
TIOSIBJICHUEM CBEUCHUS (HaKala).

M3BecTHBl 11Ba BHJA BOCIUIAMEHEHHUs BEIIECTB — CaMOBOCIUIAMEHEHUE U
3aKHUranue (BBIHYXXJIEHHOE BocIuiameHeHnue). [Ipu caMoBOCIJIaMEHEHUH PAaBHOMEPHO
HarpeBaeTcsi BCsA roproyass cMmech. [lpum 3aKUraHuM UCHOJIB3YETCS  SIBJICHUE
pacrpocTpaHeHusi (ppoHTa IMJIaMEHU OT MECTHOTO OTHOCHUTEIHHOTO HEOOJIBIIOrO IO
pa3Mepam MCTOYHHMKA 3a)KUraHus (Iiamsi, UICKpa, U T.I.). Takum oOpa3om, 3aKuraHue
MpeCTaBIseT cO00M ABa MOCIeA0BATEILHBIX MPOIlecca — CHavalla HauyajdbHOE 04aroBoe
3aKHUTraHue, KOTOPOE BBI3bIBAET MEPBUYHOE TIJIaMs, ¥ 3aT€M PACIpPOCTPAHEHUE TUIAMEHU
OT UCTOYHHUKA IO BCEMY 00beMY roproueil CMecH.

Bepnymuca e ocnagnenue

15



16
2.1. OCHOBHbIE NOHATUA XUMWYECKOWN KNHETUKWN

[IpuBenem KpaTkue CBEICHUS U3 XUMUYECKON KUHETUKH — HAYKH O MEXaHU3ME U
CKOPOCTM XMMHUYECKUX peaklui. BaxHenmas BEIMYMHA — CKOPOCTh XUMHYECKOU
peakiuu — OmpeAessieTCss U3MEHEHHEM BO BPEMEHHM KOJUYECTBA KaKOTO-THMOO U3
HWCXOAHBIX BEUIECTB WJIM MPOAYKTOB PEAKIUU B PE3YJbTATE XUMHUYECKOTO
MpeBpalieHrs. XUMHUUECKUE PeaKIMi MOTYT MPOTEKaTh TOMOTEHHO (B 00bemMe OJHOMU
¢da3pl) wiu rereporeHHO (Ha moBepxHocTU pazzaena ¢az). CkopocTh TOMOTEHHOMU
pEeaKklUy — 3TO KOJIUYECTBO BEIECTBA, BCTYMAIOUIETO B PEAKIUIO WM 00pa3yroIerocs
B pe3ysibTaTe peakiuu B EIUHUILYy BpPEMEHU B eauHuile obbema. [[ns peakiuid,
MPOTEKAIOIINX B CUCTEMAaX MOCTOSSHHOT'O 00beMa

dC;
U =—+,
dt
rie Ci — KOHIEHTPALKS i-TO BEIECTBA, MOIb M ° HIII KO-M
3 -1 3 -1

Uj — CKOPOCTb pEaKIMH MO I-MYy BEIIECTBY, MOJIb-M ~+C ~ HJIH K[*M -C
Ecnu i-roe BemiecTBo — mpoxaykt peakuuu, o dC;j /dt >0, ecian 3to ncxonHoe
BemecTBo, To dC;/dt <0. Xumudeckue peakuuy JemsaTcss HA MPOCTHIC W CIIOXKHBIC.

[Ipoctas peakiusi MpoTeKaeT B OJHOM HANPABICHUU W B OJMH 3Tall; KHHETUYECKAsS
CXeMa TaKOM PEeaKIMh UMEET BU

X1+ X2 + .- —)Yl +Y2 +--,
rae Xj — HCXO/HBIC BEIIECTBA; Y| — MPOAYKThI PEaKIUN.

K CJIOJKHBIM OTHOCATCS O6paTI/IMBIe peaKI_[I/II/I (OIIHOBpeMeHHO HpOTeKaIOI_HI/Ie B
JIByX TPOTHBOIIOJIOKHBIX HAITPABICHUIX )
Xl + X2 + C}Yl +Y2 +...,

NapajulesIibHbIE PEAKLINH, ONTMCHIBAEMbBIE, B YACTHOM CIIy4ae KUHETUYECKON CXEMOM
Yi+Yy +..
X 1t X2 +...
Zi+Z, *...
Y MIOCJIEA0BATENIbHBIC PEAKIIMHU, HAIIPUMEDP
X1+ X2 + .- —)Yl +Y2 e —> Zl +ZZ + .-
JI1st mpOCTON peaky MOYKHO 3aIlACaTh CTEXUOMETPUYECKOE YPAaBHEHUE
lel +V2X2 +-e—> 81Y1 +82Y2 +eey
II€ Vj, €f — CTEXMOMETPUUECKHE KOI(PPUIMEHTHI, COOTBETCTBEHHO PAaBHBIE YHUCIIAM
MOJIEKYJT MCXOJAHBIX BEIIECTB M NPOAYKTOB PEAKLMH, YYACTBYIOIIUX B JJIEMEHTAPHOM

nporecce. CTEeXMOMETPUYECKOE YypaBHEHHWE TO3BOJISET YCTAHOBUTH CBS3b MEXIY
CKOPOCTSIMU TTPOCTOM PEAKIIUU 1O PA3TIUYHBIM KOMIIOHEHTAM:

L dCX1 S dCX2 dCY1 L, dCY2
= y Up = y Up =
dt dt dt dt
HpI/I KBaSI/ICTaI_[I/IOHapHOM HpOTeKaHI/II/I HpOHGCC& BC€ HCXOAHBIC BCIICCTBA
JOJI2KHBI I/ICUIGSaTB, a HpOIIYKTBI — IHOABIATHCA B pGSYJIBTaTe XHMH‘IGCKOP'I peaKHI/II/I B

ey U=
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9KBHUBAJICHTHBIX  KOJIMYCCTBAX, TO C€CTb OOJDKHO  YAOBJIICTBOPATHCA  YCIIOBUC
CTCXUOMCTPUM:

U _ U U _Up_

Vl V2 81 82

...=Idem.

Yem Oomblle BEIWYMHA Vi WIH €j, TEM OOJbLIE MO MOIYIIO JIOJIKHA OBITH
CKOPOCTb PEaKLUu ‘ui‘ WIn ‘u,’ ‘ (To ecThb mpu OONbIIEM 3HAYCHUU CTEXUOMETPHUYECKOTO

kod(pdurienTa Oosblliee KOJUYECTBO COOTBETCTBYIOIIETO BEIECTBA pearupyer B
enuHuIly BpeMeHun). OTcrofa ciaenyer, 4To He3aBUCHUMO OT BBIOOpa BEIECTBA, CKOPOCTh
pEeaKIMKi MOXKHO OXapaKTEPH30BaTh BETMUNHON

Vi V2 €& €

Jui] _ Juz

BennunHa U Ha3blBae€TCAd CKOPOCTBIO MPOCTOW peakiuu 0e3 OTHOLIEHUs K
KaKOMY-TM00 KOHKPETHOMY KOMITOHEHTY.
CKOpOCTB ITPOCTOMN peakMK NOAUUHSAETCS 3aKOHY JEHCTBYIOINX MACC

_ VieV2 ..
u--kCX1CX2 ,

rie K — KoHCTaHTa CKOPOCTH PEaKIMU, YUCICHHO PaBHAS €€ CKOPOCTH TP EAMHUYHBIX
KOHIIEHTPaLHSX.

IlonuepkHeM, YTO B 3TO YPaBHEHHME BXOIST TOJIBKO KOHIIEHTPALUHU HCXOIHBIX
BEIIECTB B CTENIEHU UX CTEXHUOMETPUUECKUX KOIPPUIIUEHTOB.

CymMMa CTEXMOMETPUYECKUX KOI(PPUUIUEHTOB V = Z\/i , paBHas KOJMYECTBY
MOJIEKYJl,  NPUHUMAIOIIMX  y4YyacTUE B  €IMHUYHOM  aKTe,  Ha3bIBaeTCs
CTEXMOMETPUYECKUM MOPSAJIKOM (MOJIEKYJISIPHOCTBIO) PEaAKITUU:

V= Z\/i =1 — MOHOMONEKYsIpHAs peaKUus;

V= Z\/i = 2 — OUMOJIEKYIApHAs PeaKIys;
V= Zvi =3 — TPUMOJNEKYISIpHAs PeaKIusl.

CrexroMeTpu4ecKuil MOPSAOK MPOCTOM peaklMu — BCEerja LeNoe 4ucio (He
IpoOHOE) U HE MPEBBIIAET TPeX (BEPOATHOCTh OJJHOBPEMEHHOI'O CTOJIKHOBEHHS Oolee
yeM Tpex MOJIeKyl Onm3ka K Hymio). [IpuMeHsATh 3akoH NEWCTBYIOUIMX Macc s
pacuera CIOXKHBIX peaKIUil MOXXHO JJi1 OJAHOCTAJUWHON OoOpaTUMON peakiuH,
CKOPOCTb KOTOPOU

u=u,-u_,
rae U,, U_ — CKOpPOCTH peaklMH B IpsIMOM M oOpaTHOM HampasieHusix. Ilo 3axony
JNEUCTBYIOIIAX MaCC

— VipVve €1 re2
U=k, CECR2 ...~k CyIC)2...

rne K., K_ — KoHCTaHTBI CKOpOCTH TpsIMON M oOparHOW peakuwmit. [Ipm U, =Uu_

BeuyuHa U = 0, 9YTO COOTBETCTBYET XUMHUYECKOMY PAaBHOBECHIO CUCTEMBI.

B o0mem cnydae [ ONUCAaHUA CIOXHOM pEaKUUU HYXKHO HECKOJIbKO
CTeXHUOMETpUUecKkux ypaBHeHWil. CknanpiBasg HX, TMOJdy4aeM OpyTTO-ypaBHEHHE
peaknuy, KOTOPOE OIMCHIBACT IMPOLECC B LEIOM, HO HE OTPAXAeT HCTUHHOTO
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MEXaHU3Ma XMMHMUYECKUX MpeBpamieHui. [[ns ciaokHoil peakuumyu MOXKHO (Ha OCHOBE
HKCIIEPUMEHTOB) 3amucaTh YypaBHEHHME, CBS3bIBAIOLIEE CKOPOCTh PEAKUUU C
KOHLEHTpAaIMeil HICXOAHBIX BEUIECTB (KUHETUYECKOE YPaBHEHHE)

LN PN
u=kCy Cy -,
e Nj — TOPSIOK peakiuyd MO i-My BEIIECTBY; n:Zni — TMOPSAJOK peakuuu

(KMHEeTHYECKHUM TOPSIOK peakiuu). B otnuuue ot v = Zvi , KHHETUYECKUU TTOPSATOK

peakiuu N MOXET OBITh JAPOOHBIM YHCIOM. Pa3MEpHOCTh KOHCTaHTBI CKOPOCTH
peakiuu K 3aBUCHT OT ee mopsijKa:

ans n=0, [k]=[C]-c7};
ot n=1, [k] = C_l;
st N =2, [k]= [C:rl -C_l,
e [C] — MPUHSATAs Pa3MEPHOCTh KOHIICHTPAIUH.

Pa3nuune B pa3sMEpHOCTH KOHCTAHTBI CKOPOCTH PEakiuu K CBS3aHO C TEM, YTO

Pa3MEpPHOCTh CKOPOCTH PEaKIMU BCerja JOJKHA OBITh [u =MOIbM ¢t

[u: IKF-M_s-C_l.

CkopoCTh MOJIABJISIIONIETO OOJBIIMHCTBA peaKIuil (IPOCTHIX U CJIOKHBIX)
MOBBIIIAETCS C POCTOM TeMIlepaTyphl 7, a KOHCTAHTa CKOPOCTU PEAKIIUU TOTUUHSIETCS

3aKOHYy AppeHunyca
k = z-exp(—ij,
RT

rJe Z — MNPEIdKCIOHEHT (MPEAIKCIIOHEHIINAIBHBIN MHOXHUTEIb, YaCTOTHBIN (akTop),
pa3MEpHOCTH KOTOPOTO PaBHA pa3MEPHOCTH KOHCTAHTBI CKopocTH peakiuu [z] = [K];

T — abGcontoTHas Temneparypa, K;

E — sHeprus aktuBaiuu peakiuu, I[)K-MOJIB_I;

Ro= 8.3134 JIx-K ™ -momp ' — YHUBEpPCaJIbHas ra30Basi IOCTOSIHHASL.

be3pazmepHblii TOKa3aTenb HKCIIOHEHThl B 3aKOHE AppeHHyca Ha3bIBaeTCs
KputepueM AppeHuyca:

Arn = £ :
RoTo
rae Tp — XapakTepHas TeMIIeparypa.

OTOT KPUTEPUH BBIPAKAET YyBCTBUTEIBHOCTh CKOPOCTH XUMUYECKON PEAKIIUU K
U3MEHEeHUI0 Temmeparypbl. UYem Bblie 3HaueHwe ArN, TeM CHIIbHEE 3Ta
YyBCTBUTENBHOCTh. Bxoasmue B 3akoH AppeHuyca BeduMuMHbl Z U E HaszbpiBarorcs
KMHETUYECKMMHU KOHCTAaHTAMU XMMHUYECKOM peakuuu. PU3NYECKUA CMBICI SHEPrUu
aKTUBAlWU £ I IpOCTON PEAKIIMU COCTOUT B TOM, UTO ATO DHEPTHUsl, KOTOPOU TOIHKHA
o0naaaTh MOJIEKYJIa JJig TOTO, YTOObI BCTYIUTDh B peakiuio. J{Jis ClIOXKHBIX peakiuuil £
HE UMEEeT MPOCTOro (PU3UUECKOro cMbiciia. 3HaueHus Z, £ onpeaenstoTcs, Kak IpaBuiIo,
DKCHEPUMEHTAIBHBIM IyTeM. KHHETMYECKHE KOHCTAaHTBI IOJHOCTBIO OINPEIEISIOT
CKOPOCTb IPOTEKAaHMsS KaKJIOM KOHKPETHOM pPEaKIUH, B TOM YHUCIE U PEaKIuu
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BOCIUITAMEHEHHUS] WM TOpeHHus. 3ajada JKCIEPUMEHTAIBHOTO OIpPEACTEHUS OSTUX
KOHCTAHT SIBJISICTCS BaKHEUIIIEH TpU MCCIeA0BaHNU (DU3UKO-XUMHYECKHUX MPOIIECCOB B
BBICOKODHEPTeTHUECKUX YCTAaHOBKAX.

XuMudeckas peakuus NPOXOAUT C BBIACICHHEM Temia (dK30TepMHUECKas
peakuus), 1100 C ero mnorjoueHueM (dHAoTepMuYecKkas peakuus). Eciau npsamas
peakuus — 3K30TepMuYeckas, To oOpaTtHas — sHAoTepMHuuecKkas. KomuuecTBo Tema,
BBIJICTISIEMOTO TIPW TOJIHOM PEarupoBaHWUU €IUHHIIBI KoiuuecTBa BemiecTBa (1 Momb
win 1 Kr), Ha3pIBaeTcs TEIIOBbIM 3 dexkrom peakuuu (. PazMepHOCTH TEMIOBOrO

sddexra peakuun [ = Dx- moaw L wim [q° = k- Kkrt

Bepuymucsa 6 ocnasnenue

2.2. TENNOBAA TEOPUA CAMOBOCIIJIAMEHEHUA

Temnepatypa, 10 KOTOpOif HEOOXOJUMO HAarpeTh roproYee BEIIECTBO, YTOOBI OHO
BOCIUIAMEHWIOCh, HA3bIBACTCS TEMIIEPATypON CaMOBOCIIAMEHEHMs 7. XUMHUYECKasi
peaKLys MOXKET 3aKOHUUTHCSI CAMOBOCIUIIAMEHEHHUEM IIPU CIEAYIOIIUX YCIOBUSAX.

e BpigeneHue TEIIOTHI B PE3yJbTaTe pPEaKUUHU, TO €CTh IK30TEPMHUYHOCTH
pEaKLUH.

e BO3MOXHOCTh MPOTEKAHMs pEaKIMU MpU TeMIepaTypax Oosee HM3KHX, YeM
TEMIIEpAaTypa CaMOBOCILIAMEHEHHS.

e CrnocoOHOCTh peakiMK K pe3KOMY YCKOPEHHUIO IPU MOBBILIEHUU TEMIIEPaTypbl
(o 3akoHy AppeHuyca).

ITpouecc camMoBOCIUIaMEHEHUS BEIECTB MPOUCXOAUT ClIeAyroIuM odpasom. Ilpu
HarpeBaHUM roproyeil cMecu (HampuMmep, CMeCH NapoB OCH3MHA C BO3yXOM) MOXHO
NOCTUTHYTH TAaKOW TeMIIepaTypbl, IpU KOTOPOW B CMECH HAYMHAET MPOTEKATh

MEJUICHHAsl peaKklusi — OKHUCIEHHE. JTa PeaklUMs COMNPOBOXKAAETCS BBIICICHUEM
TEIUIOThl, 1 CMECh HAYMHAET HATPEBATHCS BBIINIE TOW TEMMEPATyphl, JO KOTOPOW €€
Harpesu.

OOHOBpEMEHHO C TEIUIOBBIJEJICHHEM W HArpeBOM CMECH MPOUCXOIUT
TEIJIO0TAA4a OT CMECH B OKPYKAIOILYIO CPEy 3a CUET TEIUIONPOBOJHOCTH, KOHBEKIIMU
U u3nydeHus. Eciam ckopocTh peakuuy OKHMCIEHHUS Majla, TO TEIIOO0TAayda MPEBbIIIAeT
BblJIeJIEHHE TemaoThl. [Ipu 3TOM, MOCie HEKOTOPOro MOBBILIEHUS TEMIIEpaTyphl,
CKOPOCTb peaklMy HAYMHAET CHIXKATHCSI M CAMOBOCILJIAMEHEHHUS HE TPOUCXO/IUT.

Ecnu cmecy Harperh u3BHE 70 Oosee BBICOKOW TeMmIepaTypbl, TO BMECTE C
YBEJIMUYEHHEM CKOPOCTH PEaKLUU YBETUUMBAETCSA U KOJMYECTBO TEIIOTHI, BHIAEISIEMOMN
B €QUHUIlYy BpeMeHM. [Ipu IOCTHIKEHUMH OIpENeNeHHOW Temueparypbl 1%, KOTOpas
3aBUCUT OT BHEUIHUX YCJIOBHH, CKOPOCTb TEIUIOBBIAEICHUS HAUYMHAET MPEBBIIIATH
CKOPOCTb TEIJIOOTAA4M, B PE3yJbTaTe YEro peakiis HHTEHCUBHO ycKopsieTcs. B aToT
MOMEHT NPOUCXOJUT CaMOBOCIUIAMEHEHHE BelecTBa. TakuM o0pa3om, Temmeparypa
CaMOBOCIJIAMEHEHHSI Pearupyrouiero BeuecTBa — 3TO TaKOe 3HAYEHHE TeMIIepaTyphl,
MpU KOTOPOM CKOpOCTh TeroBbiaeneHuss Q. (Jk/c) cTraHOBUTCS paBHOM CKOPOCTHU
termooTBoa Q. (JIx/c):
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Q+(T) = Q- (D).

3aBucumoct Q4(7) u Q_ (7T), mocTpoeHHBIE HA OJHOM TpaduKe, HA3bIBAIOTCS
nuarpamMmmoii CemenoBa (puc. 2.1). Touka mepeceueHuss KpUBBIX TEIUIONPUXOJA U
TEIJI00TBO/IA OINPEAEIIAET BEIMUMHY TEMIIEpaTypbl camoBocIuiaMeHenust T (puc. 2.1).

KonuuecTBeHHass Teopusi TEIUIOBOIO CaMOBOCIUIAMEHEHUs Oblia pa3BUTa
akagemukoM H.H. CemenoBbiM B 1928 r. Ha OCHOBE ME€XaHHM3Ma LIEMHBIX PEAKIIH.
CornacHo 3TOMy MEXaHU3MY, YBEJIMUYEHUE TEMIIEPATYPbl CMECH BEJET K YBEINYEHUIO
JUIMHBI LIENW U 4YKciia o0pa3yroUIMXCsl BCIIEJICTBUE TEIUIOBOIO JABMKEHHUS AKTHUBHBIX
MouiekyJl. [lpy HEKOTOpOM 3HAYEHUU TeMMEPATypbl 7+ JUIMHA LIETH CTAHOBUTCS TaKOM,
YTO YHUCJIO Pa3BETBICHMM B HEl CTaHOBUTCS OoJiblie yMciia OOpbIBOB. Peakuus npu
ATOM MPUOOPETaET YCKOPEHHWE W MPOUCXOJHUT CaMOBOCIUIAMEHEHHe cMmecHu. M3 3Toro
CleAyeT, YTO YCJIOBHEM LEMHOI0 CAMOBOCIUIAMEHEHMS SIBISETCS PaBEHCTBO 4YHUCIA
Pa3BETBIICHUI YUCITY OOpPHIBOB.

tQ..Q. Q-+

T

Puc. 2.1. Inarpamma CemeHoBa

TeMneparypa caMOBOCIUIAMEHEHHUsI OJHOTO M TOIO K€ BELIECTBA 3aBUCUT OT
BHEIIHUX YCJIOBUH M MOXKET H3MEHATHCA B ILIMPOKUX Ipenenax. BemuuumHa 7T+
XapakTepU3yeT CTEIEHb II0)KapOONAaCHOCTH BEIIECTBA — YE€M HWIXKE TeMIeparypa
caMOBOCIUIaMEHEHHUs T, TeM 0OJIbIIE T0KAPOONACHOCTb.

Jna  onpeneneHus TeMIepaTypbl CaMOBOCIUIAMEHEHUsS MCIIOIB3YHOTCS J1Ba
METO/Ia — HarpeB roproyell CMeCH B COCYJ€ 3aJaHHOr0 00beMa M BOCIIAMEHEHHE
CMECHU HarpeThIM IIAPUKOM WIM HUTBIO. B mociienHeM ciydae u3MepeHHas BEJIWYMHA
T+ Oyner 3aBHUCETh Kak OT pa3Mepa LIapuKa, Tak U OT €ro marepuaina. Yem MeHblIe
AUaMeTp IIapuKa, TeM BBIIIE JIOJDKHA OBITH €ro Temmeparypa, oOecreyuBaromas
CaMOBOCIUJIAMEHEHHUE Ta30BOM CMECH. bousblioe BiMsSHUE HA BEIUYHUHY 1% OKa3bIBAECT
KaTaJJMTUYECKOE JIEWCTBHE MaTepuasa Imapuka il HUTH. ['papuk 3aBucumoct 7 OT
AuaMeTpa IUIATMHOBOIO Iapuka D s HEKOTOpBhIX TOpHOYMX Ta30B MPUBEIEH Ha
puc. 2.2.
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Puc. 2.2. 3aBUCUMOCTB TEMITEpATypbl CAMOBOCILUIAMEHEHNS Ta30B
OT JUaMeTpa HarpeToro mapuka:
1 — meHTaH; 2 — CBETUJILHBIN Ta3; 3 — BOAOPO/T
Bepnymuca ¢ o2nagnenue

2.3. OBJIACTb CAMOBOCINJNAMEHEHUA

Benunuuna temmepaTypbsl CaMOBOCIUIAMEHEHHS T CHIIBHO 3aBUCUT OT JABJICHUS
pearupyromux razoB. Ha puc. 2.3 npuBeneHbl rpaHUIbl 0071aCTH CaMOBOCIITIAMEHEHUS
TUIIMYHBIX YTJIEBOJOPOJOB (CMECH TOpIOYMX Ta30B M MAapoB C BO3AYyXOM) B
3aBUCUMOCTH OT JAABJICHUS CPEJIbI.

Jlns cMmeceii, mapaMeTpbl KOTOPBIX — JAaBJICHUE p U TeMIieparypa 1 — jiexar BblLe
kpuBoii ABCDEF, npowusoiiner camoBocriameHenue. Eciau mapamerpsl cmecu p, T
nexat Huxke kpuBoit ABCDEF, to camoBocnnamenenue He npoucxoaut. Paccmorpum
U3MEHEHHE TeMIepaTypbl CaMOBOCIUIAMEHEHHUs I YIIeBOJAOPOAHBIX CMeced Mpu
MOBBIIIEHUH M TOHM)XEHUM pAaBieHus. [Ipu MOBBIIEHUMM JABJICHUS CMECH BBIIIE
atmocepnoro (p > 0.1 Mlla) BenmuumHa 7% PE3KO CHUKAETCS, OCOOEHHO TIpHU
p>02Mlla (yugactok DE). Ilpu p>0,3 MlIla BenuuuHa TeMmmepaTypbl
CaMOBOCIUIAMEHEHHsI CTAHOBUTCS TIOCTOSIHHOMU, TO ecTh T+ = const (yuactok EF). [pu
JAaBJICHUSAX HMI)KE aTMOC(EepHOro BeIMYMHA TEMIIEpaTypbl CaMOBOCIUIAMEHEHUS 7T
CHayajla pe3KO MOBBIIIAETCA, AocTuras mMakcumyma (touka C), a 3aTeM CHHXKAeTcs,
oOpazys nonyoctpoB ABC.
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Puc. 2.3. ObnacTh caMOBOCIIJIAMEHEHUS YTIIEBOJOPOIOB
B 3aBUCUMOCTH OT JIaBJICHUS CMECU

300

Kpome mapameTpoB OKpykaromen cpeapl, TO €CTh JABIEHUS U TEMIEPaTypHI,
BeJIMUMHA 1 3aBUCUT OT COCTaBa roproueit cmecu. Ha puc. 2.4 npuBeaeHa 3aBUCUMOCTh
TEMIIepaTypbl CaMOBOCILIAMEHEHUsSI T+ OT MPOLEHTHOTo conepxkanus merana (CHy) B
Bo3ayxe. Kak BuiHO u3 rpaduka, Hanbosee HU3Koe 3HaueHue 7x COOTBETCTBYET CMECH,
coaepxaiein 6 % MeraHa B BO3lyxe, a HamOoJiee BBICOKOE 3HaueHUE I — CMECH,
coaepxaieit 14 % merana (BepxHuil nmpeaen B3pbiBa). OTMETUM, YTO 3aBUCUMOCTD T+
OT COCTaBa CMECU BCErJa MMEET MHHUMYM, NpHUBEACHHbIM Ha puc. 2.4. Ilpu stom
HaWMEHBIIEN TEMIIEPATYPO CaMOBOCIIJIAMEHEHUS U3 CMECEN TOPIOYMX MapoOB U T'a30B C
BO3J1yXOM 00J1aJlaeT CMECh, OJIM3Kas K CTEXUOMETPUUYECKOM.

T*,"CA
750 -

700

. I I »%CH4
2 6 12 18

Puc. 2.4. 3aBucumocTts 7+ OT COAECpPKAHUS METAHA B BO3/IyXE
Bepuymuocsa 6 ocnasnenue

2.4. NEPNOO UHOYKLUUA

['oprouee BeriecTBO, BBEJEHHOE B HArpeThiil cOCy/, BOCIUIAMEHSETCS HE cpa3sy, a
yepe3 HEKOTOPbId MPOMEXKYTOK BpeMEeHH. Bpemss ¢ MoMeHTa BBOAa TOPIOYETro
BEIIECTBA B HArpeThlii COCyl A0 €ro CaMOBOCIUIAMEHEHMsI Ha3bIBa€TCs MEPUOAOM
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uHAyKnuu t«. BennmunHa nmepuona MHAYKIHMHK tx 3aBHCHT OT cOcTaBa roprodeil cMecH, a
TaK)Ke M3MEHSIETCS B 3aBUCHMOCTH OT KOJIMUECTBA BEIIECTBA, JABICHHS, TEMIEPATyPHI
cocyna, ero pasMepoB u apyrux ¢axtopoB. Ha puc. 2.5 npuBeaeHa 3aBUCUMOCTS 1+ OT
naBieHus i cMmecu aumetrwiaoBoro s¢upa (CH3;OCH3z) ¢ kucnmopogom mpu
temneparype B cocyae I’ = 245 7C. Kak cnenyer u3 rpaduka, ¢ poCTOM JaBJICHUS
NEPUO UHIYKIIMH PE3KO YMEHBIIAETCS.

Ha puc. 2.6 npuBeieHa 3aBUCUMOCTb Meproia HHAyKuu t~ cmecu metana (CHy) ¢
KHACJIOPOJIOM OT JaBJICHUS JJISl pa3HBIX 3HAYCHHUH TemmepaTypbl cocyaa. Kak BugHO U3
MPUBEIEHHOTO TpaduKa, MEPUO HHAYKIIMH TAaK)KE PE3KO YMEHBIIAETCS C yBEINYCHHEM
naBneHus. /[ OJWHAKOBBIX 3HAUEHUN MaBIIEHUS CMECH, HAmpuMep, Uil p = po
(puc. 2.6), BenmuuMHA TIEpUOJA MHIAYKIHMU t~ TeM OoOJble, YeM HUXKE TeMIepaTrypa
cocyza.

Kpome TepMoamHaMHUYECKUX MapaMETpOB CPelbl — TeMIepaTyphl U JaBlICHUS,
BeJIMYMHA tx 3aBUCUT M OT COCTaBa razoBoil cmecu. B tabn. 2.1 npuBeneHbl TaHHBIE 110
t« 71 METaHO-BO3IYIIHON cMecH ¢ pa3HbIM cojaep)kaHneM MmeTaHa. Kak crmemyer u3
NPUBEJICHHBIX JaHHBIX, C YBETUYCHUEM COJEP KaHUS TOPIOYEro ra3a B CMECH, MEepHOJ
WHAYKIIUW BO3pacTaeT.

[leproa MHAYKIMK UTpaeT OOJBIIYIO POJIb HE TOIBKO JUISI CMECEH TOPIOYMX ra3oB
C BO3AYXOM, HO TakKe /s MbUICBO3AYIIHBIX CMECEH M TBEPABIX TOIUIMB. OTOT
napaMeTp MMeeT MPaKTUYeCKOoe 3HAYCHHE MpPH OICHKE IMOKapHOW Oe30MacHOCTH
HEKOTOPBIX MPOM3BOJACTB. OTMETHM, B YaCTHOCTH, JaKOKPACOYHBIE II€XH, KPYITHBIC
rapaxw, MIaxXThl, PyJHUKH, 3JIEBATOPHI U T.HI., B KOTOPHIX HAXOJATCS MCIAPSIONIUECS H
JIErKOBOCTIJIAMEHSIOIINECS KUAKOCTU (J1aK, O€H3MH) WK a3pO30JIH.

t*,CA

20 1

15 -

10 ' —p p, mm Hg

240 250 260 270

Puc. 2.5. BausiHue naBiieHNs Ha BEIMYHMHY [1EPUOAA UHIYKIIMU
CMECHU (CHgOCHg + 02) npu T=2457C
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Puc. 2.6. BnusHue TeMnepaTypsl Ha BEJIMYMHY IEPUOIa NHIYKIIAH
cmecu (CHy +0,):1-T=7307C;2-T=750 2C;3-T=7807C; 4-T=800 C

Tabmuua 2.1
3HaveHus nepuoaa uHAyKuuu (t+, ¢) B 3aBUCUMOCTH
OT TeMIEepaTyphl U COCTaBa METAHO-BO3YIITHOM CMECH
Conepxanue CHy B cmecu, % | t« mpu 775 2C | t~nipu 825 2C | t-ipu 875 1C

6 1.08 0.58 0.35
7 1.15 0.60 0.36
8 1.23 0.62 0.37
9 1.30 0.65 0.39
10 1.40 0.68 0.41
12 1.64 0.74 0.44

Bepuymucsa 6 ocnasnenue

2.5. TEMMEPATYPA CAMOBOCMNNAMEHEHUA FA30B U XXWOKOCTEN

TeMnepaTypa caMOBOCIIJIAMEHEHHSI CHJIBHO 3aBUCHUT OT JABJICHUS. JTO CBSI3aHO C
TeM, 4T0 7% eCcTb (PYHKIMS CKOPOCTH pEaKIMU OKHCJICHUS, KOTOpas 3aBUCHUT OT
naBneHus. OCOOEHHO CWIBHO BIUSIHUE JaBi€HUs Ha Tx TPOSBIsAETCS s
ra3zo00pa3HbIX U )XKUAKUX BellecTB. UeM BbIllIe JIaBIICHUE TOPIOYCH CMeCH, TeM Huxe 7+
u HaoOOpoT. i moATBEpXkKACHUS STOTO MPHUBEAEM TaOJUIly 3aBUCUMOCTH Tx OT

JABJIEHUSA p UL HEKOTOPBIX YIII€BOAOPOIOB.
Tabnuma 2.2

3aBHCHMOCTH TeMIiepaTypbl camoBociuiaMeHeHus (7x, °C) oT naBiacHUs
JUUIL HEKOTOPBIX YIIIEBOAOPOJOB

BemectBo | T+npu 0.1 MIla | Tnpu 0.5 MIla | Txnpu 1.5 MIla | Txnpu 2.5 Mlla
bensun 480 350 290 250
benzon 680 620 520 490

Kepocun 460 330 220 200
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CamMoBOCIUTaMEHEHUE Ta30- W TApOBO3AYIIHBIX CMEceld B KOMIpeccopax H
anmaparax C TIOBBIIIEHHBIM JIABJICHHEM BCET/a MPOWCXOAHWT TMPHU Oojiee HU3KUX
TeMITepaTypax, 4eM Mpu aTMochepHOM naBiieHnd. B Ta6:. 2.3 npuBeneHa 3aBUCUMOCTh
TEeMITepaTyphbl CAMOBOCIIAaMEHEHHUS 7+ METaHO-BO3YIITHON CMECH OT JaBJICHUSI.
Tabauma 2.3
3aBUCUMOCTH TEMIIEPATYPHI CAMOBOCTUIAMEHEHUS
METaHO-BO3AYITHON CMECH OT JaBJICHUS

p,MITa [0.05]0.1 0.3 0.5 0.7
T+, °C 741 | 728 695 666 644

['a3o- wnm mapoBO3dymIHAsS CMECh MOXET HWMETh pa3IU4YHBbIA COCTaB, B
3aBUCUMOCTH OT KOTOPOI'O M3MEHSETCS M €ro TeMIepaTypa CaMOBOCIIAaMEHEHUS. DTO
CBSI3aHO C TE€M, YTO CKOPOCTh XMMHYECKOH peakluu MpH MOCTOSHHON TemrepaType
3aBUCHUT OT KOHIIEHTPALMU pearupymomux Bemects. Hanbosee Oeanas roprovas cMech
(c HemocTaTKOM TOpPIOYEro) JODKHA MMETh Oosee BBICOKYIO TEeMIEparypy
CaMOBOCIUTAMEHEHHSI, TaK KaK CKOPOCTh pEaKIHMh B TaKOM cMmecH Mala W,
CclleZIoBaTeNbHO, Maj0 TeruioBblAeneHre. KoHneHTpauus okucnurtens (KHCIOpoja) B
TaKOW CMECH 3HAYUTENBHO OOJIblle HEOOXOIUMOMN JUIS MOJIHOTO CTOPaHUs TOPIOYEro.
[TosToMy 0o0ibIIOE KOJMYECTBO TEIJIOTHI pPAcXOQyeTcsi Ha HarpeB Ta3oB, He
YYaCTBYIOMIMX B PEAKIIMU. DTO BEJET K TOMY, YTO MPEBHIIICHNE TETJIOBBIICICHUS HAJl
TEIUIOOTAYe MOXXET HACTYNMHTh B TaKOW CMeCH TOJNBKO TpH Oojiee BBICOKOU
TeMIeparype.

[lpu yBenWYeHWH TOPIOYETO B CMECH, CKOPOCTh pPEaKIMH YyBEIWYHBACTCS U
TEeMIepaTypa CaMOBOCIUIAMEHEHHs TMOHMKaeTcsl. Takas 3aBUCHMOCTH TeMIIEpaTyphl
CaMOBOCIUIAMEHEHHsI OT KOHLIEHTPAIMHN FOPIOYEro BEIIeCTBa COOII0IAETCs TONBKO 10
OIPEICIEHHOI'0 COCTaBa CMECH, OJIM3KOT0 K CTEXMOMETPUUYECKOMY.

IIpy  panbpHEedIIEM  YBEJIMYEHHM TIOPIOYETO B CMECH, TemIeparypa
CaMOBOCIUTaMEHEHHUs1 OyleT TOBBIIIATHCS, TaK Kak YyBEIWYCHHE KOHIEHTpAIUU
rOpIOYero Temeph BEAET K YMEHBIICHHWIO JIOJIM OKHUCIWTENS U, CIIeJIOBATEIbHO, K
YMEHBIICHUIO CKOPOCTHU peaknuu (tadi. 2.4).

Tabnauma 2.4
3aBUCUMOCTH TEMIIEPATYPHI CAMOBOCTUIAMEHEHUS
METaHO-BO3AYITHOW CMECH OT KOHIICHTPAIIUU METaHa
CH4, % 2 4 7 10 12
T« °C 710 696 697 707 724

Ecnu B xayecTBe OKHUCIMTENS CIIY)KUT HE BO3JYyX, a KHCIOPOJ, TO BEJIMYMHA
TEeMIlepaTypbl CAMOBOCIJIAMEHEHHUSI pe3Ko CcHmkaercd. B T1abn. 2.5 mnpuBeneHbl
TEeMIIepaTypbl CaMOBOCIUIAMEHEHMSI JUIsl CMECed HEKOTOPBIX YIJIEBOJOPOAOB C
BO3JlyXOM U € KuCJIOpoJoM. M3 mnpuBENEeHHBIX [aHHBIX CIEIYEeT, 4TO B Cpeie
KHCIIOpoJa TeMIlepaTypa CaMOBOCIIAMEHEHMsI MTOYTH B JIBa pa3a HUXKE, YEM B Cpejie
BO3/yXa.
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Tabnuua 2.5
3HaueHUs TeMIepaTypsl camoBociuiameHenus (7=, 2C) mis cMecei
HEPTEMPOAYKTOB C BO3IYXOM M KHCIOPOJIOM

Hedrenpoaykrsl B cpene kucnopona B cpene Bo3ayxa
Ddup 301 647
benzun 311 685
Kepocun 285 609
Jli3eapHOe TOTIIIMBO 327 515

bonbiioe BaMsSHME HaA TeMmepaTrypy CaMOBOCIUIAMEHEHHMS 1% OKa3bIBalOT
Karanu3atopsl. KaranmuzatopamMu MOryT SBIATBCS Kak CTEHKH COCylna, TakK |
crenuanbHble MPUCATKW, BBOJMMBIE HENOCPEICTBEHHO B roprouee. KatanuzaTtopsl
MOTYT KaK YMEHbLIaTh, TaK M YBEJIMYMBATh TEMIIEpaTypy caMoOBOCIUIaMeHeHus. B
YaCTHOCTH, CUJIBHBIM KaTaJlW3aTOPOM, YCKOPSAIOIIMM CKOPOCTh PEAaKLUHU, SIBISETCS
iaTMHA. BBeneHue NIaTMHOBOrO KaTajlu3aTopa 3HAYMTENbHO CHHMXKAET TeMIEpaTrypy
CaMOBOCIUVIAMEHEHUsI T YTrJIeBOAOPOJAOB. [l MCKIIOYEHUs SBJIEHUS JACTOHALHUU B
JBUTATENIIX BHYTPEHHEr0 CropaHus B MOTOpPHOE TOMIKUBO (OEH3UH) BBOASTCS
KaTajqu3aTopbl — aHTUAETOHATOPBI, MOBBIIIAIOIIME TEMIIEPATYPY CAMOBOCILIAMEHEHHUS
O0eH3MHO-BO3AYIIHOM cmecu. K TakuMm karanuzatopam OTHOCATCS, B YacCTHOCTH:
tetpastwicBunen; Pb(C,Hs), — 0.5 r/m; nenrakap6oonmn xenesa Fe(CO)s — 3 r/m;
teTpadTuionoBo SN(CyHs); — 271/n. DTH Karanu3aTtophbl MOBBIMIAIOT TEMIEPATYPY
camoBocIutamMmenenus Ha (80-170) C.

[TonoxutenbHbld 3PQeKT, MoaydyaeMblil NMPU BBEACHUM TETPAITUICBHHIA U
ApYrMX KaTalau3aTopoB, COMNPOBOXKJIAETCS MOBBIIIEHUEM TOKCUYHOCTU MPOAYKTOB
CropaHusl.

Benmuuuna 7% 3aBUCHT Takke U OT oObema roprodeil cmecu (cocyna). Uem
MEHbIIIe 00beM cocya, TeM Bbiie Tx (Tadi. 2.6).

Tabnuua 2.6
Temmnepatypa caMoBOCIUTaMEHEHHS METaHO-BO3yHON cmecu (6 % CH,)
V, em’ 15 80 225
T., C 730 695 675

[Ipu ymeHbIIeHHMH 00BEMa COCyJa MPOUCXOAWT YBEIHMYCHHE MMOBEPXHOCTU
TEIUIOOTA4H, IPUXOASIIEHCS Ha eAUHHILY 00beMa cMecH. Eciu mpuHATh COCy B BUE
Kyba ¢ pebpom | cM, To 06beM cocyga cocraBut V = 1 cM’, a MOBEPXHOCTBH
Termootaaun S = 6 cv’. Ecim yBemmunTh pebpo Kyba 10 2 cM, TO ero oobeM Oyaer
V=8cM, a MOBEPXHOCTh TEIUIOOTAAYM S = 24 cM’. B MEepBOM cily4yae Ha | cM® cMecH
MPUXONTCS 6 CM* TIOBEPXHOCTH TEIUIOOTA4H, @ BO BTOPOM — TONBKO 3 cM”. COracHo
TEIUIOBOM TEOPHH CaMOBOCIUIAMEHEHUS, YBEIIMUCHHUE MTOBEPXHOCTH TEIIJIOOTAaYu BEACT
K MOBBIMICHUIO T* 32 CUET yBEIWYCHHs TETUIOBBIX MOTeph. llpu odueHp mamom oObeme
cocyZia rOproYre CMECH BOOOIE HE CMOTYT CaMOBOCIUIAMEHSTHCS, TaK KaK CKOPOCTb
TEIUIOOTAYM HAMHOTO TIPEBBICUT CKOPOCTh TETUIOBBIACICHUS 3a CYET pPEeaKInH
TOPCHHUS.

OTmeTyM, B YacTHOCTH, 4YTO OTOT TNPUHIUI TOJOXEH B OCHOBY
orHenperpaguteneii. Ilpm sTom mmams pa3OuBaeTcsi crHenuaIbHBIMA CETKaMH Ha
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MEJIKUE SYEHKH, KOTOpble NPHUBOAAT K OOJBIIMM TEIMJIONOTEpsM (Hampumep,
MPOTUBOIIOXKapHas Jammna [[3Bu, ucnosb3yemas B maxrax v Ha pyaHukax B XX Beke).

AHanu3 JUTEPATYPHBIX TaHHBIX MMOKA3BIBAET, YTO 7* JJIs Ta30B U KUJIKOCTEH U3
KJIacca YIrJieBOJOPOI0B, CIUPTOB U albJACTHA0OB JIKUT B nipenenax ot 400 no 700 2C.
Bepnymuca e ocnagnenue

2.6. TEMMNEPATYPA CAMOBOCIJIAMEHEHUA TBEPObIX TEN

Jlnis GONMBIIMHCTBA TBEPABIX TEN TeMIlepaTypa caMoBOcCIIaMeHeHHus T* Huxke,
4eM y KHJKOCTEH W ra3oB. J[Js TBEpABIX TelN, CIIOCOOHBIX MPU HATPEBAHUU TUIABUTHCS
u ucnapsarecs (pocdop, cepa, creapuH, kaHudoap u T.A4.) T* 3aBUCHUT OT Tex ke
dbakTopoB, YUTO M AN KHUAKOCTEH M Ta30B. HekoTopweie TBepaple BellecTBa TMpHU
HarpeBaHUM HE TIABSTCS, a paslararoTcs C BBLACIECHHUEM Ta3000pa3HBIX MPOAYKTOB
(topd, nepeBo, yrojb, CEHO, COJIOMa, XJOMOK, IEJUII0N03a). [l Takux TOTUIMB
BennunHa T* Tem Hmke, yeM OOJbIle BBIACIACTCS JIETYUYWX TMPOAYKTOB TPU HUX
HarpeBaHuM. DTa 3aBUCUMOCTb NPUBEJEHA B Ta0I. 2.7.

Bennunna T« 17st TBEpABIX TEN 3aBUCUT TaKKe OT CTEMIEHU X U3MeNbUYeHUs. Yem
Oonplle  W3MENBUEHO TBEPAOE  BEIIECTBO, TEM HIDKE €ro TeMmIeparypa
CaMOBOCIJIAMEHEHHUsI. DTO MOKa3aHo B Ta0J. 2.8 11 cepHOro KojiueaaHa.

MHorue MeTamibl, KOTOpblE B KOMIAKTHOM COCTOSSHUHM HE TOPST, CIIOCOOHBI
CaMOBOCIIAMEHATCS, U TOPETh B NOPOIIKOOOpa3HoM Buie. B Tabn. 2.9 mpuseneHsl
3Ha4YeHusl 7* MOPOIIKOB HEKOTOPHIX METAJIIOB Ha OTKPHITOM BO3/yXE€.

Tabnuua 2.7

3aBUCUMOCTb TEMIEPATYPbl CAMOBOCIIAMEHEHUS
TBEPABIX YIIEBOJIOPOJOB OT X COCTABa M KOJMWYECTBA JETYUUX (Ppakiuit

TomnuBo Cocras, % JleTyuue T« C
C H O N | dpakuuu, %
JlpeBecrHa 50.8 | 6.2 | 42.0 | 1.0 86.0 2507350
Topd 589 | 6.0 | 33.1 | 2.0 70.0 2257280
Bypsrit yroas 71.7 154|216 | 1.3 46.7 2507450
KameHnHslii yronb 81.1 | 57114 |18 45.5 4007500
JlpeBecHblil yronb 91.0 | 20| 7.0 - 11.0 350
Kokc 974 | 07| 05 |14 4.0 700
Tabnuua 2.8

3aBUCHUMOCTb TEMIIEPATYPBI CAMOBOCILIAMEHEHHUS
OT JuaMeTpa YacTULl CEPHOro KoJYeana
D, MM 0.15?0.20 0.170.15 0.0870.1 0.0670.08
T+, C 406 401 400 340
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Tabnuma 2.9
Temneparypa caMOBOCIIIIAMEHEHUS
HEKOTOPBIX MOPOIIKOB

Mertain Zn Fe Mg Ca Al Si
T~ C 450 500 550 600 800 900

OcoOplii  MHTEpEC MNPEACTaBISAIOT 3aKOHOMEPHOCTH BOCIUIAMEHEHUS IS
B3pPbIBYATHIX BELIECTB, TUPOTEXHUUYECKUX COCTABOB U TBEPABIX PAKETHBIX TOILIUB.

B HacTosimee BpeMs B psizie 1a00paTOpUil M UCCIIEI0BATENbCKUX LIEHTPOB KakK B
Poccun, Tak u 3a pyOexoM, MNPOBOAATCS MacIUTaOHbIE SKCHEPUMEHTAIBHO-
TEOPETUYECKHE MCCIIEJOBAaHUSI IMPOLIECCOB BOCIUIAMEHEHHUS M TOPEHMS JTaHHBIX
MEPCHEKTUBHBIX BBICOKOIHEPTE€TUUECKUX MATEPUAJIOB.

Bepuymuca 6 o2nasnenue

2.7. MATEMATUYECKAA TEOPUA TENNOBOIO B3PbIBA

[IpoTrekaHue 3K30TEPMUYECKON XUMHUECKOW peakluy B JII0OO0H M30JIMpPOBAHHOMN
(3aMKHYTOI) cHCcTEME JIOJKHO IPUBECTH K B3PHIBY.

Aouabamuueckuii menuoeoii 63pvlé

PaccMoTpuM mpenenbHbI ciydall — aanabaTHyecKyro (TEIIOM30JIMPOBAHHYIO)
CHUCTEMYy, B KOTOPOH MPOTEKAaeT SK30TepMHUYecKas Xumuueckas peakmnus. CKOpocTb
PEaKIMy OMUCHIBACTCA KHHETUIECKUM ypaBHEHUEM

u=SE e e e - | 21
dt R,T
rae C, Cy, C; — KOHUEHTpALMU IPOAYKTOB PEAKIIUU U PEATCHTOB;

Z, E — mpeIdKCIOHEHT 1 SHEPrusl aKTUBAIIUH;

T — abGcomoTHas TEMIIEpaTypa;

Ro — yHUBepcanbHas ra3oBasi IOCTOSIHHAS;

N1, N, — TOPSIIOK PEAKIIUU 110 IEPBOMY U BTOPOMY peareHTam.

[lycte  — TtemnoBol 3ddexkr peakuumu Ha OAMH MOJb mnpoaykra C,
oOpasyroierocs B xoze peakiuu. [lockonbKy cucteMa TemIon30IMpOBaHa U 3aHUMAET
MOCTOSIHHBIN 00bEM, TO CKOPOCTh U3MEHEHUS TeMIlepaTypbl 7 B CUCTEME OIpeaesaeTCs
ypaBHEHUEM

o AT _ dc
Vodt dt ’

rac CV — YACJbHas TCINIOCMKOCTD IMPH MMOCTOAHHOM o61;eMe;

2.2)

p — IUIOTHOCTb CMECH.

[Mpennonoxxum, dto ¢ >>cy 1o (HavyampHOW »dHEpruM cucteMbl). Torma
MPOTEKAHHUE IK30TEPMHUUECKON pPeakiiMu B U30JIMPOBAHHOM cUcTeMEe OyAeT MPUBOIUTH
K CYIIIECTBEHHOMY MOBBIIIEHUIO TEMIIEPATYPHI JaKe MTPU MaJIOM BBITOPAHUH UCXOIHBIX
KOMITOHEHTOB CMECH.
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VYpaBuenue (2.2) ¢ yuetoM (2.1) MOKHO MpeCTaBUTH B BUJIE
dT E

—=A eXp| ———

dt RoT

rae A= Z[ClTl [Cz:r2 L
p Gy

Wuterpupys ypaBaHenue (2.3) ¢ yderom HaudanbHoro yciosus 7 (t = 0) = T,

MOJTYy4YUM
t E
At= J'exp( de
R, T

To

2
t T

R N L (2.4)
B (Toj

2

RAT,

e B =20 exp _E 1 const.
E RoTo

Pesynbrathl pacueToB Mo ypaBHeHHIO (2.4), TpuBeACHHbIE Ha puc. 2.7,
MOKa3bIBAIOT, YTO C POCTOM BpeMeHH t Temneparypa 7 MmiaaBHO BO3pacTaeT 1O MOMEHTA
BpeMeHu t/f = 1, a 3arem pocT TeMmIepaTypbl Pe3KO YCKOpseTcs. DTO SBJICHUE
Ha3bIBA€TCA TEIUIOBBIM B3pbIBOM. [IpoMexxkyTok Bpemenu t, = [3 Ha3bIBaeTCA NEPHOIOM
UHAYKIUU  (BpeMEHEeM  3aJep’KKM  BOCIUIAMEHEHHUs])  TEIUIOBOIO  B3pbiBA B
TETUIOM30JIMPOBAHHON CUCTEME C SIK30TEPMHUYECKON PEAKIIUEN:

, (2.3)

nim

B=t; = Rolo eXp s J

EA RoTo

l 3
To E _ 15

21

E
RoTo~ 20
1 : L
0 0.5 1B

Puc. 2.7. 3aBuCUMOCTh TeMIIEpaTyphbl aua0aTUIECKON CUCTEMBI OT BPEMEHHU
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JUIs pa3HbIX 3HaucHMit nmapamerpa E/(RoTo)

W3 rpadukoB, NpHUBEAEHHBIX Ha puC. 2.7, cIeAyeT, 4YTO C YBEIUYECHUEM
HavyaJIbHOM TeMmriepaTypbl 7o BpeMs 3aJ€p’KKH BOCIUIAMEHEHHs (mepuo] MHAYKUIUN) t,
CHUIKAETCH.

Tennoesoii 63pvi6 6 HeaduadamuuecKux ycioeusax

B peanbHbIX cucTeMax Bcerga MNPOUCXOAAT TOTEPU TEIUIOTHI 32 CUET
TEIUIONPOBOJIHOCTH YEpe3 CTEHKH, KOHBEKIUH, H3IydeHus U T.A. [lpu sTom
AK30T€pMUYECKas peakuus OyaeT nubo YCKOPSThbCS, MNPUBOAS K B3PbIBY, JIHOO
MPOTEKATh C TOCTOSHHOM CKOPOCTBhIO NpPH MOCTOSHHOM Temmeparype 1 = const,
onpeensieMol TEeIioBbIM OalaHcoM cHCTeMbl. Tak, B YaCTHOCTH, NPOTEKAIOT
HK30TEPMHUYECKHUE PEAKIMU TOPEHUS B ra30BBIX MEYax, KOTEJIbHBIX TONKaX M JIPYTUX
TEMJIOTEXHUYECKUX arperarax.

[Ipu HaMMYUM TEIIOBBIX MOTEPh YpaBHEHUE (2.2) MPUMET BUA

dT dC S

g™ 2T
poy g =a =l -Te) (2.5)

rae V — 00beM peakTopa;

S — uonaab MOBEPXHOCTU CTEHOK PEAKTOPa;

T, — Temneparypa CTEHOK peakTopa,

0. — K03 (HUIIMEHT TeTJIonepe1ayu.

[lepBoe crmaraemoe B TpaBOM yacTh ypaBHEHUs (2.5) OMUCHIBAET CKOPOCTh
BbIJICJICHUS TeIJla B CUCTEME 3a CYeT XMMHUYECKOM peakuuu. Bropoe cmaraemoe —
CKOPOCTb OTBOJIa TEIJIA 3@ CYET TEIIONPOBOJHOCTH CTEHOK, KOTOpasi TMHEHHO 3aBUCUT
OT Temmeparypbl pearupyomeid cmecu. CKOpPOCTb MNPUTOKA TEIUla PacTeT IO

CTEIIEHHOMY 3aKOHY C POCTOM HauaibHOM Kouuentpamun kommouentos [C, |*, [C, ]?

M DKCIIOHEHIIMAIBHO PAacTeT C POCTOM TemmepaTypbl | B COOTBETCTBHHM C 3aKOHOM
Appennyca.

O6osmaumm  uepes D =[C,J*[C,]?. TI'pauxu sasucumoctn cxopoctn

TeroBbieneHuss Q4+ U ckopocTH Teronorepb Q_ oT Temnepatypsl 7 mpUBEIEHBI HA
puc. 2.8 nus Tpex 3HaueHui D:

D; > D,, > D.

W3 aHanu3a npuBeneHHbIX rpaKOB, KOTOPBIE MPEACTABISAIOT COOON JUarpaMmy
CemenoBa, cnenyet, uto npu D = D;, kpuBsie Q4+, Q- HE UMEIOT TOYEK MEPECEUCHUS;
npu D = Dy, kpussle Q4+, Q_ nMmeror oany Touky kacanus; npu D = Dy, xpusslie Q.+, Q-
MMEIOT JIBE€ TOUKHU NIEPECEUCHUS.

B nepBom cnydae (D = Dj) ckopoCTh TEIUJIOBBIAEICHUS BCErAa MPEBBIIIAET
CKOPOCTb TEIUIONOTEPh, U B CUCTEME O0A3aTENbHO MPOU30MIET TEIIOBOW B3pBIB, TaK
KaK TeMIeparypa cMecu OyieT HEOrpaHUYE€HHO BO3pacTaTh.
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Bropoit cmyuwait (D =D,,), Kkorma uMeeT MeCTO KacaHHE KpPHBBIX
TEIUIOBBIZICTICHUSI M TEIUIONOTEepPb,  OMNpENeNiseT  MaKCUMajlbHOE  3HAYCHUE
KOHIICHTpAIMu peareHToB (mapamerpa D), mpu KOTOpOM CKOPOCThH TEIJIOBBIACICHUS
paBHa CKOPOCTHU TEIUIONOTEPD.

0. 0.
A
0.
0 > 1

Puc. 2.8. Bausinue Temneparypsl Heaina0aTUueCKOU CUCTEMBI
Ha CKOPOCTh TEIUIOBBIJICJICHUS U CKOPOCTh TEIIONOTEPH

Bce ocranbHbie kpuBble Qi s 0ojiee HU3KUMX 3HAYEHUM KOHUEHTpalUu
peareHToB mnepecekaroT KpuByto Q- nBaxnabl. [Ipuuem, ycTOWYMBOMY COCTOSIHHIO
CHCTEMBI OTBEYAET TOIBKO HIKHSASA TOUYKA C 00Jiee HU3KOU TeMIIepaTypon Tyer.

Takum oOpa3om, eciiu KOHIIEHTpAalMsl PEareHTOB HE MPEBBIIIAET ONPEIEIEHHOTO
KPUTUYECKOTO U1 JaHHOM CUCTEMBI 3HAYECHUs, TO TEMIEpaTypa pearupyrouein cMecu
B peakTope OyneT noctosHHoil T = Ty, = const, nmpuueM 7Ty, > 7. Ilpu BeINOIHEHNUH
JTOI0 YCJIOBHS IIOCIE€ HEKOTOPOrO IEPEXOJHOr0 MEPUOAa B XUMHUYECKOM DPEaKTOpe
YCTaHaBIMBACTCS CTALlMOHAPHBIM PEXKHUM, IIPU KOTOPOM CKOPOCTh JK30TEPMHUUYECKOMN
peakuuu OyJeT UMETh MOCTOSIHHOE 3HaueHue U = const.

Ha puc. 2.9 npusenensl Tpu pexuma paboTbl peakTopa B BHJIE 3aBUCHMOCTH
Temreparypsl oT Bpemenu 1 = f(t).

T A D,

B3peis

- Dy
CrannoHapHbIid peKUM

2

>/
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Puc. 2.9. Pexxumsbl paboThl peakTopa

Temnepatypa T2 COOTBETCTBYET MAaKCUMAJIbHON TEMIIEPATYpPE B PEAKTOpE, MPHU
KOTOPOM BO3MOXKHO YCTOMUYHMBOE MPOTEKAHHME XMMHUUYECKOW peakiuu (MpHU 3aJlaHHBIX
sHaueHusx Cy, Cy, T.). MOXHO MOKa3aTh, YTO BEIUUHHA T2 onpenensercs Gopmysion

T,=T 1+—R0ET0

Temneparypa Tp cCBi3aHa C [apaMeTpaMH  DPEaKTopa  CICAYIOLIHM
COOTHOIIICHHEM:

B _[Eavzla*[G]? )

ROTZ 0 S RO T02

DTO ypaBHEHHWE TIO3BOJISET OMPEISIUTh B3PBIBOOC30MACHOCTh  KaXKIOTO
KOHKPETHOTO PEaKTopa.
0O0o03HaUNM

_E
RoTo
EqVvz[g][c]?
a SR, T,

Z

Ecmm Z, << Z;, 10 peaktop B3phiBOoO€30maceH, eciu Z; =~ Z;, TO CHUTyalus
SIBJIICTCSI KPUTHUECKOM, TO €CTh MOXHO OXHJaTh B3pbiBa; Npu Z; > Z; B PeakTope
00513aTeIbHO IPOU30UIET TETNIOBON B3PHIB.

Jlnst pacueTa aBJICHUSI B PEaKTOpe MO U3BECTHON CKOPOCTH POCTA TEMIIEPATYPHI
dT/dt ucnions3yercst ypaBHeHue coctosinus (ypaBHeHue MeHeneeBa-Knaneipona)

p=pRT,
rie p, p, T, R — naBiaeHue, MIOTHOCTh, aOCOJIOTHAs TeMIlepaTypa U ras3oBas

IIOCTOSIHHAsA NPOAYKTOB CropaHusi B peakrtope. ['a3oBas MOCTOSHHAsT MNPOAYKTOB
cropanus R paccuutsiBaeTcs o popmyine

R = Cp - Cv,
rae Cp, Cy — YACIbHBIC TCINIOEMKOCTU MPOAYKTOB CTOPaHUSA IPU IMIOCTOSTHHOM JIABJICHUU

U IIOCTOAHHOM O6’beMe, COOTBCTCTBCHHO.
Bepuymucsa 6 ocnasnenue
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3. PACNMPOCTPAHEHMUE NINAMEHU B TA30BbIX CMECAX

CKopocTh pacnpoCTpaHEHHUs IUIAMEHM NpPU TOPEHUU TBEPJbIX, XKHIKUX U
ra3oo0pa3HbIX  BEIIECTB  MPEJCTaBIsET MNPAKTUUYECKUH  MHTEpeC B  IUIaHe
NpEeaynpexXIeHUs MO0XXApOB U B3pBIBOB. PaccMOTpuM CKOPOCTh pacnpoOCTpaHEHUS
IJIAMEHU B CMECSX TOPIOYMX ra30B U MapoB C BO3JYyXOM. 3Hasi 3Ty CKOPOCTb, MOXHO
OINpeeNuTh 0€30MacHbIe CKOPOCTH Ta30BO3YIIHOIO MOTOKA B TPyOONpOBOAE, LIAXTE,
BEHTWISIHUOHHOM YCTAaHOBKE U JIPYTMX B3PHIBOONACHBIX CUCTEMAX.

Bepnymuca e ocnagnenue

3.1. CKOPOCTb PACIPOCTPAHEHUA NNAMEHMU

B kauectBe mpumepa Ha puc. 3.1 mpuBeneHa cxema BBITSDKHOM BEHTWISLUU B
yroiapHoM maxte. M3 mTpekoB maxtel 1 mo TpyOompoBoay 2 OCYIIECTBISIETCS
yaaJieHue 3amlblIEHHOM CMEeCH BO3[yXa M YrOJbHOM NbUIM, a B psJEe CiIy4aeB —
BBIJICJIMBILIETOCS B YTOJIHBIX IIacTax MeTaHa. [Ipy BOSHUKHOBEHHMH o4ara BO3rOpaHus,
¢GpoHT mnameHu 3 OyaeT pacHpoCTpaHsAThCA B CTOpOHY wTpekoB 1. Ecnu ckopocTb
IABMKEHUS! Toproyedl cmecu W OyAeT MEHbIlEe CKOPOCTH pachpocTpaHeHus (poHTa
IUIAMEHU U OTHOCHUTENIBHO CTEHOK TPYOKH, TO TUlamMsi paclpoCTPaHUTCS B LIAXTY U
npuBeAeT K B3pbIBY. [lo3ToMy a1 HOpManbHOW pabOThl CUCTEMBI BEHTHIISILIMU
HE00X0IUMO COOJIIOJIEHHE YCIOBHS

w > U.

CkopocTh yAaneHusi B3pbIBOONACHOM CMECH JIOJKHA ObITh OOJbIIE CKOPOCTH
pacrpocTpaHeHus: ppoHTa MIaMEHU. DTO MO3BOJIUT HE JOMYCTUTH MOMAIaHus TUIaMEHU
B IITPEKH IIAXTHI.

u

C C

S

Puc. 3.1. Cxema pacnpocTpaHeHus IUIAMEHHU B IIAXTE!
1 — maxra; 2 — Tpy6onpoBo; 3 — GpOHT IIaMeHU

Teopust pacnpocTpaHeHus TiaMeHH, pa3Butas B paborax S. b. 3enpaoBuya u
. A. ®pank-KameHenkoro, o0CHOBaHa Ha ypaBHEHHUSX TEILIONPOBOAHOCTH, TUDPy3uu
M XMMHUYECKOW KHHETHKH. BocmiaMeHEeHHe TroproYerd CMECH BCErJa HAauYMHAeTCs B
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OJIHOM TOYKE U paclpoCTpaHsieTcs Mo BCEMY 00bEMY, 3aHUMAeMOMY rOpIOYEil CMEChIO.
PaccMoTpuM OJHOMEpHBI ciiydail — TpyOKy, 3alOJIHEHHYIO TOpHOYEH CMeChio
(puc. 3.2).

Ecnu cmech nojkeyb ¢ 0OTHOrO KOHIA TPYOKH, TO Y3KUH (PPOHT MjIaMeHHu OyaeT
pacupoCTpaHsAThCA BIOJb TPYOKH, OTHENSAs MNPOAYKThI TropeHus (mo3aau (poHTa
IJIaMEHU) OT CBeXeil roproueil cmecu. OPOHT IUIAMEHM HMMEET BHJ KOJIauyKa WM
KOHyca, OOpalIeHHOrO0 BBINYKJIOW YacTbl0 B CTOPOHY ABMXKEHUS IJIaMeHH. DpoHT
MJIAMEHHU TIPEJICTABISAECT COOON TOHKUM ra30BbIM CIION MIHUPUHON (102107% m. B sToMm
cloe, KOTOpbI Ha3bIBa€TCs 30HOW TOpPEHHUs, MPOTEKAIOT XUMHUYECKHUE pEeaKlHH
ropenusi. Temneparypa ¢GpoHTa IJIAaMEHH B 32aBUCUMOCTH OT COCTaBa CMECH COCTABIISIET
T = (150073000) K. Bsigensitomasicsi TEIoTa TOPEHHUsI PACXOAYeTCs Ha Harpes
MPOJIYKTOB CrOpaHUsi CBEKEW roprodyeil CMECH U CTEHOK TPYOKM 3a CHET MPOILECCOB
TEIJIONPOBOIHOCTU U U3TTyUEHUS.

[TponyKThl ropeHus Caexas cmech
~A

Puc. 3.2. Cxema pacnpoctpaneHust GppoHTa IJIAMEHU B TPyOKe

[Ipu nBu>xeHun GpoHTa MIaMEHH B TPyOKe B rOproveil cMecu BO3HUKAIOT BOJIHBI
CXKaTus, KOTOPBIE CO3JAIOT BUXPEBBIE JBUKEHUA. 3aBUXPEHHSI Ta30B HCKPHUBISIOT
(GpOHT MjaMeHH, HE M3MEHSAS €ro TOJIMHBI M XapakTepa MPOTEKAIOUUX B HEM

npoueccoB. Ha ennnuile moBepXxHOCTU (GPOHTA MJIIAMEHU BCEI/la CrOpaeT OJJHO U TOXKE

1

KOJIMYECTBO BEIIECTBA B SIUHUIY BPEMCHU U, K - c - M_Z. Bennuuna U, SABISCTCA

IIOCTOSSHHOM I KaXZOM TOpHOYEd CMECH M Ha3bIBa€TCs MaCCOBOM CKOPOCTBIO
ropeHus. 3Has wiowaas GpoHTa IJIaMEHU S, MOKHO paccuMTaTh Maccy BemectBa M,
CropaemMoro Bo BceM ()pOHTE FOPEHUs B €AUHUILY BPEMEHHU:

M=u,-S.

Kaxnplii a1eMeHT ¢poHTa miameHu dS mepeMeniaercsi OTHOCUTENLHO CBEXKEH
CMECH BCerja MO HamNpaBJIECHUIO HOPMAJM K (POHTY IUIAaMEHU B JAHHOM TOYKe
(puc. 3.2), npu4eM CKOPOCTh 3TOTO MEPEMEIICHHUS:

P

r7€ P — INIOTHOCTh CBEXKEN FOPHOYEH CMECH.

BenuuuHa U, Ha3bIBaeTCs HOPMAJIbHOW CKOPOCTBIO PACIPOCTPAHEHUS ILIAMEHHU
U UMEET Pa3MEpPHOCTh METPhI B ceKyHAY (M/c). OHa SIBJISIETCS MOCTOSTHHON BETUYNHON
Ipolecca TOPEHNss JaHHOW CMECH M HE 3aBUCHT OT THIPOJAMHAMUYECKUX YCJIOBUU,
CONYTCTBYIOIIMX Mpolueccy TropeHus. HopmaibHas CKOpPOCTbh pacHpOCTpaHEHUs
IUTAMEHHU BCErJla MEHbIIE HAOII0AaEMON CKOPOCTHU U, TO €CTb CKOPOCTH MEPEMEILEHHUS
(GpoHTa ropeHus OTHOCUTEILHO CTEHOK TPYOKHU:
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Up <U.

Ecnmu ¢hpoHT nmaMeHu IIIOCKUN M HaIpaBjIeH MEePIEeHIUKYISIPHO OCH TPYOKH, TO
B OTOM cllydae Habmiojaemass ¥ HOpMajbHas CKOPOCTh PACIpPOCTPAHEHUS TUIAMEHH
OyyT OIMHAKOBBI
Up = U.

[Inomanpe BeIMyKIOrO (poOHTA TMJIAMEHHU SBHH Bcerjga Oouibllie TUIOMIAAN

I10cKoro GpoHTa Sy, IOITOMY

11>

u _ SBI)IH 1
— o1
Up  Spp

HopMmainbHasgs ckOpoCTh pacmpocTpaHeHUs IuIamMeHu Upn Ui KaXKaou Troprouyen
CMECH 3aBUCUT OT IIPUMECU HMHEPTHBIX [a30B, TEMIIEPATYPbl CMECH, BIIAXKHOCTU U
apyrux @aktopoB. B wyacTHOCTH, NpeABapUTENIbHBI MOJOIPEB TOPIOYEro rasa
YBEJIIMYMBAECT CKOPOCTh PACIPOCTPAHEHUs IUIAMEHHU. MOXKHO ITOKa3aTh, 4YTO CKOPOCTH

pacmpocTpaHeHusi  miamMeHd Up  TPONOpIMOHANbHA — KBagpary  abCONIOTHOM
TEMIIepaTypbl CMECH:
Up, .= const-T?,

Ha puc. 3.3 npuBeneHa 3aBUCUMOCTb CKOPOCTH PacIpOCTpPaHEHHUs IUIAMEHH B
TOprOYEN CMECH ,,BO3yX — YrapHbIA raz” B 3aBUCUMOCTU OT KoHueHTpauuu CO. Kak
CJIelyeT U3 MPUBEIECHHBIX IpaKOB, CKOPOCTh PACIPOCTPAaHEHUS IJIAMEHU BO3PACTAET
C YBEJIMYEHHEM TeMIepaTypbl cMecu. JJid Kaka0ro 3Ha4yeHUs] TeMIepaTypbl CKOPOCTh
pacupoCTpaHeHHUs] IMJIaMEHW HMMEET MAaKCUMYM B O0JIACTH KOHLEHTPALMH YrapHOTO
raza CO, paBnoii ~ 40 %.

Ha ckopocTh pacnipocTpaHeHMs IIJIaMEHM BIUSAET TEIUIOEMKOCTh HHEPTHOIO Ta3a.
Yem Oosibllie TEMJIOEMKOCTh MHEPTHOTO ras3a, TeM OOJbllle OH CHUXXAET TeMIlepaTypy
TOPEHHSI U TEM CWIBHEE YMEHBIIAET CKOPOCTh PACHPOCTPAHEHHMs IIaMeHH. Tak, ecinu
CMECh METaHa C BO3AYXOM pa30aBUTh YIVIEKUCIBIM Ta30M, TO CKOPOCTb
pacupocTpaHeHHUs] IUTaMEHHM MOXKET yMeHbuThes B 273 paza. Ha ckopocTh
pacIpoCTpaHEHUsl IJIAMEHM B CMECSIX OKCHIA YIJIepoJa C BO3AYyXOM OKAa3bIBAET
OOJbIIOE BIIMAHME BiAra, COAEp)Kalasicsi B CMECH, HAJIMYME CAXKEBBIX YACTUIl U
MIPUMECH UHEPTHBIX ra3oB.
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U, m/c
3.00
/ \ 550°C
2.25 7 \
/ / \ 300°C
1.50 /, \
/ 20°C
0.75 / 7 \
0
10 25 40 55 70 %CO

Puc. 3.3. 3aBUCUMOCTB CKOPOCTH pacIpOCTPaHEHUS IIJIAMEHH
OT KOHLIEHTpAIlM1 YrapHOT'O I'a3a B CMECH
Bepuymuca 6 o2nagnenue

3.2. UBMEPEHUE HOPMAJIbHOMN CKOPOCTH
PACIMPOCTPAHEHUA NITAMEHU

JInst u3MepeHnsi HOPMAJIBHOW CKOPOCTH PAacIpOCTPAHEHUS IUIAMEHU B ra30BBIX
CMECSIX NPUMEHAKTCA TPU OCHOBHBIX METOJAa — METOJ Ta30BOM TOPEJIKH,
MCIIOJIb30BaHUE MBUILHOTO MY3bIPS U METOJ U3MEPEHUS B MPO3PAUYHOM TpyOKe.

Onpeodenenue ckopocmu pacnpoCmMpaHeHus NaaMeHu 6 23080 2opeiKe
(memoo Muxenvcona)

IInamst ra30BOM TOPEJIKA COCTOMT W3 BHYTPEHHEIO U BHEIIHEr0 KOHYCOB.
BHyTpeHHUI KOHYC PE3KO BBIIENSAETCA CUIBHBIM CBEYEHHMEM U SIBJISIETCS OCHOBHOM
YacThI0 TJIAMEHM, TJI€ TPOUCXOAuT mporecc ropenust (puc. 3.4). IloBepxHOCTh
BHYTPEHHET0 KOHYCa NPEACTaBiseT COOOW HEMOJBMXKHBIA (POHT IUIAMEHH, B
KOTOPOM CKOpPOCTh JIBJKEHMsI Ta30BOM cMecH (CHU3Yy BBEpX) YpaBHOBEUIMBAETCSA
CKOPOCTBIO pacrpocTpaHeHus: (PpoHTa MIIaMEHH, IBUXKYILIETOCS CBEPXY BHU3.
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Puc. 3.4. Cxema u3MepeHnss HOpMAJIbHOW CKOPOCTH
pacnpocTpaHeHUs IIAMEHU:
1 — razoBas ropenka; 2— (GpoHT MIaMeHu

[Ipu 3TOM QpOHT NIaMeHu OyAeT HEMOJBUKEH, €CIIU CKOPOCTh JIBHXKEHUSI CMECH
B ropeinke mnocrosHHa W = const. Ilpm ymenpmienun W pasmep IUIaMEHU

YMEHBILACTCS U IIPU HEKOTOPOM 3HAaY€HUH Wmin IUIAMSA MOXET IPOCKOYUTH BHYTPb
ropenku. Ilpum yBeIWYEeHMM CKOpPOCTHM JBM)KEHHS CMECH IUIAMS YBEJIIMYHMBAETCA B

pa3Mepax U MpU HEKOTOPOM 3HAYEHUH Wmax IJ1aMsl OTPBIBAETCS OT TOPEJIKU U FaCHET.
OTpbIB MJIaMEHU MPOUCXOJUT MPU CKOPOCTSIX CMECH, MPEBBIIIAIOUIUX HOPMAIbHYIO
CKOPOCTb pacIpOCTPAaHEHUS IUIAMEHU.

BenuunHa HOpMaJIBHOM  CKOPOCTH  PAacHpOCTPAHEHHUs  IUIAMEHM  paBHa
OTHOIIEHUI0 00bEeMHOro pacxoja cMmecu Q (oObema cropaemMoil cMecu B €IUHUILY
BPEMEHH) K MOBEPXHOCTH ()POHTA IITAMEHHU S:

Q = RW
rae R — paguyc ropenku, Mm;

Q — 0OBeMHBIN pacxo]l CMecH, M3/c;

S — MOBEPXHOCTH KOHYCA TIAMCHH, M-,

Jlns  ompeneneHuss HOPMAJIBbHON CKOPOCTH pPAacIpOCTPAaHEHHs TUIAMEHHU TI0
dbopmyne (3.1) HeoOXoAMMO U3MEPUTh OOBEMHBIN pacxoj raza B ropenke Q
(HanpuMep, Ta30BBIM CUYETYMKOM) H 10 ¢ororpaduu IJIAMCHH PAacCUYUTATh
MOBEPXHOCTh KOHYca S.

Memoo onpedenenusn ckopocmu pacnpocmpanenus niameHu
C UCNOIb306AHUEM MBLTbHO20 NY3bIPA

Pacnipoctpanenue miameHu B cpepuyecKkoM COCyJie MPpU MOJKUTaHUU TOpIoYeit
CMECH B ILIEHTPE COCyAa MPOMCXOAMUT paaualibHO 0€3 HMCKa)XeHUs 00pa30BaBLIETOCS
chepuueckoro ¢poHTa TuiamMeHu. Bo3HuKaromue Mpu 3TOM paguaibHbie MOTOKHU
JIEUCTBYIOT CUMMETPUYHO, HE HCKaxas Gopmy ¢poHTa miuaMeHd. PannanbHblil TOTOK
BO3HUKAET BCIJIEJICTBHE PA3HOCTH TeMIepatyp (a, cleoBaTesbHO, U JaBICHUI) MEXIY
rOploYell CMEChI0 U MPOJYKTaMHU CrOpaHUs, HAXOJALIMMUCA BHYTPH CPEPHUUECKOro
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¢ponta mameHu. B pesynbrare, mepen (pOHTOM IUIAMEHM B HECTOPEBILEH CMecH
BO3HUKAET paauaibHbli MOTOK W, 3a CcYeT KOTOporo HaOjojgaeMas CKOpPOCTb
pacrpocTpaHeHusl TUIaMeHU OyJeT 3HAYUTENIbHO MPEBBINIATh HOPMAJIbHYIO CKOPOCTh
Un. HaGmromaemast ckopocts U nipu 3TOM OyAeT paBHa

u=u, +w.

Ecnu xe B kauecTBe c(hepHUecKoro cocyja MCIOIb30BaTh MBUIBHBINA ITY3bIPb,
KOTOpBIN pacHIMpseTcsi COBMECTHO C PACIIMPEHUEM ras3a, TO B 3TOM Ciy4ae IMpolecc
ropeanss OyAeT NpOTeKaTh NpPHU TOCTOSHHOM JaBICHHWH, YTO OO0JIeT4aeT pacyer
HOPMaJIbHOM CKOPOCTU PacHpOCTPAHEHUS TUIAMEHH.

MeTton u3MepeHusl CKOPOCTH pPACIPOCTPAHEHUS IUIAMEHU B MBUIBHOM ITy3bIpe
COCTOMT B clienytouieM. B3pbiBuaTasi ra3oBasi cMechb MOAAETCS MO TOHKOM CTEKJISTHHOM
TpyOKe, Ha KOHLE KOTOPOW BBIIYBaeTCs MBUIbHBIN My3bIpb (puc. 3.5, a). B uentpe
MBUTBHOTO TIY3BIPSl PACTIONOXKEHBI JJICKTPOABl C HMCKPOBBIM TPOMEXYTKOM. I[lpu
BOCILJIAMEHEHUU CMECH MCKpOU 0Opa3zyeTcst cepuueckoe 1iams (puc. 3.5, 6), KoTopoe
MOCTENEHHO PaclpoCTpaHsAeTCs Ha BCIO roprouyro cMmech. Illpu 3tom dopma dponra
IJIAMEHU HE UCKa)KaeTcs 0 KOHIIA TOPEHUS CMECH.

IIpouiecc ropeHust ra3oBOM CMECH B MBUIBHOM ITy3bIPE CHUMAETCA CKOPOCTHOM
BUJICOKAMEpPO yepe3 Y3KyK IIellb, YTO MO3BOJISIET ONpPENEIUTh HaOI01aeMyIo
CKOPOCTb pacrnpoctpaHeHus: pponta miamenu U. Habmonaemast ckopocts miamenu U B
My3bIpe OMpenesieTcss He TOJNbKO BEIMYMHOM HOpPMalbHOW ckopoctd U, HO H

CKOPOCTBIO JBMKEHUSI caMoil ra3oBoil cMecu W BciieicTBHE ee pacmuperus. CTeneHb
pacIIMpPEeHUs CMECH OIPEAEIIIETCS] OTHOILIEHUEM 00beMa IPOJYKTOB CTOPAHMS

AnRS
Vo=—F%
3
K HayaJdbHOMY 00bEMY CMecU
4nRS
Vi=—
3

rae R;, Ry, — HauanbHBINA U KOHEYHBIA PagNyChl MBITBHOTO TY3BIPSI.
[Tpr 3TOM HOpMaJIbHAsE CKOPOCTh PACHPOCTPAHCHUS TUIAMEHH PAaCCUUTHIBACTCS
o cieayroieit popmyie:
R 3
n R " ( " )
2

Takum oOpa3zom, HU3Mepsisl MO BHUAEO3AMKMCH Mpoliecca HAOMI0AaEMYI0 CKOPOCTb
¢ponra muamenu U, HayanbHbli R; M KOHeuHbId R; pannychl MBUIBHOTO Iy3bIpS,
MOxkHO 1O (opmyne (3.2) omnpenenuTh BEIUYUHY HOPMAIbHONW CKOPOCTH
pacrpocTpaHeHus miaMmeHu Upy.
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a) 0)

Puc. 3.5. Cxema u3MepeHus: CKOpoCTH HOPMaJIbHOT'O
pacnpoCTpaHEeHUs IJIAMEHHU C TIOMOIIbIO MBUIBHOTO ITY3bIPS:
a — 10 BOCIJIAMEHEHUs; O — MOCJIe BOCIIAMEHEHUS

Memoo onpedenenusa ckopocmu pacnpocmpanenus niamenu ¢ mpyoke

OnpeneneHne HOPMAJIbHOM CKOPOCTH paclpocTpaHeHusi (ppoHTa IUIAMEHH B
MpO3payHOil TpyOKe BO3MOXHO TOJIBKO Ha HayaldbHBIX 3Talax ropeHus CMEecH, Korja
iamMsi paciupoCTPAHSIETCS PaBHOMEPHO. DTOT MPOLIECC MPOUCXOIUT HA PACCTOSHUSAX
nopsiaka (0.5?71.0) M or Bxoma B TpyOKy. Ha Ooipmux paccTOSHHSX CKOpPOCTBH
pacnpocTpaHeHus! GPOHTA MJIAMEHU MOXKET PE3KO BO3PACTATh UM YMEHbBILATHCS.

[Ipy paBHOMEpPHOM pacHpoCTpaHEHUU IUlaMeHu QopMa ero ¢GpoHTa U
KOJIMYECTBO ra3a, CrOpParoLIEro 3a €IMHULY BPEMEHHM, IIOCTOSHHBI, 4, CJIEI0BATEIbHO,
IIOCTOSIHHA Y HaOJoJaeMasi CKOPOCTb paclpocTpaHeHus (poHTa IiameHu U.
Onpenenenue ckopocTd U U Mioaay NoBEpXHOCTH (PPOHTA TUIAMEHH S TPOBOJIUTCS C
MOMOIIbIO CKOPOCTHOW BHIEOCHEMKHM Mpolecca. BenuunHa HOpMajdbHOM CKOPOCTH
pacnpocTpaHeHus mameHu Uy paccuuTsiBaeTcs o popmyie

Un =Uu T y (33)
rae U — HaOmrogaemMasi CKOpOCTh PaclpOCTPAHEHUS TUIAMEHH;

R — panuyc TpyOKwu;

S — muonaas NOBEPXHOCTH (PPOHTA TIIAMEHH.

Jlist u3BecTHOrO paguyca Tpyoku R v u3mepeHHsix BenuuuH U u S o popmyne
(3.3) HaxoIAT HOPMATBLHYIO CKOPOCTh PACIIPOCTPAHECHUS TuIaMeHH Up.

Omnpenenenue HaOMIOIaEMON CKOPOCTH PACIpOCTpPaHEHHUs IUIaMEHU B TPyOKe
MPOBOJUTCS B OTKPBITOM C OJJHOTO KOHIA TpyOKe, OO B 3aKpHITOM C 00OMX KOHIIOB
TpyOke. Perucrpaiuss MOMEHTa MPOXOXKACHUS IJIAMEHU B TpyOKe MPOU3BOAUTCS JTHOO
METO/IOM MEPEroparluX TOHKUX MPOBOJIOYEK, HATAHYTHIX B Pa3HbIX CEUEHUSIX
TpyOKH, TUOO HEMOCPEICTBEHHO MO BUACOCHhEMKE MPOLECCa.

Bepuymuca 6 o2nasnenue
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3.3. PU3UKA MNPOLIECCA PACIMPOCTPAHEHUA NNAMEHMU

PacnipocTtpaneHue miaMeHu B ra3oBOM CMECH IIPOMCXOAUT 3a CUET Mepefayud
TEIUIOTHI OT CJI04 K CJ1010. B OCHOBHOM TeIUIOTa nepegaeTcs mMyTeM TEIIONPOBOAHOCTH,
HO B HEKOTOPBIX ClIy4YasX 3HAUUTEIbHYIO POJIb MOXKET MIpaTh M3ly4deHHE. BTopbim
BaYKHBIM (DPU3UUYECKUM MPOLECCOM NPU pacCHpPOCTPAHEHUH TUIAMEHH SIBJIIETCA B3aUMHAas
1 dy3usi KOMIOHEHTOB rOprOYel CMECH U MPOJYKTOB CrOPaHUSI.

@pOHT IUIaMEHU WIM 30Ha XUMHUYECKUX PEaKIUN — 3TO TOHKas 30Ha, B KOTOPOH
yCHeBaeT MPOTEKaTh peakiys ropeHus. PacueTsl mokas3biBatoT, YTO BpeMs MPeObIBAaHUS
BEIECTBA B Hell OYCHb M0 (JUIS METaHO-Bo3mymiHOH cmecu t = 107 ¢, mwis cMecu
KHcIopoa u Bogopona t = 107 ¢).

Teriota XuMUYECKOM peaklUH, MpoTekaroueld Ha (poHTE IJIaMEHH,
pacnpocTpaHsercs MyTeEM TEIUIONPOBOAHOCTH KaK B CTOPOHY JBWIKEHUS IIJIAMEHU,
HarpeBass HCXOAHYK0 CMeCb, TaK M B CTOPOHY MpPOAYKTOB cropanus. Cxema
pacnpeneneHus: TeMIepaTyp B 30HE TOpeHUs MpuBeeHa Ha puc. 3.6.

Hcxonnas cmeck umeet temmepatypy 7p. Ilo mepe npubnimkenus k Hell GppoHTa
IJIAMEHU OHAa Harpesaercst OoT 1o A0 TeMIeparypbl camoBOCILUIaMeHeHus [s. Pasmepsl
30HBI IIPOTPEBA 3aBUCAT OT TEIUIONPOBOAHOCTH CMECU U CKOPOCTHU PaCIPOCTPAHEHMUS
IIaMeHU. YBeIn4YeHne K03P(UIHeHTa TeIIONPOBOJHOCTH pACIIUpPSIET 30HY IPOrpeBa,
a yBEJIMYECHUE CKOPOCTH IUIAMEHU — COKpPAILIAET ee.

'
~~
Ir
I
| CxopocTs
peaKImu
- To
>
X
IpoxyxTer 3oHa Hcexoxnas
TOPCHHS nporpesa CMECh
3oHa
peaxkuuu

Puc. 3.6. Cxema ¢poHTa riameHu

B 30He peakiuu temmeparypa MoBbIIaeTcs OT Ts 10 TemiepaTypbl ropeHus 1.
Kpome sBiieHus Teruionepenadd B 30HE PEAKIMM MPOTEKAIOT MapajiedbHO MPOLECChI
muddy3un. duddysus BbeI3BaHA paznuyueM NaplUaTbHBIX JaBJICHUN OTIEIbHBIX
KOMIIOHEHTOB CMECH B 30HE pEaKIMu U B UCXOJIHOM cMmecu. Hanpumep, B 30He peakiiuu
napuyagbHOe JIaBJICHHE TOPIOYEro KOMIIOHEHTAa M KUCIOPOJia MHOTO HIXKE, YeM B
HCXOJIHOM CMecCH (3a CUET pacXOJ0BaHUSI ’TUX KOMIIOHEHTOB B PEAKIIMHU TOPEHHUs ). DTO
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NOPUBOIUT K TOMY, YTO TOPIOYHH KOMIIOHEHT M KHCIOpoa Au(OYHIUPYIOT B 30HY
ropenus (puc. 3.7).
Konyenmpayus copioueco

T <
A R v

Konyenmpayus kucinopooa

— >
X
Puc. 3.7. Pacnpenenenne temMneparypsl
Y KOHUEHTPALUU KOMIIOHEHTOB MO JJIMHE TUIAMEHU

Bepuymucsa 6 ocnasnenue

3.4. BMINAHUE OUAMETPA TPYBKU
HA CKOPOCTbPACIPOCTPAHEHUA NMIAMEHU

Kak mokaspIBaeT OMbIT, B3phIBUATASI CMECH MMOCTOSIHHOTO COCTaBa MMEET pa3HbIe
CKOPOCTH pacHpOCTpaHEHUs TNIAMEHHU MIPU €€ TOPEHUH B TpyOKkax pasHoro auamerpa. C
YBEJIMYCHUEM JTHAMETpa CKOPOCTh PACTIPOCTPAHEHHSI IJIAMEHU PACTET HEPAaBHOMEPHO.
[Mpu yBenuuenuun auamerpa Tpyoku D mo (10?15) cMm ckopocTh pacmnpocTpaHCHHS
IUIaMeHNu pacTeT ObicTpo. [lpu manpHeiieM yBeNWYEHUM TUaMeTpa OHA MEIJICHHO
YBEIUYMBACTCSI M TOPU  HEKOTOPOM MPEIEIbHOM 3Ha4eHUM Dpax  CKOpOCTB
pacnpocTpaHeHHs! IUIAMEHHN OCTaeTCs MOCTOSTHHOM (pHc. 3.8).

[lpu ymeHbIICHHH auamMeTpa TPYOKH CKOPOCTh PaCIpPOCTPAHCHHsS IUIAMEHH
YMEHBIIIACTCS M TPU JIOCTHIKCHHU HEKOTOpOro 3HaueHusi Dpi, tuiams B TpyOke He
pacnpoctpaHseTcs. IToT d3QPEKT MOKHO OOBSICHUTH YBETUYCHUEM TEIIOBBIX TMOTEPH
NpY YMEHBIIICHUH TUaMeTpa TPYOKH.

u
A

D min D max
Puc. 3.8.3aBHUCHMOCTH CKOPOCTH pacpOCTpaHEHUs TUIAMEHH OT AHaMeTpa TPYyOKH
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TemoTa U3 30HBI TOPEHMs pacXoAyeTcs Ha HarpeB cmecu Qp, HarpeB NPOJAYKTOB
cropanust Q; u creHok Tpyoku Qs. Termora Qi Bo3Bpalaercs B 30HY peaklMH U TEM
caMblM BO3MEIIAET TEIUIOOTAauyy Ha HarpeB cBexed cmecu. K Termmonorepsm
OTHOCSATCS TONBKO Qz, Q3. DTH MOTEpHU BO3pACTAIOT C YMEHBIICHUEM JUaMeTpa TPYOKH
32 CYET TOrO0, YTO YBEJIMYMBAETCS OTHOIIEHHE MOBEPXHOCTHU TEIUIOOTAAYHU K 00BEMY
rasa, OTAAIOILEro TEIUIOTY.

30Ha ropeHuns

P

IIpoyKTHI u Crexas
CropaHust - - CMECh
4 O, = Qi

\/

Qs

Puc. 3.9. Cxema TennooTBoaa U3 30HbI TOPEHUS
Jlist muuHapudeckoit Tpyoku paguycoM R u nnunHoM L (puc. 3.10) oTHOIIEHHE
ee MOBEPXHOCTH S K 00beMy V paBHO:

Jlnst Tpy6ku guamerpom D = 10 cm orHomenue S/V =0.4 oM™, a mis TpyOkn
muamerpom D = 2 oM otHomenme S/V =2 e, OTCIOa BHAHO, 9TO C yMEHBIICHHEM
auaMeTpa TPYOKH YBEJIMYHMBACTCS OTBOJA TEIUIOTHI OT CIWHUIIBI O0beMa Tasa,
HAXOJSIIETOCS B 30HAX IMPOrpeBa M PEaKIWU, K CTCHKaM TPYOKW. YBeIUYCHHE
TETUIONOTEPh CHUXKAET TEMIIEpATypy TOPSHHS M CKOPOCTH PACIIPOCTPAHEHUSI TUIAMEHH.
Takum oOpa3oMm, sl KaXIOro 3HAYeHUs auameTpa TpyOku D mpu HemzmeHHOM
COCTaBE CMECH YCTAHABJIHMBACTCS OINPEJCIICHHAS TeMIIepaTypa TOPeHHs 1, U CKOPOCTh
pacmpocTpaHeHHsT IUIAMEHM # B 3aBUCHUMOCTH OT YPOBHS TEIJIOBBIX TOTEPb.
VYMeHbIasi [uaMeTp TPyOKH, MOKHO JOCTUTHYTh TAKOW BEJIMYUHBI TEIUIONOTEPh, IPH
KOTOpO#l TopeHue B cMecu mpekpamaercs. Takoi auamerp (Dpin) HasbiBaetcs

KpI/ITI/IquKI/IM.
@
« L ,I>s

Puc. 3.10. CxemMa TemiooTBo1a U3 UIUIUHAPUIECKON TpyOKH

V

Ha sToM npuHiune (rameHue mjiaMeHd B y3KHX TpyOax) OCHOBAaH LIENbIM psij
MPEeIOXPAHUTEIBHBIX YCTPOWCTB, MPEJOTBPAILAIOIINX PACHPOCTPAHEHUE IUIAMEHH —
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METaJUIMYECKUe  CeTKU A  MeJUIeHHoropAmux  cMmeced  (mamma  [3Bm),
OTHEIperpaguTeNId B IIaXTaxX, 3aCHIIKK TPaBUHHBIX MOPOIIKOB B CHUCTEMax CIIMBa
He(TENPOAYKTOB U T.J.
Bepuymuca 6 o2nasnenue

3.5. BETOHALUA B TA30BbIX CMECAX

PacnpocTpaneHue miiaMeHM B Ta30BBIX CMECSX MPOUCXOJIUT C MOCTOSHHOMU
CKOpOCThIO TOJIbKO Ha paccTosiauu (0.571.0) M oT Touku Boctuiamenenusi. [locie aToro
IUIaMsi pe3K0 ycKopsieTcs: u gocturaet ckopoctu (2?3) km/c. Cropanue ra30Boil cMecu
C TakoOM CKOpPOCTbIO Ha3bIiBaeTcd JeroHanued. OTMETUM XapakTepHbIE CBOWCTBA
J€TOHALINH.

e JleroHamMOHHAs BOJHA PACHPOCTPAHACTCA C IOCTOSTHHOW CBEPX3BYKOBOU
CKOPOCTBIO.

e (CKOpOCTb JIETOHAIIMU 3aBUCHUT OT COCTaBa rOproveil cMecH.

e Ilpu nuamerpe TpyOku Oosiee 2 CM CKOpPOCTh JAETOHALIMM HE 3aBUCUT OT €€
auameTpa.

e bosblmiasgs CKOPOCTh CropaHusi CMECH MpU JETOHAIMM NOPUBOJHUT K
MOBBILLIEHUIO J1aBJICHUS.

['unponuHamuueckass Teopus  JI€TOHAMM  OblIa  CO3/laHa  aKaJeMHUKOM
S.b. 3enbpoBuueMm. PaccMOTpuM  MEXaHM3M  BO3HUKHOBEHHUS  JICTOHAllUM B
MoJTy3akpbITOi TpyOke (puc. 3.11).

/

[TpomyKThI Caexas
CropaHus CMECh

Puc. 3.11. CxemMa BOZHUKHOBEHHS JCTOHAIIUNA

[Ipu BocmiaMEeHEHHUH B3pPHIBYATOM CMECH Y 3aKphITOrO KOHIAa TPYOKM CHaudaja
Ha0JII01aeTCsl pAaBHOMEPHOE PACTIPOCTPAHEHHUE TUIAMEHH CO CKOpOCThIo U. YckopeHnue
MJIaMEHU BO3HHUKAET B Pe3yJbTaTe TOPEHUSI CMECH M PACILIUPEHUS TPOJYKTOB CTOPaHUS
y 3aKpBITOTO KOHIIAa TPYOKH. PacuimpeHnuie ra3oB BhI3BIBAET CKATUE CBEXKEH CMECH U €€
nBumxeHue nepen (poHtoM miuameHu. CKopocTh 00Opasyromieiicss ynapHOW BOJHBI B
(4 ? 9) pa3 6oJbIlIe HOPMATBHON CKOPOCTH TJIAMEHH.

Bo3nuknoeenue yoaphnoii 6011wl

ChnomiHas cpena — TBepAasi, XUAKas WIM ra3o00pa3Has crocoOHa rnepeaaBaTh
KosebaTenbHOe ABMKEHUE B BUJIE 3BYKOBBIX BOJIH. Besikoe HepaBHOMEpPHOE, a 3HAYUT U
KojeOaTenbHOe JABM)KEHUE NPOUCXOIUT IO BO3ACHCTBMEM HEKOTOPHIX cuil. B
OTCYTCTBHUE CHJI TeJla Obl JBUTAIKMCh TOJIBKO PABHOMEPHO U NpsiMosinHeHo. Konebanus
Cpelibl BBI3bIBAIOTCSA CUJIAMU YIIPYTOCTU B HEM.

Ecnu cxarb HEeKoTOpbld 00BEM Bo3ayxa Vo U 3aTeM JaThb €My BO3MO>KHOCTh
pacuIupsiTbCs, TO 3TOT 00BEM pacUIMpPUTCA 10 KoHeuHoro odwvema Vi > V. Pabora,
3aTpayeHHass Ha CXaTue, MeperseT B KUHETUYECKYIO0 JHEepruto JBumxkeHus E. Dta
sHeprus OyJeT B CBOIO Ouepeib 3aTpaueHa Ha CXKaTUE OKPYKAIOIIETro Closl BO3AyXa.

43



44
OTOT cioi Takke OyIeT paclIupsAThCS U CKUMATh CleAyroluid cioi. B pesynbraTe mo
BO31yXy HOOEXKHUT 3BYKOBas BOJHA, TO €CThb OyaeT HaOIOAaThCs MNEPUOJUYECKOE
M3MEHEHHE MIOTHOCTHU p U J1aBiieHus p (puc. 3.12).
OTmeTuM, YTO CKOPOCTb 3BYKOBOW BOJIHBI HAMHOTO OOJIbIIE, YEM CKOPOCTh
IABW)KEHUS CaMOro rasa. 3BYKOBas BOJIHA OyAET pacHpOCTPaHATBCA CO CKOPOCTBIO
3ByKa ¢ = CONSt 10 MOJHOrO 3aTyXaHWs 3a CYeT JAMCCHUIIATHBHBIX IIPOLIECCOB

A\ [\
VAAVAAVERVAR

p.p

A AWAWA
BVAVAVAVA

Puc. 3.12. U3MeHeHuE JaBIeHUs U TUIOTHOCTH B 3BYKOBOM BOJIHE:
a — B 33JJaHHOM TOUKe; O — B 33JJaHHBIII MOMEHT BPEMEHHU

P, pt

vV

Puc. 3.13. 3aTyxaHue 3ByKOBO# BOJIHBI (pg, po — NABICHHE
Y TJIOTHOCTh HEBO3MYIIIEHHOTO BO3/1yXa)

JUis  BBISICHEHHS TPUYMHBI O00pa3oBaHHWE YJIApHOW BOJHBI PAacCCMOTPUM
OJTHOMEPHBIN CIy4ail — BABUTAHUE NOPIIHS B LUAIUHIP.
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—>
Z NG} v

— Bonna ! €BO3MYIIIEHHBIN

E— oKarus | BO3yX

Puc. 3.14. BaBuranue nopuiHs B HHJIMHAP

[Ipu meqneHHOM JBWXEHUU TIOPIIHS TEPEHsIsl TpaHWIlAa CKATOro BO3ayXa
NOOEKUT MO HECKATOMY Trazy CO CKOpPOCTbIO 3ByKa. B BOJHE cxKaTusi BO3IYyX

aanabaTUYeCKu HarpeT U JABUKETCS CO CKOPOCThI0 W B CTOPOHY JIBH>KEHMs IopuIHs. B
HarpeToM BO3JlyXe CKOpPOCTh 3BYyKa OOJIbIlIE, IOSTOMY BO3MYILIEHUE W3 BOJIHBI CHKATHS
HaroHut ee mnepenHuil GpoHT. Tem Ooiiee, UTO CKOPOCTh 3BYKa ¢ CKJIAABIBAETCS CO

ckopocThio raza W. CrienoBatenbHO, (PPOHT CXKaTUs «y3HAET» O TOM, YTO MOPIICHb
JIBUKETCS] YCKOPEHHO, CKUMas ras.

PaccMoTpuM mpoduiab BOJIHBI CKaThs, TO €CTh pacHpe/le]IeHUE NaBJICHUS IO
muHe uuinusapa (puc. 3.15). Jlomyctum, uto Ha mpoduib p(Xx) HaKiIaabIBaeTCs
HeOoubIIOoN BhICTYN AaBieHus 4 (puc. 3.15, a). DTOT BeICTYyN HE OyAEeT OCTaBaThCs Ha
MECTE U KaK BCSAKOE CXKaTHe ras3a, OyJeT IBUTraThCs CO CKOPOCThIO 3ByKa. OTMETHM, UTO
mo0yI0 TOUKy npoduiis p(x), Hanpumep, Touky B (puc. 3.15, 6) MOXKHO paccMaTpUBaTh
KaK HEOOJIbIION BBICTYM J1aBJICHUS.

Takum 00pa3oM, KakJ0e CKaTHe raza pacrnpocTpaHseTcss M0 HEMY C MECTHOM
CKOPOCTBIO 3BYyKa, MpuyeM OOoJbllee BO3MYIIEHUE MAaBieHHs Ap; OyIeT IOrOHATH
MeHblIee Bo3MylleHue Ap,. Ho mpu 3ToM Bo3HMKaeT aOcyplHas cUTyalus, KOrja B
OJIHOM U TOM e Touke IIuHIpa C MOTyT OBITb OJTHOBPEMEHHO HECKOJIBKO 3HAUYECHUM
JaBJICHUs — JBa 3HavyeHus (puc. 3.15, 6) wiu gaxe Tpu 3Hadenus (puc. 3.15, 2). Ho
Takass cuTyaunus (U3MYECKH HEBO3MOXKHAa. PaccMOTpuM MeXaHU3M, C MOMOIIbIO
KOTOPOTO MpHUpOoAa NPeoA0JEBAET ITO MPOTUBOPEUHE.

p & P 0)
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6) 7 2)

C p

Puc. 3.15. Cxema pa3BuTHs A€TOHAUU

[Ipexxne 4yem BO3ZHHMKHET (DU3MYECKHM HEBO3MOXKHOE «IEepPEXJIECThIBAHUE», B
HEKOTOpPOH TOYKE MpOQuis JOHKEH 00pa3oBaThCs OUYE€Hb MAJIEHbKUI BEPTHKAIbHBIN
yuacTtok (puc. 3.16). B 3aBUCMMOCTH OT 3aKOHA JBHXKE€HHUS MOPIIHA 3TOT YYacCTOK
MOXKET 00pa30BaThCs KaK B MEpeAHEH TOYKe BOJHBI Ckatus (puc. 3.16, a), Tak U B
npomexytounoi (puc. 3.16, 6). JlaBneHue ¢ JIeBOM CTOPOHBI OYJET MOBBIIMIATHCS 3a
cueT ckatus nopirHsg. Ho kak Obl OHO HE MOBBIIIATOCH, BEpTHKAIbL ab (puc. 3.16,) He
HAKJIOHUTCSl BIIPaBO, HHa4ye OyneT HAOMI0AaThCS HEMPaBIONoA00HAasT CHUTYyalusl.
CrnenoBaTesibHO, €IMHCTBEHHBIM BBIXOJ COCTOMT B OOpa30BaHMU pa3pbiBa (CKayKa)
JaBJICHUS.

P

a X
Puc. 3.16. Cxema 00pa3zoBaHus yAapHOU BOJIHBI

Takum o00pa3oM, B BOJHE CXaTHs HEMHHYEMO JOJDKEH HACTYNHTh TaKOH
MOMEHT, KOTJla ABM)KCHHE HE MOXET OOJbIlle OCTAaBaThCsS HENMPEPHIBHBIM — B Trase
BO3HUKHET cKauyok a6 (puc. 3.17). Takoil ckayok Ha3bIBaeTCAd YIApHOW BOJHOM.
CkopocTb 0Opasyromeics: yiapHoil BOJHBI Ha MOPAIOK OOJbIIe CKOPOCTU JBMXKEHUS

rasa.

P P

a) 0)

a
a

C o Sz

X X
Puc. 3.17. Cxema pa3BUTHS IETOHALMH B pa3Hble MOMEHTBI BPEMEHHU
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Bo3nuxknoeenue 0em0mmuu

PaccmoTpum Teneps ¢u3nky oOpa3oBaHMs AETOHALMOHHON BOJIHBI HAa MpUMEpe
TOpPEHUsl CMECH ,,MeTaH-KUCI0po” B y3KOoH TpyOke. Ilpu momkuranuu cmecu ciaboi
UCKpOM TmuiamMsi  paclpocTpaHsercas 1o TpyOKe C  MOCTOSIHHOW  CKOPOCTBIO
U~ (10?20) m/c. B cinydae MOMKHTaHHS CMECH MOIIHBIM HCTOYHHUKOM — CHIIBHOH
MCKpPOMl WJIM B3PBIBOM 3apsiia B3phIBYATOIO BEIIECTBA — CKOPOCThb PAaCIpPOCTPAaHEHHUS
MJIaMEHU MOJKET MPEBBIIIATH 2 KM/C.

Bbiie ObLI0 MOKa3aHO, YTO MPOIECC CTAlMOHAPHOIO TOpEeHHs] OOYCIOBIIEH
npoLeccaMy TEIIONPOBOJHOCTH U AU(PQHY3UH KOMIIOHEHTOB, TO €CTh OTHOCUTEIBHO
MEUIEHHBIMH MOJIEKYJIIPHBIMHM  TpolieccaMu. llpu 3TOM HoOpManbHas CKOPOCTb
pacrpoCTpaHeHHs TUIAMEHU HAMHOTO MEHbIIIEe CKOPOCTH 3BYyKa (U, << C).

CKOpoCTh JI€TOHAalMM TMPEBBIINIAET B COTHU pPa3 HOPMAJIBbHYIO CKOpPOCTh
pacrpoctpanenus twiameHn (D << U,), MO3TOMY MEXaHU3M JICTOHALMU HEIb3s
O0O0BSACHUTH MEIJIEHHBIMHU IIPOLIECCAMH NIEPEHOCA — TEMIIONPOBOAHOCTHIO U AUPDy3Heil.
JleToHauus — 3TO Ta30AMHAMUYECKOE SBJEHHUE, CBSA3aHHOE C OOpa30BaHHEM U
pacnpoOCTPaHEHUEM YAAPHOU BOJHBIL. B yJapHOW BOJIHE, PAaCHpPOCTPAHSIOMIEUCSA IO
roproue cmecu co ckopocthio D ~ 2 km/c, HaOmomaeTcs pe3Koe IMOBBLIIICHUE
nasnenus (B 40?760 pa3) u temneparypsl (B 6?7 pa3) raza. [Ipu aTom Temmneparypa rasa
nocturaer 7 ~ 2000 7C. Ilpu Takux BBICOKMX 3HAYEHUSAX TEMIEPaTypbl PE3KO
BO3pAacTaeT CKOPOCThb MPOTEKAHUs XUMUYECKOM peaklUuy TOpEeHUss B COOTBETCTBHM C
3aKOHOM AppeHuyca.

TemoTta, BeleNUBIIAACS B XOJI€ NMPOTEKAHUs 3K30TepMHuUecKo peakiuu Q,
BO3MEILIAET HEOOPATUMYIO MOTEPIO0 SHEPTHH, NPOUCXOIAIIYIO0 MPU YJAPHOM CHKaTHU
roproyeil cMecH, ellle He BCTyNUBLIEH B peakuuio. Takum oOpa3om, oOpa3zoBaBIIAsCS
JICTOHALIMOHHAsl BOJHA MOJJAEpPKMBAET cama ceOsl 3a CUeT peakUuu TOpEeHUs Ha ee
¢ponre. CKOpPOCTh pacCIpPOCTPAHEHUs JI€TOHAMOHHOW BOJHBI MPONOPIMOHAIbHA
KBaJIpaTHOMY KOPHIO M3 TEIUIOBOTO 3(P(eKTa peakuu U MPaKTUYECKH HE 3aBUCUT OT
HAYyaJIbHOT'O JJaBJI€HUs rasa:

o~ Q.

JleToHAIIUsT MOKET BO3HUKATh TOJBKO IPH OMNPEIACICHHOM COCTaBE CMECH.
Hampumep, cmech ,,BOJOPOA-KHCIOPOA” OETOHHUPYET B Tpeaenaax CoOACpKaHUS
(27?35) % Bomopona, cMech ,,alleTUIICH-BO3yX” — B TIpeaenax coaepxanus (6?15) %
arieTuiieHa. SIBJeHHWE JETOHAIMHM MOJKET BO3HHKATh B JBUTATECIIAX BHYTPEHHETO
cropanwus. J{Js mpeaoTBpalieHust IeTOHAUK B OCH3MH BBOJIATCS aHTHICTOHAI[MOHHBIC
npucagku — TterpastwiacBuHer; Pb(C,Hs)s, TerpakapOonmn Hukens  Ni(CO)y,
nenTakapoonmi xxenesa Fe(CO)s.

Bepuymocs 6 oznasnenue
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4. MATEPUATNbHbIUA BANAHC NMPOLIECCOB NOPEHUA

JUisi OLIEeHKHM BEPOATHOCTHM BO3HUKHOBEHHMS MOXKAapa M €ro MOCIEACTBUH st
KOHKPETHbIX OO0BEKTOB (He(dTe- WM Ta30MpoOBOJ, 3aBOACKOM 1EX, CKIAaJCKOe
MOMEIICHHE, KUIasi KBApTHpPa, KOTTEIK U T. J.) HEOOXOAMMO YMETh PacCUHUTHIBATH
MaTepHalIbHbI OallaHC MPOLIECCOB TOPEHHUs Pa3IMYHbIX FOPIOYMX BeUIECTB. I'opeHue
BELIECTB MpPH MOXKape MNPOUCXOJUT MOUTH BCErga B cpelae Bo3ayxa. TOJIbKO B
CHEUUalIbHO MPUTOTOBIEHHBIX CMeCAX (pPakeTHOE TOIUIMBO, TEPMUTHBIA COCTaB,
B3pPbIBYATOE BEILIECTBO) WJIM MPH ra30BOM CBAPKE METAJIIOB FOPEHHE MPOMCXOAMT 3a
CUET KUCJIOPOAA, BBIIEISIEMOr0 OKUCIUTEIEM, UM 34 CYET Ta3000pa3HOT0 KUCIOPOA.
[ToaTOMy paccMOTpUM METOJIbI pacueTa MaTepHaIbHOrO OajlaHca MPU TOPEHUH TOIUINB
B CpeJie BO3AYXA.

Pacyer cBOANTCS K PELICHUIO CIEAYIOIIMX 3a]ad.

eOnpenenaeHre KOJIMYECTBa BO3AyXa, HEOOXOIUMOTO JJIsl TOPEHHUS.

eOnpeenaeHre KOJIMUECTBA U COCTaBa IMPOAYKTOB CTOPAHHS.

Bepuymuca 6 o2nasnenue

4.1. COCTAB ATMOC®EPHOI'O BO31YXA

[TockombKy BO3IyX SBISETCS OJHUM M3 OCHOBHBIX KOMITOHCHTOB TOprOYeH
cMecH, TIpUBEJIEM JaHHbIE MO ero xapakrepuctukam. CoctaB aTMOChEpHOTrO BO3Jyxa
JOCTaTOYHO cloxkeH. Kpome OCHOBHBIX KOMIOHEHTOB — kuciopoja O, u azora Ny, B
HEM COJIEpXKATCsl MHEPTHBIC Ta3bl (aproH, HEOH, T'eIMi, KPHUITOH, KCEHOH), 030H O3,
yraekuciblil raz CO,, napsl Boabl H,O 1 wactuusl asposoneit (mpuib). OgHako o0beM
BTOPOCTENIEHHBIX KOMIIOHEHTOB B CyXOM OYHMIIICHHOM BO37ayXe He mpesbimaer 1 %.
[ToaToMy OyneM cUUTaTh, 9TO BO3YyX COCTOWT M3 JIBYX KOMIIOHCHTOB — KHCIOpOAa U
a30Ta. XapaKTePUCTUKH OTUX Ta30B TPH HOPMAIBHBIX (DU3UYECKUX YCIOBHSIX
npuBeieHbl B Ta01. 4.1.

Tabmuna 4.1
XapakTepUCTUKU BO3yXa MPU HOPMATbHBIX (PU3UUCCKUX YCIOBHUSIX
CocTas P, R, Vwm,
l'as Mace. % | o6nem. % M KI/M JIx/(kr-K) M>/KMOIIB
Kucmopon O, O, 32.00 | 1.429 259.7 22.393
A3zoT \P: N, 28.013 | 1.251| 296.65 22.395
23% 0, |21% O,
Bozmyx 77%N, |79% N, 28.96 | 1.293| 281.53 22.398

[lon HOpManbHBIMH (PUINYECKUMHU YCIOBUSMHU TOHUMAIOTCS CIEIYIOIIHNE
3HAYeHHsI TeMIIePaTyphl U JTaBICHUS:

7=0 °C (273 K);

p=760 mm prytHOTro ctoiba (MM Hg) umu 101.3 kI1a.

B 1a6n. 4.1 npuHATHI clieayronme 0003HaYeHUs:

M — oTHOCHUTENBHAS MOJIEKYJISIpHAs Macca;

p — IUIOTHOCTH Ta30B0it hasbl, KI/M';
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R — ynenbHas razoas noctossHHast [[x/(kr-K);

Vm — MoJisIpHBIE  00beM (00BEM KHUJIOTpaMM—MOJIS) Ta3a MpU HOPMaJbHBIX
(DHU3HUECKHX YCIOBUAX, M /KMOIIb.

Kak crexyer m3 tabm 4.1, B 1 m° Bosayxa comepxkutcs 0.21 M° kucmoposa,
ciefoBatenbHO, Ha 1 M° Kmcmopoma mpuxomutes V,=1/0.21=4.762 M° Bo3myxa.
CooTBeTCTBEHHO, Ha | Kr Kuciaopoaa npuxogautcs M,=1/0.23=4.348 kr Bo3myxa. Ecnu
MpoLIeCC TOPEHUSI TPOUCXOJUT C YyYaCTUEM BO3/yXa, MapaMeTpbl KOTOPOrO OTINYAIOTCS
ot HopMaTbHBIX (7 # 0 °C u p # 760 mm HQ), TO MI0THOCTH BO3AyXa PaCCUYMTHIBACTCS C
MOMOILBIO YpaBHEHUs1 cocTosiHUS (ypaBHeHMsI MenaeneeBa—Kianeiipona):

p=pRT, (4.1)

rae T — abcomoTHas TeMIieparypa.
YpaBHeHue coctosiuus (4.1) a1 HOpMabHBIX YCIIOBUI 3aITUCHIBACTCS B BUJIC

p, =p,R,T,, (4.2)

rae Pu, Pw Ru T, — 3HAYEHUS COOTBETCTBYIOIIMX MapamMeTpOB NPH HOPMAaJIbHBIX
(U3UYECKUX YCIOBHSIX.

B npennonoxenuun R= R,=const, pasnenus (4.1) Ha (4.2), MOXHO MOJYYHUTh
(dbopMyIIBI sl pacyeTa MIIOTHOCTH BO3yXa MPH MPOU3BOJIBHBIX 3HAYCHUSX P, T.
T 1.293-273
p=Pun P_2299°205 P _3,95P (4.3)
p, T 101.3 T T

€CJIM JJaBJICHUE BBIpaKeHO B Kl]a.
p:%.ﬁzw.£:0_464£, (4.4)
p, T 760 T T

€CJIM JIaBJICHUE BBIPAXKCHO B MIJJTIUMETPax pTyTHOro ctonba (Mmm HQ).
AHAJOIMYHO MOXHO TMOJYYUTh (HOPMYJBI IS pacdyera MOJIIPHOrO o0beMa
BO3/yXa MPHU MPOU3BOIBHBIX 3HAUCHUAX P, T.

\IYEE )
Vi = M, * Pu .I _ 22.398-101.3 .I _ 8.3111, (4.5)
T, p 273 p p
C€CJIX J1aBJICHUC BBIpa)KeHO B Kl Ia.
\IYEE )
T, p 273 p p

€CJIM JIaBJICHHE BBIPAXKCHO MIITUMETPAx pTyTHOTO cTosba (MM HQ).
Enunutibl naBiaeHus cBsi3aHbl CIEIYIOMIUMU COOTHOIICHUSMU:

1 mm Hg = 133.3 I1a; 1 ITa=0.0075 mm Hg.
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®opmyisl, nogo0HbIe (4.3)—(4.6), MOXKHO MONYYUTDH JJIS JIFOOBIX Ta3000pa3HBIX
KOMITOHEHTOB TOpIOYEH CMECH W Tra3000pa3HBIX MPOIYKTOB TOPEHHS MO W3BECTHBIM
(bU3UYECKUM TTapaMeTpaM ra30B MPU HOPMATbHBIX (PU3UYECKUX YCIOBHSIX.
Bepnymocsa 6 ocnagnenue

4.2. COCTABJIEHUE YPABHEHUA TOPEHUA

IIpu cocTaBieHUM MaTepUaNbHOIO OajlaHCa MPOLIECCOB TOPEHMS Pa3IMUHBIX
TOIUIMB 3alMCHIBAIOTCS YPAaBHEHUS pEaKIUil OKUCIEHUs JuOO Jid DJIEMEHTOB,
BXOJIAIIIMX B COCTaB TOIIMBA, JIMOO JJI1 KOHKPETHBIX XUMUYECKUX coeauHeHuil. [Ipu
JTOM KOJIMYECTBO aTOMOB KaXX[OTO BELIECTBA B JIEBOM U IPABON YacCTIX yYpaBHEHUH
JOJKHO OBITh OJIMHAKOBO. B Tabi. 4.2 npuBeneHbl ypaBHEHUS MPOLIECCOB OKHUCIICHUS
HEKOTOPBIX TOILJIUB KUCIOPOIOM.

banaHchl dj1eMEHTapHBIX pEeaKLUi MO3BOJISIIOT PACCUUTATh MACCOBBIE PACXOJbI
KUCJIOpOJa M KOJMYECTBO IPOAYKTOB PEAKLMH, NPUXOLSAIIMECS Ha €IUHUILY MAaccChl
paccMaTpuBacMoOro 3JIEMEHTA WU BEUIECTBA. 3HAs IUNIOTHOCTH ra30B, MOKHO NEPEUTH
OT MaCCOBBIX €/IMHULl K 00bEMHBIM €JIMHULIAM.

Tabnuua 4.2
I'openue ToIIMB B KUCIOPOE
TonmBo XUMHYECKasl peakLusi TOPEHUsI
C+0,=CO; (nosHoe cropanue)
Yraepon 2C+0,=2CO (HenoJHOE CropaHue
Bonopon 2H,+0,=2H,0

Cynbshun xenesza

2FeS,+5.50,=Fe,03+4S0,

OTHUIIOBBIN CIIUPT

C,Hs0H+30,=2C0,+3H,0

Cepoyrnepon CS,+30,=C0,+2S50,

Oxkcua yriepoja C0O+0.50,=CO0O,

AIOMUHHAI 4A1+30,=2Al,04

AnetuiieH C,H,+2.50,=2C0O,+H,0

Cepa S+0,=S0,

MeTtan CH4+20,=C0O,+2H,0

ArteToH CH3;COCH;+40,=3C0,+3H,0

Bepuymucsa 6 ocnasnenue

4.3. PACYET KOJIMMECTBA BO3AYXA, HEOBXOAOMMOI'O AnA ropEHUA

B npouiecce ropenust a00bIX TOIUIMB YYacTBYET OOJIbIIOE KOJUYECTBO BO3AYyXa.
Tak, st monmHOro cropanns 1 kr apoB TpeGyercst (4?5) M® Bo3myxa, 1 KT KaMeHHOTO
yrust — (829) m°, 1 kr Hedrn — (10?12) m°. Ilpn mokapax, rie TOPEHHe MPOTEKACT C
OOJBIIMM U30BITKOM BO3/1yXa, 3TU LHU(PHI YBEIMYMBAIOTCS B MOJITOPA-/Ba pa3a.

B Ttabn. 4.3 npuBeleHbl 3HAYEHUS  TEOPETUUECKOTO  (MHUHUMAJIbHO
HEO0OXOIMMOI'0) KOJIMYECTBA BO3/AYyXa, JJISI MOJHOTO CXKUTaHUS HEKOTOPBIX T'OPIOYUX
BemiecTB. [IpuBenennpie B Tabn. 4.3 3HaUYeHUs, SBISIOTCS OCPEAHEHHBIMH, TaK Kak
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XUMHYECKUN COCTaB JIpeBeCUHbI, Topda, HEPTH U YIJIA MOMNKET CYIIECTBEHHO
pasInyaThes.

Tabnuia 4.3
KonudecTBo Bo3myxa, HEOOXOAUMOE JIJIsl TIOJTHOTO CTOpaHus | KT TOproYero
I'oprouee Macca Bo3ayxa, Kr O6neM Bo3yxa, M
Cyxoe nepeBo 5.9 4.6
Topd 7.5 5.8
AHTpanuT 11.6 9.0
HedTh 14.0 10.8
Mertan 12.3 9.5
AnertuieH 154 11.9

Jliis pacyera ropeHUs KOHKPETHOTO TOIUTMBA MPOBOJAAT pacyeT MaTepHATbHOIO
Oananca nporecca ropenus. [Topsaok pacdera 3aBUCUT OT BUja TOIuMBa. PaccMoTpum
OCHOBHBIC METO/IbI pacueTa.

T'oprouee sewecmeo — onpedenennoe xumuueckoe coeounenue

Ecau roprodee BemiecTBO MpeACcTaBisieT COOOM ONpeaeeHHbIH XUMUYECKUI
DIIEMEHT WU COEAWHEHHE, TO ISl HETO MOXHO 3aliCaTh ypaBHEHUE XUMUYECKOU
peakuuu ropeHus. B 3ToMm cilydae, HE3aBUCHMO OT arperaTHOro COCTOSIHUS BeIllecTBa
(TBepmoe, SKUIKOE WIM Ta3000pa3HoOe), HEOOXOIUMOE [Jisi TOJHOTO CrOpaHUs
KOJIMYECTBO BO3JyXa OMNpPENENseTCs HENOCPEACTBEHHO IO YPaBHEHUIO pEeaKIUu
TOPCHHUS.

Jl7is mpoBeieHnsT pacyeToB HEOOXOAUMO 3HATh OTHOCHTEIbHBIC MOJIEKYISIpPHBIC
MacChbl OCHOBHBIX BEIIECTB, YYacTBYIOIIMX B ropeHuu. B Tabn. 4.4 mnpuBeneHbl
3Ha4eHust M /111 OCHOBHBIX KOMITOHEHTOB OPTaHMYECKHX M YTJIEBOJOPOAHBIX TOTLIUB.
OTMmeTuM, 4YTO a30T BO3JIyXa HE Y4YacTBYeT B TOPEHMH U SBISETCS HHEPTHBIM
BEIIECTBOM, TaK K€ KaK M BXOJAIIUE B COCTaB BO3/yXa HHEPTHBIE Ta3bl.

Tabnuua 4.4
OTHOCHUTENbHBIE MOJICKYJISPHBIE MAacChl BEIIECTB

BemectBo O, | C H, S Bozmyx Fe | Al N Mg
M 32 | 12 2 32 29 56 | 27 | 14 24

Paccmotpum nopsinok pacuera Ha npumepe ropenust 0enzona CgHe.
e 3anuiueM ypaBHEHHE pPEeaKIMU TOPEHUS:

C6H6+7.502=6C02+3H20.

e B 510 YpaBHCHHUC TIOACTABHUM 3HAYCHHUSA OTHOCHUTCIIBHBIX MOJICKYJIAPHBIX
MAacCC BXOJJIINUX B HEr'O DJICMCHTOB.

6-12+6-1+7.5(2-16)=6(1-12+2-16)+3(1-2+1-16).
[Tockonbky MonsipHast Macca M (Kr/kMoJIb) BeliecTBa YHCICHHO COBIAIAET C €T0

OTHOCHUTEJIBHON MOJIEKYJISIPHOW MACCOU, NOCJIEAHEE COOTHOILIEHUE MOYKHO 3aIliCaTh B
BUJIE:
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78 kr + 240 xr = 264 k1 + 54 KT
— [ — — —
CeHs 0, CO, Hy0
Takum oOpazom, st cxuranust 78 kr Oenzona CgHg HeoOxomumo 240 kr
KHUCJIOPO/IA.
e OmpenenuM Maccy Kuclopojia M,, HEOOXOAUMYIO JUIsl CKUTaHust 1 Kr
OeH3oua.

m, = 2%) = 3.08 k.

e [lo u3BECTHON IUIOTHOCTH KHCIOpOJA MPH HOPMAJbHBIX (U3HUCCKUX
yenoBusix (py=1.429 Kr/M3), B3sATOW M3 TaOm. 4.1, ompenenum oO0beMm kucimopona Vi,
HEOOXOUMBIHN JJIsl TOJIHOTO cropaHus 1 Kr OeH3oia:

m 3.08
=K = 2 0 155 MO,
p 1429
e JlockonbKy ropeHue MpoMCXOAMT B Cpefie BO3AyXa, pacueT o0beMa BO3ayxa
MPOBEJICM C YU€TOM 00BEMHOI'O COJICPIKaHus KUcaopoa B Bo3ayxe (21 %):

V,=2.155-4.762=10.262 m°.

Takum oOpa3zoMm, [js1 MONHOrO cropaHuss 1 Kr OeH30/la MpU HOPMAaJIbHBIX
dusmueckux yenopusx neodxoanmo 10.262 m° Bosayxa.

e JlpoBenem pacuer oObema Bo3AyXa NpH 3aJaHHBIX YCIOBUAX (Hapumep, nIpu
T =+20 °C (293 K), p = 750 mm HQ) ¢ momorpto Gopmyisl 4.6:

_10.262:760 293, ;¢ o
273 0

Takum 00pa3zoM, [Jist MONHOTrO cropanus 1 kr 6eH30J1a MU 3aJaHHBIX YCIOBUAX
HE0O0X0ouMBIN 00beM BO3/lyxa cocTaBisieT V= 11.16 M,

V

TI'oprouee éewyecmeo — cmecw 2a3o6

K 3710i1 rpynmne BemecTB OTHOCATCS TEXHUYECKUE TOPIOYUE T'a3bl — IPUPOIHBIN,
CBETWIbHBIN, BOJSHOW, I'€HEPATOPHBIM, KOJIOIIHUKOBBIM U Jpyrue. Bce oHu Moryr
conepxatb okuch yriepoaa CO, meran CHy, Bogopoa Hy, cepoBogopon HpS u apyrue
KoMIioHeHThl. Kpome Toro, onn Moryt conepxatb a3otr Ny u kucinopoa O,. A30T, Kak
OBLJIO OTMEYEHO paHee, SIBISIETCS MHEPTHBIM BEUIECTBOM M HE y4acTBYET B PEaKLHMH
ropenusi. Copaepkaluiicss B ra3zax KUCIOpPOJA SIBISIETCS OKHUCIHUTENEM, W TpH
COCTaBJICHUU YpaBHEHUH OanaHca Macchl BHIYUTAETCS.

HcxoaupiMu  JAaHHBIMH ISl pacueTa SBJISIOTCS MPOLEHTHBIA COCTaB Tasza
(o6veM. %), Temnepatypa T v naBieHUE p BO3ayXa.

[lopsiok pacueTa HEOOXOAMMOTrO KOJIMYECTBA BO3/lyXa paCCMOTPUM Ha MpUMepe
ropeHusi KojomHukoBoro raza npu 7=+15°C, p=60 mm Hg. CocraB raza wu
IJIOTHOCTH BXOJAIIMX B HEFO KOMIIOHEHTOB MPU HOPMAJIbHBIX (PU3MUECKUX YCIOBHUSAX
npuBeAeHbI B Ta0. 4.95.
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Tabnua 4.5
CocTaB KOJIOIIHUKOBOTO Ta3a

I'as C02 CO CH4 H2 N2 02
Conepxanue, 00bem. % 12 25 1 2 60 1
p, KT/M> 1.977 | 1.250 | 0.717 | 0.090 | 1.251 | 1.429

e 3anuuieM ypaBHEHHUs pEaKUNK TOPEHUS BXOJAIINX B CMECh I'a30B.
I'openue meraHa:
CH4+202=C02+2H20.
I'openue Bonopoaa:
2H2+02=2H20.
I'openue yrapsoro rasa:
2C0O+0,=2C0;.

A3zotr N; sBisieTcsi HHEPTHBIM BELIECTBOM, a yriaekuciblil raz CO;, — npoayKToM
MOJIHOTO TOPEHUs, MO3TOMY IS HUX YpPaBHEHHS XUMHUYECKUX peaKkluil He
3aMMCHIBAIOTCS.

e JloacTtaBuM B 3TH ypaBHEHHUS MOJEKYJISPHbIE MAcChl BXOJASIIMX B HUX

AJIEMEHTOB.
JIns ropeHus MeraHa:
16 xr+ 64 kr =44 xr + 36 kT

- - - -
CH, 0, CO, H,O0
Jlna ropenus Bogopoaa:
4xr+32kr =36kr.
- - -
Ho 0O, H,O
JIns1 ropeHus yrapHoro rasa:
56 kr + 32 kr = 88 kT
- - -
co 0, Co,
e OmpenenuM Maccy KHCJIOPOJa, HEOOXOIUMYIO JJIsl TIOJHOTO CropaHus 1 Kr

KaXXJ0Tr0 U3 KOMIIOHEHTOB CMECH.
JIns ropeHus MeraHa:

= % =4 xr
16
Jlna ropenus Bogopoaa:
32
m,=—=8kr.
4
JIns1 ropeHus yrapHoro rasa:
m, =§=0.57K1’.
56

e OmpenennM 06beM KHCIOPOAA, HEOOXOAMUMEIH IS [ONHOTO CropaHus 1 m°
Ka)XJ0T0 U3 KOMIIOHEHTOB CMECH 110 (hopMyJie

V. :mkﬂ,
P
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TI€ P, , Pj — IVIOTHOCTH KUCIOPO/Ia U I-TO KOMIIOHEHTA ra30BOI CMECH.
JIns ropeHus MeraHa:

0.717 3
=4.——=20wm".
CHa =™ M
Jlna ropenus Bogopona:
H _8. 9005508
2 1.429
JIns1 ropeHus yrapHoro rasa:
Veo = 0.57-% = 0.50 m°.

e OmpenenuMm oO0muUd 00bEM KHUCIOPOAA, HEOOXOJUMBIA MJIE TOJHOTO
cropamst 1 M° KOJOIMIHIKOBOTO rasa 1o Gopmyie:

1
Vi == 1-Vey +2-Vyy, +25-Veo =1V, |- 4.7)
100
Kucnopon, conepxkamuiicst B coctaBe cMmecu (1 00beM.%), yacTUUHO 3amenaeTt
KHCJIOPOJ] BO3/AyXa MPHU TOPEHUH, TIOATOMY B YPaBHEHHH OEpeTcs CO 3HAKOM «MUHYCY.

Honcrasnss B (4.7) suavenus Vey, Vi, , Voo, Vo, » Homydnm:
V, =ﬁ[1-2+2-0.5+ 25.0.5-1-1]=0.145m°.

e Onpenenum TpeOyemMoe KOJUYECTBO BO3/yXa MPU HOPMAJbHBIX (PU3UUECKUX
YCIOBHSAX (C y4ETOM TOTO, YTO Ha 1 M KHCJIOpoa npuxoautcs 4.762 M3130311yxa):

V, =0.145-4.762 = 0.69 m°.

e JlpoBenem pacuer oObema BO3JyXa MpU 3aJaHHbIX ychoBusix (7=+15 °C,
p =760 mm Hg):
B 0.69-(273+15)

¢ 273

Takum oOpazoM, st MOAHOro cropanus 1 M°  KOJOITHHKOBOTO rasa B
paccMaTpuBaeMbIX yciaoBusx HeoOxoammo 0.728 M Bo3ayxa. OmpenensseMoe TakuM
o0pa3oM  KOJMYECTBO  BO3JyXa Ha3bIBA€TCA  TEOPETUYECKH  HEOOXOAUMBIM.
[IpakTuyecku Mpu TOPEHUU Ha MOXKApaxX M B TOPEJOYHBIX YCTPOMCTBAX Pa3IUYHOIO
TUIA, pPEAbHBI pacxoll BO3JyXa 3HAYUTENbHO OoJjblie. OTHOIIEHHE peaTbHOTO
pacxoia BO3lyXa K TEOPETUYECKH HEO0OXOJMMOMY Ha3bIBaeTcs Ko3(PPUIHUEHTOM
n30bITKa Bo3Ayxa. B mewax, kamepax CropaHus U JIPYyrUX TEXHUYECKUX YCTPOMCTBAx
kod(ppunmeHT n3obITka Bozayxa o = 1.1?1.5, npu noxapax 3Ta BeIUYMHA MOXKET ObITh
CYLIECTBEHHO OOJIbIIIE U IOCTUTaTh 3HAYCHUH o > 2.

—0.728 m°.

T'oprouee geuwyecmeo — cmecv C10HCHBIX XUMUUECKUX COCOUHEHUTL
MHorue  roprouMe  BelleCTBa  SBISIOTCS  CIOXHBIMM  XUMHYECKUMHU
COCIMHEHUSMU WM CMECSIMH, KOTOpbleé TPYAHO WM HEBO3MOXXHO OIHCATH
ONpEJIeIeHHOW XHMHYeCcKol (opmynol (Hampumep, YEpHBIM MOPOX, TBEPIbIE
paKkeTHbIe TOIUIMBA, JApeBecuHa, Topd, yromab, HEDTEOPOAYKTHI U T.A.). IDTO, KakK
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MPaBWJIO, TBEPJbIC WIH >KHJIKHE TOIUIMBA. DJEMEHTApPHBIH COCTAB TAaKWUX TOILUIUB
3aMKMCHIBACTCS B BUJIE DKBUBAJICHTHOW (OPMYIIBI WM CYMMBI COJACPKAaHUS B HUX
2JIEMEHTAPHBIX BelIecTB (Macc. %) — yriepoja, BOAOPOAa, KUCIOPOia, CEPhl, a30Ta.

Omnpenenenre 3IEMEHTAPHOTO COCTaBa BEIIECTBA MPOU3BOIUTCS TaOOPATOPHBIM
ananmu3zoM. Eciu B coctaB TorumBa Bxonut Biara W (Boma) u 3o5a A (Heroprouue
BEIIECTBA), TO DIIEMEHTAPHBIN COCTAB 3aITUCHIBACTCS C YUYETOM 3THX KOMITOHEHTOB.

B kagecTtBe mpumepa paccMoTpuM Top(d, comepikaHue OTIACIbHBIX JIEMEHTOB B
KOTOPOM MpUBEJEHO B Ta01. 4.6.

Tabnuia 4.6
DneMeHTapHbI cocTaB Topda

BeniectBo C H @) S N A
Conepxanue, Macc.% 56.4 | 556 | 24.0 | 0.06 | 3.06 | 10.92

OkBHUBaJIEHTHas (OpMyJia JaHHOI'O BELUIECTBA 3aMCHIBAETCS B CIEAYIOIIEM BUJIE:

[56.4] +[5.56],, +[24.0], +[0.06] +[3.06], +[10.92], =100%.

PaccMoTpuM mopsiiok pacuera He0OXOIMMOIro KOJIMYECTBA BO3/lyXa Ha MpUMepe
cropanust 5 kr Topda (tabn. 4.6) npu nasinenun p=7/40 mm Hg u remneparype 7=20 °C.
e 3amuieM YypaBHEHUSI pEaKIUid TOpPEHUs [Jsi TOPIOYUX KOMIIOHEHTOB,
BXOJSIIUX B cocTaB Topda (yriaepo, BOJIOPOI, cepa).
I'openue yrnepona:
C+02=C02.
I'openue Bonopoaa:
2H2+02=2H20.
I'openue cepsr:
S+022802.

e [JloxcraBuM B OTH ypaBHEHHUs MOJIEKYJISIDHBIE MacChl BXOAALIMX B HHUX
JJIEMEHTOB.
s ropenus yriaepona:
12 kr +32 kr =44 kr.

- - -
C 0, CO,
Jlna ropenus Bogopona:

4xr+32kr =36kr.
- — —
Ho 0O, H,O

JIns ropeHust cepal.
32 kr+ 32 kT = 64 KT

- - -
S 0 SO,

e Ormnpenenum Maccy KHCIOPOAa, HEOOXOAUMYIO Ul MOJHOrO cropaHus 1 kr
Ka)XJI0r0 U3 DJIEMEHTOB.

s ropenus yriaepona:

m, :g:2.671<r.
12

Jlna ropenus Bogopoaa:
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JIns ropeHust cepal.
32

—=1kr.

m. =
32
e OmpenenuM Maccy KHCIOpOaa, HEOOXOAMMYIO IS MOJHOTO cropaHus 1 Kr
Topda:

1
m =15 {2.67-[56.4]. +8:[5.56],, +1:[0.06]; ~1-[24.0], }=1.71xr.

Kucnopon, conepxamuiicst B Topde (24 macc.%), 4aCTUUHO 3aMelaeT KUCIopo/]
BO3/IyXa IPU TOPCHUH, IIOATOMY B YPaBHEHUHU OEPETCS CO 3HAKOM «MUHYC).
e Omnpenenum TpedyeMyro Mmaccy Bo3ayxa (C yd4eToM TOro, 4to Ha | Kr
Kuciopoaa npuxoautcs 4.348 kr Boznyxa):
m, =1.71-4.348 =7.435kr.

e Omnpenenum TpeOyeMblii 00bEM BO3JlyXa NpPH TOPEHUH MPU HOPMAJIbHBIX
(U3UYECKUX YCIOBHSIX:

= 1435 57503,
1.293

e JlpoBenem pacuer oObema Bo3Ayxa MpU ropeHuu 1 Kr Topda npu 3agaHHBIX
yenoBusix (7=+20°C, p=760 mm Hg):

760-(273+20
v, 2575, 100C73+20) oo
740.273

e Haiinem o0beM BO31yxa, HEOOXOAUMBIN JIJIsI TIOJHOTO CropaHus S Kr Topda
MIPU 33JIaHHBIX YCIIOBUSIX:

V, =6.34-5=317m°,
Taxum 00pa3oM, Al TOTHOTO CropaHust 5 Kr Topda MpH 3alaHHBIX YCIOBHIX
Heo6xomuMo 31.7 M° Bo3myXa.
Bepuymuca 6 o2nasnenue

4.4. PACYET KOJINMECTBA U COCTABA NPOAOYKTOB NIOPEHUA

3HaHUE KOJIMYECTBA M COCTaBa IPOJYKTOB IOPEHHUs HEOOXOAMMO I pacyera
BOXHEHIINX  XApaKTEPUCTUK TMpolecca TOpeHHsT — TeMIepaTypbl TOpEHHS,
TeMIlepaTypbl B3pbIBa, JaBieHUs MNpu B3pbiBe. [lOCKONBKY NPOAYKTHI CTOpaHUs
HAXOJATCS, KaK MPaBUIIO, B Ta3000pa3HOM COCTOSIHUM, UX COCTaB BbIpa)kaeTcs OO B
O00OBEMHBIX MPOLIEHTaX, JUOO B KyOMYeCKHX MeTpax Ha | Kr roproyero Bemiectsa. B
3aBHCHMOCTH OT COCTaBa IOPIOYEro BELIECTBA BIOUPAETCS NOPSAIOK pacyera.

T'oprouee sewecmeo — onpedenennoe xumuueckoe coeounenue
Ecnu roprouee BemiecTBO (TBEpAOE, KUIKOE UM Ta3000pa3HOE) MPEACTaBISET
coOOl ompe/eIeHHbI XUMHUUYECKUI AJIEMEHT WIM COECJUHEHHUE, TO JJII HEro MOXHO
3alMcaTh ypaBHEHUE XHMMHUYECKOM peakuuu ropeHus. B 3ToMm ciydae cocraB u
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COJIEp’KaHME MPOAYKTOB MOJHOTO CrOPaHUs MOYKHO ONPENEIIUTh HENMOCPEACTBEHHO 10
YPAaBHEHHIO PEAKIIUU TOPEHHUS.

PaccmorpuMm mopsnok pacuera Ha npumepe ropenus stwianerara CHz;—COO-
C,Hs npu HopManbHbIX yenoBusix (7=0°C, p=760 mm HQ)

e 3anuuieM ypaBHEHHE PEaKLUU FOPEHMUS:

CH3-COO-C2H5+502=4C02—4H20.
e B 5T0 ypaBHEHHME NOJICTABUM 3HAYEHHUS MOJIEKYJSIPHBIX MACC BXOJSAIIMX B

HETO AJIEMEHTOB:
88 xr +160 kr =176 xr + 72 Xr

CH3-COO-CoHs O, co, H,0

e OmnpenenuM Maccy HOPOAYKTOB CropaHus, OOpa3yloIIMXCS MpU IMOJTHOM
cropanuu 1 Kr sTuanerara:

176 12
mC02 :gzz KT, mHZO :§:O82 KT.

e [lo u3BecTHOM MIOTHOCTH Yryiekucioro raza (p=1.977 Kr/M°) U MapoB BOJBI
(p=0.804 kr/M°’) mpH HOPMANBHBIX (H3UIECKHX YCIOBHSX, ONMPEIETHM OOBEM
MPOJIYKTOB cropanus | Kr stuiaierara:

VCO2=L=1.01M3; VHO:%:1.02M3.
1.977 2% 0.804
Takum oOpa3zoMm, Hpu TOJHOM CropaHud 1 Kr sTuianerara Npu HOPMaIbHBIX
¢dbuznyeckux ycnoBusix odpaszyercs 1.01 M yriekucioro raza u 1.02 M MapoOB BOJIbI.
B psine cnyyaeB HEOOXOIMMO ONPENEIUTh COCTAB CYXUX NMPOJYKTOB CrOPaHUs, TO €CTh
0e3 yuera mapoB BOJAbl. B cocTaB CyXMX MPONYKTOB CrOpaHMs 3THJIALETATa BXOAUT
TOJNBKO yriekucnsii ra3 COs.

T'oprouee seugecmeo — cmecw 2a3oe

B cocTtaB TeXHMYECKHMX Ta30B BXOISAT METaH, BOJIOPO, OKCHJI yriepoja, dTaH,
OyraH, mpomaH W Japyrue ra3bl. KommuecTBo M cocTaB Tra3000pa3HBIX MPOTYKTOB
CropaHusi JUIsi CMECH Ta30B MOXKHO OTPEICTUTh C IOMOINBI0 YPaBHEHUH pEaKIUi
TOPEHUS BXOJISAIINX B CMECh KOMITOHEHTOB.

PaccMoTpuM mopsiiok pacdera cocTaBa M KOJMYECTBA Ta3000pa3HBIX MPOTYKTOB
MOJIHOTO CTOpPaHWS Ha TPHMEpPE CBETUJIHLHOTO ras3a, COCTaB KOTOPOTO TPHUBEICH B
Ta0I. 4.7.

Tabmuna 4.7
CocTaB CBETHJILHOTO T'a3a
BemectBo CO, CO CH4 H,
Conepxanue, 00bemM.% 5 10 35 50

e 3anuuieM ypaBHEHHUs pEaKUNH TOPEHUS BXOJAIINX B CMECh I'a30B.
I'openue yrapsoro rasa:

2C0O+0,=2CO03.
I'openue meraHa:
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CH4+202=C02+2H20.
I'openue Bonopoaa:
2H2+02=2H20.
YTIIeKUCIbI a3 sABISETCS MPOAYKTOM IIOJHOIO TOPEHHUsI, MO3TOMY Ul HETO
yYpaBHEHUE PEAKLIMU HE 3alMChIBACTCS.
e [JlogcraBuM B OTH ypaBHEHHUs MOJIEKYJISIDHBIE MacChl BXOAALIUX B HHUX
JJIEMEHTOB.
JIns1 ropeHus yrapHoro rasa:
56 kr +32 kT =88 KT .
- - -
co 0, Co,
JIns ropeHus MeraHa:
16 kr + 64 kT =44 xr + 36 KT .
- - - -
CH, 0, CO, H,0
Jlna ropenus Bogopoaa:
4 xr+32kr =36Kr.
- - -
Ho 0O, H,O
e OmnpenenuM Maccy NPOAYKTOB CTOpaHHsl | KI' KaxKJIOro M3 KOMIIOHEHTOB
CMECH.
JIns1 ropeHus yrapHoro rasa:

mCO2 = % = 157 KT'.

J1ns ropeHus MeraHa:

44
mCO2 = E = 275 KT, mHZO = % = 225 KT'.

Jlna ropenus Bogopoaa:

36
mHZO 2729 KT'.

e Omnpenenum o0bEM MPOJYKTOB CropaHus 1 Kr Kaxaoro u3 KOMIIOHEHTOB IO
M3BECTHBIM 3HAYEHUSIM UX IJIOTHOCTU MPU HOPMAJIBHBIX (PU3MUYECKUX YCITOBUSX.
JI1s ropeHus yrapHoro rasa:

1.57 ;
VC02 = ﬁ = 0794 M .

J1ns ropeHus MeraHa:

2.75 2.25
Ve, = ——=1.391 u°: V.o =———=2.798 um®,
€027 1977 H20 ™ 0.804
Jlna ropenus Bogopoaa:
9
Vio=——=11.19 v®,
H20 ™ 0.804

e Ompenenum 00beM MPOIYKTOB cropaHus 1 M Ka)XJ10ro M3 KOMIIOHEHTOB MO

N3BCCTHBIM 3HAYCHUAM UX IIJIOTHOCTHU HpI/I HOpMaJIBHBIX (1)I/ISI/ILIGCKI/IX YCJIOBI/ISIX.

Jlist ropennst yraproro rasa (p=1.25 kr/m°):
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Veo, =0.794-1.25=1 w’.

Jlnst ropennst merana (p=0.717 kr/m°):
Veo, =1.391-0717 =1 %  Vyy,0=2.798-0717 =2

Jlnst ropernst Bogopoza (p=0.09 kr/m°):
Vi,0=11.19-0.09 =1 »’.

e Cymmupysd nOJIydeHHble OOBEMBI MPOAYKTOB CrOpaHHsl MpPU TOPEHUH
yrapHOTo rasza, MeTaHa U BOJopo/ja (C y4eTOM HX MPOLEHTHOTO COAEpPKaHUS B CMECH),
MO>KHO ONPEETUTH 001Iee KOIMUECTBO MPOIYKTOB CrOpaHUs:

1 3.
VC02 :m(5+110+135): 0.50 m ,

1 3
VH20 :m(235+150):120M .

Takum O6pa30M, CyMMapHHﬁ 00beM IMPOAYKTOB CrOpaHHA
3
\Y :VCOZ +VH20 =1.70m )

Brrodast 0.05 m° YIJIEKUCIIOTO Ta3a, COAEPIKAIIETOCs B HICXOJTHOU CMECH.
AHaJOTUYHBIM CIIOCOOOM MOXHO PacCYMTaTh 00BEM Ta3000pa3HbIX MPOIYKTOB,

00pasylomKXcsi NP IONHOM cropaHu# 1m° moGoro KOHKpeTHoro rasa. Jlms

HEKOTOPBIX PaCIpPOCTPAaHEHHBIX Ta30B PE3YJIBTATH PACUETOB IPHUBEICHBI B Ta0I. 4.8.

Tabnuua 4.8
CoctaB u 00beM razoo0pa3HbIX POITYKTOB,
00pa3yrIUXCsl MPU TOJTHOM Cropanuu | M~ ra3os

I'as dopmyna CO,, M H,0, M SO,, M
Bonopon H, — 1 —
Oxkcup yriepoja CO 1 — —
CepoBonopon H,S — 1 1
Metan CH,4 1 2 —
AnetuieH C,H, 2 1 —
OTHIICH C,H, 2 2 —

C nomompto Tads. 4.8. MOXXHO ONPENEIUTh KaK COCTaB MPOAYKTOB MOJHOTO
CropaHusi, Tak ¥ UX MPOLEHTHOE CoJiepKaHue B JIt0OOM roproyeil CMecH, COCTOSLIEH U3
MPUBEACHHBIX B TaOJIMIIE Ta30B.

Fopmqee eeulecmeo — Cmecob CJA0HCHBIX XUmMuiuecKux COeOuHeHUll

Eciun wu3BecTeH 3H€M€HTapHBIfI COCTaB CJIOXKHOro BEHIIECTBa, TO €CTh €TI0
3KBHUBAJICHTHAsA (bOpMy.IIa, TO COCTaB M KOJIHYECCTBO Fa3006pa3HBIX IMPOAYKTOB
CropaHuAd 1 kr BCHICCTBA MOXKHO OIIPCACIUTL I10 YPaBHCHUAM peaKHI/If/'I ropcHu:A
OCHOBHBIX IT'OPHOYMUX KOMIIOHCHTOB — BOJOpPOAAd, yrijcpoaa U CCphl.

HpI/I 9TOM 3allMCbIBACTCSA YPABHCHUC PCAKIMU TOPCHUA, HAIPUMCP, I
yriaepoaa:

C+02=C02.
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B YpaBHCHHC MOACTABIIAIOTCS MOJICKYJIAPHBIC MACChI 3JICMCHTOB!

12 kr+32 kr =44 kr.
- - -
C 0, Co,

Omnpenensitorcst Macca U 00beM YIIIEKUCIIOTO Ta3a, 00pa3yIoerocs npu MnoIHOM
cropanuu 1 kr yriepoja:

44 667
Mco, :E:3.667 xr; Veo, :%:1.85 M,

AHAJNOTHYHO ONPEIEISIIOTCS Macca M 00beM Ta3000pa3HBIX MPOAYKTOB MOTHOTO
cropaHus BoJopojia u cepsl. Ecim B coctaBe ToruBa conepkarcs a3ot Ny, Bmara W u
3071a A, TO OHH B TIPOIIECCE TOPCHUS HE YYaCTBYIOT. DTH KOMIIOHEHTHI MEPEXOIAT B
ra3000pa3HOe COCTOSIHHE M CMEIIUBAIOTCS C OCTAJIBHBIMU MPOAYKTaMH TopeHus. [Ipu
HOPMaJIbHBIX (PM3UYECKUX YCIIOBUAX | KT a30Ta uMeeT 00beM VN2 =1/1.251=0.799 ™,

a 1 xr napos BoabI umMeeT 06beM Vi, o =1/0.804 =1.245 M,

B T1abn.4.9 npuBeneHbl coctaB M 00BEM Ta3000pa3HbIX MPOAYKTOB,
00pa3yIUXCs MPU TOTHOM CTOPaHUU | KT TOPIOYMX BEIIECTB.
Tabnuua 4.9
KOIM4eCTBO Ta3006pa3HBIX IPOIYKTOB (M°),
00pa3yIUXCs MPU TOTHOM CTOpPaHUU | KT TOPIOYMX BEIIECTB

BemectBo CO, H,O SO, N

Yrnepon 1.85 — — —
Bonopon — 11.2 - —
Cepa — — 0.7 —
A3zoT — — — 0.8
Bona — 1.24 — —

[lonb3ysich ATHUMU JaHHBIMH, MOXHO OINPEAETUTh KOJWYECTBO MPOAYKTOB
TOPEHMUs, €CJTM U3BECTEH AJIEMEHTAPHBINA COCTAaB JI0OOTO TOIIMBa. B kadecTBe nmpumepa
OIPEICITUM KOJMYECTBO MPOAYKTOB cropanus 1 kr kameHHoro yris (tadi. 4.10).

Tabnuua 4.10
DneMEeHTapHbIA COCTaB YIS

BemectBo C H @) S N W A
Copepxanue, Mmacc.% | 75.8 | 3.8 2.8 2.5 1.1 3.0 | 11.0
Conepsxanue B noysx | 0.758 | 0.038 | 0.028 | 0.025 | 0.0011 | 0.03 | 0.11

Ucnonb3ys nannsie Tadma. 4.9, 4.10 onpenenum o0beM razo00pa3HbIX TPOIYKTOB
MOJTHOTO CTOpaHMs:

Veo, =0.758-1.85=1.4 e
VHZO =0.038-11.2+0.03:1.24=0.406 M3;

Vso, =0.025-0.07 = 0.017 w
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Vn, =0.011.0.8=0.01 v’

Bepuymucsa 6 ocnasnenue

5.TENNOBON BEANNAHC FTOPEHMA

Paccmorpum MeToapl pacdeTa TeIuioBoro 0OajaHca mpolecca TOpPEHHUs
ra3000pa3HbIX, JKUJIKUX H TBEPABIX TOIUIUB. PacyeT CBOAMTCS K PEIICHUIO CIIEIYIONUX
3ajad.

e OrnpeneneHue TEIIOTHI TOPEHUS (TEMIOTBOPHOM CIIOCOOHOCTH ) TOTIURBA.

e OrmpeneneHue TEOPETUICCKON TEMIIEPATypPhl TOPEHUSI.

Bepuymuca 6 o2nasnenue

5.1. TEMJIOTA TOPEHUA

XHUMHUYECKHE pEeakUUH COMPOBOXKIAIOTCSA BBIIECJIECHUEM WA TOTJIOLEHUEM
TeroThl. [Ipu BBIAENEHUM TEIJIOTHl PEaKIUsl Ha3bIBACTCS SK30TEPMHUUYECKOW, a MpHU
[OIVIOIIEHUN  —  DHAOTEPMHUYECKOM. Bce  peakuum  ropeHus  SBIAIOTCS
AK30TEPMUYECKUMH, A TMPOAYKTbl TOPEHHUS OTHOCATCA K IK30TEPMUUYECKUM
COEJIMHEHHUSIM.

Boigensemas (unu moriioniaemasi) Npud MNPOTEKAHWHM XUMHYECKOW peakuuu
TEIJIOTa Ha3bIBa€TCS TEIUIOTOM peakuuu. B 3K30TepMUYECKHX peakuusx OHa
MOJIOKUTENIbHA, B 3HIOTEPMHUYECKMX — OTpulLaTeldbHa. Peakuus ropeHus Bceraa
COMPOBOXK/IAETCS BhIICIICHUEM TEIIOThL. Terioroit ropenust Q. (I>x/mMoinb) Ha3bIBaeTCS
KOJMYECTBO TEIUIOThI, KOTOPOE€ BBIAENSAETCS MPU MOJHOM CrOPaHUU OJHOTO MOJIS
BEIIECTBA U NPEBPAILEHUH FOPIOYEro BEIleCTBa B MPOAYKTHI MOJIHOIO ropeHus. Moinb
ABJIIETCSI OCHOBHOM eIuHUIEN KoaudecTBa Beuectsa B cucteme CHU. Oaun Moiib — 3T0
TaKO€ KOJMYECTBO BEIECTBAa, B KOTOPOM HAaXOJUTCA CTOJIBKO K€ YacTHl] (aTOMOB,
MOJEKYI U T.J.), CKOJIbKO COJIEP>KUTCS aToMOB B 12 r m3oromna yriepoaa-12. Macca
KOJIMYECTBAa BEIECTBAa, paBHOro 1 Moo (MOJEKyJspHas WM MOJspHas Macca)
YUCJIEHHO COBIIAJAE€T C OTHOCUTEIBHON MOJIEKYJIIPHOM MacCOU JaHHOI'O BEILECTBA.

Hanpumep, oTHocuTenbHass MojekyisgpHas macca kuciopoga (O;) paBHa 32,
yriekucioro raza (CO,) paBHa 44, a COOTBETCTBYIOIIME MOJICKYJISIPHBIC MacChl OyIyT
paBubl M= 32 r/mMons u M= 44 r/monbs. Takum 00pa3om, B OJHOM MOJI€ KHCIIOPOJa
coliepKUTCs 32 rpaMma 3TOro BelecTBa, a B oqHoM Moie CO, coaepxkutcsa 44 rpamMmma
YIJIEKHUCIIOTO Ta3a.

B TexHuyeckux pacyeTax uvamle HCHOJb3YeTCs He Teruiora ropeHus Q,
a TeIUIOTBOpHasi crocobHocTs TommBa Q (Jhx/kr mim  JUx/M°).  TeIrioTBOpHOIM
CIIOCOOHOCTBIO BEIIECTBA HA3bIBAETCS KOJUYECTBO TEIIOTHI, KOTOPOE BBIIEISAETCS MPU
noHoM cropasu 1 kr mmu 1 M° Bemecta. s JKUIKAX W TBEPABIX BEIIECTB pacyeT
MpoBOAUTCS Ha 1 Kr, a s ra3000pa3HbIX — HA 1 M.

3HaHUe TEIJIOThl TOPEHUS U TEMJIOTBOPHON CHOCOOHOCTH TOIUIMBA HEOOXOJIUMO
JUIsL pacdeTra TeMIepaTypbl TOPEHHs] WM B3pbIBa, JABJIEHUS MPU B3pPbIBE, CKOPOCTH
pacnpoCTpaHeHHs] IJIaMEHU U APYIMX XapakTepUCTHK. TeruioTBopHash CroCOOHOCTh
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TOTLTUBA OMPELIIeTCS TU00 IKCIIEPUMEHTALHBIM, THOO pacueTHbIM crioco0amu. [Ipu
OKCMIEPUMEHTATBHOM OIpPENeJICHHH TEeTUIOTBOPHOW CHOCOOHOCTH 3a/laHHasi macca
TBEPJIOTO WJIM KUJIKOTO TOIJIMBA CXKUTAETCSI B KAJIOPUMETPUUECKoil bomMOe, a B ciyyae
ra3oo0pa3HoOro TOIUIMBA — B Ta30BoM KajopumeTpe. C MOMOIIbIO 3TUX NpUOOPOB
u3MepsieTcsi cymMmapHas Teruiota Qp, BBIAETSIONIAsCS MpU CTOPaHUM HABECKU TOTLIMBA
Maccoil M. BenuvuHa TEMIOTBOPHOM CIIOCOOHOCTH Q. HAXOIUTCA 1O GopMmyle

Qr :%'

m

Céa3b mexncdy meniomoii 20peHus u
Meni0meopHOoi CROCOOHOCMbIO MONIUEA
JInd  yCTAaHOBIJIEHUS CBA3M MEXKAY TEIUIOTOW TOPEHHUs M TEIJIOTBOPHOMU
CIIOCOOHOCTBIO BeIllecTBa HEOOXOAMMO 3alHcaTh ypaBHEHHE XHUMHUYECKON peakuuu
TOPEHMUS.

[TpoayKTOM HOTHOTO TOPEHUS YIIIepo/ia BISCTCS TUOKCHT YIIepoa:
C+0,—CO,.
[TpoayKTOM HOJTHOTO FOPEHHUS BOJOPO/IA SBIISCTCS BOJA:
2H,+0,—2H,0.
[TpoayKTOM HOTHOTO FTOPEHUS CEPhI SIBJIICTCS TUOKCH]T CEPBI:
S+0,—S0..

[Tpu >TOM BBIIETSIOTCS B CBOOOJHOM BHJIE€ 30T, TAJOUJIBI U JPYTUE HETOPrOYUe
3JIEMEHTHI.
T'oprouee sewyecmeo — 2as

B xauecTBe npuMepa npoBeaeM pacueT TeIIOTBOPHOM crocoOHOocTH MeTaHa CHy,
JUT KOTOPOTO TEMNoTa ropenus pasHa Q,=882.6 /I /mMoub.

e OmpeaenyM MOJICKYJISPHYIO MacCy MeTaHa B COOTBETCTBHH C €O
xumudeckoit popmynoit (CHy):
M=1-12+4-1=16 r/mMmo®.

e OmnpenenuM TEIIOTBOPHYIO CIIOCOOHOCTH | KT MeTaHa:

Q :%:% =55.16 1/[x/r =55.16 - 10° k[ /T .

e Haiinem o6bem 1 kr Mmerama, 3mas ero miotHocth p=0.717 kr/m® mpu
HOPMAJIbHBIX YCIOBHSIX:

i = L =1.395 M3/KF )
p 0.717

e  OmpesennM TemIOTBOPHYIO crocobHocTs 1 M° MeTana:
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_ 55.16-10°

2920 3054 10° kJIk/ M =39.54 MJoe/ 1.

Q

AHaJOTUYHO OMpeeNsieTCs] TeMIOTBOPHAs CIIOCOOHOCTD JIOOBIX TOPIOYHMX Ia30B.
JUIss MHOTMX paclnpoOCTpAaHEHHBIX BEIIECTB 3HAYEHUs TEIUIOThl TOpPEHUs U
TEIJIOTBOPHON CIOCOOHOCTH OBLIM U3MEPEHBI C BHICOKOM TOYHOCTHIO U MPHUBEIEHBI B
COOTBETCTBYIOLLIEH cHpaBouyHOM sureparype. IlpuBegem Talbnuiy 3HaYeHUH
TEIUIOTBOPHOW  CHOCOOHOCTH HEKOTOPBIX TIa3000pa3HbIX BemiecTB  (Tadum. 5.1).
Bennuuna Q B 3TOM TabnMile NMpUBEIEHa B METaKOYJIsIX Ha KyOWYeCcKUid MeTp WIH B
KIJTOKaNOpHsIX Ha Kyomdeckuit Metp (MJIk/M°, Kkam/M®), TTOCKOIBKY YacTO B KA4ECTBE
€JIMHHUIIBI TETJIOTHI UcTionb3yeTcs 1 kkai = 4.1868 kJIx.

Tabnuua 5.1
TemoTBOpHAast CHOCOOHOCTH ra3000pa3HbIX TOIJIUB
Bemectso MertaHn AlleTHIIEH OtaH IIpomnan byran
Q MJx/m° | 39.54 57.78 69.33 98.18 126.57
KKan/M 9444 13800 16560 23450 30230

Fopioqee eeuyecmeo — AHCUOKOCMB UTU mgepdoe meso

B kauecTBe mpumepa mpoBeAeM pacyeT TEIJIOTBOPHON CIOCOOHOCTH ITUIOBOTO
cniupta C,HsOH, nns kotoporo Temnota ropenus Q = 1373.3 kx/Mob.

e OmnpenenuM MOJICKYJSIPHYIO MacCy 3THJIOBOTO CIIUPTAa B COOTBETCTBUU C €T0
xumuueckoit popmynoit (C,HsOH):

M=212+51+116+ 11 = 46 r/Mm0b.
e OnpenenuM TEIJIOTBOPHYIO CIIOCOOHOCTH | KT 3THIIOBOTO CIIUPTA:

Q, 13733
M 46

Q= =29.85 xlic/e = 29.85-103Kﬂ9fc/1<2 = 29.85 MJ[c/xe

AHAJOTUYHO ONpEeNEeNseTcs TEIUIOTBOPHAs CHOCOOHOCTh JIOOBIX JKUAKUX U
TBEpAbIX roprounx. B Tabn. 5.2 u 5.3 mnpuBeneHbl 3HAYEHHUS TEIJIOTBOPHOM
cnocooHoct Q (MJIX/KT M KKaJl/KT) 11 HEKOTOPBIX JKUIKUX U TBEPABIX BELIECTB.

Tabnuua 5.2
TerroTBOpHAsT CHOCOOHOCTD KUIAKHUX TOILINB

Metunoseiii | Otunossidd | AuetoH | Kepocun | Masyrt, | bensun
Bemectso
CIIUPT CIIUPT He(Th
Q M JIx/kr 23.85 29.85 30.98 41.87 43.96 | 46.89
KKaJI/KT 5700 7130 7400 10000 | 10500 | 11200
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Tabnuua 5.3
TemoTBOpHAsi CHOCOOHOCTh TBEPBIX TOILJIMB
BemectBo Hepeso Hepeso | bypeiit | Topd AuTpauurt, | [Tapadpun
CBEXEE Cyxoe yYIroJib CyXoH KOKC
M JIx/kr 6.28 14.65 16.75 27.63 31.40 46.05
Q KKaJI/KT 1500 3500 4000 6600 7500 11000

Dopmyna Menoeneesa

Ecnu TemnoTBOpHas CMOCOOHOCTH TOIUIMBA HEU3BECTHA, TO €€ MOXKHO
paccuMtarb C [OMOIIbIO AMIUpUYecKod  (opmynbl, npennoxennon J.N.
MenneneeBbiM. It 3TOro HEOOXOAUMMO 3HATh 3JIEMEHTAPHBIM COCTaB TOIUIKMBA
(oxBHUBaJeHTHYIO (GOPMYINy TOIUIMBA), TO €CTh MPOIEHTHOE COJIepKaHue B HEM
CJIEIYIOIINX 3J€MEHTOB:

— xkucyopoa (O);

— Bogopoaa (H);

— yraepoza (C);

— cepnl (S);

— 301161 (A);

— Bojel (W).

B npoaykTrax cropaHusi TOIJIMB BCEI/1a COAEPMKATCS Mapbl BOAbI, 00pa3yronIruecs
KaK M3-3a HAJIMYMS BJIard B TOIUIMBE, TaK W MPHU CropaHuu Bojopoja. OTpaOoTaHHbBIE
MPOAYKTHl CTOPaHUS MOKHUIAIOT MPOMBIIUIEHHYIO YCTAHOBKY MPHU TEMIIEPATYypeE BbIIIE
TeMIepaTypsl TOYKU pochl. [103TOMY TeIsio, KOTOPOE BBIACISIETCS NMPU KOHACHCAIUU
BOJISIHBIX TAPOB, HE MOXKET OBbITh MOJIE3HO HCIMOJIH30BAaHO U HE JOJDKHO YUUTHIBATHCS
MIPU TEIJIOBBIX pacyeTax.

Jlist pacdera OOBIYHO MPUMEHSETCS HU3IIAS TEIIOTBOPHAs CHOCOOHOCTh Qy
TOIUIMBA, KOTOpas YYUTHIBAE€T TEIUIOBBIE MOTEpPU C MapaMu BoAbL. JIJisi TBEpPABIX U
KUIKUX TOIIMB BenuunHa Q. (MJDK/kr) mpuOMmKeHHO ompenersercs mo ¢GpopMyie
Menpeneena:

Q,=0.339[C]+1.025[H]+0.1085[S] — 0.1085[0] — 0.025[W], (5.1)

rae B CcKoOKax YykazaHO mpoueHTHoe (Macc. %) conep:kaHue COOTBETCTBYIOLIUX
AIIEMEHTOB B COCTaBE TOTUIHMBA.

B »Toli dopMyne yuuThIBaeTCS TEIIOTa IK30TEPMUUYECKUX PEAKUUN TOPEHUS
yriaepona, BOJOpOJa U cepbl (CO 3HAKOM «IuTOCc»). Kuciaopon, BXomsmiuii B cocTaB
TOTLTNBA, YACTHYHO 3aMEIAeT KUCIOPOJ BO3/AyXa, IOATOMY COOTBETCTBYIOIINIA YJiCH B
dbopmyne (5.1) Oepercs co 3HakoM «wmuHyc». [lpum wucnapeHun Biaru TeEIJIOTa
pacxoyeTcs, TO3TOMY COOTBETCTBYIOUIMI WiieH, coaepxkamuii W, Gepercst Takxke co
3HAKOM «MHHYC».

CpaBHEHHE pacUeTHBIX W OMBITHBIX JAHHBIX IO TETUIOTBOPHOW CIIOCOOHOCTH
pa3HbIX TOIUIUB (IepeBo, Topd, yronab, HedTh) Mokazano, 4yTO pacuer mo ¢opmyie
Menneneesa (5.1) maeT morpenrHocTsh, He npesbiamny 10 %.
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Huzmas temmoTBopHas cnocoOHOCTh Q) (MIx/m°) CyXUX TOPIOYUX Ta3oB C
JOCTaTOYHOW TOYHOCTHIO MOXKET OBITh paccyMTaHa Kak CyMMa MpOU3BEACHUI
TEIJIOTBOPHOM CMIOCOOHOCTU OT/AEIBbHBIX KOMIOHEHTOB U UX MPOLEHTHOTO COJIEPKAHUS
B 1 M° Ta3006Pa3HOTO TOILTHBA.

Q, = 0.108[H,] + 0.126[CO] + 0.358[CH,] + 0.5[C,H,] + 0.234[H,S]..., (5.2)

r7ie B CKOOKax yka3aHo MpoleHTHoe (00beM. %) colieprkaHue COOTBETCTBYIOIIMX ra30B
B COCTaBE CMECH.

B cpenneM TemnoTBopHas ciocOOHOCTh MPUPOAHOIO T'a3a COCTABISIET MPUMEPHO
53.6 M/lx/v°. B MCKYCCTBEHHO MOJy4aeMbIX TOPIOYMX razax cojaepxanue merana CHy
He3HaunTeTbHO. OCHOBHBIMH TOPIOUMMH COCTABJISFOIIIMMU SIBISIFOTCS Bojgopon H, u
okcua yriepoga CO. B kokcoBallbHOM rase, Hampumep, cogepxanue H, moxomut no
(557 60) %, a HM3IIAs TEIUIOTBOPHAS CIOCOOHOCTh TAKOrO Ta3a JIOCTHraeT
17.6 MJlx/m°. B reHepaTopHoM raze cojaepxkanne CO ~ 30 % u H, ~15 %, npu stom
HU3IIas TEIJIOTBOPHAs CIOCOOHOCTh reHeparopHoro rasza Q= (5.276.5) M Tx/m°,
B nomenHOM rase cogepxkanne CO u H, Mensiue; Bemmansaa Q, = (4.0?4.2) MDx/n’.

PaccmoTpum mpuMmepsl pacyeTa TEIUIOTBOPHOM CIOCOOHOCTH BEHIECTB IO
dbopmyne Menaeneena.

ITpumep 1.

OnpenenuM TEIIOTBOPHYIO CHOCOOHOCTH YIJIS, 3JIEMEHTHBII COCTaB KOTOPOTO

npuBezeH B Tab. 5.4.

Tabnuua 5.4
DJIEMEHTHBIN COCTAB yTJIs
DNeMeHT C H S N O W A
Conepxanue, macc.% 37.2 26 | 06 | 04 | 12 40 | 7.2

e [loncraBum mpuBeneHHble B Ta0I. 5.4 nanueie B Gopmyny Menaeneena (5.1)
(a3or N u 30ma A B 3Ty Qopmyny HE BXOJIST, MOCKOJBKY SIBISIIOTCS WHEPTHBIMU
BEIIECTBAMH U HE YYACTBYIOT B PEAKIIUU TOPCHUSI):

Q,=0.339-37.2+1.025-2.6+0.1085:0.6-0.1085-12—-0.025-40=13.04 MJIx/xr.

ITpumep 2.
OnpenenuM KOJIMYECTBO IpOB, HEOOXoauMoe it HarpeBa 50 JTUTPOB BOJBI OT
10 °C nmo 100 °C, ecnu Ha HarpeBaHue pacxoayercs S5 % TEMIoThl, BhIACISIEMON NpH
TOPEHUH, a TeIIoeMKoCcTh BOAbl c¢= 1 kkan/(kr-rpax) wunu 4.1868 xJ{x/(kr-rpan).
DNeMEHTHBIN COCTaB APOB MPUBEAECH B Ta0M. 5.5:

Tabnuua 5.5
DJIEMEHTHBIN COCTaB APOB
DJIEMEHT C H N O W
Conepxanue, Macc.% 43 / 2 41 7

e OmnpenenuM KOJMYECTBO TEIUIOTHL, HeoOXxonumoe aisg HarpeBa M = 50 kr
BOJIbI:

Q.= cmAT = 4.1868-50- (100 —10) = 18.84 M]Tx .
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e Haiigem TemoTBOpHYIO CrIOCOOHOCTH ApoB 1o hopmyiie Menaeneesa (5.1):

Q,=0.339-43+1.025-7-0.1085-41-0.025-7= 17.12 M J]x/kr.

e OmpenenuM KOJIMYECTBO TEIUIOTHI, PACXOJyeMOe Ha HArpeB BObBI, MPH
cropanuu | Kr JpoB (C y4eTOM TOrO, 4TO Ha €€ HAarpeB pacxoayercss 5% TemaoTh
(0=0.05), BBLICTSIEMO TIPU TOPEHHH):

Q2=0Q;=0.05:17.12=0.86 M JIx/xr.

e Omnpenenum KOJIMYECTBO JPOB, HeoOXoauMmoe s HarpeBa S50 JIUTPOB BOJBI
ot 10 °C o 100 °C:

M =2 2880 o1 01k
0.86

Qo

Takum oOpa3zom, i1 HarpeBa BoJibl TPeOyeTcst OKOJIO 22 KT JIPOB.
Bepuymuca 6 o2nasnenue

5.2. TEOPETUYECKAA TEMMNEPATYPA TOPEHUA

Temnepatypa ropeHust 11000ro BEIIECTBA HE SBIJISIETCS TOCTOSTHHON BETMYHUHOM.
OHa 3aBUCHUT OT yCJIOBUM rOpeHHs (B 3aMKHYTOM 00bE€ME WJIM Ha OTKPBITOM BO3/AYXE),
OT YCJIOBHMM TEIUIOOTAAuYM, MOJHOTHl CrOpaHus TOIUIMBA, KO3(p(ULMEeHTa H30bITKA
BO3/lyXa U JpYrux (pakTopos.

Jlist cpaBHEHUs TeMIlepaTypbl ropeHus: 1 pa3HbIX BEUIECTB pacyeT BeAETCs Mpu
CTPOT0 OJIMHAKOBBIX CIEAYIOLIUX YCIOBUSX.

e["oproyee 1 BO3/IyX BCTYNalOT B peakiuto ropenus npu temmeparype 7 = 0 °C.

eKonnuecTBO BO3MyXa paBHO TEOPETHYECKU HEOOXOAUMOMY, TO €CTh
kod(ppunreHT u3obpITKa Bo3ayxa o = 1.

e[ opeHMEe MPOUCXOIUT MIHOBEHHO 10 noiHoro okucienus (CO,, H,O, SO,) 6e3
o0pa3oBaHus MPOMEXYTOUHBIX MPOJYKTOB HEMOJHOIO TOpeHUusi (HalpuMep, yrapHoro
raza CO).

eBcs BbIeneHHas TemIoTa cooOIlaeTcs MPOAYKTaM TOPEHHs M pPacXoayercs
MCKJIFOUUTEIBHO Ha UX HAarpEeBaHHUE.

PaccuntanHas mpu 3TUX YCIOBHSX TEMIlepaTypa Ha3bIBA€TCA TEOPETUYECKOM.
[Mpaktuyecku peanusyemasi Temreparypa ropeHust 1 (mpu moxkapax, Mpy FOPEHHU B
neyax, KaMUHaX, KaMepax CropaHus U JPYyruX TEXHUYECKHX YCTPOMCTBAax) Bcernaa
HUKE TeopeTnyeckord T,. DTo CBA3aHO C TEM, YTO peajbHBbIM MpPOLEcC TOPEHHUs
MPOUCXOIUT C M3OBITKOM BO3/yXa, B YCIOBUAX HEMOJHOro cropanus. Kpome Toro,
TEIJIOTa TOPEHUS YAaCTUYHO PACXOAYyeTCs Ha HarpeB OKPY’KalIeW cpenbl, a MpHu
temneparypax Bbiie 1700 °C — Ha n1ucconnanuio MpoayKTOB TOPEHHUS.

Hanpumep, npu ropeHun ApeBECUHBI, OTIUYUAE ;. OT NPAKTUYECKU pPeaanu3yeMoun
TEMIIepaTypbl TOPSHHS MOKET tocturathk 6omee S00°C (Tad. 5.6).
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Tabnuma 5.6
Temneparypa ropeHus IpeBeCUHBI
JlpeBecuna Q, MJIx/kr T., IC T, C
bepesa 13.25 1575 1069
Enb 13.45 1590 1080
CocHa 13.84 1605 1090

Pacuyer TeopeTHyeckoil TeMnepaTypbl ropeHust
[Ipu ompejeNeHUH TEOPETHYECKONW TEMIIEPATyphl TOPeHUst 1. TpeaonaraeTcs,
YTO BCS BBIACNMBINASICS TEIUIOTa cOOOIaeTcs MpoayKTaM cropanus. Temmneparypa, 10
KOTOPOM HAarperoTcsi MPOAYKTHI CTOpaHHs, 3aBUCUT OT KOJMYECTBA COOOIIAaeMOW UM
TEIIOTHI, COCTaBa U KOJUYECTBA MPOAYKTOB CTOPAHMS M UX YJIEIbHOU TEIJIOEMKOCTH.

JIns pacdera TEOPETHYECKOM TEMIIEpaTypbl TOpeHust 1, 3anMileM ypaBHEHHE
TEIJIOBOTro OaJiaHca.

Q=Vep(Ty —Ty). (5.3)

rae Q — TerIoTBOpHAs CIOCOOHOCTh TOTUINBA, JIK/KT;

V — 00beM NpOAYKTOB CropaHus, 0Opa3ylIIMUXCsS MPU FOpeHHH | Kr TOIJIUBA,
M3/I<r;

Cp —00bEMHAs YAETbHAS TEIIOEMKOCTh POTYKTOB cropanus, Jix/(M>-rpa);

T'. — Teoperuyeckas Temieparypa ropenus, °C;

T',, — HavanbHas TeMieparypa Bo3ayxa, °C.

[Tpu ropenun B HopmanbHbIX yenoBusix (7,=0°C) ypaBuenue (5.3) npumeT BHI:

Q =VCpT,- (5.4)
N3 (5.4) cnenyet dhopmyina ajis pacuera TEOPETUUECKON TEMITepaTyphbl TOPEHUS:
ro- 9. (5.5)
Ve,

[TockonbKy NPOAYKTHI CTOPAaHMs PEATbHBIX TOIUIMB, KaK MPAaBUIIO, COCTOAT W3
pa3HBIX T'a30B, TEIUIOEMKOCTh U TNIOTHOCTh KOTOPBIX pa3jinuHbl, TO 3Ta ¢opmyna (5.4)
3aMMChIBAETCA B CIEAYIOIEM BUJE!

Q =V1C1Tr -|-V2C2Tr +...+VnCnTr = Tr ZVICI . (5.6)
i

CooTtBeTcTBEeHHO, (hopMmyia JJisl pacyeTa ¢ yueToM (5.6) mpumMeT BUA

r=—2 . 5.7)
2.VicCi

JUiss TIOBBIIIEHUS TOYHOCTH PACUETOB HEOOXOIWMO YYHTHIBATH 3aBUCHUMOCTD
TEIUIOEMKOCTH Ta30B OT Temmeparypbl. OIHAKO IS OIEHOYHBIX PAcUeTOB MOKHO
MPUHATH CPETHUE 3HAYECHUSI TeITIOEMKOCTH (Tabd. 5.7).
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Tabnuma 5.7
CpenHsis TEIII0EMKOCTS (cp) Ta30B B AuanasoHe Temnepartyp (10007 3000)2C
I'as C02 802 Hzo H2 N2 CO 02

K JIK/(M>Tpa) 213 | 213 | 209 | 142 | 142 | 142 | 142

Pacuer TeopeTHdeckoil Temmeparypsl ropeHusi /. NPOBOAUTCS B CIEAYIOLIEM
MOPSIJIKE.

e PaccumThIBaeTCS KOJUYECTBO M COCTAB MPOIYKTOB TOPECHHUS, 00pa3yIOIIHXCS
npu cropanuy | Kr 3aJaHHOTO TOIIMBA B COOTBETCTBUHM C METOJMKOM, M3JIOKCHHOM
Bhiie (pasnen 4.4).

e PaccuutsiBaetcs o ¢popmynam (5.1) wnu (5.2), win onpeaensiercs u3 Tadauly
TEIJIOTBOPHAs CIIOCOOHOCTH ToruBa Q.

e PaccuuTsIBacTCs TeOpeTHUYECKas TemiepaTypa ropenus 11 o gpopmyie (5.7).

B xauecTBe mnpumMepa ONpEeACIUM TEOPETUUYECKYI0 TEMIEpaTypy TOpPEHUS
KaMEHHOTO YIJIs, 3JIEMEHTHBIH COCTaB KOTOPOTO TMpuBeAeH B Tabm. 5.8, mpu
kod(pdunrente n3oObITka Bo3ayxa o = 1.5.

Tabnuua 5.8
DJIEMEHTHBIN COCTAB yTJIs
DNeMeHT C H S N O W A
Conepxanue, macc.% | 76 4.5 4.7 1.8 3.5 3.0 6.5
MaccoBast o, Z 0.76 | 0.045 | 0.047 | 0.018 | 0.035 | 0.03 | 0.065

e OrmnpenenuM COCTaB M KOJIMYECTBO Ta3000pa3HbIX MPOJYKTOB cropaHus 1 Kr
paccMaTpUBaEeMOro TOIUIMBA B JAHHBIX YCJIOBHUSX MO METOAWKE, MPHUBEICHHOW B
pazaene 4.

O6bem CO, 1 SO V, =146 M3/xr;  ¢,;=2.13-107° MJTx/(v> rpan).
O6bem H,0: V, =0.53M°/kr;  ¢,;=2.09-10° MJTx/(v> rpa).
O6nem N 1 Oy Vy=10.34 M3 /kr; ¢,=1.42:107° MJT/(m*rpar).

e TlIpoBeaeM pacyeT TEMIOTBOPHOM CITOCOOHOCTH PACCMATPUBAEMOIO TOILIHBA
o popmyne Menneneena (5.1):

Q,=0.339-76+1.025-4.5+0.1085-4.7-0.1085-3.5-0.025-3.0=29.92 MJIx/kT.

e [IpoBeneM pacueT TEOpEeTUUECKOM TeMIiepaTyphl ropeHus mo dhopmyie (5.7):
3 29.92

" 1.46-2.13-1073+0.53-2.09-10 3 +10.34-1.42-10~°

Takum o0pa3zoM, TeopeTuyeckas TeMmIlepaTypa TOpeHUsi KaMEHHOro YIJid IpHU
kod(punmente u3ObITKa BO3AyXa o = 1.5 B YCIOBHUSX MOCTOSHHOTO JaBlieHHs (Ha
OTKPBITOM BO3ayXe) coctasisaeT okono 1600 °C.

Bepnymuca e ocnagnenue

T =1583.0° C-
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6. B3BPbIBYATbIE BELLECTBA

B3pbIB — 3TO mpo1iecc Ype3BbIYaiiHO OBICTPOro (PU3MYECKOr0 MU XUMUYECKOTO
MPEBPAILEHUS BEIIECTBA, COMPOBOXKIAIOIIMICSI CTOJIb K€ OBICTPHIM MpEeBpAllEHUEM
MOTEHIIMAJIBHONW HHEPruu BEIIECTBA B MEXaHWUYECKYyl0 pabory. Camasl CyliecTBEHHas
yepra B3pbIBa — BHE3AIIHOE U PE3KOE NOBBILICHUE JABIICHUS B CPElE, OKpYKaroLIeH
MecTo B3pbiBa. OOBIYHBIA BHEIIHMA MpPU3HAK B3pbIBA — 3HAYUTENbHBIA 3BYKOBOM

addexr.

Bepuymucsa 6 ocnasnenue

6.1. KITACCUND®UKALIUA B3PbIBOB

[TpuMepsl B3pBHIBOB, BBI3BAHHBIX (U3WUYECKUMU TMPUYMHAMU, — ITO B3PHIB
MapoBbIX KOTJIOB (IEperpeB napa Wjid MIHOBEHHOE MCIApEHUE BOBI MPHU I0Jlaye €€ B
NeperpeThlii KOTed; B3pPbIB ra30BbIX OANIOHOB MPU HMX HarpeBe). JTH B3PBIBBI, Kak
MPaBWJIO, BbI3BAHBI MPEBBIIMICHUEM JONYCTUMOIO JABJIEHUS PAcCYeTHOW HPOYHOCTH
CTEHOK OaJIJIOHA UJTK KOTJIA.

Janee Oyaem paccMaTpuBaTh B3PbIBbI TP XUMUYECKOM MPEBPAILEHUH BEIIECTB.
[Iprimep — B3pbIB YEPHOTO (IBIMHOTO) MOPOXA MPH BBICTPENE U3 OXOTHUYBETO PYXKbS.
[Ipu sTOM mnpoUcXOAUT OBICTpass XUMHUYECKas pEaKuusi, B pPe3yJbTare KOTOpPOU
0o0pasyroTcsi ra3000pa3Hble U TBEPJIbIe MPOJYKTHI CTOPAaHMS U BBIICISICTCS TEIUIOTA.
OOpasoBaBuivecss Tas3bl, 00JIaJalONIMEe BBICOKOM TeMIepaTypod U JaBICHHUEM,
COBEPIIAIOT MEXaHUYECKYIO padOoTy MO pa3roHy MyJiu J0 HEOOXOAUMOM CKOPOCTH.

B3pblBuaThIMU BELIECTBAMM HA3bIBAIOTCSI TAaKHE BELIECTBA, NMPU XUMUYECKOM
MPEBPAIICHUH KOTOPBIX POUCXOIST B3PHIBHI.

B3pbIB MOXKeT OBITh BBI3BAH CIAEAYIOUIUMHI MPUIUHAMHU.

Harpesanue.

VKoL

Y nap.

Tpenue.

Jleronarus (mepeada 3HEPTUU B3PbIBa IPYTOTr0 B3PHIBYATOrO BEIIECTBA).

SIBneHue B3pbIBa BCEra XapaKTepU3yeTcs CIAEAYIOIUMHU (PaKTOpaMH.

e (OueHb OoJbLIASA CKOPOCTh XUMHUUECKOTO MPEBPALICHUS.

e Brinenenue rasos.

e BrigeneHue TEMIOTHL.

Tonpko HpW HaMMYUU BCEX O3TUX (PAKTOPOB OyAET MPOUCXOAUTH MPOLECC
B3pbIBUATOr0 mpeBpaieHus. Kaxnoe u3 3TUX yclOBUN SBISETCS HEOOXOAUMBIM, HO
HEJOCTAaTOYHBIM JUIsl TOrO, YTOOBI Ta WJIM HWHAas XUMHUYECKas peaklus MOorjia ObITh
OTHECEHa K KaTeropu B3pbiBa. Hampumep, mnpu TOpeHUM TEPMUTHOM cMecH
BhIJIENIsIeTCA TeruioTa (HarpeB npoaykToB peakiuu a0 3000 7C, peakius npoTekaer
O4YeHb OBICTPO, HO HE BBIJIETSAIOTCS Ta3000pa3Hbie TPOAYKThI). [loaTOMY Takas peakuus
HE SIBJISIETCS B3PbIBYATHIM MPEBPALIEHUEM.

Haubonee xapakTepHbIM Ui B3pbIBa SIBISETCS 0OJbLIAsS CKOPOCTh XUMUYECKHUX
npeBpamenuii. IIpomecc B3pbiBa JUIHTCS B HPOMEXyTOK Bpemenn ~(10722107)c.
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Hanpumep, 6oeBoii 3apsig B opyauu cpeaHero kainuopa cropaet 3a Bpems ~ 0.008 c,
mamka Toxa maccoit 400 T — 3a Bpemst ~ 107 c. ToIbkO 3a CUET TAKOTO OBICTPOrO
NPEBpAIICHUS Y B3PHIBUATHIX BEIIECTB MOJY4YaeTCs OTPOMHAsl IO CPABHEHUIO C
APYTUMU HUCTOYHHKAMH SHEPTUU MOIIHOCTB, XOTs OOIIHME 3amachl SHEPTUU Y HUX HE
Ooble, a B HEKOTOPBIX CIIydasx Jake MEHBIIE, YeM y OOBIYHBIX TOPIOUMX BEIIECTB.
[Ipu B3pBIBE B3PHIBYATOTO BeIIECTBA oOOpa3yercs OONbIIOe KOJMYECTBO Ta30B,
001a1alouX BEICOKOW TeMIIepaTypoil U AaBieHrneM. KonnmuecTBO BBIACIAIOMUXCS TIPU
B3pBIBE Ta30B OMpeeseTCs 0 00beMy, KOTOPbI OHM 3aHUMalu OBl IPH HOPMAJIbHBIX
ycnoBusix, To ecTh npu temreparype 7 = 0 7C u gaBnenun p = 760 MM PTYTHOTO
cronba. Hanmpumep, mpu B3pbIiBe | KI' TUPOKCHIMHOBOTO MOpPOXa B TaKUX YCIOBHAX
Boizessiercs 0.845 M° razos.

B 3aBHCHMOCTH OT CKOpPOCTH B3pBIBUATOTO TMPEBPAIICHUS Pa3IHYaOT
CeAyIoIIHe ero (OpMBI:

e bricTpoe cropanue.

e OOBIKHOBEHHBII B3PHIB.

e JleTroHarus.

[Ipu OBICTPOM CrOpaHMM MPOILIECC B3PHIBUATOTO TMPEBPAICHUS MPOTEKaeT B
Macce B3phIBYATOTO BEUIECTBA CO CKOPOCTHIO MOPSIIKA HECKOJIBKHX METPOB B CEKYHIY,
a Ha caM Tpollecc OOJNbIOe BIMSHUE OKa3bIBAIOT BHEIIHWE ycioBusa. Eciu ropenue
MPOUCXOANT HAa OTKPHITOM BO3JIyX€, OHO HE COIMPOBOXKIAETCS 3BYKOBBIM 3(dexTom
WIM MEXaHW4YecKol paboToil paspymieHuss win nepemMenieHus. Ecnu  ropenue
MPOUCXOUT B 3aMKHYTOM WJIM MOJY3aMKHYTOM 0ObeMe, TO mpouecc uaer Oonee
SHEPTUYHO U COMPOBOXKIACTCS PE3KUM 3BYKOM. Jljisi OBICTPOTO TOpEHHUs XapaKTEepHO
OTHOCHUTETIFHO OBICTpOE, HO TUIABHOE HapacTaHWE JaBICHUS Ta30B (apTHIUICPUICKUN
BBICTpENI, Ta30reHepaTop [UIsl BBITECHEHHMS HE(QTAHBIX IUIACTOB, IOPOXOBOMU
ra3oreHepaTop aBTOMOOWIIBHOM MOIYIIKHA O€30MaCHOCTH U T.1I.).

[Ipu OOBIKHOBEHHOM B3pBIBE MPOIIECC MPEBPAIICHUS B Macce B3pPHIBYATOTO
BEIIECTBA MPOTEKAET CO CKOPOCTAMH B HECKOJHKO COTEH METPOB B CEKYHIY.
OOBIKHOBEHHBIN B3PBIB XapaKTEPU3YETCs] PE3KMM IMOBBIIICHUEM MJaBICHUS B MECTE
B3pbIBA, Y/IapOM Ta30B O Mperpaay v pa3pylieHueM (packaablBAHUEM WINA JPOOTIEHUEM )
Iperpajibl, HaXOAAIICHCS Ha HEOOIBIIOM PACCTOSHUN OT MECTa B3PHIBA.

[lpyu peroHamMu TpOIECC MPEBPAIIEHUS B Macce B3PHIBYATOrO BEIIECTBA
NPOTEKAaeT C MAaKCHMaJlbHO BO3MOXXHOW B JAaHHBIX YCJIOBHUAX CKOPOCTHIO (OOBIYHO
5?7 KWJIOMETPOB B CEKYHJy). JleToHalusi XxapakTepu3yeTcsi 0COOCHHO PE3KUM CKauKOM
JABJICHUS, CWJIBHBIM YJIapoM Ta30B O Mperpagy W OONbIINM €€ pa3pylIeHHEM.
[Ipumepsl neTOHAMM — BCE BHUABI B3PHIBOB B3PHIBUATBHIX BEIIECTB, BHI3BAHHBIX
netoHatopoM (pa3pbiB CHapsia, MUHBI, TPAHATHI, TIOAPHIBHOM MIAIIKA U T.1.).
Bepuymuca 6 o2nasnenue

6.2. XAPAKTEPUCTUKUN B3PbIBYATbIX BELWLECTB

B3pbiBuaThie BemiecTBa MPEACTAaBISIOT COO0OM HEYyCTOMYMBBIE XHUMHYECKHE
COCIMHEHHUS WJIA CMECH, CIHOCOOHBIE TMOJ| BIUSHUEM HE3HAUMTENIbHBIX BHEIIHUX
BO3JICHCTBUI K OY€Hb OBICTPHIM XMMHUYECKUM MpeBpalieHusM. B3pbiBuaThie BelecTBa
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OTJIMYAIOTCS OT OOBIYHOI'O TOPIOYEro BELIECTBA TEM, YTO MPOLECC B3PHIBYATOrO
MpEBpAILlEHU B HEM MPOUCXOJUT 3a CUET KHUCIOpOAa, COJAEPXKAIErocss B CaMOM
B3pbIBYAaTOM BemiecTBe. llpu ropeHun OOBIYHBIX TOPIOYUX BEILIECTB KHUCIOPOA
HEOOXOIUMO TMOJIBOJIUTh W3BHE (M3 aTMocdepbl) € OrpaHUYEHHON CKOPOCTHIO.
B3pbiBuaThie BelecTBa SIBISIOTCS OCHOBHBIMM MCTOYHMKAMHU SHEPrUu AJig BbIOpoca
cHapsia (MMynM) U3 KaHajla CTBOJA M JUIsl AEMCTBUS CHapsia y Leiu (MopakeHue u
paspylieHue).

K B3pbIBUaTHIM BelIECTBAM MPEABIBISIOTCS CAEAYIOIINE OCHOBHBIE TPEOOBAHMS.

e JloctaToyHOE  colepKaHHME€  DHEPrUMM M BBICOKAs  MOILIHOCTD,
oOecreynBaIie HEOOXOAUMOE METaTelbHOe JEHCTBUE WM Pa3pyLIUTEIbHBIN
ahdexr.

e JKecTkue rpaHulbl YyBCTBUTEIBHOCTH, OOecnedyuBarouge 0e30MacHOCTh B
oOpalieH’ U OJHOBPEMEHHO JIETKOCTh BO30YXICHHS B3phIBA.

e CTOWKOCTB IPU XpPaHEHUHU.

e Huskas ce6ecTOMMOCTh IPOU3BO/ICTBA.

CopnepxaHue >HEPrud U MOIIHOCTH B3PBIBUATOIO BEIIECTBA OIpEAeNseTcs Ha
OCHOBAHHUU COBOKYITHOCTH MX SHEPreTUYECKUX XaPaKTEPUCTHUK.

e Temora B3ppIBA — 3TO TEIUIOTA, BBIACIAIOMIAACA, IpPU B3pbIBE | KT
B3pbIBUATOrO BemiectBa Qy, JIx/Kr.

e (OObeM 00pa3yrolUXCcs Ta3000pa3HbIX MPOAYKTOB NpH B3pbIBE 1 KT
B3pBIBUATOrO BemecTna Vi, M/KT.

e Temneparypa B3pbIBUaTOro npespaienus 7, C.

e (CKOpoCTb JIeTOHAIUH (B3pHIBYATOrO NMPEBPALIECHUS ) Uy, KM/C.

e JloreHuuanbHasg 3HEPrusi Amax, JK/Kr — 3TO HambOOJbIIAS TEOPETHUYECKH
BO3MOXHasi paboTa, KOTOpas MOXET ObITh COBEpIIeHa MPU B3pbIBE | KI' JAaHHOIO
B3pPbIBYATOr'O BEIIECTBA; YUCIEHHO OHA COBIAJIAET C TEIUIOTOM B3phIBa:

Amax = Qg
eMomHocTe B3pbiBa P, Br — pabota, coBepumiaemas mnpu B3pbiBe | Kr
B3PBIBYATOIO BEILIECTBA B €AUHUIY BPEMEHU.
A
P, = —max | (6.1)
t

B
rae U, — Bpems gelicTBHS B3phIBa.

OCHOBHBIE PHEPreTUUECKUE XapaKTEPUCTUKH Il HauboJee pacnpoCTPaHEHHbIX
B3pPbIBYATHIX BELIECTB MPUBEAEHBI B Ta0. 6.1.

Tabmuua 6.1

DHEPreTH4eCKHe XapaKTePUCTHKU HEKOTOPBIX B3PHIBUATHIX BEIIECTB
B3peiBuaroe BenecTBo T., C Qz, KJIK/KT Ve, MS/KT Uy, KM/C
JIBIMHBIN TOPOX 2380 2784 0.280 -
[TupokcununoBsid mopox | 2400 3391 0.845 -
Hutpornuuepun 4500 6238 0.715 9.0
Tpotun 3200 4187 0.685 6.9
TOH 3900 5862 0.780 8.4
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B3peiBuaroe BenecTBo T:, C Qz, KJIK/KT Vs, M/KT Uy, KM/C
I'excoren 3400 5443 0.908 8.38
AMMoHan 3380 6134 0.836 5.3
I'pemyuas pTyTh 4500 1721 0.315 4.5
A3un cBUHIIA 3500 1537 0.308 5.0

B kauecTBe mnpumepa omnpeaeauM MNOTCHIHAIbHYIO JHEPrUi0 M MOIIHOCTh
0oeBoro 3apsaa 85-MUJUIMMETPOBOM TAaHKOBOW MYMIKH. 3apsi] — MHPOKCUIMHOBBIN
nopox macco M = 2.6 kr (Qp = 3391 JDx/kr, KO3)PUUUEHT MOJE3HOrO AEHCTBHS
a=0.3, Bpems nBuxkenus cHapsana B croje 0.01 c). [Ipu cropanuu 3apsiaa Belaensercs
TEII0Ta, paBHas

Q=0Q, M =33912.6=8.817 M.
B cootBetcTBUM ¢ hopmyroii (6.1), o0ias MOIIHOCTE paBHA

Q8817

s =881.7 MBm.
t, 0.01

C yderoM Ko3(@uIMEHTa NOJIE3HOTO AEHCTBUS MOIIHOCTH OOEBOro 3apsia
85-MUITMMETPOBOM TAHKOBOM MYIIKHA paBHA

P=aP, =0.3-881.7=264.5 MBm.

I[JISI HarJiiiHoOCTHU HepeBez{eM MOIIHOCTH 3ap5111a HYH_IKI/I B JIOIIAAWHBIC CHUJIbI
(1 n.c. = 735.5 Br):

o _ 264.5-10°
735.5

Takum o00pa3om, mpu BbICTpene M3 85-MM MYIHIKM Pa3BUBAETCS MOIIHOCTD,
paBHass 360 Teicsiu somaauHbIX cui. [loka HET TakoM MallMHBI, KOTOpas Obuia Obl
CrocOOHa Pa3BUTh TAKYI0 MOILIHOCTb.

UyBCTBUTENBHOCTHIO B3pPHIBYATOIO BEILIECTBA HA3bIBAETCA €ro CIOCOOHOCTh
B3pPbIBATHCA IO/ BIUSHUEM BHEUIHUX BO3JCHCTBUI (HarpeBaHUe, yKOJ, yJaap, TPEHUE).
CaumkoM 4yBCTBUTENbHBIE B3phIBYATHIE BEILIECTBA OMACHBI B OOpAIIEeHUH U B YUCTOM
BU/JIE€ IPUMEHSAIOTCS peaKo. ManouyBCTBUTEIbHBIE B3pbIBUAThIE BEIIECTBA HEBBITOJIHBI,
TaK Kak JJIsl UX UHULIMUPOBAHUS TpeOyeTcs Oue€Hb MHOTO 3HEpruu. YyBCTBUTEIBbHOCTh
B3pPbIBYATHIX BEILIECTB 3aBUCHUT, B IEPBYIO OYEPE/b, OT €r0 COCTaBa, & TAKXKE OT JIPYTUX
YCIIOBUH.

e C yBEIMYEHHEM BIAKHOCTU UYBCTBUTEIBHOCTh MOHMKAETCS.

e C yBeIMYEHHEM TEMIEPATYPbl — YBEIUUUBAETCA.

e [lopomikooOpa3Hble B3pbIBUATHIE BEllleCTBA 00JI€€ UyBCTBUTEIbHBI, UEM JIUTHIC
WM MIPECCOBAHHBIE COCTABBI.

JUiss CHW)KEHHsT YyBCTBUTEIHHOCTH B3PBIBUATHIX BEIIECTB B MX COCTAaB BBOJST
¢dnermatuzaTopsl (BazenuH, mapapuH, kamdapa, pa3jIMdHbie Macjia U T.JI.).

—0.36-10° n.c.
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CTOMKOCTBIO ~ B3pBIBUATOTO  BEIIECTBA  HA3bIBA€TCS  €ro  CHOCOOHOCTH
MIPOJIOJKUTENBHOE BPEMSI COXPAHATh CBOM B3pPBIBUATHIE CBOWCTBA, YTO BAXKHO IIPH UX
xpaHeHud. [lpu nnuTEeNnbHOM XpaHEHUM B HEOJArONPUSATHBIX YCIOBHUSX (CBIPOCTH,
MOBBILLIEHHAs TEMIlepaTypa) B3pbIBUAThIE BEIECTBA CIIOCOOHBI pasjiaraThCsi U TEPAThH
CBOM CBOMCTBa, a B HEKOTOPBIX CIydasX CaMOBOCIUIAMEHSATHCS M B3PBIBATHCS.
Paznuyaror pu3nyeckyro 1 XUMHUYECKYIO CTOMKOCTb.

duznyeckas CTOMKOCTb — 3TO CIIOCOOHOCTh B3PbIBYATHIX BEIIECTB COXPAHATH CBOE
¢usnueckoe cocrosiHue. OHa 3aBUCUT OT (PUINYECKUX CBOMCTB (FUIPOCKONUYHOCTD,
MEXaHU4ecKass MPOYHOCThb, JIETy4yecTb W T.A.). lIpu BBICOKON THIPOCKOMUYHOCTH
B3pbIBYAThIC BEIIECTBA CIIEKMBAKOTCI U CO BpeMeHeM paspymarrcs. [Ipu manou
MEXaHUYECKOM MPOYHOCTH 3apsA/ibl MOTYT pa3pyliaTbcs WM Ae(OpMHUPOBATHCS MPHU
IIEpEBO3KE.

XHUMHUYECKasi CTOMKOCTb — 3TO CHOCOOHOCTH B3pPBIBYATBHIX BEILIECTB COXPAHSITH
HEU3MEHHBIA XMMHYECKUH COCTaB M CHOCOOHOCTh K B3PHIBUATOMY MPEBPAILECHHUIO.
XHUMHUYECKAsi CTOMKOCTh B3PBIBUATHIX BEIIECTB 3aBUCUT OT €I0 XUMHYECKOTO COCTABA U
OT BXOJAIIMX B HErO NMpUMECEH. I MOBBILICHUS] XUMUYECKOW CTOMKOCTU IPUMEHSIOT
CTaOMIIN3aTOPBI — AlleTOH, STUJIOBBIN CIIUPT, YIJIEKUCIIBIE COJIM HATPUS U KaJHsl.

CebecrouMoCTh ~ IPOMU3BOJACTBA BaKHA MNPU  MAacCOBOM  HCHOJIb30BaHUU
B3pbIBYATHIX BEIIECTB (HAalpuUMEp, B BOGHHOE BpeMs) U OOEClEeYMBAETCA HaJIUYHEM
OTEYECTBEHHOT'O CBIPbS, PA3BUTOM XMMHUYECKON MPOMBILIIEHHOCTHIO U COBEPILIEHCTBOM
TEXHOJIOTUYECKUX MPOLECCOB U3rOTOBJIEHUS B3PhIBUATHIX BEIIECTB.

Kpome ocHOBHBIX TpeOOBaHUI, K B3pbIBYATHIM BEILIECTBAM MOT'YT IPEIbSIBIATHCS
U Jpyrue, crenuduuHbie Ui KOHKPETHBIX Iesed, TpeboBanus (B3pbhIBOOE30MACHOCTD
P IPOCTpEIIE MyJiei, HETOKCUYHOCTh MPOJIYKTOB CrOPaHUs MPHU CTPENbOe U3 pydHOro
aBTOMAaTHUYECKOT0 OpYKHsl, CHOCOOHOCTh COXpPaHSTh CBOM CBOMCTBA MpPHU BO3AEHCTBUU
panuanyy, HOHU3UPYIOMIUX U3ITyYSHHUH U T.11.).

Bepuymuca 6 o2nagnenue

6.3. KIIACCUDPUKALINA B3PbIBYATbIX BELLECTB

B3pbiBuaThie BelllecTBa MO XapakTepy CBOEro JEHCTBUS JENATCS HA CIEAYIOLIUe
IPYHIIBL

e lHULMUpYIOUIUE B3phIBYATHIE BEIIECTRA.

ebpuzanTHbIe (MK IpoOsIIKe) B3pbIBYATHIE BEILIECTBA.

e[lopoxa.

e[lupoTexHUYECKHUE COCTABBI.

NHuuuupyromyuMy  Ha3bIBAIOTCS TaKUE B3pbIBUATBIE BEUIECTBA, KOTOpPbIE
00Jaat0T BeCbMa BBICOKOW YYBCTBUTEIBHOCTHIO U B3PBHIBAIOTCA OT HE3HAYUTEIHHOIO
BHEILIHEr0 MEXaHWYECKOTo (yaap, TPEHUE) WK TEIJIOBOro (J1yd Jia3epa, rjiams, Harpes,
DIIEKTPUYECKUI TOK) BO3JCHCTBUS. DTH BEIISCTBAa BCETJA JETOHUPYIOT M BBI3BIBAIOT
JETOHALIMIO JPYTUX B3pbIBUATHIX BellecTB. MHULMUpYIOMIKE B3pbIBUATHIE BEILIECTBA
MPUMEHSIOTCA B HEOONBIIMX KOJWYECTBAX JJIA CHAPSDKEHHS KarcClojiei, co3arouiux
NEepPBOHAYATIbHBII UMITYJILC B3PbIBA.

Bpu3aHTHBIMU HA3bIBAIOTCS TAKUE B3pbIBUATHIE BELIECTBA, KOTOPBIE MPU B3pPbIBE
MPOU3BOAAT JpOOJIEHWE OKpyXKaroumx npeaMeroB. OHM  3HAYUTENBHO MEHee
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YyBCTBUTEJIBHBI K BHEIIHUM BO3JECHCTBHUSM, YEM WHUIMUPYIOUIUME B3pPbIBUATHIC
BEIIECTBA, U JETOHUPYIOT OOBIYHO MOJ BO3JEHCTBUEM B3pbIBA JIPYroro B3pHIBYATOTO
BEIIECTBA — JIeTOHATOpa. JleToHaTOop mpeiacTaBiseT cOOOM 3apsii  B3PHIBYATOIO
BellecTBa 0o0Jjiee YyBCTBUTENBHOIO, YEM B3PBIBUATOE BELIECTBO OCHOBHOIO 3apsija.
B3pelB  neToHaTOpa OCYIIECTBISETCA B3PBIBOM  KalCOJs C HHHALUMUPYIOLIIUM
B3pbIBUaThIM BemecTBoM (puc. 6.1). CHauana OT MEXaHUYECKOro WM TEIJIOBOIrO
BO3JIEHCTBHSI B3pbIBaeTCs Karcroyb. OOpasyromascsl yaapHas BOJIHA BbI3bIBAET B3PbIB
NETOHATOpa, KOTOPBIM, B3pBIBASICh, BBI3BIBAET JIETOHAIMIO OCHOBHOIO 3apsja.
bpur3aHTHBIE B3pbIBUATHIE BELIECTBA NMPUMEHSIOTCS B KAa4ECTBE Pa3pbIBHBIX 3aps0B
JUISl CHApSKEHUS MMH, CHAPSI0B, MOAPBIBHBIX NATPOHOB U CIYXKAT ISl Pa3pylLIeHUs U
OpoOJIeHHs] pa3IMYHBIX TPEIMETOB U MPErpa.
1

2

Puc. 6.1. Cxema neroHaruu OpU3aHTHOTO B3PHIBUATOTO BelecTBa: 1 — Kamnciomib
(MHMLIMMpYIOIIee B3phIBUATOE BEIIECTBO); 2 — IE€TOHATOP;
3 — OCHOBHO¥ 3apsii OpH3aHTHOTO B3PHIBUATOTO BEIIECTBA

[Topoxamu Ha3bIBalOTCS TaKWe B3pHIBUATBHIC BEIIECTBA, XapaKTep B3PHIBA
KOTOPBIX MO3BOJIIET HCIONB30BaTh MX B KA4eCTBE HMCTOYHHWKA DHEPTHH JIBUKCHHS
CHApsAIOB, MHH, IMyJb W PEAKTUBHBIX CHapsoB. OCHOBHBIM BHIOM B3PBIBUATOTO
NPEeBpAIICHNUS TOPOXOB B OOBIYHBIX YCIOBHSIX sIBIsieTcs ObicTpee cropanue. [lopoxa k
BHEITHUM MEXaHUYECKUM BO3JCHCTBUSIM HE YYyBCTBHTEIbHBI. Pa3HHIIA B AeHCTBUH
opoxa ¥ OPU3aHTHOTO B3PHIBUATOTO BEIIECTBA MOKHO MOSICHUTH MPOCTHIM TPUMEPOM,
nokazaHHbIM Ha puc. 6.2. [Ipu ObicTpoM ropenuun nopoxa (puc. 6.2, a) naBjaeHue rasa
HapacTaeT MOCTENEHHO, CHApsAJ [BIKETCS C YCKOPEHHEM, Bpe3ascCh B Hape3HbIC
KaHaJbl (KOTOPBIC CIYKAT JJIsl MPUIAHUS CHAPSAy BpaIIaTeIbHOTO JBHXKEHUS C IETbI0
cTabmiu3anuu  ero Ttpaektopuu). Ilpm nperonammu (puc. 6.2, 0) OpU3AHTHOIrO
B3pPBIBYATOTO BEIIECTBA MPU ITHX KE YCIOBUAX, ra3000pa30BaHME MPOUCXOIUT MOUTH
MTHOBEHHO, U 00pa3yroIuecs ra3sl pa3pyuiatoT CTBOJI B KaMmepy.

[TupoTexHuyecKkue COCTaBbl MPEACTABISAIOT cO00M cMecH W3 B3PHIBYATHIX U
HEB3PBIBUATHIX BEMIECTB. B3phIBUaThie CBOWCTBA y HUX BBIPAXKEHBI 3HAYUTEIHHO
ciabee, ueM y OOBIYHBIX B3PBIBUATHIX BEHIECTB. [[MpOTEeXHIMUECKHM COCTaBaM MPUCYIIN
CTeIMaIbHbIe CBOMCTBA (SIPKOE CBEUEHHUE, JHIMOOOpa3oBaHue, OKpacka rmiamenn). OHu
NPUMEHSAIOTCS B OCBETHUTENBHBIX M 3aXKHTaTeNbHBIX TMAaTpOHaX, B calloTax W
(eiiepBepkax, B JBIMOBBIX IIalIkax U T.J1. PaccMoTpum Oosee moApOOHO OCHOBHBIE
THUTIBI B3PHIBYATHIX BEIICCTB.
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Puc. 6.2. Cxema nmeficTBHsI B3phIBUATOTO BEIIECTBA HA CHAPS PU TOPCHUH:
a — nopoxa; 6 — OpU3aHTHOTO B3PHIBUATOTO BEIIECTBA

Hnuyuupyrowue e3pvieuamale eeujecmea

B kauecTBe MHUIIMUPYIONIUX B3PBIBYATHIX BEHIECTB HAUOOJIbIIEE MPUMEHEHUE
UMEIOT TpeMyuas pTyTh, a3UJ] CBUHIIA U CTHU(HAT CBUHIIA.

I'pemyuas  ptyth -  QyabMuHAT  PTYTH,  MHPEACTaBIseT  cO0OM
MEJIKOKPUCTAJUIMUECKUN Oenblii win cepblii mopomiok. [lonydaercss B pesysibTare
JEUCTBUSL 3THJIOBOTO CHUPTa HAa PacTBOP PTYTH B a30THOM kucinore. HempecoBanHas
rpeMydasl pTyThb 4pe3BblYAlHO oOmacHa B  OOpalIeHUH, [OCKOJBbKY OYEHb
YyBCTBUTENIbHA. B cHpeccoBaHHOM BHE 3TO BEIIECTBO MEHEE ONacHO U MEHee
YyBCTBUTEJIBHO K Ha4YaJIbHOMY BO30yxjaeHUt0. [log BausiHMEM Biaru rpemydasi pTyTh
JIETKO TepsieT CBOU B3pblBUaThle cBOMCTBA. [Ipm 5% Bmarm B3pbIBUATHIE CBOMCTBA
nonmwxkatrorcs, npu 10% — ona Tonpko cropaer, npu 30% — npeBpaiaeTcss B UHEPTHOE
BELIECTBO.

A3HJ CBUHLA — CBHMHIIOBAas COJIb a30THCTOBOJOPOJHON KHUCIIOTHI, MPECTaBIsSET
co0oit Oenblii mopomok. OO6siafaeT MeHbIIEH YyBCTBUTEIBHOCTBIO, YEM TpeMyuas
pPTYyTh, OJHaKO 0O0JIalaeT MHUIMUPYIONEH crocoOHOCThI0 B 10 pa3 Oombliel, yeM
rpemydast pTyTb. He rurpockomnuueH U B Boie He pacTBopsercs. IIpumensiercs B
IIOMUHUEBBIX 000JI0YKaX, TaK Kak ¢ aJloMUHMEeM He pearupyetr. llpu
B3aMMOJIEUCTBUM C MEJbI0 00pa3yeT a3uJl Meu — OUYEHb UYBCTBUTEIBHOE B3PhIBUATOE
BELIECTBO.

Crudnar cunna (THPC) — cBuHnoBas conb ctuduuHoBOU Kuciotel. THPC
MpeACTaBIAeT cCOOOM TBEPIOE MENKOKPUCTANIMYECKOE BEIIECTBO KeJlToro nsera. He
TUTPOCKONMYEH, HE PacTBOPSETCSs B BOJE WM HE B3aMMOJECHCTBYET C MeTaIaMH.
YyBCTBUTENBHOCTD K yapy HUXKE, YEM y a3uja CBUHILA, a K IJIaMeHU — Bbile. Becbma
YyBCTBUTEJIEH K 3JEKTPUUYECKUM paspsanaM. MHumuupyromas cnocoOHOCTh €ro HUXKE,
4eM y JPYTUX HHUIUHPYIONTUX B3PBIBUATHIX BEIICCTB.

Nuunuupyromnie B3pbIBYATHIC BEIIECTBA B CMECSX C APYTUMU BEIIECTBAMU
00pa3yloT yAapHbIE COCTaBbl, KOTOPbIE MPUMEHSIOTCA [JIsl CHApSKEHUS KarcCroyei-
BOCIUIAMEHUTENIEH M KaICIOJIEH-IeTOHATOPOB. PernenTypbl HEKOTOPBIX YAapHbBIX
COCTaBOB IpHUBeIeHa B Ta01. 6.2.
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Tab6au1a 6.2
Penienitypbl yiapHbIX COCTaBOB JJISI BAHTOBOYHBIX U TTUCTOJIETHBIX
KaIICIOJIBHBIX BOCIUIAMEHUTEIIEH

Karncromns- ['pemyuas beproneroBa | AHTMMOHMI, | Macca, r.
BOCIUIAMEHHUTENL | PTYTh, Macc.% | coisb, Macc.% Macc.%

[TucroneTHbIit 25 38 37 0.02
BunTOBOYHBIH 17 56 27 0.03
Kancrobas 25 37 38 0.025
BTYJIKA

['pemydast pTyTh B YIOapHBIX COCTaBaxX JaeT MEPBOHAYAIbHYIO BCIBILIKY,
AHTUMOHM SIBJISIETCS TOPIOYMM U CITY>KMT JJIs1 yCHIIEHHsI popca MiIaMeHu, OepToeToBa
COJIb — OKUCIIUTENb, MOAAEP)KUBAIOIIMKN ropenne. Kancronu-BocmiaMeHUTenu Aenarcs
Ha NaTPOHHBIE U TPYOOUHBIE.

[laTpoHHBIE  KAamCIOJIU-BOCIUIAMEHUTENM  NPUMEHSAIOTCS B  NaTpoOHax |
KalCIOJIbHBIX BTYJIKAX CTPEIKOBOTO OpYXHUS W apTWulepuiickux cHapsanax. OHu
BOCIUIAMEHSIOTCS OT ynapa OoiKa M JalT HayaJbHbIA MUMIYJIbC JUJIS BOCILIAMEHEHHUS
O6oeBoro 3apsga. Cxema MaTpOHHOIO KamCIOJS-BOCIUIAMEHHUTENS MpPUBEJEHA Ha
puc. 6.3.

Puc. 6.3. Cxema maTpoHHOTO KarCIOIS-BOCTLIAMEHUTEIIS

OH CcOCTOUT M3 METATMYECKOW 00004k (KoJimauka) 1, BBIMOJHEHHOW W3
JAaTyHU WIM MEIu, B KOTOPYIO 3alpeccoBaH yaapHbId coctaB 2. CBepXy yAapHbIH
COCTaB 3aKpbIBaeTCsl (POJILIOBBIM HJIM OyMaXXHBIM KpYy>XKoM 3. TpyOouHbIE KarcCroiu-
BOCIJIAMEHUTEIM TPUMEHSIIOTCS B TpyOKax MW B3phIBaTENsIX U CIyXaT JJis
WHUIIMMPOBAHUS JETOHAIIUU KaTCIOJISI-I€TOHATOPA.

Cxema TpyOOUYHOTO KaIClOJIsI-BOCILNIAMEHUTENS TPUBEEHa Ha puc. 6.4.
3

Puc. 6.4. Cxema TpyOOYHOTO KaICIOJISI-BOCIIAMEHUTENIS: 1 — KOJIMAYOK C OTBEPCTHEM;
2 — yaapHbIi cocTaB; 3 — Goibpronas yamieuka, 4 — goaprosas nuadparma
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Jlist cHapsiKeHUs TPyOOUYHBIX KaIlCIOJIeH-BOCIIIAMEHUTENEH HCIONBb3YyEeTCsl TOT
K€ YIapHBIA COCTaB, YTO W Ui NATPOHHBIX KallCIOJEH-BOCIUJIAMEHUTENIEH, HO €ro
macca B (5?10) pa3 6ombiire u cocrasisiet (0.0870.2) r.

Kancronu-geroHatopel  AensTcss Ha  apTWUIEPUHCKHE W MOJpPbIBHBIE.
ApTHIIEpUICKUE KATCIOIU-I€TOHATOPbl MPUMEHSIOT BO B3pBIBATENAX Pa3IMUYHbBIX
CHaps/10B, MUH, aBMaOOMO M pyuyHbIX rpaHT. Ha3HaueHue Kamcrois-IeToHaTopa —
BbI3BATh JIETOHAIMIO JE€TOHATOpPA PAa3pbIBHOIO 3apsia OpPU3aHTHOTO B3pPHIBYATOIrO
BELIECTBA, KOTOPBIM CHapsKEH 3apsi.

[lo xapakTepy HayajabHOrO HWMITYyJbCa, BO30Y)KIAIOIIETO B3PbIB, KaICIOJIU-
JE€TOHATOPBI MOTYT OBITH CIEAYIOLIUX THUIIOB.

e HaxkonbHble, IENCTBYIOT OT HAKOJIA KAJIOM.

e JlyueBble, NEUCTBYIOT OT Jiy4a ((opca) OrHsl KarcCrJIsi-BOCTIIIAMEHUTEIIS.

[lonpeiBHBIE  KalCIOIU-IETOHATOPHI  MPEJHA3HAYEHbl Uil  BO30YXIACHUS
JICTOHAIIMY TOAPBIBHBIX 3apsoB. OHU NeicTBYIOT OT (hopca orust (OMKPOPIOB HMIHYP)
WIKM OT 3JieKTpo3anana. Cxema NOJPBIBHOIO KarcClos-IeTOHATOpa IpUBEEHAa Ha
puc. 6.5.

Puc. 6.5. Cxema moaApbIBHOTO KarcClOJsA-1eTOHATOPA:
1 - runp3a; 2 — cTudHAT CBUHIA; 3 — a3U]] CBUHIA; 4 — TETPUIT

BpufﬂleHbl@ é3pbletiamble eeuiecmea

bpuzantHble  B3pbIBYaTBIE  BEUIECTBA NPHUMEHSIOTCA Uil CHapsKEHUS
apTUWUIEPUHCKUX CHApsiioB, MHUH, PY4YHbIX TIpaHaT, aBuaboMO, a Takxke s
MIPUTOTOBJICHUS MOAPBIBHBIX cpeACcTB. OCHOBHbIE OpU3aHTHBIE B3PbIBUATHIE BEILIECTBA,
UCIIOJIb3yeMbI€ B HACTOAILEE BPEMsI — MUPOKCHIIMH, HUTPOTJIULIEPUH, TPOTHUII, MEJIAHUT,
IeKCOTeH, TUHAMUT, a TAKXKe Pa3IMYHbIE CMECH U CILIABbI.

[TupokcunuH (HUTPOKJIETYATKA) — TBEPJOE BEIIECTBO BOJOKHHUCTOIO CTPOECHUS.
[Tonygaetcst 00pabOTKOIN pacCTUTENBHON KJIETYATKU (XJIOMOK, JIEH, APEBECHHA) CMECHIO
Q30THOM M CEPHOM KHUCJIOTBI — HUTpPALlMEXd WIM HUTPOBAHUEM KieTdaTku. B
3aBUCUMOCTH OT CTENEHU HUTPALUH, COJIEpKaHUE a30Ta B MUPOKCUIMHE MOXKET OBIThH
paznuuHbiM. Yem Oounbllie coAaep)kaHMe a30Ta, TEM BBIIIE B3pbIBYATHIE CBOMCTBA
nupokcwinHa. [Iupokcunun BecbMma rurpockonuueH. [Ipu conepxanuu Biaaru 10 3 %
MUPOKCWIMH Ha3bIBAIOT CYXHUM, IIPU COAEpkaHuu Biaru 6omnee 3 % — BraxxkubiM. Cyxoit
MUPOKCWIMH OYEHb OMACEH — B3pPbIBAETCA OT yaapa u TpeHus. Ilpu conep:kanuu BiIaru
O6onee 25 % — OH MaJO4yBCTBUTEIIEH M 0e30maceH B OOpallleHUH M XpaHECHHH.
[TupoKCUIMH TpUMEHSIeTCS Il U3rOTOBJIEHUSI 0€3bIMHOTO MOPOXa U JJIsl MOJAPBIBHBIX
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pabot. Jlns cHapsokeHus 6oenpumnacoB — npuMensercs mupokcmini Nel (13 % asora),
nupokcrinH Ne2 (12 % a3oTa).

Hutpornunepun — sagoBUTasi Ipo3pavyHas MacIsSHHUCTas KUAKOCTh. [lomydaercs
00pabOTKOM IIuUEprHa a30THOM U CepHOM KuUCI0TOM. OueHb YyBCTBUTEINIEH K yJapam,
TPEHHIO, CcOTpsceHuto. B uncrom Buae He npuMmensercs. Mcenoab3yercs npu
M3TOTOBJICHUN OE3JBIMHBIX MMOPOXOB B KAYECTBE PACTBOPUTENS M VISl IPUTOTOBICHHUS
JMHAMHTA B TIOJIPHIBHBIX paboTax.

Tporun (tpunutpotonyon, tos, THT) — 3T0 TBepmoe METKOKPUCTALIHYECKOES
BEILECTBO TEMHO-kenToro nsera. [lomyyaercs o0paboTKoil Tosyosa (IpOayKTa CyXou
NEPEroHKU KAMEHHOTO YIJIsi) a30THOM M CEpHOM KUCIOTOM. TpoTHIl HEUYBCTBUTENEH K
ylapaM U HarpeBaHu1o, Oe3omaceH B oOpalleHuu U 00JaJaeT BBHICOKOW CTOMKOCTHIO
npy XpaHeHHH (TOJIOBBIC IIANIKU COXPAHSIOT CIHOCOOHOCTh B3PBIBATHCS JaXKe 4epes
JCCSTKH JIET XpaHeHus). Ha OTKpBITOM BO3IyXe TOPHUT KOMNTSIIMM IUIaMEHEM 0e3
B3pbIBa. TpoTuil — Haubosee pacnpocTpaHEHHOE B3pbIBUaTOE BelecTBO. [Ipumensercs
JUIsl CHAPSKEHUSL CHApsAI0B, MUH, OOMO U B MOAPBIBHBIX padOTax.

MenuHut (MUKpUHOBAsT KHUCIIOTA) — IJIOTHAs KPUCTAJIMYECKAs mMacca KeaTo-
auMOHHOro 1BeTa. [Tomydaercst u3 kapOOIOBON KUCIOTHI IyTeEM 00pabOTKHU €€ a30THOM
U CEepHOM KucIoTamMH. OTO 0Oojiee CUIIbHOE B3pPbIBYATOE BEUIECTBO, YEM TPOTHUII.
Henoctatok — cmocoOHOCT, 00pa30BBIBATH B MECTaxX CThIKA C METAUTMYECKUMU
000JI0YKaMH XUMHUYECKHUE COCIUWHEHUS (CONMM) — TMHKpPAThl, OYEHb UYBCTBUTEICH K
ynapy u Tpenuto. [Ipumensercs 1yist TpUroToBICHUS TOPHIBHBIX 3aPsII0B.

['excoren mnomy4atoT 0OpabOTKOW ypOTpONMHA M TEHTA3PUTPUTA A30THOMU
KACIOTOM. SIBnsieTcs Hambonee MOIIHBIM OpU3aHTHBIM B3PBIBUATHIM BEIECTBOM.
['excoreH — KpucTaminyeckoe Oeyloe BeleCTBO, XOPOLIO IUIABUTCS M HE
B3aMMOJIEUCTBYET C MeTa/ylaMu. JTO 0oJiee MOIIHOE B3PbIBYATOE BEILIECTBO, YEM
TPOTWJI U MEIMHUT, HO M 0oJiee UyBCTBUTEIHHOE K MEXaHHYECKHM BO3JCHCTBUSIIM.
drerMaTe3upoBaHblii TEKCOre€H NPHUMEHSETCA Ui CHapsyKeHUss OpOHEOOMHBIX H
3€HUTHBIX CHAPSAOB U IS U3TOTOBICHUS TONOJHUTEIbHBIX JETOHATOPOB.

AMMOHUTHI (B3pBIBUATHIC BEIIECTBA HA OCHOBE aMMOHHUIHOHM CEIUTPBI) — 3TO
CyppOTaTHBIE B3pbIBUATHIC BEIIECTBA, KOTOPHIC COCTABISAIOT M3 CMECH aMMOHUHHOU
CEJIUTPHI, TPOTWUJIA, TOPOIIKA ATIOMUHHUS W JApyrux HamonHeHuid. [lo B3pbIBHOMY
JACHCTBUIO YCTYMAIOT TPOTHITY, MAJIOTIPUTOIHBI JUIsI XPAaHSHHS ¥ TIPUMEHSIOTCS OOBITHO
TOJIbKO B BoeHHoe BpeMms (memeBu3Ha cwipbsi). B CCCP Bo Bpems Bemnukoit
OTteuecTBeHHOW BOiiHBI aMMOHUTHI OBITM OCHOBHBIMH THIIAMU B3PHIBYATHIX BEIIECTB.
B MupHOE BpeMsi HX HCTONB3YIOT B HAPOJHOM XO3sIICTBE (ITOAPBIB JIEASTHBIX 3aTOPOB,
YrOJNBHBIX IUTACTOB B IIAXTax W T.1.). s py4HBIX TpaHAT NPUMEHSIOTCS JIBE
Pa3HOBUIHOCTH aMMOHHUTOB — aMMOTOJI (CMeCh aMMOHUWHOW CEIUTPBI U TPOTUIIA) U
aMMOHAaJl — CMECh aMMOHUHHOW CEMUTpbI, OPU3aHTHOTO B3PHIBUATOTO BEIECTBA U
MOPOIIIKA aTFOMUHUSL.

[Mnactut-4 (C—4) — 310 TectooOpa3Hass Macca KPEMOBOTO WM KOPHUYHEBOTO
OTTeHKa (pexe — sipko-opaHxkeBoro). Cocrout u3 80 % moponkooOpa3HOTO reKcoreHa
u 20 % nnactudukaropa (ueM u oOycioBieHbl ero cBoiicTBa). [lo BHemHEMY BHIY
HAallOMUHAET IUTACTWIMH WJIM BOCK, MACISHUCT Ha OIIyNb, IUIACTHUYEH B
temneparypHoM pexume ot —30 C g0 + 50 C. Tak e kak ¥ TPOTWJI, 04EHb YCTONYHUB
K BHEIITHUM BO3/ICHCTBHSIM — €70 MOKHO MSITh, P€3aTh, POHSITH, MOABEPraTh yaapam 0e3
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OMacHbIX NocneAcTBUi. OcoOble CBOMCTBA TUIACTUTA ONPEAEISAIOT €r0 MPUMEHEHUE IS
TEPPOPUCTUUECKUX LeJel — 3apsj IUIaCTUTAa MOKHO IOMECTUTHh B JIIOOYIO IIENb,
packaraTh TOHKUM CJIOEM B IMHUCHMO, CIIPATATh B KOHCTPYKIUIO JIFOOOH KOHPUTYpaluu.
[IpumensieTcs, dyamie Bcero, B Kakod maumbo o6Oojouke (Oymara, MeIIOYEK) U
MPUKPEIUIIEeTCs KIEsIIed JEeHTOM WIM CKOTYEM K B3pbhiBaeMoMy oObekTy. Ilmactur-4
MOCTABJISIETCSI B CTAHAPTHBIX OpukeTax Maccod 1 kr, o0epHYyThIX Oymaroi. 3apsisl
IJIACTUTAa TPUMEHSAIOTCS B AKTUBHOW OpOHE TaHKOB, a TaKXke JUIsl CHAPSIKEHHS
npotuBonexoTHbix MuH MOH-50.

Ilopoxa
[Topoxamu, wiaM METATENbHBIMUA B3PbIBUYATBIMUA BELIECTBAMH, HA3bIBAKOTCS
B3pBIBUATHIC BEIIECTBA, JIJII KOTOPHIX OCHOBHOM (hOpPMOU B3pBHIBUATOTO MPEBpAIICHUS

SBIIIETCSL OBICTpOE cropaHue co ckopocThio Ug~(1?10) m/c. [lopoxa mpuUMEHSIOTCS B
KayecTBe HMCTOYHMKOB OJHEPIMH JBIDKEHUS CHApsIOB, Myldb, MHUH, PEaKTHBHBIX
cHapsa0B. Kpome Toro, mopoxa NCMoNb3YIOTCS B KAU€CTBE BCTIOMOTATENBHBIX CPEICTB-
BOCIJIAMEHUTEIEH, Ta30reHepaTOPOB U T.JI.

[Topoxa nenarcs Ha qBe TPYIIBI — MEXaHHYECKHE CMECH U MOPOXa KOJUIOUTHOTO
TUTIA.

K MexaHMYeCKUM CMECSIM OTHOCSITCS CIIEAYIOIUE COCTABHI.

e J[bIMHBII (4EpHBII) TOPOX.

e AMMOHMIHBIN NOPOX.

e (wmeceBble BBICOKODHEPIeTUUYECKHE MAaTE€pUabl W TBEpPJIble pPaKETHHIC
TOTLITUBA.

OcHOBOI1 BceX KOJUTOMIHBIX TIOPOXOB SIBISIETCS MUPOKCUINH. B 3aBuCcHMOCTH OT
XapaKkTepa pacTBOPUTENS KOJUIOUIHBIE TOPOXa JENATCSA Ha CIETYIOIINE TPYIIIbIL.

e JlupokcunuHoBbIe TOpoxa (Ha JIETYy4eM pacTBOPUTEIIE).

e HutpornuueprHoBbie mopoxa (Ha TPYAHOJIETYYEeM PaCTBOPHUTEE).

e TporusoBbie Mopoxa (Ha HEJIETy4eM PaCTBOPUTEIE).

e Bucko3nbsie nopoxa (6e3 pacTBopUTers).

Mexanuueckue cmecu

JIBIMHBIA WJIM YEPHBIM IIOPOX — ITO MEXAHUYECKasl CMECh KAJIIMEBOW CEJIMTPBI,
ceppl U gpeBecHoro yrist (S, KNOs, C). bonee 500 ner ApIMHBIN MOpoX OBLI
€MHCTBEHHBIM B3PbIBUATHIM BEIIECTBOM, MPUMEHSBIIEMCS B BOEHHOM Jeje IS
M3rOTOBJICHUA 3apsiIOB B apTUIUIEPUUCKOM M CTPEIKOBOM OPYXHUHU U JJISI MOJAPBIBHBIX
pa6ot. Tonbko Bo BTOpoi mosioBuHe XIX Beka st 00€BbIX 3apsi/I0B BMECTO JBLIMHOTO
Mopoxa Havalld MPUMEHSTh MUPOKCHIMHOBKIN opox. Hanbosiee onTuManbHblii COCTaB
JIBIMHOTO pYy’KeWHOro mnopoxa 0wl ycraHosiieH B koHue XVIII Beka Ha ocHOBe paboT
M.B. JlomonocoBa. CoctaB AIMHOTO TIOpOXa MpHUBEJEH B Ta0I. 6.3.
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Tabnuua 6.3 DTOT cocTaB 0 HACTOSALIETO BPEMEHH

CocTtaB IBIMHOTO OPOXa cymecTBeHHO He wusmeHuncs. Cenutpa
Bemectso Conepxanue, OpU  HarpeBaHUU  JIETKO  BBIJEISET
Macc % KHUCIIOPOJ, HEOOXOAUMBIN /Jii TOpPEHHs
Kanuesas 75 yrmgs  u ceppl.  C  yBEIMYEHHEM
cenuTpa coaepxkanusi cenutpsl (mo 80 %) cuna
Cepa 10 mopoxa H CKOpPOCTb €ro TOpeHHUs
JIpeBecHbII 15 YBEIMYUBAKOTCA. YTOJIb B COCTaBE IIOPOXa
yroJb ABJIETCS] TOPIOYHUM BEILIECTBOM.

[Ipy yBenMYEHHH €ro COJAEp>KaHMs, CKOPOCTb TOPEHHs MOPOXa YMEHBLIAETCS.
Cepa siBnsieTCs LIEMEHTATOPOM, CBSA3BIBAIOLIMM CEJUTPY C YIJIEM, a TAKKE€ TOPIOUUM
BEIIECTBOM, OOJIEr4aroluM BOCIUIAMEHSIEMOCTh IBIMHOTO PYKEHHOro mopoxa (cepa
BOCIUIAMEHsieTCsl npu Oosee HU3KOM TemmepaTrype, 4yeM yrojb). C yBelMueHHEeM
COJEpKAHUsI Cepbl CKOPOCTb TOpPEHUs M CHJIA NOpOXa YyMEHbIIAeTCA. JIbIMHBIN
PYKEUHBII MOpPOX TMOJydyaeTcs THIATeJbHBIM [EPEMEIIMBAHUEM H3MEIbUYECHHbBIX
COCTaBHBIX YacTeH, MPECCOBAHUEM CMECH U JIPOOJIEHUEM MPECCOBAHHOM JIENEIIKH Ha
3epHa pa3IMYHBIX pa3MmepoB. [Iopox 4yBCTBUTENIIEH KO BCEM BHUJAM MEXAHHYECKOTO
BO3/IeUicTBUS (yaap, TpeHue, UcKkpa u T.j.). [Ipu monajgaHuu mynu B OPOXOBOW 3apsiji
MOYTH BCETJa MPOUCXOJUT €ro B3pbIB. BmecTe ¢ Tem, YepHbIil MOPOX HE AETOHHUPYET.
[Ipu cropanuu IBIMHOTO pyXeHHOro mopoxa oopasyercs 45 % razoo0pa3nbix u 55 %
TBEpABIX MPOAYKTOB (IbIM, Harap B KaHaje cTBoja). B Hacrosimee Bpemss B OOEBBIX
3apsax JAbIMHBIM pYXEHHBI MNOpOX HE MNpUMEHseTcs (Majag cuia I[opoxa,
J€MacCKHpPOBKa JBIMOM, OMACHOCTh B OOpaIleHUH, TUTPOCKONUYHOCTD). [Ipumensercs
JUTSL U3TOTOBJICHUS BOCINIAMEHUTENIEH, a TaKXKe B 3aMajlax py4YHbIX rpaHart.

AMMOHUWHBIN MOPOX COCTOUT M3 aMMOHUMHONU cenuTpsl (90 %) U aApeBecHOTO
yris (10 %). [lonmywyaeTcs cMeNIMBaHUEM KOMIIOHGHTOB M IMPECCOBAHMEM B BHUJIC
AJIEMEHTOB 3aJaHHON (OPMBI (KOIbIA, CETMEHThI). AMMOHUWHBIA TOPOX — TBEPIIOE
BELIECTBO CEpOro 1BeTa. B oTiinyue OT IBIMHOTO MOPOXa BCE €ro MPOJYKThI CTOPaHUS
— razoo0Opa3Hble. YyBCTBUTEIBHOCTh K MEXaHUYECKUM BO3JIEUCTBUIM — ciabas. OueHb
TUTPOCKONMYEH W HENPUTOoJeH s XpaHeHus. IIpumeHsieTcs B BOCHHOE BpeMs IS
3ameHsbl (257 35) % 3apsia MUPOKCHIMHOBOTO MOPOXa.

CMmeceBble BBICOKOIHEPIreTUUECKHE MaTepualibl U CMECEBbIE TBEP/AbIE PAKETHbHIE
toruiBa (CTPT) mnpencraBisioT coOoil MIMPOKUM KiIacC JHEPrOEMKUX BEIIECTB,
UCIIOJIB3YIOMIMXCA B KaueCTBE MCTOYHHUKOB SHEPIrUU B ra30reHepaTropax pa3jiuyHOro
HAa3HAYCHUSI U B PAKETHBIX ABUraTeNsix Ha TBepAoM toruse. B coctaB CTPT BxoasT
MOJIMMEPHOE Toprodee-cBs3ytomee (OyTUikaydyk), OKUCIUTENb (IepXjiopaT aMMOHUS
WJIM HUTPAT aMMOHHUSI) U METAJNIMUECKOE Toprouee (MOPOoIKOoOOpa3HbI allFOMUHUN ).

Konnouounsie nopoxa

[TupokcunMHOBBIA O€3/BIMHBIN MOPOX M3rOTABIMBAETCS W3 CMECU JIBYX COPTOB
nupokcunuHa — Nel m Ne2 B pasHbix cooTHomeHusAX. CMech 3THX COpPTOB
pacTBopsieTcs B cMpTOBO-3pupHON cMmecu. [lomydyaemass ogHopoaHas skeieoOpa3Has
Macca NpOJaBIMBAeTCs uepe3 creuuanibHbie (uiabTphl. [locie pe3ku W Cymku
MOJIy4aroTCsl  MOPOXOBbIE 3€pHA  (JIGHTOYHBIE, TpyOyaThie, MWIMHAPUYECKUE,
MHOTOKaHaJIbHbIE MMOpoxa). B cocTaB nHpoKCcHIMHOBOro mnopoxa BBOAAT A0 3 %
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npuMeceil — crabuinnuzaTopoB, (ierMaTu3aTopoB u rameracureneid. CtaOunmzaTopsbl
(nudeHnnaMmuH) 3aMeUISIIOT Pa3ioKeHUE MOpOXa M YBEIWYMBAIOT CPOK XPAHEHHUS 10
20 ner (6e3 cTaOuUIM3aTOPOB MOPOX XpaHUTCsA B TeueHue 10 net). draermatuzaTopsl
(kampapa)  yMeHBIIAIOT  CKOpOCTh  ropeHus.  I[lmameracutenu  (KaHH(OJID,
auoyTuidTanar) yMeHbIIAIOT TulamMs npu BeicTpesie. OHU MOTJIONIAIOT YacTh dHEPTUU
MOpOXa M CHUXKAIOT TeMIIepaTypy MPOAYKTOB cropanusi. bomibiioil Bkiaa B pa3paboTKy
0e31piMHBIX TIOpoxoB BHec J[.M. MenneneeB. [IMpOKCUMIMHOBBIA MOPOX HMEET PsiA
MPEUMYIIECTB MEePE IBIMHBIM PYKCHHBIM ITOPOXOM.

e (OoOnangaer 60J€€e BHICOKOW SHEPTETUKOM.

e [lpu cropanuu He 0Opa3yeT AbIMa U Harapa B CTBOJIE OPYAHS
(98.5 % — ra3oo0pa3Hbie MPOTYKTHI).

e Jlo3BosiieT M3roTaBIMBaTh 3aps/ibl PA3HOOOPAa3HOW BEIMYUHBI U (POPMBI, YTO
JaeT BO3MOXKHOCTb PETYJIMPOBAHUS MPOIOTKUTEIBHOCTH TOPEHUS 3aps/a.

e (OOnagaeT HU3KOW TUTPOCKOMUYHOCTHIO.

e (CoxpaHsieT CBOM CBOICTBa MpPU UVIMTEIbHOM XpPAaHEHWHU, HEUYBCTBUTEJIEH K
ynapy.

HuTtpornuieprHoBbiii 6€31bIMHBIN MOPOX M3rOTABIMBAECTCS W3 MUPOKCUIMHA, B
KAauecTBE PACTBOPUTENS MNPHUMEHSETCS HUTPOIIMUEpUH. B 3aBUCUMOCTH OT MapKu
MAPOKCUIIUHA PA3IUYAIOT OaTUCTUTHI (MUPOKCUIUH No 2) ¥ KOpAUTHl (MUPOKCUITUH
Ne 1). IlpeumymiecTBa HUTPOIVIMIEPUHOBBIX MOPOXOB Mepe]l MUPOKCUIUHOBBIMU
COCTOST B CJEAYIOLIEM

e boJiee BHICOKHE 3HAUEHHUS CHIIbI TOPOXa.

e MeHblas 3aTpaTta BPEeMEHH Ha WX Mpou3BoAcTBO — (5?7) 4acoB BMecCTO
HECKOJIbKHX CYTOK.

e Huskas cebecTOMMOCTb.

e Jlydiiee coxpaHEHUE CBOMCTB MPU XPaHEHHUH.

[TpuMeHSIOTCS 711 MUHOMETOB, PEAKTUBHBIX CUCTEM 3aJITIOBOTO OTHS, PaKETHBIX
JBUTATENIel Ha TBEP/IOM TOILIMBE.

TpoTunoBbBIN MOPOX U3rOTABIMBAETCS U3 CMECH MUPOKCHIMHA U TpoTuia. [Topox
MOJIy4aeTcsl MyTeM CHelHalbHOW 0O0paOOTKM MpH MOBBIILIEHHOW TeMmmepaTrype U Npu
OONBIIOM JaBJIEHHMH. B HeM OTCyTCTBYeT JIeTy4Mil pacTBOPUTENb, IOITOMY
TPOTWJIOBBIM MOpPOX Oojiee cTaOWUJIEH MO CBOMM KayecTBaM, YeM MUPOKCUIMHOBBIC U
HUTPOITIMIEPUHOBBIE MTOpoxa. B mocnennee Bpemst nonyvaer Bce Oonbliiee IPUMEHEHHUE.

Buckosupiii  mopox (mopox 0e3  pacTBOpPHUTENs) NPEACTaBISICT  COOOMU
MIPOHUTPOBAHHYIO U CTAOUIM3UPOBAHHYIO MPEIBAPUTENIHHO YIUIOTHEHHYIO HEJLTI0N03Y.
Oty mopoxa eunie IUIOXO0 Hu3y4eHbl. [IpUMEHSIIOTCS [ M3rOTOBJICHMS 3apsA0B K
BUHTOBKAM M MHUCTOJETAM.

ITupomexnuueckue cocmaewt
[IupoTexHUYECKHE COCTABBl MPHUMEHSIOTCA Ul CHAPSIKEHUS CIEHHAIBHBIX
CHapsJ0B, IyJib, PAKET U TaK Jajee. MHOrne NMUPOTEXHUYECKUE COCTABBI SBISIOTCS
B3PBIBUATHIMA BEIIECTBAMM, OJHAKO B3pBhIBYATHIE CBOMCTBA y HHUX BBIPAYKEHBI
3HAUMTENbHO ciabee, dYeM y OOBIYHBIX B3pBIBUYATBHIX BEIIECTB. JHEPIus,
BBICBOOOXKAAIOIIasi NMPU FOPEHUU MHUPOTEXHUUYECKHX COCTABOB, 3aTPauMBAaeTCs HE Ha
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MIPOU3BOJICTBO MEXaHUYECKOUN paboThl, a Ha 00pa3oBaHUE MUPOTEXHUUECKOTO 3P dheKTa
(ocBeleHNEe MECTHOCTH, UHHIIMUPOBAHHUE MOKapa U T.1.). [[MpoTeXHUYECKHne COCTaBbI
MPEACTABIAIOT COOON MEXaHUYECKUE CMECH U3 FOPIOYEro, OKUCIUTENS, HEMEHTATOpa U
CIIeIMaJIbHBIX IIpUMecel. B kadecTBe roprodyero npuMeHs0TCs AIFOMUHUN, MarHuu, UxX
CIUIaBbl, O€H3UH, KEPOCUH, HEPTh, CKUMUJIAP, KpaxMall U T.A.. B kauecTBe okuciauTeneu
— COJIM a30THOM, XJIOPHOM M XJIOPHOBATOM KUCJIOTHI, OKCUbl METAJIJIOB (OKUCH Keje3a,
NEePEOKKUCh Oapusi, IBYOKHCh Maprafiia u Jp.). B kadecTBe 1eMEHTaTOpoB — oiuda,
KaHU(OIb, IIEJJIaK, WCKYCCTBEHHBbIE CMOJBI (Oakenut u ap.). OHM chayxar s
CBA3BIBAHMS COCTAaBA W MNPHUIAHUS €My MEXaHW4YeCKOW mpodHOocTH. CrernuanbHble
MIPUMECH CITyKaT JJIsl OKPAIIMBAaHUS [UIAMEHHU WUJIU JbIMA.

Ilo xapakTepy NpUMEHEHHS MMPOTEXHUYECKUE COCTABBI AEATCA HA CIEAYIOIINE

TPYIIIIHIL.
e (OcBeTUTEIILHEBIC.
e 3axuraTeiabHBIC.
e (CurnanbHBIE.
e JIpIMOBBIE.
e Tpaccupyrommue.

OcBeTUTENbHBIE COCTAaBbl NPUMEHSAIOTCA JUISl CHApSDKEHUSI OCBETUTEIbHBIX
MaTpOHOB, CHApSJOB W aBHAaOOMO M CiyXaT JJisl OCBEHIEHUS MECTHOCTU WU
oTNIeNIbHBIX 00BeKkTOB. Hanbonee ymorpeburenbhblii coctaB umeer 18 % amtomuHus,
4 % wmarnus, 75 % azorHokucnoro Oapusi, 3 % onudsl. OCBETUTETbHBIE COCTaBbI
MPECCYIOTCST B IWIMHIAPUYECKYIO O000JIOUKY, C OJIHOM CTOPOHBI KOTOpPOH
3alpPECCOBBIBAETCS  BOCIUIAMEHHUTENIBHBIM  cocTaB  (IbIMHBIM  mopox). Cxema
OCBETUTEILHOIO MaTpOoHa MpUBecHa Ha puc. 6.6.

XapakTepUCTUKN HEKOTOPHIX OCBETUTEJILHBIX COCTABOB MPUBE/EHHI B Ta01. 6.4.

Tabnuua 6.4
XapaKkTEepUCTUKU HEKOTOPBIX OCBETUTEJIbHBIX COCTABOB
boenpunac Cwuita cBeTa, ThIC. CBEYEN Bpewms neucrtsus, ¢
Ilatpon 50 /
CHapsig 200 60
ABnabomba 700 180

3axuratenbHble COCTaBbl MPUMEHSIOTCS ISl CHApSOKEHUS MyNb, CHApSIOB U
aBnabom06. OHM JIeNATCS HA TPU FPYIIIBL

e TepMHTHO-3aKHraTENbHBIE COCTABbI, COJACPKAIINE B KauyeCTBE OKHCIIUTEIS
OKCHJIbI METAJIOB.

e 3axurarelibHbIe COCTaBbl — KHUCJIOPOA0COIEPKAIINE CMECH (COJIH).

e 3axkWraTelbHbIE COCTAaBBI, HE COJEPIKAIINE OKUCITUTENb.
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2

Puc. 6.6. Cxema 0CBETUTEIHLHOTO IMATPOHA:
1 — runp3a; 2 — Kancrib, 3 — 3apsij] IIMHOTO ITOPOXa;
4 — BOCIIJIAMEHUTENLHBIN COCTAB; 5 — OCBETUTENLHBIA COCTAB; 6-IIBIK

TepMuTHO-32)KUTAaTEIPHBIE COCTaBbl HW3TOTABIMBAIOTCS HA OCHOBE TEPMHTA
(cmech 25 % amtomunHus U 75 % OKHCH Kene3a) ¢ TEMIEpAaTypol TOpeHHsl MOopsaKa
2500 °C. B yucTom BHJI€ TEPMHUT HE MPUMEHSETCS, TaK KaK UMEET HEeOOJbIION paaunyc
3akuranus. lIpumep TEpPMUTHOTO 3aKUTATETBHOIO COCTaBa s 76 MM CHapsjaa
npuBezeH B Tab. 6.5.

Tabnuua 6.5
CocTaB TEpMUTHOIO 3a)KUTaTeIbHOrO CHapsiaa

bapuesas | Kanuesas | Okcn . .
Bemectso P | Antomunuit | Marnuit IemenTaTop
CEJINTpA | CenuTpa | kKeyesa
Conepxanue
ACPIRATIC, | gq 6 21 13 12 4
Mmacc. %

3axuraresibHblE COCTaBbl C OKHUCIUTEIEM B BHJI€ PA3JIUYHBIX COJIEM [OaroT
BBICOKYIO TEMIepaTypy TOpEHUs U JIETKO BOCIJIAMEHSIOTCS. OTH  COCTaBBI
MCTIONB3YIOTCS JAJII CHAPSDKEHUS 3aKUTATEIbHBIX MAIOKaTHOCPHBIX CHAPSIOB H IYIIb.
3axuratepbHble COCTaBbl 0€3 OKHCIUTENS TOpSAT 3a CYeT KHUCIOopoaa BO3AyXa.
B xauecTBe mpumepa mpuBeaeM aBUaOOMOYy ¢ KOpIycoM U3 ajieKkTpoHa (cruiaB 92 %
Maraus U § % amOMUHUS), 3aI0THEHHBIM TEPMHUTHBIM cocTaBoM. Ilpu ropeHnn Takoit
O0oMOBI pasBuBaeTcs Temmeparypa g0 (700?900) 2C u oOpasyrorcss packajJcHHBIC
UCKPBI, KOTOPBIE pa3lieTaloTCsl Ha OONBIIOE PACCTOSHUE.

K 3axkuratenbHbIM COCTaBaM OTHOCUTCA OTBEPXKJIEHHOE roprovee (Hamaim) —
CTyAHeoOpa3Has Macca, I[ojlydaeMasi CMEIIMBAaHUEM CTEapUHOBOW KHUCIOTHI U
CIMPTOBOTO PacTBOpa €IKOro Hatpa ¢ Hedrempomykramu. JIerko BoCIIaMeHsIETCS U
JIaeT IPKoe 00BEMHOE TIaMsl.

CamoBocruiamensitouecs BeniectBa — Oenblid Gochop U CMECH C HUM JIETKO
BocIutameHsitorcs Ha Bosnyxe (7 = 1000 C). IlpumepoM HCNONB30BaHUS JAHHOTO
BEIIECTBA SIBISIFOTCS OYTBUIKU JUISI TIOJPKUTAHUSI TAHKOB, IUPOKO MPUMEHSBIIHECS BO
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Bpemsi Benukoit OrteuectBenHor Boiinbl («Kokteitne MomoTtoBa»). OHU cojaepikar
roprouee u (ocdop, pacTBOpeHHBIN B cepoyriepoje. [Ipu ucnapenuu pactBOpuTeNs
dbocdop BocIiaMeHsETCS Ha BO3JIyXE, M 3a)KUTAIOTCS CHadajga mapbl cepoyriieponaa, a
3aTeM M OCHOBHOE roprovee.

CurHajapHBIC COCTAaBBI JAIOT NIPU TOPEHUU I[BETHOE IUIaMsI, HAIIPUMEDP KPaCHOTO,
KEJITOTO, 3eJICHOTO, Oenoro nBeTa. CUTHANBHBIE COCTABbI C TUTAMEHEM CHHETO IIBETa HE
MPUMEHSIOT, TaK KaK CHHEE TUIaMsl TUIOXO Pa3ju4YuMO Ha OOJBIIOM paccTosHuu. s
MOJIYYCHHSI KPAaCHOTO IIJIJAaMEHH B COCTAaB BBOJAT COCAMHCHHUS CTPOHIIMS, 3€JICHOTO
TJIAMEHU — COEJIMHEHUsSI Oapusi, )KEJITOr0 — COJIM HAaTpHs, 0€JI0TO — COJIU Oapus U Kajusl.
JIisi yBeIMYeHHsl SIPKOCTH B CHUTHAJIBHBIC COCTaBBI BBOIAT 10 5 % aMrOMUHUSA WU
CILJIaBa aqOMUHMS ¢ MarHueM. CUTHAJIbHBIE COCTABbI IPUMEHSIOTCA B 26 MM MaTpOHAX
(paketHmIax). Beicota momgbeMa pakeTsl coctaBiseT 90 M, BpeMs TOpeHUs 3apsaa —
6.5 ¢, cuna ceera miameHu — 10000 cBeuei.

JIBIMOBBIE COCTaBbI MPETHA3HAYCHBI JIJIT MACKHPOBKH OOBEKTOB M 3a/IBIMJICHUS
00EBBIX TOPSJIKOB MPOTHBHUKA. [IpUMEHSIOTCS ISl CHApSKEHUS JTBIMOBBIX IIIAIICK,
cHaps1oB, MuH. [1o XapakTepy mporecca IbIMOOOpa30BaHUs JEIATCS HA TPU TPYIIIIHL.

e JlptMOOOpa3oBaHUE B PE3YNIbTATE TOPEHUSI.

e JlpiMOOOpa3oBaHHME B pe3yJbTaTe B3aUMOJEUCTBUS COCTaBa C BIArou
BO3/yXa.

e JlpiMOOOpa3oBaHUE B PE3YNIbTATE TEPMUUYCCKON BO3TOHKH.

K mepBoii rpynne otHocutcs 6enbii hocdop. [lpu temmneparype +50 2C, o
BOCIUTAMEHSIETCSI U TOPUT ¢ 00pa3oBaHUEM ryctoro Oemoro asiMa. Ko BTOpO# Tpymme
OTHOCSITCSI TPEXOKHUCH CEPhI, YETHIPEXXJIOPUCTOE OJIOBO, XJIOpCyab(oHoBas kucioTa. K
TPEThEH TPyMIEe OTHOCATCS ABIMOBBIC IIAMIKK (IIAmKu EpimoBa), KOTOPhIE COCTOSIT U3
kanuitHoi ceutpsl (10 %), xmopucroro ammonus (40 %), 6epronerosoit comu (20 %),
apeBecioro yris (10 %), wadrammaa (20 %). Ilpu ropenmu cmecu Epiiosa
MPOUCXOIUT BO3TOHKA XJIOPHCTOIO aMMOHHUS W HadTalwHa, KOHJEHCAIUS IapoB
KOTOPBIX MMPUBOJIUT K 00pa30BAHUIO JBIMA.

Tpaccupyromie cocTaBel CIyXaT I OO0O3HAYCHHsI MyTH TOJIeTa TYJIU WU
cHapsaa (Oenast uim kpacHas Tpacca). [IpuMepsl TpaccupyrOIIUX COCTaBOB IPUBEACHBI
B Ta0I. 6.6.

[TupoTexHUYECKNE COCTaBbI, HAPSAIY C PACCMOTPEHHBIMH BBINIC MPUMEPAMHU
MPUMEHEHUS JIJI1 BOSHHBIX IIEJIeH, MTUPOKO HMCIOIB3YIOTCS B KAYECTBE 3apsIOB IS
CHApsDKCHHSI pakeT M MHUPOTEXHUYSCKHX YCTPOWCTB TMPU TPOBEIACHUU CAFOTOB,
OpraHu3aluyd  KpPacOYHbIX (eHepBEepKOB W  JPYyrux MPa3JTHUYHBIX 3PS,
Hcnonp3yemMble TpU  3TOM TMHUPOTEXHUYECKHE 3apsibl SIBISIIOTCS KOMOWHAIMEH
Pa3TUYHBIX COCTABOB.

Tabnuua 6.6
CocTaB TpacCUpyrOIUX CMECen
Tpaccupyrommii Berwectso ConepxaHue BEIIECTBA B )
COCTaB TpPacCUPYIOUIEM cOCTaBe, Macc. %

benas Tpacca HuTtpar Oapus 67
Maruwmit 23
Hlemmax 10
Kpacnas tpacca A30THOKHUCIIBIN 50
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Tpaccupyrommii Berwectso ConepxaHue BEIIECTBA B
COCTaB TpPacCUPYIOLIEM COCTaBe, Macc. %
CTPOHIUI
Marnuti (aTrOMUHMIA) 40
I{emenTaTop 10

Bepuymucsa 6 ocnasnenue

6.4. OBPALLUEHUE C B3PbIBYATbIMU BELLECTBAMMU

Bce Buasl paboT ¢  B3pBIBUATBIMHU  BEIIECTBAMH —  MPOU3BOCTBO,
TPaHCIIOPTUPOBAHKE, XPAHECHHE, HCIONB30BAHHUE, YTHUIIM3AIUSI — OTHOCATCS K 0C000
OMAacHbIM M TPEOYIOT BBIMOJHEHHS] COOTBETCTBYIOMIMX HACTAaBICHUA M WHCTPYKIIHMA.
HecoOmronenne 3THX WHCTPYKIMI MOXKET MPUBECTH K THKEIBIM TIOCIEICTBUSM.
Jlomyck kK paboTe ¢ B3pBIBUATHIMH BEIIECTBAMU M MaTepuaiamMu O()OpMIISETCS MOCIe
CIEeUAILHOTO OOyYeHUsT M cJaud HeoOXoAuMbIX dk3ameHoB. IIpu pabote ¢
KOHKPETHBIMH THIIAMH B3pPBIBYATBIX BEMIECTB pa3pabdOTaHbl COOTBETCTBYIOIIHE
WHCTPYKIIMU, B KOTOPBIX TOAPOOHO W3JI0KEHBI BCE HEOOXOIWMBIE TMOJIOXKEHHS.
[TosToMy mpHBeIeM JIHIIb HECKOJIBKO OCHOBHBIX TPEOOBaHHIA.

e K pabGoram ¢ B3pbhIBUATBIMH BEIIECTBAMH JIOMyCKAaeTCs TIEpPCOHa,
MPOMIEIIINI CrienuaTbHOe 00yUeHUE U aTTECTAIHIO.

e Jlpu mo0ObIX paboTax ¢ B3pbIBUATHIMHU BEIIECTBAMHU HEOOXOAUMO COOJIONATH
WHCTPYKIUIO JJI KKIOTO0 KOHKPETHOTO B3PHIBYATOTO BEIIECTBA.

e [Ipu XpaHEeHUHM B3pBHIBUATHIX BEMIECTB HEOOXOAUMO MPEJOXPAHATH HX OT
CBIPOCTH, JIJISl 3TOTO UCTIOIB3YIOTCS 3aNassHHbIE METAITMUECKHUE KOPOOKH.

e HeobOxomuMo mpenoXpaHATh B3phIBUATHIE BEHIECTBA OT BO3ACHCTBHS
BBICOKOH TeMIepaTyphl, COJHEYHOTO M TEIMJIOBOTO M3Iy4YEHHs, OTKPBHITOTO OTHS.
Temneparypa npu XxpaHeHHH JTOJKHA ObITH OT + 5 10 +15 C.

e [lpu TpaHcmopTUpPOBKE HEOOXOAMMO OOeperatb B3phIBUATHIE BELIECTBA OT
yIIapoB, TPSICKU, TPEHHUS.

Bepuymuca 6 o2nasnenue

7. BO3AEUCTBUE B3PbIBA HA OKPYXAIOLLYIO CPEQLY

OCHOBHBIMH dakTopamu BO3/ICHCTBHS MPOJYKTOB JeTOHAIIUU
KOH/ICHCHUPOBAHHBIX B3pPBIBYATHIX BEHIECTB Ha OKPYKAIOUIYIO CpEeAy SBISIOTCS HUX
Opu3zaHTHOE U (pyracHoe JCHCTBHE.

BbpuzantHOCTh (0T (paHiry3ckoro ciioBa «brizer» — qpoOUTh) — 3TO CIIOCOOHOCTD
B3PBIBYATHIX BEHIECTB K MECTHOMY Pa3pyLINTEIILHOMY JEHCTBUIO B PE3yIbTaTe PE3KOTO
ylapa MpOAYKTOB B3pbIBa IO OKpYyKawIneld cpeae. bpu3aHTHOCTH TpOSBISETCS B
HETNIOCPEJICTBEHHON ONM30CTH OT MOBEPXHOCTH 3apsijia B3PHIBYATOTO BEIIECTBA H
aBigeTcs OnvxHeill popMoit paboThI B3pbIBa.

®dyracHOCTh — 3TO oOIee IeHCTBHME B3pbIBA HA HEKOTOPOM PACCTOSHHU OT
MOBEPXHOCTH 3apsja B3phIBYATOro BemiecTBa. DyracHoe ACHCTBHE TPOSBISIETCS B
COBEpIICHUU PabOTHl Pa3pyLICHHs WU MEPEMENISHUS CPeabl MPOAYyKTaMH B3PHIBA B
npoIecce HX paclIMpeHus. B KkauecTBe mpuMepa MOXKHO TPHUBECTH paboTy,

85



86
3aTpadyeHHYIO Ha pa3pyIIeHUE TOPHBIX MOPOJI WU BIOpOC rpyHTa. Hapsay ¢ TepMuHOM
(yracHOCTh HMCHOJB3YIOT TEPMHUH «PabOTOCTOCOOHOCTH B3PHIBUATOI'O BEIIECTBA» —
TMOJTHAS y/ACJIbHAS (Ha OJMH KUJIOTPAMM B3pPBIBYATOTO BEIIECTBA) paboTa B3pHIBA.
Bepuymuca 6 o2nasnenue

7.1. OUEHKA ®YITACHOCTU B3PbIBYATOIO BELWWECTBA

BBuay oueBHIHOW Ba)XXHOCTH BEJUYUHBI (PyracHOCTH, HEOOXOJMMO MPOBOIUTH
€€ OILEHKU [JIs KaXJOr0 KOHKPETHOTO B3PBIBYATOIO BEIIECTBA U YCIOBUSA €rO
NpUMEHEHHs. Takue OIEHKM MOXHO TMPOBOAUTH KaK TEOPETUUYECKU, TaK U
AKCIEPUMEHTAJIBHO.

Pacuemmnivie memoowvl oyenku pyzacnocmu 63pvleuamozo euiecmea
TeopeTnueckoil xapakTepUCTHKON pabOTOCIIOCOOHOCTH B3PBIBUATOTO BEIIECTBA

CIIY’KMT TOTCHIHManbHas dHeprus Ampgy — Haubospmias pabora, KOTOPYKO MOTYT

COBEPIIUTH T'a3000pa3Hble MPOAYKTHI B3pbIBA MpPU UX OECKOHEYHOM aquadaTHYeCKOM
pPaCHIMPEHUN

f
Amax = Qs BPEEE

rae Qp — Temnora B3pbiBa, JHK/KT;
k=c, /c, — noxasarenb anabaTel IPOAYKTOB B3PbIBA;

¢p, Cy — yleNbHBbIE TEIUIOEMKOCTU MPHU MOCTOSHHOM [JaBJI€HUU U MOCTOSHHOM
o0beme, cooTBeTcTBEHHO, JIx/(Kr-K);

f — cuma B3pBpIBUATOrO BemiecTBa, JIK/KT.

Benumunna f, koropas MOXET HEKOTOPHIM 00pa3oM XapaKTepHu30BaTh

paboTOCTIOCOOHOCTh B3pHIBYATOrO BellecTBa (0€3 ydeTa CTENeHH paclIupeHust),
paccuMThiBaeTcs 1o popmyse

f =RT,,
rae R = ¢, — Cy — ra3zosas NOCTOSIHHAsI IPOIYKTOB B3pBIBA;

Ty — TemMnieparypa B3pbiBa, K.
[Ipu aguabaTuueckoM pacimiupeHud rasza (0e3 TermionoTepb Ha Harpes
OKpYy>Karoliei cpenbl), paboTa B3pbhiBa A, COBEpIIAETCS 3a CUET BHYTPEHHEU HYHEPTUU

E = C,T . Ecnu npunsate, uto T; — HauajbHas TeMIEparypa (TeMieparypa B3pbiBa), a

T, — xoHeuyHasi Temmeparypa ra3o00pa3HbIX MPOAYKTOB B3pPbIBA, TO IJIS HACATHLHOTO
raza pabora aguabaTHyecKoro paclIMpeHus paBHa:

f T
AB:CV(T]._TZ):— 1--2 = nAmnax (7.1)
k—1l" T,

rnen=|1- T—Z — TepMOAMHAMUYECKUN KOA((PUIIMEHT MOJIE3HOT0 JEHCTBUS B3PbIBA.

1
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B npenensHoMm ciywae (npu T, — 0) koaddunment noneznoro aevicteus 1 =1

u, cootBeTcTBeHHO, Ay = Apay -

®opmyiny (7.1) MOXKHO MCHIONB30BATh AJIA TPYObIX OIIEHOK, OCKOJIBKY TOYHBIE
JaHHBIE 110 BeIUYMHE [, MmoayuduTh TpyAaHo. Ha mpakTuke, mpu coBepiieHuH paboThI B

BUJIE 00IIEero NeicTBUs B3phiBa (pa3pylIeHUE 3HAYUTENHHOTO 00BbEMa TOPHBIX MOPO/I,
BBIOPOC TPYHTA) UCIIONB3YIOTCS MPUOJIMKEHHbIE (opMyITbl YelnblioBa:

K—1T]
Vq

V,

A =Q [1-

k-1 ]

A :QB 1- & ‘
? P

rae V,, V, — HauanbHBIN U KOHEUHBIH 00bEM ra3000pa3HbIX MPOJYKTOB B3pPbIBA;

p1 — HAYAJIBHOE JJaBJICHWE NPOAYKTOB B3pbIBA;

p2 — JaBlIEHHE TPOJYKTOB B3pbIBa, KOTOPOE OHHM NPHOOPETAOT TMOCIe
pacHIMpeHus U COBEpIICHUs paboThl As.

JIist  B3pBIBUATHIX BEIMIECTB, NPOIAYKTHI B3pbIBA KOTOPBHIX OyAyT UMETh
NpUONU3UTENIbHO  OJWHAKOBBIM  CcOCTaB, BelWuMHa A  OponopiuoHaibHa
npousBeneHuo MNQ;. IloaToMy paboTOCIOCOOHOCTH TOrO WM HWHOTO B3PHIBYATOTO
BEIllECTBA MOKET OIICHUBAThCA MO ero TemioTe B3pwiBa Q. Ilpu pacuere A, mo
dopmymnam YenblioBa mpeamosaracTcs, uro BenmuuHa K = const = 1.25. Hampumep,
st ammonuta  6KB  pacuer mno  dopmynam  YenbioBa gaer  3HaAUYCHUE
A, = 4,23 M]Jx/kr. 171 B3phIBUATBIX BEMICCTB 00JIEE CIIOKHBIX COCTABOB, BeMunHa K
HE SIBISIETCS KOHCTAHTOM, a 3aBUCUT OT TEMIEPATypbl W JaBJICHUS MO CJIOXKHOMY
3akoHy. [loaTomMy TOYHO paccuuTaTh pabOTOCIIOCOOHOCTH B3PHIBUATOTO BEIIECTBA
HEBO3MOXKHO U JIJIS €€ OINpe/IeTCHUS UCTIOb3YIOTCS SKCIIEPUMEHTAILHBIE METO/IBI.

3Kcnepumeumaﬂbubte Memoowl OUEHKU qbyzacnocmu 83pbleuamoclo eeuiecmea

JInst  SKCHEepUMEHTAIBHOM  OlEHKH  (yracHOCTH  (paboTOCOCOOHOCTH)
B3pPBIBYATOTO BEIICCTBA HA MPAKTUKE UCITOIB3YIOT CIICAYIONNE METO/IbI:
e Metoj CBUHIIOBOM OOMOBI.
Metop 6aIuCTUUECKOTO MasITHUKA.
Merton 6amIuCTUYECKONH MOPTHUPBI.
Omnpenenenue o00beMa BOPOHKU BbIOpOCa TPYHTA.
H3mepeHne nmapaMeTpoB BO3AYITHBIX YAAPHBIX BOJIH.
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Memoo ceunuoeoii 6omowvl

Meton cBUHIIOBOW O0MOBI HauOoJsiee MIMPOKO MPUMEHSETCA IS ONpeleeHUs
OTHOCHUTEJIbHOW pab0TOCIOCOOHOCTH B3PHIBUATOTO BelllecTBa. bomOa u3roraBiuBaercs
1o Mex1yHapoJHOMY CTaHIApTYy.

CranmaptHas Oomba (O0omOa Tpayiyisi) coorBerctByeT ['OCT 4546-81 u
MpEJCTaBIsAeT COO0OM MAacCHUBHBIM CBUHILIOBBIM IUJIWHIAP C HECKBO3HBIM OCEBBIM
kaHajoM (puc. 7.1).

025

200
125

2

i
0 200
a) 0)

Puc. 7.1. Cxema cBHHIIOBOM OOMOBI: a — JI0O MCIIBLITAHUS; O — ITOCJIe UCIIBITAaHUS

bomba otnuBaercs u3 padhuuupoBannoro ceunna mpu 7' = (390?7400) 2C. Ha nHo
KaHajla MOMEUIAeTCsl 3aps]l MCCIEeIyeMOro B3pbIBYUATOro BemectBa maccoil 10 r B
OyMakHO# ruib3e. CBOOOHAs YacTh KaHalla 3aChIIAETCsl CYXMM KBaplEBbIM MECKOM
(puc. 7.1. a). 3apsin B3pbIBYATOrO BEIIECTBA MHULUHUPYETCA AJIEKTPOJAECTOHATOPOM.
[Tocne B3ppIBa B 60MOE 0Opasyercs xapaktepHoe B3ayTue (puc. 7.1. 0).

Pacmipenne 60omOb1 AV (cM®), 3a BBIUETOM HAUYAIBHOTO 00bEMa KaHAIA U
PACIIHPEHHS, TPOU3BOAMMOr0 AeTOHATOPoM (30 cM°), SIBISETCS MEpOii OTHOCHTETBHOM
paboTOCTIOCOOHOCTH B3PHIBUATOIO BEIIECTBA.

UcnpiTanuss npoBoasT B craHaapTHbix ycnoBuax (7= +10 XC), wucnons3ys
OJIMHAKOBbIE TecOK W AeToHarop. [Ipu rpagynpoBke O0OMOBI B KaueCTBE 3TaJOHHOIO
B3pPbIBYATOr'0 BEIIECTBA MOXKET CIYKUTh JBAXKIbl MEPEKPUCTAIIN30BAHHBIA U3 CIIUPTA
Tpotua. B Tabn. 7.1 mnpuBeneHbl HEKOTOpbIE JaHHbIE MO pPabdOTOCIIOCOOHOCTH
B3pBIBUATHIX BEIIECTB, MMOJyYEHHBIE METOIOM CBUHIIOBOH OOMOBI.

Tabmuua 7.1
PaboTocrnocoOHOCTh HEKOTOPBIX B3PbIBUATHIX BEIECTB,
MOJTy4YEHHasi METOJIOM CBUHIIOBOM OOMOBI
B3peiBuatoe Tpotun AMMOHUT AMMoHan I'ekcoren
BEIIIECTBO 6KB CKaJIbHBIN
AV, cM® 285?310 3607390 4607480 4757495

Pacxoxnenue Mexay mapamuielbHbIMU UCTIBITAHUSIMUA B coOTBETCTBUU ¢ ['OCT
4546-81 He momKHO TpeBbIaTh 10 cM°, 0HAKO HA MPAKTHKE OHM JOCTHraoT 30 cM° u
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O6onee. OIHMM U3 HEJAOCTATKOB METO/AA SBISIETCS TO, 4YTO PabOTOCHOCOOHOCTH
B3pPBHIBYATOTO BEIIECTBA BBHIPAXKAETCS B HEKOTOPBIX YCIOBHBIX €AMHHIIAX MPHUPAIICHHUS
oovema. Kpome Ttoro, mo BenuuumHe AV Helb3s KOJWYECTBEHHO CpPAaBHUBATH
B3pBIBYATHIEC BEIIECTBA, & MOXKHO JIMIIb PACTIONOKHUTH UX B HEKOTOPBI OTHOCUTEIbHBIN
psia. DTO CBSI3aHHO C T€M, 4TO BelMunHa AV cBsi3aHa ¢ HCTUHOM pabOTOCIOCOOHOCTHIO
B3PBIBYATHIX BEIIECTB HEJIMHEMHON 3aBUCUMOCTBHIO.

Memoo IKeueareHmuvIX 3apA008

JUIss OTHOCUTENbHOM OIIEHKH pabdOTOCIOCOOHOCTH B3pbHIBYATBHIX BELIECTB
A.®. bensieB npeaioKuil METO SKBUBAJIEHTHBIX 3apsiioB. CyTh METO1a 3aKIIIOYAETCS B
ONpeJIeNIeHNH SKBUBAJEHTHON Macchl 3TaJOHHOIO 3apsja (Hampumep, TpOTWiIa WIH
amMmonuta 6)KB), mpousBoAsIIero Takoe e paclIMpeHHe, KaK HCCICAYEeMbIH 3apsi.
OpuHakoBbIM pacmipeHusM AV J10JKHa COOTBETCTBOBATH OJMHAKOBas padoTa

B3pbiBa Ay .

[Ipu ucnosib30BaHUU METO/a SKBUBAJIEHTHBIX 3aps0B U3MEPEHUS TPOBOJATCS B
CJIEIYIOLIEM TOPSJIKE.

e Crpoutcs rpaduk 3aBUCUMOCTH pPaCHIMPEHUs CBUHIIOBOM OOMOBI AV 0T
Macchl B30PBaHHOIO 3apsifia ITAJOHHOTO B3PBIBYATOrO BellecTBa M, Hampumep,
ammonuta 6KB (puc. 7.2).

e IlpoBoauTcs B3pbIB HcClEAyeMOro o0pas3la B3pbIBUATOTO BEILIECTBA MAaCCOM
M = 10r u onpegensiercst BenuunHa AV .

e Jlo rpajpuky (puc. 7.2) HaxoguTCsi HKBUBAJICHTHAs Macca 3TaJOHHOIO

B3pPBIBYATOrO BelecTsa M .
M, r

T T

16

AV, oM’
0 200 400 600 800

Puc. 7.2. 3aBucHUMOCTb paclIupeHUs] CBUHLOBOW OOMOBI
OT MaccChl B30PBAHHOI'O 3aps/ia TAJIOHHOIO B3phIBUATOrO BELIECTBA

e OrmpenensieTcss  OTHOCHTEIbHas  ¢yracHocTh  (pabOTOCIIOCOOHOCTH)
B3PBIBYATOIO BEIECTBA [T0 OTHOIICHUIO K ATAJIOHY
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B coorserctBun ¢ sroit gopmynor, npu M = M, Bemumuuna A, =1; npu
M < M, Bennuuna A, > 1;npu M > M, Bennuuna A, < 1.
e Jlis U3BECTHOTO 3HA4Y€HUs PabOTOCIOCOOHOCTH ATAIOHHOTrO BellecTBa A,
MOYKHO OIIPEJICIUTh BEIMUMHY Ay IS UCCIIEAYEMOT0 B3pHIBYATOTO BEIIECTBA
Ay = Ay - Ay
Hexoropble naHHBIE MO OTHOCHUTENBHON pabOTOCIOCOOHOCTH B3pPBHIBUATHIX

BEILIECTB, IMOJIyYEHHbIE METOJOM O3KBHMBAJIEHTHOI'O 3apsiia B CBHUHIIOBOW OomOe
npuBeAEeHBI B Ta0MI. 7.2.

Tabnuua 7.2
OTtHocutenbHas paboTOCIOCOOHOCTh B3PhIBUATHIX BEIIECTB,
MOJIYYeHHAs] METOJIOM YKBUBAJICHTHOIO 3apsiia

B3peiBuaroe AV, cm® M,,T A,
BEILIECTBO

Tpotun 310 8.2 0.82
Ammonut 6KB 390 10.0 1.00
I'excoren 495 12.1 1.22
TOH 500 12.3 1.23
Terpun 390 10.0 1.00
JluHamMuT 410 10.4 1.04

Memoo daniucmuueckozo MasmHuKa

OCHOBOM MasTHUKA SABISETCS TIpPy3, IOJABEIICHHBI Ha JKECTKUX TArax K
HENOoABWKHOU ontope. [Ipu Bo3aelcTBUM Ha MasATHUK IIPOAYKTOB B3pbIBA WUIINA yAAPHOMU
BOJIHBI, OH II0J1y4aeT HEKOTOPBIA UMITYJIbC CWJIBI U OTKJIIOHSAETCS Ha COOTBETCTBYIOLIAMN

yroin ¢ (puc. 7.3).
7

Puc. 7.3. Cxema 0aJUTMCTUUECKOTO MAsATHUKA

[Tpu moapeIBe 3apsia UCCIEAYEMOTO B3PhIBYATOTO BEIIECTBA, PA3MEIICHHOTO Ha
TOpIIE MasTHHKA, IICHTP THKECTH MasTHUKA MOJAHMMAeTcs Ha BbicoTy h (puc. 7.3).
Takum o0pa3om, paboTa B3phiBa A, 3aTpayMBaeTCs Ha MOJIBEM IIEHTpPa THKECTU
MasTHUKAa ¥ MOYKET OBITh pacCUMTaHa 1Mo GopmyIie
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A, = mgh= mgl (1- cosj ), (7.2)

r7ie m — Macca MasTHHKA,;
| — nrHa moaBeca MasITHUKA,
h — BeICOTA MOBEMA IIEHTPA TSKECTH MAasITHUKA,
g — yCKOpeHHe CBOOOIHOTO MaJICHUS.

[To u3BecTHbIM 3HAueHWsM m, | W HU3MEPEeHHOMY yIiy OTKIOHEHHS ¢ C

MOMOIIBI0 PopMyIIbI (7.2) MOKHO PacCUYUTATh BEIMUUHY As.

[Ipu wucobiTaHUSIX OOBIYHO OMPENENSAIOT MacCcy 3apsjia HUCCIeTyeMOro
B3PBIBUATOrO BEIIECTBA, KOTOPHIA JaeT OTKIOHEHHE MAasTHHUKA, PABHOE OTKJIOHEHUIO
MIPU B3pbIBE CTAaHJAPTHOTO B3pbIiBUaToOro BemecTBa maccoi 200 r. OOBIYHO B Ka4eCTBE
ATAJIOHHOT'O BEIIECTBA MCHOJIb3yeTcsi TpOoTuid. [Ipu 3TOM ompenensiercss TPOTUIIOBBIN
SKBUBAJICHT  HMCCJIEAYyEeMOrO  B3phIBYUATOrO  BemiecTBa. J[OCTOMHCTBO  MeTOja
3aKJII0YAETCs] B BOBMOYKHOCTH MPOBOAUTH UCIIBITAHUSI KPYIHBIX 3apsiJIOB Maccou Oosee
200 r.

Memoo 6annucmuueckon mopmupol

Cxema OamauCTUYECKOW MOPTHUpHI TpuBeAcHa Ha puc. 7.4. YcTaHOBKa st
U3MEpPEeHHUs pabOTOCIOCOOHOCTH B3PBIBUATHIX BEIIECTB COCTOMT W3 MACCHUBHOM
CTaJbHOW MOPTHUPHI |, MOJBEIIEHHONW HAa MOABECAX 5 B BHUAE MASTHHUKA, B3PBIBHOM
KaMepbl U paclIMpUTEIbHOM Kamepbl. Bo B3pBIBHOW KaMepe MOMELAeTCs 3apsif
HCCIIEyEMOTO B3phIBYATOrO BemlecTBa 3 Maccord 10r; B pacHIMpHUTENBHOM KaMmepe —
MAaCCHUBHBIN NopiIeHb-cHapsA. [Ipu moapsIBe 3apsia B3pbIBYATOTO BEIIECTBA MOPLIEHb-
CHapsii Maccoil m BbIOpachIBaeTCs ¢ HayaJIbHOM CKOpPOCTBIO U, a MOpTHpa Maccod M
OTKJIOHSIETCS HA YIOJI (0, PETUCTPUPYEMBIN U3MEPUTENEM 4.

ey

N\ N\ %

5 5

S

& & :

2

3
A

Puc. 7.4. Cxema OayumcTaeckoil MOPTUPHL: 1 — MOpTHpa; 2 — cHapsa; 3 — 3apsi
B3pPBIBYATOTO BEIIECTBA; 4 — U3MEPUTENh OTKIIOHCHHUSI; 5 — TOJIBEC

Pabota A;, 3aTpaueHHas Ha OTKJIOHEHHE MOPTUPBI HA YTOJI (P, PACCUUTHIBACTCS
o gpopmyiie, ananoruyHoi (7.2):
A = Mgh= Mgl(1- cosj ), (7.3)

raie M — Macca MopTHpBI;
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h=1(1- coSj ) — BbICOTa NOAHSTHUS LICHTPA TAKECTU MOPTHPHI;

| - IMHA TOIBECOB MOPTHPHI.
HavanbHyto ckopocTh JBMKEHUs Moptupsl U MOXHO  OIpenesuTh,
NpUpaBHUBAs PabOTy OTKIOHEHUSI MOPTUPHI A1 U €€ KUHETUYECKYIO SHEPTHUIO:

MU 2
2

= A = Mgl(1- cosj ). (7.4)

U3 (7.4) cnenyert, 4to

U = 2gI(1- cosj ). (7.5)

PabGorta A4,, 3aTpadyeHHass Ha BBIOPOC MOPIIHS MAacCOM M, PacCUUTHIBACTCS IO
bopmyie:

A =——or, (7.6)

rae M — Macca HOpILHS;

U — HavaJibHasi CKOPOCTh MOPIIIHS.

B cootBercTBUM ¢ TpeThbUM 3aKOHOM HbIOTOHA, KOJIMYECTBO JABUKEHUS
(MMIyJbC), TOTYYEHHOE MOPTUPOU U MOPIIHEM JTOJKHO OBITh OJTUHAKOBBIM

mu= MU . (7.7)

N3 (7.5) u (7.7) MOXKHO TIOJTY4UTh POpMYITy JJI pacuera CKOPOCTH CHapsi/a:

u= MU = M\/Zgl(l- cosj ). (7.8)
m m

[Moacrasnss (7.8) B (7.6), monyuum popMyny 1t pacyeTa paOOThl, 3aTpaueHHOM
Ha BbIOPOC MOPIIHS

2
Ay = M—gl(l- cosj ). (7.9)
m

[lonnast pabora B3pbiBa OyAeT paBHa CyMMe pabOT, 3aTpay€HHBIX Ha BHIOPOC
MOPIIHS U OTKJIOHEHUE MOPTHPHI:

A, =4 + Ay = Mgl(l—COS(p(lJr M). (7.10)
m

Takum 00pa3oM, MO HM3BECTHBIM 3HaueHusM M, m, | u w3mepeHHomy yriy
OTKJIOHEHUS MOpPTUpPbl | ¢ mnomouiplo ¢opmynsl (7.10) MOXKHO paccUUTaTh
PaboTOCTIOCOOHOCTH UCCIEYEMOTO B3PhIBYATOrO BEIIECTBA.
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0uem<a paﬁomocnocoﬁnocmu 83pbleiamblx éeuiecme no 60pOHKe 3b16p0ca

[Ipy  B3pbIBE  COCPENOTOYEHHOIO  3apsja  B3pbIBYATOrO  BEIIECTBA,
PacnoyiOKEHHOT'O0 B TPYHTE Ha HEKOTOPOW riiyOuHe, oOpa3yeTcsi BOPOHKAa KOHUYECKOUN
dopmbl  paguycoMm R wu rayounoit h (puc. 7.5). Kak mnokasamu pe3ysbTaThl
MHOTOYHMCIIEHHBIX ~ JKCIEPUMEHTOB, 00beM  oOpa3oBaBlieiicss  BOpoHkH  V
MPOMOPIIMOHANIEH PAa00TOCTIOCOOHOCTH 3apsifia B3PbIBUATOTO BEIIECTBA:

4 V=SR2
3

6

Ha 3ToM npuHIune ocHOBaH METOJ OLEHKU OTHOCUTEJIbHOM pab0TOCIIOCOOHOCTH
B3pbIBYATOr0 BelllecTBa. B mecyaHoM rpyHTe Ha (PUKCUPOBAHHOW JJiA AAHHOW CepUu
OMBITOB TNyOHHE, 3aBUCALLEH OT NOTEHIIMAJIBHON SHEPTUU B3PbIBA, MOJPHIBAIOT 3aPsi /bl
HCCIIEyEMOTO M ATAJIOHHOTO B3pbIBUATHIX BewiecTB. [Ipy aTOM 3apsan mccieayemoro
B3pBIBYATOr0 BeUIECTBA UMEET (PUKCUPOBAHHYIO Maccy M, a Macca TaJIOHHOIO 3apsia
M BapbupyeTcsi 10 TeX Nop, Hoka 00beM BOPOHKH, 00pa3yeMoil Npu B3pbIBE
ATAJIOHHOTO M HCCIEAYEMOrO 3apsioB, He OyneT oauHakoBbIM. OTHOCHUTENbHas
paboTococoOHOCTH onpeaensercs no Gopmyne:

A=Y
M
rae M, — macca JKBUBAJCHTHOIO 3apsifia, TO €CTh Macca 3apsaa 3TajJlOHHOIO

B3pPbIBYATOr'O BEILECTBA, IPU B3PbIBE KOTOPOI'O COBEPIIAETCS Ta ke pabdoTa, 4To U NMpHU
B3pBbIBE 3apsJa MCCIEAYEMOro B3pbIBUATOrO BeliecTBa Macco M. B kadectBe
ATAJIOHHOT'O BEIIECTBA OOBIYHO UCIOJIb3yeTCsl aMMOHUT 6KB.

R

Puc.7.5. MeTop olieHKM paboTOCIIOCOOHOCTH B3phIBYATOIO BEILIECTBA
110 BOPOHKE BhIOpOCa

Ilapamempuol yoapnuix 601n

Ouenka @¢yracHoct (paboOTOCIIOCOOHOCTH) B3PHIBYATOrO  BEIIECTBA IO
W3MEPCHHBIM TIapaMeTpaM YAApHBIX BOJH TPOBOJUTCS JABYMS CIOCOOaAMU —
U3MEpPCHUEM UMITYJIbca (Da3bl CKATHS YAAPHOW BOJIHBI MM U30BITOYHOTO JaBICHUS HA
ee (ponTe.
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[Ipu u3mepenun ummyibca (a3bl CKaTUS BOJHBI UCHOJIB3YIOTCS CHELHAIbHbIE
npuOOpsl — UMIYJIbCOMEPBI PA3TUYHON KOHCTPYKIUH (MAasiTHUKOBBIE, MOPIIHEBBIE
u T.14.). Ilpn u3MepeHnn M30BITOYHOTO J1aBJICHUS UCIOJIb3YETCS NAaTYUKU JABICHUS C
BBICOKHM BPEMEHHBIM Pa3pELICHUEM, B HACTHOCTH, ITbE30JIEKTPUUECKHUE TATUNKH.
Kpome Toro, BenuuMHy H30BITOYHOIO [JABJIEHUS MOXKHO pacCUUTaTh [0
U3MEPEHHON CKOPOCTH YIAPHOW BOJIHBI:

Dp= kzi 1(u2- c?) (7.11)

rae A p — n30bITOYHOE J1aBIICHUE;

p — INIOTHOCTh BO3/1yXa;

k — mokasarens aguabdate! (st Bozayxa K = 1.4);

U — CKOPOCTb yAapHOM BOJIHBI,

¢ — CKOpPOCTb 3ByKa B BO3/IyXe€.

JUist oueHKW (yracHOCTM B3PBIBUATOTO BEIIECTBA MOKHO HCIOJIb30BATh
AMIIUPUYECKYIO GOPMYITY, MOJIYYEHHYIO B Pe3yJibTaTe 00paOOTKHU OMBITHBIX JAaHHBIX:

— 0.757,0.25
A, = KQ; “Vy =, (7.12)

rae Q,— Teruiora B3phiBa, JIK/KT;

Vo — yienbpHbII 00BbeM ra3000pa3HbIX TPOIYKTOB B3pbIBa, (JI/KT);

K — smnupuyeckuit K03 GUIMEeHT.

BBuny ciiokHoCcTH omnpenencHus koddgouimenta K, oObraHO Beipakenue (7.12)
MCTIONB3YETCs 111 HaX0KIEHUsI OTHOCUTENIbHOM paboTtociocoOHocTH. Ecnu B kauecTBe
STAJIOHHOTO B3PBIBUATOTO BemiecTBa B3ATh amMMOoHUT 6XB (Q, =4.32 MJDx/kr,
V=893 n/kr), To hopmyna (7.12) mpumer Bu:

0.75 0.25

K AB QB

B —

_ Vo
A, (432 893

B nuTeparype yacto B kauecTBe MEphl OTHOCUTEIBHON (DYracCHOCTH B3PBIBUATOTO
BEIIECTBA UCIIOJIB3YETCS BEIMUYMHA TPOTHIIOBOTO DKBUBAJICHTA, KOTOPBIA OMPEALISICTCS
pacyYeTHBIM WM JKCIEPUMEHTAIBHBIM IyTeM. I[IpM 3TOM B KadeCcTBE ATAJIOHHOTO
BEIIECTBA MTPUMEHSETCS TPOTHII.

TpoTWNOBBINE JKBHBAJICHT — 3TO BEJIWYMHA, KOTOpas TOKa3bIBAaeT, CKOJIBKO
KWJIOTPAaMMOB  TPOTHJIa HEOOXOAMMO B30pBaTh, YTOOBI TIOJYYHUTHh TaKyK XKe
(GyracHoCTh, KaK y OJHOTO KHJIOTpamMMa MCCJIEAYEMOTO B3PBIBUATOrO BellecTBa. Ecim
TPOTHUJIOBBIM PKBUBAJICHT MEHBIIIE CIMHUIIBI, TO IAHHOE BEIECTBO MOIIHEE TPOTHIIA, U
Hao0oOpoT. BenmnunHa TPOTHIIOBOTO SKBUBAJIEHTA 15 JJIT HEKOTOPHIX MPOMBIIICHHBIX
B3pPBIBYATHIX BEIIECTB MpHUBEACHA B Ta0. 7.3.

Tabnuma 7.3
TpoTHIOBBI PKBUBAJICHT MPOMBINIJICHHBIX B3PHIBUATHIX BEIIECTB

‘ Bemectso ‘ YrueHur ‘ AMMOHUT ‘ AMMOHUT ‘ AMMOHUT ‘ Tporun ‘ AMMOHan ‘
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IDKB-2 AII5S)KB 6B CKaJIbHBIN
T5 0.39 0.57 0.65 0.81 1.00 1.08

Bepuymucsa 6 ocnasnenue

7.2. OUEHKA BPU3AHTHOCTU B3PbIBYATOIO BELLECTBA

Kak orMeuanoch Bbllle, OpPU3aHTHOCTh B3pPHIBYATOI'O BEILIECTBA — 3TO €r0
CIOCOOHOCTh K MECTHOMY Pa3pyLIUTEIbHOMY IEHCTBUIO, MPU KOTOPOM HArpy>KeHHE
Cpelbl OCYIIECTBIISIETCSI MMEHHO MNpPOAYKTaMu JAeToHauuu. bpuszaHTHOe nelcTBHe
B3pPbIBYATOr'O BEIIECTBA MPOSBIIAETCS JUIIb HA OJIM3KUX PACCTOSHUAX OT MECTa B3phIBa,
r7ie JaBJ€HUE U TUIOTHOCTh SHEPTrUU MPOAYKTOB B3PbIBA €€ JOCTATOYHO BETUKH. JTO
pPacCTOsIHME COIMOCTaBUMO C pa3MepaMu CaMOro 3apsijia B3pbiBUaToro Bemectsa. C
yIaJleHUEM OT MeCTa B3pbIBa MeXxaHuueckas 3(QQEeKTHUBHOCTb PE3KO CHUXKAETCS
BCJIEACTBUE MaJCHUS JAaBICHUSI, CKOPOCTH U APYTUX NapaMeTpOB MPOJYKTOB B3pPbIBA.

[IposiBnenre OpU3aHTHOCTH — 3TO OCKOJIOUHOE AeCcTBUE O0enpunacoB, 3pPeKTbl
KyMYJISIIUM, OpOHENpPOOMBHOE JAEMCTBUE NPOAYKTOB JAETOHALMU U JPYru€ BUJbI
MECTHBIX pa3pyLIeHUW. DPU3aHTHOCTH SABIAETCA ONHOW M3 BAXHBIX XAPAKTEPUCTUK
B3pbIBYATOrO0 BEILIECTBA, HA OCHOBAHWM KOTOPOW MPOBOAUTCS HMX CpPABHUTEIbHAs
OLICHKa W BBIOOp JUIsI KOHKPETHBIX Leied (Ooempumnachl, KyMYJISTUBHBIE 3apsijibl,
B3pBIBUYATHIC BEUIECTBA /ISl PE3KU B 00paOOTKHU METAJUIOB B3PHIBOM U T.1I.).

bpuzantHble CBOICTBAa B3pHIBYATOrO BEIIECTBA HE OMPEACIAIOTCS MOJIHOCTHIO
TEMU 3K€ TMapaMeTpaMy, 4YTO W (YracHOCTh JAHHOTO B3pbIBUATOrO BemiecTBa. B
YaCTHOCTHU, (PyracCHOCTh B3PHIBUATOI'O BEIIECTBA BO3PACTAET C YBEJIMUYEHUEM YJIETbHON
TEIUIOTHI B3PbIBYATOrO IpeBpalleHus Qy, YAENbHBIM 00beMOM YV, U TEIUNIOEMKOCTBIO Gy

ra3000pa3HbIX MPOYKTOB B3PHIBA.

Jliss OlleHKH OpHU3aHTHOCTH ONpECISIIOMMMH (HaKTOpaMH SIBISIOTCA Apyrue
napaMeTpsl — CKOpOCThb jAeToHammu D wu paBnenue netoHanuu p. M3MmeHeHwue
IUIOTHOCTH 3apsia ci1abo BiIHseT Ha pyracHOCTb, HO 3aTO OKa3bIBAET CHIIBHOE BIMSHHE
Ha ero OpU3aHTHOCTH. DTO CBSI3aHO C TE€M, YTO CKOPOCTh U JAABJICHHUE IETOHAIMH PE3KO
BO3PACTAIOT C yBEIMYCHHEM HAYaJIbHOM MIIOTHOCTH B3PHIBUATOTO BEIIIECTBA.

Teopemuqecmm OUEHKAa 6pu3anmuocmu

M3BECTHO HECKOJBKO CIOCOOOB TEOPETUYECKOM OLEHKHM OpU3aHTHOCTH,
OCHOBaHHBIX Ha pAne PU3MUECKUX MPEeAnocbulok. PaccMoTpum aBa cniocoba pacueTa
OpU3aHTHOCTH B3PbIBYATOTO BELIECTBA.

B nepBom crnocobe B kayecTBe Mepbl OPU3AHTHOCTU NPUHHUMAETCSI BEJIMYMHA
ckauka jnapieHuss Dp Ha ¢ppoHTE BOIHBI JETOHAIMH:

Dp=p - py=roub,
TJI€ Do, Po — NABICHHUE U IJIOTHOCTh HEBO3MYIIIEHHOTO BO3/1yXa,

U — CKOPOCTh pasiieTa MpoyKTOB JE€TOHAIINH.

Bo BTOpOoM crnocobe B kadecTBE Mepbl OpHU3aHTHOCTH MCIOJB3YeTCsl BEJIMYMHA
UMITYJIbCUBHOM cuiibl. B mpeanonokeHuu, yTo Mpu BCTpeUue ¢ Mperpaaoi, BCIEeICTBUE
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JIBUKEHUSI MPOJYKTOB JETOHALMM K CTEHKE, OHM OyIyT YIUIOTHSThCS, a JaBICHHUE
BO3pacTaTh, ProfeHOepr mnpeuiokuil XapakTepu3oBaTh OpPU3aHTHOCTh BEITUYMHOM

HMHy.IIBCPIBHOfI CHJIBI

P =Dp +ru’, (7.13)

2 ~ L
rae pU -IMHAMUYECKUI HAIOP MPOAYKTOB JETOHALUY B 30HE JE€TOHALIMOHHON BOJIHEI.
Jlns  cunbHOM jetonanmonnoi Bomeel (U: D; P ? py) Bemommsiorcs
CIEYIOLINE COOTHOILECHUS

r,D? )
D S L
p » p - 1
> (7.14)
2
2 roD _ P
rus» —9— =1,
"k(k-1) K /

rae K — mokaszatesb aauadbathl IPOIYKTOB JCTOHAIHH.
[Moacrasnss (7.14) B (7.12), monyuuM crleayioliee BbIpaKCHHUE IS pacuera
VMMI1YJIbCUBHOM CHUJIBI:

k+1
P =p o

Pe3ynbpTaThl 3KCIIEPUMEHTOB IMOKa3ajid, YTO TOKa3aTelb aauadaThl MPOIYKTOB
neronanuu K = 3; mpu 3ToM opmyra Ui pacyeTa UMITYJIbCUBHOM CHIIBI IPUMET BUI:

4
P=—p.
317

VYkazanHbele (OpMYJIbl SBISIOTCS MPUOIMKEHHBIMHU W MOTYT HMCIOJb30BaThCS
TOJIBKO JIJIsl TPYOBIX OLEHOK OpU3aHTHOCTH B3PHIBYATOIO BEILIECTBA.

3Kcnepumenmaﬂbuoe onpeoeﬂelme 6pu3aumuocmu 83pvleuamoco eeuiecmea

[Ipu sKCcriepUMEHTAILHOM OIpeJeIeHUN OPU3aHTHOCTU B3PHIBUATOrO BEIIECTBA
UCIIONB3YIOTCS pasfinuHble MeTOoJbl. Paccmorpum Haumbolsiee pacnpoCTpaHEHHbIE
METO/IbI — 00’KaTHE CBUHIIOBBIX CTOJIOMKOB M 00aTHUE MEIHBIX KPEIIEPOB.

Oboicamue c8UHYOBLIX CMONOUKOB

Meton o0xatusi CBUHIIOBBIX CTOJIOMKOB ObLT mpemsioxkeH ['eccom B 1876 1. u
ABJIAETCS. HAaubOJIee PaCIPOCTPAHEHHBIM M MTPOCTHIM METOI0OM HCIBITAHUS B3PBIBUATHIX
BellleCTB Ha OpuzaHTHOCTH (puc. 7.6). [Ins ucnbITaHUN TPUMEHSETCS CBUHIIOBBIN
cTon6uk 2 nuametpom 40 MM U BbIcOTOM 60 MM, KOTOPBIM BEPTUKAIBHO YCTAHOBJIEH Ha
MacCUBHOM cTanbHOM muTe 1. Ha cronduk noMmemarT CTalbHYHO IUJIaCTUHY
nuametpoM 41 MM u BeicoToi 10 MM, HA KOTOpPOW YCTAaHOBIJIEH 3apsA] B3pPbIBYATOIO
BemiectBa auamerpom 40 mm, maccoit 50 r B OymakHoi o0Oosiouke. 3apsijy cHaOX eH
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Karcronem-geronatopom 5. IIpu B3peiBe BemiecTBa cTosOuK Aedopmupyercs. Mepoit
OpU3aHTHOCTH SBJIIETCS BEJIMYMHA

Ah Ah

ogo==—=—-—

he  (ho - Ah)
rae Ah =hg —hy — BenuunHa o0x)aTus,

ho, hy — HauanbHAsA M KOHEYHAs BBICOTA CTOJIOMKA.
OYHKIUS ¢ YYUTHIBAET YBEJIWYEHUE COMPOTUBIICHUS CTOJIOMKA MO MEpEe €ro
obxarusa. B Tabnm. 7.4 mnpueaennl BenuumHbl AN M @, XapakTepu3yrolue

OpU3aHTHOCTD, JIsl HEKOTOPBIX B3PHIBYATHIX BEIIECTB.
Tabnuia 7.4
3HadeHuss OPU3aHTHOCTH JUIS PA3IMIHBIX B3PHIBYATHIX BEIICCTB MPH IUIOTHOCTH | /ey

BspeiBuatoe | AmMmonut 6KB | Tpotun | Jletouut M | AMMOHMT CKaJbHBIN
BEIIECTBO
Ah, MM 14 16 17 18
a 0.305 0.364 0.396 0.430

C yBenu4eHHEM IUTOTHOCTH 3apsia (IIpH TOM ke Macce), BennuuHa AN JTHHEHHO
BOo3pacTaeT. BenumunHa o0XaTHs CTOJOMKAa 3aBUCUT OT CKOPOCTH JE€TOHALUMUHU IS
JAHHOTO BEIIIECTBA, KOTOpash BO3pacTaeT ¢ HU3MEIbYCHUEM KOMIIOHEHTOB U
YBEJIMYEHUEM UX TOMOTEHHOCTH.

Puc. 7.6. IIpo6a I'ecca: 1 — cranpHas runTa; 2 — CBHHIIOBBIN CTOJIOWK;
3 — 3aps1 B3pBIBUATOTO BEMIECTBA; 4 — CTANLHBIC IJIACTUHBL, 5 — ICTOHATOP

Oborcamue MeOHbIX Kpeulepos

HNauubii meton npenjoxedn Kacrom B 1893 r. Cxema Opuszantomerpa Kacra
npuBeAeHa Ha puc. 7.7. Ha crtaibHOe OCHOBaHME | yCTaHOBJIEH MOJBIA CTaJbHOU
LHUJMHAP 2 ¢ NPUTEPTHIM CTAIBHBIM nopiHeMm 3 maccor 680 r. Ha mopimHe nmeercs
cranbHas Haknanka 4 tommuHor 20 MM u Maccor 320 1, MOKpBITas ISl 3alIUTHI OT
HEIMOCPEACTBEHHOI'O IEMCTBUSA MPOAYKTOB B3PbIBAa CBUHIIOBBIM JTUCKOM S5 TONIIMHON 4
MM. 3apsiJ B3pbIBUATOro BemiecTBa 7 auamerpoMm 20 MM u BbicoTOM 70 MM cHaOXeH
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KaricrojieM-eronaropom 8. [loj mopiHeM yCTaHOBICH MEIHBINA Kpemiep 6 auaMeTpomM
7 MM 1 BbIcOTOM 10,5 MM.

[Ipu monpeiBe 3apsja MOPIICHb MOJydYaeT JMHAMHUYCCKUH yaap U O0XHMaeT
kpeurep. [Ipu 3ToM ero BbicOoTa ymeHbInaeTcs Ha BenmuuHy Ah=h —h . Bennmunna
obxatus Ah cayKUT Mepoil OpHU3aHTHOCTH HCCIIEIYyeMOI'0 B3PHIBYATOTO BEIIECCTBA.
Pe3ynbTarhl HCIIBITAHUN I HEKOTOPBIX BEIIECTB MPUBEICHBI B TA0M. 7.5.

Tabnuua 7.5
PesynbTaThl HccneoBaHusl OPU3aHTHOCTH METOJIOM 00XKaTHsI MEIHBIX KPEIICPOB

Bspeisuaroe BemectBo | Ilupokcunun | Tporun | Jlunamur | Hutpornmuepun
Ah, MM 3.0 3.6 3.9 4.6

CpaBHeHue pe3ynbTaToB HpoObl ['ecca u mMeTona 00KaTusi MEIHBIX KpPELIEpOB
MOKAa3aJli UX UIICHTHYHOCTH (pa3dpoc pe3yabTaToB HE NpeBbimacT 2-4%).

Puc. 7.7. TIpo6a Kacra:
1 — cranbHOE OCHOBaHUE,; 2 — MWIMHAD; 3 — MOPIICHB; 4 — CTaIbHAS HAKJIAJIKa,
5 — cBUHIIOBBIN AMCK; 6 — Kpemiep; 7 — 3apsii B3phIBUATOTO BEUIECTBA; 8 — AETOHATOD

Cnengyer OTMETUTbH, YTO MO OTAENBHOCTH OpU3aHTHBIE WU (yracHble (OpPMBbI
pa®oThl B3pbIBa Ha NMPAKTUKE BCTpedaroTcsl peako. B OonbmumHCTBE citydaeB pabota
B3pbIBAa HOCHT KOMOWHHPOBAHHBIM Xapaktep — QyracHo-OpuzaHtHbiid. Ilpu sTOM
peanbHOE BpeMsi COBEpILIECHHUS padOThl B3pbIBA, TO €CTh BpeMsi OTOOpa SHEPIHH OT
MPOAYKTOB B3pbIBA, NMPU KOMOMHUPOBAHHOM BO3JIEUCTBHM, OOJbLIE, YEM NPH €ro
opusanTHOM aeiicteun (107°2107°¢), HO MeHbIIe, YeM IpH (yracHOM ACHCTBUM B3PbIBA

~45 1073
(107?10 %¢).

Bepuymucsa 6 ocnasnenue
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7.3. PACYHET XAPAKTEPUCTUK B3PbIBA

OCHOBHBIM MOPAXKAIOIIKUM JACHCTBUEM B3PBIBUATHIX BEILIECTB SIBJSETCA yaapHas
BosiHA. [loaTOMy i ompeneneHusl mopa)aroulero JAeMCTBUS B3phIBYATOrO BEILIECTBA
HEO0OXOIMMO paccuuTaTh U30BITOUHOE JaBICHUE B3pPhIBA

Dp=1p - po, (7.15)

r7ie p — JaBjeHue Ha (POHTE yIapHOU BOJIHBI;
Po— aBJICHUE HEBO3MYIIIEHHOTO BO3yxa — atMocdepHoe aasienue (101kl1a).
Benmnunaa Ap 3aBUCUT OT TUIIa B3PBIBYATOIO BELIECTBA, MACChl B30PBAHHOTO
3apsiia, pacCTOSHMS OT LIEHTPA B3pbIBA U XapaKTepa MOACTUIAOIEN TOBEPXHOCTH.
Pacuer BenuuMHBI M30BITOYHOTO JAaBieHHS Ap MpPOBOAMUTCA B JBa 3Tama. Ha
NIEPBOM 3Tarle HaXOJIUTCS MPUBEIECHHBIN paJinyc 30HbI B3pbIBa M0 GOpMyIIe

_ R
R= -— (7.16)
32KkMT,

rae R — paccrosiHue oT LeHTpa B3phIBa, M;

M — macca 3apsana, KrT;

K — ko3 punmeHT, yauThIBaIOIINI XapakTep MOACTUIIAIONIEN TOBEPXHOCTH;

T'5 — TPOTUIIOBBINM YKBUBAJIEHT B3PHIBYATOI'O BEILIECTBA.

B T1abn. 7.6 npuBeneHbl 3HaueHus Kodpduuumenta K S pa3HbIX THUIIOB
MOJICTUJIAIOLIUX MAaTepUaoB.

Tabnuua 7.6
3naueHus kodppunmenta K 1715 pa3HbIX MaTEPHATIOB
Marepurain noACTUIAONIEN TOBEPXHOCTHU Koadpumment K
Mertann 1.00
beron 0.95
JlepeBo 0.80
['pyHT 0.60

TpoTunoBeIii SKBUBAJIEHT, KaK ObLIO MOKa3aHO BHIIIE, — 3TO OTHOIIEHUE MAacCChl
B3pbIBYATOr0 BEIIECTBA K Macce TPOTWJA, CO3JAI0IIEeH OJAMHAKOBOE MOpaKaroliei
neictue. Ilpu 75 < 1 B3peiBUaroe BewecTBO o0nazaer 0Oosiee CUIIBHBIM
paspymarommM JeicTBueM, 4YeM TpoTwi (Ha OJMH KHJIOTPAaMM B3PBIBUATOTO
BellecTBa); Mpu 75 = | B3phIBUATOE BEIIECTBO MMEET TAKYIO K€ Pa3pyIIAOIIyIO CHITY,
Kak W TpoTwi; npu 15> 1 B3phIBUATOE BEMIECTBO OyAET MPOU3BOAUTH MEHbBIIEE
paspyliaroiiee Bo3JAeicTBUe, YeM TpoTuia. B Tabn. 7.3 ObUIM mpuBEAEHBI 3HAYCHUS
TPOTHIJIOBOTO DKBUBAJICHTA JJIsi MPOMBIIUICHHBIX B3pBIBUATHIX BemiecTB. B Tabn. 7.7
MPUBEICHBI 3HAYCHHS TPOTHIIOBOTO DKBUBAJICHTA JJIS HEKOTOPHIX OOEBBIX B3PHIBUATHIX

BEIIECTB.
Tabnuua 7.7
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3HaYEHHE TPOTUIOBOTO SKBUBAJICHTA
7151 GOEBBIX B3PHIBUATHIX BEIIECTB

B3peiBuaroe BenecTso 75

[Topox 0.66
AMMOHan 0.99
Tpotun 1.00
Tetpun 1.15
['excoren 1.30
TOH 1.39
Tpuronan 1.53

Ha BTOpOM 3Tame Mo pacCYMTAaHHOMY 3HAYEHHWIO MPHMBEAEHHOrO paamyca R
(7.16) paccunThIBacTCS BEIIMYMHA U30BITOYHOTO JaBjicHus Ap. [Ipu 3TOM 3aBHCHMOCTH

OT BEJMYMHBI R HCIOMB3YIOTCS pasHbie (Gopmyibl. J[is 3Hauennit R < 6.2 pacuer
M30BITOYHOT O AaBJICHHS B3pbIBA IPOBOAUTCS MO popMyJie:

1
Ang VI+R° 1| .« (7.17)

Jloist 3Hadenuii R > 6.2 pacuetHast popmysia Uit H30BITOYHOTO JaBJICHHS B3PbIBA

HUMEECT BU.
— -1
Dp = %_O(w/lg R- 0.332)  «ITa. (7.18)

Hcnonb3ys paccunTaHHbIE 3HaYE€HUS U30BITOYHOIO JIaBJIeHUs B3pbiBa D P, MOXHO
IIPOBECTH OLIEHKY CTENEHU pPAa3pyLICHUs, NPOU3BOAUMOTO B3pbIBOM. IIpm oueHke
MOPAXKAKOLIETO JIEVCTBUS B3phIBYATOIO BEIIECTBA BBIACISAIOT YETHIPE 30HBI Pa3pyILICHUS
00BEKTOB, XapaKTEePUCTUKU KOTOPBIX MPUBEAEHBI B Ta0M. 7.8.

Tabmuua 7.8
30HbI pa3pylieHus 00HEKTOB
MIPU Pa3HbIX 3HAYCHUSIX U30BITOUYHOTO JIABJIICHUS B3PhIBA

30Ha pa3pyLIECHHUs Ap, xlla
IlonHOE paspyuieHue bonee 50
CunpHble pa3pylIeHHs] 307 50
CpenHue pa3pynieHus 207 30
CrnaOble pa3pyiieHus 107 20

JUIsi OLIEHKM CTEeNEeHW pa3pylIeHUs 3AaHUM U COOPYKEHUH NMPU KOHKPETHOM
B3pbIBE MOJKHO HCIOJB30BaTh Taldd. 7.9, B KOTOpOH MpeAcTaBi€Hbl MNpeaeibHbIE
3HauU€HUs W30BITOYHOTO JAaBJICHHS B3pbiBa Ap, BbBI3bIBAIOLIME pPa3IUYHbIE CTEIEHU

pa3pyiieHus.
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Tabnuma 7.9
3HadeHUS MPECTHHOTO H30BITOYHOTO JABICHUS,
BBI3BIBAIOIINC PA3INYHBIC PA3pYIICHUS 3aHUN U COOPYKEHUI

Ap, Pa3pymienue Ap, | Paspymienue Ap, | Paspymenue

klla klla klla
YactuuHoe Pazpymenne Pazpymenune

0.573.0 | pa3zpyenue 12 | neperoponok, 30 | KUPNUYHBIX U
OCTEKJIEHUS OKOHHBIX paM 0JIOYHBIX CTEH
ITonHoe Pazpymenne Pazpymenune

3?7 | pa3pyluieHue 15 | mepekpbiTuit 90 | xene300€TOHHBIX
OCTEKJICHUS KOHCTPYKLMHI
PaccMoTpuM mopsiok pacyeTa U30BITOYHOTO JaBJICHUS B3PbIBa HA CIEIYIOLIEM
IpuMepe.

Tpebyercst ompenenuTh Mmopaxkaroliee ACHCTBHE MPH B3pPHIBE 3apsna TPOTHIIA
Maccoit 100 kr Ha paccTOsTHUM OT 31aHus R = 2 M Ha OTKPBITOM I'pYHTE.

Bhavane onpenennm M30BITOUYHOE JaBICHUE B3pbIBa Ap MPH B3phIBE TPOTHIIA TIO
dbopmyne (7.16). Koaddurument K st OTKPBITOro TpyHTa HaXoauM 1o Tadiu. 7.6. On
coctanisier 0.60. TpoTuiioBbIN SKBUBAJICHT A1l TpoTuia 75 = 1 (tabn. 7.7).

R=__~ - 2 __2 2 0406
Y2KMTy 3/2.060.100-1 3/120 4.93

Iockomsky R < 6.2, To ans pacuera M3GHITOUHOTO JABNEHMS HCIOJIB3YEM
bopmyny (7.17):

— -1 -1
Ap =% VI+R® -1| = g(\m 0.406° —1) _ 71.88«TTa.

Teneps o Ta6. 7.8 Haxonum, uto npu B3peiBe 100 Kr TpoTHIa 00pa3yeTcs 30Ha
MOJIHOTO pa3pyILEHUs.

[Io tabn. 7.9 MOXHO oOmpenenuTh CTENEHb pa3pylieHus coopyxenuil. Ilpu
n30bITOYHOM JlaBiieHHM B3pbiBa Dp = 71.88 klla Oymer mnpoucxoauTh TMOJHOE

pa3pylIeHUE OCTEKJIEHUs, NMEPErOPOAOK, OKOHHBIX paM, MEPEKPBITUHA, KUPIHUYHBIX H
OJIOUHBIX CTEH, HO pPa3pyLICHUS KeJIe300€TOHHBIX KOHCTPYKIIMI HE POU30iIeT.
Bepnuymuca 6 o2nasnenue

8.B3PbIBbl FA30BbIX CMECEN

Ecmu ropro4ue rasbl M 1mapbl HC CMCIIAHbI C BO3AYXOM H HAXOAATCA B 3aKPBITOM
OaJTOHE MIIH arrapare, To OHHU ropeThb HE CHOCO6HBI, TaK KaK OTCYTCTBYCT OKHUCIHUTCIIb
— KHUCJIOpOA BO3ayXa. B texHonormueckux nmponeccax, CBsA3aHHBIX C IIPOHU3BOACTBOM
WM IPUMCHCHUCM T'OPIOYUX I'a30B U )KI/IIIKOCTef/'I, MOXET NPOUCXOIUTH O6pa3OBaHI/Ie
CMEcCeH ra3oB U MapoB )KUAKOCTHU C BO3YXOM. Takue cmecu NpCACTAaBIAIOT OIMIACHOCTDb
B OTHOHICHMHW BO3HMKHOBCHHA I10Kapa U B3PLIBA. B xadectBe NpuMEpPOB MOKHO
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IIPUBECTU B3pBIBBI T'a30B B IOMEIICHUM NPH HE3AKPBITOM KpaHE Tra30BOM IUIMTHI,
B3PbIBbI IIPU UCMIAPEHUU OEH3MHA B 3aKPHITOM MTOMEIIEHUH U T. .
Bepnymbuca 6 o2nagnenue

8.1. B3PbIBYATbIE CMECU

[Ipu ropenuu razoB U MapoB TFOPIOYMX KUJIKOCTEH B BO3JYyXE paszauyaroT JBa
pexuma ropeHus — AUPQGy3UOHHBIM U KuHeThyeckuil. [Ipouecc ropeHusi, cKopocTh
KOTOpPOTO 3aBUCHUT OT CKOPOCTU AU(P(Y3UH NMapoB MM ra3oB M BO3/AyXa, HA3bIBAECTCS
muddy3nonnbiM. Takoil pexxuMm HaOMIOIAETCs, €ClM Map WU Ta3 BbIIYCKaTh W3
OaysioHa B atMoc(epy M B MECTe BbIXOJla MOKeub. B nudPy3noHHOM pexxume ropst
napbl KEpOCHMHA, BBIXOJSUIME M3 TOpPENIKU MpuMyca, HapauHOBasi cBeya, Tras,
BBIXOJISIIIIMM W3 TOPEJIKH Ta30BOM MEYM, Ta3, BBIXOASNIUMN U3 TPYyOBl MpHU pa3phiBe
ra3onpoBoja u T.[.

Ecnu ra3 mpenBapuTenbHO NEpeMelIaH ¢ BO3AYXOM, TO OCHOBHOE 3Hauy€HUE
UIpaeT He CKOpPOCTh TupPy3un (CMeIIeHNs) KOMIOHEHTOB FOproYell CMeCH, a CKOPOCTh
XUMHYECKUX peakuuil. Ilpu 3ToM CKOpOCTh peakuuu BO3pACTaET C YBEIMYEHHUEM
collepKaHUsl BO3AyXa B CMECHM M MOXKET JIOCTUTaTh OOJIbLIOW BENWYMHBI. Tak, s
CMECH BOJIOPOJI-BO3/IyX CKOpOCTh ropeHus pocturaer (5?76) m/c. Cropanue cmecu ¢
TaKOW CKOPOCTHbIO MPUBOJUT K BBIIEJIECHUIO 3HAUYUTEIBHOIO KOJIMYECTBA TEIJIOTHI B
€AMHUIy BPEMEHU U HArpeBY MPOJYKTOB CrOpaHHUsl O BBICOKOU TemiepaTyphl. Eciu
rOpeHUe MPOUCXOAUT B 3aKPHITOM MOMEIIEHUH WJIU almapaTte, TO paclIMpeHue Ta3oB
IIpY HAarpeBaHUU BBI3bIBAET PE3KOE MOBBIIICHUE AABIEHUS, TO €CTh B3phIB. IloaTomy
CMECH TOPIOYHUX MMapOB U Ia30B C BO3JAYXOM OTHOCSITCS K B3PbIBUATBIM CMECSIM.

JUIsi XUMUYECKOro NpEeBpallleHUsT TaKMX CMeced B BUJE B3pbIBa HEOOXOIHUMO
BBITIOJIHEHUE CIIEAYIOIUX OCHOBHBIX YCIOBHIA.

e Kpaiinss ObicTpoTa MEepexoa Ha4aJIbHOM CMECH B MMPOYKThI TOPEHMS.

e (OO0s3arenbHOE HATMYKE ra3000pa3HbIX IPOJTYKTOB CrOpaHUsl.

e (OOs3arenbHOE  BBIACICHHE  TEIUIOTBI MpPU  PEAKUUU  B3PHIBYATOIO
MPEBPALLECHUS.

HcTouHMKH, BBI3BIBAIOIINE B3pbIB, MOTYT OBITh CaMbIMH Pa3HOOOpa3HbIMU —
OTKPBITOE IJIaMsl, UCKpPa, HAKAJIEHHOE TeJIO U APYTUe SHEPreTUYECKHE BO3AEHCTBUS.
Bepuymuca 6 o2nasnenue

8.2. KOHUEHTPALMOHHBLIE NMPEQOEJIbl B3PbIBA

B ycnoBusix mpou3BoACTBa MOT'YT 00Opa30BbIBAaTLCS JIFOObIE CMECH Ta3a WU Mapa
¢ Bo3nyxoM. KoHlLeHTpanusi roproyero B 3TUX CMECSIX MOXKET ObITh B Ipenaesax oT
nousieit mpoueHTa 10 100 %. OgHako HE BCE 3TH KOHLEHTPALMH SIBJISIOTCS OMACHBIMU C
TOYKH 3PEHUSI BOSHUKHOBEHUS MT0Kapa U B3PHIBA.

Paccmotpum cmech okcuna yriepoaa CO ¢ Bozayxom (puc. 8.1). Cnesa — mikana
o0bemHOM KoHIeHTpanuu roprouero (CO), cnpaBa — okuciutens (Bozayxa). Ecim
cMmech coaepxkuT wmeHee 12.5% CO, TO oOHa HE BOCIUIAMEHSETCS MOIIHOU
anekTpudyecko uckpou. Tompko mpu 12.5% CO B cmecn NPOUCXOOUT €€
BOCIUIAMEHEHHE W TOPEHHE CO CKOpPOCThIO B3pbiBa. KOHILEHTpamusi mapa roprodyeit
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KHUJIKOCTH WJIM Ta3a B BO3AyXe, HWXXE KOTOpPOW Troproyasi CMech HE CHOCOOHa
B3pBIBAThCS, HO BBINIE KOTOPOW CIOCOOHA TOPETh CO B3PHIBOM, HA3BIBACTCA HIKHUM
npenenom B3peiBa (HIIB).

CMmech m1000T0 Ta3a WK Mapa Ipyu HIKHEM TpeJiesie B3PhIBA COAEPKUT U30BITOK
Bo3nyxa. Tak, Juisi okcujaa yriepoaa kodduimeHT u30bITKa Bo3ayxa o = 2.6, nis
cepoyriiepoaa o = 6.9, misg metana o = 2 u 1.1. CiaegoBaTenbHO, peAeibHAs CMEChH,
uMesi HeIOCTaTOK TOPIOYero W M30BITOK BO3AyXa, 00JaaeT HU3KOW TETUIOTBOPHOM
CIOCOOHOCTBIO, MaJIOM CKOPOCTHIO PACIIPOCTPAHEHUs MJIAMEHH, HU3KOM TeMIepaTypoi
B3pbIBa U HEOOBIINM B3PBIBHBIM JlaBlieHHeM. Cuiia B3phIBa MPU 3TOM HEBEIIHKA.

Konnenrparusi, COOTBETCTBYIOIIAs HIKHEMY TPEJETy B3pPbIBa, Y HACHIIICHHBIX
napoB HaJl JKUJIKOCTHIO 0OpasyeTcsi BCerja MpU TEMIEpaType BCHBIIIKUA KUIKOCTH.
[Tpu yBenmuennu koHueHTpanuu CO BhIIE HUKHETO TpEjesia B3pbIBa MOTYYalOTCA
B3pBIBUATHIE CMECH C OOJNbIICH CHION B3phIBa, TaK KaK OHHM COJEp>KaT OoJblie
roproyero M o01aaar0T OoJblIEH TEMJIOTBOPHON CHOCOOHOCTBIO M TeMIepaTypoi
B3pBIBA.

(Toprouee) 100 % -0 %
BIIB
75 % > 75125
50450
CrexuomeTtpuu.
29,5% >
25 =75
HIIB
12,5 % >

0 % == 100 % (Bo3snyx)
Puc. 8.1. Konnentpanuonnsie npeensl B3peiBa 11 cmecu CO ¢ BO3gyxom

VBenu4eHne CUIIbI B3pbIBa (B3PBIBHOTO JABJICHUS) MPOUCXOJHUT TEOPETUUYCCKH
1o crexuomerpudeckoil cmecu (o = 1). [Ipu 3TOM KOIMYECTBO BO3IyXa M TOPIOYETO
TOYHO COOTBETCTBYET pEaKIMU TOpeHus. Jlisi yrapHOro rasa peaxius TOpPCHHS
3aITUCHIBACTCS B BUJIC:

2C0O+0, =2CO0,.

Konnentpamuss CO, COOTBETCTBYIOIIAsl CTeXHOMETpUYecKoi, paBHa 29.5 %
(xonmnuectBOo BO3ayxa 70.5 %). Ilpu nanpHelmeM mnoBbIIeHUH KoHIEHTpanuun CO
BBIIIIE CTEXMOMETPUUYECKOW, CHUJia B3pbIBA cMeced OyleT YMEHBIIAThCA B PE3yibTaTe
Henocratka Bo3ayxa. Ilpm 75 % copepxaHusi yrapHoro rasa, CMEChb TEpSET
CIOCOOHOCTH BOCTIAMEHSITHCS.
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Konnenrpamnusi raza wim mapa, HIKE KOTOPOM TPOUCXOAMT B3PHIB, @ BHIIIE
KOTOPOI CMeCh He crocoOHa BOCTIIAMEHSITHCS, HA3bIBACTCS BEPXHHUM IMPEIEIIOM B3PHIBA
(BIIB). OOnacte MeXIy HUKHUM M BEpPXHMM IIPEAEIIOM B3pbIBa Ha3bIBACTCS
NPOMEXYTKOM B3pbIBAa. 3HAas MPOMEXKYTOK B3PbIBA, MOXXHO ONpPENETUTh O0O0JacTH
Oe3omacHbIX KOHIEHTparuil. [[is okcuma yriepoma 3TH o0iacTu JekaT B IMpeneiax
(0?12.5) % u (75?100) %. Hanuuue obnacteli O€30MaCHBIX KOHIICHTPAIUI MO3BOJISET
B TpoIlecce XpPaHEHHWS M MPUMEHEHHS TOPIOYMX KHUAKOCTEH IMOANEpPKUBATH TaKOU
PEXUM TIO0 TeMIepaType W JaBIEHUIO, YTOOBI KOHIIEHTpAIMsl MapoB ObLIa BBIIIEC WIIH
HIDKE TPOMEXYTKa B3pbIBa. [IpuumHON MpekpalieHns pacrpoCTpaHEHUs IIaMEHU Ha
HIDKHEM TIpeJieie U BepXHEM TpeJiesie B3phIBa SBISIFOTCS TEIJIONOTEPU U3 TUTAMEHHU 32
CUeT U3TY4YCHHsI, KOTOPhIE 3aBUCT OT TEMIIEPATypPhl U COCTaBa CMECH.
Bepnymuca e ocnagnenue

8.3. OKCINEPUMEHTAIBbHOE OIMNPEAEJNEHUE
KOHUEHTPALWOHHbLIX NMPEAEJIOB B3PbIBA

KoHLeHTpalimoHHbIE  TpeAesbl  B3pbIBAa  BBIPAXKAIOTCS B IPOLICHTHOM
KOHIIEHTPAIIMU TOPIOYETO ra3a WM mHapa TOproyYer KMAKOCTH B CMECH C BO3TYyXOM.
OnHako Ha NPAaKTUKE HKCIOJIb30BAaHWE KOHUEHTPALMM 3aTPYyIHUTENBHO, TaK Kak €€
TPYZIHO U3MEPUTb.

[Ipu oOcnepoBaHMM NpPeANPUATHNR OOBIYHO 4Yalle BCEro MPUXOIUTCS
CTAJIKUBAThCA C JIETKOBOCIUIAMEHSIOIIUMUCS XKUAKOCTIMU. B 3TOM cnydae Ooinee
yIOOHO TOJIb30BaThCA MpEeJeaMu  B3pbIBA, BBIPAKEHHBIMU 4YEpe3 TeMIlepaTypy
XKUAKOCTH. TeMrneparypa KMJIKOCTH OOBIYHO U3BECTHA U MOXKET OBITh JIETKO U3MEPEHA,
a KOHLIEHTPALMsI HACBIIIEHHBIX [TAPOB MPSMO CBS3aHA C TEMIIEPATYPOA.

Hwxuuii TeMnepaTypHbIl mpenen B3pbIBAEMOCTH 0003HAYarOT TEMIIepaTypoi
KHUJKOCTH, TpPH KOTOpPOM o0Opa3yeTcsi KOHILIEHTpalus NapoB, COOTBETCTBYIOIIAS
HIDKHEMY TIpefeny B3pblBa. AHAIOTMYHO — BEPXHUM TEMIIEPATypPHBIM Ipenes
0003HayalOT 3HAYEHUEM TEeMIIepaTypbl, MpPHU KOTOPOM KOHIIEHTpalMs NapoB
COOTBETCTBYET BEpXHEMY IIpeeny B3pbiBa. Hampumep, 11 METUIOBOrO CHUpTa
HWKHUI TeMIiepaTypHbIil nipeaen B3pbsiBaeMocTh + 8 C, a BepxHuit + 32 2C. Ilpu Bcex
temneparypax B auamna3zoHe (8?32) 2C KOHIEHTpaIlMK METHIIOBOTO CIUPTA SBIISIOTCS
B3pPbIBYATHIMH.

Cxema mpubopa aJjis u3MEpPEeHUsl Mpe/iesioB B3pbIBa MpuBe/eHa Ha puc. 8.2. OH
COCTOMT M3 B3PBIBHOI'O cocyza 1, B KOTOPBIA HAaIMBAeTCs roprovas )Kujakocts 2. Cocyn
nomemaercs B TepmoctaT 3 ¢ HarpeBatenem 4. Temmeparypa TepMmocrara H,
COOTBETCTBEHHO, TOPHOYEN KUJIKOCTH U3MEPSETCA NaT4UKOM S. Uepes 3yekTpoasl 6 B
COCYJl TOAAETCA INEKTpUUYEcKas UCKpa. M3MeHss TeMneparypy B TEpMOCTATE, MOJAIOT
UCKPY Ha 3JIEKTPOJAbI U HAXOJAT, TAKUM 00pa3oM, HUKHUI U BEPXHUM Mpeesbl B3pbiBa
Ul AaHHOM JkMAKOCTM. Eciaum cMmech B3pbpIBUaTasg, TO NOABISETCS IUlams,
PacIpOCTPAHSIONIEECS OT KOHTAKTOB; €CJIM K€ OHAa HE B3pblBUaTas, TO IJIaMs HE
MOSIBJIAETCS.
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B tabn. 8.1. mpuBeneHsl TeMmepatrypbl HEKOTOPBIX KUAKOCTEH, MpPU KOTOPBIX

OHM O0O0pa3ylOT KOHLEHTpAalUMU NapoB, paBHbIE HWKHEMY M BEpXHEMY IMpejenam
B3pbIBA.

Tabnuua 8.1.
HuoxHuil 1 BEpXHUN npenessl B3pbiBa JJIs1 HEKOTOPBIX KUJIKOCTEN
AKunkoctb Hwxuuit ipenen B3poiBa, °C Bepxuuit ipenen B3poiBa, °C
ByTunoBblii ciupT + 34.6 + 62
MeTunoBblii ciupT +8 + 32
Ckunupaap + 36 +62
benson -13 +12
5 1

? A /6

Puc. 8.2. Cxema npubopa a5 u3MepeHusi KOHIEHTPALMOHHBIX IIPEJIETOB B3phIBA:
1 — B3pBIBHOM cocy[; 2 — roproyasi XUAKOCTb; 3 — TEpMOCTAT; 4 — HarpeBaresb;
5 — maT4uK TemMmnepaTypsr; 6 — AMEKTPOIBI
Bepuymuca 6 o2nagnenue

8.4. PACHETHOE ONPEAENEHUE
KOHUEHTPALWOHHbLIX NMPEAEJIOB B3PbIBA

Jlist onpeneneHus: MpeaenoB B3pbIBa MPUMEHSIOTCS SMIHUpUYECKUe (HOPMYIIbI,
MOJIyYeHHbIE 00pa0OTKOM 3KCHEPUMEHTANbHBIX JAHHBIX JJI Pa3IMYHBIX TOPIOYUX
BELIECTB.

Hwxnnit npenen B3psiBa (HIIB) paccuutsiBaetcs o opmye

= 100 , 00BeM. %. (8.1)
4.76-(N-1)+1
Bepxuuii npenen B3psiBa (BIIB) paccunthiBaercs no gpopmyse
B= LOO, 00BeM.% . (8.2)
476-N +4
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3nece N — KOJIMYECTBO aTOMOB KHUCIOPOJA, HEOOXOAMMOE MJisi IMOJHOIO CrOpaHus
OJTHOM MOJIEKYJIbI TOPIOYEr0 KOMIIOHEHTA CMECH.

B xayecTBe npumMepa onpeaeanuM Mpeaessl B3pblBa CMECH BO3/lyXa U IIEHTAHA.

e 3anuuieM ypaBHEHHE peakuuu ropeHus nenrana CsHip:

C5H12+802=5C02+6H20.

e HaiineM KOIWYECTBO AaTOMOB KHCJIOpPOAAa, HEOOXOAMMOE JJis TIOJHOTO
CrOpaHMs OJTHOU MOJIEKYJIbI IIEHTaHA!

N =8-2=16.

e Haiinem HuXHUU mnpenen B3pblBa paccMaTpUBAeMOW cMecu 1Mo Qopmylie

(8.1):
B = 100 = 100 =1.38 o0neMm. %.
4.76-(16-1)+1 724
e Haiinem BepxHMil mpenen B3pbIBa paccMaTpuBaeMol cMecH mo Qopmylie
(8.2):

_4-100 400
" 476-16+4 80.16

Takum oOpa3om, A TEHTAaHO-BO3AYITHOW CMECH HIDKHUU Tpeaen B3phIBa
gocturaercs npu conepxkanuu 1.4 oobem. % meHTaHa, a BEpXHUW Tpeen B3pbIBa —
npu 5.0 o6bem. % neHTaHa.

Yacto mpu pemieHMH BOMPOCOB OE30MaCHOCTH BEHTWIISIIIMOHHBIX YCTaHOBOK,
CYIIMJIOK, MEIIaJOK W APYTrUX almnapatoB TpeOyeTcs OmpeAeNuTh Mpeesibl B3PhIBa
CMECH, COCTOAIIEH U3 HECKOIBKIX FOPIOYUX KOMIIOHEHTOB. 711 HAXO0KIEHUS HIKHETO
U BEpXHEro Ipeziesia B3pbIBa TAKMX CMECeH HCIIONB3YIOTCS Cielyromue GopMyIbl:

=4.99 o0beM. %.

HIIB = 100 , 00BeM. %; (8.3)
Vi, Vo Vi
e e S S
H; H, i

BIIB = 100 , 00Bem. %. (8.4)
Vl V2 Vn
R e S
B B, B,

3neck Vi, Vo, ... V|, — KOHIIEHTpAIIMU TOPIOYNX KOMIIOHEHTOB, 00beM. %0;

Hy, H,, ... Hy — HWKHUE TOpenesbl B3pbIBA BXOIAIIMX B CMECh KOMIIOHEHTOB,
00veM. %;

Bi1, By, ... By — BepxHUE Tpeleiibl B3pbIBA, BXOASAIIUX B CMECh KOMIIOHEHTOB,
oonveM. %.

ITpu aTOM

V1+V2+...+Vn:100%.
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IIpu pacuere mnpenenoB B3pbIBA CMECH, BBIPAXKEHHBIX B MAaCCOBBIX JOJAX
roprounx KOMHOHEHTOB (Macc. %), 3Hauenust Vi, Vo, ... V, B dopmynax (8.3), (8.4)
3aMEHAIOTCS Ha 3HAYCHUS UX MACCOBBIX JIOJIEH Z1, Zp, ..., Zy. [Ipn aTOM

2, + 2o+ ... Z,= 100%.

B kauecTBe mpumepa ompeaenuMm Mpeaesibl B3pbIBa CMECH IMAPOB alleTOHA U
ATUJIOBOTO COUPTA C BO3AYXOM, €ciid B 1 M~ cMecu Haxoautcst 32 T aneroHa u 25 1
ATUJIOBOTO CIIHPTA.

e HaiigeM nporueHTHOE COJIEpKaHUE TOPIOYMX KOMIIOHEHTOB, BBIPAKEHHOE B
MacCCOBBIX JOJIAX.

Conepxanue aneToHa:

32100

=————=56.1 macc. %
32+25

Z;

CoaepxaHue 3TUIIOBOTO CIIUPTA:

_ 25100

=————=43.9 macc. %
32+25

Z3

e Haiinem 13 TabauI HUKHUE TIPEJIEIbl B3pbIBa KOMITOHEHTOB.
s anerona HIIB=H;=1.6 o0bem. %;
s cnupra HIIB=H,=2.6 06bem. %

e Haiinem HWXHMI mNpenen B3pbIBa paccMaTpuBaeMoil cmecu 1o (opmyse

(8.3):

100 100 100
z 2, 561 439 3506+16.88
H, H, 16 26

HIIB = =1.92 o6bem. %.

e Haiinem u3 Tabaui HUKHUE TPEIEbl B3pbIBA KOMIIOHEHTOB.

Hns anerona BIIB = B;= 13 00bem. %;

s cnvpra BIIB = B,= 19 06bem. %

e Haiinem BepxHMil mpenen B3pbiBa paccMaTpuBaeMol cMecH Mo Qopmylie
(8.4):

100 100 100 100

BIIB = = = =
2,2, 561 439 431+231 662

=15.1 06bem. %.

B B, 13 19

Takum o0Opa3oM, aas cMECH MapoB alleTOHa M TWIOBOIO CIHUPTa C BO3IYyXOM
HWKHUI Mpejen B3pbIBa JOCTUraeTcs npu coaepxanuu 1.9 oobem. % roprounx mnapos,
a BepXHUM npezen B3pbiBa — npu 15.1 o0veMm. %.
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3HaueHUs MpeacjioB B3PhbIBa CMECEM HECKOIbKUX ropro4yux KOMIIOHCHTOB C
BO3AYXOM HaxXOJATCA MCKAY 3HAYCHUAMH HPCACIIOB B3pbIBa OTACIBHBIX TOPHOYUX
KOMIIOHCHTOB, BXOAAIIINUX B CMCCh.
Bepuymucsa 6 ocnasnenue

8.5. PACYET TEMINEPATYPbI U OABJNNEHUA B3PbIBA

Jnd  KaxIOM TOproYell CMECH Ta30B CYLIECTBYIOT JBE€ TEOPETUYECKHUE
TEMIIEpaTypbl B3pbIBa — IIPU IOCTOSHHOM JAABIEHUHM T, U TIOCTOSHHOM 0o0beMe Ty,
npuyeM Bceraa I, < Ty. DTO CBA3aHO C TEM, YTO YJCNIbHAs TEIUIOEMKOCTh IIPH
MOCTOSIHHOM JIaBJICHUM OOJIbLIE YIENbHOM TEMIOEMKOCTH MpPH IMOCTOSIHHOM O0beMe
(Co> cy). Temmepatypa 7, COOTBETCTBYET B3pbIBY HAa OTKPBITOM BO3AYyXe, a Ty — B3PBIBY
B 3aMKHyTOM oObeMe WM mnomemieHun. Pacuer temnepatyp B3peiBa 1, u Ty
0a3upyeTcs Ha ypaBHEHHSX TETIOBOro OajiaHca!

Q=Tp(MVy-Cp +Vo-Cp, +...4Vp-Cp )i (8.5)
Q :TV (\/1'CV1 +V2 'C\/2 +...+Vn 'C\/n )- (86)

3neck Q — TerIoTa rOpeHUs BEIECTBA,
Cp.» Oy Vi — ynenbHbIE TEMJIOEMKOCTH U OOBEMHBIE JIOIM KOMIIOHEHTOB,

BXOJIAIINX B IPOYKTHI B3PHIBA.
3HaYCHUS TEOPETHUYECKOW TEMIEPAaTyphl B3pPhIBA PACCUMTHIBAIOTCS C MOMOIIBIO
ypaBHEHHUI TeruioBoro 6ananca (8.5), (8.6):

. Q . .0

P n ! T n '
i=1 i=1

PazHOCTE MeEXAy TEOpEeTUYECKOM M JIEUCTBUTEIBHOW TEMIIEPATYPOU B3PhIBA
3HAYUTEIBHO MEHBIIE, 4YEM COOTBETCTBYIOIIASA PA3HOCTb MEXAY TemIlepaTypamu
TOpeHHsl. DTO CBA3aHO C TEM, YTO IPHU B3PBIBE MPOLECC MPOTEKAET NPHU YCIOBUSAX,
OnM3KuX K aguabatudeckuM. [Ipu 3TOM, BBUAY TOrO, 4TO MPOLIECC B3pbIBA MPOTEKAET
Ype3BbIYAMHO OBICTPO, MOTEPU TEIJIOTHI B OKPYKAIOLIYIO CPEAY MAJIbl.

JlaBieHue npu B3pbIBE CMECU FOPIOYMX Ia30B C BO3YXOM B 3aMKHYTOM OOBbEME
3aBUCUT OT TEMIIEPATypPhl B3pbIBA U OTHOLLUEHHUS YUCIIA MOJIEKYJI IIPOAYKTOB F'OPEHUs K
YUCIy MOJEKYJ BO B3pbiBUuaTOi cmecu. [Ipu B3pbIBe ra3oBbIX cMeced H30BITOUHOE
nasieHue oobiyHO He npesbimaer 1 MIla. [Ipu 3ameHe Bo3yxa BO B3phIBUATON CMECHU
Ha KHCJIOpPOJ, JABJICHUE IPU B3PbIBE PE3KO YBEIWYMUBACTCS 3a CUYET YBEIUYECHMUS
TEMIIEPATYPBl TOPEHUS. DTO CBSI3aHO C TEM, YTO 3HAYMTENIBHOE KOJUYECTBO TEIIOTHI
3aTpa4MBaCTCs HAa HarpeB MHEPTHOI'O ra3a — a30Ta, BXOIAIIETO B cOCTaB Bo3ayxa. Ilpu
3aMeHe BO3/lyXa Ha KUCJIOPOJ, JAABJICHHUE B3pbIBA JJis1 OOJIBIIMHCTBA FOPIOYMX BEILECTB
yBenmuuBaeTcst ot 1 MIla no (1.5?72) MIla.
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Jliist pacueTa 1aBlieHUs B3pbIBa UCMOIB3yeTCs (popmyna

T, m

= 8.7
P, poTO N (8.7)

rne 7o — HavanbHas Temneparypa cmecH, K;

T, — Temneparypa B3pbiBa, K (B 3aBUCUMOCTH OT YCJIOBHI B3pbIBa B KaueCTBE
TEeMIIepaTyphl B3pbIBA UCTIOJIB3YIOTCS 100 T, b0 Ty);

Po Y ps — HAYAJIBHOE JABJICHUE Cpelbl U JaBiieHue npu B3pbise, Mlla;

M — YUCJIO MOJIEKYJI B XMMUYECKOH opMyIie HCXOIHON B3pbIBYATON CMECH;

N — YKUCTI0 MOJIEKYJI B XUMHUUYECKON (hopMyJie TPOTYKTOB B3PbIBA.

B kauecTBe mpuMepa ompeaesuM JaBJI€HUE TPHU B3pbIBE OKHUCH YIJIepoja Ha
OTKPBITOM BO3/yX€ MPHU CAETYIOUIUX YCIOBUSIX:

p6=0.1 MITa; T4=293 K (uu +20 XC); T,=T,;=2416 K.

e HaiineM 3Ha4eHHUss M U N B COOTBETCTBUHU C ITPOTEKAIOLIEH PEAKIIUEN:
2C0O+0,=2 CO,.

[Tpu 5TOM M = 3, N = 2, TaKk KaK B3pbIBYATasi CMECh COJAEPKUT JiBe MoJieKyiabl CO
Y OJIHY MOJIEKYJ1y KUCJIOPOJia, a MPOAYKThI B3pbIBa coAepKaT ABE MoJieKybl CO;.
e OrmnpenenuM aaBiieHue B3pbiBa 1Mo Gopmyie (8.7):

pa=01. 2102 i,

293

Takum 00pa3oM, MpH B3pbIBE CMECH BO3JyXa C yrapHbIM ra3oM Ha OTKPBITOM
BO3/IyX€ Pa3BMBACTCS AaBIcHHE p, =1.24 Mlla.

Bepuymucsa 6 ocnasnenue

9. FOPEHME U B3PbIB MNbIJIEBbIX CMECEN

[1b11b OTHOCUTCS K @9PO30JBHBIM CUCTEMAM C JUaMeTpoM yactull oonee 10 MkM
(0,01 mm). IIpuib, B3BELIEHHAs B BO3AYyXE WM JPYrOM Tra3e, Ha3bIBA€TCS a’pO30JIEM.
[Ip1b, oceBIIAE HAa CTEHKAaX MW TMOTOJKAX MOMENIEHUH, MOBEPXHOCTIX TpYyo,
o0OpylIOBaHUS U JPYrHX MPEIMETOB, HA3BIBACTCS a’dporeyieM. 3aKOHOMEPHOCTHU
TOpEeHUsi W B3pbIBa a’po30Jii U a’poreis oriauyarorcs. Hambosblryio omacHOCTh B
OTHOIIEHUM B3pbIBA NPEJACTABISAIOT a’pO30JHU, OJHAKO a’poreiil TaKXKe MOryT
CaMOBO3TOPaThCs U MPUBOJIUTD K MOMKAPAM.
Bepnymuca e ocnagnenue
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9.1. XUMUYHECKAA AKTUBHOCTD MNblJIN

XuMudeckass peakius MEXIy ra3oM W TBEpIAbIM BEIIECTBOM — TeTepOreHHas
peakiusi — MPOTeKaeT Ha MOBEPXHOCTH TBEPAbIX yacTHIl. CKOPOCTh TaKOW peakiuu
3aBHCUT OT BEJIMYMHBI TOBEPXHOCTU COMPHUKACAIONINXCS pearupyronmx Bemects. [Ipu
M3METbUYCHNU BEIIECTBA B MMBUIb, PE3KO YBEIMYUBACTCS €T0 yAeIbHas TOBEPXHOCTH H,
COOTBETCTBEHHO, CKOpPOCTh TopeHus. Hampumep, onWH KHUJIOTpaMM YIS CTOpaeT B
TEYCHHWE TSATH MHUHYT, a OJWH KWJIOTPAMM YTOJIBbHOW MHUIM — B TEUYEHHUE OJHOU
CEKYH/IBI.

MHorue wmeramibl, HAanpUMEP AIIOMUHUNA, MAarHuyd, LOUHK B KOMIIAKTHOM
COCTOSIHMM HE CIIOCOOHBI TOPETh; HAXOSICh K€ B BO3JyXEe B BUAE MBUIM OHH TOPST CO
CKOpOCTBhIO B3pbIBa. [lopomiku Keme3a W CBHHIA MOTYT CaMOBO3TOPETHCS TpU
pacnbpUIMBaHMM B BO3JyXe. AJIIOMHHHMEBas Mmyapa o0yaJaer CHocOOHOCTHIO
CaMOBO3TOPATHCS B COCTOSTHUH adPOTedisl.

Kpome n3mMeHeHHS XMMHUYECKONW aKTUBHOCTH TBEPIOTO Tela B MPOIECCE €ro
U3MEIbYCHUSI M3MEHSIETCS Takke ero abcopOuuoHHas CcrnocoOHoCcTh. OO0beM
abcopOUpPOBAHHOIO Traza BCerja IMpeBbIIaeT 00beM aOCOpPOUPOBABINCH €ro MbUIH.
Hanpumep, 1m° mbUieyrombHOM — rasoBsBecH — MOxeT — comepkath 0.9 M°
abCcOpOUPOBAHHOTO BO3IyXa, W TOMbKO 0.05 M° CakeBbIX 4aCTHIL. IIpH STOM 06BEM
abcopOupoBaHHOTO BO3ayxa B 19 pa3 Oomnbie oO0beMa abCcopOMpOBaBILICH €ro CMECH.
Hanmuume Ha TMOBEpPXHOCTH TMHUIM a0COPOMPOBAHHOTO KHUCIOPOAA COJEHCTBYET
OKHCIUTENIBHBIM TPOIECCaM MY MOBBIIIEHHBIX TEMIIEpaTypax U YCKOPSET MOATOTOBKY
nbUIM K TopeHuto. O0beM KHUCIOpoaa, aOCOPOMPOBAHHOIO MbUIBIO, HEJOCTATOUYEH IS
ee TOJHOTO CropaHds, HO oOecreunBaeT NPOTEKAaHWE HaYalIbHBIX MPOIIECCOB
OKHCIICHUSI.

Bepuymuca 6 o2nasnenue

9.2. TEMNEPATYPA CAMOBOCIJIAMEHEHWUA MNbIJIN

JIrobasg mnbpLIb B 3aBUCUMOCTH OT €€ COCTOSHHSI HMEET ABC TCMIICPATYPLI
CaMOBOCIITTAaMCHCHU A . T*a3 — IJIAA a3p030JIid U T*az — JIA asporeiis. HpI/I 9TOM a’3p030JIb
HMCCT TCMIICPATYPY CAaMOBOCINNIIAMCHCHUA 3HAYUTCIIBHO Oonee BBICOKYIO, YEM a9POreib

T *a3>>T *ae +

Takum o0pa3zoM, a’poreiib BOCIUIAMEHSIETCS NpPH HarpeBaHUU ObICTpee, YeM
a’po30Jib. Adporesib NpeacTaBisieT co00il CKOIUIEHHE OCEBIIMX M3 BO3JyXa TBEPIBIX
YacTHI] TOPIOYETO BEIIECTBA HA MOJCTUIAIOUIEN TOBEPXHOCTH, HAIIpUMEp, HA CTEHAX U
MOTOJIKE 3JaHus, Ha TpPyOOmpoBOAax M JPYrux MOBEepXHOCTAX. bonee HM3Kas, 1O
CPaBHEHHUIO C a’3p030JIeM, TEMIEpaTypa CaMOBOCILUIAMEHEHHS a’poreisi OOBACHAETCA
HaJIM4ueM OJIArONPUSATHBIX YCIOBUM MPOTEKAHUS PEaKIUU OKUCIeHUs (0ojiee HU3KHE
TEIUIOBbIE IOTEPU U3 30HBI ropeHus). Ilpu nepexone asporesns B a3po30iib PACCTOSTHUE
MEXIY YaCTHIIAMHU YBEJIMYMBAETCS, YTO MPUBOJUT K MOBBIIICHUIO TEIIOBBIX MOTEPH B
MpoLIECCe OKUCTEHUS. DTO BEAET K MOBBILLIEHUIO TEMIIEPATYPbl CAMOBOCIIAMEHEHHS.

Temnepatypa camMOBOCIUIAMEHEHHS 3aBUCUT OT JUCHEPCHOCTH a’pO30JIbHBIX
yactul. Yem  MeHbLIE pa3Mep 4YacTHMlL, TEM HIXKE €ero TemIieparypa
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caMoBoCIIaMeHeHus1. Hanpumep, MenkoaucepcHas [peBecHas MyKa UMeeT 3HaAaUCHUE
T+,,=277 °C, a nis KpymHOJIUCTEPCHBIX IPEBECHBIX OMUIOK BenuuuHa 71'x,=350 °C.

3HadYeHUS TEMIEPATyphl CAMOBOCIUIAMEHEHHS HEKOTOPBIX a’3p030JIeH TPUBEICHBI B
tabm. 9.1.

Tabnuua 9.1
TemmepaTypa caMOBOCTIZIAMEHEHHS] HEKOTOPBIX a9pO30Jie
Adp03011b T*,,, 1C
Caxap 500
JlpeBecHast Mmyka 610
Kakao 620
[TimennyHas Mmyka 620
Kpaxman 630
Yaii 640
Tabax 680
AntoMuHUEeBas myapa 925

Takum 00pazoM, ISl BCEX MPAKTHYCCKU BCTPEUAIONIUXCS TBIICH BeTUInHA 7T+y;
aexut B auanasone (500?900) 7C, uro npumepHo B 1.7?2.2 pa3a BbIlIe Juana3oHa
TEMIEpaTyp CaMOBOCIIJIAMEHEHHS adpOrelieH.

Bepuymuca 6 o2nasnenue

9.3. PACNNMPOCTPAHEHUE NIOPEHUA B NbIJIEBbIX CMECAX

[Ipu BoCIIaMEHEHUU B OJJHOM TOYKE IJIaMs C ONpPEEIEHHON CKOPOCThIO OyaeT
pacupoCTpaHsIThCA MO BCEMY O0OBEMY, 3aHATOMY MbUIEBO3AYIIHON cMmechio. IIporecc
TOPEHHUST TPOUCXOAUT B TOHKOM CJIO€, KOTOPHIA Ha3bIBaeTCA (POHTOM IUIAMEHH
(puc. 9.1). IlpmeBo3ayuiHas cMech nepej; PpOHTOM IJIAMEHU HarpeBaeTcs U3 30HBI
TOpeHHs ¢ TeMIeparypoit 7} 3a cueT nepeaadn Teria u3 Hee MyTeM TeTUIONMPOBOTHOCTH
U U3NydeHus. B 30He mporpeBa MpOUCXOMUT HarpeBaHHE TBUTH, €€ Pa3loXKEeHUE WIIH
UCIIapeHue W MeJJIeHHOe okucieHne. CKopocTh pacmpocTpaHeHus (ppoHTa MIaMEHH B
MBIJICBO3AYITHON CMECH 3aBUCHUT OT JUCIEPCHOCTH 4YacTUIl. UeMm KpyrHee YacTHIIbI
OBUTM, TEM MEHbBIIE CKOPOCTh HarpeBa CMECH, TaK KaK YJeNbHas MOBEPXHOCTbH
a’pO30JIbHOM CHUCTEMBI MPU ITOM HEBEIUKA. DTO BEAET K YMEHBIICHUIO BBIICICHUS
ra3o00pa3HbIX (JIETY4UX) BEIIECTB U, COOTBETCTBEHHO, CKOPOCTHU FOPEHUSI.

[lpuHATO CuUMTaTh, YTO CKOPOCTH TOPEHHS MBUIH OOpPaTHO MPOMOPLIHOHAIBHA
KBaJpaTy pasmepa dactuisl (U~ D). Hanpumep, st yroabHOM MBUTH ¢ AHAMETPOM
yactuly Oosiee (100+175) MkM, miaMsi MO CMECH HE pacmnpocTpaHserca. Takum
oOpazoMm, jgo0aBlieHHME KPYMHBIX YacTUIl B TMbUIb MOXET TOBBICHUTh €€
B3pPbIBOOE30I1aCHOCTb.
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30Ha ropeHus

Ty 3 (bponT mTamenu)
Tr
HcxonHas TIpOLyKTEI
CMECH ropeHHs
L

To
-
X

3oHa
nporpesa

Puc. 9.1. Cxema ¢poHTa TIIaMeHU THUIEBO3AYIIIHON CMECH

CKopocTh pacnpoCTpaHEHHUsi IUIAMEHM 3aBUCUT OT KOHLEHTpalUuu MbUIH.
HaubGonpmass ckopocTb HabOMIOmaeTcs, €clid COCTaB MbUICBO3AYIIHOW CMeECH
npeBbllIaeT cTexuoMerpudyeckuid. Ha puc. 9.2 npuBeneHa 3aBUCUMOCTb CKOPOCTH
pacnpocTpaHeHHs! TUIAMEHHU OT KOHLEHTpauuu TOPp(SIHON MBUIH.

U, m/c
A

20 1

10 A

Con

3
KI/M

»
| o

Puc. 9.2. 3aBUCUMOCTB CKOPOCTH pacpOCTPaHEHUS IIJIAMEHH
OT KOHLEHTpAIH! TOPPSHOMN MbUIH

Kak BUIHO W3 MpHBEACHHOTO Trpaduka, CKOPOCTh PAacIpPOCTpaHEHHs TUIAMEHU
nocturaet 3HaueHuid U = (16+26) M/c mpu 3HAYEHUSX MAacCOBOM KOHIIEHTPAIUH THUIH
Cn=(1.222.8) kr/M®  (crexmomerpmueckas KkoHmeHTtpaumsi Cp=0.2 xkr/m°). s
KaMEHHOYTOJIbHOW TBUTM MAaKCHUMalbHasi CKOPOCTh PacClHpOCTPaHEHHUs I[UIAMEHH
u=(10+15) m/c  mocrmraercs mpu Cp=(0.5?0.6) kr/M® (cTexmomeTpuuecKas
konuenTpamust Cp = 0.125 kr/m).

B GonpmmHCTBE Cily4aeB HE MPOUCXOAMT IMOJIHOTO CTOPAHUS TBUIH, B MpoIecce
roperus nmpuHUMaeT ydactue Toiabko (20?40)% BemiectBa mblin. [Ipu B3pbIBe MBUIH
CTOpal0T B OCHOBHOM Ta3000pa3Hble TMPOMYKTHI, BBIICIHUBINNECS MPU Pa30oKECHUU
TOPIOYEro BEIIECTBA, a TBEP/ABIN OCTAaTOK (KapKac) Croparh HE yCIEBaeT.
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CKopoCTh pacnpocTpaHEHHUs IJIAMEHHU B MbUIEBO3AYLIHOM O0JIaKe 3aBUCUT TaKXKe
OT KOHIIGHTpAlMu Kuciopoja B Bo3ayxe (puc. 9.3). Ilpu HOpMandbHBIX YCIOBHUSX B
Bo3ayxe coaepxkurca 21 % xucnopoga. CKOpOCTh IUIAMEHM PE3KO CHUXKAETCS MpHU
YMEHBIIEHUHN COJAEPKAHUSA KUCIOPOAA, U MPHU €ro coiepkaHun MmeHee 16% rmiams He

PacCIpOCTpaHSIETCS U B3phIBA HE MPOUCXOIUT.
U, mic

A
20 1

10 ¢

0 t +—> COK,%
16 18 20

Puc. 9.3. 3aBUCUMOCTB CKOPOCTH pacpOCTPaHEHUS IIJIAMEHH
OT COJIEpP>KaHUSI OKUCTUTENS (KUCIOPOIa)
Bepuymucsa 6 o2nasnenue

9.4. MPEOEJIbl B3PbIBA

Bocniamenenue ¥ pacnmpocTpaHEHHWE TOpPEHHs BO3MOXKHO TOJBKO TIpH
OINpEJICTICHHOW KOHILIEHTPALUUH MbUIM B BO3AYXE, KOTOpas XapaKTepU3yeTcss HUKHUM
npenesoM B3pbiBa. HuxHuil npeen B3pbiBa — 3T0O MUHUMAaIbHasl KOHLIEHTpAUUs MbLIH,
IIpU KOTOPOl OHAa MOXKET BOCIUIAMEHSITBCS M TOPETh. JTa BEJIMYMHA XapaKTEPHU3YET
CTeNeHb OMACHOCTU MbUIM B OTHOILIEHHWU B3pbiBa. B Tabn. 9.2 mpuBeneHbl 3HAYCHUS
HIKHETO TIpejielia B3pbiBa (I/M°) Ul HEKOTOPBIX TTBIICH.

Tabnuua 9.2
HuxHuii npenest B3pbiBa [J1s1 HEKOTOPBIX MBLICH
[Tbu1B KamenHo-
Tun e | ATFOMUHUA MILIEHAYHOT O Myka | Caxap yroJibHas
aJIeBaTOpPA 103013

Hwuxunit

npeacn 7.0 10.3 18-+40 22.0 120380

B3pBIBA, T/M°

CnenyeT OTMETUTb, YTO KOHIIEHTPAIIMU TMBUIM, COOTBETCTBYIOIIME HUXKHEMY
npejieny B3pbIBa, SIBISIOTCS HOCTaTOYHO OOJbIIUMU. [Ipy TakuX KOHIIEHTpAIUSAX MbLIN
JAJIbHOCTh BUJICHUS TTpeaMeToB He npesbiinaet (374) M. OObIYHO TaKKe KOHIICHTPAIIUH
BO3MOJKHBI TOJIBKO B ammapaTax, yCTaHOBKaxX WM B HEMOCPEACTBEHHOW OJIM30CTU OT
HUX. B Mpou3BOACTBEHHBIX MOMEIICHUSX KOHIEHTPAILUS MbUTM OOBIYHO 3HAYUTEIBHO
MEHBIIIE HIKHETO MpeJieia B3phIBa.

Bepnymuca e ocnagnenue
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9.5. AABJIEHUE NPU B3PbIBE MNblJA

B3pblB mBUTM B 3aMKHYTOM OOBEME BBI3BIBAET MOBBIIMICHHE HW30BITOYHOTO
naBiaeHuss (IO OTHOLIEHHIO K aTMOC(EepHOMY), KOTOpPO€ 3aBHCUT OT (DHU3UKO-
XUMHYECKUX CBOMCTB TIbUJIM, a TakKXke OT HCTOYHMKA BOCIUIaMeHeHusa. Poct
M30BITOYHOr O AABJICHUS p MPOUCXOAUT IO CIEAYIOUUM MPUUHHAM.

e [lpu B3pbIBE NPOUCXOAUT 0Opa30BaHUE ra3000pa3HbIX NPOAYKTOB CrOPaHMUS,
00BEM KOTOPBIX MPEBBIIAET 00bEM MEPBOHAYATBHONU CMECH.

e Jlpu B3pbIBE MPOMCXOAUT HArpeB Ia3z000pa3HbIX MPOJYKTOB CrOpaHusi A0
BBICOKOW Temrneparypbl. B cOOTBETCTBUM C ypaBHEHUEM COCTOSHHMSI

P=pRT, (9.1)

rae p, R, T — mioTHOCTb, Ta30Basi MOCTOsIHHASA U a0CONIOTHAS TeMIlepaTypa NpOAYKTOB
B3pbIBA, C POCTOM TEMIEPATYPbl BO3PACTAET TAKKE U JIABJICHHUE.

B T1abn. 9.3 npuBeneHbl AaHHBIE MO M30BITOYHOMY JABICHUIO B3pbIBA IS
HEKOTOPBIX NbuIeH (mpu KoHUeHTpauuu Cp = 50 /™).

Tabnuua 9.3
N30bITOYHOE 1aBlIeHHE B3PbIBA JIJIsl HEKOTOPBIX MbUIEH
HaumeHnoBanue Cepa Caxapnas nmyapa AnroMuHUN
p, Mlla 0.073 0.080 0.095

C pocTOM KOHIIEHTpalMHU MbUIA JABJICHUE MPU B3PBIBE PE3KO Bo3pacrtaeT. Tak,
JUTSL IPUBEJICHHBIX B TabJs. 9.3 mbuiel, npu ux koHmeHtparuu Cp= 160 /M JTaBJIEHUE
B3pbIBa MOKeET pocturath p = 0.6 MlIa.
Bepuymucsa 6 o2nasnenue

9.6. PAKTOPbI, BIINMAIOLLMUE HA B3PbIB MNblJIN

Ha B3PLIBOOITIACHOCTD MBIICBO3AYHIHBIX CMECEH OKa3bIBACT BIIMSIHUC HGHBIfI paa
(baKTOpOB, B 4aCTHOCTH, TUII HCTOYHHKA BOCIUIAMCHCHHUA, BJIIAXKHOCTH IIBIJIM U BO3AYyXa4,
AUCIICPCHOCTD IIbLINM, d TAK)KC HadaJIbHasA TEMIICpAaTypa CMCECH.

Hemounuk eocnnamenenus
HauGonbimyro posib WUrparOT TeMmIlepaTypa HCTOYHMKA BOCIUIAMEHEHUSI U
BEJIMYMHA TMOBEPXHOCTH HUCTOYHHMKA, COINPUKACAKOLIECHCA C NbUlblo. HanmeHbmmn

mpenesn B3phiBa OyAeT y TOTO MCTOYHWUKA BOCIUIAMCHEHUS, KOTOPBIA oOJagacT
HauOoJiee BEICOKOM TEMIIEpATypOM U pa3BUTOM MOBEPXHOCTHIO (Tab1. 9.4).
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Tabnuua 9.4

HoxHuit npenien B3pbiBa HEKOTOPbIX BetiecTB (Cp, r/M3)

BemectBo Harperas crinpanp OnektpocBapka | ABTOMOOWIbHAs cBEYa
(12000C) 3aKUTaHUS
Kpaxman 7.0 10.3 13.7
Myka 10.3 10.3 HE BOCIUIAMEHSIETCS
Caxap 10.3 17.2 34.4
AJIOMUHUN 7.0 7.0 13.7
Bnasicnocmo noinu u 6030yxa
Bnara, copepxamiasics B NbUIM, 3aTpyIHAE€T €€ BOCIUIAMEHEHHE U

pacnpocTpaHeHue miaMeHu 1o Hed. OOBsACHSETCs 3TO TE€M, YTO B IMPOIECCe Harpena
b OOJIBIIOE KOJMYECTBO TEIJIa TPATUTCS HA MHCIAPEHUE BJard. 3aBUCUMOCTH
JaBJeHUs B3pbIBa OT cojepskanud Biaru W B Top(siHOM NMbutH NpuBEieHa Ha puc. 9.4.
OtmetruMm, 4TO Ha HTOM 3(PeKTe OCBOCHO TYIIEHUE TMOXKAPOB PaACIBLIOM
KHUJKOCTH — BOJIBI.

p, Mlla
A
051

0.251

Puc. 9.4. 3aBUCUMOCTD IaBJICHUS
B3pbIBa OT COJICPKAHUS BIIard B
TopdsiHON MbUTH (TpamMM BIIard Ha

KUJIOTPaMM TbLIH )

Jlucnepcuocm b nosljlu

B3pbiBuatbie CBOICTBa MBUIM BO3PACTAlOT 1O MEpPE YMEHBIICHHS pPa3MEpOB
NBUIEBBIX YacTUll (MPU YBEJIMYEHUU CTENEHU JucnepcHocTtd mnbuiv). B tabdn. 9.5
NpUBEJICHBl 3HAYCHHWs JaBICHHsS B3pbIBA IJS TbUJICH pasHONW AHCIEPCHOCTH B
3aBHCHMOCTH OT IuameTpa yactuil D.

Tabnuia 9.5
Jlasiienue B3pbiBa (p, MIla)nis nbuiei pa3HON TUCTIEPCHOCTH
B D, MxMm
CHLECTEO 20 30 50 60
JlpeBecuna 0.13 0.12 0.11 0.07
Yronb 0.11 0.086 0.071 0.027
Myka 0.10 0.096 0.081 0.066
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B Ta0n. 9.6 npuBeneHbl 3HaYeHUs J1aBJICHUS B3pbIBA ISl AIFOMUHUEBON MyAPHI C
Pa3HBIM pa3MepOM YacTHLL.

Tabnuua 9.6
JlaBnenue B3poiBa (p, MIla)nns amoMUHUEBON MyApPbI
D, MM Cn, /M p, Mlla
0.3 70 1.06
0.6 70 0.86
1.3 70 0.77

Temnepamypa noi1€6030yuiHoll cmecu

Pe3ynprarsl UCCIEeI0BAaHUN IO BJIMSHUIO TEMIEPATyphl NBUIEBO3AYIIHON CMECH
Ha JaBJICHWE B3pbIBa I TOPPSHOM MbUIM MpeAcTaBlieHbl B Tadu. 9.7 s
KoHleHTpauu Cp=2.16 KI/M°, 9TO COOTBETCTBYET YCIOBUSIM MaKCHUMaJIbHOTO
JaBJICHUS B3pbIBA.

Tabauua 9.7
Bnusinue temnepaTypbl TOpGSHON NbUIM HA MAKCUMAJIbHOE JJABJICHUE B3pbIBa
Temneparypa nsuieBoi cmecu, °C
10 25 200 300
Conepxanue Kucioposa, KT/M> 0.29 0.27 0.17 0.14
MakcMalLHoS AanIcHe 0.250 0.225 0.165 0.120
B3pbIBa, MlIla

CHKeHre TaBJICHUE B3PhIBA MPU TOBBIMIEHUN TEMIIEPATYPhI MOKHO OOBSICHUTH
YMEHBIIICHUEM COJIEpXKaHUSl KHCIOpoJa B EIUHUIE 00beMa CMECH, TMOCKOJBKY, B
COOTBETCTBUM C YypaBHeHHMEM coctosHus (9.1), TUIOTHOCTH Ta3za oOpaTHO
MPOIOPIIMOHANIbHA €ro Temmeparype. [Ipu 3TOM 1Mo Mepe CHWXKCHHUS COIEpIKaHMS
KHCIIOpOZa  COCTaB  TBUICBO3AYIIHOW CMECH  MOXET  CTAaHOBHUTHCS  BBIIIC
CTEXHOMETPUYECKOTO, YTO MPUBEIET K CHIYKCHHIO JTaBJICHHS B3phIBa Ta3a.

Bepuymuca 6 o2nasnenue
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