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1. OBLUHNE CBELEHUA O NNPOLIECCAX T'OPEHWA U B3PbIBA

[Ipouiecchl ropeHus U B3pbIBa UTPAIOT OOJBIIYIO POJb B KU3HEAESITEIBLHOCTH
yesioBeka. C OJHOW CTOPOHBI, 3TU MPOLECCH HIMPOKO HMCIOJB3YIOTCS B Pa3IUUYHBIX
OTPACIISIX COBPEMEHHON TEXHUKH M TEXHOJOTMH. OTMETHUM JIMIIb TAKUE BaKHEUIIUE
OTpAC/IM KaK TEIUIOPHEPIreTUKA, JABUTATEIECTPOCHUE, TPAHCIIOPT, paKETHAS] TEXHUKA U
aBUaIMsl, B KOTOPHIX OCHOBHBIMHU HCTOYHUKAMHU HSHEPTUM SIBISIIOTCS yHpaBisieMble
nporiecchl ropenusi. C Apyroil CTOPOHbI, MPOLIECCHl TOPEHUS U B3PbIBA YACTO MPUBOJIAT
K KaTacTpo(UIECKUM TOCIEJICTBUSIM — JICCHBIE TIOKaPhl, B3PHIBBI MAPOBBIX KOTJIOB U
ra3onpoBOJIOB, SAEPHBIE B3PHIBBI U T.A. [ OLIEHKH XapaKTEPUCTUK U IMOCIEIACTBUIMA
TUX SBJICHUM HEOOXOJUMO 3HATh OCHOBHBIE 3aKOHOMEPHOCTHM IIPOLIECCOB,
MPOTEKAIOUIUX MPY TOPEHUU U B3PHIBE PA3IMYHbBIX BEIIECTB.

1.1. OCHOBHBIE NOHATUA ®PU3SUKUN TOPEHUS U B3PbIBA

'openne — 53TO CHOXKHBIM (U3MKO-XMMHMUYECKUH Mpolecc, MNpU KOTOPOM
IIPEBPAILICHUE BEIIECTBA CONPOBOKIACTCS MHTCHCHUBHBIM BBIJCICHUEM TEIUIA, SPKUM
CBEUYCHHEM U TEIIOMAacCOOOMEHOM C OKpy’Karolen cpenoil. B OonbmmHCTBE ciydaes
TOPEHUE MPOUCXOAUT B PE3YJIbTATE 3SK30TEPMHYECKOIO OKHMCIICHMS BEILIECTBA,
CIIOCOOHOTO K TOPEHUIO (TOPIOYEro), HEKOTOPBIM OKHUCIHTENEeM (KHCIOPOJAOM BO3IyXa,
XJIOPOM, 3aKUChIO a30Ta W T.1.). IIpu 3TOM B mpolrecce y4acTBYIOT JBa OCHOBHBIX
KOMIIOHEHTa — roproyee U OKHUCIUTENb. 1o 3TOMy MeXxaHu3My NPOUCXOAUT TOPEHUE
ra3oB, HeTH, O€H3MHA, KEPOCHUHA, APEBECUHBI, TOp(a U IPYrUX rOPIOYUX BEIIECTB —
yIJIE€BOJIOPOAOB, COJEPKALINX B XMMUUYECKON (popMyJIe YIiIepo U BOJOPOI.

OpHako mpouecc TOpPEHUS MOXKET IPOTEKaTh HE TOJBKO IIPU  PEAKLUAX
COCIMHEHMSI TOPIOYEro BEIIECTBA C OKMCIWTEIEM, HO WM IIPU JIPYIUX pPEakLHusX,
CBS3aHHBIX C BBIJCICHUEM 3HAUUTEIBHOIO KOJMYECTBA TEIUIOTBI M C OBICTPHIM
XUMHUYECKUM IpeBpalieHueM. K HUM OTHOCSTCS pa3jioKEHUE B3PBIBUATBHIX BEILECTB U
030HA, B3aMMOJIEWCTBHE OKCHJIOB HATpUs U Oapusi ¢ AMOKCHUJIOM YIJIEpoAa, pacnaj
alEeTWICHA U T. 1.

['opeHne MOXKET HAYaThCsl CAMONPOU3BOJIBHO B PE3YJIbTATE CaMOBOCILIAMEHEHUS
(manpumep, Oypta 3epHa WM TOp(hsHUKA), JIMOO MHUIMHUPOBAHO 3aKUTaHHEM (CBeda
aBTOMOOMJIBHOTO JIBUTATels, CIHMYKA, MCKpa KOPOTKOTO 3aMBIKaHUs, pacKaJleHHbIC
KalUTd MeTajla MPH DJIEKTPOCBapke W T. 1.). [lepexon mepBOHAYaIbHO MEJICHHOW
XUMHYECKON PEaKIMu B PEXUM TOpPeHHs OOYCIIOBJIEH HEIMHEHHOW 3aBHCHMOCTBHIO
CKOPOCTH peakLMM OT TEMIIEPATYPHI, ONPEAEIAEMON 3aKOHOM AppeHnyca.

I'openne mnpexacraBisieT coOOH KOMIUIEKC B3aMMOCBA3aHHBIX XMMHYECKUX U
¢u3nueckux npoueccoB. BaxkHeiye mpoueccsl Npu TOPEHUH — 3TO TEIUIONEPEHOC U
MaccorepeHoc (IIepeHocC TEIIOThI U BelecTa). Hanbonee oOumM CBOWCTBOM TOpEHHS
SBJIIETCSL CIOCOOHOCTH BO3HMKIIIETO OYara IUIAMEHHU MEepEMEIIAaThCs M0 BCe roproveit
CMECH IyTEM Iepelayd TeIIoThl WM NyTeM Iu(@dy3MOHHOrO NEpeHoca HArpeThiX
4acTUL] M3 30Hbl TOPEHMS B CBEXYK CMecb. B mepBoM ciydae MeXaHU3M
pacripoCTpaHEHHs] TUJIAMEHU Ha3bIBAETCSl TEIUIOBBIM, BO BTOPOM — AU(P(Y3UOHHBIM.
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OOBIYHO TOPEHHE MPOTEKAET MO0 KOMOMHUPOBAHHOMY MEXaHU3MY, BKIIOUYAIOMIEMY KaK
TEIUI000MeH, Tak U Tu( Y310 TOPIOYNX KOMIIOHEHTOB U MPOTYKTOB TOPEHUS.

Jlis  TmpolleccOB TOPEHUs XapakKTEepHO HaJIWYUE KPUTUYECKUX  YCIOBHU
BO3HUKHOBEHHUSI M PpACHpPOCTPAHCHHUs IUIAMEHH — HEKOTOPBIX (UKCUPOBAHHBIX
3HAYEHUH JaBJICHUSA, TEMIIEPATyphl, Pa3MEPOB CHUCTEMBI, COCTaBa TOPIOYEH CMECH H
T.JI., TPU JOCTHKCHUH KOTOPHIX IPOUCXOANT BOCIUIAMEHEHHE CMECH, PACTIpOCTPAaHEHHE
IUTAMEHU WIN €T0 Moracanue. Bo Bcex ciywasx i mpolecca TOPEHHUsS XapaKTepHBI
TPH CTaIUM — BOZHUKHOBEHHUE, PACIIPOCTPAHECHUE U TIOTACAHKE TIJIAMEHHU.

B 3aBucUMOCTH OT arperaTHOTO COCTOSHUS TOPIOYMX KOMIIOHCHTOB (OKHCIUTEIIS
WJTH TOPIOYETO0) Pa3jinyaloT TPHU BHJA TOPEHUSI.

* ['oMoreHHoe ropeHue — ropeHue razoB U MapooOpa3HbIX TOPIOYUX BEIIECTB B

cpene ra3000pa3HOTO OKUCITUTEIIS.

o ['eTeporeHHOE TOpeHHE — TOPCHUE JKUIKUX W TBEPABIX TOIUIMB (TOPIOYHMX
BEIIECTB) B  Cpele  Tra3000pa3HOr0  OKHCIUTENs.  Pa3HOBHIHOCTHIO
TeTePOTeHHOTO TOPEHUS SBJISICTCS TOPEHUE KUIKUX Karlellb TOTINBA.

» ['openue B3pHIBUATHIX BEIIECTB U MTOPOXOB.

[To ckopocTu pacmpocTpaHeHHs IUJIAMEHM TOpPEHHE MOoApasJeiseTcs Ha
nednarpanuio u qeToHanuto. JleduarpaiinoHHOE TOPEHUE —3TO TAKOW PEXKUM FOpPEHHS,
IpU KOTOPOM IIIaMsi PAcIpOCTPaHsETCsl C J03BYKOBOM CKOpocThio. [Ipu meroHarmu
TUTaMsl PacTpOCTPaHSIETCS] CO CBEPX3BYKOBOW CKOPOCTHIO, HAIIPUMEP, B BO3AYXE — CO
ckopocthio 0osee 300 m/c. JI03ByKOBOE ropeHue MoApas3aeseTCs Ha JIAMUHAPHOE U
TypOyneHTHoe. CKOpOCTh JIaMHHApPHOTO TOPEHHS 3aBHCHT OT COCTaBa CMECH,
HAYaJIbHBIX 3HAYCHUH TeMIlepaTypbl M JaBJICHHS, a TAKKE OT CKOPOCTH XUMHUYECKUX
npeBpaiieHnii B miaMeHdu. CKOpOCTh pPaclpOoCTpaHEHHs TYpPOYJIEHTHOTO IIJIaMEHH
MOMHMO YKAa3aHHBIX (PAKTOPOB 3aBHCHUT OT CKOPOCTH TIOTOKA, CTETICHH M MaciiTada
TypOYJIEHTHOCTH.

[IpenenbHBIM CiTydaeM TOpPEHHS SIBISETCS B3pPHIB — TMPOIECC YPE3BBIYANHO
OBICTPOTO BBIJEICHHUS OONBIIOTO KOJMYECTBA OSHEPruM. B pesynbrate B3phIBa
B3pBIBOOMNACHAs] CMECh, 3alOJIHAIOMAs O0BEM, B KOTOPOM TMPOM3OILIO BbIIEICHHUE
DHEPTUH, MPAKTUIECKA MTHOBEHHO MPEBPAIIACTCS B CHJIBHO HATrPETHIM ra3 ¢ BHICOKUM
JaBJIeHUEM. OTOT ra3 ¢ OOJBIIOW CHUJION BO3JACHCTBYET Ha OKPYKAIOIIYIO Cpemdy,
BBI3BIBasi OOpa3OBaHWE YJIApHOW BOJIHBL. Pa3pyieHus, BbI3BAaHHBIE B3PHIBOM,
00yCIIOBJIEHBI MMEHHO JEWCTBHEM YyAapHOW BosHBEI. [lo Mepe ymanmeHuss oT Mmecrta
B3pbIBAa MEXaHMUYECKOE BO3ICHCTBHUE yIAPHON BOJIHBI CHUXKAETCs. ICTOYHMKOM B3phIBa
MOXXET OBITh HE TOJNIBKO XHMHYECKOE TMpeBpalleHne, HO U JI00OH
BBICOKOOHEPTEeTHUECKUI MpollecC (aTOMHAs WM TEPMOsACpPHAs PEaKIlHs, BbICOKOE
JaBJICHWE TMapa B KOTJIE, MOJIHHMA B aTMocdepe, H3BEp)KEHHE BYIJIKaHA, IIyHAMH,
naJIcHUe METEOPHUTA U T.]11.).

1.2. AICTOPUYECKWE ACINEKTblI HAKOITJIEHNS1 3HAHWUU O TOPEHUN

B Hacrosimee BpeMsi TOpEHHE SBJISIETCS OCHOBHBIM HCTOYHHUKOM DHEPIHHU.
OtMmetuMm, uto 6osiee 85% moTpediisieMoil SHEPTUU B MUPE UMEET CBOUM MCTOUYHUKOM
ropeHne, OONBIIMHCTBO COBPEMEHHBIX TEXHOJIOTMA OCHOBAaHO Ha WCIIOIh30BAHHUH
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ropenus. KonmnmuecTBeHHOE ONMMCAHWE ITOTO SIBJICHUS TPEJICTABISET HE TOJBKO YHCTO
HAy4YHbIA MHTEPEC, HO TAKXKe UMEET OOJIbIIOE MPAaKTUYECKOoe 3HaUeHue. M3yuenue orus
HA4yaJioCcbh B KAMEHHOM BEKE KakK MpakTUdeckas mpodiema st TepBOOBITHOTO
YyeJI0BeKa.

[lo maHHBIM apXxeoyoTHH, JIIOJAM Hayald MOJIb30BaThCS OTHEM MJisi 00OTrpeBa U
npurotoBieHus nuum 600 TeIcsSY JieT Ha3ald, a HAYYUJIUCh MoTy4aTh oroHb — 30ThICAY
aet Hazan. [lopox 6wl M300pereH B Kutae, a Takke ucnonb3oBajics B Anonuu Oosee
TpexX ThICSY JieT Ha3ah. OTHIO OTBOAWIOCH 3HAYUTEIHLHOE MECTO B paHHMX MHU(Dax u
JIETeH1ax, HampuMep, B TpedeckoM mude o [Ipomeree, MOXUTUBIIIEM OTOHB Y OOTOB U
OT/IaBIIIEM €TO JIFOISIM.

[lepBbie  HayuyHblE  TPENCTABICHUS  OTHOCHTEIBHO  IUIAMEHU  OBLIH
chopmMynupoBaHbl, TIO-BUAUMOMY, rpedeckuM ¢unocodhom ['epakinTom, CYUTABIINM,
YTO OTOHb SIBJISIETCS OJTHUM W3 OCHOBHBIX BEIIECTB. 3 MepBBIX TEOPHid, MBITABIINXCS
00BACHUTH CYLTHOCTh IIPOLIECCA TOPEHMSI, CIIETYET OTMETUTh TEOPHUIO (PIIOTMCTOHA. DTa
TEOpHsl ChIrpajia U3BECTHYIO POJb B Pa3BUTHM XMMHUHU U, B YaCTHOCTH, B U3YYCHUU
npotiecca ropenus. Ona nosisusiach B XVIl Beke B CBsI3U ¢ pa3BUTHEM METALTyPTHUU.

[Io »TOM XUMHUYECKON TEOpUM BCE BEIIECTBA, CIOCOOHBIE TOPETh, COAEPIKAT
ocoboe BeriecTBo — (JIOTHCTOH, KOTOPOE BBIJEISETCS P TOpeHUH ((IOTUCTOH — I10-
IPEYECKU «roprodmii» — duiorucroc). [Iporecc ropeHus mo 3Toi TECOPUH 3aKITI0UACTCS B
pa3ioKeHUH BeliecTBa Ha (JIOTUCTOH U OCTATOK — 3eMJiIt0. CUMTanoch, 4To B yriiepose,
cepe, BOAOPONIe COAEPKUTCS Oombine (aorucroHa, 4yeM B MmeTawiax. OgHAKoO psif
SIBJICHUM, COTIPOBOKIAIOIINX MPOIIECC TOPEHUS, 3T OMNOOYHAS TEOpUst OOBICHUTH HE
MoTJa. BeIienuTs 9ucThIil JIIOTHCTOH M M3YyUYUTh €T0, pa3yMeeTCsl, TAKKE HE YAAIOCh.
[ToaTomy Teopus rorucTona u3 gakropa nmporpecca B pa3BUTHH XUMUHU MTPEBPATUIACE
B €ro TOPMO3. BOJBIIMHCTBO XMMHKOB TOTO BPEMEHU NPHACPKUBAIUCH TEOPUHU
¢dnorucrona. AHraumiickuii yuenslii PoGept boiine cuurtan, 4ro mpu HarpeBaHUU
METaJVIOB «OTHEHHAsi MaTepHsi» COEIMHAETCS C MeTaulaMH M TpeBpallaeT HX B
okanuHy. Tak Kak Bec OKaJMHbI O0JIbIlIe BECca METaslia, U3 KOTOPOro OHa MOJIy4yeHa, To,
o MHeHuto boiins, ioructon umeer Bec.

BnepBeie Teoputo  uiorucroHa ompoBepr  BEIUKUH < PYCCKUM  yUEHBIN
M.B. JlomonocoB (1711-1765r1r.). OH mnpoBen OOJBIIOE KOJIHYSCTBO OIBITOB C
MPOKAJIMBAaHUEM CBHHIIA U OJIOBA B OTKPBITHIX W 3aMasiHHBIX cocyjax. B aTux ombiTax
MPOBOJMIIOCH B3BEUIMBAHUE BEIIECTBA O U Mocie npokanuBaHus. [Ipu stom ObLIO
MOKa3aHO, YTO METaUlbl TPU MPOKATMBAHUU COCTUHSIOTCS C BO3AYXOM |
yBenuuuBaroTcs B Bece. [Ipokanusas meramn B 3amasHHoM cocyzae, M.B. JlomonocoB
HallleJl, 4TO XOTs Ha MeTajuie M oOpasyercsl OkKajauHa, HO OOIuid Bec cocyna ¢
METAJJIOM OcTaeTcsi Hen3MeHHbIM. JlomoHOocoB M.B. mokaszan, uro ¢uoructon He
MIPOHHUKAET CKBO3b CTEKJIO 3aMassHHOTO COCyAa, a OKajauHa oOpa3yeTcss 3a CYeT
MPUCOCIMHEHNUST K METa/uly BO3AyXa, Haxonsmerocss B cocyle. CBOMMH OIBITAMU
JlomoHocoB M.B. BBISIBUII HE TOJIBKO CYIIHOCTb MPOIECCAa TOPEHHS, HO U YCTaHOBUJII
OCHOBHOH 3aKOH COBPEMCHHOM XMMHHU — 3aKOH COXpaHeHHs macchl BemecTBa (1756.).
[Toznuee, B 1773. JlaBya3se moBTOpmia ombiTel M.B. JloMoHOCOBa M mokasai, 4To
TOJIBKO YacCTh BO3[yXa COEAMHSIETCS C METAJUIOM, IPUYEM 3Ta YacTh coaepxkut ~ 20%
oT 00beMa BO3/1yXa, TO €CTh COCTABJISIET JOJI0 KUcIopoAa B Bo3ayxe. Cpean yueHbIX,
KUBIIUX U paboTaBmIMX A0 Hayasa XX Beka, HAaMOOJBIINI BKJIaJ B Pa3BUTHE HAYKHU O
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ropenunn BHecau II. bepreno, P. BynseH, P. bakon, A. JlaBya3se, M.B. JIomoHOCOB,
B.A. MuxenscoH, M. @apaneit, C. UenmeH u npyrue.

B XX Beke Hayka 0 rOpeHUH U OCHOBAHHbIE Ha HEW TEXHOJOTUM CTaju OBICTPO
pa3BuBathea. B 192G. amepukanckuii urxenep P. 'ognapn paspabotan, ucnbiTal U
MOJIYYMJI IATEHT Ha MEPBYIO PAKETY € KUJIKUM TOIIIMBOM. [I[puMepHO B 3TO )K€ Bpems B
CCCP @.A. [lanaep co3nai U UCOBITAT PAaKETHBIEC JBUTATEIM HA KUAKOM TOILIMBE. B
1932%. B Mockse C.II. KoposieBbiM OblJIa cO31aHa IPyIINa CIENUAIMCTOB M0 U3YYEHUIO
peaxtuBHoro asmxkenus —[MPJI. B aBrycte 1933 Obuia 3amyiieHa nepBasi COBETCKast
xuakoctHas pakera ['MIP/I-09, a B nosiope 1933F. — 'MP/I-10. Ot pabotsl ObLIH
npoaospkensl C.I1. Koponebim, B.IL. ['ymiko v 1pyruMu y4€HbIMH YXK€E MTOCIIE€ BOWHBI.
B pesynprate sTtux pabor CCCP cran muoHepoM B OCBOGHMHM KOCMOca. bypHbIMU
TEMIIaMHU HayKa O TOPEHUM Hadaja pa3BUBaThCA 1ociie BTopoit MUpOBOI BOWHBL.

OcHoBormonararomuyii  BKJIaJl B HayKy O TOPEHHM ObLUT BHECEH aKaJeMHUKOM
H.H. CemeHnoBbIM, KOTOpPBIN noayunsi HoOeneBckyro nmpemuto 1o Gu3uKe 3a OTKPHITHE
LEMHBIX Pa3BETBIICHHBIX PEAKLNN, UTPAOMIMX OMNPEACISAIOUIYI0 pOJb B TOPEHHH U
B3pbiBe. H.H. CemenoB ocHoBann Mucturyt xumunyeckont puszuku AH CCCP, koTopblii
Ha MPOTSDKEHUM MHOTHX JIET 3aHMMAEeT BeIyIllee IOJIOKEHHE B 00JIACTH TOPEHHUS.
BeiaronumMest yaeHsIM B 00J1acTH ropeHust Obu1 akazaeMuk S1.B. 3enbnoBuu (Tproksl
I'epoit Commanuctuueckoro Tpyma). Bkimag B Hayky o ropenun S1.B. 3enpmoBuua
HACTOJIBKO BEJIMK, YTO MUPOBOE COOOIIECTBO MO TOPEHUIO YUPEIUIIO 30J0TYI0 MEIalb
€ro UMEHU 3a JIOCTUKEHHSI B HAYKE O TOPEHUH, KOTOpasi Bpy4yaeTcs Kaxble JBa roja
Ha MexlyHapOAHBIX CUMIIO3UyMaXx MO TOPEHUIO.

Ha cThike XUMHYECKONW KMHETHKHM M HAyKU O TOPEHUU IUIOJOTBOPHO padoTanu
K.K. Auapees, A.®. bensie, B.B. BoeBoackuii, A.A. KoBanbckuii, B.H. Konapatses,
I[1.&d. Iloxun, J[.A. ®pank-Kameneukuii, FO.b. XaputoH u MHOrue apyrue
BBIJIAIOIIMECS COBETCKHME Yy4YeHble. 3a pyOeKoM Hayka O TOpPEHMH HMHTEHCHUBHO
pa3BuBaerca B CIIA, rae CIOXUIUCh KPYIHBIE HAay4HbIE HIKOJbI HCCIENOBATENEH,
Bo3rasisiembie @.A. BuneamcoMm, T. Kapmanowm, b. JIstoucom, A.K. Onnenreiimepom,
M. Cammepdunbsaom, I'. Dap0e. M3 eBponeiickux y4eHbIX B 00JacTh (PU3UKU TOPEHUS
MOXHO oTMeTuTh M. Bbappepa, A.I'. T'eiinona, Jlynmxku ne Jlyka, J[.B. Cnonaunra u

JIPYTHUX.

1. 3. OCHOBHBIE OBJIACTU TPUMEHEHWA TOPEHUA

[Ipoueccsl TOpeHHs JKHUIAKHX, TBEPABIX M Ta3000pa3HbIX TOIUIMB LIMPOKO
VCIIOJIB3YIOTCSL TPAKTUYECKHA BO BCEX OTPACISAX COBPEMEHHOM TEXHUKH M TEXHOJIOTHH.
OtmeTuM HamOoJIee BayKHbIE HAPABIICHUS UCIIOJIb30BAHUS IPOLIECCOB TOPEHMS.

* Haubonee BaxkHYIO pOJIb MPOLIECCHI TOPEHUS HIPAIOT B TEIJIOIHEPTeTHKE.
TennoBsle AMEKTPOCTAHLIMMA HCIIOIB3YIOT YHEPTUIO TOPEHUS YIUISL, TOPHOYUX ra3oB, U
XKUJKHAX YTIIE€BOJOPOJIOB.

e B TeXHOJIOrMM NOJIy4EHHsI YEPHBIX U LIBETHBIX METAJUIOB, CTEKJIA, KEPAMHUKH,
LEMEHTA, U APYTHUX HEOOXOINMBIX MAaT€PUAIOB TaKKE HCIOJb3YETCS SHEPTUS TOPEHUS
JUISl HarpeBa U IJIABJICHHS] COOTBETCTBYIOIMX KOMIOHEHTOB U CHIPBSL.

* ApTwiuiepusi, CTPEIKOBOE OPY>KHE U IPYTHUe BUIBI BOOPY>KEHHUI UCHOJB3YIOT B
KA4eCTBE UCTOYHUKA SJHEPTUH B3pPbIBYATHIE BELIECTBA PA3JIMYHBIX KJIACCOB.
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* bonbimoe HapOAHOXO3SUCTBEHHOE 3HAYCHHE MMEIOT B3PBIBHBIC TEXHOJIOTHH,
PUMEHSEMBIE JUTS JOOBIYM YIUISI M IPYTUX TOJIE3HBIX HCKOMAEMBbIX, TIPH CTPOUTEIBHBIX
paboTax (Bo3BeJcHHUE IIOTHH, IPOKJIAAKA TYHHEICH U T.1.), IPH Pa3pyIICHUH JICITHBIX
3aTOPOB.

e BaxHBIM HampaBjieHUEM B HAyKe O TOPCHHM SBJISIOTCS 3KOJOTHYCCKUE
aCMEKTHl TOPEHMS, MOJYYMBIIHE OOJIBIIOE pa3BUTHE B TocienHee Bpemsa. K HuM
OTHOCATCSI TEXHOJIOTHS CKHTaHUS OBITOBBIX OTXOJIOB, H3YYCHHE MEXaHU3MOB
o0Opa3oBaHUS SKOJIOTHYECKH BPEIHBIX TMPOJYKTOB cropaHusi (OKCHABI a30Ta, caxa,
COCIMHEHUS XJIOpa). DTH HWCCIICIOBAaHMS ITO3BOJISIIOT HAWTH YCIIOBHUS, NMPU KOTOPBIX
KOHIICHTpAIUs TOKCUYHBIX BEIIECTB B BHIOPOCAX MUHUMAJIbHA.

e OpmHUM U3 BOXHEWINNX HANpPABJICHHH HAYKH O TOPCHUH SBJSETCS W3YYCHUE
0KapoB (B JKHMJIBIX IOMEIICHHSX, JIECHBIX MAcCHBOB M T.I.) M pa3paboTKa METOJOB
noXkapoTymeHus. JJisg TymeHus MoXKapoB HCHOJB3YIOTCS Kak (HU3WYECKHEe, TaK H
XUMHUYECKHE CIIOCOOBI, KOTOPHIE CIIOCOOCTBYIOT OOPBIBY IIETIEH XMMHYECKOW PEaKITUU
TOpPEHHUH.

e OTaenbHO cleayeT OTMETUTH POJIb MPOIIECCOB TOPEHHMS B IBUTATEIECTPOCHUH,
aBUAllMA W PAKETHOM TexHuKe. [Iporecchl ropeHus HCMONB3YIOTCS ISl TOTyYeHUS
JBIDKYIIIEH DHEPTUU Pa3IMYHBIX TPAHCIIOPTHBIX CPEJACTB, HauyWHAs OT IapoBO3a M
BIJIOTh JI0 COBPEMEHHBIX PAKETHBIX JBUTATEJICH, aBTOMOOWICH, CaMOJIETOB, CYJI0B U
T.1. B kauecTBe mpuMepa pacCMOTPUM CXEMY MPSIMOTOYHOTO BO3IYIIHO-PEAKTUBHOTO
JIBUTATENIs, IPpUBEACHHYO Ha puc. 1.1.

ki
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|
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|
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|
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|
|
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2 4 5

Puc. 1.1.Cxema npssMOTOYHOTO BO3IYIIHO-PEAKTUBHOTO ABUTATEIIS
1 —Bo3nyx; 2 —auddy3op; 3 —BIPHICK roprovero;4 —cTabuIn3aTop MIaMeHH;
5 —Kkamepa cropanus; 6 —cormio

[ToMUMO KUIKOCTHBIX PAaKETHBIX JIBUraTejeil, B KOTOPbIX B KaY€CTBE T'OPHOYETO
UCTIONB3YIOTCSl HECUMMETPUYHBIN IUMETHITHIPA3HH (TN THII) WU )KUJIKUH BOJIOPO/I, a
B KaueCTBE OKHUCIMTENSI — a30THasi KUCIoTa uiun xkuakuii kucinopon, B CCCP, CIIA,
Anonun, Kutae, 3anagHoii EBpomne momyuyuiau pa3BUTHE paKETHbIE ABUTATENd Ha
TBEPAOM TOIUIMBE. B KauecTBe TBEPAOTO TOIIMBA, CIOCOOHOTO K CaMOCTOSATEIHHOMY
TOPEHMIO, 4Yallle BCEro MCIOJNB3YETCd CMECh IOJMMEPHOTO TOPHOYETO H
HOPOIIKOOOPA3HOTO OKUCIMTENS, Hampumep, nepxjiopara amMMmoHus. OCHOBHOU
3aJla4eil pu CO3JaHUM TOIUIMBA SIBJISETCS MOJIYyYEHHE HauOoJee BBICOKOTO YAEIBbHOTO
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UMITyJIbca (OTHOIICHHUE TATH JABUTATEIS K MacCOBOMY CEKYHJTHOMY PacxoJy TOILIHBA),
JIOCTUTaeMOoro npu HauOoJsiee BHICOKOM TeMIepaType U HAaWMEHbIIEM MOJIEKYJISIPHOM
Bece MPOAyKTOB cropaHusi. C 3TOH WENbI0 B COCTaB TBEPJbIX PAKETHBIX TOIUIUB
N00aBIISIOT MOPOIIKH JIETKUX METAJUIOB — aJlOMUHMS Ul Maruus. 3yuenue ropeHus
TaKUX CJOXKHBIX CHCTEM IMPEACTABISET CEPbE3HYI0 3aJady B COBPEMEHHOH (u3HKe
TOpEHUS.

Hayka o ropeHuu mnpoposikaeT pa3BUBaThbCA. B mociienHue roabl MOSIBUIMCH
HOBBIE HAIpaBJIECHHUS B HAayKe O FOPEHHWHU M TEXHOJOTMH, OCHOBAaHHbIE HAa HEM. JTO
CaMOPACIPOCTPAHSIOUIUICSA BBICOKOTEMIIEPATYPHBIN CUHTE3 — MPOLECC MEPEMELICHUS
BOJHBI XUMHUYECKOM peakluu [0 CMECH TBEPIbIX JUCIEPCHBIX PEareHTOB C
00pa3oBaHWEM TBEPIABIX KOHEYHBIX TMPOAYKTOB. JlaHHAs TEXHOJIOTHSI TIO3BOJISIET
CHUHTE3MpPOBAaTh HOBBIE MaTEpHAbl M BEIIECTBA C OCOOBIMH CBOWCTBAMHU. MOKHO
Ha3BaTh €UIe LEJbld Pl TEXHOJOTHHA, YACIO KOTOPBIX IMOCTOSHHO NOIMOJHSIOTCS, T
MPOLIECCHI TOPEHUS U B3pPhIBA UTPAIOT OMPEAECIISIONLYIO POJIb.

HecMoTpst Ha ITMHHYIO UCTOPHUIO, KOJIMYECTBEHHOE ONMKMCAHKUE MPOIECCOB TOPEHUS
CTaJ0 pPa3BUBATHCS CPABHUTEJIHHO HEIABHO. DTO CBS3aHO CO CJOKHOCTBIO SIBJICHUS,
KOTOpPOE BKJIIOUAET B CeOs LENbIM PsiJl XUMUYECKUX PEAKIUH, a TAK)KE TaKhe aCIeKThl,
KaK TEYeHUe rasa, TeIJIONPOBOAHOCTh M Jud(y3HMOHHBIA MepeHoc BemecTs. B
NOCJIEITHUE TOJbl JKCIIEpUMEHTalbHAs TEXHWKA UM TEXHUKAa KOMIIBIOTEPHOIO
MOJICJIMPOBAHUSL MOJHSIMCH O TaKOTO BBICOKOI'O YPOBHS, YTO MHOTHE MPOOJIEMbI
TOPEHUSI MOTYT OBITh OMUCAHBI KOJTUYECTBEHHO.

1. 4. FTOPEHWUE U OKNUCJIEHUNE

[Ipu coenuHeHNN TOPIOYMX BEIIECTB C KUCIOPOJAOM BCETa BBIIETSACTCS TEIUIOTA,
HO HE BCE ITH PEAKIIUU MPOTEKAIOT B BUJIe TOpeHus. Hampumep, OKHCIIeHne 3TUIIOBOTO
CIUpTa B YKCYCHBIH albJIeTH] HEJIb3s Ha3BaTh ropeHHEM. B ATOM ciydae CKOpPOCTBH
peaKkiMu HEBEJHWKAa, M KOJMYECTBO BBIJACIAEMON TETUIOTHl HEAOCTATOYHO IS
HarpeBaHusi MPOAYKTOB peakluh [0 CBedeHus. Ecimu KakuM-1mbo crmocoOom
YBEJIIMYUTh CKOPOCTh PEAKIIUH U, CIEIOBATEIHHO, BBIACICHHUE TEIUIOTHI, TO MPOIECC
OKHCJICHHUS BEIIECTB MOXET nepeiiTu B ropenue. CienoBaTebHO, TOPEHUE OTHOCUTCS K
NIPOIECCY OKHUCIICHHSI M XapaKTEePHU3yeTCs TOJIBKO BBICOKOW CKOPOCTBIO pEaKIHid H
3HAYUTEIBHBIM TEIJIOBBIM A(h(PEKTOM.

B nmanpHelimem OymeM paznudarh MPOIECCHI OKWCICHUS U TOPEHUS 10 BHEITHUM
NpU3HAKaM: OKUCIIEHHE — 3TO MPOIIECC COEAUHEHHUS TOPIOYETo BEIIeCTBa C KUCIOPOI0M
0e3 BBIZCIICHHUSI CBETA, TO €CTh 0€3 TUIAMEHH WJIM HaKajda BEIIECTBA, TOPEHHE — ITO
MPOIIECC OKHUCIICHUS C TIOSBJICHUEM TIJITAMEHU WJIM HaKajia BEIIecTBa.

[losiBneHne MmMIaMEeHM WJIM HakKajga BEIIEeCTBa B IMPOIECCE OKHUCICHHUS BCeTraa
SBISIETCSL  PE3YIbTATOM 3HAYUTEIHLHOTO TEIioBOTO 3(ddekra peakiuu. M3myuenue
CBETa B TPOIECCE TOPEHUS — DOTO PE3yJNbTaT Mepexofa XUMHYECKOW DSHEpPTruu
pearupymoImux BeIIECTB B TEIUIOBYID PEAKIUI0 TMPOMEKYTOYHBIX W KOHEUYHBIX
POAYKTOB PEAKIUH.

1.5. YCJI0BUS, HEOBXOLOUMBIE [J151 TOPEHUA
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['opeHHe BemecTB BO3MOXXHO TOJIBKO TPH HAJIWYUM TOPIOYEro BEIIeCTBa,
KHCJIOpoAa Bo3Ayxa (WIM JApYyroro OKHUCIUTENSA) M JOCTH)KCHUS TEMIIepaTyphl,
CIIOCOOHOM BBI3BATH MPOIIECC TOPEHUSI.

Bo3nyx u roprodee BEMIECTBO COCTAaBISIIOT CHUCTEMY, CIIOCOOHYIO TOpeTh, a
TEMIIEpPAaTypHbIE YyCIOBUS OOYCIIaBIMBAaIOT BO3MOXKHOCTh CaMOBOCIUIAMCHEHUS W
rOopeHHsi cUCTeMbl. llpu ycTaHOBUBIIEMCS pEXHME TOPEHHS HM3MEHEHHE COCTaBa
CUCTEMBI M TEMIIEPATYPHBIX yYCIOBUH BEIET K M3MEHEHUIO CKOPOCTH TOPEHHS WU €T0
npekpamnieHuio. Hampumep, 3MEHEHHE KOHIICHTPAIMK TOPIOYEro BENIeCTBa B Ta30BbIX
WIH TIBUICBBIX CMECSX MEPBOHAYAIBHO M3MEHSET CKOPOCTHh TOPCHHS B Ty WU HHYIO
CTOPOHY, a 3aTe€M BEJIET K YMEHBIICHUIO CKOPOCTH ¥ MPEKPAIICHUIO TOPEHUSI.

M3 cocTaBHBIX YacTel BO3JyXa B TOPCHHUU YYacTBYET TOJBKO KHUCIOPOI. A30T U
penkue ra3bl, HaXOISIIMECS B BO3AYXE, B 3TOM IPOIECCe HE YYaCTBYIOT. M3MeHsis
KOHIICHTPALIMIO KHUCIOPOAa B BO3IyXE, MOKHO M3MEHUTh CKOPOCTh TOPEHUS BEILECTB.
Haubonpinas CKOpOCTh TOpEHHUs TOMy4yaeTcsl MPU TOPEHWUW BEIIeCTBA B UYHUCTOM
KHCJIOpOJie, HauMeHbINas (IpekpaiieHue TropeHus) — mpu coaepkannn 14—15%
KHUCIIOPO/IA.

['opeHne BemIECTB MOXKET MPOMCXOAWTH 3a CUET KHUCIOPOJa, HaxXOJAIIErocs B
COCTaBe JPYrMX BEIIECTB, CIOCOOHBIX JIETKO €ro OTAaBaTh. [akKWe BeIIecTBa
Ha3bIBAIOTCS okucauTessiMu. [IpuBeaem Hanbomee H3BECTHBIC OKUCITUTEH.

Bbepronerosa conb (KCIO3).

Kamuitnas cemutpa (KNOs).
Hatpuesas cenutpa (NaNG;).

Hutpat ammonus (NH4NO3).
MapranneBo-kucibiid kamuid (KMnO,).
[Mepxmopat ammonust (NH4CIO,).

B cocraBe okucnuTenei comepKUTCS KUCIOPOA, KOTOPBI MOXET ObITh BBIJEICH
IyTEeM PA3JI0KESHHSI COJIH, HATIPUMED:

2 KCIO; = 2KCI +3Q

Paznoxxenue okucnurenel mMpoUCXOAUT MPU HArPEBAaHWU, a HEKOTOPBIX M3 HHUX
JaXke IMoJ BO3JICUCTBUEM CUIILHOTO yaapa. st Toro, 4ToObl BEIIECTBO TOPENO 32 CUET
KHUCIIOPOJia OKUCIUTENSA, HEOOXOAMMO Kak roprovee, Tak U OKUCIUTENb U3MEIbUYUTh U
TIIATEJNBHO MEPEMEMATh ISl YBEIUYCHUS IUIOMIAAN CONMMPUKOCHOBEHUS PEarupyromnx
BEIIECTB. [ OpeHHE TaKWX CMECEed NPOUCXOIUT C OOJBIIOW CKOPOCTHIO, TaK Kak
KMCJIOPOJI B MOMEHT BBIACIEHUSI HaXOAUTCS B aTOMapHOM COCTOSIHMM. [Ipumep Takux
CMECEH — YEPHBIM MOPOX, TEPMUT, MUPOTEXHUYECKUE COCTABBI, CMECEBBIC TBEPIbIE
paKeTHbIE TOIUINBA.

Jlist mpexpaiienusi TOpeHus HeOOXOANMMO HAPYIIUTh BBI3BIBAIOIINE €T0 YCIOBUSI.
Tak, mnpH TyIIEHUH BOJOW NPOUCXOAUT OXJAKIACHHE TOPSIIErO0 BEIIECTBA U
YMEHBIIEHUE KOHIIEHTPALMK FOPIOYMX ra3oB 3a cueT oOpa3oBaHus napoB Bojbl. [Ipu
TylIeHUH He(pTH TMEeHON MpeKpalaeTcss mnojaya TEMJIOThl OT IUIAMEHH K HepTH u
3aTPYIHSETCS €ro MOCTYIJIEHUE B 30HY TOPEHUS.

1.6. MNMPOAYKTbI TOPEHUA
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[IpogykTsl ropeHuss — 3TO razooOpas3Hble, XUAKHE WJIM TBEpPble BEIIECTBA,
oOpa3yromuecs B nporiecce ropeHusi. CocraB mpoayKTOB CTOPaHUsI 3aBUCUT OT COCTaBa
TOPSIIEro BEIIECTBA M OT YCJIOBUU ero ropeHus. OpraHudeckre U HEOpraHMYeCKHe
TOpIOYHE BEIIECTBA COCTOSAT, TJIABHBIM 00pa3oM, W3 yIriiepoja, KHCIopoaa, BOAOPOa,
ceprl, pochopa u azora. M3 HuUX yriepoa, Boaopoxa, cepa u dochop crnocoOHbBI
OKHUCJIATHCS TPU TEMIIEPAType TOpEeHUst U 00pa3oBbIBaTh MpoaykThl ropenus: CO, CO,,
SO, P,Os. A3ot nipu Temrnepatype ropeHusl He OKUCIISIETCS U BBIACISIETCS B CBOOOTHOM
COCTOSTHUM, a KUCJIOPOJ PAaCXOIyeTcsi Ha OKHCJICHHE TOPIOYHMX DJIEMEHTOB BEIECTBA.
Bce ykazaHHBIE TIPOIYKTHI cropaHus (3a uckiroueHue okucu yriepoga CO) ropets B
nanbHenneM 0ombiie He crnocoOHbl. OHM 00pa3yloTCsa MpU MOJHOM CTOPaHUH, TO €CTh
IpU TOPEHUH, KOTOPOE MPOTEKAET MPHU JOCTYIE AOCTATOYHOTO KOJMYECTBA BO3AyXa U
IIPY BBICOKOM TEMIIEpPATypE.

[Ipy HENmosHOM CTOpaHWM OPTaHWYECKUX BEMIECTB B YCIOBHSX HHU3KHX
TEMIIepaTyp YW HEJ0CTAaTKa BO3ayXa 00pa3yroTcs OoJiee pazHOOOpa3HbIE MPOIYKTHI —
OKHCh YTJIEpO/a, CHOHUPTHI, KETOHBI, AalbJIETHIbl, KHCJIOTHI ¥ JAPYTHE CIOXKHBIC
XuMH4Yeckre coeauHeHns. OHM TOMy4YaloTCs MPU YACTUYHOM OKHCICHHHM KaK CamMoro
rOpIOYEro, Tak M MPOJYKTOB €ro CyXOW NeperoHkd (muposusa). DTH MPOAYKTHI
00pa3yroT ek U AIOBUTHIN JbIM. KpoMe TOTo, MPOIyKTHl HETIOJIHOTO TOPEHUS CaMU
CIIOCOOHBI TOPETh M O0pPa30BBIBATH C BO3AYyXOM B3pBIBUATHICE CMECH. Takue B3pBIBBI
OBIBAIOT MPH TYIICHUH MOKAPOB B TMOBAJAX, CYIINIKAX U B 3aKPBHITHIX TIOMEIICHHSIX C
OONBIIMM KOJUYECTBOM TOPIOYETr0 MaTepuana. PaccMOTpuM KpaTKO CBOWMCTBa
OCHOBHBIX TIPOYKTOB TOPCHHUS.

Yenexkucnwoiit 2az

VYraekucinelid ra3 uian AByokuch yriepoaa (CO,) — MPOAYKT IMOJHOTO TOPEHHS
yrnepoga. He mmeer 3amaxa u mBera. [IMOTHOCTH €ro 1Mo OTHOMICHHIO K BO3IYXY
P = 1.52.InoTHOCTH yriaekucioro rasa npu temmeparype I = 0°C u npu HOpMatbHOM
naBieHnd p = 760 mummmMerpoB pryTtHoro cromba (mm HQ) pasma 1.96 kr/m®
(IUIOTHOCTB BO3yXa TIPH 3THX e yCIoBHsX paBHa p = 1.29xr/m°). Vrimekuciblii ras
xopomo pacteopuM B Boge (mpu T = 15°C B 0XHOM JIMTPE BOABI PACTBOPACTCS OIHMH
JHUTP Ta3a). YTIEKUCIBIA Ta3 He MOIACPKUBAET TOPEHHE BEIIECTB, 32 MCKIIOYCHUEM
MICJIOYHBIX ¥  MIEJIOYHO-3€MENIbHBIX METaUIoB. [ OpeHue MarHws, Hampumep,
IPOMCXOIUT B aTMOc(hepe YrIeKUCIoro ra3a 1o ypaBHEHHUIO:

CO,+2 Mg =C + 2 MgO

TOKCHUYHOCTh YIJIEKUCIIOTO ra3a He3HauuTelbHA. KOHIEHTpamusi yrieKUucIoro
ra3a B Bozayxe 1.5%0e3Bpenna s yenoBeka JymreabHoe Bpems. [Ipu KoHIeHTpauu
YTJIEKUCIIOTO Ta3a B BO3Ayxe, npesbimaromeid 3-4.5%, HaxoxaeHue B MOMEIIEHUN U
BJIbIXaHUE Ta3a B TEYEHHUE IOIy4yaca OnacHo A *ku3Hu. [Ipu temneparype 7' = dC u
nasnenun p = 3,6 MIla yriuekucnbli ra3 nepexoJudT B SKHAKOE COCTOSHUE.
Temmiepatypa KUIIEHUS KUJKOW YIJIEKUCIOTBHI COCTaBIsAECT 1 = —78C. [Ipu 6wICTpOM
UCIIAPEHUH JKUJIKOM YIJIEKUCIOTHl Ta3 OXJAKAAETCS M MEPEeXOAUT B TBEPAOE



cocrosinue. Kak B KUAKOM, TaK W TBCPAOM COCTOAHHH, KaIJIM U IIOPOIIKH
YTJICKHUCIOTHBI IPUMCHAIOTCA IJI TYIICHUS ITOXKApPOB.

Okcuo yznepooa

Oxkcupn yrnepona win yrapueld ra3 (CO) — MOpOIYKT HEMONHOTO CroOpaHus
yriepoja. OTOT ra3 He UMeeT 3araxa U I[BeTa, o3ToMy 0co0o onaceH. OTHOCUTENbHAS
maotHocts P = 0.97. IInotHocts yraproro rasa mpu T = (°C u p = 760 MM Hg
cocrapmser 1.25 kr/m°. DTOT ra3 nerde BO3AyXa M CKAIUIMBAETCA B BEPXHE JacTH
NIOMEIIEHHUs IpY ToXkKapax. B Boge okcua yriaepona nodytu He pactBopsieTcs. CriocobeH
TOpeTh U C BO3AYXOM OOpa3yeT B3pbIBUATbIE CMECH. YTapHBIA ra3 mpu ropeHUH JaeT
IUIaMsi CHHETO I[BeTa. YTapHbIN ra3 sBIseTcsS OYeHb TOKCUYHBIM. Bribixanue Bo3myxa ¢
KOHIIeHTpauueil yrapHoro ra3a 0.4% cmeprensHO i uenoBeka. CTaHIapTHBIE
IPOTHBOTa3bl OT YrapHOTO ra3a He 3allUINA0T, IOATOMY MPH MOKapax MPUMEHSIOTCS
creluaibHble (PUIBTPHI WM KUCIOPOIHBIE U30JIUPYIOIINE TPHUOOPHI.

Cepnucmutii 2a3z

Cepuucteiii ra3z (SO,) — HMPOAYKT TOPEHHS CEpPbl M CEPHHUCTBHIX COCIUHEHUH.
becuBetHblil ra3 c xapakTepHbIM pe3KUM 3amaxoM. OTHOCHTENbHAs IUIOTHOCTh
ceprrcToro raza P = 2.25.IInotHocTh 3T0r0 rasa mpu ' = °C u p = 760mm Hg
cocraBmseT 2.9 kr/M°, TO ecTh OH HAMHOTO TsDKelee Bo3ayxa. CepHUCTBI Ta3 XOpOIIo
pacTBopsieTcss B Boje, Hanpumep, npu temmeparype T = (°C B ogHOM mmTpe BObI
pacTBopsieTcs BoceMbaecst tuTpoB SOy, a mpu T = 20C — copok murpos. CepHUCTHII
ra3 ropeHue He mnozJjepkuBaeT. JlelcTByeT pas3apakaroliuM o0pa3oM Ha CIM3HCThIE
000JIOUKH JIbIXaTENbHBIX MTyTEH, BCIEACTBUE YETO SIBISIETCA OU€Hb TOKCHYHBIM.

Hoim

[Ipy ropeHMM MHOTHX BEIIECTB, KPOME PACCMOTPEHHBIX BBINIE MPOTYKTOB
CrOpaHusl BBIAEISACTCS JbIM — JHUCIEPCHAs CHCTEMa, COCTOSIIAs W3 METbUaNlIInuX
TBEPIBIX YACTHUI], HAXOJSIIIUXCS BO B3BEIICHHOM COCTOSHUM B KaKOM-JIHMOO Trase.
JnameTp 4acTull AbIMa COCTABIISET 10%-10° cm (or 1 no 0.01 mxm). OT™MeTHM, YTO
1mxm (Muxpon) paser 10° M mum 10* cm. Bomee kpymHble TBEp/BIC YACTHIIBI,
oOpa3syromuecs Mpu TOPEHHMH, OBICTPO OCEAIOT B BUJIE KONOTH U caxu. [Ipu ropeHun
OpPraHUYECKUX BEIICCTB JBIM COJCPKUT TBEPJbIC YaCTHIIBI caxkH, B3BemeHHble B CO,,
CO, N, SO u npyrux razax. B 3aBucuMocTd OT COCTaBa U YCJIOBU FOPEHUS BEIIECTBA
MOJIYYArOTCS Pa3JIMYHbIE IO COCTaBy M 10 I[BETYy AbIMBI. IIpum TropeHun nepesa,
HaIpuMep, o0pa3yeTcsl cepoBaTO-YEPHBIN JbIM, TKAHW — OYphIi AbIM, HEPTEIPOAYKTOB
—4epHbIi 1bIM, hocdhopa — OenbIil 1bIM, OyMaru, COJIOMbI — 0€TTOBATO-KEITHIN JBIM.

2. BOCITJIIAMEHEHWE

FOpCHI/IC BC€X BC€HIICCTB HAYHMHACTCA C HX BOCINIAMCHCHM. VY OoapmMHCTBA
ropro4ux BEIICCTB MOMCHT BOCINNIIAMCHCHUA XapaKTCPU3YCTCs MMOABJICHUCM IIJIAMCHHU. vy
TCX BCHICCTB, KOTOPLIC TOPAT 0e3 II1aMCHH, HAIIpUMCP, Y TCPMHUTHLBIX COCTABOB,
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UCTIONB3YIOMIMXCS I CBAPKH METasIOB, MOMEHT BOCIIAMCHEHHUS XapaKTepU3yeTCs
HOSIBJICHHEM CBeUYCHHMs (HaKasa).

M3BecTHBI JBa BHJA BOCIUIAMEHEHHS BEIIECTB — CAaMOBOCIUIAMEHEHHE |
3akuranue (BBIHY)KJAEHHOE BOCIulaMeHeHue). [Ipu caMOBOCIUIaMEHEHHH PaBHOMEPHO
HAarpeBaeTcs BCsS TOproYas CMech. [Ipu  3aKUTaHUM  KCIIOJB3YETCs  SIBIICHHE
pacrpocTpaHeHuss (GpOHTa IJIAMEHH OT MECTHOTO OTHOCHTEIBHOTO HEOOJIBIIOTO II0
pa3MepaM UCTOYHHKA 3aKUraHus (Iiams, UCKpa, U T..). TakuMm 00pa3oM, 3a)KHUraHue
HpeICTaBIIseT COOOM JIBa MOCIIEI0BATEIBHBIX MPOIECcCa — CHAYAIa HA4yaJIbHOE 04aroBoe
3a)KMraHKe, KOTOPOE BBI3BIBAET MEPBUUHOE IIJIAMsI, M 3aTEM PACIPOCTPAHEHHUE TNIAMCHH
OT UCTOYHHKA 10 BCEMY 00bEMY rOpIOYCH CMECH.

2.1. OCHOBHBIE IMOHATUSI XUMNYECKOU KUHETUKMN

[IpuBenem KpaTKue CBEAECHHUS U3 XUMHUYECKOW KMHETUKU — HAYKHM O MEXAHU3ME U
CKOPOCTH XUMHYECKHX peakiui. BaxHenmas BeIWYMHA — CKOPOCTb XMMHUYECKOU
peaknuu — ONpenesieTcss W3MEHEHHEM BO BpPEMEHHM KOJIMYECTBA KAaKOro-TMOO u3
UCXOJHBIX BEUIECTB WM TMPOAYKTOB pPEAKUUH B PE3yNbTaTe€ XHUMHYECKOIO
npeBpaineHus. XUMUYECKUE PEaKIMd MOTYT MPOTEKaTh TOMOIeHHO (B 00beMe OJIHOM
¢a3pl) WM reTreporeHHo (Ha MOBEpXHOCTH paszzaena (a3). CKOpOCTh TOMOTCHHOM
peaKIMKu — 3TO KOJIMYECTBO BEIIECTBA, BCTYMAIOILIETO B PEAKIMIO UM 00pa3yroIierocs
B pe3yJbTaTe peaklMy B EIWHUILY BpPEMEHM B elIuHule oO0bema. [lns peaxuui,
MPOTEKAIOUIUX B CHCTEMaX MOCTOSIHHOTO 00bema
_dg

dt ’

rIIe G — KOHIICHTpAIHs I-r0 BEIISCTRa, MomsM S unm krr S

Ui

Ui — ckopocTh peakimu 1o i-My BeIlecTsy, Mot 2t wm xr 367t
Ecin i-e Bemectso — mpoaykr peakiun, To dG/dt>0, ecim 310 mcxommoe
BermectBo, To 0G /dt<0, Xumuueckme peakuuy AeIsATCS HA IPOCTbIE M CIIOXKHBIC.
[Ipocras peakiusi MPOTEKAET B OJHOM HAINpPABJICHUU W B OJHMH JTAll; KHHETUYECKAs
cXeMa TaKoW peakIi UMEET BH/T
)(1+ X2+--- N Y1+ Y2+...’

rie X — WCXO/HBIE BEIIIECTBA, Yj — IPOAYKTHI PEAKIIUH.

K cnoxHbIM OTHOCATCS 06paTI/IMbIe pCaKkonun (O,ZLHOBpeMeHHO MMPOTCKAIIUC B
ABYX IIPOTHUBOITIOJIOKHBIX HaHpaBJIeHI/IHX)
X1+ Xo+..e Y +Yo +..
MapaJuICJIbHBIC PCAKIIMN, OIIUCBIBACMBIC, B YdCTHOM CJIy4dac KWUHETHUUYECKOM CXEeMOM

Yi+Y +..
X1+ XZ +...
Z1+Z, +...
" TOCJICAOBATCIIbHBIC PCAKIINH, HAIIPUMCP
)(1+ )(2+... N Y1+ Y2+ N Zl+ ZZ+"'

I[J'Iﬂ HpOCTOﬁ peaK]_H/II/I MOKHO 3aIIuCartb CTeXI/IOMeTpI/IquKOG ypaBHeHHe
VX1tV o Xpt-o o €9V +E HYot-o-
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rae Vis & —crexuomerpudeckre  KOO(PQUIMEHTHI, COOTBETCTBEHHO  PaBHbIE
YyCcjIaM MOJIEKYJl MCXOAHBIX BEUIECTB M IPOAYKTOB pEaKLMH, Y4YaCTBYIOIIUX B
aneMeHTapHoM Tnponecce. CTEXMOMETPUUYECKOE YPaBHEHHME I103BOJIAET YCTaHOBMUTH
CBSI3b MEX/1Y CKOPOCTSIMU MTPOCTOM PEAKLINU IO PA3TUYHBIM KOMIIOHEHTAM:

. _dCxl_ _dsz_ _ ,_doﬁ_ , _dCY2
h = ; Up=———; ..., W= , U =
dt dt dt dt
HpI/I KBaBI/ICTaHI/IOHapHOM HpOTCKaHI/II/I HpOHCCC& BC€ HCXOIHBIC BEIIECCTBaA
JOJDDKHBI HUCUEC3aTh, a HpO,Z[YKTI)I — ITOABIIATHCA B pCBYJII)TaTC XI/IMI/I‘{CCKOf/’I pCaKHI/II/I B

9KBUBAJICHTHLIX  KOJIMYECTBaX, TO €CTb OOJDKHO  YAOBJICTBOPATHCA  YCIOBHC
CTCXHUOMCTPHH.

L I U
V1 Vo €1 €2

Yem Oompme BemuuuHa Vi wiam €, TeM OOmblIie MO MOXLYIKO JO/DKHA OBITH

CKOPOCTb pEeaKIuu ‘Ui‘ WITN ‘Ui' (To ecTh npu OOJBIIEM 3HAYCHUH CTEXHOMETPUIECKOTO
Ko3(duireHTa Oonblee KOIUYECTBO COOTBETCTBYIOIIEIO BEIIECTBA pearupyer B
enuHUIy BpeMeHu). OTCIona CIeAyeT, YTO HE3aBUCUMO OT BHIOOPA BEUIECTBA, CKOPOCTh
PEaKIH MOXXHO OXapaKTePU30BaTh BETUIUHOM

T e U e

Vi Vo €1 €3
BCJII/I‘{I/IHa u HaA3bIBACTCIA CKOpOCTI)IO HpOCTOﬁ pCaKHI/II/I 663 OTHOIIICHUA K

KaKOMY-JTM00 KOHKPETHOMY KOMITOHEHTY.
CKopocTh MPOCTOM peaKIMK MOAUYUHSIETCS 3aKOHY JEHCTBYIOIINX Macc

— LVl V2
u=k -
G OG
rie K — KOHCTaHTa CKOPOCTH PEaKIid, YUCJIICHHO paBHAas €€ CKOPOCTH IpHU
€IMHUYHBIX KOHIICHTPALUAX.

HOI[‘{CpKHCM, 4TO B 3TO YPABHCHHC BXOAAT TOJIBKO KOHIOCHTpAIMKM HCXOAHBIX
BCIICCTB B CTCIICHU UX CTEXUOMCTPUUCCKHX KOC-)(b(I)I/II_II/ICHTOB.

Cymma crexuoMmeTrpuyeckux KodpduimeHtos V =ZVi, paBHasl KOJIMYECTBY

MOJIEKYJI,  NPUHUMAIONIMX  ydyacTUe B  €IMHMYHOM  aKTe,  Ha3bIBAETCs
CTEXHOMETPUYCCKUM MOPSAAKOM (MOJICKYJISIPHOCTBIO) PEaKIUH:

V= ZVi =1 _ monoMOTEKyIISIpHAs peaKLs;
V= ZVi = 2 _ GumMoneKy/spHas PeaKLus;

V= ZVi =3 _ rpuMOIeKyIpHAs peaKIHs.

CTeXHOMETPUYECKUI TMOPSIOK MPOCTOM peakiMu — BCerma Ieaoe 4Yucio (He
JAPOOHOE) M HE MPEBBINIAET TpeX (BEPOATHOCTH OJHOBPEMEHHOTO CTOJIKHOBEHHUS OoJiee
YeM TpeX MOJIEKY] OiM3Ka K HYI0). [IpUMEHSATh 3aKOH AEHCTBYIONIMX MAacc JyIs
pacyera CJIOKHBIX peakiuid MOXKHO JUISi OJHOCTAJMHHONW O00paTMMOil peakiuH,
CKOPOCTh KOTOPOH

u=u,-u,



e U+, U- — ckopoctu peakimu B mpsiMoM M 0OparHOM HampasieHusx. [1o

3aKOHY I[CﬁCTB}’IOH.IPIX MaccC
_ Vi AV
u= k+CX11CX22...— k chll éYZZ

e K+, Ko — xoncrantsl CKOpOCTH TIpsIMOM U 00parHoii peakuwid. [Tpu U+ = U
BennurHa U = 0, YTO COOTBETCTBYET XUMUUYECKOMY PAaBHOBECHIO CHCTEMBI.

B o60mem ciywae s ONMMCaHUS CIOXKHOM peaKkIMH HYKHO HECKOJIBKO
CTeXHOMETpUYecKuX ypaBHeHHi. CkiaapiBas UX, TMOJIy4aeM OpyTTO-ypaBHEHHE
peaKkuy, KOTOpPOE OIKCHIBAET IPOLECC B ILEJIOM, HO HE OTPaXaeT HUCTUHHOIO
MeXaHU3Ma XHMUYECKHX TpeBpamneHuit. s CI0KHON peaknud MOKHO (Ha OCHOBE
DKCIIEPUMEHTOB) 3alucaTth ypaBHEHUE, CBS3BIBAIOIIEE CKOPOCTh PEAKIUU C
KOHIICHTPAIIMEH NCXOTHBIX BEIIECTB (KWHETUYECKOE YPaBHEHUE)

N1 N2
u==k cee
S0 5
rne N — mopsimox peakimu no i-my BemiectBy; :Z N — mopsimok peaxuuu
(kMHETHYECKHIA TIOPSAIOK peaknuu). B ommmune ot V = ZVi , KHHETUYECKUN TOPSAI0K
peakiuu N MOXET ObITh JAPOOHBIM YHUCIOM. Pa3MepHOCTh KOHCTAHTBI CKOPOCTH
peakuuu K 3aBUCHT OT ee mopsijKa:
— — -1
JJIs1 n—O, [k]—[C]EC ;
— -1
I n—l’ [k]—C ’
— -1 -
s N=2, [k]=[C] N

rac [C] — I[IpHUHATAad pa3SMCPHOCTb KOHOCHTPAIWH.
Paznuune B pPasMEPHOCTU KOHCTAHTBI CKOPOCTHU PCAKIINH K CBA3aHO C TEM, 4TO

— -3 -1
Pa3MEPHOCTh CKOPOCTH PEAKIMM BCerna JO0HKHA OBITh [U] = mosb[l “[¢ WA
_ -3 -1
[u] = xry e ,
CKOpOCTh TOJABJISIONICTO OOJBIIMHCTBA peakuuid (MPOCTBIX U CJIOXHBIX)
IIOBBILIAETCSA C POCTOM TeMIepaTypsl 7, a KOHCTAHTa CKOPOCTU PEAKLIMU MOAUUHSAECTCS

3aKOHY AppeHuyca
k= z@xp(—ij
RT )’

rIe Z — TMPEndKCHOHEHT (MPEeIIKCIIOHCHIMAIBHBI MHOXHUTENb, YaCTOTHBIH
(daxTop), pasMEpPHOCTh KOTOPOTO paBHA Pa3MEPHOCTH KOHCTAHTHI CKOPOCTH PEAKIIHH
[Z=[K];

T —abcomoTHas TeMrieparypa, K;

E —sHeprus axtuBamuu peakiuu, JxNons

Ro= 8.3134J1 (K Mionb " — yHHBepCcanbHAsS ra30Bast IOCTOSHHAS.

be3pasmepHbIil MMOKa3aTenap OJKCIOHEHTbI B 3aKOHE AppeHHWyca Ha3bIBACTCS
KpuTepueM AppeHuyca:

Arn = i
RoTo
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rae To — XapakKTepHas TeMIIepaTypa.

OTOT KpUTEPUH BBIPAXKAET YYBCTBUTEIBHOCTh CKOPOCTH XMMHUYECKON PEAKLUU K
U3MEHEHUIO0 Temreparypbl. YeMm Bbllle 3HaueHue AN, TeM CUJbHEE JTa
YyBCTBUTENBHOCTb. BXonsdmue B 3ak0oH AppeHHyca BeJWuuHbl Z U E HazbiBaroTCs
KMHETUYECKUMU KOHCTAHTAMH XHMMYECKOM peakiuu. PU3NMYECKU CMBICI SHEPTUU
aKTUBALMHU £ 1151 IPOCTOM PEAKIIMU COCTOUT B TOM, UTO 3TO IHEPIHUs, KOTOPOU JOJKHA
o0nanath MOJEKyJa JJIsl TOTO, YTOOBI BCTYMUTH B peakuuio. [ CIOXKHBIX peakuuil £
HE UMEET MPOCTOT0 (PU3NYECKOTO CMbICIA. 3HAUEHUS Z, £ onpenensitoTcs, Kak MpaBuio,
DKCHEPUMEHTAIBHBIM IIyTeM. KHHETHYECKHE KOHCTAHTBI IOJHOCTBIO ONIPENEIISIOT
CKOpPOCTb IMPOTEKAHUSA KaXJAOW KOHKPETHOM pEeaKklud, B TOM 4YHCIE WU PEaKuuu
BOCIUIAMEHEHUSI WIM TOPEHHs. 3ajada HKCIIEPUMEHTAIBHOTO OIPENCICHUS 3THUX
KOHCTAHT SIBJISIETCS BaXKHEWUILEH TP UCCIEA0BAHUN (PU3UKO-XUMUYECKUX MPOLIECCOB B
BBICOKOOHEPreTUYECKUX YCTAaHOBKAX.

XUMHYeCKass peakiusi MPOXOTUT C BBIACICHUEM Terula (dK30TepMHUYEcKas
peaknusi), MO0 ¢ ero morjouieHueMm (IHAOTepMHYecKas peakiws). Ecmu mpsimas
peakuusi — 3K30TepMuueckas, To oOparHas — 3HHOoTepMuyeckas. KomudectBo Termuia,
BBIJISJISIEMOTO TIPU TIOJTHOM DPEarMpOBaHUW EIMHUIBI KoimdecTBa BemecTBa (1 monb
win 1 Kr), HaspiBaeTcs TEIUIOBBIM d(dexToM peakimu 9. PasmepHOCTH TEMIOBOro

s deKTa peaKiuu [q] = Ik Dvoms ™+ win [q] = Ik kr L.

2.2. TEINJIOBAST TEOPUSI CAMOBOCIJIAMEHEHUA

Temmnepatypa, 10 KOTOpOil HEOOXOAMMO HArpeTh roproyYee BEIIECTBO, YTOOBI OHO
BOCIUIAMEHWIOCH, HA3bIBAECTCS TEMIIEPATypPOU CaMOBOCIUIAMEHEHMs 7+, XuMHUYeCKas
peaKnys MOKET 3aKOHUYHUTHCSI CAMOBOCIIZIAMEHEHUEM IIPU CIIEIYIOLIUX YCIOBUSIX.

e DBelageneHue TEIIOTHI B pe3yjbTaTe peakUuu, TO €CTb 3K30TEPMHUYHOCTH
peaKIuH.

e B03MOXXHOCTh NPOTEKaHMsI peakLUuu IpU TemIieparypax 0oJjiee HU3KHUX, YEM
TEMIIEPATypa CaMOBOCIUIAMEHEHHS.

*  CnocoOGHOCTh peakiuu K pe3KOMY YCKOPEHHIO MPH MOBBIIICHUH TEMIIEPaTyphl
(o 3akoHYy AppeHuyca).

ITporiecc camoOBOCIUIaMEHEHHUST BEUIECTB MPOUCXOAUT CIEAyIOIUM oOpa3om. [Ipu
HarpeBaHWM roproueii cmecu (Hampumep, CMeCcH MapoB OCH3WHA C BO3YXOM) MOXKHO
JOCTUTHYTh TAaKOM TEMIEpaTypsl, NPH KOTOPOM B CMECH HA4YMHACT IPOTEKATh

MEJUICHHAsI pEeakUHs — OKHUCIEHHE. OJTa peaklus COIPOBOXKIACTCS BbIICICHUEM
TEIUIOThI, U CMECh HAUYMHACT HArpeBaThbCs BBILIE TOW TEMIIEPATYpPhI, 10 KOTOPOU €€
Harpesu.

OZHOBPEMEHHO € TEIUIOBBIACICHUEM M HArpeBOM CMECH IPOUCXOAUT
TEIIOOTAA4a OT CMECU B OKPY’KAIOIIYIO CPEy 3a CYET TEILIONPOBOJIHOCTH, KOHBEKLINH
Y M3JIy4yeHus. Eciim CKOpOCTh peakIUM OKUCJIEHUS Mayd, TO TEIJIOOTAada IPEBBIIIAET
BBIJICJICHUE TEIUIOTHI. lIpum 3TOM, IOCIHE HEKOTOPOTO IMOBBIMIECHHUS TEMIIEPATYPHI,
CKOPOCTb PEAKIMM HAYMHAET CHU)KATHCS U CAMOBOCIUIAMEHEHHUS HE TPOUCXOIUT.

Ecin cmech Harperb u3BHE 10 0ojiee BBICOKOM TeMIEparypbl, TO BMECTE C
YBEIMYEHUEM CKOPOCTH PEAKIIUK YBEIMYUBACTCA U KOJMYECTBO TEIUIOTHI, BBIICIAEMON
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B eauHuny BpemeHu. [Ipu nocTmkeHun onpeneseHHOW TeMmIieparypsl 7+, KOTOpas
3aBUCUT OT BHEIIHUX YCJIOBHUH, CKOPOCTb TEIUIOBBIACIICHHWS HAYMHACT IPEBBIILATH
CKOPOCTbH TEIUIOOTAa4yH, B PE3YJIBTATE YEr0 PEaKiUsi MHTEHCUBHO yCKopsieTcs. B aTtoT
MOMEHT IMPOUCXOJUT CaMOBOCIUIAMEHEHHUE BellecTBa. TakuM oOpa3oMm, TeMieparypa
CaMOBOCIUIAMEHEHUS PEarupyrollero BeIecTBa — 3TO TaKOe 3HAYEHUE TEMIIEPaTypBl,
IpyU KOTOPOM CKOpOCTh TeruioBbiAenenuss Q. (x/c) craHOBUTCS paBHOI CKOPOCTH
ternoorBoaa Q. (Jx/c):

Q:(7) = Q. (D).

3apucumoctd Q.(7) u Q. (7), mocTtpoeHHble HA OJHOM rpaduKe, Ha3bIBAIOTCS
nuarpammoii CemenoBa (puc. 2.1). Touka mepecedeHHs KPHUBBIX TEIUIONPHXOAA |
TEIUIOO0TBOIA OIPEICIISICT BEIMIMHY TeMIIepaTyphl caMoBociiameHenust 7+ (puc. 2.1)

KonumyecTBeHHass Teopus TEIUIOBOTO CaMOBOCIUIAMEHEHHS Oblla  pa3BUTa
akamemukom H.H. CemenoBeiM B 1928. Ha ocHOBe MexaHW3Ma IIECTHBIX PEAKITHI.
CoryacHO ATOMY MEXaHHU3MY, YBEIUUCHUE TEMIIEpaTyphl CMECH BENET K YBEIMUYEHUIO
JUTMHBI TIEMU W YHUciia 00pa3yIomUXCsl BCICACTBUE TEIJIOBOTO JBMKCHUS AKTHBHBIX
Monekyn. [Ipu HEKOTOpOM 3HaUYEeHUHM TemnepaTypsl 7+ JUIMHA LENU CTAHOBUTCS TaKOW,
YTO YHCIIO Pa3BETBICHUN B HEH CTaHOBUTCS OOJbIE YKclia OOpBIBOB. Peakuus mpu
TOM TPHUOOpPETAET YCKOPEHHE W MPOHWCXOJUT CaMOBOCIUIAMEHEHHE cMmecu. M3 aToro
CJIETyeT, YTO YCJOBHEM IIETTHOTO CaMOBOCIUIAMEHEHHS SIBIISIETCS PABEHCTBO YHMCIIA
pa3BeTBIEHUH YnCITy 0OPHIBOB.

10.0. Q-

Puc. 2.1. lnarpamma CemeHOBa

Temmeparypa caMOBOCIIAMEHEHMSI OJHOIO M TOTO K€ BELIECTBA 3aBUCHUT OT
BHEIIHUX YCJIOBUHM M MOXET HW3MEHATHCA B IIMPOKUX IIpenenax. Bemuuuna 7T+
XapaKTEpU3yeT CTEIEHb I[0XKAapOOMAaCHOCTH BEIIECTBA — YEM HIDKE TeMmIeparypa
CaMOBOCILJIAMEHEHHUS T, TEM OOJIbIIIE [10KAPOONACHOCTb.

Jlist onpenienieHust TeMIlepaTypbl CaMOBOCIITIAMEHEHUST UCIIOJIB3YIOTCS 1Ba METO1A
— HarpeB Troprouell CMecH B COCYAE 3aJaHHOIO0 O0bEMa M BOCIUIAMEHEHUE CMECHU
HarpeThIM HIapUKOM WIX HUTBIO. B nocneanem ciyyae u3MepeHHas BeauuuHa 1+ Oyaer
3aBUCETh KaK OT pa3Mepa LIapuKa, TaK U OT €ro Marepuaia. Yem MeHbIIe TuaMmeTp
HIapuka, TEeM BbIIe JODKHA OBbITh €ro TemmepaTypa, oOecredyuBaroniast
CaMOBOCIUIAMEHEHNE Ta30BOM CMeCU. bonpnioe BIMSHHE HA BENIWYMHY [+ OKA3bIBAET
KaTaJUTUYECKOe NEeHCTBUE MaTepuana Iapuka wid HUTH. ['paduk 3aBucumoctu 7+ ot
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auaMeTpa IIaTHHOBOTO mapuka D juisi HEKOTOpBIX TOPIOUMX Ta30B NPHUBEACH Ha
puc. 2.2.

T..°C A
1300 +
/
1000 + 2
3
700 | = D, um

2,5 5.0

Puc. 2.2.3aBUCUMOCTh TEMIIEPATYPhl CAMOBOCIIJIAMEHEHUS Ta30B
OT IMaMeTpa HarpeToro Iapuka;
1 —nenTaH, 2 —CBETUJILHBIN T'a3, 3 —BOJIOPO/I

2.3. OBJIACTb CAMOBOCITJIAMEHEHUWA

Bemnunna temrepaTypbl cCaMOBOCIUIAMEHEHHSI 7+ CHIJIBHO 3aBUCHUT OT JaBJICHUS
pearupytonux razoB. Ha puc. 2.3 nmpuBeneHbpl TpaHUIBI 00J1aCTH CAMOBOCTUIAMEHEHUS
TUIUYHBIX YIJIEBOJOPOMOB (CMeCH TOpIOYMX Ta30B W TApOB C BO3AYXOM) B
3aBUCUMOCTH OT JAaBJICHUS CPEIIbI.

Jliis cMmeceid, mapamMeTpbl KOTOPBIX — JIaBlIEHUE p U Temreparypa 1 — JiexaT BbIIIe
kpuBoii ABCDEF, mpousoiiner camoBocrnamenenue. Eciu mapamerpel cmecu p, T
nexat Huxe kpuBoid ABCDEF, To camoBocmiameHeHne He poucxoaut. Paccmorpum
U3MEHEHHE TeMIepaTypbl CaMOBOCIUIAaMEHEHHUS 7 YIIEBOJAOPOIHBIX CMeECcei MpH
MOBBIIIICHUX ¥ TIOHWKEHUM JaBiieHUs. [Ipy TOBBINICHWHM MaBIEHUS CMECH BBIIIIC
atmocepHoro (p > 0.1 MIla) BemuumHa 7+ pe3KO CHHXKAETCS, OCOOCHHO IIpH
p>02MIla (yuacrox DE). Ilpu p>0,3 MIla BenuunHa TeMIEPaTypbl
CaMOBOCIIAMEHEHUSI CTAHOBHUTCSI TIOCTOSIHHOM, TO ecTh Tx = const {uacrok EF). [Ipu
JABIICHUSAX HWXKE aTMOC(HEPHOrO0 BEIMYMHA TEMIIEPATypbl CaMOBOCIUIAMEHEHUsS 7T+
CHayaya pe3Ko MOBBIMAETCs, qocTuras makcumyma (touka C), a 3aTeM CHIKAeTCs,
obpasys moyoctpoB ABC.
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B 3aBUCHUMOCTH OT JaBJICHUS CMECH
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KpoMe mapameTpoB OKpy:Karoleid cpelibl, TO €CTh AABICHUS U TEMIIEpPaTyphl,
Benu4MHA T 3aBUCUT OT cOCTaBa roproued cMecu. Ha puc. 2.4npuBeneHa 3aBUCUMOCTb
TEMIIepaTypbl CaMOBOCILUIAMEHEHHUsI T+ OT MPOLEHTHOro coneprkanust MetaHa (CHy) B
Bo3nyxe. Kak BunHo u3 rpaduka, Hanbosee HU3Koe 3HaueHue 7+ COOTBETCTBYET CMECH,
comepxainieit 6% merana B Bo3layxe, a HauOoyiee BBICOKOE 3Ha4Ye€HHE 1+ — CMeEcCH,
conepxareii 14% merana (BepxHuii mpenen B3pbiBa). OTMETUM, YTO 3aBUCUMOCTH 7%
OT COCTaBa CMECH BCErjJa MMeeT MUHUMYM, MpHUBEIeHHbIH Ha puc. 2.4. [Ipu stom
HaWMEHbLIEH TEMIIEPATYPO CAMOBOCILUIAMEHEHUS U3 CMECEU TOPIOYMX MApOB U T'a30B C
BO3JyXOM 00JIaJIa€T CMECh, OJTU3Kask K CTEXUOMETPUUECKOM.

T*,"CA

750+

700

. I I >%CH4
2 6 12 18

Puc. 2.4.3aBucumocts T+ OT coAep>KaHUSI METaHA B BO3TyXe

2.4. MEPUOL MHOYKLMN

["oprouee BelecTBO, BBEJEHHOE B HArpeThlii COCYy/, BOCIUIAMEHSAETCS HE cpasy, a
yepe3 HEKOTOphIM NPOMEXYTOK BpeMeHH. Bpemsi ¢ MoMEHTa BBOAAa TOPHOYETO
BEILIECTBA B HArpeThlil COCya 1O €ro CaMOBOCIUIAMEHEHHUS Ha3bIBAE€TCA MEPHOJIOM
uHAyKuu t-. Bennunna neprojga MHAYKIKUM t« 3aBUCUT OT COCTaBa roproyeil cMecu, a

21



TaK)Ke€ U3MEHSETCS B 3aBUCHMOCTH OT KOJMYECTBA BEIIECTBA, JABJICHUS, TEMIIEPATyPhI
cocyaa, ero pa3MepoB u Jpyrux ¢akropos. Ha puc. 2.5 npuBenena 3aBuCUMOCTb t- OT
napienuss s cmecu gumetwioBoro s¢upa (CH30CH3) ¢ kuciaopoaom  mpu
Temmepatype B cocyne I = 245C. Kak ciaexyer u3 rpaduka, ¢ pocTOM IaBICHHS
NIEPUO UHIYKITUH PE3KO YMEHBIIIAETCS.

Ha puc. 2.6npuBeeHa 3aBUCUMOCTh Tieprojia MHAYKIuU t- cMecu merana (CHy) ¢
KHUCTIOPOJIOM OT JaBJICHHS JJIA pa3HBIX 3HAYEHUI TeMIepaTypbl cocyna. Kak BumHO u3
MPUBEACHHOTO TpaduKa, Mepruo HHAYKIINH TAKKE PE3KO YMEHBIIIACTCS C YBETUICHUEM
naBneHus. g OMMHAKOBBIX 3HAYEHWUW JAaBICHUS CMECH, HAMpPUMEp, I p = po
(puc. 2.6), BenmumHa Tepuoa WHAYKIHMH {« TeM OOJbIlle, YeM HIDKE TeMIeparypa
cocyza.

Kpome TepMommHaMU4YecKnX MapamMeTpoB Cpeibl — TEeMIEpaTyphl W JaBICHUS,
BeTUYMHA t+ 3aBUCUT M OT COCTaBa ra3oBoi cMecu. B Tabn. 2.1 npuBeneHbl JaHHBIE 110
t- s MeTaHO-BO3AYIIHOW CMECH C pa3HBIM cojaepkaHueMm MeraHa. Kak ciemyer u3
NPUBEICHHBIX JAHHBIX, C YBEIUYCHHEM COJCPIKAHMS TOPIOYETo Ta3a B CMECH, IEPHOJ
WHIYKIIUA BO3PaCTaeT.

[leproa mHAYKIUK UTpaeT OONBIIYIO POJIbh HE TOJIBKO JIJIsl CMECEH TOPIOYHMX Ta30B
C BO3IYXOM, HO TaKXe JUIsl TMBUICBO3MYIIHBIX CMeCed W TBEPIBIX TOIUIUB. IJTOT
napaMeTp HMEeT MNPAKTUYECKOEe 3HAYeHHE IPH OICHKE IOKapHOW Oe30MacHOCTH
HEKOTOPBIX MPOM3BOACTB. OTMETHM, B YaCTHOCTH, JITAKOKPACOYHBIC II€XU, KPYITHBIC
rapakd, MIaxXThl, PYJHUKH, JI€BATOPHI U T.J., B KOTOPHIX HAXOATCS UCHAPSIONIUECT U
JIETKOBOCIUTAMCHSTFOIIINECS YKHJIKOCTH (J1aK, OCH3MH) WJIH a3PO30JIH.

l‘*,CA

20 1

151

10 ' —p p, Mm Hg

240 250 260 270

Puc. 2.5.Bnusinue qaBicHus Ha BEIUYUHY TIEPUO/Ia HHITYKIIHN
cmecu (CH;OCH; + O,) ipu 7' = 245C
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Puc. 2.6.BnusHue TemriepaTypbl Ha BEIMYMHY IMEPUOJIa UHIYKIIUU
emecn (CH, +0,): 1 =T = 730C; 2 —-T = 750C; 3 -T = 780C; 4 —T = 800C

Tabmuna 2.1
3HaueHus nepruoaa HHAyKIuHA (t-, ¢) B 3aBUCUMOCTH
OT TEMIIEPATYPHI i COCTaBa METAHO-BO3IYIIIHON CMECH

Conepxanne CH,B cmecr, % | t- mpu 775C | te ipu 825°C | t. mpu 875°C
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

2.5. TEMIEPATYPA CAMOBOCITIAMEHEHWSI FTA30B U XXWOKOCTEU

TeMnepaTypa CaMOBOCIINIAaMCHCHUA CHUJIBHO 3aBUCUT OT JaBJICHHA. DTO CBS3aHO C

TeM, 49TO0 7+ ecTh (YHKIHMS CKOPOCTH PEaKIUHU OKHCIICHHUS, KOTOpas 3aBHCHT OT
naBiaeHus. OCOOCHHO CWIBHO BJIMSHUE JaBJICHUS Ha 7+ TPOSBIAETCA IS
ra3000pa3HbIX M )KUJKUX BEIIeCTB. UeM BEIIIC JaBICHUE TOPIOYCH CMECH, TEM HUXKE Tx
U HaoOOpoT. J[Is TOATBEpPkACHUS 3TOrO NPHBEACM TaOIUIly 3aBUCUMOCTH 1% OT
TABJICHUS p NI HEKOTOPBIX YTIIEBOJOPOIOB.

Tabmuna 2.2

3aBUCHMOCTD TeMIiepaTypsl camoBociiamerenust (7+ , OC) OT JaBJICHUS
JUTSI HEKOTOPBIX YTIIEBOJAOPOIOB

Bemecto | 7- mpu 0.1Mlla | 7 npu 0.5MIla | 7> npu 1.5MIla | 7 npu 2.5MIla
bensun 480 350 290 250
benzon 680 620 520 490

Kepocun 460 330 220 200




CaMOBOCIIZITaMEHEHHE Ta30- M NapOBO3AYIIHBIX CMECE B KOMIpeccopax u
anmaparax ¢ TOBBIIIEHHBIM JaBJICHHEM BCErjJa MPOUCXOAUT MpU 0oJiee HUBKUX
TeMIlepaTypax, 4eM rnpu artmochepHoM JaBiieHuu. B 1abn. 2.3npuBeneHa 3aBUCUMOCTh
TEeMIIepaTyphbl CaMOBOCIUIAMEHEHHUsI T+ METaHO-BO3/YIIHON CMECH OT JaBJICHUSI.

Tabomuna 2.3
3aBUCHMOCTB TEMIIEPATYPhI CAMOBOCIIJIAMEHEHUS
METaHO-BO3/yIITHON CMECH OT JaBJICHUS

p,MIla |0.05/0.1|0.3] 0.5/ 0.7
T, °C 741 | 728 695| 666| 644

['a30- wiM mnapoBO3AyIIHAsE CMECh MOXET HWMETh pa3JIMYHbIi COCTaB, B
3aBUCUMOCTH OT KOTOPOT'O M3MEHSAETCS M €ro TeEMIEpaTypa caMOBOCIUIAMEHEHUS. DTO
CBA3aHO C TEM, YTO CKOPOCTb XMMHMUYECKOW PEaKLMH IIPU IOCTOSHHOM TeMIlepaType
3aBHCHUT OT KOHLIEHTPALMU pearupyromux semects. Hanbonee 6enHas roprodas cMech
(c HemocTaTkoM TOpIOYEro) JOJDKHA HWMETh 0ojiee BBICOKYIO —TeMIepaTypy
CaMOBOCIUIAMEHEHMS, TAaK KAaK CKOPOCTb peakuuu B TAaKOM CMecH Mana H,
clieIoBaTeNbHO, Maji0 TeroBbAeeHre. KoHmeHTpaius okuciutess (KUCIoposa) B
TAKOM CMECH 3HAYUTENIbHO OO0Jbllle HEOOXOAMMOM /JIsi IOJHOTO CTOPaHUsI TOPIOYETO.
[Toaromy OoJsbllIOE KOJIMYECTBO TEIJIOTHI PACXOIYETCs Ha HArpeB ras3oB, He
YYaCTBYIOIIMX B PEAKUUHU. DTO BEAET K TOMY, YTO NPEBBILICHUE TEIUIOBBIICICHUS HAJl
TEIUIOOTAa4el MOXKET HACTYNUTh B TaKOW CMECH TOJIbKO Mpu Oojee BBICOKOU
TeMIIepaType.

[Ipn yBEeIMYEHHH TOPIOYErO0 B CMECH, CKOPOCTh DPEAKLUUU YBEIWYUBACTCA U
TEeMIIepaTypa CaMOBOCIUIAMEHEHHsI MOHMXAeTcs. Takas 3aBUCUMOCTb TEMIIEPATypbl
CaMOBOCIUIAMEHEHUS OT KOHIICHTPAIIMH TOPIOYEro BEIIECTBA COOMIOAAETCSA TOJBKO 10
OIPEENIEHHOT0 COCTaBa CMECH, OJIM3KOTO K CTEXHOMETPUUECKOMY.

IIppu  panpHEieM  yBEJIMYEHMHM  TOPKOYET0 B CMECH,  TeMIeparypa
CaMOBOCIUIAMEHEHHUsI OYJEeT TMOBBIIIATECS, TaK KAaK YBEIMYEHUE KOHILIEHTPAIUU
TOpPIOYEro TeNepb BENET K YMEHBIICHUIO JOJU OKUCIMUTENS H, CIENOBATEIBHO, K
YMEHBIIIEHHIO CKOPOCTH peakiuu (tadi. 2.4).

Tabomuna 2.4
3aBUCUMOCTB TEMIIEPATYPBI CAMOBOCIIIIAMEHEHUS
METaHO-BO3YIIHON CMECH OT KOHLIEHTPALlM1 METaHa

CH,, % 2 |4 |7 | 10| 12
T, °C 710| 696| 697 | 707 | 724

Ecnun B KauecTBe OKUCIUTENSA CIYXKUT HE BO3IYX, a KHUCJIOPOJA, TO BEIMYMHA
TEMIIEpaTypbl CaMOBOCIUIAMEHEHUSI PE3KO CHIKaercs. B T1abn. 2.5 mpuBeneHb
TeMIIepaTypbl CaMOBOCIUIAMEHEHHUSI 11 CMECEed HEKOTOPBIX YIJIEBOJOPOJIOB C
BO3yXOM U C KHUCIOpPoAOM. M3 MNpHUBEIEHHBIX JAaHHBIX CIEAYET, 4YTO B Cpele
KMCJIOpOJIa TEMIIEpATypa CaMOBOCIUIAMEHEHHUS MOYTH B JiBa pa3a HUXKE YEM B Cpele
BO3/yXa.
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Tabmuna 2.5
3HaueHus TemrepaTypsl camoBociiameHenus (7, 0C) IUTSL cMecel
HE(PTEIPOAYKTOB C BO3AYXOM U KHUCIOPOIOM

HedrenponykTsl B cpene kucmopona B cpene Bo3nyxa
Ddup 301 647
bensun 311 685
Kepocun 285 609
Jln3enpHOE TOILIMBO 327 515

bonpmioe BiIusSHUE Ha TeMIepaTypy CaMOBOCIUIAMEHEHHs 7> OKa3bIBAIOT
Karanu3aTopel. Kartammzaropamm MOTYT SIBISTBCS KaK CTEHKH COCyJa, TaK W
CHeIMalIbHbIE TPHUCAIKH, BBOJMMBIC HEIMOCPEIACTBEHHO B Toprodee. KarammzaTopsl
MOTYT KakK YMEHbBIIAaTh, TaK M yBEIWYMBATh TEMIIEpaTypy CamMOBOCIUIaMEHEHUs. B
YACTHOCTH, CHJIBHBIM KaTaJH3aTOPOM, YCKOPSIOIIUM CKOPOCTh PEaKIUU, SBISETCS
iaTvHa. BBeeHWE MIIATHHOBOTO KaTalnM3aTopa 3HAYUTENILHO CHUXKAET TeMIepaTypy
CaMOBOCIUIAMEHEHHS T+ YTIEBOJOPOAOB. JIJs HMCKIIIOUEHUS SIBICHHS JCTOHAIIMH B
JBUTATENSAX BHYTPEHHErO CropaHdus B MOTOPHOE TOILIMBO (OCH3MH) BBOASTCS
KaTaJIn3aTOPhl — AHTUJACTOHATOPHI, MOBBIIIAIOIINE TEMIIEPATYPY CaMOBOCIUIAMEHEHHUS
OCH3MHO-BO3AyIIHOW cMecd. K TakuMm KaTtanmm3aTopaMm OTHOCSTCS, B YaCTHOCTH:
terpadtwiicBuaenr PO(GHs), — 0.5 r/n; nenrakap6onmn xenesa Fe(CO} — 3 r/m;
terpadTuinonoBo SN(GHs), — 2r/n. DTu kaTamu3aTopbl MOBBIIAIOT TEMIIEPATYPY
camoBocIuiameHerust Ha (80—170)C.

[TomoxxurenpHbId AP(HEKT, MONMydaeMblii TpPH BBEACHHHM TETPAITUJIICBUHIA U
JIPYTHX KaTalu3aTOpOB, COMPOBOXKAACTCS TIOBBIIICHHEM TOKCUYHOCTH MPOTYKTOB
CTOpaHHs.

Bennunna 7T 3aBUCHT Tak)ke U OT 00beMa roproueii cmecu (cocyaa). Uem MeHbIie
o0BeM cocyna, TeM Boitie 7+ (Tabia. 2.6).

Tabmuma 2.6
Temneparypa caMOBOCIIAMEHEHUS
MeTaHO-Bo3ayHOU cmecH (6 % CHy)

V,cm® |15 | 80 | 225
T.,°C | 730] 695| 675

[Ipu ymenbmeHnn oOBEMa cOCyAa TPOUCXOIUT YBEIUYCHHE TOBEPXHOCTH
TEIUIOOTA4H, IPUXOSINEHCS HA eANHNITY 00beMa cMecH. Eciu mpuHSATE cocy B BUAC
kyba ¢ pebpom 1 cM, To 06beM cocyga coctaBut V = 1 cM°, a MOBEPXHOCTb
Tertootnaun S = 6¢em’. Eciu yBenmuuTs peGpo Kyba 10 2CM, TO ero o0beM Gymer
V = 8 cM®, a moBepxHOCTH Temmootnaun S= 24 cM’. B mepsoM ciyuae Ha 1 cm® cMecu
MPUXOAUTCS 6 CM” MOBEPXHOCTH TEIUIOOTAAYH, @ BO BTOPOM — TOIBKO 3 cM°. COIacHo
TEIUIOBOM TEOPHH CAaMOBOCIUIAMEHEHUS, YBEIIMYEHNE TIOBEPXHOCTH TETUIOOTAAUN BEJET
K TIOBBIIIEHUIO 7% 3a CUET yBEIMYEHHs TEIUIOBBIX NoTeph. [Ipu oveHr mMaioMm oObeme
cocy/ia TOPIOYHME CMECH BOOOIIE HE CMOTYT CaMOBOCILJIAMEHSTHCS, TaK KaK CKOPOCTb



TEIUIOOTAAYM HAMHOTO TMPEBBICUT CKOPOCTh TEIUIOBBIIEICHHUS 3a CYET pPEeaKIUu
TOpEHUsl.

OrMeruM, B  YacTHOCTH, YTO OTOT MPHUHLUUI TOJOXKEH B  OCHOBY
orHenperpanuteneii. Ilpu sTomM mutamMs pazOuBaeTcs CHEUUMANbHBIMM CETKaMHU Ha
MEIIKUE SIUCHKH, KOTOphle MpPUBOMAT K OOJBIIMM TemionoTepsMm (Hampumep,
IpOTUBOIIOKapHas Jamia J[3BH, cmonbs3yemas B Iaxrax u Ha pynHukax B XIX Beke).

AHanu3 nuTepaTypHbIX JAHHBIX MMOKA3bIBAeT, YTO T JJIS Ta30B U KUIKOCTEH M3
KJ1aCCa YIIeBOIOPOIOB, CIIMPTOB | ATbAETHI0B JEKHUT B penenax ot 40010 700°C.

2.6. TEMIEPATYPA CAMOBOCITJIAMEHEHWS TBEPAbLIX TEI

Jlyis GONBIIMHCTBA TBEPABIX TEN TEMIEPATypa CaMOBOCIUIAMEHEHUS 1+ HUXKE, YeM
y XKHUAKOCTEH W ra3oB. JJisi TBEpAbIX TeJ, CIOCOOHBIX MPH HAarpEeBaHUU IUIABUTHCS U
ucnaparecs (hocdop, cepa, creapuH, kaHupoiab W T.0.) T+ 3aBHCHUT OT TeX XKe
¢dakTopoB, 4TO M IS KUAKOCTeH M Tra3oB. Hekoropble TBepnble BellecTBa MNpu
HarpeBaHWW HE IUJIaBATCA, a pa3jaraloTcsl C BBIIEICHHEM Ta3000pa3HbIX MPOIYKTOB
(Topd, nepeBo, yroiab, CEHO, COJOMa, XJIOMOK, IEJUTI0N03a). s Takux TOIUIMB
BeMWYMHA T+ TeM HWXKe, 4eM OOJIbllle BBIIEISIETCS JIETy4YuX MPOAYKTOB IpU HX
HarpeBaHuM. JTa 3aBUCUMOCTh MpUBe/eHa B Tab. 2.8.

Benuuuna 7+ Ams TBEpIBIX TEJ 3aBHCUT TAKXKE OT CTENEHH MX M3MeJbueHus. Yem
Oonibllle  M3MENbUEHO TBEPAOE  BEIIECTBO, TEM HIDKE €ro TeMmIeparypa
CaMOBOCIUIAMEHEHHUS. DTO MOKa3aHo B Tab. 2.9 1 cepHOro KoaueaaHa.

MHorue MeTtamibl, KOTOpble B KOMIIAKTHOM COCTOSIHUM HE TOpPST, CIIOCOOHBI
CaMOBOCIUIAMEHSITCS, M TOPETh B MOPOIIKOOOpa3HoM Bujae. B tabn. 2.10 nmpuBeneHsl
3Ha4YeHUs! 7+ MOPOIIKOB HEKOTOPHIX METAIJIOB Ha OTKPBITOM BO3/TyXE€.

Tabmuna 2.8

3aBUCHUMOCTb TEMIICPATYPLI CAMOBOCIINIAMCHCHM A
TBEPAbLIX YITICBOJOPOAOB OT UX COCTAaBa M KOJIUYCCTBA JICTYUUX (I)paKIII/II‘/JI

Tonnuso Cocras, % JleTyuune T. °C
C | H| O | N | dpaxuuu, %
JlpeBecuHa 50.8/6.2/42.0/1.0 86.0 250+35(0
Topd 58.9/6.0/33.1| 2.0 70.0 225+280
Bypsiit yroian 71.7/5.4121.6/ 1.3 46.7 250+45C
Kamennsiii yronp | 81.1/5.7111.4]/ 1.8 45.5 400+50(0
Hpesecnsiii yrons | 91.012.0) 7.0 | - 11.0 350
Koxkc 97.4/0.71 05| 1.4 4.0 700

Tabmuma 2.9
3aBUCHMOCTH TEMIIEPATYPHI CAMOBOCIIIIAMEHEHUS
OT JIMaMeTpa YaCTHIl CEPHOTO KOTueaHa

| D, Mm | 0.15+0.20 0.1+0.15| 0.08+0.1/ 0.06+0.08|
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T.,°C 406 401 400 340

Tab6auna 2.10
TemnepaTypa caMOBOCIIAMECHCHHSI
HEKOTOPBIX ITOPOIIKOB

Metamn | Zn | Fe | Mg|Ca | Al | Si
7..°C | 450|500| 550| 600| 800| 900

OcoOplif  WHTEpEC NPEJICTABISIOT 3aKOHOMEPHOCTH  BOCIUIAMEHEHUS st
B3PBIBUATHIX BEIIECTB, TUPOTEXHUUYECKUX COCTABOB U TBEPABIX PAKETHBIX TOILIUB.

B nacrosmiee Bpems B psifie 1abopaTopuii U MCCIIEIOBATEILCKUX IIEHTPOB KakK B
Poccun, Tak u 3a pyOexom, MPOBOAATCS MacIITAOHbIE HSKCHEPUMEHTATbHO-
TEOPETUYECKUE UCCIEOBAHUSI TMPOIIECCOB BOCIUIAMEHEHUSI M TOPEHHSI JAHHBIX
MEPCIEKTUBHBIX BHICOKOIHEPTETUUECKUX MaTEPUAIOB.

2.7. MATEMATUYECKAS TEOPUS TETJIOBOIO B3PbIBA

[IpoTekanue 3K30TEPMUYECKON XUMHUUECKON peakiuu B 000N M30JMPOBAHHOU
(3aMKHYTOM) cHCTEME JODKHO MMPUBECTH K B3PHIBY.

Aouadbamuueckuii mennoeoil 63pvle

PaccmoTpuM mipenenbHBIA chnydail — aanadaTH4ecKyro (TETrIOM30JMPOBAHHYIO)
CUCTEMY, B KOTOpPOHl MPOTEKAET 3K30TepMUYECKass XuMHueckass peakuus. CKopocTb
PEaKIUU ONUCHIBACTCSI KHHETUYECKUM YPABHEHUEM

u=2 = le 7 e - | @)
dt RT

rae C, Cy, C; — KOHIIEHTpaluy MPOAYKTOB PEAKIIMU U PEareHTOB,;

Z, E—npeadKcnioHeHT 1 SHepTUs aKTUBAIINY,

T —abcoroTHAs TEMIIEPATYpa;

Ry — yHUBepcanbHas ra30Basi IOCTOSTHHAS,

Ny, N, —MOPSIIOK PEAKITUH 110 TIEPBOMY U BTOPOMY pearcHTaMm.

[lyctb q — TemmoBoil »ddekr peakuud Ha OAWH Moib mpoaykta C,
oOpa3yromierocst B xojie peakiuu. [lockoapKy cucTemMa TeIion30JupoBaHa U 3aHIMAET
MOCTOSTHHBIA 00bEM, TO CKOPOCTh U3MEHEHUS TeMIIEpaTyphl T B CUCTEME OIpeeseTCs
ypaBHEHUEM

dT _ _dC
P Cy at q qt’
rae Oy — yJelbHas TEeIIOEMKOCTh IMPH TIOCTOSTHHOM 00beMe;
p — IJIOTHOCTHh CMECH.
[Mpenmosnoxkum, dto (>> cy Tg (HaYaapbHOW DHEPrHMM CHUCTeMbI). Torma
NPOTEKaHUE DK30TEPMHUUCCKON PEaKIMK B U30JIMPOBAHHON cHcTeMe OyIeT MPUBOIUTH
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K CYHICCTBCHHOMY IMOBLIIICHUIO TEMIICPATYPLI AAKC IIPU MAJIOM BBII'OPAaHUH UCXOAHBIX
KOMIIOHEHTOB CMCCH.

VYpaeHaenue (2.2) ¢ yuerom (2.1) MOXKHO IIPEICTAaBUTh B BUEC

dr _, ex{_ EJ 23)
dt RT ' '
rie A= Z[Cl]nl[cz]nz _pCI .

Wurterpupyst ypaBuenue (2.3) ¢ yderom HaudanpHOro ycioBus 1 (t = 0) = T,

HOJTYIHM
P E
At= j exr{—JdT
i R T
NJIn
t T)
Cafr] »
B T,
R Ty E
= exp —— | = const
e £ =5 R.T, '

Pesynbratel pacuyeroB mo ypaBHeHuio (2.4), npuBeaeHHble Ha puc. 2.7,
MOKa3bIBAIOT, YTO C pOCTOM BpemeHu t Temneparypa T MjaaBHO BO3pacTaeT 10 MOMEHTa
Bpemenu t/f = 1, a 3areM poCT TeMmmepaTypbl Pe3KO YCKOpSETCS. DTO SBICHHE
Ha3bIBACTCS TEIUIOBBIM B3pbIBOM. [IpoMexyTOk BpeMeHu t, = [5 Ha3bIBaCTCs IEPUOIOM
WHIYKOUK ~ (BpeMEHEM  3aJIep)KKH  BOCIUIAMEHEHHsI) TEIUIOBOTO  B3phIBAa B
TEIUION30JIMPOBAHHON CUCTEME C DK30TEPMHUYECKON PEAKIUEN!

_, _RT _ KE
b=t, = = exp%[Po'lbg

13
Ty
2__
E
RO—T()_SO
1 : L
0 0.5 1 f

Puc. 2.7.3aBucuMOCTb TEMIIEPATYPHI aIUA0ATUUECKON CUCTEMBI OT BPEMEHU
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IUIs pa3HbIX 3Ha4YeHu# mapamerpa E/(RoTo)
U3 rpadukoB, mpuBeeHHBIX Ha pHC. 2.7,CIeIyeT, YTO C yBeTHMUCHHEM HaYalIbHOM
TemIepatypsl 1o BpeMs 3aJIepKKH BocIlaMeHeHus1 (epruoi HHAYKIUH) t, CHUKaeTcsl.

Tennoeoii 63pbi6 ¢ neaduadamuueckux ycioeusax

B peampHBIX cucTeMax BCerja IPOMCXOAAT TOTEPU TEIUIOTHI 3a  CYeT
TEIJIONPOBOJAHOCTA 4Y€pe3 CTEHKH, KOHBEKUMH, u3NydyeHus u T.4. llpu sTOoM
IK30TEpMHUUYECKas peakuus OyAer nubo YCKOPAThCS, MPHUBOAS K B3pPbIBY, JHOO
IpPOTEKaTh C IOCTOSHHOM CKOPOCTBIO NpPH IOCTOSHHOM Temmeparype | = Cconst
OTpeeNsieMOil TEIIOBBIM OaJaHCOM CHCTeMbl. Tak, B YacTHOCTH, MPOTEKAIOT
HK30TEPMUYECKHE PEAKLUHU TOPEHUS B T'Aa30BBIX ME€YaX, KOTEJIBHBIX TONKAX M JPYTUX
TEIJIOTEXHUYECKUX arperarax.

[Ipy HATMYKMK TEIUIOBBIX OTEPh ypaBHEHHE (2.2) IPUMET BH/T

dT _ dC S
& g2 _2q(r-1), 25

rae V —o0beM peakTopa,

S —momaar MOBEPXHOCTH CTEHOK PEaKTOPa;

T. — TeMIiepaTypa CTEHOK peaKkTopa;

0. — K03 PUITMEHT Tertonepeadu.

[lepBoe crmaraemoe B TpaBoi 4YacTH ypaBHeHHs (2.5) ommchIBaeT CKOpPOCTh
BBIZICJICHUS TEIJIa B CHUCTEME 3a CYET XMMHUYECKOW peakuuu. BTtopoe crmaraemoe —
CKOPOCTh OTBOJIa TEIUIA 3a CYET TETUIOMPOBOIHOCTH CTEHOK, KOTOpast IMHEWHO 3aBUCUT
OT TeMIepaTypsl pearupyromeii cvmecu. CKOpOCTh TPHUTOKA TeIa pacTeT IIo

o n
CTCIICHHOMY 3aKOHY C POCTOM HAa4aJIbHOM KOHLCHTpaAllMKM KOMIIOHCHTOB [Cl]nl, [Cz] 2

U DKCIIOHEHIMAJIBHO PAacTeT C POCTOM TEMIEpaTrypbl | B COOTBETCTBUU C 3aKOHOM
Appennyca.

O6o3naunm uepes D =[C1]nl[C2]n2. ['paduku  3aBUCHUMOCTH  CKOPOCTH

TerutoBbIeneHus Q. U ckopocTu Teronoreps Q. oT Temmepatypsl 1 IpUBEIEHBI Ha
puc. 2.8 1151 Tpex 3HaueHuit D:

Dl > DKp > D2.

N3 ananu3a npuBeaeHHBIX rpadUKOB, KOTOPHIE MPEACTABISAIOT COOON auarpamMmmy
CemenoBa, caenyert, uto ipu D = Dj, xpuBbie Q., Q. HE UMEIOT TOYEK MEPECEUCHNUS;
npu D = D,,, xpussie Q., Q. nmeror oy Touky Kacanus; npu D = Dy, kpussie Q,, Q.
UMEIOT JIB€ TOUYKHU TIEPECCUCHUS.

B mepBom ciywae (D = Dj;) cKOpOCTh TEILIOBBIJCIICHUS BCETNIa IMPEBBIIIACT
CKOPOCTh TEIUIONOTEPh, U B CHCTEME 00s3aTEIHHO TPOU30UIET TEIJIOBOW B3PHIB, TaK
KaK TeMIepaTrypa cMecu OyJeT HEOTPAaHUIEHHO BO3PACTATh.

Bropoii ciyuaii (D = D,,), korga umeer MecTo KacaHUE KPUBBIX TETLIOBBIICICHHS
U TEIUIONOTEPh, OMpPEACISIET MaKCHMAJIbHOE 3HAYC€HHE KOHIICHTPAIlUUd pPEeareHTOB
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(mapamerpa D), mnpm KOTOPOM CKOpPOCTHh TEIUIOBBIACIICHUS paBHA CKOPOCTH
TEIJIONOTEPD.

Q- Q.

= » I

0 Ty \T

yecm

Puc. 2.8.Bnusnue temnepaTypbl HeainabaTUYeCKON CUCTEMBI HA CKOPOCTh
TEIJIOBBIJIEJICHUSI U CKOPOCTh TEIJIONOTEPh

Bce ocranphbie kpuBble Q. mnsg Oojiee HU3KMX 3HAYEHUW KOHLIEHTpALUU
peareHToB TmepecekaloT KpuByto Q. nBaxkael. [lpudem, ycTOWYHMBOMY COCTOSIHHIO
CHCTEMBI OTBEYAET TOJIBKO HIKHSASA TOUKA ¢ 00JI€e HU3KOW TeMIEPATYPOil 1.

Takum oOpa3zoM, eciii KOHIIEHTpAllUs PEareéHTOB HE MPEBBIIAET OMPENeICHHOTO
KPUTUYECKOTO I TAHHOM CHUCTEMBI 3HAUYEHUsI, TO TEMIIEpATypa PEarupyromed CMeCH
B peaktope Oyner nocrosHHou T = 7)., = const,npuuem 7)., > T, Ilpu BeIIONHEHNH
ATOr0 YCIOBUS MOCJIE€ HEKOTOPOTO IMEPEXOJHOrO IMEPHUOJIa B XMMHUYECKOM PEAKTOpe
YCTaHABIIMBACTCSl CTALIMOHAPHBIN PEXUM, IPU KOTOPOM CKOPOCTh 3K30TEPMUUYECKOU
peaknuu OyIeT UMETh MOCTOSTHHOE 3Ha4YeHne U = CONSt

Ha puc. 2.9 nmpuBenensl Tpu pexxkuma pabOThI peakTopa B BHUIE 3aBUCHMOCTHU
Temieparypsl ot Bpemenn T = f(t).

T A D,

B3pbiB

o D Kp
CranuoHapHbIA pEXKUM

2

>

Puc. 2.9.Pexumbl paboThl peakTopa
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Temneparypa 75 COOTBETCTBYET MAaKCHMAJIBHOW TEMIIEpAType B PEAKTOpPE, NpHU
KOTOPOH BO3MOXKHO YCTOMUYMBOE MPOTEKAHWE XUMHUYECKON peakuuu (Ipu 3aJaHHbBIX
sHaueHusix Ci, Cs, T,). MOXHO 1MOKa3ath, 4To BenuuuHa 15 onpesensercs GopMynoi

T
T, =T, 1+ 200 |
E
Temneparypa 75 cBsi3aHa ¢ apaMeTpamMu peakTopa CeIyIOUUM COOTHOIIIEHUEM:

E _ In EqVz [Cl]n1 [Cz]n2

R.T, asS Ry To2
DTO ypaBHEHHE MO3BOJIICT OMPEACIUTh B3PHIBOOC30MACHOCTh KaXKIOTO KOHKPETHOTO
peakTopa.
O003HaUNM
7 = E
1— R0T2 y
n n
_|EQqVz [Cl] [Cz]
2 a SR, T2

Ecmm Z, << Z;, T0 peaktop B3pbIBOOe3omaceH, ecinu Z; = Z;, TO CUTyarus
SBIISICTCS KPUTHYECKOM, TO €CTh MOXKHO OXKHIAaTh B3pbIBA; Mpu Z; > Z; B peakTope
00s3aTeNbHO MMPOU30UET TEIIJIOBOM B3PHIB.

Jlns pacyera AaBICHHUS B PEAKTOPE MO M3BECTHON CKOPOCTH POCTa TEMIIEPATYPhI
dT/dtucnons3yercs ypaBHeHue coctosiuus (ypaBHenue MenaeneeBa-Kianeripona)

p=pRT,
rae P, p, T, R— nmaBieHue, MIOTHOCTh, aOCOJIOTHAS TEMIlepaTypa W Ta3oBas

NOCTOSIHHAsI TPOJAYKTOB CropaHus B peakTope. ['a3oBas NOCTOSHHAs MTPOIYKTOB
cropanus R paccuntsiBaercs no popmyie

R=g-q,

rac Cp , G — YACIBbHBIC TCINIOEMKOCTH IMNPOJAYKTOB CropaHHus IIPpH HOCTOSIHHOM
JAaBJICHUH U ITIOCTOSIHHOM 06’I)CMC, COOTBCTCTBCHHO.



3. PACIIPOCTPAHEHMWE TJTAMEHU B TA30BbIX CMECAX

CKOpOCTh pacnpoCTpaHEHUsl IUIAMEHH [pU TOPEHHHM TBEPAbIX, XKUIKUX U
ra3oo0pa3HbIX  BEIHIECTB  MPEACTABIAET MPAKTUUYECKHM  HHTEpeC B  IJIaHe
NPEAYNPEXIACHNAST TMOXApOB U B3pbIBOB. PaccMOTpUM CKOPOCTh pacnpOCTpaHEHHS
IUIAMEHU B CMECSIX TOPIOYMX Ia30B M MApoOB C BO3AYXOM. 3Has 3Ty CKOPOCTb, MOKHO
OInpeAenuTh 0€30MacHble CKOPOCTU T'a30BO3AYIIHOTO MMOTOKAa B TPyOOIpOBOJIE, IIAXTE,
BEHTUJISILUOHHOM YCTAaHOBKE M IPYTUX B3PBIBOOIIACHBIX CHUCTEMAX.

3.1. CKOPOCTb PACIIPOCTPAHEHWA NTITIAMEHU

B xagectBe mpumepa Ha puc. 3.1 mpuBeleHa cXeMa BBITSKHOW BEHTUJISIIUU B
yroinpHOM maxTte. M3 mrTpexkoB maxtel 1 mo TpyOOmpoBOay 2 OCYIIECTBISIETCS
yIalleHWe 3albUICHHONW CMECH BO3JlyXa W YTOJBHOW MBUIM, & B pANE CIydyaeB —
BBIICJIUBIIIETOCS B YTOJNBHBIX TUTACTaxX MeTaHa. [Ipy BOBHUKHOBEHUH O4Yara BO3ropaHus,
bpoHT mamMeHn 3 OyJIeT pacmpoCTPaHATHCA B CTOPOHY mTpekoB 1. Eciu ckopocTh
JBUKCHHSI TOpIOYell cMecn W OyneT MEHBIIE CKOPOCTH pachpoCTpaHeHHus (GpoHTa
IJIAMEHU U OTHOCUTENBHO CTEHOK TPYOKH, TO TIaMsi PacCIpPOCTPAHUTCS B IIAXTY U
npuBeAeT K B3pbIBY. [lo3TOMy miis HOpManbHOW pabOTHl CUCTEMBI BEHTHIISIIUU
HE0OX0IMMO COOJTIOICHHUE YCIIOBHUS

w > U.

CKOpOCTB YAAJICHHUA B3pBIBOOHaCHOﬁ CMECH JOJIDKHa ObITE OOJIBIIIE CKOpPOCTH
pacupoCTpaHCHUA (prHTa IIAMEHU. DTO MO3BOJIUT HE AOIYCTUTH NonagaHus IMIaMCHHA
B HITPCKH HIAXTEI.

u

C C

S

Puc. 3.1.Cxema pacnpocTpaHeHus IJIaMEHH B IIAXTE:
1 —maxTa; 2 —TpyOonpoBo; 3 —(ppPOHT MIIaMEHU
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Teopus pacnpocTpaHeHusl IUIaMeHH, pa3Butas B paborax f.b. 3enpnoBuya u
J.A. ®pank-KameHnenkoro, OCHOBaHa Ha ypaBHEHUSX TEIJIONPOBOAHOCTH, TUdPy3uun
U XMMHUYECKOW KHUHETUKH. BocmnameHneHue roproyeil cMecu Bcerja HayMHAETCs B
OJIHOM TOYKE U PACIPOCTPAHAETCS IO BCEMY 00bEMY, 3aHUMAEMOMY TOPIOYEH CMECHIO.
PaccmoTpum  onHOMepHBI  ciaydyai  —  TpyOKy,  3allOJHEHHYI  roproyei
cmechio (puc. 3.2).

Ecnmu cmech momkedsb ¢ OTHOTO KOHIIA TPYOKH, TO Y3KHUU (PPOHT TIaMeHu OyaeT
pacpoCTpaHATLCS BAOAL TPYOKH, OTHENSIS NPOAYKTHI ropeHus (mozamu QpoHTa
IUTAMEHH) OT CBEXKEW Toproveid cMecu. DPOHT IUIaMEHH HMMEeT B KOJadka WiIH
KOHyCa, OOpalieHHOr0 BBIMTYKJIOW YacThl0 B CTOPOHY JBMXKEHUS IUIaMeHH. DpOHT
IIAMEHH TPEJICTABISET COOO TOHKHIA ra3oBbil ciioil mupuHoit (107+10°) m. B stom
Cl0€, KOTOpPBIA HA3bIBACTCS 30HOW TOPEHMs, MPOTEKAIOT XHWMHUYECKHE PEaKIuu
ropenusi. Temneparypa (GpoHTa MJIaMEHU B 3aBUCUMOCTU OT COCTaBa CMECH COCTABIISIET
T = (1500+3000)K. Bsigensromiascs TeIoTa TOPEHHS PAcXOAyeTCsl Ha HarpeB
MPOJYKTOB CrOpaHUsl CBEXKEHW roprodyel cMecu M CTEHOK TPYOKH 3a CHET MPOIECCOB
TEIJIONMPOBOJAHOCTU U U3TTYyUYEHUS.

[TpoayKThl ropeHus Caexas cMech

Puc. 3.2.Cxema pacnpoctpaHenust ppoHTa MIaMeHH B TpyOke

[Tpu nBmxeHnu PpoHTa IIIaMEHU B TPYOKEe B rOproYeii CMECH BO3HUKAIOT BOJHBI
CXKaTHUsl, KOTOPBIE CO3/1al0T BUXPEBBIE JABWKEHHUS. 3aBUXPEHUS Ta30B HCKPUBIIOT
(pOHT IUITAaMEHH, HE M3MEHss €ro TOJIIIMHBI M XapakTepa MPOTEKAIOUIMX B HEM
npoueccoB. Ha enuHuiie noBepXHOCTH (PpOHTA IUIAMEHHU BCEIZla CrOPAaeT OJHO U TOXKE
KOJIMYECTBO BEUIECTBA B CAVHUIYY BPEMEHU U, K2 [¢™ u™2. Benuumua U, sBIsETCS
IIOCTOSTHHOM JUI KaXXJOM TOpIOYEM CMECHM M Ha3bIBa€TCsl MAacCOBOW CKOPOCTBIO
ropeHus. 3Has Iionaab GpoHTa MIAMEHH S MOYKHO paccuMTaTh Maccy BemiecTBa M,
CropaeMoro Bo BCceM (PpOHTE rOpEeHUs B €AMHUILY BPEMEHHU!

M=u,l5

Kaxnpiii snmemeHT QponTta 1uiameHn dS mepeMeniaercss OTHOCHUTEIBHO CBEXKEH
CMECH BCerjJa IO HaMpaBICEHUI0 HOpMalM K (QPOHTY IUIAMEHH B JAHHOW TOYKE
(puc. 3.2),mpudemM CKOpOCTh 3TOTO TIEPEMEICHUS:

riae P —IOTHOCTH CBEXEH TOPIOYei CMECH.

Bennuuna Un Ha3bIBaeTcCs HOpMaHLHOﬁ CKOPOCTBIO paClIpOCTPaHCHUSA IIJIaMCHH U
HMCET pasMCPHOCTDH M/c. OHa SBISETCS MOCTOSHHONW BEIUYMHOM Inmponecca ropecHus
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JAHHOM CMECHM M HE 3aBUCHUT OT THIPOJMHAMHUYECKHX YCIIOBHUW, COMYTCTBYIOIIHUX
npoieccy ropenus. HopmanbHasi CKOpOCTh paclipOCTpaHEHHUs IIJIaMEHH BCErla MEHBIIIE
HaOJII0aeMO CKOPOCTH u, TO €CTb CKOPOCTH TNEpeMElIeHHUs (PPOHTa TOpPEeHUS
OTHOCUTEILHO CTEHOK TPYOKHU:

U, <U.

Ecnu ppoHT maMeHu IoCKuil U HalpaBlieH MEePHEHANKYIISIPHO OCH TPYOKH, TO B
ATOM Ciydae HaOIrogaeMas U HopMajabHasi CKOPOCTh pACIPOCTPaHEHUs IJIaMEeHH Oy TyT
OJIMHAKOBBI

Uy = U.

[Tnomans BeITTyKIOTO (DPOHTA TUTAMEHH S, BCET/Ia OOJIBIIE TIOMIAN TIOCKOTO
dbponta S,,, mosTOMY

Un Sy

HopmaiibHast cKOpOCTh pacrnpocTpaHeHus IameHu Uy Ui Kaxaod roprouei
CMECH 3aBUCUT OT MPUMECU HHEPTHBIX a30B, TEMIIEPATypbl CMECH, BIIAXKHOCTH U
npyrux ¢akTopoB. B dWacTHOCTH, mpeABapUTENbHBIA MOJOTPEB TOPIOYEro Trasza
YBEIMYMBAET CKOPOCTh PACIpPOCTPaHEHUs TUIaMeHH. MOKHO MOKa3aTh, YTO CKOPOCTh

u S
Y 6biN >1.

pacnpocTpaHeHusi TulaMeHu Up, mpomopuuoHaibHAa — KBajgpaTry — abCOMIOTHOM
TEeMIIepaTypbl CMECH:

Un.= constT?.

Ha puc. 3.3 mpuBenena 3aBUCHMOCTh CKOPOCTH PACHpOCTpaHEHUsS IUIAMEHU B
ropro4eil cMecH ,,BO3yX — yrapHbli ra3” B 3aBUCUMOCTU OT KoHIeHTpanuu CO. Kak
CIeNyeT U3 MPUBEACHHBIX TPa(PUKOB, CKOPOCTh PACTIPOCTPAHCHUS TUIAMEHH BO3pacTacT
C YBEJIMYEHUEM TeMIepaTypbl cMecu. JJisl KaX0ro 3HAYeHUs] TEMIIEpATypbl CKOPOCTh
pacnpocTpaHEHUsl IUIAMEHH MMEET MaKCUMyM B O0JacTH KOHIIEHTpAIlMU YTapHOTO
raza CO, paBnoii ~ 40%.

Ha ckopocTh pacnipocTpaHeHus MJIaMEHHU BIUSET TEIUIOEMKOCTh MHEPTHOTO Ta3a.
Uem Oouiblile TEMJIOEMKOCTh MHEPTHOTO Ta3a, TeM OOJbIIE OH CHUXKAET TeMIeparypy
TOpPEHUsl U TEM CUJIbHEE YMEHBIIAET CKOPOCTh pacinpocTpaHeHus miaameHu. Tak, eciu
CMECh MeTaHa C BO3JyXOM pa30aBUTh YIJEKUCIBIM Ta3oM, TO CKOPOCTb
pacmpocTpaHeHHUsl IUJIaMEHM MOXKET YMEeHbIIuThes B 2+3 paza. Ha ckopocTh
pacmpocTpaHEHHUs TUIAMEHUM B CMECSX OKCHAA Yriepojia C BO3AYyXOM OKa3bIBaeT
OOMNBINIOE BIMSIHWE Bjara, COACpIKAIIasiCsi B CMECH, HAJIMYME CAXKEBBIX YACTHI[ H
MPUMECH UHEPTHBIX Ta30B.



U, m/c

3.00
/ \ 550°C
2.25 / \
/ 300°C
1.50 /, \
0.75 7 \ 20°C
0
10 25 40 55 70 %CO

Puc. 3.3.3aBucuMOCTh CKOPOCTH PACIIPOCTPAHEHUS TUIAMEHU
OT KOHIIEHTPAIlMU YTrapHOTO Ta3a B CMeCH

3.2. UBMEPEHUWUE HOPMAJIbHOU CKOPOCTH

PACIIPOCTPAHEHWA

rMAMEHU

JIns u3aMepeHuss HOPMaJIbHOW CKOPOCTH PAaCIpPOCTPAaHEHHs IUIAMEHM B Ta30BBIX

CMCCAX HNPUMCHAKTCA TpHU OCHOBHBIX MCTOJA

— METOJI Ta30BOM TOPEIKH,

UCIIOJIb30BaHUE MBLJILHOTO MY3bIPS U METOJ U3MEPEHHUS B MTPO3PAYHON TPYOKeE.

Onpedenenue ckopocmu pacnpocmpaneHus niamMeHu 6 2430601 20peJiKe

(memoo Muxenbc

N/

0

Puc. 3.4.Cxema uamMepeHusi HOpMaJIbHOM
CKOpPOCTH
pacnpoCcTpaHeHUs JIaMEHU!

1 —ra3oBas ropenka; 2—QpoHT MIaMeHU

OHQ)

[Ltamst  ra3oBOM  TOpENKU
COCTOMT W3 BHYTPEHHEr0 H
BHEIIIHETO KOHYCOB. BHyTpeHHHUI
KOHYC pe3Ko BBIJETISACTCS
CUJIbHBIM CBEUYCHHEM W SIBISETCA
OCHOBHOM 4YacCTblO IUJIAMEHH, TJIE
OPOUCXOJUT TPOLECC TOPEHUs
(puc. 3.4). [ToBepxHOCTD
BHYTPEHHETO KOHYyCa
Mpe/ICTaBIsIeT co0oit
HEMOJIBWKHBINA ()POHT MJIAMEHH, B
KOTOPOM  CKOPOCTb  JIBM)KCHHS
ra3oBoii cmecu (CHU3Yy BBepX)
YPAaBHOBEIIUBAETCA  CKOPOCTBIO

pacnpocTtpaHeHuss GpoHTa IUTAMEHH, JABUXKYIErocsi cBepxy BHM3. [Ipu 3TOoM (poHT
IIaMeHu OyJeT HEMOABUKEH, €CIU CKOPOCTh JBUYKEHHUS CMECH B TOpEJIKE MOCTOSIHHA
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w = const IIpu ymeHbplieHuun W pa3Mep IIAMEHH YMEHbBIIAETCS U MPU HEKOTOPOM

3HAYEHUU Wmin IJIAMA MOXET IPOCKOYUTH BHYTPb ropenku. llpu ysBenmuenun
CKOpPOCTM JBMXKEHUS CMECH IUlaMsl YBEJIMYMBACTCS B pa3Mepax M IPU HEKOTOPOM

3HQUEHUH Wnax TJIAMS OTPBIBAETCS OT TOpeJNKH U racHeT. OTphIB IJIaMEHU
MPOUCXOAUT TP CKOPOCTSX CMECH, TPEBBIMAIONMIAX HOPMAIBHYK) CKOPOCTh
pacnpocTpaHEHUs TIJIaMEHHU.

Benmnunna HOpMaIbHOM CKOPOCTH PACTIPOCTPAHECHHSI TIJIAMEHU PaBHA OTHOIICHUIO
o0bemMHOTO pacxoma cmecu Q (oObeMa cropaeMoil CMECH B €IUHHIY BPEMEHH) K
MOBEPXHOCTHU (PpOHTA TIJIAMEHH S

_Trw (3.1)

rae R —panuyc ropenku, M;

Q — 00OBeMHBIN PacxoJ CMECH, M/c
S— MOBEPXHOCTH KOHYCA IIAMEHH, M.

Jlnst  ompenesieHusT HOPMANIbHOM CKOPOCTH pPAacHpOCTPaHEHHs IUIAMEHH IO
dopmyne (3.1) HeoOXOAMMO U3MEPUTH OOBEMHBIH pacxoa raza B Topeike Q
(HampuMmep, Ta30BBIM CYETYMKOM) U 10 ¢ororpaduu TIJIAMEHH paccuUTaTh
MOBEPXHOCTh KOHYca S,

Memoo onpedenenus ckopocmu pacnpocmpaneHus niameHu
C UCNONb306AHUEM MBLIBHO20 NY3bIPA

PacnpocTpaneHne miaMeHu B cepUyYECKOM COCYJIE NMPHU MOHKUTaHUU TOprouei
CMECH B LIEHTPE COCyJa NMPOMCXOAUT paAUaIbHO 0€3 MCKaKeHHs 0O0pa30BaBILIETOCS
chepuueckoro (¢QpoHTa MiIaMeHu. Bo3HUKawoomMe npu 3TOM pagualibHBIE ITOTOKU
JEHCTBYIOT CUMMETPUYHO, HE HCKaXas GpopMy QpoHTa miaMeHu. PaananbHblii MOTOK
BO3HHMKAET BCJICJCTBHE PA3HOCTH TeMIlepartyp (a, clemoBaTeIbHO, U TABICHUN) MEXTY
roproYeil cMechbl0 W MPOAYKTaMU CrOPaHMsI, HAXOISAIIUMHUCA BHYTPU CHEPUUYECKOTO
¢ponTta mnamenu. B pesynpraTte, mepen (ppoHTOM IUIAMEHH B HECTOpPEBIIEH CMecH
BO3HUKAET paJualbHbIl MOTOK W, 3a CYET KOTOpPOro Habarogaemasi CKOpPOCTb
pacnpocTpaHeHus IJIaMEHM OyAeT 3HAUYUTEIbHO IPEBBIIIATE HOPMAJIbHYIO CKOPOCTb
Un. HaGmomaemas ckopocts U mipu 3TOM OyeT paBHa

u=u,+ w.

Ecin xe B kauecTBe C(EpUUECKOr0 COCyla HMCIHOJb30BAaTh MBUIBHBIM ITy3BIPb,
KOTOPBIN pacHIMPSIETCS] COBMECTHO C PACIIMPEHUEM TIas3a, TO B ATOM CIy4ae IPOLECC
ropeHusi OyAeT NpOoTeKaThb IpPU IOCTOSIHHOM JABJIEHHM, 4YTO OO0Jerdaer pacyer
HOPMAJIBHOM CKOPOCTHU PacCIpOCTPaHEHUS TUIAMEHH.

Merton u3MepeHHsi CKOPOCTH PACIpPOCTPAHEHUs IUIAMEHU B MBUIBHOM ITy3bIpE
COCTOHUT B CileayromeM. B3ppiBuaras razoBas cMeCh NOJAETCA MO TOHKOW CTEKJISTHHOM
TpyOKe, Ha KOHIIE KOTOPOW BBIAYBaeTCsl MBUIBHBIN my3biph (puc. 3.5, a). B mentpe
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MBUIBHOTO TIY3BIPS PACIIOJOKEHBI JJEKTPOIbI C KMCKPOBBIM TPOMEKYTKOM. [lpum
BOCIUTAMEHEHUH CMECH UCKpoii oOpasyetcs chepuueckoe miams (puc. 3.5,0), kotopoe
TIOCTETIEHHO PACIpPOCTpPaHsAETCs Ha BCIO roprouyr cmech. [Ipu atom dopma dponTa
TUTAMEHU HE MCKa)KaeTCs 0 KOHIAa TOPEHUST CMECH.

[Tporecc ropeHusl Ta30BOM CMECH B MBUIBHOM IYy3bIpE CHHUMAETCS CKOPOCTHOM
BUJICOKAMEpPOl dYepe3 y3Kyl Ieib, 4YTO TIO3BOJSET OMNPENCIUTh HAOII0gaeMyI0
CKOPOCTh pactpocTtpanenus ¢pponta miaamenu U. Habmomaemas ckopocts miamenu U B
My3bIpe OMPEAENACTCS HE TOJBKO BEIUYMHOW HOPMalIbHOW CKOpocTH U, HO H

CKOPOCTBIO JIBHKCHUSA caMOU ra3oBOM cMecu W BCIIEACTBHUE €€ pacinpCHUA. CreneHb
paciupCHUA CMECH OIMPCACIISACTCA OTHOIICHUEM o0BeMa IMPOAYKTOB CTOPAHHA

47RS
V, =2
3
K Ha4aJIbHOMY 00BEMY CMECH
4R}
Vl i |
3

rae Ry, R —HavyanbHBINA ¥ KOHEYHBIH PauyChl MBUTLHOTO TYy3bIPSI.
[Ipu 3TOM HOpMaJIbHAST CKOPOCTh PACIIPOCTPAHCHHUS INIAMEHU PACCUUTHIBACTCS 110
cnenytome hopmyie:
3
Up=ul — | . (3.2
2

Takum oOpazoM, u3Mepsisi MO BUACO3AMUCU TMPOIEcca HAOIIOJAEMYI0 CKOPOCTh
dbponta miamenn U, HavanbHBIM Ry W KoHEUHBIH R, pamuychl MBUIBHOTO ITy3bBIpS,
MOXHO 10 (¢opmynae (3.2) ompeneauTh BEIUYMHY HOPMAJIbHOHW  CKOPOCTH
pacrpocTpaHeHus miaMeHu Up.

a) 0)

Puc. 3.5.CxemMa usmepenusi CKOpOCTH HOPMAJTLHOTO
pacrpocTpaHeHus IIaMEHU C TOMOIIbIO0 MBIILHOTO ITY3bIPS:
a — J10 BOCIJITaMEHEeHuUs; O —mocie BOCIUIAMEHEHUS
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Memoo onpedenenusn ckopocmu pacnpocmpanenus naameHu  mpyoke

OmnpeneneHre HOPMAJIbHOH CKOPOCTH paclpoCTpaHeHus: (GpoHTa IUIaMEHU B
NIPO3pavYHON TPyOKE BO3MOXKHO TOJBKO Ha HAYAJIBHBIX dTamax rOpeHUs CMECH, KOT/aa
TUTaMsl paclpOCTPAHSETCS PAaBHOMEPHO. DTOT MPOIECC MPOUCXOAUT Ha PACCTOSHUSIX
nopsaka (0.5+1.0) m or Bxoma B TpyOKy. Ha OO0JdBIIMX pPAacCTOSHHUSX CKOPOCTH
pacrnpocTpaHeHus: GpoHTa IIIAMEHU MOXKET PE3KO BO3PACTaTh WM YMEHBIATHCS.

[Tpu paBHOMEPHOM pacpOCTPaHEHUH TUTAMEHH (hopMa ero GpoHTa U KOJIMIECTBO
rasa, Croparomiero 3a eJuHUIly BpPEeMEHH, TOCTOSIHHBI, a, CJEA0BATEIbHO, MOCTOSTHHA 1
HaOmoaeMasi  CKOpOCTh  pacmpocTpaHeHusi ¢ponTa tuiameHn U. OmpenencHue
ckopoctd U M TUIOMIAAM TOBEPXHOCTH (POHTA IJIAMEHU S MPOBOAUTCS C MOMOIIBIO
CKOpPOCTHOM  BHJEOCHEMKH  Tpollecca. BenmnmunHa  HOPMaJIBHOH  CKOpPOCTH
pacnpocTpaHeHus miameHu U, paccuuThiBaeTcs mo hopmyre:

2
U, = um%, (3.3)

~

rne U — HaOmroaeMast CKOPOCTh paclipoCTpaHEHHUs TIIaMEHH,;
R —panuyc TpyoOKu;
S—Iomnaab MOBEpXHOCTH (PPOHTA TUTAMEHH.
Jns u3BecTHOro paauyca Tpyoku R u m3MepeHHbIX BenmuuH U 1 S 1o dopmyrie

(3.3) HaxomsIT HOPMATTEHYIO CKOPOCTh PacIpOCTpaHeH s IaMeHu Uy,

Omnpenenenve HaOIIOJaEMOM CKOPOCTH PACIPOCTPAHEHHs IJIAMEHH B TpyOKe
IPOBOAUTCA B OTKPBITOM C OJHOTO KOHIIA TPyOKe, OO B 3aKPHITOM C 00OMX KOHIOB
TpyOke. Perucrparusi MOMEHTa IPOXOXKACHUS TNIAMEHH B TPyOKe MPOU3BOIUTCS JTHOO
METOZOM TMEPEroparoluX TOHKHX IPOBOJIOYEK, HATAHYTHIX B paA3HBIX CEUEHHSX
TpyOKH, 1100 HENOCPEACTBEHHO 110 BHIEOCHEMKE Mpoliecca.

3.3. ®USUKA NPOLJECCA PACIIPOCTPAHEHUA IMITAMEHU

PacnpocTpanenue miaMeHu B ra3oBOM CMECH IPOMCXOIWT 3a CYET Iepeladu
TEIUIOTHI OT CJIOS K CJIOK. B OCHOBHOM TeIIOTa NEPEAAECTCS IMTyTEM TEIUIONIPOBOAHOCTH,
HO B HEKOTOPBIX CIIy4asX 3HAYUTEIBHYIO pPOJIb MOXKET UIpaTh H3IydeHue. BTopbim
BaXXHBIM (PU3UYECKUM MPOLECCOM MPHU PACTIPOCTPAHEHHUH TJIAMEHU SIBJISIETCS] B3aUMHAsI
g ¢y3uss KOMIOHEHTOB TOPIOYEH CMECH U MTPOYKTOB CrOPaHUSI.

@DpOHT IJIaMEHU WM 30Ha XUMUYECKHUX PEaKLHid — 3TO TOHKAas 30HA, B KOTOPOM
yCIIeBaeT MPOTEeKaTh PEAKIMs TOpeHus. PacueTsl MOKa3bIBAIOT, UTO BpeMsl IPEObIBAHHUS
BelecTBa B Heil oueHb Mano (s MeraHo-Bo3aymHol cmecn t = 10° ¢, mia cmecn
KHCJIopoaa v Bogopoaat = 10’ C).

Temota XMMHUYECKOM peakuuM, MpoTeKarolmed Ha (QPOHTE IUIAMEHH,
pacIpocTpaHseTcs IIyTeM TEIUIONPOBOJHOCTH KAaK B CTOPOHY JABMKEHUS IUIAMEHH,
HarpeBass MCXOJHYKO CMECh, TaK M B CTOPOHY IIPOAYKTOB cropanus. (Cxema
pacnpeneneHus TeMIeparyp B 30He TOpEeHUs IpUBeIeHa Ha puc. 3.6.

Hcxoanas cmech umeet temmeparypy 7o. Ilo mepe mpubnmxenus k Heil (ppoHTa
IJJAMEHM OHAa HarpeBaercs oT Tp 10 TemmepaTypsl caMoBOcIulamMeHusi s Pa3smepsl
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30HBI MPOTPEBA 3aBUCAT OT TEIJIONPOBOAHOCTH CMECU M CKOPOCTH PACHpOCTPAHEHUS
iaMeHu. Y BenuueHue kosdpuirerTa TerionpoBOIHOCTH PACIIUPSET 30HY MPOrpeRBa,
a YBEJIMYEHUE CKOPOCTH IJIaMEHU — COKpAIIaeT ee.

Ty
—~
Tr
Ts
CxopocTb
peakuuu
—~ To
>
X
ITpoaykrsl 3oHa Hcxopnas
FOpeHus nporpesa cMech
3oHa
peakLuu

Puc. 3.6.Cxema ¢gpoHTa miameHu

B 30He peakimu Temreparypa MoBbIIIAETCs OT Is A0 TeMIepaTypbl ropeHus 1.
Kpome siBeHHs TeIUionepeadd B 30HE PEaKIMU MPOTEKAIOT MapajuIebHO MPOIECCHI
madysun. Juddysus BbI3BaHA pa3TUUUEM NapIHATbHBIX JaBICHHNA OTIEIbHBIX
KOMITOHEHTOB CMECH B 30HE PEaKIIMu U B UCXOTHON cMecH. Hampumep, B 30HE peakiuu
napluaIbHOE JaBJICHHE TOPIOYEro KOMIIOHEHTa M KHCJIOpOJa MHOTO HHWXKE, YeM B
MCXOMIHOM cMecH (3a CUET PAacXOA0BaHUS ITUX KOMIIOHEHTOB B PEAKIIMH TOPEHHS). ITO
NPUBOJUT K TOMY, YTO TOPIOYHI KOMIOHEHT W KUCIOpoX IuMOYHIUPYIOT B 30HY
ropenus (puc. 3.7).

Konyenmpayua coprouezo

—— et e

TA 7
\

Konyenmpayusa kucnopooa

>
X

Puc. 3.7.Pacnipenenenue TeMneparypbl
Y KOHIIEHTPAIM¥ KOMIIOHEHTOB 110 JUIMHE INIAMEHHU



3.4. BIIMAHWE OUAMETPA TPYBKU HA CKOPOCTb
PACIIPOCTPAHEHWA NITIAMEHU

Kak moka3bIBaeT OMBIT, B3phIBYATAs CMECh MOCTOSTHHOTO COCTaBa MMEET pa3HbIe
CKOPOCTH pacipoCTpaHeHUs TUIAMEHH MIPH €€ TOPEHUH B TpyOKax paszHoro nuametpa. C
YBEJIIMYECHUEM JTHAMETpa CKOPOCTh PAcTPOCTPAHEHHS TUIAMEHHU PAacTeT HEPaBHOMEPHO.
[Mpu yBenuuenun auamerpa Tpyoku D mo (10+15) cm ckopocTh pacrpocTpaHeHHUs
miaMeHu pactet ObicTpo. [lpm nmanmpHeiIeM yBenIWYEeHWH AWaMETpa OHA MEIJICHHO
YBEIMYMBACTCS W TPU HEKOTOPOM TpenenbHOM 3HadeHUH Dpax  CKOpOCTh
pacrnpocTpaHeHHs MIaMEHU OcTaeTcs mocTostHHOM (puc. 3.8).

[Ipn ymeHbIIEHWH nOHaMeTpa TPYOKH CKOPOCTh PACIPOCTPAHCHUS TIJIAMEHU
YMEHBITIAETCS U TPHU JOCTIKCHHH HEKOTOPOro 3HadeHUs Dy, Tuiams B TpyOke HE
pacnpoctpansieTcs. ITOT 3QPEKT MOKHO OOBSICHUTH YBEIMYEHUEM TEIUIOBBIX MOTEPh
IPU YMEHBIIICHUN THaMeTpa TPYOKH.

u
A

Dmin D max

Puc. 3.8.3aBUCHUMOCTH CKOPOCTH PacIpOCTpaHEHUS TUIAMEHU
OT IMamMeTpa TPyOKH

Temnora U3 30HBI TOPEHUS pacXoayeTcsi Ha HarpeB cMecu Qq, HaArpeB MPOIYKTOB
cropanus Q, u creHok Tpyoku Qsz. Terutora Q; Bo3Bpalaercs B 30Hy peakiiMu U TEM
caMblM BO3MEIIAET TEIJIOOTAauYy Ha HarpeB cBexked cmecu. K Temmomorepsim
OTHOCSTCS TONBKO Q,, Q3. DTU MOTEpH BO3pACTAIOT C YMEHBIICHUEM IUaMeTpa TpyOKH
3a CYET TOT0, YTO YBEJIUYHMBAETCS OTHOIICHHE MOBEPXHOCTU TEIUIOOTAAuUd K 00BEMY
ras3a, OTAAIOIIEro TEIUIOTY.

30Ha ropeHus

s

%

ITpoayKThI //?2 Caexas
CTOPaHHS () 4 -0, cMech
v
O3

Puc. 3.9.Cxema TemnooTBoia U3 30HbI TOPEHUS
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Jliis munuHapudeckoil Tpyoku pagnycoM R u mmunHol L (puc. 3.10)oTHOIIeHNe
ee MOBEPXHOCTH SK 00beMy V paBHO:

S 2nRL_2 4

Jlns tpy6ku muamerpom D = 10 cm otHomrenne S/V=0.4 cm™, a q1s TpyoKH
nuamerpoMm D = 2 cm otHourerne S/ V=2 cm™’. OTcioqa BUAHO, 9TO C YMEHBIICHAEM
IuaMeTpa TPYOKH YBEIMYMBAETCS OTBOJ TEIUIOTHI OT €IUHUIBI 00beMa Tas3a,
HaXOJSIIETocs B 30HAX MPOTPEBAa M PEAKIMH, K CTCHKaM TPYOKH. YBEIMUYCHHUE
TEIUIONOTEPh CHUKACT TEMIIEpaTypy TOPEHHS U CKOPOCTU PACIPOCTPAHEHUS TIIAMEHHU.
Takum oOpa3om, Ui KaXIOTO 3HAYCHHUsA auameTpa TpyOku D mpu HemsMeHHOM
COCTaBe CMECH yCTAHABJIMBAETCS OTpEEICHHAsT TeMIIepaTypa TOpeHUsl |, U CKOPOCTh
pacnpocTpaHeHUsT IUIaMeHH U B 3aBUCUMOCTH OT YPOBHS TEIUIOBBIX TOTEPb.
YMeHbIas quaMeTp TpyOKH, MOKHO JOCTUTHYTHh TAKOW BEIMYUHBI TEIUIOMOTEPD, MPU
KOTOpPOW TOpeHHe B cMmecH npekpamaercs. Takoi awmamerp (Dmin) Ha3bIBaeTCs

KpHTquCKHM.
Gﬁ
L s

Puc. 3.10.Cxema TemmooTBO1a U3 MIWJIMHAPHUIECKOU TPYyOKH

4

Ha stom npunnune (rameHwe IIaMeHH B Y3KHX TpyOax) OCHOBaH WENbIA Psij
IPEIOXPAHUTENbHBIX YCTPOWUCTB, MPENOTBPALIAIONINX PACIpPOCTPAHEHHE IJIAMEHU —
METAJUIMYECKHE  CEeTKM I MEMICHHOTOpAmMX  cMmeced  (mamma  J[9Bm),
OTHENPETpaguTeNd B IIAXTaxX, 3aChIIKU TPABHMHBIX MOPOIIKOB B CHCTEMaxX CIIHBA
HE(PTENPOAYKTOB U T.1.

3.5. JETOHALUA B TA30BbIX CMECSIX

PacnpocTpanenrie miaMeHM B Ta30BbIX CMECAX MPOUCXOAUT C MOCTOSHHOU
CKOpOCThIO TOJIbKO Ha pacctosiaud (0.5+1.0)m oT Touku BocruiameHenus. [Tocie atoro
IUIaMsi Pe3K0 yCcKopsieTes: U gocturaet ckopoctu (2+3) km/c. Cropanue ra3oBoil cMecu
C TakoOM CKOpPOCTBIO Ha3bIBaeTcs naeToHauuend. OTMETHM XapaKTepHblE CBOWCTBA
JETOHALUH.

e JleToHallMOHHAsE BOJIHA PACIpPOCTPAHSECTCA C IOCTOSSHHOM CBEPX3BYKOBOM

CKOPOCTBIO.
e CKOpOCTb JE€TOHAIIMY 3aBUCHUT OT COCTaBa rOproveil CMecH.
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e Ilpu aumamerpe TpyOku Ooyiee 2 CM CKOpPOCTb JETOHAIIMM HE 3aBUCUT OT €€
auameTpa.
e bonbluas CKOpOCTh CropaHusi CMECH IIPU JETOHALMU MPUBOANUT K MOBBIILIEHUIO
JABJICHUS.
['uapoguHamuueckas Teopus  J€TOHAUMKM  OblIa  CO3/laHa  aKaJIEMUKOM
A.b. 3enpnoBuueM. PaccMoTpyM  MeXaHW3M  BO3HUKHOBEHHUS  J€TOHAllUU B
NIOJTY3aKphITOH TpyOKe (puc. 3.11).

/
[TpomyKThI Cexas
CropaHus cMeCh

Puc. 3.11.CxeMma BO3HUKHOBEHHUS J€TOHALIUU

[Tpu BocTIIaMEHEHWH B3pPHIBYATONH CMECH Y 3aKpBITOTO KOHIIA TPYOKM CHadaa
HA0JII0/JaeTCsl PaBHOMEPHOE PACTIPOCTPaHEHHE IIAMEHH CO CKOpOCThio U. YckopeHue
MJIAMEHU BO3HHMKAET B PE3YyJIbTaTE TOPEHUS CMECH M PACIIUPEHUS MPOTYKTOB CTOPAHUS
y 3aKpBITOTO KOHIA TpyOKH. Pacmupenne ra30B BBI3BIBAET CIKATUE CBEXKEH CMECH U €€
nBMKeHHE Tepen ¢poHToM MuameHu. CKopocTh 0oOpa3yromieicss ymapHOW BOJIHBI B
(4 + 9)pa3 OoJibllle HOPMAILHOM CKOPOCTH TJIAMEHH.

Bo3nuknoeenue yoapuoii 6onmni

CrutoniHas cpefa — TBepJasi, KUJAKas WM ra3zoo0pasHas crnocoOHa TepenaBaTh
KoJIeOaTeIbHOE IBUKCHHE B BUJIC 3BYKOBBIX BOJIH. BCsikoe HepaBHOMEpHOE, a 3HAYUT U
KoyieOaTeabHOe JBMIKCHHE TPOMCXOAMT II0J BO3ACHCTBHEM HEKOTOPHIX CHaI. B
OTCYTCTBHE CHJI T€j1a OBl ABUTAIMCH TOJIBKO PABHOMEPHO U MpsMosnHerHo. Konebanus
CpeZibl BBI3BIBAIOTCS CUJIAMH YIIPYTOCTH B HEH.

Ecnu cxaTh HEKOTOpBIH 00beM BO3Ayxa Vo M 3aTeM JaTh €My BO3MOYKHOCTD
pPacCIIMPATHCS, TO 3TOT 00BEM PACIIUPUTCS JO KOHEUHOro oObema Vi > Vj. Pabora,
3aTpayeHHas Ha CKaTHe, MepPeHIeT B KUHETHYCCKYIO SHEPruio aBmkeHus E. Dta
sHeprus OyleT B CBOIO OYepe/ib 3aTpavyeHa Ha CKaTHE OKPYXKAIOIIEro CJIOs BO3IyXa.
DTOT cI0M Takke OyAeT paclIUpsATLCS U CKUMATh CICAYIONIUi ciioil. B pe3ynbrate mo
BO3/yXy IOOEKHUT 3BYKOBas BOJIHA, TO €CTh OyJeT HaOJIOAAThCS MEPHOAMYECKOE
U3MEHEHHE TUIOTHOCTH p U naBieHus p (puc. 3.12).

OTMeTUM, YTO CKOPOCTh 3BYKOBOWM BOJIHBI HAaMHOTO OOJIbIlIE, Ye€M CKOPOCTh
JIBMDKCHUSI CaMOTo rasza. 3BYKOBas BOJHA Oy/leT paclpOoCTPaHATHCS CO CKOPOCTHIO
3Byka ¢ = CONSt 10 TOJHOTrO 3aTyXaHWsS 3a CYET JUCCHITATUBHBIX IPOIIECCOB
(puc. 3.13).



pp

Puc. 3.12.M3MeHeHue gaBieHus ¥ TUIOTHOCTH B 3BYKOBOM BOJIHE:
a — B 3a/IaHHOU TOYKe, O — B 3aJJaHHBIII MOMEHT BPEMCHH

P.p

D

Puc. 3.13.3aryxanue 3ByKOBOW BOJIHBI
(po, po — aBJICHUE ¥ TUIOTHOCTH HEBO3MYIIIEHHOTO BO3/1yXa)

Jlis  BBISICHEHHA TPUYMHBI 00pa3oBaHHME YAApHOM BOJHBI  PACCMOTPUM
OJHOMEPHBIN CIIy4al — BABUTAHUE ITOPIIHA B IWJIMHJP.

E—
ZNmg .
Bonna : CBO3MYUICHHBIN

— CKaTHuAd : BO3OYyX

Puc. 3.14.Basuranue nopiiHs B UIHHAP

HpI/I MCIJICHHOM JBMJXCHHMH TIIOPIIHA TMCPEAHAA TIpaHHId CXKATOIr0 BO3AyXa
MOOEKHUT TI0 HCCXKAaTOMY Tra3zy CO CKOpPOCTbIO 3BYKa. B BomHe cxarus BO3OyX
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annabaTHYeCKu HArpeT U IBUYKETCS CO CKOPOCTBIO W B CTOPOHY JIBUXKCHHUS MOPIIHS. B
HArpeToM BO3yXe CKOPOCTh 3ByKa OOJIbIIIe, TTOATOMY BO3MYIIEHHE W3 BOJIHBI CXKATHUS
HaroHuT ee nepeanuii Gpout. Tem Oosiee, YTO CKOPOCTh 3BYKa ¢ CKJIAQJIBIBACTCSA CO
CKOpocThIo Ta3a W. CiieoBaTeNbHO, (QPOHT CXKATUS «y3HAET» O TOM, YTO MOPIICHb
JBWKETCS] YCKOPEHHO, COKUMast ras.

PaccmorpuM mpoduminb BOJMHBI CXKATHs, TO €CTh pACIpeNeiICHUE IAaBJICHUS IO
mmHe mwmuHapa (puc. 3.15). [omyctum, uro Ha mpodwib p(x) HaKIaIbIBaeTCS
HeOoubIol BeicTyn naBieHust A (puc. 3.15,a). DToT BeICTYN HEe OyAET OCTaBaThCs Ha
MECTE U KaK BCSKOE CXKAaTHe Ta3a, OyeT ABUTaThCs CO CKOPOCTHIO 3ByKa. OTMETHM, UTO
JAr00YI0 TOUKy npoduis p(x), Hanpumep, Touky B (puc. 3.15,6) MokHO paccMaTpuBaTh
KaK HEeOOJIBIION BBICTYII JaBJICHHUS.

Takum 00pa3oM, Kaxaoe CKAaTHUE Ta3a paclupoCTpaHICTCs MO HEMY C MECTHOMU
CKOpPOCTBIO 3ByKa, HpUYeM OoJbllice BO3MYIICHUE NaBJICHUS Ap; OyIeT JOTOHSTH
MeHbIllee BO3MyIleHUe Ap,. Ho mpu 3TOM BO3HMKaeT aOCypiaHas CUTyalus, KOTJa B
OJTHOW ¥ TOM Ke Touke muanHapa C MOTYT OBITh OJIHOBPEMEHHO HECKOJIbKO 3HAYCHHIA
naBieHus — jaBa 3HadeHus (puc. 3.15,6) wim maxe Tpu 3HaueHus (puc. 3.15,2). Ho
Takasi cUTyanus (PU3MUYECKH HEBO3MOXKHA. PaccMOTpUM MeXaHH3M, C MOMOIIBIO
KOTOPOTO MPHUPO/Ia PEOI0JIEBAET ATO MPOTHBOPEUHE.

p & P 6)

Puc. 3.15.Cxema pa3BuTus J1eTOHALIUU

[lpexne dYeM BO3HHMKHET (U3NYECKH HEBO3MOXKHOE <JIEpEXJIECTHIBAHHE», B
HEKOTOpPOH Touke MpoQuis J0JKeH 00pa30BaThCs OYEHb MAJICHBKUN BEpTHUKAIbHBIN
ydactok (puc. 3.16). B 3aBucHMOCTH OT 3aKOHA IBW)KEHHS TOPIIHS 3TOT y4YacTOK
MOXeET 00pa3oBaTbcsl Kak B mepeaHel Touke BoyHbI cxarus (puc. 3.16,a), Tak u B
npomexxyTounoit (puc. 3.16,6). JlaBiaeHue ¢ JeBOW CTOPOHBI OyAET MOBBIMIATHCS 32
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cuer cxarus nmopirHsa. Ho kak ObI OHO HE MOBBIMIAIOCH, BepTUKAIL a6 (puc. 3.16,)He
HAKJIOHUTCS BIIpaBO, HWHade OyAeT HAOMIOMAaThCS HEMPABAONOAO0HAS CHUTYyaIus.
CiemoBaTelIbHO, €IMHCTBEHHBIM BBIXOJ COCTOMT B 0Opa3oBaHHMM pa3pbiBa (CkKauka)
JaBJICHUS.

p

a x
Puc. 3.16.Cxema 006pa3oBaHus y1apHON BOJIHBI

TaxuMm 00pa3oM, B BOJIHE C)KAaTUSI HEMUHYEMO JIOJDKEH HACTYMHUTh TAKOW MOMEHT,
KOTJla JABM)KCHHE HE MOJKET OOJIbIlIE OCTAaBaThCsS HEMPEPHIBHHIM — B Ta3e BO3HUKHET
ckayok a6 (puc. 3.17). Takoii ckauok Ha3bIBaeTCsA yAapHOH BoHOH. CKOpPOCTH
oOpa3yrolieiics yIapHoi BOJHBI Ha MOPSIOK OOJIbIIIe CKOPOCTH JIBIKEHUS Ta3a.

p p

a) 0)

a
a

X X
Puc. 3.17.Cxema pa3BuTHUs JETOHALMH B pa3Hble MOMEHThI BPEMEHH

Bo3nuknoeenue Oemommuu

PaccmoTpuMm Temeps (u3MKy 0Opa3oBaHHsA JETOHAIMOHHON BOJIHBI Ha MpHUMEpe
TOPEHHs] CMECH ,METaH-KUCIOPOa~ B y3KOH TpyOke. Ilpu momxuranuu cMmecu ciaboit
UCKPOW TIIaMsi  pachpoCTpaHseTcss Mo TPyOKe C TOCTOSHHOW  CKOPOCTBIO
U~ (10+20)m/c. B ciydae MOMKATaHUS CMECH MOIIHBIM HCTOYHHKOM — CHIJIBHOMN
MCKpPOM WJIM B3pBIBOM 3apsifia B3phIBYATOrO BEIIECTBA — CKOPOCTh PACHpPOCTPaAHEHUS
TUTAMEHHN MOJKET MPEBBIIATh 2 KM/C.

Boime ObT0 MOKa3aHO, 4YTO MPOIECC CTAMOHAPHOTO TOpPEHHUs OO0YCIOBIICH
IpoIEccCaMH TETIONPOBOJHOCTH U AU(GY3UH KOMIOHEHTOB, TO €CTh OTHOCHTEIHHO
MEIJICHHBIMH MOJIEKYJIApHBIMH Tporieccamu. Ilpu 3TOM HOpmanbHas CKOpPOCTH
pacrnpocTpaHeHus IJIAMEHN HAMHOTO MEHbIIe cCKopocTH 3ByKa (Up << C).

CKOpoCTh JE€TOHAIIMM TPEBBINIAET B COTHU pa3 HOPMAJbHYIO CKOPOCTh
pacnpoctpanenus miamenn (D << Up), NMO3TOMY MEXaHHM3M JECTOHAI[MM HEJb3s
O00BSACHUTH MEJICHHBIMU MPOIIECCAMU MTEPEHOCA — TEIUIONPOBOJHOCTHIO U U Py3ueH.
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JleToHarusi — 3TO Ta30JUHAMHYECKOE SBJICHHME, CBSA3aHHOE C O0Opa3oBaHUEM W
pacnpocTpaHeHUEM yAapHOW BOJIHBI. B yaapHOW BOJIHE, pacHpOCTpaHsSIOLIEHCs I10

roprodyeir cmecu co ckopoctbio D ~ 2 km/c, HaOmOmaeTcs pe3Koe IMOBBIIICHHE
nasienus (B 40+60pa3) u remmneparypsl (B 6+7 pa3) raza. [Ipu atom Temmnepatypa rasa
mocturaer I ~ 2000C. Ilpu Takmx BBICOKHX 3HAYCHMAX TEMIIEPATyPhl PE3KO

BO3PACTaCT CKOPOCTh MPOTCKAHMSI XUMHUYECKOW PEAKIIMA TOPEHUS B COOTBETCTBUU C
3aKOHOM AppeHHyca.

TemtoTa, BBLIETUBIIASCS B XOJ€ NMPOTEKAHUS SK30TEPMHUECKON peakimmu Q,
BO3MEIIAeT HEOOPATUMYIO IMOTEPI0 SHEPIHH, MPOMCXOMSANIYI0 MPH YIAPHOM CIKATHH
roprouell CMecH, elie He BCTYNUBIIEH B peaknuio. Takum oOpa3zom, oOpa3oBaBIIasics
JCTOHAIIMOHHAS BOJIHA IOJIJCPKUBACT cama ceOs 3a CueT peakiMu TOpEHUs Ha ee
¢ponTe. CKOPOCTH paCHpPOCTPAHEHUS JIETOHAIIMOHHOW BOJIHBI IPOMOPIHOHAIBHA
KBaJIpaTHOMY KOPHIO M3 TEIUIOBOTO 3P (eKTa peakiuu W MPAKTUICCKH HE 3aBUCUT OT
HAYaJIbHOTO JIABJICHUS Ta3a:

D~ Q.

JleToHanyss MOXKET BO3HHKATh TOJBKO IPH OIPEICIIEHHOM COCTaBE CMECH.
Hampumep, cmech ,,BOJOPOI-KHACIOPOJ’ JETOHHUPYET B IMpeAesiaX COACpKaHWHs
(27+35)% Boopoaa, cMech ,alleTHIICH-BO3AYX — B mpezenax coxepxkanus (6+15)%
alleTuiIeHa. JSIBJeHHWE JCTOHAIIMM MOJXKET BO3HHMKATh B JBUTATEISIX BHYTPCHHETO
cropanus. JIns nmperoTBpallieHus JeTOHAIMKA B OCH3WH BBOASATCS aHTHICTOHAIIMOHHBIC
npucaakun — terpadtwicBuHenn PDb(GHs)s, Terpakapbonmn wHukens  Ni(CO),,
nenTakapOoonmi xeneza Fe(COj).

4. MATEPUAJIbHBIN BAJIAHC IMPOLIECCOB FOPEHUST

JIisi OIIEHKM BEpPOSITHOCTH BO3HUKHOBEHUS TMOXKapa W €ro TMOCIEICTBHMA IS
KOHKPETHBIX OOBEKTOB (He()Te- WM Ta30MpOBOJ, 3aBOJCKOW IIE€X, CKIIAJCKOES
MOMEIIIEHUE, JKUIas KBapTHpa, KOTTEMK M T.I.) HEOOXOAMMO YMETh PacCUMTHIBATH
MaTepHabHBIA OaJlaHC MPOIIECCOB TOPEHUS Pa3IMYHBIX TOPIOYMX BeliecTB. I opeHue
BCIIECTB MPH TI0Kape TNPOMCXOJUT IIOYTH BCETJa B Cpeae Bo3ayxa. TolbKO B
CICIHMAIbHO TPUTOTOBJIEHHBIX CMeCsSX (pPaKeTHOE TOIIMBO, TEPMHTHBIM COCTaB,
B3pPHIBYATOC BEIECTBO) WJIM IPH Ia30BOM CBAapKe METAJUIOB TOPEHHE IIPOMCXOIHUT 3a
CYET KHCJIOPO/Ia, BBIICIAEMOTO OKUCIUTENIEM, HIIH 32 CYET ra3000pa3HOro KUCIOPOIa.
[ToaTOMy paccMOTpHM METOJIBI pacdyeTa MaTEPHAIBHOTO OallaHca TPU TOPCHUHU TOTUIUB
B Cpezie BO3ayXa.

Pacuer cBOAUTCS K PEIICHUIO CIICTYIONTUX 3a/1a4.

* OmnpeneneHne KOJIMYECTBA BO3IyXa, HEOOXOAMMOTO JIJIsi TOPEHUSI.

* OmnpeneneHne KOJIMYECTBA U COCTaBa MPOIYKTOB CTOPAHUSI.

4.1. COCTAB ATMOC®EPHOIO BO34YXA

HOCKOJII)Ky BO3AYX ABJIACTCA OAHUM M3 OCHOBHBIX KOMIIOHCHTOB FOpIO‘ICﬁ CMECH,
INpUBCACM JAaHHBIC II0 €TI0 XapaKTCPpUCTHUKaM. Cocrasn aTMOC(I)epHOFO BO3ayXa
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JIOCTATOYHO CJIOKEeH. KpomMe OCHOBHBIX KOMIIOHEHTOB — Kuciiopoaa O, u azota Ny, B
HEM COJICpIKATCsl MHEPTHBIC Ta3bl (AproH, HEOH, €N, KPHUIITOH, KCEHOH), 030H Oj,
yraekucibiii a3 CO,, mapbl Bogasl HyO 1 yactuibl asposodeit (mbuib). OnHako 00beM
BTOPOCTENEHHBIX KOMIIOHEHTOB B CYXOM OYHIIIEHHOM BO3Ayxe He mpesbimaer 1%.
[TosToMy OyneM cuMTaTh, 4YTO BO3yX COCTOUT U3 JABYX KOMIIOHEHTOB — KHCIIOpOJa U

a30Ta. XapaKTepUCTUKH OTUX Ta30B NPH HOPMAIBHBIX (PH3UYECKUX YCIOBHSIX
npuBeIeHBI B Ta0I. 4.1,

Taonuma 4.1
XapaKTepUCTUKU BO3AyXa IPU HOPMANILHBIX (PU3HYECKHX YCIOBUSIX
CocraB P, R, Vu,
las Mace. % | o6pem. % M kr/v® | okl (krK) | M fxmonn
Kucnopon 0O, 0O, 32.00| 1.429 259.7 22.393
A3zot N, N, 28.013| 1.251] 296.65 22.395
0 0
Boszyx ‘3%2?; %sz?; 28.96| 1.293 28153 | 22.398

HO,Z[ HOpMAaJIbHBIMHU (I)I/IBI/I‘ICCKI/IMI/I YCIOBUSAMH TTOHHUMAIOTCA  CICAYIOIIUC
3HAYCHUS TEMIICPATYPHI U JABJICHUS.

7=0°C (273K);
p=760mm prytHOTO cToNOa (MM HQ) mum 101.3kI]a.
B ta6n. 4. 1npuHATH ciaenyronme 0003HauYeHUs:
M — oTHOCHUTENBHAS MOJISKYJISIPHAS Macca,
P — IIOTHOCTH Ta30B0it (haskl, KI/M°;
R — ynenpHas ra3oBas nmoctostaHas Jx/(kriK);
VM —MoJsIpHBIA 00beM (00beM KHJIOTPAaMM—MOJISI) Ta3a MPH HOPMAaTbHBIX
(DHU3UIECKHX YCIOBUSX, M /KMOJI.

Kak cnenyer u3 Ttabn. 4.1,8 1 M Bo3nyxa coaepxkurcs 0.21 Mo KHUCJIOPO/JIa,
cienoBareibHO, Ha 1 Mo KHCJIOpOJa TMPUXOIUTCS V6=1/O.21=4.76'4\/13 BO3/IyXa.
CootBeTcTBEeHHO, Ha 1 KT Kuciopoaa mpuxoautcs M,=1/0.23=4.34&r Bo3ayxa. Ecnu
MIPOIECC TOPEHHS MMPOUCXOTUT C YIaCTHEM BO3yXa, MapaMeTPhl KOTOPOTO OTINYAFOTCS
ot HopMaisHbIX (7% 0°C 1 p # 760Mm HQ), TO IIOTHOCTB BO3IyXa PACCUMTHIBACTCS C
IIOMOIIBIO YpaBHEHUS cocTosiHMs (ypaBHeHUs MenaeneeBa—Kianelipona):

p=pRT (4.1)

rae 7' —abcomoTHas TeMiiepaTypa.
YpaBuenue coctosiHust (4.1) 111 HOpMaTBHBIX YCIIOBHH 3alIMCHIBACTCS B BHIIE

P, =P, R.T,, (4.2)

r7A€ Py, Pus Ry T, —3HAUEHHSI COOTBETCTBYIOLIUX [MTAPAMETPOB MPHU HOPMAJIbHBIX
(U3NYECKUX YCIIOBUSX.

B mpeanonoxennn R= R,=const pasgenus (4.1) Ha (4.2), MOXXHO IOJYYUTh
(dbopMyIIbI 1715 pacyeTa MJIOTHOCTH BO3IyXa MPHU MPOU3BOJIBHBIX 3HAYCHUAX P, T.
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o= p, T, P - 1.293[27353 _a485P 4.3)
p, T 1013 T T '
€CJIM JaBJICHHC BbIPAKCHO B klla.
o= p, T, P - 1.293[27359 _ 0.464P 4.4)
p, T 760 T T '

€CJIM JIaBJIEHUE BbIpakeHo B MM HQ.
AHANOTUYHO MOKHO TOJYYHUTH (GOPMYJbl [JIsi pacuera MOJSPHOro o0bema
BO3]lyXa MPHU IPOU3BOJIbHBIX 3HAYEHUSIX P, T.

A\
vy, = M, t Py II-IT— _ 22.398E101.3E_TF _ 8.3111 (4.5)
T, P 273 p p’
€CJIN JaBJICHUC BBIpa)KCHO B KHa.
A\
vy, = M, ¢t Pu EF _ 22.398D’6O[:rF _ 62.35311 (4.6)
T, p 273 p p

€CJIM JaBJICHUC BBIPAXKCHO B MM Hg
E,Z[I/IHI/IHBI JaBJICHUA CBs3aHBI CICAYIOIMMWMHA COOTHOIICHUAMM .

1 mMm Hg = 133.31a; 11Ta = 0.0075vm Hg.
dopmyisl, ogo0HbIe (4.3)—(4.6),MOKHO TOJYYUTH JJIS JIFOOBIX Ta3000pa3HBIX
KOMITIOHCHTOB TOPIOYECH CMECH M Ta3000pa3HBIX MPOJYKTOB TOPEHHUS IO W3BECTHBIM
(GuU3HYECKUM TTapaMeTpaM ra3oB IPpH HOPMaTbHBIX PU3NICCKUX YCITOBHUSIX.

4.2. COCTABJIEHUE YPABHEHWA TOPEHUA

ITpu cocTaBieHMM MaTepuanbHOrO OajaHca MPOLECCOB TOPEHUS PA3IUYHBIX
TOIUIMB 3alMCHIBAIOTCA YPABHEHMsI PEAKUMM OKHUCICHUS JHUOO0 [Js 3JIEMEHTOB,
BXOJSIIIMX B COCTaB TOIUIMBA, JUOO Uil KOHKPETHBIX XUMHUYECKUX coeAuHeHui. [Ipu
3TOM KOJIMYECTBO ATOMOB KA)KJIOTO BELIECTBA B JICBOM M IPABOM 4YACTIX ypaBHEHUH
JOJDKHO OBITH OIMHAKOBO. B Tabi. 4.2 npuBeneHbl ypaBHEHUS MPOLECCOB OKUCIEHMUS
HEKOTOPBIX TOILJIMB KHCIOPOIOM.

banmaHChl 2JIEMEHTApHBIX PEaKIUil MO3BOJIIIOT PAaCCYUTaTh MACCOBBIE PACXOJbI
KHMCJIOPOAA U KOJMYECTBO IPOAYKTOB PEAKLMH, NPUXOIAIINECS HA E€IUHMILy MacChl
paccMaTpUBaEMOTI0 AJIEMEHTA WM BEIIECTBA. 3HAsl IUIOTHOCTH ra30B, MOXHO MEPEUTH
OT MacCCOBBIX €IUHUI] K OOBEMHBIM €AHMHUIIAM.

Tabmanma 4.2
['opeHune TOIIMB B KHCIIOPOIE

TormBo XUMHUUECKasi pEaKIusi TOPEHHUSI
C+0,=CO, (moaHoE cropanue)
2C+0,=2CO femnonHoe cropaHme
Bonopon 2H,+0,=2H,0

Cynbdun xenesza 2FeS+5.50=Fe,0;+4S0

Yraepon
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DTHJIOBBIM CIIUPT C,HsOH+30,=2CO,+3H,0
Cepoyriepon CS+30,=CO,+2SG

Oxkcup yriaepoja CO+0.5Q=C0O,

AnroMUHUN 4A1+30,=2Al,05

Auernnen CH,+2.50=2C0O,+H,0

Cepa S+0=S0,

Mertan CH4+20,=CO,+2H,0

Areron CH;COCH;+40,=3CO,+3H,0

4.3. PACYHET KOJINYECTBA BO34YXA, HEOBXOA4UMOI O A4Ji51 TOPEHUA

B nponecce ropenus ar00bIX TOIUIMB Y4acTBYET OOJIBLIOE KOJMYECTBO BO3AYyXA.
Tak, 1151 mosHoOro cropanust 1 kr apos TpeGyercs (4+5) M Bo3ayxa, 1 KT KaMEHHOTO
yrast — (8+9)m°, 1 kr medtn — (10+12)M°. TIpu mokapax, rie rOpeHHe MPOTEKAeT C
007BIINM U30BITKOM BO3/IyXa, 3TU IU(PHI YBEIUUYUBAIOTCS B MOJTOPA-IBa pasa.

B ta6n. 4.3 npuBeeHbl 3HAYCHUST TEOPETHYECKOTO (MUHIMAIBLHO HEOOXOAMMOTO)
KOJIMYECTBA BO31yXa, JUIsI TOJHOTO C)KUTAHUS HEKOTOPhIX TOPIOUYMX BEIIECTB.
[TpuBenennsie B Ta0i. 4.3 3HaU€HUs, SBJSIOTCS OCPEIHEHHBIMH, TaK KaK XUMHUYECKHI
COCTaB JApeBeCcHHbI, TOp(ha, HeDTH U YT MOKET CYIIECTBEHHO Pa3IHIaThCS.

Taomuna 4.3
KonmuecTBo BO3myxa, HEOOXOAMMOE ISl TOJTHOTO CropaHusi 1 KT TOprovero

["oprouee Macca Bo3ayxa, Kr | O6beM BO3yXa, M°

Cyxoe 1epeBo 5.9 4.6

Topd 7.5 5.8

AHTpauur 11.6 9.0

Hedtp 14.0 10.8

Meran 12.3 9.5

AueruieH 15.4 11.9

I[JI}I pacdye€Tra rop€Huss KOHKPETHOI'O TOINIMBA ITPOBOJAT PACUYCT MATCPpUAJILHOI'O
OanaHca Imponecca ropCHus. HOp}I,Z[OK pacdeTa 3aBUCUT OT BHAA TOILJIMBA. PaCCMO’I‘pI/IM
OCHOBHBIC METOAbI pacucTa.

I’optouee seuiecmeo — onpedeﬂetmoe Xumuueckoe coeouHenue

Ecnu roprodee BemecTBO MPEACTABISIET COOOM OMPENENICHHBI XUMHYECKUI
AJIEMEHT WA COCAUHEHHE, TO I HETO MOXHO 3alUCaTh YPaBHEHUE XHMHUYECKOU
peakuuu ropeHusd. B 3Tom ciydae, HE3aBUCHMO OT arperaTHOr0 COCTOSIHUSI BEILIECTBA
(TBepmoe, JKuAKOE WM Tra3000pa3zHoe), HEOOXOAMMOE I TOJIHOTO CrOpaHus
KOJIMYECTBO BO3AYyXa OIPEIEIAETCd HEMOCPEACTBEHHO MO YPAaBHEHUIO pPEaKIUU
TOPEHUS.

Jlnst mpoBeieHHsT pacyeToB HEOOXOJMMO 3HATh OTHOCHUTENIbHBIE MOJIEKYJISIPHbIC
MacChbl OCHOBHBIX BEIIECTB, YYacTBYIOINIMX B TopeHuu. B Tabn. 4.4 npuBeneHbl
3HaYeHus1 M JJ11 OCHOBHBIX KOMIIOHEHTOB OPTaHUYECKUX U YTIE€BOJOPOIHBIX TOILIUB.
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OTtmeTuM, 4YTO a30T BO3JIyXa HE YYacCTBYeT B TOPEHUU U SBISETCS WHEPTHBIM
BEIIIECTBOM, TaK e KaK M BXOIIME B COCTAB BO3yXa MHEPTHBIC T'a3bl.
Taomuna 4.4
OTHOCHTEIIbHBIE MOJICKYJIIPHBIC MAacChI BEIICCTB

Bemectso O, | C | Hy | S |Bosayx | Fe| Al | N | Mg
M 32|12 2 | 32| 29 56| 27|14| 24

PaccmoTpum nopsiaok pacuera Ha mpuMmepe ropenus 6ensomna CeHs.
* 3anuiieM ypaBHEHUE pPEaKLUU TOPEHHUS:

CeHgt7.50,=6C0O,+3H,0.
* B 3T0 ypaBHEHHE MOJACTaBMM 3HAYCHUS OTHOCHTENBHBIX MOJEKYISPHBIX MaccC
BXOJISIIIMX B HETO DJIEMEHTOB:
6[12+61+7.5(216)=6(112+216)+3(12+1:16).
[Tockonbky MomsipHast Mmacca M (Kr/kMoJTb) BeliecTBa YHCICHHO COBIANIAET C €TO

OTHOCHUTEJIbHOM MOJ'ICKYJ'DIpHOﬁ MAacCoM, IOCJI€JHEE COOTHOIIICHUE MOKHO
3arucaThb B BUIC.

78xr + 240kr = 264kr +54 kr
—_— — — —_—
CeHs O, CO, H,0

Taxum o6pazom, mis cxxuranust 78 kr 6ensona CgHg HEoOxommmo 240kr kuciaoposa.
* Ompenenum Maccy KUCJIOpoa M, HeOOXOAUMYIO Jis CxuTanus 1 kr OeH3o0a:

_240_35g

T 78

e [lo u3BeCTHOW MJIOTHOCTH KHUCIOPOAAa MPU HOPMAIBHBIX (PU3NYECKHUX YCIOBUIX

(p,=1.429xr/v°), B3sTOl W3 Tabm 4.1, ompemenmm o0bem kuciaopoma Vi,
HEOOXOUMBIN JJIs1 TOJIHOTO cropanus 1 kr GeH3ola:

* [lockonpKy TrOpeHHE NPOUCXOAUT B Cpele BO3AyXa, pacder o0bema BO3Oyxa
IPOBEJICM C YUeTOM 00BEMHOI'0 COJIEpKaHus Kucaopoa B Bo3ayxe (21 %):

V,=2.1554.762=10.262".

Takum oOpa3om, It MOJHOTO cropanwst 1 Kr OeH30Jla TPU HOPMAaJIbHBIX
3
buznyeckux yciaoBusax Heooxoaumo 10.262m™ Bo3ayxa.
e TlpoBemeM pacueT oObeMa BO3ayxa NPU 3aJaHHBIX YCIOBUAX (Hampumep, MpH

T=+20°C (293K), p=750MMm HQ) ¢ momomibto popmyiisr 4.6:
10.262(760_293
275 75C

Taxkum o0OpaszoM, JJIs MOJTHOTO cropaHus 1Kr OCH30J1a TIPHU 33JJaHHBIX YCIOBHUSIX
. _ 3
HE0OXO0IMMBIN 00BeM Bo3ayxa coctaBiset V,=11.16m".

V, = =1116 @



Fopiouee eeuiecmeo — cmecov 2aszoe

K 3T0ii rpynme BEmECTB OTHOCATCA TEXHUYECKUE TOPIHOYHME Ta3bl — MPUPOIHBIM,
CBETWJIbHBIM, BOJSHOW, TE€HEPATOPHBIA, KOJIOIIHUKOBBIM W Apyrue. Bce oHM Moryr
coaepxkarb okuch yriepoaa CO, meran CHy4, Bogopoa Hy, cepoBomopon HoS u apyrue
KoMrnoHeHThl. Kpome Toro, onn moryt cojaepkatb a3oT Ny u kucimopon O,. A3oT, Kak
OBLJIO OTMEYEHO paHee, SBJISIETCS WHEPTHBIM BEIIECTBOM W HE YYacTBYET B PEaKIUU
ropenusa. Coaepkamuiicas B Tras3ax KHUCIOPOJ SBIISIETCA OKUCIHUTEIEM, W TIpHU
COCTaBJICHUM YpaBHEHU OanaHca MacChl BRIYUTACTCS.

HNcxoaHbIMU JaHHBIMU JJISI  pacueTa SBJISIIOTCS MPOLEHTHBIM COCTaB rasa
(o6vem. %), remnepatypa 7 u naBiIeHHE p BO3AyXA.

[Topsimok pacuera HEOOXOAMMOTO KOJMYECTBA BO3AyXa PACCMOTPUM Ha MpPUMEPE
TOpPEHUs KOJIOMTHUKOBOTO Ta3a npu 7=+15C, p=760mm Hg. CocTaB ra3a u mioTHOCTH

BXOJISIINUX B HETO KOMIIOHEHTOB IMPHU HOPMAJIbHBIX (DH3NYECKUX YCIOBHUSAX MPUBEICHBI
B Tabi. 4.5.

Taomuna 4.5
CocTaB KOJIOIIHUKOBOI'O ra3a
I'a3 C02 CO CH4 H2 N2 02
Conepxanue, 0obem. % | 12 25 1 2 60 1
P, kr/nm® 1.977] 1.250/ 0.717] 0.090| 1.251| 1.429

e 3anuiieM ypaBHEHUS PeaKUid TOPEHUS] BXOASIIUX B CMECh ra30B.
['openue meTaHa:
CH4+202=C02+2H20.
['openne Bogopoaa:
2H2+02=2H20.
['openne yrapHoro rasa:
2CO+02=2C02.

A3or N, sSBIsieTCS MHEPTHBIM BEIIECTBOM, a yriekuciblid raz CO, — npoaykroM
MOJIHOTO TOPEHUs, MMOdTOMY JUIsi HHUX YPAaBHEHHMS XUMHUYECKHX pEaKIud He
3aMUCHIBAIOTCHL.

* IloacraBuM B 3TH YpaBHEHUSI MOJIEKYJSIPHBIE MACChl BXOASIIUX B HUX JIEMEHTOB.

Jlns ropenns meTaHa:
16xr + 64 kr = 44 xr + 36 KT

—_— Y Y ——

CH, O, CO, H,O°

Jly1st ropeHHs BOJIOpoa.
4 kr +32kr = 36Kr

— —_— [S—

J1y1st TOpeHMS yrapHOTO rasa:
56kr +32kr =88kr

—_— —_— —_—
co (o} CO °
* OmpenenuM Maccy KHCIOPOJa, HEOOXOIWMYIO JUIsl TOJHOTO cropanus 1kr
KaXJIOTO U3 KOMIIOHEHTOB CMECH.
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Jlns ropenns meTaHa:

= % =4 xr
16
Jlist ropeHust BOIOpoJa:
_32_ 8 kr
i 4
JIns TopeHus yrapHoro rasa:
-32_ 0.57kr
56

. 3
 Omnpenenum 00BEM KHCIOPOAa, HEOOXOAUMBIM I TOJHOTO CcropaHuss 1w
Ka)XJIOT0 U3 KOMIIOHEHTOB CMECH 110 (popMyIie

_ - Bi
VK - IT}{ o,
Px
rae Pk, Pi —mmoTHOCTD KHCJIOPOJIa | I-r0 KOMITIOHEHTA I'a30BOM CMECH.

I[JI}I rOpC€HUA METAaHa.

0717 . 3
VCH4 =4 1429— 20M .

Jlns1 ropeHust Bogopoia:
.090

Vi, =8 = 0.50m°
He =% 409"
i ropenust yrapHoro rasa:
Veo = 0.572220= o504
1.429

~ ~ 3
e Omnpenenum o0muii 00bEM KUCIOPOaa, HEOOXOIUMBIN JIJISl TIOJTHOTO Cropanus 1 m
KOJIOITHUKOBOTO Tra3a no Gopmyiie:

_ 1 _
Vi _ﬁ)[leH + 20, + 25060 1D\/oz]. (4.7)

Kucnopon, cogepxkamuiics B coctaBe cmecu (1 00bem.%), 4aCTUYHO 3aMemaeT
KHCJIOPOJ BO3lyXa IIPU FOPEHHH, IOATOMY B YPAaBHEHUU OEPETCS CO 3HAKOM «MHUHYC».

[MoxcraBnss B (4.7)3HaucHUS VeH, VH », Veo, V02 , TIOJTyYHM:
V, =ﬁ)[1[2+ 2D.5+ 2510.5 D= 0.14%°,

* OmnpenennuMm TpeOyeMoe KOJIMYECTBO BO3AyXa IPH HOPMAIbHBIX (U3UUECKUX
3 3 .
ycnoBusx (¢ yueTom Toro, uto Ha 1 M” kucnopona npuxoautcs 4.762m Bo3ayxa):

V, =0.14534.762 0.69°,
» IlpoBemem pacuer oO0BeMa Bo3Ayxa Mpu 3agaHHbIX ycnoBusax (7=+15°C,
p=760mm HQ):

v, = 0.69 273 15 _ 07283
273




TakuM 06pa3oM, sl IOMHOTO CropaHdms 1M° KONOIIHMKOBOTO Ta3a B
pAacCMaTpUBAaeMBIX YCIOBHAX Heobxomumo 0.728m° Bosmyxa. OmpepensemMoe TakuM
o0pa3oM  KOJHMYECTBO  BO3JyXa Ha3bIBa€TCS  TEOPETUYECKH  HEOOXOIUMBIM.
[TpakTHdeckn MpU TOPEHHWU Ha TIOXKapax U B TOPEJIOYHBIX YCTPOMCTBAX PAa3IUYHOTO
TUTIA, PEATbHBI pacxoa BO3AyXa 3HAYMTENHHO Oombine. OTHOILICHHE pPEabHOTO
pacxoma BO3AyXa K TEOPETHYECKM HEOOXOIUMOMY Ha3bIBaeTCI KOIPPHUITMSHTOM
n30BITKa BO3yxa. B meuax, kamepax cropaHusi U JIPYruX TEXHUYECKUX YCTPOHCTBAX
kod(durmeHT n30nITKa Bo3ayxa 00=1.1+1.5,mpu moxkapax 3Ta BEIHYMHA MOXKET OBITH
CYIIECTBEHHO OOJIBIIIE U JOCTUTATh 3HAYCHUH 0>2.

Foptouee seuiecmeo — CMecCcob CHoHCHBIX XUMUUECKUX COeOUHEeHUIl

MHorue roproune BEmecTBa SBISIOTCS CIONKHBIMA XUMUYECKUMH COCAUHEHUSMU
WM CMECSIMU, KOTOPBIE TPYHO WJIM HEBO3MOKHO OTHCATh ONMPEACICHHON XUMUYIECKON
dopmyoit (Harpumep, YEpHBIH TOPOX, TBEP/IbIC PAKETHBIC TOIUIHBA, IPEBECHUHA, TOP(,
yroJib, He(QTEMPOAYKTHl U T.JI.). DTO, KaK MPABHIIO, TBEPAbIC WIH JKUIKUE TOILIUBA.
DneMeHTapHBIA COCTaB TAKUX TOIUIMB 3aIMCHIBACTCS B BUJE SKBUBAJICHTHON (HDOPMYIIBI
WIH CyMMBI COJICpP)KaHWS B HHUX DJJEMEHTApHBIX BemectB (Macc. %) -yriepona,
BOJIOPOJIa, KHCIIOPO/Ia, CEPhI, a30Ta.

OmnpeneneHre AIEMEHTAPHOTO COCTaBa BEIIECTBA MPOU3BOAMUTCS JTaOOPATOPHBIM
ananmu3oM. Ecim B coctaB TorummBa BxomuT Biara W (Boma) u 3osa 4 (Heroprodue
BEIIIECTBA), TO MJIEMEHTAPHBIN COCTAB 3aMUCHIBACTCS C YUETOM ATHX KOMIIOHCHTOB.

B kauecTBe mpuMmepa paccMOTpuM Top(, comepikaHue OTIACIBHBIX SJIEMEHTOB B
KOTOPOM MpHBEJIeHO B Ta0. 4.6.

Taomuna 4.6
DneMeHTapHbIi cocTaB Topda

BemecTBo C | H| O S N | A(3oma)
Conepxxanne, macc.% | 56.4| 5.56| 24.0| 0.06| 3.06| 10.92

OKBUBaJICHTHAs (I)OpMYJIa JAHHOI'O BEIIECTBA 3aIIMCBIBACTCA B CJIICAYIOIICM BHJIC.

[56.4. +[5.56,, +[ 24.p,+[ 0.d&+[ 3.06+[ 10.p2= 1o
PaccmoTpuM mopsiiok pacuera HEOOXOIMMOTO KOJIMYECTBA BO3yXa Ha MpPUMEpE
cropanus 5 kr Topda (Tadmn. 4.6)npu gasnenun p=740mm Hg u temneparype 7=20°C.

e 3anuiieM ypaBHEHUS pEakiMil TOPEHHs I TOPIOYUX KOMIIOHEHTOB, BXOSIIHMX B
cocraB Topda (yrirepo1, BOJOpOI, cepa).

['openue yrnepona:
C+02=C02.
['openue Bomopoaa:
2H2+02:2H20.
['openne cepsr:
S+02=502.

* [loacTaBuM B 3TH ypaBHEHHS MOJIEKYJISIPHBIE MACChl BXOJIAIIMX B HUX JIEMEHTOB.
Jl71st ropenus yriepoja:



12xr +32kr =44 «kr

[ — [S— [ S—
C O, co, °
Jly1st ropeHus BOIOpoa.
4xr+32kr =36kr

— —_— [S—

Ji1s ropenust cepel:
32kr +32kr = 64 kr

e —_— e
S O SGQ
OnpenenuM Maccy KHCIOpPOAa, HEOOXOAMMYIO Il TIOJIHOTO CropaHus 1Kr
KQKJIOTO U3 3JIEMEHTOB.
Jns ropenns yrnepona:

32
=—=2.67kr
m, 12 .
Jlnst ropenust Bogopoja:
= 3—2 =8kr
m, ) .
JIns TopeHust cepsl:
=—=1kr
m 32 .

OnpenenuM Maccy KUCI0OpOaa, HEOOXOAMMYIO JIJisl TTOJTHOTO cropanus 1 xr Topda:

:1_(1)0{2_67[p56.4c+ g) 5.55,+  0.46- L 244= 17

Kucnopon, coaepxaruiics B Topdhe (24 macc.%), 4aCTHUHO 3aMEIIaeT KUCIOPOT

BO3JlyXa MPU TOPEHUH, IOFTOMY B YPaBHEHUU OEPETCS CO 3HAKOM «MUHYC».

Omnpenennm TpedyeMyro mMaccy Bo3ayxa (C y4eToMm TOro, uyto Ha 1Kr KHCIOpoza
npuxoautcs 4.348kr Bo3myxa):
m, =1.714.348= 7.43kr

Onpenenum TpeOyemblii 00BEM BO3AyXa IPU TOPEHUU TNPU HOPMAIBHBIX
(bU3HMYECKUX YCIOBUSIX:

v, = 1435 5.75m°

¢ 1.293
[lpoBenem pacuyer oObemMa BO3dyxa mnpu TopeHud 1kr Topda mpu 3amaHHBIX
yenoBusix (7=+20°C, p=760mm HQ):
760[@ 273 2()_

V, =5.750
740273

Haiinem o0beM BoO31yXa, HEOOXOAMMBIN JJIS MOJHOTO CropaHus SKr Topda mpu
3a/IaHHBIX YCIOBUSX:

6.341°

V, =6.3406= 31.%°,
Takum 00pa3oM, Ui TOTHOTO CropaHus SKr Topda mpu 3aAaHHBIX YCIOBHSIX

Heobxoxumo 31.7M° Bo3myxa.



4.4. PACYET KOJIMYECTBA U COCTABA lPOLJYKTOB OPEHUA

3HaHWE KOJIMYECTBA M COCTaBa MPOAYKTOB TOPEHUsS] HEOOXOAMMO JJIs pacuera
BOKHEUIIUX  XapaKTEPUCTHK Tpolecca TOpeHuss — TeMIeparypbl TOpeHus,
TEeMIIepaTypbl B3pbIBa, JAaBieHUs Mpu B3pbiBe. [lOCKOIBKY NPOAYKTHI CropaHus
HAXOJATCA, KaK MPaBWIIO, B Ta3000pa3HOM COCTOSIHUM, UX COCTaB BbIpakaeTcs JIMOO B
00BEMHBIX MPOIEHTAX, MO0 B M° Ha 1 KI TOPIOYEro BemiecTa. B 3aBHCHMOCTH OT
COCTaBa TOPIOYEro BELIECTBA BHIOMPAETCS MOPSAOK pacyeTa.

Foplouee eeuiecmeo —onpedeﬂeuuoe XUMUUECKOe COeOUHeHUe

Ecim roprouee BemiecTBO (TBepHoe, KHIKOE WIIM ra3000pa3HOE) MPEACTaBIIICT
co00il ompeesIeHHbI XUMUYECKHI AJEMEHT WIM COEAUHEHHE, TO JJI HEro MOKHO
3amucaTh ypaBHEHHE XHUMHYECKOW peakiuu ropeHus. B 3ToMm ciiyyae coctaB u
COJIEp’)KaHUE MPOJIYKTOB MOJIHOTO CTOPaHUS MOKHO OMPEAEIUTh HEMOCPEICTBEHHO MO
YPaBHEHUIO PEAKIIUU TOPEHHUSI.

Paccmotpum nopsiiok pacuera Ha npumepe ropenus stunanerara CHz—COO—-C,Hs
npu HopMabHBIX yeiaoBusx (7=0°C, p=760mm HQ)

e 3anuineM ypaBHEHUE PEAKIUU TOPEHHUS:
CHg—COO—C 2H5+ 502=4C02—4H20 .
* B 5T0 ypaBHEHHE MOJCTABUM 3HAYEHUS MOJIEKYJISIPHBIX MAacC BXOJSIIUX B HETO

DJIEMEHTOB:
88xkr +160kr =176kr + 72Kr

| S S —_— ——
CH3-COO-G H, O, Co, H,0
e OmpenenuM Maccy MPOIYKTOB CropaHUs, 0Opa3yroNIUXCsl MPU MOJHOM CTOpaHUHU
1 kr >Tuianerara;
176 _ 72
0, T gg ~ < KT My,0 = 38

« Ilo W3BeCTHOH IIOTHOCTH yriekuciaoro rasa (p=1.977 kr/M°) u mapoB BOIBI
(p=0.804 kr/M°) mpu HOPMAIBHBIX (DH3UUECKUX YCIOBHSX, ONPEACIHM 00BEM
MPOAYKTOB cropanus 1 kr sTunanerara:

Veo, -2 1013 Vi.o :ﬂzl.OZM?’_
1.977 ’ 2= 0.804
Takum o00pa3oM, MpH MOJHOM CropaHuM 1Kr 3TWianeTara Mpu HOPMAaJIbHBIX
dusnueckux yenosusax obpasyercst 1.01m° yriekncioro raza u 1.02m° mapoB BozbL.

B psige cirydaeB HEOOXOAMMO OMPEIEIUTh COCTAB CYXHX MPOIYKTOB CTOPaHUs, TO €CTh

0e3 ydyeTa mapoB BOJABI. B cocTaB CyXWX MPOIYKTOB CTOpaHUs ATHIIANETATa BXOIHT

TOJBKO yriekucibii raz CO,.

Foptouee eeuiecmeo — Cmecn 2aszoe6

B cocTtaB TexHUYecKMX ra3oB BXOJSAT METaH, BOJOPOJ, OKCHUJl YIJiepoja, 3TaH,
OyTaH, mpomaH W jApyrue raspl. KommuecTBO M cocTaB ra3o00pa3HbIX MNPOAYKTOB
CropaHusi JUJIi CMECHU Ta30B MOXKHO OMNpPEAENUTh C MOMOUIBI0 YPaBHEHHUH peakIui
TOPEHUS BXOASAIIUX B CMECh KOMIIOHEHTOB.
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PaccmoTpum mopsiok pacdera cocTaBa M KOJWYECTBA ra3000pa3HBIX MPOITYKTOB
TIOJIHOTO CTOpPaHWsl Ha TPHMEpPE CBETUJIHLHOTO ra3a, COCTaB KOTOPOTO IPHUBEICH B
Taba. 4.7.

Taomuma 4.7
CocTaB CBETHIILHOIO T'a3a

BemectBo CO, | CO|CHs | H,
Conepxanue, 00beM.% | 5 10| 35| 50
e 3anwumeM ypaBHEHHS peaKIHii TOPSHHS BXOISIINX B CMECh I'a30B.

['openue yrapHoro rasa:

2CO+02=2C02.
['openne mMeTaHa:
CH4+202=C02+2H20.
['openne Bogopoaa:
2H2+02=2H20.
YraeKkucapld ra3 sBIsSE€TCS MNPOAYKTOM IOJHOTO TOPEHMS, MOATOMY JJIsI HErO
YPAaBHEHUE PEAKIIMU HE 3aMKMCHIBACTCS.
e [loacraBuMm B 3TH ypaBHEHHUS MOJIEKYJIAPHBIE MACChl BXOASIIUX B HUX 3JIEMEHTOB.

J{ns ropenust yrapHoro rasa:
S6kr +32kr = 88kr

—_— —_— —_—
co o, co,
Jly1st ropeHHsl MeTaHa!
16kr + 64 kr =44 xr + 36 kr

— — —_— —
CH, O, CO, HO"
Jly1st ropeHHs BOIOpoa:
4xr +32xr = 36kr

— [ S [ S—
Hy 0, H,O -
e Omnpenenum Maccy NpoAyKTOB cropanus 1 Kr kaxaoro u3 KOMIOHEHTOB CMECH.
JIns TOpeHust yrapHoro rasa:

88
Mco, = 56 =1.57 kr,

JIns ropennst meTaHa:

44 36

JInst ropenust Bogopoa:

_36_
m|—|20—7—9 KT.

 Omnpeaenum 00BEM MNPOAYKTOB cropaHus 1Kr KaxJoro M3 KOMIIOHEHTOB MO
M3BECTHBIM 3HAYCHUSAM UX IUIOTHOCTH MPU HOPMATBHBIX (DU3UIECKUX YCITOBUSX.
JIns TopeHunst yrapHoro rasa:

1.57
=20 =0.794,3
€% 1977 M

JIns ropeHnst meTaHa:



2.715 2.25

VCOz = m: 1.391 MS;VHzo = m: 2.798 M3.

Jlnst ropenust Bogopoja:
V -9 =11.19,3
HoO = A gra  ~ oM.
2 0.804
3
* OmpenenuM 00beM TPOAYKTOB Cropanus 1w~ KaxAoro M3 KOMIIOHEHTOB IIO
M3BECTHBIM 3HAUEHMSIM UX IJIOTHOCTU MIPU HOPMAIBbHBIX (PU3UUYECKUX YCIOBUSX.

Jlutst Topenust yrapaoro rasa (p=1.25xr/m’):

VC02 =0.79411.25 M3

Jlotst ropennst merana (p=0.717xr/v’):

Veo, =1.3910.71% 3

M,
Jlo1st ropennst Bogopozaa (p=0.09xr/m):
VHZO =11.1900.0%= ' 3

Vi,o0 =2.79800.71F s

e CyMmmupysi TOJTy4YeHHBIE OOBEMBI TMPOAYKTOB CTOpPaHUS MPH TOPEHUH YrapHOTO
raza, METaHa M BOJOpoJaa (C y4eToM HX MPOLEHTHOTO COJACP)KAHUS B CMECH),
MOKHO OTPEETUTh 00I1Iee KOTUYECTBO MPOIYKTOB CTOPaHUS:

_ 1 _ 3
Veo, _1—00(5+ 1010+ 113§ = 0.501°

1
VH,0 =1—00(2 [B5+ 150 = 1.26:°,

Takum 006pa3om, CyMMapHbIii 00beM MPOIYKTOB CrOpaHUs
V =V, +Vh,0=1.70m°,

prarouas 0.05m° YIJIEKUCIIOTO Ta3a, COAEPKaIIerocsi B UCXOTHONW CMECH.
AHQJIOTUYHBIM CIIOCOOOM MOKHO PacCcyuTaTh 00OBEM Tra3000pa3HbBIX MPOIYKTOB,
00pasylOmuXCs MPH IMOTHOM CropaHud 1M° IH06Or0 KOHKPETHOro rasa. Jlms
HEKOTOPBIX PACIPOCTPAHEHHBIX TA30B PE3YNIhTAThl PACUETOB MPUBEIEHBI B Ta0. 4.8.
Tabmuna 4.8
CocraB 1 00beM ra3000pa3HbIX MPOAYKTOB,
06pPAa3YIOLIMXCS IPH TTOTHOM cropanuu 1 m° razos

I'a3 ®opmyna | CO, M° | H,O, m° | SO, M°
Bonopon H, — 1 —
Oxkcup yraepoja CO 1 — —
CepoBo10pOT H,S — 1 1
Meran CH,4 1 2 —
Aueruinen C-H>» 2 1 —
DTHIEeH C-oHy 2 2 —

C ITOMOIIIBIO Ta61. 4.8. MOXHO OIIPpCACIINTE KaK COCTAaB IIPOAYKTOB IIOJIHOT'O
CropaHus, TaK U UX IIPOLUCHTHOC COACPIKAHNC B 0001 FOpIO‘ICﬁ CMCCH, COCTOHHICﬁ n3
IMPUBCACHHLIX B Ta6JII/II_Ie Tra3o0B.

Fopiouee seulecmeo — Cmechb C/H0HCHBIX XUMUuiueCcKux COCOUHEHUIL
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Ecnu wW3BEeCTEH »3NEMEHTapHbIM COCTAB CIIOXKHOIO BEIIECTBA, TO €CTh €ro
SKBUBAJICHTHasT (opMyjia, TO COCTaB M KOJHMYECTBO Ta3000pa3HbIX MPOIYKTOB
cropanusi 1kr BemiecTBa MOXHO OINPEACIUTh IO YPAaBHEHHUSAM pEaKIUi TOpeHus
OCHOBHBIX TOPHOYMX KOMIIOHEHTOB — BOAOPO/A, YIIIEPOAA U CEPHI.

[Ipu 3TOM 3amMCHIBAETCA YPABHEHUE PEAKIIUU TOPEHUS, HATTPUMED, I YIIIEepOIa:

C+02=C02.
B ypaBHeHUE MOACTABISAIOTCS MOJIEKYJISIPHBIE MACChI 3JIEMEHTOB!
12kr +32kr =44 «kr

e —_— —_—
C O, co, *
OmnpenensroTcst Macca U 00bEM YIIIEKUCIIOTOo ra3a, 00pa3yomerocs mpy MmoJIHOM
cropanuu 1 kr yriepona:

44 3.667
mcoz 2523667 KT, VC02 :FW::LSE M3.

AHaOTUYHO ONpENENSI0TCS Macca U 00beM ra3000pa3HbIX MPOJYKTOB IOJHOTO
cropanus Bojiopoja u cepbl. Eciu B coctaBe TormBa cozepsxarcsa a3oT Ny, Bnara W u
301a A, TO OHM B IPOLIECCE TOPEHUS HE YYaCTBYIOT. DTH KOMIIOHEHTHI MEPEXOJAT B
ra3o00pa3HOe COCTOSHUE U CMEIIMBAIOTCS C OCTaJIbHBIMU MPOAYKTamMu ropenus. [Ipu

= = (
HOPpMAJIBHBIX (I)I/IBI/I‘ICCKI/IX YCIIOBUAX 1 kr a3ora umeeT 00bEM VN2 1/1251 0.79 M3

a 1 kr mapoB BOJIbI IMEET 00bEM VH20 =1/0.804= 1.24:\3

B Tabn. 4.9 npuBeneHbl cocTaB U 00BEM Ta3000pa3HBIX  MPOIYKTOB,
00pa3yromuXxcs IpU MOJTHOM CrOpaHUM 1 KT rOproYnX BEIECTB.

Tabnuma 4.9
KOIM4ecTBO ra3006pasHbIX MPOIYKTOB (M),

00pa3yroumxcs Mpy MOJTHOM CropaHuu 1 Kr roproumnx BEIIECTB

Bemectso | CO, | HO | SO, | N
Yrmepon (185 — | — | —
Bomopon | — | 11.2) - | —
Cepa — | — | 0.7 —
Aot — | — | — 0.8
Bona — 124 — | —

[Tonb3ysiCh 3TUMHM JAHHBIMH, MOXHO OIPEAEIUTh KOJIMYECTBO IPOIYKTOB
TOpPEHUs, €CIIM U3BECTEH 3JIEMEHTAPHBIN cocTaB JItoOOro TomMBa. B kauecTBe npumepa
OTIpeNIeINM KOJIMYECTBO MPOIYKTOB cropanus 1 kr kamenHoro yris (taba. 4.10).

Taomnuma 4.9
DeMeHTapHBIA COCTaB YTl

BemectBo C H O S N W | A
Conepxanue, macc.% | 75.8 | 3.8 2.8 2.5 1.1 3.0 110
Conepsxanne B nossix | 0.758| 0.038] 0.028| 0.025| 0.0011] 0.03] 0.11

Hcnonw3ys nannbie Tadn. 4.9, 4.10conpeaenum o0beM raz000pa3HbIX MPOAYKTOB
MOJIHOTO CTOPAHUSI:
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Veo, = 0.758011.85 1.3

Vh,0=0.03811.2+ 0.081.24 0. 5.

Vso, =0.02500.0%= 0.01 3

Vy, =0.011000.8= 0.0,

5.TEMJI0BOU BAJIAHC TOPEHUS

PaccMoTpuM  MeTonpl  pacueTa TeIJIOBOro OamaHca Ipolecca TOpeHus
ra3o000pa3HbIX, )KUJKUX U TBEPABIX TOIUIMB. PacueT CBOAUTCS K PEIICHUIO CIETYIOMUX
3ajay.

* OmnpexaeneHre TEMIOTH TOPEHUS (TEITIOTBOPHON CIIOCOOHOCTH) TOTLINBA.

* OrmnpejeneHre TEOPETUUECKON TeMIepaTypbl TOPEHUS.

5.1. TEINJIOTA F'OPEHUA

XUMHUYECKUE PEaKIMH CONPOBOXKAAIOTCA BBIACICHHEM WM TOMJIOIIECHUEM
TETUIOThI. [Ipy BBIIEJICHUU TEIUIOTHI PEAKIMs HA3bIBACTCS 3K30TEPMHUYECKOM, a IMPH
NOMJIOIIEHUH  —  JHJAOTepMHUYECKOW. Bce  peaknuu  TropeHHsS  SBISIFOTCS
IK30TEPMUUECKUMHU, a TPOAYKTHl TOPEHHUS OTHOCSATCS K  OAK30TEPMUYECKUM
COCIMHEHUSIM.

Beigensiemas (wnm morjomiaeMasi) TpU  MPOTEKAHWH XUMHYECKOW peakIuu
TETUIOTa Ha3bIBACTCS TEIUIOTOW peaknuu. B  9K30TepMHYECKMX peakIusx OHa
TOJIOXKHUTENbHA, B OJHIOTEPMHUYECKHX — OTpHIATeNbHA. Peakmus TOpeHus Bceraa
COIPOBOXKIAETCS BBIJCIICHHEM TeTUIOTHI. Tertorol roperns Q. (JI»x/Moiib) Ha3bIBaeTCs
KOJIMYECTBO TEIUIOTHI, KOTOPOE BBIACISICTCA IMPH IMOJHOM CTOPaHHHM OJHOTO MOJIS
BEIIECTBA M MPEBPAIEHUN TOPIOYETo BEIIECTBA B MPOIYKTHI MOJHOTO FOpeHHs. MoJib
SIBJISICTCS. OCHOBHOM €JIMHMIICH KoJm4ecTBa BemlecTBa B cucteMe CU. OnuH Mo — 310
TaKOE KOJIMYECTBO BEIIECTBA, B KOTOPOM HAXOJUTCS CTOJBKO K€ 4acTull (aTOMOB,
MOJICKYJ U T.J.), CKOJBKO COJIEP)KUTCS aToMOB B 12 r m3oTomna yriepoga—12. Macca
KOJINYECTBA BEIECTBa, paBHOro 1 Moy (MOJEKYJsIpHAs WM MOJSIpHAas Macca)
YHCJICHHO COBIAACT C OTHOCUTEIBHOM MOJIEKYJIIPHON MacCOi JAaHHOTO BEIIECTBA.

Hanpumep, otHOcuTenbHash MonekyispHas Mmacca kuciopoma (O,) paBra 32,
yriekucioro ra3a (CO,) paBHa 44, a COOTBETCTBYIOIIHE MOJIEKYJISPHBIE MacChl OyayT
paBabl M=32 r/moms u M=44 r/monb. Takum oOpa3oM, B OJHOM MOJIE KHCIOPOJIa
COZIep’KUTCSL 32 rpaMMa 3TOTO BellecTBa, a B ogHoM moie CO, conepxurcs 44 rpamma
YTIJIEKHUCIIOTO Tas3a.

B TexHuueckumx pacderax uyalle HWCIOJB3yeTCs He Teriora ropeHus Q.,
a TeIUIOTBOpHasi crocoGHocTs TommBa Q (Jhk/xr mmm  JDx/M). TemioTBopHOl
CHOCOOHOCTBIO BEIIECTBA HA3bIBACTCS KOJIMYECTBO TEIUIOTHI, KOTOPOE BBIACIISACTCS TIPU
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noyiHOM cropanuu 1kr wm 1 M BemiecTsa. JIist )KMIKMX U TBEPIBIX BEIIECTB pacyeT
npoBoauTcs Ha 1 kr, a 11 ra3oo0pa3HbIXx —Ha 1 Mo,

3HaHWE TEIUIOThI TOPEHUS U TEIUIOTBOPHOW CIOCOOHOCTH TOIUIMBA HEOOXOIUMO
JUISL pacdeTa TeMIlepaTyphl TOPEHUS WIIM B3pbIBA, JIABJICHUS TIPH B3pPHIBE, CKOPOCTH
pacnpocTpaHeHus IIAaMEHH W JPYTUX XapaKTepUCTUK. TerioTBOpHAs CIIOCOOHOCTH
TOTUTMBA OTIPEICIACTCS MO0 IKCIEPUMEHTAIBHBIM, JTUOO pacyeTHBIM criocooamu. [1pu
OKCIIEPUMEHTAJILHOM OIPEACIICHUH TEIUIOTBOPHOM CIIOCOOHOCTH 3aJaHHas macca
TBEPJIOTO WJIU JKUJKOTO TOILTMBA CKUTAETCS B KaJOPUMETPUIECKO OomOe, a B cirydae
ra3zoo0pa3HOro TOIUIMBAa —B Ta3oBoM Kamopumerpe. C MOMOMIBIO 3TUX MPUOOPOB
u3MepseTcss cyMMapHas Teriota Qp, BBIICISIONIASICS TIPU CTOPAHUHA HABECKU TOTUTHBA
Maccoit M. Bennunaa TermmoTBopHO# criocooHocTH Q, HaxoauTes 1Mo hopmysie

Q=2

m

C6a3b Mercoy meniomoit 20peHusn u
Men10meopHoil CHOCOOHOCMbIO MONIUEA

JUist  yCTaHOBJIEHHsI CBSI3M MEXAY TEIUIOTOM TOPEHUS U TEIUIOTBOPHOMU
CIIOCOOHOCTBIO BEIIECTBA HEOOXOAMMO 3alKcaTh YpaBHEHHE XMMHUYECKON peakIuu
TOpPEHUS.

[TpoIyKTOM NOJIHOTO TOPEHUS YIIAEPOa ABISETCA JUOKCU YIIIepoaa;

C+0O,—CO..
[TpoayKTOM TOJTHOTO TOPEHUS BOJIOPOA SBIIIETCS BOJIA:
2H,+0,—2H,0.
[TpoayKTOM IOJHOTO FOPEHUS CEPhI SIBISIETCS TUOKCH]T CEPhI:
S+H0,—S0..

HpI/I 9TOM BBIACIIAIOTCA B CBO60,Z[HOM BUJC a30T, raJlOuJbl U APYIru€ HCTOPHOYUC
9JICMCHTHI.

Fopioqee eeulecnieo —aas

B kauecTBe nmpumepa MpoBeAeM pacueT TeIIOTBOPHOM criocoOHOcTH MeTaHa CHy,
JUIsl KOTOPOTr'O TEIIOTa FTOPEHMS paBHA Q2=882.6KI[>K/ MOIIb

e OnpeeiiM  MOJIEKYJSIPHYIO MacCy MeTaHa B COOTBETCTBHM C  €ro
xumuueckoi Gpopmyioit (CHy):

M=1-12+41=161/MO0J1b.

* OHpC,IIGJ'II/IM TCILJIOTBOPHYIO crmocoOHocTh 1 KT MeTaHa:
&0



. 3
e Haiinem o0vem 1 kr meraHa, 3Hast ero miotHocTh p=0.717 xr/m™ mpu
HOPMAJIbHBIX YCIIOBUSX:

3 :
* Omnpenenum TEIIOTBOPHYIO cOCOOHOCTh 1 M~ MeTaHa:

_5516 nod

ge = 3954010° b/ =3954 Milac/m°

Q

AHaNOTUYHO OMpENeNsieTcs] TEIOTBOPHAs CIIOCOOHOCTh JIIOOBIX FOPIOYUX Ta30B.
Jisi MHOTMX  paclpOCTPAaHEHHBIX BEIIECTB 3HAUEHUS TEIUIOTHI TOPEHUs U
TEIMJIOTBOPHOIN CIIOCOOHOCTH OBLIIM M3MEPEHBbI C BHICOKOM TOYHOCTHIO U MPUBEICHBI B
COOTBETCTBYIOIIEH  crpaBo4yHoi Jjuteparype. I[lpuBenmem Tabnuiy 3HaYeHUM
TEIUIOTBOPHOM  CIHOCOOHOCTH HEKOTOPBIX ra3000pa3Hbix BemiectB  (Tabma. 5.1).
Bemuuna Q B 3TO# Tabnwile mpuBencHA B MI[)K/M3 1 B KKai/M, IIOCKOJIBKY 4YacTO B
Ka4yeCTBE €IMHUIIBI TEIUIOTHI ucnonb3yetcs 1 kkan = 4.1868k/[x.

Tabnuma 5.1
TernoTBopHas CHOCOOHOCTH ra3000pa3HbIX TOILINB
BemecTtBo Meran Auerunex OtaH [Iponan byran
0 Mix/v® | 39.54 57.78 69.33 98.18 126.57
KKan/m° 9444 13800 16560 23450 30230

Fopioqee eeuiecmeo — JICUOKOCMb UTTU meepdoe meJo

B kadecTtBe mpumepa mpoBeneM pacdeT TEIJIOTBOPHOW CIIOCOOHOCTH ITHIIOBOTO
ciupra Co,HsOH, mis kotoporo temnora ropernst Q, = 1373.3k/[/MoJ1b.
e OmpenenuM MOJEKYJSIPHYIO MacCy OTHWJIOBOTO CIHUPTAa B COOTBETCTBHH C €O
xumuyaeckoi popmyioit (C,HsOH):

M=212+51+ 116 + 11 = 46r/mMounb.
* OmnpenenuM TEILIOTBOPHYIO CIIOCOOHOCTH 1 KT 3THIIOBOTO CIIHPTA;

Q= % = @ =2985 xJIx/r = 2985|103KI[>K/K1“ =29.85MJIx/kr
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AHAJIOTUYHO OMNpPEAeNseTCS TEIMJIOTBOPHAS CIOCOOHOCTh JIOOBIX JKUAKUX U
TBepAbIX roprouux. B T1abm. 5.2 m 5.3 mnpuBencHbl 3HAYCHUS TEIJIOTBOPHOM
cnocobHocTr Q (MJIX/KT M KKan/KT) AJ11 HEKOTOPBIX JKUAKUX U TBEP/IBIX BEIICCTB.

Tabmuma 5.2
TennoTBopHasi CHOCOOHOCTH JKUJIKUX TOTUIUB
MetunoBsiii | Dtunossiil | Aueron | Kepocun | Ma3yr, | benzun
BemectBo
CIUPT CIUPT HEe(PTh
0 M Jx/kr 23.85 29.85 30.98 41.87 43.96 46.89
KKaJI/KT 5700 7130 7400 10000 10500 11200
Tabomuna 5.3
TeroTBOpHas CHOCOOHOCTH TBEPIBIX TOTUIUB
BemectBo Hepeso | [epeso | bypsii Topd | Aatpanur, | [Tapadun

CBEXeEe cyxoe yroJib CyXon KOKC

0 M/Dx/kr 6.28 14.65 16.75 27.63 31.40 46.0b
KKaJ/Kr 1500 3500 4000 6600 7500 11000

Dopmyna Menoeneesa

Ecnu TennoTBopHas cnocoOHOCTh TOIJIMBA HEM3BECTHA, TO €€ MOXKHO PAaCCUUTATh
C TTIOMOIIBI0 AMIUpPUYECKON Gopmyisl, mpeanoxennoun .M. MenneneeBbiM. [{Jis aToro
HEOOXOJMMO 3HATh DJIEMEHTAPHBIA COCTaB TOIUIMBA (3KBUBAJICHTHYIO (OPMYITY
TOITNBA), TO €CTh MTPOIIEHTHOE COJICP KaHNE B HEM CJICYIOIINX YJICMCHTOB:

- kucnopoa (O);
- Bogopoza (H);
- yraepoaa (C);

- cepsl (S);

- 307161 (A);

- Boanl (W).

B npoaykrax cropaHusi TOIUIMB BCErAa cojliep KaTcsl mapbl BOJIbl, oOpa3yroumecs
KaK M3-3a HaJIM4YMg BJIard B TOIUIMBE, TaK U MPU CrOpaHuH Boaopoja. OrpaboTaHHbIE
MPOJYKTHI CrOPaHUs MOKUAAIOT MPOMBIIUIEHHYIO YCTAHOBKY MPHU TEMIIEpaType BbIIIE
TeMIlepaTypbl TOYKU pockl. [1o3TOMY Termso, KOTOpoe BBIJEISETCS MPU KOHACHCAIUU
BOJSIHBIX MAPOB, HE MOKET OBbITh MOJIE3HO MCIOJIb30BAHO M HE JIOJDKHO YUYHUTHIBATHCS
IIPU TETUIOBBIX pacyeTax.

Jlnst pacdera OOBIYHO TPHUMEHSETCS HM3IIAS TEMJIOTBOpPHAs CrmocoOHOCTh Q,
TOTUTMBA, KOTOpasi yYWUTHIBAET TEIUIOBBIE MOTEpU C TMapamu Bojabl. i TBEpABIX U
XuAKuX TorumB BesmuuHa Q, (MJDk/kr) mpuOiarkeHHO ompenenseTcs 1o (Gopmysie
Menneneesa:

Q,=0.339[C]+1.025[H]+0.1085[S] — 0.1085[0] — 0.025[W] (5.1)
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rIe B CKoOKax ykaszaHo mpolieHTHoe (Macc. %) copepikaHue COOTBETCTBYIOLIUX
AJIEMEHTOB B COCTaBE TOILJIMBA.

B »aT0li dopMynie yuuTBIBa€TCA TEIUIOTa DK30TEPMHUECKHUX PEaKIUi TOpPEHUs
yriepoja, BogopoJaa M cepsl (Co 3HaKOM «ImTroc»). Kuciaoposd, BXOIAIIMIA B COCTaB
TOTUTMBA, YACTUYHO 3aMEIIAeT KUCIOPO.I BO3/AyXa, TOITOMY COOTBETCTBYIOIIMHA YJICH B
dopmyne (5.1) Oepercsi co 3HAKOM «MHHYC». [IpM HCHapeHHH BJIAarM TEIUIOTA
pacxoayeTcs, TO3TOMY COOTBETCTBYIOUIMI WieH, coaepxkamuit W, O6epercst Takxke co
3HAKOM «MHHYC.

CpaBHEHHE paACUETHBIX W OMBITHBIX JAHHBIX IO TEIUIOTBOPHOW CHOCOOHOCTH
pa3HbIX TOIUMB (IepeBo, TOpd, yroiab, HEPTH) MOKA3aja0, YTO pacueT mo Gopmye
Menneneesa (5.1) naeT nmorpemHocTs, He npeBbimaronyo 10%.

Husmas TertorBopHast crmocoGHocts Q, (MJDK/M®) CyXHX TOpIOYHX rasoB C
JIOCTaTOYHOW TOYHOCTHIO MOXET OBITh paccuMTaHa KaK CyMMa IPOU3BEICHUIMA
TEIUIOTBOPHOM CIIOCOOHOCTH OT/IEIHHBIX KOMIIOHEHTOB 1 UX MPOILIEHTHOTO COICPKAHMSI
B 1 M° ra3006pa3HOro TOMIHBA.

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

r7ie B CKOOKax ykaszaHo MporeHTHOe (00beM. %) copepikaHne COOTBETCTBYIOLIMX
ra30B B COCTaBE CMECH.

B cpeanem TemiaoTBOpHAs COCOOHOCTH MPHUPOJHOTO Ta3a COCTABISET MPUMEPHO
53.6 M/Ix/M°. B HCKYCCTBEHHO MONy4aeMbIX TOPIOYMX Ta3ax cojepianue merana CHy
He3HaYnTeNIbHO. OCHOBHBIMHU TOPIOYMMHE COCTAaBIISIONIUMH SIBIISIIOTCS Bojopoa Ho u
okcua yrirepoga CO. B kokcoBanbHOM rase, Harpumep, cojaepkanne H, moxomut 1o
(55 +60)%, a HH3mMIag TEIUIOTBOPHAS CIOCOOHOCTh TaKOro Ta3a JIOCTUTaeT
17.6MJIx/m>. B reneparoprom rase coxepxanne CO ~ 30%u H, ~15%, npu sTom
HH3IIAsT TEIUIOTBOPHAS CIOCOOHOCTh reHepatopHoro raza Q, = (5.2+6.5) MJ[x/m’.
B nomennom rase copepxanrie CO u Hy menbiie; Beanunna Q, = (4.0+4.2)MI[>K/M3.

PaccMoTpuM mipuMepsl pacueTa TEIJIOTBOPHON CIIOCOOHOCTH BEIIECTB TI0
dbopmyne Menpeneesa.

[Tpumep 1.

OmnpenenuM TEIUIOTBOPHYIO CIOCOOHOCTH YIS, DJIEMEHTHBIA COCTaB KOTOPOTO
npuBeIcH B Ta0. 5.4.

Taomuna 5.4
DJIEMEHTHBIN COCTaB yIJIs

DJIEMEHT C H S N O W| A
Copeprxanue, macc.% 37.2 26| 0 04 12 40 7|2

» [loxcraBuM mpuBeaeHHbIC B Ta01. 5.4 1anubie B popmyny Menzeneesa (5.1) @3zor N
u 307a A B 3Ty popMyiy HE BXOJAT, TOCKOJBKY SBIISIOTCS MHEPTHBIMH BEIIECTBAMH U
HE YYaCTBYIOT B PEAKIIMU TOPCHU):

Q,=0.33937.2+1.02%2.6+0.1089.6—0.10851.2—-0.02540=13.04M [ x/xr.



[Tpumep 2.
OnpenenuM KOJUYECTBO JPOB, HeoOxoaumoe it HarpeBa S50 IUTPOB BOABI OT
10°C nmo 100°C, ecnu Ha HarpeBaHue pacxojayercs 5% TeruioThl, BbIACIIEMOU MPHU
TOPEHUH, a TeII0eMKOCTh Boabl c=1kkan/(krrpan) wim  4.1868k]x/(kr-rpan).

DJeMeHTHBII coCTaB APOB MpUBEIEH B Ta0I. 5.5:
Tabmuua 5.5
DNEeMEeHTHBIN cocTaB APOB

DJIeMEHT C H N oO| W
Conepxanue, Macc.% 43 7 2 41 4

e OmnpenennM KOJIMYECTBO TEIJIOTHI, HE0OX0auMoe Jj1st HarpeBa M=50 Kr BOJIBL:
Q= cmAT =4.186¢[50[(10C-1C) =18.84 M1 x _

» Haiizem TerIoTBOpHYIO ClIOCOOHOCTSH JIpOB 1m0 opmyiie Menaeneena (5.1):
Q,=0.33943+1.0257/-0.108%41-0.0257= 17.12MJ1/xr.

e OnpenenriM KOJWYECTBO TEIJIOTHI, pacXoJyeMOe Ha HarpeB BOJbI, MPH CTOPAHUU
1 xr apoB (c yueToMm TOro, 4To Ha ee HarpeB pacxoayercs 5% rtermnorsl (00=0.05),
BBIJICITISIEMOM ITPH TOPEHUH):

Q,=0Q,=0.05-17.12=0.881 Tx/xr.

e OmnpenenuM KOJWYECTBO APOB, Heobxoaumoe i1t Harpea S0 autpoB Boabl oT 10°C
no 100°C:

Taxum 006pa3om, JiJ1s1 HarpeBa BOJBI TPEOYETCS OKOJIO 22 KT JIPOB.

5.2. TEOPETUYECKAAS TEMIIEPATYPA OPEHUA

TemnepaTypa ropenust J000T0 BEIIECTBA HE SIBJISETCS MOCTOSHHOW BEIMYHMHOM.
OHa 3aBUCHUT OT YCJIOBHUII TOpeHHUs (B 3aMKHYTOM 00BEME HJIM Ha OTKPBITOM BO3JyXE),
OT YCJOBUH TEIJIOOTAAYM, IMOJHOTHI CropaHusi TOIUIMBA, KO3 (dUUHMEHTa H30bITKA
BO3JlyXa U APYruX (PaKTopoB.

Jlnst cpaBHEHUsI TeMnepaTtypbl ropeHust 7, pa3HbIX BEIIECTB pacyeT BEIETCs Mpu
CTPOTr0 OJMHAKOBBIX CIAEAYIOMIUX YCIOBUSX.

» ['oprouee 1 BO3IyX BCTYMAIOT B peakiiuio ropenus mpu temmeparype 7' = 0°C.

* KomuyecTtBO BO3IyXa paBHO TEOPETHMUECKHM HEOOXOAMMOMY, TO €CTh

Kod(ppunreHT n30bITKa Bo3ayxa a=1.

» ['opeHue MpoOMCXOAUT MTHOBEHHO 10 mostHOTO okucieHus (CO,, Ho0, SQy) 6e3
o0Opa3oBaHMs MPOMEKYTOYHBIX IMPOIYKTOB HEMOJHOTO TOpeHHs (Hampumep,
yrapsoro ra3a CO).

* Bcs BeifeneHHass TEmIOTa COOOMIACTCS TPOIAYKTaAM TOPEHUS U PACXOIyeTCs
UCKJIFOUMTEIHHO Ha UX HarpeBaHHUeE.

PaccuntanHas mpu 3THUX YCJIOBHUSIX TEMIIEpaTypa Ha3bIBACTCS TEOPETHUECKOM.

[IpakTuyecku peanusyeMas Temieparypa ropeHus | (mpu moxapax, Ipu TOPEHUH B
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medax, KaMUHaX, KaMepax CropaHusi M JPYTUX TEXHHYECKHX YCTPOWCTBAaX) BCETAa
HUKE TeopeThudeckod T,. DTO CBA3aHO C TEM, YTO peaJbHBbIA MpOlleCC TOPEHUS
MPOUCXOIUT C HU3OBITKOM BO3/yXa, B YCIOBUSIX HEMOJHOTO cropanus. Kpome Toro,
TEIJIOTa TOPEHUSI YaCTHUYHO PACXOJyeTCsl Ha HArpeB OKpY)KawolleW cpeabl, a Mpu
temmnepatypax Boite 1700 C — Ha nucconmauio npoayKTOB FOpEHHUS.

Hanpumep, npu ropennn npeBecuHsl, oTianyue 1. OT NMPAKTUYECKH PeaTnu3yeMoun
TEMIIEPATypPbl TOpeHust MokeT jgocturars 6osee SOCC (tadu. 5.6).

Tabmuna 5.6
TemnepaTtypa ropeHus ApeBeCHHBI
Hpesecuna | Q, MJIx/xr | T, °C | T, °C
bepesa 13.25 1575 1069
Enb 13.45 1590 1080
CocHa 13.84 1605 1090

Pacuem meopemuueckoii memnepamypul 20peHus

[Ipn ompeneneHuM TEOPETUYECKOW TeMIIEpaTypbl TOpEeHUs 1. NPEAIosaraercs,
YTO BCS BBIJIEIMBINASACA TEIUIOTa coollIaeTcs MpoAyKTaM cropanus. Temmneparypa, 10
KOTOPOW HArperoTcsi MPOAYKTHI CrOpaHMsl, 3aBUCUT OT KOJIMYECTBA COOOIIAEMON MM
TEIJIOTHI, COCTaBa U KOJUYECTBA MPOAYKTOB CTOPAHUS U UX YJIEIBbHON TEIUIOEMKOCTH.
Jlnist  pacuera TEOPETHUYECKOW TEMIIepaTypbl TOpeHus 1. 3amnuiieM ypaBHEHHUE
TEIUIOBOTO OajaHca.

Q=Vc,(T.-T,), (5.3)

rae Q — TerIoTBOpHAs CIIOCOOHOCTH TOILIHBa, JK/KT;
V —o00BeM TPOIYKTOB CropaHus, OOpa3ymoIIMXCS Mpu ropeHnd 1 Kr TorumBa,
M/KT;
cp —00BEMHas ylelIbHAS TETIIOEMKOCTb POLYKTOB cropanust, Jx/ (m>rpan);
T, — Teopetndeckast Temreparypa ropenus, °C;
T, —HavanpHas Temmeparypa Bo3ayxa, °C.
[Tpu ropennu B HopMmanbHbIX yeiaoBusx (7,=0°C) ypaBuenue (5.3) npumeT Bu:

Q=Vc,T, . (5.4)
U3 (5.4)cnenyer hopMyna [uist pacueTa TEOPETHUECKON TeMITepaTyphl TOPSHHUS:
_Q
e VCp . (55)

[IOoCKOJIBKY NPOAYKTHI CrOPaHMs PEAJbHBIX TOIUIMB, KaK IPABWJIO, COCTOST W3
pa3HBIX Ta30B, TEIUIOEMKOCTh M TUIOTHOCTh KOTOPBIX pa3iN4HbI, TO 3Ta hopmyna (5.4)
3aIIMCBIBACTCS B CICAYIOLIEM BUJIE:

Q :Vlc_I.Tz +V2C2Tz +"'+VnCnTz = Tz Z\/I CI (5 6)
i . .

CooTBeTCTBEHHO, hopMyIia /i pacyera ¢ yuetoM (5.6) mpumeT Bu
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_ Q
TZ_ZVici. (5.7)

JlJis TIOBBIIIICHHWS] TOYHOCTH PACUETOB HEOOXOIUMO YUUTHIBATh 3aBHUCHMOCTH
TEIUIOEMKOCTH Ta30B OT Temmeparypbl. OQHAKO, JUIsI OIEHOYHBIX PAacYeTOB MOXKHO
IPHUHATH CPEIHNE 3HAYCHHS TEIIIOeMKOCTH (Tadir. 5.7).

Tabmuua 5.7

Cpennsis TemnoeMKocTs (cp) ra3oB B guanasoHe temmneparyp (1000+3000)C

I'a3 C02 SOZ Hzo H2 N2 CO Oz
kbl (vOTpan) | 2.13| 2.13] 2.09| 1.42| 1.42| 1.42] 1.42

Pacuer Teopermueckou TemmepaTypbl ropeHus 1. IPOBOAUTCA B CIEAYIOLIEM
TOPSIZIKE.

e PaccunthiBaeTcss  KOJIMYECTBO M COCTaB  NPOAYKTOB  TOPEHUS,
oOpa3yromuxcsi Tpu CropaHud 1 Kr 3aJaHHOTO TOIUIMBa B COOTBETCTBUHU C
METOJIMKOM, M3J10keHHOH BhIiie (pasaen 4.4).

e PaccuntniBaercs mo ¢opmynam (5.1) mau (5.2), unm omnpenensercs us3
Ta0JIMI TETUIOTBOPHAS CIIOCOOHOCTH ToTuMBa Q.

* PaccunteiBaeTcs TeopeTwueckas Temmeparypa ropeHus 1. mo Qopmyiie
(5.7).

B kadectBe mpumepa ompenenuM TEOPETUUYECKYI0 TeMIEepaTypy TOpeHUus
KaMEHHOTO YTJIA, JJIEMEHTHBIM COCTaB KOTOPOro TpuBeAeH B Tabm. 5.8., mpu
ko3 dunrenTe n30bITKa Bo3ayxa a=1.5.

Tabmuna 5.8
DJIEMEHTHBIN COCTaB YIJIs
DJIEMEHT C H S N O W A
Coneprxanne, macc.% 76 4.5 4.7 1.8 3.5 3.0 6.5
MaccoBag nomus, Z 0.76 | 0.045 0.047 0.018 0.035 0.03 0.065
. OnpenenuM COCTaB M KOJMYECTBO ra3000pa3HBIX MPOIYKTOB cropanus 1 Kr

paccMaTpUBaEMOro TOIUIMBA B JIAHHBIX YCIOBHUSX MO METOJIMKE, MPUBEACHHOU B
pazaeie 4.

O6bem CO, 1 SO V= 146M%kr:  ¢,=2.1310° MJT/(m rpan).
06bem H0: V, = 053m%/kr:  ¢,=2.0910° MJT/(m* rpa).
O6weM N, u Oy: Vs = 1034M3/KF ; cp=1.42 10° M/Tx/(m>Tpan).

e[IpoBemeM pacyeT TEIUIOTBOPHOH CIIOCOOHOCTH  paccMaTpHUBaeMOro
toruuBa 1o popmyse Menaeneesa (5.1):

Q,=0.33976+1.02%4.5+0.10854.7-0.10853.5-0.0253.0=29.92M /T x/kr.

*[IpoBeneM pacdeT TEOPETHUYECKOW TeMmmeparypsl ropeHus mo Qopmyie
(5.7):



_ 29.92
1.4602.13[107°+0.53[2.09[1073 +10.34[1.42[10°3

Takum 00pa3oM, TeopeTHdeckass TeMmIleparypa TOpPEHHs KaMEHHOTO YTIJs IpHU
KoadduimeHTe n30bITKa Bo3Ayxa O=1.5 B yCIIOBHSAX MOCTOSHHOIO aaBiieHus (Ha
OTKPBITOM BO3/yXe) coctanisiet okoio 1600°C.

=15830°C

2

6.B3PbIBYATBIE BELECTBA

B3pbiB — 3TO mporiecc Ype3BbIYATHO OBICTPOTO (PU3NYECKOTO MM XUMHUYECKOTO
IpeBpalleHns] BEUIECTBA, COMPOBOXKIAIOIIMICSA CTOJIb K€ OBICTPBIM IpEBpallleHHEM
NOTEHIIMAIbHOW SHEPTUM BEIlleCTBAa B MEXaHMUYECKYI0 paboTy. Camasi CyllecTBEHHas
4yepTa B3pbIBA — BHE3AMTHOE M PE3KOE MOBBIIICHUE HABICHUS B CPEAE, OKPYKAKOLIEH
MecTOo B3pbiBa. OObIYHBIM BHEIIHMM MpU3HAK B3PbIBA — 3HAYUTEIBHBIM 3BYKOBOM

ahPekr.
6.1. KIIACCUOPUKALUNSA B3PbIBOB

[Tpumeps! B3pBHIBOB, BHI3BAHHBIX (PH3NYECKUMH MPUYUHAMHU, —3TO B3PHIB MTAPOBBIX
KOTJIOB (IeperpeB Tmapa WM MIHOBEHHOE WCIIApEHHE BOJBI NpHU IOjade e¢ B
NIEPerpeThlii KOTEN; B3PHIB T'a30BBIX OA/UIOHOB TPHU WX HArpeBe). DTH B3PBIBBI, Kak
MPABWJIO, BbI3BAHbI MPEBBIIIEHUEM JOMYCTUMOIO JIaBJICHUSI PACYETHON MPOUYHOCTHU
CTEHOK OaioHa MJIM KOTJIA.

Janee Oynem paccMaTpuBaTh B3PBIBBI IIPU XMMHUYECKOM IPEBpAIEHUH BEIIECTB.
[Tpumep — B3pBIB 4epHOTO (IBIMHOIO) MOPOXa MPHU BBICTPEJIC U3 OXOTHUYLETO PYIKbS.
[Ipu >TOM TPOUCXOAUT OBICTpas XUMHUYECKash pEakiusi, B pe3yibTaTe KOTOPOU
00pa3yroTcs ra3000pa3Hble W TBEPAbIC MPOAYKTHI CTOpPaHUs M BBIJAEISAETCS TEIIoTa.
OO6pazoBaBimecs rasbl, 00J]aJalollde BBICOKOM TeMIlepaTypoll M JIaBJICHUEM,
COBEpIIAIOT MEXAaHUYECKYIO pabOTy MO pa3roHy IYJIH 10 HEOOXOIUMOM CKOPOCTH.

B3pbeiBuaThiMu BeleCTBAMU HA3bIBAIOTCA TAaKHUE BEILECTBA, MPU XUMHUYECKOM
MPEBPAILEHUHN KOTOPBIX TPOUCXOSAT B3PHIBHI.

B3pbIB MOXeET OBITH BbI3BaH CIAEAYIOIIUMU IPUYUHAMM.

* Harpeanue.

* VYKouI.

* VYnap.

e Tpenmue.

Jleronamus (rmepemgada SHEPTHH B3pPhIBA JIPYTroro B3pHIBUATOTO BEIIECTBA).
SIBneHKEe B3pbIBA BCET/Ia XapaKTEPU3YETCs CIASAYIONTUMH (paKTOPaAMH.

Ouenb 0oJbIIast CKOPOCTH XMMUYECKOTO TIPEBPAICHHUS.

Brinenenue ra3os.

Brinenenne TemioThl.

Tonpko mpu HAMMYUU BCeX OTHUX (PAKTOPOB OyIeT MPOUCXOTUTH MPOLIECC
B3pBIBYATOrO TpeBpanieHus. Kaxaoe u3 3TUX YCIOBUM SBIAETCS HEOOXOIWMBIM, HO
HEJIOCTATOYHBIM JJI1 TOTO, YTOOBI Ta WM WHAsg XHMHYECKas peakiys Morja ObITh
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OTHECEHAa K KaTeropuu B3pbiBa. Hampumep, npu TOpEeHHH TEPMUTHOW CMeCH
BBIJENAETC Terora (HarpeB mpoxykroB peakimu 10 3000C, peakums nporexaer
OYeHb OBICTPO, HO HE BBIIEISIOTCS Ta3000pa3Hble MPOAYKTH). [IoaTOMY Takas peakims
HE SIBJISIETCS B3PbIBYATHIM IIPEBPAILICHUEM.

Haubonee xapakTepHbIM AJis B3pbIBa SIBJSETCS OOJbIIAsS CKOPOCTh XMMHUYECKHUX
npespaiernii. IIporecc B3pbIBa UIMTCS B IPOMEXYTOK Bpemenn ~ (10%+10°)c.
Hanpumep, 60eBoit 3apsi B opyauu cpenHero kamuopa cropaet 3a Bpems ~ 0.008c,
mamika tona maccoit 400r — 3a Bpems ~ 10°c. ToabKO 3a CHET TAKOTO OBICTPOrO
NpEeBpalIeHs] Y B3pPbIBUATHIX BELIECTB MOJIY4YaeTCsl OrpOMHAas MO CPAaBHEHHUIO C
JIPYTMMH UCTOYHHKAMHU 3HEPTUU MOIIHOCTH, XOTs OOIIME 3amachl SHEPTUU Yy HUX HE
OoJbllle, @ B HEKOTOPBIX CIIydasx Ja)kKe MEHBIIE, YeM y OOBIYHBIX TOPIOUMX BEIIECTB.
[Ipu B3pbIBE B3pHIBYATOrO BeIIeCTBA oOOpa3yeTcss OONbIIOE KOJUYECTBO TIa30B,
o0nafamux BICOKOM TemMnepaTypoi u qaBieHreM. KoandecTBo BBIIEISIONINXCS TPH
B3pBIBE T'a30B OINPENEISAETCS 0 00bEMY, KOTOPBIH OHM 3aHUMaIX Obl IPU HOPMAJIbHbIX
yCI0BHSIX, TO ecTh npu Temmeparype I’ = °C u naBinenmu p = 760 MM pTYTHOTO
cton6a. Hampumep, npu B3peiBE 1K NUPOKCHJIMHOBOTO MOPOXa B TAKUX YCIOBUSX
BBIJIEIISIETCS 0.845Mm° rasos.

B 3aBHCHMOCTH OT CKOPOCTHU B3pbIBUATOIO MPEBPAILECHUS PA3IUYAIOT CIEAYIONINE
ero (popMsr:

BbricTpoe cropanue.
OOBIKHOBEHHBI B3pHIB.
JleToHanmsi.

ITpu ObICTPOM CropaHUM IPOLECC B3PhIBYATOIO MPEBPAILEHUS IPOTEKAET B Macce
B3pPBIBYATOTO BELIECTBA CO CKOPOCTBIO MOPsIIKAa HECKOJBKUX METPOB B CEKYHIy, a Ha
caM mporecc OoJIbLIIOE BIMSHUE OKa3bIBAlOT BHEUIHME YycioBusa. Eciu ropenue
IPOUCXOAUT Ha OTKPBITOM BO3JyX€, OHO HE COIMPOBOXKIAETCS 3BYKOBBIM 3(PQerTom
WIM MEXaHWYeCKOM paboToil paspymieHuss win nepemenieHus. Eciu ropenue
OPOUCXOAUT B 3aMKHYTOM WJIM TOJYy3aMKHYTOM O0BEMe, TO MpoLecc UAET Oonee
SHEPTrUYHO M COMPOBOKIACTCS PE3KUM 3BYKOM. JlJisi OBICTPOrO TOPEHUS XapaKTEPHO
OTHOCHTEJIBHO OBICTPOE, HO IJIABHOE HApacTaHUE JABJICHUS Ta30B (apTHIUICPHICKHIA
BBICTpEJ, Ta30reHepaTop HJis BBITECHEHHS HE(TAHBIX IUIACTOB, MOPOXOBOM
ra3oreHepaTop aBTOMOOUIHLHOM IMOAYIIKH O€30IMaCHOCTH | T.JI.).

ITpu OOBIKHOBEHHOM B3pbIBE IIPOLIECC NPEBPAIIEHHMS B MAacce B3pbIBYATOIO
BELIECTBA IIPOTEKAET CO CKOPOCTSMH B HECKOJBKO COTEH METPOB B CEKYHIY.
OOBIKHOBEHHBI B3PbIB XapaKTEPU3YETCS] PE3KUM IOBBILICHUEM JAABJICHUS B MECTE
B3PBIBA, yIAPOM T'a30B O MPETpay U pa3pyleHneM (pacKaiblBAHUEM WM APOOIICHHEM)
Iperpajibl, HaXOoAIIeHcs Ha HEOOIBILIOM PAaCCTOSIHUU OT MECTa B3PbIBA.

[Tpu nperoHauuu mNpolecC NPEBpAIICHHUs B Macce B3PbIBYATOIO BEILECTBA
NPOTEKAET C MAKCUMAIILHO BO3MOYKHOM B JIAHHBIX YCIOBUSX CKOPOCTHIO (OOBIYHO 5 + 7
KAJIOMETPOB B CEKyHAY). JleToHamms XapakTepusyeTrcs OCOOCHHO PE3KHM CKaYKOM
JaBJICHUS, CUJIBHBIM YyJIapOM Tra30B O IMperpaay M OONbIIUM €€ pa3pylICHUEM.
[Ipumepsl neToHAMKM — BCE BUABI B3PHIBOB B3PBIBUATHIX BEIIECTB, BBI3BAHHBIX
JIeTOHATOPOM (pa3pbiB CHAPSIA, MUHBI, TPAHATHI, IOJAPHIBHOMN MIAIIKH U T.1T.).



6.2. XAPAKTEPUCTUKU B3PbIBYATbIX BELLJECTB

B3pbiBuaTeie BemiecTBa MPEACTABISIOT COOOW HEYCTOWYMBBIE XHMUYECKHE
COCIMHEHHUS! WM CMECH, CIIOCOOHBIE IO BIUSHHEM HE3HAUNUTENbHBIX BHEIIHUX
BO3/CUCTBUI K OU€Hb OBICTPHIM XMMHUYECKHM IpeBpalleHus M. B3ppiBuaThie BeliecTna
OTJIMYAIOTCS OT OOBIYHOTO TOPIOYEro BEIIECTBA TEM, 4YTO IPOIECC B3PHIBYATOTO
IpeBpallieHus B HEM MPOUCXOAMUT 3a CYET KHCIOPOJa, COJAEpIKAllerocss B CaMOM
B3pBIBUATOM BelIeCTBE. [IpM TOpeHWUM OOBIYHBIX TOPIOYMX BEIIECTB KHUCIOPOJ
HEOOXOIMMO TOABOAWTHL W3BHE (M3 aTMOC(Epbl) C OrPAaHUYCHHOW CKOPOCTHIO.
B3pbiBuaTeie BemecTBa SBISIOTCS OCHOBHBIMH MCTOYHHKAMHU SHEPIHH LISl BBIOpOCa
cHapsiaa (mysu) W3 KaHajga CTBOJIA M ISl NEWCTBHS CHapsiia y uenu (IopakeHHe u
paspylieHue).

K B3pBIBUATHIM BEIIECTBAM MPEIBSIBISIIOTCS CIICAYIONINE OCHOBHBIE TPEOOBAHMSI.

» JlocTaTouHoe cojep:KaHWEe SHEPTHH U BBICOKAs MOIIHOCTH, 0OECIIeYMBAIOIINE
HE00X0IMMOE METaTEeNbHOE JICHCTBHE WK Pa3pyIIUTEIbHbIN 3 deKT.

» JXecTkue TrpaHMIBI YYBCTBUTEJIBHOCTH, OOECIEUMBAIONINE OE30MacHOCTh B
oOpaleHny 1 OTHOBPEMEHHO JIETKOCTh BO30YKICHHSI B3pbIBa.

e CTOMKOCTb NPU XPAHEHHH.

» Huskas cebecToMMOCTh POU3BOJICTBA.

ConepkaHue SHEPruM M MOUIHOCTh B3PBHIBYATOTO BEIIECTBA OINpenessieTcs Ha
OCHOBAHMHU COBOKYITHOCTH X YHEPI€TUUYECKHUX XapaKTEPUCTHUK.
» Temnora B3pbIBa —3TO TEIJIOTA, BBIIEISIOMIANACS, IPH B3pbIBE 1 KT B3phIBUATOrO
BemectBa Q,, JIx/kr.
* O0beM 0Opa3ymoOIIUXCs Tra3000pa3HbIX MNPOAYKTOB TMpU B3pbiBe 1Kr
B3pBIBYATOrO Bemectsa V, , M/KT.

« Temmeparypa B3peiBuaToro npespamenus 7,, C.

* CkopocTh JeToHaIuu (B3phIBUATOTO MPEBPAIECHUS) U, , KM/C.

* [lorennmanbHast 3HEPTHSA Amax, JPK/KT — 3TO HaWOOJBINAS TEOPETUUYCCKU
BO3MOXHasi paboTa, KOTOpas MOXET ObITh COBEpIIeHa IMpHU B3pbIBE 1Kr AaHHOTO
B3pBIBUATOTO BEIIECTBA; YUCIEHHO OHA COBIAJAET C TEIUIOTON B3pHIBA!

Anax = Qg .

* Mommuocts B3peiBa P,, Br — palorta, coBepmaemas mnpu B3pbiBe 1Kr
B3PBIBYATOrO BEILECTBA B €JUHNUILY BPEMEHH.

P - Amax

t 1

8

(6.1)

rie t, —Bpems ACHCTBUS B3pHIBA.
OCHOBHBIC PHEPIeTHYCCKUE XaPAKTECPUCTHKHU JUIsI HAauOOJee PacipOCTPAHCHHBIX
B3PBIBYATHIX BEIIECTB MPUBEICHHI B Ta0. 6.1.



Tabmuma 6.1
DHepreTHYecKue XapakKTEePUCTUKNA HEKOTOPBIX B3PHIBUATHIX BEIECTB

B3peiBuaToe BeliecTBO 7,,°C Q,, kJIx/kr V., M /KT u,, kM/c
JIbIMHBII TOPOX 2380 2784 0.280 —
[TupoxkcunuHOBbBIN 2400 3391 0.845 —
TIOpPOX

HuTpornunepun 4500 6238 0.715 9.0
Tpotun 3200 4187 0.685 6.9
TOH 3900 5862 0.780 8.4
["ekcorex 3400 5443 0.908 8.38
AMMOHaIT 3380 6134 0.836 5.3
['peMyuas pTyTh 4500 1721 0.315 4.5
A3uja cBUHITA 3500 1537 0.308 5.0

B xauecTBe mpumMepa onpenenuM MOTEHITUATBHYIO YHEPTUIO U MOIITHOCTH 0OEBOTO
3apsaa 85-MM TaHKOBOM MyLIKH. 3apsi — NUPOKCUIMHOBBIN MOpoX Maccoi M = 2.6kr
(Q, = 3391)x/kr, xoabduiuent mnoaezHoro aeicrBus 0=0.3, BpeMs IBHKEHUS
cHapsa B ctBojie 0.01c). [Ipu cropanuu 3apsijia BEICISETCS TEILIOTA, paBHAS

Q=Q, [ =339126= 8817 M Tk

B cootBercTBHU ¢ hopmyioii (6.1),001mas MOIIHOCTh paBHa

p,=2=8%1_gg17Mps
001 :

6 tg
C yueroM ko3¢ duitmeHTa nojse3Horo JeUCcTBUs MOIIHOCTh O0E€BOTO 3apsaaa 85-Mm
TaHKOBOM ITYIIIKU paBHA
P=0P, =03[8817=2645MBr,

JIns HarIAAHOCTH TEPEBEIEM MOIIMHOCTh 3apsiia MYyHNIKH B JIOMIAJAWHBIC CHJIBI
(1 n.c. = 735.5B7):

6
p= 2645010

73E5

Takum 006pa3oM, NMpU BBICTpEIC U3 85-MM MYIIKH Pa3BUBACTCSI MOIIIHOCTh, paBHAas
360 Thicau nomaauHbix cui. [loka HeT TakoW MalIuHbI, KoTopas Oblia Obl CrocoOHa
Pa3BUTh TAKYIO MOIIHOCTb.

UyBCTBUTENHHOCTHIO B3PBIBUATOTO BEMIECTBA HA3BIBACTCS €r0  CIOCOOHOCTH
B3pBIBAThCS IO BIMSHUEM BHENTHUX BO3JCHCTBHIA (HarpeBaHue, YKOJ, yaap, TpeHHUE).
CnumikoM 9yBCTBHUTENBHBIE B3PHIBYATHIC BEIIECTBA OMACHBI B OOPAIICHUN U B YUCTOM
BUJIC IPUMEHSIOTCS peK0. MajouyBCTBUTEIbHBIE B3PHIBUATHIC BEIIECTBA HEBHITOIHBI,
TaK Kak JiJIsl X WHUIMUPOBAHKS TPEOYyeTCs OYeHb MHOTO SHEPruu. YyBCTBUTEIHHOCTh
B3PBIBUATHIX BEIECTB 3aBHCHUT, B IEPBYIO 0YepPE/Ib, OT €r0 COCTaBa, a TAKXKE OT IPYTUX
YCJIOBUH.

= 036010 n.c.



e C yBelIMYEHHUEM BIAKHOCTU YYBCTBUTEIHHOCTH TOHUKAETCS.

» C yBennueHUEM TeMIepaTypbl — yBEIHMUNBACTCS.

* IlopomkooOpa3Hbie B3pbIBUATHIE BELIECTBA 00Jiee YyBCTBUTEIbHBI, YEM JIUTHIE
WJIN MIPECCOBAHHBIE COCTABHI.

Jlis CHW)KeHMSI YYBCTBUTEIBHOCTH B3pBIBUATHIX BEIIECTB B MX COCTAB BBOJSAT
¢rermaruzaropsl (BasenuH, mapaduH, kamdapa, pa3IudHbIe Macia U T.JI.).

CTOWKOCTBIO ~ B3pBIBYATOTO  BEIIECTBA  HA3bIBAETCS  €ro  CIOCOOHOCTH
IPOIOJDKUTEILHOE BPEMs COXPAHSATh CBOU B3phIBUATHIE CBOWCTBA, YTO BAXKHO HPU UX
xpaHeHuH. [Ipu ANUTENBHOM XpaHEHHHM B HEOIArONPUSTHBIX YCIOBUSX (CHIPOCTB,
TIOBBIIIICHHAS TEMIIEPaTypa) B3pbIBUATHIC BEIIECTBA CIIOCOOHBI pa3iiaraTbCsi M TEPSTh
CBOM CBOWCTBa, a B HEKOTOPBIX CIIydasX CaMOBOCIUIAMEHATHCS M B3PBIBATHCS.
Paznuuaior GU3NUEcKyro 1 XUMHYECKYIO CTOMKOCTD.

dusnueckas CTOMKOCTh —3TO CLIOCOOHOCTH B3PBHIBYATHIX BEIIECTB COXPAHATH CBOE
¢usnueckoe coctosiHue. OHA 3aBUCUT OT (DPUBUYECKHX CBOWCTB (TMTPOCKOIMYHOCTB,
MEXaHU4YeCKass MPOYHOCTh, JIETy4eCTh W T.A.). [IpH BBICOKOW THUTPOCKOIMUYHOCTH
B3pbIBUATHIC BEILECTBA CIIEKHUBAIOTCA M CO BpeMeHeM paszpymarorcs. [Ipu manoit
MEXaHUYECKOM MPOYHOCTH 3apsibl MOTYT pa3pyliaTbcs Wi Ae(popMHpOBATHCS MpPH
HIEpEBO3KE.

XuMHYecKasi CTOMKOCTh — 3TO CHOCOOHOCTh B3pBIBUATHIX BELIECTB COXPAHATH
HEM3MEHHbI XMMUYECKHH COCTaB M CHOCOOHOCTh K B3pPBIBYATOMY IPEBPALLEHHIO.
XuMHUYECcKasi CTOWKOCTh B3PbIBYATHIX BEIIECTB 3aBUCUT OT €r0 XUMUYECKOTO COCTaBa U
OT BXOJSIIMX B HETO MpuMecei. /i MOBBIIEHNI XUMUYECKOW CTOMKOCTH MPUMEHSIOT
CTaOMIIN3aTOPBI — ALlETOH, 3TUJIOBBINA CIIUPT, YIIIEKUCIIbIE COJM HATPUS U KU,

CebecToMMOCTh  MPOM3BOACTBA BaXHA INPH  MAacCOBOM  HCIOJIb30BAHUU
B3PBIBYATHIX BEIECTB (HAmpuUMep, B BOGHHOE BpeMs) W OOECIeYMBACTCS HaTHMYUEM
OTEUYECTBEHHOTO CHIPbs, PA3BUTON XUMUYECKOW MPOMBIIIIEHHOCTHIO U COBEPIICHCTBOM
TEXHOJIOTHUECKHUX MPOIIECCOB U3TOTOBJICHUSI B3PHIBUATHIX BEILIECTB.

Kpome ocHOBHBIX TpeOOBaHMIA, K B3pHIBUATHIM BEIIECTBAM MOTYT MPEIbABISATHCS
U Jpyrue, crenupuIHbie UIsi KOHKPETHBIX Iejel, TpeOoBaHus (B3phIBOOE30MACHOCTD
IIpU MPOCTpeie Myiel, HETOKCUYHOCTD MPOYKTOB CTOPAHUs IPU CTPENIbOE U3 PYIHOTO
aBTOMATUYECKOTO OPYXHsl, CIOCOOHOCTh COXPaHSATh CBOM CBOMCTBA MPH BO3ACHCTBUU
paauanyy, HOHU3UPYIOMIUX H3ITy4YeHUH U T.11.).

6.3. KIIACCUPUKALNA B3PbIBYATBLIX BELLJECTB

B3pbiBuaThie BelecTBa MO XapaKTepPy CBOETO JCHUCTBUS ACIATCS Ha CIEAYHOIINE
IPYIIIIBI.
Wuunnuupyroniye B3pbIBUaThHIC BEIIESCTRA.
bpuzantaeie (W apoOsimire) B3pbIBYATHIC BEIIECTBA.
ITopoxa.
[TupoTexHUUECKHE COCTABBHI.
MHUIMUPYIONIMMHA ~ HA3bIBAIOTCSI TAaKHe B3pPbIBUATBIC BEIIECTBA, KOTOPHIC
001aJal0T BEChMa BBICOKOW YYBCTBUTEIILHOCTHIO M B3PBIBAIOTCS OT HE3HAYUTEIHEHOTO
BHENTHET0 MexaHudeckoro (yaap, TpeHue) WiIn TeruioBoro (JIyd ja3epa, Iiams, Harpes,

Fan



AIIEKTPUUYECKUI TOK) BO3JCHCTBHSA. DTH BEIIECTBAa BCErNa JETOHUPYIOT M BBI3BIBAIOT
JETOHAIIMIO JAPYTUX B3pBIBYATHIX BellecTB. MHULMMpYIOUIUME B3pbhIBYATHIE BELIECTBA
IPUMEHSIOTCS B HEOOJBIIMX KOJMYECTBAX [JISl CHAPSKEHUS KarlCloJied, CO3/IalolIuX
NEepPBOHAYANIbHBIN UMITYJILC B3PbIBA.

bpu3aHTHBIMU HA3BIBAIOTCS TaKUE B3PbIBUATHIE BEIIECTBA, KOTOPHIE MPHU B3PHIBE
IPOU3BOAAT ApPOOJIEHHE OKpykKaroumux npeaMeroB. OHM  3HAYUTEIBHO MEHEe
YYBCTBUTEJIbHBl K BHEUIHUM BO3JCHCTBUSAM, YE€M WHULMUPYIOUIUE B3PbIBUATHIE
BEIIECTBA, U JETOHUPYIOT OOBIUYHO MOJ BO3ACMCTBUEM B3phIBa JAPYTrOro B3pHIBUATOTO
BEI[ECTBAa — JeToHaropa. JleroHaTtop mpeacTaBisieT co0OM 3apsii B3PHIBYATOTO
BemiecTBa 0Ooyiee YyBCTBUTEIHHOTO, YEM B3PBIBUATOE BEIIECTBO OCHOBHOTO 3apsfa.
B3peiB  neTOHaTOpa OCYIIECTBISIETCS B3PBIBOM  KalClOAsl C  HMHULUAPYIOLIUM
B3pBIBUaThIM BemecTBOM (puc. 6.1). CHayana OT MEXaHWYECKOTO WM TEIIOBOTO
BO3JICICTBHS B3pbIBaeTCs Karcioib. OOpasyrolascs yaapHas BOJIHA BBI3BIBAECT B3PHIB
JIETOHATOpa, KOTOPBIA, B3pPHIBAACH, BbHI3BIBAECT JETOHAIMIO OCHOBHOIO 3apsja.
bpuzanTHbie B3pbIBUaTHIE BELIECTBA MPUMEHSIIOTCS B KAYECTBE Pa3pPbIBHBIX 3aps0B
JUTSL CHApSDKEHUS MUH, CHapsIIOB, TOJIPBIBHBIX MAaTPOHOB M CIY’KaT JJIA pa3pylIeHUs U
JIpOOIEHUS pa3IMYHbIX IPEIMETOB U MPErpa/l.

Puc. 6.1.Cxema neronanuu OprU3aHTHOIO B3PHIBYATOTO BelIeCTBA: 1 —Karcrob
(MHUIUUPYIOIIEE B3PBIBYATOE BEIIECTBO); 2 —I€TOHATOP; 3 —OCHOBHOM 3apsi
OpY3aHTHOTO B3PHIBYATOTO BEIIIECTBA

[TopoxaMu Ha3bIBAIOTCS TaKMe B3PHIBUATHIC BEIIECTBA, XapaKTep B3phIBa KOTOPBIX
MO3BOJIAET MCMOJIb30BaTh UX B KAueCTBE MCTOYHHMKA SHEPTUU JABMXKEHUS CHapSJIOB,
MUH, MyJdb U PEAKTUBHBIX CHapsioB. OCHOBHBIM BHIOM B3pPbIBYATOTO MPEBPALICHHUS
MOPOXOB B OOBIUHBIX YCIOBHSIX sIBIIsiIeTCS ObIcTpee cropanue. Ilopoxa K BHEUIHUM
MEXaHUYECKUM BO3JCHCTBUSIM HE UYyBCTBUTENbHBI. Pa3zHuila B JEHCTBUM MOpoXa H
OpU3aHTHOTO B3PHIBYATOTO BEIIECTBA MOXKHO TMOSICHUTh MPOCTBIM IPUMEPOM,
NOKa3aHHBIM Ha puc. 6.2.1Ipu GsicTpom ropernu nopoxa (puc. 6.2,a) naBneHue rasa
HapacTaeT IMOCTEIICHHO, CHapsAll JBIKETCS C YCKOPEHHEM, Bpe3asch B HapEe3HBIC
KaHaJbl (KOTOpBIC CIyXAaT JUIsl IPUAAHUS CHAPSIy BPaIaTeIbHOTO ABMKEHUS C IENBIO
crabuim3aiuu  ero Tpaekropuu). Ilpm nperonammm (puc. 6.2, 0) OpH3aHTHOTrO
B3pPBIBYATOTO BEIIECTBA MPH ITUX XK€ YCIOBHSX, ra3000pa30BaHUE MPOUCXOIUT TOUYTH
MTHOBEHHO, U 00pa3yrolmecs ra3sbl pa3pyiatoT CTBOJ B Kamepy.



0) cp 0 o

Puc. 6.2.Cxema aeiicTBHs B3pbIBYATOTO BEIIECTBA HA CHAPSI IPU TOPEHUH
a —1opoxa; 0 —OpU3aHTHOTO B3PHIBYATOIO BELIECTBA

[TupoTexHuyecKkue COCTaBbl MPEACTABISAIOT COOOM CMECH M3 B3pPbIBUATHIX U
HEB3PHIBUATHIX BELIECTB. B3pbIBUaThle CBOWCTBA y HUX BBIPAXKEHBI 3HAUYUTEIHHO
cnabee, 4eM y OOBIYHBIX B3pbIBUATHIX BellecTB. [[MpOTEXHUUECKUM COCTaBaM MPUCYIIH
crenuajIbHbIC CBOMCTBA (SpKOE CBEUEHHE, TLIMOOOpa30BaHKe, OKpacka miamenn). OHu
NPUMEHSIOTCSI B OCBETUTENbHBIX M 3aXUTaTeNbHbIX MAaTpOHAaX, B CalloTax U
deliepBepkax, B IbIMOBBIX IIalIkax W T.1. PaccMoTpum Oojiee moApoOHO OCHOBHBIE
THUIIBI B3PHIBYATHIX BEIICCTB.

Huuuuupyiomue é3pbleuamole éeuiecmea

B kadecTBe MHMIMHPYIONIIMX B3pBIBUATHIX BEIIECTB HAMOOJbIIECE MPUMEHEHUE
UMEIOT TpeMyyvasi pTyTh, a3UJl CBUHIA U CTU(HAT CBUHIIA.

I'pemyuass  pTyts  —  ¢yapMUHAT  PTYTH,  MPEACTaBIAET  COOOM
MEJIKOKPUCTANIMYeCKUd Oenplid mnmM cepblii mopomok. [lomywaercs B pesynbrarte
JeMCTBUSL 3TUJIOBOTO CIHMPTa Ha PacTBOp PTYTH B a30THOM kuciote. HempecoBanHas
rpemydas pTyTh 4pe3BbIUAiHO omacHa B OOpalleHWH, TOCKOJBKY OYEHb
YyBCTBUTEJbHA. B crmpeccoBaHHOM BHJE 3TO BEUIECTBO MEHEE ONAacHO U MeHee
YyBCTBUTEJIBHO K HadaJlbHOMY B030yxaeHuto. [loa BIusHMEM Biaru rpemyvasl pTyTh
JIETKO TepsieT CBOM B3phIBUaThie cBoiicTBa. Ilpm 5% Bmaru B3pbIBUaThIE CBOMCTBA
noHmwkarotcs, mpu 10% —ona tonapko cropaer, npu 30% —npeBpamniaeTcss B HHEPTHOE
BEIIECTRO.

A3uIl CBHHIIAa — CBHMHIIOBAasl COJIb A30TUCTOBOJAOPOJIHON KHCIOTHI, MPEACTABISAET
co0oil Oenbrit mopomiok. O6nagaeT MEHbIIEH YyBCTBHUTEIBHOCTBIO, YEM TpeMydast
pPTYTh, OJHAKO OO0MagaeT MHULMUpPYOIEH crnocoOHocThio B 10 pa3 Oomblieii, yem
rpemydas pTyTb. He rurpockomuueH u B BoAe He pacTBopsercs. [Ipumensercs B
AIIOMMHHUEBBIX ~ 000JI0OYKaX, TaK KaKk C aJlioMHHHEeM He pearupyer. llpu
B3aMMOJICHCTBUU C MebI0 00pa3yeT a3 MeIu — OYeHb YyBCTBHUTEIHHOE B3PhIBUATOE
BEIIIECTBO.



Cru¢pnar cunna (THPC) — cBunmoBas coib crudHHHOBOW KHCIOTB. THPC
MPEACTaBIISIET COOOM TBEPAOE MEIKOKPUCTAIMYECKOE BEIIECTBO KeaToro 1sera. He
TUTPOCKONUYEH, HE pPACTBOPSAETCS B BOJE U HE B3aMMOJIEUCTBYET C MeETaJIaMHU.
UyBCTBUTENBHOCTD K yAapy HHMKE, UEM Y a3uja CBUHIIA, a K MJIaMEeHU — Bhile. Becbma
YYBCTBUTEJIEH K DJEKTPUUYECKUM paszpsiaM. MHUIMupyroas cnocoOHOCTh €ro HUXKE,
4YeM Yy APYruX HHUIMHUPYIOUIUX B3PHIBUATHIX BEIIECTB.

Wuuuuupyroniye B3pbIBYATHIE BELIECTBA B CMECIX C JPYTUMH BeEllleCTBaAMU
00pa3yloT yaapHbIE COCTaBbl, KOTOPBIC MPUMEHSIOTCS JJI CHAPSHKEHUS KarCIoJeH-
BOCIUIAMEHUTENEH U KallCloJel-1eTOHaTOpoB. Penentypsl HEKOTOPHIX yAApHBIX
COCTaBOB puBeIcHA B Ta0I. 6.2.

Tabnuna 6.2
PenienTypsl yaapHbIX COCTABOB /1JI1 BAHTOBOYHBIX U MUCTOJETHBIX
KaICIOJIbHBIX BOCINIAMEHUTENEH

Kancroins- I'pemyuas beproneroBa | Autumonuit, | Macca, r.
BOCIUIAMEHUTENb | PTYTh, Macc.% | conb, Macc.% macc.%

[TucroneTHbIf 25 38 37 0.02
BunHTOBOYHBIM 17 o6 27 0.03
KancionbHas 25 37 38 0.025
BTYJIKA

['peMydast pTyTh B yHAapHBIX COCTaBaxX JaeT MEPBOHAYAIBHYIO BCIIBIIIKY,
AHTUMOHMU SBIISIETCS TOPIOYUM M CITY>KHT JIJIs1 yCHIeHus (opca IiaMeHu, OepToaeToBa
COJIb — OKHUCJIUTEIb, TIOIJIEPKUBAIONINN TopeHue. Karncronmn-BoCIIaMeHUTENH JesITCS
Ha TTATPOHHBIE ¥ TPYOOUYHBIE.

[laTpoHHBIE  KamNCIOMU-BOCIUIAMEHHUTENM  TPUMEHSIOTCS B MAaTpoHaX H
KalCIOJIbHBIX BTYJKaX CTPEIKOBOTO OpPYXHS W apTHUIEPUHCKUX cHapsaax. OHH
BOCIUIAMEHSIOTCSA OT yAapa Ooiika W Jar0T HadajdbHBIA MMITYJIbC JJIS BOCIIJIAMEHECHHSI
O6oeBoro 3apsga. CxemMa MMaTPOHHOTO KAICHOJISA-BOCIUIAMEHUTENST TPHUBEICHA Ha
puc. 6.3.

\:

Puc. 6.3.Cxema MaTPOHHOI'O KaIlCIOJIA-BOCIIIIAMCHUTEIIA

OH COCTOUT U3 MeTAJUTHYECKOM 000J10ukH (KoJmauka) 1, BBIMOJIHEHHON U3 JIATYHU
WIM MEAH, B KOTOPYIO 3ampeccoBaH yAapHbld cocTaB 2. CBepXy yAapHBIA COCTaB
3aKpbiBaeTcsi (OJIBrOBHIM WM OyMaXHbIM Kpy>KKoM 3. TpyOouHble KarcCrou-
BOCIUIAMEHUTENIM TMPUMEHSIOTCA B TpyOKax W B3pbIBaTeNIX W CIOyXKaT IS
WHULIMUPOBAHUSA JIETOHALIMY KaIlCIOJIs-AE€TOHATOPA.
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Cxema TpyOOUYHOTr0 Kamcrojs-BOCITIAaMEHHUTENS PpUBEeHa Ha pucC. 6.4.
3

>

Puc. 6.4.CxemMa TpyOOUYHOTO KarCIOJIsI-BOCIIIIAMEHUTEIIS .
1 —konmadok ¢ OTBEpCTHEM; 2 —yapHBIN COCTaB,;
3 —(donprosas yameuka; 4 —donabronas guadparma

Jlnia cHapskeHus! TpyOOUHBIX KalCIOIe-BOCIUIAMEHUTENEH UCTIOIb3YeTCs TOT )K€
YAApPHBIA COCTAaB, YTO W IS MATPOHHBIX KAIICKOJEKH-BOCIIJIAMEHUTEIIEH, HO €r0 Macca B
(5 + 10)pa3 6onbire u cocraiser (0.08+0.2)r.

Kancronu-geronaropsl  Iensarcss  Ha  ApTWUICPUMCKUE W IOAPBIBHBIE.
ApPTUIIIEPUICKUE KAIICIOJIU-AETOHATOPBl MPUMEHSIIOT BO B3pBIBATENSAX Pa3IMYHBIX
CHaps0B, MUH, aBMaObOMO M pyuyHbIX TpaHT. Ha3zHaueHue Karmcroiisi-IeToHatopa —
BbI3BAaTh JICTOHAIIMIO JIE€TOHATOpa PAa3pbIBHOIO 3apsijia OpU3aHTHOTO B3pPHIBYATOTO
BEILIECTBA, KOTOPBIM CHAPSIKEH 3apsil.

[lo xapakTepy HauajJbHOTO HMITYJbCa, BO30Y)KIAIOMIETO B3PbIB, KaIlCIOJIU-
J€TOHATOPBI MOT'YT OBITH CIAEAYIOIIUX TUIIOB.

HaxonbHbie, IEMCTBYIOT OT HAKOJA KaJIOM.
JlydeBble, AeCTBYIOT OT y4a (opca) OTHS KanCrOJII-BOCIIIIAMEHUTEIIS.

[loapbIBHBIE  KaICIOJIU-AETOHATOPBHI  MpEJHA3HAYEHbl I BO3OYXIACHUS
JICTOHAIIMY TIOAPBIBHBIX 3apsiioB. OHU IeHCTBYIOT OT (hopca orus (OMK(pOpaOB MIHYP)
WM OT 3JiekTposanana. Cxema MNOJIPBIBHOIO KAarCIOJA-AE€TOHATOpa IPUBEICHA HAa
puc. 6.5.
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Puc. 6.5.CxemMa moapbIBHOTO KaICHOJISI-IeTOHATOPA!
1-runp3a; 2-ctudHaT cBUHIIA, 3-a3U]1 CBUHIIA; 4-TETPUIT

Bpu3aumnble é3posleuamale seuiecmea

bpuzantHble  B3pBIBYATBIE  BEIIECTBA  NPUMEHSAKOTCA U1 CHAPSDKCHUS

apTWUIEPUICKUX CHApSAAO0B, MHH, PYYHBIX TIpaHaT, aBuabOMO, a Takxke s

IPUTOTOBJICHUS MOAPBIBHBIX cpeacTB. OCHOBHBIE OpU3aHTHBIE B3phIBUATHIC BEIECTBA,
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UCITOJIb3yEMbIE€ B HACTOSIIIIEE BPEMS — MUPOKCHIIMH, HUTPOTJIUUEPHUH, TPOTHII, MEJIAHUT,
IEKCOTEH, JTUHAMUT, a TAKXKE Pa3JINYHbIE CMECH U CILIABBI.

[MupokcninuH (HUTPOKIJIETYATKA) — TBEPIOE BEUICCTBO BOJIOKHHCTOTO CTPOCHHUS.
[Monyuaetcs 06pabOTKOI pacTUTENBHON KIETYATKH (XJIOTIOK, JIEH, IPEBECHHA) CMECHIO
Q30THOM M CEPHOM KHUCJIOTbl — HUTpPALIMEM WM HUTPOBAHUEM KJIETYaTKU. B
3aBUCHUMOCTH OT CTEIEHH HUTPALMM, COAEPKAHUE a30Ta B MUPOKCUIMHE MOXKET OBbITh
paznuuHbiM. Yem OoJjibplie coAep)KaHUE a30Ta, TEM BBIIIE B3pbIBUATHIE CBOMCTBA
nupokcunnHa. [lupokcunun Becbma rurpockomnudes. Ilpu copepxanun Biaaru 10 3%
NUPOKCUIIMH HA3bIBAIOT CyXUM, MIPHU cojiep:kanuu Biaru 6osiee 3% —BnaxxueiM. Cyxoii
NUPOKCUJIMH OYEHb OMACEH — B3PbIBAETCS OT ynapa U TpeHus. IIpu conepxanum Biaru
oonee 25% — oH MajO4YyBCTBHUTENEH M O€30MaceH B OOpallleHUH W XpPaHEHHH.
[TupokcunuH npUMEHSeTCs ISl U3TOTOBICHUS O€3ABIMHOTO TTOPOXa U JIJISl TTOIPBIBHBIX
pabot. Jlns cHapspkeHus GoernpuriacoB — npuMensiercs mupokewina Nel (13%azota),
nupokcuand Ne2 (12%a3ota).

Hutpornunepun — saoBuTas Ipo3padHas MacisIHUCTas KUAKOCTb. Ilomydaercs
00paboTKOH IIIMIEepUHA a30THOM U cepHOM KUCI0TOW. OueHb UyBCTBUTEINIEH K yaapawm,
TPEHUIO, COTpsceHUI0. B unmcTtom Buae He mnpumensercd. lMcnosbsyercs mpu
U3rOTOBJIEHUH O€3[IbIMHBIX ITOPOXOB B KA4ECTBE PACTBOPUTENS M JUJISl IPUTOTOBJICHMUS
JUHAMUTA B MIOAPBIBHBIX pabOTax.

Tpotun (tpunutportonyon, toi, THT) — 310 TBepaoe MEIKOKPHUCTALIMYECKOE
BEIIECTBO TEMHO-KENTOTo 1Bera. [lomyyaercs 006paboTKoi Tommyona (poayKTa Cyxou
NIEPErOHKN KaMEHHOTO YTJISI) a30THOW M CEPHOM KUCIOTON. TPOTHI HEUyBCTBUTEICH K
ylIapaM W HarpeBaHWIo, 0€30TMaceH B OOpameHuu U 00J1a/laeT BBICOKOH CTOMKOCTHIO
npy XpaHeHWH (TOJIOBBIE MIANIKK COXPAHSIOT CHOCOOHOCTH B3PHIBATHCS JaKe 4epes
JECSITKH JIeT XpaHeHus). Ha OTKpBITOM BO3IyXe TOPUT KONTSIIUM IUIaMeHeM 0e3
B3pbIBa. TpoTui — Haubosee pacpoCTpaHEHHOE B3phIBUATOE BellecTBO. [Ipumensercs
JUISL CHApsDKEHUS CHApsIIoB, MUH, O0MO U B MOJPBIBHBIX pabOTax.

MenuauT (MUKPUHOBAs KHCJIOTAa) — IUIOTHAs KPUCTAUTMYECKas Macca >KeJTo-
JUMOHHOTO 11BeTa. [lonydaercs u3 kapOoI0BOM KUCIOTHI TyTEM 00pabOTKH €€ a30THOM
U CEpHOM KHUCIOTaMU. OJTO OO0Jee CHJIBHOE B3pbIBUATOE BEILECTBO, YEM TPOTHUII.
Henocratok — cnocoOHOCT 00pa3oBbIBaTH B MECTaxX CThIKA C METANIMYECKUMU
000JI0YKaMH XWMHUYECKUE COCTUHEHUs (CONM) — MUKpaThl, OYEHb YYBCTBHUTEICH K
yaapy ¥ TpeHuro. [IpuMenseTcs s DpUroToBICHMs OAPBIBHBIX 3aps0B.

['ekcoren momydar0oT 00pabOTKON ypOTpONMHA U TEHTA’PUTPUTA Aa30THOM
KHCJIOTOU. SBnsiercs HamOosiee MOLIHBIM OpW3aHTHBIM B3PBIBYATHIM BEIIECTBOM.
['ekcoreH — KpuUCTaNIMYECKOe Oenoe BEIIEeCTBO, XOPOLIO IUIABUTCS U HE
B3aUMOJIEUCTBYET C MeTa/llaMd. JTO Oo0Jee MOLIHOE B3pbIBUATOE BEUIECTBO, YEM
TPOTUJI U MEJIMHUT, HO U 0OJiee YyBCTBUTEIbHOE K MEXaHHMYECKHM BO3JCHCTBUSIM.
dnermare3upoBaHblii TEKCOTEH TMPUMEHSETCS ISl CHapsDKeHUs OpOoHEOOMHBIX U
3CHUTHBIX CHApPSIIOB U JUIsl U3TOTOBJICHUS JOIOIHUTENBHBIX I€TOHATOPOB.

AMMOHHTHI (B3pBIBUATHIE BELIECTBA Ha OCHOBE aMMOHHMHHON CEIHMTpPBI) — 3TO
CYyppOraTHbIE B3PbIBUATBHIE BEILECTBA, KOTOPBIE COCTABIAIOT U3 CMECH aMMOHHUNHOU
CEJINTPBI, TPOTWJIA, IOPOIIKA AJTIOMUHUSA W JPYrux HamnojHeHuid. Ilo B3pbIBHOMY
JEHCTBUIO YCTYNAKOT TPOTUILY, MAJIOIIPUTOJIHBI Il XPAHEHUS U IPUMEHSIOTCS OOBIYHO
TOJIbKO B BoeHHOe Bpems (memieBusHa coipbsi). B CCCP Bo Bpems Bemukoii

7®



OteuecTBeHHOM BoitHBI aMMOHUTHI ObUTM OCHOBHBIMHU THIAaMH B3PBIBUATHIX BEIIECTB.
B mupHOE Bpemsi uX UCIONB3YIOT B HAPOJAHOM XO35HCTBE (MMOIPHIB JEISHBIX 3aTOPOB,
YrOJBbHBIX IIACTOB B MIaxXTax W T.J.). g pydHBIX TpaHaT NPUMEHSIOTCS JBE
Pa3HOBUIHOCTH aMMOHHTOB — aMMOTOJ (CMeCh aMMOHHHHOW CEIMTPHI U TPOTWIA) U
aMMOHaJI — CMECh aMMOHUHHOW CEJIUTpPbI, OPU3aHTHOTO B3PHIBYATOTO BEILIECTBA U
HOPOIIKA aTFOMUHHUSL.

[Tnactut—4 (C—4) — 310 TectooOpa3Hass Macca KPEMOBOTO WM KOPHYHEBOTO
orreHka (pexxe — sipko-opamkeBoro). Cocrout u3 80% mopomrkooOpa3sHOTO reKCoreHa
u 20% ruactudukatopa (4em u OOYCIIOBJIEHBI ero cBoicTBa). [lo BHemHeMy BHIY
HAallOMHUHAeT IUIACTUIMH WJIM BOCK, MACIASHUCT Ha OILIyNb, IJIACTHYEH B
TemmeparypaoM pexume ot -30°C 10 + 50°C. Tak ke Kak ¥ TPOTHII, O4eHb YCTONIHB
K BHEILTHUM BO3CHCTBHUSIM — €r0 MOKHO MSITh, p€3aTh, POHSATH, OJBEPraTh yaapam 0e3
OMacHbIX nocyeacTBuil. OcoOble CBOMCTBA MJIACTUTA ONPEAETSIOT €ro MPUMEHEHHE JIs
TEPPOPUCTUYECKUX LEeNed — 3apsl] IUIACTUTa MOXHO IOMECTUTh B JIIOOYIO IIETb,
packaTtath TOHKHM CJIOEM B MHUCHMO, CIIPSITaTh B KOHCTPYKIIHIO JII000M KOH(UTYpaLIUK.
[lpumensieTcst, dYamie Bcero, B Kakoi nubO0 oOomouke (Oymara, MEIIOYEK) H
NPUKPEIIeTCs KIesIei JIGHTOW MM CKOTYeM K B3pbiBaeMoMy oObekTy. Ilmactur—4
MIOCTaBJISETCS B CTAHIAPTHBIX Opukerax Maccoi 1 kr, oOepHYyThIX Oymaroi. 3apssl
IUIACTUTAa TPUMEHSIOTCS B AaKTHBHOM OpOHE TaHKOB, a TakXKe IS CHapsIKeHUS
npoTuBonexoTHeIXx MuH MOH—-50.

Ilopoxa

[lopoxamMu, wWIM METAaTEIbHBIMU B3PBIBUATBIMU BEIIECTBAMH, HA3BIBAKOTCA
B3pPBIBUATHIC BEIECTBA, NI KOTOPBIX OCHOBHOM (DOpPMOI B3pHIBUATOTO MPEBPAIICHUS

SIBIISIETCSI OBICTpOE cropanue co ckopocThio Ue,=(1+10)m/c. [lopoxa mpuMeHsIOTCS B
KayecTBe HCTOYHHUKOB OHHEPrMU JBM)KEHUS CHApSAOB, IyJlb, MHUH, PEaKTHBHBIX
cHapsnoB. Kpome TOro, mopoxa HCHOJB3YIOTCS B KauyeCTBE BCIIOMOIaTEIbHbIX
CpeICTB—BOCIIJIAMEHUTEIIEH, ra30reHepaTOPOB U T.1.
[Topoxa nensTcst Ha ABE TPYIIIBI — MEXaHUYECKUE CMECH M MOpPOXa KOJUIOUTHOTO
THUIIA.
K MexaHuueckuM cMecsiM OTHOCSITCS CJIEYIOIINE COCTABBI.
JIpIMHBIH (4epHBIN) TOPOX.
AMMOHUIHBIN ITOPOX.
CMmeceBble BBICOKOIHEPTETUYECKHE MAaTEpUalbl U TBEP/bIe pPaKeTHbIE TOILIMBA.
OCHOBOI1 BceX KOJUIOMIHBIX MOPOXOB SIBISETCS NMUPOKCUWIMH. B 3aBUcHMOCTH OT
XapakKTepa pacTBOPHUTENSI KOJUIOMIHBIE TIOPOXa ACSATCS Ha CIEAYIOINE TPYIIIIbI.
[MupoxcmimHOBBIE TOpoxa (Ha JIETy4eM pacTBOPUTEIE).
HutpornuuepuHoBbie TOpoxa (Ha TPYAHOJIETYYEM PAaCTBOPHUTEIE).
TporunoBeie mopoxa (Ha HEIETy4eM PacTBOPUTEIIE).
Bucko3nbie mopoxa (0e3 pacTBopuTers).

Mexanuueckue cmecu
JIPIMHBIN WJIM YEPHBIM MOPOX — OTO MEXAHUYECKAsT CMECh KaJUEBOWU CEJUTPBHI,

cepel u apeecHoro yrias (S, KNG;, C). bomee 500 ner ApIMHBIA TOPOX OBLI
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CIMHCTBEHHBIM B3PBIBUATHIM BEIIECTBOM, NPUMEHSBIIEMCS B BOCHHOM Jei€ IS
U3TOTOBJICHHSI 3apSA70B B apTHIICPHICKOM M CTPEIKOBOM OPYXKHUHU W JUTSI TIOJIPBIBHBIX
pabot. Tonpko Bo BTOpoi mosoBuHe XIX Beka ajig O0€BBIX 3apsiIOB BMECTO JIBIMHOTO
opoxa HadaJli IPUMEHSTh MUPOKCUINHOBBIN TTopoX. Hanbosee onTuMaabHBIA COCTaB
JLIMHOTO py>kKelHoro mnopoxa Obl1 yctanoBieH B koHlle XVIII Beka Ha ocHOBe paboT
M.B. JlomonocoBa. CocTaB ABIMHOTO ITOpOXa MPUBEICH B Ta01. 6.3.

Tabnuua 6.3

CocraB JPIMHOTO MOPOXa

BemectBo Conepxanue,
macc %

KanueBas 75
cenuTpa
Cepa 10
HpeBecHbli 15
yTOJIb

DTOT COCTaB [0 HACTOSIIEIO BPEMEHH
CymiecTBeHHO He w3MeHwmiIcsa. Cenmurpa
IpH  HArpeBaHUM  JIETKO  BBIICISET
KHCIIOPOJI, HEOOXOIUMBIA IS TOPSHUS
yrat  u o cepel. C  yBenwueHUEM
comepkanus cemutpbl (o 80%) cuna
mopoxa W CKOPOCTh €ro TOpeHUs
YBEIIMYUBAIOTCA. YTOJIb B COCTaBE MOPOXa
SIBJIICTCS TOPIOYHUM BEIIICCTBOM.

[Ipy yBenMYEHHH €ro COAEpPKAHUSA, CKOPOCTh T'OPEHHUS IMOPOXa YMEHBIIAETCH.
Cepa siBIsieTCd LEMEHTATOPOM, CBSI3bIBAIOLIUM CEIUTPY C YIVIEM, a TAKXE€ TOPHOYHM
BEIIECTBOM, OOJIEr4aroliuM BOCIUIAMEHSEMOCTh JBIMHOTO pyKeiHoro mopoxa (cepa
BOCIUIAMEHSICTCS. TpU OoJiee HHU3KOW TemmepaTtype, 4em yroib). C yBelnmueHHEeM
COIEpXKaHMUSI CEpPbl CKOPOCTh TOPEHHS M CWila NOpoxa yMeHbaercs. JIbIMHBIN
PYKEWHBI MOpPOX TOJy4aeTcsl TUIATEIbHBIM NEPEMEIIMBAHUEM H3MEJIbYEHHBIX
COCTaBHBIX YacTel, MPECCOBAHUEM CMECH U JPOOJEHHMEM MPECCOBAHHOM JIEMENIKA Ha
3epHa pa3IMYHbIX pa3mepoB. [IOpoxX YyBCTBUTENIEH KO BCEM BHJIAM MEXAHHYECKOIO
BO3jeHcTBUs (ynap, TpeHue, Uckpa u T.1.). [Ipu momajgaHnuy mynu B IOPOXOBOM 3apsij
MIOYTH BCErJa MPOUCXOJIUT €ro B3pbIB. BMeCTE ¢ TEM, YEPHBIN MOPOX HE JETOHUPYET.
[Ipu cropanum ABIMHOTO PY)KeHHOro mopoxa oopasyercs 45% razoo0paszHbix U 55%
TBEPJBIX MPOJYKTOB (IbIM, Harap B KaHajie CTBOJA). B Hactosiiee BpeMs B OOCBBIX
3apsiiax  JOBIMHBIA  PY)KEHHBIA TIOPOX HE TpuMeHsercs (Manas cuia mopoxa,
J€MaCKHPOBKa JABIMOM, OMACHOCTh B OOpallleHUH, TUTPOCKOIMYHOCTD). [IpumMeHnseTcs
JUTSl U3TOTOBJIEHUS BOCIUIAMEHUTENEH, a TAK)KE B 3alajlax PyYHbIX I'paHar.

AMMOHHMIHBIHA MMOPOX COCTOMT W3 amMoHuiHOUW cemutpsl (90%) u npeBecHOTO
yris (10%). [omywyaercs cMmemmBaHWEM KOMIIOHEHTOB M IIPECCOBAaHHUEM B BHJIC
9JIEMEHTOB 3aJaHHOW (DOpMBI (KOJbIA, CErMEHTHI). AMMOHUWHBIA TIOPOX — TBEPIOE
BEILECTBO CEPOTro LBETa. B oTiiMuKe OT ABIMHOIO MOPOXa BCE €r0 MPOAYKTHI CTOPaHUs
— razoo0passbie. UyBCTBUTEIBHOCTh K MEXAHHUUECKUM BO3JIEUCTBUAM — ciadasi. OueHb
TUTPOCKONMYEH W HENPUTOJEH sl XpaHeHus. [IpuMeHsieTcss B BOEHHOE BpeMs IS
3ameHbl (25+35)%3apsaa TUPOKCHIMHOBOIO TIOPOXa.

CmeceBble BBICOKOIHEPTETHUECKUE MaTEpUajbl U CMECEBBIE TBEPHABIC PAKETHHIE
tormuBa (CTPT) mnpeacraBistor coOOH INMMPOKHE Kiace HSHEProeMKHX BEIIECTB,
UCIIOJB3YIOIINXCS B KAUECTBE MCTOYHHMKOB PHEPTUM B Ta30T€HEPATOPAX Pa3IMYHOIO
HA3HAYEHHUS U B PAKETHBIX JABUraressix Ha TBepaoM Tomumse. B cocraB CTPT Bxoast
NOJIMMEPHOE TOprouee—CBs3ytomiee (OyTHIIKaydyK), OKUCIUTEND (IepXiiopaT aMMOHHUS
WJIA HUTPAT aMMOHHUSI) U METAJUTMYECKOE ToproUee (MOPOIIKOOOpa3HbIN aIFOMUHUIA).



Konnouonwie nopoxa

[TupokcUITMHOBBINA OE3ABIMHBIA MMOPOX HM3TOTABIMBACTCS U3 CMECH JIBYX COPTOB
nupokcunmHa — Ne 1 mw Ne 2 B pasubix cooTHomeHusx. CMech 3THX COPTOB
pacTBopsieTCs B CIUPTOBO-dGUpHON cMmecu. [lomyuaemas ogHOpomHAs >keneoOpa3Has
Macca MpOJAaBIMBAECTCS dYepe3 CrenuaibHbie GUIBTpel. llociae pe3kun W Cymku
NOJYYaroTCsS  TOPOXOBbIC 3¢pHA  (JIGHTOYHBIE, TpyOYaThle, I[MIMHIPHYCCKUE,
MHOT'OKaHaJbHBIC TOpoxa). B cocTaB NHPOKCHIMHOBOTO IMOpoxa BBOAAT 10 3%
npuMeceil — cTadmIu3aTopoB, (rerMaTu3aTopoB u miameracurenei. CTaduim3aTopsl
(mudeHnnamMuH) 3aMeUIAIOT Pa3OKEHNUE MOPOXa U YBEIUYUBAIOT CPOK XPAaHEHUS 10
20 met (6e3 crabunmmzaTopoB mopox xpaHutcs B TedeHue 10 jet). dmermaruzaTopsl
(kamdapa)  yMEHBIIAIOT  CKOpPOCTh  ropeHus. [lmameracutenmm  (KaHUQOJIIB,
auOyTIITanaT) YMEHBIIAOT IIaMs Py BeicTpesie. OHU TOTJIONIAOT YacTh YHEPTHH
TIOpPOXa ¥ CHIKAIOT TEMIIEPATypy MPOIYKTOB CropaHus. boybiioi Bkiaa B pa3paboTKy
oe3npiMHbIX TIOpoxoB BHec JI.M. MenneneeB. [IupokCUIMHOBBIA TOPOX HMMEET Psl
MPEUMYIIECTB Mepe/1 IbIMHBIM PY>KEHHBIM MTOPOXOM.

» (OoOisanmaet 0osee BHICOKOW SHEPIETUKOM.

 Ilpu cropanuu He 00pa3yeT AbIMa U Harapa B CTBOJIE OPYIUS

(98.5% —Ta3000pa3HbIC TPOITYKTHI).
* [lo3BossieT M3rOTAaBIMBATH 3apsIbl PaA3HOOOPA3HOW BEIMYMHBI U (DOPMBI, YTO
JaeT BO3MOKHOCTh PEryJIUPOBaHUs IPOAOKUTEILHOCTH TOPEHHUS 3apsia.

» OO0sagaeT HU3KOW TUTPOCKOIMMYHOCTHIO.

* CoxpaHsieT CBOM CBOWMCTBa TpPH IJUTECILHOM XpaHEHUH, HEUYBCTBUTEIIEH K

yaapy.

HuTporimiieprHOBBIN O€3IbIMHBIA ITOPOX W3TOTAaBIUBACTCS W3 IMHUPOKCHINHA, B
KayeCTBE PACTBOPHUTEIS NMPHUMEHSECTCS HUTPOTJUIICPUH. B 3aBUCUMOCTH OT MapKH
NUPOKCHIIMHA Pa3InyaroT OaTUCTUTHI (MUPOKCHIUH Ne 2) u KOopauThl (IMUPOKCHIHH
Ne 1). TlpeumyimecTBa HUTPOTJIMIIEPHUHOBBIX IMOPOXOB IEpPea MHPOKCHUITHHOBBIMH
COCTOSIT B CIIEAYIOIIEM:

» bornee BrIcOKHE 3HAYCHUS CHIIBI TIOPOXaA.

e MeHbinasi 3aTpaTa BpEMEHM Ha WX MNpou3BoAcTBO — (5+7) yacoB BMecTO

HECKOJIBKUX CYTOK.

» Huzkas cebecToMMOCTb.

e Jlydimee coxpaHEHHUE CBOWCTB IPU XPaHCHHUH.

[TpuMeHSFOTCs 1711 MUHOMETOB, PEaKTHBHBIX CHCTEM 3aJIIOBOTO OTHSI, PAKETHBIX
JIBUTATEJICH Ha TBEPOM TOILJIUBE.

TpoTHIIOBBII TOPOX U3TOTABIUBASTCS M3 CMECH MUPOKCHINHA U TpoTmia. [lopox
MOJTy4aeTCsl TyTeM CIEIUANIbHON O0OpaOOTKM TpH MOBBIMICHHOW TEMIIEpaType U MpH
OOJBIIOM JIaBIICHUH. B HEM OTCYTCTBYeT JIETy4dWid pPacTBOPHUTENb, IOITOMY
TPOTHJIOBBIN MOPOX OoJiee CTAOWJICH IO CBOMM KadecTBaM, YeM IUPOKCHUIMHOBBIC H
HUTPODIHIIEPUHOBBIC TIOpoXa. B mocieanee Bpemst moy4aeT Bee Oorblliee MPUMEHEHHE.

Buckosneiii  mopox  (mopox 0e3  pacTBOpHTENs) TpPEACTaBISeT  coOOi
IPOHUTPOBAHHYIO M CTAOMIN3UPOBAHHYIO MPEIBAPUTEIBHO YITIOTHEHHYIO HEJLTIONI03Y .
DT mopoxa emie IUIOXO HU3YYCHBI. [IpMMeHSIoTCS Il W3TOTOBJICHHS 3apsioB K
BUHTOBKaM U TIHCTOJIETAM.
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Hupomexuuuecxue cocmaenl

[TupoTexHUYeCcKUe COCTaBbl TNPUMEHSIOTCA [JIsl CHApsDKEHMS]  CHEUaTbHBIX
CHaps/OB, MyJb, PaKeT U Tak Jajee. MHOrMe MUPOTEXHUYECKUE COCTABBI SIBIISIOTCS
B3pbIBUATHIMHM BEIIECTBAMM, OJHAKO B3pbIBUATHIE CBOMCTBA y HHUX BBIPAYKEHBI
3HAQUUTENBbHO cjabee, 4YeM y OOBIYHBIX B3pbIBYATBIX BEIIECTB. HEPrus,
BBICBOOOXKAIOIAsl MPU TOPEHUH MUPOTEXHUYECKUX COCTABOB, 3aTPAauMBAETCS HE Ha
MIPOU3BOJICTBO MEXAHMYECKOW pabOThI, @ HA 00pa30BaHUE MUPOTEXHUUECKOTO I dheKTa
(ocBereHre MECTHOCTH, HHUIIMAPOBAHKUE TTOKapa | T.J.). [IMpOTEXHUYECKHE COCTABBI
MPEAICTABISIOT COO0N MEXaHWYECKUE CMECH U3 TOPIOYET0, OKUCIIUTENS, [IEMEHTATOpa 1
CIIELIMAJIBHBIX IPUMeECEN. B KauecTBe roprodero NpuMeHsI0TCS allOMUHUN, MAarHAN, UX
CIUJIaBbl, OCH3WH, KEPOCHH, He(DTh, CKUTTUAAP, KpaxMai U T.1.. B kadecTBe OKUCIUTENeH
— COJIM a30THOM, XJIOPHOH W XJIOPHOBATOM KUCIIOTHI, OKCHIBI METAIIIOB (OKHCH JKelie3a,
NePEOKUCh Oapus, IBYOKHCh MapraHiia u Jp.). B kadecTBe meMeHTaTopoB — ojuda,
KaHUu(OJIb, IIeUIaK, HMCKYCCTBEHHbIC cMOJIbI (Oakenut u np.). OHM CiyxaT yis
CBSA3BIBAHUSI COCTAaBA M TMPHUAAHHUS €My MeXaHW4ecKOod mpouyHocTH. CrenunalibHble
MPUMECH CIIyKaT JIJIsl OKpalluBaHUs TUIaMEHU WK JbIMa.

[To xapakTepy NpUMEHEHHS] TUPOTEXHUUYECKHUE COCTABbI JIEISATCS HA CIEIYIOLIUE
IPYIIIBI.

OcBeTUTENBHBIE.
3axuraTesabHbIE.
CurHanbHbIE.
JIBIMOBBIE.
Tpaccupyromue.

OcBeTUTENBHBIE COCTaBBI TMPUMEHSIOTCS JUIsl CHAPSOIKEHUS OCBETHUTEIIBHBIX
MaTPOHOB, CHApSJAOB M aBHAabOMO ¥ CIy)KaT [JIsi OCBEIICHUS MECTHOCTH WJIU
oTNeNbHBIX 00BhekTOB. Hanbonee ynmorpeOutenbHbli coctaB umeer 18% amromunus,
4% wmarnus, /5% azotHokucioro Oapusi, 3% onudsl. OCBETUTENIbHBIE COCTaBbI
IPECCYIOTCS B IWIMHAPUYECKYIO O0O0JIOUKY, C OJIHOM CTOPOHBI KOTOpPOH
3allPeCCOBBIBACTCS  BOCIUIAMCHHTENBHBIM  cocTaB  (OpIMHBIA  mopox). Cxema
OCBETHUTEIBHOTO MaTpoHa NMpUBeAeHa Ha puc. 6.6.

XapaKkTepuCTUKH HEKOTOPBIX OCBETUTENIBHBIX COCTABOB MPHUBEICHBI B Ta0. 6.4.

Tabonmuna 6.4
XapaKTepruCTUKN HEKOTOPBIX OCBETUTEIHHBIX COCTABOB

boenpunac | Cuna cBera, ThiC. cBeuel | Bpems neiictus, ¢
ITaTtpon 50 7

CHapsin 200 60
ABnabomOa 700 180

3akurarejabHble COCTaBbl MPUMEHSAIOTCS I CHApsDKEHHSI MyJb, CHapsAOB M
aBuaboM0. OHU AeNATCs Ha TPU TPYTIIHL.



¢ TepMI/ITHO-Sa)KI/IFaTeJIBHBIe COCTaBbl, COACPIKAINMEC B KA4YCCTBC OKHCIMUTCIIA
OKCHAbI MCTAJIJIOB.

e 3axurarejbHbI€ COCTaBbI — KHCJIOPOAO0COACPKAIINEC CMECHU (COJ'II/I).

e 3a)xurareiibHbIE COCTaBbl, HC COACPKAMINC OKHUCIUTCIIb.
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Puc. 6.6.CxeMa 0CBETUTENHHOTO NTATPOHA!
1-1unp3a; 2—Karncioib; 3-3aps1 JBIMHOTO ITOPOXa;
4—BoCIUTaMEHUTENILHBII COCTAB, 5—0CBETUTEIBHBIN COCTaB;, 6-IBIK

TepMUTHO—3aKUTATEbHBIE COCTaBbl HM3TOTAaBIMBAIOTCS Ha OCHOBE TEPMHUTA
(cmecy 25% amomunus U 75% okucH jkene3a) C TEMIIepaTypoil TOPEHHUs MOpSIKa
2500'C. B uncToM BHIE TEPMHUT HE IPUMEHSETCS, TAK KAK HMEET HeGOIBIION Pamuyc
3axkuranus. llpumep TepMHTHOro 3aXUraTeIbHOrO cocTaBa g /6 MM cHapsaa
npuBeieH B Tab. 6.5.

Taomuna 6.5
CocTaB TEpMUTHOIO 3KUTaTEILHOTO CHapsAa
bapueBasa | Kannesas | Oxcn o .
Bemectso P | Amomunuit | Maruuit IlemenTarop
CeIMTpa | cenuTpa | Keyes3a
Coneprxanue
ACPIRAVIC: 1 a4 6 21 13 12 4
Macc. %

3akuraTeIbHbIE COCTAaBhl C OKHUCIHTENIEM B BHJE pPa3IUYHBIX COJEH JaroT
BBICOKYIO TEMIIepaTypy TOPEHUS U JIETKO BOCIUIAMEHSIIOTCS. OTH  COCTaBbI
WCITOJIB3YIOTCS JUIsI CHAPSDKCHUS 32)KUTATEIbHBIX MAJTOKATMOSPHBIX CHAPSIOB U MYJIb.
3akuraTtenbHbIe COCTaBbI 0€3 OKHCIUTENS TOPSAT 3a CYET KHCIOpOoJa BO3IyXa.
B kadectBe mpumepa npuBeieM aBHaObOMOY ¢ KopmycoMm u3 3jektpoHa (cruiaB 92%
marHusi 1 8% amoMuHuMsI), 3aNI0JHCHHBIM TEPMUTHBIM cOCTaBoM. [Ipu ropeHun Takoi
6oMObI pasBuBaercs Temmeparypa 10 (700 + 900JC u o6pasyrorcst packajeHHbIE
UCKPBI, KOTOPBIE Pa3IeTAI0TCs Ha OOJIBIIIOE PaCCTOSHUE.
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K 3axurarenbHBIM COCTaBaM OTHOCHUTCS OTBEP)KICHHOE roproduee (Hamaim) —
CTyaHeoOpa3Hasi Macca, I[oJlydaeMas CMEIIMBAaHUEM CTEapUHOBOW KHUCIOTHI H
CIIUPTOBOTO PacTBOpa €IKOro HaTpa ¢ HedrempomykTamu. Jlerko BOCTUIaMEHSIETCS |
JaeT IpKoe 00HEMHOE TIIIaMH.

CaMoBocIIaMeHSIoIIecs] BemecTBa — Oenblii hochop M cMEeCH C HUM JIETKO
Bocrutamensirorest Ha Bosayxe (77 = 1000C). IIpuMepoM HCIIONB30BaHHS JaHHOTO
BEIECTBA SBJISIFOTCS OYTBUIKU ISl TIOJDKUTAHUS TAHKOB, IIMPOKO MPUMEHSIBIIHECS BO
Bpemsi Bemmkoit OteuectBeHHOU Boiinbl («Kokteinb MosotoBa»). OHEH copepxar
roptouee u gocdop, pacTBopeHHbI B cepoyriepoae. [lpu ucnapenun pacTBOpUTEs
docdop BocmIIaMeHsIeTCS Ha BO3IAYyXE, M 3aKHUTAIOTCA CHayasa mapbl cepoyrieposa, a
3aTeM U OCHOBHOE roproyee.

CurHasbHbIE COCTaBbI JAIOT MIPH TOPEHUHU IIBETHOE IIaMsi, HapUMeEp KPacHOro,
KEJITOTO, 3eJIeHOT0, Oenoro nBeta. CUTHAIBHBIE COCTABHI C TUTAMEHEM CHHETO I[BETa He
NPUMEHSIOT, TaK KaK CHHEE TUIaMs IUIOXO Pa3IndMMO Ha OOJIBIIOM paccTostHud. s
MOJTyYeHHUs] KPAacHOTO IUIAaMEHU B COCTaB BBOMST COCAMHEHUS CTPOHIUA, 3€JIEHOTO
TJIAMEHU — COSIMHEHUS Oapwsi, )KEeITOTO — COJIM HATpHUs, 0€JI0T0 — coi Oapus U Kajusl.
JUis yBeNnMUYEHUsT SPKOCTH B CHUTHAJIBHBIC COCTaBBI BBOJAT JO 5% afOMHHUS WM
CIUTaBa aJfOMUHUS ¢ MarHueM. CUTHaJIbHBIC COCTAaBBI IPUMEHSIFOTCS B 26 MM IaTpoHax
(pakerHuiax). Beicota mogbpema paketsl coctaBisieT 90 M, BpeMs ropenus 3apsiia — 6.5
¢, cria ceera rutameHn — 10000cseuetii.

JIBIMOBBIE COCTaBBI MPEAHA3HAYCHBI JIJII MACKHPOBKH OOBEKTOB W 3aJIbIMJICHUS
O0EBBIX MOPSIAKOB MPOTUBHUKA. [IpUMEHSIOTCS ISl CHapsDKEHUS JBIMOBBIX IIAIEK,
cHapsa10B, MuH. [1o xapakTepy mpoiiecca AbIMOOOPa30BaHUS JENATCS HA TPU TPYIIIIHIL.

JIpiM00Opa3oBaHue B pe3ybTaTe TOPEHUSI.
JpiM00Opa3oBaHue B pe3yJbTaTe B3aMMOICUCTBHS COCTaBa C BJIaroil BO3ayxa.
JIpIMO0OOpa30BaHUE B pe3yJIbTaTE€ TEPMUUECKON BO3TOHKH.

K mepBoii rpymnme otHocuTcs Genmbiii pocdop. Ipu temmeparype + 5C0C, on
BOCILJIAMEHSIETCSl M TOPUT ¢ 00pa3oBaHUEM T'ycToro Oeinoro apimMa. Ko BTropoii rpymme
OTHOCSITCSI TPEXOKHCh CEPBhI, YETBHIPEXXJIOPHUCTOE OJI0BO, XJIOpCysib(hoHOBas kuciota. K
TpeThel TpyIIe OTHOCITCS JABIMOBBIC mamku (mamku EpiioBa), KOTOpbIe COCTOAT U3
kanuitHor cemutpbl (10%), xmopuctoro ammonus (40%), 6epronerosoit coau (20%),
npesecHoro yris (10%),nadranuna (20%).I1pu ropennn cmecu EpiioBa mpoucxoaut
BO3TOHKA XJIOPHUCTOTO aMMOHHMS U HapTaIMHA, KOHJICHCAIHSI TAPOB KOTOPBIX MPUBOIUT
K 00pa30BaHUIO JbIMA.

Tpaccupyromue coctaBbl CIyXaT sl 0003HAUCHHS MyTH IMOJeTa YU I
cuapsina (Oenast wim kpacHas Tpacca). [IpuMepbl TpacCUpPYRONIMX COCTABOB MPUBEIACHBI
B TaO1. 6.6.

[TupoTeXHUYECKUE COCTaBbI, HapSAy C PACCMOTPEHHBIMH BBIIIE IPUMEPAMU
NPUMEHCHHS JUIS BOCHHBIX IIEJIEeH, IIMPOKO HCIONB3YIOTCS B KauyeCTBE 3apsAi0B IS
CHApsSOKEHHS pakeT M MHUPOTEXHHYSCKUX YCTPOMCTB MPH IMPOBEACHUH CallOTOB,
OpraHu3alliil  KPacOYHbIX  (EeHepBEepKOB M  JIPYIMX  MPA3JAHUYHBIX  3PEIHIIL.
Hcnonp3yeMble TpU 3TOM HHPOTEXHUYCCKHE 3apsibl SBISIOTCS KOMOWHAIMEH
pa3IMYHBIX COCTABOB.



Tabmuna 6.6
CocTaB TpacCHUPYIOIINX CMECEH

Tpaccupyromuii BemectBo Conepxxanue
COCTaB BEIIIECTBA B
TpaccUpyIOIeM
cocrase, macc. %
benas Tpacca HuTtpar 6apus 67
Marnui 23
[ennax 10
Kpacnas tpacca ABOTHOKHUCITBIN 50
CTPOHIIHM
Maruunii (aJTFOMHHHIN) 40
I{lemenTarop 10

6.4. OBPALYEHUNE C B3PbIBHATbIMA BELLECTBAMUA

Bce Buasl pabor ¢  B3pbIBUATBIMU  BELIECTBAMH —  IPOU3BOJCTBO,
TPaHCIIOPTUPOBAHUE, XPAHEHHUE, MCIOJIb30BAHUE, YTUJIM3ALUSI — OTHOCITCS K 0C000
OMacHbIM U TPEOYIOT BBIMIOJIHEHHUS COOTBETCTBYIOUIMX HACTABICHUNW M HMHCTPYKIUH.
HecoOmtonenne 5TUX HMHCTPYKIMM MOXET MPHUBECTH K TSKEIBIM IOCIEICTBUSIM.
Jlomyck k paboTe ¢ B3pHIBYATHIMU BEIIECTBAMU M MaTepHaiaMu OQOPMIIIETCS TOCIe
CIeIUaIbHOTO OOyYeHHMs W clIadyd HeoOXoauMmblx d3k3ameHoB. [Ipu pabore c
KOHKPETHBIMH THUIIAaMU B3PBIBUATHIX BEIIECTB pa3pabOTaHbl COOTBETCTBYIOIIUE
WHCTPYKIIMU, B KOTOPBHIX MOAPOOHO U3JIOKEHBI BCE HEOOXOAMMBIC MOJOKEHUS.
[ToaTOMy TipHBEIEM JIUIITE HECKOJIBLKO OCHOBHBIX TPEOOBAHUM.

» K pabGoTtam ¢ B3pBIBUaTHIMU BEIIECTBAMH JOMYCKAETCS TIEPCOHAN, MPOIICIITHI
crienuagbHOe 00yUeHHE U aTTECTAIUIO.

e [Ipu moObIX paboTax ¢ B3pHIBYATHIMU BEIIECTBAMU HEOOXOAMMO COOIIOJATh
WHCTPYKITUIO JTsI KAXKI0T0 KOHKPETHOTO B3PHIBUATOTO BEIIIECTBA.

e [Ipy XpaHeHMH B3pBIBUATHIX BEIIECTB HEOOXOMUMO TMPEAOXPAHITH HMX OT
CBIPOCTH, JIJISl TOTO MCTIOIL3YIOTCS 3aNasHHBIE METAUTMYECKUE KOPOOKH.

* HeoOxoauMo npenoXpaHsaTh B3pbIBUATHIE BEHIECTBA OT BO3JEHCTBUSI BBICOKOM
TEMIIepaTyphl, COJTHEYHOIO0 U TEIJIOBOTO M3IY4YEHHUs, OTKPBITOTO OrHsA. TemriepaTrypa
MIPU XpaHEHUU JOJDKHA OBITh OT + 5 110 +15°C.

e [Ipu TpaHcnopTHpOBKE HEOOXOAMMO oOeperaTh B3pbIBUATHIE BEIIECTBA OT
yIapOB, TPSICKU, TPECHHUS.

7. BO3JENCTBME B3PbIBA HA OKPYXAIOLLYIO CPELQY

OcHOBHBIMH (haKTOpPaMH BO3JEHCTBUS MPOMAYKTOB JIETOHAIINN KOHACHCUPOBAHHBIX
B3PBIBUATHIX BEIIECTB HA OKPYXKAIOIIYIO CPEy SIBISIOTCS MX Opu3aHTHOE M (yracHoe
JICHCTBHE.



BpuzanTHOoCTh (0T (paHiry3ckoro cioBa «brizer» —apoduts) — 3T0 CIIOCOOHOCTH
B3PBIBYATHIX BEIIECTB K MECTHOMY Pa3pyIIUTEIBLHOMY JEHCTBUIO B PE3yJIbTaTe PE3KOTO
ylapa TMpOIyKTOB B3pbIBa MO OKpYyXKawIeld cpene. bpuzaHTHOCTH TPOSBISETCS B
HETIOCPEICTBEHHON ONM30CTH OT TMOBEPXHOCTH 3apsiia B3pPHIBYATOTO BEIIECTBA H
saBysieTcs OamxkHen popMoit paboThl B3phIBA.

®dyracHOCT, — 3TO o0IIee JeHCTBHE B3phIBA Ha HEKOTOPOM PACCTOSIHUH OT
MOBEPXHOCTH 3apsla B3pbIBUaTOro BemiecTBa. DyracHoe IeicTBHE TPOSBISETCS B
COBEpIICHUH pabOThl pa3pylIeHHUsS WIH MEPEMEIICHUs CPeabl MPOIyKTaMH B3phIBa B
nporiecce MX pacHIMpeHHs. B KkadecTBe mpuMepa MOXKHO TPUBECTH pPadoTy,
3aTpayeHHYIO Ha pa3pylleHNe TOPHBIX MTOPOJ] I BRIOpOC IrpyHTa. Hapsity ¢ TepMuHOM
(yracHOCTh HCIIONIB3YIOT TEPMUH «PabOTOCTIOCOOHOCTh B3pPBIBUATOTO BEHIECTBA» —
TIOJTHASE yiebHas (Ha OJIMH KWJIOTPaMM B3pPBIBUATOTO BEIIECTBA) paboTa B3pHIBA.

7.1. OUEHKA ®YITACHOCTU B3PbIBYATOIO BELLJECTBA

BBuy o4eBUIHON BaXHOCTU BEJWYUHBI (PyracCHOCTH, HEOOXOIUMO MPOBOJIUTH €€
OIEHKH [IJI1 KaXJOro KOHKPETHOTO B3PHIBUATOIO BEIIECTBA M YCJIOBHUSA €rO
NpUMEHEeHUs. Takue OIEHKM MOXKHO TIPOBOJMTh KaK TEOPETUYECKH, TaK U
AKCTIIEPUMEHTAJILHO.

Pacuemmnvie memoowt OUECHKU qbyzacuocmu e3poleuamaoclo eeuiecmea

TeopeTnyeckoil XapaKTEPUCTUKON pabOTOCIIOCOOHOCTH B3pPhIBYATOIO BELIECTBA

CIY)XWT TIOTEHIMAJIbHAs DJHEPIrus Aver — HambobIIas paboTa, KOTOPYIO MOTYT
COBEpLIUTh Ia3000pa3Hble MPOIYKTHl B3pbIBA MPU UX OECKOHEUYHOM aauabaTHYECKOM
paCIIUpPEHUN:

f
A = Q= 17,
rne Qs —Temnora B3pbIBa, JK/KT;

k=c P / Cv —moxkasaTenb aauadaThl IPOIYKTOB B3PhIBA;

Cpy, Cy — YIENbHbIE TEIUIOEMKOCTH IPH IIOCTOSIHHOM [JaBJICHHH M IIOCTOSHHOM
o0wbeme, coorBeTcTBeHHO, JK/(Kr-K);

f —cuna B3pPBIBYATOTO BeliecTBa, JK/KT.

Benuuuna |, KOTOpasi MOXET HEKOTOpPhIM 00pa3oM XapaKTepu30BaTh
paboTOCOCOOHOCTh  B3pBIBYATOrO BemiecTBa (0e3 ydera CTENEHHM pACHIMPCHUS),
paccuuThiBaeTcs o hopmyse

f=RUL
rae R =c¢,- cy —razoBas mocrosHHas MPOIYKTOB B3pHIBA;
T1 —temneparypa B3pbiBa, K.

[lpu anuabatuyeckoM pacimmpeHnd Tra3a (0e3 TemionoTepb Ha Harpes
OKpY’KaloIeil cpejibl), paboTa B3peIBa A, COBepIIAETCs 3a CYET BHYTPEHHEH DHEPrUH

E=%T. Ecm NpUHATE, 4TO ) — HavalbHas Temreparypa (TeMieparypa B3pbiBa), a
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T, — xoHEeUYHasi TeMIepaTrypa razoo0pa3HbIX MPOAYKTOB B3pbIBA, TO AJS HACAIBHOTO
raza pabora aarabaTUyecKoro pacuIMpeHus paBHa:

_ _ PR CTH
A=co (M- T)= k-—lél_ igx_ hA., (7.1)

T

=1--2
rne 7 T

1

— TEPMOJMHAMUYECKUI KOIPPUIIMEHT IMOJIE3HOTO eHCTBUS

B3pbIBA.

B npenensHoM ciydae (mmpu T, - 0) k03¢ duuuenT noje3xoro aeicreus 7 = 1y
coorsercteenno, A = Ay

®opmyiny (7.1) MOKHO HCIONB30BATh I TPYOBIX OIEHOK, MOCKOJIBKY TOYHBIC

JIaHHBIC 110 BEJMYMHE |2 TONY4HTh TpyaHO. Ha mpakTHKe, NPy COBEPUICHHH PaGOTHI B
BUIe 00mIero NeicTBUs B3phIBa (pa3pylIeHHE 3HAYUTEIBHOTO 00beMa TOPHBIX MOPOJ,
BBIOPOC IPYHTA) UCTIONB3YIOTCS MPUOIMKEeHHBIE (hopMyIIbl YelnbiioBa:

7| k-1

ME

A= Qi TH L
K 2 'E

JI b

71 k-1p

K k E
LIS
K E

b

rae Vi, Vo —HauanbHbI U KOHEUHBIH 0GBEM ra3000pa3HbBIX MPOAYKTOB B3PHIBA,
p1 —HavdaJIbHOE J1aBJICHUE IIPOAYKTOB B3pbIBA,;

p2 — JlaBlieHHE TPOAYKTOB B3pbIBa, KOTOpPOE OHU MPUOOPETAIOT IMOCIe
pACIIMPEHNUs 1 COBEpLICHHS paGoTel A .

Jlmst  B3pBIBUATHIX  BEMIECTB, MPOAYKTHI B3phIBA KOTOPHIX OyAyT WMETh
NpUOTM3UTENFHO  OJMHAKOBBIA  COCTaB, BeNMUMHA A,  TIPONOpPIHOHAILHA

IIPOU3BCACHHIO ”Qe. HOG)TOMy pa6OTOCHOCO6HOCTL TOTO HWJIM HHOTI'O B3PbIBYATOIO

BEIIECTBA MOXET OLIEHUWBATHCS MO €ro TEeIJIOTe B3pbIBa Q,. Ipu pacuere A, mo
dbopmynam YenbmoBa mpemonaraeTes, 4ro BeamunHa K = const= 1.25. Hanpumep,
nns ammoruTta 6)KB pacuer o opmynam Uensnosa naet 3aauenue A = 4,23M Jx/kr.
JIas B3pBIBUATBHIX BEIIECTB OONEEe CIOKHBIX COCTABOB, BeqnMunmHa K He sBistercs
KOHCTAHTOH, a 3aBHCHUT OT TEMIIEPATyphl U JABJICHUS IO CIOKHOMY 3aKkoHy. [ToaTomy
TOYHO PacCUMTaTh pabOTOCIIOCOOHOCTH B3PHIBYATOTO BEIIECTBA HEBO3MOXKHO M IS €€
oTpeeNIeHuUs] UCTIONIB3YIOTCS SKCIIEPUMEHTAIBHBIE METO/IBI.

31<cnepumeumaﬂbuble Memoowl OUECHKU qbyzacuocmu é3posleuamaoclo eeuiecmea
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JUis ~ SKCHEpUMEHTaJdbHOW  oueHkH  (¢yracHocTH  (paboOTOCIIOCOOHOCTH)
B3PBIBUATOTO BEIIECTBA HA MPAKTUKE UCITOJIB3YIOT CJICIYIONINE METO/IBI.
Metoa CBUHIIOBOI OOMOBI.
MeTtoj 0aNIMCTUYECKOTO MasATHHKA.
MeTtoa 6amIMCTUYECKON MOPTUPBHI.
Omnpenenenre 00beMa BOPOHKH BEIOpOCa TPyHTA.
W3mepenne mapaMeTpoB BO3AYIIHBIX YAAPHBIX BOJIH.

Memoo ceunuogoii 60mobI

Meton cBUHIIOBOM OOMOBI HamOoJiee MHMPOKO MPUMEHSETCS IS ONpeaeseHuUs
OTHOCUTETFHON paboTOCTIOCOOHOCTH B3PHIBUATOTO BemiecTBa. bomOa m3roraBimBaeTcs
o MexyHapogHOMY CTaHIApPTY.

CranmaptHass Oomba (Obomba Tpaymusa) coorBerctByer ['OCT 4546-81 u
NpeCTaBIsieT COOOM MACCUBHBIM CBUHIIOBBIA IMJIMHAP C HECKBO3HBIM OCEBBIM
kaHajaoM (puc. 7.1).

025

LB

: : %//
// %

200
125

N\

200
a) 0)
Puc. 7.1.Cxema cBUHIIOBOX OOMOBI: a — JIO UCIILITAHUS, O — ITOCJIE UCHBITAHUS

Bom6a oTnuBaercs 3 padunnposanHoro ceunna npu I = (390+400jC. Ha ano
KaHaja TIOMEIIAeTCsl 3apsii HMCCIeAyeMOro B3phIBUaTOro BemiectBa maccod 10 r B
OymaxHOM ruib3e. CBOOOHAS YacCTh KaHalla 3achIMAeTCsl CyXUM KBapLEBBIM MECKOM
(puc. 7.1. a). 3apsa B3pHIBYATOTO BEIISCTBA HHHUIIUMUPYETCS DJICKTPOIACTOHATOPOM.
[Tocre B3pbiBa B O0MOe 0Opa3yercst xapakrepHoe B3ayTue (puc. 7.1.0).

Pacmmperne 6omOs1 AV (cm®), 3a BBIMETOM HAYANBHOTO OObEMa KaHATA H
PACIIHPEHHs, IPOU3BOAMMOTo aetoHatopoM (30 cm’), siBIsieTcst Mepoii OTHOCHTEIBHOM
paboTOCTIOCOOHOCTH B3PHIBYATOTO BEIIECTRA.

VcnbiTanuss mpoBOmAT B craHmaprHbix  yernosusx (7= +10C), wucmombays
OJIMHAKOBBIE MECOK M JeToHarop. Ilpu rpagynpoBke 60MOBI B KadecTBE STAJIOHHOTO
B3pPBIBYATOTO BEIIECTBA MOXET CIYKHUTh JBAXIbI MEPEKPUCTAIUTM30BAHHBIN U3 CIIUPTA
TpoTwi. B Tabnm. 7.1 mpuBemeHbl HEKOTOpHIE JaHHBIE IO PabOTOCIOCOOHOCTU
B3pBIBYATHIX BELIECTB, MOJTYYEHHBIE METOJAOM CBUHIIOBOW OOMOBI.
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Tabmnma 7.1
PaboTocrmocoOHOCTh HEKOTOPHIX B3PHIBYATHIX BEIICCTB, MOJyUYCHHAS METO0OM
CBUHIIOBOU OOMOBI

B3psiBuaroe Tporun AMMOHUT AMMOHaI I'ekcoren
BEIIIECTBO 6.KB CKaJIbHBIN
AV | cm® 285+310 360+390 460+480 475+495

Pacxoxzaenue Mexay mnapaulebHbIMU HcObITaHUSIMUA B cooTBeTcTBUU ¢ ['OCT
4546-81ne nomxHo npeBbimaTh 10 CM3, OJIHAKO Ha MpakTuke oHu gocturarot 30 oM 1
oosmee. OgHUM W3 HEAOCTAaTKOB METOJa SBJIAETCS TO, 4YTO PabOTOCIOCOOHOCTh
B3pBIBUATOr0 BEIIECTBA BBIPAXKAETCS B HEKOTOPBIX YCIOBHBIX €IMHUIIAX MPUPALLICHUS
obbema. Kpome TOro, mo BeIMUHMHE AV ' Hemp3s KOIMYECTBEHHO CpaBHUBATh
B3PBIBYATHIC BEIIECTBA, @ MOKHO JIMIIIb PACHIOJIOKUTh UX B HEKOTOPBIA OTHOCUTEIbHbBIN
psi. DT0 cBA3aHHO ¢ TeM, uTo BenmunHa AV cpa3ana ¢ mcTHHOMN PaboTOCIIOCOGHOCTEIO
B3PBIBUATHIX BEIIECTB HEJTMHEMHON 3aBUCUMOCTBIO.

Memoo rKeusaIeHmMubIX 3aPA006

JIns  OTHOCHUTENFHOM OIIGHKH pabOTOCIIOCOOHOCTH  B3pPBIBYATHIX  BEILIECTB
A.®. bensieB MpeUIoKUII METOT SKBUBAJICHTHBIX 3apsioB. CyTh METO/Ia 3aKIII0YACTCS B
OTIPEJIeNICHUN SKBHBAJICHTHON MAacchl ATAaJOHHOTO 3apsjaa (Hampumep, TPOTWIIA HIIH
amMoHnTa 6)KB), mpousBoasIero takoe ke paciIMpeHHe, Kak HUCCIETyeMBbIi 3apsi.
OnunakoBeiM pacumpenusm AV nomkna cooTseTcTBOBaTh OfMHAKOBas paboTa
B3peIBa A,

[Ipu Mcronp30BaHUM METOa SKBHBAJICHTHBIX 3apsIOB M3MEPEHUS MPOBOMSATCS B
CIIE/TYIOILIEM TTOPSI/IKE.

* CTpoutcs rpaduk 3aBUCUMOCTH pacIUpeHus cBuHI0Boi 60MOb1 AV o Macch!
B30PBAHHOTO 3apsjia ATAJOHHOTO B3PHIBYATOTO BemiecTBa MO, Hampumep,
ammonuta 6)KB (puc. 7.2).

 [IpoBoauTCsSI B3pBIB HCCIEIYyeMOro OOpaslia B3PHIBUATOTO BEIIECTBA MAacCCOM
M = 10 u onpenensercs Bemmunna AV

* Ilo rpaduxy (puc. 7.2) HaxXogUTCS DSKBUBAICHTHAs Macca 3TaJOHHOTO

B3pbIBUATOrO BemecTsa M5 .



AV, oM’
0 200 400 600 800

Puc. 7.2.3aBucumMocTb pacumpeHns CBUHIIOBOM 00MObI
OT Macchl B30PBAHHOI'O 3apsiJia 3TAJIOHHOT'O B3pbIBYATOIO BELECTBA

* OmnpenenseTcss OTHOCHTEIbHAs (yracHOCTh (paboTOCIIOCOOHOCTD) B3PHIBYATOTO
BEIIIECTBA 110 OTHOIICHUIO K ATAJIOHY

'Kk: AG—M3

A4, M
B cootBerctBUM ¢ 3TOM (QopMmysoi, mpH M = Ma, Bemmunaa A, = 1; mpn
M < M5 pemmauna A, > 1; npun M > M5 pemumna A, < 1.
e JUisi M3BECTHOrO 3HAYCHHs PAGOTOCIIOCOGHOCTH STANOHHOrO BemecTBa Ao
MO>KHO OIPENETIUTh BEMUUUHY A, ISl UCCIETyEeMOTO B3PbIBYATOIO BELIECTBA
Ay = Z@ DA@S.
Hekoropble naHHBIE 1O OTHOCHUTENHHOH pPabOTOCIOCOOHOCTH B3PBIBYATHIX

BCIIECTB, TMOJYYEHHBIE METOJIOM OKBUBAJICHTHOTO 3apsiia B CBUHIIOBOM OomOe
pUBEACHBI B Ta0d. 7.2,

Tabmuna 7.2
OTtHOcuTeNnbHAsA pabOTOCIIOCOOHOCTDH B3PhIBUATHIX BEIIECTB,
MOJTy4YEHHasi METOJIOM SKBHBAJIEHTHOTO 3apsijia

BspriBuaTtoe AV  cn® M, t A,
BEIIECTBO

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

Memoo doanrucmuyeckozo masasmHuka

OCHOBOIl MasiTHUKa SIBIAETCS Tpy3, IMOJBEUIEHHBIM HA JKECTKUX Tsirax K
HEMOABWXHOMU omnope. [Ipu Bo3neicTBMM HAa MasiTHUK NIPOJYKTOB B3phIBa UJIU YAAPHON
BOJIHBI, OH MOJY4YaeT HEKOTOPBIA UMIYJIbC CHIIBI U OTKJIOHSIETCS Ha COOTBETCTBYIOIIMMA

yrox ¢ (puc. 7.3).
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Puc. 7.3.Cxema 0aJUIMCTUYECKOTO MAsSTHUKA

[Ipu monmpwIBe 3apsiia WCCIETYEMOTO B3PHIBYATOTO BEIIECTBA, Pa3MEIICHHOTO Ha
TOpIlC MasTHHUKA, LIEHTP THKECTH MAasTHUKA MOJHUMaercs Ha BbicoTy h (puc. 7.3).
Takum oOpaszoMm, paboTa B3pwhiBa A, 3aTpadyuMBacTCs Ha TMOABEM IIEHTPA TIKECTH
MasiTHUKA U MOXKET OBITh paccyrTaHa mo Gpopmyie

A, = mgh= mgl (- cog ), (7.2)

rae " —wmacca MasTHHKA,
| — nuHa moaBeca MasTHHKA;
h — BEIcOTa MOXBEMA LEHTpA TSKECTH MASTHHKA,
9 _yckopeHne cBOGOIHOTO maieHHUs.

[lo m3BectHeiM 3HadeHmsM ™, | u wmsmepenHoMy yrmy oTkmomeHms ¢ c
IOMOIIBIO (opMYJIBI (7.2) MOXKHO PacCUYUTATh BETUINHY A,.

[lpy wucHBITAHUAX OOBIYHO  ONPEACISAIOT MAacCy 3apsija  HUCCIEAyeMOro
B3pPBIBUATOTO BEIECTBA, KOTOPHIH JaeT OTKJIOHCHHE MAasTHHUKA, PABHOEC OTKJIOHCHHUIO
IIPY B3PBIBE CTAHIAPTHOTO B3pbIBYATOrO BeriectBa Maccord 200T. OObIUHO B KaueCTBE
ITAJOHHOTO BEIIECTBA MCIOJB3YeTCss TPOTWI. [Ipy 3TOM OmnpenenseTcs: TPOTUIIOBBIH
OKBUBAJICHT  HCCJCIyeMOTO  B3pbIBYATOrO0  BemiecTBa. JIOCTOMHCTBO — MeTOja

3aKII04YacTCsad B BO3MOKHOCTHU IMMPOBOANTH UCIIBITAHUA KPYIIHBIX 3apsa0B Maccou 6oiee
200r.

Memoo bannrucmuueckoi mopmupol

Cxema OamnMCTHUECKON MOpPTUPBI MpuBeAeHAa Ha puc. 7.4. YcraHOBKa s
U3MEpeHUsl pabOTOCIOCOOHOCTH B3pBHIBUATHIX BEIIECTB COCTOMT W3 MAaCCHUBHOM
CTaabHOM MOPTUPHI 1, MOJBEIIEHHOW Ha MOJBEcCaXx S B BHJIE MAasTHUKA, B3PHIBHOU
KamMepbl U pPaCUIMPUTENBHON KaMepbl. Bo B3pbIBHOW KamMepe MOMEIIAETCS 3apsjl
UCCIIeyeMOTo B3pbIBUATOrO BemiecTBa 3 maccoil 10r; B pacummputenbHON Kamepe —
MaCCHUBHBIN MOpIIeHb-CHApsA. [Ipy nmoapsiBe 3apsia B3pbIBYATOIO BEUIECTBA NOPLIECHb-
CHapsiJl Maccou m BLI%)&CLIB&CTC}I C HauanbHOM ckopocTeio Y, a MopTupa maccoit M
OTKJIOHSIETCSI Ha YTOJl 7 , pETUCTPUPYEMBII U3MepUTeeM 4.

a
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Puc. 7.4.CxemMa GamIMCTUYECKOW MOPTUPHI: 1-MOpTHpa, 2-CHapsia, 3-3aps
B3PBIBUATOTO BEIIECTBA, 4-M3MEPHUTENIb OTKIOHECHHS, SI10/1BEC

PaGora A;, 3aTpadeHHasi Ha OTKJIIOHEHHUE MOPTHUPBI Ha YTOJI ? PacCYUTHIBACTCSI 110
dopmyite, anamornaHou (7.2):

A = Mgh= MgI(- cog ) (7.3)

rie M —wmacca MOPTHPHI;
h=11- co3 ] _gppicora MOJHATHUSA LIEHTPA TSHKECTH MOPTHPHI;
| — utiHa mosecos MOPTHPHI.

HauaneHyto CKOpOCTh JBHXKEHUSI MOPTHUPHI U moxuo OTIPENICNIUTh, IPUPABHUBAS

paboTy OTKJIOHEHHUSI MOPTUPBI A1 U €€ KHHETHYECKYIO SHEPTHIO:

MU 2
2

= A = Mgl(l- co§ ). (7.4)

W3 (7.4)cnenyer, 4to

U =2gI@1- co§). (7.5)

PaGora A,, 3aTpadeHHas Ha BHIOpoc mopmHs Maccoil ', paccuuTsiBaeTcs 1o
bopmyie:

A=——r, (7.6)

rne M —macca mopiums;
U — pavanbHas CKOPOCTH MOPIIHSL.
B COOTBETCTBMM C TPETBMM 3aKOHOM HBIOTOHA, KOJHMYECTBO JBHMIKEHHS
(MMITyJIbC), TIOJY4EHHOE MOPTUPOI M IIOPIIHEM JOJDKHO OBITh OJUHAKOBBIM:

mu= MU (7.7)
N3 (7.5)u (7.7)MOXHO OTYIHTh (POPMYITY JJIsl pacdeTa CKOPOCTH CHapsiIa:

20



M M ,
u= —U=—/2gI(l- co§ ), (7.8)
m m
[Moncrasnsist (7.8) B (7.6), momyuum dopmyity uis pacdera paOOThI, 3aTPAYCHHON
Ha BBIOPOC MOPIIHS

2
Ay = M—gl(l- cog ). (7.9)

m

[lonnast pabota B3pbiBa OyAE€T paBHa CyMMe€ padOT, 3aTpay€HHBIX Ha BBIOPOC
MOPILHS U OTKJIOHEHUE MOPTHUPHI:

Ay = A+ 4y = M9|(1‘005¢)(1+Mj (7.10)

m)- '
TakuM 06pa3oM, IO M3BECTHbIM 3HaueHusM M, m, | u u3mepennomy yriy
oTknoHenns moptupsl ¢ momompio  Qopmymel  (7.10) MOKHO paccdHTATH

paboTOCIIOCOOHOCTD UCCIIEYEMOIO B3PhIBYATOIO BELIECTBA.
Ouenka pabomocnocobnocmu 63pbleHamoix euyecme no 60poHKe 6vldpoca

IIpu B3pBIBE COCPEIOTOUEHHOTO 3apsi/ia B3phIBYUATOrO BEIIECTBA, PACIIOIOKEHHOIO
B IPYHTE Ha HEKOTOPOH riayOuHe, oOpa3yeTcs BOpOHKAa KOHMUYECKOH (OpMBI paamycom
R u rtnyounoit h (puc. 7.5). Kak mnoxazanum pe3yabTaTbl MHOTOYHCICHHBIX
JKCIIEPHMEHTOB, 00BEeM  oOpasoBaBulelici BopoEkH YV  IpONOpIHOHAJIEH
paboTOCIIOCOOHOCTH 3apsiaa B3phIBUATOrO BEIIECTBA!

@:V=1#h
3

Ha sTom mpuHIMie oCHOBaH METOJ OIEHKH OTHOCHTEIIBHON pab0TOCIIOCOOHOCTH
B3pPHIBYATOTO BEIIECTBA. B mecyaHoM rpyHTe Ha (PUKCHPOBAHHOW IS JaHHOU CepHH
OTIBITOB ITyOMHE, 3aBUCSIICH OT OTEHIIUAIBHON YHEPTHH B3PHIBA, TOIPHIBAIOT 3aPSIIbI
UCCJIEyeMOT0 M STAJIOHHOTO B3pBIBYATHIX BemlecTB. [Ipu 3TOM 3apsia mcciaemyemMoro
B3pPBIBYATOTO BEIIECTBA MMEET (PUKCHPOBAHHYIO Maccy M, a Macca dTaJOHHOTO 3apsijia
M5 BappupyeTcsi 10 TeX Top, MOKa 00BEeM BOPOHKH, 00pa3yeMoil IMpH B3pbIBE
ITAJIOHHOTO M HCCIEAYEeMOro 3apsjoB, He OyneT oaWHaKoBbIM. OTHOCHTENBbHAS
paboTOCTIOCOOHOCTD OMpeeseTcs o Gopmyiie:

~ M,
M

rne M, — macca SKBHBAJICHTHOTO 3apsla, TO €CTh Macca 3apsaa ITaJOHHOTO
B3pPBIBYATOTO BEIIECTBA, TP B3PhIBE KOTOPOTO COBEPIIAETCS Ta XK€ paboTa, 4TO W MpH
B3pBIBE 3apsa HCCIEIyeMOro B3pBIBUATOrO BeliecTBa Maccod M. B kadectBe
ATAJIOHHOTO BEIIeCTBa OOBIYHO UCTIONB3yeTCst aMMOHUT GXKB.



Puc. 7.5.Meton o1ieHKH pabOTOCTIOCOOHOCTH B3PhIBYATOTO BEIIECTBA
110 BOPOHKE BbIOpOCa

Hapamempuol yoapuwvix 6011

Ounenka QyracHoctu  (pabOTOCIIOCOOHOCTH)  B3pPHIBYATOIO  BEIECTBA IO
U3MEPECHHBIM TIapaMeTpaM yIapHbIX BOJH MPOBOJUTCS JBYMs cCroco0amMu —
U3MEPEHUEM UMITYJIbca (a3bl CHKATHS yIAPHOM BOJHBI MM W30BITOYHOTO JIABJICHUS HA
ee GpoHTe.

[Tpr m3MepeHUM WMITyJIbCca (a3bl CXKATHS BOJIHBI HCIIOIB3YIOTCS CITCIUATbHBIC
prOOPHl — UMITYJILCOMEPHI PA3IUYHON KOHCTPYKIUU (MasTHUKOBBIE, IMMOPIIHEBHIC W
T.1.). [Ipu m3MepeHnrn W30BITOYHOTO JABJICHUS HCIIONB3YeTCsS JATYUKUA JABJICHUS C
BBICOKMM BPEMEHHBIM pa3pelIeHueM, B YaCTHOCTH, MbE303JICKTPHUSCKHAC JaTUHKH.

Kpome TOro, BenmuumHy U30BITOYHOTO JABJICHHS MOXHO pPacCYUTaTh I10
U3MEPEHHOW CKOPOCTHU YJapHOM BOJIHBI:

p= kzi 1(u2- ?), (7.11)

rie 4 p —u30bITOYHOE TaBJICHHE;
p — IJNIOTHOCTh BO3/1yXa,
K — nokasarens aguaGarsr (1t Boayxa K= 1.4):
U — ckopocTh yaapHoOii BOIHBI,
¢ —CKOPOCTbh 3BYKa B BO3/yX€.
Jlnst  omeHKW  (DyracHOCTH B3pBIBYATOTO BEIIECTBA MOXXHO HCIIOJIh30BaTh
IMIUPHUIECKYIO (OPMYITY, TOJIYICHHYIO B Pe3yJIbTaTe 00paOOTKH OMBITHBIX JAHHBIX:

A, = KQP NG, (7.12)

rne Q,— rerioTa B3phiBa, JIK/Kr;
Vo, — yZiebHbII 00beM ra3000pa3HbIX MPOTYyKTOB B3pbIBa, (JI/KT);
K —»>mnupuyeckuit koahpuiueHt.



BBuny cioxsHocTH omnpexnencHus kodpdunmenta K, oO0braHO BhIipaxenue (7.12)
UCTIONB3YETCsI ISl HAaXO0XKJIEHUsI OTHOCUTENIbHOM paboTtocriocobnocTr. Ecim B kauecTBe
STAJIOHHOTO B3PBIBUATOr0 BeliecTBa B3aTh ammoHuTr 6XB (Q, =4.32 MJDx/xr,
V,=8931/kr), To popmyia (7.12)mpumer BuI:

.75 Q 2t
1 = A _XQ, KV
A, #4321 %89

B nmuteparype wacto B kKauecTBe Mephl OTHOCUTEILHON (PYyracHOCTH B3PHIBUATOTO
BEIIECTBA MCIIOJIL3YETCS BEIMUYMHA TPOTHIIOBOTO SKBUBAJICHTA, KOTOPHIN OMpEaeseTCs
pacyYeTHBIM WJIM JKCIIEPUMEHTAJIBHBIM myTeM. [Ipm 3TOM B KadecTBE STAJIOHHOTO
BEIIECTBA MMPUMEHSIETCS TPOTHUIL.

TpoTUIOBBI HSKBUBAJICHT — 3TO BEJIMYMHA, KOTOpas IOKa3bIBACT, CKOJBKO
KHJIOTPAaMMOB ~ TPOTHJIa HEOOXOJUMO B30pBaTh, 4YTOOBI TIOJYYHTh TaKyH e
(GbyracHoOCTh, KaK y OJHOTO KHJOTpaMMa MCCJICIyeMOTo B3PhIBUATOTO BemiecTBa. Ecim
TPOTHUJIOBBIM SKBUBAJICHT MEHBIIIC CJMHMIIBI, TO IAHHOE BEIIECTBO MOIIHEE TPOTHIIA, U
Hao00poT. BenuunHa TPOTHIIOBOTO 3KBUBAJIEHTa 15 JJIT HEKOTOPBIX MPOMBIIIICHHBIX
B3PBIBYATHIX BEIIECTB IIPUBEICHA B Ta0I. 7.3.

Tabomuna 7.3
TpoTHIIOBBIN SKBUBAJICHT MPOMBINIIEHHBIX B3PHIBUATHIX BEIICCTB

BemectBo | VYrimenut | AMMOHUT | AMMOHUAT | AMMOHUT | Tpotun | AMMoHan
IDKB-2 | AIIS)XKB 6)KB CKAJIbHBIN
15 0.39 0.57 0.65 0.81 1.00 1.08

7.2. OUEHKA BPU3AHTHOCTU B3PbIBYATOI O BELLJECTBA

Kak ormeuanoch BeIlie, OpPHU3aHTHOCTH B3PHIBYATOTO BEIIECTBA — JTO €T0
CIOCOOHOCTh K MECTHOMY Pa3pyIIMTEILHOMY EHUCTBHIO, TP KOTOPOM HArpy>KCHHE
Cpenpl OCYIIECTBISIETCS WMEHHO MPOIYyKTaMU JETOHAIMU. bpu3aHTHOE aeicTBUE
B3PBIBUATOTO BEIIECTBA MPOSIBIISICTCS JIMIIb HA OJIM3KUX PACCTOSHUSIX OT MECTa B3PhIBA,
/i€ JaBJICHUE U TUIOTHOCTh SHEPTHH MPOTYKTOB B3PhIBA €I TOCTATOYHO BEIUKHU. DTO
paccTosiHAE COMOCTaBUMO C pa3MepaMH CaMOro 3apsija B3pbiBYaTOro BemiecTBa. C
ylaJeHHeM OT MeCTa B3pbhiBa MeXaHWueckas J(PQPEKTUBHOCTh PE3KO CHUKACTCS
BCJIC/ICTBHE TIAJICHUS JABJICHHMsI, CKOPOCTH U IPYTHX MapaMeTPOB MPOTYKTOB B3PHIBA.

[IposiBeHre OpU3aHTHOCTH — ATO OCKOJIOUHOE JeHCTBHE Ooenpumnacon, 3OQPpeKTh
KyMyJISiliud, OpOHENpOOMBHOE [EHCTBUE NPOAYKTOB JACTOHAIIMM W APYTHE BHIBI
MECTHBIX pa3pylieHUuH. BpHU3aHTHOCTH SBISIETCS OMHON M3 Ba)XXHBIX XapPaKTEPUCTUK
B3pPHIBYATOTO BEIECTBA, HA OCHOBAHWHM KOTOPOW MPOBOAMTCS HMX CpPaBHUTEIbHAS
OIICHKa W BBIOOp I KOHKPETHBIX TIiened (Ooempwuriachl, KyMYJIATHBHBIC 3apsiibl,
B3pBIBYATHIC BEIIECTBA JIJIS PE3KU U 00pPaOOTKH META/UIOB B3PHIBOM U T.1I.).



BpI/IBaHTHbIe CBOMCTBA B3PbIBYATOTO BCHICCTBA HC OIIPCACIEIOTCA ITOJITHOCTBIO
TEMHU XKC IapaMCTpaMH, 4YTO H q)yraCHOCTI) JAaHHOI'O B3PbIBYATOr'0 BCIIICCTBA. B
JaCTHOCTH, (I)yraCHOCTI) B3PbBIBYATOI'0 BECIICCTBA BO3PACTACT C YBCINYCHUCM y,Z[CJIBHOﬁ

TETUIOTHI B3pPBIBYATOrO MpeBpatieHus Q,, yaeabHbIM 00beMOM V, U TEIIOEMKOCTHIO SV
ra3o00pa3HbIX MPOTYKTOB B3PbHIBA.

Jlist OUEHKH OpHU3aHTHOCTH ONPEACISIONMMH (aKTOPaMH SIBISIFOTCS APYTHE
napaMeTpel — CKOpPOCTh JeToHaumu D wu naBieHuwe neroHanmu p. V3MeHeHme
TUTOTHOCTH 3apsia ciabo BiuseT Ha GyracHOCTh, HO 3aTO OKAa3bIBAET CHIILHOE BIUSHHE
Ha ero OpU3aHTHOCTh. DTO CBS3aHO C TEM, YTO CKOPOCTh U JaBJIICHUE JETOHALUU PE3KO
BO3PACTAIOT C YBEIMYECHUEM HAYaIbHOW TUIOTHOCTH B3PBIBYATOTO BEIIIECTBA.

Teopemuttecmm OUeHKa 6pu3anmnocmu

N3BECTHO HECKOJBKO CIOCOOOB TEOPETUYECKOM OLIEHKM OpU3aHTHOCTH,
OCHOBaHHBIX Ha psAne (pusmueckux mnpeanoceliok. PaccMoTpuM nBa cnocoba pacuera
OpU3aHTHOCTH B3pbIBYATOIO BEIIECTBA.

B mepBom crmocobe B kauecTBE Mepbl OpHU3AaHTHOCTH NPUHUMAETCS BEIMYMHA

ckauka gaBiaeHns DP na (GbpoHTE BOJHBI JETOHAIUU:
Dp=p - p=roub,
TZI€ Py, Po— NABICHUE U IUIOTHOCTH HEBO3MYLIEHHOTO BO31yXa,;
U — CKOpPOCTB paszjieTa NPOAYKTOB I€TOHALUH.

Bo BTOpOM cmoco0e B KadecTBe Mepbl OpHU3aHTHOCTH HCIOJb3YEeTCsS BEIHMYMHA
VMMITYJIbCUBHOM CWJIBL. B IpearnonoxeHuu, 4ro npu BCTpEYE C MPErpagou, BCIEACTBUE
JBUKEHUSI TPOJYKTOB JNETOHAIIMM K CTEHKE, OHM OyIyT YIUIOTHSTHCS, a JIaBJICHHE
BO3pacTarh, ProgeHOepr mNpeiokuil XapakTepu3oBaTh OpPU3aHTHOCTb BEIMYUHOU
VMITYJIbCUBHOM CHUJIBI

P=Dp +r?, (7.13)

2 - o
rae pu-IMmHaMUYCCKHMM HAop IPOAYKTOB ACTOHAOMMW B 30HC ACTOHAIIMOHHOU
BOJIHBI.

o o . . o)
JI1si  cuabHOM JI€TOHALIMOHHOM BOJIHBI (u : D, p - Fb) BBITIOJTHSIOTCS
CJIEYIOIINE COOTHOLICHHUS:

r,D? A
D = Lo
P> p =2,
> (7.14)
2
2 roD _p
rus» —2-— ="
k-1 k'

rae K—mokasarens aama6aThl IPOLYKTOB JCTOHALIHHL.
[MoncraBnsst (7.14) B (7.12), monyunM cieayroliee BbIpaKEHUE [JIS pacdyera
UMITYJICUBHOM CHIIBI




Pe3ynbraThl SKCIIEpMMEHTOB TOKa3ald, YTO TOKAa3aTelb aanadaThl MPOIYKTOB
neroHaruu K = 3; mpu 3Tom hopMmyiia sl pacueTa UMITYIbCUBHON CHIIBI IPUMET BH/I:

4
p==
3p.

Yka3aHHEbIE q)OpMYJ'ILI SABJIIIOTCA l'IpI/I6J'II/I)KCHHBIMI/I U MOT'YT HCIIOJIB30BATbCA
TOJIBKO OJIA FPY6I>IX OLICHOK 6pI/IBaHTHOCTI/I B3PbIBYATOI'O BCIICCTBA.

3Kcnepumenmaflbuoe onpeOeﬂenue 6pu3aHmH0cmu 63pbleuamoo eeuiecmea

[Ipu sKCHIEpUMEHTAILHOM OTPEIEICHUH OPU3aHTHOCTH B3PHIBUATOTO BEIIECTBA
UCIIOJIB3YIOTCSL  pa3iu4Hble MeToAbl. PaccMoTpuMm Hambosee pacnpoCTpaHCHHBIE
METOJIbl — 00’KaTHE CBUHITOBBIX CTOJIOMKOB U 00’KaTHE METHBIX KPEIIEPOB.

Oborcamue c6uHY0BbIX CMONOUKOS

Meton oOxaTusi CBHHIIOBBIX CTOJIOMKOB ObuT mpeanokeH ['eccom B 187G. u
SBJIIETCS] HAanOOoJIee pacIpPOCTPAaHEHHBIM M TPOCTHIM METOAOM HCHBITAHUS B3PhIBYATHIX
BelIeCTB Ha Opu3aHTHOCTH (puc. 7.6). Ins HMCHBITAHUE TPUMEHSCTCS CBUHIIOBBIN
cronbuk 2 nuamerpom 40 MM u BbeicoTOM 60 MM, KOTOpPBIN BEPTUKAIBLHO YCTAHOBJIEH Ha
MaccuBHOM crampbHOM muTe 1. Ha cronOuk mnomemaroT CTajbHYH IJIACTUHY
nuamerpoMm 41 mm u BbicoToi 10 MM, Ha KOTOpPOH yCTaHOBJIEH 3aps]l B3PbHIBUATOTO
BemectBa guamerpoM 40 mm, maccoit 50 r B OyMakHOU 00o0JiouKke. 3apsia cHaOXeH
KarcroneM-aeronatopoM 5. [Ipu B3pbIBe BemiecTBa cTonOuk aedopmupyercs. Mepoit
OpM3aHTHOCTH SIBJISICTCS] BETMYUHA

g=Bh_ Ah
(h, - 2h)-

rae 8h=h, —h _gennuuna oGxarus;
ho, hy —HauanbHas M KOHEYHAs! BEICOTA CTOJOMKA.
®OyHKIHUS @ YYUTHIBAET YBEIMYCHHE COIPOTHUBJICHHS CTOJIOMKA 10 MEpe €ro
oOxatusi. B Tabn. 7.4 mnpuBeneHsl BenuuuHbl AN W Q, XapaKTEpU3YIOIIHE
OpU3aHTHOCTD, JUII HEKOTOPBIX B3PHIBUATHIX BEIICCTB.
Tabmuma 7.4
3HaueHus1 OpU3aHTHOCTH IS Pa3IMUHBIX B3PHIBUYATHIX BEIICCTB
npu miotHocTH 1 r/em®

BspoiBuatoe | AMmonut 6KB | Tpotun | letToHuT M | AMMOHUT CKalbHBIN
BEILECTBO
Ah, Mmm 14 16 17 18

a 0.305 0.364 0.396 0.430

C yBenu4YeHHeM IUIOTHOCTHU 3apsijia (mpu Tou ke macce), BenuunHa Ah nuHeiHo
BO3pacTaeT. BenuwumHa 0O0XaTHs CTOJIOMKA 3aBUCHUT OT CKOPOCTH ACTOHAIMH IS

)



JaHHOI'O BCOICCTBA, KOTOpasa BO3paCcTacr C HN3MCJIBYCHUCM KOMIIOHCHTOB U
YBCIIMYCHUEM UX TOMOT'CHHOCTH.

Puc. 7.6.11po6a I'ecca: 1-cranpHas TumTa, 2-CBUHIIOBBIN CTONOUK, 3-3apsiy
B3PBIBUATOTO BEIIECTBA, 4-CTaIbHBIC IUIACTUHBI, S-IETOHATOP

Oboicamue meOHbIX Kpeuepos

Janueiii meton mpemnoken Kactom B 1893, Cxema Opuzantomerpa Kacra
npuBeAcHa Ha puc. /.7. Ha cranpHOe ocHOBaHHME 1 yCTaHOBIJIGH MOJIBIA CTaJbHOMN
HUAJMHIP 2 ¢ MPUTEPTHIM CTAIbHBIM TopinHeM 3 Maccoir 680 1. Ha mopuine nmeercs
cranpHas Haknagaka 4 tommuHo 20 MM u maccoit 320 T, mMOKpbBITas JJIs 3alUTH OT
HEIOCPEICTBEHHOTO JCHCTBUS MPOTYKTOB B3PhIBa CBUHIIOBBIM JIUCKOM 5 TOJIIMHON 4
MM. 3apsii B3pbIBYaTOro BemectBa / auameTpoM 20 MM u BeicoToi /0 MM cHaOeH
KarcroseM-neronaTopom 8. [To mopirHeM ycTaHOBIICH MEAHBINA Kperiep 6 nuamMmeTpom
7 MM u BeicoTOH 10,5MM.

[Ipu mompwiBe 3apsma TOPIIEHb MOTy4YaeT JMHAMHYECKUN yaap U O0XKUMaeT

kpeuiep. [Ipu 3TOM ero BbICOTa YMEHBIIIAETCS HA BEIUYUHY Ah=h, -h . Bemuuna
obxarus Ah ciyKuT Mepod OpPHU3aHTHOCTH HCCIICAYEMOI'O B3pPBIBUATOrO BEILECTBA.
Pe3ynbrarhl MCTIBITAHUN JIs1 HEKOTOPBIX BELIECTB MTPUBEJEHBI B Ta0. 7.5.

Tabmuna 7.5
Pesynbrarhl BccienoBaHus OpU3aHTHOCTH METOIOM 00KaTHS METHBIX KPEIIEepPOB

B3peiBuaroe BemecTBo ITupoxkcunun | Tporun | Jdunamutr | Hurpornuuepun

4h, mm 3.0 3.6 3.9 4.6

CpaBHeHHe pe3yabTaToOB MpoObl ['ecca m MeToma 00XKaThsi METHBIX KPEmepoB
MIOKa3aJli UX UIEHTHYHOCTH (pa3dpoc pe3ynbraToB He TpeBbimaet 2-4%).
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Puc. 7.7.1Ipo6a Kacra:
1-cTtanpHOE OCHOBaHUE, 24TUINH/P,3-TIOPIICHD, 4-CTalbHAS HAKJIaIKa, 5-
CBUHIIOBBIN JAWCK, 6Kpemep, /-3aps/] B3phIBYATOTO BEMIECTBA, 8-1€TOHATOD

Crnenyer OTMETHTH, YTO MO OTAEIBHOCTH OpH3aHTHbIE WU (yracHbie (HOPMbI
pa®oThl B3pbIBAa Ha MPAKTUKE BCTpEUaroTCs peaxo. B OonblmmHCTBE ciydaeB pabota
B3pbIBA HOCUT KOMOWHHUPOBAHHBIM XapakTep — (yracHo-OpuzanTHbli. Ilpu sTOM
peabHOE BpeMsi COBepIIeHHs padOThl B3pbIBa, TO €CTh BpeMs OTOOpa PHEPTUU OT
IPOAYKTOB B3pBIBA, NMPH KOMOMHHUPOBAHHOM BO3JEHCTBHM, OOJbIIE, YEM IPU €ro

6pusanTHOM aeiicteun (10°+10°c), HO MeHbIe, YeM IpH GyracHOM JIeHCTBHHM B3pHIBA
4. 43
(10*+10°c).

7.3. PACYHET XAPAKTEPUCTUK B3PbIBA

OCHOBHBIM MOPAXKAIOIIMM JEHCTBUEM B3pBIBUATBHIX BEILECTB SIBISETCA yIapHas
BojHA. [loaTOMy 1u1si ompeneneHnss MOpaXKaroLero AEHCTBUS B3PbIBUATOrO BEIIECTBA
HEOOXOMMO paccuuTaTh U30BITOUHOE JABICHHUE B3pPbhIBA

Dp=p - m, (7.15)

rJie p — IaBiieHre Ha (POHTE yAAPHON BOJHBI;
Po— JaBlIeHUE HEBO3MYIIICHHOIO Bo3ayxa —atMocdeproe nasienue (101kI1a).
Bennunaa Ap 3aBHCHT OT THMa B3pBIBUATOTO BEIIECTBA, MACChl B30PBAHHOTO
3apsjia, PaCCTOSIHUSI OT IIEHTPA B3phIBA M XapaKTepa MOJICTUIIAIONIEH TOBEPXHOCTH.
Pacuer Benmumubl M30BITOUHOTO AaBieHUs Ap mpoBoauTcss B aBa 3tama. Ha
MIEPBOM JTare HaXxOUTCs MPUBEICHHBINA PaInyC 30HBI B3pbIBa 10 GopmyIie

— R
R= ——= (7.16)
32KMT,

a7



rae R —paccrosinue ot LeHTpa B3phIBa, M;
M —wmacca 3apsna, Kr;
K —xoadduiineHT, yIUTHIBAIOIINN XapaKTep MOICTHIIAIONIEH TOBEPXHOCTH;
T'5 — TPOTUJIOBBIN KBUBAJICHT B3PHIBYATOTO BEIIECTBA.
B T1abn. 7.6 nmpuBenmennl 3HaueHUs Koddduiuenta K i pa3HBIX THUIIOB
MIOJICTHJTAIOIIINX MAaTEPHAIIOB.

Tabmuna 7.6
3uauenus koapdumenta K 111 pa3HbIX MaTEPUATIOB
Marepuan noACTUIAIOIIEH Koaddunuent K
OBEPXHOCTH
Mertann 1.00
betron 0.95
JlepeBo 0.80
['pyHT 0.60

TpoTHIIOBBII AKBHBAJICHT, KaK OBLIO MOKA3aHO BBINIE, — 3TO OTHOIICHHWE MacChl
B3pPBIBUATOTO BEIIECTBA K Macce TPOTWIIA, CO3JAIONIeH OIMHAKOBOE MOpaKaIoIIeH
nevcteue. Ilpu T, < 1 B3peBuaTOo€ BemecTBO oOagaeT 0Ooee CHIBHBIM
paspyliaommMM JeicTBUeM, dYeM TpoTwin (HAa OJWH KWJIOTpaMM  B3PBIBYATOTO
BellecTBa); mpu 75 = 1 B3pbIBYATOE BEIIECTBO UMEET TAKYIO JK€ Pa3pyIIAIOINIYI0 CHITY,
KaKk W TpoTwi, npu 15> 1 B3pbIBUATOE BEIIECTBO OYACT MPOW3BOJNUTH MEHBIICE
paspymiarpiiee BO3AeHCTBHE, YeM TpOoTuia. B Tabm. 7.3 ObUTM MpUBEACHBI 3HAYCHUS
TPOTUJIOBOTO DKBHBAJICHTA JIJISI MPOMBIIIJICHHBIX B3pPBIBUATHIX BemiecTB. B Tabm. 7.7
NPHUBEICHBI 3HAYCHHSI TPOTHIIOBOTO YKBUBAJICHTA JJIT HEKOTOPHIX OOCBBIX B3PHIBYATHIX
BEIIICCTB.

Tabmuma 7.7
3HaueHUe TPOTHIIOBOT'O SKBHBAJICHTA
111 OOCBBIX B3PBIBYATHIX BEILECTB

B3peiBuaroe Bemectso | 75

ITopox 0.66
AMMOHan 0.99
Tpotun 1.00
Terpun 1.15
I'excoren 1.30
TOH 1.39
Tputonan 1.53

Ha BTOpOM 3Tare no pacCYMTaHHOMY 3HAYCHHUIO IPUBEICHHOTO paauyca R (7.16)
paccUmMThIBaeTCS BeMMYMHA W30bITOuHOTO naBieHus Ap. Ilpu 3TOM 3aBUCHMOCTH OT
BEJIMYMHBI R HCHOJB3YHOTCS pasHbie (opmynbl. s 3Hadenuit R < 6.2 pacuer
M30bITOYHOTO JAaBJICHUS B3pbIBA IPOBOJUTCS MO (opMyIie:



Dp= g)K\/]ﬁ R - lg-]l,KHa. (7.17)

Jns 3HaueHnit R > 6.2pacueTHas Gpopmysa st U30bITOYHOTO JaBJICHHS B3pPhIBA
UMEET BUI:

Dp= %)(\/Ig R- 0.332)- 1,KHa. (7.18)

Hcrosb3ys pacCUMTaHHbIE 3HAYEHUS N30BITOUHOTO JaBieHus B3pbiBa D P, MoxkHO
NPOBECTU OIICHKY CTENEHU pa3pyLIeHUs, MPOU3BOAMMOro B3phIBOM. IIpu oleHke
MOpAXkKAIOIIETO JEHCTBHUS B3PHIBUATOTO BEILIECTBA BHIIETSIOT YETHIPE 30HBI Pa3pyIICHUS
00BEKTOB, XapaKTEPUCTUKU KOTOPBIX MPUBEICHBI B Ta0. 7.8.

Tabnuna 7.8
30HBI pa3pylieHUus 00bEKTOB
IIPU Pa3HBIX 3HAYCHUSIX U30BITOYHOTO JABJICHUS B3pPhIBa

3o0Ha Ap, xlla
paspyuieHusl
Hommoe bonee 50
paspyuieHue
CuibHBIE 30 = 50
paspyuieHus
Cpenuue 20 + 30
paspyuieHusl
CnaObie 10 = 20
paspyuieHusl

JIIsl OLIEHKM CTEICHHW pa3pyIICHHs 3AaHUH M COOPYXCHUH NpHU KOHKPETHOM
B3PBIBE MOJKHO HCIIOJIb30BaTh Tabi. 7.9, B KOTOPOW MpeACTaBIECHbI IPEae/IbHbBIC
3HaUCHUS W30BITOYHOTO JaBJICHUS B3pbiBa Ap, BBI3BIBAIOIINE PA3IUYHBIC CTETICHU
pa3pyIieHus.

Tabmuma 7.9
3HaYCHHUS MMPEACTHPHOTO H30BITOYHOTO JIABICHUS,
BBI3BIBAIOIINE PA3IMYHBIC Pa3pPYyIICHUS 3TaHUN H COOPYKCHUH

4dp, | Paspymenue 4p, | Paspymenue 4p, | Paspymenue

klla klla klla
YactuuHoe Pa3pymienne Pa3pymienne

0.5+3.0| pa3pymienue 12 | meperopooxk, 30 | KUPIUYHBIX U OJIOYHBIX

OCTEKJICHUS OKOHHBIX paMm CTEH
[Tonnoe Pazpymenune Pazpymienune

3+7 | pazpymieHue 15 | mepekpbiTHii 90 | >xene300eTOHHBIX
OCTEKJICHUS KOHCTPYKIIUH

o9



PaccMoTpuM mopsiok pacdeTra W30BITOYHOTO JABJICHHS B3pbIBa Ha CIETYIOIIEM
npuMepe.

TpeOyercss ompenenuTh MOpaxarollee ACWCTBHE TPU B3pHIBE 3apsjaa TPOTHIIA
Maccoir 100kr Ha paccTosiHUU OT 37aHus R = 2M Ha OTKPBITOM I'PYHTE.

Brauane onpenennM n30bITOYHOE JaBieHHUE B3pbiBa Ap MpH B3pBIBE TPOTHIIA 11O
dopmyie (7.16). Koapdurument K mais OTKpHITOro rpyHTa HaxoauM 1o Tabdn. 7.6.0H
cocranisietT 0.60.TpoTHitoBBIi 3KBUBAJICHT JUIst TpoTHia 15 = 1 (Tabmn. 7.7).

R= R 2 2 2
== . =2 - 0.40€
2KMT, ~ J2w.60010011 J 120 4.93

[Tockombky R < 6.2, To mus pacyera W30BITOYHOIO JaBJIECHHS HCIOIB3YEM
bopmyny (7.17):

Dp= %)K‘\ll"‘ RS- 1?;1= %%I:\/l+ 0.4086 - g-ll: 71.8 kIla.

Teneppb mo Taba. 7.8 Haxoaum, uro npu B3pbiBe 100 kT TpoTHiia oOpasyercs 30Ha
MIOJTHOTO pa3pyIICHUSI.

[To Tabn. 7.9 MOXXHO ONpENENHWTh CTENEHb pa3pylleHus coopyxeHuiu. [Ipu
M30BITOYHOM JaBlIeHUM B3pbiBa DP = 71.88 kxlla Oymer NPOMCXOAMTH IOJHOE
paspylieHle OCTEKIICHUS, MEPETOPOIOK, OKOHHBIX paM, MEPEKPBITUH, KHUPIMUYHBIX H
OJIOYHBIX CTEH, HO pa3pylICHUS jKeIe300€TOHHBIX KOHCTPYKIIMIA HE TIPOU30M/IET.

8.B3PbIBbl TA30BbIX CMECEU

Ecau roproure rassl ¥ napbl HE CMELIAHBI C BO3AYXOM U HaXOIATCA B 3aKPBITOM
OaJuIOHE WK ammapare, TO OHU TOPETh He CIIOCOOHBI, TaK KaK OTCYTCTBYET OKHCIUTEIb
— KHUCJIOPOJ BO34yXa. B TEXHOIOrMYECKUX MpoLeccax, CBA3aHHBIX € IPOU3BOJICTBOM
WIA TPUMEHEHHEM TOpPIOYUX Ta30B U KUAKOCTEH, MOXKET IMPOUCXOAUTH 00pa3oBaHHE
CMecCeU ra3oB M NAapOB KUJIKOCTH C BO3AYXOM. Takue CMeCH NpPEeACTaBIsAIOT ONIAaCHOCTD
B OTHOLICHWM BO3HMKHOBEHHs IOKapa W B3pbiBa. B KayecTBe NpUMEPOB MOKHO
IIPUBECTU B3PBIBBI T'a30B B IIOMEIICHUM IPU HE3AKPBITOM KPAaHE Ta30BOM IUIMTHI,
B3pBIBBI ITPHU UCTIAPEHUH OCH3MHA B 3aKPHITOM OMELICHUH U T.JI.

8.1. B3PbIBYATbIE CMECH

[Ipyn ropeHuu ra3oB U MapoOB TOPIOYUX KUAKOCTEW B BO3AyXE pa3IMyalOT IBa
pexuma ropenus — qudPy3uoHHbId U KuHeTH4eckui. [Iporiecc ropeHus, CKOpocThb
KOTOPOTO 3aBUCHUT OT CKOpOCTH AU dy3uM MapoB WM ra3oB U BO3yXa, HA3bIBACTCS
muddy3rnonHbpM. Takod pekuM HaONIOAAeTCs, €Cid Map WU Ta3 BbITYCKaTh W3
OayioHa B atMoc(epy ¥ B MecTe BbIXOJa MOMXeub. B nudPy3noHHOM pexxume ropst
napbl KEpOCHHA, BBIXOJSIIME U3 TOPENKH MpuMyca, napaduHOBas CcBeda, ras,
BBIXO/SIIIMN M3 TOPEJIKM Ta30BOM Me4M, ras3, BBIXOASAIIMK U3 TpyObl MpHU pa3phiBe
razonpoBoja  T.J.



Ecnu ra3 mpenBapuTelbHO MEpeMEniaH ¢ BO3AYyXOM, TO OCHOBHOE 3HAUYEHUE
urpaet He CKopocTh U dy3un (CMelIeHus) KOMIOHEHTOB TOPIOUei CMeCH, a CKOPOCTh
XUMUYECKUX peakiuil. [Ipu 3TOM CKOpPOCTb peakiuu BO3PACTAET C YBEIUYCHUEM
coJiepaHusi BO3[yXa B CMECH M MOXET JOCTUTaTh OOJIBbIION BEIMYMHBI. Tak, s
CMECH BOJOPOA-BO3AYyX CKOpocTh Tropenusi aocturaet (5+6)m/c. CropaHue cmecH ¢
TaKOW CKOPOCTHbIO MPUBOJUT K BBIJICJICHUIO 3HAYUTEILHOIO KOJIMYECTBA TEIJIOTHI B
CAMHUILy BPEMEHU U HarpeBy MPOAYKTOB CrOpaHHs JI0 BBICOKOM TemmepaTrypbl. Eciu
TOPEHUE MPOUCXOJUT B 3aKPHITOM MOMEIEHUH WJIM amnmnapare, TO pacIIUpEeHHE ra3oB
IIpU HAarpeBAaHUM BBI3BIBAET PE3KOE MOBBIIICHUE AABIEHUS, TO €CTh B3phIB. [loaTOMy
CMECH TOPIOYHUX MApOB U T'a30B C BO3AYXOM OTHOCSITCA K B3PbIBUATHIM CMECSIM.

JUis XMMHYECKOTo MpeBpallleHus TaKuX cCMecell B BUJIE B3pbIBa HEOOXOAMMO
BBIIIOJIHEHHE CIAEAYIOIINX OCHOBHBIX YCIOBUM.

» Kpaiinss O6picTpoTa nepexoaa Ha4yalbHOM CMECH B MTPOIYKTHI TOPEHHUS.

e OO0s3arenbHOE HAJIMYKME ra3000pa3HbIX MPOJAYKTOB CTOPAHUS.

e O0s3aTenbHOE BbIIEICHUE TEIUIOTHI IIPU pEaKLMU B3phIBUATOTO PEBPAILECHUS.

McTOYHMKY, BBI3BIBAIOIINE B3pBIB, MOIYT OBITH CaMbIMU Pa3HOOOpPA3HBIMH —
OTKPBITOE IIaMsl, HICKPA, HAKAJIEHHOE TEJO U APYTHe SJHEPreTUUYECKUE BO3ACHCTBHUS.

8.2. KOHUEHTPALIMOHHBIE TPEAETIbI B3PbIBA

B ycioBusx mpon3BoIcTBa MOTYT 00pa30BBIBATHCS JIFOOBIE CMECH Ta3a WM Iapa ¢
BO3IyXoM. KOHIIEHTpaIHs TOPIOYEro B 3TUX CMECSAX MOXKET OBbITh B MPEAeiIax OT J0JICH
nporenta 10 100 %.0OnHako He BCe 3TH KOHIICHTPAIIUU SIBJISIOTCS OMACHBIMH C TOYKH
3peHUs] BOSHUKHOBEHHUSI ITOYXKapa U B3phIBa.

Paccmotpum cmech okcuaa yriepoaa CO ¢ Bo3ayxom (puc.8.1). CrneBa — mikana
o0wvemHOM KoHIeHTpanuu roprodero (CO), cnpaBa — okucimrens (Bo3myxa). Ecnm
cmech comepxkutr Menee 12.5% CO, TO oOHa HE BOCIUIAMEHSIETCS MOITHOM
anektpudyeckoi uckpor. Tompko mpu 12.5% CO B cmecH TPOUCXOAUT €€
BOCIUJIAMEHEHUE W TOPEHHE CO CKOPOCTHhIO B3phiBa. KOHIIEHTpaius mapa Toproyeit
KUJAKOCTH WM Ta3a B BO3JyXe, HIDKE KOTOPOM TOprodyass CMeCh HE CIOCOOHA
B3PBIBATHCSI, HO BBIIIE KOTOPOM CIIOCOOHA TOPETh CO B3PHIBOM, HA3BIBACTCS HUKHUM
npenenom B3peiBa (HIIB).

CMmech m000T0 Ta3a WK MMapa P HIDKHEM Ipejeiie B3pbIBa COACPIKUT U30BITOK
Bo3ayxa. Tak, I okcuaa yriepoaa koddduimeHT u30bITKa Bo3ayxa o = 2.6, s
cepoyriepoga oo = 6.9, st metana oo = 2 u T.4. ClenoBarenbHoO, IpeaeibHas CMECh,
UMesT HEJOCTaTOK TOPIOYEero M HM30BITOK BO3/ayXa, 00JIalaeT HU3KOW TEIIOTBOPHOM
CIIOCOOHOCTBIO, MaJIOM CKOPOCTBIO PaCIPOCTPAHEHHUS TUIAMEHH, HU3KOW TeMITepaTypou
B3pbIBa U HEOOJIBIITUM B3PBIBHBIM AaBjicHUEM. Curjla B3phIBa IIPH 3TOM HEBEJIUKA.

KoHmieHTparus, cCOOTBETCTBYIOIIAs HIKHEMY MPEAENTy B3pPbIBA, Y HACHIIICHHBIX
MapoB HaJ JKUIKOCTBIO 00pa3yeTcsl BCErJia MpH TeMIIepaType BCIBIIMIKH >KUIKOCTH.
[Tpu yBenmmuennn xoHneHTpanuu CO BhIIE HIKHETO Tpenesia B3PhbIBA MOTYYaAIOTCS
B3pBIBUATHIE CMECHU C OOJIbIIeH CHJION B3pHIBAa, TaK KaK OHHU COJAEpXKaT OOJbIIe
roprodero u o0JamaroT OONBINEH TETIOTBOPHONW CIIOCOOHOCTHIO W TEMIIepaTypoi
B3pHIBA.



(Toptouee) 100 % T 0 %
BIIB
75 % > 751425
5050
CrexuomeTpuu.
29,5 % >
25175
HITB
12,5 % >

0% =+=100 % (Bozayx)

Puc. 8.1.KonuenTtpaunonusie npeaens! B3poiBa 11t cmecu CO ¢ BO3ayxoM
YBenuuenne Cuibl B3pbiBa (B3PHIBHOTO JIABJICHUS) MTPOUCXOIUT TEOPETHUECKH 10
crexuomerpudeckoi cmecu (o = 1). IIpu 3TOM KOITMYECTBO BO3IyXa M TOPIOYETO TOUHO
COOTBETCTBYET peakIMu ropeHus. s yrapHOro rasza peakuus TOPeHUs 3alrChIBaeTCs
B BUJIC:

2CO+0, =2CO,.

Konnentpamus CO, CcOOTBETCTByIOIIAs CTEXHMOMETpUueckoi, paBHa 29.5%
(kommuectBo Bo3myxa 70.5%). [lpu manmpHeiiem mnoBbimieHHH KoHIeHTpanuu CO
BBIIIE CTEXMOMETPUYECKOM, Cujla B3pbIBa cMeceil OyleT yMEHbIIAThCA B pe3yJIbTaTe
HejocTtatka Bo3ayxa. Ilpu  75% comepkanust yrapHoro rasa, CMeCh TepsieT
CIOCOOHOCTH BOCTIAMEHSIThCSI.

KoHuentpanusi raza wiM mapa, HW)KE KOTOPOWM MPOMCXOAUT B3PHIB, a BbIIIE
KOTOpPOM CMeCh He CITIOCOOHA BOCILJIAMEHATHCS, HA3bIBAETCSI BEPXHUM MPEEIOM B3phIBa
(BIIB). OOGnactp MeXay HIDKHUM ¥ BEPXHHM IIPEIEIOM B3pbIBA HA3bIBACTCS
MPOMEKYTKOM B3pbIBA. 3Has MPOMEXKYTOK B3pbIBA, MOXHO OIpPEACIUTh O0O0JacTh
Oe30macHBIX KOHIIEHTparui. JlJis okcuma yriepoaa 3Th 00JlacTh JiexaT B Tpeaesiax
(0+12.5)%m (75+100)%.Hamnure obacteld 6€30macHBIX KOHIIEHTPAIIUN ITO3BOJISET B
MpoIIecCce XPaHEHUS U MPUMEHEHHS TOPIOYUX KUIKOCTEH TOIIEP)KUBATh TAKOW PEKUM
o TeMIepaType W NaBIICHUIO, YTOOBI KOHIIEHTpPAIHS TMApoB ObLa BBIIIE WM HUKE
NpPOMEXyTKa B3pbiBa. [IpuumHOM mpekpalieHus pacnpoCTpaHEHUs IUJIAMEHU Ha
HUKHEM TIpeiesie M BEpXHEM Ipezieie B3pbIBa SABIISIOTCS TEIUIONOTEPU U3 MJIAMEHU 3a
CYET U3JTYyUYEHUsI, KOTOPBIE 3aBUCST OT TEMIIEPATYPhl U COCTaBAa CMECH.

8.3. 9KCIIEPUMEHTAJIbHOE OlPELEJIEHNE
KOHLIEHTPALNOHHBbIX NMPELEJIOB B3PbIBA



KoHueHTpanmoHHble  Ipenensl  B3pbIBA  BBIPAXKAKOTCA B MPOLEHTHOU
KOHLIEHTpAllMM TOPHOYEro ra3a WM Hapa TOPHYe KUIAKOCTH B CMECHU C BO3IYXOM.
OngHako Ha NPaKTUKE HCMOJIb30BAHWE KOHUEHTPALUM 3aTPYAHUTEIBHO, TaK KakK €e
TPYIHO U3MEPUTh.

[Tpu oOcneaoBaHUM NPEANPUATUN OOBIYHO YaIlle BCEro MPUXOIUTCS CTAIKUBATHCS
C JIETKOBOCIUIAMEHSIIOIIUMUCS >KUIAKOCTAMH. B 3ToM ciywae Oosiee yA00OHO
MOJIb30BAaThCS TpEAETaMUd B3pbIBA, BBIPAXKCHHBIMU 4YEPE3 TEMIEPATYPY KUIKOCTH.
TemnepaTypa >XHIKOCTH OOBIYHO M3BECTHA M MOXKET OBITh JIETKO H3MEpeHa, a
KOHIIEHTPALM HACBIIEHHBIX MIapPOB MPSIMO CBA3aHA C TEMIIEPATYPOM.

Hwxuauil TemmepaTypHbIii mpezesn B3pbIBAEMOCTH 0003HAYalOT TeMIlepaTypoi
KHUJKOCTH, MPH KOTOpPOM oOpa3yercs KOHILIEHTpalMs MapoB, COOTBETCTBYIOIIAS
HWOKHEMY TIpEAeNy B3pbiBa. AHAJIOMMYHO — BEPXHUH TeMIEpaTypHbId Mpenesn
0003HAYaIOT 3HAYEHHEM TEMIIEPATypbl, MPU KOTOPOM KOHILIEHTpALMs TapoB
COOTBETCTBYET BEPXHEMY IMpeleny B3pbiBa. Hampumep, s METHIOBOIO CHIHPTa
HIDKHUM TEMITepaTypHBIH Mpesen B3pbiBaeMocTy + 8 °C, a BepxHUH + 32 °C. ITpu Bcex
temreparypax B auanazoHe (8+32fFC KoHIEHTpalMi METHJIOBOTO CIHPTA SBJISIFOTCS
B3PbIBYATHIMHU.

Cxema mpubopa i U3MEPEeHHs MPEeoB B3phiBa MpuBeneHa Ha puc. 8.2. OH
COCTOMT U3 B3PBIBHOTO cocyAa 1, B KOTOPBIN HaJIMBaeTCs Toproyas kugkocTs 2. Cocyn
nomemiaeTcss B TepmoctaT 3 ¢ HarpeBareiem 4. Temneparypa TepMocTara W,
COOTBETCTBEHHO, TOPIOYEH KUIAKOCTH U3MEpsAETCs AaTdukoM 5. Uepes anekTpoasl 6 B
COCyJl MOJAETCs dIEKTpUUecKas uckpa. M3menss temnepatypy B TEpMOCTATe, OAAOT
UCKPY Ha 3JIEKTPObl U HAXOMST, TAKUM 00pa3oM, HUKHUN U BEPXHUI Mpeiesbl B3pbiBa
Il JaHHOM xuakocth. Eciom  cMech B3pbIBUATas, TO TMOABISETCA  ILUIaMs,
pacrpocTpaHsAoUIeecss OT KOHTAKTOB; €CIM K€ OHAa HE B3pbIBUaTasi, TO IUlamMsi HE
MOSIBJISIETCSL.

B Ta6in. 8.1.npuBeneHsl TeMiepaTypbl HEKOTOPBIX KUAKOCTEH, MPU KOTOPHIX OHU
00pa3yroT KOHIIEHTPALlUU [1apOB, paBHbIE HUKHEMY U BEpXHEMY MpeJiesiaM B3phIBa.

Tabmuma 8.1.
Hwxauit 1 BepxXHUM npeaensl B3pbiBa ISl HEKOTOPBIX KUIAKOCTEN
Kunkocts HwxHuii npeien B3pbiBa, °C Bepxnuii npenen B3pbiBa, °C
ByTunoBslii ciupt + 34.6 + 62
MeTHoBbIi ciupT +8 + 32
Cxunuaap + 36 +62
bensoun - 13 +12




Puc. 8.2.Cxema npubopa asist u3MepeHwHsI KOHIIEHTPAIIMOHHBIX MPECIIOB B3PhIBA:
1 —B3pBIBHOM COCY[T; 2 —TOproYas )KUIKOCTh, 3-TepMOCTaT; 4—HarpeBarelb,
5 —maTuuk TemMneparypsl; 6 SIEKTPOIbI

8.4. PACYETHOE OlNPEQEJIEHNE KOHLUEHTPALUOHHbIX
lNPELEJIOB B3PbIBA

JUis ompeneneHusl TPEEioB B3pbIBA MPUMEHSIOTCS SMITUPUYCCKHE (POPMYIIBI,
NOJTydeHHBIE 00pPAa0OTKON 3KCHEPUMEHTAIBHBIX TaHHBIX IS Pa3IMYHBIX TOPIOYUX
BEIIICCTB.

Hwxnanit nmpenen B3peiBa (HIIB) paccuutsiBaercs mo popmysie

= 100 0 % 8.1
476N -1)+1" 0P ®.1)
Bepxumii mpenen B3poiBa (BIIB) paccuntsiBaetces mmo gpopmyiie
47100
=——"————, 00peM.% . (8.2)
4.76[N +4

3necb N — KOJIMYECTBO aTOMOB KUCJIOPO/a, HEOOXOAUMOE /JIsl TIOJIHOTO CrOpaHus
OJIHOM MOJIEKYJIbI TOPIOYETO KOMIIOHEHTA CMECH.
B kxauecTBe mpumepa onpeenuM npeaessbl B3pbiBa CMECH BO3/yXa U TIEHTaHa.
. 3anuiieM ypaBHeHUe peakuuu ropenus nearana CsHyy:

C5H12+ 802=5C02+ 6H20 .

. Haiinem KkoJMuecTBO aTOMOB KHUCIOPOAA, HEOOXOIUMOE i TOJHOTO
CropaHus OJTHOM MOJIEKYJIbl IEHTAaHA!

N =8[2=16.



. Haiinem HmxHHI mpenen B3pblBa paccMaTpuBaeMoil cMecu mo (opmyse
(8.1):

100 100

HIIB = =" =138 9
A76((16-1)+1 724 oOmeM.%.

. Haiinem BepxHuil mpenen B3pbIBa paccMaTpUBaeMoil cMmecu Mo (opmyre
(8.2):

. 4100 _ 400

= = = 499 oGBem.%.
476[16+4 80.16 OVBEM. 70

Takum oOpa3oM, UIsI TIEHTAHO-BO3AYIITHOM CMECH HIDKHUN Tpeaen B3pbIBa
nocturaercs npu coaepkannn 1.400bem.% neHTana, a BEpXHHUI Ipeies B3pbiBa — IPU
5.006beM.% neHTaHA.

Yacto mpu pemeHud BOMPOCOB OE30MACHOCTH BEHTUJISIIMOHHBIX YCTAaHOBOK,
CYIIWJIOK, MEMIAJIOK W APYTHX ammapaToB TpeOyeTcs ONMpeneiuTh MPEneiibl B3phIBa
CMECH, COCTOSIIEH U3 HECKOJIBKUX TOPIOYNX KOMITOHEHTOB. J[JI1 HaX0XKICHUS HIDKHETO
¥ BEPXHETO Tpe/ieia B3phIBA TAKUX CMECEH MCTIOIB3YIOTCS CIICIYIONTIe (OPMYIIHI:

HIIB = y V100 .-
My V2 4o 4V 00BeM.%; (8.3)
Hl H2 Hn
BIIB = 100 ,
ﬁ+ﬁ+n_+v7n 00peM.%. (8.4)
Bl BZ Bn

3neck Vi, Va, ... , —KOHIICHTpAIIUU TOPIOYUX KOMIIOHEHTOB, 00beM.%0;
Hy, H,, ... H, — HWXHHE TIpeIeIibl B3phIBa BXOIAIINX B CMECh KOMITOHCHTOB,
00peM.%0;
B1, By, ... By, —BepxHue npejensl B3phIBa, BXOAAIINX B CMECh KOMIIOHEHTOB,
00beM.%.
[Ipu sTOM

Vi+Vot+.. +V,=100%.

[Tpu pacuere mpeaeiioB B3pbIBa CMECH, BHIPAKEHHBIX B MACCOBBIX JOJISIX TOPIOUHX
KOMIIOHEHTOB (Macc.%), 3nadueHust Vi, Vs, ... W, B popmynax (8.3), (8.4)3ameHsroTcs
Ha 3HAYEHMSI X MACCOBBIX JIOJIEH Zy, 2, ..., %. [Ipu aTOM

21+ 2+ ... z,= 100%.
106



B kadectBe mpuMepa OIpeAeIHM IPeAcibl B3phbIBA CMECH IapOB alleTOHA M
ATUJIOBOTO CHHUPTa C BO3AYXOM, eciu B 1 M° cMecH HaxoauTcsa 32 T aleroHa u 251
STHJIOBOTO CITUPTA.

e HaiineMm mpomeHTHOE COJAEpKAHUE TOPIOYMX KOMIIOHCHTOB, BBIPAKCHHOE B
MAacCCOBBIX JOJISX.
Conep:xaHue aleToHa:

321100
=————=56.1 .0
Z1 32425 macc.%

CopeprkaHre 3TUIOBOIO CIIUAPTA!

25[100
=——— =439 0
2 30405 Macc.%

* Haiinem n3 TaGauI HIOKHUE MPE/Ieibl B3pbIBa KOMIIOHCHTOB.
Jns anerona HIIB=H,=1.6 06beMm.%;
Jlst cniupra HITB=H,=2.6 06peM.%

» Haiigem HWKHUI npeies B3pbIBa paccMaTpruBaeMoit cmecu 1o popmysie (8.3):

HIIB = 100 100 100 _ 192

z , 2 561,439 3506+1688 ~  obbem.%.
H, H, 16 26

* Haiinem n3 TaGauI HIOKHUE MPE/Ebl B3PhIBa KOMITOHCHTOB.
Hns anerona BIIB=B,=13 06beM.%;
s ciupra BIIB=B,=19 06beM.%

» Haiigem BepxHWMii IIpeies B3pbIBa paccMaTpruBaeMoit cMecu 1o hopmysie (8.4):

100 _ 100 _ 100 _ 100 _
= = = =151

4 +Q 56-1+ 439 431+ 231 662 006eM.%.

B, B, 13 19

BIIB =

Takum 00pazoM, UIsI CMECH TMapoB aleToHa W 3TUJIOBOTO CIHPTa C BO3IYXOM
HWDKHHIA TIpelie B3pbIBa JOCTUTaeTcs mpu coaepkanuu 1.9 06beM.% roprounx mapos,
a BepxHu# mpezen B3peiBa —pu 15.100bem.%.

3HaueHUs] TPECIIOB B3phIBA CMeCed HECKOJIbKHX TOPIYMX KOMIIOHEHTOB C
BO3JyXOM HaXOMATCS MEXAy 3HAUCHUSMHU TPEACIOB B3PbIBA OTACIBHBIX TOPIOUUX
KOMITOHEHTOB, BXOJISIIUX B CMECH.



8.5. PACYET TEMIIEPATYPbI U [ABJIEHNA B3PbIBA

Jnst  kaxaoW Troproyed CMecH Ta30B  CYHIECTBYIOT JBE TEOpPETHYECKHe
TEMIIEPATypbl B3pbIBA — IPU IIOCTOSHHOM JAABICHUU I, M TOCTOSSHHOM 00Beme Ty,
npudeM Beerga T, < Ty. DTO CBA3aHO C TEM, 4YTO YJEIbHas TEIUIOEMKOCTb IIPH
MOCTOSIHHOM JIaBJI€HUM OOJIbllIe YJEIbHOM TEMJIOEMKOCTH IMPHU MOCTOSHHOM O0beMe
(cp>Cv). Temmnepatypa T, COOTBETCTBYET B3pPBIBY Ha OTKPBITOM BO31yXe, a Ty — B3pBIBY
B 3aMKHYTOM o0ObeMe M mnomemeHud. Pacder Temneparyp B3peBa I, U Ty
0a3upyeTcst Ha ypaBHEHUSAX TEIJIOBOrO OasaHca!

Q=TpMWlc p tV2lC +...+Vn[cpn); (8.5)
Q=Ty Moy, +Vsloy, +..+V, Loy ). (8.6)

3neck Q —TemiIoTa ropeHus BEIIeCTRa,;
Cp, Ov, V| — yaenbHBIC TEIUIOEMKOCTH U OOBEMHBIE O KOMITOHEHTOB,

BXOJISIIIIMX B IPOAYKTHI B3PhIBA.
3HAYEHUS] TEOPETHUYECKON TEMITEpaTyphl B3pPhIBA PACCUUTBHIBAIOTCS C MOMOIIBIO
ypaBHeHul TeruioBoro Oananca (8.5), (8.6):

T :—Q TV :—Q

p n . n
Zvi Cpi ’ Z\/IC\/I .
i=1 i=1

PazHOCTE MeXAy TEOpEeTHMYECKOM W JEUCTBUTEIBHOM TEMIEPATypOM B3pbIBA
3HAQUYUTEJIIBHO MEHBIIE, YE€M COOTBETCTBYIOLIAs PA3HOCTh MEXAY TEMIIepaTypamu
rOpeHus. JTO CBA3aHO C TE€M, YTO IPHU B3PBIBE IMPOLIECC MPOTEKAET MPHU YCIOBHUSX,
OnMu3KKUX K aguadbarnyeckuM. Ilpu aTom, BBHY TOrO, YTO IPOLECC B3pbIBA NMPOTEKAET
Ype3BbIYATHO OBICTPO, MOTEPU TEIUIOTHI B OKPYKAIOIIYIO CPELY MaJIbl.

JlaBneHue MpH B3pbIBE CMECH TOPIOYMX Ta30B C BO3AYXOM B 3aMKHYTOM 00beMe
3aBUCHUT OT TEMIIEPATyphl B3pbIBa U OTHOILICHUS YUCIIA MOJIEKYJI IPOAYKTOB FOPEHUs K
YHCIy MOJIEKYJ] BO B3pbIBUaTOW cMmecH. IIpu B3pbiBE ra3zoBbIX cMmeceld H30BITOUHOE
nasieHue ooplyHO He npesbimiaeT 1 MIla. IIpu 3amMeHe Bo3nyxa BO B3pbIBUATON cMECH
Ha KHUCJOpPOJ, NABJCHUE IPU B3PBIBE PE3KO YBEIMYMBACTCS 34 CUET YBEIMYECHUS
TEMIIepaTypbl TOPEHUs. JTO CBA3aHO C TEM, YTO 3HAUMTEJIBHOE KOJWYECTBO TEIJIOTHI
3aTpadynBaEcTCsA HAa HArpeB MHEPTHOIO ra3a — a30Ta, BXOAALIErO B cocTaB Bo3ayxa. Ilpu
3aMEHe BO3/yXa Ha KHUCJIOPO/Jl, JaBJICHHUE B3phIBA i OOIBIIMHCTBA FTOPIOYUX BEIIECTB
yBermmuuBaetcs ot 1 MIla mo (1.5+2)MIla.

Jlnia pacuera naBieHuUs B3phIBa HUCTIONb3yeTcs (hopMyia

, = poe il (8.6)

Ton



rae Ty —HavanpHas TeMieparypa cMmecy, K;
T, —temnepatypa B3pbiBa, K (B 3aBUCIMOCTH OT yCJIOBHIA B3pbIBa B KAYECTBE
TEMIIEPaTyphl B3pbIBA UCIIONB3YIOTCA JIN00 Ty b0 Ty);
Po ¥ p, —HadaIbHOE JaBJICHUE CPE/Ibl U AaBlieHUe Tipu B3pbiBe, MI]a;
M — 9UCII0 MOJIEKYJT B XUMUYECKOU (hOpMYIie NCXOHOM B3PhIBYATON CMECH;
N — YUCJIO MOJIEKYJT B XUMHUYECKOH (popMyJie MPOAYKTOB B3PhIBA.

B kauectBe mpumepa orpenesNdM AaBJI€HHE TPHU B3pbIBE OKHUCH Yriepoja Ha
OTKPBITOM BO3/IyXOM MPHU CIEIYIONIUX YCIOBUSIX:

po=0.1MlIla; 15=293K (umu +20°C); T,=T,=2416K.

* Hannem 3HaueHuss MU N B COOTBETCTBUM C IPOTEKAOLIEN PEAKIIMEN!
2CO+02=2 C02

[Tpu sToM M=3, N=2, Tak KaK B3pbIBUaTasi CMECh COJEPKUT aBe Mosiekyisl CO u
OJIHY MOJIEKYJTy KHCIIOPO/a, a IPOAYKTHI B3pbIBa cozepkat ABe MoJeKybl CO,.

* OmnpenenanM aaBicHue B3pbiBa 1o Gopmysie (8.6):

416

-
~

p, =01 Qz— =1.237MTTa.

Takum 06pa3oM, IpH B3PbIBE CMECH BO3JyXa C YTapHBIM Ta3oM Ha OTKPBITOM
BO3JyXe pa3BuBaeTcs napnenue p, = 124Mlla

9. FTOPEHME U B3PbIB IbI/IEBbIX CMECEN

[Tb11b OTHOCHTCS K a3PO30JILHBIM CUCTEMaM C JraMeTpoM dactul] 6oee 10 MM
(0,01 mm). ITputh, B3BemIEHHAs B BO3MyXE WJIM APYrOM Ta3e, HA3bIBACTCS a’pPO30JIEM.
[lbuib, oOceBmIas Ha CTEHKaX © MOTOJKAX IOMEIICHHWH, IOBEPXHOCTIX TPYO,
o0Opy/soBaHMs ¥ JAPYTHX IPEIMETOB, HAa3bIBACTCS al’poresieM. 3aKOHOMEPHOCTH
TOpEHHsT W B3pbIBa a3p030Ji1 M a’poreiss OTIWYaroTcs. HanOonblryro omacHOCTh B
OTHOUICHWH B3pPbIBa MPEACTABISIIOT a3pP0O30JIM, OJHAKO ad’pOrelid TaKKEe MOTYT
CaMOBO3TOPATHCS M IPUBOUTH K TIOXKAPAM.

9.1. XuMu4yeckasi akmueHoOCMb Nblsiu

XUMHUYECKasi peakUuus MEXAY ra3oM U TBEPIBIM BELIECTBOM — I'E€TEPOr€HHAs
peakuys — IPOTEKAaeT Ha MOBEPXHOCTU TBEpPAbIX dacThll. CKOPOCTh TAKOM peakuuu
3aBUCHUT OT BEJIMYMHBI IOBEPXHOCTH COIPUKACAIOIINXCA pearupyronmx semects. [Ipu
M3MEIBYEHUN BEIIECTBA B MbUIb, PE3KO YBEIMYUBAETCS €r0 yZAEIbHAsA MOBEPXHOCTD H,
COOTBETCTBEHHO, CKOPOCTb TOpeHus. Hampumep, onvH KWIIOrpamMMm yris Cropacr B
TEYECHHE NATH MHUHYT, 4 OJWH KWJIOI'PAMM YTOJBHOW MbUIM — B TEYEHUE OIHOU
CEKYH/IBL.



MHuorue MeTamibl, HANpUMEpP aJOMUHUM, MAarHud, LOUHK B KOMIIAKTHOM
COCTOSTHUM HE CITIOCOOHBI TOPETh; HAXOJSCh K€ B BO3/yXE B BUJE MBUIM OHU TOPAT CO
CKOpOCTBIO B3pbIBa. [lOpoIKM Kene3a W CBHHIIA MOTYT CaMOBO3TOPETHCS TIpH
pacmbplIMBaHUM B BO3AyXe. AJlIOMHHHEBas Tmyapa o0jamgaer CcrmocoOHOCTHIO
CaMOBO3TOPATHCS B COCTOSTHUM a3POTes.

Kpome n3MeHEHHMS XMMHYECKOW aKTHBHOCTH TBEPAOTO TEjla B MPOIECCE €ro
U3MEIbYEHUS M3MEHSETCAd TakkKe ero a0copOLMOHHas CHOCOOHOCTh. O0BeM
abCcopOMpPOBAHHOTO Ta3a BCerJa MPEBBIIIAET O00BEM aO0COPOMPOBABIICH €r0 TMHLIH.
Hampumep, 1M°  mbiTeyronbHO# — rasoB3BecH — MOXeT — cogepkarth  0.9m°
a6CcOpOHPOBAHHOTO BO3IyXa, W Tombko 0.05M° cakeBbIX wacTHIl. IIph 5TOM 00BEM
abcopObmpoBaHHOTO Bo3Ayxa B 19 pa3 Oonbiie oObeMa adbCOpOMpPOBABIIIEH €ro CMECH.
Hanuume wa mnoBepxHOCTH WU aOCOPOMPOBAHHOTO KHCJIOPOJAA COJCHCTBYET
OKHCIUTEIBHBIM MPOIIECCaM MPH MOBBIIMIEHHBIX TEMIIEPATYPaX U YCKOPSET MOATOTOBKY
neUTH K TopeHuto. O0beM KUCIopoaa, abCcopOMpPOBAHHOTO MBUIBIO, HETOCTATOYCH IS
ee TMOJHOTO CropaHdsi, HO oO0ecreurnBaeT NPOTEKaHWE HaYadbHBIX TPOIECCOB
OKHCJICHUS.

9.2. TeMmnepamypa camogocnsiaMeHeHUs Nbiiu

JIrobast mbuUTh B 3aBHCHUMOCTH OT €€ COCTOSIHUSI HMEET JBE TeMIlepaTyphl
CaMOBOCIUIAMEHEHUS: Tx,; — 1 a’dpo30is u 1x,, — nid asporens. [Ipu sTom a3posois
UMEET TeMIIepaTypy CaMOBOCIIAMEHEHUS 3HAUUTENBHO 00Jiee BHICOKYIO, YEM a3pOrelib

T *a3>> T *qe »

Takum o00pa3oM, asporenp BOCIIAMEHSIETCS NpPU HArpeBaHUM OBICTpee, YeM
a’p030Jib. A3porenb MpencTaBIsieT coO0M CKOIMJIEHUE OCEBIIMX M3 BO3/yXa TBEPIBIX
YaCTHULl TOPIOYETO BEIECTBA HA MOACTUIIAIOLIEN TOBEPXHOCTH, HAIPUMEp, HA CTEHAaX U
NOTOJIKE 3/1aHus, Ha TpyOOmpoBOJax M APYrMX IMOBEPXHOCTIX. bonee Huzkas, mo
CPAaBHEHMIO C a’pO30JIEM, TEMIIEpaTypa CaMOBOCIUIAMEHEHHUS a’poresst OObsICHSIETCS
HaJTMYUeM OJIarONPUSITHBIX YCIOBHH MPOTEKAHUS PEaKIH OKUCIeHHs (Ooyiee HHU3KHE
TEIIOBBIE TOTEPH U3 30HBI TopeHus). [Ipu mepexoie a3poresst B a9p0o30Ib PAaCCTOSIHUE
MEXJly YaCTHIaMH YBEJIMYUBAETCS, YTO MPUBOIUT K MOBBIIICHUIO TEIIOBBIX MOTEPH B
IPOLIECCE OKUCIEHU. DTO BEJET K MOBBILICHUIO TEMIIEPATYPBI CAMOBOCIIJIAMEHEHUS.

TemmnepaTypa CaMOBOCIUIAMEHEHHS 3aBUCUT OT JUCHEPCHOCTH a’pO30JIbHBIX
yacTul. YeM MeHbIIE pa3Mep 4YacTUl, TEM HWXE €ro TeMIiepaTrypa
caMoBocIUIaMeHeHus. HanmpumMep, MenkoaucnepcHas IpeBeCHas MyKa UMEET 3HaUeHUe
T,=277C, a 119 KPYyMHOIMCIEPCHBIX JIPEBECHBIX OMMIOK BenmumHa T+,.=350C.
3HaueHHs] TEMIEepaTypbl CaMOBOCIUIAMEHEHMSI HEKOTOPBIX a’p030J€il MPUBEIAEHBI B

tadmn. 9.1.



Tadomuma 9.1
TemnepaTypa caMOBOCILIAMEHEHHUS HEKOTOPBIX a3pP030JIeii

A3p03071b Ty C
Caxap 500
JlpeBecHas Myka 610
Kakao 620
[TmeHnyHass Mmyka 620
Kpaxman 630
Yaii 640
Tabak 680
AJromMuHueBas nmyJnpa 925

TakuMm 00pa3oM, JJIsi BCEX NMPAKTHUSCKHA BCTPEUAIONIUXCS NbLUICH BeMWYHHA Tx,,
nexur B muamasone (500+900JC, uro mpumepro B 1.7+2.2 pasa Bbllle AHAMA30HA
TEMIIepaTyp CaMOBOCILUIAMEHEHHS adPOTeIIeH.

9.3. PacnpocmpaHeHue 20peHUsl 8 nbisieebIX CMecsIX

[Tpu BoCcTIIaMEHEHUHW B OJHOW TOYKE IUIaMsl C OMPEACIIEHHOW CKOPOCThIO OyneT
pPacpoCTpaHATLCA MO BCeMy O0BEeMy, 3aHATOMY MBUICBO3IYITHONW cMeckio. [Iporecc
TOPCHHsI TPOUCXOJUT B TOHKOM CIIO€, KOTOPBIA Ha3bIBaeTCA (POHTOM IUIAMEHH
(puc. 9.1). [TeeBo3aymHas cMech Hepea GPOHTOM IUIAMEHU HArpeBaceTCs W3 30HBI
TOPEHUS C TeMIIepaTypoi 7. 3a cUeT mepenayu Teria U3 Hee IMyTeM TEIIONPOBOTHOCTH
U M3JIydeHus. B 30He mporpeBa MpOWCXOIUT HATPEBAHHUE TBLIH, €€ Pa3oKEHUE WIIH
UCTIapeHre M MeJJICHHOEe oKuciieHue. CKOpOCTh pacipoCTpaHeHus: PpoHTA IJIaMEHH B
MBUIEBO3AYITHOW CMECH 3aBHCHT OT JUCIEPCHOCTH YacTwil. Uem KpymHee YacTHUIIhI
NBUTH, TEM MEHBIIE CKOPOCTh HAarpeBa CMeECH, TaK KakK yJeibHas IOBEPXHOCTH
a’p030JILHOM CHCTEMBI TIPU TOM HEBEJIMKA. JDTO BEAET K YMEHBIICHUIO BBIICICHUS
ra3000pa3HbIX (JIETy4MX) BEIECTB U, COOTBETCTBEHHO, CKOPOCTH FOPCHUSI.

[IpuHsATO CuUMTaTh, YTO CKOPOCTH TOPEHHUS MBUIM OOpPAaTHO MPOIMOPIIMOHATLHA
KBazpaTy pasmepa dactuus! (U/7D 7). Hampumep, Wi YrONbHOM MBUTH ¢ AHAMETPOM
yactuiy Oosnee (100-175) MM, maamMs MO CMECH HE pacupocTpaHsercsa. Takum
obpazoM, go0aBieHHWE KPYMHBIX YACTUIl B TBUIb MOXET TIOBBICUTH €€
B3PBIBOOE30TIACHOCTb.
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Puc. 9.1.Cxema ¢poHTa TIIaMeH! TbIJIEBO3AYIITHONW CMECH

CKOpOCTh pacHpOCTPaHEHHUsl IJIAMEHU 3aBHCUT OT KOHIIEHTPAIMH IIHLIH.
HaubGonpimas ckopocTe HaAOMIOJAETCs, €CIAM COCTaB TMBUICBO3AYIIHOW CMECH
IpeBbIIaeT cTexuomerpuueckuii. Ha puc. 9.2 mpuBeneHa 3aBHCUMOCTh CKOPOCTH
pacrpocTpaHeHusl TUIAMEHH OT KOHIEHTPALUH TOP(SIHOH MBLIH.

U, mlc
A

20 1

Puc. 9.2. 3aBuUcHMOCTH CKOpPOCTH
pacnpocTpaHEHUsT  IJIaMEHU  OT
KOHIICHTpAIuu TOP(MSHON MBUTH

10+

Kak BUAHO W3 TpUBEIEHHOro rpaduka, CKOPOCTh PACIPOCTPAHCHHS IUIAMEHU
nocturaeT 3HadeHuil U = (16+26)m/c mpu 3HAYEHUSX MACCOBOW KOHIICHTPAIWU TBLIH
Cm= (1.2+2.8)kr/M°  (crexumomerpuueckass koHueHtparms Cp=0.2kr/M%).  Jlis
KaMEHHOYTOJIbHOW TBUIM MaKCHMajbHas CKOPOCTb PAacCHpOCTPAaHCHHUs IUIAMCHU
u=(10-15)m/c  mocruraercs mpu Cm=(0.5+0.6)kr/M’  (cTexmomerpuueckas
KoHIeHTparus Cp= 0.125KF/M3).

B OosbIIMHCTBE CiIy4aeB HE MPOMCXOJUT TOJHOTO CrOPaHUs IMbLUIH; B MPOLECCE
roperust mpuHUMaeT ydactre Tojbko (20+40)%BemiectBa mbplid. [Ipu B3pbIBe MbUIH
CrOpaloT B OCHOBHOM Ta3000pa3HbIe MPOJYKTHI, BBLICIUBIINUECS IMPH Pa3IOKECHUH
TOPIOYEro BEIECTBA, a TBEPAbI OCTaTOK (KapKac) Croparh HE yCIeBaeT.

CKOpOCTh pacipoCTpaHCHHS TUIAMEHH B TBUICBO3YIIIHOM O0JIaKe 3aBUCHT TAKKE
OT KOHIIEHTpaluu Kuciopona B Bo3zayxe (puc. 9.3). [Ipy HOpMaNbHBIX YCIOBHSIX B

Bo3ayxe coaepxurca 21% kucmopoaa. CKOpOCTh IUIAMEHHU PE3KO CHIDKAETCS MpH
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YMEHBILIEHUU COJIEpPKaHUs KUCIOPOJa, U NP €ro cojep:kaHuu meHee 16% muams He
pacIpoCTpaHsAETCs U B3pbIBA HE IIPOUCXOIUT.

U, mlc
A
20 +
Puc. 9.3. 3aBUCHMOCTh CKOpPOCTH
10l pacmpoCcTpaHeHUs] IUIAMEHH  OT
coziepKaHus OKHCITTUTEIIS
(kucmopoa)
0 : —»  Cox, %
16 18 20

9.4. lNpedenbi 83pbiea

Bocniiamenenne u - pacmpocTpaHeHHE TOPEHHsS BO3MOXKHO TOJIBKO —TIpU
OTpeeNIEHHON KOHIIEHTPAIMK TBUIM B BO3AYXE, KOTOPAasl XapaKTEpU3yeTCs HUKHUM
npezesioM B3pbIBa. HmKHMIA peiesn B3pbiBa — 3TO MUHUMAIIbHAS! KOHIICHTPALUS TTBLIH,
IpU KOTOPOM OHA MOYKET BOCIUIAMEHSTHCS M TOPETh. JTa BEIMYMHA XapaKTEpPU3yeT
CTENEeHb OMACHOCTH TBUJIM B OTHOLIEHUM B3pbIBa. B Tabn. 9.2 nmpuBeneHbl 3HAYCHHUS
HIDKHETO Tpeiena B3pbiBa (I/M°) U HEKOTOPBIX TIhIIeH.

Tabmnuma 9.2
Hwxuauii npenen B3ppiBa 111 HEKOTOPBIX MbUIEH
[Ib11B Kamenno-
Tun neu | AIIOMUHUN MILIEHUYHOTO Myka | Caxap yroJbHas
AJIEBATOPA NbUIb

HwxuHnii

npeaen 5 7.0 10.3 18+40 22.0 120+380

B3pbIBa, /M

Cnenyer OTMETUTH, YTO KOHLIEHTPALMH IbUIM, COOTBETCTBYIOIIUE HUKHEMY
IpeieNTy B3phIBa, SBISIIOTCS TOCTATOYHO OOJMbIUMU. [Ipy TakuX KOHIIEHTpAMSIX MHITH
JTATBHOCTh BUICHUS MPeaAMETOB He npeBbiiaet (3+4) M. OObIYHO TaKue KOHIICHTPAIUH
BO3MOXKHBI TOJIBKO B ammaparax, YCTAaHOBKAaX WJIM B HETIOCPEACTBEHHON OIM30CTH OT
HUX. B Mpou3BOACTBEHHBIX MOMEMIEHUSAX KOHUEHTPALUS MbUIM OOBIYHO 3HAUYUTEIIBHO
MEHBIIIE HU)KHETO TIPEETA B3PbIBA.

9.5. [lasnneHue npu e3pbise Nbisu

B3pbiB mbUIM B 3aMKHYTOM OOBEME BBI3bIBAET IMOBBIIIEHHE H30BITOYHOTO
napyieHus: (M0 OTHOIIEHWIO K aTrMoc(epHOMY), KOTOpOE 3aBUCHUT OT (DU3HKO-
XUMUYECKUX CBOMCTB TIbUIM, a TakXke OT HCTOYHMKAa BOCIUIaMEeHEeHHs. Poct
M30bITOYHOTO AABJICHUS p MPOUCXOAUT MO CIEAYIOIIUM IPUUHHAM.

e [lpu B3phIBE MpOHCXOAUT OOpPA30BaHME Ta3000pa3HBIX MPOAYKTOB CropaHus,
00bEeM KOTOPBHIX MPEBHIIIAET 00BEM IEPBOHAYATILHON CMECH.
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e [lpu B3pbIBE MNPOMCXOAUT HArpeB Tra3000pa3HBIX NPOAYKTOB CrOpaHHUs a0
BBICOKOH TemrnepaTypsl. B cooTBeTCTBUU C ypaBHEHHEM COCTOSIHUSA

pP=pRT, (9.1)

rae p, R, T — minoTHOCTB, ra3oBas MOCTOsSHHAs M aOCONIOTHAs TeMIeparypa
IPOAYKTOB B3pPbIBa, C POCTOM TEMIIEPATypPbl BO3pPACTAET TAKXKE U JaBJICHHUE.

B Tabn. 9.3 mpuBeneHsl naHHBIE TO HM30BITOUHOMY JaBICHUIO B3pbIBA MAJIS
HEKOTOPBIX IbLIei (1pu KoHeHTparmu Crn = 50r/M°).

Taomuna 9.3
N30bITOYHOE AaBJIEHUE B3phIBA JIJIs1 HEKOTOPBIX MbLIEH
HanmenoBanue | Cepa Caxapnas AJFOMUHAN
nyapa
p, Mlla 0.073 0.080 0.095

C pocToM KOHIIEHTpAIIMH IbLIN JaBJICHUE TIPH B3PBIBE PE3KO Bo3pacTaeT. Tak, s
. _ 3
npHUBEICHHBIX B Ta0na. 9.3 mbutei, npu ux kKoHmeHrpanuu Cp= 160r/m° naBiacHue
B3pbIBa MOKET gocturath p = 0.6 MIla.

9.6. Pakmopsbl, enusirowue Ha 83pbI8 NbisU

Ha B3PBIBOOITIACHOCTDb IIBIIICBO3AYUIHBIX CMECEeM OKa3bIBACT BIIMSHHE HCHBIﬁ pAan
q)aKTOPOB, B 4aCTHOCTH, THUII HCTOYHHKA BOCINIAMCHCHU S, BJIIAXKHOCTD IIBIJIM U BO3/1yXa,
AUCIICPCHOCTD IIBIJIM, a TAKKC HAYaJIbHAA TCMIICPATypa CMCCH.

Hcmounuk eocnnamenenus

HaunGonpiryto posib UTPArOT TEMIEpaTypa HCTOYHUKA BOCIIAMEHEHUS W BEJIMYMNHA
MMOBEPXHOCTU MCTOYHHKA, CONMPHUKACAIOLIECHCA C MbUIbI0. HauMenbmnii npenen B3pbiBa
OyJIeT y TOro HMCTOYHHMKA BOCIUIAMEHEHHsS, KOTOpPBI oO0JjiamaeT HamboJiee BBICOKOMN
TEMIIEPATYPOI M Pa3BUTOM MOBEPXHOCTHIO (Tadi. 9.4).

Taomuna 9.4
HusKHUI Ipejien B3pbiBa HeKOTOPBIX BetnecTs (Cp, r/M°)
BemecTtBo Harperas cnupaib OnexkTpocBapka | ABTOMOOWIBbHAS CBeua
(1200C) 3Q)KUTAHUS
Kpaxman 7.0 10.3 13.7
Myka 10.3 10.3 HE BOCIIAMEHSIETCS
Caxap 10.3 17.2 34.4
AJIIOMUHUN 7.0 7.0 13.7




Baasxcnocmo noinu u 6030yxa

Brnara, cogepxamascs B TbBUIM, 3aTpyJHSET €€ BOCIUIAMEHEHUE U
pacmpocTpaHeHue MmiIamMeHu 1o Heil. OOBICHSETCS 3TO TEM, YTO B IMpOIlEcCe HarpeBa
OBUTH  OOJIBIIOE KOJMYECTBO TEIIa TPATHTCS HA HWCIAPEHHWE BIArd. 3aBUCHMOCTD
JIaBJICHUS B3pbIBa OT cojiepkanus Biaaru W B TophsiHO# mbun puBeaeHa Ha puc. 9.4,

OtmetuM, 49TO Ha 3TOM 3(h(PEeKTe OCBOCHO TYIICHHE TOKAPOB PACTIBIIOM
KHUTKOCTU — BOJIBI.

p, Mlla
A
0.5+

Puc. 9.4.3aBrucuMOCTb 1aBJIECHUSI
B3PBIBA OT COJEPKAHUS BJIaru B
0.25+ Top(sIHOM NI (IpaMM BJIary Ha
KHJIOTPaMM ITbLITH)

50 100

/Iucnepcuocm b noljiu

B3peiBuaTbie CBOMCTBA MBLIM BO3PACTalOT IO MEPE YMEHBIICHUS pPa3MeEpPOB
IBUICBBIX YacTul (IpH YBEIUYCHUU CTENEHHW IUCIIEPCHOCTH NbLaH). B Tadm. 9.5
IIPUBEICHBl 3HAYEHMsS JABJICHWS B3pblBa Ul [bUIEH pPAa3sHONM IUCIEPCHOCTU B
3aBUCHUMOCTH OT AuamMerpa yactui D.

Taomuna 9.5
Jasnenue B3pbiBa (p, MIla)1is nbuieii pasHoOl AUCIIEPCHOCTH
D, MM
Bemectso ™55 30 | 50 60
Hpeecuna | 0.13 0.12 0.11 0.07
Yroib 0.11 0.086 0.071 0.0271
Myxka 0.10 0.096 0.081 0.066

B 1abn. 9.6npuBenenbl 3HaueHus JaBiICHUS B3pbIBA I aTFOMUHUEBOM MyIpbI C
pPa3HBIM pa3MepOM YaCTHII.
Tabmuna 9.6
JlaBnenue B3pbiBa (p, MIla)ais aqroMUHHUEBOM Ty IPBI

D, mxm | Cm, r/m° p, Mlla
0.3 70 1.06
0.6 70 0.86
1.3 70 0.77
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Temnepamypa nvi1e6o30yuinoil cmecu

Pe3ynbTaThl Hccae0BaHUM 110 BIUSHUIO TEMIIEPaTyphl MBUICBO3IYIITHON CMECH Ha
JaBJICHHE B3pbIBA JJIs1 TOPp(PSHON NBUIM MpeaCTaBiIeHbl B Ta0. 9.7 1isl KOHIEHTpALUK
_ 3
Cm= 2.16kr/M’, 4TO COOTBETCTBYET YCIIOBUSM MAaKCHUMAaJIbHOTO JaBJICHHS B3PHIBA.

Ta0muma 9.7
Brustaue remnepatypsl TopdsTHON MBUTH HA MAaKCUMaJIbHOE JTaBJICHUE B3PHIBA

TeMrmeparypa mbuIeBoi cvecH, °C

10 25 200 300
Conepxxanue
KHCJIOpO/a, 0.29 0.27 0.17 0.14
kr/m®
MakcumanbHoe
TaBJICHHUE 0.250 0.225 0.165 0.120
B3pbIBa, Mlla

CHWXKeHHE JTaBIICHUE B3pbIBa MPH TOBBIIICHUN TEMIIEPATypPhl MOKHO OOBSCHUTH
YMCHBIIICHUEM COJICp’KaHUsl KHUCIOpoJa B €IWHUIE Oo0beMa CMECH, IOCKOJBbKY, B
COOTBETCTBUU C ypaBHeHHMeM coctossHus (9.1), MmIOTHOCTH Ta3a 0OpaTHO
NPOTIOPIIMOHANIbHA €ro TeMmmepartype. [Ipu 3ToM, MO Mepe CHWKEHUS COJICpKaHHS
KHCJIOPO/a, COCTaB  NbUICBO3AYINIHOW CMECH  MOXXET  CTAaHOBUTBCS  BBIIIC
CTEXHOMETPUYECKOTO, YTO MPUBECT K CHI)KCHUIO JIaBJICHHS B3pbIBA r'a3a.

10.Aoepuoie 63puisnt
10.1.Ucmopusn coz0anus u pazeumusn A0€pHOZ0 OPYIHCUA

CrtpoeHue 31eKTPOHHOM 000JI0YKH OBLIIO JOCTATOYHO U3Y4YeHO K KOHILy XIX
BEKa, HO 3HAHHUM O CTPOECHUU aTOMHOTO Siipa ObLIO OYEHBb MaJIo, U K TOMY K€, OHH
ObUTH TPOTUBOPEUUBHI.

B 1896roay Ob110 OTKPHITO SIBJICHUE, MTOTYyUYHBIIIEE HA3BAHUE PAIUOAKTUBHOCTU
(OT TATHHCKOTO CJI0BA «PaNyC»- Ty4). ITO OTKPHITUE CHITPAIIO BAKHYIO POJIb B
JanbHENIIeM U3Ty4YeHUU CTPOeHUs aTOMHBIX siaep. Mapust CxionoBckas-Kropu u [Tsep
Kropu ycranosuiu, 4to, KpOM€E ypaHa, elie TOPUH, IOJJOHUN U XUMUYECKUE
COEIMHEHMsI ypaHa C TOpUEM 00JIaaeT TaKUM K€ U3TyYEHUEM, YTO U ypaH.
[Tpomomkas uccnenoBanusi, onu Beiaeanan B 1898rony u3 ypaHoBo# pyibl BEIIECTBO
B HECKOJIbKO MUJUTMOHOB pa3 0oJiee akTUBHOE, YEM YpaH, U Ha3BaJllu €ro pajiueM, 4yTo
3HAYUT Jy4uCThIN. BemecTBa, 00naaaromuye u3nyuyeHueM MoJ00HO0 ypaHy Wiu paulo,
MOJIYYHJIA Ha3BaHUE PAIMOAKTUBHBIX, @ CAaMO SBJICHHE CTAJIM HA3bIBATh
pParloaKTUBHOCTHIO.




B XX Beke Hayka caenaia paAuKaabHBINA 1Iar B U3y4eHUH PAJUOAKTUBHOCTH U
MPUMEHEHUHN PAIMOAKTHBHBIX CBONCTB MaTEPUATIOB.

B Hacrosiee BpeMsi 5 cTpaH UMEIOT B CBOEM BOOPYKEHHUE SEPHOE OPYKUE!
CIIA, Poccust, Benukobpurtanus, @panrmus, Kutail u B Omkaiiiime Toabl STOT CIIHCOK
MOMOJHUTHCA.

Ceifyac TpyJJHO OIICHUTD POJIb siAepHOTO Opyxusi. C OAHON CTOPOHBI, 3TO
MOIIIHOE CPEICTBO YCTpAIlEHHUs, C APYToi — camblid 3(h(PEKTUBHBIA HHCTPYMEHT
YKpEIUICHUSI MUpPa U MPEJOTBPAIICHNUS BOGHHOTO KOH(DINKTaMU MEXTy Jep>KaBaMHU.

3anauu, CToSIIME NIEpel COBPEMEHHBIM YeJIOBEYECTBOM — HE JOMYCTUTh TOHKY
SIIEPHOTO BOOPYKEHHMS BEb HAYYHBIE 3HAHUS MOTYT CIIYKUTh U TYMaHHBIM,
0JIarOPOIHBIM LETISIM.

B 1905Ans06epT DWHIITEHH W3/1aJT CBOIO CIIENUATILHYIO TEOPHUIO
OTHOCUTENHHOCTH. COrJIacCHO 3TOM TEOPUH, COOTHOILIEHUE MEXK/y MACCOU U SHEpruen
BRIpaXEHO ypaBHeHHeM E = mE, KoTopoe 3HA4HT, 4TO JaHHAs Macca (M) CBA3aHa C
kosimdectBoM dHepruu (E) paBHO# 3TOM Macce, YMHOXKCHHOM Ha KBaJpaT CKOPOCTH
cgeta (C). OueHb Maioe KOJIMYSCTBO BEIIECTBA SKBUBAJICHTHO K OOJIBIIOMY
KoJuuecTBy sHepruu. Hampumep, 1 kr BelecTBa, npeoOpa3oBaHHOTO B SHEPTUIO ObLT
ObI S5KBUBAJICHTEH SHEPTUH, BBITYILIEHHOM, TPH B3pbIBE 22 METaTOHH TPOTHUJIA.

B 1938r, B pe3ynbpTare SKCIIepuMEeHTOB HeMelKuM xuMukaMm OT1To XaHa u
®putna CtpaccManHa, yaaeTcs pa30UTh aTOM ypaHa Ha JABE MPUOIM3UTEIHHO PaBHBIX
YacTH MPU MOMOIIKM O0MOapAMPOBKHU ypaHa HeHTpoHaMmu. bputanckuit pusux Podept
@pur, 00BACHUI KaK IPU JEJICHUU SApa aTOMa BbIIETSETCS SHEPTUS.

B nauane 1939rona ¢panmysckuit puzuk XKomnmo-Kropu caenan BeIBO, 4TO
BO3MO>KHA II€MTHAS peaKIMsi, KOTOpasi MPUBEJIET K B3PHIBY UYJOBHIIHOM
Pa3pyILIUTEbHON CHIIBI U UTO YPaH MOXKET CTaTh MCTOYHUKOM 3HEPIUH, KaK 00BIYHOE
B3pPBIBHOE BELIECTBO.

OT0 3aKIIIOUYEHHE CTAJI0 TOTYKOM JIJIsl pa3pabOTOK MO CO3/IaHUIO SIIEPHOTO
opyxus. EBpomna Obuta HakanyHe BTopoii MUpOBO# BOMHBI, U MOTEHIIUMATIBLHOE
o0JiajaHue TaKUM MOIIHBIM OPYUEM MOATAIKUBAIO Ha ObICTpEiilliee ero co31aHue, HO
TOPMO30M cTaja npodjaemMa HaJu4uus OOJBIIOro KOJIMYECTBA YPAHOBOM PyAbI AJs
HIMPOKOMACIITAOHBIX UCCIIEI0BAHUMN.

Haz cozmanuem aToMHOTO Opy:Xusl TpyaAuiInch pusuku ['epmanun, AHriumy,
CIIA, Anonuu, nonumasi, 4To 0€3 10CTATOYHOTO KOJIMYECTBA YPAHOBOU Py bl
HeBO3MOKHO BecTH paboThl. CLIIA B centsiope 1940roaa 3akynuiu 60ab110€
KOJIMYECTBO TpeOYeMOM pyIbl 10 MOJICTaBHBIM JOKyMeHTaM y benbruu, 4to u
MO3BOJIUJIO UM BECTH pabOThI HaJ] CO3/IaHUEM SIAEPHOTO OPYKHS MOJTHBIM XOIOM.



[Tepen nauamom Btopoit MupoBoii BoliHbI AbOepT DUHIITEHH HaUCcal TUCbMO
npesuaenty CIIA ®panknuny Py3BensTy. B HeM KOOI TOBOPHIIOCH O MOIBITKAX
HanucTckon ['epMannu 0UMCTUTH YpaH-235,4TO MOKET IPUBECTU UX K CO3aHUIO
aToMHOM 00MOBI. Ceifuac cTaio U3BECTHO, UTO T€PMAHCKUE YUEHBIE ObUIM OUYEHb
JAJIeKy OT MPOBEACHUS LEMHOM peakiuu. B ux miaHel BXOIUIO0 U3TOTOBJICHHE
"Ipsi3HOI", CUJIBHO PaJMOAKTUBHON OOMOBI.

Kax 651 To HM ObLIO, mpaBuTenbcTBOM CoenuHEHHbIX [1ITaTOB OBLIO TPUHSTO
peleHue - B KpaTyaiiue CpoKy CO34aTh aTOMHYIO O0MOY. ITOT MPOEKT BOLIEI
uctopuio kak "Manhattan Project'Caenyromiue mects jet, ¢ 1939mo 1945,1a npoekr
ManxaTTeH ObuTo moTpadeHo 6ojee nByx OmunoHoB noiutapoB. B Oak Ridgemrar
Tenunecu, ObLI MOCTPOECH OIPOMHBIN 3aBOJI 10 OYUCTKE ypaHa. bbul npeasioxkeH crnocoo
OUYHCTKU B KOTOPOM ra3oBasi IieHTpu(yra oTaensiia Jerkuii Y pan-2350t 6onee
TsDKeJIoro Ypana-238.

Ha Teppuropun Coennnennsix [1ITaToB, B MyCTBIHHBIX TpocTOpax mraTta Heto-
Mekcuko, B 1942roay ObLT co31aH aMepUKaHCKUM siepHbI ieHTp. Haa npoekTom
paboTasio MHOXKECTBO yU€HBIX, rIaBHbIM ke Obu1 PobepT Onmnenreiimep. [lox ero
HayaJoM ObLTM coOpaHBbl Tydliue yMbl TOro BpemeHu He Toiabko CIIA u Auriuu, HO
npakTudecku Bceil 3anagHoil EBponsl. Han co3znanueM siiepHOTO Opy>KUsl TPYIUICS
OTPOMHBIN KOJIJIEKTHB, BKiIto4ast 12 maypeatoB HobeneBckoit npemuu. Pabora B
naboparopus, HE MpeKpaIiagach H1 Ha MUHYTY.

B EBpomne Tem BpeMenem nuia Bropast MupoBast BoviHa, U ['epmaHus nmpoBOIMAIIA
MaccoBble 00MOApIUPOBKH TOPOAOB AHTIINH, YTO TIOJIBEPTaJIO OMTACHOCTH aHTJIMUCKUHN
atroMubIi mpoekt “Tub Alloys”, u Aurius nooposoisHo repenaia CIIIA cBou
pa3paboTKu U BeAYIIUX YUEHBIX MPOeKTa, yTo no3Boyuio CIIIA 3ansaTs Beayiiee
TIOJIOXKCHHE B PA3BUTUU sICPHON (U3UKHU (CO3MaHUS AACPHOTO OPYIKHS).

16 wrons 1945rona, sipkas BCTbIIIKa 03apuia He0O Haa miaTo B ropax Jlxemesa
Ha ceBepe oT Hpro-Mexuko. XapaktepHoe 00J1ako pagroaKTUBHOM TBLIH,
HarmoMuHaromee rpud, nogussiock Ha 30 Teicssu GyToB. Bee 4To octamock Ha MecTe
B3pbIBAa — ()parMeHTHI 3€JIEHOTO PaIMOAKTUBHOIO CTEKJIA, B KOTOPOE MPEBPATHIICS
necok. Tak ObLIO MOJIOKEHO Hauaao aTOMHOM 3pe.

K nery 1945rona amepukaHiiam yajgock coopath 1B aTOMHbIE OOMOBI,
nosyuuBinue HazBaHus "Manbsimn” u "Tonctsak". [lepas 6omOa Becuna 2722kr u Obuia
CHapsbKeHa o0orameHHbIM YpaHoM-235. "Tonctsak” ¢ 3apsiaiom u3 [nyronus-239
MoItHOCThI0 Ooniee 20 kT umena maccy 3175kr.

YT1pom 6 aBrycra 1945r. nag Xupocumoii 6bi1a copoiera 6omba «Mapiir». 9
aBrycra erie ogHa bomba Onu1a cOporeHa Haa ropogaoM Haracaku. OO01mue JIoacKue
NOTepU U MacITabbl pa3pylIEHU OT 3TUX OOMOAPAUPOBOK XapaKTEPU3YIOTCS
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CIICAYIOIIUMHE [TU(PPaMH: MTHOBEHHO TIOTHOJIO OT TEIJIOBOTO U3ITyYeHHs (TeMiepaTypa
okoJio 5000rpamxycos C) u ynapuo# BosHbI - 300ThIcsSd YenoBek, eme 200 Thics
HOJYYHIIM paHEHHE, 0KOTH, 001yunanch. Ha miomanu 12 k. KM ObLIM MOTHOCTHIO
pa3pylieHbl BCe CTPOCHUSI. DT OOMOApIMPOBKH MOTPSICIU BECH MHUP.

Cunraercs, 4To 3TU 2 COOBITHS MOJIOKUIM HA4aJIo TOHKE SIIEPHBIX BOOPY)KEHUH.

Ho yxe 1946rony B CCCP Obut OTKpPBITHI U Cpasy ke CTalu pa3padbaTbIiBaThCs
KPYITHBIE MECTOPOKJCHHS ypaHa 0oJiee BRICOKOTO KauecTBa. B paiione
r.CemunanaTuHcKa ObUT MOCTPOEH UCTIBITATENbHBINA ToMUTroH. A 29 asrycra 1949rona
Ha 9TOM MOJIMTOHE OBUIO MOJAOPBAHO MEPBOE COBETCKOE AAEPHOE YCTPONUCTBO MO/
konoBbIM Ha3zBanueM "'PJIC-1". CobbiTHe, mpouctienniee Ha CeMHUaTIaTHHCKOM
HOJMroHe, N3BecTHII0 MUp o co3nanuu B CCCP saepHOro opy»Kusi, 4TO HOJO0KHIIO
KOHEI] aMepUKaHCKOMY MOHOTIOJIM3MY Ha BJla/IeHHE HOBBIM JJIs YeJIOBEUECTBA
OpYXKHEM.

10.2.Amommnoe opyscue — opyrcue maccoeo20 nopa3ceHus

SnepHoe wim aTOMHOE OpPYKHE — OPYKHE B3PBIBHOTO JICUCTBHS, OCHOBAHHOTO Ha
UCTIOJIb30BaHUU SICPHON SHEPTUH, OCBOOOXKTAIOIIEHCS TIPH IIETHOMN SACPHOMN peakiuu
JeNeHUS TSHKENBIX SIep WIH TEPMOSICPHON peakiuy CUHTe3a NETKuX siaep. OTHOCHUTCS
K opyuto MaccoBoro nopaxenusi (OMII) Hapsiy ¢ OMOTOTHYECKUM U XUMHUCCKUM.

S nepHbIii B3pBIB —3TO MPOIECC MTHOBEHHOTO BBIICTICHUS OOJIBIIIOTO KOJIMYECTBA
BHYTPHSICPHOI HEepruu B orpanrnueHHoM oobeme (puc. 10.1)

LleHTp sAIepHOTO B3phIBA — TOUKA, B
KOTOPOU MPOUCXOIUT BCIIBIIIKA WK
HaXOJMTCS UEHTP OTHEHHOIO 11apa, a
AIULIEHTPOM — IMIPOEKIIUIO IIEHTPa
B3pbIBa HA 3€MHYIO UJIM BOJHYIO
MMOBEPXHOCT.

Puc.10.1. SInepHblii B3pbIB

H,ZICpHOC OPYXKHC SABJIICTCA CaMbIM MOIIHBIM M OIIACHBIM BUAOM OPYKHUS
MaCCOBOT'O MOPAKCHUA, YTPOKAOIIUM BCEMY YCIIOBCUCCTBY HCBU/IAHHBIMHA
PaspymicHUsAMA 1 YHUYTOXCHHUEM MUJIJIMOHOB J'IIOI[CI‘/JI.
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Ecnu B3pbIB NPOMCXOANT HA 3€MJIE UIIH JIOBOJBHO OJIM3KO OT €€ MOBEPXHOCTH, TO
YacTh S3HEPTUU B3pPbIBA NIEPEAAETCS IOBEPXHOCTH 3EMIIM B BUE CEICMUYECKUX
KosneOaHuil. Bo3HUKaeT siBineHne, KOTOPOE O CBOMM OCOOEHHOCTSIM HAIIOMUHAET
3eMJeTpsAceHue. B pe3ynbrare Takoro B3pbiBa 00pa3yOTCsl CeICMUUECKHE BOJIHBI,
KOTOpBIE Yepe3 TOJILLY 3€MJIM PaclpOCTPAHSIETCA HAa BECbMa OOJIbIINE PACCTOSIHUSL.
PazpymmrenbHoe neicTBHE BOJHBI OTPAHUYMBAETCS PAJUYyCOM B HECKOJIBKO COT
METPOB.

B pesynbrare upe3Bbl4aliHO BBICOKOM TEMIIEPATYPBI B3PbIBA BO3HUKAET sIpKasi
BCIIBIIIKA CBETA, HHTEHCUBHOCTb KOTOPOM B COTHM pa3 IPEBOCXOIUT HUHTEHCUBHOCTD
COJIHEYHBIX Jy4eH, nagaronmx Ha 3emiro. [Ipyu BCObllke BBIAEISETCS OTPOMHOE
KOJIMYECTBO TeIa U cBeTa. CBETOBOE U3IIyUYEHHUE BbI3BIBAET CAMOBO3TOPAHKE
BOCIUIAMEHSIOIINXCSl MATEPUATIOB U O’KOTH KOXKH Yy JIFOAEH B PAJUyCe MHOTUX
KHJIOMETPOB.

[Ipu sspepHOM B3pbIBE BO3HUKAET paauanysi. OHa MpOA0IHKAETCS OKOJIO MUHYTHI
¥ 00J1aJ1aeT HACTOJIBKO BBICOKOW IMTPOHUKAOLIEH CLIOCOOHOCTBIO, UTO JIJISl 3AIUTHI OT
Hee Ha OJIM3KUX PACCTOSAHUAX TPEOYIOTCS MOIIHBIE U HAJE)KHBIE YKPBITHS

ITo nanubM nBaXkbI Taypeata HoGeneBckoit mpemuu Jlalinyca [lonunra, emie B
1964r. obmue 3anacel aaepHbIX Ooenpunacos cocTaBmsud 320MUIMOHOB TOHH
TPOTUIJIOBOTO KBUBAJIEHTA, TO €CTh 0K0JI0 100TOHH TpoTHIIa Ha KaXKJ10T0O YeIoBeKa
3eMHOTO 1mapa. C Tex mop 3T 3anachkl, BEpOATHO, elie 0ojiee BO3POCIH.

Ceiiuac e KOJIMYeCTBO OOEr0JIOBOK IO TaHHBIM «BIOJIJIETEHS SAAEPHBIX UCTIBITAHUI

1947 | 1952 [ 1957 | 1962 | 1967 | 1972 1977 1982 1987 1992 2002 | 2009

CLLLA, 32 1005 | 6444 | =26000 | 30893 |=27000 |=25000 | =23000 (=23500  =12000 [=10600 =3500
CCCPR/PoccwuA 0 50 660 |=4000 |8339 |=15000 =25000 =34000 =38000 =25000  =8600 |=2800
Benwkobputanna 20 270 512 512
T paHyua 36 384 384
Kutai 25 400

MHuoma + Maknctan =100

HMapannes =200

Mroro 32 10585 | 7124 | =30000 | 39563 | =40000 | =50000 | =57000|63484 | =40000 | <20450

[Tpuuém nannbie mo CIIA u Poccun va 2002-200%.1. BKIIOYAIOT TOJIBKO OOETPUTIACHI
Ha Pa3BEPHYTHIX CTPATETHICCKUX HOCUTEIAX; 00a TOCYIapCTBa PacIoJiaraloT TakKe
3HAYUTETHHBIM KOJIMYECTBOM TAKTUYECKOTO SIEPHOTO OPYKHUS, KOTOPOE TPYIHO

o TaéTcs OIlEHKE.

10.3.Buowt saoepuvix 3apa006

Bce snepHbie 6oenpunachkl MOTYT OBITh pa3/ieieHbl Ha KATETOPUH:

1. ATomHEBIC 3apAabl




JleiicTBE aTOMHOTO OPY>KUSI OCHOBBIBAETCSI HA PEAKITUH JCICHUSI TSHKEIBIX Sep
(ypau-235, miytonnii-239u, B OTAEIbHBIX Clydasnx, ypaH-233).

Ypan —ouenb TxENBINA, cepedprcTo-0enblil rsHIEeBaThIi MeTall. B yncTom
BU/JIC OH HEMHOT'O MsIT'Ye€ CTaJii, KOBKHUH,
ruOKui, 00agaeT HEOOIBIINMU

napaMarHMTHBIMU CBOMCTBaMH (pHC.
10.2).

VYpan-235ucnonb3yoT B SIEPHOM
OPYXKUH ITOTOMY, YTO B OTJIUYHE OT
HaurboJiee pacpOCTPAHEHHOTO U30TOIA
ypaHa-238,B HEM BO3MOKHA
CaMOIIO ICP KUBAOIIASICS LICTTHASI
SIEPHAsT PEaKITUsI.

Puc. 10.2. BricokooboranéHHablii ypaH-
23t

Ilnymonuii — 04eHb TOKEINIBbINH cepeOPUCThIM MeTasl, OJECTAIUN MOJ00HO
HUKEJII0, KOra ToJIbKo 4To ouniteH (puc. 10.3).
s 3 DT0 KpalHe MEeKTPOOTPUIIATEIbHBIH,

XMMHUYECKU aKTUBHBIN 2JIEMEHT. Benencreue
CBOEH PaMOAaKTUBHOCTH, IIJTyTOHUM TEIUIBIA HA
orynb. YUCThIN H30TOI ITyTOHUS-239
ropaszio ropsiuee Teia YeI0BeKa.

i Kl R IR |

[Tnyronnii-239 Takke Ha3bIBAIOT «OPYKEHHBIM
IUTYTOHHEM>, T.K. OH MPEHA3HAYCH JIS
CO3JIaHMSI SIJICPHOTO OPYXKHUS U COJICPIKAHUC
n3otona =>PU 1omKHO OBITE He MeHee 93,5 %.

= Puc.10.3 —OuniieHHbIH
METaUTMYECKUH MIyTOHHIH-239

ATOMBI TUTYyTOHHS 0OPA3yIOTCS B PE3YJIHTATE IIETIH ATOMHBIX PEAKIIHA,
HAYMHAIOMIUXCS C 3aXBaTa HEHTpoHa aToMOM ypaHa-238.YToObI oJIy4aTh IUTyTOHHUHA B
JIOCTaTOYHOM KOJIMYECTBE, HYKHbI CHIIbHEUIIINE HEUTPOHHBIE OTOKHU. TaKne Kak pas
CO3/IAI0TCS B aTOMHBIX peakTopax. B mpuHIumne, mo00ii peakTop sSBISETCS
WCTOYHUKOM HEUTPOHOB, HO IS MPOMBINIJICHHOTO MPOU3BO/ICTBA IITyTOHUS

CCTCCTBCHHO HCIIOJIB30BATh CIICLIHMAJIBHO p33pa6OTaHHBIX JJI1 9TOTO.
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[lermHas peakius AeICHUS pa3BUBACTCS HE B JJIOOOM KOJIMUECTBE JACIISIIETOCs
BEIIECTBA, & JIMIIb TOJIbKO B ONIPEACICHHON ISl KAKIOTO BEIIECTBA MACCE.
Haumensbliee KOJIMYECTBO JIEIIAIIETOCS BEIIECTBA, B KOTOPOM BO3MOKHA
CaMOPA3BUBAIOIIASICSA LIENTHAS SIACPHAS pEaKIUsl, HA3bIBAIOT KPUTHUYECKOU MACCOU.
YMeHbIIeHne KPUTHYECKOM MacChl OyeT HaOII0AaThCS MPU YBEITUYEHUH TUIOTHOCTH
BEIIIECTBA.

Jlensieecs: BEUECTBO B aTOMHOM 3apsifieé HAXOJAUTCS B MOJAKPUTUUECKOM
cocrosHuu. [1o nmpuHIUITY €ro nepeBoaa B HAAKPUTHIECKOE COCTOSTHUE aTOMHBIE
3apsiabl AEISATCS HA MyHI€YHbIE U UMILIO3UBHOTO THIIA.

B 3apsimax mymieuyHoro Tumna aBe u 0oyiee yacTel JAeNAIerocs BemecTBa, Macca
KaXJI0M U3 KOTOPHIX MEHbIIIE KPUTHUECKOU, OBICTPO COSTUHSIOTCS IPYT C APYTrOM B
HAJKPUTHIECKYIO MACCy B pe3yJIbTaTe B3PhIBA OOBIYHOTO B3PHIBYATOTO BEIIECTBA
(BBICTpeIMBaHUS OJHOM YacTH B Apyryi0). [Ipu co3maHuu 3apsAa0B MO TaAKOH CXeMe
TPYJIHO 0OECIIEYUTh BHICOKYIO HAAKPUTHIHOCTD, BCIEACTBUE YETO €r0 KOAPHUIIUCHT
MOJIE3HOTO JIEUCTBUS HEBEIUK. JJOCTOMHCTBOM CXEMBbI ITYILIEYHOTO TUTIA SIBJISIETCS
BO3MOYKHOCTb CO3/IAHUS 3aPsI0B MaJIOTO TUAMETPA U BBICOKOW CTOMKOCTH K JICWCTBHIO
MEXAHUYECKUX HArpy30K, YTO MO3BOJISIET UCIOJIb30BATh UX B APTUILICPUINCKUX
CHapsiAax U MUHAaX.

B 3apsigax MMILIO3MBHOTO TUMA AENAIEECS BEIIECTBO, UMEIOIIEE TTPU
HOPMAJIBHOM IIJIOTHOCTHA MAacCy MEHbIIE KPUTUUECKOU, IEPEBOAUTCS B
HAJIKPUTHYECKOE COCTOSTHUE MOBBIIIEHUEM €T0 IIJIOTHOCTH B Pe3ysibTaTe 00KaTHs C
MTOMOIIIBIO B3PhIBA OOBIYHOTO B3PHIBUATOTO BEIIECTBA. B Takux 3apsmax
MPEIOCTABISACTCS BO3MOKHOCTh MTOJTYUYHUTh BHICOKYIO HAJKPUTUYHOCTD U,
CJIeIOBATEILHO, BBICOKHI KO3(DPUITMEHT TOJIE3HOTO UCTIOIB30BAHUS ICTISIIETOCS
BEIIIESCTBA.

Hepenko Goenmpumnace 3TOTo THMA Ha3bIBAIOTCS OAHO(A3HBIMU WIIH
OJHOCTYIICHYAThIMH, T.K. IPU B3PBIBE MPOUCXOIUT TOJBKO OJWH BUJ SACPHOM
peaKunu.

2. TepMosnepHbIE 3apsibl

B npocTtopeunn 4acTo Ha3bIBAOT BOJOPOAHBIM OpYykKrueM. OCHOBHOE
HHEPTOBBIIEIICHHE KOTOPOIO MPOUCXOINT IPU TEPMOSIEPHON PEAKIIUN — CHUHTE3E
TSKENBIX AIEMEHTOB U3 Ooee NE€rkux. B xauecTse 3anana AJis TEpMOSAEPHON peakuun
UCIIOJNIB3YeTCsl OOBIYHBIN SiAepHBIN 3apsaa. Ero B3pbIB co3naér TemmnepaTypy B
HECKOJIbKO MUJUIMOHOB I'PayCcOB, [P KOTOPO HAYMHAETCS peaklys CUHTe3a. B
Ka4eCTBE TEPMOSIJIEPHOTO TOPIOYET0 UCIIONB3YETCsI OOBIYHO NEHTpHI TUTUSA-6 (TBepmoe
BEILIECTBO, MIPECTaBIIAONIee CO00H coequHeHue TUTUsI-6 u neirepus). Peakiust
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CHUHTE3a OTIINYACTCA KOJOCCAJIbHBIM SHCPIOBBIACIICHHUEM, ITIO3TOMY BOAOPOJHOC
OPYKHC ITPCBOCXOANUT aTOMHOC 110 MOIITHOCTH IIPUMEPHO Ha MOPAIO0K.

3. Hell'tpoHHBIE 3apsabl

HeiitpoHHsblii 3apsia npeicTaBisieT co0oi 0coObIM BU TEPMOSIACPHOTO 3apsijia
MaJIO MOITHOCTH C MOBBIIIEHHBIM HEUTPOHHBIM M3lTydeHueM. Kak u3BecTHo, npu
B3PBIBE SAJEPHOTO Ooemnpurnaca yaapHas BoiHa HeceT okojio 50%»sHepruu, a
npoHuKaromas paauamnus He 6onee 5%. [IpegHaznauenue siaepHOTO 3apsiaa
HEHUTPOHHOT'O TUIIA 3aKIIOYAETCS B TOM, YTOOBI IIEpepacpeiesiuTh COOTHOIIEHUE
nopaxaromux (pakTopoB B MOJIb3Y MPOHUKAIOLIEH pagualny, a TOYHee, MOTOKa
HEUTPOHOB. boJbIIast YacTh sueprun B3PbIBA IPU IPUMEHEHUN HEUTPOHHOTO OPYKUS
00pasyeTcst B pe3yIbTaTe sueproro cuntesa TSHKEIBIX U30TOMOB BOOpOa (IeiTepust u

TPUTHSL) C BBIJICIICHHEM B OKPY>Kalollee MPOCTPAHCTBO MOTOKA OBICTPBIX neiitporos.

Obnagast 0OJBIION MPOHUKAIOIIEH CTOCOOHOCTHIO, HEUTPOHHOE opysxue CIIOCOOHO
HOpakaTh KUBYIO CHUJIY POTUBHUKA HA 3HAYUTEIILHOM PACCTOSHUU OT SIUICHTPa
SIIEPHOTO B3pPhIBA U B YKPBITUSX. [Ipr 37TOM B OMOJIOTHYECKUX 00BEKTaX MPOUCXOUT
MOHU3AIUS )KUBOM TKaHU, IPUBOJAIIAS K HAPYIICHHUIO KU3HEAEATEIbHOCTU OTACIBHBIX
CHCTEM M OpraHu3Ma B [EJIOM, Pa3BUTHIO JTy4eBOW OOJIC3HH.
[Topasatoriee AeiicTBUE HEUTPOHHOTO OPYKHS HA BOEHHYIO TEXHUKY IPOUCXOAMT 32
CYET B3aUMO/JICHCTBUSI HEUTPOHOB M TaMMa-H3JIy4E€HUS C KOHCTPYKIIHOHHBIMU
MaTepHallaMi U PaIUO3IEKTPOHHON anmnapaTypoi, YTO IPUBOIUT K MOSBICHUIO
«HABEJACHHOI» PaJMOAKTUBHOCTH U, KaK CIIEJCTBUE, HAPYIICHUIO ()yHKIIHOHHUPOBAHUS
BOOPY)KEHHUSI M BOGHHOHN TeXHHUKH. KpoMe Toro, npu B3pbIBE HEUTPOHHOTO CHapsia
yIlapHas BOJIHA M CBETOBOE M3ITyYEHHE BBI3BIBAIOT CILIOIIHBIC Pa3pyIICHHS B Painyce
200-300m.

Texnonorus co3ganust HEUTPOHHOTO OpyXxus pa3padorana B CILIA, B 1981r.
B03MOKHOCTBIO CO3/1aHUS TAKOTO pojia OpyXkust obnanarot Takke Poccus n @panuus.

10.4.Mownocmob sadepuvix 60enpunacos
SAnepHoe opyxue 061agaeT KojaoccaabHON MOIHOCTHIO. [Ipu nenennn ypana
Maccoil mopsAaKa KUiIorpaMma 0CBOO0KIAETCS TAKOE e KOJIMYECTBO IHEPTUH, KaK
IpU B3pbIBE TpoTHIIa Maccor okoio 20 Teicsid TOHH. TepMosiiepHbIe peakui CHHTE3a
SBIISIIOTCS enle 0oJiee YHEPrOeMKUMH.
SnepHbie OoenpuITackl — OOCTIPHUITACKHI, COJCPKAIIUE SICPHBIA 3apsiI.
SnepHbIMH GoeTpUIiacamMu SIBIISIOTCS:
— SAJACPHBIC 0O€BLIE YaCTH 6aJIJII/ICTI/I‘-IeCKI/IX, 3CHUTHLIX, KPBLJIATBIX PAKCT U Topnea;

— siiepHbIe OOMOBI,
— apTUWUIEPUIICKUE CHAPAIbI, MUHBI U (hyrachl.
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MouHOCTb B3pbIBa AJIEPHBIX OOCTIPUIIACOB IPUHATO UIMEPSThH B €AMHUIIAX
TPOTUJIOBOTO IKBUBAJIEHTA. TPOTUIOBBIM 3KBUBAJIEHT-3TO Macca TPUHUTPOTOJIYOJIa,
KOoTOpast obecrieunsia Obl B3pbIB, [0 MOIIHOCTH 3KBUBAJICHTHBIN B3pPBHIBY JIaHOTO
snepHoro ooernpumaca. OOBIYHO OH M3MepsieTcs B KuiioToHHax (KT) wim B MeraToHHAX
(MrT). TpoTHI0OBBIN SKBUBAJIEHT YCIOBEH, IIOCKOJIBKY pacipe/IeIeHHe SHEPrUuu
SIIEPHOTO B3PhIBA IO PA3IMYHBIM IMOPAXKAOITNM (aKTOpaM CYIECTBEHHO 3aBUCHUT OT
TUIa Ooernpuriaca u, B JIIOOOM ciiydae, CUIbHO OTJIMYAETCS OT XUMHUYECKOTO B3PhIBA.
CoBpeMeHHBIE siiepHbIe O0SPUTIACHI UMEIOT TPOTHUIIOBBIN SKBUBAJICHT OT HECKOJIBKHUX
JECATKOB TOHH JJO HECKOJIBKHUX JIECATKOB MJIH. TOHH TPOTHJIA.

B 3aBrCHMOCTH OT MOIITHOCTH siIepHBIE OOEMPUIACKHI TPUHATO ICTUThH HA 5
KaJIMOPOB:

» cBepxmanbii (Menee 1kT)

manbii (ot 1 10 10kT)
cpenuuit (ot 1010 100kT)
kpymabii (o1 100xT 1o 1 MrT)

cBepxkpymHbId (cBbiie 1 MrT)

vV V V VY

TepMosiaepHbIMU 3apsiiaMU KOMIUIEKTYIOTCSI OOEIPUIIACH] CBEPXKPYITHOTO,
KPYIHOI'O M CPEJHETO KAJIMOPOB; SIIEPHBIMU 3apsiaMu — CBEPXMAJIoro, Majioro u
CpeIHero KaauOpoB, HEUTPOHHBIMHU 3apsAAaMHU KOMILIEKTYIOTCSI OOepUIIachl —
CBEpPXMAJIOr0 U Majioro KajauopoB.

10.5. Hopasicarouwgue gpaxmoput sa0epHo2o 63puviea

SInepHbIit B3pbIB CIIOCOOEH MIHOBEHHO YHHUYTOKUTh MJIH BHIBECTH U3 CTPOSI
HE3AIUIICHHBIX JIFOEH, OTKPBITO CTOSIIYIO TEXHUKY, COOPYKEHHUS U Pa3IHUHbIC
MaTepHraibHbie cpeacTBa. OCHOBHBIMU MOPAXKAIOIIUMHU (GaKTOPAMH AAEPHOTO B3PhIBA
(I1PSIB) sBnsIOTCS:

¢ yJapHas BOJIHA,

%* CBETOBOC M3JIYYCHHC;

% MPOHUKAIONIAS PaUallKs;

% paanOaKTHBHOE 3apakeHNE MECTHOCTH;

¢ 3JICKTPOMArHUTHBIN uMmnysbe (OMMUN).

[pu simepHOM B3pbIBE B aTMOC(Epe pacrpeielICHHE BbIICIISIOMICHCS SHEPTHH

mexay [IDAB npumepHo cnenytomiee: okono 50%Ha yaapHyto BOJIHY, Ha AOJIO
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cBeToBOro u3nydeHus: 35%,Ha paaunoaktusHoe 3apaxxenue 10%wu 5% na
MPOHUKAIOUIYIO paguanuio u OMU.

Yoapnas eonna

VY napnasi BoJiHa B OOJIBIITUHCTBE CITy4aeB SBISIETCS OCHOBHBIM MTOPAXKAIOIIIAM
dakTopom simepHOTO B3phIBa. [0 cBOCH Mpupoae oHa moAo0Ha yIapHOI BOJTHE BIIOJTHE
0OBIYHOTO B3pBIBA, HO ACHCTBYET 00JI€E MPOIODKUTEILHOE BPeMs M 00J1a/1aeT ropasio
OobIIel pa3pyIIUTEIbHON CHUIION. Y TapHast BOJHA SIEPHOTO B3phIBAa MOXET Ha
3HAYNUTEITLHOM PACCTOSHUU OT IIEHTPA B3PhIBA HAHOCUTH TIOPAKEHUS JTFOISIM,
paspyuiaTh COOPYKEHHUS U TIOBPEXKIAaTh OOEBYIO TEXHUKY.

VY napHasi BOJIHA TTPEACTABISIET COOO0M 00JIaCTh CUITLHOTO CKATHS BO3/yXa,
PacIpOCTPaHSIONIYIOCS C OOJIBIIION CKOPOCTHIO BO BCE CTOPOHBI OT IIEHTPA B3PHIBA.
CKOpOCTh paclpOCTPaHEHHUsI €€ 3aBUCUT OT JIaBJICHUS BO3/IyXa BO (PpOHTE yIapHOM
BOJIHBI; BOJIM3HM IIEHTPa B3phIBA OHA B HECKOJIBKO Pa3 MPEBHIIIAET CKOPOCTh 3BYKa, HO C
YBEIMYCHUEM PACCTOSHUS OT MECTa B3phIBA PE3KO MaaaeT. 3a mepBbie 2 CeK. yaapHas
BoJHA TIpoxoauT okoso 1000mM, 3a 5 cex - 2000w, 3a 8 cek. - okoo 3000m.

[Topaxaromiee 1elcTBUSA yAAPHOU BOJIHBI HA JIIOIEU U pa3pyIIAIOLIEe AEUCTBHE
Ha 00EBYIO TEXHUKY, HH)KEHEPHBIE COOPYKEHHUSI U MaTepUAIbHBIE CPEACTBA MPEXKIS
BCETO OIPEACIAIOTCS N30BITOYHBIM JIABICHUEM U CKOPOCTHIO ABUKEHUS BO3IyXa B €€
¢dponTe. HezamuIeHHplie JIF0I1 MOTYT, KPOME TOTO, MOPAYKATHCS JICTAIIIMHU C
OTPOMHOM CKOPOCTHIO OCKOJIKAMH CTEKJIA M 0O0JIOMKAaMHU pa3pyIlIaeMbIX 37aHHH,
NaAl0IIUMU JCPEBbSIMH, a TAKXKE pa30pachIBACMBIMU YacTSIMH OO€BOW TEXHUKH,
KOMBSIMH 3€MJTH, KAMHSIMH U IPYTUMU TIPEIMETaMHU, PUBOANMBIMH B IBHKCHHE
CKOPOCTHBIM HaIlOPOM yIapHOU BOJHBI. HanbobIe KOCBEeHHbIE MTOpayKeHUs OYayT
HaOJIFOIAThCS B HACEIICHHBIX MTYHKTAaX U B JIECY; B 3THX CIy4asx MOTEPU HACEICHUS
MOTYT OKa3aThbCs OOJBIIMMHE, YeM OT HETIOCPEICTBEHHOTO JIEHCTBUS YIapHOI BOJIHBI.
[TopaxeHws, HAHOCHMBIE YapHOH BOJIHOM, TTOIpa3AeiisstoTes Ha 1) reekue, 2)cpednue,
3) maocenvie u 4) kpatine maxcenvie.

Tabmuma 10.1
CreneHb MOpaKeHUs JTIOICH B 3aBUCIMOCTH Ob BETUYMHBI H30BITOUHOTO JTABJICHHSI

N30bITOYHOE
Buasbl
naBJjgenue AP, IMocaencTBusa
TPaBM
klla
20-40 CKoponpoXoIsiiue HapyeHus PyHKIHMA
(0.2-0.: Kec ) Jlérkue opranusMa (3BOH B yIIIax, FOJIOBOKPYKCHHE,
' " em? o011as 1€rkasi KOHTY3usl, BO3MOXKHBI YIIIUOBI).
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40-60 BriBuxu KOHEUHOCTEH, KOHTY3HS TOJIOBHOTO

(0.4-0. ‘ Kec ) Cpennue MO3ra, TOBPEKACHUE OPTraHOB CTyXa,
KPOBOTEUCHHE M3 HOCA M YIIICH.
60—100 CuibHBIE KOHTY3UH BCEr0 OpraHU3Ma,

TIOBPEKICHHS TOJIOBHOTO MO3Ta, CUIIbHBIE
KPOBOTEUEHHUS, IEPETIOMbI KOHEUHOCTEH,
BO3MOYKHBI IOBPEXK/ICHHSI BHYTPEHHUX OPTaHOB.

bonee 100 Koaiite [lepenomMbl KOHEUHOCTEM, BHYTPEHHUE
Kec ba KPOBOTEUEHHS, COTPSICEHNE MO3Tra, 0OBIYHO CO
(1, C ” TKENBIC
CMEPTEILHBIM UCXOJIOM

(0.6-1 ( e ) Tsoxénbie

Crenenb nMopakxeHus yJapHO BOJHOM 3aBUCUT MPEX]I€ BCETO OT MOIIHOCTH U
BUJIa si7epHOTO B3phiBa. [Ipn Bo3mymrHOM B3pbiBe MOITHOCTHIO 20 KT nerkue TpaBmsbl y
JIIOJIe BO3MOYKHBI Ha PACCTOSHUSAX 110 2,95KM, CpEeIHUE - 10 2 KM, TsKebIe - 10 1,5KM,
Kpaiine Tsokenbie - 10 1,0km oT anmreHTpa B3pbiBa. C pocToM Kanmubpa sSaepHOTO
Ooernpunaca paJlychl MOPaXKEHUs YJapHOU BOJTHOM pacTyT NPONOPIUOHAIBHO KOPHIO
KyOM4EeCKOMY M3 MOIITHOCTH B3PhIBA.

["apanTrpoBaHHas 3alUTAa JIOACH OT yIapHOIl BOJIHBI 00ECIIEYMBACTCS MPU YKPBITUU
ux B yoexwurniax. B ciydae oTCyTcTBHS YOSKUII UCTIOIB3YIOTCS €CTECTBCHHBIC
YKPBITHS U peibed) MECTHOCTH.

[Ipu mom3eMHOM B3pBIBE BO3HUKACT yAapHAs BOJHA B TPYHTE, a MPHU MOABOTHOM
- B BoJIe. Y AapHas BOJIHA, PACTIPOCTPAHSISICh B TPYHTE, BbI3BIBACT MOBPEKACHUS
MOI3EMHBIX COOPYKCHHH, KaHAIM3aIlMH, BOJAOIIPOBO/IA; PU PACTIPOCTPAHCHUH €€ B
BOJIe HaOJI0/1aeTCs MOBPEXKACHHUE MOABOAHON YaCTH KOpaOel, HaXOAsAIMXCA JaxKe Ha
3HAYNTEITLHOM PACCTOSTHUU OT MECTA B3PHIBA.

[IpuMeHUTEIBHO K TPaXKAAHCKUM U IPOMBIIIIEHHBIM 3/IaHUSIM CTETICHU
paspymieHus XxapakTepusyrorces 1) ciabvim, 2) cpeonum, 3) cunvivim u 4)noanvim
PAaspyuleHus IMu.

Cnaboe pa3pylleHHe COMTPOBOKIAETCS pa3pyLIEHUEM OKOHHBIX U ABEPHBIX
3aMOJTHEHUN M JIETKUX TIEPETOPOJIOK, YACTUYHO Pa3pyIIaeTCs] KPOBJIS, BO3MOKHBI
TPEIIMHBI B CTEHAX BEPXHUX dTakel. [loABanbl 1 HUKHUE ITAKUA COXPAHIIOTCS
MOJTHOCTHIO.

Cpennee pazpyluieHue IpOsBISETCS B pa3pylIeHUH KPBIIll, BHYTPEHHUX
MIEPETOPOJIOK, OKOH, OOPYIICHUEM YePAYHBIX TIEPEKPHITHH, TPEIIUHAMHU B CTCHAX.
Boccranosnenue 31aHuii BO3MOYKHO MPY MTPOBEACHUH KalTUTaIbHBIX PEMOHTHBIX
pabor.

CuinibHOE pa3pylIeHUE XapaKTepru3yeTcs pa3pylIeHHeM HECYIUX KOHCTPYKIMMA U
MEPEKPBITUNA BEPXHUX ITAXKEW, MOSIBIICHUEM TPEIIMH B CTE€HAX. Mcnoyib30BaHuE 3JaHUI



CTaHOBUTCS HEBO3MOXHBIM. PEMOHT M BOCCTAaHOBJICHUE 37]aHUN CTAHOBUTCS
HEIEJIeCO00Pa3HBIM.

[Tpu mosHOM pa3pyiieHrH 00PYIIAIOTCS BCE OCHOBHBIC DJIEMEHTHI 3/1aHUs,
BKJTIOYAsl M HECYIIHE KOHCTPYKINHU. MCTIonbh30BaTh TaKUE 31aHUS HEBO3MOXKHO, H,
4TOOBI OHH HE MPEICTABIISLIN ONACHOCTh, UX MOJHOCTBIO pa3pyIIafoT.

Heo6xoauMo 0TMETUTh CITOCOOHOCTH yIapHO# BOJIHBI. OHA MOXKET, KaK BOJIA,
«3aTeKaTh» B 3aKPHITHIC TIOMEIICHHUS HE TOJILKO Yepe3 OKHA U JIBEPH, HO TAKXKe depes
HEOOJIbIIINE OTBEPCTHUS M JIAXKE MIETH. JTO MPUBOJUT K Pa3pYIICHHUIO IIEPETOPOIOK H

060py,ZLOBaHI/IH BHYTpPH 3JaHUA U MMOPAKCHUIO HAXOJAIUXCSA B HEM JIIO,Z[Cﬁ.

Csemoesoe uszjiy4eHue

CBeToBOE M3IIyueHHUE SIEPHOTO B3pPhIBA MPEJICTABIAET COO0H MOTOK JTyUHCTOM
SHEPruH, BKIIOYAIOLIEH yIbTpaduonIeToBOE, BUAUMOE U HHPPAKPACHOE U3ITyUYEHUE.
M CTOYHHUKOM CBETOBOTO M3YUYECHHUS SIBIISETCS CBETSIIASACS 00JIaCTh, COCTOSIIAS U3
pacKaJeHHbIX MPOAYKTOB B3pbIBA U PACKaJICHHOTO BO3/yXa. SIpKOCTh CBETOBOTO
U3JTy4€HHUs B TIEPBYIO CEKYH/IY B HECKOJIBKO pa3 MPEeBOCXOAUT sipKocTh CoHIIA.
MaxkcuManbHas TeMrepaTypa cBeTsIeics o0i1acTu HaxoauTces B npeaenax 8-10Tsic.
°C.

[TpoaomKUTENTFHOCTD CBETOBOTO U3IIyUEHHUS 3aBUCUT OT MOIIIHOCTH U BHUJIA B3phIBA U
MOYKET MPOAOKATHCS IO AECATKOB CEKYH/:

Tca, €
0.2 Caepxmaioe
1-2 Maioe
2-5 Cpennee

5-10 KpymnHoe
2040 | CepxkpymnHoe

ITopaxaroiiee 1elCTBUE CBETOBOTO U3JIYUEHUS XapaKTEPU3YETCS CBETOBBIM
UMIyJCOM. CBETOBBIM UMITYJIbCOM HA3bIBAETCS] OTHOLLIEHUE KOJINYECTBA CBETOBOM
HHEPIUU K IUIOIIAIA OCBEUIEHHOW MOBEPXHOCTH, PACIION0KEHHON MEPIEHANKYIISIPHO
PacpoOCTpaHEHUIO CBETOBBIX JIyuell. ENuHuIE CBETOBOrO UMILYJIbCa SIBIISETCA
[ ox/m?] wn [kan/em?].

[TornoieHHast 3HepIrUs CBETOBOIO U3JIyYE€HHUS [IEPEXOANUT B TEIUIOBYIO, UTO
IPUBOJUT K Pa30rpeBy MOBEPXHOCTHOTO cjI0sa MaTepuana. Harpes MoxeT ObITH
HACTOJIbKO CUJIBHBIM, YTO BO3MOKHO OOYIJIMBAHHUE WJIM BOCIUIAMEHEHUE TOPIOYETO
MaTepHuala U pacCTPECKUBAHUE WJIU OILIABJIEHUE HETOPIOYET0, YTO MOXKET IPUBECTH K



OTPOMHBIM TTOkapam. [Ipu 3ToM JielicTBHE CBETOBOTO U3IYUYCHUS SIICPHOTO B3phIBA
HKBUBAJICHTHO MaCCUPOBAHHOMY NMPUMEHEHHUIO 3aKUTATEIIEHOTO OPYKHUSI.

Ko HBIi1 MOKPOB YeI0OBEKa TaKKe MOTJIOMAST YIHEPTHIO CBETOBOT'O U3IYUCHHS, 3a
CYET Yero MOXET HarpeBaThCsl 10 BHICOKOU TEMITEPATyPhl M MOTy4aTh 05KOTH.

B nepByto odyepenp 0)KOrM BOZHUKAIOT HA OTKPBITHIX yY4acTKaxX Tejia, OOpaIleHHBIX B
CTOpPOHY B3pbiBa. Eciii cMOTpETh B CTOPOHY B3phIBA HE3AMUIIIEHHBIMH TJIa3aMH, TO
BO3MOYKHO MOPaXKCHHE Ii1a3, IPUBOJSINEE K MOJTHOM IMMOTEPE 3PCHMUS.

Oxoru, BbI3bIBAEMBIE CBETOBBIM M3TyYCHUEM, HE OTIUYAIOTCS OT 0KOTOB,
BBI3BIBAEMBIX OTHEM WIIH KUTIATKOM. OHU T€M CHUJIbHEE, YeM MEHBIIIC PACCTOSIHUE JI0
B3pbIBA U YeM OO0JIbIIIe MOITHOCTH Ooenpumnaca. [Ipyu Bo3MyIHOM B3pBIBE MOpaXkaroIiee
JEHCTBHUE CBETOBOT'O M3JIYYCHHS OOJIBIIE, YEM IIPU HA3EMHOM TOM )K€ MOIIIHOCTH. B
3aBUCUMOCTH OT BOCIIPUHSITON BEJIMYUHBI CBETOBOTO HMITYJILCA 0KOTH JIEIISATCS Ha
YETBIPE CTCIICHHU:

Tab6muma 10.2

CrerneHpb MOpakeHUS JIFOJICH OT CBETOBOTO UMITYJIbCA

CBeTOoBOII MMITYJIBC,

XapaKkTepuCcTHKA
K/{oic CreneHs 0Kora paKtepu TPVI
) NpPosIBJIEHU I
80-1602-4 Kafzz ) 1 Bose3sneHHOCTD, TOKpAaCHEHHUE
oM Y TIPUAITYXJIOCTh KOXKH.
160-4004 - 10&2) 2 OO6pa3oBaHue My3bIpei.
CM

OMEpPTBIECHHUE KOXKH C
) 3 YaCTUYHBIM MOPAKEHUEM
POCTKOBOTO CJIOSI.
OOyrnuBaHue KOXKU U
MOJIKOKHOM KJIETYATKH.

Kan

400-60010-15

2
CM

Kan

Boxee 600115

) 4

2
CM

B TYMaH, J0XKJb WJIHW CHCTOIaa IMOPaAKarOIICcC HCIZCTBHC CBCTOBOI'O M3JIYYCHHA

HC3HAYUTCIBHO.

3aIMTON OT CBETOBOI'O U3JIyYEHUSI MOTYT CIIY>KUTh Pa3JIMYHbIE PEIMETHI,
CO3/AI0IINE TEHb, HO JIyULINE PE3yJbTaThl JOCTUTAIOTCS IPU UCIOJIb30BAHNUN yOEKHILL

Y YKPBITHM.
Iponuxaowas paouayus

[Iponukaroias paguaius IpeacTaBiseT co00i MOTOK Y KBAHTOB M HEHTPOHOB,
MCITYCKa€MBbIX U3 30HBI SJIEPHOTO B3phIBA. Y KBAHTHI U HEUTPOHBI PACIIPOCTPAHSIIOTCS BO
BCE CTOPOHBI OT IIEHTPa B3pbiBa. C yBEIIMUEHHUEM PACCTOAHUS OT B3PhIBA KOJIUYECTBO

raMMa KBAaHTOB 1 HeﬁTPOHOB, npoxoadamcee 4€pe3 CAMHNIY ITOBCPXHOCTH,
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yMeHblnaercs. [Ipu moa3eMHOM U MTOJIBOTHOM SIIEPHBIX B3PHIBOB JIENCTBUE
MMPOHUKAOIIEN PaHallMU PACHPOCTPAHSAETCS HA PACCTOSIHUS, 3HAUUTEIILHO MEHBIIINE,
4YeM IPU HA3€MHBIX M BO3YIIHBIX B3PbIBAX, UTO OOBSICHAETCS MOTJIOMICHUEM TTOTOKA
HEUTPOHOB Y raMMa KBaHTOB 3€MJIEHA U BOJOM.

30HBI NOPAXKEHUS TPOHUKAIOIIEH pauallie MPU B3PbIBaX SACPHBIX
OoenpunacoB cpeHel U OOJBIITON MOIITHOCTH HECKOJIEKO MEHBIIIE 30H MOPAKCHUS
yJAapHOM BOJIHOW U CBETOBBIM H3JIyYEHHUEM, HO JJIsl OOCPUIIACOB C HEOOIBIITNUM
TpoTrI0BEIM 3kBUBaIeHTOM (1000TOHH M MeHee), Ha000POT, 30HBI MTOPAKAOIIETO
JIEUCTBUS TPOHUKAIOLIEH paHallend IPEBOCXOAAT 30HbI MOPAXKEHUS YAAPHON BOJHOMU
Y CBETOBBIM U3JIYYEHHUEM.

[Topaxaroiee eiicTBUE MPOHUKAIOIIEH paualluy ONPeesieTcsl CHOCOOHOCThIO
raMma KBaHTOB U HEUTPOHOB MOHU3UPOBATh ATOMbI CPEIbI, B KOTOPOU OHU
pacnpocTpaHstoTcs. M3-3a 04eHb CUIIBHOTO MOTJIONMICHHS B aTMOoc(epe, MpoHUKaro1ast
paauarys Iopa)xaeT JIFIeH TOIhKO Ha pacCTOSTHUN 2-3 KM OT MECTA B3PhIBA, TAXKE IS
OOJIBIIIMX TIO MOIITHOCTH 3apsiI0B.

[Tpoxos yepes )KUBYIO TKaHb, FTaMMa KBaHTbl 1 HEUTPOHBI HOHU3UPYIOT aTOMBbI
Y MOJIEKYJIbI, BXOJISIIIIUE B COCTaB KJIETOK, KOTOPBIE MPUBOJIST K HAPYIICHUIO
KU3HCHHBIX ()YHKIIUN OTAEIBbHBIX OPTaHOB U cucTeM. [lo BIMsHIEM HOHU3AINHN B
OpraHu3Me BO3HUKAIOT OUOJOTUUECKHE MTPOIIECChl OTMUPAHUS U PA3JIOKEHHUS KIETOK.
B pesynbTaTe 3TOT0 Y MOpaXEHHBIX JIOEH pa3BUBAETCs CrielupUIecKoe 3a00IeBaHNE,
Ha3bIBa€MOE JTyueBoi 00J1e3HbI0. [IpOAOIKUTEIBHOCTD IEUCTBUS MPOHUKAIOIICH
paJManyy He MPEBhIIIaeT HECKOIbKUX ceKyH T (=10—1%).

JIns1 OLIeHKH MOHU3AlMKA aTOMOB CPEJIbI, a CIEI0OBATENBHO, U MOPAYKAIOIIETO
JICUCTBUS IPOHUKAIONIIEH paJiialliy HA )KUBOW OPraHU3M BBEICHO MOHSATHUE J03bI
o0myuyeHus (MM 1036l paJHAIIAN), CIUHUIICH H3MEPEHUS KOTOPOU SIBIIICTCS PEHTICH
(P). 1o3e paguaiuu 1 peHTIeH COOTBETCTBYET 00pa30BaHUE B OJTHOM KyOHYECKOM
CaHTUMETpPE BO3yXa MPUOIUZUTEIHHO 2 MIJITHAP/IOB TIap HOHOB.

B 3aBucuMocCTH OT J103bI U3TYYEHUS PA3INYAOT YETHIPE CTEIIEHU JIYYEBOU

0O0JIE3HU:
IMoraoménnas
m Crenenn JlnuTebHOCTD
1032 00, TyUeHu, .

pan JIy4eBoii 00JIe3HN | CKPBITOTO MepHO/IA
100 - 200 1 -nérkas 2—-3Henenu
200 — 350 2 -epenHsIs HEJIEIS
350 - 600 3 FsoKénas HECKOJIBKO 4aCOB

4 —kpaiine
Bbonee 600 P HeT (JieTajabHas 103a)
TsoKEnas




3amuTol OT MPOHMKAIOMIEH PaJUAIMK CITY)KAT pa3InIHbIe MaTepHaIIbI,
OCJIA0JISIONTME TOTOK TaMMa- M HEHTPOHHOTO M3ITyYCeHHA. 3aIiTa OCHOBaHA Ha
(bU3UYECKOM CITOCOOHOCTH Pa3IUYHBIX MaTCPHUATIOB OCIA0IATh HHTCHCUBHOCTh
PaIMOAaKTUBHBIX M3IIy4deHHUI. Uem Tsokenee MaTepuai v TOJIIE €ro IO, TEM HajeKHee
3amuTa. Tak MPOHMKAIOIIYIO PaJHAIIMI0 B MOMEHT SJCPHOTO B3pPhIBa CIIOCOOHBI
0CJIa0saTh B 2 pasa ciou cranu TonmnmHo 3,8cm, 6etona - 15,rpynTa - 19,Bos1 - 38,
cHera - 50cwM, nepesa - 58.

Paouoaxmuenoe 3apaosicenue

PaanoakTuBHOE 3apaxkeHue 101, 00€BOI TEXHUKH, MECTHOCTU M Pa3IMYHBIX
00BEKTOB NPU SAEPHOM B3pBIBE 00YCIOBIMBACTCS OCKOIKAMH JCIICHHSI BEIIECTBA
3apsna (Pu-239, U-235) e nmpopearupoBaBiliell YacThIO 3apsi/ia, BhITAAIOIIMMK U3
o0J1aka B3phIBa, a TAKXKE PaAHMOAKTUBHBIE H30TOIIBI, 00pa3yoIecs B TPYHTE U IPYTUX
MaTepHaiax moJi Bo31eHCTBIEM HEHTPOHOB — HaBeIEHHAsI aKTUBHOCTh. C TeueHneM
BPEMEHU aKTHBHOCTH OCKOJIKOB JI€JICHUSI OBICTPO YMEHBIIAETCS, OCOOCHHO B IEPBBIC
4ackl Mociie B3pbIBa. Tak, HapuUMep, 0011ast aKTUBHOCTb OCKOJIKOB JICJICHUS MPH
B3phbIBE siaepHOro 6oenpunaca MoHocTeio 20k T yepes ouH AeHb OyIeT B HECKOJIBKO
TBICSY pa3 MEHbIIIE, YeM Yepe3 OJHY MUHYTY IIOCJI€ B3phIBa.

[Tpu B3pbIBE siZepHOTO OOEMpuUIIaca 4acTh BEIIECTBA 3aps/a HE MOABEpraeTcs
JIeJICHHIO, a BBINAZAaeT B OOBIYHOM CBOEM BHJIC; pacaj €€ COMPOBOKIAETCS
oOpa3oBanueMm anb(a-dyactull. HaBenennas paqnoakTHBHOCTb 00yCIIOBIEHA
PaTuOaKTUBHBIMH U30TONAaMH (PaAHOHYKINIAMH), 00pa3yOIIMMHUCS B TPYHTE B
pe3ysbTare 00ydeHUs er0 HEHTPOHAMU, UCITyCKaeMbIMH B MOMEHT B3PbIBA SIIPAMHU
aTOMOB XMMHUYECKHX 3JIEMEHTOB, BXOJISAIIMX B COCTaB IpyHTa. [leproas! moiypacnaaa
OOJIBIIMHCTBA M3 00PA3YIOMINUXCS PAJIMOAKTHBHBIX U30TOIIOB, CPABHUTEILHO HEBEIUKU
- OT OJIHOM MUHYTHI J0 4aca. B cBs3M ¢ 7TUM HaBeeHHAas! aKTUBHOCTh MOKET
NPEJCTABIATH ONACHOCTD JIMIIB B IIEPBBIC YaChI MTOCTIE B3PhIBA U TOJIBKO B pailoHe,
OJM3KOM K SIUICHTPY.

OcHOBHas 4acCTh JOJTOXXKUBYIIUX U30TOMOB COCPEAOTOYCHA B PAIHOAKTUBHOM
o0ake, KOTOpoe oOpasyercs ocje B3pbiBa. BbicoTa nmoanaTus obnaka amns
6oemnpunaca momHocThi0 10T paBHa 6 kM, 1151 60enpunaca momHocThi0 10 MrT ona
cocraBiser 25km. [1o Mepe mpoaBmkeHus 06J1aKka U3 HErO BBINAJAIOT CHaYasa
HauboJiee KpyMmHbIE YaCTHUIIBI, a 3aTeM Bce Oosiee u Oosee MeKkue, 00pasys 1o MyTH
IBYDKEHUS 30HY PaJIMOaKTHUBHOTO 3apa)KeHUs, TaK Ha3bIBaeMbIi cien o01aka. Pasmepsl
clieqia 3aBUCAT TJIABHBIM 00pa3oM OT MOIIHOCTH SIEPHOTO Ooenpuraca, a Takxe oT



CKOPOCTH BETpPa M MOTYT JJOCTHTaTh B JJTMHY HECKOJBKO COTEH U B IIUPHHY HECKOJIBKO
JECSITKOB KAJIOMETPOB.

Bo3Hukaromye 30Hbl paIu0aKTHBHOTO 3apasKeHHS IO CTETICHH OMTACHOCTU
NPUHSTO ACITUTH HA CIEAYIOIINE YeThIpe 30HbI (puc. 2.4.4.1):

« cmopoia ¥

Puc. 10.4. -Cnen paanoakTUBHOTO 0OJiaka

I.  3ona "I — upe3BbIvaiiHO omacHoOro 3apaxkenus. Ee miomans coctapiset 2-3%
TUTONIA/IN Cliesia o01aka B3phiBa. Y poBeHb paguaruu coctaisier 800P/4.

II.  3ona "B" —omacHoro 3apaxxenusi. OHa 3anumaet npuMmepHo 8-10%riuionaau
cirena o0raka B3pbIBa; ypoBeHb paguaruu 240P/4.

[ll. 3ona "B" — cuybHOTO 3apakeHus, Ha JTOJI0 KOTOPOH mpuxoautcs npumepHo 10
% TuTOIIa I PAIMOAKTHBHOTO ciie/ia, ypoBeHb paauanuu 80 P/4.

IV. 3ona "A" — ymepennoro 3apaxenus miomaaso /0-80 %ot momaau Bcero
cliesia B3pbIBa. YPOBEHb paJlvalliy Ha BHEIIHEW IpaHMIIe 30HbI yepe3 1 yac nmocie
B3pbIBa cocTaniser 8 P/4.

[Topaskenust B pe3yabTaTe BHYTPEHHETO OOTYUEHUS TOSBISIOTCS BCICICTBHE
TIOTIaJJaHUS PaIUOAKTHBHBIX BEIIECTB BHYTPh OpraHW3Ma uepe3 OPTraHbl IbIXaHUs U
KEITYJOYHO-KUIIEYHBIA TPAKT. B 3TOM ciydae pagnoakTUBHBIE U3Ty4EHUS BCTYIAIOT B
HETIOCPEICTBEHHBII KOHTAKT C BHYTPEHHUMH OpTaHaMH U MOTYT BBbI3BaTh CHIIBHYIO
Jy4eBYyI0 00JIe3HB, XapakTep 3a00aeBaHus Oy1eT 3aBUCETh OT KOJUYECTBA
PaJIMOAKTUBHBIX BEUIECTB, MOMABIINX B OPTaHU3M.

Ha BoopyxeHnue, 00eByI0 TEXHUKY U HH)XCHEPHBIE COOPYKEHUS PATUOAKTUBHBIE
BEIIIECTBA HE OKA3bIBAIOT BPEIHOTO BO3/ICHCTBUHI.

INeKMpOMASHUMHBIL UMNYTbC

SnepHble B3pbIBBI B aTMOC]epe U B 00Jiee BHICOKUX CIIOSX MPUBOJIAT K
BO3HUKHOBEHHUIO MOIIHBIX AJIEKTPOMArHUTHBIX MoJiel. [[muHa BoaH
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ANIEKTPOMArHUTHBIX noJied MoxeT ObITh OT 1 10 1000M. DT mosist BBUAY UX
KPaTKOBPEMEHHOTO CYLIECTBOBAHUS MPUHSATO HA3BIBAThH 3JIEKTPOMArHUTHBIM
umnyiascoMm (OMMN). Inanazon vactor MU g0 100Mrir, HO B OCHOBHOM €T0 SHEPTHs
pacmpezeiieHa okojo cpenneit gactotel (10-15KT ).

[Tockonbky ammutyga OMU GbICTpO YMEHbIIAETCA C YBEIMUYECHUEM
PaCCTOSIHUS, €T0O MOPAKAIOIIEE NEUCTBUE — HECKOJIBKO KHJIOMETPOB OT AMULIEHTPA
B3pbIBa KPYITHOTO Kajauopa.

OMMU HenocpenacTBEHHOrO ICUCTBUS Ha YeoBeKa He oka3biBaeT. [lopaxaromiee
nercTBrE 00YCIOBIEHO BOSBHUKHOBEHUEM HAIPSHKEHUI 1 TOKOB B MPOBOAHUKAX
Pa3IMYHOM MPOTSKEHHOCTH, PACHOJIOKEHHBIX B BO3yX€, TEXHUKE, HA 3€MJIC HJIM Ha
npyrux oobekrax. JleiictBue IMMU nposBisieTcs, mpexkae BCEero, Mo OTHOIIECHUIO K
PaMO3IEKTPOHHOM annapatype, rae noa aercrsueM DMU HaBoASITCS lEKTpUUYECKUE
TOKHU W HAIPSKEHUS, KOTOPbIE MOTYT BbI3BaTh IPOOOI 3JIEKTPOU3OIISIIINH,
MOBPEXICHUE TPaHCHOPMATOPOB, CTOPAHUE PA3PSTHUKOB, TOPUY
MOJIYITPOBOJJHUKOBBIX MPUOOPOB U APYTHX AIEMEHTOB PATUOTEXHUYECKUX YCTPOMCTB.
Haubonee moasepkens! Bo3nericTBuio OMU muHUYM CBSA3U, CHTHATTU3AINY U
ynpasieHus. CUIIbHBIE AIEKTPOMArHUTHBIE TTOJISI MOTYT MTOBPENUTD SJIEKTPUUECKUE
IIEMU ¥ HApYIIUTh pab0Ty HEIKPAHUPOBAHHOTO AIEKTPOTEXHUIECKOTO 000PYA0BaHUS.

BbIcOTHBII B3pBIB CIIOCOOEH CO3/1aTh TOMEXH B pabOTe CPEJCTB CBA3U HA OUYEHb
Oonpiux miomaasax. 3amurta oT OMU nocTuraercs 3KkpaHUPOBAHUEM JTUHHI
HEProCHA0KEHUSI U aImapaTypbl

10.6.Buowt aoepusvix 63pvieos

B 3aBrcHMOCTH OT 3a/1a4, pelaeMbIX SACPHBIM OPYXKHEM, OT BUIA U
PacIoiokKEeHUsT 0OBEKTOB, 0 KOTOPHIM ITAHUPYIOTCS SIIEPHBIE YAAPhl, @ TAKKE OT
XapakTepa MPeACTOSIINX O0EBbIX JASHCTBHUI SACPHbIC B3PHIBHI MOT'YT OBITh
OCYIIIECTBIICHBI B BO3/IyXe, Y OBEPXHOCTH 3eMjH (BObI) ¥ 1Mo 3emiieii (Bomoit). B
COOTBETCTBUU C 3THM Pa3INYarOT CICIYIONINE BU/IbI SAACPHBIX B3PHIBOB:

"  BO3AYIIHBIN (BBICOKUH M HU3KUN);
" BBICOTHBIN (B pa3pspKEHHBIX CIOSIX aTMochepsl);
" Ha3eMHbIN (HaJBOIHBIN)

" 0A3EMHBIH (ITOABOIHBI)



Bo3ayiHbIii siepHbIi B3pbIB —3TO B3PHIB, TPOM3BEAECHHbIH Ha BhICOTE 10 10 KM,
KOTJIa CBETAIIASACS 00JIaCTh HE KaCcaeTCs 3eMJIIH
(Boan) (puc 10.5pay1iHbIe B3pHIBBI
HOPA3ICIISAIOTCS Ha HU3KUE U BHICOKHE.

Puc 10.5.—Bo3ayminblii siaepHbIi B3pbIB
MOIIHOCTBI0 1 MT
CuiibHOE paInOaKTUBHOE 3apa’KEHUE

MECTHOCTH 00pa3yeTcsi TOJIbKO BOJIU3U
SMUILIEHTPOB HU3KUX BO3YIIHBIX B3PHIBOB.
3apakeHre MECTHOCTH TI0 cliefly o0Jiaka

IPOUCXOUT HE3HAYUTEILHO U Ha JKHUBbBIE
OpraHU3MBbl CYIIECTBEHHOTO BIMSIHUS HE OKa3biBaeT. Hanbomnee nosHo npu BO3AYyIIHOM
SIIEPHOM B3pbIBE MTPOSIBIAIOTCSA yAapHas BOJIHA, CBETOBOE U3IyUYECHHE, MPOHUKAOIIAS
panuanusa u M.

BBICOTHBIN 1€pHBIN B3PBIB — 3TO B3PbIB, IPOU3BEAEHHBIN C LEIbI0 YHUUTOXEHHUS B
HOJICTE PAKET U CAMOJICTOB Ha 0€30MaCHO /Il Ha3eMHBIX 00BEKTOB BBICOTE (CBBIIIIE
10 km). [Topaxarommmu GakTopaMu BEICOTHOTO B3PHIBA SIBIISFOTCS: yIapHasi BOJHA,
CBETOBOE M3JyUYCHHUE, MPOHUKAIOIIAS PaAralis U SJIEKTPOMArHUTHBIA UMITYJIbC
(OMN).

HazemHbIi1 (HaaBOIHBIN) SACPHBIN B3PBIB — 3TO B3PHIB, IPOU3BEICHHBIN Ha
TIOBEPXHOCTH 3eMuid (BOJIBI), THOO HA HE3HAYUTEIFHON BBICOTE HAJI ATON
MOBEPXHOCTHIO, IIPU KOTOPOM CBETALIASCA 00JIaCTh KacaeTcsl IOBEPXHOCTH 3EMIIH
(BozbI), a bUTEBOH (BOJSTHOM) CTOIO ¢ MOMEHTa 00pa30BaHUS COSAMHEH C 00JIaKOM
B3phIBa (puc. 2.5.2).

XapakTepHOH 0COOCHHOCThIO HA3eMHOTO (HAIBOJHOTO) SZICPHOIO B3PhIBA SBISCTCS
CUJIBHOE PAAMOAKTUBHOE 3apaKECHHE
MeCTHOCTH (BOJIbI) KaK B paliOHE B3phIBA,
TaK U 110 HAPABJICHUIO IBUKEHUS
o0J1aka B3pbIBa.

[Topaxaronmmu pakTopamu 3TOro
B3pbIBA SBIIAOTCA yAapHas BOJIHA,
CBETOBOE M3JIy4YECHUE, IPOHUKAOIIAS
panuanysi, paIliOaKTUBHOE 3apaKeHUE
MecTHOCTH 1 DMU.

el




Puc. 10.6. Hazemunrit
SIIEPHBIN B3PHIB MOIITHOCTHIO
14Kt

[Tox3emublii (MOABOIHBIN) AACPHBIN B3PBIB — 3TO B3PHIB, IPOU3BEICHHBIN 10T
3emuieit (o] BOIO#) M XapaKTePU3YIOIIUIACS BHIOPOCOM OOJIBIIIOTO KOJIUYECTBA IPYHTA
(BozbI), MEPEMEIIIAHHOTO C MPOIYKTAaMH SIIEPHOTO B3PHIBYATOIO BEIleCTBa (OCKOJIKAMU

neneHus ypana-235wiu miyronus-239).

JTa cMeCh CTAaHOBUTCA PAJAMOAKTUBHOM H,
CJIeIOBATENbHO, OyIET MPEACTABIATH OMACHOCTD JIJIS
KUBBIX OPTaHU3MOB.

[Topaxatoiiee u pazpymaroniee J1eiCTBUE
MO/I3€MHOTO SIIEPHOTO B3phIBA OMPEACIAETCS B
OCHOBHOM CEHCMOB3PBIBHBIMU BOJIHAMH (OCHOBHOM
nopakaroruii pakTop), o0pazoBaHHEM BOPOHKH B
TPYHTE U CHJIBHBIM PaJIMOAKTUBHBIM 3apaKEHUEM
MecTHOCTH. CBETOBOE U3JTyUeHHE U TPOHUKAIOLIAs
paauanusi OTCYTCTBYIOT. XapaKTePHbBIM IS
MOIBOJTHOTO B3phIBA SABJIAECTCS 0Opa3oBaHue 0a3uCHOM

Puc.10.7. JloxBomHbIil BOJIHBI, 00pa3ylouieiics npu oOpyIHIeHHH CToI0a BOIbI
SIICPHBIN B3PBIB 10.7.YcTpoicTBO M IPUHITUI ACUCTBUS SIACPHOTO
OpYKHS.

10.7.1. OcHogHble Inemenmol A0epHbLIX OOENPUNACOE

OCHOBHBIMM DJIEMEHTAMH SIEPHBIX OOENPUIIACOB ABJISIOTCS:
v" Kopmyc,
v’ SInepHblii 3aps,

v CucreMa aBTOMAaTHKH.

Koprmyc nmpennazHaueH 11t pa3MeIieHus siIepHoTro 3apsia U CUCTEMBI
aBTOMATHKH, IPUIaHUs OOerpUnacy HeoOX0AMMON OATTUCTUYECKON POpMBI,
NPEOXPaHIeT UX OT MEXaHUYECKOT0, a B HEKOTOPBIX CITy4yasiX U OT TEIJIOBOTO
BO3JICICTBHSI, @ TAKXKE CIY>KUT JJIs1 HOBBIICHHSI K03 (PHUILIMEeHTa NCTIOIh30BaHUS
SZIEPHOTO TOPIOYETO.



CucrteMa aBTOMaTUKH 00eCIIeUnBaET B3PBIB SACPHOTO 3apsjia B 3aJJaHHbBIN
MOMEHT BPEMEHU U MCKJIIOYAET €T0 CIIyYailHOE WK TIPEKIeBpEMEHHOE cpabaThIBaHNE.
OHa BKJIFOYAET:

e bok aBTomaTuku,

» CucreMmy JaTYMKOB MOJPHIBA,

* CucreMy npeaoxpaHeHus,

* (CucreMy aBapHilHOro NoJpbIBA,

e  HCTOYHMK NTUTAHMS.

bnox asmomamuxu Cpa6aTBIBaCT 10 CUT'HaJIaM, ITOCTYIIAarOIIUM OT JaTYUKOB

MOJIPBIBA, U MPEAHA3HAUEH 11 (DOPMHUPOBAHUS BBICOKOBOJIBTHOTO 3JEKTPUUYECKOTO
MMITYJIbCA HA MPUBEACHUE B ICUCTBUE SICPHOTO 3apsiaa.
Hamuuku noopuiea (B3phIBaTeIbHBIE YCTPOWCTBA) MIPEIHAZHAYCHBI JJIS TIOAAYU

CUTHAJIa Ha MPUBEJICHUE B JICHCTBUE SIEPHOTO 3apsiaa. OHU MOTYT OBITh KOHTAKTHOTO
Y JINCTAHITMOHHOTO THITOB. KOHTaKTHBIC JaTYUKU CPAOATHIBAIOT B MOMEHT BCTPEUH
Ooenpurnaca ¢ nmperpauoi, a TMCTAaHIIMOHHBIC — Ha 33J1aHHOM BbICOTE (TNTyOWHE) OT
MTOBEPXHOCTH 3eMJIH (BOIBI).

Cucmema I’ZDGOOXDCZHeHM}Z HCKJIFOYAa€T BO3MOXHOCTD cnyqaﬁﬂoro B3pbIBa

SJIEPHOTO 3apsija MpU MPOBEACHUN PETJIaMEHTHBIX paboT, XpaHeHUH Ooenpurnaca u npu
IIOJIETE €TI0 HAa TPAEKTOPUH.

Cucmema asaputino2o noopwviea CITy>KHT JIJIsl CAMOYHUUYTOXKEHUS Ooenpumaca 6e3
SJIEPHOTO B3phIBA B CIIy4Yae €ro OTKJIOHEHHUS OT 33JJaHHON TPaeKTOPHHU.
HUcmounukamu numanus BCeH dIESKTPUISCKON CUCTEMBI OOETIpUIIaca SBISIFOTCS

aKKyMYJIITOpHbIE OaTapen pa3IUyHbIX TUIIOB, KOTOPbIE 001a1at0T OJTHOPA30BbIM
JICHCTBUEM U MIPUBOJIATCS B pabouee COCTOSIHIE HEMTOCPECTBEHHO Mepe]T ero 00eBhIM
IPUMEHEHUEM.

10.8.Cmpoenue adepnoii 60mob

BikauectBe mpoToTuna Obiia B3sATa uryToHueBas 6omoba "Toncrsak" (puc. 10.8.)
copomennas 9 aprycra 1945rona Ha smoHCcKui ropon Haracaku.

= Puc.10.8. —Atomuasa 6omOa

"ToncTsak"
CTpaHa: B= Clua,
KapaKTepUCTHRN
Macca, kr: 4600 kr
g OnuHa, M 3250 MM
OuameTty, M 1520 Mm

MowHoCcTe B3pbliEa: 21 runoToHl THT



Cxema 3Toit 00MOBI (THUITMYHAS JJIS1 TUTyTOHUEBBIX OJTHO(A3HBIX
OOETIPHITACOB) MPUMEPHO CIICAYIOIIAs:

1.  He#lTpoHHBIN UHUIIMATOP — LIAp JUAMETPOM MopsiaKa 2 cM U3 Oepusuius,

MOKPBITHIA TOHKUM CJIOEM CITJIaBa HTTPUI-TIOJIOHUH HITH METAJUTHYECKOTO TIOJIOHHUS-
210 —nepBUYHBII UCTOYHUK HEUTPOHOB JJISl PE3KOTO CHIDKEHUSI KPUTHUECKON MacChl
U YCKOpeHHsI Hauana peakiui. CpabaTeiBaeT B MOMEHT TiepeBoja 00eBOro siipa B
3aKpUTHYECKOE COCTOsTHUE (MTPU CIKATUU IMPOUCXOINUT CMEIICHUE TIOJIOHHS U OCpUILTUS
C BBIOPOCOM OOJIBIIIOTO KOJMYECTBA HEUTPOHOB). B HacTosIee BpeMsi TOMHMO
JAHHOTO THIa HHUITUUPOBAHWS, OOJIBIIIE PACTIPOCTPAHEHO TEPMOSICPHOE
unuiuuposanue (TH). Tepmosiaepubiit uannuarop (TH). Haxoaurtes B ieHTpe 3apsaa
(momo6no HU) rae pa3zmemniaercs HEOOIBIIOE KOJTUIECTBO TEPMOSIEPHOTO MaTepHaa,
IIEHTP KOTOPOTO HAarpeBaeTCs CXOAIICHCS yIapHO BOJTHON U B IPoIIecce
TEPMOSIIEpPHON peakiuu Ha (OHE BO3HUKINUX TEMIIEPATyp HapaOaThIBAETCS 3HAUNMOE
KOJIMYECTBO HEUTPOHOB, IOCTATOYHOE NI HEUTPOHHOTO MHUIIMHPOBAHUS IIETTHON
peakiuu (puc. 10.9.).

2. [Inyronuii. icronb3yr0T MaKCUMAIIBHO YHCTHIA U30TOT IUTyTOHMA-239,
XOTS JUTS YBEIIMYSHUS CTAOMITBHOCTH (PU3NICCKUX CBOUCTB (IJIOTHOCTH) W YTyUIIICHHSI
C)KMMAaEeMOCTH 3apsi/ia TUTyTOHUHN JIETUPYETCS HEOOIBITUM KOJIMYSCTBOM TalIHS.

3. Oo6onouka (00bIYHO U3 ypaHa), CIyXKalllas OTpaKaTesIeM HEUTPOHOB.

4.  O6xuMamIias 060j04ka U3 anmroMuaus. O6ecredrnBaeT OO0JIbIIYIO

PAaBHOMEPHOCTh 00KMMa YJJapHOU BOJIHOM, B TO )K€ BpeMsl PEOXPaHsisd BHYTPEHHUE
YacTH 3apsiia OT HEMOCPEICTBEHHOTO KOHTAKTA CO B3PHIBUATKON U PaCKAIIEHHBIMU
POIYKTaMU €€ Pa3oKeHUs.

5. B3prIBUaTOE BEIIECTBO CO CI0XKHOM CUCTEMOM HOIPHIBA, 00ECIIEYNBAIOIIIEN

CHUHXPOHHOCTh MOJIpbIBA BCErO B3pbIBUATOr0 BellecTBa. CHHXPOHHOCTh HE0OX0auMa
JUTSL CO37IaHMsI CTPOTOo cheprudecKkol CkIUMaroliel (HarmpaBieHHONW BHYTPb I1apa)
ynapHo# BosHbl. Hecdepuueckas BoiHa MPUBOIUT K BRIOPOCY MaTepurana Iapa yepes
HEOJHOPOTHOCTh Y HEBO3MOXHOCTb CO3/IaHUsI KpUTUUECKOil Macchl. Co3manue
0I00HOM CUCTEMBI PACTIONOKEHUSI B3PBIBUATKHU U MOJIPhIBA SIBISLIOCH B CBOE BpeMs
OJTHOM W3 HanboJiee TPYIHBIX 3a1a4. Mcronb3yeTcs KOMOMHUpPOBAaHHAS CXeMa
(cucTeMa TMH3) U3 «OBICTPOI» U «MeIEHHOM» B3PHIBUYATOK.

6.  Kopnyc, u3roToBiieHHbIN U3 JIOpPAJIEBbIX IITAMIOBAHHBIX AJIEMEHTOB — JIBE
c(hepuyecKrx KpBILIKH U MOSC, COeIMHSIEMbIe OOJITaMHU.



Puc.10.9. _{Ipunnum aeicTBUs MITyTOHUEBOW OOMOBI

10.9.¥Ycmpoiicmeo mepmosoepnoii 6omowt

Ctpoenue TepMosiiepHOi OOMOBI JTydllle pacCMOTpPETh Ha cxeMe Temnepa-Ynama
(Puc. 10.10.):

ApepHbii 3apag, O6wumaowmii Hﬂnteﬁnéﬁmpﬂmﬂiﬂb e
1

Tennceod span  TepuosAeOHuR 380R  YpaHoBLIN 3anan
Puc. 10.10.Cxema Temnepa-Yinama

Cama uzest BoJopoIHOM 60MOBI Upe3BbIUaifHO MpocTa. [lociaenoBaTeabHOCTD
MIPOIIECCOB, MTPOUCXOISIINX TTPH B3PHIBE BOJOPOTHON OOMOBI, MOKHO MPEACTABUTH
CIEAYIOIIUM 00pa3oM:

CHauana B3pbIBAETCS HAXOSAIIUNCS BHYTPH 000JIOUKH 3apsiI-UHUITUATOP
TEPMOSIJIEPHON peakiiu — HeOoIbIas aToMHasi 60M0a, B pe3yJibTaTe 4ero BOSHUKAET
HEWTPOHHASI BCTIBIIIIKA U CO3/IAE€TCS BHICOKAS TEMIIepaTypa, HeoOxoaumast st
WHULIMALUY TEPMOsIIEpHOTO cuHTe3a. HelTpoHsl 60MOapAMpyIOT BKIAABIII U3
JEUTEPHS JINTUSI, KOTOPBINA MPEACTABISIET COOO0M KOHTEHHED C )KUIKUM JACHTEPUEM.
JluTui nox AEUCTBUEM HEUTPOHOB PACUICIUISIETCS HA TENUU U TpUTUM. [loTHOCTH
Marepuasa Karcyiabl BO3pACTAIOT B IECITKU ThICAY pa3. Haxoasmuiics B ieHTpe
ypaHOBBIN (IUTyTOHHUEBBIN) CTEP)KEHDb B Pe3yJIbTaTe CUILHOU yIapHOU BOJIHBI TAKKE
C)KUMAETCSI B HECKOJIBKO Pa3 v NEPEXOAUT B HAAKPUTUUECKOE COCTOSTHHUE. bBICTphIE
HEUTPOHBI, 00pa30BaBIIKECS MIPU B3PbIBE SAEPHOTO 3apsijia, 3aMEJIUBIIKCH B IEUTEPUU
JIUTHS A0 TEIJIOBBIX CKOPOCTEM, MPUBOIAT K LIEMHBIM PEAKLIHAM JCIICHUS ypaHa
(muTyTOHMS), YTO NEHCTBYET HAIO00ME TOTOTHUTEILHOTO 3aIaia, BbI3bIBACT

JIOITOJTHUTEIIbHBIE YBEIIMUYECHUS JIABJICHUS U TeMIepaTypsl. Temmeparypa,
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BO3HUKAIOILAsl B PE3yJIbTaTe TEPMOsIEpHON peakiuu noseimaercs 10 300miH. K,
BOBJICKAsl B CHHTE3 BCE OOJIbIIIEe U OOJIbIIee KOJIMUECTBO BOJOPOIA.

Taxum 06pa3oM, aTOMHBIH 3anall CO34aeT HEOOXOUMBIE 1JI CUHTE3a
MaTepuasbl HEMOCPEACTBEHHO B CaMOM MPUBEIEHHOM B JeiicTBre OomOe.

Bce peakuun, KOHEUHO, IPOTEKAIOT HACTOIBKO OBICTPO, YTO BOCHPUHUMAIOTCS
KaK MIHOBEHHBIE.

10.10.Heitmponunasn 6omoa

[enbto coznanust HEUTPOHHOTO Opyxkus B 60x-70-X rogax siBISIOCH OJTydEHUE
TaKTUYECKOW OOETOIOBKHU, TTIABHBIM MOPAXKAIOUTUM (PAKTOPOM B KOTOPOM SIBIISUICS OBl
MOTOK OBICTPBIX HEUTPOHOB, U3Ty4aeMbIX U3 00JIaCTH B3pbHIBA.

Coznmanue Takoro opyxus 00yciaoBmiIa Hu3Kas 3QPEeKTUBHOCTh OOBIYHBIX
TaKTHYECKHUX AJIEPHBIX 3aps/I0B IPOTUB OPOHUPOBAHHBIX LI€NIEH, TAKUX KaK TaHKH,
OpoHeMaIuHbI U T.11. brarogaps Hanuuuio OpOHUPOBAHHOTO KOPIYCa M CHCTEMBI
bunbTpanuu Bo3ayxa OpoOHETEXHUKA CIIOCOOHA MPOTUBOCTOSITH BCEM MOPAKAIOIIUM
dakTopaM siepHOTO B3pbIBa. [I0TOK HEUTPOHOB K€ C JIETKOCTHIO MPOXOAUT JAaKe Yepes
TOJICTYIO CTajbHYI0 OpoHto. [Ipu MomHOCTH B 1 KT cMepTenbHas 103a 00JyuyeHus B
8000pan, koTopasi BeIeT K HEMEUICHHOW U ObICTpOi cMepTH (MUHYTHI), OyaeT
NoJIy4eHa dKuNakeM TaHka Ha pacctosHuu B /00M. OnacHblil 1715l )KU3HU YPOBEHb
nocturaercs Ha auctanuuu 1100.Taxke JOTMONMHUTEIBHO, HEUTPOHBI CO3/1aI0T B
KOHCTPYKIIMOHHBIX MaTtepuaiax (Harmpumep, OpoHe TaHKa) HABEACHHYHO
pPaOaKTUBHOCTb.

N3-3a 0ueHb CUIILHOTO MOTJIOLIEHUS U PACCEMBAHUS HEUTPOHHOTO U3IIYYECHUS B
aTMoc(epe 1eJaTh MOIIHbIE 3apsi/ibl C YBEIMYEHHBIM BBIXOJOM U3TyYEHUS
Helenecooopa3Ho. MakcumanbHasi MOIIHOCTE 00erosioBok coctaniseT ~1 Kt. Xots o
HEUTPOHHBIX O0MOAX U TOBOPST, YTO OHHU OCTABJIAIOT MaTEPUAIIbHBIC IEHHOCTU
Hepa3pyIIEHHbIMH, 3TO HE COBCEM TakK. B mpezaenax panunyca HEUTPOHHOTO MOPAXKEHUS
(oxomo 1 kumomeTpa) yaapHasi BOJTHA MOKET YHHUTOKUTH UM CHIIBHO TTOBPEIUTH
OOJBIIMHCTBO 3AAHUM.

N3 ocobeHHOCTEl KOHCTPYKIIUU CTOUT OTMETUTH OTCYTCTBUE TUTyTOHUEBOTO
3anaJbHOrO CTepkHs. M3-3a Manoro KoinM4ecTBa TEPMOSIACPHOTO TOTUIMBA U HU3KOU
TEMIEPATypbl HaYaIa peakuu He0OXOAUMOCTh B HEM OTCYTCTBYET. BecbMa BeposTHO,
YTO 3KUTAaHUE PEAKIIUU MTPOUCXOIUT B LIEHTPE KAICYIbl, TJI€ B PE3YJIbTATEe CXOXKICHHUS
yZlapHO BOJIHBI Pa3BUBAETCS BHICOKOE JABJICHHE U TEMIIEpaTypa.

HeliTpoHHbI# 3apsii KOHCTPYKTHUBHO MPEICTABISIET COO0M OOBIYHBIN SJICPHBIN 3apsia
MaJIOi MOIITHOCTH, K KOTOPOMY J100aBJIeH OJIOK, COAEpKAIINA HEOOIBIIOE KOJTNIECTBO
TEPMOSIIEPHOTO TOIUTMBA (CMECh IEHTEPHUs U TPUTHUS C OOJIBIIIUM COACPKAHUEM
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IOCJICAHET0, KaK HCTOYHHMKA OBICTPBIX HEHTPOHOB). [Ipu moaphiBe B3phIBACTCS
OCHOBHOM SIICPHBIN 3apsi1, SHEPTHS KOTOPOT'O UCTIOJB3YETCS JIJIS 3aIycKa
TEPMOSICPHON peakuuu. [Ipu 3TOM HEHTPOHBI HE JTOJDKHBI ITOTJIOMIATHCS MaTepUaTaMu
O0MOBI 1, 4TO 0c000 BaXKHO, HEOOXOUMO MPEJOTBPATUTH UX 3aXBaT aTOMaMHU
JCIISAIIETOCs MaTepuraia.

pAIHALHOHHLI 2RpaH

AAPO HMILIOZHOHHAS 2 e O HMAIIHA BOPITYC (Bonbipant)
CHeTEME AedTepHil-TPHTHEeRAA
4

Kancyna

CTANLHOH KOPTYC
prc. | Ipusmepuan crpykTypa HEHTROHHOMD 3apAna

Puc. 10.11 IlpumepHas cTpyKTypa HEHTPOHHOTO 3apsaa

Bonpmias yacte SHEPTUM B3pbIBA MIPH MPUMEHEHHH HEHTPOHHOTO OPYKHSI
BBIJIETISIETCS B pe3yNbTaTe 3allylleHHOM peakunu cuHTe3a. Koncrpykuus 3apsna
TakoBa, 4To 10 80 Y0sHepruu B3phIBa COCTABIISAET YHEPTHS MOTOKA OBICTPHIX
HEHUTPOHOB, U TOJbKO 20 YonpuX0oaUTCS Ha OCTaTIbHBIE TOpaXarone (PakTopsl
(yIapHyto BOJIHY, 3JICKTPOMArHUTHBIN UMITYJIbC, CBETOBOE M3JIyUCHHUE).

OO111ee KOJIMYECTBO ACTALIMXCS MaTepUaoB sl 1-KT HeTpoHHOMH OOMOBI T1Ie-
10 10kr. 750T0HHBIN SHEPTETUUECKUM BBIXOJ CHHTE3a 03HavaeT Hannuue 10 rpamMmoB

JNEUTEPUN-TPUTUEBOU CMECH.

3aknrwuenue

Xupocuma u Haracaku — 3710 npeocrepexxerre Ha Oyayuiee. B coBpemMeHHy1o
3MOXY B PEIICHUHU BOMPOCOB BOMHBI M MUPa HE JOJKHO ObITh MECTa CIIy4alHOCTSIM.
[IpecTymnHas M0 OTHOUIEHUIO KO BCEMY YEJIOBEUECTBY, O€CCMBICIECHHAS ISl pELICHUS
CHOPHBIX MEXIYHAPOIHBIX TPOOJIEM U MOJUTHUECKUX KOH(IUKTOB TEPMOsEpHas
BOIMHA ObLJIa JIUI MOJUTUKON HAIIMOHATILHOTO CaMOYOUHCTBA JUIsl T€X, KTO OCMEIUIICS
Obl ee pa3Bs3aTh. [Ipu m000M ee ncxoae MUp okazascs Obl B HEU3MEPUMO XyILIEM
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IIOJIO’KEHUH, YEM JI0 HE€, TaK YTO y4acCTH MOrHOIIUX MOTJIH Obl, MOXKAIYH,
M03aBUOBATh OCTABILINECS B KHUBBIX.

ITo MHEHHIO CIIeNMaNUCTOB, HAILIA MJIAHETAa ONIACHO MEPEHACHIIIEHA SAEPHBIM
opyxueM. Yixe B Hayane XX| BeKka B MUp€ HAaKOIJIEHbI OTPOMHBIE TAKUE 3aI1aChl
SIEPHOTO OpyKus. Takue apceHansl TasT B ce0e OrpOMHYIO OIIACHOCTD JJIs1 BCEl
IUTAHEThI, UMEHHO IJIAaHETHI, a He OTJENbHBIX cTpaH. VX cozmaHue mornomaer
OTrPOMHBIE MaTE€pPUAIIbHBIE CPEICTBA, KOTOPBIE MOKHO ObLIO ObI UCIIOJIB30BATh JISI
O0pBLOBI ¢ OOJIE3HSIMU, HETPAMOTHOCTHIO, HAIIIETOM.

VY4eHble CUUTAIOT, YTO MPU HECKOJBKUX KPYITHOMACIITAOHBIX SEPHBIX B3pPbIBaX,
MOBJIEKIIINX 32 COOOW CrOpaHHe JIECHBIX MaCCUBOB, TOPOJOB, OTPOMHBIE CIIOSI IbIMA,
rapu NOJHSUIMCH Obl K cTpaTtocdepe, OJI0KUpYs TEM CaMbIM IIyTh COJTHEYHOMN pagualiii.
OTO SIBJIEHUE HOCHUT Ha3BaHUE " sAepHas 3uMa’. 3uMa NpOJIUTCS HECKOJIBKO JIET,
MOJKET J1a’K€ BCEro Mapy MECALEB, HO 3a 3TO BpeMs OyJeT MOYTH MTOJHOCTBIO
YHHUTOKEH 030HOBBIN cioii 3emun. Ha 3emitio XJIbIHYT MOTOKH yIbTPadruoIeTOBBIX
ay4eil. MoznenupoBaHue 1aHHOM CUTYyallMH [TOKA3bIBAET, UTO B PE3YJILTATE B3PbIBA
motHocThio B 100KT Temneparypa moOHU3UTCS B CPEAHEM Y TIOBEPXHOCTH 3€MIIM Ha
10-20rpanycos. [Tocne simepHOt 3UMBI abHEHIIIEe €CTECTBEHHOE MPOI0JDKEHHE
KU3HU Ha 3emiie OyJIeT T10BOJIbHO MPOOIEeMaTHUHBIM:

OkoHYaHKE XO0JI0JHON BOMHBI HEMHOTO Pa3psiANIIO MEXAYHAPOIHYIO
MOJUTHYECKYI0 00cTaHOBKY. [loAmnucanb! ps JOrOBOPOB O MPEKPAIEHUH SACPHBIX
UCIBITAHUH U SJIEPHOM PA30PYKEHUU.

K coxanenwro, ceituac, B Mupe 00CTaHOBKAa 00OCTPUIIACH B CBS3U C Pa3BUTHEM
sanepHoit nporpammsel Upana n CeepHoil Kopen, HO oka CylecTByOT OpraHu3aluu
Oobvenunennpix Hanmii (OOH) m 3amuThl IpaB yeioBeka, y Hac €CTh HaJlex 1a Ha
onaropaszymue u coomoaenue CIIIA Bcex mpaBOBbIX PE3OJIIOLHN.

Cerous 11011 AOJDKHBI MOAYMaTh O CBOEM OYAYIIEeM, O TOM B KaKOM MUPE OHH
OyAyT )KUTb YK€ B OJIMKalIIne JeCSITUIICTHS.
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