B.A. lesucunos, T.WU. [lpo3aosa,

C.C. TumodpeeBa

Teopus I'OIIBHHH x
UB3BbiBa - 5




B.A. [lesucunos, T.U. [lpo3aos.a,
C.C. Tumodeesa

TEOPUA TOPEHUA
U B3PbIBA

NMPAKTUKYM

Nop obwen pepakyueii B.A. fleBucunosa

PexomerdosaHo YuebHo-memoduyeckum o6be0uHeHueM 8y308
No yHUBEPCUMEMCKOMY NOAUMEXHUYECKOMY 06pa308aHuIo

8 Kayecmae y4e6H020 nocobus Ana cmydeHmos 8bICLUUX
y4yebHbIx 3a8edeHul, 06y4aoWUXCA N0 HANPABACHUID
«TexHocepHas 6ezonacHocmby

N

G

r—4{ MOCKBA
®APYM{ 2012



YK 331.4(075.8)
BBK 65.247173

25

n25

Peyenzenmo::

IIOKTOpP TEXHUUYECKHUX HayK, npodeccop b.H. Paxmaros
(MocKOBcKHMit rocynapcTBEeHHbI YHUBEPCUTET NyTei cOOOLAHM);
IIOKTOP XMMUYECKUX Hayk, npodeccop A.H. Cxyunukosa
(MpkyTckuii rocynapcTBeHHbII YHUBEPCUTET MyTeit coobLeHust);
IIOKTOP XUMHYECKHUX HayK, npodeccop J.B. Kanuykas
(MpkyTckuit rocynapcTBeHHbIM TEXHUUECKUI YHUBEPCUTET)

Hesucunos B.A., Ipo3nosa T.1., Tumodeesa C.C.

Teopusi ropeHMs ¥ B3pbIBa : MPaKTUKYM : yyebHoe nocobue / B.A. leBu-
cunos, T.U. Aposnosa, C.C. Tumoceesa / noa obwt. pea. B.A. leBucuno-
Ba. — M. : ®OPYM, 2012. — 352 c. — (Boicuiee o6pasoBaHue).

ISBN 978-5-91134-555-6

PaccMoTpeHbl siBleHUs, BO3HMKAIOLLIME MPU ropeHru U B3pbiBe. [1peacrasne-
Hbl MpaKTHYeCKHe paboThbl MO pacyeTy MaTepUanbHOro U TeMaoBoro Sanakca,
TeMMepaTypHbIX MApaMeTPOB U KPUTHYECKUX YCIOBHI MPU FOPEHUU TOPIOYMUX
cMeceif, a TaKXe pacyeTbl OCHOBHbIX MapaMeTpoB B3pbiBa. MaTtepuan nocobus
WUTIOCTPUPOBAH IrpadKaMu, CXeMaMu U AOMONHEH CMPaBOY HbIMU JAHHBIMMU.

IMocoGue npenHa3HaYeHO AN CTYAEHTOB TEXHUYECKHUX BY30B, M3y4yaloLMUX
IUCUMNIANHY «Teopusi ropeHHUs U B3pbiBa» U 00y4aIOLIMXCS MO HAMpaBAeHUIO
«TexHochepHasi 6e30MacHOCTb», pEKOMEHI0BaHO A/ CTYAEHTOB TEXHUUYECKUX
creuuanbHoCTei, a Takxe 6akanaBpoB M yyaluuxcs Koteaxei. [pakTukym Mo-
XeT ObITh Mosie3eH A1 NpakTUYeCKUX pabOTHUKOB C1yX0 OXpaHbl Tpyaa, npo-
MbllLIeHHO# Ge3onacHocTy U oTaenos 'O n YC npeanpustii.

YK 331.4(075.8)
BBK 65.247473

© [Jesucunos B.A., Ipo3nosa T.U.,
Tumodeesa C.C., 2011

ISBN 978-5-91134-555-6 © W3narenbctBo «POPYM», 2011



NpeaucnoBue

B HacTosiiee BpeMsi npobieMbl HaLMOHAIbHOI 6€30MacHOCTH U Mpo-
MBbILLIEHHOH 6€30MacHOCTH, 3alUUThl HaceJeHUs OT Ype3BblYailHbIX CU-
TyauMil cTaHOBATCS Bce Ooiee akTyanbHbIMU. PeanbHylo yrpo3y npeacras-
JISIIOT KPYMHbIE TPOMBILLJIEHHBIE NPEANPUATHS, HEDTENPOBOABI, ra30Bble
MarucTpanau, Ha KOTOpbiX HabiioaaeTcs yCToMuYMBas TEHAEHLIMS pOCTa
yucsla aBapUitHbIX CUTyalUMi, CBSI3aHHBIX C MOXapaMU M B3pbIBaMM.
B nocneaHue roabl y4acTMIMCh aBapUM Ha LaxTax, MPUBOISLLHKE K YeJlo-
BEUYECKMM XEPTBaM U 3HAUMTENbHBIM MaTepyalbHbIM noTepsiM. M3-3a He-
ycnpaBHOCTEN 000pynOBaHUS, TPAHCMOPTHBIX CPEACTB, a TaKXe M3-3a
NEMCTBUI YesloBeKa pacTeT YMCIO aBapuii Ha aBUALLMOHHOM, XeJle3HOAO-
POXHOM, aBTOMOOUJIbHOM TpaHcnopTe. Hanbonbluyo onacHocTh npea-
CTaBJISIIOT aBapUM ¢ BLIDPOCOM XMMMYECKHU ONACHBIX U PaAMOAKTUBHbBIX
BELLECTB, PO3JIMBOM HedTeNnpoayKTOB, pa3pylueHMeM 000pyAOBaHUS C
ONacHbIMM BELLECTBAMU U paboTaloLLMX MO BHICOKMM AABJIEHHUEM.

B Poccuiickoit Penepaunu paspaboTaHO MHOXECTBO HOPMaTHBHbIX
IOKyMEHTOB 1151 obecrnieyeHus1 6e3aBapMitHOI IKCITyaTallMM TEXHONIOTHU-
4yeckoro obopynoBaHusl, cobtoieHUs NpaBUJl MoXapHOH 6e30MacHOCTH.
OnHako ans npenoTBpalleHUs Ype3BbluaHbIX CUTYaLIUit, 11 60pbObI C
rnoxapamu W B3pblBaMU TpebyeTcs COBEpPLLIEHCTBOBaHUE NMpoduIakTHye-
CKOI1 paboTbl, opraHu3aLiusi KOTOpoi TpebyeT TeopeTUYeCKUX 3HaHUI oc-
HOBHbIX (GPU3UKO-XMMHUUYECKMX ACMEKTOB FOPEHUs U B3pbIBa.

CoBpeMEHHOMY CeLIMAIUCTY, oOyyatolleMcs Mo HarnpasieHUIo «Tex-
HocdepHas 6€30MacHOCTb», HEOOXOAMMO 3HATb MOTEHLUMANbHBIE MOXapo-
Y B3pbIBOOMNACHbIE CUTYallUU HA NMPEANpUSITUSIX, BIaAeTh METOAAMU HX
npeaoTBpalleHusl.

[Mpennaraemoe yuyebHoe nocobue npusBaHo chHopMUpOBaThb y CTYAEH-
TOB MpPeACTaBleHUE O XapaKTepe NMPOLIECCOB TOPEHHUS U B3pbiBa, YMEHUE
npeaBUaeTb U NpeaOTBpallaTh ONacHble sIBAEHUS, NPUBOASILLME K MOXa-
paMm, B3pbiBaM.

B nocobuu npencrasneHbl NpakTU4Yeckue paboThbl, MpeaHa3HaYeHHbIE
st pOpMHUPOBaHUS y CTYAEHTOB MPAKTUYECKHMX HABbIKOB MO pacyeTy oc-
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HOBHBIX MapaMeTpoB ropeHus U B3pbiBa. [locobue nonoaHeHO 60AbLINM
KOJIMYECTBOM CMPABOYHbBIX AAHHBIX N0 (PU3NUKO-XMMUYECKUM NapaMeTpam
ropro4Mx BeLIECTB U MaTepHAlOB.

Oucunnnuua «Teopusi ropeHUs U B3pblBa» ABJSIETCS AUCLUMUIIMHOM
(henepanbHOro KOMMOHEHTA rOCyJapCTBEHHBIX 00pa3oBaTe/IbHbIX CTaH-
napToB no HanpabieHuto «TexHocdepHas 6e3onacHocTb». B mocobuu
NpeacTaBleHbl OCHOBbl TEOPMM M METObl PaCYETOB OCHOBHBIX MapameT-
POB ropeHusl ¥ B3pbIBa.

Bynem npusHaTesbHbl BCEM YMTATENISIM 332 3aMeYaHUs U Mpeasoxe-
HUs1, KOTOpbIE ClieayeT HanpaBJsiTh B U34aTeIbCTBO HAa MMSI aBTOPOB.



Pa3pen 1
FOPEHUE

Topenuem nasvigaemcs gusuro-xumuueckuii npoyecc, npu Komopom 20-
prouue eewjecmea nod 6030elicmeuem 6bICOKUX memMnepamyp ecmynaiom 6
XumuHeckoe 63aumMooelicmeue ¢ OKucaumenem, npespamasce 6 npooyk mol 20-
peHus.

[opeHune conpoBoxaaeTcs UHTEHCUBHBIM BblAENEHUEM TEMOTbI U
CBETOBBIM U3JIyYEHHUEM.

[To 3TUM npU3HaKaM ropeHHe MOXHO OTIIMUYUTb OT APYTHUX SIBJIEHMIL.
Hanpumep, ropeHne 31eKTpUYeCKOil 1aMMOYKH HENb3sl HAa3BaTh FOPEHU-
€M, XOTsl MPY 3TOM BhIENsieTCs TEMJIOTa U U3jlydyaeTcs cBeT. B atom sipne-
HUU HET ONHOTO M3 INIaBHbIX MPU3HAKOB FOPEHUSI — XMMHUUECKOI1 peak-
LIMU, NPUBOASILEN K BbIAETEHHIO OTPOMHOTO KOJIMYECTBA TEMJIOTH C NO-
cefyouMM obpa3oBaHHUEM MJIAMEHH.

[opeHye B 6ONBIIMHCTBE CllyyaeB CIOXHBII XMMUYECKHUIT poLecc,
COCTOAILIMI U3 peakLMil OKUCIUTENIbHO-BOCCTAHOBUTENbHOTO TUNa. [ns
BO3HUKHOBEHMSI TOPEHMSI HEOOXOAMMBI OMpee/IEHHbIE YCIOBHUS.

1.1. YcnoBua ana BO3HMKHOBEHUA rOPpeHUn

Jlnst BO3HUKHOBEHMSI, pa3BUTHSI U paclpocTpaHeHHsl Npoliecca rope-
HHS Y ero UTUTEeNIbHOTO CYLLECTBOBAHUSI HEOOXOAMMO BbLINOJIHEHHE OMNpe-
JieJIEHHBIX YCIIOBUIA, 63 KOTOPBIX 3TOT NMPOLIECC HEBO3MOXEH.

1151 BO3HUKHOBEHHS TOPEHUST HEOOXOAMUMBI:

e HajJIMuMeE TOpIOYE CMECH, T. €. ONpee/ieHHOE COYETaHUE FOPIOYEro

BEllleCTBa C OKUC/IUTENEM (0OBIYHO KMCIOPOAOM BO3lyXa);
e MHULIMALUMUS peaKUMU MeXay roplouMM BELIECTBOM M OKMCIIH-
TeJIEM.
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OCHOBHbIMM (baKTOpaMH, OMNpeaesiiolilMMU BO3HUKHOBEHHE pEaKLUMH
MEXAy rOplOYMM BELLIECTBOM U OKUCJIUTENIEM, SABJISIOTCS:
e HarpeBaHMe roproyeit CMecu 10 TeMIepaTypbl CAMOBOCIJIAMEHEHUS
WJIM CaMOBO3ropaHuSs;
e BO3/JEICTBUE BHELLIHErO UCTOYHHMKA 3axuranHus (MU3).
[Tp1 BO3HMKHOBEHHUH TOPEHUS B Cllyyae HarpeBaHUs roployeii cMecu
[0 TEMIEPATypbl CAMOBOCIJIAMEHEHUSI MJIM CAMOBO3rOpaHHsl Npoliecc ro-
PEHMS OCYLUECTBJISETCS B peXHMMe CaMOBOCIJIaMEHEHHUS (CaMOBO3ropa-
HUs1). [1p¥ BO3HUKHOBEHUHM FOPEHUSI OT UCTOYHHMKA 3aXKMTaHUS MPOUCXO-
IUT BbIHYXIEHHOE BOCIJIAMEHEHHUE WUJIM BbIHYXIEHHOE 3aXXUTaHUE roplo-
yen cMecH.
OCHOBHBIMM YCJIOBUSIMU BbIHYXXIAEHHOTO 3aXUIaHUS SIBJISIIOTCS:
e HaJlMuMe rOpIOYEro BelECTBA UJIM TOpIOYeii CMECH BELLIECTB;
e HaJIMUME OKUCIIUTESS;
e HaJlMYMe UCTOYHMKA 3aXKHUTaHMsl, MOJ BO3AeiCTBUEM KOTOPOro Ha-
YMHAETCs NPOTEKaHUE XMMUYECKUX PEaKLMit TOPEHUSI MEXIY KOM-
MOHEHTaMM roployeiit CMecH.

1.1.1. loproyee sewjecmso

Toprouee geuwecmeo — 310 BellECTBO, CNOCOOHOE K ropeHUIo. ['opioune
BELLIECTBA XapaKTEPU3YIOTCS 20proHecmsio.

Toprosecmb — 310 cNOCOOHOCTD BELlECTBA MJIM MaTepHala K pacrnpo-
CTPaHEHHUIO MJIaMEHHOTO FOPEHUSs MU TIEHMUS.

[oproyecTb BelllecTB XapakTepu3yeTcs:t GU3MKO-XUMUUYECKUMHU CBOIA-
CTBaMHU, arperaTHbIM COCTOSIHUEM, OCOOEHHOCTSIMU 3aropaHusi U TOPEHHUS.

CnocoOHOCTb K TOPEHUIO OMNpeaesieTCsl OCHOBHBIMM NMOKAa3aTesMHU,
npuBeleHHbIMU B TabJ. 1.1, HAOOp KOTOPBIX 3aBUCUT OT arperaTHOro co-
CTOSIHUS M YCJIOBMIA Mpoliecca TOpeHUs.

[To roproyecTH BelllecTBa MM MaTepHualbl MoApa3AensiloTcs Ha
TpY TpyNIbI:

e Heroprouue (Hecropaemsoie);

e TpyAHOropioouue (TpyaAHOCTropaeMblie);

e roprouue (cropaemoie).

Hezoprouue éeuwgecmea He MOTYT ropeTh Ha Bo3ayXe (METaLIbl, UX CIJia-
Bbl, KEpaMUYeCKHE MaTepuabl U ap.).

Tpyonozoprouue éewecmsea u mamepuaavt MOTYT 3aropaTbCsi Ha BO3yxe
OT UCTOYHMKA 3aXUTaHUsl, HO He CMOCOOHBI CAMOCTOSTEBLHO FOpPETh MO0~
cne ero ynaneHus. K TakuMm BellecTBaM OTHOCSITCSI MOJIMXJIOPBUHMJIOBAS
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Ta6auya 1.1. OcHoBHbIE NOKA3aTeJH NOXKapPo-, B3PpIBOONACHOCTH

ArperaTHoe COCTOSIHUE BELLECTB
IMokasartenb
TBEpPAOE XHUAKoE rasbl nbuIn

I'pynna roproyectu + + + +
Temnepartypa

TAEHUA + _ _ +

BCIbILWKH — + — —

BOCIJJTAMEHEHU S + + — +

caMoBOCIL1TaMEHEHUSsI + + + +

CaMOBO3ropaHus + - — +
KoHLeHTpaLUH1oHHbIe npeaebl pacnpocTpa- — + + +
HEHMS N1aMeHU (HUXXHUIA 1 BEpXHUi)
TemnepaTypHble Npefeibl pacnpocTpaHeHUs — + + —
njamMeHu
CKOpOCTb BbIFOpaHHUS — + - —
KoadduumneHT abiMmoobpasoBaHus + — — —
CnocoGHOCTb B3pbiBaTbCs W FOPETh MpH + + + +
B3aMMOEINCTBUU C BOAOW, KUCJIOPOAOM BO3-
JlyXa U IpyrMMy BellleCTBaMHU

ﬂpujuewanue. 3HakK «+» 03HavaeT NMPUMEHSAEMOCTDb, 3HAK «—» — HENMPUMEHAEMOCTb
nokasarens.

NJMTKa, peHoadopManbaerMaHbII CTEKIOMIACTUK, IPEBECUHA, MOABEPT-
HyTasi NOBEPXHOCTHOI1 OrHe3alMTHOI 06paboTke U ap.

Topronue sewmpecmea u mame puaapt cnocoOHbl CaMOBO3ropaTheCs UK
BO3ropaTbcsl OT MCTOYHHMKA 3aXMIraHUsl U CAMOCTOSITENIbHO FOpeTh MocJe
€ro ynaiaeHus (apeBecuHa, Topd, yrojab, HepTeNpOAYKTbl, OpraHUYECKHUE
XMMMYECKHE BELLIECTBA U Mp.)

l'oprouee BellecTBO U OKUCIUTENL 00pa3yIoT rOploYyI0 CMECh — 20pIo-
uyo cucmemy.

['oproune BelecTBa UJIM CUCTEMbI MOTYT ObITb XUMu4ecku 00H0PoOHbI-
MU Y XUMU4ecKu HeoOHO pOOHbIMU.

Xumuuecku 00HOpoOHbte 20ptovue cucmembl — 3TO CMECH TOPIOUYMX ra-
30B, NAapOB WJIM MbLIEH C BO3yXOM, B KOTOPbIX PABHOMEPHO NepeMELLaHbI
ropioyee BelIECTBO M Bo3ayx. [opeHuMe TakMx ropioumx cMeceit Ha3blBaeT-
CSl 20MO2EHHBIM.
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Xumunecku HeoOHOpoOHbIe 20pIoYUe cucmembl — 3TO CUCTEMBI, B KOTO-
pbIX roployee BELIECTBO M BO34yX HE NepeMellaHbl U UMEIOT FPaHMLLy pas-
nena ¢a3s. Yauie Bcero XMMHUYECKM HEOJHOPOAHbIE CUCTEMbI — 3TO TBEP-
nble BellecTBa. OMHAKO TaKUMHU CUCTEMAMMU MOTYT ObITb U XHIKOCTH, Ha-
XoIsILMECS B BO3yXe, CTPYM FOpIOYMX ra3oB M MapoB, NMOCTynarouiue B
Bo31yX. [OpeHHEe TAKUX BELLIECTB HA3bIBACTCS 2eMepo2eHHbIM.

CBOJICTBa HEKOTOPBIX FOPIOYMX BELIECTB NMpUBeAeHbI B Taba. 1—4
npua. I11.

[oproume BellecTBa NPEACTABSIOT COOOM CIOXHbIE XUMUUYECKHUE CO-
eIMHEHUS. DNEMEHTHbIM XMMHUYECKHI COCTAB roployero BelleCTBa BKIIO-
yaeTt yriepon (C), Boaopoa (H), cepy (S), a Takxe kucnopon (O), a3zor
(N). Kpome Toro, B cMecH ropto4mx BelllecTB (HanpuMmep, B HehTH, Ma3yTe
M [Ip.) MOTYT NPUCYTCTBOBaTb MHUHEpa/ibHble MPUMECH, NMpeBpalllaloLLInecs
MpH CXUraHuu B 301y (A) u Bnary (W).

['oproyasi cMeCh CJIOXXHOIO COCTaBa, UCMOJib3yeMasl 11l CXKUTaHUS C
LeJIbIO MOJYYEeHHU S TEMJOThI, Ha3biBaeTCs monaugom. B o6GleM Buae ane-
MEHTHBII XMMUYECKHI COCTAB TOMJIMB MOXET ObITb MPEACTABJIEH ClieaylO-
MM o6pa3om:

CP+HP+OP+ NP+ SP+AP+WP=100 %,

riae MHAEKC p o3HayaeT pabouylo Maccy Torinaa (%), nocTynalolero K
notpedbutento. Hanpumep, paboyas Macca ApeBECHHbI MMEET COCTaB:
49 % C,6 % H, 43 % O u 2 % npyrux npumeceii, BKJitoyasl Biary.

BaxkHoe 3HaueHMe MMeeT colepXaHue B COCTaBe TOMJMB 30Jibl (A) U
Bnaru (W), Tak KaK 3T COCTaBJsIIOLLME ONpPeAesIioT KayecTBO U TernJo-
TEXHUUYECKHE XapaKTEPUCTUKHU TOIUIMB. [Ins1 cpaBHUTENbHO TEMJIOTEXHH-
YECKOM OLIEHKH TOMJIMB BBEJIM YCJIOBHbBIE MOHSITHUS CYXOil, 20ptoteli Vi opea-
Hu4eckoli macc monaug. ConepxaHue Cyxoi, roproyei, opraHuuyeckom
Macc BblpaxaeTcs B npoleHTax (%) 1 0603HayaeTcsi COOTBETCTBEHHO MH-
IIEKCAMM «C», «I'», «O» BMECTO paboueit Macchl «p».

Cyxoe roptoyee BELWECTBO HE COAEPXKMT BJIarv, ¥ TaKoe TOMJIMBO Ha-
3bIBAETCS 00€380xceHHbIM. DIIEMEHTHbIM COCTaB CYXOro roproyero TornjmMBa
3anMCbIBAETCS C MHIEKCOM <«C» CJICAYIOLLIMM BbIPaXXEHUEM:

C°+H +0O°+N°+S°+A°=100 %.

TonnnBo, KOTOpoe coAepXUT Biary naubo npuobpertaeT Biary npu
XpaHEHUH, TPAHCTIOPTUPOBKE, Ha3bIBAETCs 8030yMHO-CYXUM, U COCTAB Ta-
KOro TOMJIMBA 3aMUChIBAETCS C UHAEKCOM «@»:

C*+H*+O0*+ N*+S*+ A+ W?=100 %.
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be3BoaHas v 6e330JibHasi Macca TOMJMWB Ha3blBaeTCs 2oprotei, U co-
ctaB €€ OTMEYAETCA HHAEKCOM «I'»;

C+H +O0"+N"+S"=100 %.
TonnuBa c opraHMYeCKOoi Maccoit — 3To 0coObIi BUI TOMJIMB, B KOTO-
pbiX MPUCYTCTBYET CEpa B BUAE OPraHUYECKUX COEAMHEHUI U OTCYTCTBYET
cepa B HeopraHuuyeckoi dopme (HanpuMep, HET MpUMeECE CEPHOTo KoJi-

qeuaHa). ypaBHCHMC TaKHUX TOMJINB 3alUCbIBAlOTCA C HHAECKCOM «O», YKa-
3bIBalOLLIUM Ha OpraHH4€CKy10 Maccy:

C°+H°+0°+N°+S°=100 %.
PacueT cosepxXaHus B TOIUIMBE CyXOii, Toployeii, OpraHM4ecKoi Uim
BO31YLLIHO-CYXOi Macchl OMNpelesisieT KayecTBO TOMJIMBA U €r0 FOpIOYeCTb.

Takue XapaKTEpUCTHUKH TOIJIMBA NMPEACTABIAIOT 3HAYMUTEJIbHbIN HHTEpPEC
11 TEMJIO3HEPr€TUKOB.

1.1.2. Okucnumenu

[opeHne — CNnoXHbI XUMUYECKHUI MPOLECC, COCTOSILMIA U3 OKUCIIU-
TeJbHO-BOCCTAHOBUTENbHbIX XMMUUYECKHUX peakLMil. B kauecTBe okucau-
TeJIei MOryT BbICTYNaTh HE TOJIbKO KUCJIOPOI UJIM BO3AYX, HO U MHOXECT-
BO ApYrUX COeAMHEHHUIL: xj10p, OpoM, cepa, MapraHUEeBOKUCbIA Kalnui,
pa3/iMyHble MEPEKUCHU U ApYrye KUCIopoaocoaepxaliune Belectsa. OnHa-
KO Ha NMpaKTHUKe yalle BCero ropeHue nporekaet B atMochepe Bo3ayxa.

Bo3nyx npeacrasnsieT coboit cMecb ra3oB, OCHOBHbIMW KOMITOHEHTa-
MU KOTOporo siBisitoTcsi: a3otr — 78,084 %; kucnopoa — 20,948 %, ap-
roH — 0,934 %. B He3HaUMTENbHBIX KOJMYECTBAX MPUCYTCTBYIOT HEOH, re-
JIN1, KPMNTOH, aMMHUaK, AMOKCHUIBI YIJIepola U cepbl U Ap. ApProH, coaep-
XallMiics B BO3ayXxe, sIBSIETCSI MHEPTHBIM ra3oM M B Npoliecce ropeHus
y4yacTusi He MPUHMMAaET. A30T TaKXe HE y4yaCTBYET B XUMUHeCKOM B3aVMO-
JNEeHCTBMU C ropioynm BellecTBoM. OIHAKO a30T OKa3blBaeT CYLLECTBEHHOE
BJIUSIHUE HA CKOPOCTb MPOTEKaHUS npolecca ropeHus. [1pucyrcreue azo-
Ta cjiefyeT yYMTbIBaTb, Tak KaK OH y4yacTBYET BO MHOTUX @pusuHeckux npo-
yeccax, CONPOBOXAAIOLIMX FOPeHHeE: yyacTByeT B AMpdy3un Bo3ayxa B ro-
pioyee BELIECTBO; BLICTYNAET B KA4eCTBE MHEPTHOro pa3baBUTENs roploye-
ro ¥ okucautensi (KMciopoja); BIAMSIET Ha CKOpPOCTb HarpeBaHUsl W
CKOPOCTb FOPEHUSI TOPIOYEIl CMECH.

[1pn cocTaBieHUM ypaBHEHUS! peaKLLMU TOPEHMS BELLECTBA B BO34yXe
He0OXOOAMMO YYMTHIBATh MPUCYTCTBUE a30Ta CJeAyIOLIMM 0Opa3oM: ropro-
Yyee BELLECTBO M YYaCTBYIOUIMI B TOPEHUM BO3AYX MULIYTCS B JIEBOI1 YacTh
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ypaBHEHMsI, a NMOCJie 3HaKa paBeHCTBA — 00Opa3ylollMecs NPOAYKTbI peak-
uuu. Ha npuMepe ropeHust MeTaHa (MpUpOAHOro ra3a) COCTaBUM ypaBHe-
HUe ropeHus. 111 NpoCTOThI pacyeToB MPUHUMAEM, YTO BO3AYX COCTOUT
13 21 % xucnopona u 79 % a3ota ¢ ApYrMMU UHEPTHBIMM Ta3aMHu, T. €. Ha
OIMH 00beM KHcJopoaa npuxoautcs 79 : 21 = 3,76 oobeMa a3oTa, UM Ha
KaXAylo MOJIEKYJly KMcJiopoda NMpuxoautcs 3,76 MoseKyJibl a3oTa.

Takum 06pa3oM, cocTaB Bo3yXa MOXET ObITb MPEACTAB/IEH CJIEAYIO-
1M BbipaxeHueM: O, + 3,76N,.

Hcxons u3 3atoro BoipaXeHHs, ypaBHEHUE TOPEHUsl MPUPOAHOrO rasa ¢
yyeToM Ko3dduumneHToB nepea dopmynaMu OyaeT UMETb CleayOLI Ui
BUA:

CH4 + 202 +2- 3,76 N2 = COZ + 2H20 +2- 3,76 Nz.

KpoMe npoaykToB cropaHus: yrjiekKMcjaoro ra3a M Bodbl, OCTaeTcsl
3,76 Monekynbl a30Ta. A30T Bo31yXa B NpoLIECCE TOPEHHU S yYacTHsl He NpH-
HUMaET, OH LIEJIMKOM MePeEXOAMUT B MPOAYKTbI CTOPaHUSI.

1.1.3. UcmoyHuKku socnnameHeHua (3axu2anus)

[ns BO3ZHMKHOBEHUSI TOPEHMUS roproyee BELIECTBO U OKMCIMUTENb
IOJIXXHBI ObITH HarpeThl A0 ONpedeieHHONW TeMnepaTypbl UCTOYHUKOM
TEIJIOTbl, MICTOYHUKOM BOCMJIAMEHEHUS WU 3aXKHUTaHUS.

Hcmounuk 3axncuzanus (6ocnaamenenus) — 370 1000H UCTOYHUK Ten-
JIOTBI, CMTOCOOHBIN HarpeTbh roproyee BELLECTBO A0 OMpPEAC/IEHHOI TeMIie-
paTypbl (TeMnepaTypbl BOCIUIAMEHEHUS] MJIM CAMOBOCIIIAMEHEHHS).

Haubonee pacnpocTpaHe HHBIMU UCTOYHUKAMMU 32KUTaHUS SIBJISIIOTCS:

e MCKpbl Pa3IMYHOrO NPOUCXOXIAEHHUS: NOSBASIOLIMECS NTPU HEUC-

NpPaBHOCTH 3JIEKTPOOOOPYAOBaHMS; MPU COyNapeHUU MeTanuye-
CKMX TeJl, MpU cBapKe, Ky3HeUHbIX paboTax U T. 1.;

e HarpeTble Tela;
e TEMnJoTa, BO3HMKaloLllasl B pe3y/ibTaTe TPeHHS;

e amnmnapaTbl OTHEBOrO NeiCTBHS;

e MCKpOBbIE 3apsifibl CTATUYECKOrO 3JIEKTPUYECTBA;

e TEmioTa anMabdaTUUYECKOro CXaTHsl;

e Meperpes 3EKTPUUECKHUX KOHTAKTOB;

e XMMHYECKHUE peakLMH, MPOTeKaloU1e C BblAeIEeHUEM TEMJIOThI;
e [laMs U Ip.
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1.2. NonHoe U HenonHoe ropeHue

[1py ropeHunH BelllecTB U MaTepHUaoB 0O6pa3yloTcsl MPOAYKThI cropa-
Hus. CocTaB NpoAYKTOB CrOpaHMsl 3aBUCUT OT COCTaBa roployero BellecT-
Ba M YCJIOBMi1 MPOTEKAHUSI TOPEHMS.

[opeHHe MOXeT ObITb noanbiM U HenoanviM. B ToM ciyyae, Korna B
30HY FTOpPEHHMSI OKUCIUTENbHAs Cpela NOCTyNaeT B KOJMYECTBE, AOCTATOY-
HOM [UIs1 TTOJIHOTO OKMUCJIEHUSI KOMITOHEHTOB rOPIOYEro BelllecTBa, 0bpasy-
I0TCSl MPOAYKTbI NMOJAHOTO cropaHus. [1py NoJHOM cropaH1HM BeLIECTB 00-
pa3yloTcsl NPOAYKThI, HE CITOCOOHbBIE K NajibHEHIlIEMY TOPEHUIO: duokcud
yaaepooda, 600a, azom, cepHUCMbLii AH2UOPUO.

B ycnoBusix noxapa oKHUCIUTENbHOI cpenoi siBasieTcst Bo3ayx. [Mo-
3TOMY B COCTaB MpPOAYKTOB CrOpaHUsl OyAeT BXOAUTb a30T, MOCTyNaoLIHiA
B 30HY FOpeHMs1 BMeCTe C KUCJIIOPOAOM Bo3ayxa. B ToM ciyyae korna B
30HY rOpeHHsl NOCTynaeT Bo3ayxa 6osblie, 4yeM TpebyeTcs Mo CTEXMOMET-
PHMM peakuMuH, B COCTaB NPOAYKTOB CrOpaHus OyAeT BXOAUTb U U3OBITOK
Kucnopona. [TonHoe cropaHue Ha NpakTHUKeE MPOUCXOAUT npu uzbvime Ku-
caopoda. B tadn. 5 (npun. 111) npeacrasneHbl KOJMYECTBO M COCTaB NMpO-
IlYyKTOB CrOpaH1si HEKOTOPBIX FOPIOYMX YIJIEBOIOPOIOB.

Ecau B 30HY ropeHMsl NOCTynaeT Bo3ayxa MeHblle, YeM TpebyeTcs Mo
CTEXMOMETPHUM peaKLIMM FOPEHUS, UJIM KOrda ropeHUe OCyLIeCTBIIsIETCS
Npy HU3KOM TeMIepaType, KpoMe NMPOAYKTOB MOJIHOrO CropaHusi, obpasy-
I0TCSl MPOAYKTbI HEMOJIHOTO cropaHus. [Ipy HEMOJHOM CropaHUM ropio-
4YKUX BellecTB oOpa3yollirecsl MPOAYKTbl COCOOHBI K fajibHeMHlleMy rope-
HUio. [1poayKTaMu HEMOJHOTO CropaHus SIBASIIOTCS okcud yeaepooda (yeap-
HbLil 2a3), caxca, npooyKmol mepMOOKUCAUMENbHOU 0eCMPYKKUU CRUPMOE,
KemoHo8086 u 0pyzux opearuieckux coedurenuii. HermonHoe cropaHue ropio-
YUX BELLIECTB, TPOUCXOUT Npu Hedocmamkie Kucaopooa.

CocTaB NpoAyKTOB TEPMOOKMUCIUTENBHON NECTPYKUMU 3aBUCUT OT
NMpUpOAbl TOPIOYEro BELLECTBA, TEMNEPATYPbl U YCIOBUI B3aUMOAEICTBUS
roproueit cMecu ¢ okucauteneMm. Ecam B cocTaB roprouero BellecTBa BXO-
aat C, H, O, Cl, N, To UMM BASIIOTCS YIJ1eBOAOPObl, IMOKCHHBI, (XJIOp-
coiepxalllMe OpraHM4yeckue CoelMHEHHUs1), CHHWIbHAas KUCJIOTa, CITUPTHI,
ajbleruibl, KACJOThl, OKCUABI a30Ta U T. M. [IpK cropaHUM APEBECHHBI,
Hanpumep, obpasyetcs 6onee 200 KOMMOHEHTOB NMPOAYKTOB CrOpaHusl, a
NnpU cropaHuu noauBuHuaxaopuaa (noaumep INBX) obpasyercsa Gonee
75 pa3snMyHbIX KOMIOHEHTOB.

Ecnu cropatoT HeopraHMyeCcKMe BellleCTBa, B COCTaBe KOTOPbIX eCThb P
(dochop), Na (Hatpmit), K (kanmii), Ca (kanbuwuit), Al (antoMuHuit), Mg
(MarHuit), To NpoayKTaMu CrOpaHusi OyayT OKCUIbl 3TUX BELLECTB, HAX0-
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aswmecs B TBepaoM coctosiuuu: P,0s5, Na,0, K,0, CaO, MgO, Al,O,.
OTH NpOAYKTbl CTOPaHMS HAXOASTCSl B BO3MlyXe B AUCIEPCHOM COCTOSIHUM
B BMIE MJOTHOro aAbiMa. [1pM3HaKOM HEMOJIHOro CropaHMsl BelleCTBA Op-
raHMYeCKOro COCTaBa TaKXe SIBASETCS HAIMYME AbIMa, COAEpPXKallero He-
CropeBLUME YAaCTUYKM yIjlepoaa.

JMotm npedcmaeasem coboii ducnepcuyro cucmemy, COCTOSILLYIO U3 MeJTb-
YyallUMX TBEPAbIX YaCTHL, B3BELIEHHBIX B CMECAX MPOAYKTOB CrOpaHMs C
BO31yXoM. [lnaMeTp yacTul AbiMa KoyiebeTCsl OT 10 00 107 cm (ot 1 no
0,01 MK). Ob6BeM abiMa (M3), oOpasylollerocsi Npy ropeHMM eUHMLLbI Mac-
cbl (Kr) uim obbema (M3) roployero BeleCTBa, NpUBeAcH B Tab. 1.2.

Tabauya 1.2. O6bem apiMa NpH CrOPAHHH HEKOTOPBIX FOPIOYHX BELLECTB

O6beM AbIMa Ha EAMHHMLLY MacChl UM 06beMa
HauMeHoBaHHe ropioyero BeLlecTBa TOpIOUEro BelllecTsa
M3/Kl‘ M3/M3
AuEeTOH 8,14 —
BeH3uH 12,59 —
byMara 4,21 —
JpeBecuHa (cocHa):

Bo3aywHo-cyxas (W = 20 %) 4,40 —

B KOHCTpYKUMAX 3n0aHuit (W=7 %) 4,90 -
Kayuyk cuHTeTHYyeCcKHit 10,82 —
Kepocun 12,80 —
Pe3nHa 10,82 —
AueTuieH — 12,40
bytaH - 33,44
Bonopon — 2,88
MeTaH — 10,52
Okcua yriepoaa — 2,88
IMponan — 25,80
[MpupoaHbIit ras — 10,40
3raH — 18,16
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[MponyKTbl HEMOJHOTO CrOpaHHUSs, KaK MpU TEPMUUYECKOM, TaK U MpHU
TEpMOOKHUCIUTENBHO AECTPYKLHH, SABASIOTCS TOKCUYHBIMMU.

[Ton TOKCMYHOCTBIO OOBIYHO MOHMMAIOT CTENEHb BPEAHOrO BO3AECH-
CTBMSI XMMMUYECKOrO BellleCTBa Ha XUBOi opraHu3M. K uuciy Hanbonee
OMacHbIX COeAMHEHUI1, B COCTaBe NMPOAYKTOB CrOpPaHUsl KOTOPbIX 0Opa3y-
I0TCA BELUECTBA, XapaKTePU3YIOLLIMECS BbICOKOH TOKCHUYHOCTbIO, OTHO-
CATCS MOJIMMEPHBIE MaTepUallbl, CTPOUTEIbHBIE MaTepUabl (JIMHOJUIMYM,
MEHOMACTbl), pe3MHOTEXHUUYECKME U3nenus. I1pu cropaHumn 3TUX Mare-
pHUanoB o0pa3yloTcsl MOHOOKCHUA yrpepoaa (yrapHblit ras), LilMaHOBOIO-
poll, XpPOPUCTbIA BOAOPOA, OKCHUIbI a30Ta, aKpoieuH, ocreH u apyrue
ornacHble BellecTBa. YrapHblil ra3 siBisieTcsi HauboJiee pacrnpocTpaHe-
HbIMM MPOAYKTOM HEMOJIHOro cropaHus. DTo GecLBeTHbII ra3 6e3 3amna-
Xa M BKyca, ¢ MJOTHOCTbIO 1,25 Kr/M3 , c1abo pacTBOpMMBIit B Bode, KO-
TOpbIif TOPUT CUHUM MJIaMeHeM ¢ obpa3zoBaHueM CO,.

1.2.1. Pacxod 8o30yxa npu 2o0peHuu

[nsi noaHoro cropaHusi HEOOXOAMMO OMNpeaesieHHOE KOJIMYeCTBO KH-
ciopona. OnHaKoO Ha BO3ayXe MpPOLEcC ropeHUs MAET HECKOIbKO MHaye,
4YeM B YMCTOM Kuciopone. [103ToMy aJist cXMraHus TOro Ui MHOTO TOI-
JIMBa paCCUMTHIBAIOT TEOPETHUUYECKH HEOOXOMMOE KOIMYeCTBO BO3ayXa.

ITod meopemurecku HeobxX00uMbIM K0AUMECMBOM 8030YXA NOHUMAEMCA
MUHUMAAbHOE KOAUHECME0 6030yXa, HE0bX00UMoe 045 NOAHO20 C20PAHUA edu-
Huydt maccot (K2) uau obsema (M3) 20proyezo gewjecmea. TeopeTUYECKH He-
00X0MMOE KOJIMYECTBO BO3ayxa obo3HavaeTcs V.

B ta6n. 1.3 u tabn. 6 (npun. 111) npuBeneHbl 3HaUYEHUSI TEOPETUYECKH
HeOOXOAMMBIX KOJIMYECTB BO31yXa [U1sl MOJIHOTO CrOpaHMUsl pa3jiIMyHbIX Be-
wectB npu 0 °C 1 760 MM pT. cT. 3HaYEHUS BEJUUYUH, MPUBEIECHHBIX 1S
npeBecuHbl, Topda, 6eH3MHa, KepocHHa, HepTH M BOLSIHOrO napa, siBis-
IOTCSl CPEAHMMH, TaK KaK COCTaB 3TUX FOpIOYMUX MaTepUanoB HEMOCTO-
SIHEH.

Pacxon kuciaopona M KoJM4yecTBO 00pa3yolMXCsl NPOAYKTOB Cropa-
HUSl OMpEAENAIOT U3 YPaBHEHHUS TOPEHHs, 3alMUCAHHOTO A1l OHOTO MOJis
roployero BelllecTBa.

Ha npumepe cropaHus yriaepona pacCMOTPUM, Kakoe KOJIMYECTBO KHU-
cJiopoaa Heo6X0aMMO 1Sl €T MOJIHOTO CropaHusl.

s onHOro MOJIA yrjepona ypaBHeHHe FOpeHUsI UMeeT BULL:
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Tab6auya 1.3. TeopeTHyeckn He0GX0AMMOE KOIHYECTBO BO3AYXa U1l IOJIHOTO CTOPaHUs
BelecTB

KonnuecTtso Bo3ayxa Konuuectso Bo3ayxa
Foployee pe-| AV CrOPaHHa | kr eutectsa Fopiouce AN CTOPaHus | KT BellecTBa
WeCTBO npu 760 MM pr. CT. BELLECTBO npu 760 MM pT. CT.
Kr m Kr w
ALETOH 9,45 7,35 AueTuneH 15,4 11,9
Benson 13,2 10,25 ByTtan 39,8 30,94
BeH3un 14,3 11,1 Bonopon 3,08 2,38
JpeBecuHa 5,4 4,18 BoasiHoit ras 2,84 2,2
Kepocuu 14,85 11,5 MertaH 12,3 9,52
Hed1b 13,9 10,8 Ok#uchb yraepoaa 3,08 2,38
Tonyon 12,9 10,0 [Mponan 30,6 23,8
Topd 7,5 5,8 [MpupoaHbii raz 6,45 5,0

* O6beM Bo3ayxa NpuBeaeH K HOpMaibHbIM ycnoBusaM: 760 MM pr. cT. n 0 °C.

BbipazuM MoJibHbIE 3HAUYEHUS COCTABJISIIOLLMX YPaBHEHHUS Yepe3 KOJIU-
YeCTBEHHbIE (KI); aTOMHbIE Beca 3j1eMeHTOB 6epeM M3 Tada. 7 (npua. I11):

12,01 kr C + 32,06 xr O, = 44,07 kr CO,.

OTHeceM 3To ypaBHeHHe K | Kr roployero, a ra30006pa3Hble COCTaB-
JISIOLIME YpaBHEHUS BbIpa3UM B 00bEMHbIX €IMHMLIAX: MACCOBbIE KOJIMYe-
CTBa KMCJIOpoda U IMOKCHA YIliepoa IeJMM Ha X MJIOTHOCTH, B3SITblE U3
T1a6n. 4 (npun. 111). OTcrona nmeem:

1 xr C + 1,866 M*> O, = 1,866 M* CO,.

CnenoBaTeibHO, 1S MOJIHOTO cropaHus 1 Kr yriepona Tpebyercs
1,866 M> KHuciopona.

B ciyyae ecim roproyee BellIECTBO COAEPXUT B CBOEM COCTaBe, KPOMeE
yriepoja, Takxe cepy, BOAOPOA U KUCJIOPO, TO TEOPETUUECKH HEOBXOAM-
MO€ KOJIMYECTBO KMUCJIODPOAA [UISl CXUraHuMs | Kr Takoro TBEPIAOTO WM
XHUIKOrO rOploYero BelllecTBa OyNET ONnpeaensaThCs CleAyolUM 00pa3oM:
CYMMMPYIOTCA 3aTpaThl KUCJIOPOAA Ha CXXMUraHUe rOpIOYMUX 3J1EMEHTOB B
] KT ropro4ero BeLIECTBA, a 3aTEM BbIYMTAETCS KOJMYECTBO KMCI0poaa, CO-
JlepXalllerocsi B 3TOM roproyeM BelleCTBe.



1.2. NonHoe u HENonHOe ropeHue 15

B ob1iuem Buae pacueTHasi popMyJsia UMEET BUA:

V°=1,866CP/100 + 0,7SP/100 + 5,55HP/100 — OP/100 - p, (I.1)

rae CP, SP, HP, OP — cooTBeTCTBEHHO MaccoBOE CoAepXaHHUE Yriiepoaa,

cepbl, BOAOPOJA U KMCJIOpoJa B roproyeM BellecTse (B %); p — MJIOTHOCTb
Kucjopoza (B Kr/M3).

B Bo3ayxe conepxuTcs kuciopoaa npuMepHo 21 % no oobemy, no-
3TOMY TEOPETHUECKM HEOBXONMMOE KOJIMYECTBO Bo3ayxa V° (M3/KF) ons
rOpeHMs BELLECTB, TOMJIMB M AP. PACCYUMTHIBAIOT MO (opmyIe:

o
- Voz

021

o

(1.2)

[MpeobpasyeM dopmyny (1.1) ¢ Mcnonb3oBaHWEM BbipaxeHus (1.2).
OTcrona MMeeM ClIeAyIOLLEE BbIPAXEHHE:

V°=0,0889(CP + 0,375SP) + 0,265 HP — 0,0333 OP. (1.3)

IMpu ropeHnu, ocobeHHO BO BpeMsi Moxapa, pacXolyeTcs Bo3ayxa
3HaYyMTENIbHO 60JIbllie TEOPETUYECKHU HEOBXOIUMOTO.

Paznocme mexncdy koauvecmeom 603dyxa, npakmuuecku pacxooyemsim
npu 2opeHuu U meopemuvecku HeobXo0UMbIM, HA3bIBACMCA U3DbLIMKOM 6803-
dyxa:

AV, =V, V2.

OmHowenue xce Konuuecmea 6030yxa, npaKkmu4ecku pacxodyemozo npu
eopenuu (V, ), K meopemuuecku neobxo0umomy Ha3vbieaemcs Kodgduiuuen-
mom u3zbsimka 603dyxa u 0603navaemcs o..

v

o= (1.4)
Ve

Ucnonb3ys BeipaxeHue (1.4), uMeeM:
AV, =V -1

B ciyyae eciiM U3BECTHO colepXaHHWE KUCJIOpola B MPOAYKTax rope-
HHUS, TO KO3 GULMEHT U30bITKA Bo3ayXa onpedesieTcs no ¢popmyie:

‘Poz Vno.r
+0— ,
VB (21 - (pOZ )

(1.5)

e @o, — KOHLEHTPaLMs KUCI0poaa B MPOAyKTax ropeHus, % o6.
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1151 ropioyMx BellecTB, y KOTOPbIX 00beM MPOAYKTOB FOPeHUs paBeH
00beMy M3pacxolOBaHHOIO Bo3ayxa (HanpuMep, s yriepoaa), popMyna
(1.5) ynpoliuaercs:

21

=—" (1.6)
21—(p02

B cnyuyae obpa3oBaHusi nponykToB HenojHoro cropanus (CO, H,,
CH, v np.) dopmyna (1.6) nproGperaeT BUA:

21
o=
21-9o, +05¢c0, +05¢0y, +20cy,

, (1.7)

TIe 9o, Pco,>PH,> PcH, — COAEPXaHHE COOTBETCTBYIOLIMX BELLECTB B
NpoayKTax ropeHus, % ob6.

B cnyyae ecnu coaepxaHHe KMCIOpoda B OKMCJUTENbHOM cpelle OT/IN-
4yaeTcs OT ColepXaHHus ero B Bo3ayxe, To ¢popmyna (1.5) MoxeT ObITb 3a-
nucaHa B BUIE:

yo
a=1+ O_‘sz_L : (1.8)
VB ((pOZ - (pOZ )
M cOOTBeTCTBEHHO opMysna (1.6) MMeeT BbipaXxeHHe:
?3,
o= —, (1.9)
¢, ~9Po,

rae (pg2 — UCXOOHOE colepXaHWe Kucaopoaa B cpene, % o0.

TakuM obpa3oM, Ha NpaKTUKe, KOrna ropeHUe MpoTeKaeT C ecTecT-
BEHHbIM NMPUTOKOM BO3ayXa, K03 dHULMEHT U30bITKa Bo3ayxa B 60Jb-
IIMHCTBE cilyyaeB GoJiblle eAMHUUbI (o0 > 1) ¥ KonebaeTcsl B LUMPOKHUX
npenenax.

1.2.2. O6vem npodykmos c20paHus

[1pu cXuraHMm roproyMx BELIECTB B MPOMBILUJEHHbIX LIEJSIX BaXHO
3HaTb HE TOJIbLKO KOJIMYECTBO BO3ayXa (KMcIopoaa), HeoOXoauMoro as
3¢ HeKTUBHOrO CXXMUraHUs pa3iMyHbIX BUAOB TOIMJIMB, HO U 00bEM NMPOAYK-
TOB CrOpaHUs.

PacyeTt o6neMa razoo0pa3HbiX MPOAYKTOB CTOPaHUs MO3BOJISIET MPaBWIlb-
HO NnoabMpaTh YCTPOICTBA U151 CXUIaHUS TOMJIUB (TOIMKM, MEYM U Mp.).
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O6u1uMit 00BEM NMPOAYKTOB CrOpaHMUsl rOPIOYEro BELECTBA PACCUYMTHI-
BaeTcs C y4eToM 00beMOB ra3oo0pa3HbiX MPOAYKTOB, BhIAEISIOLMXCS MPU
cropaHuu; odbema a3ora, a Takxe odbeMa BOASHOro napa, oopasyloLlero-
¢ B nipouecce ropeHus1. B obieM Buae popmyina pacyeta obbeMa NpoayK-
TOB CrOPaHUs1 UMEET CJIEAYIOLLMIi BUL:

Var =Vko, VN, +Vid0- (1.10)

nr =
rae V.0, — TeopeTMuecKmit 06BEM MPOLYKTOB CrOPaHMs, M°/KT;

30
VR02 — 00beM CyXHX ra3oB (IMOKCHIOB), M /KT;
Vlf,’ , — 00beM a30Ta, y4acTBYIOLLEro B peakLUK ropeHHusl, M>/KT.

0
Vh,0 — 06beM BoasHOrO napa, M>/Kr.

[MpakTryeckuit (MonHbIi) 06bEM NPOAYKTOB rOPEHUSI COCTOMT U3 TEO-
PETHYECKOro 00beMa NPOAYKTOB rOpeHHs M M30bITKA BO3yXa.

Vo =V2 +AV, (1.11)

[pu cXUraHUM TOIIMBA Ha Bo3ayxe KoadhbHLMEHT U36bITKA BO3ayXa
o > 1. [To3ToOMy N€eACTBUTENILHBINH 06BEM MPOAYKTOB CropaHus OyneT
00Jibllle TEOPETUUECKOTO Ha BEJUYUHY 00beMa M3OLITOYHO MOAAHHOTO
sosayxa (o —1) - V,,O

Vn.r =Vn9r+Vno(a"l)- (112)

C yyeToM 00beMa BOASIHBIX MapoB, CONEPXALIMXCS B BO3OyxXe —
0,0161 - (au—1) - VBO, ypaBHEHHE MOJHOro o6beMa NpoAyKTOB CroOpaHHs

MMeeT CJIeNyIOLLUHUIA BUL:
Vor =V +0,0161 - (a=1) -V, (1.13)

rae 3HaueHue 0,0161 noka3biBaeT COOTHOLLEHME MEXY TEOPETUYECKH pac-
CYMTAHHBIM U MPAKTUYECKHU 00pa3yrolIMMcsi 00bEMOM BOASIHbIX MApOB.

PacyeT 00beMa NMpoayKTOB CropaHMsi 3aBUCUT OT COCTaBa roployYero
BeLLECTBA MJIM COCTaBa CMECH FOpIOYMX BELLIECTB. B KaXX10M KOHKpETHOM
ciiyyae 06beM MPOAYKTOB CrOPaHMUsI paCCYMTBLIBAETCS C YYETOM 3TUX OCO-
OeHHOCTEM.

CocTaB NpoayKTOB rOpeHHs, T. €. COAEepXaHUe i-r0 KOMIMOHEHTa OIl-
peneasercs no dopmyse:

Qun = _f";_ 106, e

Y
E, n.ri

2 4951
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rI€e @, ; — CONEepXaHHe /-ro KOMMNOHEHTa B NPOAYKTax ropeHus, % o0.;
V. ri — OOBEM i-rO KOMIMOHEHTA, M>, KMOJIb;

2V, ;i — NOJIHBII 00BEM MPOAYKTOB FOPEHHUS, M, KMonb.

I1pu pa3BUTHH Npoliecca ropeHUs: B U30bITKE BO3yXa B MPOAYKTAaX ro-
PEHUS colepXaTcsl KUCA0POd M a30T, 00beM KOTOPbIX ONnpeaesieTcs no
¢dopmynam:

Vo, =021AV,; (1.15)
VN, =VN, +0,79A12, (1.16)

roe V,f,’z — TeopeTHYyeCcKUi 06beM a3oTa B MPOAYKTaX FOpPEHHUS, M3, KMOIJIb:
VN, =0,79 AV, (1.17)

Bonee nonpo6HO 03HAKOMMMCS C pacyeToM o0beMa NMpoayKTOB Cropa-
HUS, MOJlyyaeMoro B Mpollecce FopeHMus, B MpaKTHYeCKOi pabore 2
(cMm. c. 101).

CocTaB nNpoayKToB cropaHus (B 00beMHbIX %), BO3HMKAIOLIUX BO Bpe-
Msl 10Xapa B pa3/IMYHbIX NOMELLIEHUSIX, MOKAa3bIBAET, YTO B HUX BCeEraa co-
JIepXHUTCSH 3HAUUTEJIbHOE KOJIMYECTBO KMCI0pOa.

Hannuue kucyiopoaa B NpoayKTax CropaHusl yKa3blBaeT Ha TO, YTO ro-
pEHME B YCIIOBUSIX MTOXapa NPOMCXOAMT BCeraa npu u30bITKe BO3ayXa.

B nponykTtax cropaHusi MOTYT COEPXaThCsl CaMble pa3Hble BELIECTBA,
B TOM YMCJie U TOKCUYHbIE, HAPUMeEP, XJIOPUCTBI BOJOPOI, CEPOBOAO-
poJl, OKCHUIbI a30Ta, CUHWIbHAsA KKcoTa U ap. Huxe (taba. 1.4) npusene-
Hbl HEKOTOpble MaTepuabl, 0bpa3ylouire Npyu pa3ioxXeHUH U TOPEHUU
TOKCHYHbIE BELLIECTBA.

Tabauya 1.4. ToKcHYHbIe BewlecTBa, 00pa3ylolnecs NpH ropeHHH HeKOTOPLIX MATEPHANIOB

HauMeHoBaHue MaTepuna TokcuuHble BelllecTBa
byTanMeH-HUTPUIBHbIN KayyyK CHHUAbHAs KUCIOTa, OKCHA Yrilepoaa
BuHuannact, nnactukar XNopucTbIii BoAOpo, OKCHA Yrjepoaa
Kanpon, auun CHHUNbHAA KKCI0TaA
Jiunoneym «Penanu» CepoB0oa0po, CEPHUCTBIM ra3
OpraHuyecKoe CTeK10 OKcuabl a30Ta, aKpUIOHUTPHUI
[NeHononunyperaH CHHMAbHAsA KUCI0TA, TOJAYHIEHAMM30LMaHAT
droponnacTsl ®ropucTblit Bonopon, hpropdocreH
XnoponpeHoBbIi Kayuyyk XnopucThlit Bonopoa
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1.3. Buabl U pexxumbl ropeHus

[Tpolecc ropeHus onpenensieTcs CleAyLNMY XapaKTEPUCTUKAMU:

e MEXaHU3MOM pacnpocTpaHeHMs 30Hbl XUMHMUYECKON peakLuu (ae-
¢narpallMoHHOE ¥ AETOHALIMOHHOE TOPEHUE);

e NMPUPOAOH XMMUYECKUX PeaKUMi B 30HE UX MPOTEKaHUSI (TOMOTreH-

HO€ U reTeporeHHoe ropeHue);

KMHETUMYECKUMHU NMapaMeTpaMM pexuma ropeHust (KUHETUYEeCKOe U

nnddy3MoHHOe ropeHue);

ra3oAMHaMMYeCKMMHM NMapaMeTpaMy peXxuma ropeHus (JaMMHapHoe

Y TypOy/IeHTHOE ropeHue).

1.3.1. PacnpocmpareHue 30161 xuMuveckol peaxkyuu

Pa3znunyaloT 1Be XapaKTepHbIX pa3HOBUIHOCTH FOPEHHUs B 3aBUCHUMO-
CTH OT MeXaHM3Ma pacrnpoCTpaHEHUs 30Hbl XUMHUUYECKHUX peakliuii rope-
HMSI 1O TOploYei CMeCH: degh.aaz pauuonnoe N 0emoHayUoHHoe 20peHue.

Jeghaazpayusa — 310 npoliecc ropeHMs, CONpOBOXIAIOLLMUIACSA BblaeE-
HUEM OrPOMHOTO KOJIMYECTBA TEMJIOTHI NMPHU CPABHUTENLHO MEIUIEHHOM
pacnpocTpaHEHMHU 30Hbl XMMUYECKOM peakLMHU, CO CKOPOCTbIO ABUXEHUS
TErJIOBOM BOJIHBI MO roproyeit cMecu ot 0,5 1o 50 m/c.

Jlemonayus — 310 ropeHue, Npu KOTOPOM pPacnpoCTpaHeHUe 30Hbl
XMMHMYECKOM IK30TEPMHUYECKOMN peakLIMU MPOTEKAET CO CKOPOCTbIO yaap-
HO# BOJIHBI, OT HECKOJIbKMX COTEH METPOB B CEKYHIY 0 HECKOJIbKUX KH-
JIOMETPOB B CEKYHIY.

1.3.2. l'omozexHoe u 2emepozeHHoe 20peHue

B 3aBMCMMOCTH OT arperaTHOro COCTOSIHUSI KOMITOHEHTOB roployei
CcMecH (roproyero BellecTBa U OKMCIIUTEJISI) HENMOCPEACTBEHHO B 30HE MpPO-
TeKaHUS XMMMUYECKMX peaKlMii pa3iMyaloT ABa BUaa (peXuMa) ropeHMs:

e 20Mo02eHHOe 20peHue, Korja 06a KOMIOHEHTAa HaXOITCs B OQHOIA

¢aze (0AHOPOAHbBIE FTOPIOYHE CMECH);

e 2emepozennoe 20penue, KOrla arperaTHOe COCTOSIHUE Y KOMITOHEHTOB

roployei CUCTEMbI pa3IMyHOEe (HEONHOPOAHbIE FTOPIOYME CMECH).

[TockonbKy B KayeCTBE OKUCIUTENSI B peaKLIMsAX rOpeHMs Yallle BCEero
yyYacCTBYET KMCJIOpOA BO31yXa, T. €. OJMH UX KOMITOHEHTOB roployeii cUcTe-
Mbl HAXOOMTCS BCETAa B ra3000pa3HOM COCTOSIHMHM, TOMOT€HHOE ropeHue

ye
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ObIBaeT B TeX Cllyyasix, Koraa BTOpoit KOMIOHEHT roployei cMecu — caMo
roproyee BELLIECTBO — HAXOAMTCSl B TAKOM XK€ arperaTHOM COCTOSIHUM: ra-
30- UJIM NMapooOpa3HOM.

CxeMaTM4yHO roMOreHHOe ropeHMe npeacrasiaeHo Ha puc. 1.1. 'oMo-
FeHHBbIM TOpPEHUEM SIBJISIETCA TOpPEHME MapoB, MOAHUMAIOLIUXCS CO CBO-
00QHOM NMOBEPXHOCTH XUAKOCTH.

Kucnopon so3ayxa
o
Kucnopop Bo3nyxa

Puc. 1.1. CxeMa 30HbI ropeHHsi APOB XUAKOCTH — FOMOTeHHOE ropeHue

lopeHue rasa, BLIXOAALLETO U3 TPYOD, TAKXKE SBJSAETCS MPUMEPOM TO-
MOT€HHOTO rOpeHMsI.

XKuakocTu M TBepable roplouMe BelllecTBa FOpAT MPeUMYILIECTBEHHO B
peXHMe reTeporeHHOro ropeHus. B 30Hy ropeHus MocTynarwT He caMu
3TH XMIKOCTH W TBepIble BELIECTBA, a ra3o- U Napoobpa3Hblie MPOAYKTbI
MCrNapeHH1s 3TUX XHUIKOCTE, a TaKXe MPOAYKThbl MX TEPMHUUYECKOr0 pasJfio-
XEHHs.

IMpuMepoM ropeHus Ha NOBEPXHOCTH TBEPAOrO BellleCTBA — reTepo-
reHHOTro ropeHHUs — SIBJIAETCA rOpeHue KOKca, aHTpaUuMTa, 1peBeCHOro

Kucnopop Bo3ayxa
o o o © ° o o © o o o
o o o o o o o C o
o o 0% oo o o o o oo | S =
000 o o o o o o © 5 S
o o o o o o =0 s
0g 9000 o 9950 0 X
o o°°” ° __°
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Cmecb npogyktoB | © o s © g _° g9
o o
cropaHus u Bo3ayxa S S 5 o 5 // o
(CO,,CO,02,Ny) - = - -
(o] o
W/ COI
AHTDAUNT KoHueHTpauus
pau k1ucnopoaa

Puc. 1.2. Cxema ancddy3uu kuchopona B 30Hy ropeHusi TBEpAOro BellecTBa (reTeporeH-
HOE ropeHue)
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yras. B 3ToM cnyyae anddy3nmn kuciaopoaa K 30He rOpeHUs TakXe npe-
NATCTBYIOT NMPOAYKTHI CTOPaHUsl, KaK BUAHO U3 CXEMbI, MPeACTaBJIEHHOI
Ha puc. 1.2. KoHueHTpauus kuciaopona B odbeme (C)) 3HaUMTENbHO 60Jb-
llle KOHLEHTpaL MK ero Boin3u 30Hbl ropeHus (Cy). B oTcyTcTBME nocTa-
TOYHOT O KOJIMYECTBA KMUCI0OPOJa B 30HE FOPEHMUSI XMMHYECKasl peakLMsl ro-
PEHUSI TOPMO3UTCSI.

1.3.3. Kunemuyeckue napamempesl npoyecca 20peHus

['oMoreHHoO€ MM reTeporeHHOe ropeHNe MOXET MPOTeKaTh B KUHETH-
yeckoM Uan a1nddy3MOHHOM pexXrumax ropeHHsl.

Hanunuue TOro MM MHOro pexxmma ropeHus ornpenessieTcsi BpeMeHeM
cropaHus roptoyero BellecTBa. PaccMoTpMM npoTekaHMe npoliecca rope-
HMsl B 3aBUCMMOCTH OT BpeMeHHM cropaHusi. 0603HauyMM BpeMsl CropaHus
roptoyei CMecH T,, BpeMsl KOHTaKTa MeXIy roploYy1M BELLLECTBOM U OKHUC-
auTeneM (KMCI0poaoM) — T, M BpeMs NMPOTeKaHUs caMoil XUMHUYECKOM
peakuus — t,. Torna nosHoe BpeMsi cropaHusi ropioyeii cMecu T, OyneT
CKJ1ablBaeTCsl U3 BpEMEHU, HEOOXOAMMOrO Ui BOSHUKHOBEHUSI KOHTaKTa
MEX Ay FOpIOYMM BELLECTBOM M OKUCIHUTENEM (KMCIIOPOOM) T, U BPEMEHH,
B TeYEHHE KOTOPOro NpoTeKaeT caMa XMMUYecKasl peakLus T,

T =T+ Ty (1.18)

B 3aBMCMMOCTH OT COOTHOLUEHMS ITHUX IBYX Cllara€MbIX B ypaBHEHUH
(1.18) pa3nunyaloT ropeHne KMHeTHYeckoe U auddy3Hoe. [1pu ropeHUH
TBEpPAbIX FOPIOYMX BELLECTB BpEMs, HEOOX0aAMMOe AJisl MPOHUKHOBEHUS
(nndody3nn) KMcnopoaa K NOBEPXHOCTHU BELLECTBA, ropa3no 6oJbliie Bpe-
MEHM COOCTBEHHO XMMMYECKOM peakumH, T, >> T,. [loaToMy obluas cko-
POCTb FOPEHM S MOJHOCTbIO ONpeAesieTcs: CKOpoCcTbio AN DY3UU KUCITO-
poJa K roptoyemMy BellecTBy. [opeHHe Takux BellleCTB HauboJiee 4yacTo
BCTpeYaeTcs B NpaKTHUKe U Ha3biBaeTcs dugpdyzuonnvim. B 3TOM ciyyae ro-
BOPSAT, YTO MpPOLIECC TOPEHHUS NpoTeKaeT B 1M dy3MoHHOH 061acTH UK
IMdOY3MOHHOM peXUMe, NMpU 3TOM o0Llee BpeMsl TOPeHMUSI MPaKTUYECKHU
MO>HO paccMaTpMBaTh KakK: T, = T,. DTO 03HaYaeT, 4YTO MPOLIECC FOPEHHUS
onpenaensieTcs B OCHOBHOM Avpdy3ueit KUcaopoaa K ropioyeMy BeLLIECTBY.

['opeHue, CKOpPOCTb KOTOPOTO OMNpEAESIETCs CKOPOCTbIO XMMHUUYECKOM
peakuu1u, Ha3biBaeTcs kuHemuveckum. HeoOXoaMMbIM yCIOBUEM IIST KU-
HETMYECKOTO rOpPeHU ABASIETCA npeobiajaHue T, Hal T, , T. €. T, >> T,.
B 3TOM ciyyae MOXHO NPUHATD T, = T,. Cllef0BaTeIbHO, MPOLIECC FOPEHUS]
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NMpoTeKaeT B KHHETUYECKOI 00/1acTU UM KMHETUYECKOM pexuMe. B Ta-
KOM peXUMe ropsAT OMHOPOIHbIE FOPIOYME CUCTEMBI, B KOTOPBIX MOJIEKYJIbI
KHMCJI0pOa XOpOolLLo NepeMellaHbl ¢ MOJIEKYJIaMU FOpIOYEro BelllecTBa U He
3aTpauMBaeTcs BpeMsl Ha cMeceoOpa3oBaHue. Tak Kak CKOpOCTb XMMHUYE-
CKOJi peakliMy Npy BbICOKO#H TeMMepaType BeJinKa, rOpeHUe TaKUX cMeceit
MPOMCXOANT MTHOBEHHO MU HOCUT XapaKTep B3pblIBa.

['opeHue npeaBapyTeIbHO pABHOMEPHO MepeMeLlaHHbIX ra3o- UM na-
POBO3YLUIHbIX CMECEM BCEeraa NpoTeKaeT B KHHETUYECKOM PEXHUME, TaK Kak
CMECh roploYero ¢ OKMCaUTeeM (paBHOMEPHas Ha MOJIEKYJIIPHOM YDOBHE
CMeLLEHNS) CYLIECTBYET €ellle 10 MOMEHTa €€ BOCIUIAMEHEHHUS U CyMMapHasi
CKOPOCTb MpoLecca ropeHu st TMMUTUPYETCS TOJbKO CKOPOCTBIO XMMHYE-
CKMX peaKLIMi OKUCJEHUS U CKOPOCTBIO NMepeMeLLIeHUs] 30Hbl peakLIMi ro-
peHMs1 1o roproueit cmecu. Eciav ropeHue Takoii ra3oBo3ayLUHO cMecH
NPOUCXOAUT B 3aMKHYTOM MJIM OTPaHUYEHHOM 06bEME, OHO BOCIIpUHHUMA-
€TCs KaK B3pbIB, TaK KaK 3HEPIrHsl, BbIAEASIOLIAsCS NPU CTOPAHUU CMECH,
He yCreBaeT OTBOAMTbLCS 3a Mpeleibl pacCMaTpUBaeMoro odbeMa, JaBleHHUE
BO3pacTaeT U MOXET MPUBECTH K pa3pyLleHHUIO KOHCTPYKLIMM.

[IprMepoM cNOKOMHOr0 KMHETUYECKOrO rOpeH sl ABJISIETCSl TOpeHUe
ra3zoBo3AyIIHOM cMeCH Ha KOHOpKax KyXOHHOM ra3oBoii MauThbl, Koraa
CMECH XOpOllIO MOATOTOBJIEHA U MJIaMsi UMEET paBHOMEPHYIO CUHE-TOJy-
OyI0 oKpacKy (0e3 XeTbIX MJIM KPACHOBAaTbIX OKOHEYHOCTEMN SI3bIKOB IJla-
MeHM). [osiBNeHUE XeNTO-OpaHXEBbIX 30H B MJaMEHU — NMpU3HaK Helo-
cTaTKa BO31yXa, IJIOXOro CMeLIeHHUs1, 00pa30BaHUs MPOAYKTOB HEMOJIHOTIO
CropaHMsl, B TOM YMCJI€ CBETSLLUMXCS XEATbIM CBETOM CaXMCThIX YaCTHLL.
Takxe KWHETUYECKUM FOPEHHUEM SIBJIIETCS CTOpaHME METaHa B YCThbE ra3o-
Boro ¢akena. [1py ucreueHUH MeTaHa noa GONbILIMM JaBIE€HUEM CMELIU-
BaHME €ro C BO3AyXoM nepel ¢akesoM MjaMeHU OYAeT CToIb MHTEHCUB-
HBIM M paBHOMEPHBIM, YTO MJjaMs OyneT MOYTHU MOJHOCTbIO KUHETHYE-
CKHUM.

[MTpumMepoM anddy3noHHOTro ropeHMs ABASIETCS ropeHUe poHTaHU-
pyrouleit HepTH, ropeHMe NpHU Noxapax B pe3epByapax ¢ JIerkoBocrnjaaMe-
HAOWUMHUCA XUakocTsaMU (JIBXK), ropioynMH XUIKOCTSAIMUA MU LuTabe-
JIe ApEBECHHHBI.

1.3.4. la3o0uHamuyecKkue napamempsi pexuma 20peHus
B 3aBUCMMOCTH OT ra30AMHAMHUYECKOro COCTOAHUSA l‘OplOllCVl CMECH, a

MMEHHO XapakKTepa NMoToKa roployeil CMECH U OKUCJIUTEN S, Pa3INyaloT aa-
MUHAapHbL V| mypoyaeHMHbLIL PeXCUMbl 20PEHUA.
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[a3onMHaMuyeckoe COCTOSIHME XapaKTepU3YyeTCs MHTEHCUBHOCTBIO
MOCTYIMJIEHUS1 B 30HY peaKLIMU roproyei cMecHu.

JamunapHutii pexcum 20penus XxapakTepu3yeTcsl CMOKOMHBIM MOCTYN-
JIeHWEM B 30HY FOpEHHUS1 KOMMOHEHTOB ropioyei cMecu. [1p1 TakoM pexu-
Me ropeHus HabJitoaaeTcs njaBHbINA Nepexol OT 30Hbl cMeceoOpa3oBaHUS
K 30HE TOpeHMs M najiee — K 30He GOPMMUPOBAHHMS MOTOKA NMPOAYKTOB ro-
peHus. Ha puc. 1.3 naHa cxeMa JaMMHapHO-AUDGY3MOHHOTO pexXuma ro-
peHus. 30Ha ropeHHs NpeacTaBiseT co00i TOHKHIA CJIoit, B KOTOPOM Mpo-
TeKaeT HeMoCpeaCTBEHHO ropeHue. B 3ToM ciioe Bo3HHUKaOT AMDDY3NOH-
Hbl€ MPOLECCHI: COMPHUKOCHOBEHHME CI0EB BO31yXa M FOPIOYETO.

KTbl Crop,

IN

ony

|

- - - — — XnakocTtb
/

2

Puc. 1.3. Cxema naMUHapHO- NG (hY3UOHHOTO rOpeHus

Ipu myp6ysenmuom pexcume 2openus KOMIOHEHTbI TOPIOYEN CMECH
MOCTynaloT B 30HY ropeHus 6ypHo, o0pa3ysi 3aBUXpeHMs. Takoit pexxum
XapaKTepeH A1 TOpeHusl ra3os.

[Mon TypOyneHTHOCTBIO CliefyeT MOHMMAaTh MOCTYIJIeHWEe ra30BO31YLU -
HbIX CMeceit U3 eMKOCTeil UM annapaToB ¢ 00JbLIOI CKOPOCTbIO IBUXE-
HHsl ra30BOro notoka. Ilpy TakoM pexXuMe NMpoUucXoauT MHTEHCUBHOE Te-
peMellMBaHNe rOpIOYMX ra3oB.

Ha puc. 1.4 noka3aHbl peXXHMbl JAMMHAPHOTO U TYpOY/JIEHTHOrO rope-
HMS ra30BO31YILHOM ropioyeit cMecy. 30Ha ropeHHst pU JAMMHApHOM pe-
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a 6 8 2

Puc. 1.4. Pexxumbl ropeHus:
a — NaMMHapHoe; 6 — MeJIkoMacluTabHas TypOy/leHTHOCTb; 8 — MacluTad TypOyaeHT-
HOCTH MpeBbILIAET TOJILLMHY 30HbI FOPEHUS; 2 — KpyNHOMacuiTabHast TypOy1eHTHOCTD

XHMMe UMEET YeTKYI0 rpaHuLly (5,,,); NpY TypOYJEHTHOM pexX1Me 30Ha ro-
peHHUs pa3mbiTa (5,).

1.4. Crapum npouecca ropeHua

[Tpouecc ropeHHUs1 — 3TO MHOrOCTYNEHYaThli MpOLIECC, COCTOSALLUIA
M3 cTaauii, npeacTabieHHbIX Ha puc. 1.5. XosoaHas roptoyas cpena (TBep-
nasi, XuaKasl v razoobpasHasi) nNpH MnosiBICHUMU TEMNJOBOro MMNyJbca
(MCTOYHMKA 3aXHUraHUsl) pa3orpeBaeTCs, MPOMCXOAUT UHTEHCUBHOE OKMUC-
JIEeHUE roployeil cpelibl KUCJIOPOAOM, NMPU 3TOM UMEET MECTO NOMOJIHU-
TeJIbHOE BblAeJIEHUE TEMJOThl. BbiaenuMBLIasCS TernjoTa pa3orpeBaeT co-
CEIHUI CJIOi roployero BelECTBa, B KOTOPOM TaKXe MpOTeKaeT XUMHYe-
cKasl peakliu1si TOpeHusl.

[opeHHI0 XHMAKOCTEN NpeallecTBYET NPOLECC €€ UCNapeHUs Mo Aeii-
CTBMEM TEMJIOThbl OT UCTOYHMKA 3aXXKUraHUsl. [1py 3TOM Hal MOBEPXHOCTHIO
roproyei X1IaKocTH o0pa3yeTcsi CMeCb FOproYMX NMapoB UM ra3oB C BO3dy-
XOM (KMCOpOAOM).

['opeHue TBepabIX BELIECTB MPOXOAUT T€ XE CTaAUHU, UTO U TOpeHHUe
XUAKOCTEN, HO BMECTO UCnapeHUsl Hablo1aeTcsl CTaaus MJaBJieHUs U
Pa3JI0XXeHUs Mo ACIHCTBUEM TEIIOTbI OT UCTOYHMKA 3aXKUTaHUS.
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NCTOYHUK
SAXUTAHNA

[

lopiouee BewwecTso

l Taep;qoe I I YXupgkoe ||l‘a3006lpa3Hoe
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Wcnapexue

Oxkucnenue

Bbiaenexue tennotbi
opeHue —— CamoHarpeBaHue —I Pacceusanne
B OKpYXaioLien
cpene

Puc. 1.5. Cxema npotiecca ropeHusl BELIECTB

1.5. Tennota ropenus

B npouecce ropeHHs ropioYMX BeLLIECTB BbIAESIETCS TEMI0BAsi IHEPrysl.

Koauuecmeo mennomet, evtoensiowiedic npu c2opanuu eOUHUYbl MAccol 8e-
uecmea uau eOUHUKb! 00BeMa 20pro4e2o geliecmea ¢ 06pazoeanuem npooyK-
MO8 NONHO20 20peHUs, HA3bI6aemcs menaomou 2operus u o6osnavaemes Q.

TennoTty cropaHusi MOXHO BLIYMCIINTb, UCOJIb3Ysl 3aKOH ['ecca. Pyc-
ckuit xumuk I'.T". Tecc B 1840 r. oTKpbIN 3aKOH, KOTOPbIii sIBSETCS YacT-
HBIM CJlyyaeM 3aKOHa COXPaHEHHUS IHEPIUH.

3akoH ['ecca dopMyaupyeTcs clieayroluM oopa3om.

Tennoeoit aghpexm xumuueckozo npespaueHus He 3agucum om nymu, no
KOmopomy npomekaem peaxyus, a 3agucum AUWb OM HA4AAbHO20 U KOHEHHO-
20 COCMOSHUA cUCmeMbl NPU YCA08uUU, 4mo memnepamypa u dagaenue (uau
00seM) 6 Hauane u KOHUe peakyuu 00UHAKO8YI.
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HUcnonb3oBaHUE 3aKOHA l'ecca ans pacy€Ta TE€Nna0Tbl TOPEHUSA TOPIO-
yux BellleCcTB MOSICHUM Ha CJIEAYIOLLEM NMPpUMEPE.

Ipumep. B pesynbrarte cropaHus MpoCTbIX BELECTB: BOAOPOIA U Yriie-
pona, — obpasytorcs 2 mons soasl H,O u 1 Monb anokcuna yraepona CO,.
O6u1ee KONNYECTBO TEIMJIOThI, BbIACIMBLUIEHCS MPU 3TUX PeaKLUMsIX, PaBHO
230,5 kkan (1.19). Heobxoanmo onpenennTts TenioTy ropeHus Q.

Pewenue

Hanuiuem ypaBHeHWe ropeHust Boropoa v yriepoaa:

2H, + 0, =2H,0 + 136,5 kkan
C+0,=C0, + 94 kkan (1.19)

230,5 kkan (Q)

[MonyyeHHbIe B pe3yJibTaTe TOPEHUSI MPOAYKTbI CTOPaHUSI — YIJIEKHUC-
ablit ra3 (CO,) u Boaa (H,0) MoxXHO noayyuTb ¥ Apyrum nytem. Hanpu-
Mep, BOJIOPOJ Y YIJiepoll, B3SThie B TOM X€ KOJIMYECTBE, pearupyioT, oopa-
3ys MeTaH. [1pu 3T0i1 peakumu Boiaensiercs tennora Q; = 17,9 kkan (1.20).

[Ipy nocnenyouieM cXUMraHuu MetaHa nosyyvatorcst 2 mojb H,0 u
1 Monb CO,, npy 3TOM BblaensieTcs Tenjota ropeHus (Q,,, = 212,6 kkan).

C + 2H2 = CH4 + 17,9 KKaJ (Ql)’
CH, +20, = CO, + 2H,0 + 212,6 kxan (Q,o,). (1.20)

Hcnonb3yem 3akoH 'ecca: mockoJibKy HavajlbHble MPOAYKThI (BOMO-
poll, Yriepoa U KMCJIOpPOA) M KOHeUYHble MPOAYKThI (BOJa U YIJIEKUCIbIi
ra3) B 00eux peakuusix onrHakossl (1.19) u (1.20), ux obiume TenioBbie
3ddeKThI JOJXKHBI ObITb pABHBIMH.

JeitcTBUTENbHO, 001U TennoBoit addekT peakumit QO (1.19) cocras-
nset 230,5 kkan, u B cayyae peakumit (1.20) — (17,9 + 212,6) = 230,5.

CnenoBarebHO:

rop

0, + Qrop =0,
OTCloaa
Qmp =0- Ql-
[poBepiM NMpPaBUILHOCTb YpaBHEHMUSI:
Orop = 230,5- 17,9 = 212,6 kkan.

TakuM 06pa3oM, TenioTa ropeH1sl XMMHUUYECKOTO COEAUHEHUS WU
cMmecH BewecTs (Q,,,) paBHa pa3HOCTH MeXIy CyMMO# TernIoT obpasosa-
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HMSA NMpoaykKToB cropalus (Q) U TeraoToi o6pa3oBaHMs CrOPEBILETO XU-
Muyeckoro seiecTsa (Q)).

TennoTa ropeHUs roproYMX BELLIECTB NMOAPA3AeSeTCs Ha BbICILYIO Te-
nIoTy ropeHust O, M HU3LLYIO TETIOTY ropenus Q,,.

Boicweiit menaomoii ccopanus Q, Haszvieaemca KoAu4ecmeo menaomet,
8b10eAI0UElICA NPU NOAHOM C20PAHUU eOUHULbI 20DI0He20 8elyecmea nPpu ycao-
euu, 4mo obpasyouuecs 8 npodykmax 20peHus napsl KOHOeHcupymces ¢ 00-
pazosanuem HcuoKou 600kl

Husweiti menaomoii 2openus Q,, 2oproeeo éeujecmea Ha3vl6aemcs KoAu-
Yecmea menaomot, KOMopas 6bl0eAAemc NPU NOAHOM C2OPAHUU eOUHULbI 20-
PIOMe20 8ewecmea U ycaosuu, ¥mo 61a2a, cooepucawmasca 6 npodykxmax 2ope-
HUA, HAXO0UMCA 8 NapoOOPA3HOM COCMOAHUU.

Jns “HAMBUAYabHOTO BellecTBa (,, — BEJMYMHA NOCTOSIHHAs U Ha-
XOAMTCS MO CIPaBOYHOM JUTEpaType, a [U1sl CIOXKHBIX MHOTOKOMITOHEHT-
HbIX TOPIOYMX CMECEH 3aBUCHUT OT MUX COCTaBa U MOXET ObITh pacCUMTaHa
no ¢opmyne J1.UU. MeHneneea.

Hu3was tenjaora ropeHUs OTJIMYAETCS OT BhICLLEH HA BETMYUHY Ten -
JIOTbI, pacXxollyeMoi Ha UCMapeHHUe Bjlaru, MUMeEIOLLENHCsl B MPOAYKTax Cro-
paHus. KpoMe Toro, KoJinuyecTBO TEMJIOTbI, BbIAEASIOLIEHCS NPU MOJHOM
CrOpaHMM €VUHULIBI MaCChl TOPIOYETo BELLECTBA, 3aBUCUT OT TOTO, B KAKOM
arperaTHOM COCTOSIHMM (napooOpa3HOM MM XHAKOM) HaXO4MUTCS Bjara B
NMpoayKTax CropaHusl.

CooTHoOLIEHHE MeXaY HU3LLEH Y BbICLLEH TEMJIOTAMH FTOPEHUST MOXHO
3anucaTh B CJIEAYIOLLEM BUAE:

QB _QH =GH20}\.”, (1.21)

rlie Macca Bjaru, cojepxaiieics B 1 Kr roptouero BetectBa (W), v Biaru,
oOpa3sylouieiics B pe3yJibTaTe ropeHHsl BOJOpO/ia Mpy NOCTOSSHHOM [1aBJie-
Huu (H), paBHa:

9H +W
Ghyo = =} (1.22)
100

A, — TemyuoTa napoo6pa3oBaHMUs, YCIOBHO NMPUHWUMAaETCsl paBHOM
2,51 MIOx/xr.

HM3UJ)’IO TEMJIOTY rOpE€HHUA CJIOXHOM FOplO‘leﬁ CMECH paCCYUTLIBAIOT
no cienymwolei hopMyie, UCNOJb3ysl CpaBOYHbIE JaHHbIE CTAHAAPTHBIX
TENMJIOT 06pa3OBaHMH KaXa0ro KOMrnoOHEHTa FOplO‘lCi"l CMECH:

k
0, = Z(AHf"_” m;)—AH, n., (1.23)

i=1
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rae AH g, . » AHg — COOTBETCTBEHHO CTaHIAPTHbIE TEMIOThI obpa3oBaHusi

i-ro npoayKTa ropeHus (mn.r) v roptoyero (r), kx/Moib; K}l)K/M3;

n,, m; — CTEXMOMETPUYECKUE KOIDHHULIMEHTBI B YPAaBHEHUM PEAKLIUH
ropeHHus.

Jns 6071bLIMHCTBA BELIECTB 3TU BEJIMUMHbBI TPUBEAEHBI B TEPMOIMHA-
MHUYECKUX CNPaBOYHHUKaX.

Bhicllly10 ¥ HU3LYIO TEMIOThl FTOPEHUS TBEPAbIX U XUAKUX FOPIOUYUX
cMeceil onpenensoT no gpopmyae J[.H. Menodeaeesa:

0, =339,4 [C] + 1257 [H] - 108,9 ([O] - [S]); (1.24)
0, =339,4(C] + 1257 [H] - 108,9 ([O] - [S]) = 25,1 (9 [H] + W), (1.25)

rae O, v Q,, — BbiCLIas U HU3LIAS TEMIOThl TOPeHUs, KIX/KT;

[C], [H], [S], W — conepxaHue B ropioyeM BellleCTBe yrjiepoa, BOAO-
pola, cepbl ¥ Biaru, % macc;

O — cymMa kucoposa  a3orta, % macc.

HM3].Llle TEMJOTY FTOPpEHUSA KaK HHAUBUAYAaJIbHOIO XUMHUYECKOIo CO-
€MHEHUS, TAK U CMECH NMPOCThIX FOPIOYMX BELLIECTB MOXHO PacCuyMUTaTh
ucnosb3ys 3akoH lecca.

PacueT TenioThl ropeHMs ra30BO3AYLUHbIX cMeceil MpoBoAAT no ¢dop-
Myne

1
M=_Q (1.26)
H H(Pr’ .
100
rae Q;" — TenuoTa TOpPEHUs] Ta30BO3AYLIHOW CMeECH, Kll)K/M“,
KIX/KMob;
Q,, — Hu3Was TeljoTa rOPeHUsl TOPIOYEro BELIECTBA, Kﬂ)K/M3,
K X/KMOJIb;

(@, — KOHLIEHTpAaLIMs TOPI0Yero B cMecH ¢ okucaurtenem, % ob.
YnenbHasi ckopocTb (MHTEHCMBHOCTD) TEMJIOBbIAENEHUS] TPYU FTOPEHUH
paBHa

g=0,v,, (1.27)

rae g — yaenbHasi MHTEHCUBHOCTD TEMoBblaeNeHUs KBT/M?;
V,, — MaccoBasi CKOpPOCTb BbIFOpaHus, Kr/(M2 - C).
M HTEeHCHBHOCTb TEMJIOBbIAEIEHUS NTPYU FTOPEHMH paBHa:

0=0,v,F, (1.28)
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rae Q — MHTEHCUBHOCTb TEIJIOBbIAEIEHUS, KBT;

F — nnowaab ropeHus, M2,

[MoscHeHns ucnonb3oBaHusa 3aKkoHa 'ecca u ¢popmynsl .. MeHae-
JieeBa JUISl pacyeTa TEMIOThbl FOpeHHMs 1aHbl B paKTUYecKoii paboTe 4.

B 1a6a. 8—9 (npwua. 111) npeacrabieHbl JaHHbIE TEMJIOT FOPEHHUS He-
KOTOPbIX FOPIOYMX BELLECTB U MaTe pHaJloB.

1.6. Temnepatypa ropeHus

[ToxxapHast oMacHOCTb FOPIOYMX BELIECTB XapaKTepU3yeTCs TeEMIlepa-
TYpPHbBIMY NapaMeTpaMH, OJHUM U3 KOTOPbIX SIBJISIETCS TEMIlepaTypa rope-
HMUSL.

B 30He ropeHus BblaeAMBLIASCS TEMNJIOTA TPATUTCS HA pa3orpeB Mpo-
IYKTOB CropaHMsl, BCJIEACTBUE YETrO UX TEMIEpaTypa JOCTUIaeT BICOKHUX
3HaYEHHUMH.

Makcumanonas memnepamypa, 0o Kkomopoii Hazpeearomca nPoOyKmet 20-
PeHUs, Ha3bleaemcsa memnepamy poii 20peHus.

YunTbiBasi, YTO TEMJOEMKOCTHU MPOAYKTOB FOPEHHU S HECYLLIECTBEHHO
OTJIMYAIOTCS OT TEMJOEMKOCTENH MCXONHBbIX BELLECTB, MOXHO 3anucaTb
¢dbopMyny s pacyeTa TeMIepaTypbl TOpeHUS:

Qn.r - Qucx
k ’
z Vf” X CPi

i=|

T, =T, + (1.29)

roe T, — TteMnepatypa ropeHus, K;
T, — HauanbHas TeMnepaTypa roptoyero 1 okucaurens, K;

0, — KOJIMYECTBO TEMJIOTHI, 3aTPaYeHHONH Ha Harpes NPOAYKTOB ro-
peHus, kIx/monb; KJIX/Kr; KII)K/M3;

0O,cx — KOJIMYECTBO TEMJIOTbI, MOCTYNMBILEH B 30HY FOPEHUS C rOplo-
YUM U OKUCIUTENIbHOM cpenoit, kJx/Monb; KIX/Kr; 1(}1)1(/M3 ;

V.. — 00beM i-ro KOMMNOHEHTA NPOLYKTOB rOPeHUs, KMOJIb/KMOJb,
M3/Kl‘, M3/M3;

C,i — yZAenbHas TENJI0EMKOCTb i-FO KOMIMOHEHTA NMPOAYKTOB FOPEHHS,
|<}1>|</(M3 - K), xIIx/(kMonb - K).

Pa3nunyaroT kasopumempuseckyro, meopemu4eckyro n 0eiicmeumeasHyo
TeMnepaTypbl FOpeHHS.
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[Mon xaaopumempuyeckoli memnepamypoii 20peHus NIOHUMAeETCsl Ta TEM-
neparypa, 10 KOTOPOi HarpeBaloTCs NPOAYKTbI TOPEHHS, €CJIM BbIMOJHS-
10TCS CleayoLne YCIOBHUSL:

e BCE BblaEJIsAIOLIASCS P FTOPEHUH TEMNJIOTA PAaCXO4yeTCsl Ha HarpeBa-

HMe NPOAYKTOB CTOPaHMsl, MOTEPH TEMIOThl paBHbl HYM0 O, =0, ;

e HayajbHas TeMMNepaTypa Bo3lyxa U roproyero Belectsa paBHa 0 °C

wm T,=273,15K;

e KOJIMYECTBO BO3]yXa paBHO TEOPETUUYECKH HEOOXOAUMOMY, A = 1;

e MIPOMCXOAMT MOJIHOE CrOpaHMeE roproYEro BelllecTBa.

Kanopumerpuueckas TeMnepatypa ropeH1si 3aBUCUT TOJIbKO OT CO-
CTaBa roployero BeLIeCTBa U HE 3aBUCUT OT €ro KoJIM4ecTBa.

Teopemuueckan memnepamypa zopeHus VUMEET MECTO B TOM cliyyae,
KOIJa 4acTb TErJIOThl pacXoyeTcsl Ha IMccoLMalnio (pacnan) NpoayKToB
rOpeHHUs:

00r=0,- Qunc .

TeopeTnueckas TemnepaTypa, B OTJIMYME OT KAJIOPUMETPHUYECKOIA, Xa-
pakTepU3yeT rOpeHHue C Y4eTOM IHAOTEPMUYECKUX MPOLIECCOB AUCCOLMA-
LIMM NPOAYKTOB CropaHusl, MpoTeKaloLLMX MPU BBICOKOM TeMIMepaType:

2CO, 2 2CO + 0, — 136,200 kkan;
2H,0 2 2H, + 0, — 114,226 xxan.

[TpakTHyecku AUccOLMaLMIO MPOAYKTOB CrOopaHUsl HEODXOAMMO YuH-
ThIBaTb TOJILKO NpH Temnepatype Bbilue 1700 °C. B peanbHbIX yCIOBUSX B
nn¢dY3MOHHOM pexXHMMe ropeHusl 1elcTBUTeNbHAsl TeMIepaTypa ropeHus
He JOCTUraeT Takux 3HaueHU. [103TOMy Ha MpakTHUKe UCMONb3YIOT TOJb-
KO KaJIOpUMETPUYECKYIO TeMITepaTypy rOpeHHUsl.

[eiicmeumeavhnoli memnepamypoil 2openusa Ha3blBaeTCsl Ta TeMIepaTy-
pa, 10 KOTOPOii HarpeBaloTCsi NPOAYKTbI TOPEHHUS B pealibHbIX YCIOBUSIX.

JeicTBUTENbHYIO TEMITEPATypy HA3bIBAIOT TaKXXe NMPaKTUYECKON TeM-
nepartypo.

Tlpaxmuyeckoii memnepamypoii Ha3blBaeTCs Ta TeMrepaTypa, KOTOpYIO
MMEIOT 30Ha TOPEHMS UM MPOAYKTbI CTOPAaHMSI MPU YYeTe BCeX BUAOB MO-
Tepb. OANH U3 BUAOB NOTEPb — NMOTEPU HA XMMUUYECKUI U PpU3UUYeCcKU i
HEN0XOT, YYUTHIBAETCS K0IPPuuuennmom HenoaHomot C20panusa, Unv Hedo-
acoea B. [1pyroit Hen36eXHbII BUI MOTEPb MPU TOPEHUH — MOTEPU Ha U3-
nyyeHue dakena niaMmeHu. J10ys1 3TUX NOTEPb 3aBUCUT MpPeEXIE BCETO OT
TeMIepaTypbl U3JIy4YaloLIEro Teja, OT €ro arperaTHOro COCTOSIHUSI U XUMU-



1.6. Temnepartypa ropeHus 31

4eCKOi Npupoabl. ITa 3aBUCMMOCTb ONpelensieTcsl ko3gpduyuenmom uep-
HOMb! U3AYHAIOWe20 meaa € u OAUHOU 0AHb! UBAYHEHUS PAIAULHBIX MOACKYA.
KpoMme Toro, 3HaunTeIbHYI0 JOJII0 NOTEPb COCTABJSIOT KOHIYKTUBHO-KOH -
BEKTUBHbIE NMOTEPH TEMJIa B OKPYXAIOLLYIO Cpey.

Takum obOpa3oM, B npolecce CropaHusi BelllecTB HabjroaaeTcsl 10
25—30 % noTepb TEMJOThI Ha HEMOJHOTY ropeHus, 1o 30—40 % — Ha u3-
JiydeHue U T. 1. COOTBETCTBEHHO MpaKTHuyecKas TeMIepaTypa ropeHus
OKa3bIBaeTCs elle HUXE.

Jlnsa pacyeTa TeMnepaTypbl FOpeHHUs] UCXOAAT U3 ypaBHEHHUS TEMJIOBO-
ro 6anaHca: cyMMapHoe TenjocoaepXaHue (3HTAIbMUSI) KOMIOHEHTOB
NpOAYKTOB CrOpaHUs paBHa KOJIMYECTBY TEIJIOThI, 3aTpaYeHHOI Ha UX Ha-
rpeB. Otclona ¢popMyJia pacyeTa TeMrepaTypbl FOpeHUs] UMEET BU:

k
Ont = Vs, Co, (T, = Ty), (1.30)
/=1

rae Q,{ . — TernJiota MpOAyKTOB ropeHust, kJx/monb; KIX/Kr; K}l)l(/M3 ;
V, i — 00BEM i-r0 KOMITIOHEHTA roployei CMeCH, M?;
Cpi — YlhenbHasi TEMJIOEMKOCTb (-0 KOMITOHEHTa ropioyeii cMecH;
T, — temneparypa ropeHus, K;
T, — HayanbHasi TeMnepaTypa roproyero 1 okucautens, K.
ITpu 3TOM annabaTnyeckas TemrnepaTypa ropeHus

Tr=TO+L, (1.31)
o
2. CoiVax
a [IeiiCTBUTEIbHAs TEMIEpPATypa rOpeHHs
Top=T, + =—— On.r (1.32)

26,
rae Q,, — Hu3LIas TenjaoTa ropeHMsl BellecTBa;
0, — Tenjota, pacxoyeMasi Ha HarpeB MPOAYKTOB FOPeHMSI.

[1pu 3TOM TensoTa, noliealias Ha HarpeB NMPOAYKTOB rOpeHHs, ornpe-
nensercs no popmyne

Onr =0, (1-m),

rae 1 — 00Jis TEMIONOTepb B pe3yjbTaTe U3/yYeHUs IHEPTUU, XUMHUYe-
CKOro M MeXaHMUYEeCKOr0o HeA0Xora.

J1ns pacueTta KajiopuMMeTpPUUECKOi TeMrepaTypbl TOPeHUsI UCXOOAT U3
TOTO, YTO HM3LLAs Ter1oTa ropeHust 0, ropioyero BeLECTBA PaBHa TETJIO-
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ColePXaHMIO ¢,, HEOOXOAUMOMY A1l HarpeBaHUsl NPOAYKTOB CrOpaHUs
oT 0 °C 10 KaNopuMeTPHUUECKOI1 TEMIEPATYPHI:

Qﬂzqr-

TennoconepxaHue g, 3aBUCUT OT 0ObeMa NPOAYKTOB CTOpaHHsl, TEM-
nepaTypbl FOpeHus, YaelbHOM TENJ0eMKOCTH NMPOAYKTOB CrOpaHHS:

4:=Var Cp T. (1.33)

1.7. BocnnameHeHue.
Temneparypa BocnnameHeHuUA

Bocnaamenenuem Ha3biBaeTcsl nMpolecc BO3HMKHOBEHUSI TOpeHMS,
NpOMCXOAsILUIA B pe3yibTaTe HarpeBa 4acTH roproyero BellecTBa HCTOY-
HUKOM 3axuraHus. [1pu 3ToM TeMmnepartypa Bceit oCTalbHOI Macchl roplo-
Yero BellleCTBa OCTAETCs NMepBOHayYanbHOI. BocnyiaMeHeHHe conmpoBoXaa-
€TCcs MosiBJieHWeM MiaMeHU. BocriaMeHeHMEM Ha3bIBalOT TaKXe BbIHYX-
IleHHOE BOCIJJaMEHEHHUE, BO3ropaH1e UM 3aXMUraHMe.

IMprynHaMM BoCMJaMeHEHHMSI MOTYT ObITb HE TOJIBKO TEIJIOTa, U3Jly-
YyaeMasi HarpeTbIM, pacKajleHHbIM WJIM FOPSLLMM TEeJIOM, HO M 9KBUBAJIEHT-
Hasl Mo MOLLLHOCTH TEMJIOTa, MojlyyaeMasl B pe3yjibTaTe MeXaHUUYECKOi pa-
00Tbl, XMMHYECKOM peakliMy, a TaKXe TeNJoTa, BblaejasieMas Mpu npoTe-
KaHHWH 3JIEKTPUYECKOro TOKa.

[Tpn xMMHUUYECKOI peakLuMM OKUCIIEHUS TOpIOYEro BelllecTBa BOCIIa-
MeHeHHMe MOXHO pacCMaTpUBaTh Kak Haya/lbHYI0 CTalMIO TOPeHHs, B Teye-
HUE KOTOPOW 3HEPrus, MOABOAMMAS K CUCTEME OT BHELIHETO MCTOYHMKA
TEIMJIOTbI, MPUBOAMT K PE3KOMY YCKOPEHUIO XUMHUYECKOH peakLMH.

Haubonee pacnpocTpaHeHHbBIM BO3ropaHUEM SIBJISIETCSl BOCIJIaMEHE-
HHe B pe3yJibTaTe CONPUKOCHOBEHUSI C HarpeThIMM NOBEPXHOCTAMMU, Tella-
MM WJIM OTKDBbITHIM OrHeM. BocnjaMeHeHMe roproymx BeleCTB MPOUCXO-
IIUT MpU onpeaeseHHON TeMnepaType — TeMIiepaType BOCMJaMeHEeHHUs
(3axuraHus).

Temnepamypa 6ocnaamenenus — HauMeHbllIasi TEMIepaTypa roployero
BELLECTBA, NMPU KOTOPOI1 B yCIIOBUSIX CMELIMAIbHBIX UCNIBITAHUI BELLIECTBO
BblaAEJISIET rOpIOYMe Mapbl WK rasbl C TAKOH CKOPOCTBIO, YTO MOC/e UX 3a-
XHUraHusi BO3HMKAET YCTOHYMBOE MJIaMEHHOE rOpeHHMeE.

TeMnepatypa BocnjaMeHeHUs1 0603HayaeTcs T, U U3MepsieTcs B rpa-
nycax Llenscus (°C) unu KenbBuna (K).
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TeMmnepaTypa BocCMlaMeHEHHUs SBASETCS MHAUBUAYANbHbIM 3HAYEeHU-
€M [UISl KaXA0ro roproyero BellecTsa. Tak, HanpuMep, U1sl ra3eTHoM Oyma-
r'M TeMnepaTtypa BocljlaMeHeHUs1 cooTBeTcTBYeT 175 °C, s MaTepyanoB
u3 noaucrupona — 340 °C, a i MatepranoB U3 noauatuieHa — 410 °C.

1.7.1. Memods! onpedeneHus memnepamypel 80CNNAMeHEeHUSA

Ins onpeneneHUss TeMNepaTypbl BOCIJIAMEHEHUS OMpeNeEHHYIO
Maccy BellleCTBa HarpeBaloT, MEPUOAMYECKH 3aXHrasi Bbloesiollnecs
napbl ¥ BU3yajibHO OLIEHUBas pe3y/ibTaThl 3aXXKUraHUs.

Jns u3MepeHUs TeMnepaTyphbl BOCIJIAMEHEHU S XUOKOCTEN U NaBsi-
IIMXCS TBEPABIX BELIECTB MPUMEHSIOT MPUGOP C OTKPLITHIM TUTJIEM, [UIS
M3MEpPEHUs TEMIEPATYPhl BOCMIaMEHEHUS TBEPABIX BEWECTB — MPUOOP
OTTII (puc. 1.6).
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Puc. 1.6. Mpucop OTII:
| — cTeKNsIHHblE UMIMHAPDBI; 2— CMUpajibHble 3JIeKTPOHarpeBarteiun; 3 — TenJou3ons-
LUMOHHBII MaTepuan; 4 — CTaIbHOM 3KpaH; S— aepXaTenb 06pa3ua; 6 — CTalbHOM KOH-
TeliHep; 7 — ra3oBas ropefka; § — KpUBOLIMNHbIA MexaHu3M; 9, /0 — Tepmonapsl;
11 — 3x%eKTOp

3 4951
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[1pu M3MepeHUH TeMnepaTypbl BOCMJIAMEHEHUS XXUAKOCTEN U MniaBsi-
LLMXCS TBEPAbIX BELLECTB 0Opa3eLl MOArOTaBAMBAlOT TaK Xe, KaK M NpHU 13-
MepEeHHWHU TeMMnepaTypbl BCbILIKU. BHavane onpenessitoT OpueHTUPOBOY-
HYI0 TEMIepaTypy BocriaMeHeHus. [lnsi 3Toro HarpeBaloT obpasel uccie-
JlyEMOTO BeLLEeCTBa Co CKOpOCTbio 5—6 °C /MUH.

Yepes kaxable 5 °C noBblLLIEHUS] TEMIEPATYPbl MPOU3BOAAT UCIbITa-
HHe Ha BocriamMeHeHue. s 3Toro njamsi ropejikv nepeMeLlarT OT O1-
HOI CTOPOHBI TUTS A0 Apyroit B TeueHue 1,5 ¢ Ha paccTossHUM 14 MM OT
NOBEPXHOCTH XUIAKOCTU. Ecnin nmapebl uccneayeMoro BelllecTBa Bocniame-
HSIOTCS M MPOIOJIXAIOT FopeTh HE MeHee 5 ¢, TO HarpeB NpeKpallarT, U
noka3aHue TepMOMETpPa B MOMEHT MOSIBJEHUS NjJaMeHU NPUHUMAIOT 32
TeMrnepaTypy BocrniameHeHHUs. Ecau BocnnaMeHeHHsl mapoB He MPOMUCXO-
IUT UK BpeMsl CaMOCTOSITEJIbHOTO FOpeHMs MOcJjie BOCIUIaMEHEHUS CO-
CTaBJ/IsIET MeHee 5 ¢, To HarpeBaHMe obpa3lia NPOoAOIXalOT, NepUOAMYECKH
nepemellas rnjams ropejku Hall TUIJIEM, T. €. MOBTOPSIIOT UCMbITAHKUE HA
BOCIUJIAMEHEHHME.

OnpenenvB OpUeHTUPOBOYHYIO TeMIEPATypy BOCMaMeHEeHMs, MPO-
BOJSIT CEPUIO OCHOBHBIX MUCMBITAHUI Ha Tpex obpa3liax uccienyeMoro Be-
wiectBa. 3a 10 °C 10 opMeHTUPOBOYHOI TeMnepaTypbl BOCMJIaMEHEHHUS
obpa3sell HarpeBatT co ckopocTbio 1 °C/MUH A1 BellecTB ¢ TeMIepaTy-
poii BocruiaMeHeHust 10 70 °C 1 2 °C/MUH AN BellleCTB ¢ TeMIepaTypoi
BocriameHeHus 6onee 70 °C.

3axuraHue njiaMeHeM ra3oBoi ropejiku NpouM3BOASIT MPU MOBbILLIE-
HMM TeMnepaTypbl Ha Kaxablit 1 °C ans BelllecTB ¢ TeMnepaTypoit Bocra-
MeHeHMs 1o 70 °C u Ha kaxasble 2 °C sl BeLLEeCTB C TeMIepaTypoit Boc-
nnameHeHus donee 70 °C.

3a TeMnepaTypy BOCIJIaMEHEHUSI XXUAKOCTH B KaXOM OMbITE MPUHU-
MaloOT HauMeHbWY0 ee memnepamypy, npu Komopoi obpa3yroujuecs napbot
80CNAAMEHAIOMCA NPU NOOHECEHUU NAAMEHU 230806 20PEAKU U NPOOOANCAIOM
2opems He MeHee 5 ¢ nocae e2o ydanenus. 3a TeMnepaTypy BocraaMeHeHu s
McceayeMoro BellecTBa NPpUHUMAIOT cpeiHee apudMeTUUYECKOe Tpex Orl-
pelesieHUi cepUM OCHOBHbBIX MCTNIBITAHUI C MOMpaBKoil Ha 6apoMeTpuue-
CKOE€ 1aBJiIeHHE.

IMpn6op OTII (cM. puc. 1.6) COCTOMUT U3 BepTUKAJIbHOI 3JIEKTPONEYH
C ABYMSl KOAKCHANbHO PacMonoXeHHbIMU LIMIMHAPAMHU, BBIMOJHEHHBIMU
13 KBapueBoro crekia. LlunuHap ¢ BHyTpeHHUM aMameTpoM 80 MM M Bbl-
coToit 240 MM siBasieTcsl paboueit kamepoit. BTopoit LMMHAD UMeEET BHYT-
peHHUit anameTp 110 MmM. Ha umnumHapbl HaBUTHI CMpanbHble 371eKTPOHA-
rpeBaTejiv o0Leil MOLHOCTBIO He MeHee 2 KBT, uTo no3sosisieT co3naBath
TeMrnepaTtypy B paboueit kamepe 750 °C.
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B kauyecTBe MCTOYHMKA 3aXMUraHUS MCIOJb3YIOT ra30BYIO TOPENKY
BHYTPEHHHUM AMAMETPOM 4 MM.

st ucnbITaHWii TBEPABIX FOPIOYMX BELLECTB FOTOBAT HE MEHEE AECATH
obpasuoB Maccoi no 3 r. [ocne yctaHoB/eHUs B paboueil Kamepe cTaluMo-
HApHOro TeMNEPaTypHOro pexuMa aepxaTesib obpa3lia M3B/eKaloT U3 pa-
6oueii KaMepbl, B KOHTEHHEp MOMeILaoT o0pa3ell M BO3BpallaloT AepXa-
TeJIb B UCXOAHOE NOJIOXEHUE. 3aXHUraloT ropesiky U ¢GopMHUpYIOT MjlamMsl B
BME KJIMHA JUIMHOM OT 8 o 10 MM.

Ecnm npu 3anaHHoO# TeMnepatype obpa3ell BOCIJIAMEHUTCS, UCTIbITA-
HUE MpeKpallalT, FopeJiKy OCTaHaBAMBAIOT B MOJIOXEHUHN «BHE MeYn»,
[nepxartesib ¢ 00pa3LoM M3BJIeKaloT U3 Kamepbl. Clieaylolliee UCMIbITAHUE
MpOBOSIT C HOBbIM 0Opa3L oM MpH MeHblleit Temnepatype. Eciau B Teue-
Hue 20 MHUH obpa3ell He BOCIJIAMEHHUTCS, UCTILITAHUS MPeKpaLlaloT, GUK-
CHUpYS «OTKa3».

MeTonoM mnociienoBaTesibHbIX NPUOJMXEHUI ONpenesitoT MUHU-
MaJlbHYI0 TeMIepaTypy paboueit KaMepbl, TPY KOTOPOit 3a BpeMsl He GoJiee
20 MMH obpa3ell BOCIJIaMEHSIETCS OT BO3AEICTBUSI UICTOYHHMKA 3aXXKMUTraHUs
¥ roput OoJsiee 5 ¢ nocie ero ynaneHusi, a npu temneparype Ha 10 °C Huxe
HabJloaaeTcs «0TKa3» He MEHee YeM B IBYX MCIIBITAHUSIX.

3a memnepamypy 60cnaameHeHUs: UCCAEOYEMO20 Gelecmaea NPUHUMAOm
cpedHee apugmemuyeckoe 08yx memnepamyp, pasau4aioluxcsa He bonee vem
Ha 10 °C, npu o0Hoii u3z Komopwix Habaooaemcs gocnaameHeHue 08yx obpas-
Y08, a npu dpyzoii — deéa omkasa.

1.8. CamoBocnnameHeHue

[Mpu HarpeBaHHUM ropioyeit cMecH (MapoB roproyuei XUIKOCTH WM To-
ploYero rasa ¢ BO3lyXOM) COIJIaCHO 3aKOHY AppeHHyca CKOPOCTb peakLMH
OKMCJIEHUS] IKCMOHEHLIMaIbHO PacTeT C MOBbILIEHUEM TeMrnepaTypsl. Ten-
JloTa, BblAEJSIOLIAsACS B 30HE peaKLMU OKUCIIEHHU s, YaCTUYHO OTBOAMTCS B
OKPYXaloLIYI0 TOpIOYYIO Cpely M CTEHKY COCYy/la, a YaCTUYHO PacXoayeTcs
Ha MOBbIlIEHUE SHTALIUU CMECH.

Ecnu HavyanbHasi TeMnepaTypa roproueil CMecH BbICOKasl M Bblaesis-
Io1L1asCcs TENJoTa He ycreBaeT OTBOAMTLCS BO BHELLHIOW cpelly, MPOUCXO-
IUT JaBUHOOOPAa3HbIi NMpoLECC NOBbILIEHHUS TeMIEpaTyphbl, 3aKaHUYMBaloO-
lMiics BocniaMeHeHMeM. Takoii npolecc Ha3bIBaeTCsl camogocniameHe-
Huem, NIV Menao6bLm 63pbi6OM.

CamoBocn/1aMeHeHHe — NMpPOLECC BOZHUKHOBEHHUSl TOPeHUSsI, MPOUCXO-
OSWMIA B pe3yJibTaTe NPOTeKaHUs 3K30TEPMUUYECKOM XMMHUUECKOM peak-

3
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LMY OKUCJIEHU S, MPUBOAsLLENA K CAMOINPOU3BOJIbHOMY HarpeBaHMIO ropio-
yei CMecH.

CaMoBocIJIaMeHEHUE XapaKTepU3yeTcsl pe3KUM MOBbILIEHUEM TeMIe-
paTypbl, OYypHbIM BblA€JEHUEM TEMJIOThI U NOsIBJIeHWEM rlaMeHU. Temne-
paTypa, Npy KOTOpOi BO3HMKAEeT CAMOBOCIJIaMEHEHMUS TOploYeil cMecH,
Ha3bIBaeTCs TEMIEpaTypoil CAMOBOCIIAMEHEHMSI.

Temneparypa camoBocCnJlaMeHeHMss — caMasl HM3Kasl TeMnepaTtypa Be-
LeCTBa, NPHU KOTOPOW B YCIOBUSAIX ClTIELMANbHBIX UCTIBITAHWUI MPOUCXOAUT
pe3Koe yBeJMYeHUE CKOPOCTH IK30TEPMHUUYECKOIN XUMHUUECKOM peakLmH,
3aKaHYMBalOLLEICS MJIaAMEHHBIM TOPEHHUEM.

B peanbHbIX YCJIIOBMSIX TeMIlepaTypa CaMOBOCIJIAMEHEHUS MOXET
OBbITb HUXXE YKAa3aHHOI B CpaBOYHOM JIUTEpaType, MOCKOJIbKY Ha €€ BeJIu-
YUHY OKa3blBalOT BIMsIHME 00bEM peaKLUMOHHOTrO cocyaa, MaTepuain cTe-
HOK cocy/a 1 psill Apyrux ¢akTopos.

1.8.1. Ycnosus, snusowue Ha memnepamypy
camosocnnameHeHus

Temnepatypa camoBocnnaMeHeHus (T,,) roptoyero BellecTBa He siB-
JIsieTcsl MOCTOSIHHOM BeanynHoi. TemnepaTypa caMoBocIIaMeHeHHUs To-
ployeil cMecH 3aBUCHUT OT CBOMCTB CMECH, ee KOHLIEHTpallMM, MaTepUaia
peakLMOHHOro cocyna, o0beMa cocyaa, MoBepXHOCTH U Ip.

OnacHOCTb BOCIJIAMEHEHUS TOPIOYMX CMeCeii OT HarpeThiX MOBEPXHO-
CTeil OLleHUBAETCSl BEIMYMHOM TeMMNepaTypbl CaMOBOCIJIaMEHEHUS.

CocraB ropioyei cmecu

TemnepaTypa caMOBOCIIaMEHEHHSI CMeCeii TOpIOYMX NMapoB MM ra3oB
C BO31YXOM M3MeHsIeTCs B 3aBUCUMOCTH OT UX cocTaBa. CaMoil HU3KOIA
6biBaeT T, y CTEXMOMETpPHUUECKOI ropioyeit cMecH.

Toploune cMecH, KOTOpbIE MO CBOEMY COCTaBY (COOTHOLLIEHHUIO KOM-
MOHEHTOB FOPIOYEro U OKUCIUTEISI) OTBEYAIOT ypaBHEHUIO XMMUUYECKOM
peakliMH, Ha3bIBAIOTCS CMeCAMU cmexuomem puseckozo cocmasa. Hanpu-
Mep, ISl MOJIHOTO CropaHus 2 MoJieil Bofropoaa Heo6xoauM 1 MoJb Ku-
cnopoga:

2H, + 0, =2H,0,
rae ko3¢ dGULUHMEHTb XMMUUECKOT0 YpaBHEHHUS nepell BOAOpPOoAOM (2) U KH-

cnopoaoM (1) aBaslOTCS CTEXMOMETPUUECKUMU KO3DPULMEHTAMU B NPO-
Llecce ropeHus 3TOM roproyei cMecH.
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Ha rpaduke puc. 1.7 nokasaHa 3aBUCUMOCTb T, CMECH IMOKCHIA YI-
fepofa C BO3lyXOM OT ee cocTaBa. M3 rpacdmka BUAHO, YTO HaUMEHbLIAA
TeMIepaTypa CaMOBOCIJIaMeHEHUsl HabJloaaeTcs y CTeXMOMETPUYECKOi
cmecH (29,5 % 06.).
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Puc. 1.7. 3aBUCHUMOCTb TeMNEPaTypbl CaMOBOCIIaMEHEHHUSI CMECH OKCHMIA yrileposa
C BO31yXOM

AaBnexnne

TemnepaTypa caMoBOCIUIaMEHEHUS TOPIOYMX CMECel 3aBUCHUT OT J1aB-
neHus. Yem Bblllle AaBiAEHME, TEM HUXE TeMNepaTypa CaMOBOCMJIaMeHe-
Hus. [laHHble, NpuMBedeHHbIE B TabJ. 1.5, noaTBepXaaloT BAMSIHUE AaBie-
Hus Ha T,.

Ta6auya 1.5. TemnepaTypa caMmoBOCNI/IaMeHEHHUS NPH PAVIHYHOM AaBJIEHHH

Nasnenne - 107 Ma 1 5 10 15 20 25
BewecTso Tew °C

6eH3UH 480 350 310 290 280 250

6eH3on 680 620 590 520 500 490

KEepOCHH 460 330 250 220 210 200

Temnepatypa caMoBOCMJIaMEHEHMSI TOpIOYEl CMECU yMEHbLUaeTcs
NpH MOBBILLIEHUY NABJAEHUS B CBA3M C YBEJIMYEHUEM CKOPOCTH XMMMUE-
CKOM peaklMH.
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Karanusaropbl

OueHb OosiblIoe BAMsIHUE HA T, ra3oB M XXMAKOCTEN OKa3blBAlOT KaTa-
JIN3aTOpbl, KOTOPble CHUXAOT T,.

Kamanuzamoper — amo xumuueckue eewjecmea, yckopAaoujue CKopocme
XuMuvecKux peakyuil.

Karanuzaropbl HemocpeacTBeHHO BBOASITCA B ropiouee BeLLECTBO.
Kpome xMMHuecKHxX KaTaan3aTopoB, KaTalUTUYECKMMU CBOIICTBAMU MO-
TyT obJlafaTh AaXe CTEHKW COCYAOB (Tapbl U T. M.), B KOTOPbIX HAXOAUTCS
roprouasi CMechb, UJIK Xe HarpeTble MOBEPXHOCTH TBEPAOro Teja, sIBAs0-
LIMecs MCTOYHMKOM BOCIJIaMEHEHHUSI.

CreneHb U3mMenbyeHua

Temnepatypa caMoBOCIIaMEHEHHSI TBEPAbIX BELLECTB 3aBUCHUT OT CTe-
NeHU Ux u3MenbyeHusl. Yem Gonbliie M3MeNIbUYEHO TBEPAOE ropioyee Belle-
CTBO, TEM HUXE €ro TeMIepaTypa CaMOBOCIJIAMEHEHHSI.

B T1a6n. 1.6 npuBeneHs! Ty HEKOTOPBIX TOPIOYHUX CMeECEiA.

Tabauya 1.6. TemnepaTypa caMoBOCIIaMeHEHHs FOPIOYMX cMecei

TeMnepartypa camo-
HauMeHoBaHue BellecTBa Xumuueckas popmyna BOCIMJIAMEHEHUS,
T, °C
YKCyCHbIH aHrnapua (CH;C0O),0 334
ALeTOoH (CH;), CO 535
beHson Ce¢ He 560
1,3-byrannen CH,=CH—CH=CH, 430
H306yTaHon (6ymaron-2) CH;CH (OH)CH,CH; 408
Cepoyrnepon CS, 102
Xnop6eH3zon C¢H;Cl 637
Uunknorekcan Ce¢H ), 259
LinknorekcaHoH C¢H O 419
1,4-nokcan CH,CH,0CH,CH,0 379
3tunbeHson C¢H;—C,H; 431
n-TenTaH C;Hyg 215
H-T'ekcan C¢H,, 233
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Oxonuanue maba. 1.6

Temneparypa camo-
HauMeHoBaHue BelllecTBa Xumunueckas ¢hopmyna BOCIIAMEHEHHS,
T, °C
Metunane CH,(OCH,), 236
Hadranuu CoHg 528
H-HoHaH CyHy 205
2,2,4-Tpumerunnentad (u3ookra) | CH;CH(CH;3;)CH,C(CHj;), 411
n-TeTpaaekaH CH, (CH,),,CH; 201
Terparuapodypax C,H;z0 224
Tonyon C¢HsCH; 535
Tpuxnopcunan SiHCI; 230
Bununauerar CH,=CHCOOCH; 385
n-Keunon CgH4(CHj3), 528

ITpumeuanus. 1. 3HaueHUs TeMnepaTypbl CAMOBOCI/IAaMEHEHUS ONpe/e/ieHbl MeTo-
nom no M3K 60079-4—75 He MeHee yeM B ABYX HE3aBUCHMbIX J1abOpaTOpUAX pa3HbIX
CTpaH, C pacXoXAeH1eM pe3y/bTaToB He Gonee 5 %.

2. laxe He3HayUTEIbHOE KOJIMYECTBO NPUMeECEN MOXET 3aMETHO U3MEHSTh 3Haye-
HUe TeMnepaTypbl caMOBOCIlaMeHeHUs. Tak, TemnepaTypa caMOBOCIJIaMEHEHUsl TPHU-
xnopcuiaHa, paBHas 230 °C, onpeaensieTcs TOJbKO MPU UCNIBITAHUM Ha cBeXei npoGe.
IMocne crapeHns nNpo6bl (BCieaCTBUE OKUCIEHUA W BO3MOXHOTO M3MEHEHUS BaXHO-
CTH Npo6bl) 3HaueHUEe TeMNepaTypbl CaMOBOCIJIAMEHEHUSI MOXET CHU3NUTLCA a0 185 °C.

1.8.2. Memodel onpedenexus memnepamypsl
camosocnaameHeHus

CyluecTByeT Leblii psil METOAOB ONpeAeeHUsl TEMIEPATYPbl CaMO-
BoCMJlaMEHEHHU s, KOTOpble OTIIMYAIOTCS, I1aBHBIM 06pa3oM, crocobamu
HarpeBa CMECH M CMELLIEHUSI TOPIOYETO C OKUCIUTENEM.

Memog enycka. CtaH1apTHYIO TEMIIEPATypy CAMOBOCILIAMEHEHUS OIl-
penensioT Ans CTEXMOMETPUYECKOro COCTaBa CMECH B coCcylax CTaHAApT-
HbIX pa3MepoB METOAOM BMycka. MeToa BMycka BMepBble MpPedlOXeH
Jle-laTtenbe ¥ pekoMeHOOBaH BcepoccHilckM HayuyHO-HccleNoBaTeb-
CKUM MHCTUTYTOM noxapHoit oxpaHsl (BHHUHWIIO) ansa onpenenenus T,
Y nepuona MHAYKUMK. CxeMa yCTaHOBKM LISt onpeaeneHus T, MeTonoM
BMycka nokasaHa Ha puc. |.8.
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Puc. 1.8. CxeMa ycTaHOBKH /U151 ONIpeie/IEHUsI TeMIIEPaTypbl CaMOBOCIJIaMeHEHH I ra30B
MEeTO/I0M BMycKa:
] — HarpeBaTe/ibHas neyb; 2 — TepMonapbl; 3 — peakUMOHHbII (KBapLeBblit) cocyn;
4 — naTyukM naBieHUs; 5 — OJOK 3aNMCH OaBlieHUs; 6 — 3JIEKTPOMAarHUTHbBINA Kia-
naH; 7 — oOrHenperpaaureb; § — cCMecuTelb; 9 — NpenOXpaHUTENIbHBIM KiamnaH;
10 — ptyTHBIIt MaHOMeTp; /] — rpebeHka ¢ KpaHaMH; /2 — Hacoc-Meluanka

YcTaHOBKA COCTOMUT M3 3/IeKTporneyn / ¢ IBymst TepMornapaMu 2 v co-
cyaoM 3, umerolinm asa wryuepa. OoMH WITYUEp NOACOEANHEH K NaTUUKY
nlaBjieHUs 4 ¢ GJI0OKOM 3aMu1CH 1aBjieHUs 5, BTOPOil — K 3JIEKTPOMarHUTHO-
My KJanaHy 6 fjisi 6bICTPOro Bycka CMECH U3 CMeCUTeNIsl & yepe3 orHe-
nperpaauTens 7 B peakUMOHHBII cocyn 3. B cMecutens &, MeroLMit npe-
IIOXpaHUTEJIbHBII KJlanaH 9, yepe3 rpebeHKy /7 nonagaoT KOMMOHEHTbI
ra3oBoii cMecH, NapuUaIbHOE AaBlieHHE KOTOPbIX U3MEPSIETCS MAHOMET-
pom 10. OQHOPOAHOCTb CMECH B CMeCHUTesIe MOANEPXUBAETCS Melua-
Ko /2. Tlepen ucnbiTaHWEM Meyb HarpeBaloT 40 TpebyeMoi TeMmnepaTypbl
M yepe3 OTKPbIThIH KJlanaH BaKyyMUPYIOT BCKO CUCTEMY A0 OCTaTOYHOTO
nasneHust 400—700 IMa. 3aTteM, nepekpbiB KJanaH 6, NOArOTaBIMBAIOT B
CMecHTesIe UCTIBITYEMYIO CMECh, lajiee, OTKPbLIB KJlanaH 6, BIYCKAloT ee B
peakUHMOHHBI cocyn 3. 3a 3 dheKTOM caMoBOCIJIaMeHEHUs HabioaaT
BH3yaJIbHO Yepe3 CMOTpoBoe cTekio. Eciu B TeyeHUe 5 MMH camoBocnia-
MeHEeHHe He NMPOU30iieT, ONbIT NPEKPALLAT U TOTOBSAT HOBBII1 HarpeB co-
cyna no 6onee BLICOKOM TeMnepaTypbl. Tak MpoaosXaloT 40 onpeaeseHus
TeMIepaTypbl CAMOBOCIJIaMEHEHMS] UCMBITYEMOI ra30BOil CMeCH.

3a TeMrnepaTypy caMOBOCMJaMeHEeHUs] NPUHUMAIOT TeMMNEpPaTypy cTe-
HOK peakLIMOHHOro cocyna 3, Npyu KOTOpPO# MocJjie yCTAHOBIEHUSI HOP-
MaJIbHOTO AaBJIEHUS TOpIoYeil cMecH HabJIloIaeTCcsl CaMOBOCIJIaMEHEHHE.

TeMnepaTtypa caMoBoCMJIaMEHEHHs1 XXUAKOCTENH U ra3oB onpenessieTcs
B cootBeTcTBMM ¢ [OCT P 51330.5—99 (M3K 60079-4—75) B neuu, BbI-
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NOJIHEHHOI BO B3pbIBO3ALLIMTHOM UCMONIHEHUH (pHC. 1.9). MeToa npocT: B
NpeaBapUTEIbHO HarpeTylo OTKPLITYIO KOJOY 5, 3aMOIHEHHYIO BO3AYXOM,
noMeulatot npody. McnbiTaHKst MPpOBOAST HECKONBLKMMHU NpobaMy ¢ pa3-
JIMYHBIMU TeMIepaTypaMy Kojibbl U 00beMaMM, OTJMYAIOLIMMHUCS Ha
0,05—0,2 cM® 1151 XuaKux u Ha 4—5 oM’ s ra3oobpasHbix npo6. Hau-
MEHBLIYIO TEMMEPATYPY KOJAObI, MPU KOTOPOM MPOUCXOAMUT CaMOBOCHJIa-
MEHEHMe, MPUHMMAIOT B KayecTBe TeMIepaTypbl CAMOBOCIIAMEHEHMS.
Bonee noapobHoe onucaHue 3TOI METOAMKH, MOATOTOBKU 000pYy10BaHHS
(neuu, TepMonap) M XUAKHUX WU ra3ooOpa3Hbix Npod npeacTaBieHo B
[OCT P 51330.5—99 (M3K 60079-4—75) (yacTb 4).

1 2 3 4
\ \ o / /
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Puc. 1.9. YcraHoBKa U1 onpeneneHUs CTaHAapTHOMN TeMnepaTypbl CaMOBOCTJIaMEHEHHS:

] — ocHOBHOI1 HarpeBaTelb; 2 — KOJbLO KpbllIKK; 3 — oGorpesarte/ib rOpJOBUHBI;

4 — KpBILLIKA U3 OTHEYNOPHOTO MaTepuana; 5 — KoJi6a BMecTUMOCTbIO 200 cM'; 6 — Ke-

paMMyeckas onopa; 7 — MNOANEPXMWBAIOIWIMI UMNUHAP; & — 3/IeKTPUYECKHUIA THUrelb
neyu; 9 — OCHOBHOM HarpeBareJb; /0 — TepmMonapbl

TemnepaTtypy caMOBOCIJIaMEHEHUS 2a308, HCUOKOCMel U NA1ABAUUXCA
meepobix éewjecme N3MEPSIIOT HA YCTAHOBKE, CXeMa KOTOPO# NMokKa3aHa Ha
puc. 1.10.

OCHOBHOI1 Y4acTblO YCTAHOBKM $SIBJISIETCS PEaKLIMOHHBIN cocyn (KOHU-
deckas konb6a KH-250) 3, noMeleHHbI B BO3AYLLHbI TepMOcTaT 5. BHyT-
PU KaMepbl pacrnosioXeH HarpeBaTe/b 2 MOWHOCTLIO 1,5 KBT. PaBHOMep-
HOCTb HarpeBa CTEHOK KOJIObl obecrneunBaeTcs UMPKYIsiLMEi BO3ayXa B
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Puc. 1.10. INpubop nna m3aMepeHUs CTaHAAPTHOM TeMnepaTypbl CaMOBOCIJIAMEHEHUS
CTC-2:
] — KpbUIbY4aTKa BEHTUAATOPA; 2 — CNUpalbHbI HarpesaTeb; 3 — peakUMOHHBII cO-
cyn; 4 — CMOTPOBOe 3epKaslo; 5 — TepMOCTaT; 6—& — TepMonapbl

T

\%

TepMOCTaTe, CO3aBaeMoil BEHTUJIATOPOM [, U MTPUMEHEHUEM peryasTopa
TEeMIepaTypbl, MO3BOJISIOLLErO MJaBHO U3MEHSITh MOABOAMMYIO K HarpeBa-
TEJII0 IHEPTHIO.

OnpeneneHue TeMNepaTypbl CAMOBOCIIAMEHEHUSI COCTOUT M3 Npel-
BapUTEIbHBIX U OCHOBHBIX UCMbITAHUIA. B npeaBapUTeNbHbIX UCMBITAHUSIX
OnpeaensiloT HanboJiee IErKOBOCIIaMEHSsIIOLEeeCs KOJIMYECTBO BELLECTBA,
BBOJMMOTIO B peaKLIMOHHBII cocyn. B cepn OCHOBHBIX UCTMbITAHUIA BbISIB-
JISIIOT HAMMEHbLIYIO TEMITEpPAaTypy peakLIMOHHOro cocynaa, NMpu KOTopoii
HabJjlonaeTcsi caMOBOCIIaMEHEHUEe Haubosiee JIErKko caMoBOCIJaMe-
HSIIOLLIErocsl KOJIMYECTBA BelllecTBa. TeMrnepaTypy caMOBOCIIaMEHEHUS
HaxoaAaT anss 6—8 npob MccieayeMoro BelleCTBa, pa3jiMyalolInMXcs Mo
ob6beMy Ha 0,05—2,0 cM’, m CTpOST rpadMK 3aBUCUMOCTH TeMNEPATypPbl
CaMOBOCIJIaMEHEHHUSI OT BEJIMYMHBI MPOOBI BellleCTBA.

OCHOBHbIE MCMBITAHUS (MSATH MPODO) Ha caMOBOCIIaMEHEHHWE MPOBO-
ISIT C HauboJiee JIETKO CaMOBOCIIJIAMEHSIIOLLIMMCS KOJIMYECTBOM BELlIECTBA,
npu Temnepatype Ha 5 °C HMUXe MMHUMaJbHON TeMIepaTypbl CaMOBOC-
NnJjaMeHEeHHUs, MoJlyYeHHOM B CEPUU NMpeaBapUTENbHBIX UCTIBITAHUIA.
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3a TeMnepaTypy CaMOBOCIIAMEHEHMSI UCCIIEAyEMOTO BELLlECTBAa NPU-
HUMAIOT cpenHee apudMeTHYECKOe IBYyX TeMIepaTyp, pa3jMyarolimMxcsl Ha
5 °C, npy OAHOM U3 KOTOPbIX Hab110aaeTcss caMOBOCIIaMeHeHMe Haubo-
Jiee JIETKO CaMOBOCIIJIaMEHSIOLLErOCsl KOJIMYeCTBa BELECTBA, a NpU ApY-
roil — OTKas.

Temnepamypy camoeocnaamenenus meepovlx eujecms U3MepSIOT Ha
ycraHoBke OTII (cM. puc. 1.6). [lns 3TOro ycTaHaBaMBalOT TEMIEPATypy
paboueit kaMepbl paBHOI TeMNepaType pa3jloXXeHHUsl BellecTBa UM (eciu
oHa HeusBecTHa) 500 °C. INocne ycTaHOBAEHUS B paboyeit KaMepe cTalmro-
HapHOro TeMIepaTypHOro peXxuMa aepxartesib U3BJIeKaloT U3 paboueit ka-
Mepbl, B KOHTeHep MoMellalT o0pa3ell U BO3BpalllaloT AepXaTelb B UC-
XoOHoe noJyioxxeHue. Habntonatot 3a o6pa3uoM B paboueit kamepe yepe3
CMOTPOBOE 3€PKaJIO.

Ecnn obpaseu caMoBoOCIIaMEHHUTCS, TO Clledylolliee UCIIbITAaHUE MPO-
BOJST C HOBBIM 00pa3LoM npu 6ojiee HU3Koi (Hanpumep, Ha 50 °C) TeM-
nepatype. Eciu xe B TeyeHue 30 MMH oOpa3ell He caMOBOCIIJIaMEHMIICS,
OMBbIT NPEKPALLAIOT U CYUTAIOT, YTO MOJYYMSIM 0TKa3. Creaylolliee UCMbI-
TaHWe C HOBbIM 00pa3LIOM NMPOBOASAT NMpH Oosiee BLICOKOM TeMMepaType.
N3MeHss TemnepaTypy B pabouyeil Kamepe, ONpeneastoT TaKyl0o MUHU-
MaJibHYIO TEMIEpaTypy, Npy KOTOPOil BOZHMKAET MIaMeHHOE ropeHue 00-
pa3ua npu AByKpaTHOM NMOBTOPEHHUM UCMBITAHUI, a MPU TeMIepaType Ha
10 °C Huxe HabnroaaloTcs ABa 0TKa3a. 3a TeMnepaTypy caMOBOCIIaMeHe-
HUSI TPUHUMAIOT CpeaHee apudMETUUYECKOE ITUX ONpeaeeHHA.

1.9. BcnbiwKa U BOCNNaMeHeHUA UAKOCTe !

[Tpu npouecce ropeHMs NapoB XUAKOCTEH Haba0naeTCs Takoe sBJe-
HMeE, KaK BCIbILLIKA.

Benbimka — GeicTpoe cropaHye napoB MJIM ra3oB ropioyeit cMecH, He
COMpOBOXAAOLLEECS YCTOIYUBBIM ropeHueM. TemnepaTypa npu Takom
npoliecce ropeHUs Ha3blBAETCSA TEMIEPATYPOIl BCIBILLIKH.

TemnepaTypa BCHbILIKH — MUHUMaJIbHAs TEMITEPATYpa XUAKOCTH, NPH
KOTOPO# B YCJIOBUSX CMELLMATIbHBIX UCTIBITAHUIA MTPOMCXOAUT BOCIIAMEHE-
HUe napoB XUIAKOCTH NPU KPaTKOBPEMEHHOM BO31E€CTBMU BbICOKOIHED-
reTMYeCcKOro MCTOYHMKA 3aXHUraHuu 6e3 NocieayoLLEero nepexona rope-
HUS B CTaUMOHAapHBbIK AMPDY3MOHHBII PEXUM.

Temnepatypa BcribllkK 0o603Hayaercs T, 1 u3mepsietcs B °C, K.
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TeMnepatypa BCIbILIKY MPUHSTA 32 OCHOBY KJIaCCH(UKALIMK XUIKO-
cteit Ha nerkoBocnaameHsownecs (JIBX) u roproumne xuakoctu (I'K).
K JIBX oTHOCSATCS XMAKOCTH, MUMEIOLLIME TEMIEpPATypy BCMbILIKHA B 3a-
KpbiToM cocyne 61 °C 1 HUXe, K TOPIOYUM — C TEMIIEPATYPOil BCMbILLIKH
6onee 61 °C.

1.9.1. Memods! pacvema memnepamypel 8CNbIWKU

Temnepatypy BCnblLIKKM MOXHO paccunTtaTtbh. Hanbonee pacnpocrpa-
HEHHBIM M 1I0CTAaTOYHO TOYHBIM SIBJIIETCSl pacyeT TeMMepaTyp BCMbILIKU U
BocrnaaMeHeHus no ¢opmyne B.U. banHoBa:

A
TBCII(B) = ’
PunDn

(1.34)

rae Tyons — TEMIMEPATYpPa BCMbILLKHK (BOCMIAMEHEHHS);

Pun — JaBJ€HHE HaCBILIEHHOrO Mapa Mpu TeMMEpaType BCIBILLKH
(BOCMJIaMEHEHHUA);

D — ko3pduumneHT auddy3nm napos roproyero BelllecTBa;

n — CTEXMOMETPUUYECKUI KO3 PHULUMEHT NPU KUCIOpPOAE — KOJIUye-
CTBO MOJIe KUclopoaa, HeoOXxoaMMoe AJisl MOJHOro OKUcaeHus | Mois
ropro4ero BeUIECTBa;

A — KOHCTaHTa MeToJa oMnpelejieHUs], MPUBEAECHHAs HUXE:

TemnepaTtypa, K: 3HayeHue napamerpa A, M- K- Ma:
Bcnblilka B 3aKpbiTOM THUTJIE 28
Bcnbllka B OTKpbITOM THIJIE 45,3
BocnnameHeHue 53,3

KoadhduuneHTtsl anddy3umn HEKOTOpbIX ra3oB U NapoB NpYU HOpMaJb-
HbIx ycnosusix (D,) npuseneHsl B Tada. 10 npua. 111. OaHako cyuiectByer
¥ MeTol pacyeTta Ko3adduuneHToB AMdpdy3un, KOTopble ONPEaeSIOT No
¢dopmyne

4
p =10 (1.35)

(o] ’
N, Z AM;u,;
rae D, — koadduuneHT andodysuu, MZ/C;
M; — KOJIMYECTBO {-TO XUMUYECKOrO 3/IEMEHTa B MOJIEKYJIE TOPIOYEro
BElLECTBA;

AM; — aToMHBIE (3JIEMEHTHbIE) COCTaBJSIIOLLME TOPIOYEro BELLECTBA
(tabn. 1.7).
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Tabauya 1.7. DneMeHTHbIe COCTABNSAIOLIHE FOPIOYEro BellecTBa

HaumeHoBaHueE 3neMeHTa 3HaueHune AM;
Yrnepon (C)' 25—-50
Bonopoa (H) 1
Kucnopon (O) 17
Asot (N) 16
Cepa (S) 48
Xnop (Cl) 37
Bpowm (Br) 79
Moa (J) 104
®rop (F) 16

* [Tpumevanue. 3HaueHUe AM,3aBUCHUT OT YMC1a aTOMOB YrJIepoaa U UX MONOXKEHHs
B MOJIEKYJIE TOPIOYEro:

1) AM = 25 — nns aToMOB yriepoaa, BXOAsLLMX B apOMaTUYECKHUI LIMKJT;

2) AM =25+ 3C — ans aTOMOB yrjiepolia B OTKPbITOM LIeNH, €CIK UX KOJUYECTBO
MeHblue uau paBHo BocbMu (C, 8);

3) AM = 50 ans aToMOB yriepona B oTKpbiTol Lenu npu C> §;

4) AM =25 +2C — ans aToMOB yraepoaa, BXOAsILUMX B HeapoMaTUYeCKHMIA LMK
npu C<8;

5) AM =42 — nna aTOMOB yriepoja, BXOASLWMUX B HeapoMaTHU4YeCKUI LMK, ecu
C>8.

[1pn TeMnepartype, OTANYAIOLIMIACS OT HOpMallbHOM, KO3GGULMEHT
Inddy3un D MoxXeT ObITb pacCYUTaH MO COOTHOLLIEHHUIO:

T n

rae n — nokasarteflb, 3HaueHHWe KOToporo npueeaeHo B Tada. 10 nmpui. 111.

MeToab! pacyera Temnepartypbl BCNbIWKU UHAUBUAYANbHbBIX
XUAKOCTEH B 3dKpbITOM TUr e

TeMnepatypy BcnbllKK XuakocTeit (7,.,) B °C, MMeIOLNX HUXene-

peuyMciIeHHbIe BUAbI CBS3ei (Tab. 1.8), BHIUMCISAIOT Mo opMyie
n
Tyen = Qg + a1y + Y 0,1, (1.37)
j=2

rie a; — pa3MepHblit K03 dULMEHT, paBHblii —73,14 °C;
a, — 6e3pa3MepHblii K03 drUKMEHT, paBHbIi 0,659;
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I un — TEMIIEpATYpa KMMNEHUs UcCenyeMoit X1IKocTH, °C;
a; — IMNUpUYECKHE KO DULMEHTBI, MPUBEAEHHbIE B Ta0. 1.8;
[; — KONMYeCTBO cBA3eH BUAAj B MOJIEKYJIE UCCIIEAYEMOI XHUAKOCTH.

CpenHsasa KBaapaTUueckas MOrpellHOCTb pacueTa (§) mo ¢opmye
(1.37) cocraBnsier 13 °C.

Tabauya 1.8. KoadpuumenTsi a, 11 pa3iHuHbIX BUIOB CBA3H B MOJIEKY.1e KHAKOCTH

Bua cBsazn a;,°C
c-C -2,03
C—C apom. -0,28
Cc=C 1,72
C—H 1,105
C-0 2,47
C=0 11,66
C—F 3,33
C-Ci 15,11
C—Br 19,40
O—H 23,90

J11s1 HEKOTOPBIX aNKaHOB, rajloreHajJkaHOB, apOMaTUYECKHUX YTIJIEBO-
lOpOllOB, NMepeyrcieHHbIX B Tab. 1.9, Temnepartypy Benblliku B °C Bbl-
YUCIIAIOT MO clieayollei hpopmyie:

T,

BCn
rae a, b — amnupunyeckrue Ko3bGHULUHUEHTHI, NpUBedeHHbIe B Taba. 1.9
BMECTe CO CpeIHUMH KBaJpaTUYECKUMM MOrpeLIHOCTAMM pacyeTa o.

=a+bt

Kun»

Tabauya 1.9. Koappuumnenrsl a, b 1is pa3iHyHbIX KN1ACCOB COe AMHEHHH

KoadduuuneHTsl
Knacc seuiects 8, °C
a, °C b

ANKaHbl -73,22 0,693 1,5
Cnupthbl —41,69 0,652 1,1
ApoMaTHyecKHe yrieBoaopobl -67,83 0,665 3,0
BbpoMankaHbl —49,56 0,665 2,2
XnopankaHsl -55,70 0,631 1,7
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Ecnu ans uccneayeMoi XXMAKOCTH U3BECTHA 3aBUCMMOCTb aBIEHUS
HACBILLEHHOTrO Nnapa oT TeMMepaTypbl, TO TeMIepaTypy Benblluku B “C Bbl-
YucasT no ¢popmyne

Ag
Toen = - 273, (1.38)
Pren DOﬁ

rae Ay — KoHcTaHTa, paBHas 280 kITa - cM? - ¢™' - K;

Ppcn — NMapuUHabHOE NAaBJIEHUE Mapa uccneuyemoﬁ XHUOKOCTHU TNPHU
TEMNEpaATypeE BCNbILLIKH, k[la;

Dy — xoadduumneHt ancddysum napa B Bo3ayxe, em? ¢l

B — cTexroMeTpHuecKHit KO3(DHULMEHT KUCIOPOAA B peaKLIMK rope-
HUS1, onpenensieMblit no dopmyJe

B =mc +mg +0,25(my —my ) —05mg +2,5mp, (1.39)

rae mc, mg, my, My, Mg, Mp — YUCJ0 aTOMOB COOTBETCTBEHHO Yrjepona,
cepbl, BOJOpoaa, raionaa, kuciaopoaa v ¢pocdopa B MonekyJie XUAKOCTH.
CpenHsia KBaapaTHuyecKas NnorpelHocTs pacyera no ¢gpopmyne (1.38)
cocrasnser 13 °C.
[TpocTbIM, HO MEHEE TOUYHBIM, SIBSIETCA pacyeT TEMNeEpPaTypbl BCIbILL -
KM B 3aKPbITOM THIJIE 11O hopme Iaen:
T

sen = fxun — 18‘/2, (1.40)

rae k — ko3apdUUMeHT, onpeaensieMslii no dopmyne
k=4mc + my +4mg +my —2mg —2mc; —3mg —Smy,,

rae me, my, ms, my Mg, Mgy, Mg, Mg, — KOJUYECTBO 3/1IEMEHTOB YIJepO-
lla, BOA0OpOIa, Cepbl, a30Ta, KUCI0PoAa, xj1opa, ¢dTopa, 6poMa B MoJieKyie
roployero BeleCTBa.

TeMnepaTypa BCMbILIKK B 3aKPbITOM THIJIE MOXET ObITH OMpenesieHa
Mo HUXXHEMY TeMIepaTypHOMY NpeleNly BOCIJIaMEHEHHUS 1,

. +2
Tucn = 5,875 .

370 BeIpaxeHHe NpumeHumo, ecin 0 < 7, < 160 °C.
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MeTopabl pacyeta TeMnepaTypbl BCNbIWKY UHAUBUAYANbHBIX YUAKOCTEN
B OTKPLITOM TUTNE

TemnepaTypy BCMbILIKWA B OTKPLITOM TUIJIE BBIYUCISIOT Mo (opmyine
(1.37), uicnonb3yst BENMUMHBI IMIUPUYECKUX KO3huLIMeHTOB K3 Taba. 1.10.

Tabauya 1.10. Ko3d¢puumnenTsl a; 1151 pa3iuyHbIX BUA0B CBA3H B MOJIEKY.1€ KUAKOCTH

Bua cBsizu a;, °C
Cc-C 3,63
C—C apom. 6,48
c=C 4,18
C—-H 0,35
Cc-0 4,62
C=0 25,36
O—H 44,29

KoadduuneHTsl ay 1 a; npu pacueTe TeMnepaTypbl BCIbILIKH B OT-
PKPBITOM THIJIe paBHbI cooTBeTcTBeHHO —73 °C 1 0,049.

CpenHss KBaapaTHyeckasl MorpelHocTb pacyeta coctapisiet 10 °C.

Ecnn ans vccneayeMoi XMAKOCTH U3BECTHA 3aBUCMMOCTD AaBJeHMS
HaCbILLIEHHOTO Mapa O T TEMITEPATYPbl, TO TEMIEPATYPy BCMbILUKK B OTKPbI-
TOM THIJIe BbiuncasiioT no dopmyne (1.38), rae Ag = 427 kIla - em?- ¢! K.

CpenHsis KBaapaTHyecKas NorpelHocTb pacyeTa coctabnsiet 13 °C.

1.9.2. Memoods! pacdyema memnepamypsl 80CnnaMeHeHUA
Judkocmel

Temneparypy BocninaMmeHeHus (T,) MHAMBUAYANbHBIX XHUaKocTel B °C
BoluMCAsIOT no ¢opmyane (1.37), rae a, — pasmepHbiit KO3 GULIMEHT, paB-
Hblit —47,78 °C; a; — Ge3pa3mepHblil KO3 drLKMeHT, paHbIi 0,882; a; —
aMnupuyeckue koapduuneHThl, NpUBeaeHHbIE B TabA. 1.11.

CpeaHss KBapaTMyecKasi MOrpeLHOCTb pacyeTa coctaBasieT S °C.

Ecau n3BecTHa 3aBUCHUMOCTD JaBJIEHUS HACBILLIEHHBIX APOB OT TEM-
nepatypbl XHAKOCTH, TO TEMIEpPATypy BOCMIaMeHEHUS WHANBUAYAIbHbIX
Xuakoctei, coctosiumx u3 atomoB C, H, O, N, BbiuucnsioT no popmye
-4 -273, (1.41)

pBDOB

B



1.9. BcnblwKa ¥ BOCNNAaMEHEHUA XMUAKOCTEN

49

Tabauya 1.1]. KoapuumenTsl a; 1151 pasiuyHbIX BUIOB CBSA3H B MOJIEKY.1€ JKHIAKOCTH

Bua cBaizn a;,°C
Cc-C 0,027
C—C apom. -2,069
c=C -8,980
C—H -2,118
Cc-O 0,111
Cc=0 -0,826
O—H 8,216

rae Ap — KOHCTaHTa, paBHas 453 k[la - em?- ¢ K (ans docdopopranu-
yeckmx BelecTB Ag = 1333 kIMa - cmM? - ¢ - K);

P, — NapuUMaIbHOE AaBJeHUE Napa UCCeyeMO XUIAKOCTHU NPU TeM-
neparype BocrjlaMmeHeHusl, KI1a;

Dy — ko3appuumneHt anddysumn napa B Bo3ayxe Npu HOPMabHBIX YC-
JIOBUSIX, cm? - c";

B — crexnomeTprueckHii KoaGHULHMEHT KUCIOpoIa B peakLIMK rope-
HHUS, onpeaensieMblit no dopmyie (1.39);

CpenHsisi KBaapaTHyecKasl MorpelHocTb pacyera cocTtasieT 6 °C.

Temnepatypy BocrnjaMeHeHHUs anndaTHYeCKUX CIMPTOB M CJIOXHBIX
3(UPOB BLIYUCISAIOT MO hopmyJie

_ Lewn +273

- KN 2

- -273, 1.42
b 1+ K(ty,, +273) (142)

KHUn
rae K — sMnupuyeckuit KoapPuLHUeHT, paBHbIH 6 - 107* ans CMUPTOB
n7-107% wis cnoXHbIX 3GUpPOB.

CpenHsisi KBaapaTHuyecKasi MOorpelHoCTb pacyeta coctasisieT 2 °C uns
cnuptoB U 4 °C 1ns cIoXHbIX 3GUPOB.

1.9.3. Memoods! onpedeneHus memnepamyps! 8CNbIWIKU

Jlns onpeneneHus TeMrepaTypbl BCMBILLKY 3alaHHYIO Maccy roproye-
ro BelleCTBa HarpeBaloT C 3aJJaHHOI CKOPOCTbIO, MEPUOAUYECKH 3aXHUTast
BblAEJIAIOLIMECS Mapbl M BU3yaIbHO OLIEHUBasl pe3y/1bTaThl 3aXXUraHUS.

4 4951
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TeMnepaTypy BCMbILIKK 3KCMEPUMEHTAILHO ONpenesioT B pudopax
3aKpbITOro (3. T.) U OTKPLITOro (0. T.) TUMOB.

JKnakocTbh MOMeLLAIOT B COCYl, HAarpeBaloT C OrnpeaeieHHON CKOpo-
CTbIO, MEPUOAMYECKH 3aXHUIAIOT BbIAESIIOILMECS Napbl U BU3yallbHO OLLe-
HUBAIOT pe3yJbTaT 3aXHUraHus. TeMneparypa BCMbILIKH (¢,.,), U3MEPEHHAas
B NpUOOpe OTKPBLITOrO TUMa, Kak MpaBUJIO BbIlLE: VISl XXMIAKOCTEM C TeMIie-
patypoii kunenus no 100 °C Ha 1—3 °C, no 250 °C Ha 10—15 °C.

B 1a6n. 1.12 npuBeaeHbl 3HaYeHUs TeMMepaTyp BCNbILLIKHA HEKOTOPBIX
XUAKOCTE, onpeAeseHHbIX NPUOOPaMU 3aKPbITOrO U OTKPBITOTO TUIOB.

Tabauya 1.12. TemnepaTypa BCNIbILLKH HEKOTOPbIX BHIOB TONJIMBA

Temnepatypa Bcnbliuku, K
XKnakocTb
Mpu6op 3akpeitoro Tuna (3. 1.) | lNMpubop oTkpbiTOoro Tuna (o. T.)
Hedtb 303 319
Masyt 369 382
Macno umamHapoBoe 488 509

Huskokunsiume ropioyne XMAKOCTH UMEIOT OObIYHO HU3KYIO 1y, Ha-
npuMep: 1s 3TUNIoBo# adupa 43 °C, ans auetuneHa 18 °C. Bbicokokuns-
LLIME XXUOAKOCTH UMEIOT BbICOKHE f,,, HarmpuMep: rauuepuH 198 °C, neun-
Josblit cnupt 107 °C.

Cxema npubopa 3aKkpbiTOro THNa nokasaHa Ha puc. 1.11. B kayectBe
peakLlMOHHOTO COCyla UCTOJIb3YIOT METAIMYECKUIA TUTeb 5 C BHYTPEH-
HUM AnaMeTpoM S1 MM M BbicOTOI 56 MM. THresb 3aKpbIT KPbILIKO# 4, Ha
KOTOPOM pacnojioXeHbI: 3aXXHUraTeJbHOe YCTPOICTBO /, 3acnoHkKa 2 ¢ no-
BOPOTHBIM YCTPOICTBOM M Melianka 6. Turenb, KpbILIKY M MELLAIKY U3ro-
TaBJIMBAIOT U3 MaTepHUaJIOB, HE BCTYyNAOLIMX B XMMUUYECKOE B3aUMOAEHCT-
BME C UCTBITYEMbIMHU BELLIECTBAMH, HANPUMED, U3 HEpXaBeloulei CTalu.

INepen npoBeneHneM U3MepeHUIt 06pasLbl IETKOAETYYUX XUIKOCTEH
¢ Temnepatypoit kunenus no 100 °C oxnaxnaaiot 10 0 °C , o6pa3iibl BA3KUX
XHUIKOCTENH HArpeBaloT N0 TeKyuyecTU. BHayane BbIMOJHSIOT NpeaBapu-
TeJIbHOE UCMbITAHUE 151 NOJyYEeHUS] OPUEHTUPOBOYHOIrO 3HAYEHHUS TEM-
neparypbl BCMbILIKK. 3aTeM NMPOBOASIT CEPUI0 OCHOBHbIX UCIBbITAHUI Ha
Tpex obpasuax vccieayeMoit Xuakoctu. O6pasLbl XUIAKOCTEN, UMEIOLLIMX
OPUEHTUPOBOYHYIO TeMIepaTypy BcnblliKW MeHee S50 °C, oxnaxaarT oo
TeMnepaTtypbl, KoTopasi Ha 17 °C MeHblUe OpUEHTUPOBOYHOI TeMmnepaTy-
pbl Benbilwky. 3a 10 °C 10 OpMeHTUPOBOUYHOM TeMMEPATypbl BCMBILUKK 00-
pasell HarpeealoT co ckopocThbio | *C/MHUH M1 XUAKOCTel ¢ TeMnepaTyp-
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Hoit Benibiiku 10 104 °C u co ckopocTbio 2 °C/MHUH 1S XXUAKOCTE ¢ TeM-
nepaTypoii Bcnblilku 6onee 104 °C .

<
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&/
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> V /]l
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\\
E=s
N 3

Puc. 1.11. [Mpubop 3akpbITOro TMNAa U1l U3IMEPEHUSI TEMNIEPaTyPbl BCIIbILLKHU:
] — 3axuraresibHOe YCTPOMCTBO; 2 — 3ac/llOHKa; 3— TepMOMeTp; 4 — KpbillKa; 5 — TU-
reib; 6 — Mellanka

3a TeMmnepaTypy BCMbILWKHU NMPUHUMAIOT cpeaHee apudMeTHYecKoe
Tpex onpeaeeHUit CEpUM OCHOBHBIX UCTILITAHWI C MOMNpaBKoii Ha 6apo-
MEeTpHYECKOe AaBeHHe, BbIYMCIsgeMoe No hopMmyJie

Af = 101,3 = pary 09,
33

rae p,., — JaBleHHUe B epuoa NposeaeHUs onbiTa, k[1a. BoluncieHnymo
MOMpaBKy cjiellyeT NpUOaBAsiTb K U3MEPEHHOM BEJIMYMHE TEMIEPATyPbl
BCIBILLIKH.

Cxema npubopa oTKpLITOro THNA nokasaHa Ha puc. 1.12. [1pubop co-
CTOUT U3 papdHopoBOro TUrasi HU3KON GopMbl 3, HarpeBaTeJbHO BO3-
NyLLIHOM BaHHBI /, ra30Boi1 ropejiku & M TepMomMeTpa 4.

[ToaroToBky 06pa3LoB U onpeaeieHUe OPUEHTUPOBOYHOI TeMMNeEpaTy-
pbl BCMBILLIKY MPOBOAST TaK Xe, Kak U B npubope 3akpeiToro tuna. [locne
3TOrO BBIMOJIHSIOT CEPHI0 OCHOBHBIX MCTIBITAHUI Ha Tpex obpas3lax uccie-
LlyeMOTO BELLECTBA B TOM X€ MOCAEA0BaTENbHOCTH, YTO U NPEABapUTENb-
Hble ucnbiTaHUs. Obpa3Libl UCcCelyeMOro BELLECTBA, UMEIOLLIUE OPUEHTH-
POBOUHYIO TeMriepaTypy Bcnbiliky MeHee 50 °C , oxnaxaaloT 4o TeMmnepa-
Typbl, KoTopast Ha 17 °C HUXe OpUEHTUPOBOYHOI TeMNEPATypbl BCMbILLKU.

4+
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Puc. 1.12. [1pu6op OTKpLITOro TMNa Wisi U3MEPEHHUSI TEMNEepaTypbl BCIbILIKHU:
]— HarpeBaTenbHasi BaHHa; 2 — KOJbLO M3 MapoHuTa; 3 — ¢apdopoBbiii TUreNb;
4 — TepMOMeETp; S— nepxaTtesib TepMOMETpa; 6 — LITaTUB; 7— MOACTaBKa JUISl TOPEJIKH;
& — ra3oBas ropeika; 9 — HarpeBaTeIbHOe YCTpOiicTBO; /0 — acbecToBas NpoKiaaka

3a 10 °C 10 OpMEHTUMPOBOYHOI TeMIEPATYpbl BCMbILIKKA 00pa3ell HarpeBa-
10T co ckopocTbio | °C/MUH s BellleCTB C TEMMEPATYPOil BCIBILLIKYU A0
70 °C un 2 °C/MMH ANs BelLLEeCTB ¢ TeMMepaTypoit Bcnbiiku 6oee 70 °C.
HcnbiTaHWs Ha BCMbILIKY NMPOBOAAT NPU MOBLILLIEHUU TEMIIEpaTypbl Ha Ka-
xasle 1 °C/MUH ans BellecTB ¢ TeMmnepaTypoi BcnbllKKU po 70 °C u
2 °C/MUH 114 BELLECTB ¢ TeMnepaTypoit Bcnbilky 6onee 70 °C. 3a Temne-
paTypy BCMNBILKHK KaXA0ro onpeaeieHUsl MpUHUMAIOT NoKa3aHUEe TEPMO-
MeTpa, COOTBETCTBYIOLLEE NMOSIBJIEHUIO MJIAMEHHU Hall YaCTbIO MJIM Hall BCer
MOBEPXHOCTbIO 0Opas3Lia.

O6paboTKy pe3yibTaTOB MPOBOAST TaK Xe, KaK U NpHU ONnpeaeeHUH
TeMIepaTypbl BCMbILIKK B NPUGOPE 3aKpbITOro TUMA.

1.10. Npepenbl BocnnameHeHUA ropioyen cmecu

1.10.1. KoHyesmpayuoHHsle npedens! 80CNAAMeHeHUA
2a308bix cMecell

l'oploque U JIETKOBOCIIJIAMEHAIOWHKUECA XUAKOCTHU, UCMNAPAACD, o6pa—
3YIOT NMapoBO3AYyLIHbLIE CMECH. DTH cMecHU NMpHU HAIKYUHU UCTOYHHUKA 3aXKHN-
raHusg MOryT BOCIIJIAMEHATLCA, U TOraa napoBo3ayiliHass CMECb CTAHOBUT-
Cs1 B3pbIBOOMACHOM.
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B3pbiBoOnacHOCTb roproyeil cMecy BO3HMKAET TOrAa, Koraa Kojinye-
CTBO ra30B MJIM NAaPOB B BO3/yXe COCTABJISIET ONpeaeseHHbIE BEJIMUMHBI (He
©0JIbllie M HEe MEHblIE). DTU BEJMUYMHBI ONpPENesiioT KOHUEHTPALIMOHHbIE
npeaesibl BocrjaMeHeHUsl.

Tlpedeavt socnaamenenuna — 310 npeaesibHble KOHUEHTPALMU roproye-
ro BELLECTBA B BO3AYXE MJIM APYroil OKMCIUTENbHOI cpele, NPU KOTOPbIX
ellle BO3MOXHO pacnpocTpaHeHHe MJaMeHH Mo BCeil roployeit cMecu oT
MCTOYHMKA 3aXHUTAHUS.

KoHueHTpaunoHHbIe npeaebl BocrnjaMeHeHus obo3Havatorcs KITB.
KoHLIEHTpaLMOHHbIE Npenesibl BOCIIAMEHEHHST Ha3bIBAIOT TaKXe npedeaa-
MU 83pbleaemocmu.

PaznuyuatoT nuxcnuii (HKIIB) v eéepxnuii (BKIIB) npenenbl, XxapakTepy-
3yeMbl€ COOTHOLLIEHWEM MUHUMAJIbHOTO U MAaKCHUMaJIbHOTO COAEPXaHUs
roproy4ero BeLIECTBa B CMECH.

PaccMOTpHM, B YeM 3aKJIIOYAETCS CYLIHOCTb 3TUX MOHATHIA.

Ha npousBoacTBax Moryt o6pa3oBbiBaThCs J110ObIE CMECH TOPIOYETO
rasa Miuv napa c Bo3ayxoM. OcoGeHHO YacTO C 3TUM MPHUXOAMUTCS CTANIKHU-
BaTbCS MPU MOJyYEHUH BOAOPOAA, HAa aLETUJIEHOBBIX CTAHLIMSX, B LEXax
peKyrnepauMy M peKTudHUKaLMK OPraHUYECKUX paCTBOPHUTENIEi, B Liexax
CTEPXHEBOI1 NOJIMMEPU3ALIMM CUHTETMYECKOro Kayyyka, Ha cKJiagax 6ai-
JIOHOB C roptouMMy razamu u ap. KoHueHTpalus roproyero B 3Tux cMecsix
MOXET U3MEHSITbCS OT A0Jiei npoleHTa noytu ao 100 %.

OnHaKo He BCe 3TH KOHLIEHTPaLlMK B3pbIBO- MJIM MOXAPOONacHbI.

PucyHok 1.13 MocTpupyeT yCJIOBUS BOCIJIaMEHEHUS TOPIOYMX CMe-
ceit. Ha ropM3oHTaIbHOM OCH OTJIOXEHBI BO3MOXHbIE KOHLIEHTPALIMU TO-
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Puc. 1.13. 3aBucuMOCTDb 1aBAEHNSA FOPIOUMX ra30-, NApPOBO3AYLUHbIX CMECEN OT KOHLIEH-
TPaLlMM FOPIOYETO BELLECTBA B CMECH C BO3LYXOM
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PIOUYMX ra3oB M NapoB B CMECH C BO3AYXOM, a Ha BEPTHUKaJIbHOI OCH — NaB-
JIEHUS NPU B3pbIBax roploYMX ra3oB M napoB ¢ Bo3ayxoM. Bce cMecH ropio-
4Yero ¢ BO3yXOM 10 TOYKHM A He CrOCOOHbI BOCMJIAMEHSITLCS 1aXe OT
MOLLHOM 3JIEKTPUYECKOM UCKPBI — 3TO 00J1acTh O€30MacHbIX KOHLIEHTpa-
uuii. TonbKoO B TOYKE A CMeChb roployero ¢ BO31yXoM CIocoOHa BocriaMe-
HSATbCS M CropaTh CO CKOPOCTbIO B3pbIBa C paCpoOCTPaHEHUEM MJIaMEHH
Ha Becb 00bEM roproyeit cMecH.

Ta MMHMMaJbHasi KOHLIEHTpALIMSI TOPIOYMX Ia30B WM MapoB, MpHU KOTO-
POt CMeChb BOCIUIAMEHSIETCS OT MOCTOPOHHETO UCTOYHMKA 3a)KUTaHMS, SABISI-
€TCS HUXKHHUM KOHLEHTpaUMOHHBIM nipeaesioM BocriaMeHeHus (HKTIB).

Huxcnuii konyenmpauyuonnotii npedea eéocnaamenenusa (HKIIB) — smo
HAUMEHbWAA KOHUEHMPAKUA 20DIOMUX NAPO8, 2308 UAU NbLAU 8 CMECU C 803-
OyXOM, Npu KOMOPOU CMECb yHce MOXHcem 60CNAAMEHAMbCA OM UCMOYHUKA 3a-
HCUSAHUS U NAAMS PACNPOCMPAHAEMCS HA 8eCb 006eM 20pioyeli CMecuU.

I1pM KOHUEHTpALIMY FOPIOYErO B CMECH BbILLIE HUXHErO KOHUEHTpa-
LLMOHHOTO Mpejena BocrjaMeHeHUs (32 TOUKoi A) ropeHUe NMPOMUCXOAUT C
OoJibllieit CKOPOCTbIO, 1aBJieHWE MOBLILIAETCA U MPOUCXOAMUT B3PbIB. 3TO
00DBSACHSIETCS TEM, YTO MO MEpPE YBEJMUYEHHUSI CONEPXAHUS TOPIOYETO CO-
JiepXaHUsl BO3lyXa YMEHbLLIAETCs, TEMJIOTa, BbIACJMBLIASACS B pe3y/bTaTe
XMMMYECKOM peakliMy, MEHbLIE PACXOAYETCSl HAa HarpeB He yYacTBYIOLIETO
B peakl M1 U30bITKa BO3ayXa.

HenocraTok Bo3nyxa B cMecsix, 60raTbix ropiouMM, BeAeT K TOMY, 4TO
CMECb MOXET TePATb COCOOHOCTb BOCIMIaMEHATbCS. [l pa3iMyHbIX cMe-
celi KOHLEHTpaLlMsl roployero, NpM KOTOpoi CMech yXe He cnocobHa Boc-
nJjaMeHsTbCS, He olMHakoBa. Hanpumep, ais cMecu okcuaa yrjepoaa ¢
BO31lyXOM HamMBbIcLlelt KOoHLeHTpauueit CO, Npu KOTOpO# ellle BO3MOXHO
BOCIUIaMeHeHMUe, aBaseTca 74 % okcuaa yriepoaa (touyka b, puc. 1.13).
Bhilile 3TOi KOHLIEHTpallMM HUKAaKMe CMECH OKCHaA yrjepoaa C BO3AyXOM
BOCIJIAMEHSATLCS HE MOTYT, XOTSl B HUX MPUCYTCTBYET HEKOTOPOE KOJIUYe-
CTBO BO31yXxa.

Ta HauBbICILIasi KOHLIEHTPALIMSI TOPIOYMX [a30B WM MapoB, NMpPHU KOTO-
poit cMech ellle BOCIIaMEHSIETCSl OT MOCTOPOHHEr0 MCTOYHMKA 3aXMUra-
HUS, SIBSIETCS BEDXHUM KOHLEHTPALIMOHHBIM MpeneoM BOCIaMeEHEHUSs
(BKITIB).

Bepxnuii konyenmpauuonnotii npedea éocnaamenenus (BKIIB) — smo
Hauboavwan KOHUeHmpauua copo4ux napoe, ca3oe uau noliu 6 cmecu ¢ 8030}7—
XOoM, hpu Komopod cMech ewe CHOCOOHA 80CNAAMEHAMbBCA OM UCMOYHUKA 3a-
HCUCAHUA C paCnpOCMpAaHeHUem n1ameHu Ha eeco ee obvem.

BepxHHUit KOHUEHTPALIMOHHBIM Mpeaea BOCMIaMeHEHUS XapaKTepHU3y-
€TCs1 U30BITKOM roproYvero ¥ MajlbiM KOJIM4ecTBOM Bo3ayxa. [1pu Bocnna-
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MeHEHMH TaKoil ra30BO31yLLIHOI CMECH 4acTb TErJla XMMUYECKOM peakUunMH
pacxolyeTcsi Ha HarpeB He yYacTBYIOLLErO B peakLMy roployero, No3ToMy
NPOAYKTbl TOPEHUS HArpeBalOTCS HE 10 MaKCUMallbHOM TeMIlepaTyphl,
Npu 3TOM [aBJieHUE MOXET COCTaBATh 3—4 KI‘/CMZ, 4YTO rpO3UT OMACHO-
CTblO B3pbIBa.

CMecb 6030yxa ¢ 20prOHUM 2A30M, NAPOM UAU NBLILIO HA HUXCHEM KOHUEH-
mpayuoHHOM npedene 8ocnAaMeHeHUs codepxcum uzbbimok 8030yxa, a npu
8epxHeM KOHUEeHMpPAaUUOHHOM npedene — Hedocmamok 8030yxa.

Humepean konyenmpayuii 2a306 uau napoe 8 6030yxe MeX1ny HUXHUM U
BEPXHMUM KOHLIEHTPALIMOHHBIMM Mpeae/iaMy BOCIJlaMEHEHUs Ha3blBaeTCs
ob6.aacmoio eocnaamenenusn. O6aacTb BoCIjlaMeHEHUs ra3oB (I1apoB) B BO3-
Iyxe oripenensiercd npu aTtMmochepHoM naBieHuun 760 MM pT. CT.
(0,1 MTIIa) u xapakTepH13yeTcsl TEM, YTO BHYTPU Hee BCE CMECH TOPIOYEro C
BO3[IyXOM CMOCOOHBI BOCIMJIAMEHATBCS OT BHELIHETO MCTOYHMKA 3aXMra-
HMS$ C MOC/enyOUMM pacnpoCcTpaHEHUEM FOPEHHUsl Ha BECb 00bEM CMECH.

Obaacmp 6ocnaamenenus od6o3Hayaetcst . [l obnacTu BocniameHe-
HUS CMpaBeIMBO BbIpaXEeHME:

HKIIB < ¢, < BKIIB.

CMech Bo3yxa ¢ rOproYMM ra3oM UM NapoM Ha HUXHEM KOHLEHTpa-
LUIMOHHOM Npejie/ie BOCMJIaMEHEHHUs COAEPXHUT M30bITOK BO31yXa, KOnUye-
CTBO KOTOPOro 3aBUCUT OT KOHKPETHOIO roproyero Beulectsa. Tak, s
CMecCH Bo3ayxa ¢ MeTaHOM K03¢GGHLIMEHT U30bITKA BO3adyXa paBeH 2, C OK-
cuIoM yriepoaa — 2,6, ¢ cepoyrinepoaoM — 6,9 U T. o.

CwMmecb, uMerollast HebOobLLIOE KOJMYECTBO rOpIOYero U M30bITOK BO3-
IlyXxa, XapaKTepu3yeTcsl MUHMMaJIbHOM CKOPOCTbIO PacNpOCTpaHEHHUs MNa-
MEHM B 00BbEME BCErO COCYyNa, HU3KOM TEMMEPATypoil ropeHus1 — nopsiaka
1250—1300 °C 1 HeGonbIIMM NaBJeHHEM B3pbiBa (0KOJIO 3 Kl‘/CMZ).

O6aacTb BOCMIaMEHEHUSl Pa3/IMUYHbIX ra3oBbiX U MapoBO3AYLUHbIX
cMeceit He oaMHakoBa. Hanbonbluas obgacTb BOCNIaMeHEHHUS XapaKTepHa
IUISl OKCUAa 3TUJIeHa, BOAOPOAA, aleTHieHa u Ap. HauMeHbluas — ang
OeH3MHa, KepoCcHHa, NponaHa, OyTaHa ¥ Apyrux BellecTB. YeM MeHblUe
HUXXHUI KOHLEHTPALMOHHBIN NMpefes BOCNIaMeHEeHUs1 U OoJbliie 00J1acTb
BOCIJJAMEHEHHUS Ta30B, TEM OHU MPEACTABASAIOT OOJIbLLYIO B3PbIBO- U MO-
XapHYIO OMaCHOCTb.

Ecau xonyenmpayus zoprouux éewecme 6 cmecu ¢ 6030yxom npegviuiaem
HKIIB, mo maxas cmeco Ha3bi6aemcs NO#CApoOnacHou.

3HaHMe obnacTteit Ge30MacHbBIX M MOXAapOONacHbIX KOHLIEHTpaLUui
JaeT BO3MOXHOCTb B MPOLIECCE MPUMEHEHUS U XpaHEHMSI Ta30B U FOPIOYMX
XHUAKOCTEN MOoANepXUBATh TAKOM PeXUM, NMPU KOTOPOM KOHLEHTpaLUUH
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ropioyero OblM Obl BbIlLIE BEDXHETO MIIM HUXE HUXKHETO KOHLEHTPALIMOH-
HBIX MPeleoB BOCMIaMEHEHHUS. DTO AOCTUraeTcsl CO31aHUEM COOTBETCT-
BYIOLLIMX JaBlE€HUI U TEMMEpaTyp B annapaTax, XpaHWJIMLLIAX U pa3IMuyHbIX
eMKocTsIX. KOHLeHTpaLMOHHbIE Npeesibl UCMOAb3YIOT MPU pacyeTe A0-
NyCTUMBIX KOHLIEHTpallMi ra30B BHYTPHU B3pbIBOOMACHOTO TEXHOJIOT UYe-
CKOro obopyn0oBaHHsl, CUCTEM peKyNepaluu, BEHTUISLIMMA U T. M., a TaKXe
Npu pacyeTe NpeaeyibHO ONYCTUMOM, B3pbIBOONACHOH KOHLEHTPALMHU Io-
proyero rasa, npu pabote ¢ orHeM, npu Kjaccudukauuu Npou3BOIACTB,
CBSI3aHHbIX C CUHTE30M, NPUMEHEHUEM MJIM XpAaHEHUEM TOPIOYMX ra3os,
No cTeneHu noxapHoi onacHoctu. [Ipy onpeaeneHun noxapHoit onac-
HOCTH TE€XHOJIOTMYECKUX MPOLLECCOB HEOOXOAMMO YUYMTHIBATh U3IMEHEHHUE
npeaesioB BOCIJIAMEHEHHUSI CMECH B 3aBUCMMOCTH OT psiia ¢akTOpOB.

KoHLeHTpalOHHbIE Mpeaeibl BOCMIAMEHEHUS 3aBUCAT OT cliedylo-
X ¢haKTOpOB:

e TeMIepaTypbl CMECH;

o J1aBJIEHUS] CMECH;

e 00bEMa M AMaMeTpa cocyaa.

Temnepartypa cmecu

HauanbHas TeMnepaTypa roptoyeil CMecH BJIMSIET Ha Mpeesibl BOCIia-
MeHeHUs. C noBbILIEHUEM TEMIIEpaTypbl yBEJUUYMBAETCS CKOPOCTb XUMU-
yeckoi peakluHu, U 06JacTb BocMnjaMeHeHUs1 pacuimpseTcs. Haubonee
CWJIbHOE BJIMsIHME OKa3blBaeT TeMrnepaTypa Ha BEpXHU KOHLIEHTPALMOH-
Hblit npenen BocriameHeHus (BKIIB). Mo Mepe noBbilieHUst TeMnepary-
pbl ot 10 1o 450 °C, HanpUMep, aMMHa4YHO-BO3YLLIHONW CMECH MpPH aTMO-
cepHOM NaBIEHUU HUXXKHUIA KOHLIEHTPALLMOHHbBIH NMpeaes BocrjaMeHe-
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Hus (HKTIB) cuuxaercs ¢ 18 no 14,5 % ammuaka, a BKI1B Bo3pacraet
¢ 25,5 1o 32 % aMMHaka B cocTaBe BO31YLIHONH CMECH. AHQJIOTMYHbIE pe-
3yNbTaThl MOJyYeHbI U1 CMECel Bo3yxa ¢ BOLOPOJOM, OKMCbIO yrjepoaa,
METAaHOM U mpeacTaB/ieHbl Ha rpaduke (puc. 1.14), a Takxe aLleTUIEHOM,
3TUJIEHOM M MEHTAHOM U APYITMMM CMECSIMHU.

C noBbllIeHWEM HayaJlbHOI TeMIepaTypbl roployeit CMecH yBeInuH-
BAETCsl CKOPOCTb FOPEHUS MPU NMpeaeibHbIX KOHLUEHTPaUMsIX 3TUX CMeCEi.
CMecH, cHJIbHO pa3baBiieHHbIE TOPIOYMM MM BO3IYXOM M HECMIOCOOHbBIE
ropeTb MNpYU HU3KUX TeMNepaTypax, HarpoTUB, CTAHOBSITCSl TOPIOYUMHU NMPU
BbICOKMX TeMIepaTypax.

llaBnexune cmecun

HavanbHoe naBjiieHMe ropioyeil CMECH BIUSIET CYLLIECTBEHHbIM 0Opa-
30M Ha KOHLIEHTPALlMOHHbIE Npeesibl BOCNJIaMEHEHUs TOpIoYeil cMecCH.
KT1B MeHsi0TCs BCieACTBME U3MEHEHMSI CKOPOCTH pacrpoCTpaHEeHUs ro-
pPEHHS MpU NMOBbILLIEHWH NaB/ieHUs. ["oploune cMecH Npy MOBBILLIEHUU 1aB-
JIEHUs BedyT ce0sl Mo-pa3HOMY, TaK Kak MX GpU3UKO-XMMHYECKHE CBOMCTBA
pa3nnyHbl. C NoBbILIEHUEM JaBJIEHUS 00J1aCTh BOCIIAMEHEHUSI pacLUMpsi-
€TCsl, IJIaBHbIM 00pa3oM, 3a cueT nosbilieHUMss BKITB. Hanpumep, npu nas-
neunu 10° Ta (1 atM.) HKIIB metaHa cocraBnset 5,6 %, Toraa kak
BKIIB — 14,3 %. INpu naBneuunu 12,5 - 105 INMa (125 atm.) HKIIB=5,7 %
(T. €. npakTHYecKHu He u3MeHuics), a BKIIB = 45,7 %. I1poun3sowiio nsme-
HeHue BKIIB Gonblie, yeM B TpH pa3a. Ycra-
HOBJIEHO, YTO UISl BCEX ra30BbIX CMECEi CyxXe-
HME NpeaenoB BOoCIlaMeHEeHUs HabJonaeTcs
TOJIbKO NPY NOHUXEHUU AaBneHusi. Hanbonee
TUIMYHas KpUBasi 3aBUCUMOCTH U3MEHEHUS
NpenesioB BOCIJIAMEHEHHU S OT AaBJIEeHUS Npel-
ctaBjieHa rpadukom puc. 1.15. Kpusas nmeer
MHUHHUMYM, KOTOPbI/ MOKa3bIBAET, YTO /151 Ka-
XIOM ra3oBoOil roproye CMeCHU CyLLECTBYET
MHHHMMalbHOE AaBJieHHE, HUXE KOTOPOro Mpu
JI0OOOM cocTaBe 3TOM CMEeCH BO3ropaHue He-
BO3MOXHO. Hannumne Takoi TOYKM C MUHU-
MajbHbIM [aBJEHUEM CBSI3aHO C TEM, YTO MO
Mepe noHuxenus aasneHust BKI1B u HKITB Puc. 1.15. 3aBHCHMOCTS KOH-
CONMXKAIOTCS M 3aTEM COBMANAIOT. 3aXUTaHUE  |eyrpaumnonHbIX npeaenos
razo-, napoBO3AYyLIHON CMECU HUXE MUHU-  BocnnamMeHeHUs! OT NaBleHMS
ManbHOTrO 3HAYEHUS AABJIEHUSI HEBO3MOXHO. cMmecH

Nasnenve cmecu

KoHueHTpauvoHHbie npeaent
BOCNNaMeHeHns
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Pa3mepsl cocyaa

[Ipy yMeHblIeHMH obbeMa cocyna M
€ro n1MaMeTpa yBeJIMYMBAETCSl MOBEPXHOCTD
TEMJOOTAAYM, MPUXOAALLEACH Ha eAUHULLY
obbeMa cMecH. J11s1 ra30BOi CUCTEMBI CY-
LIECTBYIOT OOBbEM U AMAMETP, HUXE KOTO-
PbIX NpH 110O0OM COCTaBe CMECHU 3aXKMTaHHUE

U pacrnpocTpaHeHWEe rOpeHUs CTaHOBATCS

Konuempauuouuue npepenb!

BOCNNAMEHeHMS HeBO3MOXHbIMM. Ha puc. 1.16 nokasaHa
PHc. 1.16. 3aBHCUMOCTS KoHLeH-  3ABHCHMOCTD KTIIB oT pa3mepa cocyna.
TPALUMOHHBIX MPEAENOB BOCIA- KoHLUeHTpauMoHHbIe npeaesibl Bocmia-
MEHEHHUs Tra3oBO3aylIHbIX cMe- MEHEHUS HEKOTOPbLIX TOpHOYUX BELIECTB

ceil OT IMaMeTpa cocyna npenacrasieHbl B Tadn. 11—13 npun. 111.

Avamerp

1.10.2. TemnepamypHbie npedensl 80CNAaAMeHeHUA

B3pbiBaeMOCTb MapoOBO3AYLIHbIX CMECEi 3aBUCHT He TOJbKO OT KOH-
LEHTPALIMM KOMITOHEHTOB 3TUX CMECEi1, HO M OT TEMIIEPATypPHOIO peXu1ma.

Temnepamypa, npu komopoii co3daemcs KOHUeHmMpayus 2a3oe, napos,
pasras HKIIB, nazvieaemcs HuxcHum memnepamypHsim npedeom eocnaame-
nenus (HTITB). HTTIB Ha3blBalOT Ha NpakTHMKe TEMIEPATYpPOil BCIBILLKH.

CylUecTBYeT TaKXe BepXHHUIi TEMIEpaTYPHbIN Mpeaes BoClaMeHeHHs]
(npenen B3pbIBa€EMOCTH).

Temnepamypa, npu komopoii co30aemcs KOHUeHMpayus napoe u 2asoe,
paenas BKIIB, nazvieaemcsa eepxrnum memnepamypHoiM npeoeaom eocniame-
nenus (BTIIB).

TeMnepaTtypHble npeaesbl 1151 pa3/IMyHbIX BELLECTB Pa3/IMUHbI U 3aBU-
CAT OT UX GU3UKO-XUMHUUYECKUX cBoitcTB. Hanpumep, nns auetoHa HTBII
paBeH —20 °C, a BTTIB paseH +13 °C.

TemnepatypHble npefae/bl BOCIIAMEHEHUSI UCTNIOJIb3YIOTCS ISl OLIEH-
KM FOpIOYECTH M NMOXAPHOM onacHOCTH cMeceit (Taba. 13, npua. 111).

1.10.3. Memods! pacyema memnepamypHbix npedenos
socnnameHeHus

TeMnepaTypHble npeaeasl MOryT ObITh pacCUMTaHbl. PacueTHbI Me-
TOA 3aK/loyaeTcs B cieaytolleM. [lepBoHauyanbHO BLIYUCSIOT AaBAEHHUE P,
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1 p, (MM PT. CT.) HACBILLIEHHOTO Napa, COOTBETCTBYIOLLEE HUXKHEMY U BEPX-
HEMY TeEMIepaTypHbIM MpenesiaM BOCIJIaMeHEeHUS:

p,=768/4,76 (n-1) + 1;
Py =3040/4,76 n + 4,

rie n — YUCJo aTOMOB KMcCJIopoda, Heo0X0AMMOe 1Sl MOJIHOTO CropaHuUs
OIHOM MOJIEKYJIbl TOPIOYETO BELLECTBA.

[anee no 3HauyeHHUIO AABNEHHUSI HAXOASIT TEMIEPATypHbIe Npeaeibl Mo
CMpaBOYHbIM JaHHbIM B 3aBUCMMOCTH [1aBJIEHHUS] HAChILIEHHOrO Nnapa oT
TeMrepatypsl (Taba. 14, npun. 111).

TemnepartypHbie npenensl BocraMeHeHus (TI1B) xuakocrtei pac-
CYMTBHIBAIOT MO TEMIEepaType KUIMEHUS:

’H(B) = ktxun -la

TI€ t,,5) — HUXHMIA (BEDXHUI) TEMIIEPATYPHBII Npefies BOCIUIaMEHEHMS;

t,n — Temneparypa kunenus, °C;

k, | — KOHCTaHTBI A1 onpeae/eHHbIX rpynn (FOMOJIOrMYeCKHUX PSIAOB)
Xuakocteit (taba. 15, npun. 111).

B cnyuyae ecnv Hen3BecTHa TeMnepaTypa KMIMEHHUs UCCIlefyeMOoro Be-
lleCTBa NPU HOPMalbHOM aTMOC(EPHOM aBl€HUU, 3HAYEHUE HUXHETO
TEMIepaTypHOro npeaejia pacnpocTpaHEHUs! MJIAMEHM I, BBIYUCISIOT MO
¢opmyne

t, =ty —C,

H

rae t,., — 3KCrepMMEeHTaIbHOE 3HaUYeHUE TeMNEPaTypbl BCMbIWIKH, °C;

C — KoHcTaHTa, paBHas 2 °C, eciu a1 pacyeTa MCMOb3YIOT 3Haye-
HME 1., B 3aKPBITOM TUrJe, U paBHas 8 °C, eciu 1ns pacyeTa UCMONB3YIOT
3Ha4YeHMUE Iy, B OTKPHITOM Turje. CpelHss KBaapaTU4ecKas NMOrpeLHocTb
pacueTa no 3toit ¢popmyse He npesbiwaet 12 °C.

TeMnepaTypHble npeaesibl BOCIJIAMEHEHUs1 MOTYT ObITb onpenese-
Hbl MO M3BECTHbIM 3HAYEHMSIM KOHLIEHTPALIMOHHBIX MpeAeoB BOCIJa-
MEHEHMUS:

(PH(n)po
Puw) = ———> (1.43)
" 00
raoe pH(,,) — NaBJI€EHUE HACBbILLEHHOTO napa, COOTBETCTBYIOLUEE HUXKHEMY

(BEpXHEMY) KOHLIEHTpAaUMOHHOMY Mpeaey BocrjaMeHeHUS;
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@y (ny) — HUXHMIA (BEPXHHI1) KOHUEHTPALUMOHHbII Npeen Bocnjiame-
HEHMUS;

Po — aTMoCGepHOE AaBJIEHHE.

OnpenensitoT TeMnepaTypy BelLeCTBa, MPU KOTOPOil OCTUraeTcsl laH-
HOE€ [1aBJIEHUE M0 ypasHenuro Anmyana:

Igp=A—i, (1.44)
C+t
rae A, B, C — KoHcTaHTbl AHTyaHa (tabu. 10, npun. 111);

t — Temnepatypa, °C (TeMnepaTypHble NMpeaebl).

Temnepatypa BelllecTBa NpyY ONpeAeeHHOM 1aBleHUH NpHUBeJeHa B
Tabu. 14, npua. 111. Dta Temneparypa 6yneT sBASATbLCS COOTBETCTBEHHO
HWXHUM UJ1 BEpXHUM TpefieJIoM BOCIIaMeHEeHMUSI.

B ToM cnyuyae ecniu M3BeCTHa 3aBUCMMOCTb [1aBJIEHUS] HACBILLIEHHOTO
napa ot TeMIepartypbl, 3HaY€HNUE HUXHErO MM BEpXHEro TeMIepaTypHbIX
NpeesioB pacnpoCTPaHEHHs! TIAMEHM (Z,,,)) B °C BBIYMCIISIOT MO COOTBET-
CTBYIOLLIEMY 3HaYEHUIO KOHLIEHTPALLMOHHOTO Mpejena pacnpocTpaHeHUs
TnjameHu (@, ,,)) no dopmyie

B -—
A- Ig(‘*pn(u)p() _0501)

Cy (1.45)

’B(H) =

rae A, B, C, — KOHCTaHTbl ypaBHEHUS! AHTYaHa;

Po — aTMocepHoe nasieHue, klla.

3HayeHHUe @,y MOXET ObITh PACCYMTAHO MO METOAAM PacyeTa KOH-
LEHTPALlMOHHBIX TMpEAHENOB BOCIUIAMEHEHUSA WJM TMPUHATO IO
T1aba. 11—13, npun. 111 unun popmyne (1.45).

B cnyuae eciay HeM3BeCTHAa 3aBUCMMOCTDb IaBJIeHUS] HACbILEHHOTO
napa ot TeMInepaTyphbl, ISl BellleCTB, cocTosinx u3 atomoB C, H, O, N,
3HaYEHWE HUXHETrO MJIM BEPXHEro TEMIMEPATYPHbIX NPENENOB (f,;) BbIUMC-
10T no popmMmye

m
tywy = Qo + Qi + D015, (1.46)
j=2

riae a, — pa3mepHblii KoadduumneHT, paBHblil —62,46 °C A1 HUXHErO U
—41,43 °C mnsa BepXHEro npeiesos;

a, — 6e3pa3MepHblit KoapbuLMeHT, paBHbIit 0,655 11 HUXHEro U
0,723 nns BEpXHEro npenesos;

a; — IMIUPUYECKHE KOIPDHULMEHTBI, XapaKTepU3yIoLLHe BKIAL j-X
CTPYKTYPHBIX TpyIn, NpyMBeaeHbl B Tada. 1.13
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Tabauya I.13. Koadppuumnentsi a;

Bua CTPYKTYpHOW rpynnbl %€
h 1y

Cc-C 0,909 -1,158
C=C 2,66 —4.64
C—H 0,009 0,570
Cc-O 0,110 1,267
C=0 5,57 5,86
O—H 19,57 17,80
/W -4,40 -4,60
W

CpenHee KBaApaTH4YeCKoe OTKJIOHEeHHe pacyeTa no ¢dopmye (1.46)
coctapnsiet 9 °C.

HTIIB (Temnepatypa BCNbILIKA) XMMHUUYECKUX COEIUHEHUIH OTHOTO
KJlacca U3MEHSIETCS B 3aBUCMMOCTH OT (pU3MYECKUX CBOWMCTB BELLECTB B
roMoJIorMyeckom psiay. Ha npMMepe cnupToB npocieanM 3aKOHOMEPHO-
CTHU U3MEHEHUS TeMMNepaTypbl BCNbIlKU. Kak BUAHO U3 Taba. 1.14, TeM-
nepaTtypa BCMNbILIKKW MOBbILIAETCS C yBEJIMYEHUEM MOJIEKY/ISIDHOTO Beca,
TEMIEpaTypbl KUMEHUS U TJIOTHOCTU. DTU 3aKOHOMEPHOCTH B FOMOJIOTHU-
4YeCKOM psily FTOBOPSIT O TOM, YTO TEMIEpaTypa BCMBILLIKH CBsi3aHa ¢ pU3H-
YeCKMMM CBOWMCTBaMM BELLECTB M caMa sIBAsETCS gusuueckum napamem-
pom. HeobXoaMMO OTMETHTD, YTO 3aKOHOMEPHOCTb U3MEHEHHMS TEMIEpa-
Typbl BCMBbILKWU B FTOMOJOrMYECKOM psily Helb3sl pacnpoCTpaHSATb Ha
XUIKOCTH, MPUHaMIEXalllMe K pa3HbIM KJlacCaM OpraHUYeCKHUX COelu-
HEHHIA.

Tabauya 1. 14. TemnepaTypa KHNeHHs W BCNILILKH HEKOTOPBIX CNIMPTOB

HaumeHoBaHue cnupTa, Monekynsp- | TMaoTHocTb, Temnepatypa, “C
dopyyna HBIf Bec /™ KHMNEHUs BCIBILIKH
MeTMnoabm CH;0H 32 0,791 64,7 7
Stunosbiit C,H;OH 46 0,789 78,4 11
H-Tponunossiit C;H,OH 60 0,80 97,8 20
H-Bytunosbiit C;gHgOH 74 0,810 118,0 31
H-Amunoselit CsH, OH 88 0,817 137,0 46




62

Pa3gen 1. lopenue

Takum obpa3om, Temneparypa Bcnbilikv (HTI1B) yka3biBaeT Ha To,
YTO NMpPU AAHHOW TeMnepaType Haa MOBEPXHOCTbIO XHUIKOCTH obpa3yeTcs
roprouasi KoHLleHTpauus napo. OAHAaKO NpH 3TOi TeMnepaType CTalMo-
HapHbII (MOCTOSHHBIN) NpoOLIECC TOPEHUS HE YCTaHAB/IMBAETCS, TakK KakK
Maja CKOpoCTb NapooOpa3oBaHMs.

1.10.4. Memoos! onpedeneHus KOHUEHMPAYUOHHbIX
U memnepamypHbix npedenos 80CNAAMEHEHUA

TemneparypHble Mpeaeibl BOCIIaMEHEHHUS XUIKOCTEN onpeaensioTcs
Ha ctaHgaptHoM npubope (TT1) (puc. 1.17).

CyLIHOCTb METOJa 3aKJloYyaeTcsl B onpeaesieHUM MUHUMAJIbHOM M
MaKCHMajlbHOM TeMnepaTyp, MpU KOTOPbIX 00pa3yloTCs KOHLIEHTpallu1

~N
/

N8 % K %

A N N Y

——— o ——

:

Puc. 1.17. [pubop ansa
onpefieJieHUs1  TeMnepatyp-
HBIX Mpefe/OB BOCIUIaMeHe-

Hus (TTT):
] — peakUMOHHBbIH cocyn;
2 — 3JIeKTPOA CMUPaNbLHOTO
3axuraHus; 3 — 3ekTpod

MUCKOBOrO 3axuranus; 4 —
IBYX30HHas Tepmonapa

HacbllleHHbIX napoB, paBHble HKIIB uau
BKITIB. INpu6op TI1 cocTOUT U3 CTEKJISSHHOTO
UMJIMHIPHUYECKOTO peakLMOHHOro cocyna /
IuaMeTpoM 652 MM, BbicOTOM 125 + SMM,
3JIEKTPOJOB CMIMPAJLHOIO 2 U UCKPOBOTO 3 3a-
XXHUraHus, IBYX30HHOW TepMonapsl 4 B CTeK-
JITHHOM 4exJjie (pacCTOsIHME MeXy 30HaMH
u3MepeHus 602 MM), TepMocTaTta MM
KpHuocTtarta (Ha puc. 1.15 He nokasaH), B KOTO-
pblit moMelaercst cocyn /. OHu obecneumnBa-
10T MoJ/iep>XaH1e NMOCTOSIHHOM TeMMneparypbl
B peaKLIMOHHOM cocylie B TeYeHHue 15 MUH ¢
ToyHocThio 10 1 °C. KonanuyecTBo 3anuBae-
MOM XHUOKOCTH cocTaBisieT 20 % Bceit eMKo-
CTH peaKLIMOHHOTO cocyna.

2KMakocTb B peakLIMOHHOM COCYyIle Harpe-
BalOT MJIM OXJIAXIAOT A0 MpearnojiaraeMoro
TeMIeEepaTypHOro npenejia M BbIAEPXUBAOT
npu 3TOM TeMnepaTtype 15 MUH 118 yCTaHOB-
JICHUs1 paBHOBECHUSI MeXAY NapoBOM U KOH-
neHcupoBaHHO#M dazamu. [IpuyeM pa3HOCTb
TeMrnepaTyp Mexnay da3aMu He JOJXKHa Npe-
BbILLIATb OAHOTO rpaayca. [locne oKoHYaHUS
TepMOCTaTUPOBAHUS MapOBO3AYLIHYIO CMECh
BOCMJaMeHs0T. PacnpocTpaHeHHe NMiaMeHU
no BceMy 00beEMY MapoOBO3AYLIHOTO Mpo-
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CTPAHCTBa UM BEPTUKAJbHO BepX A0 FOPJOBUHBI COCyaa CUMTAETCS «BOC-
niaMmeHeHMeM». [opeHMe M BCNbllIKa, MPOUCXOIsLLUME HAa CIIMpaH, NOSIB-
neHue dakena njaMeH OKOJIO 3JIEKTPOJOB MM BbIOpOC NpoOKU €3 BU-
IMMOTO MJaMEeHU CYUTAIOTCH «OTKa30M».

DKCcNepuMEHTabHO KOHLIEHTPALIMOHHbIE NMpele/ibl UHAUBUAYaNbHbIX
BelLIECTB U cMecei MOXHO onpeneautb Ha npubope KIT BHUUTIO no me-
toanke FOCT 13919—68 (puc. 1.18). 3ToT NnpUGOP Ha3bIBAIOT TaKXe MpH-

6opomM Kosapaa n [IxxoHca.
Q.

"

4
12 ™ 7
\\\\
Sl
11§ ':U.— /
S
10\ _ 5
™ —_—
9 K Bakyym-
Hacocy
-
Puc. 1.18. Mpu6op KI1 ans onpeaeneHnss KOHUEHTPaUMOHHBIX NpeeoB BOCMIaMeHe-

HUS:

] — peakuMoHHbIM cocyn; 2,5, 6, 11, 12— KpaHbl; 3 — pTyTHbI MaHOMETp; 4— LMPKY-

NAUMOHHBIE TPYOKH; 7— CTEK/IHHas NJacTHHa; &— 3/eKTPOAbl 3aXUraHus; 9 — BbICO-
KOBOJIbTHbIM UCTOYHUK NMUTaHUA; /0 — ucnapurtenp; /3 — Hacoc-Meluanka

PeakunoHHBI# cocyn ] npeactaBiaseT coboi BepTUKaNbHYIO TPYOKY,
M3roTOBJIEHHYIO U3 TEPMHUYECKH YCTOMYMBOTIO CTEKJIAa C BHYyTPEHHUM OMa-
MeTpoM 50—355 MM, TONLIMHONI CTeHKHU 2 MM 1 BbicoToi 1500 £ 100 MM.
Csepxy TpyOKa 3anasiHa, HUXHHUI OTKPBITHIHM €€ KOHELl UMeeT NpULLTUGO-
BaHHYIO CTEKJSIHHYIO 1acTUHKY 7. Ha pacctossiuu 100 MM OT HUXHETO
KOHLIa TPYOKM Ha 1Mdax BBEAEHDbI 3JIEKTPObl 3aXXKHUraHUs & C ICKPOBBIM
MPOMEXYTKOM 5—10 MM.
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Tok K 371eKTpoaaM MOAAIT OT BbICOKOBOJILTHOIO UCTOYHMKA MUTa-
Hus 9. [Ins nepeMellMBaHUs ra30BO3YLIHOI CMeCH NpeaycMOTpeHa LUp-
KYJSILIMOHHAsl CUCTEMA C HAaCOCOM-MellanKkoit 13, KoTopylo nepea UCIbl-
TaHUEM OTKJIIOYAIOT KpaHaMmu 2, 12. Pa3pexeHue B npubope co3naeTcs Ba-
KYYM-HacOCOM U U3MePSIETCS PTYTHbIM MaHOMETPOM 3.

s npuroToBiieHUs ra30BO3Y1LIHOMH cMecu TpedyeMoro cocrapa Ba-
KYYMUpPYIOT NpuOOp BaKyyM-HacocoM 10 nasjieHust S—10 MM pT. cT. 1
BBOJSAIT pacCYMTAHHOE KOJIMYECTBO rOploYero rasa WiM napa, nocjie 4Yero
3aMoJIHSIIOT CUCTEMY BO3YXOM 10 BbIDABHMBAHMUS JaBlieHUs ¢ aTMocdep-
HbIM. 3aTeM cMech nepeMeliMBaloT 5S—10 MUH. OTKIIIOYAOT KpaHaMu pe-
aKLUMOHHBIN cOCYyl OT LIMPKYISILMOHHOI CUCTEMBI U Yepe3 | —2 MUH ocTo-
POXHO CHUMAIOT NPULLIMGOBAHHYIO CTEKJITHHYIO MJIACTUHKY M TOTYacC 3a-
XHIrarT CMECb MCKPOM OT MHAMKATOPA, BKJIOYeHHOro Ha 2—3 ¢. Eciin npwu
3TOM MPOM30LLIENT «0TKa3», T. €. CMECb HE BOCIUIaMEHMJIACh UJIM BO3HHUK-
liee njaMsi He paclpoCTPaHMUIIOCh 10 BepXa peakKLIMOHHOro cocyaa, To B
nocjieAyoLIMX ONbITaX NpU ONpeaeSeHUH HUXHETO Npejesia BoCrjiaMeHe-
HHUS KOHLIEHTPALMIO TOploYero KOMMNOHEHTA B CMECH MOBBILIAIOT, a MPH
onpeneeHUU BEpXHEro npeaeja — noHuxairoT. Ecnn xe Habaonanoch
BOCIUIaMEHEHHE U MPU 3TOM JIaMsl pacnpoCTPaHMUIIOCh 10 BepXa TpyObl,
TO MOCJIEAYIOLME OMNbITHl BEAYT COOTBETCTBEHHO C MOHMXEHHBbIM (A1
HMXHEro npejefia) UM MOBBILIEHHBIM (111 BEpXHErO npeaena) KOHUEH-
TPaLMSIMU FOPIOYETrO0 KOMITOHEHTA.

3a npenen BocrjaMeHEHUs] MPUHUMAIOT cpeaHee apupMeTHYECKOe
IBYX OiMXaMllIMX KOHLEHTpaUuit ¢ pa3HuLei He O6ojiee 5 % onpenese-
MO BEJIMUYMHBI, NPU OOHOM M3 KOTOPbIX Hab/tomaeTcsl BOCMJaMeHEeHHUe
CMECH C pacnpoCTpaHEHMEM IJIaMEHU 10 BepXa peaKLIMOHHOIO cocyaa, a
MpY OPYroil — «0TKa3».

Ecnu HY npy Kakoi U3 KOHLEHTpaLMii TOPIOYero KOMIMOHEHTA MJiaMs,
BO3HHMKIlLIEE U3 3JIEKTPOJOB, HE PacNpoOCTPAHSETCS 10 BepXxa peaKLIMOHHO-
ro cocyla M racHeT MocJie BbIKJIIOYEHMS UICTOYHMKA 3aXKUTaHU s, TO TaKHUe
BELLIECTBA XapaKTEePU3YIOTCSl KaK He MMeloLMe 00J1acTU BOCIIAMEHEHHUS U
OTHOCSITCS K TpyInrne TPYAHOTOpIOYMX.

Ha ycraHoBke KoBapnaa v JI)koHca nojiydeHbl JaHHbIE M0 KOHLEHTpa-
LLMOHHBIM MpeaesaM pacnpocTpaHeHH s MjiaMeHH 00JIbLLIMHCTBA rOpOYMX
ra3oB. OTHU AaHHbIE BKJIIOYEHbI B 3apyOeXXHble U HEKOTOPbIE OTEYECTBEH-
Hbl€ CMPaBOYHMUKH IO MOXAPOONacCHOCTH FOPIOYMX BELIECTB.

UccnenoBaunsimu A.H. bapaTtoBa ¢ coTpyaiHHKaMM MoKa3aHo, YToO B
npubope KIl He co3naloTcst onTUManbHbIe YCAOBUS MU paclpoCTpaHEHUS
njamMeHU. DTO BbIpaxaeTcs B TOM, YTO [U1s1 FaJloreéHCOAEPXKALLUMX COeAUHE-
HUI B Heil nosyyaeTtcs bosiee y3kasi 006J1lacTb BOCIJIaMEHEHMSI, YEM B COCY-
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aax 6osbuoro oobeMa, a 1yisi 0ObIYHBIX TOPIOYMX TOUYKA (ierMaTU3alUmnm
oKa3blBaeTcs CABUHYTOM B 06JacTb cMeceit, oborallleHHbIX OKUCIUTENIEM.
[ToaToMy HauuHas ¢ 1984 r. usMepeHHe npeaesoB pacrpoCcTpaHEeHHs MJa-
MEHM Tra3o- ¥ MapoBO3IAYLIHbIX CMecCeil NMPOM3BOAMTCS Ha YCTaHOBKE
«[lpenen» (puc. 1.19).

1 234 5

\ [

L

SANNMARARARAORARASRSASRRRANY

ANAMARRRARARB RNV

4

20 19 18

Puc. 1.19. YcraHoBka «[lpenesn» ansi u3MepeHUsl KOHLIEHTPALIMOHHBIX NpelesoB pac-
NpOCTpaHeHUs MiaMeHMu:
I — peakuMoHHbIit cocya; 2— OTBepCTHe AJisi NPOAYBKH (KianaH); 3 — BepXHss KpblLl-
Ka; 4— cMOTpOBOE 3epKajo; 5— TepMonapa; 6 — pTyTHblit MaHOMeTp; 7— /| — BEHTHU-
Jn; 12 — wucnaputennb; 13 — BaKyyMHbIi1 Hacoc; /4 — 31eKTpoabl 3aXuraHus; 15 —
TpyOuaTblit 3/MeKTpoHarpeBaTeNb; /6 — nakeT ceToK; /7 — KOHLEBOM BBIK/IIOYATEND;
18 — HUXHSASA KpbilKa; /9 — BUHT; 20 — UCTOYHMK 3aXWUTaHUs

PeakuMoHHbI cocyn / yctaHOBKM «[Ipenesn» npeacrabnsieT CoO00M LiU-
JUHApP ¢ BHYTpeHHUM auameTpoM 300 MM u BbicoToit 800 MmM. BepxHss
KpbILIKa 3 BbIMOJIHEHA U3 TEPMOCTOMKOro CTeKJa, Yepe3 KOTOPOe MpH Mo-

5 4951
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Mol 3epKana 4 Hab/10Aal0T 32 MPOLIECCOM pacNnpoCTpaHEeHU s MaMeHU
npu ucneiTaHuu. [Nopsinok paboTsl Ha yctaHoBKe «[1penen» Takoi xe, Kak
1 Ha npubope KII.

CocTtaBiieHHe JaHHbIX MO NpeaesiaM BOCIIaAMEHEHMS, MONYYEHHbIX Ha
npubope KoBapaa u JIxxoHca 1 yctaHoBke «[1penen», npeacraBieHbl HUXe:

BeutecTso IMpu6op Kasapaa u IxoHca YcraHoBka «[1penen»
Cy, % 00. Cg, % 06. Cy» % 06. Cg, % 06.

AMMHaK 17,1 26,7 15,7 29,8
ALIETOH 3,05 12,9 2,7 13,1
MeraH 5,15 14,1 5,0 15,9
Mponax 2,3 8,7 2,0 10,0
OTuneH 3,15 30,0 2,95 33,3
BpOMUCTBIi 3THN OtcytcrByeT | OTCyTCTBYET 6,0 10,0
Xnopuctoiii Metunied | OtcytctByeT | OTCyTCTBYET 14,0 19,0

HuXHWII KOHUEHTPALMOHHBII Mpeles pacnpocTpaHeHUs MJaMeHU
(HKTIP) B nblneBo3aAyLIHbIX CMECSX U3MEPSIIOT Ha YCTAHOBKE, CXeMa KO-
TOpoit npeacTaBieHa Ha puc. 1.20. PeakuMoHHbI# cocyn / 3TOM YCTaHOBKM
NnpeacTaBiaseT cOO0M CTEKISAHHBII LUMAMHAP BHYTPEHHUM AMAMETPOM
105 MM ¥ BbIcOTOI 425 MM. LIMNMHAP MMEET KOHTPOJIbHYIO OTMETKY Ha
BbicoTe 300 MM M 3aKpernJieH BEpTUKaJIbHO MeXAy ABYMSl METaLIMYEeCKUMHU
¢bnaHuamm.

3 4

Puc. 1.20. YcraHoBka /Ui u3MepeHUss HUXKHETO KOHLIEHTPAUMOHHOrO fnpejeia pacnpo-
CTpaHeHHs! MJIaMeHU B MblJeBO3AYLIHbIX CMeCSX:

| — peakUMOHHBIIT cocyll; 2 — pacnbluTeNb; 3 — 3NeKTPOMArHUTHbBINA KianaH; 4, 6 —

KJlanaHbl; 5 —MaHOMeTp; 7— pecuBep; & — 610K ynpaBieHUS; 9 — UCTOYHHUK 3aXKUTraHUs
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MeTonmnka U3MepeHMs 3aKjtoyaeTcs B cieayolleM. B3pelnBaloT Ha-
BECKY MCCJielyeMOro BellecTBa, 3aTeEM MOMELLAIOT HaBECKY B paclibliu-
TeJab 2 U TEPMETU3UPYIOT peakKLIMOHHbIN cocya. [TonatoT B pecuBep 7 BO3-
nyX A0 TpeOyeMOoro JaBjieHUsl, YCTaHABIMBAIOT Ha 6710Ke & MPOAOIXKHUTENb-
HOCTb pachblUleHUs, BKIIOYAIOT UCTOYHHUK 9 3aXKUraHUsi U pacnbUISIIOT
HaBECKY, BU3yaJlbHO PUKCHUPYIOT pacnpoCTpaHeHHE MJIAMEHH.

[ nepBoro McnbiTaHUs UCNONbL3YIOT HaBecky Maccoi 0,2 r. Uame-
Hssl Maccy HaBeckM Ha 10 %, HaxondT ee MMHUMabHOE 3HAYEHUE, NMpHU
KOTOpPOM MOJIYYaloT WECTb Moc/eA0BaTebHbIX BOCIUIaMEHEHU (YacToTa
BOCIJIaMEHEHMs paBHa 1), U ee MaKCMMaJibHOE 3HaYeHHE, NMPU KOTOPOM
MoNyYyaloT LUECTb MOoc/en0BaTeIbHbIX 0TKA30B (4acTOTa BOCINJIaMEHEHHUS
paBHa 0). Ha kaxnoii npoMeXyToyHOH HaBecke NMpPOBOASAT MO LIECTb UC-
MbITAHUHA.

3a BocniiaMeHeHHe MPUHUMAIOT FTOpeHME MbLIEBO3AYLLIHON CMECH C
pacnpoCcTpaHEHMEM IJIAMEHU OT UCTOYHHMKA 3aXKUraHMUs 10 KOHTPOJIbHOM
OTMETKM Ha peaKLIMOHHOM COCYI€ WJIM BbILLIE €€.

HKIIP paccuuntbiBatoT no ¢popmysne (B r/M3):

M,
v

rae M, — MaTeMaTnyeckoe OXHAaHWE BETMYMHBI HABECKH, COOTBETCTBYIO-
wei HKIIP;

V — BMECTUMOCTb pEaKLIMOHHOTO COCY/a;

K, — nonpaBouHblit K03 duLMEHT.

MaremaTHyeCcKoe OXHaAaHWE BEINYMHBI HABECKH PAaCCYMUTBIBAIOT MO
metony CnupMeHa — Kepbepa:

M.=b-d(S5-0,5),

rae b — MMHUMabHOE 3HaYE€HHE MacChl HABECKM C YacTOTOMH BocIjaMe-
HEHMs, paBHOM |, T;

d — BeMYMHA U3MEHEHHUS HAaBECKH, T;

S; — cyMMa yacToT BocIulaMeHeHHUit BO Bceit 06J1acTh HeyCTOHYMBOTO
BOCIJIAMEHEHMUSI.

BennunHy nonpaBoyHoro ko3gduumeHTa paccunThiBalOT no ¢op-
myne

HKMNP=2x K|

K, =K-A,

rne I? — cpellHee 3HaYeHUe OTHOCUTENIbHOM MJIOTHOCTU Ocaaka, paBHOE

—_l n .
K_nZ{K,,
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rae K; — ko3pdULHMEHT OTHOCUTENBHOM MIOTHOCTH OCafKa B [-M UCIIbI-
TaHWM;
n — YUCJIO UCTIBITAHHUI;

A — noBepUTEIbHbII MHTEPBAJ, paBHbII
A= Sty /n®

roe S— aucnepcus;
t, — KBaHTUIb pacnpesneieHus CTblofeHTa NPY OAHOCTOPOHHEM 10-
BEPUTEJIbHOM MHTEpBaJjie U J0BEpUTENbHOI BeposiTHOCTH 0,95.
Koad¢puureHT OTHOCHMTENBHOI MIOTHOCTH OcaKa pacCYMTHIBAIOT MO
dbopmyne
mcS p.c

T Sc(mn _mc),

rae mg, m, — Macca ocazka (Mr) B CTaKaHe ¥ Ha MIOBEPXHOCTH AMCKa Npo-
600TOOpHHMKA, YKPEMJIEHHOrO Ha JHE peaKLIMOHHOro cocya, nocJje pac-
NMbUIEHUS HaBeCcKU Maccoit 0,5 T;

Ses Spe — COOTBCTCTBC;—!HO MJIoLLaAM NMOMNePEYHOro CEYeHUs CTakaHa U
PEaKLIMOHHOTO cocyaa, CM*.

JMcnepcHio pacCUMTHIBAIOT 1O opMyJie

XY
S = (3 K - N2 p05,

n-1 n

2

i=1

3HauyeHHU s KBUHTENS 1, B 3aBUCUMOCTH OT YKCIa UCIBITAaHUI npusBeae-
Hbl HUXE!

n Iy n Iy
10 1,888 16 1,763
11 1,812 17 1,746
12 1,796 18 1,740
13 1,782 19 1,734
14 1,771 20 1,729
15 1,761

an BBIMTOJIHEHUH Tp€6OBaHI/lﬁ U3JI0KEHHOro Me€roaa U3MEpE€HHas BE-

snunHa HKITTP, Hanpumep, 6eH30#HO#M KUCIOThI, cocTaBasieTr 20 + 31 - M7,
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1.11. MeToabl onpeaeneHuUs roproyecTu

KoadduumeHt roproyectu K sapnsiercst 6e3pasMepHbIM K03 duLm-
€HTOM U CJIYXWT AJ1s1 ONpeneeHUsl TOploYeCTH BeLLEeCTBa U pacyeTa TeM-
nepaTypbl BCOBILLKK BELIECTBa, UCXOAS! U3 TeMnepaTypbl kuneHus. Koag-
(bMLMEHT ropro4ecTH MOXHO pacCUYMThIBATh MO cjeaylolleit dopmye:

K. =4nc +4ng + ny + ny —2ng —2ng —3ng —Sng,,

rae nc, g, Ry, NN, Mo, Ny » NE , g, — COOTBETCTBEHHO YUCJIO aTOMOB YIJle-
pona, cepbl, Boaopoaa, a3oTta, KMucjaopoaa, xjiopa, ¢topa u 6poMa B MoJie-
KyJie 1aHHOTO BellleCTBa.

Ecnn xoaddunumeHT roproyecty K. MeHblue eanHuubl (K, < 1), To Be-
ecTBo Heroplouee. Ecnn koadduumMeHT roptoyecty 60obliie eIMHULLbI
(K. > 1), BelllecTBO SIBJSIETCS] TOPOYUM.

IIpumep 1. Onpenenutsb roptoyectsb 3tuaammua (C,HsNH,).
Pewenue. PaccuntbiBaeM K03¢pHHULIMEHT rOpOYECTH ITUIIAMUHA:

nc =2 ny=17 ny=1
K. =4-2+7+1=16; K, >1
Omeem. DTUNaMUH — ropioyee BELLECTBO.

Ilpumep 2. Onpenenutsb roproyectb 3akuck asora (N,0).
Pewenue. PaccuntbiBaeM Ko3hGULIMEHT 3aKMCH a30Ta:

Nno = l; nN = 2,
K. =2-2-1=0; K, <1
Omeem. 3aKuCb a30Ta — HEropro4yee€ BELIECTBO.

['pynny ropro4yecTy XHUAKOCTEN U MJIABSLIMXCS TBEPAbIX BELLECTB OI-
peaesisiioT ¢ NoMollblo Npubopa, cxeMa KOTOporo nokasaHa Ha puc 1.21.
B xayecTBe HarpeBaTe/ibHOrO yCTPOMCTBA UCIMOJb3YIOT TUTEbHYIO 3/1EK-
Tporneyb /, Mo3BoJIsAIOLLYIO CO3AaBaTh TeMnepatypy a0 900 °C.

[lpy npoBeaeHMM HCNBITAHWI 3JIeKTponeyb HarpeBarT 10
900 *+ 10 °C. O6pa3eu Maccoit 10 r momMelaloT B TUTreab 3 U OMYCKaloT B
neyb. [TponoaXHUTENbHOCTL HarpeBaHUsl oOpa3Lia CoOCTaBsET MPUMEPHO
3 muH. Ecaun obpaseu B TeYeHUE 3TOro BpeMEHU HE BOCIJIAMEHSIETCSl MM
HaYMHAeT UHTEHCHUBHO KHUMNeEThb 6e3 BOCMJIaMEHEHHUSl, UCTIbITAHWE MpPEKpa-
LIAIO0T, a pe3yJibTaT CYMTAIOT OTKA30M.
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Puc 1.21. INpubop ans OLEHKU TrOplOYECTH XMAKOCTEH W MIaBSLLMXCSA TBEPAbIX Be-
LLeCTB:
] — TurenbHas 3anekTponeyb, 2 — KBapuUeBblid cTakaH; 3 — (apdopoBbiii THUreb;
4 — nepxartefib TUIIS; 5 — CMOTPOBOE 3epKao; 6 — TepMonapa; 7— NOoTeHUHOHOMETP;
& — WwTaTuB; 9 — KepaM1yecKas NoAcTaBKa

HUcnbiTaHu0 noaBepraoT NsATh 00pa3LoB UCCEAYEMOrO BelllecTBa.
Ecnu xoTs 6b1 B 01IHOM M3 NSATH MCNbITAHUIT 0Opa3el BOCMaMeHsIeTCs,
€MY al0T BO3MOXHOCTb pa3ropeThCsl, 3aTeEM TUTeJb C FOpsiliMM 00pa3L oM
BbIHMMAIOT M3 3JIEKTPONEYH, BKJIIOYAIOT CEKYHAOMEDP M ONpeaesiioT Npo-
IIOJIKUTEJIbHOCTh CAaMOCTOSITEJIbHOTO ropeHHMs obpa3ua.

Ecnn oOpaseu BHe neyn caMoOCTOSATENIbHO TOPUT MeHee S ¢, TO UccJe-
JlyeMoe BELIECTBO OTHOCSAT K rpymnmne TpyaHoropiouux. [Ipu BpeMeHu ca-
MOCTOSITEJIbHOTO TOpeHMs 5 ¢ M GoJiee NPOBOAST JOMOJHUTENbHOE UCTbI-
TaHUe Ui OMNpeaesieHUs TeMIepaTypbl BOCIUIAaMEHEHUS U TPYINbI TOplo-
yectu. [1py HanMuMK TeMnepaTypsl BOCMJaMEHEHUs BELLIECTBO OTHOCST K
rOploYMM, B OTCYTCTBME — K TPYAHO FOpPIOYHM.

[oproyecTb TBEpAbIX METANJIOB ONPEESIOT [0 TPEM HE3aBUCHUMbBIM
MeToaaMm:

e YNy rOpOYUX MaTeEPUAIOB BbIAEJSIOT MO METOAY «OTHEBOM TPYObl»;

e IpYNMy TPYAHOTOPIOYUX — MO MeToay Kepamuyeckoi Tpyosl (KT);

e IPYMIYy HErOPIOYMX — MO METOAY MCMbITAHUI Ha rOPIOYECTD.

CxeMa npubopa «orHesasi Tpyba» nokasaHa Ha puc. 1.22. [pubop co-
CTOMUT M3 KaMepbl ropeHus 1, npeacrasisiolleit coboit cTanbHyo TpyoOy
C BHYTPEHHUM auameTpom 50 MM M WinHOI 165 MM. ToaroToBaeHHbIH K
MCMbITaHWI0 00pa3ell MOABELUMBAIOT HA KPIOYOK AepXKaTeisl 5 B LIEHTpe Ka-
mepbl. [Toa obpasel ycTraHaBAMBAIOT 3aXKKEHHYIO FOpEJIKY C BLICOTOM IJia-
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MeHU 40 MM. MaTepuan OTHOCST K rpynre ropio- I 5
YUX MPU BbIMOJIHEHUHU OAHOIO U3 CJIEAYIOLIMX YC- 1
JIOBUH:

1) camocTosTeIbHOE TNJaMeHHOEe TopeHMue
WIIM TIEHHME XOTsl Gbl y ONHOTO M3 WECTH UCTIbI- Ly o | 1
TaHHbIX 00pa3UoB npoaoJixaercs 6ojee 60 c, U
noTeps Macchl npeBbilnaet 20 %;

2) caMOCTOsITeIbHOE TOpeHUe NpofokaeTcss S~
MeHee 60 ¢, HO MJiamsi pacrpocTpaHsieTcsl No Beeit ;5 =
NMOoBEPXHOCTH oOpa3Lia Npy¥ OAHOBPEMEHHOM Mo- =
Tepe Macchbl He MeHee 4YeM y ABYX oOpa3uoB bosee
90 %;

3) caMocTosITeIbHOE TMJlaMeHHoe ropeHue ]
KOMMO3ULIMOHHbIX MaTepUaNIOB COCTOSIIUMX U3  Puc 1.22. «[lpuGop orHe-
TrOpIOYMX U HETOPIOYUX KOMIMOHEHTOB, NMPOAOJ- Basi TpyGa»:
XaeTcsi MeHee 60 C, HO TUIaMsi pacnpocTpaHsieTcss | — KaMepa ropesus; 2 —

o rasoBasi ropenka, 3 —
Nno BCeil NOBEpXHOCTU oOpa3ua, ¥ Npyu 3TOM Bbl- CMOTpOBOE 3epKanc; 4 —
ropaeT BCsl OpraHuyeckas yacTb Matepuana; WITATMB; 5 — depXaTeb

4) caMOCTOAITe/IbHOE TMJIaMEHHOE TOpeHUe obpasua
KOMMO3MUMOHHBbIX MaTepUaoB MpPOAOJIXKAeTCs
6ouiee 60 ¢, notepst Maccol coctaBaseT MeHee 20 %. B aTom ciyyae norepio
OTHOCST TOJILKO K Macce OpraHM4ecKoil 4yacTu Matepuaia.

[Mocne 3axuranus obpa3ua ropesiky yomparoT U GUKCUPYIOT BpeMs
CaMOCTOSITE/IbHOTO ropeHUsi. MakcuMMalbHOe BpeMs 3aXHUraHus obpasua
He npeBbiliaeT 2 MUH. [1ocsie 3aBeplIeHUS] IKCMEPUMEHTA ONpeAesIoT
noTeplo Macchl obpasua.

Ecnu ykasaHHble YCJIOBHS He BBIMOJHSAIOTCS, TO UCTbITAHMUS MaTepHana
MpoJoJiXaloT rno Metony kepaMudeckoii Tpyonl (KT). Cxema npubopa KT
nokasaHa Ha puc. 1.23. [Ipubop COCTOMT U3 KepaMHUUYEeCKOI OrHeBOM KaMe-
pbl / NpsIMOYroJIbHOM WX LMIMHAPUUYECKOI (opMbl BbicoTO# 300 MM.

[Mnowans nonepeyHOro ceyYyeHUs OrHEBOM KaMepbl COCTaBiSIET
1,44 - 10? cm>. KaMepa ycTaHoB/ieHa Ha MeTaJlIMYECKYlO LMIMHApHUYE-
CKYI0 MOACTaBKY &, CHabXXEeHHYI0 MOBOPOTHOM 3aC/IOHKOM 1Sl peryimpo-
BaHM$ NMoJayy BO3AyXa B 30HY rOpPeHMUsl M MOANOHOM 9 nns cbopa TBepAbIX
NpoAyKTOB CrOpaHusl.

s ucnbiTaHUi TOTOBSIT YeThipe oOpasua UcciieayeMoro Mmatepuana
IMHOM 150 MM, winMpuHoi 60 MM U (aKTUUECKOI TONLLMHOM, HE NMPEBbI-
watoiei 10 MM. OOpa3Lbl MeHOMIACTOB A0JXHbI ObITh TOJLMHON 30 MM.
Macca o6pasua goaxHa 6bITh He MeHee 6 1. Cbinyuue BellecTBa U MaTe-
pPUaNbl UCTIBITHIBAIOT B KOP3UHOYKAX.
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Puc. 1.23. INpudop KT:
] — orHeBas kaMepa; 2 — ra3oBasi ropesika; 3 — MexaHu3M BBoJa obpa3ua; 4 — aepxa-
Tenb 06pa3ua; 5 — cMOTpOBOe 3epKano; 6 — TepMonapa; 7 — 30HT; § — MeTalJlyecKasl
noacraska; 9 — noanoH; /0 — pykosiTka moBOPOTHOI 3aCJIOHKH

BHyTpeHHI0I0 MOBEPXHOCTL KaMepbl FOPEHUSI Mepel KaXIbIM UCTIbITa-
HHEM MOKPbIBAIOT ABYMSI-TPeMsl CJI0SIMU aliOMUHHUEBOI onbru.

UccnenyeMblit 0b6pa3sell 3aKpenisiioT B AepxKaTelie 4, 3aXUraloT raso-
BYIO ropefiky 2 ¥ BKJIIOYAlOT NoTeHUHoMeTp. PoTameTpoM ycTaHaBauBaioT
TaKoi pacxofl rasa B ra3oBoii ropejike, nMpyu KOTOPOM KOHTpOiMpyemMasi B
TeyeHUe 2—3 MUH TeMMepaTypa ra3o00pa3HbIX MPOAYKTOB FOPEHMS B LIEH-
Tpe BepxHero naTpyoka 3oHTa coctasiser 200 £ 5 °C. 3areM B Kamepy ro-
peHUsl Ha 5 MUH BBOJSAT McclienyeMblit obpasell 1Jisl onpeaesieHUsi BpeMe-
HM 3aXUraHus T3 MO XapaKTepy TeMIepaTypHOI KpMBOi1, 3aMCaHHOI Ha
[MarpaMMHOM JleHTe MOTeHUMOMeTpa. 3a BpeMsl 3aXXMraHusi NpUHUMaIOT
BpeMsl JOCTUXXEHUSI MAKCUMAIbHOM TeMIepaTypbl.

[Tocne onpeneneHns BpeMEHU 3a>XKUTaHUs MPOBOAST TPU UCTIBITAHUS
¢ obpa3uamMu uccienyeMoro Marepuaia U OJHO TApUPOBOYHOE UCTIbITAHUE
¢ achecTOLEMEHTHOM MJIMTOM, BO3AEHCTBYS Ha KaXablii obpa3el niame-
HEM ropejikv B TeYeHHe HaiaeHHOro BpeMeHHU 3axuraHus. [locne ucreye-
HUSI BpeMEHH 3aXMraHus NnpekpaulaloT nojaavy rasa B ropejiky U OCTaBiisi-
10T oOpa3ell B OrHEBO# Kamepe N0 OCcThiBaHUS Ha 20 MUH, cUUTas C MO-
MeHTa BBoJa oOpa3La BHYyTpb KaMephbl.
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[To nonyyeHHBIM Ha JMAarpaMMHOI JIEHTe TeMIMepPaTypHbIM KPHUBBIM
ra3o006pa3HbIX MPOAYKTOB FOpeHUsl ONpelesiioT NJollaayd noa 3TUMHU
KPUBBIMU S (15 TApMPOBOYHOTO UCMILITAHUS) U S; (OCHOBHOIO UCIbITA-

uust). HayanbHbiM ypoBHeM Npu onpeneneHnn S| U S; CyXHT npsiMasi,

NpoBelleHHas Ha JMarpaMMHOM JIeHTe Yyepe3 ABe TOYKH, COOTBETCTBYIOLLIHE
TeMIepaTypaM o0pa3la B HayajlbHbIi MEePUOA UCTIBITAHUSI U B KOHEYHBIi
NepHOA Noc/ie UCTEYEHUS! BPEMEHU OCTBIBAHUS Ty

Ko3adduuneHT roproyecty K, st Kaxaoro McrnbelTaHHOro obpasiua
paccuuTbiBaeTcsl no opmyie:

3a k03 bHHUULMEHT roployYeCcTH UCCieyeMOoro MaTtepyana npuHUMMaloT
cpeaHee apudMeTHyeckoe 3HauyeHUe K03GHHULIMEHTOB rOplOYECTH TPEX UC-
MbITaHHbIX 00pa3suos. Ecin K ., MeHbue nan 4
6oJibLIE €AMHULBI, TO AJIA MOJYYEHUS NOCTO-
BEPHbIX Pe3yJbTaTOB MPOBOAST TPU AOMOJHH-
TeJIbHBIX UCMBITAHUS MPU BPEMEHU 3aXKUraHus
(13 + 10) C ¥ TpH UCTIBITAHUSI TPY BPEMEHU 3aXKHU-
raHus (1;—10) c. 3a okOHYaTeNbHbIi pe3ybTaTr
MPUHUMAIOT MaKCUMalbHOE 3HaveHue K, ., 1o- ™~
JIyYeHHOE NP1 BPEMEHH 3aXHUraHuA T3, (T3 + 10)

w

H
H
H
v
H
i
4
’
i
i
i
4

u (1;—10) c. Ipun K ., < | MaTepuan oTHOCST K

r.cp = 7
TPYAHO ropioyum, npu K, ., > 1 — K ropioumm. 2
Ecaun 1 € K., < 2,5, TO MaTepuan CYUTaIOT ro-

PIOYMM TPYAHO BOCIJIAMEHSIOLLIMMCS.
['pynny Heroprounx MaTepuasoB onpeaes-
1ot no CIT 12.13130.2009. Cxema ycTaHOBKH [Uisl
MCIbITAHMS BELLECTB MU MAaTEPUAIOB HA HEroplo-
YyecTb MOKa3aHa Ha puc. 1.24. Puc 1.24. YcraHoska s
WcnbiTaHus NpoBOAST npu 825 + 25 °C g MembITaHua - Beuiects W
MaTEpUaAIOB Ha HEropio-
Tpy6yaToii 31eKTponeyu BbicoToi 150 MM 1 aua- ECTD:
MeTpoM 200 MM, MMeloLLLeit BHYTPEHHUI CKBO3- /| — onopHas CTaHWHa;
Hoi KaHaj auMaMetpoM 75 mMm. [na Harpesa 2 — cTabunusatop; 3 —
BHYTPEHHErO NMPOCTPAHCTBA NeYu 10 3alaHHOMI :TPTZ';J:(;?;J:; 5nia:::_;
TeMrepaTypbl MCMOJb3YIOT 3/EKTPOCNUpab. o0 06paJL;a; 6 —
K HMXHEMY KOHLY KaHana Meyu MpPUKPENIeH peus; 7 — acGecTopas
KOHMYeckHit ctabunusartop 2 BbicoToit 500 MM. npoknanka

e —————_
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J1naMeTp BepXHEro OTBEpCTUsl cTabuauM3aTopa paBeH 75 MM, HUXHErO
10 MM.

[1py npoBeaeHMM UcCNbITaHMIt o6pa3ell MaTepyaia NoOMeLlaloT B Aep-
XaTeb S M onyckalT Ha 20 MMH BHYTpb HarpeToi neuu. Yepes Kaxable
10 ¢ dukcupyloT nokaszaHus Tpex Tepmonap 4. Pabouuii cnait nepsoii Tep-
Mormnapbl pacrnoJjloXXeH Ha pacCTOSSHUM 10 MM OT CTEHKHM TMeYu B cepeanHe
30HbI NMOCTOSIHHOM TeMnepaTypbl, pabouuii crai BTOpoit TepMornapbl Ha-
XOIMTCH B LIeHTpe o0pas3Lia, pabouunii cnaii TpeTbet — Ha MOBEPXHOCTH 00-
pasua (B cepeamHe ero BbicoThl). OOpa3sell B3BELLIMBAIOT 10 U NOCJE NPOBeE-
NEHUS UCTIBITAHUH.

[TpoBOAST NATb UCMBITAHUI W ONPEAEISIOT CPeIHee M3 MOKa3aHUMN.

Martepuan OTHOCSIT K HETOPIOYMM, €CJIM BHIMOJHSIOTCS cleayiouimne
yCJIOBUS: TOKa3aHMs TepMonap B MeYX U Ha HapyXHOi1 MOBEPXHOCTHU 00-
pa3ua He npesbialoT 6osee 4eM Ha 50 °C nepBOHaYaJlbHO YCTAaHOBJIEH-
HYIO TEMMEpPaTypy Neuu; CpeaHssl noTeps Macchl 00pa3LOB He MpeBbIlLaeT
50 % vx HayabHOI Macchl 10 BBeeHUS B Meyb; cpefHee U3 BCcexX Nnokasa-
HHUI1 NPONOIXUTENLHOCTH MJIAaMEHHOTO ropeHus He npesbiwwaeT 10 c.

1.12. CamoBO3ropaHue Macen 1 Xupos

[To cBOEMY MPOMCXOXAEHHUIO Maca Moapa3acsioTcsl HAa MUHEPalb-
Hble, paCTUTE/NbHbIE U XXMBOTHblE. MUHepalbHble Macia MpeACTaBsIoT
co6oi1 cMech IMULEPUIOB MpeAeTbHbIX KAPOOHOBBIX KMCIIOT, HE UMEIOLLIMX
NBOWHBIX CBsA3ei. PacTUTeNbHBIE U )XMBOTHbBIE XXUPbl — 3TO CMECh IIHLe-
PHMIOB Mpele/bHbIX U HEMpededbHbIX KUCHOT. [nuepuabl — cinoxHble
3¢bHUphI rIMLEepUHa U KapOoOHOBOM KUCIOThI. B 061ieM Buaoe dopMmyny riu-
LIEPUIOB MOXHO MPEACTaBUTDb CJIENYIOLLIUM 00pa3oM:

C;H5(OCOR), rae OCOR — ocrarok kuciotset, CH,CHCH, — ocra-
TOK riauuepHHa (o6o3HayeH C3Hs).

Peakuus obpa3oBaHus rIMLEPUIOB MPOTEKAET MO CXEME:

C;Hs(OH); + 3RCOOH — C;H;(OCORY); + 3H,0.

[nnuepunabl MoryT o6pa3oBaThCsi NPU B3aMMOIEHCTBUM:

1) rivuepyHa c mnpeneibHbIMM KHUCJIOTaMU ¢ oblieit dopmynoii
C,H,, . COOH:

C,sH;,COOH — nanbMuTHMHOBas KMUCA0Ta — MIULEPUI NaJbMUHO-
Boit kucsotel C;H;(OCO C5Hj))s;

C,;H;5COOH — creapuHoBasi KucioTa — rJaMLIEPUL CTeapUHOBOM
kucnorsl C3H;(OCO C,;Hjs;s)s.
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2) ravlepHyHa ¢ HenpeaeJbHbBIMU KMCJIOTaMH, COAEPXALIUMHU ABOI-
Hble cBsisn (C,H,,_,COOH — obwas ¢popMyna HenpeaeabHbIX KAPOOHO-
BbIX KMCJIOT):

C,;H;;COOH — onenHoBast kucoTa (COAEPXUT OHI ABOIHYIO CBSI3b);

C,;H3;,COOH — nuHonesas KucnoTa (COAEPXKUT ABE ABOIHBIE CBA3M);

C,;H,yCOOH — nnHoneHoBast KUCIOTA (COAEPXKUT TPU ABOIHBIE CBSI3M).

[Muepuabl KUCIOT, COOTBETCTBEHHO:

C;H5(0OCO C,;H33)3;

C;H4(0OCO C,;H3))5;

C;H4(0OCO C,;Hy);.

Macna ¢ BbICOKMM coliepXaHHWeM [JMLEePUIOB NpeaeibHbIX KUCIOT
HE3HAUYMTENbHO MOABEPXEHbI CaMOHArpeBaHHWI0O U CaMOBO3rOpaHMIo, C
MaJibiM colepXaHUeM [IMUEPUAOB Mpeae/bHbIX KUCJIOT He CKJIOHHBI K
HeMy. Macia ¢ BbICOKMM collepXXaHUeM MMLEPUAOB HenpeaeabHbIX Kap-
OGOHOBBIX KMCJIOT UMEIOT CKJIOHHOCTb K CaMOHarpeBaHHWIO U CaMOBO3ro-
paHuIo.

1.12.1. MexaHu3m CaMoOKUCNEHUA Macen U Xxupos

[Mpouecc camoHarpeBaHMsl U CaMOBO3rOpaHMsl Mace, COAepXallux
601b1LIOE KOJUYECTBO MNIMLIEPUAOB HEMpeaeabHbIX KUCIIOT, MPOTEKAeT 3a
CYET MPOLIECCOB UX CAMOOKHUCIIEHUS NMOA AEHCTBUEM KMCI0pOJa BO3ayXa.

Y MHOrMx OpraHMYecKMuX BELIECTB CMOCOOHOCTb CaMOOKHUCISATBCS
CBsI3aHa C HaJIMYMEM B UX CTPYKType ABOMHBIX CBSA3€il. DNEKTPOHbI 3TOM
CBSI3Y MOABMXXHbBI U JIETKO nonsipudyemsl. [1py B3aumoneicTBum ¢ KUCio-
pPOIOM BO31yXa OHM JIErKO pacKpbIBalOTCS, MPUCOEAUHSASA KUCIOpOd U 00-
pa3ysi nepoKcuabl (MepBUYHbIE MPOLYKTbl OKMCIEHMSI) MO CXEME:

RM—HC=CH—R®> + 0, —» Rl—H(li—?H—Rz + Q
0—0
INepoxcun

IMepokcuabl pa3naraioTcs C BblAeJieHUEM aTOMapHOro Kucjiopoaa
(O*), KOTOPpbIi1 BbI3LIBAET peaKLIMI0 OKUCIEHUS OpraHUYeCKUX COeIUHE-
HUI U Mpoliecc NpUOOpeTaET LIENMHOI XapakTep.

RI——H?—$H—R2 — > R'—HC\—/CH—R2 + 0
0—0 o)
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Opl‘aHM‘ICCKMC NMEPOKCHUAbI TAKXXE MHUUMHUPYIOT p€aKLIMHU MOJITUMEPHU-
3auMu:

o)
R —HC—CH—R? R: = R* 3 | 4oy
—He—C + R:HC=CH-R' ——» R—HC—CH—R Q
0—0 0
1 ' 2
R—HC—C|JH—R
o)

Paankan O° B3aMMONEHCTBYET AaXe C TPYAHO OKUC/ISAIOLIMMUCS KOM-
NOHEHTaMM Macen (rvuepyaaMy npeneibHbix kuciot). [1pouecc HocUT
3K30TEPMHUYECKHI1 XapaKTep.

Yem Oosbliie ABOMHBIX CBSI3EH CONEPXKMUTCS B riMLiepuae, TeM 00Jb-
we O, NpPUCOENMHSETCS K €r0 MOJIeKyJle U OoJibliie TenJa BblaessieTcsl Npu
OKMCJIEHUM (TaK Kak MpoLecc 3K30TEPMUUYECKHUI1) U TeM OoJibliie Coco0-
HOCTb IJIMLIEPUIOB (COOTBETCTBEHHO M MaceJ) K CaMOBO3rOpaHHUIo.

1.12.2. Onpedenenue (i00H020 Yucna

O cnocoGHOCTH Macsia K CaMOBO3rOpaHUIO MOXHO CYAMTb MO BEJUYU-
He HoaHoro uucna (my).

Honnoe ynno m; — macca itoaa (r), kotopyto npucoeauHsT 100 r macna.

Yem Bbile my, TeM Oosiee CKIIOHHO Maclo K camoBo3ropaHuio. Huxe
NPUBENEHBI M; HEKOTOPBIX PaCTUTEIbHBIX Macesl U XXMBOTHBIX XXUPOB:

Kupbl Macna
bapauuit 31—46 KacTtopoBoe 82—86
CauHoit 42—66 XnonkoBoe '100—l20
TioneHui 122—162 MoaconHeyHoe 127—136
MopxoBblit 168 KoHomnnsHoe 145—167
OnenHoBas KMCOTa 80—115 JIbHsAHOE 175—192
Texnutieckas CoeBoe 114—139

Camoe 00JbLLIOE HOOHOE YMCIO UMEET JIbHSIHOE Macio. BoJIOKHUCThIE
MaT€puaibl, NPpONMUTAHHbLIC IbHAHBIM MacCJIOM, NMPHU BCEX MPOYUX PaBHbIX
YCIOBHAX CaMOBO3roparTcs 6blCTpCC, 4Y€M MaTe€pHuajibl, MpONMHUTAHHbIC
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apyrumu Maciaamu. Onuda, npUroToBjaeHHas M3 JbHSAHOIO Macia, Crno-
cobHa camMOBO3ropaTbCs, XOTsl €€ HOAHOE YUCIIO MEHbLLIE, YEM JIbHIHOTO
Macyia. O0bsICHSIETCS 3TO TeM, YTO B OJIMDY N00aBASIIOT CUKKATUB, YCKO-
PAIOLLMIA €€ BBICBIXaHHUE, T. €. OKUCJIEHUEe U noauMepu3aumio. [onyHary-
pajibHble 0JIMdbI, NpeacTaBaAsIOWME COOOM CMECU OKMCIIEHHOTO JIbHSHOTO
Maces ¢ paCTBOPUTENSIMU, UMEIOT HeDOMbLLIME HOAHbIE YUC/IAa U MAJIO CMO-
COOHBI K caMoBo3ropaHmio. MckyccTBeHHbIE 01M(dbI COBEPLLEHHO He CMo-
COOHbI CAMOBO3ropaThCsl.

2KHrpbl pbi0 1 MOPCKHMX XXUBOTHBIX UMEIOT BbICOKOE HONHOE YMCIIO, HO
06J1analoT He3HAYUTENIbLHOM CMTOCOOHOCTBIO K CAMOBO3rOpaHMIo, YTO 00Yy-
CJIOBJIEHO MPUCYTCTBUEM B HUX MPOAYKTOB, 3aMEISIOLLIMX OKHUCIIEHHUE.

Macna, Xupbl WM onudbl, XpaHsiluvecs B 00ouke, OYTbUIM WU pe3ep-
Byape, CaMOBO3ropaThCsl He MOTYT, TaK KaK MOBEPXHOCTb CONMPUKOCHOBE-
HHSl MX C BO31yXOM (MOBEPXHOCTb OKMCJIEHHS) OYeHb Mana. [1ast Toro, uto-
Obl co3maTh YCI0BUS CAMOBO3ropaHusi, HEOOXOAMMO YBEJIMYUTb MOBEPX-
HOCTb OKMCJIEHWS, HaNpMMep, CMOYUTb MacjloM, XUPOM WU oludoi
BOJIOKHUCTbIE MJIK MEJIKO pa3apoO/ieHHbIe M MOPUCThIE BellleCTBa (BaTy,
0OTHUPOYHbIE KOHLIbI, TPSIMKH, MAKII0, CTPYXKH, OMUJIKA U T. 1.).

Jlnsi caMoBO3ropaHMsi HEOOXOAMMO TaKXe, YTOObI MOBEPXHOCTb OKMUC-
JIeHUs OblJ1a 3HAYUTEJIbHO O0JIbllie MOBEPXHOCTH TemnjooTnauyun. Takue yc-
JIOBUSA CO3[aI0TCS B TOM CJlyyae, KOoria rnpomaciaeHHble MaTepUaibl CIOXe-
Hbl B Ky4M, LITA0Es1, NaKeTbl U MPUJEratoT 6J1M3KO OAMH K aApyroMy. [1pu
3TOM, €CJIM B BaTe MJIM TKAHU COJIEPXUTCS OOJbllIOE KOJUYECTBO Macia,
OHO He CMOCOOHO K CaMOBO3ropaHH1IO, Tak KakK MacJio 3aKpbiBaeT Mopbl
TKaHU U CKJIEMBAET BOJOKHA, B pe3yJibTaTe Yero NoBEPXHOCTb OKUCIIEHUS
yMeHbluaeTcsi. COOTHOLIEHME MaTepUaioB NPYU CaMOBO3rOpaHUM onpele-
JISIETCSl KaK CBOMCTBAMM MPONMTAHHOIO MaTeprala, Tak U CBOMCTBaMM Ma-
cen u XxupoB. Hanpumep, caMoBoO3ropaHue XJOMKOBO# BaTbl, CMOYEHHOM
oaundoit, Haubonee BEpOSITHO MPU COOTHOLLIEHUH 2 : |, T. €. ABE YacTH
onundbl (Mo Macce) Ha oAHY YacTb BaThl. JlJ1s1 Apyrux BelLeCTB 3TO COOTHO-
LLIEHUE MOXET ObITb MHBIM, €EF0 MOXHO OMNpeNeJIUTb IKCNIEPUMEHTANTbHO
Ha npubope Makkesl.

Crnoco6GHOCTb Macesl U XHUPOB K CAMOBO3rOpaHMUIO TeM BbIlIE, YeM
6oJibLIE YNJOTHEH NMpoMacjeHHbI MaTepyal. Ho ecau Matepuan cauii-
KOM YIUJIOTHEH, CMOCOOHOCTbh MPOMaceHHOro Matepyaia K caMoBO3ropa-
HMIO YMEHbLIAETCS, TaK KaK MPU CXXAaTHUU MOBEPXHOCTb OKUCIEHHUSI YMEHb-
LI1aeTcsl U MOABOA KUCIOPOAa K Macjly COKpallaeTcsl.

CnocobHOCTb MpoMacaeHHbIX MaTepUalOB K CaMOBO3rOpaHHUIO YBEJU-
yuMBaeTcsl B Clyyae NMPUCYTCTBUSI B HUX KaTajllM3aTOPOB, YCKOPSIOLLIMX
OKHCJIEHUE U MOJMMEPHU3ALMIO Macel, a TaKXe MPU NMOBLILLIEHUHU TEMIeEpa-
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Typbl Bo3nyxa. Karanusatopamu ajis caMoBO3ropaHusi Macel SIBASIOTCS
COJIY pa3/IMyHbIX METAIOB — MapraHia, CBMHLIA, KoOanbTa, TaK Ha3blBae-
MbIX CUKKaTUBOB. Hanbonee HMU3Kas TeMnepatypa, Npu KOTOPOii Ha npak-
THKe HabJIloAalM CaMOBO3ropaHMe Maces M XUpoB, cocTasisia 10—15 °C.

N HAYyKUMOHHBIN NMepruoa caMoOBO3ropaHuUsi MpoMacjeHHbIX MaTepUa-
JIOB MOXET COCTaBJISITb OT HECKOJIBKMX YaCOB 10 HECKOJILKUX IHEH. DTO
3aBMCHUT OT 00beMa NMpoMacjieHHOro MaTep1alla, BUla Macjia Mju Xupa, ux
KOJIMYECTBA, TeEMMepaTypbl BO3ayXa U ApYrux ¢akTopoB.

[To3HaKOMMMCS C pacyeTOM HOIHOr0 YKcia.

IIpumep 1. PaccuuTaiiTe HogHOE YMCNO IIMLIEpUIA OJIEMHOBOMN KH-
CJIOTHI.

Pewenue

1. 3anucbiBaeM XMMUYECKYIO peaKLIMI0 B3aMMOAENCTBUS rIuLepUaa
0JIEMHOBOM KHUCJIOTbI (TpuoneaT‘) ¢ ionom:

C;H,(C,;H3;CO0); + 3J, = C3Hs(C,;H;3),C00);.

2. PaccunTbiBaeM MOJIEKYISIpDHYIO Maccy FiMUepuMaa — OHa paBHa
M = 884 r/mMonb.

3. CocraBnsieM NponopuUMIo MO peakLnu:

c 884 r rnuepuaa B3aumonenctayet 127 -2 - 3rl,;
co 100 r macna B3aumMonencTByeT Xr J,;
X=m;=862r.

4. OnpenensieM CKJIOHHOCTb K CAMOBO3rOpaHHIo.
Macna, y KOTOpBIX:

m;> 100 — CKJIOHHBI K CAaMOBO3rOpaHHIO;

m; < 100 — Mano CKJIOHHBI K CAMOBO3ropaHHMIo;

m; < 50 — He CKJIOHHBI K CaMOBO3ropaHH1O.
CunenaeM BbIBOA O CKJIOHHOCTH K CaMOBO3ropaHH1o.

ITpumep 2. Paccuuraiite ifoqHOE YHUCIIO MOACONHEYHOTO Maca, MUMelo-
1LIETrO COCTaB:

Tpucreapata — 9 %;

TpHosneaTa (IULEePHUA OIEMHOBOM KUCIOTHI ) — 38 %;

TpunHoneata — 53 %.

* Pa3Hble Ha3BaHMs OMHOrO BELIECTBA.
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Pewenue

PacueT OyneM npon3BoauUTb MO COAEPXAHUIO TPHUOJeaTa U TPUJIMHO-
neata. CoaepxaHue TpUcTeapaTa NpM pacyeTe He YUUTbIBaeM, TaK KaK OH
HE COIEPXHUT NBOMHBIX CBSA3€M M HE MPUCOEAUHSET HOA.

1. CocTaBnsieM ypaBHEHME XMMHUUYECKOWH peakUMH B3aUMOIENCTBUS
TpuoJieara ¢ HOAOM:

C}HS(C|7H33COO)J + 3.]2 = C}HS(C|7H3312COO)3.

2. PaccunTbiBaeM MOJIEKYJISIPHYIO Maccy TpuoJiearta o 6pyrro-¢op-
Mmysie M = 884 r/monb.
3. CocraBisieM NpOMOpLUIO U ONpefensieM m .

884 —— 254.3; x=254-3-38

=3,7r.
38 — X; 884

4. 3anucbiBaeM XMMHYECKY10 peaKLMIO B3aMMOAEHCTBUS TPUIIMHOJea-
Ta c HoooM:

C;H4(C,;H;,C0O0); + 6J, = C;H5(C,;H;,1,CO0);.
5. PaccuMTbiBaEM MOJIEKYISIPHYIO Maccy TpUJIMHOJeaTa:
M =878 r/monb.

6. CocTaBnisieM NpONOPLMIO U ONpelensieM my:

878 —— 254.6; x=254-6-53:
3 — X; 878

92r

7. OnpenensieM CyMMapHoe iOIHOE YUCIIO:
my;=32,75+92=124,75=125r.

Omeem: cymmapHoe ioaHoe yucio coctaBaseT 125,2 r. [ToaconHeu-
HO€E MacJlo JaHHOTO COCTaBa CKJIOHHO K CAMOBOCIIIAMEHEHUIO.

1.13. FopeHue TBepAbIX BewWwecTs U MaTepuanoB

Teepable BelllecTBa M MaTepuabl Yallle BCEro MoABEpraloTcsi BO3ropa-
HUIO U MpENCTaBAsIOT HaMbOobLLYIO M0XapoOoNacHOCTb. PaccMoTpuM He-
KOTOpble METOJMKH pacyeTa TeMIEPaTypbl BOCMJIaMEHEHUS, CKODOCTH ro-
peHMS, TEMJIOBOI HArpy3KH TBEPAbIX MaTEPHAJIOB.
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1.13.1. TemnepamypHsie uHmMepsasnbl 80CNNaMEeHeHUA
U 20peHuUs mseepobix sewsecms U Mamepuanos

[Mpu nonagaHum TBepaOro odpasua B 30Hy A€HCTBMS UCTOYHHMKA 3a-
XHUraHUsl MPOUCXOAUT MHTEHCUBHbII HarpeB MOBEPXHOCTHOrO CJI0sl MaTe-
pyaja U ero noiacylMBaHue (yaajleHue aacopoOLMOHHON Baaru). 3T1oT
npouecc nportekaet B UHTepBaie Temnepatyp 120—130 °C. [1pu Temnepa-
Type 150 °C HauMHaeTcs pa3joXeHHUe APEBECUHDI U BblAEIEHHUE NIETYUUX
BELLECTB, B COCTaBe KOTOPhIX MpeobnanatoT Heroprouue rasel (CO,, H,0),
M MX 3HAYMTENIbHBII BbIXOA HaboaaeTcs npy TeMneparype 180—200 °C.

[Mpolecc TepMHUYECKOro pa3sioxXeHUs (MMPOJN3) OpraHMYeCcKoMn YacTu
IpEBECHUHBI MTPOTEKAET Yepe3 pa3pblB MEXMOJIEKYJISIPHbIX U BHYTPUMOJIE-
KYJSIpHBIX CBSI3eil ¢ 06pa3oBaHMEM HECTOMKMX aKTUBHBIX MPOMEXYTOY-
HBbIX KOMIUIEKCOB, KOTOPbIE B pe3y/ibTaTe ObICTPOro pearMpoBaHUs MEXIy
coboit unn O, Bo3ayxa obpa3yloT 6oJiee yCTOHYMBBIE MPOAYKTbI MUPOIHU-
3a — CMOJIBbl, KUCJIOTBI, CNUPTHI, ra3el (MetaH CH,, yrapHslii raz CO, 3taH
C,Hg, Bonopoa H, 1 ap.)

Ipu Temnepatype 300 °C BbIX0O JIeTyYMX BelLECTB obecrneynBaeT 06-
pa3oBaHHWe ra3oBO31YIIHOM CMECH, KOTOPasi MOXET BOCIIAMEHSITbCS MO
BO3IE€ICTBMEM MCTOYHHMKA 3aXUraHus. YacTb Temnia, BblAESIOLIETOCS B
30HE ropeHMs, NMOCTyNaeT K MOBEPXHOCTH APEBECHUHBI U cnocobcTByeT 60-
Jiee MHTEHCUBHOMY €€ pa3/IoXeHMI0, B Pe3yJIbTaTe YEro NMPOUCXOIMUT He-
NnpepbIBHOE MOMOJHEHWE 30Hbl TOPEHUSI TOPIOYMMM NMapaMu U ra3aMmu.
Bpems BocryiaMeHeHHst OyaeT 3aBUCETb OT BIaXHOCTH MaTepuaia U ero
NJIOTHOCTH

rae T,., — BpeMsl BOCIJIAMEHEHMH, C;

g — UHTEHCHUBHOCTb TEIMJIOBOro NOTOKa KBT/M%;

A, n — 3MMHUPHUYECKUE KOHCTAHTHI (3aBUCAT OT MPUPOAbLI MaTepyana).

Kak nokaszanu uccienoBaHusi, CKOPOCTb pacnpoCcTpaHeHUs MJIaMEHU
Mo NMOBEPXHOCTH TBEPAOro roproyero Marepuasa onpeaesieTcs, B OCHOB-
HO KOHBEKTUBHBIM TEMJOBbLIMU NMOTOKaMHM OT (hakena niaameHu. CKopocThb
pacrnpocTpaHeHUs MJIaMEHU 3aBUCHT OT clieaylolmnx ¢hakTOpoB:

1) Buaa matepuana — ero pu3MKo-XMMHUUYECKHUX CBOMCTB: TEMJIOMNpPO-
BOIAHOCTH, TEMJOEMKOCTH, KOJIMYECTBA JIETYYUX BELLECTB, KPUTUUECKOM
TeMIlepaTypbl MMpPO/M3a U ero TenaoBoro 3ddekTa (Tak, HaNpUMep, Npu
pa3noxeHUM | Kr apeBecuHbl BbiaensieTcs: 800 r neTyuyux BewecTB U obpa-
3yetcst 200 r ApeBECHOro yris);

2) BIaXXHOCTHU MaTepHaia,
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3) npocTpaHCTBEHHOI OpMEHTaLMKU 0Opa3ua (CKOPOCTbh BHIFOpaHUS
MaKCMMaJlbHa, KOrjla HanpaBlieHUe ABMXEHHUS NMIaMeHU COBMaaaeT ¢ Ha-
NpaBjieHUEM IBUXEHNUSI KOHBEKTHBHbBIX MOTOKOB);

4) HayaIbHOM TeMIepaTypbl roplOYero Marepuvana.

[1pyu cropaHuu TBepAblX MaTepPUaAIOB BblEsIETCS 3HAYUTEbHOE KO-
JIMYECTBO TemoThl. Tak, HanpuMep, | Kr apeBecuHbl (Oepe3bl) NpH rope-
HuM Bbiaenset 18343,3 kJIx.

PasjioxxeHHWe LeNI0I03HBIX MaTepHaJioB TaKXe COMPOBOXIAETCS Bbl-
neJieHWeM TeruioThl. [1py1 Manoit cCKopocTH TenJooTBoAa BO3MOXHO caMo-
HarpeBaHWe U rOpeHUe ITUX MaTepuanios (Qp,,, = 1088 kILx/kr). [ToaTomy
HeJib3s1 JonyckaTb UX caMoHarpeBaHue Boile 100 °C B 6GonblMX Maccax U
NpH MJIOTHOI yKJIalKe.

OCHOBHBIM KOJIM4eCTBEHHBIM MapaMeTPOM, XapaKTepU3YIOLLIMM BbIrO-
paHMe TBepAbIX MaTepHUAJIOB, SIBJISIETCS MacCoOBasi CKOPOCTb BHITOPAHHUS,
KOTOpasl ornpeaesieT AMHAMHUKY MoXapa, TEMJIOBOI pexXHUM noxapa (BeJu-
YHHY U CKOPOCTb U3MEHEHMs TeMIepaTypbl Moxapa). ITo No3BOJISIET pac-
CYUTATb NOMYCTMMOE BpeMs dBaKyauMH, PakTUUYECKYID OTHECTOWKOCTD
KOHCTPYKLMI1, a TaKXe OMNpeaeuTh CKOPOCTb pacnpoCTpaHEeHHUs MJjlaMe-
HM, MU3MEHEHMeE MJIoLlaau noxapa.

Pa3nnyaloT MaccoByo M JIMHEIHY0 CKOPOCTb BoiropaHus. OnHako
IU1S1 TBEPABIX MAaTEPUAJIOB B NPAaKTUKE MOXApPHO-TEXHUYECKHUX pacyeTOB
yallle UCTONb3YIOT NPUBENEHHYIO MAaCCOBYIO CKOPOCTb BHITOPaHUS

W,, =1
At
roe h — riybuHa BeiropaHus obpasua, M;

AT — BpeMs BbIFOpaHHus, C.

IIpusedennas maccosas ckopocms 8bl20paHUA — KOAUMECMBO Geljecmed,
8b120paIOWe20 8 eOUHULY 8PeMeHU C eOUHULbI N10WAa0U noxcapa.

CBsI3b MeXIy JeCTBUTENbHOI W NMPUBENEHHONH CKOPOCTSIMHU BbIropa-
HHS BbIPAXaeTcsi COOTHOLUEHUEM

W,, =W Ky,

rae W, , — npuBeaeHHasi MaccoBasi CKOPOCTb BbIFOpaHHs, Kr/M% - c;

W — ynenbHasi MaccoBasi CKOPOCTb BbITOPaHHsl (C eAMHULbI TOBEPX-
HOCTH TOpeHUs), |<r/M2 - C;

K, — x03bhHUMEHT NOBEPXHOCTH FOPEHHS.

Sy
Ky = £ (1.47)

nox

6 495]
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rae S, . — NMOBEPXHOCTb FOPEHMS, M%;
Snox — MJIOWAnb MoXapa, M.

Hanpumep, npu ropeHun obpasuia TBepaoro Marepuasna B Buae Kyoa,
Jiexalllero Ha oqHoi U3 rpaneit, K, = 5. MaccoBasi CKOPOCTb BbIrOpaHHsl
He SIBJISIETCSl KOHCTAHTO! roployero, ee BeIMYMHA 3aBUCUT OT YCIOBMIA ro-
peHus. [lo ¢pu3nyeckoi cyHOCTU CKOPOCTb BbIFOPaHMS 3KBUBaJIEHTHA
CKOpOCTH NMpON3a MaTepuyana, NpuBEAEHHOM K eAMHHMLE MOBEPXHOCTH,
noJa BAMSIHUEM TEMJOBOro NOTOKa OT MJIaMEHU TOW MU UHOW MHTEHCHUB-
HocTU. OHa TakXe 3aBUCUT OT NNPUPObl MaTepuaia, BlaXHOCTH obpa3ua,
€ro TOJLMHBI, MPOCTPAHCTBEHHOMH OPUEHTALIMU. DKCNEPUMEHTAJILHO ee
onpenensiioT Ha yctaHoBke «Kamepa-Becbl» (kaMepa — MojeJib noMellle-
HUs1, TOJ1 KOTOPOro coelMHeH ¢ nuardopmoii Becos). Pukcupyercst nore-
psl Macchbl MCNIBITYEMOTro MaTepuana Bo BpeMeHU. [1pou3BoaHas KpuBoi
MOTEPHU Macchl rOploYero, OTHECEHHasl K MJOLIAAM M0J1a KaMephbl, BO Bpe-
MEHM NnpeacTasisieT coboit NpUBeAEHHYIO MAaCCOBYIO CKOPOCTb Bblropa-
HUs. MaccoBasi CKOpOCTb BbIFOpaHUsl HEKOTOPbIX MaTepHaoB NpUBeAeHA
B Tabn. 1.15.

Tabauya 1.15. MaccoBbie CKOPOCTH BLIFOPAHHS HEKOTOPBIX MATEPHAIOB

Marepuan Maccoiaaﬂ CKOpPOCTb BbiropaHus, W - 10'3, Kr/M2 -C
NE€UCTBUTEIbHAA npUBEACHHas

bymara pa3pbixneHHas — 8,0
JpeBecuHa 7—8 15,0
Kayuyk HaTypanbHbIi — 13,3
Kayuyk cuHTeTHYecKHi — 8,8
Harpuii MeTananyeckuit 12—15 —

OpraH1YecKoe CTEKIO — 16,0
Moaunctupon — 14,3
Pe3nHa — 11,2
TekcTonUTOBbIE U30ENUSA — 6,7
Topd (BnaxHocts 40 %) — 3,0
XJ10MOK pa3pbIXJI€HHbI — 4,0
LliTanenbsHOE BOJIOKHO (pa3pbixJIEHHOE) - 6,7
®DeHonnacTbl — 5.8

B ycnoBusix BHYTpeHHEro noxapa MaccoBasi CKOPOCTb BbIFOpaHMS Cy-
1LIeCTBEHHO 3aBMCHUT OT YCJIOBHI1 rasoobmeHa. [1pu ee pacueTte BBOAAT 3M-
NMpHUYECcKHUe NONMpaBoOYHble KOIDGULMEHTDI.
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1.14.2. Pacyem senuyuHsl noxxapHol Hazpy3Ku, Ko3ggpuyuenma
NoB8epxHOCMuU 20peHUs, CKOpOCMuU BbI20PaHUA

IToxxapHas Harpy3ka (MaccoBas) — Macca roploYMX MaTepyaioB, MpH-
BeJleHHasl K eIMHAULIE MIOLIAAHN MOMeLIeHH s, KT/M:

n
XM
_ =l
Pw="=5—> (1.48)
rae M; — macca i-ro roptoyero Marepualna;
S — niowab NoMeLUeHuns, M.
IoxxapHas Harpy3ka (TenjioBas)) — KOJIMYECTBO TEMJIOThI, BblaessieMoe
rOploYMM MaTepuasoM Npu ero NojHoOM CI‘OpaHMM (mo CO,, H,0, SO,) ¢
eIMHMLBI MJIOLIAAH 10J1a MOMELLEHHH, MIbK/M

n
2.0
Qnu = —’='S , (1.49)
roe Qn‘_ — KOJIMYECTBO TEIJIOTHI, BbIAENSIEMOE i-M TOPIOYMM MaTeEPUAJIOM,
JIX.
Tak kak Q, = MQ,,, rae Q,, — HU31as TenjoTa ropeHus (kIx/kr), U3
dopmyn (1.48) u (1.49) cnenyer:

Z o
Gun == ZPH.HQHi- (1.50)

IloBepxHOCTb ropeHusi — MoBEPXHOCTb FOPIOYMX MAaTEPUANIOB, C KOTO-
poit MOXET NPOMCXOAUTDb BblAe/IeHUE NMPOAYKTOB pa3fioxXeHus (Mcnape-
HMS) MTPU ropeHnHn Matepuanos (S, , M2).

IInomanp noxapa — npoekLMsl 30Hbl TOPEHUS] HA TOPU3OHTAJIbHYIO
(pexe BEpTUKabHYIO) MJIOCKOCTb (S, M2).

Ko3gduumneHT noBepXHOCTH ropeHus 371eMEeHTa MOXapHOW Harpy3ku
(cTon, cTyn, AMBAH U Mp.) — OTHOLLEHWE NOBEPXHOCTH FOPEHHS K ee NMpo-
eKLIMM Ha TOPU3OHTAJILHYIO MOBEPXHOCTH (MIOLLAAb MoXapa), M2/M2:

K. = S"-” , (1.51)
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rae Sy, — MJIOLaib MNOBEPXHOCTH TOPEHUs i-TO U3Neusl, M%;
S, — MUIOLLab MoXapa 3JIEMEHTa M0XapHOil HarpysKH, M2,
KO3(I)(DMLIM€HT NMOBEPXHOCTH rOpPeHMs1 MOXapHON Harpy3ku — OTHO-
LIeHWe CYMMapHOM NOBEPXHOCTU FOPEHHMS MOXapHOiI1 Harpy3kKH K IJiolla-

[IM 1oJla MoMeLleHus, MZ/MZZ

n
2 S,
S

K, = = (1.52)
rae S — njouwab rnoJia noMeleHus, M2,
U3 dopmyn (1.51) u (1.52) cnenyer
zsni i
K == (1.53)

N S
MaccoBas ckOpoCTb BbIrOpaHHs NMOXKAPHO#H HArpy3KH — Macca roproue-
ro, BBIFOPAIOLIEro B EIMHHULY BPEMEHH, KI/cC:

AM

e (1.54)

Vo

IIpuBeieHHast MacCOBas CKOPOCTDb BBIFOPaHHA — Macca FOpIOYero, Bbl-
ropaioliiasi B €IMHULY BPEMEHMU C ENMHHLIBI TIOWAAM Moxapa, Kr/(M? - c):
aAM
AtS

np _
v, =

(1.55)

YaenbHas CKOPOCTb BbIFrOPaHHus (MCTHHHAs)) — Macca roployero, BbIro-
paiolllasi B eAMHULY BPEMEHU C €AMHHULIbI TOBEPXHOCTH, Kr/(M2 -c):

pin =AM (1.56)
ATS
13 popmyn (1.55) u (1.56) cnenayroT BipaxXeHHS
v
v,P =" 1.57
m =S (1.57)
o = Um (1.58)
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N3 dopmyn (1.55)—(1.57) cnenyeT BoipaxeHUe
v,P =vK,. (1.59)

JIuneiiHas CKOpPOCTb PacnpoCTpaHeHHUs NJaMEHH 1O NOBEPXHOCTH MO~
JKapHO# Harpy3kH — pacctosiHue AL, npoitieHHoe GpOHTOM MjaMeHH B
€AMHULY BpEMEHHU:

AL

= (1.60)

n

CKOpOCTb pacnpocTpaHeHUsl MJaMeHU 3aBUCHUT OT TUIMa NOMELLEHHS,
CTeNeHU OrHECTOMKOCTH, NoXapHOi Harpy3ku (Tabu. 28, npun I11) 1 Bpe-
MEHH pa3BUTHs NMoxapa. B noxapHo-TeXHMUYECKHUX pacyeTax MPUHSATO, YTO
B nepBblie 10 MMH pa3BUTHS Moxapa CKOPOCTb COCTaBJSIET MOJTOBUHY CTa-
LMOHAPHOro 3HaueHusl, a nocae 10 MMH paBHa cTallMOHapHOMY (TabaHy-
HOMY) 3HaueHMI0. ClieqoBaTeIbHO, pacyeT pPacCTOSIHUS, NMPOWIEHHOrO
¢poHTOM nnameHH:

nput<10mMun L =0,5v1; (1.61)
nput>10Muu L =0,5v,(t-5). (1.62)

Ilpumep 1. PaccuuTaTh BenMUYMHY MOXApHO HArpysku (Kl‘/Mz,
Mﬂ)K/MZ) CTOJIIPHOM MacTepckoit pasMepoM 9 x 12 M. [ToxapHas Harpys-
Ka COCTOMT M3 ePeBSIHHOIO AOLLATOro noJja (tonwurHa gocok 0,04 M), no-
KpBHITOro aMHojeyMoM (ToaumnHa 0,002 M), AByX CTONSIpPHbIX BEpCTaKOB
Maccoit 54 kr kaxablit 1 wkada ais MHCTpyMeHTa Maccoit 85 kr.

Pewenue. CornacHo dopmyie (1.48) nns onpenesieHUs BeJIMYMHbBI MO-
XapHO# Harpy3ku pacCyMTbIBAEM CYMMAapHYIO MacCy ropro4ero Mmatepuana
Y TJIOLAAM NMoMellleHUs1. Macca roplooyero MaTepMasia COCTOMT U3 MoJia

(M), nuHoneyma (M,,,), BepcTakos (M) v wkada (M, ):
ZMI = Mnon +Mmm +lwlzep +Mun<;
M on = nonPap = Snonpﬂpcﬂp;
M i =VauaPamn =S 2 Puan G aan »

rae ¥V — o6beM 00COK MoJa, IMHoNeyMa, M>;

Cp M Opyyy— COOTBETCTBEHHO TOJILLIMHA NOCOK M JIMHOJIEYMa, M;
pnp U Py — COOTBECTCTBEHHO IJIOTHOCTb APEBECHUHBI U JIMHOJIEYMa,

Kr/m>.
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MpuHumaem p,, = 450 Kr/M>, a p,,, = 1250 kr/m?, Torza:
Mo =9-12:4-107-450 = 1944 «r;
My =9-12-2-107 1250 = 270 «r;
> M, =1944+270 +2-54 + 85 = 2407 «r.

[Tnowanb nomeleHUs
§=9-12=108 M.
[MoxapHas Harpy3ka corjlacHo ypaBHeHMIo (1.48) cocTaBnser

= %)gz =222 xr/M%.

Jlnst pacyeTa BeJIMYMHBI TEMIOBOI Harpy3ku B MJIx/M? o popMmyiam
(1.49) n (1.50) Heo6x0AMMO OMNpeaeAUTb HU3LLYIO TEMJIOTY CTOPaHUS FO-
prouero Matepuana. Ee MoxHo paccuutathb rno popmynam (1.23)—(1.24).

[lpuMeM ans nowaroro nona BaaxHoctb 20 %. Q,, = 14 400 kx/kr,
IIs MaTepMuana BepcTaka M wKada (aApeBecHHa BiaxHocTbio 10 %)
0,, = 16 500 kAx/xr, s nuHoneyma — 33 520 kx/Kr (0aHHble PUHSTBI
no 1a6a. 8, npun. I11).

BbluMcisieM KOJMYECTBO Tema, BblAeNseMOro Npu cropaHuy Mate-
pHaoB:

0=2ZMQ,s
roe M,- — Macca i-ro 3JieMeHTa roproyero Marepuana;
Qm- — HM3Las TENJO0Ta i-ro 3j1eMeHTa roproyero Martepuaia.

0=1944 - 14400 + 33 520 - 270 + 16 500(2 - 54 + 85) =
=40 228 500 kx = 40 228,5 M x.

[ToxapHyio Harpy3ky onpenensieM no ¢opmyne (1.50):
402285

Gnn 1 = 372,486 MIIx /M.

IIpumep 2. Paccumtath K03 PHULMEHT MOBEPXHOCTH ropeHHUs LwTabe-
Jis, cocTosiero u3 N OpyckoB pa3MepaMM a - a - b (@ — CTOpPOHbI TOpLia,
b — nnnHa Opycka), paBHOMEPHO YJIOXEHHBIX B 1 PSIAOB.

Pewenue

CornacHo dopmyne (1.51) onpenensieM rjowlaab noxapa U noBepx-
HOCTb FOpPEeHHS.
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[ToBepxHOCTb ropeHMst (S, ;) pacCUMThIBaeM KaK pa3HULY MexXay 00-
et (S,) ¥ cKpbITOH (S,.) MOBEPXHOCTSAMU OpYyCbeB:

Spr=S,-S..
O061uas noBepxHOCTb OpycheB
S, = (2a* + 4ab)N.

CKpbiTasi MOBEPXHOCTb COCTOMT M3 MOBEPXHOCTU OpyCchbeB MEPBOro
psifa, yJIOXEHHbIX Ha TPyHT (S,) M nepekpbITbIX MOBEPXHOCTE (Sp) B
(n - 1) psiny, npyuueM BepxHUI psin O6pycbeB oTKpbIT. KonnuecTBo GpycheB
B OZHOM psilly — N/n; KOJIMYECTBO MEPEKPbITHIl B 0OHOM psny — (N/n)?.

CkpbITasi MOBEPXHOCTb OpYCbEB MepBOro psina

S, = ab(N/n).

OnpenensieM CKPbITYIO MOBEPXHOCTb OPYChEB 3a CUET UX MEePEKPbITUSA:
N
S, =2a* = (n-).
n

HOBCpXHOCTb rop€HHuA wtabens cocTabasieT

2
Spr =8, =8, =S, =Qa’ +4ab)N—ab(ﬁ)—2a2(ﬂ) (n-1y;
n h

n n
bZ

2
(a? +4ab)N—ab(ﬁ)—2a2[ﬂ) (n-1)
K, = .

[ToactaBnsieM B GOpMysibl HEOOXOAUMBIE 3HAYEHUSI U MPOU3BOAUM
BbIYUCJIEHHUS.

ITpumep 3. PaccuntaTh MaccoBylo, NPUBENEHHYIO U YIeJIbHYIO CKOPO-
CTU BbIrOpaHus wTabens, cocrosuero M3 50 6pyckoB pa3mepom
30 x 30 x 250 cM, paBHOMEPHO YJIOXEeHHBIX B 10 psinoB, eciu 3a 35 MUH
rnoxapa notepsi Macchl coctaBuia 15 % ncxonHoil.

Pewenue

1. OnpenensieM notepio Macchl wradenst (AM), niowans noxapa (S,),
MOBEPXHOCTb TropeHus (§). [nsi pacyeToB MCMoJb3yeM GOpPMYIibl
(1.54)—(1.56).

2. Ucxonnyto maccy wirtabens (M,) onpenensieM no popmysne

M, =a’bNp,,,
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rae p,, — MIOTHOCTb ApeBeCHHBI, 450 KI‘/M2.
M, = 0,3%-2,5- 50 - 450 = 5063 kr;
AM=0,15 - 5063 = 759,4 xr.
3. MaccoBylo CKOpOCTb BbIrOpaHMUsi BbluucasieM Mo ¢opmyie
(1.54):
759,4
v, =
35-60
4. BoluncasieM NMpPUBEJEHHYIO MacCOBYIO CKOPOCTb BbITOpaHHUS MO
¢dopmyie

= 0,362 kr/c.

o"P = 7594

" 56005 0,0579 kr/m? - c. (1.63)

5. OnpenensieM KO3ODULUMEHT NOBEPXHOCTH FOPEHMS:

2
(a? +4ab)N - ab(ﬁ) —2az(ﬂ) (n-1
— n n .

n=

K

’

b2

2
(2-032 +4-0,3-2,5)50-o,3.2,5(5_0)—2.0,32(@) 10-1)
K - 10 10

n

=184.

2,52

2. Beluncnsem ynenbHylo ckopocTb 1o ¢opmysne (1.59):
v = 00579 _315.10°3 Kkr/(M? - c).
18,4
IIpumep 4. PaccuutaTth K03hHULUMEHT MOBEPXHOCTHU FOPEHMS MOXap-
HO# Harpy3kH cToJjisipHOit MacTepckoil pasMepom 10 x 15 M, c nowaTbiM
MOJIOM, MOKPBITHIM JIMHOJIEYMOM, B KOTOPOIl HaxoasTCsl TPY BepcTaka,
CTeJulaXx A1l UHCTPYMEHTOB, TPU XECTKUX CTyJa U iKad.
Pewenue. N3 Tabn. 29, npun. 111, npyHruMaem pa3mepbl U3AEIUiIA U KO-
3¢ HUMEHT NOBEPXHOCTH rOpeHM s, IaHHblE CBOAMM B Tab. 1.16.
PaccunTbiBaeM MOBEpXHOCTb FOPEHUSI U3AENMI1 U pe3yJibTaThl CBOAUM
B Tab. 1.16:

Sn‘ri = KyiSnilV

ni‘'i
rae Sn'r,- — IJjiowanb Npo€KUHH i-TO U3eUs Ha NMOBEPXHOCTD 11014,
N — KoJinuecTBo i-ro npeamMmeTa.
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Tabauya 1.16

WUanenne | Konuuectso| K, m3nenmns Pa3Mep u3nenus, M rol:)::e"zx;:?;
Mon 1 1 10x 15 150
Bepcrak 3 4 1,5%0,8x 1,0 14,4
Crennax 1 16,6 1,86 x0,45x 2,0 13,9
Cryn 3 4,5 0,4x0,4%x0,82 2,2
Llikad 1 8,1 1,2 x0,45x 1,25 4,4

o dopmy e (1.52) BoiuncasieM Ko3hGULIMEHT MOBEPXHOCTH TOPEHMS:
_150+144+139+22 +44
" 150

K =123.

IIpumep 5. Paccuntath paccTosiHMe, Ha KOTOPOE NMepeMecTUTCsl PpoHT
njameHu Ha 8-it u 16-it MUHYTax pa3BUTHs MoXapa, ec/iM TabJMYHOE 3Ha-
YyeHUe JIMHENHOM CKOPOCTH paclpoCTpaHEHHUS NJAaMEHW COCTaBJSET
1 M/MHH.

Pewenue. CornacHo ¢popmyine (1.61) paccTossHie COCTaBISET:

Ha8MUHL=05-1-0,8=0,4 M;

Hal6MUHL=1-(16-5)=11Mm.

IIpumep 6. OnpeaeauTs IMHEHHYIO CKOPOCTb PACNPOCTPAHEHUS MO~
Xapa, ecJii yepe3 25 MUH NocJie ero BO3HUKHOBEHUS GPOHT MJIaMEHM re-
peMecTUTCs Ha 16 M.

Pewenue. Tak xak BpeMsi ropeHust coctassieT 6onee 10 MUH, cornac-
HO BbIpaxeHHto (1.62) nMHeitHas ckopocTh OyaeT paBHa

Omeem. JInHeitHas ckopocTb paBHa 0,8 M/MHH.



NpakTuyeckue pabotbl

06uue memoouyeckue yKa3aHusa no 86INONHEHUIO
npakmuyeckux pabom

[MpuBeaeHHbIE B MOCOOMM MpaKTHUUeCKHE pabOThl pacCUMTaHbl Ha
JIByX4acoBble 3aHSATUS B ayIMTOPU U CPEM MOATOTOBEHHBIX CTYIEHTOB.
PaGoTbl MOTYT BBIMOJHATLCSA OHOBPEMEHHO HECKOJILKMMHU 3BEHBSIMU CTY-
JIEHTOB MO OTAEJbHBIM 3agaHUAM. [IpU HEOGXOAMMOCTH NpenoaaBaTeb
MOXET U3MEHUTb 00BbEM U colepXaHHWe paboOT MJIM NMPEAIOXHUTD BbIMOJI-
HUTb pabOoThI MO OTAENbHBIM 3aJaHUSAM JIMOO UX YaCTH.

J11s1 BBINOJIHEHUSI pAaCYETOB CTYEHTaM BblIAIOTCA 3aflaHUsl U UCXO-
Hble JaHHble, a TaKXe HEOOXOAMMble METOANUYECKHUE YKa3aHUS, NOMONHU-
TeJIbHblE CMpaBOYHble U HOPMAaTHBHbIE MaTEPUATIBI.

ConepXxaHue 1 X0 BbIMOJHEHUS paboT opopMIAIOTCS CTyAeHTaMU B
BUJIE OTYETA MO HUXENpPUBeNEeHHOI opMe.

OTueT no npakTUyeckon paborte
(ykasbiBaloTca Tema paboTbl U HOMep 3aAaHNA)

1. Lleab u 3ad0a4u pabomo.

2. Kpamkoe onucanue cyunocmu Memoouxu uccaedo8anuii, NPUHYUNOS
pacvemos.

3. Pacuemut.

4. Ipadhuku.

5. Boeteodst no pabome.

Pabomy evinonnua

cmydenm zpynnbl DPHO

[Iposepun DPHO

[Mpy ohopMaeHHUM pacyeTHOM YacTH oTYeTa HEOOXOAMMO yKa3aTb Ofl-
penessieMylo BeJMUYMHY, MPUBECTH 0OLLYI0 paciyeTHYIO opMyiy ¢ nocie-
ayrollei paclindpoBKOl Bcex COCTaBASIOWMX (POPMYJIbl M YKa3aHHUEM UX
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KOJIMYECTBEHHbIX 3HAYEHHU I, pa3MEPHOCTH; NMOJACTABUTb 3HAYEHHUSI COCTAB-
ngWmx B ¢popMyay U Npou3BecTH pacyeT. HepocTalollme A1s BbINOJHE-
HUS pacyeTa UCXOMIHbIE JaHHbIE, a TAKXE Pa3MEPHOCTb BEJIMYMH MPUHHU-
MmatoTcs no tabauuam u3 npun. I—II1.

BbiBoabl Mo paboTe M0MXKHBI COiepXaTb OCHOBHbIE pacyeTHbIE 3Haue-
HUS ONpeaesieMbIX BEIMUMH.

[TonHOCTBIO 0DOPMJIEHHBIIT OTYET MPeaOCTaBsIETCSl NpenojaBaTeio
Ha MPOBEPKY M 3alLMUTYy BbIMOJHEHHON paboThl. 3alllMTa OTYETa NMPOU3BO-
IIUTCS B YCTAHOBJIEHHOM MNpenoaaBaTesieM Nopsiake.

NpakTuyeckas pabora 1
PACHET PACXOQA BO31YXA HA TOPEHUE

Lenb paGoTbi: HAYYUTLCS PACCUMTHIBATH TEOPETUYECKH HEOOXOAMMBIiA
pacxojl Bo3yxa Ha ropeHHe.

Obujue nonoxenus

MeToa pacuyeTa TeopeTUYECKM HEOOXOAMMOro KOJIMYECTBA BO3AyXa 3a-
BUCHT OT COCTaBa roptoyero BeulecTBa. ['optoyee BelIECTBO MOXET ObITh
MHIAUBUAYAIbHBIM, T. €. COCTOSITb U3 OMHOI0 XMMHYECKOIr0 COEAMHEHUS, a
MOXET MPEeACTaBATb CJI0XHYIO CMECb XUMHUYECKHUX COEIMHEHMIA.

Bce roproume BellecTBa 4151 yno6cTBa pacyeToB Moapa3ae/ieHbl Ha TpU
TMNa:

e WHIMBUIYaJlbHOE XMMHUUYECKOE COelMHEHUE (METaH, 3TaH, alleTh-

JIeH, 3TaHOJI, YKCYCHasi KMUCJIOTa U T. 11.);
e CMEChH BELIECTB CJIOXHOro coctana (He¢Tb, Ma3yT, Topd, yronb, ape-
BECUHA U T. 11.);

e CMeCb ra3oB (NMpUpPOAHbLIH ra3, reHepaTOPHbI ra3 U T. 1.).

PaccMoTpMM MeToabl pacyeTa TEOPETUYECKM HEOOXOIMMOro pacxoaa
BO31yXa Ha rOpeHMe 1Sl pa3HbIX TUIOB rOPIOYMX BELIECTB.

[nsa npakTHYEeCKMX pacyeToB MPUHUMAEM, YTO BO3IyX COCTOUT M3
21 % xucnopona v 79 % azota. Takum 00pa3oM, 0ObEeMHOE COOTHOLLEHHE
a3oTa M KMCJIOpoJla B BO3yXe COCTABMT:

N2 B 3%,
¢o, 2l
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rae gy, ,Po, — COOTBETCTBEHHO obbemHoe (%, 00.) conepxaHue a3ota u
KHMC0poaa B OKMCINTENbHOI cpene. CnenoBaTesibHO, Ha | M3 (XMoJIb) KM-
cJopofa B Bo3ayxe npuxoautcs 3,76 M3 (kMoJib) a3oTa.

lFoployee BelecTBO — UHAUBUAYANbHOE XMMHUUYECKOE COeANHEHHnE

J11s1 TaKMX rOpIOYMX BELLECTB HE3aBUCUMO OT UX arperaTHoro cocTosi-
HUS1 TEOPETUYECKHU HEODOXOAMMOE KOJMYECTBO BO3yxa onpelesiercs 13
ypaBHeHHI1 peakunu ropeHusi. Ha m - kMonb ropioyero BelecTsa npuxo-
IUTCSL n - KMOJAb Kuciopona U 3,76 n - kMoJb a3ota. O603HaYMB Maccy
(B Kr) ropioyero BelllecTBa, YACIEHHO PaBHYIO Er0 MOJIEKY/ISIDHOMY Becy,
yepe3 M, cocTaBisieM NpONopLHIO:

mM xr — (n + 3,76n) - 22,4,
lkr—V?,

rae 22,4 — o6bem | Kmonsi rasos, M> (mpn 0 °C u naBaeHun 760 MM pT. CT.).
TeopeTnuecky HeOOXOAMMOE KOJIMYECTBO Bo3ayXa [Jisl cropaHusi 1 Kr
BELLECTBA PaBHO (M3 NPOMOPLIUHU):
yo - (n+3,76n)-224 _ 106,6n
’ mM mM
[Mono6HbIM 00pa3oM BbIBOAUTCS ypaBHEHHUE [UIsl ONpelesieHUs Teope-

THUYECKHM HEODOXONMMOro KOJIMYECTBA BO3ayXa s cropaHus 1 M3 roproiuunx
ra3osB:

(1.64)

yo - 476 (1.65)
m

Ecnu o6beMbl Bo3ayxa, nojyyeHHsbie no ¢opmynam (1.64) u (1.65) He-
00X0OMMO MPUBECTU K UHBIM YCJIOBHUSIM TeMIepaTypbl U JaBjieHUs, TO
nob3ytoTrcsi GopMyoi:

VO . . VO
=t T 760 —2,784. 0T (1.66)
273-p p

roe 7 — 3apaHHas TeMnepartypa rasos, K;

p — 3aJaHHOE JaBjieHUE, MM PT. CT.

HekoTopble hu3nuecke KOHCTAHTBI UHANUBUYaNlbHbIX COEAMHEHU
npuvBeaeHbl B Tabn. 18, npuan. 111.

IIpumep 1. OnpeaenuTb 06bEM BO31yXa, HEOOXOAMMBIN 1Sl CTOpaHHUS
1 kr 6eH3oa npu 20 °C u naBneHnun 750 MM pT. CT.
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Pewenue
CocTaBisieM ypaBHEHHME peaKLIM¥ ropeHus1 6€H30/1a B BO3yXe:

C¢Hg + 7,50, + 7,5 - 3,76N, = 6CO, + 3H, O + 28,2N,

Mo ypaBHeHHI0 (1.64) onpenensieM TEOPETUYECKU HEODXOAUMBI 00b-
€M BO3/lyXa NP1 HOPMAJIbHBIX YCIOBUSIX:
yo = 106,6 - 7,5
78

B

=10,25 M3/KI‘.

Ipy 3anaHHBIX YCIOBHUSAX 3TOT 00beM OyaeT paBeH (ypaBHeHue 1.66):

_10,25-293-760

g = 11,14 M>/kr.
273-750

Omeem. [1ns cropaHus | kr 6eH3ona Heobxoaumo 11,14 M3/Kl' BO31yXa.

[ns pacyera pacxona Bo3ayxa (Macchl M 06beMa), HE0OXOAMMOTo sl
ropeHus razoobpa3Horo MHIAMBUAYaJbHOIO XMMHYECKOTO COECAMHEHHUS
MPpY HOPMaJIbHBIX YCIIOBUSX, UCTTONB3YIOT popMyy:

no +nN
vy =2 1| (1.67)
nl’
rIe no, , NI, » N, — KOJIMYECTBO KUCJIOPO/A, a30Ta, FOPIOYEro, COOTBETCT-
BEHHO, MOJlyYaeMoOro M3 ypaBHEHUS XMMMYECKOW peakLUMHU TopeHMs,
KMOJIb.

Macca Bo3nyxa, nouieauiero Ha ropeHue, onpeaessieTcs No ypas-
HEHHIO:

M, =Vpy, (1.68)

rae p, — MJIOTHOCTb BO31yXa, |<r/M3 (Tabn. 16, npua. 111).
OueBuaHO, YTO

_OnyHN, TQ0,H0, pTh

’ Vo poT

) (1.69)

rie ¢ N, 9o, — KOHUEHTpaLMs a30Ta, KUCJI0POAa B OKMCIIMTENLHOM Cpe-
ne (%, 06.);

HN,>Ho, — MOJIbHasl 10151 a30Ta U KMCJI0poa B ropiloyeit cmec;

Po — AaBJlieHUE MPU HOPMaAbHBIX YCNOBUSIX, [a;

p — atMocdepHoe nasieHue, [la;
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T — Temnepartypa Bo3ayxa, K;

T, — TemnepaTypa Bo3iyxa Mp1¥ HOpPMaJlbHbIX yCI0BUSX, K;

Vi, — 06bem Bo3ayxa NpU HOPMAIbHbBIX YCJIOBHSIX.

ITocne noacTaHOBKM NMOCTOSIHHBIX 3HaYeHUit B dopmyay (1.69), no-
JIyYnM:

P, =3,47-10‘3% (1.70)

IIpumep 2. OnpeneauTb TEOPETHUECKHE MAcCy U 00bEM BO3ayxa, He-
06X0AMMOro 151 ropeHust | M> MeTaHa Npu HOPMaJIbHBIX YCIOBHSIX.

Pewenue

['oprouee BeulecTBO SIBASIETCS MHAMBUIYAJIbHBIM XUMHUUYECKUM COEAM-
HEHHWEM, MO3TOMY UISl pacyeTa ero odbemMa Hano NoJib30BaThCsl GOpMyoi
(1.67). 3anuuiem ypaBHeHWe XMMUUecKoi peakuuu ropeuust CH, B Bo3-
nyxe:

CH4+20,+2-3,76N, =CO, +2H,0+2 - 3,76 N,.
M3 ypaBHEHMs peakLlMK HaXOAMM CTeXMOMETpUUYeCKHe KO3pPHLIHU-
€HTBI:
no, =2;
ny, =2-3,76 =752

nCH4 = l,
Toraa

_2+752

vy =9,52 M3/M3, WM KMOJIb/KMOJIb.

Mo dopmyne (1.68) ¢ yuetom ypaBHeHus (1.67) paccunTbiBaeM Maccy
BO3/yXxa

0,79-28 +0,21-32
224

M, =9,52 =9,52 128 = 12,2 xr/m’.

Omeem. OO6beM BO31yxa, HEOOXOAMMBIM 1Sl ropeHus | M’ MeTaHa npu
HOPMAJIbHBIX YCJIOBHMSIX paBeH 9,52 M*/ M3; Macca Bosmyxa 12,2 Kr/M3.

loployee BewecTBo — CNOXKHAA CMECb XUMUYECKUX coeAMHEeHUN

K ropiounm BelllecTBaM, NMpeacTaBASIOLIMM CIOXHYIO CMECh XUMHUYe-
CKHX COeIMHEHU I, OTHOCATCS: ApeBEeCHHA, TOpG, KAMEHHBII YroJib, HehThb
u ap. [pu onpeneneHUn TeOpeTUYECKH HEOOXOAUMOTrO ISl UX CTOPaHUS



NpakTuyeckue pabotel 95

00beMa BO3/lyxa HyXHO 3HaThb 3JIEMEHTHBII COCTAB rOPIOYEro BellleCTBa,
BbIpaXXEHHBII B MACCOBBIX MPOLEHTAX, T. €. coaepxaHue aemeHTos C, H,
0, S, N, 30161 A ¥ Bnaru W (% Mmacc.).

DNIeMEHTHBII COCTaB roployero BellecTBa ONpeaessioT B aHalIUTHYe-
CKOIi1 1abopaTopuH, JTUMGO MOJb3YIOTCS CIPaBOYHbIMU JAHHBIMMU.

Jlns BbiBo#a ypaBHEHUs pacyeTa V, 3anuiieM ypaBHeHUe peakLMu ro-
peHHUs yriepoaa, BoAopoJa U Cepbl U MAaCCOBOE COOTHOLLIEHUE pearupylo-
LLIMX BELLECTB:

C+0,=Co, 2H,+0,=2H,0 $+0,=S0,
12+ 32 =44 4+32=36 0 +32=64

Ecnu nns cropanus 12 kr yrnepoana tpedyetcst 32 Kr Kucjopona, To
ansa 0,01 xr yrnepoma, T. e. ero |1 % macc., norpebyeTca Kucjopoaa
0,01 -32/12=0,01 - 8/3 kr, a A5t BOAOPOA COOTBETCTBEHHO MOTpebyeTCs
0,01 -32/4=0,01- 8 xr v mnsa cepui 0,01 - 32/32 =0,01 - 1 kr kucnopona.

[nst nonHoro cropaHus | Kr roproyero BelllecTBa MNoTpedyeTcsi KUCIOo-
poJa (B Kr):

8- 00' - [C] +8- 0,01 [H] +0,01 [S] = 0,01 [O],

roe [C], [H], [S], [O] — conepxaHue yrnepona, Boaopoja, cepbl U KHUCJIO-
poJia B ropioyeM BellecTBe, % Macc.

Ha BbluMCNIEHHOE KOJMYECTBO KMC/IOpoJa B BO3AyXe MPUXOAMTCS
B 78/21 pa3a 6osblue a3ota. CyMMa a3oTa ¥ KMCJIOpoJia COCTaBAsIET KO-
yecTBO Bo3ayxa L, (B Kr), HEOOXOAMMOro 1S ropeHust | Kr BellecTsa:

LY =[1 ;?)(8 OO][C]+8 0,01[H] +0,01(S]- 001[0])

IMpoBeas npeobpa3oBaHMs, MONYYUM:

_03478[[C]+[H] 18] [(8)]} (1.71)

YT10o6bI BbIPAa3UTh KOJIMYECTBO BO31yXa B O0BEMHBIX EAMHULIAX, HYXXHO
BbipaxeHue (1.71) pazgenuTs Ha Maccey | m> Bo31yxa npu 0 °C 1 paBneHuu
760 MM pT.cT., T. €. Ha 1,293 Kr/M3. B pe3ynbTate nonyyuM BbipaXXeHHUE
(1.72):

(€]

vy =0,269( 3 +[H}+—=

[S] [—O]). (1.72)

8 8
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IIpumep 3. Onpenenutb 00beM BO3ayxa, HEOOXOAUMBIIA U1l CTOpaHUS
5 kr Topda cocrasa (B %): C — 40,0; H — 4,0; O — 13,0; N — 20,0; A —
10,0; W — 13.0.

Pewerue

A30T, 30J1a ¥ BJlara ropio4yero BELECTBA MPU OMNpeaeeHUHU KOJUYECT-
Ba BO3/lyXa He YYMTBIBAIOTCS, TaK KaK OHU He MPUHUMAIOT YYacTUs B peak-
unun. O0beM Bo3ayxa, HeoOXoaMMbIit st cropaHus | Kr Topda, onpenens-
eM no ¢opmyie (1.72):

Vo =0,269 (@3—0 +40 - %) =422 M*/xr.

Omeem. 1ns cropaHusa 5 Kr Topda 3agaHHOro cocraBa TpebyeTcs
21,12 m° BO34yxa.

IIpumep 4. Onpeneantb 006bEM U Maccy Bo3ayxa, HEOOXOAMMOro sl
ropeHus 1kr Macchl yriepoaHoro roptoyero cocraba: C — 60 %; H — 5 %;
O—25%; N—5%;, W— 5 % (BnaxHoCTb), eciii KO3pDHULIUEHT U3ObIT-
Ka Bo3ayxa o = 2,5; temnepatypa Bo3ayxa 305 K; naenenue 99 500 Ia.

Pewenue

l'oployee BelllecTBO MMEET CJOXHBII cocTaB. TeopeTHUeCKoe KOIHYe-
CTBO BO3/lyXa MNP HOpPMaJlbHbIX YCJIOBUSIX onpeaesieM no dopmyie (1.72):

Ve =0,269 (%0 +5- 28_5) =59 m>/xr.

[anee npon3BoAMM pacyeT NPaKTUYECKOTro KOJHUYECTBA BO3ayxa Mo
¢opmyine (1.4) (cMm. moan. 1.2.1 HacTosLEro Nocoous):

V,=o-V® =25-59 =14,75 M /xr.
Haxonum Konv4ecTBO BO3ayXa, MOLUEALIErO Ha TOPEHUE MNPH 3a]aH-
HbIX ycioBuax. Ucnonb3ys dpopmyny (1.66), nonyunm:

14,75-101325-305
99500-273

Vo(p,T) = =16,8 m*/kr.

Maccy Bo3ayxa paccuuTbiBaeM no gopmynam (1.68) u (1.69).
Otclona
99 500273

M (p,T)=V,p, =168-128—— - =189 )
s (D, T) =Vp, 305101 325 Kr/Kr
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Omeéem. OObeM U Macca Bo3ayxa, HE0OXOAMMOro Uil CXXUraHus | kr
yIJIEpOAHOro TOMIMBA, cocTaBasioT 16,8 M3/Kl‘ n 18,9 Kr/Kr, cooTBeTCT-
BEHHO.

l'oploqee BelecTso — CMecCb ra3os

B cnyuae ecnm ropioyee BeLECTBO MPEACTABASET CMECh Pa3IMUHBIX
ra3oB, pacyeT TEOpeTUUYECKM HE0OX0NMMOro KoJinuecTBa Bo3ayxa Oyaer
OTJIMYATbCSl OT METOAMKHM pacyeTa, NpUBEAEHHOM BhILLE.

K rpynne ropioymx BelLIECTB — CMECH ra30B — OTHOCSTCH roploune
rasbl, HarpUMep: NIPUPOAHbI, JOMEHHbIM, KOKCOBBII U Ap. Bce oHM B TOM
WM MHOM KoauuecTse conepxar CO, CH,, H,, H,S, C,H, n apyrue kom-
noHeHTbl. COCTaB roployMx ra3oB 0ObIYHO BbIPAXalOT B 00bEMHBIX MPO-
LEeHTaXx.

[ns BbiBoaa popMysibl pacyeTa TEOPETHYECKH HEOOXOAMMOTO KoJinye-
cTBa Bo3ayxa (V) HanuiueM ypaBHEHWe peakLMK ropeHus Haubolee pac-

MPOCTPaHEHHBIX ra30B:
CH, + 20, = CO, + 2H,0;
H,S + 1,50, = H,0 + SO,;
2CO + 0,=2CO0,;
2H, + 0, =2H,0.
Ecnu Ha cropanue | M> MeTaHa TpebyeTtcs 2 M Kucaopona, KaK 3To

BUIHO M3 ypaBHeHHUs, TO Ha cropaHue 0,01 M3 MeTaHa, T. €. 1 % 06., no-

Tpedyetcs 0,01 - 2 M3 Kucaopona. Ins okcuaa yriaepoaa Ha cropaHue 3To-
3 0,01

0,01
ro Xe KOJIMYECTBO NoTpebyeTcs ’T M" KACII0pOAa, 4151 BOAOPOLa — ——
M, a wist ceposogopoaa — 0,01 - 1,5 m>.
Jlnst nonHoro cropakus | M ropiouero rasa notpebyercs Kuciopoaa
B M%):
0,01
2

0,01

0,01 -2 [CH,4] + [H,] +_.2__

[CO] +

+ 0,01 - 1,5 [H,S] - 0,01 [O,],

rae [CH,], [ Hyl, [CO], [H,S], [O,] — conepxaHue meTaHa, Bogopoaa, oK-
cuja yriepoaa, cepoBoaopoia U kuciopona, % ob.

74951



98 NpakTuyeckue paboTbl

B Bo3nyxe Ha 3TOT 00beM KHUcaopoaa npuxoautcst B 78/21 pasa 60Jib-
we a3oTa. CyMMa a30Ta M KMCIOPOJa COCTABSET 06beM (M°) BO3yXa, He-
06xoauMBblit sl cropaHus | M’ raza:

Ve =(1+l§]x
21

B

001
2

0,01

x@pLzmH“+ [Ha]+ =~

[CO]+0,01-1,5[H,S]-0,01 [02]).

Cuaenas rnpeobpa3oBaHusl, MOJYYUM:
o - 2[CH4]1+0,5[H,]+0,5[CO] +1,5[H,S] - [0,]
B 21 .

(1.73)

IIpumep 5. Onpenennts 06beM Bosayxa npu 15 °C u aaBneHuu 760 MM
pT. CT., HEOOXOAMMBIH 151 cropaHus | M NMPUPOLHOro rasa, coaepalluero
(B %): CH, (MeraHa) — 86,5; C,H¢ (3tana) — 3; C;Hg (nponana) — 1;
CO, — 7,3; N, — 2,2

Pewenue

OnpenensieM Ko3¢bdUUMEHTDI [J1s1 METaHa, 3TaHa M NMpOIMaHa Mo ypas-
HEHMSIM peaKLMU ropeHMUsI:

CH, + 20, = CO, + 2H,0;
C,H¢ + 3,50, = 2CO, + 3H,0;
C;H;g + 50, =3CO, + 4H,0.
O061beM Bo3ayxa onpeneisieM no ypaBHeHuto (1.73):

yo =2-86,5+3,5-3+5~1

=897 M.
? 21

IMpuBoanM 06bEM Bo3lyxa K 3aaaHHoit TemnepaTtype (1.66):
o - 8,97-288- 760

¢ =946 M’
273760

ITpumep 6. OnpeneanTb 06bEM Bo3ayxa, HEOOXOAUMOTO sl S m> cMe-
cH ra3oB, coctoswux u3 20 % CHy; 40 % C,H,; 10 % CO; 5 % N, m 25 %
0,, ecnn k03(pdULMEHT U3ObITKA BO3MyXa paBeH 1,8.

Pewenue

l'oproyee — cMech ra3os, MO3TOMY ISt pacyeTa oObeMa BO3ayXa, U3-
pacxo0BaHHOIO Ha ropeHue, Bocnonb3yemcst ¢popmysnoi (1.73). Ans on-
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peesieH!sl CTEXHOMETPUYECKMX KOIQPULIMEHTOB NPH KUCIOPOLE Ng, 3a-
nulleM ypaBHEHUE peaKLIMii FOpeHUS TOPIOYUX KOMITOHEHTOB B KUCJIOPOJE

CH4 + 202 = C02 + 2H20;
C2H2 + 2,502 = 2C02 + Hzo;
CO +0,50, = CO,,
Toraa
o 2-20+25-40+05-10-25
vy, =
21

[ns ropeHus 5 M> ra30Boii CMecH HEOGXOMMM blii TEOpPETUYECKUI 00b-

€M BO3/1yXa COCTaBUT VB° =5-5,7=285 M,

=57 M3 /M.

[1pakTHyeckoe konuuecTBo Bodayxa: V', =1,8-28,5 =513 M.
Omeem. T1pakTHYeCKOE KOJIMYECTBO Bo3ayxa cocTaBuT 51,3 M.

Codepxanue pabomo!

3ananue 1

PaccuutaTth 00bEM BO3ayXa, TEOPETUYECKH HEOOXOAMMBII ISl cropa-
Husa | kr 6epe3oBckoro yrasa. CoctaB ero paboueit Maccol: C — 44,3 %;
H—3,0%N—0,4%;0—14,4%;W — 8,83 %.

3ananne 2
Paccuntath 00beM BO31yxa, HEOOXOAMMBII AJisl CrOpaHUs | Kr MeTH-
nooro cnupta npu 20 °C v naBneHun 760 MM pT. CT.

3ananne 3

PaccunTath 06beM Bodayxa npu 15 °C v naBneHun 760 MM pT. CT., He-
00xoaMMblit anst cropaHus | M MPUPOLHOro rasa, coaepxaiiero (B %):
CH, —92,5; CO, — 0,5; N, — 7.

3ananue 4
PaccuutaTth 00bEM BO3ayXa, TEOPETUYECKH HEOOXOAMMBII 1151 cropa-
HuA | Kr He¢TH cocTaBa opraHuuyeckoit Macchl: C — 85 %; H —11 %; N —

0,5%;0—2,2%;S—1,3%.

3ananue 5
OnpenennTbh 00bEM U Maccy Bo3ayxa, HEOOXOIMMOTO ISl TOPEHUSA | KT
opraHuueckoi macchl coctaBa: C — 66 %; H— 5 %; N — 3 %; O — 20 %;
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W — 6 % (BnaxHoCTb), eciu Ko3pdULUMEHT U36bITKA Bo3ayxa o = 1,5;
TeMmnepartypa Bo3zayxa 305 K, naBneHue 99 700 Ia.

3ananue 6

PaccuuraTth 00bEM BO3ayxa, HEOOXOOMMBII A1 TOpEHHUS 5 M> cMecH
ra3os, coctosiumx u3: 20 % CHy; 40 % C,H,; 10 % CO; 5 % N, n 25 % O,,
eciv Ko3hPHUUMEHT U30bITKA BO3/lyXa paBeH 1,5.

3ananne 7
Onpenenntb Ko3pGHULIMEHT U3ObITKA BO3MyXa MPU FOPEHUH YKCYCHOM
kucnotsl (CH;COOH), ecaun Ha ropeHue 1 kr noctynuio 3 M3 BO3/yXa.

3ananne 8
Onpenenutb 06bEM M Maccy BO3/yXa, 3aTPa4eHHOrO Ha rOpeHUe cMe-
cu rasos coctaBa: CO — 45 %; N, — 15 %; C,Hg — 10 %; O, — 30 %. Yc-

JIOBUS HOpMalibHble; o = 1,8.

3ananue 9
Paccuntath 00b€M M Maccy Bo3ayxa, HEOOXOAMMOro ISl CXXUraHus
15 kxr Tonnusa cinoxHoro coctaBa: C — 70 %; H — 5 %; O — 20 %; S —

5 %, npu Temneparype 285 K, nasneruun 100 000 IMa, o = 2,8.

3ananue 10

OnpenaennuTb NpakKTHUYECKU M3PACXOAOBAHHOE KOJIMYECTBO BO3ayXa
0018 cxkuranus |1 kr roruimsa cioxHoro coctaBa: C —90 %; H — 3 %; N —
5%; 00— 2%, npu T=300 K, p=95000 INa, koabdpruneHT n3bbiTKA
BO3/yXa paBeH 1,5.

Memoduyveckue yKas3aHua

1. TMonyuure 3anaHMe MU UCXOAHbIE JAHHbIE U151 BBIMOJIHEHMS pacyeTa.

2. O3HaKOMbTECh C METOAMKOM pacyeTa TEOPETUYECKH HEOOXOAMMOro
obbeMa Bo3ayxa AJisl CrOpaHHs TOPIOYMX BELLECTB U MX CMECE.

3. U3yuute HeoOxoauMbie A5l pacyeToB opmybl (1.64)—(1.73).

4. Uzyuute dopmynsl (1.1)—(1.9) pasnena 1.2.1, xapakTepusylolme
pacueT KOJIMuecTBa Bo3yxa He0OXOAMMOro JJisi TOpeHUsl U pacyeT Koah-
¢rumMeHTa U30bITKA BO3ayXa.

5. HenocTarouime nns pacyeToB naHHble BbiOepuTe no Tabdn. 5—7, 18,
npua. 111,
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6. U3yunTte eaMHULBI U3MEPEHUS MaAcChl U 0ObeMa no Taba. 1—3,
npua. l.

Codepxarue omyema

OTyeT N0MXEH OTBEYaThb TpeﬁOBaHMﬂM 0o0UIMX METOAMYECKHX yKa3sa-

HUH

O BbIMOJHEHUIO paboT.

B oTyete NMPUBECTHU PE3YJibTAaTbl paCYE€TOB U OTBETbI HA KOHTPOJIbHLIC
BOITPOCHI.

KoHTponbHbie BONPOCHI

1.

Y10 NOHWUMaeTCs NOA TeopeTUyeckn HeobxoaUMbIM PacXOAOM BO3AYXa Ha ro-
penue?

Kak onpepenatoT TeopeTuyeckn Heo6XOAMMLIA pacxod BO3ayxa Ha ropeHue
MHAWBWAYANbLHOIO rOpIOYero BewwecTBa; CMeCU roploYuxX BewwecTs; CMecH ro-
ptouux rasos?

3. [aiite onpeaeneHve ko3dduumenTa u3bbiTka Bo3ayxa.

Npa

. Kak paccuutbiBaiot Ko3dpuumeHT n3bbITKa BO3Ayxa, €CAU U3BECTHO COAep-
XaHue KUCNopoaa B NPoAYKTax ropeHun?

. Hannwwure popmyny ana pacyera koadpduumeHTa u3bbiTKa BO3AYXa, €CNU CO-
AepXaHue KUCNOPOAa B OKUCIUTENbHON Cpefie OTAMYAeTCA OT COAEPXaHWA
ero B BO3gyxe.

. Npoananusupyiite dopmynel (1.4)—(1.9) u onpepennte haKTopbl, BAUAIO-
wue Ha onpepeneHue KoapduumeHTa u3bbITKa Bo3ayxa.

KTUYecKan pabora 2

PACYET OBBEMA NPOAYKTOB CTOPAHUA

U,em. paﬁon,l: HAy4YUTbCA paCCYUTBIBATb o0beM NMpOAYKTOB CropaHusl.

06uwue nonoxxenus

PacueTt o6beMa NMpOAYKTOB CropaHus 3aBUCUT OT TOrO, SABJSAETCH ro-

proyee BeleCTBO MHAWBUAYATbHbIM XMMHYECKHUM BELLECTBOM UIU MNpeEa-
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CTaBJIEHO CMecblo ropiounx BelecTs. [1pu pacyete o6beMa NpoayKTOB
CropaHus BaXXHO YYHUTbIBATb €ro COCTaBHY10 Maccy, a UMEHHO, NPpUCYTCT-
BME B roproyem BelllecTBe (JIMOO OTCYTCTBUE) BJIary M 30J1bl.

Ilns ynpolueHUs pacyeToB BCe TOplOYMe BeLLeCTBAa M MaTepuasbl
noapasaeseHbl Ha TpY TUMA: UHOUGUOYAAbHblE, CMECh Geujecme, cMecu 20-
DIoUUX 2a306.

l'oproume BellleCTBa MOTYT ObITb CyXumu ¥ 64axcHbIMU.

[1py OTCYTCTBMU BlIarv roproyee BeLIECTBO Ha3bIBAIOT Cyxum Uiu 00e3-
60CEHHbIM.

[1py HanMumMK Bnaru roproyee BELLECTBO HA3bIBAIOT GAANCHbIM.

loployee BewectBo — MHAMBUAYANbHOE XUMUYECKOE
coepuHeHne

PacyeT BeoyT ucxoas M3 ypaBHEHMsI peakKUMM TOPEHUSI C YYETOM
BJIaXXHBIX MJIM CYXHUX MPOAYKTOB CrOpaHUsl eIMHHULIbI MacChl roploYero Be-
LeCTBA.

O61beM 6aaxcHbix NPOAYKTOB CrOpaHMUs eAMHULIbI MacChl (KI) roproye-
ro BellleCTBa paCCYMTHIBAIOT Mo ¢popMyJie
_ (mco, +my,p +my, 22,4

Vﬂ.l" mM

, (1.74)

raeV, . — oO6beM BIaXHbIX MPOAYKTOB CTOPaHUSI NPU HOPMaJlbHbIX YCJIO-
BUSIX, M°/KT;

Mco, » My,0, My, — YUCIIO KUJIOMOJIEH AMOKCHAaA yriepoaa, NapoB
BOJbl M a30Ta B YpaBHEHUM peaKLMHU FOpPEHUS;

M — KonMYecTBO roployero BELLECTBA, YUCTIEHHO paBHOE MOJIEKYISIP-
HOMY BeCY, KT.

B o61em Bune dopmyna (1.74) umeer Bua:

Vo) ng .
Vno.r = O'nz' _A’ln.” ’ (1.75)
r

rae Vn‘?r — TEeOpEeTHYECKHUIl 06BEM MPOLYKTOB FOPEeHUs!, M /KT;

n, .; — KOJIMYECTBO /-T0 NPOAYKTa FOPEHUs! B YPAaBHEHUM peaKLMH,
KMOJIb;
n, — KOJIMYECTBO FOPIOYEro, KMOb;

V, — o6bem KMmons rasa, pasHblii 22,4 M°.
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B cJlyya€ €CJIM roproyee XMUMHUYECKOE, BELLIECTBO SABJSCTCSA ra3oM (MC-
TaH, 3TUJIEH, U T. II.), MOXHO UCNOJIb30BaTb OJid pacy€Ta (bopMyny:

Nori
Vo, =———zn"'r , (1.76)
r

rae Vno_r — TeopeTMYecKMii 06beM MpPOAYKTOB FOpeHMs, M>/M>, uau

KMOJ1b/KMOJIb.
O6beM NPOAYKTOB CropaHUs MpPH 3aJlaHHbIX YCIOBUSX ONpeaensercs
BbIpaXeHHEM:
vo .p-T
Var = ne Pl > (1.77)
poTy
roe Ty — TemnepaTypa NpY HOPMaJbHbIX YCJIOBUSIX, 273 K;
T. — Temnepatypa ropeHus, K;
Po — HopManbHoe nasnenue, 101,3 kIla.

IIpumep 1. Onpenenutb 00bEM BaXHbIX MPOAYKTOB cropaHus | M
MeTaHa.

Pewenue

CocraBiisieM ypaBHEHHE FTOpPEHHSI METaHa B BO3MyXe:

CH, +20,+2 - 3,76N, = CO, + 2H,0 +2 - 3,76N,.

OﬂpCIICIISlCM 00bEM BJIAXHBIX NIPOAYKTOB CTOPAaHMSI METaHa:

1-224
Veo, = I’/
2.224
H,0 — 22 =2M3/M3;
2-3,76-22 4 3,3
= 210 LR 750 MMl
N2 2.4 /

OGbeM BIaXHbIX MPOAYKTOB cropatusi 1 M> MeTaHa paseH:

1+2+ 7,52
1

Vi, =1+2+7,52=10,52m*/M> unu V, = = 10,52 M>/™°.

O6beM cyxux NpoAyKTOB CrOpaHUsl eAMHULbI Macchl (KI) roproyero
BELLECTBA paCCYMTHLIBAIOT yXe 0e3 conepXXaHUs Baaru no ¢gopmyse:

(IncoZ +mNZ )22,4

V. =
mM

(1.78)
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IIpumep 2. OnpenenuTb 006bEM U COCTAB CYXMX MPOAYKTOB CropaHus
| Kr aueToHa.

Pewenue

CocTanisieM ypaBHEHHE TOpeHHU S alleTOHA B BO3/yXe:

CH;COCH; + 40, + 4 - 3,76N, = 3CO, + 3H,0 + 4 - 3,76N,.

OnpenensieM 06beM M COCTaB CyXMX NPOIYKTOB CropaHMs alleTOHA
(M=58a.e.M.):

mco, 224 3.224 3, 3
= = =L16 M /kr’;
€02 mM 58 /
my. <224 . .
= N, _ 4.376-224 = 58 MY/kr,
2 mM 58

HMcxons M3 pacueTtoB 00beM CyXHMX MpPOAYKTOB CropaHusi paBeH
1,16 + 5,8 = 6,96 M*/kr.

O061beM BaXHbIX MPOAYKTOB cropaHus | M (eanHULBI 0O6bEMA) TOPIO-
yero BelllecTBa (ra3a) MOXHO paccuMTaTh No cieaywoliei dpopmyne:

yo_ Veo, +Vio +Vn, Mo, 224 +my,0-224+my, -224 )
e 4 m-224

Mco, +My,o +MN
= 2 2 2 (1.79)
m
roe Vn.r — 00beM BJIaXHBIX NpoaAyKTOB CropaHus 1 M3 roproyero rasa,

3,3
M™/M;
Mco, s My,0, MN, — YMCII0 MOJIei IMOKCHIA YIIEPOAA, MAPOB BOAbI U
a30Ta,
m — 4ucio MoJien roproyero rasa.

loptoyee BeleCTBO — CNOXHAA CMECb XMMUYECKUX coepuHeHun

Ecnu n3BecTeH 3/1eMEHTHBIM COCTaB CJIOXHOTO roployero BellecTna,
TO COCTaB M KOJIMYECTBO NPOAYKTOB CrOpaHMs 1 Kr BellecTBa MOXHO Of-
peleUThb 110 YPAaBHEHUIO PEAKLIMU TOPEHHS OTAENbHBIX 3JIeMeHTOB. [l
3TOr0 COCTAaBJisieM YpaBHEHMsSI peakKUMH FOpeHMs yriepoaa, BOIOpOAa,
cepbl U onpejeisieM 00beM NMPOAYKTOB CrOpaHus, Mpuxoasiuuiics Ha | kr
roployero BellecTBa. Y paBHEHUE peakLlMK FOpeHUsl yriiepoaa MMeeT BUA:
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IMpou3BeneM pacyeThbl MO aHAJOTMU C MpPeACTaBIeHHbIMU B Mpeablay-
weM pasaee. Toraa npu cropaiuu | Kr yriepoaa nojyyaetcsi (COrjlacHo
(1.78)) 22,4/12 = 1,86 > CO, 1 22,4 - 3,76/12 = 7,0 M*> N,.

AHanoruyHo onpeneisitoT odbeM (B M3) NpooyKTOB cropaHus | kr
cepbl ¥ BoaopoJa 1.79. INonyyeHHbIe pacyeTHbIEe JaHHbIE CBEAEHbI MO ApPY-
r'MM 3JIeMEHTaM roployero BelllecTBa HUXe B Tabu. 1.17.

Ta6auya 1.17. O6bem (B M’) NPOAYKTOB cropanms 1 Kr cyXoro ropioyero BeuiecTsa

IMpoaykyTbl cropaHus
Topioyee BelLECTBO
CO, N, H,0 SO,
Yrnepon 1,86 7,0 — —
Bonopon — 21,0 11,2 —
Cepa — 2,63 — 0,7

[1pn ropeHuu yrnepoaa, BoAopoaa U cepbl KUCJIOpPOJ MOCTyMaeT U3
Bo3ayxa. OHAKO B COCTaB roployero BElECTBA MOXET BXOAUTb KMCIIOpO/,
KOTOPbII TakXe NMPUHUMAET yyacTHe B ropeHUHU. B 3ToM ciyyae Bo3ayxa
Ha ropeHMe BELECTBA pacX01yeTCsl COOTBETCTBEHHO MEHbLIIE.

B cocTaBe roplouero BellecTBa MOTYT HaXOAUTbCS @30T M BJlara, KOTo-
pble B NpoLecce ropeHus NMepexoasaT B MpoayKThl cropaHus. [as mx yyeta
HeobxoanMo 3HaTb 06beM | Kr a3ota ¥ napos Boabl Npu 0 °C v naBieHUHn
760 MM pT. cT. O6BeM 1 Kr a3oTa paBeH 0,8 M, a napos Boabl — 1,24 M3
CnenoBare/ibHO, B BO3lyxe Ha | Kr KMCJIOpoAa NMPUXOAUTCH NMPH HOpMaJib-
HbIX ycaoBusx (0 °C u naBnenue 760 MM pr. cT.) 3,76 - 22,4/32=2,63 M3
asora.

Ha ocHoBaHMY NpHUBeaeHHBbIX JaHHBIX OMpeAeisieM COCTaB U 00beM
NPOAYKTOB CropaHus | Kr roproyero BellecTBa.

B o611eM B1ae, ¢ yy4eTOM MoJydeHHbIX JaHHbIX (Taba. 1.17), dopMybl
U1l pacyeTa roploYMX BELECTB CJIOKHOrO COCTaBa UMEIOT BUI:

C
VC02 = ],86m; (1.80)
H W
VHzO =l],2m+1,24m, (1.81)
Vso, =07 S . 1.82
SOZ - Y% @) ( . )

Ve, = |7c+21(H-2)+2635 +08N], (1.83)
N2 700 8
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rae Veo, » Vu,00 Vso, » VN, — 061>eM razos, BbIAEJISIOLIMXCA MPU CTOPAHUU
CJI0XHBIX TOPIOYMX BELLECTB, M /Kr KMOJb/KT;

C, H, S, O, N — conepxaHHe COOTBETCTBYIOLLMX 3JIEMEHTOB (yrjiepo-
[a, BOAOPOAA, cepbl, KUCJIOPOAA U a30Ta) B rOproYeM BelllecTBe, % Macc.

IIpumep 3. OnpenennTb 06bEM U COCTAB BJIAXHbBIX NPOAYKTOB Cropa-
Hus | Kr kameHHoro yrns cocrtasa (B %): C — 75,8; H — 3,8; 0 — 2,8
N—1,1;8S—2,5;W—3,0;A—11,0.

Pewenue

PaccuuTbhiBaeM cocTaB ropioyero BelecTBa U 00beM BJaXHBIX NPO-
NIYKTOB cropaHus. s 3Toro Bocnosb3yeMcsi JaHHbIMM, PaCCYUTAHHBIMU
Bbille no popmynam (1.74), (1.78), (1.79) v cBeneHHbIMM B Tab. 1.11.

O6beM yraekucioro rasa 1,86 m> (MpM cropaHUM CyXoro BellEeCTBa,
TabJ. 1.17) yMHOXHUTb Ha cocTaB yriaepona (75,8/100), nonyuurcsa 1,4 M3
AHaJOTMYHO NPUBOAMM pacuyeTbl I APYrUX MNPOAYKTOB CropaHus
(Taba. 1.18).

Ta6auya 1.18. O6bem (BM’) nponykToB cropanus 1 Kr B1aXKHOr0 roplo4ero BelecTsa

Topiouee IMpoaykTsl crpanus
BELLECTBO co, H,0 N, SO,
Yraepon 1,86 - 0,758 = — 7-0,758 = -
=1,4 =5,306
Boaopoa — 11,2-0,038 = 21-0,038 = -
=0,425 =0,798
Cepa — — 2,63-0,025 = 0,7-0,025=
=0,658 =0,017
A30T B ropio- — - 0,8-0,011= -
yeM BelllecTBe =0,0088
Bnara B ropto- — 1,24 - 0,03 = — -
YyeM BellecTBe =0,037
Cymma 1,4 0,462 6,7708 — 0,0736 = 0,017
=6,6972

Janee n3 obuiero o6beMa aszora (6,7708 M3) BbIYMTAIOT 0OBEM a30Ta,
NMpUXOASILUMICS HAa KUCIOpOA B cocTaBe kameHHoro yras (2,8/100 x
x 2,63) =0,0736 M. Utor TaGnuubl yKa3blBacT COCTaB NPOAYKTOB Cropa-
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HUs KaMeHHoro yrisi. O6beM BlaXHbIX MPOAYKTOB CropaHus 1 Kr KaMeH-
HOTO YIJIsl paBeH:

Vor=1,4+0,462 + 6,6972 + 0,017 = 8,576 M3 /kr.

I'oplouee Bewecrso — CMeCb rasos

KonunyecTBo M cocTaB NpoayKTOB CropaHMsi [Ulsl CMECH Ta30B onpee-
JISIOT MO YPaBHEHHUIO peaKLlMU FOpPEeHHUs1 KOMIIOHEHTOB, COCTaBJSIOLLIMX
CMecb, 1o popmyiie:

=Y Varis (1.84)

roe V,,; — OBbeM i-ro KOMMOHEHTa (MpOAYKTh peakuuu), m>/m>;
KMOJ1b/KMOJIb.

B cnyyae ecnu B ra3oBoii CMECH CONEPXHUTCA HETOPIOYEE BELLECTBO,
MCMOJIb3YIOT BbIPaXeHHE:

1 Maei@ri
nri 100 z f;l‘ : z(pﬂl‘l ’ (185)

raeV, .; — o0beM i-ro nNpoaykTa peakLUMH ropeHus,

n, .; — KOJMYECTBO i-ro NPOAYKTa FOpeHHs B ypaBHEHUHU peakLMH,
KMOJIb;

n, — KOJIMYECTBO rOPIOYEro, KMOJIb.

¢.; — colepxaHHWe i-ro roployero KOMMOHEHTa B ra3oBOM CMecCH,
% 00;

@,.r; — COLEPXaHHE i-TO HETOPIOYETO KOMIOHEHTA B ra30BOii CMECH,
% 06.

PaccMOTpHM Ha npUMepe TOPEHUs MeTaHa METOMMKY OMNpele/ieHUs
NPOAYKTOB €r0 CrOpaHMs.

TopeHue MeTaHa MpOTEKaEeT MO CleAyIOLEMY YPaBHEHUIO:

CH, +20,+2- 3,76 N, = CO, + 2H,0 + 7,52N,.

CornacHo HeMy NpH cropaHuu | m> MetaHa nonyuaercs 1 M> anoken-
na yriaepoja, 2 M3 napos Boabl U 7,52 M> a30Ta. AHAIOTMYHO NpUBEaEH-
HbIM BbILIE pacyeTam onpenesieM oobeM (M3) NPOAYKTOB cropaHus | M3
pa3inyHbIX ra3oB. [lonyyeHHble 1aHHbIE CBeAeHbI B Tabn. 1.19.

Ha ocHoBaHMM NpuMBeAeHHbIX JAHHBIX ONpeaeisieM COCTaB U KOauye-
CTBO NMPOAYKTOB CTOPAHUSI CMECH Ta30B.
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Ta6auya 1.19. O6bem (B M’) NPoAYKTOB cropanms 1 Kr cMecH ropioyux rasos

Topiouee IMpoaykTbl cropaHus

BELLECTBO co, H,0 N, SO,
Bonopoa — 1,0 1,88 —
Okcua yriepoaa 1,0 — 1,88 —
Ceposoaopon — 1,0 5,64 1,0
MertaH 1,0 2,0 7,52 —
AueTuieH 2,0 1,0 9,4 —
DTuneH 2,0 2,0 11,28 —

IIpumep 4. OnpenennTb 06bEM BIAXHBIX MPOAYKTOB cropaHus 1 M
INIOMEHHOrO rasa cieaytoulero cocrasa (8 %): CO, — 10,5; CH, — 0,3;
CO — 28; N, —58,5; H, —2,7.

Pewenue

O0beM MpPOAYKTOB CropaHMsl rasoB, BbIAEJIMBIUMXCS MPHU FOPEHHUM
(B M3), paccuuTbiBaeM o (1.79). [NonyyeHHble naHHbIE CBOAMM B Tab. 1.20.

Tabauya 1.20. O6bem nponyxTos cropakus 1 M’ ropiounx rasos

Topiouee [MpoaykTbl cropanus

BELLECTBO CO, H,0 N,
Bonopon — 1-0,027 =0,027 1,88 - 0,027 = 0,05
Oxcun yraepona 1-0,28=0,28 - 1,88 - 0,28 =0,526
Meran 1-0,003=0,003 | 2-0,003=0,006 | 7,52-0,003=0,022
Juokcua yriepoaa 0,105 - —
B COCTaBe rasa
A30T B COCTaBe rasa — — 0,585
CymmMma 0,388 0,033 1,183

O0BeM NpoayKToB cropaHms | M> 1OMeHHOrO rasa paBeH:
V.=0,388+0,033+ 1,183 =1, 604 M>/ Mm°.

Codepxanue pabomoi

3ananue 1
Paccuuraiite 06b€M M OnpeaeanuTe COCTaB COCTAB BaXHbIX MPOAYK-
TOB CropaHus cMecu npupoaHoro rasa (80 %) c¢ atuneHom (20 %).
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3ananne 2

Kakoe KoJM4yecTBO NPOAYKTOB rOpeHMUs BbIACJUTCS MPU CTOPAaHUM
I m® auetnnena (C,H,) B Bo3nyxe, ecyiv TeMIepaTypa ropeHus cCocTaBuiia
1450 K?

3ananne 3
PaccuuTaiite 06beM M cocTaB cyxux npoayktoB cropaHus 1000 M3
NPpUPOAHOrO rasa.

3ananue 4
Paccuuraiite 06b€M M COCTAB CYXMX M BJIaXHbIX MPOAYKTOB CrOpaHUs
1 T MeTaHoONA.

3ananue 5
Paccuuraiite 06beM M COCTaB BlaXXHbIX MPOJYKTOB CrOPaHHUsI KOKCO-
BOro rasa.

3ananne 6
Onpenenunte 06beM npoayktoB cropaHus 1 kr penona C¢gHsOH, ecnn
TemnepaTtypa ropeHus 1200 K, naBnexue 95 000 Ia.

3ananue 7
PaccuuraiiTe 00beM M cocTaB BOOSAHOIO ra3sa.

3ananue 8

Onpenennte 06beM NMPOAYKTOB ropeHUst Npu cropaHuu 10 Kr opraHu-
yeckoro Tonua coctaBa: C —55%,0— 13 %, H —5%,S —7 %, N —
3%, W (Bnara) —17 %, ecau teMnepartypa ropeHus 1170 K.

3ananue 9

PaccuuTaiiTe npakTUYecKHit 06beM NPOAYKTOB rOpeHMs, MONyYeH-
HBII NpU cropaHuu 1 Kr opraHuyeckoit Maccol coctaBa: C — 50 %, O —
13%,H—8%,S—7%,N—6 %, W (Bnara) — 17 %, eciav TeMrnepaTypa
ropenus 1190 K, koaddunumeHT n3dbiTka Bozayxa — 1,3.

3aganue 10

Onpeaenute 0GbeM MPOLYKTOB rOpeHMs npy cropauu 1 M> razoBoit
cMecH, cocrosiieit u3 C;Hg — 70 %, C;Hg — 10 %, CO — 5 %, O, —
15 %, ecnu Tiop = 1300 K, k03 PuuneHT n3bbITKa Bo3ayxa o = 2,8; TeM-
neparypa okpyxatouiei cpeabl 298 K.
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Memoduyeckue yka3aHua

1. TonyynTe 3a1aHNE U UCXOOHbIE AAHHbIE U1 BHIMOJHEHMUS pacyeTa.

2. [lonpoOHO M3yyuTe METOAMKM pacyeToB oObema razoodOpa3HbIX
NPOAYKTOB CrOPaHMS MPOCThIX TOPIOYMX BELLIECTB U UX CMECEH.

3. BHMMarTenbHO M3yuyuTe HeoOXoaMMble A pacyeToB (opMyibl
(1.74)—(1.85).

4. IMpoaHanu3supyiite popMybl pacyeTa o6bemMa NMPOAYKTOB CrOpPaHMs
(1.10)—(1.17) pa3pena 1.2.2.

5. HepocTarouive A pacyeToB JaHHbIE: MOJIEKYJISIDHbIE MacChbl, CO-
CTaB roployMx ra3oB BelbepuTe no 1aba. 2, 7, npun. I11.

6. U3yunte eanHMLBl M3MEpEHUsI Macchl U obbema no Taba. 1—3,
[pun. 1.

Codepxanue omyema

OTyeT N0JIXeH OTBeyaTh TpeGOBAHUAM OOILIMX METOAMYECKUX YKa3a-
HUIi MO BBINOJHEHHUIO PaboT.

B oTyeTe npuBeauTe pe3yibTaThl PACYETOB U OTBETbI HA KOHTPOJIbHBIE
BOMpPOCHI.

KoHTponbHbie BONpPOChI

1. NoACHMTE, OT Yero 3aBUCUT UCNONb3OBAHUE Pa3NUYHLIX METOAMK ANA pacyeTa
o6bema NpoayKToOB CropaHus.

2. Kak onpegenstoT 06beM NpOAYKTOB CropaHva WHAMBUAYANbHOrO roployero
BEWeCTBa; CMECH rOpIoYMX BEWECTB; CMECH roploYMUX rasos?

3. MNoACHWUTE, YTO NOHUMAETCA NOA CYXMMU U BNAXKHLIMM NPOAYKTAMMU CrOpaHus
roplouux sewecTs?

4. Bnuset M M36LITOK BO3ayxa Ha 06bEM NPOAYKTOB cropaHua?
5. Yro Takoe abiM? NoscHute.

NpakTuyeckan pa6ora 3
PACYHET TENNOTbI TOPEHUA

Iean paGoTbl: HAYYUTHCS PACCUUTHIBATHL TEMJIOTY CrOPAHUsI UHAWBU-
NlyaJIbHOTO roproYero BellleCcTBa M roployeil CMecH.
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O6uiue nonoxeHua

OcCHOBHas 10J151 TEMJIOThI, BbIAEJSIOLLENCS B MpoLiecce rOpeHMs ropio-
YMX BELUECTB, MOCTYNaeT B 30HY FTOPEHMS 3a CUET TeruioBbiaeneHus. Ten-
JIOBbiJeIEHUE MTPOUCXOAUT B pe3yJibTaTe XMMHUYECKOMN peaKLlMU roploYero
¢ okucnuteneM. [IpuueM pasHble roployme BelllecTBa Npy CropaHKWM Bble-
JISIOT pa3IMYHOE KOJMYECTBO TEMJIOThI.

BcrnioMHMM onpeneneHune, pacCMOTpeHHOe B pa3nene 1.5.

Koauvwecmeo menaomest, évideasroweiica npu czopanuu eOuHUKb! MACCo!
eewjecmea unu eOUHULb! 00BEMa 20PHOYe20 Belecmea ¢ 00pa3oeanuem nPooyK -

MO8 NOAHO20 20PEHUS, HA3bIBAEMCA menaomoti 2openus u obosnaaemes Q..

ITpu pacyeTax TenaoThl TOPEHUS BaXHO pa3jiMyaThb HU3LIYIO U BbIC-
LIYIO TEMJIOThI, OTJIMYME MEXIY KOTOPbIMM 3aKJII0YAETCs B CJIEAYIOLLEM:

e BbICLIAA TEIJIOTA FOPEHMS YYUTHIBAET TEIMJIOTY KOHIEHCALIMM NMapoB

BOZIbl, BXOJSILLIMX B COCTaB MPOJAYKTOB ropeHus, o6o3Hauaetcs Q,;
e HM3ILIAsA TEMIOTAa FOPeHMS YYUTHIBAET TEIJIOTY ra3006pa3HbIX NapoB
BOABI B MPOJYKTax CropaHusi, obo3Hauaetcs Q,,.

B ocHOBY pacyeTHbIX METONOB ONpeAe/ieHUs TEMJIOThl CrOpaHHUs MoJo-
XeHbl 3aK0oH ['ecca u ¢popmynsl JI.M. Menneneena (1.24) u (1.25), npuBe-
JIeHHbIe B pa3aene 1.5.

PaccMoTpuM MeTonbl pacyeTa TeMJOTbl FOPEHUS] MHAWBUAYaIbHOTO
roproyero BelleCTBa.

Huzuyto Tennoty ropeHust Q,, MHAMBUAYalbHOrO XMMUUYECKOTO rOpio-
yero BelllecTBa ONpenesisiioT Mo 3akoHy ['ecca, 3anucaB npeaBapUTeSbHO
ypaBHEHHWE peakLUMU FroOpeHHs 3TOro BellecTBa.

Cnenyet MNOMHUTb, YTO CTAaHAAPTHbIE TEMJIOTbl 0Opa30BaHUsl MPOCTbIX
BewtecTB (O,, N, M T. 1) paBHBI HYJIIO.

IIpumep 1. PaccuntaTth no 3akoHy ['ecca HU3LWYIO TEMNAOTY rOpeHUs
6eH3ona (kJIx/Monb; KJIX/Kr; Kﬂx/M3).

Pewenue

1. 3anuweM ypaBHeHHe peaKLIMM ropeHUs1 6eH30/1a B BO3AYyXeE:

C¢Hg+ 7,50, + 7,5 - 3,76N, = 6CO, + 3H,0 + 7,5 - 3,76N,,
oTCloaa CTEXMOMETPUUYECKHUE KO3¢)¢)MU.MCHT]>] PaBHBLI:

mC02 = 6; mHzO = 3; an6H6 = l'
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2. YpaBHeHHe 3aKoHa ['ecca nsist aToro ciyyasi Oyaet BbirisaeTb Tak
(cM. (1.23)):
Q, =mco, -AHco, +my,0 - AH 0 — Meceng - AHcgng >

OTCl04a BbIYUCIIUM HU3LIYIO TEIJIOTY TOPEHUA B Kﬂ)K/MOI]b.

3HayeHWe BeNMYMHBI Tenoconepxanus AH nnst CO,, H,O npunu-
maem ro 1ab. 18, a ana CgH¢ (6enzona) — no ta6a. 3, npua. I1I:

0,=6-3969+3-2422-(-34,8) =
= 3142,8 k1x/monb = 3142,8 - 10° Hx/xMonb.

3. Huzwyio tennoty ropeHusi AH; Anst npoayKTOB: CO,, H,0, nony-
YeHHBIX NMPU cropaHuu | Kr 6eH30J1a, onpeaenM UCXolst U3 3aKoHa ABO-
razipo v onpeaejeHust KUJIOMOJs.

3akon Agozadpo: 1 kMoab eelyecmea npu HOPMANLHBIX YCAOBUAX 3AHUMA-
em obsem 22,4 ”.

KnnoMonb xMuMHueckoro BellecTBa paBeH ero MoJeKyasipHOM Macce.
CnepnoBartenbHO, NpU cropaHuu 1 KkMonst 6eH3ona, paBHoro 78 kr 6eH3ona

BblAeNsieTCs Teruota Q,, = 3142,8 - 10° kIx/kMonb. TepecunTaeM, CKOMb-
KO BbIAEJNTCS TeroThl (QF, ) Mpu cropaHuu 1 kr 6eH3ona:

0 = _31428-10°

"= =40 292,3 xIx/kr.
Mou. Macca 78 fox/

4. Tennoty ropenust 1 M* napoB 6eH301a NPU HOPMATbHBIX YCIOBHSIX
ornpeaeiuM, UCMONb3ys CleACTBUE U3 3aKOHa ABoraapo. Ilpu cropaHuu

1 kmonst = 22,4 m> napoB BbiensieTcst Teruiota 3142,8 - 10% kIx/kMonb.
IMpu cropasuu | M> NapoB BblAENSETCS TEMIOTA, PaBHAS:

o = 0, _31428-10°

"= = =140303,6 K Ix/M>.
224 224 fix/

Omeem. Tennora ropeuust 1 m> napoB O6eH30J1a MPU HOPMaJIbHBIX yC-
nosusix pasHa 140 303,6 xJIx; TenjoTa ropeHus | kr GeH3ojla paBHB
40,292 kA x.

Ecau roployas cMech npeacraBasieT coboii CI0KHYI0 CMeCh XHMHYECKHX
BelecTB, TO AJIs1 onpenesieHNsl TeMJIOThl TOpeHUsl (HU3LLEH U BbICLLEi) UC-
nonb3yoT dopmyasl .. MeHneneea (1.24), (1.25). CooTHolUeHHE Me-
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X1y HU3LIEN W BbICLLEH TENJIOTaMU FOPEeHUs NMpeAcTaBieHbl B pasaene 1.5,
dopmynsl (1.21) n (1.22).

IIpumep 2. Onpenenuts no ¢dopmynam 1. U. MeHaeneesa Hu3Lyo U
BBICLUYIO TEMJIOTbI ropeHus 4-MeTui-5-B-okcuatuntuaszona (CgHyONS).

Pewenue

1. Onpenennm MaccoBblii COCTaB BELLECTBA C yY4ETOM KOJIMYECTBA aTo-
MOB XMMMY€ECKOTO 3JIeMeHTa B MoJieKyJie no T1aba. 7, npui. I1I:

M=12-6+1-9+1-16+1-14+1-32=143a.e. M. — 100 %;

12-6 — C %;
1-9—H %;
1-16 — 0 %;
1-14 —N %;
1-32—S %,

OTKYyZa MPOLEHTHOE COOTHOLLIEHHE 3JIEMEHTOB B MOJIEKYJIE COCTABJISIET:

C=12-6-100/143 = 50,3 %;

H=1-9-100/143=6,3 %;

O=1-16-100/143=11,2 %,;

N=1-14-100/143=9,8 %;

S=1-32-100/143=22,4 %.

1. 3Has NpPOLIEHTHOE COAEPXaHUE XUMUYECKUX IJIEMEHTOB B rOproYeM
BELECTBE, ONpeAe MM HU3LLYIO TEMJIOTY ropeHus BewecTsa no (1.25):

0, =3394-50,3+1257-6,3-1089(11,2 +9,8-224) -
-25,109-63 +0) = 23720,2 xkAx/Kr.
2. Boicuiyto Tennoty ropeHust onpeaeaunm no (1.24):

0, =339,4-50,3 +1257-6,3-1089(11,2 +9,8 —22,4)=
= 25 143,38 k1x/kr.

Omeem. Hu3slwas Tenuota ropeHust 4-MeTuI-5-B-0KCU3TUITHA3014
paBHa 23 720,2 x[x/kr; Bbiciuass — 25 143,38 kJIx/Kr.

OnpeﬂeneHue TEIMJIOTbl TOPEHUSA CMECH TOPHYHX ra3oB CBOAMUTCA K
TOMY, YTO TEIJIOTA TOPEHHUS OMpEaeIA€TCA KaK CyMMa TEMJIOT rOpEHMUS ro-
PIOYMX KOMIMOHEHTOB CMECH:

/
hdi 1.86
§ M 100 (1.86)

R 495
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roeQ,, — Hu3maﬂ TEMNJ0Ta rOpeHHs i-ro roproyero KOMMNOHeHTa ra3oBoi
CMecH, KIl)K/M k[x/Monb;

(; — COepXaHHe i-ro ropoyero KOMMNOHEHTa B ra3oBoOil cMecH, 00b-
€MHBI€ MPOLIEHTHI;

| — 4yKcno roproyMx KOMIMOHEHTOB ra30Boi CMECH.

Ilpumep 3. OnpenennTb HU3LIYIO TENJIOTY TOpPEHUS (Kﬂ)K/M3;
KJIX/KMOJIb) ra3oBoii CMeCH, UMEIOLIMI ClleayIOLIMiA COCTaB KOMITOHEH-
TOB CMECH:

Pco,— 10%; on,— 10 %; 9o, — 10 %;.
Ycnosusa HopMmanbHblie: 0 °C (273 K); 760 MM pT. cT. (101 xI1a).
Pewenue

1. To (1.86) paccunTbiBaeM TemnoTy roperus 1 M3 cMecu, ecam Teno-
Tbl TOPEHUSI KOMITOHEHTOB UMEIOT CliefyloLMe 3HAYEHHUS:

O.co =12650 K11>-</M Qun, =10 770k[lx/m;
QHCH4 =35 820 KH)K/M QHC2H6 =63 690 KD,)K/M

Orcrona

CM (pCO (sz (pCH4 (pC2H6
= — 4+ ;
Q" =Quco g5+ Quny Joq+ Queny 0™+ Qucame —og
ew _ 12650-20 1077010  35820-20  63690-20 _
" 100 100 100 100

= 23 509 kx/M’.

2. Tennoty ropeHust 1 MoJisi ra30BOit cMeCH HaiieM, UCMOJIb3YS Cle-
cTBME U3 3aKoHa ABoraapo (1 KMonb raza npy HopManbHbIX YCIOBHUSIX 3a-
HUMaeT oobeM 22,4 M3)I

Q:M — M = 526,6 kIx/MOb.

1000

Omeem. Hu3was Tennota ropeHns 1 M> ra3oBoil cMecu cocTasisieT
63 690 x[x, a 1 Mons 3Toit cMecu — 526,6 KJIX.

IIpumep 4. OnpenennTb HU3LWYIO TEMJOTY TOPEHUS Fa30BOM CMECH,
coctosuuei 3 CHy — 40 %, C,H,( — 20 %, O, — 15 %, H,S — 5 %,
NH; — 10 %, CO, — 10 %.

Pewenue. [Ing Kaxaoro roproyero KOMMoHeHTa cMecu no ¢popmy-
Jie (1.23) HaxoaMM TeMJIOTY ropeHMUsl U CBOAMM JaHHble B Tabu. 1.21. laH-
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Tabauya 1.21. TennoTa ropeHHs roployHx BellecTB

Tennora o6paso-
YpaBHeHHe peakLMu BaHMsi TOPIOYETO Tery;ma ropeuus,
1073 Kﬂ)K/KMOJH: 107 kx/kMoab
CH, +20,=CO0, + 2H,0 75 0,=1-396,9+2-2422-75=
=806,3
CiHip+6,50,=4C0, +5H,0| 1324 0,=4-396,9+5-242,2-
- 132,4 =2666,1
H,S + 1,50, = H,0 + SO, 201,1 0,=1242,2+297,5-201,1 = 338,6
NH; + 0,750, = 46,1 0,=1,5-242,2-46,1=317,2
=1,5H,0 + 0,5N,

Hble TerJoT 06pa3oBaHusl, HeoOXonMMble Ul pacyeToB, 6epeM u3 TabJ. 9
n 18, npun. I11.
Io (1.86) onpeneanM TenjaoTy ropeHH1sl ra3oBoil CMeCH:

0, = 0,01 (806,3 - 40 + 2666,1 - 20 + 338,6 - 5+ 317,2 - 10)10~> =
=904,39 - 1073 KAX/KMOJIb.

1151 onpeneieHnst TeMIOTbI ropeHnst | M° ra3oBoii cMeck HeoGXOAMMO
noJiyyeHHoe 3HayeHHe pa3lesiTb Ha 00beM, 3aHMMaeMblii | KMoJieM rasa
TpY CTaHZAPTHBIX yCoBusiX (22,4 M%)

0,,=904,39 - 107 /22,4 = 40,375 - 1073 kIx/m".
Omeem. Hwuswas Ternora rop€Husd ra3oBol CMeCH COCTaBJSIET

40,375 - 107 kx/M>.

IIpumep S. PaccuntaTh Tenjgoty ropeHus | M3 CTEXMOMETPHUYECKOIA
reKCaHO-BO3AYLLIHON CMECH.

Pewerue. HaxonuM cTeXxMOMeTpUYECKHUIA COCTaB roployeil CMecH o
YPaBHEHMIO peakLIUU FOpPEeHUS:

C¢H,4+9,50,+9,5 - 3,76N, = 6CO, + TH,0 + 9,5 - 3,76N,.

Becb 006beM BCTYnMBIUMX B peakuuid KoMnoHeHToB (1 + 9,5+
+9,5- 3,76) npuHnMaem 3a 100 %, a konuuyecTBo roptoyero (1 KMosb) Oy-
IET COOTBETCTBOBATb CTEXMOMETPUUYECKOI KOHLEHTPALIMH:

¢, =1-100/1+9,5+9,5-3,76=2,2%.

8*
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Tennoty cropanus 1 M’ rekcaHa onpeaenseM no (1.23). JlaHHble ans
pacueta 6epem u3 Tadn. 9, 18, npun. I11:

0,=6-396,9+7-242.2 - 167,2 = 3909,6 xIx/Mob;
0, =3909,6/22,4 - 10° = 174,5 - 10° kx/m>.
quTbIBaﬂ, yTo 00beM | KMond rasa NMpH CTaAaHAAPTHLIX YCJIIOBUAX pa-

BeH 22,4 n, onpenensieM TEIJIOTy cropaHus | M3 CTEXMOMETPHUUYECKOM reK-
CaHO-BO3AyLIHOI cMecH 1o (1.86):

Q™ =174,5-10° - 2,2 / 100 = 3839 k[Ix/m’.

Omeem. TennoTa ropeHnst FeKCaHO-BO3AYLLIHOM cMeck 3839 KIX/M".

Codepxxanue pabomel

3ananue 1
“Cl‘lOJ]b3yﬂ 3aKOH Fecca, pacCcyMuTaTb TEMJIOTY rOPEHUA 3TaHa, €CJIHU

TeruioTa ero obpasoBaHus Q = 20,2 KKaj/MOJb.

3ananue 2
Paccuutats Q, 1 Q, ansa 3taHa, ucnonb3ys popmyny I1.1. MeHae-
JieeBa.

3ananue 3

PaccuntaTth HU3ILLYIO TEMJIOTY FOPEHHS CEPHUCTOrO Ma3yTa, UMeloLle-
ro coctaB (B %): C — 82,5; H — 10,65; S — 3,1; O — 0,5; A (3ona) — 0,25;
W (Bnara) — 3.

3ananue 4
PaccumnTaTb BBICLLIYIO TEIJIOTY ropeHUs1 He(pTsaHON dpakLMu, UMEIO-
uieit cneayrowmii cocras (B %): C — 84,5; H — 11,21; S — 3,99; O — 0,3.

3anaunne 5
OnpeaennuTb HU3LWIYIO TEMJOTY TOpPeHUs YKCYCHOM KMCJOTbI
(CH;COOH), ecau Tenota ee obpaszosaHus 485,6 KIIx/Monb.

3ananue 6
OnpeneanTb HU3LLYIO TEMJIOTY ropeHUs | Kr ApeBecuHbl cocTaBa C —
49 %, H — 8 %, O — 43 %. KakoBa ynenbHasi MHTEHCMBHOCTb TETJIOBBIE-

JIEHUs1, €CJIM MaccoBasi CKOPOCTb BbiropaHust coctaBnsieT 0,01 Kr/(lM2 -¢)?
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3ananue 7

PaccuntaTh MHTEHCUBHOCTDb TEMJIOBbIAEJIEHHUS NPU TOPEHUH ra30BoM
cMmecu coctaBe: CO — 15 %, C4H,, — 40 %, O, — 20 %, H, — 14 %,
CO, — 11 %, ecnu MaccoBast ckopocTb BbiropaHus 0,8 M3/C.

3ananne 8

OnpenenuTh HU3LIYIO TEMJIOTY FOpPeHUs] ra3oBoOil cMecH (Kﬂ)K/M3;
KJIX/KMOJIb) NMpY HOPMaJbHbIX YCJIOBUSIX, UMEIOLLIEN ClleaYIOLLIHUI COCTaB
(% 06.):

Pco =18%; oy, =12%; ¢co, =8%; on, =14%;

P orana =22%; ? nponana =16%; ?o, =10%.

3ananue 9

PaccuuTaTbh HU3LIYIO TEMJIOTY FOpEeHUs MponaHo-0yTaHOBOI CMecH
(K}l)K/M3; K X/KMonb), MMelolllel crenylolliMit cocTaB MPpU HOPMabHOM
naejaeHuu (B % 00.):

®co =9%; @n, =8%; @co, =11%; on, =10%;

D 6yrana =22 %; D nponana =30%,; (POZ =10%.

Memoduyeckue yKa3aHua

1. IMonyunte 3anaHue U UCXOMHbIE AaHHbIE Ul BHIMOJHEHMUS pacyeTa.

2. O3HaKOMbTECb C OCHOBHBLIMH MOHSITUSIMU NpoLecca ropeHUs Mo
pasaenam 1.1 n 1.5,

3. U3yuute hopMybl, UCMONb3yeMble ISl paCYETOB TEMNJIOT FOPeHHUs,
(1.21)—(1.28).

4. U3yunte no pasaeiy 1.5 MeToabl pacyeTa TEMJoThbl TOPEHUS C UC-
nonb3oBaHUeM 3akoHa I'ecca no (1.19), (1.20) u popmynsl .U. MeHne-
neea (1.24)—(1.25).

5. HenocTalowume nasi pacyeToB JaHHble NpUMUTe no Taba. 3, 7, 9
u 18, npun. I11.

6. INpon3BeanTe pacyeThbl, UCMOJIb3ysI HYXHbIE 1J1s1 MOJYYEHHOrO 3a-
naHust dopmyisl (cM. pasaen 1.5) unu dpopmyny (1.86) u opopmure oTyeT.

Codepxxarue omyema

OTyeT 00JIXEH OTBeyaTh TpeOOBaHMUSIM OOLIMX METOAMYECKUX yKa3a-
HUA No BbINOJHEHUIO PaboT.

B oTueTe npuBeanTe pe3yibTaTbl paCY€TOB M OTBETbI HA KOHTPOJIbHbIE
BOMPOCHI.
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KoHTponbHbIe BONPOCHI

1. ﬂaﬁTe onpepeneHve NOHATUA TENNOTbI CropaHua.

2. Y70 NOHMMaETCA NOA HU3WeW W BLICWEN TeNNOTAMU CrOPAHUA rOPIOYUX Be-
wecrse?

3. MoscHuTe Ha NpuMepax Ucnonb3osaHue 3akoHa lecca pna pacuera Q,, Q,.
B uem 3aknioyaercs ero cywHocTb?

4. Hanuwute dopmyny [1.U. Menpeneesa ans onpefeneHns HU3WeN U BbicwWwewn
TeNNoT CropaHus.

Hanuwute dopmyny Ans pacyeta TeNN0OTbl CropaHUA ra3o0BO3AYWHOI CMECH.

.

6. OTy4ero 3aBucuT cKOpocTb TennoseigeneHnn? Noareepaute Gpopmynon.
7. KakoBa ¢opmyna pac4era UHTEHCUBHOCTM TennoBbifeneHnua?

NpakTnyeckas pabora 4
PACHET TEMNEPATYPbI TOPEHUA

Llean paboTbi: HAyYUTLCS PACCUMTBIBATh TEMIEPATYPY FOPEHUs roplo-
YMX BELIECTB.

O6ujue nonoxenus

[opeHMe roproymx BELIECTB U MaTepUAIOB MPOUCXOIUT B pe3yJibTaTe
HarpeBaHMs UX UCTOYHUKOM 3aXHUTaHHUs, T. €. TEIUIOM, NMOCTYNAKOLNUM U3
BHelIHel cpeabl. KpoMe Toro, HarpeBaHMe OCYLLECTBISETCS TaKXe Ter-
JIOM, BbIAEJISIIOILIMMCS B 30HE TOPEHMUSI.

TemnepaTypa ropennss — TeMmnepaTtypa (30Hbl MJIaMEHM), 10 KOTOPOii
HarpeBaroTCsl MPOAYKThl peaKLMM rOpeHus. DTO MaKCUMaJlbHasi TeMIepa-
Typa 30Hbl XMMHUUYECKOM peakUu MM (30HbI MJIaMEHH).

Temnepatypy ropeHus paccuuThiBatoT no (1.29), ucnonb3ys ypaBHe-
HMe TerioBoro 6anaHca (1.30):

k
Qr-(rr = ZVn.r,-Cp,- (T, - T,),
=1

[ns yno6cTBa BLIYMCIEHUM 3HAUEHHUS yAeNbHBIX TEMA0OCOAEpXAHUMI
(3HTaNbNUIT) KOMIOHEHTOB rOPEHUs MPU Pa3IMUHbIX TeMIepaTypax Mpu-
BeaeHbl B Ta6. 20 (kx/kmounb) v Tabn. 21 (kAx/m°), npui. 111.
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Pacuer TEMNEPATYPbl TOPEHUA MOXET ObITb NMPOUNU3BEAECH TOJIbBKO METO-
JOM NMOCJ€N0BaATE/IbHBIX ﬂpMGﬂM)KCHMVl, NMOCKOJIbKY TEIMJOEMKOCTb ra3oB
3aBHUCHT OT TEMIIEPATYPbl TOPEHUA.

[nsa pacyera TeMIepaTypbl FOpeHHUsI TPeOYETCSl ONpeneJUTb NapaMeT-
pbl, CBeIEHHbIE B Taba. 1.22.

Tabauya 1.22. Cxema pacyeTa TeMnepaTypbl ropeHHst

OnpenensieMble NapaMeTpbl Mpumeyanue

1. O6beM M COCTaB NPOAYKTOB FOpeHHU S Kmonb; M°
(cM. npakTHyeckylio paboty 2)
2. Hu3was tennora ropeHus MK KOJU- Q,.-nam Q,,, kx/Monb, KIX/Kr
YeCTBO TEMJIOTHI, NOLLEALLIENH Ha HAarpeB (CM. MpakTHYecKylo paboTy 3)
NMpOAYKTOB ropeHus (Mpu HATMYUK Ten-
JIonoTepb)
3. CpenHee 3HauYeHHE FHTANLNUMU NPO- Ho = Ou(n.n) (1.87)
KTOB rOpeHUs - :

ayKTos rop 3 Vo

4. Temnepatypa ropenus T

(tadn. 19—20, npun. 111 no cpenHeit
3HTANbNUK, ecn H, BbipaxeHa

B Kﬂ)K/MS), OpPHEHTHUPYACH Ha a30T
(HanboJblee coaepxaHue B MpoOAyKTax

ropeHus)

5. TennoconepxaHue NpOAyKTOB rope- Ohr = z HVa: (1.88)

Hus ¢ Temnepatypoii T, (Tabn. 19—20,

npun. 111)

6. Ecnn Qf 1 < Qynry T 11> T H; — 3HTanbnus i-ro NpoayKTa ropeHus;

V. — 06beM i-ro npoaykTa ropeHus
(B ToM cnyuae, ecan Qf ¢ > Qi) f poiy P

T0T,<T))
7. Of no (1.88)

8. Pacyet npoBoaAMM 10 NOJIyyeHHUs He-
paseHcTBa Qf < Oy <O r

9. TemnepaTypa ropeHust (Qu(n.ry — O X2 -T))

e = On.r

T, =T+ (1.89)

[eiicTBUTEeNbHAS TemMMnepaTypa ropeHusl Ha noxape st 60J1bUIMHCTBA
ra3oo0pa3HbIX, XUIAKHUX U TBEPAbIX BELLLECTB U3MEHSIETCS] B 1OCTATOYHO y3-
kux npeaenax (1300—1800 K). B cBsizu ¢ 3TUM pacueTHasi oLeHKa aeicT-
BUTEILHOW TEMIMEPaTypbl TOPEHUSI MOXET ObITb 3HAYMTEJILHO YIPOILLEHA,
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€CJIM TEeMNJOEMKOCTb MPOAYKTOB FOpeHUsl BbIOMpaTb NMpH TeMmIepaType
1500 K:

Top =Ty +—20 (1.90)
ZCPiVn.ri
roe C;,,- — TenjoeMKOCTb i-ro npoaykTta ropeHus npu 1500 K (ta6n. 1.23).

Tabauya 1.23. TennoeMKOCTb HEKOTOPBIX FOPIOYHX ra30B

TennoeMkocTb
BeuwecTso 3
kx/M” - K kx/monsb - K
Co, 2,27 5085-1073
SO, 2,28 51,07-1073
H,0 (nap) 1,78 3987-1073
N, 1,42 3181-1073
Bosayx 1,44 3226-1073

Bonee nonpobHO MeToa onpeaesieHUsl TeMNepaTypbl TOpeHHUs pac-
CMOTPUM B CJIEAYIOLLMX NTPUMeEpaX.

IIpumep 1. OnpenenuTtb AeHCTBUTEIbHYIO TEMIIEPATypy FOpeHUs ape-
BecuHbl coctaBa: C —45 % H—5,0%;S —0%; O —35%; N—1%;
A —4%;W— 10 %, ecnu ropeHu1e npotekaet npu o, = 1,4. Henoxor co-
ctaBnsieT 5 % Q,,, a MOTepH TENJIOTHl U3yyeHUeM cocTasasior 10 % Q,,.
HavanbHble ycioBUsi — HopManbHble (cM. npui. I1).

Pewenue

1. OnpenesisieM KOJIMYECTBO TEIMJIOThI, 3aTPaY€HHOM Ha HarpeB Mpo-
JlYKTOB FOpeHHMS, N0 ypaBHEHUIO MaTepUaIbHO-TEMJIOBOrO OanaHca:

Qn.r = (QH + Qucx - Qneuox - QnOT)’ (1'91)

rae Q,, — Hu3Las TeMnjaoTa FopeHus;
0,x =0, Tak KaKk HayanbHble YCIOBUSI HOpMalbHBblE, Ty =273 K;
O,icn0x — TETMIOTa HENOXOTA;
Onor — TEMJIOTA MOTEPHU U3JTYYEHUEM.
BbluncnsieM KonM4YecTBO TENIOThI, 3aTPay€HHON Ha HarpeB MpoayK-
TOB FOPEHMUSI:

On:. =0, +(0-0,50,-0,10,) =0,85Q,.
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2. Mo dopmyne I.U. Menaeneena (1.25) HaxoauMM HU3LLIYIO TEMJIOTY
rOpeHMs1 APEBECHUHDI:

0,=339,4-45+1257-5-108,9(1 +35-0)-25,1(9-5+10) =
=16 257,1 kAx/xr;
O, = 0,85 -24097,9 = 13 818,54 KIIX/KT.

Takum obpa3oM, Ha HarpeB NPOAYKTOB ropeHMs | Kr ApeBeCHHbI OY-
net 3atpayeHo 13 818,54 k[Ix Tenna.

3. OnpenensieM 00bEM M COCTaB NMPOAYKTOB ropeHMs | KI IpEBECHHBI.

[Mpu cxuranmm apesecuHbl obpasytotest yrnekucslii ras (CO,), Boaa
(H,0), u octaercs asot (N,).

O61beM NpoAyKTOB cropaHus onpeaensieM u3 (1.33) pasaena 1.6, ot-
cloa UMeeM:

_ q
nr — ’ ’
CoTrop

rae g — TenjocoiaepxaHue NpoaykKToB cropaHus; kKIx/Monb; kIx/kr
(tabn. 20, 21, npun. 111);
C,’, — CpedHssl TeNnJOEMKOCTb MPOAYKTOB CrOpaHus Kﬂ)K/(M3 - K),

KKan/(M3 - rpaa.) (taba. 19, npun. I11).
O6beM NMpoAYKTOB CropaHus |1 Kr cJIOXXHON CMECH TOPIOYMX BELLECTB
npuBoauTcs B Taba. 1.17 (nmpakTuueckas pabora 2). Otciona uMeeM:

Vco, = 1,86 - 45/100 = 0,84 m*/xr;
Viyo = 11,2 - 5/100 + 1,24 - 10/100 = 0,68 m/xr;
Vi, =0,017-45+21 -5+ 2,63 (1 - 35) = 3,31 m/kr;

AV, =0,266(45/3 + 5 - 35/8)(1,4 — 1) = 1,66 m>/kr;

6,49 M/Kr.

CnenoBaTe/ibHO, NPU HOPMaJIbHBIX YCJIOBUSIX MPOAYKTbl FOpeHus 1 Kr
apeBecuHbl GynyT coctosTh n3 0,84 M°> CO,, 0,68 m® napos H,0, 3,31 M* N,
n 1,66 m° Bo3ayxa. O0wwMit 06beEM NMpoayKTOB ropeHus (V) cocTaBuT
6,49 m>/xkr.

4. HaxoauM TemMnepartypy ropeHms.
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OnpenefisieM cpeaHee TernjocoaepxaHue eaMHULbI 00beMa NMPOayKTOB
ropeHus:
T
_0q7 1381854

3
AHCp = —l;— = —————9— =2129.2 kJIx/™m".

n.r

3TO 3HAUYUT, YTO B KAXAOM KyOOMETpe NMPOAYKTOB rOPeHUS MPU TeM-
neparype ropeHus oyayr coaepxatbcs 3156,1 kIx Tenna. Ansa nanbHei-
LUIMX pacyeToB HEOOXOMMMO YYUTHIBATb, YTO A0JS a30Ta B MPOAYKTAxX rope-
HUsl HanboJiee 3HaUMTeENbHA, YEM JPYrMX KOMIIOHEHTOB ropioyeit cMecH.

OnpenensieM NPOUEHTHOE COAEpPXaHME a30Ta B NPOAYKTax rOpeHMsl.
3HayeHMsl MPOLEHTHOro COCTaBa a30Ta M KMCaopoaa NpUBedeHbI B Mpak-
THueckoi pabote 2 (Tabn. 1.17). Mcxoast u3 naHHbIX 3TOi TabauLbl, Mpo-
IYKTbl TOPEHUS COCTOAT M3 a3oTa (3,31 %) u kucnopoaa (1,66 %) B cocra-
Be Bozayxa. OTcioaa onpeaesisieM A0J110 a30Ta B NMPOAYKTaX FOpeHHs:

3,31+1,66-0,79
6,49

rae 0,79 — ko3adbHUUMEHT, yYUTHIBAIOLLMIA colepXaHHUe a30Ta B BO3yXe
(cM. dopmyny (1.17)).

[Mpy panbHeMILIMX pacyeTax UCXOAUM U3 TOTO, YTO AO0JS a30Ta B NMPO-
nykTtax ropeHus coctasasiet 71,2 %. I[oatomy no ta6n. 20, 21, npun. 111
(CM. pa3aMepHOCTb 3HTA/IbIIMK) HAXOAMUM, MPU KaKOil TeMNepaType yneb-
Hoe TernjocoaepxaHue azota AH , COOTBETCTBYET HailJeHHOM BeJMYMHe
AH,, (2129,2 k[Ix/m%).

BuauM, yto ata temnepatypa Haxoautcst Mexay (1400—1500) + 273 K.

[TpHKMas BO BHUMaHHUE, YTO B COCTAB NPOAYKTOB FOPEeHUs BXOIST
takxe CO, n H,0, koTopble 06/1a1al0T TaKUM XE TEMJIOCOAEPXKAHUEM
(AH,=2129,2 k[Ix/M%), HO npu Gonee HMU3KMX TemmepaTypax (CM.
tabn. 21, npua. 111), 3anaemcs temnepatypoit (1400 + 273) K. I1o aToit
teMnepatype (1673 K) onpenesnsieMm cyMMapHoe TerjiocoaepxaHue npo-
IlYyKTOB FOpPEHHSI:

-100 % = 71,2 %,

erl.6|73K = ZAHnAri Vori =
=2010- 3,31 +2035,5- 1,66 + 3241,4 - 0,84 + 2560,9 - 0,68 =
= 14 496,22 k1 x.
CpaBHM.BaeM MOJYYE€HHbI€ NaHHbLIE, a UMEHHO, paCY€THOC 3HAuyc-

HUE Q,,Trop (13 818,54 klx) mns | kr apesecuubl M O, npu T=1673 K

-r

(14 496,22 kx).
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TennoconepxaHue npoaykToB ropenust npu T = 1673 K Bbiwe Q,, . =
=13 818,54 x[1x, cnenosarenbHo, T, < 1673 K.

YuutbiBas, yto anst AH ., = 2129,2 1<11>|</M3 TeMnepaTypa HaxOaUTCs
mexay 1300—1400 °C (taba. 21, npun. 111), 3anaem 3Hayenune 7= (1300 +
+ 273) K ¥ BHOBb onpeaensieM TemnjocoaepXaHue NMpOAyKTOB ropeHUs
aHAIOTMYHO PaCCMOTPEHHBIM BbILLIE pacyeTam:

WK - 1861,2 - 3,31 + 1877,5 - 1,66 +2979,1 - 0,84 +

+2345,5- 0,68 =13 374,61 kx.

TennocoaepxaHue npoaykToB ropeHus npu T = 1573 K Huxe pacueTt-
Horo @, ; = 13 818,54 x[1x, cnenosarenbHo, 7, > 1573 K.

TakuMm o6pa3oM, TeMmInepaTypa ropeHusl HaxXOAWUTCS B MHTepBaje
2173—2373 K. TouHoe 3HayeHHEe TeMIepaTypbl FOPEHUsS] HAXOAUM UHTEP-
noJsiuMeil, cunTasl, 4To B 3TOM MHTEpPBaJle TeMIepaTyp TerniocoaepXaHue
NPOAYKTOB rOPEHMsl TMHEAHO 3aBUCUT OT TEMIEPATYPbI.

[Tpu pasHoctu Temnepatyp (1673 — 1573) = 100 K, TennoconepxaHue
M3MEHMUTCS Ha

14 496,2 — 13 374,61 = 1121,61 k1 x.
Pa3HocTb MexXay TENNOTOMH ropeHUs U TEMJIOCOAEPXKAHUEM:
13 818,54 — 13 374,61 = 443,93 kIx.

CnenoBaTenbHO, UCTUHHas T, OyzneT paBHa:

T.= 1573 + 24393
112161

b

=1573,4 K.

Omeem. Temnepatypa ropeHus cocrasnser 1573,4 K.

Ilpumep 2. Onpenenutb aguabaTuyeckyto TeMnepaTypy ropeHust 3TU-
JIOBOrO CNIMpPTa B BO3IYyXE.

Pewenue. PacueT npou3BoaNM Mo cxeMe, NPpUBENEHHO B Tabu. 1.22.

Tak kak roproyee — MHAMBUIYaJbHOE BELLECTBO, 151 ONpeaejeHus
obbeMa M cocTaBa NPOAYKTOB CrOpaHUs 3aMuileM ypaBHEHUE XUMUUYECKOM
peakLuy ropeHus:

CszoH +302 +33,76N2 =2C02 +3H20+33,76N2

CnenosatenbHO, MPOAYKTbI CrOPaHWs COCTOAT M3 Vi, =2 Mons,
Vh,0 =3 mona, Vy, =11,28 monsa, V, . = 16,28 mons.
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1. Huswyto tennoty ropeuus onpenensem no (1.23). U3 ta6n. 9,
npun. 111 Haxonum Temioty obpa3oBaHus 3TaHoa — 278,2 K[ X/MOJb.

0, =2-396,9 +3-242,2 — 2782 = 1242,2 k1X/MO.b.
2. CpenHsst 3HTalbUsI MPOAYKTOB rOpeHUsl
12422

=—22 =176,3 kJIx/MoJb.
P 16,28 /

3. Tak kak H_, BbipaxeHa B K[1x/Monb, no Taba. 20, npui. 111 Bei6u-
paeM, OPUEHTHUPYSICb Ha a30T U KMCJIOPOJ, NEPBYIO NPUOIMXKEHHYIO TEM-
nepatypy ropeuus T, = 2100 °C.

4. PaccuuTbiBaeM TemiocoaepxaHue npoaykToB roperus npu 2100 °C
no (1.88):

0, =1147-2+934-3+704-1128 =1303,7 xkAXx/M0b.

5. CpaBuuBaem Q,, u Q;, ., TaK Kak @}, . > Q,,, BbIoMpaeM Temrepatypy
ropeHus paBHoit 2000 °C.

6. PaccuntbiBaeM TerjocoaepXaHWe TMNpPOAYKTOB TOpPeHMUsT MNpH
2000 °C:

0;/. =1082-2 +88,16-3+ 668 -11,28 = 1235 kIIx/M0Jb.

7. Tak kak Q;/. <0, <0/ ., onpenensieM TeMIepaTypy ropeHus rno
(1.89):
(1242,2 —1235)(2100 — 2000)

7,° = 2000 +
1303,7 - 1235

=2010°C.

ITpumep 3. Onpenenntb annabaTUYECKYIO TEMIEPATYpY rOPEeHMs opra-
HHUYecKoi Macchl, coctosieit 13 C — 60 %, H—7%, 0 — 25 %, W —
8 %.

Pewenue

1. Tak kak roptoyee NMpeacTaBisieT COO0M C/OXHOE BELLECTBO, COCTAB
NpOAYKTOB ropeHus paccuutbiBaem no (1.80)—(1.83).

60 30
VC02 =1,86'la)'=l,12M /KI‘,
7 8 3
Vo =11,2—+124— = 0,88 M”/kT;
H:0 100 100 /
Vn, =L7.60+21(7-§)=5,01M3/Kr.
27100 8
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O61mit 06EM MPOAYKTOB FOPEHUS paBeH:
Ve, =7,00M /kr.
2. OnpenensieM HU3LLIYIO TEMJIOTY CrOpaHMs BelllecTBa Mo ¢opmyJe
O.1. MeHneneesa (1.25):
0, =3394-60+1257-7-1089-25-25,1(9-7 +8) =24 658,4 kIx/kr.
3. OnpenensieM CpeAHIO SHTANLIMIO MPOAYKTOB FOPEHMS:
_ 246584

o =3517,6 KII)K/M3.

4. Tak KaK BeJIMYMHA SHTAIbIIMU pacCyMTaHa B K)l)K/M3, MepByIo NpH-
OJIMXEHHYIO0 TeMnepaTypy BeioMpaeM no tabu. 21, npua. 111. OpueHTHpy-
scb Ha a30T, npuHuMaeM T, = 2300 °C.

5. PaccuutbiBaeM TeriocoaepxaHue npoayktoB ropeHus npu 2300 °C
no (1.88):

0; . =5660,7-1,12 +4667,1-0,88 + 3469,1 - 5,01 = 27 827,2 kIx/xr.

6. U3 cpasHenus Q, v Q;, . (Q,, > 0y ;) BbIOMpaeM BTOpYIO NpuGIn-
XEHHYI0 Temnepatypy, pasHyto 1900 °C.

7. PaccuuTbiBaeM TenjaocoAepXxaHue TMPOAYKTOB TOPEHUSI TMpH
1900 °C:

e =4579,7-1,12 +3693,5-0,88 +2818,2 - 5,1 = 22 498,8 kIx/Kr.

8. Tak kak Q;, <0, <0, ,onpeaenseM TeMnepaTypy ropeHus:

(23 958,4 — 22 498,8)(2300 —1900)
27827,2 — 22 4988

T2 =1900 + =2010°C.

IIpnmep 4. PaccunTaTb A€ICTBUTENIbHYIO TEMIIEPATYpPy ropeHus: heHo-
na AHq, = 4,2 x[IX/MOnb, €Cliv NOTEPH TeNJIa U3NYyYEHUEM COCTaBUIH
25 % ot Q,,, a K03hbULIMEHT U3OBLITKA BO3yXa NPU FOPEHHUH paBeH 2,2.

Pewenue

1. OnpenensieM cocTaB NPOAYKTOB FOpEHUS

C¢H;OH+ 70, +7-3,76N, =6CO, +3H,0+7-3,76N,;
Vco, = 6 Mob;
VHZO = 3 Mons;
VNz = 26,32 Mons;
AV, =(7+7-3,76)(2,2 — 1) = 39,98 Mons.
Vir =75,3 Mons.
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2. OnpenensieM HU3LLYIO TEMJIOTY cropaHus ¢eHona (1.23):
0, =6-3969+3-2422 —1-42 = 3103,8 kIx/MOb.

3. Tak kak no ycjoBHI0 3af1aum 25 % Tenna TepsieTcs, onpeaeyiseM Ko-
JIMYeCTBO TerJia, nolie/llee Ha HarpeB NPOAYKTOB ropeHus (Ternjaocoaep-
XaHHWe NMPONYKTOB rOpeHUs NP TeMIepaType ropeHusl):

Qn,r = QH (l - n)9

rae 1 — 00Jis TerJonoTepb B pe3yJibTaTe U3JIYYEHHUS HEPIrUU, XUMHUYE-
CKOro 1 MEXaHM4€CKOro Heaoxora.

O,.r =31038(1-0,25) = 2327,85 k[Ix/MOnNb.
4. Tlo (1.90) onpenensieM neiCTBUTENbHYIO TEMITEPATYpy FOpPEHUS:

232785

TR =273+— -
1073(50,85-6 +39,87-3 + 31,81-26,32 + 32,26 - 39,98)

=1185,17 K.

Omeem. [leiicTBUTeIbHAS TeMnepaTypa ropeHus pasHa 1185 K.

MeToauka onpeneneH1s TeMNepaTypbl rOpeHUs APYrMxX KJ1accoB Be-
LLIECTB aHANOTMYHA. B ciyyae ropeHust MHAMBUIAYATBHBIX XUMUYECKHUX CO-
eNMHEHUI ynoGHee Mo/b30BaThCsl Pa3MEPHOCTSIMU KMOJIb/KMOJIb MPH OT-
penenenuu V¥ n kJIx/kmonb — npu Haxoxaenuu Q,, . v AH ,. B 3Tom
clyyae B pacyeTe HeoGXONMMO MCMONb30BaThb CMpaBOYHbIE NaHHblE
(tabn. 20—21, npuan. I11).

Ha npakTuke Hcronb3yeTcs KalopuMeTpUYecKas TeMrnepaTypa rope-
HUS M TeMIMepaTypy noxapa. [1py 3Toc pasnnyaloT TeMnepaTypy BHYTPEH-
HEro U HapyXHOro noxapa.

Temneparypa BHYTpeHHero noxapa — 3T0 CpelHsisi TeMINepaTypa AbiMa
B NOMELUEHUHU, TIe MPOUCXOAUT noxap. TemnepaTypa HapyKHOro noxa-
pa — 3TO TeMMnepaTypa IJaMeHH.

Codepxanue pabomsi

3ananue 1

PaccyutaTh KaJlOpMMeTpUYECKYIO TEMITEpaTypy rOpeHHsl KEPOCHHA
chenyioulero coctaBa: C — 86 %; H — 13,7 %; S — 0,3 %; ecau TerioTa
ero obpazoBanus Q = 20,2 KKaJl/MOb.
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3ananne 2
Paccuutath TeOpeTHYECKYIO TEMITEpaTypy FOPeHUs1 KEPOCHHA Clielylo-
wero coctaBa: C — 86 %; H — 13,7 %; S — 0,3 %; ecnu TenJjora ero obpa-

3oBaHus Q = 20,2 kkan/Monb.

3ananue 3
PaccunTaTh KalOpMMETPUUYECKYIO TEMITEpaTypy FrOpeHUsl Ma3yTa clie-
nywoutero coctaBa: C — 43 %; H — 13,7 %; S — 0,8 %; ecav Teriora ero

obpa3oBaHus Q = 18, 4 kkan/MoJb.

3ananue 4

OnpeneanTb, Kak U3MEHsIETCS aqMabaTryeckasl TeMreparypa ropeHms
B FOMOJIOTMYECKOM psilly MpeaebHbIX YIeBoA0poaoB (Ha NpMMepe MeTa-
Ha, nporiaHa, N€éHTaHa u FCﬂTaHa). Hocrpomb rpa(bm( 3aBUCUMOCTHU TEM-
nepaTypbl FOPeHUsl OT MOJIEKYJISIPHOH Macchl TOPIOYEro BElLleCTBa.

3ananue 5

PaccuMTtathb OeiCTBUTENIbHYIO TEMIIEPATYpy rOpeHUs ra30BOi CMeCH,
cocrtosieit u3 45 % H,, 30 % C;Hg, 15 % O,, 10 % N,, ecan notepw Ten-
na coctaBuim 30 % Qy, a koaddrUMEeHT U30bITKAa BO3ayXa NPU FOPEHUH
paBeH 1,8.

3anganne 6

PaccuuTaTb A€CTBUTENIbHYIO TEMIEPATYPY rOpeHUs1 6yTaHO-BO3AYy1L-
HOM CMECH CTEXMOMETPHUYECKOH KOHLUEHTPAaLMM Ha HUXKHEM KOHLEHTpa-
LMOHHOM MNpenene BocraMeHeHus (1,9 %) 6yrana u 98,1 % Bosnyxa.

3ananue 7

OnpeneanTs KonyecTBo cropesiuero aHTpauurta (C = 100 %) B nome-
ueHuun oobemom 180 M3, eclii cpeiHeoObeMHasi TeMnepaTypa Bo3pocia ¢
305 oo 625 K.

Memooduyeckue yxka3zaHus

1. [TonyynTe 3agaHMe U UCXOMHbIE AaHHbIE MUl BBIMOJHEHUS pac-
YETOB.

2. BHuMaTenbHO M3yuuTe B pasaeie 1.6 OCHOBHbIE MOHATUS TeMIepa-
TYpbl TOPEHUS U NMO3HAKOMbTECH ¢ hopMmynamu (1.29)—(1.33).

3. U3yuute MeTod nociiea0oBaTebHbIX MPUOJIMXEHUI pacyeTa TeMIle-
paTypbl TOpeHMs1 MO Mpe1oXeHHOMY npumepy U ¢opmynam (1.87)—(1.91).
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4. N3yuuTe nocienoBaTeIbHOCTb pacyeTa TeMIepaTypbl FOPEHHUsI CO-
rjacHo taos. 1.22.

5. U3yuure MeTon onpeneneHus NeHCTBUTENIbLHOI TeMIepaTyphbl rope-
Hus no npumepy 1 u (1.90)—(1.91).

6. HenocTatouiye 1isi pacyeToB NaHHble MpUMUTE M3 Taba. 1.17 (nmpak-
TU4yeckas pabota 2) v tadn. 20—21, npua. I11.

7. lo3HaKoOMbTeCh C TeMMEPATypHbIMU WiKanamu (npuin. I).

Codepxxanue omyema

OTyYeT DOMIXEH OTBeYaTb TPEOOBAHMUAM OOLIMX METOAMUYECKHUX YKa3a-
HMWI MO BbIMOJHEHUIO paboT.

B otyeTte npuBeauTe pe3ysibTaThl pacYeTOB U OTBETHI HA KOHTPOJIbHbIE
BOIPOCHI.

KOHTpOﬂbele BONPOCHI

1. [laite onpepenenue Temnepartypbl ropeHus.
2. Kak knaccuduuupyetcs Temnepartypa ropeHus?

3. YKaxuTe pa3nuuna Mexay KanopuMeTpuyeckon, TeopeTUYecKon U aencTsm-
TeNbHOW TemMnepaTypamu ropeHus.

NpakTuyeckas pabora 5
PACYET TEMNEPATYPbl CAMOBOCNAAMEHEHUA

HLean paGoThbl: HAyYUTLCS PACCYMTHIBAThL TEMIIEPATYpY CaMOBOCIIaMe-
HEHUS TOpIOYEro BelllecTBa M paboTaTh CO CIIPaBOYHOI JIUTEPATYpPOi.

06wue nonoxxexus

MHorue roptoyme BellleCTBa CNOCOOHBI K CAMOBOCIIJIAMEHEHMUIO, T. €.
BO3ropaHuIo 6€3 y4aCcTHsl MCTOYHMKA BOCIIaMeHeHMs (3axuranus). [1po-
LIECC caMOBOCIJIaMEHEHHUSI MOXET MPOTeKaTh NpH OornpeneieHHoi TeMre-
paType, XapakTepHOW JUISl TOFO WX MHOTO rOpIOYero BelllecTha.

CaMast HM3Kasl TeMMnepaTypa BellleCcTBa, NMpU KOTOPOii MjaMeHHOe ro-
peHue napo-, ra3o00pa3HbIX NPOAYKTOB pa3fioXXeHUs1 BO3HWKAET caMo-
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NpOM3BOJIbHO 3a CYET XMMUYECKOH peakLiMM OKUCIIEHUS Topiloyero Bellle-
cTBa, OyZeT IBNATLCS TEMNEPATYpoit caMoBocnaaMeHeHus (T,).

CaMoBocriaMeHeHHe MOXET ObITh Ge3 pacnpocTpaHeHUSs MJIaMEHM.
Takoe ropeHue siBiisieTcsl TJieHUeM. TJieHHe XapakTepHO TOJILKO AJ1s1 TBep-
JbIX BELLECTB.

Tak Kak caMOINpo13BOJIbHOE MJIAMEHHOE FTOPEHUE U TIIEHUE TBEPAbIX
BelLIECTB BO3HMKAET JIMLUb MPU Harpese A0 OnpelesieHHbIX TeMNepaTyp —
TeMIlepaTyp CaMOBOCIJIAMEHEHUS, 3TU TEMIMEpaTypbl CJAyXaT OAHUM U3
BaXHEMLLIMX MoOKa3aTeJsieit MoXapoonacHOCTH roplounx BellecTs. s on-
pelesieHUs 3TOro Mnokasaresisi MoXapooNacHOCTH MMEIOTCS pa3jinuHbie
meTobl pacyerta T,.

Temnepartypa camoBocniaMeHeHUs1 obo3HayaeTcsl T, M U3MepsieTCs B
rpan — lenbcus (°C) unu KenbsuHa (K).

OnpeneneHue TeMnepaTypbl CaMOBOCIJIAMEHEHUSI TOPIOYETO BELLECT-
Ba, €€ 3aBMCHUMOCTb OT pa3nuuHbix ¢akTtopoB onpeaensitorcss TOCT
P 51330.5—99 (M3K 60079-4—75) «MeTon onpeneieHusi TEMNEPATYpPbl
CaMOBOCIJIAMEHEHHSI».

TeMnepatypa caMOBOCIJIAMEHEHHS TOPIOYETO BELLECTBA HE SIBJISIETCS
NOCTOSIHHOI BeJIMYMHOM. OHa 3aBUCUT OT clleayoumnX ¢hakTOpPOB:

e COCTaBa roproyei cMecu;

e naBneHus (cM. Tabn. 1.5 B paznene 1.8.1);

e HaJlMuMs KaTaIU3aTOpOB;

e CTEMEHU U3MENIbYEHHSI.

O3HaKOMMMCS C TeMrnepaTypaMu CaMOBOCIJIaMEHEHUSI HEKOTOPBIX
roplouvx BellleCTB, NpHUBeAeHHbIMU B Ta0J. 1.6 paznena 1.8.1.

Pacuet Temnepartypbl CaMOBOCNNAMEHEHHUA YrNeBOAOPOAOB

Temnepatypa caMoBocnjiamMeHeHuUs1 T, B rOMOJIOTMYECKOM PsLY CO-
eAMHEHWIH CHUXAETCS C YBEJIMUEHUEM JUTMHBI YIJIEPOAHOM LIENH.

MeTtonuka onpenenenns T, CBOAMTCS K CledylOLIEMY:

1. OnpeneneHue cpelHeN MIMHBI YIIEpOAHON LENU B MOJIEKYJIE CO-
€VMHEHUSs IaHHOTOo KJlacca.

PacuetHasi dopMyna ycJIOBHO# CpeiHeH JUTMHBI LeNY UMEET BUA:

n
Znil,
cp = l=zl‘n ’
]

/ (1.92)

rae n; — YMCJIo Uenei,
l; — nnvHa i-i yrnepoaHoM Lenu.

9 4031
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2. OnpeneneHve od1IMX Yuce Lenei no ¢popmyne

3n = 2D, (1.93)

rae M — 4ncio KOHLEBBIX FPYNM B MoJjieKyJle — MeTuibHbIX rpynn CHj;
apoMatuyeckux (pennnbHbix) rpynn CgHs, ruapokcunbhbix rpynn OH u
Ipyrux GYHKLMOHANbHBIX IpyMN.

[py onpeneneHun /; Hano UMeTb B BUAY, yto rpynna —OH yanunsiet
uenb, a GeHUbHas Ipyrnna YMeHbLIaeT ee Ha OIWH aToM yrieponaa. TeM-
nepaTypy cCaMOBOCIJIaMEHEHHSI MOXHO TaKXe pacCuuTaThb Mo ¢popmynam:

T,=300+116 [S—I_ npu [, <5; (1.94)

T,,=300+38 I, -5 npu [,>5. (1.95)

IIpumep 1. Paccunrarsb T, 3,3-1M3THIEHNIEHTaHA.
Pewenue
1. 3anucbiBaeM CTPYKTYpHYIO hopMyily:

SCH,
|
"CH,

|
'CH; - CH, - *C - *CH, -°CH;,
|
8CH,
|
°CH,

2. HymepyeMm Bce aToMbl yriiepoaa B MoJiekyJie oT | 10 9.

3. Haxonum o0liiee 4uCio OQMHAKOBBIX LIENei ¢ KOHUEBOMH METUJIb-
Ho# rpynnoit: CH; — CH, —. Takux ueneii yetbipe.

4. Ilpon3BoauM pacyeTt oOLMX yucen uenei no (1.93).

Sn=MM-1)/2=4(4~-1)/2=6.

5. HaxonuM cocTtaB uerneii ¢ 0OAMHAKOBLIM YMCJIOM aTOMOB yrjepoaa —
Cs. Ux wectb: 1 —2—3—4—5; |—2—3—8—9; 1—2—3—7—6; 5—4—3—
8—9;5—4—3—7—6—; 6—7—3—8—9. Buaum, 4yTo B JaHHOM COEIMHEHUH
IUTMHA BCeX Lienei oaHHaKoBa.
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6. Haxonum cpenHiolo JinHy uenu no (1.92):

rae Y, n; = 6 cornacHo nNyHKTy 4; ¢; = 5, Tak KaK IJIMHa ONMHAKOBbIX Lieneit
COCTOMT M3 MSTHU aTOMOB yIJlepoa.

7. o 1abn. 22—24, npun. 111 ang npenenbHbIX yrieBoAOPOAOB HaX0-
OMM MO CpelHeil [UIMHE Leny TeMnepaTypy caMoBocniaMeHeHUsl. OHa
paBHa: T, = 560 K.

Jlnst caMONpoBEPKM MOXHO CPaBHUTb CMIPaBOYHOE 3HaUYEHHUE TeMIle-
paTypbl CaMOBOCIJIAaMEHEHHS! C IKCNEPUMEHTAILHOM BEIMYMHOI U oLe-
HUTb OLUMOKY pacyeTHOTO MeToa.

Omeem. T_, 3,3-auaTuneHnenrtara pasHa 560 K.

IIpumep 2. Paccuutath TeMnepaTypy caMOBOCIUIAMEHEHUS 2,2-IUMe-
TUJITeKCaHa.

Pewerue

1. 3anucbiBaeM CTPYKTYpHYI0 ¢OpMyJly roproyero BelllecTBa U onpe-
neNisieM KOJIMYECTBO LIene:

"CH,
|
'CH,-C-CH, 2CH,-CH,~CH;
|

8
CH;
M, =4, TaK KaK B MoJiekyJie coaepxarcs yeTbipe rpynnsl —CHj:
zm=ﬁtﬂ=&
2

2. HaxoauMM anvHy Kaxaoi U3 LWeCTU Lenei U CpenHIo JUIMHY MoJie-
KYJIbl:
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[To Tabn. 22, npun. 111 onpenensieM TeMnepaTypy cCaMOBOCIJIaMEHe-
HMS MIPY cpeliHel [JUTMHE Lienu, oHa paBHa 643 K.
3. Npoussoanm nepecyeT no popmyne (1.94):

T, =300+ 116 /5-45 = 382" unn 655 K.
Omeem. TeMnepaTypa caMOBOCIUIAMEHEHHS 2,2-nuMeTHAreKcaHa 655 K.

IIpumep 3. PaccunTaTh TEMMEpaTypy CaMOBOCIJIAMEHEHUSI U30TPOMNK-
JIOBOTO CnupTa.

Pewenue

1. Ucxons u3 CTpyKTypHOI hopMyibl BelllecTBa onpenessieM Kojiuue-
CTBO Leneit:

'CH;->)CH—’0H
|

*CH,

M, = 3, TaK KaK B Moniekyne conepxurcs ase rpynnsl —CH; 1 onHa
rpynna —OH.

_33-D

=—=—"=3

u
2. HaxoauM AIMHY KaXAOM LIENU U €€ CPENHION AIMHY:

n, 1-3 3—4 1—4

i

I 2+ 1 2+1 3

B uensx 1—3 u 3—4 conepXxuTcs 1o 1Ba aToma yrjiepoaa U oJiHa rpyri-
na OH, koTopasi yIJIMHSET LieNb Ha OOWH aToOM yrjepoa:

[ =£=

Cp33.

3. 1o Ta6n. 23, npun. 111 onpenensieM TeMnepaTtypy caMoBocCnjiaMe-
HEHHMS U3O0MPONUIOBOro cnupTa (NMpMU CpelHei MUHE LIENK), OHA paBHa
706 K.

4. To (1.94) paccunTbiBaeM TeMrepaTypy CaMOBOCIIaMEHEHHS:

T, =300+116v5-3 =464°C nnn 737 K.

cB

CornacHo cnpaBOYHbIM JaHHBIM TeEMICpaTypa CaMOBOCIIaMEHEH U ST
M30MpoMnUJIoBOro crnyMpra pasHa 693 K.
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OTHocuTeNbHAasA owubKa pacyera ¢ MCNoJib3oBaHMEM Tabn. 23,
npui. 111 coctasaser:

A 100=1,9 %.

_ 706 - 693
693
Omeem. TeMnepaTypa CaMOBOCIUTAaMEHEHHUA U3O0IPOITUJIOBOIo CriupTa
737 K.

IIpumep 4. Onpenenuts TEMIEpaTypy CaMOBOCIJIAMEHEHUSI apOMaTH-
YyeckKoro BelllecTBa |-MeTui-4-3TMNOeH3054a.

Pewenue

1. CtpykTypHasi ¢opMyJia BellecTBa:

2

1
CH, ’CH, - “CH;

Mp = 3, TaK KaK B MOJIEKYJIE CONEPXHUTCA NBE€ METUJIbLHbBIE U OOdHA
rpynna ¢eHunnbHas rpynmsl.

2. OnpenensieM IIMHY LENeii:
n, 1—4 1-2 2—4

l 3—1 1—1 2—1

i

[nvHa uenu yMeHblUAeTCs Ha OAMH aTOM Yrjepofla, Tak Kak B Hee
BXOAMT heHUIbHAs rpynna:
1-2+1-0+1-1
[Cp = -——3— =
3. o Tabn. 24, npun. 111 onpenensieM, 4To TemMnepaTypa caMmoBoCIIa-
MeHeHus paBHa 712 K.

Omeem. TeMnepatypa caMoBOCIJIaMeHeHUsT 1-MeTu-4-3TunbeH3oa
712 K.

1.

Pacuer Temnepatypbl CaMOBOCNNaMEHeHUA TBEPAbIX
Matepuanos

TemnepaTypa caMoBocriaMeHeHus (T,) TBepablX MaTepuaioB onpe-
NeNsoT B TEPMOCTATE, I1e 06pa3ell BhIAEPXHUBAIOT [JUIUTEILHOE BpeMs MpH
3a1aHHOM TeMnepaType. 3a Temnepatypy T, NPUHUMAETCs MUHUMaTbHAS
TeMmnepaTypa TepMocTaTa (OKpyxXalolleit cpeaibl) ¢, Mpy KOTOpoit Habitona-
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€TCs pe3Koe MOoBbllIeHNe TeMIlepaTypbl MaTepHaia, 3akaH4YuBalolleecs
TJIEHUEM UM ropeHueM. [ns Beruncnenus T, M BpeMeHM Harpesa TBep-
[l0ro Matepuaiia UCroJib3yeTcs CJeayiollas 3KCrEPUMEHTAIbHO BbISIBJIEH-
Hasi 3aBUCUMOCTb MeXy TEMIepaTypoi OKpyXalolleit cpeabl (TepMocTa-
Ta), MaccoM BelllecTBa M BpeMEHEM HarpeBaHMs 10 MOMEHTa ero CaMoBOC-
NJlaMeHEeHHUS:

lgt=A,+n,lgS; (1.96)
lgr=A,—-n,lgr, (1.97)

rae: t — TeMnepaTypa okpyxaroliei cpensl, °C;
Ap, Ay, Ny, Ny — KOHCTAHTBI U3 IKCTIEPUMEHTATLHOTO OMbITA, 3aBUCAT
OT JaBJIEHUs Cpelbl U BpEMEHU CXUraHus (1abJ. 1.24);

S — yaesbHasi MOBEPXHOCTb 0Gpa3sua, M>;

T — BpeMsl HarpeBaHus oOpasua, u.

IIpumep S. Onpenenutb TeMnepaTypy camoBocriaMeHeHus T, U Bpe-
Msl HarpeBa Kunbl ceHa pa3mepoM 0,8 x 0,8 x 0,8 M.

Pewenue
1. OnpenensieM yaeabHYIO MOBEPXHOCTb CEHA B KUIE:
2
_5_6 0,8 = 75w
V o083

2. OnpegensieM Temnepatypy Harpesa 1o (1.97), (KOMNOHeHTbI A, n,,
npuBeaeHbl B Tab. 1.24).

lgr=2,103+0,1091g7,5=2,198; =158 °C.

Tabauya 1.24. KOHCTaHTBI U1 HEKOTOPBIX TBEPABIX FOPIOYHX MaTepHaloB*

HaumeHoBaHue KoucrtanTs!

Marepuana 4, A, n, g
OnUAKH COCHOBbBIE 1,855 2,296 0,219 0,096
IMauta TopdsaHas 1,760 2,271 0,248 0,017
CeHo 2,103 2,311 0,109 0,058
Conoma nueH1yHas 2,185 2,301 0,067 0,035
Xnonok 2,018 2,332 0,140 0,057 |

* laHHble U3 cnpaBoyHKKa «[loXapHasi onacHOCTb BellecTB U MaTepUaios». M.:
Xumus, 1970.
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3. Onpenensiem BpeMst HarpeBa Kunbl ceHa 1o (1.97) (KOMINOHEHTHI 4,
n, IpUBedeHbI B Tab.. 1.24):

1g158=2,311-0,0581gt; t=87,4u.

Omeem. Temnepatypa camoBocmiameHeHus T, = 158 °C. [ins Harpe-
Ba KUMbl ceHa noTpedytorcs 87,4 u.

Codepxanue pabomsi

3ananue 1
Paccuurathb TEMIIEpATypy CaMOBOCIJIAMEHEHHNA TIOKOB XJIOMNKa pa3Me-

pom 0,5 x 0,5 x 0,5 M u paamepom 1,5 % 1,5 % 1,5 m.

3ananue 2
Paccuutath TeMnepaTypy camMoBOCIJIaMEHEHHUSI OPraHMYeCcKOoro Bellie-
cTBa 2,2-auMeTun-byraHa-1 dopmynbl:

CH;

l
CH; -CH, - C-CH;-OH

I
CH3;

3ananue 3
OnpeneanTtb TeMIepaTypy caMoOBOCMJIaMeEHEHUS! TOPMSAHBIX MJIUT pa3-

mepoM 0,3 x 0,3 x 0,3M 1 paamepom 0,7 x 07 x 0,7 M.

3ananue 4
PaccuutaTth Temnepatypy camoBocniameHeHus |,4-auusonponui-

6eH30J1a GOpPMYJIbI:

H;C ~ /CH3
CH - C¢H,s-CH
e AN
H;C CH;

3ananue 5

Paccuurathb TEMNEpaTypy CaMOBOCIJIaMEHEHUA HOPMaAJIbHOIO 6)'Tl/l-
JIOBOIro cnnuprta, BTOpU4HOIro 6YTPIJ'IOBOI'0 CcrupTa U TpETUYHOIO 6)’TVUIOBO-
ro cnuvpra. Cﬂe)’laTb BbIBOA O BJIUAHHUHN PA3BETBJICHUA yrneponnoﬁ LEMU HA
TeMrnepaTypy CaMmOBOCIJIaMEHEHMUSI.
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3ananne 6

OnpeneanTh TEMNEPATYPy CAMOBOCIJIAMEHEHUS 3TaHa, ByTaHa, rek-
caHa, nekaHa. [TocTponTb rpadMk 3aBUCMMOCTH TEMIEPATYypbl CAMOBOC-
NJaaMeHEHUS OT MOJIOXKEHUS BELLECTB B TOMOJIOTMYECKOM psialy.

3ananue 7

PaccuuTaTh TEMIepaTypy caMOBOCIJIaMEHEHUS BELLECTB: TOJyoJa,
1,4-nMn3onponunbdeH3oa ¥ caeiaTh BbIBOI O BAMSIHUM OOKOBOM LIEMU Ha
CPaBHUTEJIbHYIO MOXAPHYIO OMAaCHOCTb apOMaTUUYECKUX COEAUHEHUIA.

3ananue 8

PaccuuTath TEMIEPATypy CaMOBOCIVNIAMEHEHHUA OKTAHa, OKTaHona-1 u
3TUJIOEH30MAa. CIlCIlaTb BbIBOA O BJIMAHUU CTPOCHHU A BELLUECTBA HA UX CpaB-
HHUTECJIbHYIO NMOXAapHYI0 OMaCHOCTbL.

Memoduyeckue ykasanua

1. TTonyyuTte 3anaHue U UCXONHbIE NAHHbIE /151 BLIMOJHEHUS] pacyeTa.

2. U3yuuTe B pasaenax 1.6—1.8 ocHOBHbIE MOHATUSA MpoLECCA rope-
HU$, MOHATHE TEMIEpPaTypbl caMOBOCIIaMeHeHUS], T,

3. O3HaKOMbTECH C METOAMKOI pacyeTa TeMIepaTypbl CAMOBOCILIaAME-
HeHUsl. BHMMaTenbHO M3yuuTe HeoOxomuMble st pacueta (GopMmysbl
(1.92)—(1.97).

4. HenocTatouiye nasi pacueToB 1aHHbIE BbiOepuTe M3 Taba. 22—24,
npun. I11.

5. INo3HakoMbTeCh C TEMIEPATYPHbLIMU LKanaMu (npua. 1).

6. [IponsBennTe pacueTbl Mo 3aAaHUIO NpenoaaBaTesis U 0HPOPMUTE
OTYET.

Codepxxanue omyema

OTyeT n0/XeH OTBeYaTh TPEOOBAHUAM OOILIMX METOAMYECKHX yKa3a-
HWM MO BBIMOJHEHHIO PaboT.

B ortuete npuBeanTe pe3yibTaThl PaCYETOB U OTBETbI HA KOHTPOJIbHbIE
BOMPOCHI.

KoHTponbHble BONPOCHI

1. [lante onpefenenne TeMneparypbl CaMOBOCNNAMEHEHUSA.

2. Kakue caKTopbl OKa3bIBalOT BAMAHKUE HAa TeMNepaTypy CaMoBoCNNaMEHeHNA?
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3. Kak paccuutath T TBepAbIX MaTepuanos W MHAWBMAYaNbHLIX FOPIOYNX Be-
wecre?

4. 06ocHyiiTe BAMAHWE ANUHBI Lienu ropioyero BewecTsa Ha T,.

5. Kak BnuseT CTpyKTypa BewecTsa Ha ero Temnepatypy camosocnname-
HeHua?

NpakTuyeckas pabora 6
ONPEAENEHWUE KPUTUYECKNX YCNOBUA
CAMOBOCNNAMEHEHUA rOPHO4YUX BELLECTB

Llesn paboThI: HAYYUTLCA PaCCUMTBLIBATL TEMIEPATYpHbIE U KOHLEH-
TpaLMOHHbIE Mpeaesibl BOCNIaMeHEHUS!.

06wue nonoxenus

HuxHuii (BEpXHMI1) KOHLIEHTPAUMOHHBII Mpeaesl pacnpocTpaHeHUs!
NnjiaMeHu — 3TO MMHMMasbHasl (MaKkCMManbHast) KOHLEHTPALIMsl TOPIOYEro
B OKHUC/INTENE, CNOCOOHAs BOCMIAMEHUTLCSI OT BBICOKOIHEPreTMYeCKOoro
MCTOYHMKA C MOCeNyOLMM pacnpocTpaHEHUEM FrOpPeHHsl Ha BCIO CMECh.

B kauecTBe nokasarteieil B3pbIBa€MOCTH FOPIOY KX U JIErKOBOCMJIaMe-
HSIIOLLMXCS XKMAKOCTEI MPUHSITa TEMIEPATypa BCMbILUKU, MPEACTaBsIIO-
wast coboit HUXHUIF KOHUEHTPALIMOHHBII Mpenen B3pblBAEMOCTHU. Xapak-
TEPUCTHUKA KOHLUEHTPALMOHHBIX MPEAESOB BOCMJIaMeHeHUs (B3pbIBaeMO-
cTH) naHa B pasaene 1.10.

KoHLEHTpaunOHHbIE Npefebl BbIpaXxaloTcsi B % 1Mo 06beMy — @,
wnu r/m® — Chp)-

KoHleHTpauoHHbIe Mpeaesibl BOCNIaMEHEHUsl 3aBUCST OT clleylo-
wux ¢$paKToOpoB:

e TEMMEPATYPbl CMECH;

e [1aBJIEHUSI CMECH;

e obbeMa M aMameTpa cocyna (cM. pasaen 1.10.1).

TemnepaTypHble npeaeibl BOCMJaMEHEHUs MpeAcTaBieHbl HHXKHUM
TemnepaTypHbim npejaenom BocnaaMenenus (HTIIB) u BepxHum Temnepa-
TypHbIM npeneiom Bocniamenenus (BTIIB).
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Cnoco6bl onpeaeneHns KOHLUEHTPALLMOHHBIX Npeaenos
BOCNNIAMEHEHUA ra30BO3AYLWHbIX CMeCce

M3BecTHbI ABa criocoba onpeaeeH!s KOHLEHTPALMOHHbBIX MpeaesioB
BOCIJIAMEHEHHUSA: aHATUTUYECKUI (pacCUeTHBII) U 3KCNepUMEHTaNbHBI.
PaccMoTpuM aHanUTUYECKMI1 cnocob onpeaesieHUst KOHLUEHTPALIMOHHBIX
npenesoB BocnjJaMeHeHUs] MHOMBUOYaJbHbIX BELLECTB U CMECEiA.

Pacuer KOHUEHTPAUHUOHHbIX npeAeNnoB BOCNNAMEHEHUA
WHAUBUAYANbHLIX FTOPIOYUX BelecTB

KoHUEHTpauMOHHBIE NPEAEbl BOCMIAMEHEHNS @y, (5) MHAMBUYAIb-
HBbIX TOPIOYMX OPraHUYECKUX BELIECTB B NEPBOM MPUOGIUXKEHUU MOXHO
BBIYMCIUTD MO hopMyIie:

100

_ 1.98
a-n+b ( )

H(B) —

rae n — 4Yucjao aToMOB KHCJIOpoaa, He00XoaMMOe ISl MOJIHOTO CropaHus
OJIHOM MOJIEKYJIbl BELIECTBA; 1 — OMNpPEAESIOT M0 YpaBHEHHUIO XUMHUYE-
CKOM peaKkUMH CTEXMOMETPUUECKUI KOIDDULIMEHT NPU KUCJIOpOE;

av b — 3MnupuyecKkme KOHCTAHTHI.

3HayeHusi a v b npuBeaeHbl HUXKE:

KoHcTaHThI
MapameTpsi
a b

Huxnnii npenen C, 4,342 4,679
BepxHuii npenen Cy;:

npun<15 0,775 0,560

npun>1s 0,384 6,554

BennuuHy 7 onpenensitot no popmyie
ny —n
n=2(nc+ns)+%—n0, (|99)

rae nc, ng, ng, Ny — KOJIMYECTBO B MOJIEKYJIE BELLIECTBA aTOMOB yrjiepoaa,
CEpbl, BOOOpoAa, KUCJIopoaa U ralor€HoB, OKUCJIAIOLIMX BOAOPOA A0 rajo-
reHoBoaopoaa, a yrjiepoa — A0 rajoreHoyrjiepoaa.
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IIpumep 1. Bei4MCaUTb HUXHUIT KOHLEHTPAUMOHHBII Mpeaest Bocria-
MEHEHHs MeTaHa.

Pewenue

1. HaxoauMM umncno aToMOB KKcjiopoda, He06XoaMMoe ISl MOJHOro
cropaHus oqHo#M MoJieKyJbl MeTaHa 1o (1.99):

n=2-l+i=4.
2

2. Boibupaem 3HaueHMUS MOCTOSAHHBIX a U b. 3HaUEHUS MOCTOSAHHBIX
clenyrouume:

a=4,342; b=4,679.

3. HaxonnMM HMXXHUI KOHUEHTPALMOHHBII Npeaesn BOCIIaMEHEHUSs
meTaHa no (1.98):

100

=—————— =45% 00.
4,342 -4+ 4,679

Py
Omeem. HKI1B MeTaHa coctaBasieT 4,5 % 06.

Pacuer KOHUEeHTPaU{UOHHbIX NpeaenoB BoOCnNdMeHeHUA
CMeCH roproyux seuecrs

Jnst BBIYMCIEHUS] HUXHETO M BEPXHEro KOHLUEHTPALIMOHHBIX MpeaeioB
BOCIJIaMEHEHHUS CMECH HECKOJIbKUX MapoB WJIM ra3oB NpuMeHUMa dopmy-
aa Jle-IllaTenne, Boipaxaroliasi mpaB1JIO CMellieHHUs1. B oCHOBY ¢ opMyJibl
MOJIOXEHO MPEeNNoJOXEHUE, YTO HECKOJILKO CMECei, HaXOASILMUXCS Ha
HUXHEM Npejese BoCnjaaMeHeHUs, MpYU CMellleHUHU o0pa3yioT CMeCh, Tak-
Xe HaxoOsLyloCsl Ha HUXHEM npeaeie BocrnaaMeHeHUs (% 00.):

0, = 100 , (1.100)

BN IO 73
(pHI (sz (pH,,

rae @y, ¢y, ..., ¢, — KOHLEHTPaLMs TOPIOYMX KOMIMOHEHTOB, % 00.;

Py, s Puyr Pu, — COOTBETCTBYIOLIMI Npeaen BocrjlaMeHeHus 1-ro,
2-r0, n-ro KOMINOHEHTOB B cMecH, % 00.

®opmyna Jle-lllatenbe (1.100) cnpaBensivBa sl NMoaaBJisIIOLLIETO
0O0JIbLIMHCTBA CMECE BELLECTB, HE BCTYMAIOLLIMX B XMMUUYECKYIO PEAKLIMIO.
[lpu Hanuumm B cMecH iierMaTU3UPYOLINX 106aBOK BBOAATCS Morpa-
BOYHblE KOIDGULHUEHTDI.
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IIpumep 2. BbIUMCANTD HUXHUIA KOHLIEHTPALMOHHBIN Npeen Bocnia-
MEHEHMUsI cMecH npomnaHa v OytaHa, eciau nponaHa 80 % 06., 6yTaHa
20 % o0.

Pewenue

ITo Ta6a. 11, npuna. 111 HaxoaUM HUXHHUE NMpenesbl BOCIIaMEHEHUS

nponaHa (¢, ) 1 6yTaHa (@,,,): 9y, =21 % 06.;¢,, = 1,8 % 06. [Non-
CTaB/isieM HaiJieHHble BeJIMuMHbI B hopmyny Jle-Llartense (1.100):

100
0, _80—+20_2 % 06.

21 18

Omeem. HKI1B cMmecu nponaHa ¢ 6ytaHoM cocTasnsiet 2 %.

Pacuert npeaenoB pacnpocTpaHeHUA NNaMeHU NO TennoTe ropeHus

HWXHMI KOHLLEHTPaLIMOHHBII Mpeaen BOCMIAMEHEHHUS @, onpenens- -
IOT N0 MpeaesbHOI TEMIOoTe CropaHms. YCTaHOBJEHO, 4To | M pa3nuu-
HbIX ra3oBo3ayuiHbIX cMeceit Ha HKIIB Bbinensietr npu ropeHUM nocTo-
sIHHOE cpelHee KonuecTBo TernoTbl — 1830 k[IX, Ha3bIBaeMoe MNpenaeib-
HOI1 TenyioToi ropeHus. CienoBaTesbHO,

0y, 100

. 1.101
0 0. ( )

Ecnu npunsaTh cpentee 3Havyenne O, paBHbimM 1830 kIx/M>, To o,
cornacHo (1.101) 6yneT paBHo:

o, = 1830:100
" 0,

rae Qu — HHU3WaA TErjiota rop€HMUs roprovyero BELECTBA, KD,)K/ M3.

, (1.102)

ITpumep 3. 1o npeaenbHOM TEMIOTE CrOpaHUs ONMpeAeUTb HUXHMIA
KOHLEHTPALIMOHHBIM Mpeaes BocnjiaMeHeHus: OyTaHa B BO3ayXe.

Pewenue

Ins pacuera no (1.102) B Tadn. 9, npui. I11 HaxonuM HU3LIYIO TenJjo-
Ty cropaHus BelecTBa 2882,3 kJIXX/Moib. DTy BEIUUHUHY HEOOXONUMO e~
PEBECTH B APYIYIO pa3MepHOCTb — KJIIXK/M>:

2882,3-1000

=128,7-10° klx/M>.
224
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ITo (1.102) onpenensieM HUXHUI KOHLIEHTPALIMOHHbIM Npeaes Boc-
mnaMeHeHus (HKI1B):

H =M:1,42 %06
128,7-10
[To Ta6a. 12, npua. 111 HaxoanMM, YTO 3KCMEPUMEHTAIbLHOE 3HAYEHHKE
¢, = 1,9 %. OTHOCUTEABbHAs OlIMOKa pacyeTa, CleNoBaTe]bHO, COCTaB1IIa
A, = .w.mo ~25%.

’

Omeem. HKIIB 6yraHa B Bo3ayxe coctasnsieT 1,42 % 06.

Pacuer TeMnepaTtypHbIX Npeaenos BOCNNAMEHEHUA
roploymnx BewecTs

TeMneparypHbie npeaeibl BOCIIaMeHEHUS] HEPTENpPoaAyKTOB UCTTOJb-
3YIOTCSl [UISl OLIEHKM T0XapOOMacCHOCTHU FOPIOYMX BELLIECTB. 3TU Mpeneibl
MOXHO pacCyYMTaTh MO C/IEAYIOLIUM IMIUPUYECKUM hopmMynaM (Npu HoOp-
MaJlbHOM aTMochepHOM aaBieHun 760 MM pT. CT.):

Ty = 0,821, — 86; (1.103)
Tins = 0,70 1, — 42, (1.104)

rae t, — TeMnepatypa KUMeH1s XXMIAKOCTH.

Ins xuakocteit TeMnepatypa BCnbllKK (T,.,) ABASIETCS ONpeaensio-
LLIMM NapaMeTPOM ISl ONpeAeeHHUS M0XapOONacHOCTH FOPIOYUX XUIKO-
cteit. B 3aBucuMocTtu ot T, XXMAKOCTH NOApPa3AEASIOT Ha:

« JIBX (nerko BocniaMeHsolMecs Xuakoctu) — ecau T, <45 °C

(HanpuMmep, cepHblit 3 Up, aLIETOH);
e 'K (roproume xuakoctu) — ecau 7T, ., > 45 °C (HanpuMep, ravue-

BCn
PMH, paCTUTE/IbHbIE Maca U ap.).

Pacyet npeaenoB BOCNNaMeHeHNA NapoB XUAKOCTENH
U TBEpAbIX BeWecTs

KoHUeHTpaLlMOHHbIE Mpeaenbl BOCIJIAMEHEHUS MApOB XWIAKHUX M
TBEPAbIX BELLECTB MOTYT ObITh PACCUMTAHBI MO HOpMYyJie

100
(pu(n) = ADHL’ % 06-, (1105)

o
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rie p,,;) — AaBJI€HUE HACBILIEHHOTO Napa BELECTBA NPU TEMIIEPATYPE, CO-
OTBETCTBYIOLLIEH HUXHEMY (BEpXHEMY) Npeaesy BocrjameHeHus, [a;

P, — llaBlieHue oKpyxaioulei cpensl, Ia.

JlaBieHMe HACBILLIEHHOTO Mapa MOXET ObIThb ONpeaeseHO MO ypaBHe-
HMI0 AHTyaHa (1.44) unu no Taba. 14, npun. I11:

B
lgp=A-——,
C+t
roe A, B, C — KoHcTaHTbl AHTyaHa, npuBeaeHbl B Tabn. 10, npun. 111;
t — TeMneparypa, C (TemnepaTypHble Npeaesbl).

IIpumep 4. OnpeneanuTb KOHLIEHTPALMOHHbIE Npeaesbl BOCIIaMeHe-
HUS HaCbILLIEHHbIX MapOB METAHOJIa B BO3AYyXE, €CIM U3BECTHO, YTO €ro
TeMmrnepaTypHble npeneibl coctabnsiior 280—312 K. AtMochepHoe nabine-
HHe HopManbHoe (cM. npui. 11).

Pewenue

1. ns pacueta no (1.105) Heo6x0aMMO ONnpenennTh AaBJeHUE HAChI-
LLIEHHBIX MapoB, cooTBeTCTBYOLIEE HUXHEMY (7 °C) u BepxHeMmy (39 °C)
npenesiaM BOCIJIaMEHEHMSI.

2. I1o ypaBHeHMIO AHTyaHa (1.44) HaxoAMM NaBjieHUE HACBILLEHHOTO
napa, BOCMNoJib30BaBIUMCh JaHHbIMM Tab. 10, npua. 111:

1660,454

Igp, =8,22777 - ——>27
&P 245818 + 7

=1,65999;

P, =457 MM pT. cT. = 45,7 - 133,32 = 6092,8 1a;

1660,454

lgp =822777 - ——> "
1/ 245818 + 39

=2,39789;

Py =250 MM pT. cT. = 250 - 133,32 = 33 300 Ia.
3. o (1.105) onpenensiem HKITB 1 BKI1B:

¢H=w=6%06_;
101325
33300-100

= 230010 3 99 06.

®s = 01325 %o

Omeem. HKIIB napoB MeTaHosa B BO34yXe COCTaBiseT ¢, =6 % 06.,
BKIB — ¢, = 32,9 % 00.
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Pacyer KOHUEHTPaLMOHHbIX NPeAeNoB BOCNNaMEHeHUA
NpY pa3nuyHbIX TeMnepaTypax

PacueT KOHLIEHTPUPOBAHHBIX MPEAEsIOB BOCMJIaMEHEHUS MPU pa3iny-
HBIX TEMIEepaTypax BLIUKCIAIOT Mo ¢popMynam:

_ I,-T ).
Pu(ry) =Pu(ry) '[l‘ﬁ)’ (1.106)
T, -T,
= A1+ 22— 1.107
Pury) =Pxry) ( Tr_Tl) ( )

TRE @y (7,)> Pu(Ty) — HUKHUIA KOHLIEHTPAaUMOHHBIM Mpefes BoCIlaMeHe-
Hus npu Temnepartypax T, u T, (HKIIB), % 06.;

©y7,)» P(1y) — BEPXHMII KOHLUEHTPALMOHHBIA Npeaes BocmiameHe-
Hust npu Temnepatypax T, u T, (BKIIB), % 06.;

T, — TeMnepaTypa ropeHHs roproyeit CMecHu.

Onsa onpeneneunss HKIIB Temnepatypy ropeHusi NpMHUMAIOT NMpU-
onusutenbHo paBHo# 1550 K; npu onpenenennn BKITB — 1100 K.

[1pu pa3baBiaeHMM ra3zoBO3AYIIHOW CMECU MHEPTHBIMU razamu (N,,
CO,, H,0 (nape1)) o6nacTb BOCMJIaMEHEHHS CyXaeTcsi: BEPXHUIM npeaen
CHMXaeTCs, a HUXHUI — BO3pacTaer.

KoHueHTpauus MHepTHoro rasa (¢gJjermarusatopa), npuM KoTopoi
BEPXHUI M HUXHUIA Npeaesibl BOCIIaMEHEHHUSI CMBIKAIOTCS1, Ha3bIBaeTCs
MHHHMMaJIbHO# lerMaTH3HpYlouleii KOHUeHTpauuen, @y, ConepxaHue Ku-
clopoja B TaKOil CUCTEME Ha3bIBa€TCS MHHHMAIbHBIM B3PbIBOONACHBIM CO-
nepxanueM kucjaopoaa (MBCK).

Coaepxanune kuciopona Huxe MBCK Ha3zbiBaeTcs 0e3onacHbiM 1
0003HaYaeTCs Qo oes -

Pacuet MMHMManbHOI iermaTU3vpylollieil KOHLEHTPALMK U colep-
XaHUsl KUCopoa: MUHUMaJIbHOTO B3pbIBOONACHOro U 6e30macHoro, ocy-
uecTasOT no popmyJe, % 06.:

hi-AH§ +hly +Zh] -m;

= ; 1.108

% hy —1+3 b7 -m, (1.108)
100 -9,

T 1.109

®0, =842 (1.109)

90, 6cs = 1,290, —4.2, (1.110)

rne AH ? — cTaHIapTHas Ternjota odpa3oBaHMs ropioyero, J1x/Moub;
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h}, h’ h{ — KOHCTaHTBbl, 3aBUCALUME OT BUIA XMMUYECKOTO JJIEMEHTA
B MOJIEKYJIbI FOployero v Buaa gyiermMatusaropa (taba. 25, npun. 111);

m; — KOJIM4ECTBO aTOMOB i-T0 3/IeMEHTa (CTPYKTYPHOM IPYMIbl) B MO-
JIeKyJie roployero.

IIpumep 5. KakoBO MUHMMAaJIbHOE KOJIMUYECTBO AUITUIOBOrO 3(hupa,
B KI, CMIOCOGHOE MpM UCMapeHUH B eMKOCTH 06beMoM 350 M co3naThb
B3PbIBOOMACHYIO KOHLIEHTpaLHIo?

Pewenue

1. KoHueHTpauus OyneT B3ppIBOONACHOM, €Clu @, = @, ., rae (¢, —
KOHLEHTpall1s napoB roptoyero Belectsa). [lo tabn. 13, npun. 111 Haxo-
anum HKITB anatunosoro a¢pupa. OH paseH 1,7 % 06.

2. OnpenensieM 00beM MapoB AM3TUIIOBOro 3¢dHpa, HEOOXOAUMBIt AJ1s
co3naHms B o6beMe 350 M 3TOi KOHLEHTpaLUMK™

= 17:330 _ 5953,
100

Takum obpasom, ans cosnanusa HKTIB auatunoBoro a¢pupa B o0beMe
350 m> HeoBxonumo BBecTH 5,95 M ero Nnapos.

3. [IpyHuMaeM Bo BHMMaHHe, uTo | KMoJib (74 Kr) napa, NpuBeaeH-
HbIi K HOPMaJIbHBIM YCJIOBUSIM, 3aHMMaeT 00beM, paBHbIit 22,4 M3, Haii-
ZleM KOJIMYECTBO ANITUIIOBOrO 3dupa:
_74-595

224

Omeem. MUHUMaJIbHOE KOJMYECTBO AM3THIIOBOrO 3¢u1pa, CocodbHoe
NpU UCMapeHUHU B EMKOCTH CO31aTh B3PLIBOOMACHYIO KOHLIEHTPALMIO, CO-
crasasieT 19,7 kr.

=19,7 kr.

r

IIpumep 6. OnpenennTb, BO3MOXHO JIM 00pa3oBaHMe B3PbIBOOMACHOI
KOHLIEHTpaLuu B oGbeme SO M> npyu ucmapeHnu | Kr rekcaHa, eciiu TeMre-
paTtypa okpyxatoluei cpeast 300 K.

Pewenue

OyeBUAHO, MAapoBO3aylliHAs CMecb OyaeT B3pbLIBOOMACHOM, €Ciu
Oy S P S Qe

1. OnpenensieM o6beM NMapoBoit (ha3bl rekcaHa, MpUMHUMasi BO BHUMa-
HUe, uTOo Nnpu UucnapeHnu | kMons (86 kr) rekcana npu 273 K o6beM napo-
BOi1 (ba3bl Gynet pasen 22,4 M>. Tpu 300 K o6beM napoB rekcaHa, obpa-
3YIOLUMXCS B pe3y/ibTaTe UCMApeHMsl S KT BelllecTBa, OyAeT PaBeH:

_5-22,4-300

= =143m°.
T 86-273
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2. KoHlIeHTpallMs napoB rekcaHa B noMeleHuM oobemMom 50 M3, cie-
[oBaTebHO, OyaeT paBHa:

0. = 23100 = 2,86 % o6.
=750

Omeem. OnpenennB HUXHUIA U BEPXHHUI1 npenebl BOCMJIaMEHEHUS
rekcaHa B Bo3ayxe, no 1abu. 11, npuna. 111 yctaHaBivMBaeM, 4TO CMeCh SIB-
JIIeTCS B3pbIBOOINACHOM.

IIpumep 7. PaccunTtaTh 6€30MacCHY0 KOHLEHTPALIMIO KUCIOPOAA NMpPH
pa36aBjieHUH YIJIEKUCIIbIM Fa30M CMECH MapoB alleTOHA B BO3IYyXe.

Pewenue

[To Tabn. 9, mpun. Il Haxoaum TennoTy ob6pa3oBaHUsS alleTOHA
248,1 - 10° Ix/mMoab. U3 xuMuueckoit ¢opmynsl auetoHa (C;HgO) caeny-
eT, YTo me = 3, my = 6, mgy = 1. 3HaueHNUs OCTa/IbHBIX NapaMeTPOB, HEOO-
XOOMMBIX 1 pacuera no (1.108), BeioMpaem u3 taba. 25, npua. 111 nnsa
NIMOKCHIA yriepona:

_0,735-107°-248-10° +0,579+1,251-3+0418-6+0,542 -1

O -100 =
2,020-1+4,642-3+1,160-6-2,321-1
=47 % 06;
90, = 0= _109% 06 9o, g = 1,2+ 10,7 —4,2= 8,6 % 0.

4,844

CnenoBaTeibHO, NMPU CHUXEHWU KOHLIEHTPALIMK KUcopoaa ao 8,6 %
B YETBIPEXKOMITOHEHTHOI CUCTEME, COCTOSILLEH M3 NMapoB aleToHa, JUOK-
cujia yriepoaa, a3oTa ¥ KMCaopoaa, CMeCb CTAaHOBUTCS B3PbIBOOMACHOM.
[pu conepxaHum Xe kucnopoaa, pasHom 10,9 %, 3ta cmech Gyaer npe-
neabHO no B3pbiBaeMoCTH. COrjlacHO CpaBOYHbIM AaHHBIM (CMpaBoOY-
HUK «[loxapHasi onacHOCTb BELIECTB U MAaTepUANIOB, IPUMEHSIEMbIX B XH-
MHUECKOM MpoMbILIEHHOCTU». M.: XumMus, 1979) MBCK aueTtoHOBO3-
NyLIHOM cMecHu npu pa30aBlieHUM ee NAMOKCUIOM Yriepoaa COCTaBiseT
14,9 %. OnpenensieM OTHOCUTENIbHYIO OLLIMOKY pacueTa:

= 5’_9-_142 =-268%.
149

Takum obpa3om, pesynbTaThl pacieta MBCK 3aHuXeHbl Ha 26,8 %.

Omeem. be3onacHasi KOHUEHTpaLIMs KUCJopoaa npy pa30aBiieHUU yr-
JEKHUCIBIM ra3oM CMECH MapoB alleTOHa B BO3ayxe cocTaBiseT 8,6 +
+24=11% 06.

1o 403



146 Npakruyeckue pabotsl

Pacuer TemnepartypHbix npeaenos BoCnnaMeHeHUA

IIpumep 8. OnpenenuTb TeMnepaTypHbI Mpenea BOCIMJIaMEHEHUS
(TT1B) MeTHI0BOrO CMMpTa, €C/IM TeMIEpaTypa ero KuneHus pasHa 65 °C.

Pewenue

1. Ins pacyera TeMrnepaTypHbIX NpeaesioB BocnaaMeHeHus (pacnpo-
CTpaHEHMs NJaMeHM) ulyyaeM noapasaen 1.10.3 u BbiOMpaeM HeoOxonu-
Myto ¢dopmyay. 3HaueHUsS] KOHCTAHT onpeaensieM no taona. 15, npua. 111
IUIS1 HOPMAJIbH bIX XXMPHBIX CITUPTOB

t, =05746-65-33,7 =3,6 °C =276,6 K;
t, =0,6928-65-15,0=30°C=303K.

2. OnpenensieM OTHOCHUTENbHYIO OlIMOKY pacyeta. [lo Tabn. 13,
npu. I11 Haxonum, yto TT1B MeTunosoro cnupta coctasnsitor 280—312 K:
y = Mmo =-12% A, = MIOO =-29%.

280 312

CJ]CIIOBaTCJ'leO, pE3yJibTaTbl pacy€Ta 3aHUXKEHBI MEHEEC YEM Ha 3%.

A

IIpumep 9. OnpenennTb TeMnepaTypHble NMpeaeibl BocnaaMeHeHUs
alueTOHAa, €C/IM €ro KOHLIEHTPallMOHHblEe Mpeae/ibl B BO3JyXe paBHbI
2,2—13,0 %. ATMochepHoe naBneHre — HOpMalbHOE.

Pewenue

1. o (1.43) (nompazaen 1.10.3) onpenensieM naBieHUE HACBILLIEHHOTO
napa aleToHa, COOTBETCTBYIOLLEE HUXHEMY U BEPXHEMY TeMIepaTypHbIM
npejaejam BoCIMJaMeHEHUS:

_2,2-101325 _13,0-101325

" =2230 a; p, =13172 Ma;
P 100 P 100
2230 13172
=_—"_"_=16,73 MM pT. CT.; =—— =98,.8 MM pT. CcT.
Pn T332 P P 3m P
2. U3 ypaBHeHuUs AHTyaHa (1.44) cnenyeT:
t= B _ C
A-lgp

[nsa atoro u3 taba. 10, npun. 111 HaxonnuM 3HaYeHUsI KOHCTAHT A, B
n C 114 aueToHa:

A=17,25058; B=1281,721; C=237,088.
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Orcrona

lg p,, =1,2235; lgp,=1,9994;
_ 1281721
" 17,5058 —1,2235
o 1281721
® 725058 —1,9994

—237,88 =-33°C=240 K;

—237,088 =7°C =280 K.

Jnsa pelleHUs 3TOro NpUMMepa MOXHO BOCIMOJIb30BaThbCA JaHHBIMU
Tab6n. 14, npun. 111. U3 TabnnuHbix naHHbIX cieayet, yto HTTIB napos aue-
TOHa NpH p,, (HaxoasileMcsl B MHTepBaJle JaBJieHUI HaCbILLEHHBIX MapoB
26,66—13,33 xI1a) HaxoauTca mexny Temnepatypamu 241,9—252.2 K,
a BTIIB npu P, (uHTepBan nasneHui 133,32—79,99 klla) — mexay 271,0
n280,7 K.

JInHeitHoit nHTepnonsiumeit onpenensieM TIIB no dopmyne
(pu =P - 1)) |

’H = tl +
Py — P
1, =241,79 + (22,3 -13,33)(252,2 - 241)9) = 2488 K:
26,66 —13,33
o= 2715 BLT 1999807 227D e 1y
133,32 - 79,99

Omeem. TemnepaTypHble Npeeibl BOCIJIAMEHEHUS aLIETOHA COCTaB-
nsaot 248,8 n 280,4 K.

Codepxxanue pabomol

3ananne 1
Boiuncauts HKITB u BKIIB ataHa, OytaHa, rekcaHa. CpaBHUTb UX
N0XapoB3pbIBOOMACHOCTb.

3ananue 2
Briuucnutsb KOHUCHTPpAUMUOHHBIE NpEACbl BOCIJIAaMEHEHUA METAHA,
9TUJIEHA, aUE€TUJIEHA. Cﬂenam‘e BbIBO 00 ux MOXapoB3pbIBOOINMACHOCTH.

3ananue 3

OnpenennTb KOHLUEHTPALMOHHBIE MpeNesibl BOCIIJIAMEHEHUS 3THIEHA
B BO3/1yXe€.

10*
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3ananue 4

Boiuncauts HKITIB 1 BKITB ykcycHO#M KMCIOTBI, YKCYCHOTO albaeru-
a ¥ NpoaHalM3MpoOBaTb BO3MOXHOCTb 00pa3oBaHMUsl B3pbIBOOMACHOIA
KOHLIEHTPALIMH.

3ananne 5
OnpenenuTb KOHLEHTPaLMOHHBIE Npee/ibl BOCMJaMeHEHUs ra30BoOM
cMecH, cocTosuueit u3 50 % Oyrana, 10 % nponuieHa u 40 % 3TuieHa.

3apanue 6
Bouiuncante HKTIB cMecu 3TaHa M nponaHa, eciyu 3taHa — 78 %,

npornaHa — 22 %.

3ananue 7
Boiuncauts HKIIB cMecn nponaHa u 6ytaHa, ecim nponaHa — 90 %,

oyraHa — 10 %.

3ananne 8
Bouiyucauts HTIIB n BTIIB HedTaHON ppakuMu ¢ TeMepaTypoii

BbIKMnauus 64 °C.
ITo0 mentne pamypolii ebikunanus cmecu noHumaiom memnepamypy Kunenus naubonee
BbICOKOK Unsauieco KomnoHernma.

3apnanue 9

[1o npenenbHOIt Ten10Te CropaHMsi ONpPeaeanTb, Kak U3BMEHUTCSI HUXK-
HUi1 KOHLIEHTPALMOHHBII Npenesn BOCMIaMeHEHHUs B BO3AyXe OT MOJIOXe-
HMs1 MpefeNibHBIX YIIeBOAOPOAOB (3TaH, NponaH, OyTaH, renTaH, rekcaH) B
romoJiornyeckom psaay. INoctpouts rpacduk 3aBucumoct HKIIB ot Mo-
JISPHOM Macchbl rOpIOYero.

3ananue 10

OnpeneanTb KOHUEHTPALIMOHHbIE Mpeeibl BOCMIAMEHEHHUSs CEPOYT-
Jiepona npy atMocgepHOM naBjieHUH, paBHoM 99 000 Ia, ecniu ero TeMne-
paTypHble npenebl coctabasior 223—299 K.

3ananue 11

OnpeneanTbh KOHLEHTPALIMOHHBIE Npenebl BoCNaaMeHeHUs napora-
30BOM cMecH, cocTosiei U3 20 % ataHa, 60 % sTuneHa, 20 % napoB 3THU-
JIOBOTO CMMpTa.

3ananne 12
OnpeaenvTsb, BO3MOXHO Jiu 06pa3oBaHue B3pbIBOONACHOMN KOHLIEH-
Tpauuu npu Temnepatype 298 K Han noBepXHOCTbIO XHUAKOM ¢a3bl, CO-
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crosiueit U3 25 % ykcycHo-MeTuioBoro agupa, 40 % ykcycHOro aabaeru-
na, 35 % amunoBoro cnupra.

3ananue 13

OnpenennTb TeMNepaTypHble Npeaesibl BOCMJaMeHEeHWsI B TOMOJIOTH-
4YEeCKOM psily XXUPHBIX YIJIeBOAOPOAOB: OyTaHa, MeHTaHa, rekcaHa, OKTaHa,
TeMIepaTypbl KUMEHHUSI KOTOPbIX COOTBETCTBEHHO paBHbI 273,5; 309;
341,7; 398,7 K. INoctpouth rpadpuk nameHenunst TI1B ot nonoxeHus ro-
plOYero B roMoJIOrMYECKOM psiay.

3ananne 14

CpaBHUTb TeMMepaTypHble Mpefaesibl BOCMJIaMeHEHUs H-OyTHUJIOBBIX
3(pMpOB MypaBbUHOI U YKCYCHOM KMCIOT. Ha 0OCHOBaHUM MOJyYeHHbIX JaH-
HBIX cleNIaTh BIBO 00 MX CpaBHUTEJIbHOI NMoXapHoii onacHocTH. Temnepa-
Typa KuneHus oytungopmMuara pasHa 379,8 K, a oyrunauerata — 399 K.

3ananue 15

CpaBHUTb TeMMEpaTypHble Mpeaesibl BOCIJIAMEHEHUS] CITUPTOB: METHU-
JIOBOTO, 3TUJIOBOTr0, U300yTHUJIOBOr0o, H-OYTUJIOBOrO M cleslaTh BbiBOJ 00
MX CpPaBHUTEIbHO MOXapHOM onacHoCTH. TeMnepaTypa KMNEHUsI METHU-
nosoro cnupta 64,7; atunosoro — 78,4; H-6yTunosoro — 117,7; n3obyTtu-
JnoBoro — 82,8 °C.

Memoduyeckue ykasaHua

1. IMonyunte 3ajaHUe U UCXOAHBIE AAHHbBIE [UIS1 BBIMOJHEHUS pacyeTa.

2. U3yunte KpUTHUYECKHE YCIIOBHUSI CAMOBOCIIAMEHEHHUS TOPIOYMX Be-
wectB (pasaen 1.10.2).

3. O3HaKOMbTECh C METOJIOM pacyeTa KOHLIEHTPaLlMOHHbBIX MpeaesioB
BocruiameHeHus no ¢opmyine Jle-Llarense (1.100).

4. TMpoananusupyiire dopmyanl (1.43)—(1.44) n (1.98)—(1.110), nc-
noJib3yeMble AJ1s pacyeTa KpUTUUYECKUX YCJOBUI BOCIIAMEHEHHSI.

5. O3HaKOMbTECh CO CMPAaBOYHbIMM NAHHBIMU, NMPEACTABIEHHBIMHU B
Tabn. 9, 11—14, npun.lll.

Codepxanue omyema

OTyeT NOMIKEH OTBEYATH Tp€6OBaHMﬂM OOLLIMX METOANYECKHUX yYKa3a-
HUI MO BbIMOJHEHUIO pa60T. B otuete NMPpUBEANUTE PE3YyJIbTaTbl pacCi€TOB U
OTBETbI HA KOHTPOJIbHBIE BOMPOCHI.
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KoHTponbHble BONpOChI

1. [laite onpepenenune HKMNB, BKNB.
2. [laiite onpepgenenne HTNB, BTNB.

3. Y10 NOHMMaeTCA NOA KOHUEHTPAUMOHHLIMU WU TeMNepaTypHLIMU Npeaenamu
BocnnameHenua? 060cHyiTe oTBeT.

4. Kak paccuuteiBator BKNB n HKMNB uHauBmayanbHbix BewecTs U roproynx
cmecein?

5. [laiTe onpepeneHue Temnepartypsl BCNblwKK. [IpoaHanu3npyinte ucnonb3ye-
Mble METOAbl pacyeTa TemnepaTtypbl BCnbiwku no (1.34)—(1.40).

6. [laitTe onpeaenexne Temnepatypbl BocnnameHeHnus. poaHanusunpyiite ucnonb-
3yeMble METOAbI pacyeTa Temnepatypsl BocnnameHenus no (1.41)—(1.42).

7. Kak ncnonb3ylot TeMnepatypy BCNbIWKW AN ONpeAeNeHUs N0XapoonacHoCTH
roployux sewecTs?

8. Kak paccuuTbiBalOT KOHUEHTpaUWOHHbIe npeaentl BOCNNAaMeHeHUs Napos
KUAKUX U TBEPAbIX BewecTs?

Npakruyeckas pabora 7
PACHET TEMNEPATYPbI BCNbILWKWU U BOCNJAMEHEHUA

I_le.ub paﬁoTbl: Hay4YUTbCA paCCUYHUTBLIBATb TEMNEPATYpPY BCIBILUKHU U
BOCIUJIAMEHEHHNA TOpIOYUX BELLECTB.

06wue nonoxeHus

Temnepamypoii écnbluku Ha3bvleaemcs HauMeHowas memnepamypa
Hcudxocmu, npu Komopoli oHa, ucnapssace, 00pazyem KOHUeHmMpayuo napos 8
cMecu ¢ 8030YXOM, CNOCOOHYIO damb 8CNbIIKY NPU HAAUYUU UCMOYHUKA 3Q-
HCUSAHUA.

IMpu 3Toi1 TeMnepaType YCTOHYMBOIrO rOPeHUs! XXUIKOCTU HE BO3HHUKA-
€T, TaK KaK CKOPOCTb UCTMApeHHUsl XUIKOCTH MeHbllIe, YeM CKOPOCTb Cro-
paHus Napos.

YcToitunBoe ropeHre BO3HMKAET JIMLIb NPU TeMIepaType Bocnjiame-
HEHUS, PU KOTOPOit CKOPOCTb UCMAPEHUS XUAKOCTH CTAHOBUTCH PaBHOM
Wy GoJibllle CKOPOCTH €€ TOPEeHMUS.
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Temnepamypoli 6ochaameHeHUs HA3bIBAEMCA HAUMEHbIUAA MeMnepamypa
Jcudkocmu, npu Komopoi OxHa, UCNapasACcs, 06pasyem KOHUYEHMpPAyuo napa 8
cmecu ¢ 8030YXOM, CHOCOOHYIO 80CNAAMeEHUMbCA no0 delicmeuem UCMoYHUKa
3aHCULAHUS U NPOOOANCAMb 20PENMb NOCAE €20 YOANCHUS.

TeMnepaTypa BCMbILIKK UMEET OOJIbLLIOE MPAaKTUYECKOE 3HAYEHME.

[To TeMnepaType BCHbILIKK BCE XXUAKOCTH, CIIOCOOHBIE TOPETh, Kjlac-
cubuumnpyrotcs Ha nerkosocnaamensiownecs (JIBX) ¢ 7., no 61 °C u
roptoune (I'X) ¢ T, Bbiwe 61 °C.

[To TeMnepaType BCIMbILIKWA MPUMEHSIEMOM XUAKOCTHU ONpeesoTCs
TUTbI MOMELLEHHUIA:

B3pbiBoonacHble (B) — ¢ npumeHenuem JIBX;

noxapoonacHslie (IT) — ¢ npumeHeHunem K.

TemnepaTypa BCnblIIKK HEOOXoAMMa Ansl KjlaccUUKALMU NMPOU3-
BOJCTB IO CTEMEHM MOXapoB3pbiBoonacHocTH. TeMmnepaTypa BCMbILIKH
SIBNISIETCSA TJIaBHBIM MapaMeTpOM, XapaKTepU3YIOLIMM MOXapHYIO0 onac-
HOCTb XMAKOCTEMH, CMOCOOHBIX FOPETb.

PacyeT TeMmnepaTypbl BCNbIWKKU B 3aKPbITOM TUT NN

CyllecTBYET HECKOJILKO CIIOCOOO0B pacyeTa TeMnepaTypbl BCBILIKH.
Haunbonee npocThiM sIBASIETCA pacyeT TEMIEpaTypbl BCMbIWKHU sl MPO-
CTBbIX XHaKocTel no ¢popmyne Dnes (1.40), paccMoTpeHHOH B pa3aene 1.9.

[To3zHaKOMHMMCS C HEKOTOPbIMU MPUMEPAMM pacueTa TeMIepaTyphbl
BCIBILIKH.

IIpumep 1. Onpenenutb TeMmMnepaTypy BCMbIWKMW H-MPOMUIOBOrO
cnupTa, ecaun t,,,. = 97,8 °C.

Pewenue

OnpenenseM Ko3)GUUMEHT TOpOYECTH MNPOMUIOBOrO CHUpTa
(C;H,0H) no dopmyne

KHUn

k=4mc +mH +4ms +mN —2m0 _‘2mCl —3mF _SmBr,

rae me, my, mg, My , Mg, Mgy, Mg, Mg, — KOJMYECTBO INEMEHTOB YIJIEPO-
Ila, BOOOpOJa, CEpbl, a30Ta, KUCI0POAa, XjJopa, ¢Topa, OpomMa B Mosekye
roproyero BellecTBa. Tak Kak B COCTaBe roployero BeLecTBa MPUCYTCTBYET
TOJILKO YIJ€pOA, BOAOPOd U KMCIOPOHA, YYMTHIBAEM JIMLIb KOJUYECTBO
3THUX 3JIEMEHTOB.

nc=3; ny=8; ng=1,

K=4.3+8-2.1=18.
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OnpenensieM TeMnepaTypy BCMbILIKW NPOMUJIOBOro Cnupra
Toen =978 —1818 = 97,8 - 76,37 = 21,4 °C.
Omeem. TeMnepatypa BCMbILIKYU NponuioBoro cnupta 21,4 °C.

TeMnepaTypy BCNBILLIKK B 3aKPbITOM THIJIE MOXHO OMpeNe/IUThb Mo
cienymwollei ¢opmMyie, 3Hasgs HUXKHUI TeMIepaTypHbIi npeaes Bocrjame-
HeHus (1,):

T = t, +2
Bcn — .
0,875
DT1a ¢popMya cripaBeIMBa MPH ONpeaeSEHHbIX YCIOBUSX:

60 °C>T,.,>0.

BCN —

IIpumep 2. OnpenennTb TeMIepaTypy BCNbllKU pacTBoputensa PC-1,
ecant, =5°C.

Pewenue

OnpenensieM TeMnepaTypy BCMbILUKY MOACTAHOBKOM 3HAYeHUs1 HUX-
HEro TeMnepaTypHOro npeeia BocrnjaMeHeHUs B BbillieNPUBEJEHHOE Bbl-
paxeHue:

_3+2
0,875

Omeem. Temnepatypa Bcnbiliky pactBopuTens PC-1 paBHa 8 °C.

8°C

Pacuer TeMmnepaTypbl BCNbIWKK rOPIOYNX IUAKUX CMECEN

Ha npakTuke 4acTo NpUXOAUTCS pacCYMTBIBATb TEMIEPATypbl BCMbILLI-
KUY pa3/IMuHbIX CMecei XXMAKOCTHU. B 3TOM cilyyae MOXHO MCIOJIb30BaTh
JIBa MPOCTBIX U CPaBHUTEJIbHO HalleXXHbIX crnocoba pacyeTa.

Temnepartypa Bcnbiliky cMmeceit (°C) pa3iMyHbIX HE(PTENPOAYKTOB U
IPYrMX OpraHMYeCKMX BELLIECTB MOXET ObITh onpeaesieHa 1o ¢popmyJie

Ty = Aty +B{bl;0f("’ =) (1.111)

rae A — KOHLIEHTpaLMsi KOMIIOHEHTa a B cMecH ¢ 6osiee BLICOKOM TeMme-
paTypoOii BCMbIWKU;

B — KOHLIeHTpaLusi KOMIIOHEHTa b B CMeCH C HU3KOI TemrnepaTypoi
BCMbILLKH,;

1, — TeMIiepaTypa BCMbILIKHU KOMIIOHEHTa a,

1, — TeMIlepaTypa BCMbILIKH KOMIOHEHTA b;
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f — sMmnupuueckuit koapduumeHt. Onpenensierca no taodna. 1.25
(py 3TOM 1, > 1).

Tabauya 1.25. 3nayenne sMnupuyeckoro Ko3gduiuneHTa B 3aBUICHMOCTH OT COCTABA CMeCH

A B f A B f

100 0 0 40 60 21,7
95 5 12,0 35 65 19,4
90 10 20,0 30 70 17,0
85 15 26,0 25 75 14,5
80 20 29,2 20 80 11,9
75 25 30,4 15 85 9,2
70 30 30,3 10 90 6,5
65 35 30,0 5 95 3,3
60 40 29,0 0 100 0,0
55 45 27,6 — — —

50 50 25,9 - - -

IIpumep 3. OnpenennTb TeMMepaTypy BCMbILIKKA CMECH, COCTOsILIEN U3
80 % TpaHcdopmaTtopHoro Macna U 20 % 6eH3nHa A-74. TemnepaTypa
BCNbILLIKH TpaHcopMaTopHOro mMacia pasHa 147 °C, Temnepartypa BCrblli-
K1 6eH3nHa A-74 — 37 °C.

Pewenue. Tlo Taba. 1.25 onpenensiem koadpduumneHT f. 3a KoMno-
HEHT A npuMeM TpaHcdopMaTopHOe Macllo, TaK Kak OHO UMeeT boJiee Bbl-
COKYIO TEMMEPATYPY BCMbILIKHU. 32 KOMMNOHEHT B — OEH3MH.

A=280%,t,=+147°C;

B=20%,1t,=-37"°C;

Ko3¢pduumeHt f=11,9.

Mo dopmyne (1.92) onpenensieM TeMnepartypy BCMbILUKKA CMECH

T - 80-147 +20(-37)-119[147 — (-37)]

Bcn T 100 = 88,3 eC.

TeMnepaTypy BCMbILIKM ABYX B3aMMHO PacCTBOPMMBIX XMAKOCTEM
MOXHO OMNpeaeinTb, BHIUUCAUB HUXHHUI KOHLIEHTPALIMOHHbINA Mpeaen
BocnjaMeHeHHusi cMecu. Ecin npunste, uro 1, = T, TO paccuuTaHHas
TemrepaTypa M eCTb TeMIepaTypa BCTbILLIKH.
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IIpumep 4. OnpenenuTb TeMNepaTypy BCMbILLIKW CMECH, COCTOSLLENH U3
atunoBoro cnupta — 20 % v amunoBoro cnupta — 80 % (no Macce). AT-
MocdepHoe naBieHue — 760 MM pT. CT.

Pewenue. OnpenensieM MoJIbHbIE 10X KOMIOHEHTOB B CMECH.

MornekynsipHble MacCbl KOMITOHEHTOB OyayT paBHbI:

aTuioBoro cnupta: M =12 X2+ 1 x 6+ 16 X | = 46;

amunoBoro cnupta: M,=12x5+1x 12+ 16 x 1 = 88.

OnpezensieM MOJbHbIE 10M 1O HOpMynaM

p=SUM L &M,
I - b - ..
Zgi /Mi zgi/Mi
rZe g, &, ---» & — BECOBOM MPOLIEHT KaXA0ro KOMIOHEHTA B XMIKOH (a-
3e; My, M,, ..., M; — MoJlleKynsipHble Maccbl KOMMOHEHTOB.

3(2
n= 5_0;:6—@ = 0,32 (MoJibHas 00151 3TUIOBOTO CNIMPTA);
46 88
ry, =1-0,32 = 0,68 (MobHASt AO/IS1 aMUJIOBOTO CIIMPTA).

OnpenensieM KOHUEHTPaUMUIO KOMMNOHEHTOB B napoBoi ¢dasze. [dns
3TOro 3ajaguMmcsl TeMnepatypoi xuakocTtu, Hanpumep 20 °C, u onpene-
JIUM [1aBJieHWeE Mapa Npy 3TOi TeMMepaType, UCMOJb3ys METOJ UHTEpPNO-
JISALUMH.

[ns aTunoBoro cnupra.

Mo Tabn. 17, npun. 111 onpenensieM naBjieHWe NapoB 3TaHojA IS
0oJbLLIEro M MEHbILEro AaBJE€HUs OT 3aJJaHHOI TeMIepaTypbl U COCTaBJIs-
€M MpOoMNopLHMIO I pacyeTa:

o~ 26 °C ——— 60 MM pT.cCT.

0C e j9c ——— 40 mm pT. CT.
7°C — 20 MM prT.CT.

1°C ———— Ap MM pT.CT.

Boiuncasem MPpUPOCT NaBJIEHUA KakK

Ap, = w =2,86 MM pT. CT.;

26-19

BbIYUCJIAEM NaBJIEHUE NMAPOB 3TaHOJIa
(60 —40)(20 — 19)

= 42,86 MM pT. CT.
26-19

p,=40+
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np0M3BOIIMM pacy€Thl AJid nNapoB aMUJIOBOro Criupra rno aHaNnorM4HoOM
cXeM€, 1aBJE€HUE MapoB aMUJIOBOIo CriMpTa

0+ 5-1Q20-13,6)
34,7-13,6

Haxoaum naBneHue napa cMecu

py=1 = 2,2 MM pT. CT.

Pem = Pew(y1 + Pem2y>
Py =42,86-0,32+2,2-0,68=13,7+1,49 = 15,19 MM pT. CT.

OnpenaensieM KOHUEHTPALIMIO 3TUI0BOTO U aMUJIOBOrO CIIMPTOB B Ma-
poBoi#i ¢a3e

0, = Pl
pCM
U BbIYUCISAEM KOHUEHTpPAaU XU 3TUJIIOBOIr0O U aMHJIOBOro CMMPTOB:
= 42.86-0,32-100 ~902 %:
15,19
2.2-0,68-100

= 22000100 _ 93 9.
?2 1519 ’

OnpenensieM KOHLUEHTPALIMOHHbIE Mpeeibl BOCIIAMEHEHU S KaX 10ro
KOMITOHEHTA MO CMPaBOYHUKY:

¢, = 3,6 % — HMXHMI1 KOHLEHTPALIMOHHBIN Npeles BOCMIaMeHEHHUs
3TUJIOBOTO CIMPTA;

¢, = 1,2 % — HUXHUIA KOHLIEHTPALIMOHHBII NpefeN BOCIIAMEHEHUS
aMHJIOBOTO CNMpTA.

OnpenensieM naBjieHWE MNapa roprouyeil CMecH NpU TeMmIepaType
BCMBILIKK (cuuTaem, yto t, = T,..).

p,-100 %
B popmyny ¢, = “¥——— BMECTO @, MOACTaBIISAEM 3HAYEHUE KOH-

o
LIEHTpaLlMM HUXHETrO npeaesia BOCMlaMEHEHUsS! CMECH (CNpaBOYHbIE JaH-
Hble) U p€llaeM ypaBHEHHME OTHOCHUTEJIbHO p,:

©®yPo
MM pT.CT.;
Pen™ 00 P
2.9-760
=22~ =222 MM pT.CT.
ST P

MeTomomM nocienoBateibHbIX NPUOINXEHHIT ONpeaessieM TeMIepaTy-
Py BCMBILKK CMECH.
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[Mpeanonoxum, 4To TeMnepaTypa BCnbllikK cMecH paBHa 25 °C. Tpo-
M3BOIMM pacyeT JaBJeHUs Mapa CMecH MpH 3Toil TeMmnepaType. BHauane
onpenaejsieM NaBjeHME Mapa KaXIoro KOMIOHEHTa MpH TeMnepaType
25°C.

Hdns amunoBoro cnupra:

p;=100+2,1=3]1 MM pT. CT.;

p,=100 +W =3 MM pT. CT.
34,7-136
[ns aTunosoro cnupra:
26 °C ————— 60,00 MM pr. cT.
e 19°C — 40,00 mm pr. cT.

_ (25 -19)(60 —40)
26-19

p1=40,0+17,1=57]1 MM pT. cT.

Ap =171 MM pT. cT;

OnpenensieM napjaeHue napoB cMecH npu Temnepartype 25 °C kak
Pey=57,1-032 +3,1-0,68 = 20,38 MM prT. cT.
CnenoBatenbHo, Ty o BblIe 25 °C.
Mpeanonoxum, uto T, ., paBHa 26 °C.
OnpenensieM naBjieHUE MApOB KaXa0ro KOMMOHEHTa NpH 3TOi TeMrie-
paType METOIOM MHTEPNONSLUMH.
Hdns 3TunoBoro cnupra
P, =60 MM pT. CT.
[ns amunoBoro cnupra
pi=11+2,4=35MMPpT. CT.
OnpenensieM AaBjieHWe napa cMecH npu Temnepartype 26 °C:
Peyy =60 -0,32 + 3,5 - 0,68 = 21,58 MM pT. CT.;
pC.\I np" 26 OC zpCM np" 7‘BCH;
21,58 MM pT. cT = 22,2 MM pT. CT.

CnenosartebHO, 3a TeMIEPaTypy BCMbILIKK CMECH, cocTosiel U3 20 %
ataHona 1 80 % aMHIIOBOro CriMpTa, MOXHO NPUHATL Temnepatypy 26 °C.

Ho ¢akTHyeckHU MBI pacCYUTAIM f, — HUXHUI TeMnepaTypHbIi npe-
nen BocrjameHeHust cmecu (HTTIB).
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Paccuutaem ero TeMnepatypy BCMbILIKU MO hOpMye:
26+2
= =32°C.
0875

Omeem. TemnepaTypa BCIBILKH CMeCH, cocToslei u3 20 % 3TaHona
n 80 % amunoBoro cnupTa paBHa 32 °C.

Pacyer remneparypbl BCcnbiwku no metoauke NOCT 12.1.044—89

JAns MHAMBUAYaNbHBIX XHUIKOCTEH pacyeT TeMIepaTypbl BCMbILIKH
(Tyen) MOXHO npoBoauTb no Metoauke FOCT 12.1.044—89.
Temnepatypy Benbliuku xuakocteit (T, °C), MMEIOLINX CBSA3M, yKa-

3aHHble B Taba. 1.26, BLIYMCISAIOT No opMyJie
n

Tyn =g+ Q1 + 0.0, (1.112)
J=2

rie a, — pa3MepHblit Ko3ddHuLUMeHT, paBHbIt MUHYC 73,14 °C;

a, — 6e3pa3MepHblit KO3 dHULMEHT, paBHblii 0,659;

t,n — TEMIEpaTypa KUNEHUs UccienyeMoit xXuakocTu, “C;

a; — aMnupuyeckre Ko3pGULMEHTbI, NPUBEAEHHbIE B TabJl. 1.26;

/; — KOnMYecTBO CBsA3e BUAA/ B MOJIEKYJIE UCCIIENYEMOIt XUAKOCTH.

CpenHsis kKBaapaTuHyeckass MOTpeLIHOCTb pacyeTa & no ¢dopmyne
(1.112) cocrasnser 13 °C.

Tabauya 1.26. Buabl cBA3M B BewwecTse H 3HaYeHUA K03 GHUHEHTOB g,

Buna cBszu aj, °C Bun cBs3n aj, °C

Cc-C -2,03 C-Cl 15,11

C—C (apoMm.) -0,28 C—Br 19,40

C=C 1,72 C-Si -4,84

C—H 1,105 Si—H 11,00

Cc-O0 2,47 Si—Cl 10,07

C=0 11,66 N—H 5,83

C—N 14,15 O—H 23,90

C=N 12,13 S—H 5,64

C-S 2,09 P—0 3,27

| Cc=s -11,91 P=0 9,64
. C—F 3,33
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Pacuet TeMnepaTypbl BOCNNaMEHEHUs N0 METOAUKE
FocT 12.1.044—89

TemnepaTypoii BocrjaMeHeHHs1 Ha3blBaeTCsl HAMMEHbILasi TeMIepa-
Typa XHWIKOCTH, NMPHU KOTOPOii, Ucnapssch, OHa 00pa3yeT KOHLEHTPALIMIO
napa B CMeCH C BO3[lyXOM, CTOCOOHYIO BOCIIAMEHUTBLCS OT UCTOYHHMKA 3a-
XHWraHUsl U MPOAOJIKaTb FOPETb MOCJIE €ro yaajleHHsl.

Temneparypy BocriiameHeHus (T,) MHAMBUAYaNbHBIX XuakocTeit (°C)
BblyucastoT o ¢dopmyne (1.112), rae ay, — pasmepHblit KO3 ULHMEHT,
paBHblit —47,78 °C; a, — 6Ge3pa3MepHblit K03addULMEHT, paBHbIi 0,882;
a ; — aMNUpuyeckue KoapduLMeHTbI, NpUBEACHHbIE B Tab. 1.27.

Tabauya 1.27. Dmnupuyeckue 3navenus ko3 duunenta a; 8 popmy.e (1.112)

Bua cBasu aj, °C Bua cBasu aj, °C
C-C 0,027 C=0 -0,826
C—C (apom.) -2,069 C—N -5,876
Cc=C -8,980 O—H 8,216
C—H -2,118 N—H -0,261
Cc-O 0,111

PacueTt npou3BoaMM no MeToaMKe, aHalorMyHoit pacuety T, ,, NpH-
BElEHHOMY BBILIIE.

CodepxaHue pabome!

3ananue 1
Paccuntath TeMnepatypy Benbiwiky goaekada CH;(CH,),(CHj;, ecnn

ero HTTIB paBen 74 °C.

3ananue 2
PaccuuTtath TEMIIEpATypy BCMbILLIKU U30aMHUJIOBOro CriMpTa, €CJju €ro

HTTIIB paBen 38 °C.

3ananue 3
PaccuutaTh TeMnepaTypy BCMBILUKA HM30aMUJIOBOTO CNUpTa

[CH;CH(CH3)CH(OH)CHs], ecnn HTTIB pasen 36 °C.

3ananue 4
PaccuuraTtb TemMn €paTypy BCINbILIKH M306yTMIIOBOI'O CIupTa, €CJIy €ro

TeMrnepaTtypa kunenus pasHa 107,5 °C.
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3ananue 5
PaccuutaTh TemMnepaTypy BCNbILIKYM M300KTaHa, €CJIU €ro TeMrnepary-

pa KuneHus pasHa 99,2 °C.

3ananue 6

Paccyutath  TeMnepaTypy  BCMbIIIKM  KOPUYHOro  CMNMpTa
(C¢HsCH = CH—CH,0H), ecan ero TtemmnepaTypa KHIMEHUsS paBHa
257,5°C.

3ananue 7
PaccuuTaTb TeMIepaTypy BCMbllIKK Kcuiona, ecan ero HTTIB paBeH

24 °C.

3ananue 8
Paccuurtatb TeMnepatypy Benblliky naka PA-6, ecav ero HTIIB pa-

BeH 9 °C.

3ananue 9
Paccunrats TeMnepatypy BocnnameHeHus auetoHa (C3;HgO) no meto-

aunke F'OCT 12.1.044—289, ecan t,,,, = 56,5 °C.

3ananue 10
PaccuuraTth TEMINEpaTypy BOCIIJITaMEHEHUA aMHUIJIOBOro CIiMpTa

(CsH,,0) no metonmnke 'OCT 12.1.044—89, ecau ero ¢,,, = 138 °C.

Memooduyeckue yxkasanus

1. lMonyynTte 3agaHue OT NpenoaasBaTessl U UCXOAHbIE JaHHbIE 1S Bbl-
NOJIHEHUS pacyeTa.

2. BHUMaTebHO M3yuuTE M NpoaHanuaupyete pasaeisl 1.7 u 1.10.

3. BHMMaTenbHO M3yuUTEe NpUBENEHHblE MPUMeEpPbl UM (HOPMYJbI
(L.111)—(1.112).

4. IlponsBenuTe pacyeTbl, 000CHYTE MX U ODOPMUTE OTYET.

Codepxaxue omyema

OTyeT DOMXeH OTBeYaTb TPeOGOBaHUAM OOLLMX METOAMYECKHX yKa3a-
HUil NO BBIMOJIHEHUIO paboT, colepXaTb 0O0CHOBaHHbIE BbIBObI MO pe-
3y/bTaTaM pacyeToB.

B oTyeTe mpuBeanTe pe3yabTaThl pacyeTOB TeMMEPATYPbl BCMbILIKH,
TeMrepaTypbl BOCMJIaMEHEHHWS! U OTBETbI Ha KOHTPOJIbHbIE BOMPOCHI.
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KoHTponbHble BONpoChl

Y10 Ha3bIBAGTCA TeMNepaTypoit BCNbIWKN?
[laiiTe onpeaenexve TeMnepaTypbl BOCNNAMEHEHHUA.
Y10 xapaKTepu3yeT TeMnepaTypa BCNblWKu?

H W

. Kakve metogbl pacyeTa ncnonb3yloTca ANA BbIYUCAEHWA TeMNepaTypbl BCNbILW-
KW U BOCNNAMEHEHUA?

5. Kakue caKtopbl BAMAIOT Ha TeMnepaTypy BCNbIWKK 1 BocnnameHeHnua? Mosc-
HUTe OTBeT.

NpakTuyeckas pabora 8
PACHET CTEXWOMETPUYECKON KOHLIEHTPALIMW

Lleas paGoThl: HAYYUTHCS PaCCUUTHIBATH CTEXMOMETPHUYECKYIO KOH-
LEeHTpauHIo.

O06wue nonoxenus

CrexHOMeTpHYECKO# KOHIIeHTpalMeil Ha3biBaeTCs Takasi KOHLEHTpa-
UMs, KOrda pearMpylolliye BellecTBa B3ATbl B 3KBUBAJIEHTHBIX COOTHOLIE-
HUSX.

DKBHBaJIEHTHOE COOTHOLIEHHE — 3TO TAKO€E COOTHOLIEHHE Pearupyro-
LLLMX BELLECTB, KOTAa peakuusi MpoTeKaeT MOJHOCTbIO 0€3 OTCYTCTBUS U3-
ObITKa UM HeJOCTaTKa KaKoro-inMbo U3 pearMpyroLinx BellecTB.

[Tp1 cTexMoMeTpHueCKON KOHLEHTPALMK CKOPOCTb XMMHUUYECKOM pe-
aKkLUMHK OyaeT MMeTb MaKCUMalbHOE 3HauYeHHe (B AeMCTBUTENBHOCTH CKO-
pPOCTb peakU MU NOCTUraeT MakKCMMyMa MpU KOHLEHTPALMUU HECKOJIbKO
BbILLIE CTEXMOMETPHUYECKOIA).

PacueT cTexnomeTpryeckoi KOHLEHTPALIMK HEOOXOAMM [U1sl onpeae-
JIEHWUS CTaHAapTHOM MM MUHHMMAalbLHOM TeMIepaTypbl caMOBOCIJIaMeHe-
HMsl, TaK KaK MPH 3TOM KOHLIEHTPALIMK TeMMepaTypa CaMOBOCIIaMEHEHHUs]
MMeeT HauMeHblilee 3Ha4YeHHe.

CrexrMoMeTpHuyeckass KOHLIEHTPaLMs MCMOAb3YeTCsl I pacyeToB
MaKCHUMaJbHOM TeMIepaTypbl U MAaKCMMaJlbHOrO AaBJeHUsI PU B3pbIBE,
4TO HEOOXOAMMO LISl OMpenesieHUs MIoLaau OCTEKIeHUs!, 0caabieHHbIX
MPOEMOB MJIH BbILINOHLIX MaHesel BO B3pbIBOOMACHBIX MOMELUEHHUSX.
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PacyeT cTexMoMeTpHyeCKOM KOHLEHTPALIMMU BeleTCS NO peakLuu ro-
peHMsl yTeM cocTaBieHUs nponopunu. CTeXuoMeTpuyeckast KOHLEHTpa-
LMt MOXET ObITb BbIpPaXEHA B 00bEMHbIX MPOLIEHTaX (¢, % 06.) ¥ B rpam-
Max Ha Ky6omeTp (97, r/m).

PaccMOTpUM HeKOTOpble METOIbI pacyeTa CTEXMOMETPUYECKOM KOH-
LEHTPaLMH.

IIpumep 1. PaccunutaeM cTeXMOMETPUUYECKYIO KOHLIEHTPALIMIO NapoB
3TUJI0BOrO cnupTa B Bo3ayxe npu ¢, = 20 °C u p; = 760 MM pT. cT.

Pewenue

1. CocTapnsieM ypaBHEHME peakLIMW TOPEHUs CUpTa B BO3AYyXeE:

C,H;0H +3(0, +3,76N,) — 2CO, + 3H,0+11,28N,.

2. CocTapnsieM NMponopuMmio.
[opilouasi cuctema coctouT U3 | Monst aTunoBoro cnuprta U 14,28

(3-4,76 = 14,28) mons Bo3ayxa. Bcero 6yner 15,28 mons. ObLiee Konuye-
CTBO MoOJieit roproyeit cUcTeMbl NpuHUMaeM 3a 100 % ¥ HaxoAUM MpPOLIEHT
3TUJIOBOrO CNMUPTA:

1528 —— 100 %
1-100

I — x% xX=——=6,5%.
15,28

3. BoiBoaum o6uuyto dopMyny st pacyeta CTEXMOMETPUUYECKOI KOH-
LEHTPALIMK B 06 EMHBIX MPOLIEHTAX:

X=@; 1528=1+3-4,76,

rie 3 — cTeXHoMeTpHUYeCcKHit Ko3ahdHULIMEHT B NpH KUCIOpOIE B peaKL MK
ropetus. ClenoBatebHo, pacueTHast popmysa GyaeT MMeThb BUA:

100

=100 g 1113
P = 276p+1" " ° (1.113)

4. Ecnu crexmoMeTpuueckasi KOHLEHTpaLMs TOpIoYero napa Wiy rasa
paccuuTbIBaeTcsl B Kuciaopone, To popmyia 6yaer MMeTb BUA:

- 100 % 06. (1.114)

(pCX B+1’

YTOObI paccuMTaTh CTEXMOMETPUUECKYIO KOHLIEHTPALIMIO TOPIOYMX Na-
POB WJIM ra30B, HEOOXOAMMO 3HATh MOJIEKYJISIPHYIO MacCy BelllecTBa U 00b-
€M OHOTO KMJIOMOJIs ra3a MpH 3a4aHHbIX YCJOBHSIX.

495
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5. OnpenensieM Maccy KHjorpaMM-MoJIEKYJIbl 3TUIOBOTO CIIUPTa:
M = 46 xr/kmob.

6. O6beM knnorpaMM-Moriekybl razanpu ¢, =20 °C u p; =760 MM pT. cT.
OyneT paBeH:
v - 22.4-760(273 + 20)
! 273- 760

7. Ilo ypaBHEHMIO rOPEHHUS ITUJIOBOrO CNIMPTa ONpeaesisieM KOJIMYeCT-
BO KMJIOMOJIEi roployero BelllecTBa M Bo3ayxa. [opioyasi cucteMa coCcToUT
n3 1 xmons atunosoro cnupta u 14,28 (3 - 4,76 = 14,28) kMo Bo3ayxa.
Haxonsch B razoBoii ¢a3se, 1 kMoab napoB cnupTta OyaeT 3aHMMaTh TaKoit
Xe 00beM, Kak M 1 kMoJb Jtodoro raza. [ToatoMy o61umit 06beM roprouei
cuctembl Oynet [(1 ++ 3 - 4,76) - 24] M.

CocTasieM NpornopLHmIo:

B[(1+3-4,76) - 24] M> ropioueii cHcTeMbl conepXHTCsl 46 KT CnupTa;

B1M —xkr CNUPpTa;

=24 M>/KMosb.

. 46-1000
(1+3-4,76)-24
8. INepeitnem k obuueit pacyeTHoit dopmyse, NMpUHUMAs @F, =X,
M=46, B=3; V,=24

=125 Kr/M3.

M-1000 _ 46-1000
@476B+1)-V, 1528-24

0. = = 125 kr/m>. (1.115)
Omeem. CTexroMeTpuyecKasi KOHLIEHTpaUuusl MapoB 3TUJIOBOTO CIMUP-
Ta B Bo3ayxe cocTtasnsieT 125 Kr/M3.

[Tpn pacueTe CTeXMOMETPUYECKON KOHUEHTpaLMH B r/M3 B YACTOM
Kucnopoae ¢popmyina 6yaeT UMeTb BUA:

, 1000 M
cx . (1.116)
B+,

IIpumep 2. PaccuntaTb CTEXMOMETPUYECKYIO KOHLIEHTPALIMIO NAapoB
OYTHUJIOBOrO CIMpTa B BO3yXe B 00bEMHBIX MPOLIEHTAaX.

Pewenue

1. CocTaBnsieM ypaBHeHHE peakLMU ropeHUsi OyTUJIOBOTO cnupTa B
BO3/yXe W ornpefesisieM cTeXMoMeTpudeckuii KoapduuneHt (B):

C,HyOH +6(0, +3,76N,) — 4CO, + SH,0 +22,56N,.
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2. OnpenensieM CTEXMOMETPHUUYECKYIO KOHLIEHTPALMIO MapoB OyTUIIO-
BOT'O CIIMPTA B BO3JlyXe B 00BbEMHBIX MpolieHTax no ¢opmyae (1.113):
100

=100 _ 338 %06
Pe = 6641 °

Omeem. CTexoMeTpHUuyecKass KOHLEHTpauMusi napoB OyTHIOBOro
cnupTa B Bo3ayxe cocrtasiseT 3,38 % 00.

IIpumep 3. PaccuntaTh CTEXMOMETPHUUYECKYIO KOHLIEHTPALMIO MapoB
alleToHa B Bo3ayxe npu Temmnepartype 15 °C v naBneHun 740 MM pT. CT.

Jano: ropiouee BewectBo — auetoH CH;COCH; (6pytro-dopmyna
C;HgO). 1, = 15°C; p; =740 MM pT. cT. HaitTn @, .

Pewenue

1. OnpenensieM Maccy KMJIOrpaMM-MOJIEKYJIbI alleTOHa:

M=12-3+1-6+ 16 =58 kr/kMoJb.
2. OnpenensieM 06beM KHUI0TpaMM-MOJEKYIbl aLeTOHA MPU 3aflaHHBIX
YCNOBMSIX:
Vv o= 224-760(273 +15)

f =252 M>/kMonb.
273-740

3. [lo ypaBHEHMIO peakLIM¥ FOPEeHUs OMNpelNesisieM CTEXMOMETpUYE-
CKHi1 Ko3addHLHMeHT (B):

4. OnpenensieM CTEXMOMETPUUYECKYIO KOHLIEHTPALIMIO MapoB aleToHa
no (1.115):

. 58-1000

= = = 11481/M.
P ex (144,76 -4)25,2 /

Omeem. CtexnoMeTpHuyeckasi KOHLIEHTpaLMs NapoB aleToOHa COCTaB-
nser 114,8 F/M3.

Codepanue pabomesi

3ananne 1
PaccuuTatb CTEXUOMETPHUYECKYIO KOHUEHTpAU IO nNapoB MpoITnJoBO-
ro cnuprta € BO34yXOM B 00BbEMHBIX NMpoucHTax.

R
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3ananue 2
Paccuurtath CTEXMOMETPHUUYECKYIO KOHLUEHTpAL IO MapoB METAHOJIA C
BO31YyXOM B 00BbEMHBIX MpoueHTax.

3ananue 3

CKOJIbKO IMITHUJIOBOTO 3(hMpa NOMXKHO MCNAPUTLCSl B MOMELIEHUHN
ob6beMom 200 M3, yTOObl 00pa3oBanachb CTEXMOMETPUYECKAS KOHLEHTpa-
uus npu temnepatype 10 °C u naBneHun 750 Mm prt. cT1.?

3ananue 4
PaccunTtathb, npy Kakoil KOHLEHTpallMK TeMrepaTypa caMoBOCIJIaMe-
HEHMs aleTHieHa B Bo3ayxe OyaeT caMoil HU3KOM.

3ananue 5
PaccuMTaTh CTEXMOMETPUYECKYIO KOHLIEHTPALMIO OyTaHa C BO31yXOM

Br/M>, 1=30°C, p =97 x[a.

3ananue 6
PaccunTaTbh cTeXMOMeTpHMYECKYIO KOHLUEHTPAaLMIO NMapoB NMeHTaHa B
Bo3ayxe npu Temneparype 18 °C u naBneHun 750 MM prT. CT.

3ananue 7
PaccunTaTh CTEXMOMETPUYECKYIO KOHLIEHTPALMIO HACBIILEHHBIX Ma-
POB 3TaHOJ1a W ONpeNe/UTh, PU KaKoi TeMIepaType OHa obpa3yeTcsl.

3ajganue 8

CKkoJibKO Kapbuaa KalbUmsi JOJXKHO MpopearMpoBaTth ¢ BOJOMH, YTOObI
B MoMelLeH1M 06beMoM 480 M 06pa3oBanach CTeXMOMETPHYECKash KOH-
LEHTpaLMs alueTUIEHA B BO3AYXE MPU HOPMaJIbHbIX YCIOBUAX?

Memoduyeckue yka3aHua no 8bINONHEHUIO
3adaHusa

1. TonyuuTe 3amaHue OT NpernoaaBaressi U UCXOAHbIE JAHHbIE U151 Bbl-
MOJIHEHMS pacyeTa.

2. O3HaKOMbTECh C METOJAaMM pacyeTa CTEXMOMETPUYECKOM KOHLIEH-
TpauMH.

3. BHUMaTebHO M3yuyMTe NMpeaioXeHHble B paboTe MpUMepbl U ¢op-
mynbl (1.113)—(1.116).

4. TlponsBenuTe pacyeTbl U 0OPMHUTE OTYET.
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Codepxanue omyema

OTyeT N0NXEH OTBEYaTh TPeOOBAHUSAM OOLIMX METOANYECKHUX YKa3a-
HUI MO BBIMOJHEHHUIO paboT, coaepxaTb 060CHOBaHHbIE BbIBOAbI MO pe-
3y/bTaTaM pacyeToB.

B oTyeTte npuBeanTe pe3ynbTaThl pacyeTOB CTEXMOMETPUYECKOI KOH-
LEHTPALIMM U OTBETbI HA KOHTPOJIbHbIE BOMPOCHI.

KoHTponbHbie BONPOCHI

1. Yto noHuMaeTca noa CTexmoMeTpuyeckow KoHueHTpauuen? MoatsepauTte
npumepamu.

2. Kak npon3eoautcs pacyeT CTexXMOMeTpU4eckoi KoHueHTpauwu? MoscHute
ucnonbyemsie hopMynbl.

B yeM n3mepserca ctexuomeTpuyecKan KoOHUEHTpauua?

Npn Kakux pacyetax UCNONb3YIOTCA 3HAYEHUA CTEXUOMETPUYECKOW KOHLEH-
Tpauuu?

(S
.

CocTaBbTe ypaBHeHWE peaKUWUW rOpeHUs MeTaHoNa, 3TaHONA, aUeTUNEHa U on-
pepaenuTe CTexuoMeTpuyeckuin KoadpuuueHT.



Pa3pen 2
B3PbiIB

B3pniBoM Ha3biBalOT ¢pU3MYECKOE UIIM/U XMMHUUYECKOE NMpeBpallleH1e
BELLECTBA, MNPU KOTOPOM €ro 3HEPrusi ObICTPO NEPEXOAUT B IHEPTUIO CXKa-
TUSI M ABUXXEHUS CaMOro BeLIECTBA UJM MPOAYKTOB €ro nNpeBpalleHnUs: 1
OKpYy>Xalollei cpenbl. DHeprus B3pbiBa MOXET ObITh pa3jiMyHOii. Beinene-
HUE XMMUYECKOWN, INEKTPUYECKOM, ANEPHON, TEPMOSIIEPHOM, TENIOBOM,
KMHETUYECKOIt 3HEPrMHU, SIHEPTUM YIIPYroro CXXaTusi COCOOHO COMPOBOX-
naTbCsl B3pbIBHBIMM NMpoueccaMu. Hanpumep, npu 31eKTpPOMCKPOBOM
cnoco®e pa3pyllieHUs] MaTepraoB UCMOJb3YIOTCSI MUKPOB3PbIBbI, MCTOY-
HUKOM 3HEPIUU KOTOPBIX CIYXUT 3JIEKTPUYECKHUI pa3psill, a HOCUTENIEM
3HEpPruM — NpPOIAYKThbl UCMAPEHUS U Pa3JIOXEHHUSI MM MPOCTO Harpesa
cpelbl, B KOTOPOI pa3psii ocyllecTBasieTCs. B3pbiB, BbI3BaHHbII pa3pyliie-
HHMEM OAIJIOHOB CO CXaThIM ra3oM, NapoBbIX KOT/IOB, COCYI0B BbICOKOIO
NlaBJieHU S, TaKXXe MOXET NMPOTEKaTb C 00JIbLIOI CKOPOCTbIO U BbI3bIBAThb
cepbe3Hble MOBPEXAEHHUS B OKpYXalolliei cpene.

Takum obpazom, noo 83psl6oM NOHUMAeMCA A8AeHUe, C8A3AHHOE C 8He-
3aNHbIM U3MEHeHUeM COCMOSHUA 8elllecmea, CONnPoBONCAaoueecs pe3kum 36y-
Ko8biM 3hhexmom u Obicmpbim gvideneHuem IHepeUul, NPUBOOAUUM K pa3ozpe-
8y, QBUNCEHUIO U CHCAMUIO NPOOYKMOB 83pbleéa U OKPyxcarouieii cpedbl.

[1pu B3pbIBE BHIOEAAIOLIASCS IHEPTUSl MPUBOAMUT K Pa3BUTHIO ABYX OC-
HOBHbIX MPOLIECCOB:

e nednarpaumy;

e JETOHALIMU.

Hegaazpayun — npouecc 103ByKOBOro ropeHus, Npu KOTOpoMm odpa-
3yeTcs ObICTPO nepeMellatoascs 3oHa (GpOHT) XUMUYECKHUX NpeBpallie-
HUii. B OonbLUIMHCTBE NepeMelliaHHbIX ra30MapoBO3AYyLLIHbIX CMeCei MpH
BO3HUKHOBEHHM TrOpPEHHMS CO B3PbIBOM pacnpoCcTpaHeHUE NIaMEHHU Mo UC-
XOIHOI CMECH MPOUCXOAUT CO CPABHHUTEIBbHO HU3KOI CKOPOCTbIO, COOT-
BETCTBYIOLLEH HECKOJLKHM MeTpaM B CeKyHay. B camononnepxuBarouieii-
Cs1 BOJIHE 3TOro npouecca, GpoHT peakL MU KOTOPOro NMpoaBUraeTcs Mo
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roptoueit cMecu 6aaroaapsi TenJjaonpoBOAHOCTH U KOHBEKLMU B HamnpasJiie-
HMM OT CropeBLEro rasa K He cropesilemy. [Ipy 3ToM B OTKPbITOM NpoO-
CTPAHCTBE HE MPOUCXOANT MOBBILIEHUS AaBJIEHUS, 00YCNOBAEHHOIO YCKO-
peHHeM peakumu. B 3aMKHYTOM Xe 06beMe MOBbILLIEHUE AaBIEHUS HOCUT
NPOCTPAHCTBEHHO PaBHOMEPHbI XapaKTep U ABASETCS B OCHOBHOM pe-
3y/bTaTOM pPOCTa B HEM TeMIepaTypbl cMecH. Takoe MoBblllIeHUE CPEAHEro
[IaBJIEHUS 0 TUMUYHBIX YIJIEBOAOPOA0-BO3AYLIHbIX CMECEl JOCTUTaeT
0,6—0,8 MIla, yTo B yCIOBMUSIX 3aMKHYTOr0 00beMa MOXET NMPUBECTH K
pa3pyLUEHUIO OrpaXaaloLMX oyar FOpeHUs CIIOLIHBIX KOHCTPYKLIMHM.

Hednarpaumns cnocobHa CMMMETPUUYHO pacrpoCTpaHATLCS BO BCe
CTOPOHBI OT UCTOYHHMKA 3axHuraHus. OHa xapakTepHU3yeTcs reHepauunei
HMU3KOM BOJIHbI aBJieHUS, He oblafatolei yaapHbIM AeHCTBUEM.

B3pbiB B dopMe nednarpaliliOHHOTO ropeHMsl TakXe Ha3blBalOT men-
A108bIM 63DbIGOM.

TennoBoii B3pbIB — sIBJICHME TOPEHUs, BO3HHUKalOLllee NIPU CaMOBOC-
njaMeHEeHUHU CUCTEMBI U COMPOBOXJatollleecs BblaeleHUeM 601bLI0ro Ko-
JIMYECTBA TEIJIOTHI.

[Mpu Tena0BOM CaMOBOCIIAMEHEHUH NMPUYNHOMN YCKOPEHUS peak LM
OKMCJIEHUSI U BOSBHUKHOBEHMS1 TOPEHUS SIBSIETCS MPEBbILIEHNE CKOPOCTH
BblEJIEHUS TEMJIOTHI B CUCTEME Hajl CKOPOCThbIO TenjaooTBoaa. Bo3Hukato-
LLME NMPU TaKOM FOPEHUHM XMMHUECKHUE IK30TEePMHUUYECKHE peaKLlMU pa3BU-
BalOTCS C 0O/bLIMMMU CKOPOCTSIMHU, YCKOPSISl MPOLIECCHl CAMOBOCIIaMEHe-
HUs. [1py 3TOM cucTeMa B3pbIBAETCs C Bblae/ieHUEM 0OJIbLIOTO KOJUYeCT-
Ba TEMJIOTHI, MPUBOAS K TEMJOBOMY B3pbIBY.

[1py TennoBoM B3pbiBe NMepenaya IHEPrMM OT OAHOIO CJI0SI TOPIOYEro
BELLECTBA K APYrOMy MPOMCXOAMT MyTeM TemnmJonpoBoAHOCTH. Takue
B3PbIBbl XapaKTepHbl, HapUMep, AJ1s1 TOPEHUS J1IErKOBOCIIAMEHSIOLLIMXCS
xuakoctei (JIBX), roptounx xuakocteit (I'K), cMeceit ra3oB 1 napoB ¢
BO3[yXOM, a TaKXe MOPOXOB U Mp.

[Mlemonayus (0T cpenHeBEKOBOro NaTMHcKoro detonatio — 63pué; na-
TUHCKOTO defono — rpemMiio) — pacnpocTpaHeHHEe CO CBEPX3BYKOBOI CKO-
POCTbIO 30HbI OLICTPOI 3K30TEPMHUUYECKON XMMHUYECKOI peakLIMU, cleayto-
1iei 3a GpOHTOM yNapHOM BOJIHBI.

B3pbiB B hopMe deTOHAUMM — 3TO MpoOLECC Mepeaayu 3HEpruu,
00YC/IOB/IEHHbIA MPOXOXAEHUEM YAAPHOiI1 BOJIHbI CO CBEPX3BYKOBOM CKO-
pocTblo. B ciyyae neTOHaLMOHHOrO B3pbiBa ra3bl 00pa3yroTcsl oYeHb Obl-
CTpo, AaBJieHWEe BO3pacTaeT MFTHOBEHHO 10 0OJbIIMX BeJMYUMH. BO3HMK-
HOBEHHMeE MOBbILLIEHHOIO NaBleHUs B 0071aCTH B3pbiBa BbI3bIBacT 00pa3o-
BaHME B OKpYXalollei cpelie yIapHOi BOJIHbI C CUJIbHbIM pa3pylluaiolluM
NEeNCTBUEM.
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Yoapnan eoana — TOHKas nepexonHasi 061acTb, pacnpocTpaHsoLLas-
Csl CO CBEPX3BYKOBOI CKOPOCTbIO, B KOTOPOi MPOUCXOAUT Pe3Koe yBeun-
YyeHMe MJIOTHOCTH, NaBJEHUS M TeMIEepaTyphl BelllecTBa.

SIBneHue nednarpauny U geToHaUMU HabaoaaeTcsl Npy B3pbiBax, B
OCHOBHOM, B ra30-, MapoOBO3AYLIHBIX CMECSIX.

2.1. Pa3HOBMAHOCTY B3PbIBOB

B3pbiBbl NOApa3nesAOTCS B 3aBUCMMOCTH OT MPUPOAbI POUCXOXAE-
HUSl, arperaTHOro COCTOSIHUSI Cpelbl, YCIIOBUi, BbI3bIBaIOLLIMX BO3HUKHO-
BEHME B3pbIBa.

o npupoae NpoMUCXOXAeHHUs B3pbIBbI MOAPA3AEASIOTCS Ha XUMHUYE-
CKHe U hU3NYECKHE.

2.1.1. Xumuyeckue 83pbigbl

K XMMHYeCKHM B3pbIBaM OTHOCSTCSI MPOLIECCHI ObICTPOro XMMHUUYECKOTO
NpeBpallleHUs BELECTBa, MPOSIBASIOLIUECS TOPEHUEM U XapaKTepHU3YIO-
uiMecs BblAeJeHUEM TEMJIOBOI 3HEPTrUM 32 KOPOTKHU A MPOMEXYTOK BpeMe-
HU M B TaKOM 00beMe, YTO 0Opa3yloTCsl BOJIHbI AaBJIeHUS], pacnpocTpa-
HSIOLLIMECS] OT MCTOYHHMKA B3pbIBa.

XMMHYecKHe NpeBpalleHUs MPOUCXOIAT B pe3ysibTaTe ClelyIOLIMX
peaxkLmit:

e Pa3JIOXEHHUS;

© OKMCJIMTEJIbHO-BOCCTAHOBUTEJIbHBIX;

e MOJISIpU3aLMUU, U30MEPU3ALIMM U KOHIEHCALIUMU.

[To xapakTepy B3pbIBHOIO Nnpoliecca B MPOCTPAHCTBE BCE XMMUUYECKUE
B3pbIBbI NMOAPA3JESIIOTCS Ha:

e TOYEYHbIE (COCPENOTOUYEHHBIE);

e 00BEMHbIE.

Toueunvimu e3pvléamu sIBASIIOTCS, B OCHOBHOM, B3pbIBbl TBEPIOrO WM
XHMAKOro BellecTBa, 3aHMMalollMe Maiblii 00beM OTHOCUTENIbHO 30HbI
BO3neHCTBUSA. [IpMMepoM MOXET CYXHUTb B3pbIB 3apsifa B3pbiBYaTOro Be-
L1eCcTBa, HaNpUMep, TPMHUTPOTOJIYO1a U Ap.

Obsemublil 83pbié NpeaCcTaBisieT COOOM B3pbIB ra3o-, Napo- WM Mblie-
BO3AyLIHOro 0bJjlaka, 3aHMMaIoLLIEro 3HaYMTEIbHbIIT OTHOCUTENBLHO 30HbI
BO34€eicTBUSI 06beM. [1py TakoM B3pbiBe 00pa3yeTcsi 3HaYUTeNIbHOE NMapo-,
ra3oBo3nyliHoe 00/1aKo.
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O6naKo npeacTasaseT cob0it pa3orpeTyio ropsliylo CMecb, Ha3biBae-
MYIO OTHEHHBIM LapoM. OrHEeHHBII Wap — 3To KpynHoMaclTabHoe aud-
¢y3HOe NaMsi croparolleil Macchl roployero Wiy napoBoro obnaka, noa-
Humarouerocst Haa noBepxHocTbio 3eMan (FOCT P 12.3.047—98). OrHeH-
HbIi1 L1ap pacnpocTpaHsieTcsl B Cpeie CO 3HAYMTENIbHOI CKOPOCTLIO.

HTak, XMMHUYeCcKHe B3pbIBbl — 3TO B3PbIBbI, CBA3aHHbIE C BHE3aMHbIM
M3MEHEHMEM XMMHUYECKOTO COCTOSIHMS BELECTBa, CONMPOBOXAAIOLINECS
KpaitHe ObICTPbIM BblAeJIEHUEM IHEPTUM U 0Opa30BaHMEM CXAThIX ra3oB,
CMOCOOHbIX MPOU3BOANTb MEXaHUYECKYIO paboTYy.

2.1.2. Qusuyeckue 83pbigbl

K ¢u3nyeckum B3pbiBaM OTHOCSTCS MPOLIECCHI, MPUBOASILIME K BO3-
HUKHOBEHMIO BHYTPEHHETO IaBJIEHUs, KOTOPOE NMPEBLILIAET NpeaebHO
JOMYCTHUMbIE 3HAYEHUS 1151 0O0PYIOBaHMUSI.

K du3nyeckuM oTHOCATCS B3pBIBbI:

e CcocyllOB, paboTaloLIMX MO AABJEHUEM;

o 060pyHOBaHMH H3-3a YBCJIIMYCHUSA NaBJIC€HUA BHYTPU HEro BbLILIEC

HODMBI;

o 3JIEKTPUYECKHUE;

e 3aCyeT 3Hepruu Ga3zoBoOro Nepexona «XKMIKOCTb—KpUCTALI»,
a TakXe du3nyeckasi AETOHALMSI.

B3pbiBbI COCYA0B, paboTalowux nog AaBneHuem

[TprumHBI, BbI3bIBAIOLLME B3PbIBbI:

e CHHXEHMe MPOYHOCTH CTEHOK COCYy/a;

e 3ano/iHeHUe EMKOCTH COCylla CBEpX HOPMBI;

o nechexThl, HONYyllIEHHbIE TPU MOHTAXe, PEMOHTE COCY/a,;
KOHCTPYKTUBHbIE HEIOCTATKU COCYAA;

KOppO3Hsl CTEHOK COCyAa, T. €. pa3pylleHMe MaTepuana, BelllecTBa
BCJIEACTBUE PUBUKO-XMMHUYECKOrO BO3AEHCTBUSI HA HUX APYTUX Be-
1LIECTB, HAXOASLUMXCSl B COCYZlE MM BHELLHEN cpele;

e 3pO3Ms MaTepuaia COCyNOB, T. €. pa3pyllieHWe MaTepUaloB CTEHOK
BCJIEACTBME MEXaHMYECKOr0 BO3AEHCTBUS HAXOAsILIMXCSl B cocyne
BELLECTB U MaTEPUAIOB WJIM BCIEACTBUE 3IEKTPUYECKUX Pa3psifioB.

Ipu Takux B3pbiBaX BO3HMKaloOlllee BHYTpeHHee NaBleHUE B cocyle

npeBbIlIAET Npeae/bHO 10NYyCTUMOE 3HaYeHUe. ITO NPUBOJAMUT K pasrep-
MeTH3allMM COCyaa C MOCJeaAyollUM B3pbiBOM. B ciiyyae ecnu xpaHsiieecs
B cocylle BELECTBO HarpeTo A0 TeMIMepaTyp, NpeBblLIaOUIMX NpeaejbHO



170 Pa3zpen 2. B3peis

JONYCTUMBIC 3HAYEHHU S, MPOUCXOONUT XUMUYECKOE NMPEBpALLLIEHUE ITOro BE-
1ecTBa, KOTOpo€ NMNPHUBOIAUT K POCTY BHYTPEHHEIO 1aBJICHUS.

B3pbiBbl 060pyAOBaHUA U3-33 yBEAUYEHUA AABNIEHUA BHYTPU HEro

IMpnYMHBI BO3HUKHOBEHUS TAKMX B3PbIBOB:

e BHe3aMHoe yMeHbllIeHUE WK NMpeKpallleHUe pacxoda BOAbl B Mapo-
BbIX KOT/IAX;

e [10JI0MKa MPMOOPOB aBTOMATHKH, KOHTPOJMPYIOLLMX Moaavy napa;

e HapyllleHHe TeMMepaTYpHOTo pexXuma 000pya0BaHUs, MPUBOASAILLEE
K HarpeBaHMWIO MapoB MJIM ra3oB Bblllie YCTAHOBIEHHOTO peXUMa;

e CHMXXEHMe YPOBHsI BOAbI (YMYyCK) B MapoOBbIX KOT/aX.

Ynyckom 600bt Ha3bIBaeTCs TaKOe HapyllleHWe paboThl KOTJ1a UK ApY-
roro o60pyaoBaHHsl, MPU KOTOPOM YPOBEHb BOJbl B HUX CHUXAETCs Ha-
CTOJIbKO, YTO YacTb MOBEPXHOCTH HarpeBa 00OpYa0BaHUS NepPECTaeT OMbI-
BaThCS BOMOI M HAYMHAET NeperpeBaThes.

IneKTpryecKue B3pbiBbl

DNIeKTPUYECKHUE B3PbIBbI — 3TO MOLLHbIE UCKPOBbIE pa3psilibl B ra3zax
(HanpuMep, MOJIHUSA) M B3PbIBbI METaIMYeCKUX NMpoBoaAHMKOB (IBIT)
NpyU MpPOMYCKaHUMU Yepe3 HUX TOKOB OOJIbLIOI MIOTHOCTH (Mopsaka
107 A/CMZ) 3a 10°—107 c.

I1pyu razoBbix pa3psizax pa3HOCTb 3JIEKTPUUYECKUX MOTEHLIMANOB Bbl-
paBHMBAETCSl 32 MaJible MPOMEXYTKM BPEMEHM, TaK YTO MJOTHOCTb Bbl-
IeasieMOil MpHU 3TOM 3HEPruM COM3MEpUMa C NMapaMeTpaMH SiAEPHbIX
B3pbIBOB.

B3pbiB MeTanIMyeCKMUX NPOBOAHUKOB (ITPOBOJIOYEK) OOYCIOBJIEH Obl-
CTpbIM UCMApEHUEM METaJlIa U MEPEXOOM €ro B MJa3MEHHOE COCTOSIHUE C
nocjenyouM pacliMpeHUeM Maa3Mbl U NMpeobpa3oBaHUEM TEMNJOBOMH
3HEpruv B MOTEHLMANbHYIO 3HEPrUI0 cXaTus. Ype3BblyaitHO ObICTpbIi
Harpes NpoBoJoYeK 10 Temmnepatypbl 10% K criocoGCTBYeT MX CyllecTBeH-
HOMY MeperpeBy Bbllle TOYKM KUITEHUS MeTania, Npyu 3ToM Habaloaaercs
ObICTpOE paclIMpeHHe NapoB MeTajla C 00pa3oBaHUEM ydapHbIX BOJIH.
B T1a6n. 2.1 npuBeneHbl 3HEPrMMU, HEOOXOAMMbIE MJIS1 IJEKTPUUYECKOTO
B3pbiBa NPOBOAHUKOB (DBIT) pa3nnyHbIX METALIOB.

Takum obpasomM, DBI1 — 310 pe3koe M3MeHeHUEe PU3UUYECKOTO CO-
CTOSIHMSI METaJjl1a B pe3y/ibTaTe MHTEHCUBHOIO BblEJIEHUS B HEM 3HEPIrUM,
NpuBoAsillee K HADYLICHUIO METAIIMYECKOM 371IEKTPONPOBOAHOCTH U CO-
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Tabauya 2. 1. DHeprus ucnapenus, Heodxoaumas aisa DBI1

MeTann npoBoNOKH Tyns °C JlnameTp npoBONOKH OHeprus ucnapenus, Ix
Keneso 3070 0,32 410
Menb 2590 0,38 440
ANOMUHUI 2500 0,32 194
OnoBo 2200 0,32 143
CsuHel 1740 0,33 59
LInHk 907 0,33 94
Kanmui 767 0,31 70

npoBoXxjaawoouieecs 00pa3oBaHWEM yoapHOM BOJIHbI M 3JIEKTPOMarHUTHOTO
M3JIyYeHHUS.

B3pbiBbl 33 cyer 3Hepruu ¢a3osoro nepexoaa «XXUAKOCTb—KpUCTann»

[TpruKHBI, BbI3bIBaIOLLIME B3PbIBbI:

e BCKHIMAHWE paCIaBa;

e ObicTpasi (MrHOBEHHas) MepeKpUCTalIn3alius pacrijaBa, T. €. Obl-

cTpoe oOpa3oBaHME KpUcCTalia.

HccnenoBaHns MexaHU3MOB TaKUX B3pbIBOB MOKa3alu, YTO UX He yaa-
€TCs OOBSACHUTD C MO3ULIMK «BCKUIMAHHUS» XUIKOCTH C NMOCAEAYIOLINM 00-
pa3oBaHMEM METACTAOMJIbHOIO COCTOSSHUS. DHEPrusl TAKUX B3PbIBOB OMN-
peaensieTcsl 3Heprueil CKpbITOro nepexoaa B CUCTEME «KUIAKOCTb—KPH-
CTajll».

Pusuyeckan feToHauua

[1pu cMewieHUM ropsiuei U XON0AHOM XHUAKOCTEN, KOrjaa TemmnepaTtypa
OHOI MX HUX 3HAYMTEJbHO MPEBBILIAET TEMIMEPATYPY KUNEHUS APYroi
(HanpuMep, Npu BbIJIMBAHWU PACIUIaBIEHHOrO MeTalja B BOAY), MOXET
BO3HMKaTb ¢u3nyeckas aetoHauus (physiral detonation, vapour explo-
sion).

MexaHu3M npoTekaHHs (PU3HYECKOl AeTOHALMH 3aKJIOYaeTCsl B ObICT-
poM (B3pbIBHOM) UCMApeHUH NapOXUIAKOCTHON cMecH, oOpa3oBaBLueics
Npy cMellleHUU ropsiyer U xoaoaHoM xunkocteit. [1pu aTom Habnronaetcs
Npouecc ¢pparMeHTaUUKU Kaneb pacrjasa, obecrneynBalolMii ObICTPbIA
TEMJI0OTBOA M MeperpeB XoJOAHOM XUAKOCTU. B pe3ynbrate Bo3HUKaeT
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yaapHasi BoJIHa ¢ M30bITOYHBIM 1aBJIEHUEM B XUIKOI1 ¢ha3e, AOCTUTAIOLLIMM
ThICSIYM aTMocdep.

®dusnyeckas neToHaUMs NMPOMCXOANUT TaKXKe MpPH MonagaHUM XoJ104-
HbIX Cpell Ha HarpeTble 10 BLICOKMX TEMIIEpATyp MOBEPXHOCTH.

IIpumepsl. Hanbonee Tsxeblii Mo CBOMM MoCAeACTBUSIM HU3UUYECKHUIA
B3pbIB npou3otues B 1993 r. Ha JIHENpPOBCKOM MeTajljlypruyeckoM KoMOHU-
HaTe B pe3y/bTaTe NMonagaHusl B JIOMEHHYIO Neyb ¢ OOpyLIMBLUEHCS LLINX-
ToM GosblIOro KojauyecTsa Boabl (0T 1 10 3 T) ¢ nocieayolIMM ObICTPbIM
MCIMapeHWeM U NMOBbILLIEHUEM aBJieHNUs] B 00bEME MEYM, YTO MPUBEJIO K ee
YaCTMYHOMY pa3pyLLEHUIO C BLIOpOCOM ropsiumx rasoB. [Ipu B3pbiBe Mo-
cTpajanu 29 yenoBek, U3 HUX 18 mornoau.

Ha HoBonuneukom MetannypruueckoM KomouHate 7 utoHs 1991 r.
M3-3a nornanaHusl Boibl B KOHBEPTOP M3 MPOropeBLlero pesepeyapa (Top-
KpeTdypMbl) NMpOHU30LLEN B3pbIB C BLIOPOCOM M3 KOHBEPTOpA MEpPErpeToro
napa ¥ nNpoaykToB pacraBa. B pesynbTate 3TOro B3pbiBa MoCTpagaiu
CeMb YeJIOBEK, OblJIM MOBPEXAEHbI 3/IEMEHTHI KOTJIa-yTUIX3aTOpa U raso-
OTBOJSILLETO TPAKTA, pa3pyllieHa MoaKpaHoBas Oajika v 1p.

2.1.3. KombuHuposaHHble 83pblBbI

B3pbiBbl KOMOMHHPOBaHHbIE, T. €. B3PbIBbl, COMPOBOXAAIOLLUECS BblaE-
JICHUEM 3HEPruu U 00pa3oBaHMEM CXaTbIX ra3oB B pe3yjbTaTe nocjenoBa-
TEJIbHOro NpoTeKaHMUs1 GU3NYECKOro U XMMHUUYECKOTO B3PLIBOB (MJIM CHa-
Yyajla XMMUYECKOro B3pbIBa, 3aTeM ¢GU3MuecKoro), pabora KOTOPbIX MNOJHO-
CTbIO WJIM YaCTUYHO CYMMHUpPYETCS.

KoMO1HHpoBaHbie B3pbIBbI MO MPUPOJE MEXaHW3Ma BO3HUKHOBEHHUS
3HEpruy noapasaesioT clieayoluM obpa3oMm:

e gpneHue BLEVE;

e siIepHbIE B3pbIBbI;

e TEPMOSIAEPHbIE B3PbIBBI.

PaccMoTpyM noapoOHO KaXabli U3 HUX.

BLEVE (Boiling Liquid Expanding Vapour Explosion) — B3pbIB pacuiun-
PAIOLLMXCS MAPOB BCKUMAIOLLEH XUAKOCTH.

CyLIHOCTb 3TOrO SIBJIEHUS 3aKJII0YaeTCsl B CJEAYIOLLEM: PY HAIMYUHU
MCTOYHMKA BOCMJIAMEHEHUS MPOUCXOANUT NeperpeB roproyeit XUaKkocTu
WJIM CXHXEHHOrO roproyero rasa. Peskoe naageHue naBjieHUsl B COCYAE Bbl-
3bIBa€T BCKUMAaHUE HaxoasWENCs B HEM XHUIKOCTH U 0Opa3oBaHHe BO3-
NYUWHOW ynapHoO# BOJHbI. YaapHas BoJIHA BbI3bIBAeT pa3pylueHus obopy-
IlOBaHMsl, BbIOpOC ra3o-, NnapoBo3AyLIHOro obaaka.
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[MpnunHbl, BbI3bIBatoLMe siBneHne BLEVE:

e €MKOCTH MOJ NaBJeHUEM, HAMOJHEHHbIE JIETKOKUMSLLEN XUIKO-
CTbIO (yallle BCEro — CXMXEHHBIM FOPOYMM ra3oM), MoABeEpraroTcs
BHELLIHEMY Harpesy;

e B MPOLIECCE HAarpeBa OTMEYAETCSl POCT BHYTPEHHET O AaBJeHMUS.

BLEVE — TepMHH, KOTOpbIif MCMOJIL3YETCS [UISI ONMUCAHMS LIENIOH COo-
BOKYIHOCTH SIBJIEHHUI1, COMPOBOXIAIOLIMX BHE3AMHOE pa3pylleHWe cocyaa
(6annoHa, pe3epByapa) C NeperpeToil roproyeit XUIKOCTbIO UM CO CXU-
>X€HHBIM TOPIOYMM ra3oM MpH HAJIMYMK UCTOYHHMKA BoCIUlaMeHeHHs. Ha-
npuMep, NpUYMHOM aBapnit Ha oobekTax CYI (CXKXMXEHHbBIX YrJIeBOAOPOI-
HbIX 3JIEMEHTOB) SIBJIsSIETCSl 00pa3oBaHMe OTHEHHBIX LIApOB U B3pbIBHbIE
saBneHus tuna BLEVE.

Ins obpasoBaHus siBieHnsi BLEVE HeoGXxoanMBbl clieaylolime yCloBHUsL:

e XMIKOCTb, XpaHsLIasiCsd B repMETUYHOM COCyle MoJ AaBJieHUEM, K
MOMEHTY BCKMMNaHHUS (3a cyeT cOpoca AaBleHUs) JOJXKHA ObITh «Tep-
MOAWHAMHUYECKHU MEeperpeToi» Bbillle HEKOTOPOro XapaKTepPHOro
npenaesia OTHOCUTEIbHO COCTOSIHMSA HAChILIEHWS1 MPU aTMOCGhEPHOM
IlaBJIEHWH;

e B pe3yJibTaTe aBapyMitHOM pa3repMeTU3allMyi WK pa3pylleHUs Kop-
nyca cocya J0JIXHO MPOU30HTH pe3KOoe NMaaeHue NaBjieHUs Hall Mo-
BEPXHOCTbIO pa3zesia XUAKoi U napoBoit das.

HapylueHue LeaocTHOCTH cocyna MOXET NPOUCXOAUTDb U3-3a:

e nepenosiHeHus cocyaa CYTI ¢ nocneayollnm ero HarpeBoM;

e BHELIHUX MEXaHUYECKHUX BO3AEHCTBUI OCKOJIKOB OT pa3pylleHUs
IpYrMxX COCyaoOB, NepeBopayMBaHUs U NMPo0OOSI LMCTEPH BO BpeMs
TPaHCMOPTUPOBAHUS U T. I.;

e BHELIHMX TEMJIOBBIX BO3AEHCTBUI, TAKMX KaK JIOKAJbHbIi Meperpes
KOpryca U CBS3aHHOE C 3TUM pe3Koe CHUXEHHWE ero MeXaHUYeCcKoii
MPOYHOCTH.

B Tex cnyyasx koraa npu copoce naBleHUs1 HE JOCTUraeTcsl rpaHMLIA
neperpeBa, MrHOBEHHOT 0 BCKMMAaHHUS XXMAKOCTH B 00bEME HE MPOUCXOIMT.
3a cyeT BO3HHUKILEH HEPAaBHOBECHOCTH, T. €. BDEMEHHOI0 TEpPMOANHAMM -
YecKOro neperpeBa MPOUCXOAUT MpeBpallleHWe YaCTH BHYTPEHHEN IHEp-
TMYW B TEMJIOTY, KOTOpas fajiee pealn3yeTcs MCMapeHUEM YacTH XUAKOCTH
(no 06bIYHOMY MeXaHW3My MOBEPXHOCTHOrO KMIMEHUs Ha LieHTpax napo-
00pa3oBaHHsl). DTO NPUBOAMUT K pABHOMEPHOMY NMOHUXEHHIO TEMIepaTy-
Dbl MO BCEI Macce XUAKOCTH.

[1pu «npoBane» 3a rpaHuly NMpeaejbHOrO neperpesa Npou3onneT
«NapoBOi B3pbiB», NaBJIEHWE B COCyl€ MOXET BO3pacTH B COTHHU pa3,
BCJIeACTBUE Yero cocyn OyaeT pasopBaH. 3a cyeT pe3koro cobpoca nasie-
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HUS YaCTb XMUAKOCTH MPEBPATUTCS B Map, a OCTABILASICS YaCTb YXe «Ile-
peoxaaxaeHHOM» XUAKOCTH OyneT NpakTUYECKU MOJHOCTbIO 3axBayeHa
pPE3KO paclUMpsOLIMMCS MapoM U BbIHECEHA C HMM B OKpyXalollee
NpPOCTPaHCTBO B BUAe a3po3oJis. B pe3ynbTate oOpa3yeTcs a3po30/bHOE
00J1aK0 paclIUpSIOLIMXCS MapoB, KOTOPoe C 00JIbLIOH BEPOSITHOCTbIO
BOCIJIAMEHHUTCS 3a CYET B3aMMOIENCTBMUS pa3pyllalolIMXCcs YacTei co-
cyna apyr ¢ ApyroM, coynapeHusi, TpeHUs M OyleT cropaTh C BbICOKOM
MHTEHCUBHOCTbIO U MOLLHBIM M3Jly4y€HUEM TEMJa B OKpyXxatolliee npo-
CTPaHCTBO.

3a cyeT ucxoaHoro 3¢gdeKTa pacliMpeHUs NMpU pa3pylleHUH cocya
BbICOKOTO J1aBJieHMs], a TAKXE 3a CYET paclUMpeHMUs NMPOAYKTOB CTOpaHUS
oOpa3yeTcs yaapHasi BoJIHa, crnocoOHasi BbI3BaTh pa3pylueHUs B MpuJe-
raroueit K cocyy 30He.

JononHuTteabHbIM (GaKTOPOM OMACHOCTH NMPU BOSHUKHOBEHUU 3h-
¢exta BLEVE gBnsiioTcs 0CKOJIKM OT pa3opBaBllIerocsi Koprnyca, yBeJIM4u-
BaloLLIKE 30HY NOTEHLUMANBbHOI Yyrpo3bl BOKPYI pe3epByapoB 1Sl XpaHEHHUsI
CXXMXXEHHbBIX Fa30B MPHU TEMIEPATYpe OKPYXaKoLEei cpeabl.

[Tpu 6GbICTPOM CcropaHuM obnaka, Kak yXxe 0TMeYanoChb, NPOUCXOAUT
MOLLIHOE U3JIyYEHHUE TEMJIOThI B OKpYXalollee NpoCTPaHCTBO, CMOCOOHOE
BbI3BaTb BO3ropaHWe ropoynux MaTepuaaoB U TEpPMHUYECKOE NMopaxXxeHue
Jiloei Ha 3HAYUTEJIbHBIX paCCTOSIHUSIX OT MECTa aBapHH.

Craaunu o6pa3oBaHMs paclIMPSIIOLLAXCS MAapOB BCKUNaLL e ropo-
4yel XUAKOCTHU:

e IEACTBME MJIAMEHM Ha COCYIl, HaXOASLLIMIACS MO AaBJIEHUEM;

e POCT 1aBJIEHUS B cocylle;

e MeperpeB M NOTEPs NPOYHOCTU CTEHOK, HE CMOYEHHBIX XHUIKOCTbIO

M, KaK CJeACTBHUE, UX pa3pylleHHe noj NeicTBUEM BHYTPEHHETO
naBJieHUs1 ¢ 0Opa3oBaHMEM BOJIHbI 1aBJIEHUS1 B OKpYyXalollieh cpene;

e BbIOPOC C OIHOBPEMEHHBIM IUCNIEPrUPOBAHUEM XHUIKOCTH B OKPY-

Xarolee NpoCTPaHCTBO M3 COCyAa U MTHOBEHHOE €€ UCMapeHHue ¢
obpa3oBaHHWEM MapoBoro obJaka;

e BOCIJIaMEHEHHE 3TOro objaka c obpazoBaHMEM BOJIH AABJEHUS U

OrHEHHOro Lapa.

fipepHbie B3pbIBLI

K B3pbiBaM, cBsI3aHHbLIM ¢ Oosee (pyHAaAMeHTalbHbIMU NpeBpaLLEeHHU S -
MH BELIECTB, OTHOCATCA ANCPHbIC B3PbIBLI. an SA0€pPHOM B3pbIBE MNMPOUC-
XOIMT MpeBpalleHUEe aTOMHBIX S4€p UCXOAHOro BELIECTBA B siipa Apyrux
3JIEMEHTOB, KOTOPOE COINMPOBOXIAAETCS OCBOOOXIEHHUEM 3HEPIMU CBS3M
3JleMEeHTapHbIX YacTUU (MPOTOHOB U HENTPOHOB), BXOISILLIMX B COCTaB
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aTOMHOTO sapa. SlaepHblii B3pbIB OCHOBAH Ha CIIOCOOHOCTH OMNpeaeieH-
HBIX U30TOMNOB TSIKEJIbIX 3JIEMEHTOB YpaHa WK MJIYTOHUS K AeJIEHUIO, NpU
KOTOPOM siipa MCXOHOTO BELLECTBA pacnanalTcsi, obpa3ys sapa bosee
nerkux anemeHToB. [1pu neneHnu Bcex siaep, conepxawuxcsi B 50 r ypaHa
WJIH TUTYTOHU I, 0CBODOXIAETCSl TAKOE XK€ KOJIMYECTBO IHEPIUH, KaK U MpH
aetoHauuu 1000 T TpMHUTPOTOJIyONA.

TepmospepHble B3pbIBbl

CyluecTByeT Apyroit TN ssiaepHoOi peakLlMM — peakLUsi CUHTe3a Jier-
KMX s11€p, COMPOBOXAAIOLLASACS BblAeIeHUEM DO/BLIOrO KOJIMYECTBa IHEP-
ruu. CUiibl OTTaIKUBAHWUSI OMHOMMEHHBIX 3JIEKTPUYECKUX 3apsaloB (Bce
sipa UMEIOT MOJIOXKUTEJIbHBIM 3/IEKTPUUECKHIA 3apsia) NPENsSTCTBYIOT Mpo-
TEKaHUIO peakLMM CUHTE3a, No3ToMYy 1S 3¢HEeKTUBHOIO sIIEPHOrO npe-
BpallieH sl TAKOro TUMa siApa N0JIXXHbI 00J1anaTh BbICOK O 3Heprueit. Takue
YCJIOBHSI MOTYT ObITh CO3[1aHbl HArpeBaHMEM BELLIECTB 10 OYE€Hb BHICOKOI
TeMnepartypsbl. [1poliecc CMHTE3a, MpoTEKaloLIMii NPH BBICOKOI TeMIepa-
Type, Ha3blBalOT TepMosAepHOii peakuueii. [Ipy cuHTe3e saep neTepus
(n3otona Bogopona 2H) ocBoboxxnaeTcsi nouyTH B Tpu pa3a 0oJbllie IHEpP-
TMH, YeM MpH OejIeHUU Takoit Xe Macchl ypaHa. Heobxoanmas mist cuHTesa
TeMIepaTypa I0CTUraeTcsl MpH siAepHOM B3pbIBE ypaHa WJIH MJIyTOHUS.

Takum obpa3om, eciiu MOMECTUTb B OJHOM U TOM Xe YCTPOICTBE Jie-
Jisilieecsl BELECTBO MU U30TOIMbI BOAOPOAA, TO MOXET ObITh OCYLIECTB/IEHA
peakLMsl CUHTe3a, pe3y/IbTaTOM KOTOpOii OyleT B3pblB OFPOMHOM CHUJIbI —
TepMosiiepHblii B3pbIB.

2.1.4. B3poissl 8 cpedax

B3pbiBbI NpOUCXOAST B pa3iMyHbIX cpeaax. B 3aBucMMocTH OT MecTa
NMepBOHAYaJbHOTO BbIAEIEHHWS IHEPT UM B3PbIBbI MOAPA3AESIOTCS:
e BO3AYLIHBII B3pbIB — 3TO B3PbIB 3apsiia B rase B OTCYyTCTBMM OTpa-
XKaloumx NOBEPXHOCTEH;
e TMOA3EMHbIM B3pbIB — B3PbIB 3apsiia B IPYHTE;
e TMOABOJHbIM B3pbIB — B3pbIB 3apsiia B BOAE;
e Ha3eMHBbII1 B3pbIB — B3pbIB 3apsila HA MOBEPXHOCTH TpyHTa (Mo-
BEPXHOCTHbIM).
[eiicTBHe B3pbIBa 3aBUCUT OT XapaKTEPUCTUK Cpelbl U OT YCJIOBUIA ero
OCYLLECTBJIEHU S, TAKMX KaK riyOMHa (BblcOoTa) NOA UM Had rpaHULEMH
pasnena ¢as.
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Bo3aywHblie B3pbiBbl

Tpy B3pbIBE B BO3/lyXE MPOAYKTbI B3PbIBA ABUXYTCS BCJIEA 32 YIAPHO#H
BOJIHOA, «MOAMMTBIBas» €€. 3aTeM XapaKTep yJapHOM BOJIHbI ONpeaeseT-
CS 3aMacoM 3HEPrvH, NMepenaHHoil eif MpolayKTaMH B3pblBa B MPOLIECCE MX
pacLIMpeHus.

J1ns pacueta M3GbITOYHOTO NaBJIE€HUSA UCTOJIb3YIOTCS MHOTOUMCIEH-
Hble METOMbl, YYNTHIBAIOLIME COCTAB FOPIOYEro BELIECTBA (MHAWBUAYAIb-
HOE BELLECTBO MM CMECh FOPIOYMX BELLECTB), MECTO B3pbiBa (OTKPbLITOE
MPOCTPAHCTBO WJIM 3aKPbITOE MOMELLEHHKE) U T. I. B KauecTBe MIIOCTpa-
LIMM TIPUBEAEM METOJ OMpeaeeHNs W30bITOYHOrO AABICHUS A BO3AYLU-
HbIX B3pbIBOB Mo dhopmyne M.A. CanoBckoro:

3m Ym\ YmY’

—+027[— | +0,7] — | , MIla,
r r r

Ap =0,084
re m — Macca TPOTHJIOBOTO 3KBUBAIEHTA B3pbIBHOTO BELLECTBA, KT,
r — paccTOsIHME [10 LIEHTpa B3pbiBa, M.
Bosee noapo6HO 03HAKOMMMCs C METOlAMM PacyeTa MofAOOHbIX B3pbl-
BOB B pa3szene 3.

NMop3eMHbie B3pbiBbl

Ipy Noa3eMHOM B3pbiBE MPOMCXOAMT NEpefaya IHEPTMU BHELIHEN
cpelle MyTeM Mporpesa ee BbLaesoLIeNHcs TennoToii. 1o rpyHTy pacnpo-
CTpaHSIOTCS TErJoBas WU yaapHasi BOJIHBI.

Oco6eHHOCTBIO NOA3EMHOTO B3pbiBa siBAsieTCS 60JiblIas MIOTHOCTD
rpyHTa, KOTOpasi Ha Tpy nopsaka 6oJiblie MJIOTHOCTH BO34yXa.

YaapHas BoJIHA B TPYHTE, B OTIMYME OT yAApPHOW BOJIHBI B BO3AYXE,
ABJII€TCS HEYCTOMYMBOM, TaK KaK BCTPEYalOLIMICA Ha MYTH yAapHOH
BOJIHBI TPYHT MMEET Pa3/MuHYI0 CTPYKTYpY (MOYBA, CKalbHbIE MOPOIbI
W np.).

Mon3eMHble B3PbIBbI ABAAIOTCS KOHTPOJIMpPYEMbIMM B3pbiBaMu. B 3a-
BUCHMOCTH OT IJIlyOMHbI 3aJ10XXKE€HUS 3apsa B IPYHT NMPUHSATO pa3inyarhb:

o KamyeTHbIA MOA3EMHBII B3pbIB;

e MOA3EMHBII B3pbIB C BLIOPOCOM IpyHTa.

Oco0EHHOCTU TaKMX B3pbIBOB 3aKJII0YAIOTCS B CJICAYIOLIEM!

e npu KamydeTHOM B3pbIBE HE TIPOUCXOANT PACKPBITUS TPYHTOBOrO

KaHana (BbIOpoca rpyHTa B aTMocdepy);
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e TPU NOA3EMHOM B3pbiBE C BLIOPOCOM IpYHTa NMPOUCXOAUT PacKphl-
THe FPYHTOBOrO KyroJia ¥ o0pa3oBaHWe BOPOHKH BbiGpoca.

NoaBoAaHbIe B3pbiBbl

Ipy NoaBOAHOM B3pbIBE B MOMEHT BbIX0Ja A€ TOHALIMOHHO BOJIHbI
Ha MOBEPXHOCTb HAYWHAET PACNpOCTPaHATbCA yaapHas BoJHa. Benen 3a
yaapHO# BOJIHOM ABUXETCS rpaHHLIA pa3jiesia MeXay MPOAYKTaMM JAeTOHa-
uMHu ¥ Boaoii. [Ipn 3TOoM B Bojie oGpa3yeTcs MoJoCTb C ra3006pa3HbIMU
NPOAYKTaMH AETOHALMH, 00J1aJa0LLIMMHU KOJIOCCAJIbHON 3HEpruei.

JlaBneHue Ha GpOHTE yaapHOM BOJIHBI onpenensiercs no dopmyne

3 1,13
p =533 g ,

roe G — Macca 3apsa B3pbiBYaToro Belectsa (BB), kr;
R — paccrosiiue ot 3apsina BB no Touku HabnoneHus, M.

2.2. CnyyauHblie B3pbiBbI

B 3aBMCMMOCTH OT NPpUYMH, BbI3bIBAOLLMX B3pbIB, MPUHSATO pa3jaeie-
HU B3pbIBOB Ha KOHTPOJIUPYEMbIE U HEKOHTPOJIUpYEMBIE.

Konmpoaupyemote 63pb16b1 Ncnob3yloTCsl 151 pelieHUs] 3KOHOMUYe-
ckux 3agay. Hanbonee yacto npMMeEHsIIOT Takue B3pbIBbI JU1S1 BEAEHHUS TOp-
HbIX pa3paboToK, B ceiicCMOpa3BeaKe, MPU CTPOUTENBCTBE NMOA3EMHBIX CO-
OpY>XXEHHI1, B BOEHHbIX LiefsiX. [lapaMeTpbl KOHTPOJIUPYEMbIX B3pbIBOB CTPO-
ro perjlaMeHTUPOBaHbl B COOTBETCTBUM C HOPMAaTUBHBIMU IOKYMEHTaMH.

Hexonmpoaupyemote 83pbi6b1 TpoNCX0asT Cy4yaHO, MO3TOMY MX Ha-
3bIBAIOT CJIYYaiiHbIMM.

TepMHUH «cllyyaitHblil B3pbIB» BKJIOYAET LUMPOKMIA CMEKTP B3PbIBOB, U
KaXbIil U3 HUX B OTAEJIbHBIX CBOMX NMPOSIBJIEHUAX OTJIMYAETCS OT OCTAJIbHBIX.
[1pMyrMHaMM TakMX B3PbHIBOB Yallle BCETO SIBNSIOTCS MPOLIECCHI FTOPEHHSI.

CryuyaiiHble B3pbIBbl IPOMCXOIST:

e [PU U3rOTOBJIEHUU, XPAHEHWUU, TPAHCNIOPTUPOBKE rOPIOYUX, B3Pbl-

BOOIAaCHbIX BELLECTB;

e HapyllIEHUU TEXHOJIOIMYECKUX PEXUMOB, MOJOMKe 000py10BaHHS.

Yaue Bcero B3pbIBbl MMEIOT MECTO B XMMUUECKOI, HepTenepepabaThl-
BatoLeid NpOMbILIJIEHHOCTH, NPH yTeYKe MPUPOIAHOro ra3a U T. A.

124951
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Knaccuguxauua cnyvanHbix B3pbiBOB

CnyyvaiiHble B3pbIBbl 00bEAMHEHDBI B TPYMMbl, Kaxanas M3 KOTOPBIX
MMEET OTIMYHUTENIbHbIE OCOOEHHOCTH.
CnyyaiiHble B3pbIBbI M0APa3AesIIOTCS:

e Ha B3pbIBbI ra3oB, NMapoB U MbUJIKM B 3aMKHYTbIX obbemax 6e3 U36bl-
TOYHOrO NaBJIEHUA;

e B3pbIBbl COCYII0OB C ra30M MOJ JaBJEHUEM;

e B3pbIBbI, BLI3BAHHbIE TOPEHUEM;

o B3pbIBbl EMKOCTEH C MEPErpeToil XUIaKoCTbIO;
e B3pbIBbl HEOrPaHWYEHHBIX 00/1aKOB Mapa;
(hu3nyeckue (naposbie) B3pbIBbI U AP.

2.2.1. B3pbigbl napos 20pio4e20 U neiau 8 3aMKHYMbIX
obbvemax

Takue B3pbIBbI, KaK NpaBHUJIO, MPOUCXOAAT NMPU HEUCTIPABHOCTH 000-
pyaoBaHus. [oployee noaTekaeT B orpaxaeHue, napbl €ro CMeLLMBAIOTCS C
BO31YXOM W 00pa3yeTcsi ropioyasi CMECb, KOTOpasi BCTyNnaeT B KOHTAKT C
y>X€ UMEIOLLIMMMCS IapaMH.

B3pbiBbI CcilyyaroTcs B XHJIbIX JOMaXxX NMpPH yTeyke rasza. B pesynbrate
NMPOUCXOASAT pacnpoCTpaHEHWE M 3HAUMTENIbHOE YCKOPEHHUE MJAMEHM,
NMPUBOISLLME K MOXapaM U 3HAYUTEJbHBIM pa3pyLIEHUSIM.

[NprMepoM B3pbiBa roproYMx NapoB U ra3oB siBAsieTCs KaTacTpoda,
npousoweniuas 26 despanst 2006 r B r. AHrapcke Ha JIJaKOKpacoO4HOM
NpeanpUsaTHH.

HaunGonee pacnpocTpaHeHbl B3pbIBbl NMbLIX. B3pbIBbI NMbLIK B 3aMKHY-
TOM MPOCTPAHCTBE UMEIOT D0Jiee INTENbHYIO UCTOPUIO, YEM B3PbIBbI Ma-
POB M ra3oB. DTO OOBSACHSIETCS TEM, YTO Maphbl M ra3bl B KAYeCTBE TOMJIMBA
HayaJli MCMOJIb30BaThCSl OTHOCUTENIbHO HellaBHO. B3pbIBbI XXe MbljIM Npo-
MCXOIAT B KOTEJIbHbIX, Ha NMPEANPUATHIX XUMHUYECKOI NPOMBILLIEHHOCTH,
B (dapMalLleBTUYECKO MHOYCTPUM, YrojbHbIX LIAXTaX, MYKOMOJIbHbIX
NpeanpusTUSIX.

B3pbIB NbUIM B 3aMKHYTOM 00bEME MOXET NMPUBECTH K KaTacTpodurue-
CKHUM MOC/EACTBUSM.

[MpakTUyeckn Bce OpraHMYeCcKHe MblJKW U HEKOTOPbIE HEOpraHuye-
CKME WM METALIMYECKHE MbUINA CTOPalOT B BO3AYXE U MOTYT NPUBECTH K
B3pbIBaM.
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s BO3HUKHOBEHMS] TAKMX B3PbIBOB HEOOXOAMMBI CJIeAYIOLLIME YC-
JIOBUSL:

e BbICOKasl KOHLIEHTPALIMS MbLJIA B 3aMKHYTbIX 00beMax (MOMELUEHH-

SIX peaKTOpPOB, TOMOYHbBIX YCTPOMCTBaX, TPyOONpPOBOAAX U Mp.);

e CMOHTAHHOE BOCIJIAMEHEHHE MbUIH.

Hns Toro yto6bl 06J1aKO NMbIJAK B30pBaoCh, HEOOX0AMMA TaKasi KOH-
LEHTpaLIMs MbUIK, MPHU KOTOPOH XapaKTEPHOE PaCCTOSIHME MOTJOLLUEHUS U
paccesiHus cBeTa cocTapisieT npuMepHo 0,2 M. [TonoGHble obnaka, Kak
NpaBuJIo, HEMPO3payHbl, U KOHLUEHTPALIMSA MbUIK B HUX BbIllE MEPEHOCHU-
Moit yenoBekoM. Takue ycloBUsl MOTYT AOCTUraTbCsl JINLIb BHYTPH TPyOO-
NMPOBOIOB U CIELMAIbHOTO 000PYI0BaHUs, T. €. B 3aKPbITbIX 00bEMaXx.

B3pbIBbI MbLIK CKIOHHBI K CMIOHTAaHHOMY BOCIJIaMeHeHUo. Bocnna-
MEHEHHEe BO3HHWKAET OT UCTOYHHMKA 3aXHUTraHUsl (MCKpa, OTKPbIThI OrOHb
M T. 1.) NPX HUXHEM MJIM BEPXHEM KOHLIEHTPALMOHHBIX Npeeiax BocrJa-
MEHEHMS.

IIpumep. PaccMOTpHM THUIMHYHYIO NOC/IEA0BATENLHOCTb COOBITHH NMPH
B3pbiBe NblJK. BHavyane npoucxoaut HeOObLIOH B3PbIB B KAKOM-TMO0
4acTW MOMELUEHUs UNU 06opyaoBaHUs. 3aTeM BO3HMKAIOT ABMXEHHE
NMbUIA U BUOpaLMsl 000pydOBaHMS OT YAAPHOM BOJIHBI, 0Opa3ylolleics oT
B3pbiBa. DTO NPUBOAMUT K TOMY, YTO CJIOI MbLIW, HaXOAsILIENCs B TOMeLle-
HWU, NOAHUMAETCSl B BO3AYX. DTa Mblb SBJSETCA TOMJIUBOM 15 OoJee
CHJIBHOTO BTOPOTO B3pbiBa, KOTOPbIi M BbI3LIBAET OCHOBHbIE pa3pyllieHHUS.

B npyroit TUNMYHOM CUTyallMM Macca MblJM HaYMHAET TJETb JIMOO
M3-3a CIOHTAHHOTIO BOCIJIaMEHEHMsl, HanpuMep, KOraa cjoi Nbljav no-
KpPbIBaeT ropsynii yyactok o6opynoBaHus (KOXyx 3JIeKTpOMOTOpa, 000#i-
My 3JieKTpoJiamIibl). Pabouuit, 0OHapyXHB oyar ropeHus, MbITaeTCs JUK-
BUAMPOBATb €ro JUOO C MOMOLIbIO XMMHUUYECKOTO OTHETYLUUTENS, IMOO
CcTpyeii Boabl. 3TO MPUBOAMUT K TOMY, YTO MblLJIb pa3dpacbiBacTcs ¥ obpa3sy-
eTcsl 06J1aKo ¢ 60JIbLLIMM KOJIMYECTBOM MbUIH, YAaCTb KOTOPO# FOpUT. YcH-
JIEHHWE rOpeHHUs MPUBOIMT K B3pbIBY.

st B3pbIBOB MbUIM B MOMELLIEHNWH, TAKXE KaK M [U1s1 B3pbIBOB ra3oB 1
NnapoB, XapaKTePHO CYyLLIECTBOBAaHHE ABYX NMpeAebHbIX cilyyaeB. B 3aMKHy-
TOM 0ObeMe C MajlbiM OTHOLUIEHWEM IUTMHBI cocyna K nuameTpy (L/d = 1)
clielyeT OXWAaTb MPOCTOro B3pbiBa 33 CYET M3OLITOYHOrO NaBJECHUS.
B KOHCTpyKLMSX ¢ 60AbLIUM OTHOLUEHHWEM L/d MOXET BO3HUKATb YCKOpE-
HHE NMJIaMEHM BILJIOTh 0 NETOHALMOHHOI CKOpOCTU. B 3TOM ciyyae pas-
PYLUEHUS HOCSIT JIOKa/lIbHbII XapakTep U 0Ka3bIBalOTCS JOCTATOYHO Cepb-
e3HbIMU. OCKOJIKM MOTYT pa3dpachiBaTbCsl Ha 3HAYUTENIbHOE pacCTOSIHUE,
a BHELLUHSS B3pbIBHAsl BOJIHA MOXET ObITb OYE€Hb CUJILHO.

(RS
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2.2.2. B3pbisbl cocydos ¢ 2a30m nod dasneHuem

MpocTsie B3pbiBbI (Hepearupyouiue rass)

WMHepTHbIE rasel (a30T, aproH U Ap.), HaxoAsiLMeECs B cocydax Mon
[laBJIeHWUEM, MOTYT BbI3bIBaTb B3pbIBbl. [IpUUMHBI MPOCTHIX B3PbIBOB COCY-
[IOB NOJ 1aBJI€HUEM MOXHO MOAPa3Ae/UTb Ha ABE IPYMIbI.

K nepBoii rpynne oTHOCSITCSl HapylIEHUS LIEIOCTHOCTU KOpnyca, Ha-
NpUMep, 3a CYET NMOJOMKHU KaKoro-jauodo y3ina, MoBpeXAEHUS UK KOPpo-
3UM Kopriyca, HernpaBWbHON 3Kcrulyatauuu. Ilpu 3TOM cocyn MoxeT
BbIATH U3 CTPOS B 11000€ BpeMsl.

Bropas rpynna aBapuii cBsi3aHa ¢ NeperpeBoM cocyaa, HanpuMep, 3a
CYET HapYLIEHHUS 3EKTPOHArpeBaHUsl MW HapYLIEHUS pexXrMa paboThbl
TOMOYHOrO0 YCTpoiicTBa. B 3TOM ciyyae naeneHue rasza B cocy/e noBbllla-
€Tcs, a MPOYHOCTb KOPIyca MOHMUXAETCS 10 TeX MOp, NOKa HE NPOU30iaeT
pa3pylueHue cocyna. [lepBuuHble OCKOJKH, 00pa3oBaHHbIE NOAOOHBIMHU
B3pbIBaMH, ObIBAIOT OYE€Hb OMACHbIMM.

WM MeroT MecTo Y B3pbIBbI COCYAOB MO HEOONbIIUM AaBIEHUEM — 3TO
B3pbIBbl MAapOBbIX KOTN0B. Hanpumep, KpynHblit napoBoi KoTen odliero
Ha3HauyeHUs B30OPBETCS, €C/IM BHYTPEHHEE aB/ieHUE MOBLICUTCS JIMLLIb Ha
10—15 kI1a. TMoBbllLIEHUE NaBAEHUSI MOXET MPOM3OMTH KakK B pe3yjibTaTe
B3pblBa MpPU rOPEHUHU B TOMKE, TaK U BCIEACTBME YTEUYKH Napa B TOMKY,
BbI3BAHHOM MOBPEXAEHUEM KPYMHOM TPyObl MJIM BOASIHOTO KOJIJIEKTOPA.
B 3TOM cnyyae nap noctynaeT B TOMKY € TaKOil CKOPOCTbIO, YTO cOpOC U3-
OBITOYHOTO AaBJEHUSI CTAHOBUTCSI HEBO3MOXHbIM. M3-3a HapacTaHus naB-
JIEHWS KOTeJ pa3lyBaeTcsl, OKPYIJISIETCs U MOXET NPocTo AehOpMUPOBATh-
cs1 6e3 pa3pywieHusi. ABapusi npuobpeTtaeT 6ojiee cepbe3Hblil XapakTep,
Koraa koten paspyuiaetcsi. [lonob6Hble aBapun NpUBOASIT OOBIYHO K He-
60Jb1IMM pa3pyLIEHUSAM OKPYXalolero o6opyaoBaHUs, XOTS caM KOTell
MOBpPEXIaeTcsl CEPbe3HO.

[TpMepoM Takoro B3pbiBa SIBASIETCS B3PbIB NApOBOro KOTJa, MPOU30-
wenwnit B banrnanew, r. Casap, 11 anpens 2005 r. Ha TKauKo# ¢abpuke.
3TOT B3pbIB NMPHBEJ K 3HAYUTEbHBIM Pa3pyLUEHHUSIM.

B3pbiBbl, BbI3BaHHbIE rOPEHUEM

Oco06eHHO YyBCTBUTE/bHBI K B3pbiBaM, BbI3BAHHBIM FOPEHUEM, Maru-
CTpaJii CO CXaThiM BO31yXoM. ['OploYMM BELLIECTBOM B 3TOM Cjlyyae sIBJisi-
I0TCSl MacJisiHble WJIM Harapo-MacisiHble OTJIOKEeHMSI Ha cTeHKax. [1pu Ta-
KMX B3pbIBaX pa3pylUCHUS JIOKATU30BaHbl, YTO TUMTMYHO IJisl B3PbIBOB B
cocynax ¢ 60JbLIMM OTHOLUEHUEM IUIMHBI K anameTpy L/D. Paccmotpum
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npuMep B3pbiBa HedTenposoaa. B pesynbTaTte noxapa, BO3HMKILErO Ha
HegTenepepadbaTbIBAIOLLEM 3aBOAE, BOZHUK B3PbIB, MPUHECIUMIA 3HAYHU-
TeJlbHbIE pa3pylUeHUs] M MaTepuanbHblil ywep6. B3pbiB npousolnen
BCJIEACTBME HEMCNPABHOCTH 000pYNOBaHUA: napbl KOMIPECCOPHOro Mac-
Jla CMELIAJMCh B MarucTpaju ¢ oborauleHHbIM KUCJIOPOIOM BO3AYXOM M
JeTOHUpoBaK. Bo MHOrMX MecTax MarucTpaau OKa3ajlMcChb pacllenieH-
HbIMU Ha JJIMHHbIE MOJIOCHI, 0COOEHHO B MecTax U3rnba Tpyosl.

Takue B3pbIBbI ObIBalOT YacTo. [IpMYMHBI BOSBHUKHOBEHHUS B3PbIBOB,
KaK NpaBUJI0, — HEUCIIPABHOCTb OOOPYI0BaHUs, XalaTHOCTb NEpCOHaa 1
€ro H13Kast KBaaugukauusl.

B3pbiBbl ra30BbIX EMKOCTElH C NOCNEAYIOWNUM rOpeHrem B aTMocdepe

Pa3pylueHus npyu 3TOM TUIe B3pbIBOB MOAOOHLI B3pbiBaM, BbI3BaH-
HbIM ropeHneM. OCHOBHOE pa3/inuue 3aKioyaeTcs B 00pa3oBaHMU B 3TOM
cJly4yae o2HeHHO020 wapa, pasMep KOTOPOro 3aBUCUT OT KOJIMYECTBa BbIOpO-
LIeHHOro B aTMocdepy razoodpasHoro roproyero. Eciy B eMKOCTH Haxo-
IMTCS ra3oobpa3Hoe TOIIMBO, TO €ro KOJIMYECTBO HAMHOTIO MEHbLLIE TOTO,
KOTOpPO€ MOXET XpaHUTbCS B TOM XX€ EMKOCTH B XXUIKOM Buae. [ToaToMy
NocCJieACTBUSI TAKUX OTHEHHBIX LIAPOB HE CTOJIb CEPbE3HbI, KAaK B Cllyyae
B3pPbIBOB €MKOCTEMN C MEPErpeTon XXUIKOCTbIO.

B3pbIBbl XHMUYECKOrO peakTopa

B3pbIBbI XUMHUYECKHUX PEAKTOPOB B OCHOBHOM CJlyyaloTCsl BCJIEACTBUE
TOrO, YTO NMPOUCXOAMUT HapyLIEHUE CUCTEMbI KOHTPOJIA 3a peaklMeil, KakK
NpaBUJIO, 3K30TEPMHYECKOI1 (HanpuMep, CAUILKOM 6OJIbLIOE KOJUYECTBO
KaTaju3aTopa, BLIXOAUT U3 CTPOsl CUCTEMA OXJIAXAEHUS, HapyLlIaeTcs rne-
peMellMBaHMe U T. N.). B ciiyyae Bbixona M3-noJ KOHTPOJS XUIAKOCTHOTO
peakTopa CKOpOCTb poCTa AaB/ieHUsl HEBbICOKA, U PeaKTop pa3pylliaeTcs,
KaK 3J1acTUYHoe Teo. Eciu peakTop XMAKOCTHOM ¢ TeMnepaTypoii Bblllie
TEMMEpPaTyphbl KUIMeHUs (YTO, KaK NPaBUIIO, U ObIBAET), TO B3PLIB MPOUCXO-
IIUT MO TUIY B3PbIBOB COCYIOB C MeperpeToi Xuakoctbio. Ecin peaktop
ra3oBblii, TO pa3pyllieHHMe HOCUT B3PbIBHOM XapaKTep, Kak B3pbIB cocyla
MOA AaBJIEHUEM.

B3pbiBbI aTOMHOrO peakropa

B3pbiBbl aTOMHOrO peakTopa NMpoUCXOIsT 3a CYET HEKOHTPOJIUPYEMO-
ro pa3BUTUS ANEPHOM peakLiMK MO0 3a CYET MPOCTOro B3pbiBa MpPHU MOBBI-
1IEHHOM JaBJieHHHU. ATOMHbIE PeakTOPbl CKOHCTPYHPOBaHbl TaKMM 06pa-
30M, YTOObI aBAPUM HE MOTJIM MIPUBECTH K YEMY-TTMDO, XOTSH Obl OTAAJIEHHO
HArMoMMHAIOLLEMY B3pbIB aTOMHOM 60MOBI. TeM He MeHee, Mo NPOrHo3y
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CrMeLMalIUCTOB, Hauboslee cepbe3Hasi aBapusi MOXeT BKJIIOYaTh pacrijiabJie-
HHWE cepAeYHMKA peaKTopa, MPOXO/ pacraBleHHOH Macchl Yepe3 peakTop
¥ (MIKM) cUCTEMY 3allUThI, 3TO MPUBEAET K (U3NUECKOMY B3pbIBY NMPHU Me-
peMelInBaHUM ¢ 6oJiee XOJIOAHBIMUA XUAKOCTAMHU BHe peakTopa. OnHaKo
cleayeT MOMHMUTD, YTO €CJIN BbIXOA M3-TOA KOHTPOJIS aTOMHOIO peakTopa
BbI3bIBAET pa3pylleHne Kopryca, TO NOoBpeXaeHUs, MPUYUHSEMbIE, B3Pbl-
BOM, MOXHO He YYUTBIBaTh. JleJlo B TOM, YTO BbIGPOC paquOaKTUBHOIO Ma-
Tepuana ¢ 60JblIKMM MEePUOAOM MoJypacrnaga HaHeCceT CTOJIb CEPbe3HbIi
yuiep6 BCEMY OKPYXEHHWIO, YTO MOBPEXIEHMS, BbI3BaHHbIE B3PbIBOM,
MOXHO paccMaTpUBaTh KaK HECYLECTBEHHBIE.

2.2.3. B3pbisbl emKocmeli ¢ nepezpemoli XUGKOCMbi0

IMpy neperpeBe XUIKOCTH, XpaHSILLENCS B EMKOCTH, HabJl01aeTcs s1B-
neHvue BLEVE.

[MeperpeBbl MPOUCXOAST NPHU pa3pbiBE EMKOCTH C XHIKOCTbIO B oyare
noxapa. B aToM cnyuyae co3naetcsl naBieHHe NapoB XUAKOCTH, MPEBbI-
warolee atMmocdepHoe. EMKOCTb ¢ nmeperpeToit XXMAKOCTbIO pa3pyliaeTcs.
[Tocko/ibky €MKOCTb MJIaCTUYHA, MpOoLECC pa3pylleHUsI OTHOCUTEILHO
MeJIEHHBIH, U 00pa3yeTcsi HEOOJIbLIOE YUCIO KPYMHBIX OCKOJKOB. OTH
OCKOJIKH, Ha BHYTPEHHEI MOBEPXHOCTH KOTOPBIX HAXOAUTCS ObICTpOUCTIA-
pAloLIasACcs XUAKOCTb, MOTYT NMpUOOpPeECTH 00JIblIYIO CKOPOCTb U pasfie-
TEThCS Ha 3HAYUTEJIbHOE PACCTOSIHME, BbI3bIBasi BO3ropaHUs U NMPUBOAS K
noxapy. BapbiBHast BojiHa, 00pa3yeMasi TaKWM B3pbIBOM, OObIYHO 10BOJIb-
Ho csabasi, ¥ McnapeHue XUAKOCTH B 3TOM CJlyyae JOBOJbHO MeUIEHHOE U
BbI3bIBAET JIMLLb HEOObLIOE MOBLILLIEHUE NABJIEHUA.

NpuuKHbLI, BbI3bIBalOLWKUE NEPErpeB KUAKOCTH C NOCNEAYIOLUM
B3PbIBOM

Brewnuii nazpee

B cnyyae eciv XMAKOCTb B EMKOCTH SIBJISIETCS TOPIOYEii, B3PbIB BbI3bl-
BaeTCs MJaMeHHbIM HarpeBOM OT BHELUHEro UCTOYHUKA. B 3TOM ciyyae
BLEVE npuBoauT K NosIBEHUIO NMOANMUTHIBAEMOr0 TOMJIMBOM OTHEHHOTO
11apa, NpoAOJXUTENbLHOCTb TOPEHUS K pa3Mep KOTOPOro OMnpeaesioTcs
o0bLueit Maccoit XMAKOCTH B eMKOCTU B MOMEHT B3pbIBa.

ITpumepsi. K HacTosileMy BpeMeHHU HauboJiee BrieyaTsloLIMe U onac-
Hble B3pbIBbI OMUCHIBAEMOro THIMA CJIyyajUChb Ha XEJe3HOAOPOX-
HOM TpaHCMopTe. ABapyu MPOUCXOAUIU C XKeJe3HOAOPOXHBIMU LIMCTEP-
HaMH, NMepeBO3sILIMMHU FOploYHe CXXHUXEHHBbIE ra3bl: HedTAHOI ras, npo-
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naH, nponuieH, 6yTaH, BAHWIXJIOPUA U T. N. TUNMMYHOE pa3BUTHUE aBapUU
HaYMHaNoCh C TOrO, YTO rPy30BOM MOE3/, B COCTaBE KOTOPOro UMENOCHh He-
CKOJIbKO LIUCTEPH, CLEMJIEHHbIX BMECTE, CXOAM] C pefbcoB. LlncTepHsbl Ha-
rpoMoXxjanvch Apyr Ha apyra. Hapyuanach 1e10CTHOCTL MO0 CUCTEMBbI
Hanycka, 1160 caMoi LMCTEPHBI, U BbIXOASLLUMIA ra3 3aropajics. Obpaso-
BaBLIMiics (pakes HarpeBas cocelHUE LIMCTEPHBI, YTO MPUBOAMUJIO K OTKPbI-
TUIO MPEeAOXPaHUTENbHbIX KJ1aNaHOB Ha 3TUX LIMCTEPHAX U 0Opa3oBaHUIO
HoBbIX (hakenos. [Nepenaya Tenna ot ¢pakenoB K LUCTEPHAM B KOHEYHOM
uTOre NpUBOAMIA K UX B3pbiBy o Tuny BLEVE. B3pbiBbl cnocobcTBOBaAM
HarpoMoXIeHHWI0 LUCTEPH, BbIOPOCY OTIENIbHbIX KYCKOB LIMCTEPH, 006pa3o-
BaHM10 He0O0JbLIOI B3pbIBHOI BOJIHBI U OTHEHHOMY Liapy. [Toxapsl npo-
JIO/XANMUCh UTMTEIbHOE BPEMSl, U HATPOMOXEHHbIE LIUCTEPHbI B TEYEHUE
3—4 yacoB, a MHOTAA U HECKOJIbKMX IIHEMH, MO oYepear B3pblBaTUCh MO
tuny BLEVE. bl ciayyan, B KOTOPbIX MPOMCXOAMUJIO 10 LIECTH B3PbIBOB
Takoro Tuna. [lono6Has aBapus cnyuunach B KpeceHt-Cutu B CLIA. Y na-
Jloch U36exaTb ONMMCAHHOTO Bblllle COObITHUS MPU aBapUU, NpousoLleaLiei
B Yde 18 sHBaps 2005 r. B nepeBepHyTO# LMcTepHe He BO3HUKIO BLEVE,
TaK KaK ONMpPOKMUIbIBAHWE LUMCTEPH C Ma3yTOM M NponaHoO0yTaHOBOI cMe-
Cb10 NMPHBEJIO K BbIJIMBAHUIO Ha 3eMJIIO 1ECSTKOB TOHH Ma3yTa.

Bbixo0 u3z-noo xonmpoaa xumuueckozo peaxmopa

XMMHYECKHUE PEaKTOPbI, COAepXallMe MOA BHICOKUM 1aBJeHUEM XUJ-
KOCTb, B KOTOPOI COBEPLLAETCS IK30MepMuU1ecKan xumu4eckana peaKuyus,
MOTYT CTaTb UCTOYHUKOM aBapuu no Tuny BLEVE, cxonHoMy co B3pbiBOM
€MKOCTeil ¢ neperpetoii Boaoii, TemnepaTypa kotopoii Bbilie 100 °C, a
[laBJieHWe napa npeBblllaeT aTMochepHoe.

2.2.4. B3pbiBbI Heo2paHuyeHHbIx 06nakos napa

B3pbiB HeOrpaHMUYEeHHOro 0bJ1aKa napa MOXET NMPOU30MTU B pe3yNibTa-
Te cTeuyeHUs1 o6cTosATeNbCTB. Bo-nepBbix, HEO6XOAMM MaccoBbIit BLIOpOC
roptoyero (HanpuMmep, yriesonopoja) 1mbo B atmocdepy, J11bo Ha no-
BEPXHOCTH 3eMJIU. [TonoOHOe coObITUE BOZMOXHO KaK HA XMMHUYECKOM
NpeanpUsaTUU, TaK U NP NMepeBO3Ke ropoyero Wiu npu B3pbiBe ra3onpo-
Boaa. [Nocne BbIOpoca roproyero B atMocgepy pa3BUTHE CUTyaLlMM MOXET
NOITH MO YeTbIpEM HaMNpaBeHUSIM:

1) BbIOpOLIEHHOE roptoyee paccenBaeTcsi 6e3 BocnjaaMeHeH!s;

2) ao Bpemsi BbIOpoca ropioyee 3aropaetcsi, NIpu 3TOM, Kak NpaBuJo,
MHLMIEHT 3aBepLUaeTcsl TONbKO NoXapoM 0e3 B3pbiBa;
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3) BLIOpOLLUEHHOE roploYee paccenBaeTcs Ha 60JIbLLION MoWanu; nocie
HEKOTOpOI1 3a1epXXKH 00J1aKO 3aXXMraeTcsi, U MPOMCXOANT OOLLIMPHBIiA MoXap;

4) nocnenoBaTeJbHOCTb COOLITHI TaKasi Xe, Kak U B TPETbEM CJlyyae,
HO NocJie Hayasa rnoxapa njaams 3aMeTHO yCKopsieTcsl U obpa3yeTcsl onac-
Hasl B3pbIBHasl BOJIHA.

B3pbiBbI HEOrpaHWUYEHHBIX MapOBbIX 00J1JaKOB MOTYT ObITb YpE3Bbl-
4YailHO OMacCHbIMU. DTO BHI3BAHO TEM, YTO NMpPU OONBLIOI yTeuKe B aTMO-
cdepy aHeproHocures (MpUPOAHOro rasa, npornaHa U np.) B onpeaeneH-
HbIX METEOPOJIOrMYECKHUX YCIOBUSIX MOTYT 00pa3oBaThCsl OTPOMHbIE 00-
Jaka ropiroueit cMecu. [lpuMepoM Takux B3pbIBOB SIBJSIETCSl B3pbIB,
npoucuenwnii Ha 3aBoae «Hunpo keMukn naaHt» okosno Mankcdopo
(AHraug) B MioHe 1974 r. Kak ycTaHOBJIEHO, BpeMEHHO MOACOEIMHEHHas
Tpyba amametpoM 0,5 M ¢ AByMsl cuJibOHAMM BbillLJIA U3 CTPOSl, YTO BbI-
3Bajio BbIOpOC Yepe3 nBa oTBepcTUs pa3mepoM 0,7 M npumepHo 45 T
LMKJIOTeKcaHa, HaxoauBuierocs npu temneparype 155 °C u naBneHuM
850 kI1a. D10 roproyee GLICTPO UCHAPHUIOCh U 0Opa3oBao 6oJblIOE 00-
Jlako. 3aXHUraHve Npou3oulIo OT MeYyd BOJOPOAHOrO liexa, HaxoAuBLle-
rocsi Ha HEKOTOPOM pPAacCTOSIHUM OT MeCTa YTeYKU. 3aXuraHuve Oblo
«MSATKHMM>», U BHayalle BO3HWK KPYMHBI Moxap, a 3aTeM B pe3yjbTaTe yc-
KOpeHHUs niaMeHu obpa3oBajach yaapHas BOJIHa, KOTOpasl Bbi3Bajla cepb-
€3Hble pa3pylleHHWs 3aBOAa U IOMOB Ha pacCTOSIHUM A0 MOJyTopa KUJo-
MmeTpoB. [Torn6au 28 yenosek ¥ 89 ObUIM paHeHbl. Yiiepb 3aBoay U OK-
pyxatolei Tepputopun oueHuBaercs B 100 MaH gonn.

[pyruM npuMepoMm B3pblBa HeOrpaHMYEeHHOro objaka NMapoB Ha
TpaHcnopTe siBasieTcsi aBapusi B Mcr-Cent-Jlynce B ssHBape 1972 r. INpo-
M3BOAMJIOCHh GOPMUPOBAHUE XEJE3HOAOPOXHOI0 COCTaBa C UCMOb30Ba-
HUEM «ropku». B 3Toi onepauunu BaroHbl 0OCBOOOXAAIOTCS Ha BepLUMHE
rOpKM M MepeKIIoYEHUEM CTPEJIOK HAMpPaBJISIIOTCSl K ONpeNeieHHOMY CO-
craBy. Bnonb nyTu uMmeroTcs cneuyanibHble TOpMO3a, 3aMeAIsIOLINE ABU-
>KEHHWE BaroHa, Kak TOJIbKO OH JOCTMIHET OMnpeaejieHHOro Mecra. Xenes-
HOOPOXHas LMCTEPHA € NponujeHoM Oblia HanpasieHa K GpOpMHUpYIO-
uiemMycsi coctany. [Jlo Hee B 3TOM Xe HanpaBJieHUM OblJ MylIeH MYyCTOH
xornnep (caMmopa3srpyxatoluiicsi BaroH). Xomnrmnep He ycriesl npoiTu no-
HbI{ NMYTb U cUENUTbCS ¢ HOPMUPYIOLLIMMCS COCTaBOM. TOpMO3Hasl cuc-
TeMa He 3aMelJIMJla 10CTaTOYHbIM 00pa3oM X0l LUMCTEPHBI C Mponue-
HOM, M OHa ynapuJja Xxornrmnep Ha 60JblIOi CKOPOCTH. Xonmnep Obl1 noa-
OpolleH BBEpX M CBOMM MEXaHM3MOM CLENKWM NpoOMS OTBEpCTHE B
LUMCTEPHE C npomnuieHoM. [IBa BaroHa 3aTeM MpoLLiM NnyTb 0KoJjio 500 M,
NPy 3TOM MPOMUCXOIWJ PA3NIUB XMAKOro NMponuicHa Baoab nytu. Obnako
3aropenoch B ClyXeOHOM BaroHe Ha HEKOTOPOM PacCTOSIHUM OT TOro
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MeCTa, I'ie OCTAHOBUJIMCH 3TH ABa BaroHa. Bcien 3a noxapom npou3souien
MOILLIHBIH B3pbIB, B pe3y/bTaTe KOTOPOro OblIM paHeHbl 176 4eloBeK M
npUyYMHeH yuep6 B pasmepe 7,6 MJIH 1oL

AHalloruyHas TexHoreHHasi KatacTpoda c BbBIOpOCOM roproynx napos
npousoiuna B 2004 r. B Anxupe, npy 3ToM noru6au 30 yenosek.

2.2.5. ®usuyeckue (napossvie) 83pbisbI

Dusnyeckuii (MapoBoit) B3pbIB MPOUCXOAUT, KOTAa MHTEHCHUBHO M-
peMeLINBAIOTCS 1BE XXUIKOCTH, UMEIOLLIME pa3IuyHble TEMIEPATYpbl, UK
KOra TOHKO pa3MeJibueHHOE ropsiuee TBepAoe BELIECTBO ObLICTPO nepeMe-
LLIMBAETCSl C HAMHOTO 60Jiee X0JIONHOM XUIAKOCTbIO. B3pbIB nponcxoanT He
3a CYET XMMHUYECKOM peaklIMM, a 32 CYET TOTO, YTO MPU CKOPOTEUYHOM Tie-
pexone XHUIKOCTH B Map JIOKaJlbHO MOBbIlIaeTcs naBiaeHue. [logoOHbIe
B3pbIBbl HA0JIOJAMNUCD B CTaJleIMTEMHON M aTlOMUHUEBOI MPOMBILLJIEH-
HOCTH, KOr'1a XHWIAKHWI MeTaJll 3aIMBAJICS BO BJaXHbI KOHTelHep. B3pbi-
Bbl TAKXX€ MPOUCXOISAT, KOrIa CXXUXEHHbIA NPUPOIHbINA ra3 nonaaaeT Ha
Boay. B 3TOM ciiyyae X0JIOAHO# XMAKOCTbIO ABASETCS NMPUPOAHBIN ras, a
He Bona. UMeloTcst MHEHHUS CMeLIMaIMCTOB, YTO KaTacTpopruyecKne B3phl-
Bbl BYJIKAHOB (TakHuX, Kak B3pbiBbl Kpakatay B 1883 r. u Cyprceit B 1963 .)
TakXxe OblIM GU3NYECKMMHU B3pbiBaMH, KOT1a MOpCKasi Boaa nepemellnBa-
Jlacb HEMOCPEACTBEHHO C pacKajeHHOM Marmoii. HekoTopble npumepbl
¢13nyeckurx B3pbIBOB NpeAcTaBieHbl B Ta0. 2.2.

Tabauya 2.2. TIpumepbl GH3HYECKHX B3PLIBOB NapoB

Cdoepbl B3pbIBOB lopsiyas XuakocTb XonoaHasi XMaKOCTb
SlnepHas texHonorust SPERT, ANIOMHHUI Bona
SL-1 BORAX-1"
HesinepHasi TexHONOrMsi M NPUpPOAHbIE B3PbIBbI

JluTeliHoe MpOU3BOACTBO Cranb unu wnak Bona
AnioMHUHHWeBast MPOMBILLIEHHOCTb ANIOMUHUHR Bona
BymaxxHast npoMbILLIEHHOCTb Pacnnas Na,CO; u Na,S Bona
IMpon3BoaCTBO CHUXEHHOIO NPUPO- Bona cnr
Horo ra3a (CI1IN)

Mopckue U3BepKeHUs BYJIKaAHOR JlaBa Bona

Ha cxeMe puc. 2.1 npuBeneHbl NpUMepbl B3pbIBOB, BCTPEYaIOLLINXCS
Ha npakTuke (npumedaHue: BB — B3pbiBUaThie BellecTsa).
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2.3. XapaKrepucTuKa yaapHbIX BOJIH

YnapHas BojiHa npeactaBiseT co0oit 06JacTb PE3KOro U CHIILHOTO
CXaTHUsl Cpelibl, PACMPOCTPaHSIOLLENHCS BO BCe CTOPOHbI OT LIEHTpa B3pbiBa
€O CBEPX3BYKOBOI1 CKOPOCThIO.

YnapHbie BOJIHbI BO3HMKAIOT MPU B3pbIBax NMpPaKTHYECKHU B JIIOOBIX
cpelax M rnepearoT AeiCTBYE B3pbiBa HA 3HAYUTENILHOE PacCTOsTHUE.

B 3aBMCHMOCTH OT cpelbl, B KOTOPOM pacnpocTpaHsieTcsl yaapHasi
BOJIHA, pa3/iIM4yaloT BOJIHBI: BO3AYLLUHbIE (PaCpPOCTPAHSIOTCS B BO3AYLIHOM
cpenie); yaapHble (pacrpocTpaHsaOTCs B BOAHOM cpefe); CeHCMOB3PbIBHbIE
(pacnpocTpaHsIlOTCS B TPYHTE).

2.3.1. OcHosHble cgolicmea u MexaHu3m o6pa3osaHus
yoapHbix BONH

IMpouecc obpa3oBaHus ynapHOW BOJIHbI PaCCMOTPMM Ha NMpUMepe
B3pbiBa 3apsija B3pbiByaToro Beliectsa (BB).

INpu B3pbIBE 3apsiaa B3pbIBYATOr0 BELLECTBA ra3000pa3Hble MPOAYKThbI
B3pbIBa, HaXOAsILIMECS NOA AaBJIEeHUEM NOpsiAKa NECATKOB U JaXe COTeH
ThICSIY aTMOCep, paclIUPSIOTCS, CXXUMas OKpyXalolllylo cpeay (Bo3ayx,
BOA4Y, TPYHT U T. .). Pa3BUTHe npolecca B3pbiBa B cpelle CXeMaTUYECKHU
nokasaHo Ha puc. 2.2. [locne npoxoXaeH!sl AETOHAUMOHHOM BOJHbI AA,
no 3apsiny BB (nyHkTMpOM 0603HauyeHa MpoaeTOHMPOBaBILAs YacThb 3apsi-
[1a) HAYMHAETCs paCluMpeHUe NPOAYKTOB AETOHALUM.

30Ha paclIMPSIOLIMXCA MPOAYKTOB B 1aHHbIII MOMEHT BpEMEHH Orpa-
HudeHa kpuBoit CAA,C,, PpoHT ynapHo# BOJHBI, BO30YXXAEHHOI B3pbl-
BoM, — BA u A,B,. CkopocTb netoHauunu U cBsizaHa cO CKOPOCTSIMM yaap-
Hoit BosiHbl U} 1 paciuMpenus npoaykros U, co-
otHoweHueM U > U, > U,, npuyeM 3HaYeHHUs
U, u U, nanaiot no Mepe ynaineHus ot ¢GpoHTa C-ZU>
OeToHaunmn AA,.

B U,

A
BonHa cxatusi, BbI3biBalollasi 3aMETHbIM -————Y7
pa3orpeB cpelbl, MOXET YCTOMUYMBO CYLLECTBO- o >
BaTb TOJILKO B (pOpMe yAapHOIii BOMHbBI CO CKay- A

KOOOpa3HbIM U3MEHEHUEM AaBJieHUS! BO (ppOH-
Te; GPOHT C MJIaBHbIM HapacTaHUEM NaBJeHUS
HeyCTOMYMB M OLICTPO MpeBpallaeTcs B ckayko- B

00pa3HbIil C pe3KMM M3MEHEHUEM NABJIEHUA.  Puc. 2.2. Cxema pa3BUTHS
Bcnen 3a ynapHoit BosiHOM MaET BoJiHa pa3pexe- npolecca B3pbiBa B cpede

Cy



188 Paszpen 2. B3peis

HUS1, KOTOpasi, ABUrasch o CXXaToMy W pa3orpeToMy Bo3ayxy, Oyler Haro-
HATb GPOHT YAAPHOI1 BOJIHBI.

CxeMa U3MEHEHHUs NaBjieHUsl BO BpDEMEHHU MpH MPOXOXAEHUH yaap-
HOM BOJIHBI MOKa3aHa Ha puc. 2.3.

Py

®
fex e

E—

[e]: [e]2

Puc. 2.3. CxeMa U3BMeHeHUsI 1aBJIEHUs] BO BDEMEHM MPH NMPOXOXIAEHUU YAAPHOM BOJIHbI:
1 — ¢aza cxatus; 2 — ¢da3a paspexeHus (Npu B3pbiBax B MJIOTHbIX cpeaax — ¢a3a pac-
TSDKEHUS! MJIW pa3rpy3ku)

Py

B MOMEHT npuxoaa BOJHbI B ONpeNe/IeHHYI0 TOYKY NPOCTPaHCTBA AaB-
JleHue B mpuilerarouleil K Heil 06JaCTM CKaYyKOM yBEJIMYMBAETCS OT P
(B HEBO3MYILEHHO1 cpee) no p, (Bo ppoHTe yaapHo# BosHbI). 3a GPOH-
TOM AaBJIEHWE OBICTPO ManaeT U Yepe3 BpeMs £, (BpeMs neicTBUA (asbl
CXaTus), MocJie NpYMxola BOJHbI B TOUKY, OKa3blBaeTCsl MeHbLLE p, — (Da3a
cxaTusi cMeHsieTcst $ha3oit pa3pexeHus.

BpeMs, B TeueHHE KOTOPOro AaBleHWE B yIAPHOI BOJIHE COXpaHSETCs
Bblllie aTMOcGhepHOro, Ha3biBaeTcs (a3oii cxaTusi, a BpeMsl, B Te4eHHUE KO-
TOPOro 1aBjieHHE OCTAeTCsl HUXe aTMochepHoro, — a3oit pa3pexeHus.

B MoMeHT npuxona yaapHoii BOJIHbI B HEKOTOPYIO TOUKY Cpesa, NMpu-
JIeramoolas K 3Toil To4ke, HaUMHaeT IBUTaThCsl CO CKOPOCTBIO U B Hanpas-
JIEHWH pacrnpoCTpaHEHHU s ITOM BOJHbBI. XapakKTep U3MEHEHUs U(t) CXOX C
xapakTepoM u3MeHeHus p(f). B dase cxatus cpena ABUXETCS B CTOPOHY
nepeMeLleHUs yIapHOi BOJIHBI, B ¢ha3e pa3pexXeHUsi — B 0OpaTHOM Ha-
npaBjieHUH, HO C HECKOJIbKO MEHbLIEN CKOPOCTHIO.

®poHT ynapHoii BOJHbI pacrpoCTPaHSIETCsl CO CBEPX3BYKOBOI1 CKOPO-
cTbio (V> cy), a ee XBOCTOBAst 4acCTb, I€ p < —Py, ABUXKETCS CO CKOPOCTHIO,
61M3KOM K CKOPOCTH 3BYKa ¢ B HEBO3MYLLIEHHOM cpeae, NO3TOMY M0 Mepe
ABUXEHMS yldapHasi BOJIHA pacTsirMBaeTcsli Bo BpeMeHHU. [laBneHue BO
(poHTE ynapHo# BOJIHBI p;, CKOPOCTb NEpeMeLLeHUst GpoHTa V 1 ckopocTb
NOTOKAa Cpelbl u He SBASIOTCA MOCTOSIHHbIMU. [lpu ynaneHuu ynap-
HOM BOJIHBI OT Ooyara B3pblBa OHa YMEHbLIAETCS, U Ha DOJbLINX paccTos-
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HUAX V npubanxaercs K ¢y, @ 4 — K HyJIO, T. €. yaapHasl BOJIHa BbIpOX/a-
eTCs1 B aKyCTUUECKYIo (ynpyryio) BojHy. CnenoBaTesbHO, yaapHasi BOJIHA
MMeEET KakK obnacTb cXaTusl, Tak U pa3pexeHusi. Ha npakTtuke neiicteue
ynapHoii BoHBI onpeaensieTcst dasoit cxatus. Jleiicteue dasbl paspexe-
HHUSl OOBIYHO HECYLIECTBEHHO, MO3TOMY HE YYMTBHIBAETCS, 32 UCKIIOYEHU-
€M HEKOTOPbIX YaCTHbIX 3 HEKTOB.

2.3.2. MNapamempeor yoapHolU sonHbl

OCHOBHbBIMM MapaMeTPaMH YAapHOM BOJIHbI SIBASIIOTCS:

e M3OBLITOYHOE AaBjieHHE BO (PpOHTE YAAPHOIA BOJIHBI;

e CKOPOCTHOM Hamnop yadapHOM BOJIHbI, N€HACTBYIOLIWI Ha MOBEpPX-

HOCTb O0OBEKTA;

e BpeMs AEHCTBUS YAaPHOM BOJIHBI;

e MMITYJIbC BOJIHBI U AP.

N36biTOuHOE naBneHne BO GPOHTE yAapHOIl BOMHBI XapaKTepU3yeTcst
Pa3HOCTbIO AaBJ€HHUS BO (PpOHTE BOJIHbI U aTMOC(EPHOro NaBjaeHUS.

Ap = pl - po:
rae p, — naBJjieHWe BO (PpPOHTE yAapHOI BOJHBI;

P, — HaBlieHHE B HEBO3MYLLEHHOI cpene (aTMocdepHoe naBneHue).

Y napHasi BoJlHa XapaKTepHU3yeTcCsl CKOPOCTbIO HapacTaHUS AaBlEHUS
10 Er0 MAaKCUMaJIbHOTO 3HaYEHM .

[Mon makxcumaabnoim daeaenuem 83pviéa NMOHUMaETCsl Haubonbluee
[laBJieHUE, KOTOPOE BO3HUKAET Npu AednarpalMOHHOM CrOpaHUHU Haubo-
Jiee B3pbIBOOMACHOM ra3o- , napo-, NbUIEBO3AYLLIHON CMECH B 3aMKHYTOM
cocyae npy HavyanbHoM aasneHuu 101,3 klla. MakcumanbHoe naBneHue
NPy B3pbIBE a3POCMECH MOXHO paccyuTaTth no ¢popmyie:

Pmax =poTr”x/Tonw 2.1

rae p, — Ha4yalbHOE NaBJIEHUE, TPU KOTOPOM HaXOAMTCS a3pOB3BeECh, KI1a;

T, — HauanbHast TeMrepaTtypa UCXOAHOM cMecH, K;

T, — anuabaTthyeckas TeMrnepaTypa ropeHusi CTEXMOMETPUUYECKOMN
CMECH C BO3]lyXOM MNpH MOCTOSIHHOM 00beMe, K;

n, — 4ncio Mojeit razood6pasHbIX MPOAYKTOB CrOpaHus;

A, — YUCJIO MOJIEH UCXOAHOI ra3oBOM CMECH.

Y napHas BojiHa Xapaktepu3syetcs nukom. ITux — smo yyacmok yodapHoii
60/HbI OM MOMEHMA YOapHO20 CHcamus 00 3a8epuieHUs XUMUHECKOL peaKuuu,
20e hopmupyemcs camoe 8bICOK0e dasneHue.
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[MTapaMeTpoM ynapHOii BOJIHbI SIBISIETCS umnyasbc 60anbl. BennunHa
MMIIyJIbCa BOJIHbI OyIeT pa3/iMyHOIl B 3aBUCMMOCTH OT Cpelibl, B KOTOPOIA
NpoTeKaeT B3pbiB. B 00111eM BUlie UMNYJIbLC BOJHbBI ONUCBIBAETCS 3aKOHOM
nodobus:

3
1=3Go % , (2.2)

rae G — macca B3pbIBYaToOro (roproyero) BelleCTBa;

R — paccrosinne neicTBUSI yaapHO# BOJIHBI;

() — YroJl OTpaxXeHHUs BOJIHBI.

PacnpoctpaHeHHe ynapHOil BOJHbI 3aBUCUT OT MHOXeCTBa (hakTopoB,
onpenensiloUIMX ee 1eiiCTBUE U CUlly.

Jnst oueHKH NeiCTBUS1 yaapHO# BOJIHbI HEODXOAMMO 3HATh XapakTep
Harpy3ku ¥ napaMeTpbl CUCTEMbI, Ha KOTOPYIO 3Ta Harpy3ka 1eicTByeT.
XapakTep Harpy3ky o0bIYHO ONUChIBaeTCs GpyHKLMENH U3MEHEHHS NaBie-
HUS yIapHOi1 BOJIHBI BO BpeMeHHU p(f) B npeaejax oT Hy/lsl 10 BpEMEHM
¢da3bl cxaTtus .. OMHaKO BO MHOTMX YaCTHbIX C/ly4asix 1eHCTBUE yAapHOiA
BOJIHBI C JOCTAaTOYHOH TOYHOCTbIO OMNpeAesieTCs JIMO0 3HaYeHUEM HU30bI-
TOYHOrO AABNEHUS Ap, = p; — p, Ha ee GPOHTE, TMOO BENTUUMHOMN yaeb-
HOro UMnysnbca ¢asbl CXaTHs:

fex

I = jAp(z)dz. (2.3)
0

XapakTep Bo34eHCTBHS YIapHOi1 BOJIHbI Ha 3aJaHHYIO CUCTEMY 3aBU-
CHUT OT COOTHOLLEHUS MEXY BpeMEHEM AEHCTBHUS (a3bl CXKaTHS I, U Bpe-
MEHEM peflakcallMy CUCTEMBI T, a 1Sl YNPYrMX CUCTEM — MEPUOIOM KoJle-
6aHmit T.

Ecnu t., >> 1, To neiicTBUE ynapHOW BOJIHbI OMpEAEasieTeS BEIUYH-
HO M30BITOYHOIO AaB/IeHUs Ha ee HPPOHTE, TaK KAaK B 3TOM CJlyyae CUCTe-
Ma OyaeT nedopMuMpoBaHa 3a TaKoil MPOMEXYTOK BpeMeHM (nmopsiaka
(1/4—1/3)1), B TeueHMe KOTOPOro faBjieHHe BO (pOHTE He YCIeeT CyLIecT-
BEHHO ynacTb. Ecnu, HanpoTus, t, < 1T, TO AaBleHUE 32 PPOHTOM BOJIHBI
CHMXaeTcsl 3a CTOJIb MaJlblii MPOMEXYTOK BPpEMEHH, YTO CUCTeMa MpPaKTH -
4YecKH He ycreBaeT neopMHUpoBaThCs M faibHeilune nedopMaunm ee on-
penensiioTcsi MpUOOPETEHHDBIM €10 KOJIMYECTBOM IBUXEHMS, a CJIel0Ba-
TeNbHO, yAeNAbHbIM UMNYJILCOM YAAPHOMN BOJHBI.

Bpemsi ¢a3bl cxaTus 3aBUCUT OT MHOXeECTBa (haKTOPOB: pa3MepoB U
¢opmbl 3apsina BB, cpenbl, B KOTOpOH MpoTeKaeT B3pbIB, MPUPO/bl B3PbIB-
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yaTOro BELLECTBA, 3HEPTUM B3pbiBa U AP. Bpems neiicTBUs dasbl cxxaTus £,
MPY UCTNONb30BaHWHU COOTBETCTBYIOLLMX HOPM 3aKOHOB NOA0OMS BbIPA3UT-
csa bopmynamu (2.4).

( i1
’c»( - I‘0F| (—;—J’
3
t =IGF, % : (2.4)
= %/EF3(£)

rae ro — paauyc 3apsna,

G — Macca 3apsiaa;

R — paccrosiHue neiCTBUS yAapHO BOJIHBI;

E — 3Heprus B3pbiBa;

F\, F,, F; — pyHKUMOHAIbHAS 3aBUCUMOCTb.

OrpoMHoe 3HauyeHHe AJ1s1 OLEHKH MapaMeTpOB YAAPHbIX BOJH U UX
IIeCTBUS MMeET 3aKOH 1oaobus Npy B3pbiBax, NO3BOJAIOLLIMI CDaBHUBATD
XapaKTePUCTUKH yIapHbIX BOJH, BO30YXAEHHbIX B3pblBAMHU 3apsiioB pas-
JINYHOM Macchl, COCTOSILLIMX U3 pa3Hbix BB, a Takxe B3pbIBaMH, BbI3BaH-
HbIMW FOPEHHEM B3PbIBOOMACHBIX CMECEil.

JleToHaLlMOHHOE rOpeHHWe BO3HUKAET BO B3PbIBOOMNACHOM cpeae npu
NPOXOXAEHHHU MO Hell 1OCTaTOYHO CUJILHOM yoapHOit BOJIHBI (MJIM BOJIHBI
yaapHoro cxaTtust). Hanpumep, eciv B 3aMKHYTOM 00beME C roproueit ra-
30BO# CMECbI0 B30pBAH TOYEYHBI 3apsia B3pbIBYATOroO BELLECTBA, 1U6O
NMPOM30L1JI0O BO3ropaHMe OT MCTOYHHMKA 3aXUraHus, TO Mo BCeil ra3oBoi
CMECH OT TOYKHM pacrojioXXeHHs 3apsiia pacnpoCTPaHUTCS yaapHasi BOJIHA,
B KOTOPOI1 MPOUCXOAUT BHE3aMHOE CKAaYKOOOpa3HOe NMOBbILIEHWE Mapa-
METPOB COCTOSIHMS ra30BOi1 CMECH — NaBJEHUS, TEMNEPATYpPhl, NJOTHO-
cTH. [1oBbIlLIEHWE TeMNEPaTypbl ra3a NP CXaTUKW B yIapHOl BOJIHE 3Ha-
4YUTEJbHO OoJbllE, YEM NMPU aHAIOTMYHOM anuMabaTuyeckoM cxaTtuu. [lo-
3TOMY abcoalomuas memnepamypa 2a3a, cxHamozo YOApHoU 60AHOI,
NPONOPUUOHANbHA OABAEHUID YOAPHOU B0AHD.

CnenoBartebHO, ecau ydapHas 60aHA 00CMAamMo4Ho CUAbHA, MO memne-
pamypa 2a3a nod delicmeuem y0apHOU 60AHbI MOXCEM NOBLICUMbCS 00 memne-
pamypvl camo8ocnaameHeHus.

YnapHasi BonHa xapakTepu3yeTcs ckopocmHsim Hanopom. CKOPOCTHOM
Hanop o6pa3yeTcsi B pe3yjibTaTe TOPMOXEHHUS O KaKyl-Jubo nperpany
IBUXYLIMXCSl Macc Bo3ayxa B ynapHoi BojiHe. CKOpOCTb ABHUXEHUS pac-
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LIMPSAIOLLMXCS ra30B, 00pa3yloLLMX CKOPOCTHOM Hanop, 3aBUCHUT OT CTere-
HM CXaTHs ra3oB U HarpeBaHUs UX yaapHoit BoaHOoi. Hanop Bbi3biBaeT
OMNMpOKHAbIBAaHWE U OTOpachbiBaHHWE Pa3IMYHbIX OObEKTOB Ha 3HAYUTEJIbHbIE
paccTosiHUA.

YnapHas BoJIHa pacnpoCTPaHSAETCs B MPOCTPAHCTBE CO CBEPX3BYKOBOIA
cKopocTblo. HanpuMep, ynapHasi BojsiHa NpyU sii€pHOM B3pbiBE NPOXOAMUT
nepsbie 1000 M 3a2c,2000mM —3a5c,3000 M —3a8c.

Cuna ynapHoit BOJIHbI OYEHb BEJIMKa U MPUBOJINUT K 3HAYHUTEIbHBIM
pa3pylieHusM. Ecin ckopocTb NoBbillIeHUS! AaBlieHUs OTHOCHUTELHO He-
BE€JIMKA, TO Mpexae Bcero OyayT pa3pyllaTbcsi HAUMEHEE MPOYHbIe NETAH,
HanpuMep, OKHa W ABepH. B ciiyyae Xe 0IHOPOAHOM MO NMPOYHOCTH KOH-
CTPYKLIMHY 31aHUS MOABEM KPBbILIW W pa3pyllieHHWe BCeX CTEH MPOU30iayT
oaHoBpeMeHHO. U36bITOYHOE NaBieHUe yaapHOil BOJIHbI TPUBOAMUT MpHU
B3pbiBe K CWJIbHBIM NoBpexaeHUsIM. B Tabn. 2.3 conepxaTcs naHHbIe, YKa-
3bIBAIOLIIME HA CTEMEHb MOBPEXACHUIA.

Tabauya 2.3. TloBpexneHHs NpH B3pbiBe OT YAAPHOH BOJIHbI

JlaBneHHe B ynapHo#

CreneHb noBpexaeHUs
BOJIHE py, KIa P

0,2 Pa3spylueHune cTekon B OKHaX Mpu 60bLIKMX MJIOLAasAX OCc-
TeKJIEHUs
0,3—0,5 IF'pomkuii 3ByK (143 n1B); noBpexaeHuns creko; 5%-Hoe

paspylueHHe OCTEKIEHUs

2,1 MospexaeHne o61LIMBKY 10OMOB; pa3pyiueHue 1o 10 %
OKOHHBIX CTEKOJ1

2,8 He3HauuTtenbHble NOBpeXaeHUsl KOHCTPYKUMH

4,0 90%-Hoe pa3pylleHHe OCTEKIEHUS, MOBPEXAEHHE
OKOHHBIX paM

5,0 He3HauuTenbHble MOBpexAeHNs1 KOHCTPYKLIMIA 1OMOB

7,2 YacTryHoe pa3pylueHHe A0MOB 10 COCTOSIHUS, MPH KOTO-
POM NMpPOXMBaHHUE B HUX HEBO3MOXHO

8,5 Pa3pyweHnue rodppuposaHHoro acbecta. loppupoBaHHbie
CTa/IbHbIE WM ATIOMUHHUEBBIE NMAHEIHN OCNabNAI0TCS B Kpern-
JIeHWU 1 noasepraiotcst U3ruby. JlepeBsiHHbIE MaHeaH pa3-
pyLialoTcs

9,2 CranbHble KOHCTPYKLMH 301aHUI1 UCKPUBAAIOTCS

14,2 YacTuyHoe pa3pylueHne CTeH U KPOBJY 1OMOB
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Oxonuanue maba. 2.3

BOJIHE py, KIla

JlaBneHue B yaapHo#

CreneHb NOBPEXIACHUSA

14,2—21,4 PaspylualoTcs He yKpenieHHble CTeHbl U3 OETOHA U LLaKOo-
BbIX 610KOB
16,4 HuxHuit npenen cepbe3HbIX NOBPEXAEHWI KOHCTPYKLMIA
17,8 50%-Hoe pa3pylueHne
21,4 Tsaxenblie MallMHbI (BecoM 1,35 T) B MpOMBILLIEHHbIX 31a-
HMSX NOABEpralTcs HeGoAbIMM NoBpexXaeHUsaM. Crab-
Hble KOHCTPYKLIMM U3rubaiorcs
21 =28,5 Pa3pyluieHue 6eckapKacHbIX COOPYXeHHUH, CKIeNaHHbIX U3
CTaIbHBIX NaHesei. Pa3pylueHne MacasHbIX XpaHUJIULL
28,5 OTpbIB NOKPLITHI IETKUX NPOMBbILLJIEHHBIX 31aHUIA
35,6 PacTpecknBaHue nepeBsHHbIX CTO00B (TenerpadHbIX U
np.). [oBpexaaloTca BbICOKHE FMAPaBIMYeCKHE MPecchl
(Becom 1,8 T)
35,6—49,9 IMouTH nojiHoe pa3spyllieHHe 1OMOB
49,9 IMepeBepTbiBaHWE TAXENOrPYXeEHbIX X/ BArOHOB
49,9—57,0 KupnuyHbie cteHbl TonwmnHoi 200—300 MM, He yKpenJieH-
Hbl€, TEPAIOT MPOYHOCTD B pe3yJibTaTe CABUra UM U3ruba
64,1 Taxenble rpy30Bble XeJle3HOAOPOXHbIE BarOHbI MOJHOCTbHIO
pa3pyLialoTcs
70,0 Pa3pyleHue 6onee 75 % BHyTpeHHei KHPNMYHOM KiaaKu
30aHUI
71,2 Bo3moxHo obuiee paspyuienue 3nanuii. Taxensie (>3 T)
MallUMHBI ¥ CTAHKHU MEPeABUTaloTCs U CUJIbHO NOBPEXIaloT-
cs. OyeHb TsXeble (>5 T) MaLMHbBI U CTAHKU COXPaHAIOTCA
2137,0 Pa3pywieHue c o6pazoBaHMeM KpaTepa

YnapHas BosiHa ¢ p; = 19 k[1a BbI3bIBaeT 3HaUNTENbHbIE Pa3pyLLIEHUS]
TOpoJCKHUX MOCTPOEK, a NMpHu p, = 98 kI1a HacTynaeT nojaHoe pa3pyleHue
3aHWI U rTMOEb XUBBIX OPraHU3MOB.

Ha cteneHb pa3pyliueHns BAUSAIOT OCOOEHHOCTH KOHCTPYKLIMK COOpY-
XEeHMH, a TaKkXe pesibe¢h MECTHOCTH.

13 4951
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YnapHasi BoJiHa BbI3bIBaeT MOPaXeHHUs JIIOAEH, KOTOpbIe Moapa3aes-
I0TCS Ha YETHIPE CTEMEHH;
e nepBas CTeMeHb — JIErKMe MopaxeHUs (M3ObITOYHOE naBlEeHUE
Ap =0,2—0,4 xrc/cm?);
e BTOpas CTENeHb — MopaxeHue cpenHem Tsxkect (Ap = 0,5 KI‘C/CMZ).
Hab6nionaercs nopaxeHue opraHoB, KpOBOTEYEHUE U30 PTa, YLIEH,
HOCa, a TaKXe pa3pbiBbl CBA30K, MEPEIOMbl KOCTEH;

e TPEeTbsl CTENEeHb — TsXeble nopaxeHus (Ap > 0,5 KFC/CMZ). Ha6nio-
[laloTCcsl Bce MPU3HAKM NOPaXeHHUs1, XapaKTepHble M1 BTOPOii cTene-
HM, HO B DoJiee BbIpaXXeHHOI opMe;

e yeTBepTas CTerNeHb — KpaiiHe Tsxesoe nopaxenue (Ap = 1 krc/cm?).
Habnionaercs pe3koe HapylleHMe XU3HEHHO BaXHbIX GYHKLMIA Op-
raHu3ma, cConpoBoXjatollleecsl NoTepei CO3HaHUS, paCCTPOMCTBOM
KpoBooOpallleHU s 1 abixaHUsl. Takoe nopaxeHue 3akaHYUBaeTCs Jie-
TaJlbHbIM UCXOJIOM.

2.4. NapameTpbl B3pbiBa B 3aMKHYTOM 06beme

OIHMM M3 OCHOBHBIX CBOICTB ropeHMsl ra3000pa3HbIX cMeceid sIBsIeT-
Cs1 CaMONPOMU3BOJILHOE pacnpoOCTpaHEHUE BOJIHbI XMMUYECKOI peakliuu B
pesyJjibTaTe nepejayu TenjaoTbl U AU Y3 aKTUBHBIX LIEHTPOB. AKTHUB-
Hbl€ LIEHTPbl MPEeACTaBSIOT COOOM MPOMEXYTOUYHbIE NMPOAYKTHl peakUUU B
BMIE CBOOONHBIX aTOMOB U paAMKanoB, KOTOpble 00/1aAal0T BLICOKOIA pe-
aKUMOHHOM cnocOOHOCTbIO. AKTUBHOCTb 3TUX LIEHTPOB YCUJIMBaeTcH,
€CJIM NPOMCXOAMT B3PbIB B 3aMKHYTOM 00bEME.

PaccMoTpuM M3MeHeHHe AaBlieHUs MPU B3PbIBE B 3aKPbITOM TEXHOJIO-
ruyeckom amnmnapare (puc. 2.4).

p B3pbIBa |

pmnx

Py

Lo F S,

T

Puc. 2.4. U3MeHeHHe naBaeHUs B 3aKpbITOM TEXHOJOrMYECKOM annapare nNpyu B3pbiBE
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OCHOBHbBIMM NapaMeTpaMH, XapaKTEPU3YIOLLIMMH TpoLieCC B3pbiBa B
3aMKHYTOM 00beMe ra3o-, mapoBO3AYLLIHbIX CMECEN SIBSIIOTCS:

e MakCHMalbHOE JaBJieHWE B3pbIBA;

e CKOpPOCTb HapacTaHHsl B3pbIBa;

TeMIepaTypa B3pbIBa;

e BpeMsl JOCTHXEHHUSI MAKCUMAJIbHOTO AaB/IeHUS B3pbIBa.

B 30He A NpoUCXoaSIT MHTEHCHUBHBINM MOAOrpeB roproyeit cMmecH, ano-
(y3u1sl aKTUBHBIX LIEHTPOB U MPOTEKaHME XUMUUYECKOMN peakUMu. DTa 30Ha
XapakTepu3yeTcs pacnpocTpaHeHMeM HpOHTa NiaMeHu Mo roproyeit ra-
30-, MapoBO3AyLIHOH cMecH. PPOHT MJIaMeHM YacTO pacCMaTpUBalOT Kak
NOBEPXHOCTb, PA3AE/ISIOLLIYIO XOJIOAHYIO FOPIOYYIO CMECh U FOpsiuMe Npo-
IyKTbl CTOPaHMSI.

CkopocTb nepemellieHns1 GpoHTA MIaMEHH MO roproyeit cMecH onpe-
JeNisieT UHTEHCUBHOCTb Mpollecca rOpeHMsl U SIBASIETCS €ro BaXHeillein
XapakTepUCTHUKOM.

YcTaHOBJIEHO, YTO Ha €AUHHLIE MOBEPXHOCTH (DPOHTA MJIAMEHHU B €1U-
HHLYy BpEMEHHU CropaeT OJHO U TO Xe€ KOJIMYECTBO roproueit cmecu. Pac-
NpPOCTpaHEeHWEe HEBO3MYLLIEHHOrO MJIaMeHU NMPOU3BOJbHOM ¢OpMbI Mpouc-
XOIUT B KaXa0il Touke HpOHTa MO HOpMau K ero nopepxHoctu. Cko-
pOCTb MepeMeleHUs MJIaMEHW Ha3blBaeTCsl HOPMalbHOM CKOPOCTHIO
NJlaMeH!U U sIBJIsIeTCS NMOCTOSIHHOM BETMUMHOM, XapaKTepu3ylollei rope-
HUE KaKoro-1mbo rasa.

B 30He b HabaronaeTcsi pe3koe U3BMEHEHHWE AABJIEHUS O Py 3@ CHET
o6pa3oBaHusl GOJILLIOTO KOJIMYECTBA ra3000pa3HbIX NMPOAYKTOB B pe3yJib-
TaTe XMMHUYECKOI peakunu. [1pU 1OCTMXKEHMH MaKCUMaJIbHOTO AaBJIEHUS

BO3HWKAET B3DbIB, MPUYEM Py, > Proay-

2.5. Tennosoe aencTeue B3pbiBa

TennoBoe Bo3aeicTBUE NMPH B3pbiBE OKa3biBa€T CUJIbHOE MOpaxaro-
llee aeiictBre. B3pbiBbl pakeTHBIX TOTUIMB MJIM XUMHUUYECKHUX MPONYKTOB,
Pa3pbIBbl COCYAOB C MOCJEAYIOLMM B3pbIBOM 00J1aka NMapoB B OrpaHUYEH-
HOM MJIM OTKPBLITOM 00beME, TOPEHUE XUIAKOCTEN B OTKPLIThIX pe3epBya-
pax, neToHauusi 6pu3aHTHbIX BB u sinepHble B3pbIBbI — BCE 3TH SIBIECHUS
MOryT NpUBECTH K 00pa30BaHUIO 02HEeHHO20 wapa.

[Tpu B3pbIBE ra3oBbIX EMKOCTEN € NOCAEAYIOLLIMM FTOPEHUEM BbIXOSI-
unx B aTMOcdepy NpoayKTOB 00pa3yloLLMIiCS OTHEHHBIH Lap yBeJIMYnBa-
€T pa3pyliapollee 1eiHCTBUE B3pblBa Ha 0bopyaoBaHWe U npeaMeThl. [1o-

(R
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CJIeNICTBUS EICTBUS TAKOTO OFHEHHOTO 1l1apa, B C/lyyae B3pbIBOB EMKOCTEI]
C MeperpeToil roproyeit XXUIKOCTbIO OYEHb cepbe3Hbl. Hannuune 60b110i1
Macchl XMIKOCTH B MOMEHT B3pbIBa M XapaKTep ee pacrnpocTpaHEHHs BHe
€MKOCTH OMNpeaensitoT NPOAOKUTENBHOCTb TOPEHUS U pa3Mep 0Opa3oBaB-
ierocst orHeHHoro wapa. Hau6osee onacHble B3pbIBbI Yallle BCErO NPOMC-
XOIST Ha XeJIe3HONOPOXHOM TpaHcnopTe. [1IpMMepoM sIBAISIIOTCS aBapUM €
XeJIe3HONOPOXHBIMU LIMCTEPHAMU (ONMCaHUE OAHOM U3 KOTOPbIX CM. Ha
c. 183). OrHeHHbI# WIap, 00pa3oBaBLIMICS OT OAHOI U3 NOTEPIEBLLUMX aBa-
pHI0 Xene3HoaopoXHbIX uuctepH B CLLIA BMecTuMocThiO 88 M>, OXBaTH
y4acTOK MOBEPXHOCTH 3eMJIM paanycoM 60 M U BOCIIIaMEHWIT TOploYre Ma-
Tepuanbl B paauyce 350 M.

OrHeHHblit Wwap, Bo3HUKILKHA 21.06.1970 r. (wrtat Unaunnoiic, CLLA)
B pe3y/ibTaTe B3pblBa aBTOLMCTEPHbI, BMewaBuueil 120 M> cXuxeHHOro
ra3a, uMes amametp 180 M pu pa3inBe roproyero B KOJIUYecTBe 68 T.

Oo6sako napa, obpa3oBaBlilieecsi NpU pa3jiuBe rOPIOYEro U CMelllaHHOe
C BO31yXOM B COOTHOLLIEHMH Bblllle BEPXHEr0 KOHLIEHTPaLLMOHHOTIO Mpeje-
Jla BOCIJIJaMEHEHHs!, He CNOCOOHO K 00beMHOMY B3pbiBYy. OHO MOXET Ha-
4yaTb ropeTb BOKPYT CBO€i1 BHELIHeH 0007104KH, BbITATMBAsCh U 0Opa3ys
OTHEHHBIH Wap. DMMUpHUYEecKHe ¢hOpMYIibl, NMpeacKa3biBaloliMe OPUEHTH-
POBOYHO pa3Mep W BpeMsl CyLLleCTBOBaHUSI TAKOTO OTHEHHOTO 1lapa, UMe-
10T CJIEAYIOLIMIt BULL:

d,=553m,, (2.5)

rae d;, — IMaMeTp OTHEHHOrO L1apa, M;
m,, — Macca yrnesonopoaos ¢popmynsl C, H,,, T.

1, =383m, 2.6)

rie T, — BpeMsl CyLLeCTBOBaHUSl OTHEHHOTO LIapa, C.

[ eficTBHE TEMIOBOrO U3Jly4eHUSI 3aBUCUT HE TOJILKO OT IHEPTUH Bbl-
O6poca, HO M OT CKOPOCTH, C KOTOPOii1 MPOUCXOAMUT BLIOPOC, T. €. OT €ro
MolHocTH. Ecm 3Heprus Bbibpoca — NuHeiHasa GpyHKUMSA m, a BpeMs, B
TeYeH1e KOTOPOro MPOMUCXOAMI BbGpoc, — dyHKumst m'/? cornacho (2.6),
TO MOLLUHOCTb, BbIAEJIMBLUASICS NPHU CTOPAaHUM OrHEHHoro wapa (P, B1),
COCTaBUT

o,m

y My

P, = , 2.7)
TS

roe Q, — TENJoTa rOpeHUs YIJI€BOJAOPOAA, NMPUHUMAEM €€ PaBHOM

47 - 10° Ox.
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Orclona

47-10° -m
—__—7/71=12,4-109-my2/3,81
38-m

ow —

J1151 601bLIMHCTBA rOPIOYMX BellleCTB 00pa30BaHHbBINM MPU UX TOPEHUHN
OTHEHHBII LIap 04YeHb GbICTPO AOCTMIaeT MAKCUMAIbHOTO pa3Mepa, Majo
M3MEHSAACH 3aTEM B TeYEHUE JIIUTEJLHOTO BpeMeHU. [103TOMY ecn He
YYMTbIBaTh HECTALIMOHAPHYIO CTaaW0 GOPMHUPOBaHHKsI OTHEHHOTO 1l1apa,
TO XapaKTepU3YIOllIKe ero NapaMeTpbl MOTYT ObITh NMpeACTaB/leHbl B BUIE
CJIe1yIOLLIUX COOTHOLUEHHUH:

T'd

T|0/3

7-']0/3,t

T; = A}, (2]0)

rae T — TemnepaTypa OrHEHHOTO 1l1apa;

T, — BpeMs CYLLECTBOBAHMS OTHEHHOTO LL1apa;

Q — nonHoe 3HeprocoaepxaHue ropioyero BellecTBa;

m — noJjiHasi Macca ropro4ero BelleCTBa;

A,, Ay, A; — nocTositHHbIE KO3 PHULIMEHTBI.

Temneparypa T, Bxoasiiasi B NpUBe€HHbIE COOTHOLLEHHS, ONpeaesi-
€TCsl B OCHOBHOM THITOM BellleCcTBa. PakeTHbIe TOMIMBa NPU FOPEHUH CO3-
natot Temnepatypy okojo 2500 K, Toraa kak npu B3pbiBax BB Temnepary-
pa 6amxe k 5000 K, a roproune rasbl co3naroT Temmnepatypy okoso 1350 K.

YpaBHeHue (2.8) o3HayaeT, YTO NpU paBHbIX Maccax U IHEProcoaep-
>XKaHMH Kak B3pblBYaToe BellecTBO (BB), Tak M pakeTHOE TOMJINBO, OTJIN-
Yarolleecs B 1Ba pa3a o abcoIloTHOI TeMIepaType, co31aayT OrHEHHbIE
lapbl, KOTOpble OyAyT pa3/jivyaThCcsl MO AMAMETPY Julib Ha 26 %. [pwu
3TOM M3 ypaBHeHHs (2.9) clienyeT, YTo BCeACTBUE O0JIbILIOro Mokasartess
cteneHu npu temneparype (paBHoro 10/3) oxoroBoe neicTeue 6osee xo-
JI0HOTO OTHEHHOTO 1l1apa, 00pa3oBaBLIErocsi NMPY B3pbIBE paKeTHOTO TOM-
NuBa, 6ynet B 10 pa3 6onee MpoaoIXUTENbHBIM, YeM B ciyyae BB paBHoii
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Macchbl. DU3NyecKu 3TO OOBACHSETCS TEM, YTO DOJIEE FOPAYMI OOBEKT Obl-
CTpee U3JIyyaeT CBOIO IHEPTUIO MO CPABHEHMIO C D0Jiee XOJIONHBIM.

Jlns onpeneneHUss MaKCMMaIbHOTO AMaMeTpa (d;, M) U BpEMEHH XU3-
HM OTHEHHOrO 1uapa (T,, C) PEKOMEHAYIOTCS TaKXe CleAyIolne IMNUPHU-
yeckue GpopMyIibl:

d, = 3,86 m*%; @.11)
1,=0,299m %%, (2.12)
1,=1,07m"®, (2.13)

rae m — macca roplouyero, Kr.

®opmynsl (2.11) ¥ (2.12) peKOMEHAYIOTCS K MCIMOJb30BaHUIO OIS
0OJILLLIMX MACC FOPIOYEro U €CJIM NMPHU UX FOPEHUM TeMIepaTypa 1OCTUraeT
npumepHo 3600 K. ®opmyna (2.13) npuMeHseTCs ML B TeX Clyyasx,
KOr/la Macca roproyero BelllecTBa He npesbitaeT 10 kr.

[MpumMep pacyera no 3TUM dopMyJjiaM C UCMOJIb30BaHWEM 3aKOHA Mo-
no6wust, BbipaxeHHoro ¢opmynamu (2.8)—(2.10), npuBoaUTCS B NpakTHYeE-
CKMX pabotax pa3aena 3.

s OUEHKH TENJIOBOrO M3/1y4eHHUs] OTHEHHOTO LlIapa Ha pa3JInyHbIX
PacCTOSIHUSIX UCTONb3YIOTCS 3aBUCUMOCTH, rpadMUYeCKU NMpencTaBleHHbIe
Ha puc. 2.5. Ix MOXHO NpUMEHSITb NPpY aHan13e B3pbiBa NEeperpeToii Jer-
KOKHIsILLEH roployeii XHUAKOCTH WK J1loboro Apyroro CHJbLHOro B3pbiBa.

':'5 1OE 3 10
- = L
% F 3.3
IS 03k 03 'S
= r . =
5 C ] =
~ 01| 301 -
N E 3 =
~ E_ = |
T 0,03 £ E 0,03 ™
& 0,011 3001

I~ 0,1 03 1,0 3,010,030 100 300 1000 3000

- 3
Fom-K"kr 13

Puc. 2.5. 3aBMCMMOCTb nNpUBENEHHON MHTEHCUBHOCTH TEMJOBOrO  MOTOKA

J= (1/7‘4)- 107 u NpUBENEHHOI €ro 3HEprUmn g = (q/ml/ T2 3)- 1,18- 107 ot npuBeneH-

HOTO pacCTOSAHUA F = r 73/ m"3. fna yno6cTBa KpuBasi pa3oMTa Ha IBE YaCTH, COOT-
BETCTBYIOLLME pa3HbIM 001aCTAM
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TennoBas u3ayyateNbHasi MOLLHOCTb OTHEHHOTO Lapa, 06pa30BaHHO-
ro ropsillMMyU Napamy yriaeBoAOPOAOB, ONpeesieTCsl U3 3aBUCMMOCTH:

P,=12,4-10°-m¥* -0,3=3,72-10°-m}*, Br, (2.14)

rae 0,3 — nons 3HEpruM TEMJIOBOro M3jlyyeHUs B 06lleM 3HeproBblae-
JICHUM.

3a BpeMsi CylLleCTBOBaHHMsI OTHEHHOrO liapa o0Jyyaemasi UM eIMHUY-
Hasi NIOBEPXHOCTb OYIET MONYYaTh IHEPTHUIO g,, KOTOPYIO MOXHO BbIYMC-
JIUTb U3 CIIEYIOLIMX BbIPaXKeHUIA:

03-0,-m
g,=———, (2.15)
4nr
0,3-47-10° -m m
g, =—————> =123 10° —;,nx/mz.
4mr r
OTClOIla MoJiy4ya€M BbIpaX€HUE 1A rg!
0,5
m
re=|1123-10° -2 | =335-10* -m)’ - g%, m (2.16)

4qr

re ry — panuMyc OrHEHHOrO llapa, M.
WM HTeHCcHBHOCTB 3HEpruM (J,) y 061ydaeMoii MoBepXHOCTU OMNpeaesi-
€TCSs1 U3 BbIPAXEHMIA

J=fu @.17)

.,
4nr?

10% . m23
_ 220 my ”;y =296-10% -m)* - r*, Br/™%.
4-314-r

r

Orcrona
r=1,72-10*-m}? s m.

TennoBoe U3nyvyeHue ocnabasercs atMocdepoit, NpuyeM He oAMHa-
KOBO B pa3HbIX MeCTax B TeYE€HHE CyTOK M aaxe yaca. ekt ocnabneHus

NpennaraeTcsl yYuTbiBaTh KO3 duLiMeHTOM (A) no cneaytolueit ¢opmyne
A=0,96-0,12 lgr, (2.18)

®opmyna (2.18) yuuThiBaeT ocsiabieHUE TEMIOBOrO U3JyYeHHs C pac-
CTOSIHMEM TPHU OTHOCUTENIbHOM BiaxHoCTH Bo3ayxa 50 %. C noBbllieHUEM
BraxxHocTH 3¢ deKT ocabieHNs yBeJMUYMBaeTCs.
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s OorHeHHBIX LWIAapOB ¢ KOPOTKMM BPEMEHEM XHU3HHW BUI 3aBUCUMO-
CTH, B KOTOPOI YUUTBIBAIOTCS UHTEHCUBHOCTb 3Hepruu (J,) U BpeMs ero
NeicTBuUA (T,), HE UMEET 3HAYEHUS, a CYLLECTBEHHA JIMLLb MTOJIHAst IHEPTHUs]
(g,), coobueHHas 06bekTy. [1py GonblIMX BpeMEHaX TEMJOBOro BO3AEHCT-
B, MpEBbILIAIOLINX BpEMS, HEOOXOAUMOE TS JOCTUXEHUSI paBHOBECHS,
Nopor NopaxeHus onpenesieTcss UCKIIOYUTENbHO BEIMYUHOM J, .

CyliecTBYET NMOPOroBblii ypOBEHb MHTEHCUBHOCTH M3JIy4eHMs, HUXe
KOTOpOro, HE3aBUCUMO OT UTMTEJIbHOCTH BO3AEHCTBHUS, MOpaXXeHUe paB-
Ho Hymo. TakuM 6e3onacHbIM NpeaesioM siBIsSIETCSI MHTEHCUBHOCTb M3Jy-
yeHus 5 M,ﬂ)l(/(M2 - 4). C yBeJIMUEHHUEM MHTEHCUBHOCTHU TEMJIOU3NyYeE-
HHUsl BO3MOXHOE BpeMsl NpeOblBaHM S YeioBeKa B 30HE U3JTyYeHUS] YMEHb-
uaercs.

Ha puc. 2.6 npuseneHa J,—t,-aMarpaMma, pasiensioasi o6jaactu
TepNnUMOM U HecTepnuMoit 601u (KpuTepuid, OJM3KUIA K MOHSTUIO OXOra
BTOpO# cTeneHu). [IBe TMHUMU Ha rpadurke o6ycyioBleHbl pa36poCOM laH-
HbIX BCJIEACTBUE MHAMBUAYAIbHbIX Pa3InuMii.

J,,BtiM2 4
2 -
a Hectepnumas
10°E 6onb

6F

4} Tepnumas

- 6onb
2 -
3] 1 1 1 1 1 1 Lt 11111t 1

10°2 4610'2 4610%21,c

Puc. 2.6. bonesoit nopor npu Jly4ucTOM OXore He3allUlLeHHOM KoxHu. Ha obnactb Me-
XAy ABYMsl U300paxe HHbIMU KPUBBIMU npuxoautcs no 50 % HabnioaeHuit

Jlns1 ManbixX SKCNo3uLmii, MeHblnx 10~% ¢, nopaxeHue ria3 HaGona-
ercs npu g, = 1,7 Kﬂ)K/MZ. KoXHbIi1 MOKpPOB yejioBeKa cnocodeH Bblaep-
XHUBaTh (0€3 nosiBieHus1 60/EBbIX OLLYLLIEHNIT) UHTEHCUBHOCTb U3JTyYeHUS
J.=2,1- 10* BT/M2 BTeyeHUe 2 C, T. € ¢,=4,2 - 10* Ix/M2. He neiictByeT
Ha KOXHbIi1 MOKPOB oTpuuaTtenbHo TeMnepatypa 42 °C. bosnb HauMHaeT
ollylaTbes npu Temnepartype koxu 44 °C.

ConpukocHoBeHHe B TedeHHe 10 ¢ c BoaoH, uMeroLLeit TeMneparypy
60 °C, npMBOAMT K YaCTMYHOM yTpaTe KOXHOrO MOKpOBa, a MpH Temne-
patype 70 °C B TeueHue 10 c BbI3bIBAET MOJIHYIO MOTEPIO KOXHOrO MNo-
KpoBa.
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OnpeaeneHye NOPOroBoro paccTOsIHUS, HA KOTOPOM BO3HUKAIOT 0XO-
I'M OTKPBITBIX Y4aCTKOB KOXH, MOXET MPOU3BOAUTLCS C MOMOLLbIO 3aBU-
cUMOCTe#, NpUBeleHHBIX Ha pUc. 2.5 1 2.6.

Ha puc. 2.7 npuBoasTcsi paiMychl TEMJIOBOTO NMOPaXeHUsl OT OTHEHHO-
ro wiapa B 3aBUCMMOCTH OT oOpa3oBaBllieii ero Macchl mponaHa (npeano-
JlaraloTcsl Ha NOBEPXHOCTH Liapa aanabaTUyecKue TeMnepaTypsl U He yu-
TEHO ocJiabnsiolliee BAUsIHUE aTMOChepb!).

M

-
o
[=]
o
o

1000

100

PaccTosHue Ans QaHHOTO YPOBHA NOPaXeHWs,

1 10 100 1000 10000
Macca nponana B OrHEHHOM Wwape, T

Puc. 2.7. Paauychl TenJoBOro NopaxeHus OT OTHEHHOrO 1apa, 06pa3oBaHHOro npona-
HOM, B 3aBUCHMOCTH OT €ro Macchbl

BepoaTHOCTbL MopaxXeHUs YyesoBeKa onpeaessieTcsl MHAEKCOM A03bl
obsyyeHus (Tadu. 2.4):
a) CMEpTEJbHOrO

uHoexc 0036l = (.I,)4/ 3. T JIx/m?, (2.19)
6) 0XOroM TpeTheil CTENEHU
uHdexc 0o3bt = (.I,)"IS “1,=5,5- 10°, ﬂ)K/MZ, (2.20)

rne 1, — BpeMs CyLLUEeCTBOBaHMUSA OTHEHHOTO 1lapa, C.

OTtMmeuaeM, 4To YKa3aHHbI€ BBIYUCICHUA UHTCHCUBHOCTHU U3JTYYCHUA
Ha onpencj€HHOM paCCTOAHUU OT OﬂpeﬂCﬂCHHOﬁ MaccChbl BELLIECTBA B Or-
HEHHOM 11ape SABASAITCA 10CTATOYHO TOYHBIMU. HNMeroumecs HecoBnane-
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Tabauya 2.4. BepoATHOCTb CMEPTEJIbHOrO NOPaXXeHHs B 3aBHCUMOCTH OT MOJIy4eHHOI A03bi

BeposiTHOCTb ?](;J;’);!:eunu:ﬂcmepTenbnoro WHaeKe 103b1 = (. J’)4/3 1y, 1K /M2
0,01 1,00- 107
0,50 2,30 107
0,99 6,50 - 107

HUS$1, MPUBOASILLIME K YMEHbLIEHHIO pacyeTHbIX BEIMUMH MO KpaitHel Mepe
B [IBa pa3a, SIBISIIOTCS Pe3y/1bTaTOM:

1) nosiBeHUs1 3HAYUTEJIbHBIX OLUMOOK MPU MpeAcKa3aHWK NOJIA pa3-
JINTUS XKUIKOCTH, 0Opasyiollleil OrHeHHbIH Liap;

2) TpexMepHOCTH GUryphbl, Ha KOTOpYIO nonanaeT uanyyeHue. Hanpu-
Mep, YEJIOBEK — 3TO HEMOABHXHAs NJ0CKasi NOBEPXHOCTb, OPUEHTHUPO-
BaHHas Ha 90° K HanpaBJIeHUIO U3JTyYEHMS;

3) noaxonaa K BOMpocy, OCHOBAHHOIO Ha OMbITax C SIAEPHBIM OPYXHUEM.

[TpMMeHHUTEILHO K TEMJOBBIM UMIY/ILCAM OT OFTHEHHBIX LIAPOB C UTH-
TeabHOCTbIO 10—20 ¢ (xapakTepHO AJ1s1 OTHEHHbIX LIApOB, 00pa30BaHHbIX
yIrJIeBOJOPOAaMH) YEJIOBEK, €CJIM YCIEET MOJHOCTbIO OTBEPHYTHCS, TO MO-
JIYYUT OXOTHW J0Jiee HU3KOI MHTEHCUBHOCTH, HO pacrpelesieHHbIe Mo
GosbLUel nuoWanu Tena.

ITpumep. OrHeHHbI LIap, 0Opa3oBaBLIKIiCA B pe3yJibTaTe CrOpaHuUs
okoJio 10 T nponaHa npu aBapun 9 mapta 1972 r. B JIunu6epre (CLLIA),
MMeJl paauyc, npuMepHo paBHblit 60 M. Ha pacctosiHumn 90 M npuBen K ru-
6enm onHoro yenoBeka. M Ha paccTtossHuM 140 M BbI3Bajl TSXKEJIbIE OXKOTH Y
Tpex o4eBUILIEB CiyyuBluerocs. OMMH CMepPTEIbHBIM Cilydyail 3aperucTpm-
poBaH Ha pacctosiHuy 130 M. Ha 3TOM Xe paccTosiHMM ObLIM NOPaXeHbl
elle ABa YeJ0BeKA, HO HE CMEPTEJILHO.

HUTak, orHeHHbI# Wwap, o6pa3oBaBLIMiicsl B pe3yabTaTe CrOPaHHUSs ro-
PIOYMX ra3oB, NapoOBO3AYLIHBIX CMECEl UMEET CUJIbHOE MOopaxaoluee Bo3-
NIeCTBME Ha YesloBeKa U TexHocdepy.



Pa3pen 3
NMPOrHO3HAA OLLEHKA NOCNEACTBUNA
B3PbIBA

s nporHo3Hoi OLIEHKM MapaMeTpOB M MOCJIEACTBUI B3pbiBa MC-
MOJIb3YIOT pa3IMYHble METOAMKH, KOTOpPbIE MPUMEHSIOT B 3aBUCUMOCTH OT
MeCTa pacrnoyloXXeHHs1 B3pbIBOONACHOIr0 000OpYyA0BaHMS.

Bo3HMKHOBEHHIO U pa3BUTHIO MPOLIECCOB MPU B3pbIBE MOTYT CMNOCO0-
CTBOBATb pa3/iMuHble NMapaMeTpbl: U30LITOYHOE NaBJiEeHHUE, CTEXUOMETPHU-
4YeCcKOoe paBHOBECHE roproyeil CMeCH, KOJIMYEeCTBO U MHTEHCUBHOCTD Na-
POB, MOCTYNAIOLLMX B 30HY FOPEHMUSI.

[ns oueHKH nocjieACTBMI B3pbiBa HEOOXOAMMO MPOM3BOIMUTDb pacye-
Tbl 3TUX MapaMeTpoB B3pbiBa. PaccUMUTHIBAIOT CleayolMe NpapaMeTpbl
NpU TOPEHUU U B3pbIBE FOPIOYMX BELLECTB:

1) Maccy roproumx BeuleCTB, MOCTYMMUBILUMX B OKpYXalolllee MpoCTpaH-
CTBO;

2) ropu3oHTaNbHbIEe pa3Mepbl 30H, OrpaHMYMBAIOLLIMX Fa30- U Napo-
BO3IYyLUHbIE CMECH C KOHLIeHTpauuei roptoyero Beitwe HKIIP, npu aBa-
PUIHOM NOCTYIJIEHUU FOPIOYMX ra30B U MApOB He HArpeThIX JIerkoBoCMa-
MEHSIIOLLIMXCS XHUIKOCTEN B OTKPLITOE NMPOCTPAHCTBO;

3) U36bITOYHOE AaBJAe€HME U UMNYJbC BOJIHBI JaBJieHUs NMpPU cropa-
HUM cMeceil TOproYMX ra3oB U MapoB C BO3YXOM B OTKPbITOM MPOCTPaH-
CTBe;

5) KpUTEpHUU NMOXAapHOI OMACHOCTH I TOPIOYEil NbLIK.

MeToankH pacyeTa napaMeTpoB B3pbiBa B MOMELLEHUU U B OTKPbITOM
NPOCTPAHCTBE NMO3BOJISIIOT OLIEHUBATh BO3MOXHOCTb pa3pylleHUs 31aHUH,
COOpYXEHHUI1 M TEXHOJIOrMYECKOro 060pya0BaHMs MPH B3pbIBE.
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3.1. MeToaunKa pacyera M36bITOYHOro faBNEHUA B3PbIBa
roptouunx rasos, napos JIB3 u NK B nponssoacTBeHHOM
nomeweHnu

N36bITOYHOE NaBieHUE Ap B3pblBa 045 UHOUBUOYAAbHBIX 20DIOHUX e~
wecme, coctosilumnx U3 atomoB C, H, O, N, Cl1, Br, I, F, onpenensierca no
¢opmyie:

m-Z 100 1
- ’
VCB “Prn Pex KH

TA€ Pmax — MAKCHMMaJlbHOE AaBJIEHME B3PbIBA CTEXMOMETPUYECKOM ra3o-
BO3AYLIHOW MM MapoBO3AYLIHOI CMeCH B 3aMKHYTOM 00beMe, onpeae-
JisleMOo€e 3KCNePUMEHTAJIbHO WM MO CMpaBOYHbIM AaHHBIM. [1pu oTcyTcT-
BMM JaHHbIX AOMYyCKaeTCsl MPUHUMATD P, paBHbIM 900 kI1a;

po — HavainbHoe AaBieHue, Klla (nonyckaeTrcs NnpUHMMAaTb paBHbIM
101 kITa);

m — Macca napoB jerkoocrnaMeHsitounxcs: (JIBXK) u roprounx
xuakocteit (IK), BplluealIMX B pe3ybTaTe pacyeTHOI aBapUM B nome-
LLIEHUE, KT;

Z — K03(GHULHMEHT yyacTHs TOPIOYEro BO B3pbiBE, KOTOPbI MOXET
ObITb paccYMTaH Ha OCHOBE XapakTepa pacnpelesieHHs ra3oB U NMapoB B
o0beMe noMeuleHus coraacHo Taoa. 3.1.

V., — cBODOAHBII 06BEM NOMeELLEHHUS, M> (BOMycKaeTcsi MpUHUMATD
paBHbIM 80 % OT reoMeTpUUYECKOro 00beMa NMOMeLLIEHU);

AP = (Pmax — Po) - 3.1

Tabauya 3.1. 3navenns Ko3dduuueHTa y4acTHs ropioyero BelecTsa, Z

Bua ropioyero sewiectsa 3nauenune Z
Boaopoa 1,0
l'optouue rasnbl (KpoMe Boaopoaa) 0,5
JlerkoBocniaMeHS IOLLMECS U TOPIOYHE XUAKOCTH, HarpeTbie 10 0,3

TEMNEpaTypbl BCMNbIWKU U BblLLIE

J1erkoBOCNIaMEHSIOLMECS W FOPIOYHE XUAKOCTH, HATPEThIE 0,3
HMXE TEMNEPATYPbl BCMBILIKH, NPU HATUYUHU BO3MOXHOCTH 06-
pa30BaHUs a3p0301s

JlerkoBocnlaMeHSIOLLMECS U TOPIOYHE XUIKOCTH, HarpeTbie 0
HHWXe TeMMepaTypbl BCTIbILWKH, NPY OTCYTCTBUH BO3MOXHOCTH
06pa3oBaHKs a3p030is1
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Prn — TUIOTHOCTb ra3a WJM napa INpU pacyeTHOM TeMIepaType,
KT - M'3;

¢ — CTexHoMeTpuueckasi KoHueHTpauus napos JIBXK, % 06.;

K, — K03(pdUUHMEHT, yUUTHIBAIOLLMIA HEFEPMETUYHOCTb NTOMELLIEHUS
¥ HeaanMabaTUYHOCTb npouecca ropeHus. Jlonyckaercsi npuHuMars K,

paBHbIM TpPEM.

MnoTHocTs rasa (napa)

[1n10THOCTB ra3a M napa npu pacyeTHON TeMMepaType f,, BbIYUCS-
10T o dopmMyJe:
M

: (3.2)
Vol +000367-1,)

pr(n) =

rae M — MonsipHasi Macca, KT - KMO/b ™

Vo — MonbHbI 00beM, paBHbIM 22,413 M- KMoJb ™'

1, — pacueTHas Temneparypa, °C.

B kayecTBe pacueTHOM TeMIepaTypbl ClielyeT MIPUHUMAThb MaKCUMaJlb-
HO BO3MOXHYIO TeMIEpaTypy Bo3ayXa B JaHHOM MOMELLIEHUH B COOTBETCT-
BYIOLLIEHM KJIMMATUUYECKOM 30HE UJIM MAaKCMMaJIbHO BO3MOXHYIO TeMIepa-
TYpy Bo3lyXa MO TEXHOJIOrMYECKOMY perjlaMeHTy C yYeTOM BO3MOXHOTO
NOBbILLIEHUS TeMMNeEPATypbl B aBapuitHOM cuTyaunu. Ecim Takoro 3Haye-
HUsl pacYeTHON TEMMEPATYPHI £, 0 KAKUM-JIMOO MPUYNHAM OMPEAEHUTD
He yaaeTcs, A0MYyCKaeTcsl NpMHUMaTh ee paBHoit 61 °C.

CTEXMOMETDM‘IECKaﬂ KOHUEeHTpauua

CTexHoMeTpHUECKYIO KOHLIEHTpaLiuio roptoumx rasos (I'T) mau napos
JIBX u I'X BbIYMCASAIOT MO YpaBHEHMIO:
100

-7 3.3
Pex 1+4,84PB (3-3)

roe B — crexnoMeTpuueckuit KoaGHUUMEHT KUCIOpoaa B peakLLlMK cropa-
HUS, KOTOPBIM ONpeaestoT Kak

ny—n n,

H_X_"0 (3.4)
4 2

rae ne, ny, ng, hx — uncio atomos C, H, O 1 raonnos B MoJiekyJie ropio-

yero.

anc+
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Pacuet Ap s Apyrux MHAMBUAYANbHBIX BELIECTB, KPOME YIOMSHY-
ThIX BbILLE, @ TAKXE MUl CMECEN MOXET ObITh BBIMOIHEH MO hopmyiie
m-Hy-po-Z 1

Ap= ———— —, (3.5)
Vcn ‘Ps 'Cp 'TO KH

rae H, — tensora ropeHus, Jx - kr';

p, — MJOTHOCTb BO3[lyXa 10 B3pblBa MPU HayalbHOM Temnepatype Ty,
KT - M'3;

C, — TennoeMKoCTb Bo3ayxa, JIx - kr~
Martb paBHoii 1,01 - 10° O - ke - K");

P, — HauanbHoe AaBneHue, klla (nonyckaercs npunumars 101 kI1a);

m — Macca roploy4mx BelleCTB, BbIlLIeALINX B TOMELIEHUE B pe3yibTaTe
aBapuH, KT;

Z — K03(PHLIMEHT yyacTHUs roproyero Bo B3pbiBE, KOTOPbIil MOXET
ObITb pAaCCYMTAH HAa OCHOBE XapaKTepa pacrnpelesieH!s ra3oB U NapoB B
00beMe NnoMellleHHUs corylacHo Taoa. 3.1;

V., — cBOOONHDII 00bEM NMOMeLIEHHS, M (monyckaeTcsi NpMHUMaTb
paBHbIM 80 % OT reoMeTp1MueCcKoro oobeMa rnoMeLIeH!s );

K, — ko3 dHLUMEHT, YYUTHIBAIOLLHIA HErepMETUYHOCTh MOMELLEHUS
M He aaMabaTU4YHOCTDb npolecca ropeHus. lonyckaetcs npuHuMarth K,
PaBHBIM TpEM.

T, — HavanbHas TeMnepartypa Bo3ayxa, K.

' K™ (nonyckaercsi nputn-

Macca roptoyero rasa

Macca ropiouero rasa, NoCTYNMUBLIErO B NOMeLIEHUE NPU pacCyeTHOM
aBapuH, onpeaensieTcs no ¢hopmysne

m=V,+V)p, (3.6)

rae ¥, — obbeM rasa, BblLLEALLErO U3 anmnapara, M
V. — o6beM rasa, BblleALIEro U3 TpybonpoBoaos, M.
pr — MJIOTHOCTb FOPIOYEro rasa, Kr - M,

[1pu atoM
V,=0,01p,V, 3.7

rae p, — naBneHue B annapare, Klla;
V — obbeM annapara, M>;

V.=V, +Vy, (3.8)
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roe V|, — obbeM rasa, Bbllllefllero U3 TpyoonpoBoaa 10 €ro oTkKjioue-
HUS, M;
V,. — obbeM rasa, BbillleLLIEro U3 TpyoOINpoBOIa MOCJE ero oTKJKye-
2T
HUSA, M>;
VIT = qT, (3.9)

riae ¢ — pacxoq rasa, onpenejsieMblii B COOTBETCTBUMHM C TEXHOJIOTMYECKHUM
perjaMeHTOM B 3aBUCUMOCTH OT NaBJ€HUS B TpPYOONpPOBOE, €ro 1MaMeT-
pa, TeMIlepaTypbl ra30BOi Cpeabl U T. 1., M- c“';

T — BpeMs 10 OTKJIIOYEHUS TpyOONpoBoaa, C.
Vo = 0,01 ®py(r 2L, +r2L,+ ...+ r2L,), (3.10)

rie p, — MaKCMMalbHOE NaBleHUE B TPyOONpPOBOAE MO TEXHOJIOTMYECKOMY
pernaMeHTy, klla;

r — BHYTPEHHUI paauyc TpyOONpoBOIOB, M;

L — nnvHa TpyGonpoBoaOB OT aBapUitHOTO amnnaparta A0 3aiBUXEK, M.

Macca napoB XuaKocTn

Macca napoB XMIAKOCTH, NMOCTYMUBLIUX B MOMELWLEHHUE NMPHU HAJITUYUHU
HECKOJIbBKUX UCTOYHUKOB HUCMAPEHUA (ﬂOBCpXHOCTb pa3IlVlTOi"l XHUIOKO-
CTH, NOBEPXHOCTb CO CBEXXEHAHECEHHbBIM COCTAaBOM, OTKPbITBIE EMKOCTH
HT. l'l.), Ornpeaensa€TCsa U3 BblpaXX€CHHUA!

+m (3.11)

m=my +Mey,

CB.OKp ?

rae m, — Macca XUAKOCTH, HCTIapUBLLENACS C MOBEPXHOCTH pa3/inga, Kr;

me,, — Macca XUIAKOCTH, UCMTapUBILENCS C MOBEPXHOCTEN OTKPBITBIX
€MKOCTEM, KT;

My oxp — MACCA XUIKOCTH, HCMIAPUBLUENCS € MOBEPXHOCTEI, HA KOTO-
pble HAaHECEH NMPHUMEHSIEMbIii COCTaB, KT.

Ipu 3TOM Kaxnoe u3 cnaraembix B dopmyie (3.11) onpenensiercs no
¢opmyne

m=W-F, -1, (3.12)

raoe m — macca McnapMBlUENCS XHUOKOCTH, KT;

W — MHTEHCHBHOCTb UCTIAPEHUs], KT - €' - M™%

F, — nyowanp ucnapeHus, M.

T — BpEMs UCNapE€HMus4, C.
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WHTEHCMBHOCTbL UCNApPEHNA NapoB

HNHTeHcuBHOCTL McnapeHus W onpenenseTcs no cnpaBoOYHbLIM M 3KC-
NepUMEHTAIbHBIM IaHHbIM. [l He HarpeThbIX Bhbillle TEMIEPATYyphl OKPY-
xaroiei cpeasl JIBX (npu oTCyTCTBMU IaHHBIX) NOMYCKAETCA PACCYUTHI-
BaTb W no ¢popmyne

W=10"nvM-p,, (3.13)

rae N — ko3 duumneHT, npyHMUMaeMsblit no Taba. 3.2 B 3aBUCUMOCTH OT
CKOpPOCTH U TeMIMEepaTypbl BO3AYLIHOTO MOTOKA HaJl MOBEPXHOCTbIO MCMa-
peHus;

M — MonsipHasi Macca, KT - KMOJIb '}

Py — NaBJieHHWE HACBILIEHHOTO Napa NMpH pacuyeTHON TeMmepaType
XHUIOKOCTH 1.

Tabauya 3.2. 3navyenne ko3pduunenTa n

Ckopoctb Bo3ayw- | 3nauenne koadduumeHTa 1 npyu Temnepartype ¢, °C, BO3yXa B NOMeLLEHUH
HOro NOTOKa B Nno-
MeleHuH, M - ¢! 10 15 20 30 35
0 1,0 1,0 1,0 1,0 1,0
0,1 3,0 2,6 2,4 1,8 1,6
0,2 4,6 3,8 3,5 2,4 2,3
0,5 6,6 5,7 5,4 3,6 3,2
1,0 10,0 8,7 7,7 5,6 4,6

Ecan aBapuitHasg cuTyalus CBsi3aHa C BO3MOXHbIM MOCTYIJIEHUEM
XUIKOCTH B pacrblJIEeHHOM COCTOSIHUM, TO OHA J0JIXHA ObITh YYTEHA BBe-
JIeHWEM AONOJIHUTEBHOIO CJIaraéMoro, YYUThIBAIOLLEro 0Ol Y10 Maccy Mno-
CTYNUBLLEHI XMUIKOCTU OT pacnbUISIIOLLMX YCTPOICTB, UCXOAs1 U3 MPOAOJI-
XHUTEJbHOCTH UX paboT.

B cnyyae Hannuus B NoOMELIEHUHU TOPIOYMUX ra3oB, JierKoBoCMaMe-
HSIIOLLIMXCS MJIM TOPIOYMX XHUIAKOCTEH NMpH ONnpeaeseHUN 3HAYEHUSI MacChl
roproyMx napoB MJIM ra3oB AOMYCKAaeTCs yYUThIBaTb paboTy aBapuitHOM
BeHTUIsUMK. OHa 0oJIXHa ObITh ODecneyeHa pe3epBHBIMM BEHTHUIISITOpA-
MH, aBTOMAaTMYECKUM MYCKOM, €CJIM UMEETCsl NpeBbIlliEHUE NPeaAesIbHO 00-
NyCTUMO# B3pblBOOE30MACHON KOHLIEHTPALIUK U 31€KTPOCHabXeHMeE Mo
NnepBOil KaTeropuy HaleXXHOCTU. YCTpoHCTBa Al yaaleHUsl Bo3ayxa U3
MOMeLLEHUS IO/KHBI ObITh PAaCMOIOXEHBI B HEMOCPEACTBEHHOI GJIM30CTH
OT MeCTa BO3MOXHOI1 aBapUM.
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B aTOM ciyuae onpelensioT Maccy akKyMylMpoBaHHbix napos JIBX,
K nau roproumnx raszos no dopmye

m, =T (3.14)
A, -1
P
3600

*
rae m, — Macca akkyMynupoBaHHbIx napos JIBX, K wau [T, kr;
m_ — Macca ucnapuslumxcst napos JIBXK, I'’)X nau Bbienumx I'T, kr;

T — npoaoxurenbHocTb noctyniaeHus [T n napos JIBXK u 'K B 06b-
€M IMOMELLEHUH, C.

3.2. MeToauka pacyeta usbbITOYHOTO AaBNEHUA B3PbIBA
ropioyev NbiNu B NPOM3BOACTBEHHOM NOMELLEHNH

PacueT u36bITOYHOTO AaBieHHUS B3pbiBa Ap, kI1a, nponu3BoauTcs no
(3.5), B kOoTOpOI KO3IDPULMEHT y4yacTHs B3BELLIEHHOM MblJIK BO B3pbiBE
(Z) paccunTbIBaeTCs:

Z =0,5F, (3.15)

rae F — maccoBas 10/l YacTHLL NbIJIM pa3MEPOM MEHeE KPUTHYECKOTO, C
npeBbillieHUEM KOTOPOro a3poB3BeChb CTAHOBMUTCS B3pbiBOOE30MacCHOI,
T. €. HECMTOCOOHOM pacnpoCTpaHsaTh Mjams. B oTCyTCTBME BO3MOXHOCTH
NnoJiydeHUsl CBElEHU I U1 pacyeTa BeJMUMHbI JONYCKAeTCa MPUHUMATh
Z=0,5.

Macca B3BewWweHHOMN NbiU

PacuyeTHas Macca B3BelLEHHOIl B 06beMe NMOMeELLEHHUS MblJIK m (Kr),
obpa3oBaBluUeiics B pe3y/ibTaTe aBapUitHOI CUTyallMH, ONIpeesISieTCs NOo

dopmyine
m=my +my, (3.16)
rae my, — pacyeTHasi Macca B3BELIEHHOM MbUIM B BO31yXe, KT;

m,, — pacyeTHas Macca Mbliu, MOCTYNMUBILEN B TOMELLEHHUE B PE3YJib-
TaTe aBapMMHON CUTyalLMH, K.

PacyeTHas Macca B3BelLLIEHHOM NMbIIU my,; ONpenensaeTca rno d)OpMyIIC:
my; = Ky my, (3.17)

14 495
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rae K, — nons oTJIOXMBLIEHCS B MOMELLEHUM MBI, CIOCOOHOI nepeiTu
BO B3BELUEHHOE COCTOSIHUE B pe3yJibTaTe aBapHitHoi cutyauuu. Ipu ot-
CYTCTBMMU IKCMEPUMEHTaIbHbIX CBEAEHUI 0 BeanunHe K, nonyckaeTcs
npuuumarb K, = 0,9;
m_ — mMacca OTJIOXMBLIEHCS B MOMELLEHHUH NMbUIM K MOMEHTY aBapH1H, KI.
PacuyeTHas Macca nbliu, MOCTYNUBLLIEN B MOMELLIEHUE B pe3y/ibTaTe
aBapMiHOI1 cMTyaumnu, m,, (Kr), onpenensiercs no popmyine:

My, = (my, +qT)K, (3.18)

rae m,, — Macca roptoyeit nbulx, BbIGpacbIBaeMOit B MOMeLIEHWE U3 anmna-
para, Kr;

g — TIPOU3BOAUTENILHOCTb, C KOTOPOM MPOAOJIXAETCH MOCTYIIEHUE
NbUIEBUAHBIX BEILIECTB B aBapUitHbIi anmnapat 1no Tpy6onposoaaM 10 Mo-
MEHTa UX OTKJIIOYEHUS], KT - C '

T — BpeMs OTKJIIOYEHMUH, C;

K, — k03 PHUMEHT nbuleHHMS, MPEACTaBASIOLINIA OTHOLIEHUE MACChI
B3BELLUEHHOM B BO31yXe MblJIM KO BCEW Macce MNblIN, MOCTYNMUBLLIENH U3 an-
napara B nomelieHue. Ilpu OTCYyTCTBUM 3KCNIEPUMEHTAIbHBIX CBEAEHHUI O
BeJMYMHe K|, lonyckaeTcs rnosarathb: AJsl Mbljeil ¢ pa3MepoM He MeHee
350 mxm — K, = 0,5; nns nbineit menee 350 mxkm — K, = 1,0.

Macca nbiiu, OTJOXUBLIENCA B NOMELIEHUN K MOMEHTY aBapuH, OM-
penensietcs no ¢popmyie:

m, = ﬁ-(m, +m,), 3.19)

Ky
rae K. — noss roproyeii nbliv B 00LLEH Macce OTJIOXEHHMI NbLIH;

m; — Macca NnbuUlM, OCeaoLLei Ha TPYAHOAOCTYMHbIX 1151 YOOPKH Mo-
BEPXHOCTSIX B MOMELUEHUH 3a NMEPUOA BPEMEHU MEXIY FeHepalbHbIMU
ybopkamu, Kr;

m, — Macca nbliu, ocelalolleid Ha IOCTYMHBIX 11 yOOpKM MOBEPXHO-
CTSIX B TOMELIEHNHM 3a NEpUO BpEMEHU MeXAy TeKyLIMMHU yOOpKaMH, Kr;

K, — x03¢dpduuneHT 3¢ ek THBHOCTH NbLIeyOOPKH.

[IpuHuUMaeTcs npu pyyHoH nbuieybopke:

cyxoit — 0,6;
BJaxHoit — 0,7.
[Tpu MexaHM3MpPOBaHHOI BaKkyyMHOM y6opke:
non poHbliit — 0,9;
noJ ¢ BbibomHamu (no 5 % naowanun) — 0,7.
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[Mon TpyaHOOOCTYNHBLIMU [N YOOPKH TUJIOILIAASIMU NOJApa3yMeBaloT Ta-
KHe MOBEPXHOCTH B MPOU3BOJACTBEHHbIX MOMELLIEHMUSIX, OUUCTKA KOTOPBIX
OCYLUECTBJISIETCS TOJILKO MPU IeHepalibHbIX YOOpKax nbuiH. JJOCTYMHBIMU
1Sl yOOPKM MECTaMH SIBJISIIOTCSI TOBEPXHOCTH, Mbl1b C KOTOPbIX yAAISIETCS B
npouecce TeKYLIUX yOOPOK (€XXeCMEHHO, €XECYTOUYHO U T. I.).

Macca nbuiu m; (i = 1,2), ocenarolieil Ha pa3M4YHbIX MOBEPXHOCTSAX B
NOMeLLEHHMHU 3a MeXYDOOpHbI1 nepuol, onpeaensieTcs: no popmysne:

m; = M;(1-a)B; (i=1,2), (3.20)

roe M; = z M, ; — Macca nbuH, BbIAENAOLIASACS B 00beM NMOMELLEHHS 3a
J
Nepyoa BpEMEHHU MeXAay reHepalbHbIMU MblieyOOpKaMH, Kr;

M,; — macca nbui, BblAensieMast eAMHULEH MbLISLLEro 060pyaoBaHU s
3a yKa3aHHbI1 epuoa, Kr;

M, = Z M,; — macca nbui, BbiAENsOWAsCS B 00beM NOMeELLEHNS 3a

J
NepUoA BpeMEHHU MeXAy TEKYLLMMHU MbUieybopKamMu, Kr;

M, ; — macca nbliu, BolaensieMas eAMHMLEH MbuIsLLEro 060py10Ba-
HMSl 32 YKa3aHHbII nepuon, Kr;

o — J10J1s1 BblAensolleics B 06beM NMOMELLEHHUS MbUIK, KOTOpas yla-
JsieTcs BHITSKHBIMM BEHTUISILMOHHBIMU cucTeMaMHU. [lpu oTcytcTBUM
3KCMEepPUMEHTAIbHBIX CBEIEHUI 0 BeIMUMHe o nonaraioT o = 0;

B,, B, — nonu BbiAensioLLeiics B 06beM MOMELLEHHS MbLTH, Ocealo-
1Llell COOTBETCTBEHHO Ha TPYAHOLOCTYMHbIX U AOCTYMHbIX [Ulsl yOOpPKM Mo-
BepxHoCTsix noMelleHus (B, + B, = 1). [pu oTcyTcTBHUM CBeAeHMIt O BeNu-
unHe ko3t duumeHTos B, 1 B, nonyckaercs nonarats B, = 1, B, = 0.

3.3. MeToauka pacyeTa u36bITOYHOro faBNeHUA
B3pbIBa ropoyux razos, napos JIBX u NK
B OTKPbITOM NPOCTPaHCTBE

MeToamka pacuyeTta U30bITOYHOTO AaBleHHUS B3pblBa FOPIOYMX ra3os,
NapoB JIErKOBOCIIAMEHSIOIMMUXCA U TOPIOYUX XUIKOCTEN B OTKPHLITOM
NpPOCTPaHCTBE COCTOMUT M3 CJIEAYIOLMX 3TAMNOB:

e pacueTa Macchl FOpIOYEro rasa, roproUMX NapoB U CXHUXEHHbIX yrie-

BOJOPOIHbBIX Fa30B, MOCTYMUBILMX B OKpYXalollee MPOCTPaHCTBO;

14*
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e pacyeTa ropU30OHTaJIbHBIX pa3MePOB 30H, OrpaHUUYMBAIOLLIMX Fa30- U
NnapoBOAYLLHbIE CMECHU C KOHLEHTpauuei roptoyero Boilie HKIIP,
Npy aBapMHOM NOCTYMJIEHUHU FOPIOYMX ra30B U MapoOB HEHArpeThiX
JIErKOBOCIUIAaMEHSIOLLIMXCS XXUAKOCTEH B OTKPBITOE NMPOCTPAHCTBO;

e pacyeTa U30bLITOYHOTO JaBJEHUS U UMNYJIbCA BOJIHbI AaBEHUS MPU
CropaHHWM CMecei ToprYMX ra3oB M MapoB C BO3AYXOM B OTKPbITOM
NpPOCTPAHCTBE.

3.3.1. Pacyem macc 2oproyux sewecms

Macca rasa m, Kr, NoCTYNMMBLIEro B OKpyXatolllee NpoCcTPaHCTBO NMpH
pacyeTHOI1 aBap1H, ONpeaesieTCsl aHAIOrMYHO pacyeTy MaccChl FOpPIOYEro
rasa, NoCTynuBLIEro B MPOU3BOJACTBEHHOE NMOMeLLEHUE (CM. pa3a. 3.1).

Macca napoB XUIKOCTH m, KI', MOCTYNMUBLIUX B OKpYXalolliee Mnpo-
CTPAHCTBO MPU HAJIMYUHU HECKOJIBKMX UCTOYHUKOB UCTapeHUs (ITOBEpX-
HOCTb Pa3jIMTON XHUAKOCTH, MOBEPXHOCTb CO CBEXEHAHECEHHBIM COCTa-
BOM, OTKpPbITblE EMKOCTH M T. I.), onpenensieTcs U3 BoipaxeHus (3.11) ¢
YYETOM MAaccChl XMAKOCTH, UCApUBILIECS B OKpyXalolllee NMpOoCTPaHCTBO.
Otciona BbipaxeHue (3.11) npumer Bua:

+m +m (3.21)

E€MK CB.OKp

m=m, +m .

rae m, — Macca XHIKOCTH, UCTTapUBLLIEICS B OKpyXalollee MPOCTPaHCTBO
B CJlyyae €€ neperpeBa, Kr.

[pu 3TOM cnaraemble my, Meyy, Mey oxp B opMyse (3.21) onpenensior
M3 BbIpaxeHus (3.12), B KOTOPOM T YYUThIBAET MPOAOJXHUTENBHOCTD MO-
CTYIUJIEHMS] Napa JIerKOBOCIJIaMEHSIIOLLMXCS M TOPIOYMX XHUAKOCTEN B OK-
pyXxatoliee nNpocTpaHCTBO.

Beanuunny m,, onpeaensiot no popmyne (npu 7, > T, ):

2Cp(Tx - TKHI'I)
L "

Hen

m, = min<08mg; s (3.22)

rae C, — yaenbHasl TEMJIOEMKOCTb XHAKOCTH MU TeMrepaType neperpesa
xuakoctu T, Ix - kr!- K";

T,. — TeMnepaTypa NeperpeToil XMIAKOCTH B COOTBETCTBUM C TEXHOJIO-
rMYeCKHUM perjlaMeHTOM B TEXHOJIOTMYECKOM anmnapare UJin obopyaoBa-
HuH, K;

T,y — HOpMaJIbHasl TeMIepaTypa KMMeHUs XUAKocTH, K;
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L, ., — YOe/nbHas TeruloTa UCMapeHUsl XXUIAKOCTH NP TeMmneparype fne-

perpesa xuakoctu T,, Ix - kr™'.

W HTeHCHMBHOCTbL McnapeHUst W onpeaensieTcsl No CrpaBOYHbIM M 3KC-
nepUMeHTaNbHbLIM AaHHBIM. JIns HeHarpeThix JIBX npu oTcyTcTBUM NaH-
HbIX JoMycKaeTcs paccuuTbiBaTh W no dopmyne (3.13).

Jnst cXuxXeHHbIX yrinesoaopoaHsix razoB (CYI) npu oTcyTcTBMM NaH-
HbIX I1OMYCKAETCsl pacCUMTBIBATh YIe/lbHYI0 Maccy ucnapusuerocs CYT
Meyr (KT - M_Z) no ¢popmyie

M r  S51WRe-A, -t
Mo =7 (To =Ty )| 2% /n'a+ . 20 (3.23)

ucn

rae M — monspHasa macca CVYT, kr - Mo.nb";

L, ., — monbHas Tennota ucnapenust CYT npu HauanbHoIt TeMnepa-
type T,, X - Monb™';

T, — HavanbHas TeMnepaTypa MaTepuana, Ha OBEPXHOCTb KOTOPOro
pasnuBaetcsi CYT, K;

T, — HavanbHas Temnepartypa CYT, K;

A, — K03 PHULHEHT TEMJONPOBOAHOCTH MaTepuaia, Ha MOBEPXHOCTb
KoToporo pasaubaetcsi CYI, Bt - MK ;

t — Texylllee BpeMs, C, TPUHMMAeMOe paBHbIM BPEMEHHU TMOJIHOTO UC-
napeuusi CYT', Ho He 6onee 3600 c;

A, — K03GbdHULMEHT TeNJONPOBOAHOCTH Bo3ayXa, BT - MK

KoadpdpuumeHT TeMnepaTyponpoBOAHOCTH MaTepuana, Ha MOBEpPX-

HOCTb KoTOoporo pa3nuBaetcsi CYT, M2 ch:

qo_tm (3.24)

b
CTB “Prs
rae C,, — TEMJIOEMKOCTb MaTepHuaia, Ha oBEPXHOCTb KOTOPOro pa3/inBa-
erca CYT, Ax - kr™' - K";
pr; — TUIOTHOCTb MaTepuaia, Ha MOBEPXHOCTb KOTOPOTO pa3/iBaeTcs
CYT, kr- M.
Yucno PeitHonbaca onpeaensioT no 3aBUCMMOCTH:
U-d

Re = s
\%

B

rae U — cKOpOCTb BO3AYLUHOTO MOTOKA, M - € ;
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4F
d= " _ xapakTepHblit pa3Mep npoaunsa CYT, m;
n

VvV, — KMHEMATHU4Y€CKas BA3KOCTb BO3yXa, M2 . C_l.

®opwmyana (3.23) cnpaseanusa ans CYT ¢ remnepartypoit T, < T, .
Ipu temneparype CYT T, > T, AONONHUTENLHO PacCYUTBLIBAETCA Macca
neperpetbix CYT m,, no dopmyae (3.22).

3.3.2. Pacyem 2opuszonmansHbix pa3mepos 30H
2oproyell cMecu npu asapulilbix 8bl6pocax
8 OMKpbIMOe npocmpaHcmso

PacueT ropu3oHTaNbHBIX pa3MepOB 30H, OrpaHMUYMBAIOLLIMX Ta30-
Y MapoBO3AYyLIHbIE CMECH C KOHLIeHTpalueii roptoyero Boilie HKITP ocy-
wecTBasieTcs no ¢popMysiam, M:

e 115 roptoumnx rasos (I'T):

m 0,333

RHK”P = 14,5632 [—r) , (325)
Pr® Hxnp
e Il NMAapOB HE HArpeTbiX JIETKOBOCIMJIAMEHSIOWMXCS XUIAKOCTEM
(JIBX):
0,813 0,333
Ruxnp =3,1501JE[ Py ] [ M J , (3.26)
? Hknp Pn - Pu

rae m,— mMacca NocTyNnMBLIMX B OTKpbITOE NpocTpaHcTBO I'T npu aBapwuii-
HOM CUTyallUH, KT;

p, — muotHocTb I'T npu pacyeTHoit TeMnepatype M aTMoc¢epHOM
NaBJI€EHUMU, KT M"3;

m,, — Macca napos JIB2K, nocTynuBLuMx B OTKpbITOE NPOCTPAHCTBO 34
BpeMsl MOJIHOTO UcnapeHus, Ho He 6osee 3600 c, Kr;

p, — njaoTHocTb napos JIBXK npu pacuyeTHoit Temnepatype U aTMO-
chepHOM JaBlIeHUH, KT - M™>;

p,, — AaBlieHHe HacblweHHbIX napoB JIBXK npu pacueTHoit TeMnepary-
pe, klla;

K — xo3(ppuuMeHT, NnpruHMMaeMblit paBHbIM K = %%Lum JIBX;
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T — npononxuTtenbHOCTb noctymieHus napos JIBXK B oTKpbiTOE Npo-
CTPaHCTBO, C;

Pyknp — HUXHUA KOHLEHTPALUMOHHDINA Mpeaes pacnpocTpaHEHUs
niaMenu I'T unu napos JIBX, % 06.

[MnoTHOCTB ra3a UjM napa pacCUMThIBalOT No ¢opmyJie

M

S, . I (3.27)
Vo(l +0,003671,)

Prm) =

rie M — MonsipHas Macca, Kr - KMOJlb

V, — MonbHbIit 00bEM, paBHbIit 22,4 M- KMO.nb";

1, — pacyeTHasl TeMnepartypa, ‘C.

B kauecTBe pacyeTHOI TeMnepaTypbl CleayeT MPUHUMATb MAKCUMATTb-
HO BO3MOXHYIO TEMIEPATYypy BO3yXa B COOTBETCTBYIOLLEN KIMMaTHye-
CKO# 30H€ MJIM MAKCMMaJIbHO BO3MOXHYIO TEMIEpaTypy Bo3ayxa Mo TeX-
HOJIOTMYECKOMY PEIIAMEHTY C YYETOM BO3MOXHOIO MOBBILIEHUS TEMIEpa-
Typbl B aBapuiHON cuTyauMu. Ecau Takoro 3HayeHMs pacuyeTHOM
TEMINEPATYPBI £, 110 KAKUM-JINOO MPUYHHAM ONPENENUTD HE YAAETCS, 10-
NycKaeTcsa NpMHUMAaTh ee paBHoi 61 °C.

3a HayaJlo OTcYeTa FOPMU3OHTAILHOrO pa3Mepa 30Hbl MPUHUMAIOT
BHelllHWe rabapuTHbIe pa3Mephbl annapaToB, yCTAaHOBOK, TPYOONpPOBOAOB
1 T. . Bo Bcex cayyasx 3HaueHue Ryxpp LOJKHO ObITh He MeHee 0,3 M As
I'TulJIBX.

3.3.3. Pacyem u36b6imoyH020 dasnexus u umMnynsca
BONIHbI 0asneHus

BennunHy u3dbiTouHOro aaeneHus Ap, klla, passuBaeMoro npu cro-
paHUH ra3o-, NapoBO3AYLIHbIX CMeceil B OTKPbITOM MPOCTPAHCTBE, ONpe-
nensioT no ¢popmyine

0,8m%3 3m2%  5m
Bp = po| ==+ 3=+~ |, (3.28)
r r

rae p, — atMocdepHoe naBneHue, Klla (qonyckaercsi NpUHUMaTh paBHbIM
101 kITa);

r — pacCTOsIHUE OT reOMEeTPUUYECKOrO LIEHTPa ra3onapoBO31YLLIHOIo
objaka, M;

m,,, — NMPUBENEHHAs Macca rasa uiu napa, Kr.
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anBCﬂeHHle Maccy rasa Uju napa BbIYUCIAIOT IO d)opmyne

m, = —Q—ﬁ -m-Z, (3.29)

np Q
o
I

rae Q. — yleJlbHas TenjaoTa ropeHust rasa uau napa, JIx - kr-;

Z — K03(pDULMEHT yyacTHsl TOPIOYMX ra30B M NMapoOB B rOPEHUH, KOTO-
Pt qonyckaeTcs NpUHUMaTh paBHbIM 0, 1;

0, — KOHCTaHTa, paBHas 4,52 - 108 Jx - Kr";

m — Macca roproymx rasoB M (Mn) Nnapos, MOCTYNMUBIIKX B pe3yJjibTaTe
aBapMy B OKpYXarollee NpocTpaHCTBO, K.

BennunHy nmnynbca BosHbl aaeneHus i, (Ia - ¢) Belunucasior no ¢op-
MyJse

0,66

m
i=123-2_. (3.30)
r

3.3.4. Pacyem Kpumepues 83pbI8ONOXKAPHOU onacHocmu
ona 2opiovell neinu

KoaunuecTBo BeulecTs, KOTOpble MOTYT 06pa3oBaTh roproyMe U B3pbl-
BOOIMACHbIE MbUIEBO3AYLLUHbIE CMECH, ONpPEAESIETCS B NPEANOJOXEHUH,
4YTO B MOMEHT pacyeTHOi1 aBapuu NMpou3ollja MjiaHoBasi UM BHe3amnHasi
pasrepMeTHM3auMsl OOHOTO U3 TEXHOJIOTMYECKUX amnmnapaToB, 3a KOTOpPO#
MocJieloBaj aBapyitHbIi BLIOPOC B OKpYyXarolllee NMpoCTPaHCTBO HaXOAMB-
wencs B annapare Nnblin.

PacueTHas Macca nbliv, NOCTYNMUBLIEH B OKpyXatollee NMPoCTPAHCTBO
NpM pacyeTHOI aBapuu, onpeaesercs no ¢popmysne (3.16).

[Ipn 3TOM BeNMYMHY m,, OnpelensitoT no ¢GopmMyJje, aHaTOrMYHOIA
3.17):

my, = K. K,my, (3.31)

rae K. — nons roployeit nbljiv B o6LLEi Macce OTIOXEHUIA MbLIK;

K, — nonst oTnoxeHHo# BOAM3M anmnapara nbulM, cnocobHoi nepeii-
TH BO B3BELLIEHHOE COCTOSAHUE B pe3y/ibTaTe aBapuitHOM cuTyauuu. B ot-
CYTCTBME 3KCMEPUMEHTAIbHBIX JAHHBIX O BeIMYMHE K|, NONyCKaeTcs Nnpu-
HuMmarb K, = 0,9;

m_ — Macca OT/JI0OXMUBLIeics BOMIM3M anmnapara NbulM K MOMEHTY aBa-
puM, Kr.
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Bennuunny m,, onpeaensiiotr no popmysne (3.18).

N36bITOuHOE naBneHne Ap 1Ulsi TOpIOYEi MbIJIM pacCUUTHIBAETCS Clle-
QyIOLLMM 06pa3oMm.

OnpenensoT NpUBENEHHYIO Maccy roproyeit nuiau (kr), no popmyie,
aHajlornyHoit (3.29):

T, (3.32)

TO

rae m — macca roproyeii nbljiv, NOCTYMMBILIEH B pe3y/bTaTe aBapUH B OK-
pyXxatolliee NpoCTPaHCTBO, KT;

Z— k03bhHUUMEHT y4acTHs NMblJIM B TOPEHUH, 3HaYEHUE KOTOPOro A0-
nyckaeTcsi npuHMMath paBHbIM 0,1. B oTaenbHbIX 060CHOBaHHBIX Cllyyasix
BeJIMYMHA Z MOXET ObITb CHUXEHA, HO He MeHee yeM 10 0,02;

H, — tennora ropeHus nouiu, JIx - kr;

H., — KoHcTaHTa, NpMHMMaeMas paBHoii 4,6 - 108 I - xr".

Briuncnsior pacuyeTHoe M3bbiTouHoe nasneHue (klla) no (3.28).

BennunHy nmnynbca BosHbl nasneHus i (I1a - ¢), BeiuncasoT no ¢op-
myne (3.30):

0,66

m
i=123-2_ .
r

3.4. MeToaunka pacyeTa UHTEHCUBHOCTU TEeNNOBOro
u3nyyeHua OrHeHHoOro wapa

Ipu paspyweHun pesepsyapa c JIBXK, I'T, CYT BbiGpoc roproyero Be-
uiecTBa B aTMochepy NpUBOAUT K 0O6pa3oBaHHI0 obyaka. O6iako cMecH
NnapoB WJIM ra3oB C BO3AyXOM, NnepeoborailleHHOe ropioYMMH BELLECTBAMMU,
He CrocoOHO ropeTb B 1€ TOHALIMOHHOM pexume. OHO HaYMHAET ropeTh ¢
BHELUHEH 000JIOYKH, TOPUT Mo AediarpalilMOHHOMY MeXaHU3MY U 00pa3y-
€T OTHEHHBIH wap.

Ocznennsiii wap — KpynHomaciutabHoe aMd¢by3MoHHOe ropeHue, pea-
JIM3yeMoe MpH pa3pbiBe pe3epByapa ¢ roployeit XUIAKOCTbIO WM ra3oM Mnoj
JIaBJIeHUEM C BOCIJIaMEHEHHEM COAEPXHUMOro pe3epByapa.

BbicokoTeMmnepaTypHble MPOAYKTbl TOPEHHUsI CBETATCS M M3JIyyaloT Te-
NJIOBYIO 3HEPTHUI0, YTO MOXET CTaTh MPUYMHOMN 0XOroB KOXHbBIX MOKPOBOB
JIloeit, HaXONSILLMXCS Ha OMacHbIX pacCTOSIHUAX. OTHEHHBIN 1L1ap 3apoX-
IAETCA B MOMEHT KOHTaKTa 00J1aka C MCTOYHMKOM 3axuranus. [logHuMa-
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ACb, lIap obpa3yeT rpuboBUaHOE 06J1aK0, HOXKA KOTOPOro — BOCXO.sl-
lliIMe KOHBEKTUBHbBIE MOTOKMU Bo3ayxa. BoByiekaeMblit Bo3nyx pa3baBisieT U
OXJ1aXAAET rasbl, paAMalMOHHbIE NMOTEPH TaKXe BHOCSAT CBOM BKJall B NMpO-
uecc ObicTporo oxjaxaeHusa. [opeHue ra3oB M BOBJIEYEHHOTO BO3ayxa
NpoaoJIXaeTcs 10 TeX Mop, Moka TeMIepaTypa ropeHUsl He CTAaHOBUTCH
MEHbLUE TEMIEPaTypbl BOCIIAMEHEHHSI.

M HTEHCHMBHOCTD TEMJIOBOTO M3JydeHus g, KBT M2, s moxapa npo-
JIMBa XUAKOCTH WM MPU FOPEHUU TBEPABIX MaTepUaIOB BHIYUCSIOT MO
¢opmyine:

qg=E;Fr, (3.33)
rae E— cpeaHenoBepXHOCTHasH MJIOTHOCTD TEMJIOBOTO U3J1y4eHMs Niame-
HH, KBT - M-Z;

F, — yrnoBoii KoappuumeHT 061y4eHHOCTH;

T — K03 (PHUUMEHT NMponycKaH1s aTMocepbl.

BennunHy E onpenensior Ha OCHOBE MMEIOLUMXCS IKCMEPUMEHTAJIb-
HbIX AaHHbIX. JlonycKaeTcst A/ OTHEHHOTO Liapa NpUHNUMaTh £, paBHbIM
450 kBT - M.

YrnoBoit Ko3pHULMEHT 00Jly4eHHOCTH ONpeENEsiioT no dpopmyJe:

—Ii +0,5
dy
F, = , (3.34)
2 2 1,5
sl Hvos| +| -
dS ds

rae H — BbICcOTa LIEHTpa OrHEHHOTO LIapa, M;

d; — 3O PEKTUBHBII AMAMETP OTHEHHOTO LIapa, M;

r — paccTtosiHue oT 00Jly4aeMoro oobekTa 10 TOYKU Ha MOBEPXHOCTH
3€MJIM HEMOCPENCTBEHHO MO LEHTPOM OTHEHHOTO 1lapa, M.

OddekTUBHBIA AMaMeTp OrHEHHOro liapa d; onpeaenstor no ¢op-
MmyJie

0,327
d; =533m>"", (3.35)

rjae m — mMacca roployero BellecTBa, Kr.
BennunHy H onpenensiioT B xoae CrieLHalbHbIX UccienoBaHui. Jlo-
nyckaeTcsi NpUHMMaThb BenMuuHY H paBHoIi d, /2.
Bpemst cylecTBoBaHMSI OTHEHHOTO L1apa T, C, ONpeaesoT no ¢op-
MyJie
T, =092m*30, (3.36)
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KoaddpuumeHT nponyckaHus atMocdepbl pacCUMThIBAIOT Mo ¢op-

MyJie
1= exp[—7,0 107 [\/rz +H? - %H i (3.37)

3HayeHMe CpelHEeNOBEPXHOCTHOM MJIOTHOCTH TEIJIOBOTO U3JIyYeHUS
niameHu E; NpuHUMaeTcst Ha OCHOBE MMEIOLMXCS IKCTIEPUMEHTATbHBIX
NaHHbIX. 111 HEKOTOPBIX XHUIKHUX YIJI€BOJAOPOAHBIX TOMJIMB yKa3aHHbIE
IlaHHbIE NMPUBEAEHBI B Tab. 3.3.

I1py oTCyTCTBUM NaHHBIX 1OMYCKAeTCs MPUHUMATD BEIUUNHY £, paB-
Hoit: 100 kBt M~ — ans CYT (CXXMXEHHbIE YIJeBOAOPOAHbIE ra3bl),
40 kBT - M2 — i HedTenpoaykTos, 40 KBT M2 s TBEPIbIX MAaTEPHAJIOB.
Tabauya 3.3. CpeaHenoBepXHOCTHAA NJIOTHOCTH TENJIOBOTO H3J1y4YeHHS N1aMeHH

B 3aBUCHMOCTH OT IHAMETPA o4ara H yJe/ibHas MaCCOBast CKOPOCTb BbIrOpaHHUA
U1 HEKOTOPBIX XXHAKHX YrJjieBOAOPOAHBIX TOIMNJIHB

E/= Bt- M2 ) :
Tonauso mKr-M"-c
d=10M[d=20mM|{d=30M|d=40M|d=50™m

CVYT (MertaH) 220 180 150 130 120 0,08
CVYT (Mponan-6yTaH) 80 63 50 43 40 0,10
BeH3un 60 47 35 28 25 0,06
Ju3enbHoe TOMIMBO 40 32 25 21 18 0,04
HedTb 25 19 15 12 10 0,04

ITpumevanue. [Ina nnaMetpoB oyaroB MeHee 10 M unu Gonee S0 M cnenyetT NpUHU-
MaTb BEJIMYUHY E,Taxoﬁ Xe, Kak ¥ uis oyaroB auaMeTpoM 10 M 1 50 M, COOTBETCTBEHHO.

3.5. OyeHKa cuTyayum npu B3pbiBe pe3epByapa BbICOKOro
AABNEHUA C XMMUYECKU UHEPTHLIM ra3om

ﬂpu B3pPbIBE€ PE3€PBYAapOB BBICOKOIoO n1aBJI€EHUA C XUMHUYECKHU UHEDPT-
HEIMU radaMm MOryT 06pa3OBblBaTbCﬂ yaAapHbIC BOJIHLI, CMOCOOHbIE npu-
BECTU K CEPbE3HBIM pa3pylLEeHUsIM U TpaBMaM. DHEPrHIO B3pbIBa cocyla
noa naBJI€HUEM MOXHO OLEHUTDH MO BEJIMYUHE paﬁOTbl aﬂ"a6aTM"lCCKOrO

paClUMPEHUSA CXKATOro rasa:
En=£I'(—,—_%°--V,,ﬂ>K, (3.38)

rie p, — abCoOTHOE AaBJieHHUE ra3 B pe3epByape 0 B3pbiBa, [la;
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Py — aTMocepHoe nasneHue, a;

k, — nokasaTenb anMabaThl ra3za, HaXoAILErOCA B pe3epByape;

V., — obbem pesepsyapa, M.

IMpennonaraeM, YTo onMcaHue ra3oAMHaMMKHY B3pbIBHOTO Mpolecca
MCXOIMT M3 TEOPHUM TOYEYHOT0 B3pbiBa. MareMaTuyeckas Molesb yaapHOH
BOJIHBI OyIET OCHOBBIBATLCS Ha NMPUOJMXEHUU aHATUTUYECKUX Bblpaxe-
HMI1 ¢ ucronb3oBaHKWEM Ge3pa3MepHbIX BelnuunH. beapasmepHoe paccrosi-
HME OT LEHTpa B3pbiBa 10 GPOHTA YAAPHOH BOJIHbI MOXHO MOJYUYUTb U3
BbIpaXeHUS:

R =2, (3.39)
roe

(3.40)

IMHAaMHUUYECKUI napaMeTp;

Ry, — paccTosiH1e OT LeHTpa B3pbiBa 10 PACYETHOI TOUKH, M;

ky s — K03 GUUMEHT NEpexona IHEPTMMU B3PIBHOTO MPOLIECCA B IHEP-
THIO Y1apHO# BOJIHbI (B NEpBOM NpubanxeHun ky , = 0,5).

JaBneHue Ha ppoOHTE yaapHOIt BOJTHBI MOXHO OMNpeneJUThb Mo clie-
IYIOLLUM ypaBHEHUSIM:

1. Do ,Ma, 0< R, <2;
k+1 14 1425-k-o- R}
P = 4 (3.41)
po ana, R_g 22’

k+1 _14 1+ 50kR2[In(R, /2) +1]

rae k — nokasaresib aaMadartbl 11si ra3oo0pa3Hoi cpelbl, B KOTOpoi obpa-
3yeTcs ylapHas BOJIHa;

0. — 3HEpreTUYeCcKMit napaMeTp B3pbiBa.

DHepreTHYECKMii NnapaMeTp B3pbiBa O onpeaensercs no ¢popmynaM
BUA:

a=a,(k-n2rarED <

o= alk—2|448+0,2325lgk , k>2.

3HauyeHUs KO3 OHULMEHTOB a,, a,, a; NPUBEAEHDI B Tab. 3.4.
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CKopocTb YyacTHLl ra3a 3a GpoHTOM yIapHOH BOJIHbI BbIYMCISIETCS MO
dopmynam:

.S T— M/c, puR; <2;

S(k+1) RS ok fo, nonk, <2 G42)
ug= :
4 I

, M/c, npu R, 22,

S(k+1) 2ak R, In(R; /2)+1

rae C; — ckopocTb 3ByKa MpH aTMOcGhEPHOM NaBleHUH:

C = Jkﬂ, m/c, (3.43)
Po

roe pg — MIOTHOCTB BO3AYXa MPH py, KI/M’.

Tabauya 3.4. KoapdpuumeHnTs! A5 BLIYUCJIEHHS IHEPreTHYECKOro napamMeTpa

Mapametp CvVIMMCT- Moka3sarenb a a a

puM yAapHO# BOJIHBI anunabarbl, k
1 1,1-3 0,36011 -1,2700 -0,17912
1 1,22 0,36594 -1,2537 -0,18471
2 1,1-3 0,34649 -1,19796 -0,14134
2 1,2—2 0,35246 -1,1768 -0,13945
3 1,1-3 0,30774 -1,1598 -0,11917
3 1,2—2 0,31246 -1,1409 -0,11735

CkopocTb ABUXeHUs1 (POHTA yNapHOIi BOJIHbI (CKOPOCTb A€ TOHALIU-
OHHOM BOJIHBI):

Uper = 0,25y +0,5025(k + 1)2u? +4C?, m/c. (3.44)

[1noTHOCTL BO34yXa NpH OaBJI€HUHU CXKATHUA!
(k +p,

Ps c2
(k —1)[1+2-—7'—}
Uner (k - ])

, KI/M>. (3.45)
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3HayeHne uMnyibca (asbl CXaTHS YIapHOI BOJHBI ONpeaessieTcsl U3
NpUGIUXKEHHOTO 3HAUEHUS:

k(k +1)p, X

i;=0,01323 - ° Ma-c. (3.46)

1 s

JdMHaMHUuyeckoe OaBjlieHUMEe BO3AYLIHOrO MOTOKa, clieayloulero 3a
(poHTOM ynapHoOii BOJIHBI:

P = 0,5 psul, Ma. (3.47)

YpoBeHb 3BYKOBOrO NaBJieHUsl, COOTBETCTBYIOLLEr0 NaBJE€HUIO Ha
(bpoHTe ynapHoii BOJHbI:

L=201g—2_ 1B. (3.48)
210"

Jns cdepnuecKoit CHMMeTpUM yAapHOii BOJIHbI (IapaMeTp CHMMETPHH —
3) u Bo3aywHoii cpeast (k = 1,4):
9HEPreTMYECK Uil mapameTp

(x=a|(k _1)02+03 Ig(k-1) —
=0’3]25 (l 4 - ])—I,l4|—0,||74 g(14-1) _ 0,8516,

napneHue Ha ppoHTe npu 0 < R, < 2:

p= Po , Ma; (3.49)
0,6(=1++/1+29,805- R})

naBjieHHe Ha $HpoHTe npu R, > 2:

p,= Po , Ma; (3.50)
06(-1++/1+70 R2 [In(R, /2) +1))

CKOPOCTb BO3AyLIHOro notoka npu 0 < R, < 2:

0
S=0’3R#, M/c; (3.51)

CKOpOCTb BO3JYLLIHOTO NMOTOKA NpH R > 2:
u = 02159¢, M/C; (3.52)

* R JInR ) +1’
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uMnyJabc ¢asbl CaTUs:

i, = 0,4445 PoXo pa.c (3.53)
R

1 s

ITpumep. B chepuueckom pesepByape paauycoM | M naBneHue a3oTa B
MOMEHT B3pbiBa cocTaBujo 3,2 MIla. OnpeaenuTb MMHUMaNbHOE pac-
CTOSIHUE, HAYMHAas C KOTOPOro Yy YeJIoBeKa He MPOUCXOAUT BPEMEHHOI Mo-

TepH ciayxa.
Pewenue
O061beM cocyda ¢ a30TOM COCTaBJSIET:
4 4
V.==nr’= 3" 1° =4187m°

OHeprus B3pbiBa 1o (3.38):
E,,=p' P V= 3 200 000 -101 300
k, -1 14-1
= 32 440 000 Ix.

JunHamunyeckuit napameTtp no (3.40):

k, . E .
X, <o fnfn _ 0,5-32 440000 _ ¢ o0
Po 101 300

3anaeMcs 3HaYeHUEM PACCTOSIHUS OT LIEHTPA B3pbiBa 10 MPUEMHUKA
yaapHoii BoiHbl R, = 40 M. be3pa3MepHoe paccTosiHME OT LEHTpa B3pbiBa
Ilo (poHTa yAapHo# BoHbI onpelensiem no (3.39):

-4)87 =

CKopocTb 3ByKa Nnpu aTMochepHOM AaBaeHUM onpedensieM no (3.43):

C = k-p, =‘/1,4.101300=33]’2M/Q
Po 1,293

Mmnynbc dasbl cxxarus Boluucasem no (3.46):
110130054299 _
331,2 - 7,3666

i, = 0,4445 - PoXo _ o sass

| s

=10,02 a - c.
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I'paHuLeit 3ByKOBOI1 TpaBMbl ans i > 4 [la - ¢ aBasieTCs ypoBeHb 3BY-
KoBoro AasieHus L = 160 nb (3.48):

L=20-1g—"5 160 1B.
2-107°

Boruncnsiem no (3.50) naBneHue Bo ¢ppoHTe, nonyyaem p, = 2000 IMa.
BoiuvcnsieM narneHue Bo ¢poHTe no (3.41) npu RI1p =40 M, koraa R > 2:

ps= Lo =
0,6(~1+ 1+ 70 R2[In(R, /2) +1))

~ 101300
0,6(~1+/1+70-7,36662 - [In(7,3666/2) + 1)

[MonyyeHHoe 3HaueHue p, meHblue 2000 I1a, noTomy 3anaeMcst HOBbIM
3HaueHueM Ry, 1 MOBTOpsiEM pacyer.
B utore nonyuum R"p =37,1 m.

= 1824 Ia.

3.6. OueHKa cTeneHu paspyweHua 06bLeKToB
npu B3pbiBe

PacueTHble BeTMYMHBl U3OBLITOYHOrO AaBJieHUs B3pbiBa NO3BOJSIOT
aHaJIM3UpOBaThb BO3MOXHbIE MOBPEXAEHHUS1 00BbEKTOB, PacNONOXEHHbIX
pSIOM C oyaroM B3pbiBa. [11 3TOro UCnonb3yloT HaHHbIE Tab. 3.5 u 3.6.

Tabauya 3.5. 3aBUCHMOCTDb CTeNeHH pa3pyleHns O T BeJHYHHbI H30LITOYHOr0 JaBJIeHHA

CreneHb NopaxeHust N36biTOuHOE naBneHue, kla
[MonHoe pa3pylueHue 30aHMi 100
50%-Hoe pa3pyllieHHe 30aHU I 53
CpeaHue nospexaeHns 30aHui 28
YMepeHHble NOBpeXaAeHUs 30aHUM (MoBpexXaeHne 12

BHYTPEHHHUX NEPEropoiok, paM, aABepeil)

HuxHuit nopor noBpexaeH#s yesoBeka BOJHOM 5
[aBleHUs

Manble noBpexaeHHUs (pa3duTa 4acTb OCTEKJIEHHUSI) 3
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Tabauya 3.6. 3aBHCHMOCTD CTENEHH pa3pylieHHs 00beKTOB OT BeJTHYHHBI H30bITOYHOro

aBNeHUs

O6bekT

N36biTouHoe naBneHUe, Apy, (KT1a), COOTBETCTBYIO-

lllee CTENEHH pa3pyLieHHUs

NnOaHOE

CUJIbHOE

cpeaHee

cnaGoe

Pe3epByapbl ¥ eMKOCTH CTallbHble
Ha3eMHble

90

80

55

35

lasrosibaepbl, XpaHUIKLIA
roproye-cMa3ouyHbIX MaTepuaioB
Y XUMMYECKUX BELLECTB

40

35

25

20

YacTnyHo 3arny6iieHHble pe3epByapbl
1LNsl XpaHeHUs HeTenpoayKTOB

100

75

40

20

Moa3eMHble pe3epByapbl

200

150

75

40

KMpI’lM‘{HblC MHOr03TaXHbI€ 31aHUSA

30—40

20—-30

10—20

8—10

KMpI‘lM‘IHblC MaJ1O3TaXHbl€ 31aHUSA

35—45

25-35

15-25

8—15

JlepeBsiHHbIE 31aHUA

20—-30

12—20

8—12

npOMbll.l.lﬂeHHblC 3[aHHUA C TAXEJbIM
METAUTMYECKUM U XeNe300eTOHHBIM
KapkacomM

60—100

50—60

40—50

20—40

IMpomblluneHHble 3n1aHUs Geckapkac-
HOM KOHCTPYKLIMM U C JIETKUM MeTa-
JIMYECKHUM KapKacoM

60—80

40—50

30—40

20-—-30

Tpy6onpoBoabl Ha3eMHble

20

50

130

Tpy6onpoBoab! Ha 3cTaKaaax

100

40—60

20—40

10—20

1S g05)



NpakTuueckue padotbi

NpakTuyeckas pabora 9
PACYET TEMNEPATYPbI U JABNEHUA B3PbIBA
B 3AMKHYTOM OBBbEME

Llenb paboTbI: OCBOMTL METOABI pacyeTa TeMMNepaTyphbl U JaBNEHUS NPU
B3pbiBe. HayunThCcst MCcMoONb30BaTh U1l pacyeTOB CMIPAaBOYHbIE AaHHbIE.

06wue nonoxxexnua

[1pyn ropeHKH ra3oBbIx CMeceil B 3aMKHYTOM 06beMe MPOAYKThI rope-
HUS He COBEpLIAIOT paboTy, MO3TOMY 3HEPrus B3phlBa PaCXOAYETCs Ha Ha-
rpeB NPOAYKTOB B3pbiBa. B 3TOM cnyuyae nonHas sHeprus onpeaensiercs
KaK CyMMa BHYTPEHHEN 3HEPIMM B3pbIBYATON Mapora3oBo3/ylLIHON CMECH
Ophi.on.cn ¥ TEMIOTBI TOPEHMSA aHHOTO BeluecTsa Q. Bennunna Q,, 5, cu
paBHa CYMMeE TNpPOM3BEAECHUI TEMIOEMKOCTH KOMIOHEHTOB roployet
B3pbIBYAaTOM CMECH MPU MOCTOSSHHOM 00bEME Ha HauyallbHYIO TEMIIEPATYpy
cMecH (B K):

C, T, (3.54)

1

™M=

an.an.cm =
]

rae CV,— — MOJIbHasl TEMI0EMKOCTb i-r0 KOMIOHEHTA B3pbIBYaTOM ropiouen
cumecu, [x/(monb x K);

T — HauyanbHas TemMmnepaTtypa cMecu, K;

N — 4MCI0 KOMIMOHEHTOB CMECH.

3HayeHUs1 BHYTPEHHEW 3HEPrMM HEroplOYMX ra3oB HaxoAUM MO
Tabn. 27, npua. 111
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IIpumep 1. PaccunTaTh TeMnepaTypy M naBlieHUE NPU B3pbiBe NMapoOB
3TUJI0BOrO CMUPTA (3TaHOJa) NpU HavyaibHOM Temnepartype 27 °C v naBne-
Huu 0,1 MTIla. KoHueHTpauus ctexuoMeTpuyeckas.

1. CocTaBUM T€PMOAMHAMHUUYECKOE YPAaBHEHUE PEaKLMU TOPEHUS 3TU-
JIOBOTO CMMUpPTa B BO31yXe

C,HsOH + 3 (0, + 3,76N,) — 2CO, + 3H,0 +
+ 11,28N, - 1410,03 x[1x/Mo0Nb.

Benanuunny Q rop = 1410,03 K/Ix/MoJ1b HaxoaMM 110 Tab. 26, npun. 111.

2. OnpenensieM BHYTPEHHIO 3HEPryi0 NMapoBO3AYLIHOI CMECH Mo
dopmyne (3.54), rae ny — yucao Moaeii 3TaHona, paBHoe 1; n, — yncno
MoJieil Kucopoaa, paBHoe 3; ny — YKUCIo Mol a3oTa, pasHoe 11,28.

MoJibHbIE TEMIOEMKOCTH KaX/10r0 KOMIMOHEHTA CMECH MPHU NMOCTOSAH-
HOM oOBeMe CV; MOTYT ObITb BbIYMCJIEHBI 10 opMye

Cy, =C, —R (3.55)

rae C,. — MoJIbHasl TEMIOEMKOCTb NPU NOCTOAHHOM aBJI€HUM CNPaBoY-
Hoe 3HauyeHue (cM. Tabn. 26, npua. I11);
R — ra3oBas nocrosiHHas, R = 8,31 x/(Monb x K) (cM. npun. I1);
Mo T1aba. 26, npua. I1l Haxonum 3HaYeHUE Cp; , Ax/(Monb x K):

71,1; C =29,37.

Cp( S1aHona) — P

M) =29,12; C

P(03y)

PaccunTbiBaeM MoOJIbHBIE TEMJIOEMKOCTH KaXAOr0 KOMIMOHEHTa Mo
(3.55):
Cy(sranoma) = 71,1 = 8,31 = 62,79 Ix/(Monb X K);

CV(OZ) = 29,37 - 8,31 = 21,06 Ax/(Moab X K);
CV(NZ) =29,12 - 8,31 = 20,81 dx/(Monab x K).

Mo (3.54) paccunTbiBaeM BHYTPEHHIOIO 3HEPrUI0 NMapoBO3AYLIHOM
cMecu npu 300 K:

le,an,c,u = 62779 x 300 + 3 x 2],06 X 300 + 1 1,28 X 20,81 x 300 =
=108 212 x.

3. OnpenensiemM TENAOTY B3pbiBa CMeCH Mo ¢opMyiam

OQuionen = (Qmp = Oy y)s (3.56)
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oTCroaa

QBJp = (QI'.BnI‘AB + QBH.BH.CM)’

Te n,., — YMCJIO MOJieil roproyero BelllecTBa, paBHoe 1;
Q. , — TernjioTa ropeH1sl 3TUJIOBOro CIMPTa, onpenessieM no TabJ. 26,
npui. 111, nepeBonum B JIk0oyJiM ¥ MPOU3BOAMM pacyeT TEMJIOThI B3pbiBa.

Qup=1410030x 1 +108 212 =1518 242 1x.
4. OnpenensieM CpeAHIO BHYTPEHHIOI 3HEPTUIO MPOAYKTOB B3pbiBa
no ¢opmyne

CiTop = Qup/ 215 (3.57)
rae 2/ — obliiee YUCII0 MOJIEi IPOAYKTOB B3pbiBa;
Nco, =2 MOJb;
Ny,0 = 3 Moub;

ny, = 11,28 Monb;

2n=2+3+11,28 = 16,28 Mosib;
CiTyp =1 518 242/16,28 = 93 258,1 [Ix/mob.

Mo ta6n. 27, npun. 111 (BHYTpeHHSS 3HEPrus ra3oB) onpenaesieM
NpUGIU3UTENbHYIO TeMIEpATYpy B3pbiBa MO NPOAYKTaM FOpeHUS:

s CO, — 2200 K;

Juis Boabl — 2600 K;

s asora — 3600 K.

OnpenensieM cpeliHee 3HaYeHUE TEMIEPATYPbI:

T., = (2200 + 2600 + 3600)/3 = 2800 K;
T,,, = 2800 K.

B3p
5. BbluncnsieM BHYTpPEeHHIOIO 3Hepruio Q. NMpPOAYKTOB B3pbiBa MpH
2800 K.

0 2500 = 2 X 127 300 + 3 100 967 + 11,28 x 70 865 = 1 356 858,2 [Ix;

Oy500 MeHbILE O, CliENOBaTENbHO, Ty, > 2800 K. IMpuHnmaem Ty, =
= 3000 K.
6. BoluMcisieM BHYTPEHHIOIO 3HEPTHIO MPOAYKTOB B3pbiBa npu 3000 K.

Q000 =2 X 138 177 + 3 x 109 769 + 11,28 x 76 605,5 = 1 469 765,4 [
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Q3000 MeHbLIE Oy 0, CNENOBATENbHO, TEMIEPATYpa B3pbiBa Goblie
3000 K.
7. BoluncnsieM BHYTPEHHIOK 3HEPruio NpoayKToB B3pbiBa npu 3200 K.

O3200=2% 149025+ 3 x 118 850,7 + 11,28 x 82 316,7 = 1 583 134,48 1.
8. UHTepnonsiuueit onpenensieM TeMneparypy B3pblBa:

(Qn3p - Q2800) (3200 - 2800) _

Q3200 = Q2800
(1518 242 -1 356 858,2)-400
1 583 134,48 —1 356 8582

T,,,=2800 +

B3p

= 2800 + =3085,3K;

T,

B3p

= 3085 K.

[To TemnepaType B3pbiBa HaxoasT AaBleHUe B3pbIBa. [laBieHne npu
B3pbIBE ra30BO3AYLLUHOI CMECH B 3aKPbITOM 00bEME 3aBUCUT OT TeMIMEpa-
Typbl B3pblBa U OTHOLLUEHHUS YMCIa MOJIEKYJl MPOAYKTOB FOPEHHS K YACTY
MOJIEKYJ1 MO B3pbiBYaTOil cMecu. [lpu B3pbiBe ra3oBo3ayLIHbIX CMeceit
naBjieHHe obblYHO He npeBbiluaet 1,0 MIla, ecau nepBoHavyalbHOE naBe-
HHE CMECH ObLJIO HOPMAIbHBIM.

IMpu 3aMeHe Bo3ayxa BO B3pbIBYaTONH CMECH KHUCIOPOIOM PE3KO yBe-
JINYMBAETCS NaBjieHUE B3pbIBa, MOCKOJbKY YBEJIMUMBAETCSl TeMIlEpaTypa
rOpEHHUs.

[1pu B3pbIBE AaXe CTEXMOMETPUUECKOM ra30BO3AYyLLIHOI CMECH 3HAUYU -
TeJIbHOE KOJIMYECTBO TEIJIOTh 3aTpPayMBaeTCsl HA HarpeBaHWe a3oTa, Haxo-
ISILLErocsl B CMECH, MO3TOMY TeMIlEpaTypa B3pbiBa TAKMX CMeCel HAMHOTO
HUXe TeMIepaTypbl B3pbiBa cMeceil ¢ KucaopoaoM. Tak, naBneHue B3pbiBa
CTEXMOMETPHUUYECKHUX CMECEN MeTaHa, 3TWJEHa, aueTOHA U METUJIOBOTO
3dupa ¢ kucaopoaom coctasnsiet 1,5—1,9 MIla, a ctexnoMeTprueckKux
cMeceit ux ¢ BozayxoM — 1,0 MIla.

MakcumanbHoe n1aBjieHHWe B3pbiBa MCIMOJb3YIOT MPU pacyeTax B3pbIBO-
YCTOMYMBOCTH armnapaTyphbl, a TAKXe B pacyeTax MpeaoXpaHUTENIbHBIX KJla-
NMaHOB, pa3pbIBHbIX MEMOpPaH U 000/104€K B3pbIBOHEMPOHULIAEMOI 0 3JIeK-
Tpoo6OpYyAOBaHUS.

Hasnenne B3pbiBa py,, (B MI1a) ra30Bo3ayliHbIX CMeECEN pacCyMThIBA-
10T o caeayoulei popmyne:

P >
P TO z Ney

rle p, — HayalbHOE NABJICHUE B3pblB‘laT0ﬁ cMecH, MIla;

T .
= Polew 21_ (3.58)
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Ton Ty, — HayaIbHAA TEMMNEPATYPA B3PIBYATON CMECH M TEMIIEpATY-
pa B3pbiBa, K;

z n; — YUCJIO MOJIEKYJ Ta30B NPOYKTOB CrOPaHMs MoCJje B3phLIBa;
z N, — YMCJIO MOJIEKYJl Fa30B CMECH [10 B3pbIBa.

IIpumep 2. BulYUCAUTD NaB/IEHWE NPU B3pbIBE CMECH MAPOB 3TUJIOBOTO
cnupTa ¥ Bo3ayxa no ¢dpopmyne (3.58), ecnu:

po=0,1 MMa; T, =2933K; T,=273+27=300K;

z n; =2+ 3+ 11,28 = 16,28 Mob (10 ypaBHEHHIO TOPEHUS);

2 ng,, =1+3+11,28=15,28 Monb (N0 ypaBHEHHIO FOpeHU);

_0,1-2933-16,28

- = 1,04 MIla.
Prap 300-15,28

Omeem. [1laBneHue npu B3pbiBe NMapoB 3TUJIOBOrO CIIUPTa B BO3AyXe
paBHo 1,04 MTIla.

CodepxaHue pabome!

3ananne 1

PaccunTtaTh TeMnepaTypy M AaBjieHWE MPU B3pbiBE NAapOB FOPIOYETO C
BO3IYXOM, €CJId KOHLIEHTPALlMs NapoB roplo4ero CTeXMoMeTpuyeckas, Ha-
yanbHas Temnepartypa cMecu T, °C, HayanbHoe maBieHHe p,, MIla
(Tabn. 3.7).

Tab6auya 3.7. UcxonHble AaHHbIE 114 pacyeTa

Bapuaur | Howwenosamieropowero | g vpa | pKk |7y,
1 Cwmecb BOAOpOAa C BO3AYXOM 0,1 300 3087,3
2 CMech NapoB aLEeTOHA C BO3AYXOM 0,15 300 2600
3 Mapb! 3TaHONA C BO3AYXOM 0,12 297 2933
3ananue 2

BbluMcanTh naBiaeHWE B3pbIBOOMACHOIO FOPIOYEro rasa ¢ BO3AyXOM,
€c/IM JaBlieHUe HavanbHoe p,, MIla; HayanbHas Temnepatypa — Tj, K
(tabn. 3.8).
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Tabauya 3.8. UcxoaHble JaHHbIE A1 pacyeTa

Bapuam HaumeHoBaHue B3pbIBOOMNACHOro 7-0Y °C p, MTla KOHUCHTpa-
ropioyero BelecTBa/cMecu uus napos, %
1 HacbileHHble napbl 3TaHONA 25 0,1 Crexuom.
2 HacbleHHble napbl MeTaHoONa 27 0,1 Crexvom.
3 HacbilieHHble napbl 6eH307a ¢ ) 0,1 Crexnom.
BO3/yXOM
4 Mapsbl ToNlyona ¢ Bo3ayxoM 27 0,1 Crexuom.
S IMapbl H-rekcaHa 20 0,1 Crexuom.
6 DTUIEHO-BO3AYLLIHAsA CMECh 25 0,09 Crexnom.
7 DTaHO-BO3AYLUHAs CMeCh 27 0,1 Crexnom.
8 Cwmecb Boaopoaa ¢ BO3AyXoM 20 0,6 Crexuom.
9 Mapb! H-6yTHIOBOTO CNKUPTa 30 0,2 Crexvom.
C BO31yXOM
10 IMapbl H-NponuaoBOro cnNUpTa 28 0,15 Crexuom.
C BO3yXOM

Memoduyeckue yxkasaHus

1. Tonayynrte 3agaHue U UCXOLHbBIE NaHHbIE ISl BLIMOJHEHUS pacyeTa.

2. O3HaKOMbTECH C METOlAaMH ONpeAeeHUs B3PbIBO- W MoOXapoornac-
HbIX CBOWCTB rOpOYUX CMece.

3. U3yunre MeToauKy pacyera TeMnepaTypbl U AaBleHUs B3pbiBa.

4. U3yunte HeoOXoamMblie 1Jis pacyeToB (hOpPMYJIbl.

4. Henocratouiye s pacyeToB JaHHbIe MpUMUTE No Taba. 3.7—3.8
v nipun. 111, Tabn. 26—27.

5. MNMpousseante pacyeTbl U 0OPMUTE OTYET.

Codepxarnue omyema

OTyYeT nOJIXEH OTBEYaThb TPEOOBAHUSIM OOLIMX METOAMYECKHMX yKa3a-
HMUI MO BLIMOJIHEHUIO paboT, coaepxXaTb 000CHOBaHHbIE BbIBObI MO pe-
3yJibTaTaM pacyeToB.

B oTueTe npuBennTe pe3yabTaThl PacyeTOB U OTBETHI HA KOHTPOJIbHbIE
BOIPOCHI.
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KoHTponbHble BONPOCHI

1. [laiite onpeaenexne Tenn0BOro B3pLIBa.

2. Ha3osute npepensl B3pbiBaeMOCTH NapoBo3aywHon cmecu. OT yero oHu 3a-
BUCAT?

3. Kak paccuyutatb TeMnepatypy B3pblBa; AaBNeHUe B3pbiBa?

4. NpoaHanu3upyiiTe napameTpsl B3pbiBa NpU B3pbiBe COCYAA C UHEPTHLIM ra3oM
(pa3pen 3.5).

Npakruyeckas pabora 10
PACYET TEMNEPATYPbI U JABNEHUA B3PbIBA 1A FOPIOYEN
CMECH HECTEXMOMETPUYECKOI0 COCTABA

Leab paGoTsli: OCBOMTb METOAMKY pacyeTa TeMIEPaTypbl U JaBJieHHs
B3pbIBa roployeit CMeCH He CTEXMOMETPHUYECKOro COCTaBa.

PaccMoTpuM MeToa pacueTa AaBieHHUs M TEMIEpaTyphbl B3pbiBa Ha clie-
nylolleM NpuMepe.

IIpumep 1. Paccuntath TeMnepaTypy U laBjlieHHe NPU B3pbiBE NMNapoB
alleToHa B CMECH C BO3YXOM, €CJIM KOHLIEHTpallMsl MapoB alleTOHA COCTaB-
nset 4 %, HayanbHas TeMnepatypa cmecH 27 °C ¥ HavyaJlbHOe NaBJieHHE
0,1 MIla.

Pewenue.

1. Mo ta6n. 26, npun. 111 onpenensieM TennoTy ropeHust aueToHa Q, ,
(AH)):

KK _ | 789 770 A%

MOIJIb MOJIb

0., (AH,)=1789,77

2. CocTaB/sieM TEpPMOXHUMHMYECKOE YpaBHEHHE peaKLIMM ropeHus alle-
TOHa B BO3/YyXe.

CH;COCH3 + 4 (O, + 3,76N,) —>
— 3C0, + 3H,0 + 15,04N, + 1 789 770 [ /mMosb.

3. KoHueHTpaums aueToHa UCXonHo# cMecH coctabisieT 4 %. IMoaro-
MY NPOMU3BEAEM MEPECYET COCTABA CMECHU, COCTOSILLENH U3 TPEX KOMITOHEH -
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TOB — alleTOHA, KUCJopoaa, a3oTa. TeopeTHYeCKHii cocTaB Bosayxa: 21 %
Kucnopoaa, 79 % asora.

Urak,
KOHLUEHTpaUusa KUciaopoaa:
21000 -4 _ 25 16 %:
100
KOHUEHTpaLKnsa a3oTa:
100-4)-75 _ 75.84 %.
100

4. TlpeanonoxuM, 4to cropen | Mosb roproyei cMecH, Toraa cMechb
OyaeT UMETb ClIEAYIOLLMIA COCTaB:

auetoHa  — 0,04 monst =n,
kuciopona —  0,2016 Mons = ng,
asora — 0,7584 mons = ny,

Bcero: 1,000 mosb = n, . (CyMMa MOJIEH UCXOHOI cMeCH).

5. OnpenensieM BHYTPEHHIOIO SHEPTUIO UCXONHOM CMECH TIPHU TeMIle-
patype 27 °C (T, = 300 K), no dopmyne (3.54):

Quusnen = z nr.cCV,- Ty, Ix/Monb.

Bennuuny Cy; (MONIBHYIO TEMIOEMKOCTD NMPH MOCTOSSHHOM 06beMe)
onpeneanm u3 BoipaxeHus (3.55). [IpuHumaem no ta6a. 26, npua. 111
MOJIbHYIO TEMI0EMKOCTb MPH MOCTOSHHOM AaBJieHWHU, OHA paBHa

Cp=175,3 1x/(mMonb - rpan).

MoJjibHas TEMJI0EMKOCTb alleTOHa NMpU MOCTOSAHHOM o6beMe Gyner
paBHa:

Cy=175,3 - 8,31 =67 Ix/(Monb - rpan).

6. BblunciisieM MOJIbHYIO TEMJIOEMKOCTb NPU MOCTOSSHHOM 00beMe s
Kucjaoponaa 1 a3ota no ¢popmyse (3.55). 3HaueHHMe MOJIbHOI TEMJI0EMKO-
CTH NP NOCTOSIHHOM JaBneHuu (Cp) npuHrMaeM no taban. 26, npua. 111

Jns kucnopona:

Cy

0y = 29,37 - 8,31 = 21,06 Ix/(Monb - rpan).
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BbruucnsieM BenunHy CV02 T, npu Ty =300 K.

Cyo, To =2106-300 = 6318 [Ix.
AHaNoruyHo MPONU3BOAUM pacCHeET IJid a3oTa:

Cy , = 29,1 — 8,31 = 20,89 1x/(Monb - rpan).

N
CVN2 T, =20,89-300 = 6243 Ix.

7. PaccunTbiBaeM BHYTPEHHIOIO SHEPTUIO UCXOMHOM cMecH Mo opmMy-
nie (3.54):

=0,04 - 300 - 67 + 6318 - 0,2016 + 6243,02 - 0,7584 = 6812,4 1x.

8. OnpenensieM TENJOTY B3pblBa UCXOAHOM CMECH M3 pacyeTa, YTo B
roproyeit cMecu coaepxurca 0,04 Mons auetoHa (cM. popmyay (3.56)

Q,yp =0,04 - 1789 770 + 6812,4 = 78 403 [Ix.

QBH.BH.CM

9. OnpenensieM cocTaB MpoayKTOB ropeHUsl. CTeXHOMETPHUYECKHE KO-
3bGULIMEHTB TPUHUMAEM 10 TEPMOXMMHUUYECKOMY YPAaBHEHMIO FTOPEHUS
(cM. Boiwe 1. 2). Ipu cropanuu 0,04 Mons aLleTOHA BbIAEINUTCS:
YIJIEKMCIIOro rasa:

0,04-3=0,12monsa = nco, ;

napoB BOObI:

0,04 -3=0,12Mona = Ny,0-

[Tpu 3TOM pacxonyetcs kuciopona 0,04 - 4 = 0,16 Mons, ciienoBatesib-
HO, U30BITOK KHCJIOpOAa COCTaBUT

no, = 0,2016 — 0,16 = 0,0416 mons.

Becb a3ot (0,7584 mons) nepeitneT B NpoayKThl FOPeHUS.
Htak, cocTaB MpoayKTOB ropeHUs! ClleayIOLHWHA:

nco, = 0,12 mons;
ny,o = 0,12 Mons;
no, = 0,0416 mons;
ny, =0,7584 mons.

Y n; = 1,04 mons.
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10. OnpenensieM cpenHee 3Ha4eHME BHYTPEHHEH 3HEPTUU NMPOAYKTOB
B3pbiBa Mo ¢popmyiie

CVTBJP = Qnap/ 2 n;.
Orclona

C,T,

B3p

=78 403,2/1,04 = 75 387,7 I x.

11. Mo ta6a. 27, npun. 111 Haxoaum Tmp. [ns 3Toro cpaBHMBaeM cpen-
Hee 3HaYe€HMEe BHYTPEHHEN 3HEPI UK C,,TBJp =75 387,7 X co 3HaYECHUSIMHU
BHYTpeHHUX 3Hepruit CO,, H,0, O,, N,. lpunnmaem T, = 2800 K.
12. lprHMMaeM TeMIepaTypy NpoayKToB B3pbiBa, paBHyto 2800 K,
M onpelesisieM BHYTPEHHIOIO SHEPrUi0 MPOAYyKTOB B3pbiBa No ¢opMyiie
(3.54):
Qn.r = ”C02 CVCQ2 TBJp + nHZOCVCQ2 TBJp + nNZCVNz Tlnp + ”02 CVO2 Taap'

BHYTpPEHHIOIO 3HEPIUI0 KaXXA0ro KOMIMOHEHTA MPOAYKTOB B3pbIBa Ha-
X0aMM no Tad. 26, npun. I11.

Qys00 = 0,12 -127 300,5+0,12 -100 967,3 +
+0,7584 - 70 865 +0,0416 - 74 553,1 = 84 237,56 Ix.

13. CpaBHMBaeM TEMIOTY B3pbIBAa HCXOAHOM CMECH (Qy3, = 78 403 [1X)
C pacCYMTAaHHOI BHYTPEHHEN 3HEpruer MpoAyKTOB B3pbiBa (Qrgoo =
= 84 237,56 1x).

Oy3p < 08005

clieoBaTeNibHO, TeMMepaTypa B3pbiBa MeHblie 2800 K.
14. Mpunumaem T,,, = 2000 K 1 onpenensieM BHYTPEHHIOK SHEPTUIO
NpOAYKTOB B3pbIBa:

Q2000 = 0,12 -95 035,8 + 0,12 -65 510,9 +
+ 0,7584-48 256,2 +0,0416-51 270, = 56 73198 [Ix.

CpaBHMBaeM TEIJIOTY B3pblBa UCXOLHOI CMECH C BHYTPEHHEIN 3HEpru-
et npoaykToB B3pbiBa npu 2000 K:

Qy3p > O2000-



236 Npaktuyeckue paboTsl

15. NMpuHnumaem TeMnepatypy B3pbiBa 2200 K v onpenensieM BHyTpeH-
HIOIO HEPIH1I0 NMPOAYKTOB B3pPbIBa.

Oy00 =0,12-950358 +0,12-74 092,2 +0,7584 -52 819,4 +
+0,0416-57 210,8 = 62 733,6 Ix.

CpaBHMBaeM TEIJIOTY B3pbiBa UCXOAHOM CMECH C BHYTPEHHEMN 3HEpIru-
eit npoaykToB B3pbiBa npu 2200 K:

Qmp > Q2200'

CnenosarenbHo, Ty, HAXOOMTCS B MHTEpBale TeMmnepaTyp mexay 2000
n 2200 K.
16. MeTonoM JIMHEHHO! MHTEPMONSILMU ONpeaessieM TeMIepaTypy
B3pbIBa MapoB alleTOHA C BO3IyXOM.
T =2200+ (78 403,32 — 62 733)(2800 — 2200)

8P (84 152,99 - 62 733)

17. PaccunTbiBaeM naBjieHWE NMPH B3pbIBE NMApOB aLIETOHA C BO31YXOM
no ¢dopmyie (3.58):
_ pOTBZ!p 2 n;

p - ’
P TO z n.

rae py=0,1 MIla — no ycnosuio 3anauu;
Tmp =2637,2 K — no pacuery;
T, = 300 K— no ycioBuio 3anauu;
z n;= 1,04 Mmonst — no pacuery;

=26372 K.

Z n, . = 1,00 Monb — 1o ycnoBuio 3a1auu.
_0,1-2637,2-1,04
Pop 300-1

Omeem. J1aBneHvie nNpy B3pbiBe NapoB alleToHa coctaBnseT 0,91 MIla.

=091 MIla.

Codepxanue pabomel

3ananmue 1

PaccuuraTth TeMnepaTypy U faBjieHME NMPU B3pbiBE MAPOB rOPIOYEro ¢
BO3[lyXOM, €CJIM KOHLIEHTpallus NapoB roproyero coctasisetr X %, 1160
cTexMoMeTpuueckasi HayanbHasi Temnepatypa cmecu T, °C, HayanbHOe
nasneHue p, MIla (taba. 3.9).
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Memoduyeckue ykazanua

1. [TonyunTte 3agaHue U UCXONHbBIE JaHHbIE ISl BLINOJHEHUS pacyeTa.

2. O3HaKOMbTeCh C METOJaMU OMNpeesieH!s B3pbIBO- U MOXapoomnac-
HbIX CBOWCTB rOplOYMX CMECEH.

3. U3yunte MeToaMKY pacyeTa TeMIepaTyphbl U 1aBJeHUs B3phIBa.

4. U3yunte HeobxonnuMble wis pacuyeToB popmyibl (3.54)—(3.58).

5. HeobxonuMble OJisi pacyeToOB JaHHble MpUMUTE MO Taba. 3.9 u
Tabn. 26—27, npua. 111.

6. MpousseanTe pacueTbl U 0HOPMUTE OTYET.

Tabauya 3.9. Ucxoanbie 1aHHble Ui pacyeTa

HaunmeHoBaHMe B3pbIBOONAcCHOro . KoHuenrpa-

Bapuant TropIOYero BelecTBa/cMecH To,C p,MMa umlctlgom
| [Mapbl MeTaHONa C BO3AYXOM 27 0,10 10
2 Mapbl 3TaHONA C BO3AYXOM 25 0,09 5
3 IMapbl 6eH30/1a C BO31YXOM 5 0,12 7
4 [Mapbl Tonyona ¢ Bo3ayxom 30 0,13 10
S IMponaHo-Bo3ayLIHas CMeCh 20 0,10 20
6 DTUJIEHO-BO3yLLIHAs CMECh 25 0,06 15
7 3TaHo-BO34Y1lIHasA CMECb 27 0,21 12
8 ALETHIEHO-BO3aYILIHasA CMECb 30 0,20 3
9 Mapbl MypaBbHUHOM KMCNOTbI 23 0,05 2

C BO31yXOM

10 MeTaHo-BO3aylIHas CMeCh 31 0,10 18

Cudepxanue omyema

OTyYeT N0/1XeH OTBeyaTh TPEOGOBAHMSAM OOLUMX METOAMYECKUX yKa3a-
HUWI MO BBIMOJHEHHUIO paboT, coaepXaTb 060CHOBaHHbIE BbIBOALI MO pe-
3y/JbTaTaM pacyeToB.

B oTyeTe npuBeauTe pe3ybTaThl PacCUeTOB M OTBETHI HA KOHTPOJIbHbIE
BOIPOCHI.
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KoHTponbHbIe BONPOCHI

1. Kak paccyutath BHYTPEHHIOIO IHEPruto raso- U NapoBO3ayWHOKH cMecu?

2. Kakas cmecb Ha3blBaeTCA CTEXMOMETPUYECKOI, @ KaKas — He CTeXMOMeTpU-
yeckon?

3. Kak onpepenntb Yncno Moneit Kaxaoro KOMNOHEHTa roployen cMecu?

4. HasosuTte npegenbl B3pbIBa@MOCTW NapoBO3AYyWHON cMecn. OT yero oHW 3a-
BUCAT?

5. Kakue dakTopbl BAMAIOT HAa AaBNEHWe B3pbiBaA?

6. NpoaHanu3upyiite napametpsl B3pbiBa no (3.38)—(3.53) npu B3pbiBe cocyaa
C MHepTHbIM ra3om (pasgen 3.5).

NpakTu4eckas pabora 11
PACYET NAPAMETPOB BOJIHbI JABJIEHUA
NPU B3PbIBE

Leab padoThI: HAYYUTHCH PACCYUTHIBATH MAapaMeETPhl BOJHbI AABJIEHUS
Npy B3pbiBE pe3epByapa C MeperpeToi XUIAKOCTbIO MJIM CXUXEHHBIM ra-
30M MpHY BO3JEICTBUM Ha HETO oyara noxapa.

O6uiue nonoxexus

[1py nonagaHWKU 3aMKHYTOTO pe3epByapa CO CXXUXEHHbBIM ra3oM MiH
KMAKOCTbIO B oYar noxapa coAaep>XXMMoe pe3epByapa HarpeBaeTcsl 10 TeM-
nepaTtypbl, CylLIECTBEHHO MpeBbILIalou el HOpMaJIbHYIO TEMIEPATYpPY KU-
neHus. [py 3ToM noBbIlIaeTCs AaBleHUE. 3a CYET HarpeBa HECMOYEHHBIX
CTEHOK COCy/la YMEHbLLIAeTCsl Npefes MPOYHOCTU UX MaTepuana, B pe3yJib-
TaTe BO3MOXHH pa3pbiB pe3epByapa ¢ BO3HUKHOBEHUEM BOJIH NABJIEHUS U
oOpa3oBaHMEM OTHEHHOTO lliapa.

Pa3pbiB pe3epByapa B oyare rnoxapa ¢ oopa3oBaHMEM BOJIH AaBJeHHUS
nosyuun HasBaHue BLEVE (cM. pa3aen 2.1.3).

Bo3MoxHocTh BO3HUKHOBeHUS1 BLEVE s KOHKpPETHOro BellecTBa,
XPaHSILErocsl B 3aMKHYTOM €MKOCTH, ONpeaesioT ClieayolNM 00pa3oM:

8=C,(T-Tgn)/L, (3.59)

roe Cp — yaeJibHas TENMJOEeMKOCTb Xuakoit ¢a3sbl, Jx/(kr x K);
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T — Temnepatypa XuaKoi ¢a3sbl, COOTBETCTBYIOLLIAS TEMIEpaType Ha-
ChILLEHHOIO napa, Npu AaBJleHUHU cpabaTblBaHUs MpeaBapUTEIbHOrO Kia-
naHa, K;
7‘KMI’]
HuH, K;

L — ynenpHasi TenyioTa McnapeHusl Npu Temneparype kuneuus 7T,
HAx/(kr x K).

B cnyuae ecnv 8 < 035, BLEVE He npoucxoaur.

Mpu 8 20,35 ecTb BeposATHOCTL Bo3HMKHOBeHUst BLEVE. INMapameTpa-
MU BOJIHBI JaBleHus, obpa3symolueiicst npu BLEVE, siBnsitoTcst n3ébiTouHoE
nasineHue (Ap) u 6e3pa3MepHbIii UMNyAbC (f) MOJOXUTENbHON (a3l
BOJIHbI. DTH BeanuuHbl — Ap (I1a) u i (I1a - ¢) — paccuuTbiBatoT no ¢op-
MyJjaM, onucaHHbIM Bbile (3.28) u (3.30):

Ap=p, (0,8mg'p33/r +3m,(])‘p66/r2 +5m, /r3;

— TeMnepartypa KMINEHUA BELIECTBA NMPU HOpMaAJIbHOM JaaBJi€-

i= 123m2;,66/r,

B KOTODBIX p, — aTMocdepHoe naBieHue, klla (nonyckaercsi npuHUMaTh
paBHbIM 101 kI1a);

r — paccTosiHMe 10 pa3pyllialollerocsi pesepByapa, M;

m_ — NpUBEJeHHAs Macca, Kr, pacCuMTaHHas rno ¢gopmyJe

My = Eps /05, (3.60)
rae E,, — sHeprus, Boiaensiiowiascs npyu U303HTPONMUYECKOM paclinpe-
HUM cpelbl, Haxonslueics B pe3epByape, [1x;

0, — KOHCTaHTa, paBHas 4,52 - 10 Jx/Kr.
E,.,, 1x, paccunThiBalOT 1Mo (popmyie
Eu3 =C3(b(bm(T_Tknn)’ (36])

roe Ca(b(b — KOHcTaHTa, paBHas 500 Ix /(kr x K);

np

m — Macca BelllecTBa B pe3epByape, Kr.
INpy Hannuuu B pe3epByape NpeaoXpaHUTENbHOIO KjlanaHa TeMrepa-
Typy T, K, nonyckaercsi paccuuTbiBaTh no dopmyJe

T = _B8 C +273,15, (3.62)

A- ]g Pk
raoe A, B, C — KOHCTaHTbl AHTyaHa /s roptoyero Bewectsa (Tadn. 10,
npun. 111);
P« — haBneHue cpabaTbiBaHUS NPeaOXpaHUTENbHOrO KianaHa, Klla.
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PacueT napameTpoB yaapHou BonHbl npu BLEVE

IIpumep. PaccuntaTb napameTpbl NOJOXHUTENbHOM ¢a3bl BOJHBI AaB-
JleHUs Ha paccTossHUU 750 M OT 3MULEHTpa aBapyH, CBSI3aHHOM C pa3Bu-
THeM BLEVE Ha xene3HonopoXxHoi uMucTepHe BMECTUMOCTbIO S0 M c40T
XUAKoro npomnaxa. LlucrepHa nMeeT npenoxpaHUTEIbHBIN Ki1anaH ¢ 1aB-
JleHneM cpabatbiBauus 2,0 MTIla.

Pewenue

1. DHepruio, BbIAEAUBLLYIOCS MPU paclUMpPEHUH Cpeabl B pe3epByape,
paccuMTbiBaloT 1o ¢opmyie (3.61).

Tun =—43+273 =230 K — TeMnepatypa KuneHusl npornaHa npu rno-
CTOSIHHOM JaBJIEHUU.

TemnepaTypy BelliecTBa B pe3epByape B MOMeHT ero B3pbiBa 7, (K) Ha-
xonuM no (3.62), B kotopoit p, = 2,0 klla; A=5,949; B=812,648;
C,=1247,55.

[Monyuyaem:

_ 812,648
5,949 - 1g2,000

B pe3synbTare:

E,=4 10* (332 = 230) 500 = 2,06 -10° [1x.
np» KT 110 (3.60):
My =206-10° /(4,52 -10°) = 456 kr.

—-247,55+273,15 =332 K.

2. HaxoauM npuBeneHHYIO Maccy m

3. Buiuncasiem M3obIToOuHOE naBjieHue Ap v i no popmynam (3.28) u
(3.30):

Ap =101(08-456%% /750 + 3-456%%¢/750% +5.456/7503) = 0,86 k[Ta.
i =123-456%%/750=9,7Ma - c.

Omeem. W30bITOYHOE [aBleHWE B MOJOXUTENbLHOI (a3e BOJHBI
Ap = 0,86 kIla, UMnyabc NonoXuTeNLHOIM (a3bl BoHbl i =9,7 [a - c.

Codepxanue pabomoi
3ananmue 1

PaccunTaTh napaMeTpbl NONOXUTENLHOM (a3bl BOJHBI Ha PaCCTOSSHUU
r, M, OT 3MMLEHTPA aBapUMU XUAKOrO nponaHa. BMECTUMOCTb LIMCTEPHbI
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50 M ¢ maccoit m. [laBneHue cpabaTbiBaHUsl NpeloXpaHUTENbHOIO Kjana-
Ha uucrtepHsl 2,0 MI1a.

3ananue 2
IMocTpouTb rpacKk U3MEHEHHUSI U3OBITOYHOTO JaBJIEHUS pacrnpocTpa-
HEHHS yOapHOi1 BOJIHbI OT 3MMLIEHTPA B3pbiBa HAa PaCCTOSIHUM r (M).

Memoduyeckue yka3zanua

1. [Tonyunte 3a0aHMe U UCXOLHbIE JaHHbIE 1Sl BLIOJHEHUS pacyeTa
(taba. 3.10).

2. O3HakombTech ¢ siBneHueM BLEVE B paspenax 2.1.3 1 2.2.1.3 noco-
061 ¥ napamMeTpaMy y1apHOW BOJIHbI.

3. U3yunte dopmynsl (2.1)—(2.4), xapakTepu3ylolliMe napameTphl
yaapHOM BOJIHbI.

4. U3yynTte anroputMm pacyeta napameTpoB YAapHOI BOJIHbI MpH
B3pbiBe Mo (3.59)—(3.61) pe3epByapa ¢ neperpeToi XUAKOCTbIO UK CXU-
EHHBbIM ra3oM Mpu BO3[eiCTBUM HA HEro oyara noxapa.

5. BbInosHKTE pacyeT No BapyUaHTY 3aJaHusl U MOArOTOBbTE OTYET.

Tabauya 3.10. Ucxoaxble NaHHbIE 11 pacyeTa napaMeTpoB B3pbiBa

Bapuant (B Mpponanas KT A B c
1 800 4-10*
2 900 4,1-10°
3 1000 4,15 - 10°*
4 1100 42-10*
5 1200 4,25 - 10
5,949 812,648 247,55
6 1300 43.10°
7 1500 4,32-10*
8 1600 4,35-10*
P9 1700 44 -10*
‘ 10 1900 4,5-10°

16 4951



242 MpakTuyeckue paboTel

Codepxxanue omyema

OTyeT A0/IXeH OTBeYaTb TPeOGOBaHHUSAM OOLLMX METOAMYECKHX YKa3a-
HHWI MO BBIMOJHEHHNIO pabOT, UMETh 060CHOBaHHbIE BHIBOBI MO pe3yJibTa-
TaM pacyeToB.

B otueTe npuBeanTe pe3yJibTaThl pacYeTOB U OTBEThI HA KOHTPOJIbHBIE
BOMpPOCHI.

KOHTpOJ‘IbeIe BONPOChHI

1. OxapaKkTepu3yiiTe yaapHyio BONHY.
2. HasosuTe 0CHOBHbIE NapaMeTpbl yAAPHOI BOAHbI.

3. NoscHute ycnosua BO3MOXXHOCTU BO3HUKHOBEHUA B3pbiBa NPpU pacWwuUpeHun
napos BCKMNAKOWeEN XUAKOCTH.

4. NosAcHuTe, 4TO NOHMMaeTca noa asneHnem BLEVE.
5. Oxapaktepu3ynte MeToAbl 4NA pacyeTa napameTpos B3pbiBa npu BLEVE.

NpakTuyeckas pabora 12
PACYET NAPAMETPOB BOJIHbI AABNEHUA NPU CTOPAHUU
NAPOBO3]YLUHON CMECHU

Ieab paboThl: OCBOMTHL METOA pacyeTa napaMeTpOB BOJIHbI AaBJIEHUS
NpY CrOpaHWH ra3onapoBo3yLUIHbIX CMeceil B OTKPLITOM MPOCTPaHCTBE.

O6usue nonoxeHus

[Tpu cropaHny naporazoBo3ayWHbIX CMECE B OTKPbITOM MPOCTPaH-
CTBE HEOOXONMMO OMNpeNeSUTb Maccy m, KT, TOPIOUYMX ra3oB M/WJM Mapos.,
BbILUEALIMX B aTMOC(hepY U3 TEXHOJIOrMYeckoro annapara. s aToro on-
peaensior u3dbITOUHOE naBieHue Ap, klla, pazBuBaemMoe Nnpu cropaHuu
ra3onapoBo3ayLlIHbIX cMecei Mo (3.28):

HMmMnynbc BonHbI naBiaeHus i, Ia - ¢, paccuutbiBaloT no (3.30).

ITpumep. Paccuntath M30BITOYHOE NaBEHWUE U UMNYJILC BOJIHBI AaBJie-
HUS MpU Bbixode B aTMocdepy npomnaHa, xpaHsiuerocs B cepruueckoi
eMKOCTH 06beMoM 600 M, Ha paccTostHum 500 M OT Hee.
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Hexodnvie dannvte daa pacuema. O6beM emkoctr 600 m>. TemnepaTypa
20 °C T110THOCTb CXMXeHHOro nponaxa 530 kr/m>. CTeneHb 3anonHeHust
emkocth 80 % (no obbemy). YienbHas TemnsoTa ropeHusi MponaHa
4.6 - 107 Ox/kr. [IpuHUMaeTcs, YTo B TeYeHUE BpEMEHHU, HEOOXOAMMOTrO
IUTSl BBIXOJIA CXMXKEHHOTO ra3a U3 eMKOCTH, BeCb MporaH ucrnapseTcs.

Pewenue

1. Haxonum npuseseHHylo Maccy my, no (3.29):

M =4,6-10/4,52 - 10°- (0,8 - 530 - 600) - 0,1 = 2,59 - 10° kr.
2. HaxonuM u3bbiToyHOE naBneHue Ap no (3.28):
Ap =101 [0,8(2,59 - 10%)%33/500 + 3(2,59 - 10°)*%6/5002 +
+5(2,59 - 10%)/500°] = 15,4 Ia.
3. PaccunTbiBaeM UMNYJIbLC BOJIHBI AaBaeHus i no (3.30):
i=123(2,59 - 10%*%€/500 =920 a - c.

Omeem. U36biTOuHOE naBneHue 16,2 klla, MMMyabC BOJNHBI JaBlIeHUS

paBeH 920 I1a - c.

Codepxanue pabomsl

3ananue 1

OnpenennTb U3OLITOYHOE AaBJeHWE MPU B3pbiBe GajlsIoHa C MPONaHOM
€MKOCTbIO V(M3) W UMIIYJIbC BOJIHBI HA PAacCTOSIHUM r (M) OT HEro, npu
temneparype ¢ (°C), yaenbHasi Teriota ropeHus nponaxa 4,6 - 107 Jx/xr,
njJoTHocTb 530 KI‘/MS. CreneHb 3anosHeHUd 6annoHa o (%) (no o6bemy).

3ananue 2

PaccunTaTtbh M30bITOYHOE AaBJIEHUE U UMITYJIbC BOJIHBI AaBJEHUS NPH
BbIXode B aTMoc(epy OeH3MHA, XpaHsllerocs B chepuuyeckoil eMKOCTH
00beEMOM V(M3), Ha paccTosiHuu r (M) oT Hee, npu Temmnepatype ¢ (°C),
yaenbHasi TenjoTra ropeHuss GeH3uHa 4,76 - 107 X /Kr, njaoTHOCTb
790 kr/m>. CreneHb 3anonHeHust GanioHa o = 80 % no 06bemy.

Memoduyeckue ykasanus

1. TMonyunTe 3anaHMe U UCXOAHbIE NAHHBIE [UIS1 BLIMOJHEHHUS pacyeTa
(tabn. 3.11, 3.12).

2. Ioapo6HO M3yuuTe NapamMeTpbl y1apHOM BOJHbBI U METOABI UX pac-
yeTa (pasaensl 2.3 u 3.5).

lo*
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3. BbiMonHuUTe pacyeT No BapUaHTy 3aiaHuS.

Tabauya 3.11.Acxoanble faHHbIE 15 pacyeTa NapamMeTPOB B3pbIBa NO 3anaHHIo 1

B O6beM Paccrosnue T C CreneHb 3anoJHeHHUS
apHanT emkoctH V, M OT EMKOCTH r, M emneparypaf, Gannona o, % 06.
1 10 20 28 60
2 10 30 26 65
3 10 35 25 70
4 50 60 25 80
5 50 70 27 75
6 50 80 26 60
7 50 100 24 50
8 100 70 23 80
9 100 50 2 65
10 150 50 20 75

Tabauya 3.12. Aicxoanble AaHHbIE A1 pacyeTa NapamMeTPOB B3pbiBa MO 3aAaHHI0 2

BapuaHt eMKScs:::';, o’ Pacc;g::::,(:' em- Temnepartypa t, °C
1 50 500 20
2 70 750 25
3 80 770 27
4 100 500 21
5 120 520 22
6 130 580 23
7 150 600 28
8 170 650 30
9 190 700 19
10 200 1000 18
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Codepxxanue omyema

OTyeT OOMIXEH OTBEYaThb TpCGOBaHMHM 00LLMX METOANYECKUX yKa3a-
HUA MO BLIMOJHEHUIO pa60‘r.

B oTueTe NMPUBEANUTE pE3yJbTaTbl paCy€TOB, 000CHOBaHHbIE BbIBOAbI
Mo p€3ybTaTaM pacy€ToB U OTBETblI HA KOHTPOJIbHbLIE BOIPOCHI.

KoHTponbHbie BONpoChI

1. NosAcHuTe, 4TO NOHUMAETCA NOA ABNEHNEM B3pbIBA.

2. [lainTe onpepeneHue yaapHoi BONHbI.

3. 06bACHWTE, YTO NOHUMAETCA NO A NONOKUTENLHOM U OTPULATENbHOW (a3amMu
YAApHOW BONHBI?

4. Kakue metofbl pacyeta UCnonb3yloTca ANA ONpeaeneHus napaMeTpos B3pbiBa?

5. Hanuwute dopmyny ans pacyeta U36LITOYHOrO AaBNEHUA NPU CrOPAHUM ra-
30-, NapOBO3AYWHBIX CMeCei.

NpakTtuyeckas pabora 13
PACHET MHTEHCUBHOCTU TENNOBOI0 U3NNYHEHUA
W BPEMEHU CYWECTBOBAHUA OTHEHHOrI O WWAPA

llem. paﬁOTbl: OCBOUTb METOAUKY pacy€Ta UHTEHCUBHOCTH TEIMJIOBOIO
H3NY4YE€EHUA U BpEMEHU CYLLIECTBOBAHHUA OrHEHHOIO LIapa.

OcHosHbIe nonoXeHus

IMpy NnpoeKTMpOBaHUU 3AaHUI, COOPYXEHHUI, pa3MeLLIEHUU TEXHOJIO-
rM4ecKoro o60opyaoBaHMsl HEOOXOAMMO NpPeayCMOTPETb KOMILIEKC Mep MO
obecneyeHU0 NnoxapHoi 6e3onacHoCTH. s 3TOro HyXXHO yYMTbIBaTb
MHTEHCUBHOCTb TEMJIOBOrO U3Jy4eHHUs, KOTOPOE BO3MOXHO MNpU BO3HUK-
HOBeHMM noxapa. BaxHo TakXe 3HaTb BpeMs CyLLIECTBOBAHUSI OTHEHHOIO
wapa.

PacyeT MHTEHCHUBHOCTHM TEIJIOBOrO M3JlyYeHMs] OTHEHHOrO luapa ¢,
kBt/M2, npousBoasT no (3.33) (pasaen 3.4).
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YrnoBoit koadduuneHT obayyeHHocTH (F,) paccuuTbiBaeTcs Mo
(3.34).

O deKTUBHBIN! AMaMeTp OTHEHHOTO Liapa d pacCYMThIBaIOT 1o (3.35):

Bpemsi 3¢ ek TUBHOrO CyllleCTBOBaHHMSI OTHEHHOTO 1l1apa pacCYMThbI-
BaioT 1o (3.36).

KoadduuneHT nponyckaHus atMochepbl T paccuuThiBaloT no (3.37).

IIpumep. OnpenenuTs BpeMs CyLIeCTBOBAaHUSI OTHEHHOrO L1apa U UH-
TEHCUBHOCTb TEMJOBOTO M3JlydeHUsI OT Hero Ha pacctossHuu 500 M npu
pa3pbiBe cepruecKoil eMKOCTH ¢ mpornaHoM obbemoM 600 M° B ouare no-
xapa. [noTHocTb Xuakoi dasbl 530 Kr/M3. CreneHb 3anojIHEHUS pe3ep-
Byapa xuako# ¢asbl 80 %. PaccTosiHue oT 06J1y4aeMoro o6bekTa 10 TOYKH
Ha MOBEPXHOCTU 3€MJIM HEMOCPEACTBEHHO MOJ LEHTPOM OTHEHHOro
wapa — 500 M.

Pewenue

1. Haxonunm Maccy roptoyero B OrHeHHOM Luape no ¢popmyse

m = Vpa =600 -530- 0,8 =2,54 - 10°r,

rae V— o0beM pe3epByapa, M (V=600 m%);
p — MJOTHOCTb XHUIKOH ¢a3bl, |<1‘/M3 (p=530 KI‘/M3);
0. — CTeneHb 3anojHeHus pe3depByapa (o = 0,8).
2. Mo (3.35) onpenensiem 3 GeKTUBHBIN AMAMETP OTHEHHOTO Llapa:

d.=5,33(2,54- 10" =312 m.

3. Mo (3.34), npunuumas H = d /2 = 156 M, HaxoaMM yriaoBoii ko3¢-
1uUMeHT 00J1ly4eHHOCTH:
(156/312 +0,5)

= =0,037.
4[(156/312 +0,5)% +(500/312)]"

q

4. o (3.37) HaxonnM Ko3pdHULIMEHT NponyckaHus aTMocdepsl:
T=exp [-7,0 - 107 (/5002 +1562 —312/2)] = 0,077.

5. Mo (3.33), npuxumas E,= 450 KBT/MZ, Hax0AMM UHTEHCHUBHOCTb
TEMJIOBOTO U3JYyYEHUS:

q=450-0,037-0,077 = 1,29 kBt/m’.
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6. o (3.36) onpenensieM BpeMs CylleCTBOBaHMS OTHEHHOTO Lapa:
1,=0,92 (2,54 - 10935 =40 c.

Omeem. BpeMsi cyllleCTBOBaHMSI OTHEHHOTO Liapa MpH pa3pbiBe cohe-
pHMYECKOI eMKOCTH B o4are noxapa coctabJsiert 40 c.

Codepxanue pabomoi

3ananue 1

Paccuurtath BpEMA CylIECTBOBAHUA OrHEHHOro mwapa U UHTECHCHUB-
HOCTb TEMJIOBOIro U3J1IyYE€EHHUS OT HETrO Ha paCCTOSAHUH r NMPHU pa3pbiB€ EMKO-
CTH C Toployeit cMecbio 06beMOM V' B ouare noxapa. CteneHs 3anojJHEeHUS

pe3epByapa Xuakoi ¢asbl o, MJIOTHOCTb roproyero p (tadi. 3.13).

Tabauya 3.13. UcxoaHble JaHHbIE 115 pacyeTa

Bapuant Har::;g:f:ue v, M o P, Kr/m3 rnm
1 MertaH 600 0,75 716 300
2 OTtaH 600 0,8 1342 400
3 Mponau 1500 0,75 530 500
4 Kepocuu 1500 0,8 845 600
5 beH3uH 200 0,8 770 700
6 MeTaHon 500 0,8 755 800
7 ArtaHon 300 0,8 725 900
8 AUETOH 600 0,8 725 1000
9 AUETOH 300 0,75 767 550
10 beH3uH 300 0,75 770 1500

Memoduyeckue ykaszaHus

1. ﬂonque 3aJaHUE€ U UCXONHBbIE NAaHHBLIC UId BBIMOJIHEHUS pacyeTa.

2. Moapo6Ho n3yuute no dopmynam (2.5)—(2.20) MeToaMKy pacuera
napaMeTpoB U MHTEHCUBHOCTH TEIJIOBOro MOTOKAa OTHEHHOTO 1apa (pa3-
nen2.5).

3. BeInosHUTE pacueThl Mo BapyaHTaM, COrIaCOBaHHBIM C NpenonaBa-
TejeM U NMOArOTOBbTE OTYET.
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Codepxanue omyema

OTYeT A0JIXEH OTBeYaTh TpeOOBAHUSAM OOLLIMX METOAMYECKHUX YKa3a-
HMIA 10 BBINOJHEHHIO paboT, UMeTb 0OOCHOBAaHHBIE BbIBOJIbI MO pe3yJibTa-
TaM pacyeToB.

B oTyeTe npuBeauTE pe3ysibTaTbl pacCYeTOB U OTBETHI HA KOHTPOJIbHbIE
BOMPOCHI.

KOHTpOJIbeIe BONPOCHI

1. Y70 NOHMMaETCA NOA OrHEHHLIM Luapom?
2. Kak paccynTbIBaETCA UHTEHCUBHOCTL TENNOBOIr 0 U3NY4EHUA OrHEHHOr 0O Luapa?

3. Npusegute dopmynsl ana pacyeta 3¢GQEKTUBHOTO AUAMETPA OFHEHHOrO
Wapa, ero BPEMEeHM CyUeCTBOBAHNA?

NpakTuueckan pabora 14

PACHET NAPAMETPOB OFHEHHOTO LWWAPA,
OBPA3VYIOWEroCa nPU B3PbIBE PE3EPBYAPA
HA OTKPbITOM NPOCTPAHCTBE

Hem; paﬁo'ru: OCBOUTb METObI pacy€Ta napaMe€TpoB OrHEHHOTIO Liapa
MPpH B3PbIBE€ p€3€pByapa Ha OTKPbITOM NPOCTPAHCTBE U HAYYUTBLCA MOJIb30-
BaTbCsad nMarpaMmaMiu 3aBUCUMOCTH ﬂpMBCﬂCHHOﬁ HHTECHCUBHOCTH TENJIO-
BOI'0 NOTOKa OT NPUBEACHHOIO paCCTOAHUA.

OcHOBHbIE nonoxexus

OrHeHHbIN wap, odpa3ylolMiicsl MpU B3pbiBE pe3epByapa Ha OTKPbI-
TOM MPOCTPAHCTBE aBTOUMCTEPHbI C TOPIOYMM ra3oM, XapakTepu3yeTcs
IMaMeTPOM, BPEMEHEM CYLIIECTBOBaHMSI, TEMIMEPATYpPON.

PacueT nMameTpa OrHeHHOro Lapa NPOU3BOANUTCS MO IMNUPHUYECKOM
dopmyne (2.11) (cM. pasznmen 2.5).

[MponoAXUTENBHOCTb CYLLIECTBOBAHMSI OTHEHHOTO 1apa 3aBUCUT OT
ero Macchl ¥ onpeaensercs no dopmynam (2.12)—(2.13).

OrHeHHbIi 1Wap BbI3bIBAET 0XXOIM KOXM NMPHU OMNpeaesIeHHOM Moporo-
BOM paccCTOsiHWU. [11s onpeaeieHnsi NOpOroBoro pacCTosIHUS UCMOb3yeM
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nuarpammy (cM. puc. 2.5), Ha KOTOpO# NpuUBeJeHa 3aBUCUMOCTb NpUBe-
NE€HHOW MHTEHCUBHOCTH TEIJIOBOIO MOTOKA OT NPUBEAEHHOI0 paccTosi-
HUSL.

IMopaxatolliee geiicTBME OTHEHHOTO Lllapa ONpeaesieTcs ero u3yya-
TeJIbHOM MOLLIHOCTBIO, KOTOpasi paccuMThiBaeTcst no popmyne (2.14).

Ilpumep 1. B pesynbTaTe aBapuu aBTOLMCTEPHBI, 3anoJIHEHHOM
6,8 - 10* kr nponaua, 06pa3oBaiCcst OrHeHHBIiA Wwap. OnpeseanTh:

1) anameTp, BpeMsl CyLLLIECTBOBaHMSI U TEMIepaTypy OTHEHHOro Liapa,
00pa3oBaBLIErocs Npu B3pbiBe MPOMNaHa;

2) pacCTosiHME OT MecTa aBapuMH, MEHee KOTOPOro BO3MOXHO 06pa3o-
BaHMe 00JIE3HEHHBIX 0XXOrOB OTKPBIThIX YYaCTKOB KOXH JItoAei, MPUCYTCT-
BOBaBILIMX MPHU B3phIBE.

OLEHUTD, KAK U3BMEHWIUCH Obl OTBETHI, €CJIM BMECTO B3pbIBa aBTOLIMC-
TepHbI MPOU30LLIA Gbl IETOHALIMS TOTO Xe Koanyectsa (6,8 - 10*) B3pbiB-
yartoro BeulectBa (BB)?

Pewenue

1. Mo dopmyne (2.11) paccunTbiBaeM 1MaMETP OTHEHHOTO lllapa, CYM-
Tasl, YTO BELLECTBO AaeT MpH B3pbiBe TeMnepaTypy okosio 3600 K.

d;, =3,86 - m®3° =386 - (6,80 - 10%°% = 135,83 M =136 m.

2. Mo dopmyne (2.12) onpenensieM NpoaOXXUTENbHOCTb CYLLIECTBOBA-
HUSI 3TOro OTHEHHOTO 11apa npu Temnepartype 3600 K.

1, = 0,299 - m***=0,299 - (6,80 - 109)*** = 10,52 c.

CpenHsisi TeMnepaTypa OrTHeHHOroO 1liapa 3aBUCUT OT NMPUPOAbI Foplo-
yero BellecTBa. [lisg nponaHa COOTBETCTBYIOLIAsl TeMNepaTypa NpUoIn3u-
TeJbHO paBHa 1350 K.

3. YT006bl OLEHUTb AUAMETpP «DoJjiee roproyYero» OrHeHHOro uapa c
TeMmnepatypoit okosio 5000 K, obpasyrouierocs npu neToHaUMK TBEPAOTO
BB, ucnonb3yeM 3akoH noaodusi, KOTopslit Boipaxaercs (2.8). U3 Hee no-
Jly4yaeM JUTsl BELLeCTBA C pa3HbIMU TEMIEPATYPaMHU COOTHOILIEHHE:!

TI|/3 'd3|/Ql/3 — T2|/3 . DZ/QI/3 ,
OTCloaa

i T|I/3ds2 _ 36003 .136 _1533-136
2= 135073 115

= 188,68 M.
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B cayuae netoHauuu BB:

£ e 3600 -136 _ 15,33-136
27 5000 17,10

=12192 m.

4. PaccunTbiBaeM BpeMsl CYLIECTBOBaHMSI OTHEHHoro wapa npu 7| =
= 1350 Ku T, = 5000 K.

[ns pacueta ucnonb3yem BbipaxeHue (2.10) (paznen 2.5), U3 KOTOpoO-
ro cienyer:

10/3
T| / Ts1 - T210/3Ts2 .

m|/3 m|/3 ’
10/3
T,, = T T / .
s T|'°/3

T2 =

10,52 -3600'%°
1300 ¢

Kak BMOHO M3 pacuyeToB, Npu AeToHauuu BB obpa3yeTcsi orHeHHbIH
LIap MEHbILIEro AMaMeTpa U C MEHbLLIMM BpEMEHEM CYLLIECTBOBAHM S, XOTS
1 6oJiee ropsiumi.

5. Jlns onpeneyieHUs MOPOroBOro pacCTOsIHUS, Ha KOTOPOM BO3HHMKa-
IOT 0XOTM OTKPBITBIX YYaCTKOB KOXH, CHayala ornpeaeyisieM UHTEHCHUB-
HOCTb TeMJIOBO# 3Hepruu J no rpaduky puc. 2.5, UCNOJb3ys pacyeTHYIO
NPOAOIKUTENBHOCTb U3JIy4EHUs OTHEHHOrO wWwapa T, = 10,52 c. U3 aTnx
JNaHHBIX cieayeT, yto J = 1,4 KBT/Mz.

6. OnpenensieM MOPOroBoe pacCTOSIHME 10 MECTA B3pbiBa LIUCTEPHBI C
nponaHoM. C 3Toi LENbI0 BHIYUCIUM NPUBEAEHHOE 3HAYEHUE UHTEHCHUB-

- J
HOCTHM TEIJIOBOTO MoTokKa no ¢opmyne J = — 107
T

_14-10% 107
1350*

~i

=421 MBt/(M? - K.

U3 puc. 2.5 cnenyeT, 4yto pacyeTHOM J COOTBETCTBYET 3HAYEHHUE NPU-
BEJEHHOM BEJIMUMHBI paccTosiHUSA F, paBHoe 100 M - K'/3/Kr'/3, oTCl04a no-
POroBO€ pacCTOsIHUE:

_100m" 100(68-10*)" _ 369 1
T3 (1350)" '
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7. OnpenensieM NOporoBoe paccTosiHue Ans aetoHauuu BB Maccoit
6,8 - 10* kr npu Temnepatype 5000 K.

AHanoruyHo no rpaduky puc. 2.5 u 1, = 3,52 ¢ onpenensieM UHTEH-
CMBHOCTb TerioBoro noroka J = 16 kBr/m?, J = 2,56 - 10* Br/(m* - K%
npu TeMnepatype 5000 K, BennunHa F = 385 M - Km/xrm.

BrluncisieM noporoBoe pacCTosiHUE:

_Fm'? 385(68-10%)"° _919u
ST 000 T

Omeem. Ipu netoHauun BB maccoit 6,8 - 10* kr obpa3yeTcs OrHeH-
HbIi Wap MeHblUero aMameTpa d; = 121,92 M, yeM npu B3pblBe LUCTEPHBI C
nponaHoM. BpeMs cyllecTBOBaHMSI OTHEHHOTO lliapa npy aetoHauuu BB
MeHblle (XOTs OH 6onee ropsumii). [loporoBoe paccTosiHWE NpU B3pbiBE
nponaHa 3HauYMUTebHO MeHbllie (369 M), yuem npu aetoHauuu BB (919 m).

Bonbluee paccTosiHue, NpU KOTOPOM HabionaeTcsl MopaXXeHUe KOXH,
B CJlyyae AeToHauuu BB oObscHAeTCs Gosiee BLICOKOI TeMmnepaTypoit, Ko-
Topasi KOMNEHCUPYET YMEHbLIEHHWE 1MaMeTpa OTHEHHOTO 1lIapa U BpEMEHHU
U3NIy4yeHMUsl.

ITpumep 2. Paccuntarth nopaxatolliee AeiCTBME OTHEHHOTO Lllapa Mac-
coit 20 T, 06pa3oBaBILIerocs NpyU CropaHUM MpornaHa.

Pewenue
1. To BbipaxeHuto (2.14) (pa3men 2.5) pacCUUTbLIBAEM MOLLLHOCTb, Bbl-
ZieJIieMYIO MPU CTOPaHUM OTHEHHOTO Llapa:

P=12,4-10°-20¥°=9,1-10" Br.
Vl3nyaneanaﬂ MOLIHOCTb COCTABHUT:
P,=9,1-10".0,3=2,73-10" Br.

2. BoluncnseM MHTEHCMBHOCTb 3HEPrUM 00JIy4aeMoit MOBEPXHOCTH MO
dbopmyne (2.17) (pa3gen 2.5):

P, 2,73-10"

e by = =2,17-10° - r 7, Br/M’.
nr -314-r

J

3aBMCUMOCTb 103bl TEMJOBOro 001y4eHHUsl OT pacCTOSIHUS r LISl OT-
HeHHoro wapa Maccoit 20 T noka3aHa B Taou. 3.14.
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Tabauya 3. 14. 3aBUCHMOCTD 103bI TENJIOBOTO 00JIy4eHHs OT PACCTOAHUSA 1A OTHEHHOr 0
wapa maccoi 20 T

Jr=f(r)
100 200 400 800 1600 2262

J,=2,17r2Bi/M® [2,17-10°|5,42- 10°|1,35-10°(3,37 - 10%(8,74 - 107 4,27 - 107

J

r

1333 | Ix/m? 1,34-10%(2,11-107(3,30 - 10%/5,19 - 10°] — -

®dakTop ocnabneHuns 0,720 0,683 0,647 0,61 0,575 0,555
A=0,96-0,121gr

WurencusHocTb nocne | 1,56 - 10° 3,70 - 108,70 - 10%|2,05 - 10°(4,87 - 102,07 - 107
ocnabneuuns J;, Br/m

(J2)'333 ¢, Dx/m? 8,61-107(1,26-107(1,84 - 10°| — - -

(7)1, Dx/m? - —  [3,49-10°(6,60 - 10°[1,26 - 10| 5,54 - 10°

3. PaccuuTeiBaem no ¢opmyie (2.6) (pasnen 2.5) BpeMs cylLeCTBOBa-
HMsl OTHEHHOTO Liapa sl Macchl mponaHa 20 T:

1, =38-Ym=38-320 =103c.

4. OnpeaensieM WHIEKC A03bl 1O BbipaxeHHo (2.20) npy MUHUMaNb-
HOM paccTosiHuM r = 100 M ans1 orHeHHoro wapa (cM. Taba. 3.14).

Hudexc dosst = J, - r= (2,17 - 10" . 10,3 = 5,5 - 10° Ix/m’.

[MonyyeHHble pacyeTHbIE JaHHbIE COMOCTaBJIsIEM C NaHHBIMU Tab. 2.4
W AejlaeM BbIBOJ, YTO MHAEKC N03bl 5,5 - 10° ﬂ)l(/Mz BbI3bIBAET OXOIH
I11 creneHm.
5. OnpenensieM paauyc TEMNJIOBOro NopaxeHs sl OTHEHHOTO Luapa
Maccoit 20 T o rpacduky puc. 2.7:
e BepOSITHOE paccTosiHWe npu oxorax Il cteneHu coctaBasieT npu-
6ansuTenbHo 200 M;
e MakKcuMajbHOe paccTosiHue npu oxorax IIl creneHu cocraBnsieT
~ 400 m.
Omeem. OrHeHHbI wap maccoi 20 T, ob6pa3oBaBlUMIiCS NMPU cropa-

HUM MpoMNaHa, OKa3blBaeT [Opaxarollee NeCTBUE Ha PacCTOSIHUU
200—400 M.
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Codepxxanue pabomoi

3ananue 1

Onpe}lenwrb paanyc nopaxatrowmero NeNCTBUSA OTHEHHOr O nrapa Mac-
coii 20 T, obpa3oBaslierocst py cropaHuu yriaesonoposa. Paccrosinue ot
OrHEHHOTrO apa 10 obbekTa r.

BapuaHTt 1 2 3 4 5 6
M 200 400 800 1600 2200 2260
3ananue 2

Paccuntath noporoBoe pacctosiHue Uil OTHEHHOTO Ll1apa, 06pa3oBaB-
LIerocs Nnpu B3pbIBE €MKOCTH, 3alOJIHEHHOI YyrJieBOAOPOJOM MacChl
6,8 - 10% kr; Temneparypa B3pbiBa Ty, K (Ta61. 3.15).

Tabauya 3.15. lannble 1A pacyeTa no 3aaanuio 2

BapuaHt HaumeHoBanue ropioyero Tosp. K Tonaven K
1 Au€eToH 2873 2122
2 dtaH 1930 2170
3 Meran 2083 2236
4 Mponan 2840 2285
5 3TtuneH 2989 2395
6 AueTuneH 3079 2610
7 BeH3uH - 2098 1142
8 OkTan 2076 1050
9 3TaHon 2933 1750

Memoduyeckue yxkasanus

1. TMonyuute 3anaHMEe M UCXOLHbIE JAHHBIE JUTSl BLITOJHEHUS pacyeTa.

2. [oapo6HO M3yuMTe paszmen 2.5 HacTosLLIEero Nocoousl.

3. OcBoiiTe METONMKY pacyeTa NnapaMeTpoB OTHEHHOrO Liapa.

4. O3HaKOMbTECh C METOJAMM pacyeTa: pa3MepoB OMacHbIX 30H MO
dopmynam (3.25)—(3.27), napaMeTpoB B3pbiBa no dopmynam (3.28)—
(3.30) u kpuTepueB noxapoonacHoctu no ¢popmyaam (3.31), (3.32).

5. BrinosHuTe pacyeTHbIE 3a0aHMUS Y NMOArOTOBLTE OTYET.
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6. Henocraroume aist pacyeToB JaHHble NPUMUTE o Ta6a. 3.14—3.15
v rpadukam (cM. puc. 2.5—2.7).

Codepxanue omyemos

OTyeT AOJMIXEH OTBeYaTh TpeOOBAHUSAM OOLIMX METOAMYECKHUX yKa3a-
HU1 N0 BbIMOJHEHHUIO paboT.

B otueTe npuBeanTe pe3ynbTaThl pacyeToB, 000OCHOBAHHbIE BbIBOAbI U
OTBETbl HA KOHTPOJIbHbIE BOMPOCHI.

KoHTponbHble BONPOCHI

1. MNoAcHWTE, 4TO NOHWUMAIOT NOJ OFHEHHBIM WapPOM.

2. Kak paccunTbiBaloT NapaMeTpbl OFHEHHOrO Wapa: AWameTp, BpeMs ero cyuye-
CTBOBaHUA?

3. Kak onpepenstoT noporosoe paccTosHue 0T MeCTa B3pbIBa roptoyero?

4. YT0 noHUMaeTcsa noa A030i Tennosoro obnyyenun? Moareepaute popmynamu.

5. Kakue nopaeHns BO3HUKAIOT OT BO3AENCTBUA OrHeHHoro wapa? 0Ttsert oboc-
HyATe NpUMepamu.

NpakTuyeckas pabora 15
PACYET MHTEHCUBHOCTU TENNOBOIO U3NYYEHUA NPU
NOXXAPAX NPONIUBOB NIBX U NK

Llenb paboThI: OCBOMTbL METOAMKY paciyeTa MUHTEHCUBHOCTH TEMJIOBOrO
M3Jly4eHus Nnpu noxapax nponansos JIBXX u XK.

OCHOBHbIE NONOXKeHUA

PacyeT MHTEHCHBHOCTH TEMJIOBOrO M3JlyuYeHHUs 3aKloyaeTcs B clie-
LYIOLIEM.

1. MIHTEHCHMBHOCTb TEMJIOBOrO MU3y4YeHus g, KBT/M?, paccunTbiBaioT
no ¢opmyne (3.33) (pasaen 3.4).

E; NpMHMMAIOT HAa OCHOBE MMEIOLLMXCSl IKCMIEPUMEHTAJIbHBIX IAaHHbIX.
Jnsi HEKOTOPBIX CXXMXXEHHBIX yrieBoaopoaHbix Tormaus (CYT) yka3zaH-
Hbl€ JaHHbIe NpUBeaeHbI B Taba. 3.3 (pa3nen 3.4).
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[pu 0TcyTCTBMM ﬂaHHbIX nonyckaercss E, npuHUMaTb paBHOM
100 KBT/M s CYT, 40 KBT/M U1 HepTenpoayKTOB.
2. PaccuutbiBatoT 3¢ eKTUBHBIN n1MaMeTp nponunsa d, M, no popmyie

d= ﬁ, (3.63)
n

rie S — niowank Npoam1sa, M>.

3. PaccuutbiBaloT BeicOTy miaMeHu H, M, no ¢opmyne

0,61
m
, (3.64)
Po/&d ]

re m — yaenbHasi MaccoBasi CKOPOCTb BHIFOPaHUs! TOMMBA, Kr/(M? - ¢);

P, — MJIOTHOCTb OKPY>Xalolllero BO3ayxa, Kr/M3 ;
£ — YCKopeHHe cBODOMHOro naaeHus, pasHoe 9,81 M/Cz.
4. Onpenenstor yriaoBoi Ko3pduumeHT obnydeHHOCTH F no ¢op-

myJie
F =R +F}, (3.65)

F‘,=l L-arctg h +L arctg Si -1 -
T S| Slz_] Sl S|+l

4 ( A+DS =D | (3.66)
Az—l (A—l)(S,+l)

=W+ 5,2+ 1)/28, (3.67)

H =42d[

rae S| = 2r/d (r — paccTosiHME OT FeOMETPUYECKOr0o LUEHTpa NpojnBa 10
061yyaeMoro oobekTa).
5. BeicoTa cosi mponuBLLIEHCS XUAKOCTH:

h=2H/d; (3.68)

1 [@-ys el
Fu= [ 1 amg( (B—l)(S,+l)))

AW g [AEDE ZD ) (3.69)
NFEoR (A=1)(S, +1)



256 NpakTuyeckue pabotbl

rac
B=(1+5%)/QS). (3.70)

6. Onpeaensitot K03 HUUMEHT NponyckaHusa atMocdepsl T Mo ¢op-
MyJe

t=exp [-7,0 - 1074(r - 0,5d)]. (3.71)

IIpumep. BbinoaHUTL pacyeT TEMJOBOro U3JyyeHMsl OT Noxapa npo-
nuBa 6eH3nHa niomwanbio 300 M2 Ha pacctossHuM 40 M OT LIeHTpa NpoJnBa.

Pewenue

1. OnpenensieM 3¢ deKTUBHBINM AMameTp npoausa d no (3.63):

d = /4-300/314 = 19,5 m.

2. Haxoaum BeicoTy nnameHu no (3.64), npunumas m = 0,06 1<r/(M2 X
xc); =981 m/c% p, =12 kr/m:

0.06 0,61
H=42-]9,5[ 2 ] =26,5M.

1;2 09,8 * 19,5

3. Haxonum yrnoBoit koapdrLUHeHT 00J1y4eHHOCTH F, no popmynam
(3.65)—(3.70), npuuumas r =40 Mm:

h=2-265/195=2,72;
S, =2-40/19,5 = 4,10;
A=Q2,72% +4]10% +1)/Q2 -4)]) = 3,08;

B=(+41%)/2-4])=2,7.

F, = I L-arctg 2,72 +2’72 X
Y3144 fa12-1) 4l

x{amg(\/“—']}_ 308 g( Mﬂ—_»]=o,oom;

4] +1 ’3,082 -1 (3,08-D@1+1




Npaktuyeckue paboTbl 257

1 [ @17-1/41 27 DE1-1)

F, = —| 22> ___ 2 2> . -
# 3,14[ hi7? -1 aertg(\/(2,17—1)(4,1+1)]J
_6os-vas [ [GO8+DAEI-)

«/3,082 -1 3,08 -1)@,1+1)

F, =/0,00126? +0,032367 = 0,03240.

] =0,03236;

4. OnpenensieM K03 HHUUHMEHT NporyckaHus atMocgepsbl no popmyie
3.71):

1 =exp[-7,0-10740-0,5-19,5)] = 0,979.

5. HaxoaMM MHTEHCUBHOCTb TEMJIOBOrO M3nyuyeHus q no (3.33), npu-
HuMmas E, =47 KBT/M2 B COOTBETCTBMH C Tab. 3.3:

g =47-0,0324-0979 = 1,5kBr/M>.

Omeem. UHTEHCUBHOCTD TEMJIOBOTO U3JyYeHHs NMPU NMpoJiMBe GEH3U-
Ha riowwanbio 300 M2 coctasasier 1,5 KBT/Mz.

Codepxarue pabomoi

3ananue

PaccynuTaTh MHTEHCHBHOCTD TEMJOBOrO U3JyYeHUs NMPU NPOJIMBE ro-
plOYEro BelECTBa Iiollaabio S (MZ) Ha pPacCTOSIHUM r (M) OT 3MULIEHTpA
NnpoJivBa.

Memoduyeckue ykasaHus

1. lNonyuynte 3apaHne U UCXOAHbIE AAaHHBIE 1Sl BHINOJHEHUS pacyeTa
(Tabn. 3.16).

2. M3yuute TennoBoe neiicTBUE OrHEHHOTO 1apa (pasaen 2.5).

3. [Noapo6GHO U3yynUTe METOAMKY pacyeTa MHTEHCUBHOCTH TEMJIOBOro
n3nydyeHnus npu npoause JIBX u X (pasnen 3.4).

4. MpoaHanusupyiite popmyanl (3.62)—(3.71), ucrnoab3yemble as
pacyeTa napaMeTpoB NpH B NonagaHMM ra3oB ¥ NapoB roproYMUX XHUIKO-
CTeil B OTKPLITOE MPOCTPAHCTBO M HAXOASLUMXCS B OMELLEHUH.

S. BbinosHUTe pacyeThl MO BapUaHTy 3aa4yM, COrJIaCOBAaHHOMY C Mpe-
rnoaaBaTtesieM.

17 4951
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6. Henocralolume ans pacyeToB JaHHble MPUMUTE Mo Tab. 3.16 u no
JIAaHHBIM PaCCMOTPEHHOTO BbIllIE MPUMEDpA.

Tabauya 3.16. [lanHbie 115 pacyeTa HHTEHCHBHOCTH TeIL10BOro H3JlyyeHus

HanmeHoBaHME Mouazs npo- PaccTosnue ot | YaenbHast MaccoBast
BapuaHT ropiONEro aupa, S, M | >TMUEHTPa Mpo- | CKOOCTS BhiropaHs,
NUBa, r, M m, xr/(M° - c)
1 Meran (CIIT) 50 10 0,05
2 Mertan (CIIT) 120 20 0,06
3 Mponax-6yTaH, 150 10 0,04
cMech
4 IMponaH-6yTaH, 300 30 1,00
cMech
5 Kepocuu 130 20 1.10
6 KepocuH 225 50 0,09
7 beH3uH 300 40 0,05
8 beH3uH 550 80 0,06
9  |du3enbHoe TONJIMBO 150 10 0,12
10 |du3enbHOE TOMIUBO 300 30 0,13
11 |Aun3enbHoe TOMAMBO 450 60 0,50
12 |Hedtb 120 10 0,60
13 |Hedtb 180 55 0,10
14 |Masyt 340 20 0,07
15 butym 170 50 0,15

Codepxxanue omyema

OTYeT NOJIXKEH OTBEYaThb TpC6OBaHMﬂM 00LLIMX METOAUYECKUX yKa3sa-
HUI1 MO BBIMOJHEHUIO pa60T, MMETb 00OCHOBAHHbIE BbIBOAbI MO peE3yibTa-
TaM pacy€ToB.

B oTtuere MPpUBEAUTE PE3yJbTaTbl PACYETOB U OTBETHI HA KOHTPOJIbHBIE
BOITIPOCHI.
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KoHTponbHble BONpOCHI

1. OT yero 3aBUCUT MHTEHCUBHOCTL TENNOBOrO uznyquun?

2. Kakue metoabl UCNONBL3YIOTCA ANA PacyeTa MHTEHCMBHOCTW TENNOBOMO U3Ny-
YeHWUs Npu noxapax?

3. Kak onpepensior yrnosoit koadhduuneHt obnyyeHHocTn?
4. 0T 4ero 3aBMCUT BbICOTA NNaMeHn Npu noxape nponusos JIBX u MNK?
5. Hasosute Hanbonee noxapoonacHsie JIBX u NK.

NpakTuyeckas paborta 16

PACYET PA3SMEPOB 30Hbl, OTPAHUYEHHOMN
HWXHUM KOHUEHTPALLMOHHBIM NPEAENOM
PACNPOCTPAHEHUA NNAMEHH

Ilenb paboTbl: OCBOMTH METOAMKY PacyeToOB pa3MepOB 30HbI, OrPaHM-
yeHHoi HKTIP nnaMeHu, HayuyuTbCs NOaAb30BaThCsl CIPAaBOYHOM M HOP-
MaTMBHOW JOKYMEHTaUMeN.

06wue nonoxxenus

[1pn aBapusX NpOUCXOIUT pacnpoOCTpaHEHHUE TOPIOYMX BELIECTB U
NpOAYyKTOB rOpeHMs B paauyce onpeaeieHHoMi 30Hbl. ['opioune razoodpas-
Hbl€ BELLECTBA MPEACTaBISIIOT ONMACHOCTb BO3ropaHMUsl U pacnpoCTpaHEeHHUsl
NnJlaMeHU B 3aBUCUMOCTH OT KOHLIEHTPALIMOHHBIX MPEAEIOB CMECEN ITUX
ra3oB C BO3yXOM.

PaccMoTpuM pacueT pa3MepoB 30HbI, orpaHuyeHHoi HKIIP, Ha npu-
Mepe TaKMX OMacHbIX FOPIOYMX ra3oB, KaK MponaH U OyTaH.

Ilponan:

e roproumnii 6ecLBETHBIM ras;

e MosisipHast Macca 44,096 kr - Mo.rlb";

e KOHLEHTPALMOHHbIE MpeAebl pacNpoCTpaHEHUs NAAMEHHU: HUX-

Hwit 2,3 %, BepxHuit 9,4 %;

e MakcuMManbHoe nasyieHue B3pbiBa 843 klla.

Byman:

e rOpIOYMit OECLIBETHBIN ras;

e MoJsipHast Macca 58,123 Kr - Monb ';
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e KOHLIEHTPALMOHHbBIE Mpeaesibl pacCpoCTPaHEHUS MJIAMEHU: HUX-
Huii 1,8 %, BepxHuii 9,1 %;
e MaKCHMMaJlbHOE AaBjieH1e B3pbiBa 843 kIla.

IIpumep 1. PaccuuraTth pa3mepsl 30HbI, orpaHuuyeHHoit HKITP npu
paspylleHUHU aBTOLMCTEPHbI, NEPEBO3sILLEN ONMACHbII ra3 B KOJMYECTBE
4880 kr. ABTOLIMCTEPHA HAaXOAUTCA Ha paccTosiHMU 165 M 10 A3C; 193 M
110 00LLeXHUTHs; 238 M 10 KoonepaTUBHOIO rapaxa.

Pewenue

PacueT npousBoanm st Haubosee YacTo UCMOJb3yeMOI CMECH MNpo-
naHa u 6ytaHa — 50:50.

1. Onpenensiem cpenHee 3Hauenne HKITP ansa cmecn — ¢, = 2,05 %.

2. CpenHee 3HauYeHUE MOJISIDHOMN MacChl COCTABJISIET:

(44,096 + 58,123)/2 = 51,1.
3. [noTHOCTb NponaHo-6yTaHOBOM CMecH onpeaesseM no ¢popmyine

M

Prm = (1+000367r,) "

rae M — MonsipHasi Macca, Kr - KMOJb

V, — MOnbHbII 00bEM, paBHblit 22,41 M- KMO.rlb";

I, — pacueTHas TeMrnepartypa, °C.

[IpyHrMMaeM MakcMManbHYlO TeMrnepaTtypy (Hanpumep, anst Upkyr-
ckoi obnactu 37 °C).

Orcrona:

511

22,413(1 +0,00367 -37)

=20 kr-m~>.

Prny =

4. Pa3mep 30HbI, OrpaHM4YE€HHONW HUXHUM KOHLEHTPAaUMOHHBIM Npeje-
JoM pacnpoctpaHenus naameHu (HKTIP) onpenensem no gpopmyine (3.25).

MakcumanbHasi NMpoeKTHasi aBapus: BCE CONEPXHMMOE LIMCTEPHBI
nornagaeT B OKpyXalolliee NpocTpaHcTBO. KosnyecTBo rasa B LMCTEPHE
4880 kr.

OTcroaa HaXxoAUM pa3Mep 30Hbl, OTPAHUYEHHON HUXXHUM KOHLEHTpa-
LIMOHHBIM Mpeae/ioM pacrnpocTpaHEeHUS NJIaMeHH, OH paBeH:

0,333
Ruxnp = 14,5632 (%) = 154,7 .

YuutbiBas, 4yTo pacctogHus 10 A3C — 165 M; 1o obuiexutsa — 193 m;
JI0 KOornepaTHUBHOrO rapaxa — 238 M, iej1aeM BbIBOJ, YTO JaHHbIE PacCTOS-
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HUs GoJibllie, YEM PaaMyC 30Hbl, OTPAHUYEHHON HUXKHUM KOHLEHTpaLIM-
OHHbBIM Mpe/EeIoM pacrnpocTpaHeHus: niaMeHu. CreqoBaTebHO, MPpH pas-
pYLUEHMH aBTOMOOMIBHON LIMCTEPHBI CMECh TOPIOYMX ra30B HEe JOCTUTHET
yKa3aHHbIX OObEKTOB.

ITpumep 2. Paccuntath M3GLITOYHOE NaBeHHE B3pbIBa pOMNaHa Ha pa3-
JIMYHBIX paccTossHuaX. KonnuectBo npomnana B uuctepHe 4880 kr. Cornac-
HO CMpaBOYHbIM JaHHBIM TEMJI0Ta ropeHus nponaHa pasHa 2044 kJx x

X MoJb !, MonsipHas Macca 44,096 kr - monb .

Pewenue

1. [IpuBeneM TENIOTY ropeHust K pa3MepHOCTH KX - kr:

2044 2044

oV —44096 103 =46,35~103K[1)K-Kr".

2. MN0THOCTHL MpoNaHa Npy pacyeTHOI TeMMnepaType onpeaeanuM no
dbopmyne
M

P Y0 +0003671)

rae M — MonsipHasi Macca, KT - Moflb™;
V, — MoJbHbII 00BbEM, paBHBIit 22,41 M- Kkmonb';
1, — pacueTHas Temneparypa, “C.
OTcloia MMeeM: NMJIOTHOCTb MponaHa NpH pacyeTHON TeMepaType ¢

37 °C paBHa

p

_ 44096
22,413(1+0,00367 -37)

=173 Kr-M~.

Pr

3. INpuBeneHHyl0 Maccy rasa (napa) onpeneiaum no ¢popmyne (3.29):

_ [46,35.106

Moy 3 -4880-0,1 =5004,2 r.

4,52-10

4. U30bITOYHOE naBfieHUE paccuuTaeM no dopmyse (3.28).
M36bITOYHOE naBieHHE HA paccToAsHMU 10 M OT reoMeTpHUUYECKOro

LIEHTpa ra30BO3AYLLIHOro 06Jlaka COCTaBUT:

0,8 -5004,2%3 L 3:5004.2 0.66 4 5:50042
10 102 103

Ap =101[ ]:3499 xMa.
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N36biTOYHOE naBieHUEe Ha pacCcTOSIHUU 50 M OT reoMeTpUYecKoro
LEHTpa ra3oBo31yLIHOro 06J1aka COCTaBHT:

033 . 066 .
Ap = 101 (0,8-5004,2 43 5004,2 23 5004,2

= 80,6 kIla.
50 502 503

M36bITOYHOE naBineHUe Ha paccTossHMM 100 M OT reoMeTpHUUYECKOTro
LIEHTpa ra30BO3AYLLIHOro 06/1aKka COCTaBUT:
0,8-5004,2%% , 3:50042 0.66 L 5:5004,2

100 1002 1003

Ap=101( ]:24,3Kl’1a.

N36biTOYHOE NaBieHUE Ha pPacCTOAHUH 150 M ot reoMETpHUYECKOro
LEHTpa ra3oBo3ayuLiHoro obJjlaka COCTaBHT:

0,8-5004,2%3 L 350042 0,66 L 5:50042
150 1502 150°

Ap=101[ ]=13,4Kﬂa.

M36bITOYHOE naBneHUe Ha paccTossHUU 200 M OT reoMeTpUUYECKOTO
LEHTpa ra3oBO3AYILLIHOro 06/1aKa COCTaBMT:
0,8-5004,2 %33 L 3:50042 0.6 L 5-50042
200 2002 2003

Ap=]01( ]:9,1 kIMa.

N36bITOYHOE naBieHMe Ha paccTossHUU 250 M OT reoMeTpUUYECKOro
LIEHTpa ra3oBO31YLIHOro 00J1aKa COCTaBMT:

0,8 -5004,2 %% , 3-50042 066 , 550042
250 2502 250°

Ap=101( ]=6,9Kna.

PesynbraThl pacueTtoB cBeneM B Taba. 3.17.

Tabauya 3.17. Pe3yabTaThl pacyeTa H30bITOYHOr0 AaBJleHHs B3pbIBa HAa Pa3IMYHBIX
PacCTOAHHAX

PaccTositHue oT reoMeTpHYECKOro LeHTpa

H36bITOuHOE naBAeHUs B3pbiBa, K[1a
rasoBo3aywHoro obnaka, M

10 3499
50 80,6
100 243
150 13,4
200 9,1

250 6,9
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Codepxxanue pabomoi

3ananue 1

PaccuuTaTh M30bITOYHOE AaBlieHWE B3pbiBa HA PACCTOSSHUM F, M OT
reoMeTpUYECKOro LeHTPa aBapuy LIUCTEPHbI € XXUAKUM MPONaHOM Maccoit
m (kr) npu Temneparype 37 °C.

2. OnpenennTb BO3MOXHbBIE MOBPEXAEHUS! 00bEKTOB (pacnonoxXeH!e
00BEKTOB B3SITh U3 YCIOBMIi NpuMepa 1).

Memoduyeckue yka3zaHua

1. Monyunte 3anaHMe U UCXOHbIE AAHHbIE ISl BLIMOJHEHUS pacyeTa
(taba. 3.18).

Tabauya 3.18. icxonnbie JaHHbIe U1 PacyeTa NapaMeTpoB B3pbiBa

Bapuanr 1 2 3 4 5 6 7 8 9 10

PaccrosHue r, M 20 | 30 | 40 | 60 | 70 | 80 | 90 | 110 | 120 | 130

Macca ropiouero, m (kr) | 4000 | 4100|4200 | 4300 | 4400 [ 4500 [ 4600 | 4700 | 4800 | 4880

Bapuaut 11 |12 | 13 (14| 15|16 | 17 | 18 | 19 | 20

Paccrosinue r, M 140 | 160 | 170 | 180 | 190 | 210 | 220 | 230 | 240 | 300

Macca ropioyero m, kr | 39503900 (3850 | 3880 | 4450 | 4560 | 4650 [ 4760 {4850 [ 4900

2. [TonpoOHO M3yuynTE METOAMKY pacuyeTa pa3MepoOB 30Hbl, OrPaHU-
yeHHo# HKIIP (npumep 1).

3. BuuMarenbHO U3yunTe METOAMKY pacyeTa U30bITOYHOrO AaBJEHHS
B3pbiBa Ha pa3/IMUHbIX PaCCTOSIHUSAX OT FEOMETPUUYECKOro LEHTPa B3pbiBa
(npumep 2).

4. BbinonHuWTE pacyeTsl M0 BapMaHTaM, COrJIaCOBaHHbLIM C Npenoaasa-
TeJIeM.

5. HeobxoanMble JaHHbIE 1Sl pacyeTOB MPUMUTE M3 NPUMEpPOB | 1 2.

Codepxanue omvyema

OTYeT N0/IXXEH OTBEYaTb TpCGOBaHMﬂM 0O0LLIMX METOAMYECKHUX yKa3a-
HU 10 BBIMOJHEHHUIO pa60T, MMETb 000CHOBAHHbBIE BbIBObI MO pe3yibTa-
TaM pacCy€ToB. B otuere NMPUBEANTE PE3YJbTaTbl paC4€TOB U OTBETHI Ha
KOHTPOJIbHbIE BOIMPOCHI.
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KoHTponbHble BOnpocs!

1. Yvo TaKoe «n36bITONHOE faBNEHUE B3pblBa»?
2. Kak paccuutbiBatoT u36bITONHOE AaBneHue B3pbiBa?

3. YTo noHMMaeTca NoA KOHUEHTPAUMOHHLIMM NpeaenaMn pacnpocTpaHeHus
nnameHun? OT yero oHW 3aBUCAT?

NpakTuueckan pabora 17
PACHET U3BbITOYHOr0 AABNEHUA B3PbIBA
B NPOU3BOACTBEHHOM NOMELWEHUU

Henb paGOTM.‘ OCBOMTb METOAMKHM pacyeTa U3ObITOYHOIrO AaBJEHUS B
NMPpON3BOACTBEHHOM ITOMELLIEHUN.

O6wue nonoxxenus

OnpeneneHne U3OBITOYHOTO JaB/IeHUsl B3pbiBa B IPOM3BOACTBEHHOM
NoMelIeHUH 3aBUCUT OT MHOXeCTBa HakTopoB. PaccMoTpuM Ha npumepe
OIHOTO TEXHOJIOFMYECKOro y3/la METOA pacyeTa U30bITOYHOIO NaBeHUs
B3pbIBa.

IIpumep. TexHonornueckas cxeMa NpoM3BOACTBA AETMAPOKBEPLIETUHA
B NMOMELIEHUHU COCTOUT U3 ONHOTO TeXHoJoruyeckoro uukna. TexHonoru-
YEeCKMI LIMKJ1 OCHOBAH Ha U3BJIeYEHUM NeTUAPOKBEPLETUHA U3 LLEMNbI JIU-
CTBEHHHULIbI MyTeM 3KCTpakLMii 70%-HbIM pacTBOPOM alleTOHa MPU TeMIe-
paType OKpYyXalollei cpeabl.

[ToMelueHHMe, B KOTOPOM HAaXoAATCs OTAe/ieHUe COOPHMKOB, 3KCTpaK-
LUMOHHOE U peakTOpPHOE OTAEJeHUs, MPeACTaBsIET HAUBObLIYIO MOXap-
HYIO OMacHOCTb, TaK KaK B TEXHOJIOFMYECKOM MNpoliecce obpallaeTcs alie-
ToH. Hanbosnbluee KoaMyecTBO aleToHa B COOpHMKE MPU HOPMAJIbHOM pe-
XuMe coctapnseT 1500 1, yTo 3aHMMaeT 06beM 1,5 M.

[TapaMeTpbl MPOM3BOACTBEHHOTO MOMeLLEHHS: MJolanb 1658 M2, BbI-
cota 10 M. [ToMeuieHne 06Opy1OBaHO aBapUitHON BEHTUJISILINEI C KPAaTHO-
cThio Sy,

[To cnpaBoYHBIM JAaHHBIM OMpeaesisieM NMoKa3aTeu MoXapHoi onac-
HoOCTM [U1s aueToHa (bpytTo popmyna C;HgO).
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Tennora ropexus auetoHa 1821,38 kJIx - Monb™'; Temneparypa

BcnbllwkKM — 18 °C; MonspHas Macca 58,08 Kr/mMoib; MIOTHOCTb aUETOHA
790,8 «r - M'3; MakKcUMMalbHoOe naBjieHHe B3pbiBa 572 klla.

B kayecTBe pacyeTHOro BapMaHTa NpUHMMaeM HauboJiee ONnacHbIi Ba-
PHUAHT pa3BUTUsl aBapuM — pa3pyllieHHUe cOopHHMKa aueToHa. [1pu pa3py-
wIeHMM nuowanp pasnusa coctaBut 1500 m? (cornacto HITB 105—03
n CI1 12.13130.2009 npuHuMaeTcsi: | i1 roptoyero pasiuBaeTtcst Ha | M2).
MakcuManbHylo TeMrnepatypy Bo3ayxa npuHuMmaem 37 °C, npu pasrepme-
TU3aLIMK 000pYyN0BaHHUsSI BO3MOXHO 00pa3oBaHHe B3pbIBOONAcHOro obaka
Y BO3HMKHOBEHHE B3pbIBa.

Pewenue

Ilns onpeneneHust U3GLITOYHOTO AABJEHHMS B3PbIBA NPENBAPUTENLHO
ornpenensieM NaBjleHWE HaCbILEHHbIX MapoB npu temmnepatype 37 °C.

1. laBneHne HaCbILLEHHBIX MAPOB PaCCYMTHIBAIM MO YpPaBHEHUIO AH-
TyaHa:

a-L
pH =IO C+I’

rae A, B, C — koHcTaHTbl AHTyaHa (Ta6a. 10, npun. 111);
t — pacueTHas TeMnepartypa, "C.
Jlns aueToHa KOHCTaHTbI AHTyaHa cjeayloLlue:
A=17,25058; B=1281,721; C=237,088.
JlaBneHue HacbILLEHHBIX MAPOB COCTABJSET:

725058 1281721
p, =10 237.088+37 = 375 Ma = 0,375 k[a.

2. OnpenensieM MHTEHCUBHOCTb UcnapeHMs o dopmye (3.13):
W =107.13-,/5808-375 -10° =
= 3,7l~10‘6 kr-c™' -m72,
CKOpOoCTb BO3YLLIHOTO MOTOKa onpenensieM no ¢popmyie
AV
v= ,
3600F
|

rae A, — KpaTHOCTb aBapUItHOM BEHTWIISILMM, Y ;
V — obbeM noMeleHus, m>;
F — nnowanb nonepeyHoro ceyeHUs: oobeMa NoMeLIEHHUS: NPOU3Be-

leHue LWMPUHDBI Ha BLICOTY, Mz‘
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O6beM nomeleHus V =Sh =1658-10 =16 580 M3, F=ah =48 - 10 =
=480 M’
[Toatomy
- 5-16 580 _
3600-480

3. BeiMuMHa MHTEHCUBHOCTH MCNapeHMs MO3BOJISIET paCCYMTATh Mac-
cy napos (m, Kr), MOCTYMUBLUMX B OTKPbITOE NMPOCTPAHCTBO 32 3alaHHOE
BpeMs UCIapeHUs ucxoas U3 3aBUCUMOCTH (3.12).

IMpuuumaem cornacHo HITBb 105—95 Bpemsa ucnapenus 3600 c. [no-
wanb pasnusa 1500 M2 (1 n pasnuBaetcs Ha | Mz), CJIe10BaTe/IbHO,
F, = 1500 M,

Macca ucnapmBLuMXcs napoB paBHa no (3.12):

m, =371 1076 - 1500 - 3600 = 20,034 kr.

B c6opHuke HaxoauTess P=pV'=790,8 - 1,5 =1186,2 kr roprouero Be-
LLIECTBA, YTO NPEBbILIAET PACYETHYIO BEJMUKHY, CJIe0BaTEbHO, MPUHU-
MaeM KOJIMYeCcTBO UcnapvBlumxcst napos 1186,2 kr.

4. BpeMs MoaHOro ucnapeHusi, ¢, onpeaesior U3 BoipaxeHus (3.12):

0,05 m-c".

“TWF,’
H
rae m, — Macca Nnapos, Kr.
W — WHTEHCUMBHOCTb UCNAPEHMU S, KT ' M_2;
F, — nniowans ucnapenus, M%;
BpeMst nonHoro ucnapeHust cocTaBiseT:

1186,2

" S— =213153 c.
3,71-107° - 1500

5. Tak kak nomMelleHHe 06opyaoBaHO aBapuHHON BEHTUISILMEH, ON-
penessieM KOJUYEeCTBO aKKyMYJIMPOBaHHBIX NapoB (m , KI) no ¢gopmyie
(3.14):

. 1186,2
m, =———2"_  =399Kr.
n 5-213 153
J+ —
3600

6. PaccuMTbiBaeM CTEXMOMETPHUUYECKHIT KOIDDHULIMEHT Kucaopona B
peakuuu cropanusi no dopmyie (3.4):

LY
1 2
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7. PaccunTbiBaeM CTEXMOMETPUYECKYIO KOHLIEHTPALIMIO NapoB aleTo-
Ha o ¢popmysne (3.3):

100

- -49%.
1+484-4

CcX

8. InoTHOCTD Mapa aleToHa Npy pacyeTHOM TeMIepaType BhlUMCIsieM
no ¢opmyJe (3.2). B kayecTBe pacueTHOM TeMIepaTypbl CleayeT MpUHU-
MaTb MaKCHMaJlbHO BO3MOXHYIO TEMIIEPATypy BO3/lyxa B JaHHOM MoMellle-
HHUM B COOTBETCTBYIOLIEH KIIMMAaTUUYECKOI 30HE HJIM MAKCUMaAIbHO BO3-
MOXHYIO TEMIIEpaTypy Bo3ayxa Mo TEXHOJOrMYECKOMY pEerjlaMeHTy C yue-
TOM BO3MOXHOTrO MOBbILIEHWUS] TEMIlEpaTypbl B aBapUHON CUTyaLMH.
Ecnu Takoro 3HaueHusi pacyeTHON TEMMEpPATypbl £, 110 KAKMM-THOO Npu-
YMHaM ONpeae/UTb He yaaeTcs, A10MyCcKaeTcsl MIPMHUMATh ee paBHOit 61 °C;

IMpuMeM MakcUMabHYIO TeMMepaTypy Bo3ayxa 37 °C,

58,08
22,413(1+0,00367-37)

Prmy = =228 kr-m™.

9. M36bITOYHOE NaBjieHHE B3pbiBa paccuuTbhiBaeM no ¢opmyie (3.1),
B KOTOpO# Z npuHumMaeM nno t1aba. 3.1 (ws JIBX Z=0,3).
OnpenensieM BEIMYUHY CBOOOJHOIO 0OBbEMA MOMELLEHHUSI:

V., =085n=0,8-1658- 10 = 13 264 M.

OnpenensieM U30LITOYHOE NaBjieHWe B3pbiBa Mo (3.1):

3691:03 100 1 _ 5 a.

=(572 -100) ————
A ={ )]3264-2,28 49 3

Omeem. N306bITOYHOE NaBjeHWe B3pbiBa NapoB alleTOHA B MoMmellle-
HMHM, Tlie HaXoASTCsl oTaeleHue COOPHUKOB, 3KCTPAKLUMOHHOE U peaKkTop-
Hoe otaeneHus cocrtasaset 11,7 kIa.

Codepxxanue pabomer

3aganue

PaccunTtatb U3ObLITOYHOE NaBJIEHUE NMPHU B3pbIBE EMKOCTH C CXHUXKEH-
HbIM YIJIEBOAOPOAOM Y MPOJIMBE €r0 U3 EMKOCTH, ECJIU NMPOU3OLLJIO MOJ-
Hoe pa3pylieHue obopynoBaHus. MaKkCcUMMalbHOE NaBJieHUE B EMKOCTHU
Pyax (KIMa); MaKCMManbHOE KOJMYECTBO YII€BOAOPOAA B EMKOCTU m (J1);
naowanb noMeleHus S (Mz); BbICOTA MOMeLLEHUs A (M); LUMPHUHA a (M).
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[ToMeuleHne 060pyaOBaHO aBapHUITHOI BEHTUIISILMEN C KPAaTHOCTbIO BO3-
nyxoobmeHa A, (u7").

Tabauya 3.19. [lanHble 114 pacyeToB

Bapuaut 1 2 3 4 5
CYB AueToH Mertanon 3raHon ByraHon beH3on
Puax> KI2 902 910 890 880 800
m,n 1000 1100 1500 1550 900
S, m? 800 1000 920 980 1220
h,m 10 10 8 8 6
a,M 40 42 44 46 48
A, 3 4 5 6 4,5

Bapnant 6 7 8 9 10
CyYB lekcan [MponaHon TpeT- H-AMUN0- | An3THNOBBII

byraHon Bblit CUPT adup

Prax Kl 820 840 860 880 900
m, Kr 1100 1300 1500 1600 2000
S,m? 700 745 770 820 840
h,m 10 12 14 16 8
a,m 32 34 36 38 40
A,y 3,5 4,5 51 6,3 5
Memoduyeckue yxkazanus

1. TlonyynTte 3anaHne U UCXOLHbIE JaHHbIE IS BLIMOJIHEHUS pacyeToOB
(tabn. 3.19).

2. [Noapo6GHO M3yuyuTe METOAMKY pacyeTa M3ObLITOYHOIO NaBjlEHUS
B3pbIBa TEXHOJIOrMYECKOTO Yy3J/1a Ha YKa3aHHOM B pa3jejie puMepe.

3. O3HakombTech ¢ naHHbIMU HITB 105—03 «OnpeneneHune karero-
pHUA MOMELWEHUNA U 30aHUI1 MO B3PbIBOMOXAPHOM M MOXapHOM OMacHo-
ctu» 1 CIT 12.13130.2009 «OnpeaeneHne KaTeropmii NoMelleHHU i, 301aHUI
M Hapy>XHbIX YCTAHOBOK 10 B3pbIBOMOXaPHOi1 M MOXapHOI OMacHOCTU».

4. Mnowanb po3nvMBa NPUMMUTE UCXOIs U3 TOTO, YTO | J1 XXMAKOCTH
pa3nuBaeTcsl Ha rowanb 1 M.
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5. Henocramoluue ansi pacyeToB JaHHblE — PU3UKO-XMMHUUYECKHUE KOH-
CTaHTbI Ha FOpIOYME XUIAKOCTHU, MPpUMHUTE Mo Taba. 3 u 18, npun. l11.
6. BrinonHuTe pacyeThl N0 BApUaHTY 3alaHUsl U NOATOTOBLTE OTYET.

Codepxanue omyema

OTyeT nOJIXEH OTBeYaTh TPEOOBAHMSIM OOLIMX METONMYECKHUX YKa3a-
HMI1 1O BBIMOJHEHHUIO paboT, UMeThb OOOCHOBAHHBIE BbIBOJIbI MO pe3yJibTa-
TaM pacyeToB.

B otuete npuBeanTe pe3ysibTaThl pacyeTOB M OTBETbl HA KOHTPOJIbHbIE
BOIPOCHI.

KOHTpOIIbele BONPOCHI

1. Y70 NOHMMaETCA NoA U36LITOYHLIM AaBNEHUEM B3PbIBA?
2. Kak paccuunTbiBaloT u36biTOuHOE faBneHne B3pbiga?

3. Kak BnusoT ycnosus cpepsl (NpocTpaHCTBa), B KOTOPOWH OCylWecTaseTcs
B3pbIB, Ha ero napamerpbl? MoscHuTe NpumMepamu.
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1. MatepuanbHbI 6anaHC NPoOLECCOB ropeHus

Teopemuuecku neo6xo0umbtii pacxod 6o3dyxa (V)

Twun ropiounx

BelIECTB PacyeTtHas ¢opmyna Pa3mepHocTb
l/l:m;Buny- Vo = no, + N, (1.67) KMOJIb. M_S; ﬁ
anbHoe n, KMONb M3 Kr
BELLECTBO

yo - (n+3,76n)-224 _ 1066n (1.64)
? mM m '
- 3
Bewecrso Ve = 0269(9+ HeS 0) (1.72) M
CJIOXHOrO 3 8 r
ocTaBa
Cwmecb ra3os Vo = 2[CHyg]+ 05[Ha] + 05[CO] + 1,5[H;S] - [0,] M_3 KMOJIb
21 M3 KMOJIb
(1.73)
Obsem 6030yxa npu 3a0aHHbIX YCAOBUAX:
Ve .- E-760 ver
V=2 _— " =2784.2_ u’ (1.66)
273p p

Kosgpdpuyuenm uzboimra 6030yxa

(1.4)

(1.5)
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- mi__ : (1.6)
—®o,
21
a= . (1.7)
21-99, +0,5¢c0, +0:50 12 +20chHs
Obsem npodykmoe czopanus
Tun ropiounx
BEwL6CTB PacueTtHas dbopmyna Pa3mepHOCTb
Unausnay- |TeopeTnyeckuii 06EM NPOLYKTOB FOPEHUS: 3 M3
- V M /Kr’ _;
albHOE Be 0 02 n_ . 3
LeCTBO Vap=—=0. (1.75) "
nM KMOJb
TeopeTHyeckuit 06beM NMPOAYKTOB ropeHM s ra3006pas- KMOJIb
HBIX FOPIOYMX:
P
Vr9.r=z n.ri . (1.76)
np
O6beM BNaXHbIX MPOAYKTOB FOPEHUS:
+m + 224
y, = (mco, + MHj0 + MmN, 224 (1.74)
mM
O61beM NMPOAYKTOB ropeHUsl NPH 3a1aHHbIX YCIOBUSAX:
vo ., Tr
ynr = nr P 1 (1.77)
p0-70
BelwecTBo O61eM KOMIMOHEHTOB MPOAYKTOB FOPEHUS: M3
CJIOXHOTO C —
Ve =186 —; 1.80 Kr
cocTaBa co, =18 100 (150)
H w
Vho=112 —+124—; (1.81)
H0 100 " 100
S
Vso, =0,7—; (1.82)
2 100
1 0
VN, =—|7C+21| H ——)+ 263S +08N | (1.83)
100 8
Cwmecb razoB | TeopeTuueckuit 06beM NPOLYKTOB rOpeHHsl CMECH ra30B: M3
Ve, = z Viri- (1.84) M3

O61beM i-ro npoaykra:
N O
- ¥+Z¢nm:l (1.85)
r

n.ri

100
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TTpaxmuueckuii (noansiii) 06sem npodykmoe 20perus

Vn.r = Vonr +AV,, M.

TTpaxmuueckuii o6sem npodykmog 2openus

(1.11)

Var =Vor +V2 @ -1, . (1.12)
Ob6vem Kucaopoda 6 npodykmax 20peHus
Vo, =021AV,, M. (1.15)
Ob6sem azoma 6 npodykmax 20peHus
VN, =V, +0,794V,, v, (1.16)
Teopemuueckuii 06sem azoma 6 npodykmax 20peHus
Vs, =079V, m’. (1.17)
2. TennoBo# 6anaHc npoyecca ropeHus
Tun roprounx BelecTs PacueT TennoTbl cropaHus Pa3mepHocTb
WHauBuayanbHble Hwu3was tennorta ropeHus: kx/Monb
BELLECTBA k
0y =Y (8H[  -m;)-AHpn, (1.23)
i=1
BeuwlecTtBa cioxHoro | Bbicluasi Tennota ropeHus: KIx/Kr
cocrasa (¢opmyna 0,=339,4[C] + 1257 [H] -
Menneneesa) -108,9 ([O] - [S]); (1.24)
Hwu3swas tennora ropeHus:
0Oy =3394C + 1257TH-
—-108,9(0-S)-25,1(9H + W) (1.25)
CMmecb rasos Hu3was Tennora ropeHus Kﬂ)K/MOJ;b,
1
0 =L 3 uor (.26) | Kx/m
100
Yoeavnasn ckopocme (unmencusrnocms) mennosvloeneHus
g=0,v,,KBr/m>. (1.27)
Hnmencugnocms mennogstoenenus
0=0,v,F kBT (1.28)
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3. KoHueHTpay1oHHble npeAenbl pacnpocTpaHeHun
nnameHu

Konyenmpayuonnsie npedensvt 6ocnaamenenus HUXCHUI (6epxuuti) unou-
8UAYANbHBIX 20PHOYUX Beujecm8 (Z/MJ )
100

a-n+b’

Cuwy = (1.98)

Yucno amomos kucaopoda, Heobxo0umoe 0 NOAHO20 C20PAHUSL OOHOU
MoneKynbl gelecmea

n=2(nc+n5)+ﬁ”;J—no. (1.99)

Dopmyna Jle-Llamenve

0, = 100 : (1.100).
RIS N 7
(pml (pmz (pmm
Pacyem konuenmpayuonHbix npedenog (HUMCHe20) N0 menaome 20peHuUs
-100
Py _ G 190 (1.101)
0y

Pacuem konyenmpayuonnvix npedenoe eocnaamenenus no 0aéAeHu0 Ha-
CHIUEHHBIX NAPO8 HCUOKOCmu

Pu 100
Py = —2—. (1.105)
Po
Ypaenenue Aumyana (pacuem dasaenus naceiuenrnozo napa)
B
Igp=A-——. (1.44)
P C+t
Pacuem konuenmpayuonnvix npedenoe npu paznuyHelx memnepamypax
T,-T, ).
Pucry) =([’H(Tl)(l‘———-“—‘rr__TI ; (1.106)

- TZ —TI
Pury) "(Pn(TI)(“'TT—I). (1.107)

IS 4951
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4. TemnepatypHble npeaenbl pacnpoCcTPaHeHUA

nnameHun
T = 0,821, — 86 K; (1.103)
T =0,701, — 42 K. (1.104)

5. Temneparypa ropenus (K)
QVICX

T. =T, g (1.29)
Aduabamuyeckas memnepamypa 2openus
T.=T,+ Q“ . (1.31)
>C, -
[eiicmeumeabnas memnepamypa 2opeHus
Qn r
T ,=T, + ——————. (1.32)
r.a o ZCPi k Vn .
Temnepamypa 2o0perus, paccHumanHas Memooom UHMe pnoasyuu
-0, T, -T,
T, =T + Quinn ”Q"")f 2= 1) (1.89)
Qn.r - Qn.r
6. TemnepaTtypa camosocnnameHeHun
Igt=A,+n,1gS; (1.96)
Igt=A,—-n,lg7; (1.97)
T,=300+116 /5-1,, npul,<5; (1.94)

T.,=300+38 /., =5, npuly,>5. (1.95)
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Cpednas dnuna yenu 8 moaexyne coeQuHeHus

n

Zn,ci

Aep =2 ) (1.92)
2
Obuwee uucao yeneii 8 Monekyne coeOUHeHUs
S, = MM - (1.93)
2
7. Temnepatypa BCNbIWKH
Popmyaa B.H. baunosa
A
T, = . 1.34
BCN PHn Dn ( )
Kosppuyuenmos dupgy3uu ( Mz/C )
-4
Dy=—0 (135)

\IZAM ili
Temnepamypa ecnvluku ncudkocmeli ¢ onpedeaeHHbIMU 8UAMU CEA-
3eii (°C)
n

Tscn =aO+aI’Kun+zaj[j, (137)
Jj=2

Temnepamypa écnvtuuku no oasaenuro Hacvigeno2o napa (°C)

T -4 oy (1.38)

" Pacn DoB

Temnepamypa ecnotuxu 6 3akpstmom muzae (gopmyaa Ines) (°C)

T o — 18VK; (1.40)

BCN

=t

k=4mc+mH +4ms +mN '—sz —2mc| —3m|: —SmBr‘

8*
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Temnepamypa écnotuku cMeceii Hegpmenpodykmos (°C)
. CAXt +Bxty— [, —1,)
BCN 100 *

(1.111)

8. TemnepaTtypa BocnnameHeHUA

Temnepamypa eocnaamerenus uHougudyansHoix xcuokocmeli (°C)

T, =a, +a|IKMH+Zajlj. (1.37)
j=2

Temnepamy pa eocnaamenenus no dasaenuro nacoigennozo napa (°C)
Ag

=—2 273 (1.41)
’ PnanOB

Temnepamypa 60CnAAMEHEHUA AAUDGAMUYECKUX CNUPMOE U CAOHCHbIX
agupos (°C)

T oo tem 273 o (1.42)
1+ Kty +273)

9. CTexnomeTp1YeCKan KOHUEHTpaLyuA

Cmexuomempuyeckas KOHUeHMpPAyus 20pioe20 napa uau 2a3a npu 2ope-
Huu Ha 8o3dyxe (% 06.)

100

=— (1.113)
Pex 4,76 +1

CmexuoMempuyecKas KOHUeHMPayus 20pioMe20 napa uau 2aza npu ope-
Huu 6 yucmom Kucaopode (% 00.)

100

Qo = ——. (1.114)
B+1
Cmexuomempuveckas KOHUEHMPAYUS 200420 napa uau 2asa npu zope-
3
HUuu 8 yucmom Kucaopooe (2/m”)

, _ 1000M (1.116)

(pcx - (B+I)V, -
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10. FopeHue TBEpAbIX BEWECTB U MaTepuanos

Tlpusedennas maccoeas ckopocmes 6vl2opanus, K,'Z/Mz -c

W, =W Ky
S
Ky = <o (1.47)

nox
TToxcapnas naepyska (maccosas), KZ/MZ
P,=5. (1.48)

Toxcapnas naepysxa (mennosas), M,lb;c/Mz

E”:Q"i
—i=l

1.49
/- 3 (1.49)
Kosgpguyuenm nosepxnocmu zopenus, MZ/MZ
S, .
K, = S"'r' . (1.51)

n;
Koagpuyuenm nosepxnocmu 2openus noxcaproi nazpy3ku, MZ/Mz
n
Z S n.r;
~
K, = '—S—— . (1.52)

Maccosas ckopocmb evizopanus noxcaproi Haepy3ku Ke/c

, =M (1.54)
AT
Ilpueedennas maccoeas ckopocms evi20panus, K.'Z/(M2 -¢c)
Y (1.55)

atS,
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Yoenvnas ckopocmes ebieopanus (ucmunnas), xe/(MZ -¢c)

v, = —ATA;," ; (1.56)
n.r
v, = ;—”’; (1.57)
n
L)
VA = (1.58)
Sn.r
vy =i K,. (1.59)

Jluneiinas ckopocms pacnpocmpanerus NAaMeHu no NOBEPXHOCMU NO-
HCAPHOU HA2PY3KU, M/MUH

AL

===, 1.60
AT (1.60)
11. NapameTpsbl B3pbIBa

Maenenue 63pwisa, Ila

T n;
p33p=po LA Z L. (3.58)
T, zncm

Maxkcumansrnoe dasnenue npu 83puige, Ila

pmax=poTrnK/TonH' (2-1)
Huamemp ocnenHo20 wapa, m
d, =553m,; (2.5)
d, = 3,86m™%. Q.11)
Bpemsa cywiecmeosanusa oznennozo wapa, c
1,=383 my; (2.6)
7, = 0,299m°3%. (2.12)

HzaywamensHas mowHocms oeHenno2o wapa, Bm

P,=12,4-10° - m2*.03=3,72-10°-m}. (2.14)
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H3661mounoe dasaerue undusudyanbholx 2oprouux gewecms, Ila
m-Z 100 1

Ap= (Pmax—P0) 5—— . 3.1
m Vcn'prn Pex KH
H3661mouroe dasnerue 8 omkpstmom npocmpancmee,lla
08m%3  5m%6  Sm
Ap = po| — =+ —5—+—— |- (3.28)
r r r
Brympennss snepeus, Axc
N
QBH.3H.CM = z nici T. (354)
i=l
Tenaoma e3puviea, [Inc
QB3p = (QF.Bnr.B + QBH.BH)' (356)
ITpusedennas macca ea3a uau napa, K2
my, = (Ql)mZ (3.29)
o
Hmnyasc yoapuoii eonnst, Ila - ¢
0,66
m®
i=123—"2— (3.30)

r
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llaBnenune

P, — AaBJieHUE NPU HOPMAJIbHBIX yCIIOBUSIX, [1a, kI1a

p — 3allaHHO€ JaBJIeHUE, MM. PT. CT., I1a, k[1a;

Ap — n36bITOYHOE AaBlieHHUE, KI1a;

Pu.n — AaBJIEHWE HACBILIEHHOTrO Napa Npy TeMIepaType BCMbILIKH, TEMIIe-
paType BoCIjaMeHeHMUS;

Pycn — NMapUMATbHOE AaBIEHUE Napa UccieayeMoii XXKUIKOCTH NPH TeMIe-
paType BCMbllLKH, KIa;

P, — NMapLUMaIbHOE AaBjeHME Napa UCCIeAyeMOi XXMIKOCTH MPU TeMnepa-
Type BocrlaMeHeHus, kI1a;

Pu(s) — HAaBJIEHME HACBILLEHHOTO NMapa, COOTBETCTBYIOLLEE HUXHEMY (BEPX-
HEMY) KOHLIEHTPALIMOHHOMY TpeJesy BocrjaaMeHeHMS];

Pwyp — AaBJIEHME B3pbiBeE, KIla;

Pmax — MaKCHUMaJlbHOE AaBl€HWE B3PbIBa CTEXMOMETPUUECKOI ra3oBo3-
IYLLIHOI MJIM NMapoBO3AYIIHOM CMECH B 3aMKHYTOM 00beMe, KI1a;

P — AMHAMUYECKOE NaBJIEHWE BO31YLLHOTO MOTOKA, CJIEAYIOLLETO 3a
(pOHTOM yaapHOW BOJIHBI;

L — ypoBeHb 3ByKOBOTIO naBjieHuUs, Ab.

Temneparypa

T, — HayanbHasi TeMMepaTypa UCXOAHOM cMecH, K;
T — TeMnepaTypa roproyero BelecTsa, K;

t — TeMIepaTypa roptoyero BelecTsa, °C;

T, — Temnepartypa ropenuus, K:

T., — TeMnepaTypa caMoBOCMJIaMeHeHus, K;

T,.n, — TeMrepaTypa BCMbIIKH, K;

T, — TeMnepatypa BocriaMmeHeHus, K;
te,n — TEMIEPATYpa KUMeHUs xuakoctu, °C;
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TP — annabatuyeckasi TeMrnepaTypa ropeHusi CTEXMOMETPUYECKOI CMecH
C BO31YXOM IMpH NOCTOSIHHOM 06beMe, K;

T,

s3p —TEMIIEPATYPE B3PbIBA.

Npepensbl BOCNNaMEHEHUA

1,(s) — HVXXHUIA (BEPXHMI) TEMMEPATYPHbIi Mpejen BocriameHeHus, “C;
@5y — HUXHUIA (BEPXHHI1) KOHUEHTPALUMOHHBIN Npejies1 BOCIIAaMEHEHUS,
% 00.;

cﬂ(%— HWXHMI (BEPXHMI1) KOHLIEHTPaLIMOHHbIM MPEAes BOCIUIAMEHEHUS,
/M’

¢, — obnacTb BocniaMeHeHUs, % 00;

Pu(r,)r Pu(ry) — HMXXHUH KOHLIEHTPALUMOHHBIM Npeles BOCIIaMEHEHHUS
npu temneparype T, u Ty,

Pu1,)r Pu(Ty) — BEPXHUI KOHLUEHTPALLMOHHBIM Npeaes BOCMIaMEHEHU S
npu Temneparypax T, u T;

¢p — MMHMMaIbHAas (ierMaTU3npyollas KOHUEHTpaLUs.

BenuynHbl cKOpoCTU

W — ynenbHasi MaccoBasi CKOPOCTb BBITOpaHHs (C € AMHHULIbI TOBEPXHO-
CTH), Kr/M2 - C;

W, p — NpHBENEHHas yae/bHasi MaccoBasi CKOPOCTb BbITOpaHHs, Kr/M2 - C;
v,, — MaccoBasi CKOPOCTb BbITOPaHHsl MOXapHOW Harpy3ku (Macca roplo-
4yero, BLITOPAIOLLEro B eAMHULY BpEMEHU), KI/C;

v,? — npuBeaeHHas MaccoBasi CKOPOCTb BbIFOpaHHMs (Macca ropioyero,
BbIropatolliasi B eAMHMLY BpEMEHM C €AMHMLBI TJIOLIAAM MoXapa),

kr/(M - c);

v — ynenbHasi ckopocTb BbIropaHus (MCTUHHast) (Macca roployero, Bbl-
ropaioiasi B e1MHHMLY BpEMEHHM C €AMHHLbI TOBEPXHOCTH), |<r/(M2 -C);

v, — JIMHEHHasi CKOPOCTb PacrpoCTPaHEHUs! IJITAMEHHU IO MOBEPXHOCTU
MOXapHOM Harpy3kKHu.

06bemHble BeNUYUHbI

V — o0beMm, M3;

V, — obbeM BO3yXa MPY HOPMallbHbIX YCIIOBUSIX, M>;
V. — TeopeTnueck1 HeobX0AMMOe KOJIMYECTBO BO3yXa /U1sl CTOPaHMs
I krum | M3 ropoyero BeLECTBa, m/xr, M3/ M



282 0603HayeHuns

V, — npakTu4eckoe KOJM4YeCTBO BO3/lyXa, MOTPaYeHHOE Ha CTOpPaHUE eAU-
HMLbI MACChl MJTM €AMHMLbI 0GbEMA FOPIOYEro BELLECTBA, M°/KT, M*/ M;

V. — 06beM B1aXXHbIX MPOAYKTOB CTOPaHUs MPU HOPMaJbHbIX YCIOBUSX,
30

M /KT;

V. — TeOpeTUYECKHit 00bEM MPONYKTOB CrOpaHus, M3/KI';

Vco, » Vhy0:Vs0, VN, — 061>eM3 ra3oB BbLIEJISAIOLIMXCS NPU CTOPaHUH
CJIOXHBIX FTOPIOYMX BELLECTB, M~ /KT, KMOJIb/KT;

V. . — 0BbeM i-To KOMNOHeHTa (MPOYKTbl PEaKLMH), M>/M>, KMOJIb/
KMOJIb, M3/Kr;

V.

ey — CBODOMHBLIA 06BEM MOMELIEHHUS, M’

V, — obbeM rasa, BblLLELLETO U3 arnapara, M3

V,, — 00beM rasa, BbilEALIErO U3 TPYOONpoOBOA, M3

MaccoBble (KonuyecTBeHHbIE) BENUYUHDI

m — Mmacca roployero, Kr;

my,, — NPUBEACHHAs Macca rasa uiu napa, Kr;

AM; — aTOMHbI€E (3IEMEHTHbIE) COCTABJISIOLLIME FOPIOYEro BELLECTBA;

M; — macca i-ro anemeHTa roproyero MaTepuana,

M, — macca Bo3ayxa, rnouieaiuast Ha ropeHue, Kr;

Mco, » Mu,0, My, — YUCII0 KUIOMOJIEN AMOKCHAA YI1eposIa, NapoB BOAbI
M a30Ta B YpaBHEHUM peaKU MU TOPEHUS;

mc, mg, my, My, Mg, Mp — YACJIO aTOMOB, COOTBETCTBEHHO, Yrjiepoaa,
cepbl, BOAOpoJa, rajiomaa, Kuciaopoaa v ¢pocgopa B MOJIEKYE XXUIAKOCTH.
n. — KOJIMYECTBO rOPIOYETO, KMOJIb;

nc, Ns, Ny, AN, Ng, Nc), NE, Mg, — COOTBETCTBEHHO YUCJIO aTOMOB YIjlepoa,
cepbl, BOAOPOaA, a30Ta, KMC/Iopoaa, Xxnopa, ¢pTopa u 6poMa B MOJIEKYJie
JIAHHOTO BELLIECTBA;

[CI, [H], [S], [O] — conepxanue yrnepona, Bonopoaa, Cepbl U KUCI0poAa
B rOpIoYeEM BelllecTBe, Macc. %;

n — KOJIMYECTBO /-I0 MPOAYKTa ropeHUsi B ypaBHEHUMU peakLUUH, KMOJIb;

n.ri

hn, — 4ucio 9(3) (7] I'a3006pa3Hle MPOAYKTOB rOpE€HUA;

N, — YUCJIO MOJIEH UCXOOHOM ra30BOM CMECH;

H
m, — Macca XHUAKOCTH, UCrnapHMBLUENCS C MOBEPXHOCTH pa3/inBa, Kr;
Mg, — MACCa XUAKOCTH, UCTIAPUBLLEICS C MOBEPXHOCTEN OTKPBITHIX EM-
KOCTEH, KT;
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Mg oxp — MACCA XKUIOKOCTH, UCTIAPUBLLEHCS C MOBEPXHOCTEMN, Ha KOTOPbIe
HAHECEH MPUMEHSIEMbII COCTaB, KT,
Mye, — Macca XUIAKOCTH, UCMApUBLUCHCS B OKpYXalolllee MPOCTPaHCTBO B

cllyyae ee neperpesa, Kr.

KoHueHTpauus

C., — cTexuoMeTpHyecKasi KoHUeHTpalus napos JIBX, r M>;
cX ’
@, — CTeEXMOMeTpHyecKasl KOHUeHTpauus, % 06.;
n., m; — cTexuoMeTpuiyeckue ko3 OUUMEHTH B ypaBHEHUH PeaKLMH ro-
peHUS;
@N,»Po, — KOHLEHTpALMs a30Ta, KHCIIOPOAa B OKUCIIUTENbHOI cpesie

(% 06.)

MnoTHOCTL

P, — MJIOTHOCTb BO3AyXa, KT - M3

P;z — TUVIOTHOCTb MaTepHaja, Ha MOBEPXHOCTb KOTOPOro pa3jinBaeTcs
CVT, xr- m~>;

p, — nuoTHocTb napoB JIB2XK npu pacueTHoit TeMnepatype 1 atMocdep-
HOM [aBJIEHUMU, KT - M'3;

ps — MJIOTHOCTb BO3[lyXa NPY JaBJ€HUU CXKaTHs, KT - M3,
MNnowapb

S — nmowaab noJsia NoMelleHUs M2;

S, — MOBEPXHOCTb ropeHus, M’;
S, 0x — TI0LLAAbL MTOXKapa, M2

Sn, MJIOLLAb [OKAPA IEMEHTA MT0XAPHOI HArpy3KH, M’;
S,.ri — MOBEPXHOCTb FOPEHUSI i-TO U3AENHS;

F, — nnowanb ucnapeHusl, MZ;

7
F, ., — niowanb HCNap€Hus4, M2.

ucn

TennoBble BenUuUHbI

AH g, .5 AHg — COOTBETCTBEHHO CTAHAAPTHbIE TEMIOTHI 06pa3OBaHMH
i-ro npouyKTa ropeHus (n.r) v roptouero (r), K1>x/Mob, Kll)K/M

O, — KOJIMYECTBO TEMJIOThI, BbIAESIEMOE i-M FOPIOYUM MaTepuanoM, JIx;
Orop — Tenn0Ta ropeHUs JaHHOro BeluecTBa; KJx/mMonb, KIAX/Kr,
Kﬂ)K/M

0,, — Hu3LWas TerioTa ropeHus, KIAX/Kr;
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0, — BbIClLIas TeMnjoTa ropeHust, KIx/Kr;
Q, — TenuioTa ropeHus yraesonopona, KIx/xr;
Opyio1.cy — BHYTPEHHEN 3HEPruM B3pbIBYATON NMapo-, ra3oBO3ayLIHON cMe-
cH, KIx;
O, ; — KOJIMYECTBO TEIJIOTHI, 3aTPAY€HHOI1 Ha HAarpeB NPOAYKTOB FOPEHUS,
kJx/Monb; KIX/Kr; K[l)K/M3;
0,,cx — KOJIMYECTBO TEMJIOThI, MOCTYNHUBILEE B 30HY TOPEHUS C TOPIOYMM U
OKHUCIUTEIbHOM cpenoit, KIx/Monb; KJX/Kr; K[I)K/M3;
O,.en0x — TEIUIOTA Henoxora, KJx/Kr;
O,or — TEIJI0 NMOTEPU U3Ny4yeHneM, KJIX/Kr;
L,,., — ynenbHast TenjoTa UcnapeHus XUIAKOCTH NpHU TeMMepaType nepe-
rpea xuakoctu T, , JIx - kr .
C,, — TEMJoeMKOCTb MaTepUasa, Ha MOBEPXHOCTb KOTOPOro pa3/MBaeTcs
CYI, Ox - kr' - K™;
Cp; — yZelbHas TEMJIOEMKOCTb i-T0 KOMIIOHEHTA MPOAYKTOB FOPEHUs MpH
T, kIx/(m° - K), kIx/(xmonb - K);
C,, C;, C, — ynenbHas TEMJI0EMKOCTb KOMIIOHEHTOB B3pbIBYaTOi roployen
cMecH, KKal/(Monb - rpan);
Cp — MoJibHasi TENJI0eMKOCTb NPY NMOCTOSIHHOM [1aBlIEHUH,
kJx/(kmonb - K);
C,), C,3, C,3 — MOJIbHbIE TEMJIOEMKOCTH KaX10ro KOMMOHEHTa CMECH NPH
NocToAHHOM 06beMe, KIX/(kMoab - K);
g — VHTEHCHBHOCTb TEIJIOBOTO W3NyueHus, KBT - M2,
E,, — 3Heprus, BolaensioLascsi Npy U303HTPONMMUYECKOM pacllMpeHUH
cpenbl, Haxoasiuleiics B pesepByape, J1x;
Q.. — ylenbHas TENJoTa ropeHus rasa uinu napa, Jx/kr;

\, — M3Jyyarollasl MOLLHOCTb, BT;
J — MHTEHCUBHOCTb TEIJIOBOI1 3HEPT UM, KBT/MZ.

Koadpuumenrnl

B — crexnomeTrprueckmit KO3 GHULIMEHT KUCIOPOaA B PeaKLIMKM FOPEHMUS;
o — K03(pdDULMEHT U3ObITKA BO31yXa;

n — CTEXUOMETPHUYECKHU 1 KOIDDHULIMEHT NPHU KUCIOPOae — KOJMYECTBO
MoJieii KMuciopoaa, Heo0XoaMMOoe 1Sl MOJIHOTO OKUCJIEHHUSI OIHOTO MOJIS
roploYero BelUeCTBa;

Dy — xo3ppunumnent anddysuun napa B BO3ayxe Npu HOpMaJibHOH TeMrie-

2 -l
paTtype, cM” - c”;
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D — ko3pduruneHT nMbdy3mum napoB roproyero BellleCTBa, em?- ¢l

K, — x03(pdULMEHT MOBEPXHOCTH FOPEHUS;

K, — x03pbUUMEHT NbUIEHUS;

m; — AoaHoe yncno (Macca iona, kotopyto npucoeanHst 100 r macna);
Ay — K03(hbHUUMEHT TENIONPOBOAHOCTU MaTepHasa, Ha MOBEPXHOCTb KO-
Toporo pasnuBaetcs CYT, Br- M~ - K';

A, — K03(pdHULMEHT TENTONPOBOJHOCTH BO3ayXa, BT - MoK

NapameTpsbl B3pbiBa

I — nmnynbc ynapHoii BosHbl, [a - ¢;

G — Macca B3pbIBYaTOro (roproyero) BeLEeCTBa, Kr;
R — paccTosiHue neiicTBUS ynapHoO# BOJIHbI, M;

() — yroj oTpaxkeHHs BOJIHbI, I'pall.;

!, — BpeMs NEHCTBUA da3bl CXaTH4, C;

ry — panMyc 3apsia; M;

E — 3Heprus B3pbiBa; KIX;

d; — 3¢ (eKTUBHBII IMaMeTp OTHEHHOTO LIapa, M;
T, — BpEMs CYLLIeCTBOBaHMSI OTHEHHOTO 1lapa, C;

s

r, — palMyc OTHEHHOTO L1apa, M;

R, — paccTosiHHe OT LEHTpa B3pblBa 10 PUEMHMKA YNaPHOH BOJIHbI, M.

NpuHaTbie 0603HaYeHNA

HKITP — HMXHMI1 KOHLIEHTPAUMOHHbI Mpeaes pacnpocTpaHEeHHUs Mia-
MEHH;

HKIIB — HMXHUIA KOHLIEHTPALIMOHHbIM Npefes BOCIIaMEHEHHS;
BKTIB — BepxHHMi1 KOHUEHTPALIMOHHBIM Npenes BOCIIaMEHEHHS;
CYT — cXHXeHHBbIE YrJIeBOAOPObI;

JIBX — nerkoBocnjaMeHs0LMECS XHUIKOCTH;

"X — roproume XuakocTtu;

HTIIB — HUXHUIT TeMnepaTypHbIi Npeaes BOCIIaMEeHEHUS;
BTT1B — BepxHUit TeMnepaTypHbIH npeesl BOCIIAMEHEHUS;

W — Bnara TONJIMBa;

A — 30na.
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NepeBopHas (B cucremy CH) Tabnuua HekoTopbIx
eAUHUL U3MepeHnn

MexayHapoaHasi cuctemMa eAMHUL, COKpallleHHOoe 0003HaueHne —
CH, BBeneHa c | ssHBapsi 1963 r. ans npuMeHeHUs ee BO Bcex obacTsx
HayKH U TEXHUKMH.

Cucrema eanHuu CH cocTOUT M3 ceMU ocHosHbIx edunuy (Mempa — 1l
IUTWHBI, KUA0ZPAMMa — IJI MAacChl, CeKyHObl — ISl BDEMEHU, KeNb8UHA —
Ul TEPMOAMHAMHUYECKOI TeMMeEPaTypbl, aMnepa — IJ1sl CUJbl TOKA, KaHde-
/bl — JUISI CUJIBI CBETA U M0 — JUTISI KOJIMYECTBA BELLIECTBA); IBYX JOMOJHU-
TeJIbHBIX €AMHHUL (paduana — ANisi NIOCKOro yria, cmepaduaria — nsi Te-
JIECHOTO yrjia) U 85 BaXHeHIINX NMPOU3BOAHBIX eAUHHUL. [1pon3BoaHbBIE
€IVHMLIbI, HE BKJIIOYEHHbBIE B CTAHAAPT, MOTYT ObITb YCTAHOBJIEHBI M0 Npa-
BUJIaM 00pa30BaHUs NPOU3BOAHbBIX €AUHHLI.

Basxcuetiiwuumu docmouncmeamu Mexcoynapoonoii cucmemot (CH) agan-
romca:

e YHUBEPCAJILHOCTb — OXBAaT BCEX 00JIacTeil U3MEPUTENbHOI TEXHUKMU;
yHUDHUKaUUS eAMHUAL IJ1S1 BCEX BUAOB U3MEPEHMS C BbIOOPOM ya00-
HbIX AJIS NPAaKTUKHA OCHOBHbIX, JOMOJHUTENbHBIX U MPOU3BOAHbIX
€OVHULL;

e KOTepeHTHOCTb (CBSA3HOCTb) CUCTEMbI, ODOYCJIOBJIEHHAS! TEM, YTO B
(p13MYECKUX YPABHEHHUSIX, ONMpEAESAIOLIMX EAUHULIBI U3MEPEHUS
NMPOU3BOAHbBIX BETMUUH, KO3(PDULMEHT NPONOPLUUOHANBHOCTU —
6e3pa3MepHas BeJIMYMHA, paBHas eIMHULE;

e YeTKOE pasrpaHH4YeHHe eIMHHUL Macchl (KMI0rpaMM) M CHJTbI (HBIOTOH);

e yCTpaHeHWe MHOXECTBEHHOCTH CHUCTEM M €AWHMUL M3MEpPEHMUS,
a TakXXe nepeBoAHbIX KO3(pHULMEHTOB B pacueTHbIX popMynax;

e yMpollieHHe 3anucu GU3NYEeCKUX U (PU3UMKO-XUMHUUYECKHUX ypaB-
HEHWH;

e YCTpaHEHHE CYLLECTBYIOLLEro pa3HO0O0s U MyTaHMULIbI TPU UCMOJB30-
BaHMH 0OJIbLLIOTO YKCJA €AUHHULL U CUCTEM €AUHULL U3MEPEHMS B Ne-
[larorMyeckoil NpakTUKe;

e Jlyylliee B3aUMOMOHMMaHHWeE NPHU JalbHEMLLIEM pa3BUTUM HAYYHO-TEX-
HUYECKMX Y TOProBbIX CBSA3€il MeXAy pa3MyHbIMU CTPaHaAMM.
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CooTHoweHue Mexay eAuHUUAMU U3MepeHUa

06bvem

B kauyecTBe eAMHHLIBI 00beMa MPUHUMAETCS KYOMUYECKHI1 METp — 00b-
eM Ky0a c IMHOM pedpa, paBHOI OIHOMY METPY.

JoNbHBIMY eIMHULIAMU 00beMa SABASAIOTCH KyOMYECKHIT CAHTUMETD,
KyOHUUYECKHI aeLMMETP, KYOMYECKUI MUJUJIMMETP.

Tabauya |. CooTHOWwEHHe MeXAY e AMHHUAMH 00beMa

Eannunua " AMJ oM’ Mm>
I ky6. MeTp (M”) | 1000 10° 10°
1 Ky6. IeunMMeTp (11M3) 0,001 1 1000 10°
1 Ky6. caHTUMETp (CMJ) 107 0,001 1 1000
1 Ky6. MULTUMETP (MMJ) 107° 10°° 0,001 1

s u3MepeHus o6beMa (BMECTUMOCTH, EMKOCTH) XHUAKOCTEN U Chl-
NyYuX BellleCTB UCMOJb3YeTCs BHECUCTEMHAs eAMHULIA — JIUTP.

Jiutp paBeH 06beMy | Kr Boabl NMpHU TeMNepaType ee MaKCMMallbHOM
nyuotHoctH (3,98 °C) 1 HopManbHOM aTMOchepHOM naBiaeHUU | TUTp =
=1,000028 am>; 1 am> = 0,999972. Ha NMpPaKTUKE NPUMEHSIIOT METPUYECKHUE
KpaTHbIE 10JI1 TIUTPA: KMJIOJUTP, FeKTOJUTP, AEKATUTD, MAUTUJINTD U T. .

Macca

[Ton Maccoii Tesa MOHMMAETCsl Mepa ero MHEPpTHOCTH, CBOMCTBO CO-
XPpaHATb NPUOOPETEHHOE NBUXEHUE, MPOSIBJSIEMOE MPU MPHUIOXKEHUHN K
TeJly CUJIBI.

Macca Tena yBeJMUMBaeTCs C YBEJIMYEHUEM €ro CKOPOCTH OTHOCH-
TeJIbLHO TOI CUCTEMBI, B KOTOPOi1 Npon3BoanTcs usamMepeHue. Ecau cko-
POCTb TeJjla HEBeJIMKa M0 CPAaBHEHUIO CO CKOPOCTbIO CBETA, NMOA Maccoi no-
HUMaeTcsl MHEpTHas Macca, T. €. Macca B COCTOSIHUM nokos. Ee u npuHu-
MaloT B KayecTBe Mepbl KOJIMYECTBA BELLECTBA, COAEPXKALLErocs B Tele.
Ocii10BHO eIMHHULEH KOJIMYECTBA BELLECTBA SBJSAETC KUJIOTPaMM.

B xayecTBe eAMHMLIBI KOJIMYECTBA BELLIECTBA MPUMEHSIIOT, KPOME TOro,
rpamMM, N0JibHbIE MU KpaTHble €AMHULbI €ro, a TakXe BHECUCTEMHblE —
TOHHY, LIEHTHEep, KapaT, rpaMM-MOJlb, TPaMM-3KBHUBAJIEHT U TPaMM-aTOM.

| kapar=0,2r=2"- 10~*kr;

| TexHMYeCcKasl eqMHKULa Macchl (KT - ¢2/M) = 9,80665 kr. Mano pac-
NpocTpaHeHHOe Ha3BaHUE 3TOM eAUMHHULIbI — uHepma.

19 1951
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Tabauya 2. CooTHOWEHHE MeXay e TMHHIAMH Macchl (BECOBOTO KOJIHYECTBA BeLlecTBa)

EﬂMHMubl T u KIr nar r ar cr Mr MKT
1 ToHHa (1) 1 10 [1000| 10° | 10% | 107 | 10® | 10° | 10"
1 uentHep (1) 0,1 1 {100 | 10° | 10° | 10° | 10" | 10® | 10"
1 kunorpamm (xr)  0,001| 0,01 | 1 | 100 | 1000 | 10* | 10° | 10° | 10°
1 nekarpamm (zar) 10° [ 10 | 0,01 | 1 10 | 100 | 1000 | 10* | 107
I rpamm (r) 10° | 10 {0,001 0.1 | 1 | 10 | 100 | 1000 | 10°
| neunrpamm (ar) 107 [ 108 | 10° (001 | 01 | 1 10 | 100 | 10°
| canTurpamm (cr) 10 | 1077 | 107 |0.001| 0.01 | 0.1 1 10 10*
| MunnMrpamm (Mr) 10° | 10 | 10 | 10 | 0.001| 0.01 | 0.1 | 10°
1 muxporpamm (Mkr) | 1072 107" | 107 | 107 | 107 | 107 | 107 0,001 | 1

KonuuecrBo Belecrsa

B cooTBeTCTBMM C peKOMEHAALMSIMU MEXAYHAapOAHbIX OpraHU3auui
BKJIlOYEHA ceibMasi OCHOBHas eainHuua CHU — mMonb — eanHuMLA Konnye-
CTBa BELIECTBA.

MoJib — KOJIMYECTBO BELLECTBA CUCTEMBbI, COlEpXKalllel CTOJbKO Xe
CTPYKTYPHbIX 3/1EMEHTOB, CKOJIbKO COIEPXUTCS aTOMOB B HyKnuae '*C
¢ maccoit 0,012 kr. [Ipy npUMeHEHUN MOJS CTPYKTYPHbI€ 3JIEMEHTbI
JIOJIXHBI ObITH ceuMpUUMpPOBaHbl U MOTYT ObITL aTOMaMM, MOJIEKYJIAMH,
WOHAMH, 3JIEKTPOHAMM U IPYTMMH YacTULIAMHU WM cieunpULMPOBaHHbI-
MU rpynnamu 4acTuu.

[Tpon3BoaHbIE €AMHULIBI MOJISIPHBIX BEJIMYUH MOTYT ObITb 0Opa3oBaHbI
3aMeHOM Macchl — KWJIOTpaMMa eJMHULIE i KOJIMYECTBA BELLECTBA — MOJIEM.

Tabauya 3
Eannunua
BeanuunHa o00o3HayeHue
HauMEHoOBaHUe
pycckoe | MeXayHapoaHoe
KonuyecTBo BelecTsa Monb MOJIb mol
MonbHas Macca Kunomonb KMOJIb kmol
MonbHblit 06BEM KunorpamMm Ha Monb Kr/Mosb kg/mol
MonbHas BHyTpeHHssi aHep- | KyOuueckuii MeTp Ha M}/MO.ﬂb m3/mol
rus, TEMJIOTa, MOJIbHBIM, TEp- |MOJb Jx/Monb J/mol
MOAMHAMMUYECKHIt noTeHunan |[xoyab Ha MOJIb

NlasneHue

JlaBneHueM Ha3blBaeTCs BEJIMYMHA OTHOLIEHUS HOPMabHOM COCTaB-
JISOLUE M CUIbI K MJIOLLIAAM, Ha KOTOpY1O OHa ﬂCﬁCTByeT. B kayecTBe eaAMHM-
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Ubl AaBJeHUS (MEXaHUUYECKOTO HaMNpsXeHUs!) NPUHUMAETCS nackat, —
daeaeHue 6 00un HolomMoH Ha 00un xeadpamnuotii memp (I1a). B cBsi3u c TeM,
YTO 3Ta €AMHHULIA OYEHDb Majla, MOXHO MPUMEHSATb YKPYMHEHHbIE € AMHHULIbI
naBneHus: kuaonacxkaas (klla), mezanackaav (MIla). EnnHvuuiaMu namepe-
HMS JaBjieHUsl (BHECUCTEMHBIMM) SIBJISIIOTCS KMJIOrPaMM-CHJla Ha KBaapar-
HbI METp, CAHTUMETP, MUJJTUMETP (Kl‘C/MZ, KFC/CMZ, KFC/MMZ). HaeneHue
TaKXe M3MepSIIOT BbICOTOM CTOJI0A XUIAKOCTU: MUJIJIMMETPbl PTYTHOTO
crojaba — MM pT. CT.;

1 at™ (TexHuueckas) = 0,1 MIla;

1 atMm = 1,0133 6ap = 101,3 kI1a;

1 |<rc/CM2 = 98,067 kIla;

1 Krc/MM2 =9806,65 kIla;

1 MM pT. cT. = 133,32 Ia;

1 dyHT/KB. ntoitM = 0,069 6ap = 6,9 kIa.

TennosBble BeAUUYUHDI

B eanHMLax KOJMYECTBA TEMJIOTHI U3MEPSIOTCS:

e BHYTDPEHHSIS1 3HEPTUsl CUCTEMbI — MOJIHbIN 3anac 3HEepruu Tena, u3-
MEHSIIOLHMICS B Mpoliecce TernJooOMeHa U BbIMOAHEHHUs paboThl;

e JHTaNbNUs (TENjocoaepXaHWe) CUCTEMbl — CyMMa BHYTpPEHHEI
3HEPrUM U MOTEHUMATbHOI QYHKLMH.

Koauuecmeo menaomot

Eounuueii koauvecmea menaa B cucteMe CH siBnsietcs docoyas.

B npakmuke noayuuna pacnpocmparnenue mexcoyHapooHas Kuaokanopus,
paBHas 1/859,845 abcoatomnoeo kunosamm-uaca. TlpuMeHSIOTCS Takxe
KaJlopusi, BaTT-4ac, KMJIOBaTT-4ac U ApYryue eIMHULIbI 3HEPTUU U paboThI.

1 kan = 1 - 10 kkan = 4,1868 [x;

1 dx=1Bt-c=0,238846 kan;

1 KBT - 4 =3600 - 10° I = 859,845 kKau.

PaHee npuHUManoch, Yyto 1 Kal COOTBETCTBYET KOJNIMYECTBY TETUIOTHI,
HeobxonuMoMy Uit HarpeBaHusi 1 kr Boabl Ha 1 °C npyM HOpMaIbHOM AaB-
JleHuH. B cBSI3M ¢ TeM, YTO TEMJIOEMKOCTb BOJbI 3aBUCHUT OT TEMIEpaTypbhl,
BO3HUKJIM CJIEAYIOLLINE €ANHULIBI:

e KaJl;5 — KOJIMYECTBO TENJIOThI, coobliaemoe 1 r Boabl NpU Harpese

ee ot 14,5 10 15,5 °C; 1 kan s = 4,1841 [1x;

e Kasl,; — KOJIMYECTBO TEMJIOTHI, coobliaeMoe | r Boabl NpU Harpese

ee ot 19,5 no 20,5 °C; 1 kany, = 4,182 1x;

1y~
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® K&l cpeqy — 1/100 yacTh KonMyecTsa TEMIOTHI, cooOLaemas | 1 Boabl
npu Harpese ee oT 0 10 100 °C; 1 kan ., = 4, 1868 J1x;

o K e = 4,18605 1;

e Kajopus TepMoxumuueckas = 4,1840 J1x;

o Kanopus HauunonanbHoro bropo ctannaptos CILA = 4,18409 1x.

Yoeavnaa menaoma u menaoeoii nomox

Yoeavnan mennsoma (yaenbHasi SHTabNUsl, BHYTPEHHSISI 3HEPrus, Ten-
JloTa $a30BoOro NpeBpalleHnsi, XMMHUUYECKON PeakLMK U Ip.) — KOJIMYECT-
BO TEIJIA, OTHECEHHOE K €AMHMLE MacChl BELIECTBA.

Eavuuueit yanenbHoi tennotbl B cucteMe CH saBnsercsa Ix/kr u
Ix/xmonb. B npakTuke pacnpocTpaHeHbl KKal/Kr, Kaj/r, apr/r, a Takxe
KKaJ1/MOJb, Kajl/MOJIb:

o | kkan/kr =4186,8 x/kr = 4,1868 k1x/xr;

e | kan/r;

e 1 3pr/r =107 Ix/kr;

e 1 Ix/xkMmonb= 1073 Idx/monb = 0,238846 - 1073 KKaJl/KMOJIb =

=0,238846 - 10~ kan/mMonb.

Tennosoii nomok u menaosas mownocms. EnMHMLEN NSt U3MEPEHUS
TEMNJIOBOro MOTOKA M TeMNJI0BOI MoLIHOCTH B cucteMe CH siBnsieTcs BaTT:

o | Br=0,238846 kan/c = 0,859845 kkan/u;

o 1 kkan/u=0,27778 xan/c = 1,1630 Br;

e | kan/c = 3,6 kkan/u = 4,1868 Br.

Y0eavnbtii mennosgoii nomok — NAOTHOCTb TEMJIOBOro NMOTOKA, UJH MNO-
BEPXHOCTHasl MIOTHOCTb M3/ydeHNUs], n3MepsieTcst B Br/m%:

o 1 Br/m2=0,238846 - 10~ kan/(cm? - ¢) = 0,859845 kkan/(m* - u);

o 1 kKkan/(m-u)=0,27778 - 10~ kan/(cM? - ¢) = 1,1630 Br/m?;

e 1 kan/(cM? - c) =3,6 - 10* kkan/(m? - u) = 4,1868 - 10* Br/m.

Tenaoemxocms u 3umponusn

Tennoemkocms meaa (CUCTEMBI) — 3TO KOJIMYECTBO TeMJja, coobluae-
MOTo Tejy A1 U3BMEHEHUS ero TeMnepaTypbl Ha | °C; BbIpaxaeTcsi OHa B
IKoyJsix Ha KeabBUH (Ix/K) u kanopusx Ha kenbBUH (Kan/K).

Inmponua meaa (CUCTEMbI) ONpeaesieTcsl Kak OTHOLLIEHUE KONYECT-
Ba Termia, NoJly4eHHOTO MJIM OTIAHHOTO TeJIOM, K ero abCcoIloTHOM Temne-
patype. EAMHMLAMK H3MepeHHUs SIBASIIOTCS AXOYJ1b Ha KEJbBUH, KUJIOKa-
Jopusi Ha KeJbBUH (KKai/K) u T. o.

Yoenvrasa menaoekocmo u yoeavrHasa snmponus — 3TO TEMJIOEMKOCTb U
3HTPOMNMUS, OTHECEHHBIE K €IMHULIE MACCHI.

Paznunyatot:
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® gecosyio (Maccoeyro) menaoemMkocnmbs — KOJUYECTBO TEMJIOThI, COO0-
L1aeMoit enMHMULe Macchl BewectBa (1 kr, 1 r U T. 1.), I1g U3MEHe-
HUs ero Temnepatypsl Ha | °C. PazMmepHocTH ee clienyoouiue:
Jx/(xr - K); xx/(kr - K); kkan/(xr - K); kan/(r - K);
e MOAbHYIO MenaoeMKocms — KOJIMYECTBO TEIJIOTHI, COOOLIaeMOit
1 Moo MK 1 KHJIOMOJIIO BelllecTBa U1 U3MEHEHUS ero TeMIeparTy-
pbl Ha 1 °C. Ee paamepHocTu: Ix/(kMonb - K); kkan/(xmonb - K);
Kan/(monb - K);
o 00BEMHYI0 MennoemMKocms — KOJIMYECTBO TEMJIOThI, COOOLIaeMOM
1 > BewwecTBa A1 M3MeHeHus ero Temneparypbl Ha | °C. Ee pas-
mepHocTu: Jx/ (M - K); |<|<a_n/(M3 - K).

B 3aBucrMocTH OoT rnpouecca, B KOTOpoM coobulaeTcs TEIJoTa, pas3jin-
4YaroT 1Jid ra3oB U NnapoB YAC€JbHYIO TENJIOEMKOCTb INMPpHU NMOCTOAHHOM JaB-
JICHUU U TENMJIOEMKOCTD INPHU NMOCTOSAHHOM obbeMe. [ns XUAKOCTEH 3TO
pPa3IMYUE€ HE3HAYUTEJIBHOE, NMO3TOMY HE MPHUBOIONUTCA.

Pa3mepHocTu yaenbHo# anTponuu: Jx/(xr - K); apr/(r - K).

Tabauya 4. CooTHowEHHe MeXay eAHHHLAMH MACCOBO# (BECOBOIH) TENI0eMKOCTH

Eannunua kkan/(kr - K) | kan/(r - K) Ox/(xr- K) | xAx/(xr- K) | apr/(r-K)
1 kkan/(kr - K) 1 1 4187 4,187 41,87 - 10°
1 kan/(r - K) 1 1 4187 4,187 41,87 - 10°
I Ax/(xr- K) | 0,239-107 | 0,239 107 1 0,001 10°
1 kIX/(xr - K) 0,239 0,239 10(39 1 , 107
Lapr/(r-K) | 239-107 | 239107 10 107 !

1 kxan/(xr - K) =4186,8 Ix/(xr - K) = 4,1868 kJIx/(kr - K) = 41,868 x
x 10° apr(r - K).

Tabauya 5. CooTHOWEHHE MeXy e JMHULAMH YeJIbHOH IHTPONHH

EauHuua kkan/(kr - K) | kan/(r- K) | Ax/(kr-K) [ 3pr/(r- K) [ «kr-m/(xr- K)
I kkan/(xr - K) I I 4187 | 41,87 10° 427
I kan/(r - K) 1 1 4187 | 41,87-10° 427
1 I/ (xr - K) 23910 | 239.107° 1 104 0,102
1 3pr/(r - K) 23,9100 | 239-10°| 107 ! 10,2- 1078
k- w/(kr- K) | 2.342-107 (2,342 107 981 98,1 10° I

o 1 kan/(r- K) =4,1868 kJIx/(xr - K) = 4186,8 Ix/(xr - K) = 4,1868 x
x 107 apr/(r - K) = 426,935 kT - M/(xr - K);
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o 1 Jx/(kr-K)= 107 kIx/(xr- K)=0,101972 kr- m/(kr- K)=
=0,238846 - 107 kkan/(kr - K);

o 1 kr- M/(kr - K) =2,34228 - 107> kkan/(xr - K) = 9,80665 IIx/(xr X
x K) = 9,80665 - 10% apr/(r - K);

e 1 xan/(Monb - K) =1 kkan/(kmonb - K) =4,1868 Idx/(Moab - K) =
=4186,8 1x/(xmoub - K).

Koagduumnentbl Tennooraaumn U rennonepeaauu

Koagppuyuenmor menaoomdayu u mensonepedavu MMeloT pa3MepHOCTD

B cucteme CU BT/M2 - K.

[TpUMEHSIOT € AMHULLBI:

o 1 kkan/(mM? -4 - K)=0,27778 - 10~*kan/(cm? - ¢ - K) =

=1,1630 Br/(M* - K);

1 kan/(cm? - c- K)=3,6- 10%kkan/(M? - 4 - K) = 41868 BT/(M2 - K);
1 9pr/(cm? - ¢ - K) = 1072 Br/(M? - K);

1 Bt/(cM? - K) = 10* Br/(M? - K);

1 Br/(M? - K) = 0,238846 - 10™*kan/(cm? - ¢ - K) =

=0,859845 kkan/(mM> - u - K) = 10* apr/(cm? - ¢ - K) =

=107 Br/(cM? - K).

Kosgppuyuenmot menaonposodonocmu nMeroT pa3MeEPHOCTb B CUCTEME

CH Bt/(M - K). B npakTuke npuMeHSIOT:

e | kkan/(M -y - K)=0,27778 - 1072 Kan/(cM - ¢ - K) =
=1,1630 Bt/(M - K);
e Il kan/(cm-c-K)=3,6- 10 Kan/(M - 4 - K) =418,68 Bt/(M - K);
e 1 Br/(cMm - K) =100 Bt/(M - K);
o 1 Br/(M - K)=0,238846 - 107%kan/(cM - ¢ - K) =
=0,85984 Kkan/(M - 4 - K).

Koagppuyuenmor memnepamyponpogoonocmu MMerOT pa3MEpPHOCTb B

cucremMe CHU Mz/‘l.

Kosgppuyuenmot ayneucnyckanusn (8 popmyne Credana — bosnblimaHa)

MMeIOT pa3MepHocTb B cucteme CH 5,67 Bt/(m? - K*) = 1,36 - 10™*kan/
/(cM? - ¢ - K*) = 4,88 kxan/(m? - 4 - K%).

Kosgppuyuenmst dugd y3uu umetoT paamepHocTb B cucteme CHU M%/c.

Temnepartypa
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MexayHapoaHbIMU METPOJIOTMYECKUMHU OPraHM3aUUsIMU PEKOMEH0-
BaHbl YEThIpE TEMNeEpPaTypHbIE LIKANbI:

o abcoaromHas mepmodunamuveckan wkana (Keaveuna) c HUXHeil rpa-
HUUeH — Touko# abcontoTHoro Hyns (0 K) u penepHoit Toukoit —
TPOMHON TOYKOM BOAbI, B KOTOPOI HaXo4sATCs B TEpMOAMHaAMHue-
CKOM paBHOBeCHM TpH ¢a3bl BoAbl — TBepAas, Xuakas, ra3ooopas-
Hag (273,16 K);

e cmo2padycHas mepmMoOUHaAMU4ECKAs wKana — C Ha4yaJloM OoTcYyeTa B
Touke, nexauleit Ha 0,01° H1Xe TpoitHOM TOUYKM BoAbI (TeMnepaTypa
njaBjeHUs abaa npy nasiaeHuun 101325 IMa);
cmozpadycnas mexcoyHapooHas wKaaa, OCHoOBaHHasli Ha UCMoJb30Ba-
HMU ONpeleIeHHOTO KOJIMYECTBA pernepHbIX TOYEK — KUIMEHUS KU-
clopoja, njiaBleHUs NbAa, KUMIEHNUS BOAbI U CEpPbI, 3aTBEpAEBaHUS
cepebpa ¥ 3oJ0Ta. TemnepaTypa 3TOi MPaKTUYECKOIl LIKaJbl Bblpa-
XaeTcsl B rpafycax crorpagycHo# wkaist (°C);

® abCONOMHA MEeNCOYHAPOOHAS WKANa — aHAIOTMYHA NpeablayLUel, ¢
OTCYETOM OT aOCOJIOTHOrO HYS.

B MHOCTpaHHOM NUTEpaType BCTPEYAOTCs TaAKXE U3MEPEHHUS TeMIIe-
patypbl B rpanycax ®apenreiita (F) 1 Penxuna (Ra). B ctapoii autepartype
nMMeeTcsl 0003HaYeHHe TeMIepaTypbl B rpanycax Peomiopa (R).

[NepeBoa rpaaycoB OOHOM LIKaJibl B rpalyCbl Apyroi npou3BoasT Nno
cieayrowum dopMmynam:

t=T-273,15=5/9(f-32)=5/9F - 273,15=5/4 - r;
T=t+273,15=5/9 - f+255,37=5/9 - r+ 273,15;
F=9/5-t+491,67=9/5- T=f+459,67=9/4-r+ 491,67,
f=9/5t+32=9/5-T-459,67 =F — 459,67 =9/4 - r + 32;
r=4/5t=4/5(T-273,15) =4/9(f - 32) =4/9 - F - 218,52,

rae ¢t (Uenscus), T (KenbBuHa), f (Papenreiita), F (PenkuHa), r (Peomio-
pa) — Temnepartypa, uamepsieMas B °C, K, F, °Ra, °R, cooTBeTCTBEHHO.

06pa3osa|me KpPaTHbIX U RONbHbIX €AUHUY

KpaTHble U [0/IbHBIE EAMHULIBI U3MEPEHUS 06Pa3yOTCS MYyTeM YMHO-
XEHUS U NeNIEHUS OCHOBHBIX M MPOM3BOAHLIX €AMHUL (MPUBEAEHBI B
Tab6. 6).

Ta6auya 6
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KpaTHOCTS M ZOABHOCTS HauMmeHoBaHMe CoxpalueHHoe 0603HaueHHe
NpUCTaBkH pycckoe MeXIyHapoaHoe
1 000 000 000 000 = 10" Tepa T T
1 000 000 000 = 10° rura r G
1000 000 = 10° mera M M
1000 = 10° KMJI0 K k
100 = 102 reKTo r h
10=10' neka na da
0,1=10" neum 1 d
0,01 =107 CaHTH c c
0,001 =107 MULIN M m
0,000001 = 107%{  mukpo MK M
0,000000001 = 10 HaHo H n
0,000000000001 = 10™*2 nuKo n p
0,000000000000001 = 10™"%*|  dpemTo ) f
0,000000000000000001 = 10™*® arTo a a
Tabauya 7. OCHOBHbIE eIMHHLbI H3MEPEHHA
Beanuunna O6o3Hauenune | PazmepHocTb HaumeHosaHue
Hnuna ! M Metp
Macca m KT Kunorpamm
Bpems 1 [ CekyHaa
Temneparypa T,t K, °C KenbBuH, rpanyc Lleabcus
IMnoTHOCTD p Kr/M3 Kunorpamm Ha Ky6uue-
CKMIA METP
YnenbHblii Bec Y H/M3 HbloToH Ha KyOHuecKHit
MeTp
Nasnenune P Ma Mackanb
O61beMHblit pacxon. InHa- 14 M3/C; Ma-c |Kybunueckuit METp B CEKyH-
MHUYECKUI KO3DULIMEHT ny; Mackanb-cexyHaa
BSI3KOCTH
Juuamuyeckuii Koagpodu- n Ma-c IMackanb-cekyHna

LUHUEHT BA3KOCTH
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Oxonyanue maba. 7

BeanuuHa O6o3Havenue | PasmepHocTb HaumeHoBaHue
Kunnematnyeckmii koag- v M2 /c KBaapaTHblit MeTp B ce-
(GUUMEHT BA3KOCTH KyHOy
Koapduumnent anpoysun D M2 /c KBanpaTHblii MeTp B ce-

KyHOY
Konunyectso Tenna o Jx Jxoynb
TennoBoit NoTok 0 Bt Batr
IMnoTHoCTb TEMNOBOrO NO- q BT/M2 BaTT Ha kBaapaTHbIit MeTp
TOKa
DHeprus akTMBaUMK E Ox/monb | dxoynb Ha MONb
MaccoBasi ckopocTb BbIro- A (Kr/M2 -¢) |Kunorpamm Ha kBaapat-
paHus HbII METP-CEKYHAY
JIuHeitHas ckopocTb BbIro- v M/c MeTp B cekyHny
paHus
YnenbHas TENI0eMKOCTb c Jx/(xr - K) |dxoysb Ha kuo-
rpaMM-KeJbBUH
KoadduumeHt rennonpo- A Br/(M- K) |BarT Ha MeTp-KenbBUH
BOAHOCTH
KoadduumneHr remnepary- a M2 /c KBanpaTHblit MeTp Ha ce-
pPONpPOBOAHOCTH KYHAY
KoaddpuumeHT tennonepe- o BT/(Mz/C) BaTT Ha kBaapaTHbI#i
nayu MeTp-rpaayc

Tabauya 8. Anramiickas cHCTeMa Mep

Pa3apobnenue

AHramitickoe Ha3BaHue

MepeBon B MeTpUyeckue
Mepbl

Mepot daunvt

1 aHrn. Muns = 1760 spaam
| spa = 3 pyram

1 byt = 12 aoitmam*

| nloitm*

| ¢papnoHr = 10 yeitHam

| yeitH = 4 poaam

| pon

| kabenbTOB

| aHrn. Mopck. Muns = 6080 pyram

statute mile (stat.mi)

yard (yd)
foot (ft)
inch (in)
furlong
chain
rod

nautical mile (n. mile)

1,609 kM = 1609,344 M
0,9144 M
0,3048 M

2,54 cM =0,0254 M
201,168 m
20,1168 M
5,0292 M

1,852 kM = 1852 M

185,2 M
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Oxonuanue maba. 8

ﬂepeson B METPUYECKHUE

Pa3npobneHue AHrAniicKoe Ha3BaHUue
Mepbl
Mepei1 nosepxnocmu

1 kB. aHra. Munsa = 640 akpam square mile (sq. mi) 2,59 km?

| akp = 4 pynam = 4840 kB. spaam acre (ac) 0,405ra = 4046586 M2
| pyn = 1210 xB. spnam rood 1011,71 m

| kB. sipa = 9 kB. pyram square yard (sq. yd) 0,836127 M
| kB. dyT = 144 KkB. OlOIIMAM* square foot (sq. ft) 9,2903 am?
| xB. n1OIM* square inch (sq. in) 6,4516 cM?

Mepot ob6sema

| peructp. ToHHa = 100 Ky6. pyTam register ton 2,83 M

1 ky6. sipa = 27 ky0. pyTram cubic yard (cu. yd) 0,764 M

1 Ky6. yT = 1728 Ky6. mioimam* cubic foot (cu. ft) 28,3168 M’

1 ky0. noim* cubicinch (cu. in) 16,3871 m*

Meput emxocmu (043 Hcudxocmeir)

| kBapTep = 64 ranoHaM qarter 290,95 am>
| rannoH = 4 kBapTam** imperial gallon 4,546 am’

| kBapTa = 2 NMHTaM qart 1,137 am®

| nuHTa pint 0,568 am’

Mepot emrxocmu (048 cotnyuux mea)
1 kBapTep = 8 Oywensam qarter 290,95 am’
1 6ywensb = 8 rasloHam bushel 36,369 am’
Mepuot seca (maccor)

| aHrn. ToHHa = 20 LeHTHepaM ton, long ton 1,016 T = 1016,05 xr
| ueHtHep = 112 pyHTam hundredweight (cwt) 50,8024 kr
1 ¢pyHT = 16 TOpr. YHUUAM =

= 7000 aHrn. rpaHam pound 0,4536 xr

| Topr. yHuus = 16 apaxmam*** ounce (0z) 28,3495r

| npaxma*** drachm 1,771

| aHrn. rpaH grain 64,79891 mr

* AHIAMitcCKUe OyTsl U JI0IMMbI TOXAECTBEHHbBI C PYCCKUMH.

** | rannoH = 277,274 Ky6. nloiiMa.
*** AnTekapcKue YHUMM U IpaxMbl 60J1bLUE aHTUIACKUX TOPrOBbIX, @ UMEHHO:

1 anT. yHuus = 8 ant. apaxmam = 31,1035 ;
|1 anT. apaxMa = 3 ckpynynam = 3,888 r;
1 ckpynya = 20 rpaHam = 1,29598 r.
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Tabauya 9. TIpon3BoaHbIe € IMHHLLI AHTIHIHCKON CHCTEMbI Mep

EauHunua

CokpallleHHOe aHrauicKoe

lMepeBoa B METpUYECKHE MEPDI

o6o3HaueHue
JInHeitHas ckopocTb lin/s 25,4 - 1073 Mm/c
1 ft/s 0,3048 m/c
1yd/s 0,9144 m/c
1 kn (y3en) 0,5144 m/c
JInHeiiHOe ycKopeHHUe 1 f't/s2 0,3048 M/c2
1 yd/s’ 0,9144 m/c?
IMnortHocTb 1 lb/fl3 16,0185 Kr/M3
1 Ib/in® 27680kr/M’
I oz/ft® 1,00116 kr/m’
MonbHblii 06beM 1 ft3/lb 0,062428 MJ/KI‘
1 ft’/oz 0,99885 M*/kr
in*/Ib 36,1272 - 107 m3/kr
MaccoBblit pacxon 1tn/h 0,282 kr/c
11b/s 0,454 xr/c
1 Ib/h 126 - 107 kr/c
10z/s 28,3102 kr/c
O61beMHBII pacxod 1 yd3 /s 0,765 M3/C
1 /s 28,3- 107 M’/c
1 in’/s 16,4 - 10 M’/c
Cuna 1 bf (byHT-CHNa) 4,44822 H
| nf (ToHHa-cuna) 9964,02 H
pdl (nayHaanb) 0,138255 H
JnHaMuyeckas BA3KOCTb 1 Ibf- s/ft2 47,88 1a - c
KuHeTHnueckas BA3KOCTb 1 ydz/s 0,836 MZ/C
1 ft’/s 0,0929 M*/c
1 ft’/h 25,81 M%/c
Jasnenue | Ibf/in2 6394,76 Na
1 Ibf/ft? 47,88 Na
I tnf/in’ 15,4443 MIa
1in H,0 249,2 MNa
1 in Hg 3386 Ia
PaGota u aHeprus 1 1bf- ft 1,35582 Ix
1 Ibf-in 0,113 Ox
| British thermal unit —
1 Btu (GpuTaHckas eam-
HULA Tenna) 1055,06 dx

1 Pound centigrad
unit — 1 Chu (Pcu) —
cTorpanycHas elMHuua
Tenna

1899, 1 dx
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Okonvanue ma6 a. 9
Eaununua Coxpalélg:g::;::'neuﬁcxoe MepeBon B MeTpuueckue Mepbl

Mo1uHocTb 1 Ibf — ft/s 1,356 Bt

1 Btu/s 1055,06 Br

1 Chu/s 1899 Br
TennoBas MOLLHOCTb 1 Btu/s 0,293 Br
Y TEMJOBOI NOTOK 1 Btu/h 1055,06 Bt
YnenbHas Tennaora 1 Btu/Ib 2326 Ox/xr

1 Chu /Ib 4186,8 Ax/kr = 4,1868 kAx/Kr

YnenbHasi MaccoBasi Ten-
JIOEMKOCTb

I Btu/(Ib - deg F)
I Chu/(Ib - deg F)

4186,8 x/(xr - K) =
= 4,1868 kIx/(xr - K)

YnenbHas o6beMHas Te-
MJIOEMKOCTb

I Btu/(ft> - deg F)

67 - 10°0x/(M° - K) =
=67 kIx/(m* - K)

YaenbHas 3HTponus

I Btu/(Ib - °R)

1 Btu/(Ib - mole - °R)

4186,8 Ix/(xr - K) =
=4,1868 xx/(kr - K)
4,1868 kx/(kmonb - K) =
=4186,8 x/(xMons - K)

KoadduumneHt rennoor-
[layu Y Teronepeaayn

1 Btu/(ft> - h - deg F)

5,68 Bt/(M* - K)

KoadbduumeHT Tenno-
NpOBOAHOCTH

1 Btu/(ft - h - deg F)
1 Btu/(ft - h - deg F)

1,73 Bt/(Mm - K)
20,8 Br/(m - K)

B CLUA npuHsaTa aHrMicKasi CUCTEMA, HO €CTb HEKOTOpble OCODEH -
HOCTH U JIOTOJIHEHUS, KOTOpbIe NMpuBeaAeHbI B Ta0. 10.

Tabauya 10. AMepukaHckas cucTemMa Mep

| amep. Muns = 3 MOPCKUM
| TayHwun = 36 KB. MUJIAM
| Oywennb

| cyxoit raioH

| 6appenb cyxoit
| manas (cynoBasi) TOHHa =
| Xuakas yHUus

| (BMHHBII) rannoH = 0,833 aHra. raioHa

| 6appenb HedTAHOM = 42 ranoHaM
| 6appenb kepocuHa = 40 raioHaM
| 6appenb nuBa = 31 rannony

Pasnpobnenue AHramiickoe IMepeBoa B MeTpuue-
Ha3BaHHe CKYIO CUCTEMY
MUIAM statute mile (mi) | 4,827 kM
township 93,236 KM?
bushel (bu) 35,2393 am’
gallon 3,78543 am’
gallon 4,4047 a’
barel 158,998 am’
barel 151,404 am°
barel 117,303 M’
bbl 115,628 am’
2000 aHrn. ¢pyHTam |shot ton 0,907 T =907,183 kr
fl. oz 29,5737 cm®




OcHoBHble U npou3BoAaHbleé TennoBble eaUHULDI

Tabauya 11. Tennosbie e IMHULLI H3MEPEHHUs

Cokpauentioe obo3nayciime

TepPMOAMHAMUUECKUM
noteHuuan (BHyTpeH-
HsIsl SHEpPrusi, IHTab-
nusi, csoboaHasl aHep-
rusi, csobonHast 3H-
Tanbnusi);

TensoTa ¢a3oBoro
npespatieHusi, Tenao-
Ta XMMUUECKOWH
peakumMu

Haumchonanue Onpe.uenmomee Eannuua CAMHUUBI
Paamep eanHuubl PasmepHocTb
BCAUUYHUHDI ypaBHcHUC U3MepeHust
pycckoe MeXayHapoaHoe
OcnosHble eOunuyb!
JnunHa METp M m
Macca KHJIOTpaMM Kr kg
Bpemsi ceKyHaa c s
Temnepatypa KeNbBUH K K
TTpou3seodnsie eduruybt

Kosnunuectso TennoTst, o=W Ixoynb Hx J (1 H)- (I m) Mm% kr-c

I auHaxoundy

10¢
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CokpaueHHoe 0603HayeHune

HanMeHoBaHue Onpeaensiolee EauHnua eaMHHUUbI P P
BEJAUYUHDI YpaBHEHUE HU3MEPEHUSA a3MEp enHULLI a3mepHocTh
pycckoe MeXIayHapoaHoe
YnensHas tenioTa r=Q/m I xoynb I /xr J/kg (1. Ax) : (1kr) M2
(XMMHYeCKOM peak- Ha KuJorpaMm
uuu, ¢a3oBoro npe- A=Q/m
BpalleHus), yaenbHas q=0/m
BHYTPEHHSS SHEPrus,
yAeAbHast SHTANbMHA.
Y nenbHblit TEpPMOAU-
HaMHUYECKHUI NOTEH-
uuan
KoadhduumneHT nu- o= Al/lyAT | KenbBuH B MUHYC K K (1):(1 K) K
HEHHOro pacluMpeHus NepBO# CTENEHU
KoapdpuumneHT 06b- B=AV/VyAT |KenbpuH B MHHYC K™ K (1):(1 K) K
€MHOTO pacLMPEHHs nepBOM CTENEHHU
TennoeMKoCTb C=Q/AT |Odxoynb Ha rpanyc IOx/K J/K (1 Ax):(1 K) M 2krc 2K
CUCTEMBI
YnenoHas TennoeM- c=Q/m-AT |dxoynb Ha kuno- | IIx/(kr-K) 1/(kg-K) (1 Ox):[(1 xr)-(1 K)) | M~ 2krc 2K
KOCTb (MaccoBas) . rpaMMm-rpaayc
Y nenbHast 06beMHast c=Q/VAT |dxoyabHakybu-| Ix/(M>K) J/m*-K) | (1 Ax):[(1 MP)-(1 K)) | M krc 2K
TENJOEMKOCTb 4yeCKHi
MeTp - KenbBUH

¢0€

I auHaxoundy
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CokpaluenHoe o6o3HayeHne

NHEHT

Haumenonanue Onpeanensiolee Eannunua €AMHULUBI Pasmep enummubl PasMepHOCTb
BCIUUHALILL ypaBli€Hue U3MCpPEHUsA
pycckoe MeXAyHapoaHoe
MonbHast TennoeM- C=Mc JIxoynb Ha kuno- | ix/(kmonb-K) | J/(kmol-K) (1 ax):(1 K) mikrc LK™
KOCTb MOJIb - KEJbBHH
DHTPONUSI CUCTEMBI S=a0Q/T JIlxoynb Ix/K J/K (1 Ox):(1 K) mikrc LK
Ha KeJlbBUH
YaenbHast aHTponus s=S/m Ixoynb Ha kuno- | J1x/(kr-K) J/(kg-K) (1 Ax):[(1 xr)-(1 K)] mic 2K
rpam - KeJbBUH

Tennoso# noTok b =Q/t Batt Bt w (1 Ax):(1c) M2k
MnaoTHOCTb TENIOBOTO g=0/s BatTt Ha kBanpart- Br/m? W/m? (1 Br):(1 M%) kr-c™>
NOTOKa, MOBEPXHOCT- HbIA MeTp
Hasi NJIOTHOCTb U3J1y-
YyeHust
Tennosast MOLLHOCTb N=0/t Barr Br w (1 Ax):(1 ¢) mikrc™
(KoTna, Meun U T. n.)
Kosbdpuumentten- | o=®/SAT | Barrnaksan- | Br/(m>-K) W/(m>K) | (1 Br):((1 M)-(1K)] | mkrc K
NI00TaAaYH, Tenone- paTHbIiA
penau, TenjoobMeHa METP - KeJIbBUH
TeMnepaTypHblii rpa- KT=AT/Al |KenbBuH Ha MeTp K/m K/m (1 K):(1 ™) MK

I nHawoundy

€0€



Okonuanue maba. 11

CokpalueHHoe 06o3HauYeHue

Haumenosanue Onpeaensiiowee Eaunuua €aMHULBI Pa3Mep eIMHHLB! Pa3MepHOCTb
BCAHUUUHDI ypaBHCHHE H3IMEpElns
pycckoe MeXaylapoaHoe
TeMnepaTypHblit KO- KenbBHH B MHHYC K™ K™ K™ K
3duuneHt nepBoW CTENEHU
Koapdpuumert ren- |\ = Q/1S-(AT/AN Barr Br/(MK) W/(m-K) (1 Br):[(1 M)-(1 K)] | mkrc K™
JIONPOBOIHOCTH Ha METp-KeJIbBUH
KoadduuneHT nyye- JIxoynb Ha KBan- ﬂx/(Mz-K“) J/(mz-K4) (1 Ax):[(1 M2)~(l KY) kr-c 2K*
UCMYCKaHUsl paTHbIM
MeTp-KeJbBUH
B YeTBEPTOit
cTeneHu
KoadpduuneHt KBanpatHblit m%/c mz/s (1 Md):(1 ¢) mic™
TeMnepaTyponpoBo- MeTp Ha CEeKyHAY
HOCTH
KoapdpuuueHT mac- Kunorpamm Kr/c kg/s (1 kr):(1c) krc”!
conepenauu Ha CeKyHay.
Ky6uyeckuit m/c m’/s (1 M])S(l c) M3t

MeTp Ha CeKyHIy

KoadpunumeHT and- KBaapatHblit m%/c mz/s (1 Mz):(l c) mic”!

¢y3umn

METp Ha CEeKYHay

%0¢€

1 auHawowundy
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OcHoBHble u3nYeCcKne NOCTOAHHbIE

Yucao Asozadpo (no yeaepoonoi wrase) (N, — 4ynucno CTpyKTYpHbIX
3/IEMEHTOB (aTOMOB, MOJIEKYJ1, HOHOB M T. 1.) B | MoJe.

N, =6,02252 - 10 mons™".

Yuueepcaavnan 2azosan nocmoannaa R = 8,314 JIx/(moap - K) — unc-
JIEHHO paBHa paboTe paclUMpeHHUs | MOJisl WAEaNbHOrO ra3a Mo MoCTOsH-
HBIM JaBJlIeHWEM NpU HarpeBaHuu Ha | K.

B cucreme CH:

R =38,31441 Ix/(monb - K); paBHa 1,9872 kan/(monb - K) =

= 8,314 - 107 apr/(monb - K).

Hopmaavuvte ycaosus:
Ty =0°C (273 K), p = 760 MM pr. cT. (0,10 xI1a).

20 4951
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®u3nKo-xMmmnyeckue KOHCTaHTbI ropwoyux seuiecrs

Tabauya 1. TlokasaTen NOXKAPHOH ONACHOCTH HEKOTOPBIX TBEPAbIX FOPIOYHX MATEPHANIOB

Haseanue T K T, K Oy, kIK/KrT Kr/(:l?xr:mu)
AHTpauuT 773 — 31425 —
Bununnact 723 623 18 105 -
BonokHo aueraTtHoe 708 628 — -
BonokHo BUCKO3HOE 718 593 15511,9 —
BonokHo naBcaH 713 663 22 584,1 —
BonokHo kanpoH 713 663 30 754,6 —
Ipepecuna cocHoBas (W =9 %) 568 528 12 570—14 665 -
KaptoH rodppupoBaHHbIii 704 531 — —
Kayuyk HaTypanbHblit — 402 44 833 0,8
JIuHoneyM pesivH 683 581 — -
Menomnact MNBX 774 701 - —
Mapaduu 503 | 431—468 — —
JBI1 (npeBecHOBONIOKHKUCTas 618 495 — -
NJaura)
IMeHononunypetaH 753 713 24 352 0,88-0,92
Ceto (W=1,8 %) @m | 4m - -
Monuctupon NMCB-C — — 38 967 0,86
MMonuaTuneH HU3KOro AaBNeHUs 694 583 47 137,5 0,62
CreK/10 opraH1yeckoe 733 533 0,86
Topd dpesepHblit (498) — 10 454 0,18
(B KapaBaHaXx)
Xnonok (W=4,5 %) (478) 483 15712,5 0,24
(pa3pbixj.)
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Tabauya 2. TlokasaTenn NoKapHo# ONACHOCTH HEKOTOPBIX ra3oB

Xumuye- MBCK OrneTtyw. KoHu., CrexHoMeTpute-
Ha3ssaHue cKast Tew K KIB, 06. “w | npu pas6. Ermin, % 06. Tr Pacy, | yaq cmech, % 06,
¢opmyna me CO, Mllx CO, N, K % rasa | % bo3ayxa
AMMMak NH, 903 15—-28 1,35 16,2 680 57 70
AueTuieH C,H, 608 2—18 0,42 9 2307 7,7 92,3
Okcuayrnepoga| CO 883 12,5—74,2 2,67 9,8 53 69 2000 28,5 70,5
Boaopon H, 783 4-74,2 0,37 7,9 0,017 62 76 2072 29,5 70,5
MeTaH CH, 810 5—15 0,40 15,6 0,28 26 39 1927 9,5 90,5
JraH C,Hq 745 3,22—12,45 | 0,38 13,8 0,24 34 46 1922 5,64 94,36
Mponax C;Hg 739 2,37-9,5 0,37 14,3 0,25 32 45 1987 4,02 95,98
Bytan C.H)y 678 1,86—8,41 0,385 14,9 90,25 29 41 2010 3,12 96,88
lekcaH C¢H 4 507 1,25—6,9 0,63 14,6 0,25 30 43 2007 2,16 97,84
3Tunex C,H, 813 3,75-29,6 12,1 0,12 42 52 2067 6,5 93,5
Ceponoaopon H,S 519 4,3—45,5 8 62 12,24 87,76
BoasiHoit ra3 773 —873 6—70
Kokconblit ra3 913 5,6—30,8
[MpupoaHblii ra3 823 —1023} 5,1 —12,1+25
JloMeHHBIi4 ra3 65 —73,9

Oé6o3navenus. T,, — TeMnepaTypa camoBocnnaMeHeHUs; KB — o6nacth BocniaMeHeHUs; u, — MaKCUMalbHOE 3HaYeHHE HOp-
MasbHOM ckopocTH ropeHus; MBCK — MuHMMaibHOE B3pbIBOONACHOE COlEpXaHHE KUCOPOaa NpH pa3baBlieHUHU ra30BO3AYILHOM
CMECH YIJIEKUCIbIM ra3oM; £ — MUHHUMalbHast 9Heprus 3axuranus; Tr — pacyeTHas agnabGaTuyeckas TeMreparypa ropeHus ¢ yue-
TOM AMCCOLLMALMM NPOAYKTOB CrOPaHHSL.

TTpumeuanue. Coctas ra3oBbix cMeceit: BoasHo# ras3 CO — 37 %, CO, — 6,5 %, N, — 5,5 %, H, — 50 %, CH, — 0,5 %; kokco-
blit ra3 CO — 6,0 %, CO, — 28 %, N, — 7.8 %, H, — 58 %, CH, — 22,5 %; npupoausiii ra3 CO — 3,3 %, CH, — 94 %, CH,, —
2,5 %; nomeHHbtit ras CO — 28 %, CO, — 10,5 %, N, — 58,5 %, H,— 2,7 %, CH, — 0,3 %.

111 auHaxouudy
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Tabauya 3. PU3NKO-XUMHYECKHE KOHCTAHTBI HEKOTOPLIX FOPIOYHX KHIAKOCTEH

Ha3panue Xumuueckas dopmyna M p,kr/m® | dnopoan. | oy °C | teuns °C | Dy - 1074, m¥/c | AH 3- kIx/Monb

ALETOH C;HO 58,08 | 790,8 2.0 -95,35| 56,2 0,086 248,1
BeH3on C¢Hg 78,11 879 2,77 5,5 80,1 0,096 -34.8
FekcaH Ce¢Hsy 86,18 | 659,3 3 -95,3 | 68,7 - 211,2
[nnuepuH C;H¢O,4 92,09 | 1260,4 3,2 17,9 290 0,08 675,4
MertaHon CH,;0H 32,04 795 1,1 -97,8 | 64,7 0,162 239,0
ArtaHon C,H;OH 46,07 | 789,3 1,6 -114,6 | 78,37 0,132 278,2
MponaHon-1 C;H,0H 60,10 | 804,4 2,1 -127 98,8 0,080 307,1
BytaHon-1 C,H,OH 74,12 | 809,8 2,6 =799 | 117,5 0,0681 3411,5
TpeT- byTunosblii cnupr (CH,),COH 74,12 | 788,7 2,6 26,5 82,8 — —
H-AMWJIOBBIiA CNIUPT CsH,,OH 88,15 | 814,4 3,1 -78,5 | 138 0,089 359,1
Tonyon C¢HsCH; 92,14 | 866,9 3,2 -95 110,6 0,084 4,19
Sbup AN3TUNOBBIi C,H,,0 74,12 | 713,5 2,6 117,6 | 35,6 0,896 283,2
STUNeHrIMKoNb C,H(0, 62,07 | 1114 2,15 -15,6 | 107,8 - 456,4
bensun B70 — 745 — — — — —
KepocuH TpakTOpHbIit — 823 — — — — —
TpaHchopMaTopHOe Macio - 877 - - - - -
Macno noaconHeuHoe 91,0 913 — — — — —
HedTb Kapagarckas — 813 — — — — —
Cxkunuaap — 870 4,7 — 160 — —

Obosnavenus: M — MOJIEKYJIApHasa Macca; p — MJIOTHOCTb NMPU HOPMaJIbHbIX YCIIOBUSAX; d — oTHocHTeNbHas Macca (U1s Bo3dyxa

1,000); 7, mn 1,

[ xun

TENJoTa oﬁpasoaa HuU4.

— TeMmnepaTypa nlaBjieHUs U KuneHus npu aasnerun 101 325 Ma; D, — koappuuneHT anddysuu B Bo3ayxe; A”/

0—

80€

111 avuaxoundy



Npunoxenwne II1

309

Tabauya 4. PusznyeckHe KOHCTAHTbI HEKOTOPBIX FOPIOYHX ra3oB

a3 Qopmyna| M V,, oM P, Kr/M> tha»°C feun °C
Bosayx 28,98 | 22,40 | 1,293 =231 -192
Okcua yrnepoaa CO |28,011| 22,40 | 1,25 -205 -192
Juokcua yrnepoaa CO, 44,01 | 22,26 | 1,977 -56,6 BO3r.
(52 Mna) -78,6
Meran CH, |16,043| 22,36 | 0,717 -182,5 -161,5
draH C,H¢ | 30,07 | 22,16 | 1,357 -182,8 -88,6
MponaH C;Hg 44,097 | 22,00 | 2,019 -182,7 —42,1
H-ByraH CsHyy |58,124| 21,50 | 2,703 -138,4 -0,5
Stunex C,H, |28,054| 22,24 | 1,26 -169,2 -103,7
Mponunex C;H¢ | 42,081 21,96 | 1,915 -187,7 -47.8
AueTuneH C,H, (26,038 22,22 | 1,173 -80,8 Bo3r. — 83,8
Bonopon H, 2,016 | 22,43 | 0,09 -259,2 -252,7
Asor N, 28,013 | 22,4 | 1,251 =210 -195,8
Okcua a3oTa NO 30,006 | 22,39 1,34 -163,7 -151,8
CepoBoaopon H,S 34,08 | 22,14 | 1,539 -85,6 -60,7
AMMHaK NH;, 17,031 22,08 | 0,771 -77,7 -33,35
Iunokcun cepbl SO, |64,063( 21,89 | 2,927 -72,7 -10,08
CepHblit aHruapua SO; | 80,062 | 22,49 | 3,60 16,8 44,8
Kucnopon 0, 31,999 | 22,39 | 1,429 -218,4 -182,9
O3oH O; 47,998 21,60 | 1,658 -251,5 -111,5
Xnopwucrbiit Bogopoa| HCI | 36,461 | 22,25 | 1,639 -112 -84
Xnop Cl, 70,906 22,02 | 3,214 -102 -34
®rop F, 37,997 | 22,42 | 1,695 -223 -187
Bona (nap) H,0 |18,015| 22,45 | 0,768 0 100
Tennit He 4,003 | 22,42 | 0,178 | -272,2 (2,6 —-268,9
MIla)

Obosnaqenun. M — monekyasipHast Macca rasa; ¥, — o6beM, 3aHUMaeMblit O1HUM
MOJIEM Fa3a NPY HOPMAIbHBIX YCJIOBHSIX; p — MJIOTHOCTb ra3a MpyU HOPMalbHbIX YCIOBU-
fX; I, — TeMnepaTtypa niaBleHHs W 1, — TeMnepatypa KMMeH!s ra3a npy naBjieHUH

101 325 Ia.
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Tabauya S. KoamyecTBOo H COCTaB NPOAYKTOB rOpeHHs

CocTtaB NpoayKTOB ropeHus, M:‘/Kr

Kosn-Bo npoaykToB ropeHus

lopioyee BellecTBO co, H,0 N, a/xr M3/Kr M3/M3
AKpPMJIOBasi KUCJIOTa 0,96 0,62 3,50 6,76 5,08 —
AMunauerat 1,20 1,20 6,16 11,03 8,56 —
AMMJIOBBII CNIUPT 1,27 1,53 7,20 12,72 10,00 —
AMMMaK - 1,97 3,71 6,21 5,68 4,32
AHWIMH 1,44 0,84 7,06 12,34 9,34 —
ALETHIIEH 1,73 0,86 8,11 14,20 10,70 | 12,40
ALETOH 1,16 1,16 5,82 10,48 8,14 —
BeH3uH 1,58 1,67 9,10 5,83 12,35 —
Benson 1,73 0,86 8,11 4,20 10,70 —
butym 1,49 1,16 7,74 6,88 10,39 —
bymara, xnonok, xjgon- 0,83 0,69 3,12 6,17 4,64 —
yaToGyMaXxHble TKaHU
Bytan 1,54 1,93 9,44 16,38 12,91 | 33,44
Bytunauerar 1,16 1,16 5,82 10,48 8,14 —
ByTunosblit cnupr 1,21 1,51 6,80 12,10 9,52 —
Bonopon - 11,20 21,00 3497 | 32,20 | 2,38
lekcaH 1,56 1,82 9,33 16,18 12,71 | 48,72
nuuepuH 0,73 0,97 3,20 6,21 4,90 —
Jn3enbHoe TONAMUBO 1,60 1,50 8,85 15,41 11,95 —
(consipoBoe MacJio)
Jn3tunosblit 3¢pup 1,21 1,51 6,83 12,54 9,55 —
NpesecuHa 0,84 0,74 3,28 6,35 4,86 —
npu W=10%
JpeBecuHa 0,74 0,75 2,93 5,73 4,42 —
npu W=20%
NpesecuHa 0,65 0,78 2,56 5,10 3,99 —
npu W=30%
Kanponakram 1,20 7,10 6,24 11,50 8,54 —
Kayuyk HaTypanbHbiit 1,50 1,35 7,91 13,79 10,76 —
Kayuyk cuHTeTiYecKHit 1,61 1,18 8,03 14,16 10,82 —
Kepocuu 1,61 1,70 8,98 15,74 12,29 —
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Okonyanue maba. 5

CocTaB NnpoAyKTOB ropeHusl, MJ/KI'

Kon-Bo npoaykToB ropeHust

Foplosce neutectso CO, H,0 N, KI/Kr M3/Kl' M3/M3
KuHonneHka HUTpo- 0,80 0,60 2,92 5,71 4,43 —
LeoN03Hast
KuHonneHka Tpuale- 0,91 0,64 3,42 6,58 4,97 —
TaTHas
Mazsyr 1,65 1,40 8,81 15,40 11,86 —
Metaun 1,40 2,80 10,52 18,15 14,72 | 10,52
MeTunoBblit CNUPT 0,70 1,42 3,94 7,40 6,06 8,64
Hedtb 1,57 1,57 8,72 15,25 11,86 —
MeHTaH 1,55 1,87 9,36 16,27 12,78 -
Monuctupon 1,72 0,86 8,10 14,15 10,68 —
Monunponunex 1,60 1,60 9,02 15,74 12,22 —
Monuatunex 1,60 1,60 9,02 15,74 12,22 —
IMeHononuypeTaH 1,06 0,79 4,69 8,58 6,55 —
Ckununap 1,65 1,32 8,66 15,11 1163 —
Crupon 1,72 0,86 8,10 14,15 10,68 -
Tonyon 1,86 1,06 9,02 15,00 11,94 -
Topd npu W=10% 0,98 0,67 4,01 7,41 5,66 —
Topd npu W=20 % 0,87 0,71 3,56 6,74 5,14 —
Topd npu W=30% 0,76 0,74 3,12 5,99 4,62 —
DTUNOBBII CIUPT 0,98 1,46 5,50 9,97 7,94 —
DTUNEHIIMKONb 0,72 1,08 3,25 6,35 5,06 —

Tabauya 6. TeopeTHyeckoe KOJIHYECTBO BO3AyXa

KonunuectBo Bo3ayxa
I'opioyee BeluecTBo 3 33
Kr/Kr M~ /Kr M~ /M
AKpMJIOBasi KUCJIOTa 5,74 4,44 —
AKPHJIOBOMETHNOBbIN 3GUP 7,72 5,58 —
AMunauerat 10,10 7,80 —
AMMNOBBIN COUPT 11,76 9,10 —
AMMHaK 6,10 4,70 3,57
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ITpodoaxcenue maba. 6

lopiouee BewecTBo Ko.rmqec;ao i 33
Kr/Kr M°/Kr M/M
AHWIUH 11,50 8,90 —
ALeTUNIEH 13,27 10,25 11,90
AUETOH 9,50 7,35 -
beH3nH 15,00 11,60 —
BeH3zon 13,27 10,25 —
butym 13,19 9,45 —
byMara, xJ10noK, xJ10n4aTo0yMaxH. TKaHH 5,10 3,95 —
byraH 15,45 11,94 30,94
Byrunauerar 9,50 7,35 -
ByTunoBblit cnupt 11,10 8,64 —
Bonopon 34,50 26,60 2,38
lekcaH 15,20 11,79 45,22
nuuepuH 5,24 4,06 —
Jln3enbHoe TonanBoO (CONsApOBOE MacJlo) 14,60 11,5 —
Onatunosblit apup 11,08 8,65 —
Jpesecuna npu W= 10 % 5,43 4,20 -
Jpesecuna npu W=20 % 4,84 3,74 -
Ipesecuna npu W =30 % 4,58 3,54 —
KanponakTam 10,00 7,76 —
Kayuyk HaTypanbHbIit 12,93 10,00 —
Kayuyk cMHTeTHuYeckuii 13,15 10,16 —
Kepocuu 14,70 11,36 —
KuHonneHKa HUTpoLeN10N03Has 4,68 3,62 —
KuHonneHka TpualerarTHas 6,05 4,34 —
Mazyr 14,60 11,30 —
MeraH 17,20 13,32 9,52
MeTHn0BBIIt CNUPT 6,47 4,99 7,14
Hedtb 14,60 11,80 —
MenTan 15,30 11,85 —
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Oxon4anue ma6a. 6

Fopioiee pewecTso Konuqec:no BO3ayXa —

Kr/Kr M” /KT M°/M
Monuctupon 14,30 10,25 —
[Monunponunex 15,90 11,42 —
Monuatunen 15,90 11,42 —
leHononunypeTtaH 7,77 6,00 —
Ckunuaap 14,20 10,96 —
Ctupon 15,30 11,85 —
Tonyon 13,50 10,46 -
Topd npu W= 10 % 6,60 6,01 -
Topd npu W=20% 5,86 4,54 -
Topd npu W=30% 5,14 3,96 —
3TUNOBBII CIUPT 9,00 6,95 —
STUAEHTTUKOIb 5,37 4,16 —

Tabauya 7. AToMHblii BeC HeKOTOPbIX 3.1EMEHTOB

Ha3BaHue XuMHYecKuii 3HaK MopsiakoBbiit HOMep ATOMHBIi1 BeC

AszoTr N 7 14

AproH Ar 18 39,95
Bonopon H 1 1,01

lenuit He 2 4,0

Won I 53 126,9
Kucnopon (0] 8 16

Heon Ne 10 20,18
Cepa S 16 32,06
Yrnepon 6 12,01
dochop 15 30,97
drop 9 19,0
Bpom Br 35 79,9
Xnop Cl 17 35,45
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Tabauya 8. TennoTa ropeHns HEKOTOPBIX BElLECTB

loployee BeltecTBO
WU MaTepHa

Hu3was rennora
lopiouee BewwecTBo

p
ropenus Oy, MAM MaTepHan

Hwuswas tennorta
ropenus OF,

kIx/Kr KIX/Kr
Amunauerar 33 533,5 Kayuyk HaTypanbHblii 44 833,0
AMMJIOBBIN CIUPT 39 046,6 Kayuyk cuHTeTMUECKHit 45 252,0
AHUNUH 34777,0 Kepocun 43 157,01
AueTuieH 56 000,0 KuHonneHka HuTpoueno- 15 084,0
Jo3Has
ALIETOH 30 969,0
ben3un 43 576,0 KuHonneHka 18 779,6
TpHalLeTaTHas
BbeH3on 40 807,0 Masyt 41 900,0
Butym Macno consposoe 43 069,0
MerTaH 35 800,0
BymMara, xn0omnok, 13 408,0 HedTb 46 090,0
XJlonyaTodymMax-
Hble TKaHU
byTaH 45 800 Monuctupon 38 967,0
ByTunoBblit cninpt 36 1449 Monunatunex 47 137,5
JpeBecuHa npu INeHononuypetaH 243012,0
BJIAXHOCTH, %
wW=10 16 500,0 Pe3una 335120,0
W=20 14 400,0 Tonyon 42 355,4
W=30 12 200,0 Topod BnaxHocTbio W= 19 % 16 613,3
JInHoneym 33520 Xnonok 15 700,0
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Tabnuya 9. Tennota 006pa3oBaHus H roOpeHHs HEKOTOPBIX BElLECTB

BelwlecTso Tennora o6pa3osaHus, Tennota ropenus,
ecTB xJx/Monb kAx/Monb

Anbaerua

MYpaBbUHbIM (X) 121,1 561,5

YKCYCHBIi1 (X) 166,3 1173,2
AMMHUaK (ras) 46,1 384,2
AHWIMH (X) 29,7 3484,0
AHTpalleH (TB) -101,4 7102,0
AueTuneH (ra3) -224.6 1307,3
AUETOH (X) 248,1 1789,0
Benson (x) -34,8 3282,4
BbyraaneH-1,3 (x) -104,3 25479
H-ByTtaH (ras) 132,4 2882,3
H-ByTaH (X) 153,8 2863,0
ByreH-1 (ras) 6,3 2723,9
Bununxnopua (x) -37,7 1259,9
Bununxnopun (X) -17,2 1239,4
Bona (x) 286,6 -
Bona (ra3) 2422 —
H-TekcaH (X) 167,2 4150,6
H-TenTaH (X) 239,7 4814,3
nuuepuH (X) 675,4 1658,8
JByokuch

cepbl (ras) 297,5 —

yraepoaa (ras) 396,6 —
JlnokcaH (X) 375,4 2354,8
Hdudenun (T8) -80,4 6258,2
U306yTaH (X) 159,2 2857,6
Kucnora

6eH30iiHas (TB) 3943 3233,8

MacisHasg (X) 525,0 2178,8

MypaBbMHas (X) 419,0 263,1

ofeMHoBas (TB) 625,1 11183,1

NponuoHoBas (X) 458,4 1589,3

cTeapuHOBas (TB) 937,7 11304,6

yKCyCHas (X) 485,6 942,7
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Oxonyanue maba. 9

BellecTso TennoTta o6pa3osaHus, Tennora ropeuus,
kIx/Monb kIx/Monb
MerTaH (ra3s) 75,0 891,5
MouesuHa (TB) — 636,9
HadranuH (1B) -62,8 5161,2
HuTtpoaTan (x) 144,1 1364,3
OkMuchb yriepona (ra3s) 112,7 283,2
H-TleHTaH (X) 184,4 3515,0
MponaH (ras) 109,4 22232
Mpona (Xx) 125,3 2209,0
Ceposoaopoa (ra3) 201,1 338,5
Cepoyrnepon (X) -88,0 979,6
Cnupt
H-aMMJIOBbIH (X) 359,1 3297,5
H-OyTUIOBBII (X) 341,5 2677,4
H-TEKCHNOBBIM (X) 385,1 3996,8
METHUIOBbIM (X) 239,0 726,6
NpONUIOBLIA (X) 307,1 2019,6
3TUIOBBIN (X) 278,2 1374,3
Tuoden (Xx) -81,7 2536,2
TerpanuH (TB) 81,7 5597,4
Tonyon (x) 4,19 3921,8
®enon (TB) 171,4 3067,1
AtaH (ras) 88,4 1562,0
3Atunbenson (x) 33,1 4567,5
DTuneH (ras) -48,6 1391,1
DTUNEHTAKKOAD (X) 455,4 1152,2
Admp
JAUMETHIOBDIN (X) 207,8 1443,9
AUITUIOBbIN (XK) 283,2 2730,6
YKCYCHOAMMJIOBBIit () 594,7 4189,8
YKCYCHOOYTHIOBBIi (X) 542,2 3551,4
YKCYCHOMETHNOBbIN (X) 411,9 1635,8
YKCYCHO3THJIOBBII (X) 480,2 2256,3




Tabauya 10. 3naveHHe XOHCTAHT ypaBHeHHA AHTYaHa

Beuwectso

Xumnueckast popmyna

M

KoticTanrsbl ypasticnust Anutyana

A B C Dy, CMZ/C n
H-AMMIaleTar C,H,,0, 130,196 | 7,16870 | 1579,510 | 221365 | 0,0520 | 1,87
AMuneH CsH) 70,134 | 6,78568 | 1014,294 | 229,783 | 0,0690 | 1,84
H-AMMJIOBbBI CIUPT CsH,,0 88,149 | 7,18246 | 1287,625| 161,330 | 0,0661 | 1,87
AMMMHaK NH;, 17,030 - - - 0,198 | 1,88
AHUIMH C¢H;N 93,128 | 6,92129 | 1457,020 | 176,195 | 0,0622 | 1,87
Auetanbaerua C,H,0 44,053 | 7,19160 | 1093,537 | 233,413 0,11 1,83
AuetuneH C,H, 26,038 - - - 0,18 | 1,79
AUETOH C;H,O 58,080 | 7,25058 | 1281,721 | 237,088 | 0,19 | 1,90
BeH3on CsHg 78,113 | 6,48898 | 902,275 | 178,099 | 0,0775 | 1,86
6,98426 | 1252,776 | 225,178
Bbytaauen 1,3 C4Hg 54,091 — - — 0,0806 | 1,82
H-ByTaH C4Hy 58,123 - - - 0,0605 | 1,87
ByteH-1 C4Hg 56,107 — - - 0,0801 | 1,83
TpaHc-BbyTeH-2 C,Hg 56,107 — — — 0,0801 | 1,82
H-ByTunauerar C¢H ,,0, 116,160 | 7,00641 | 1340,743 | 199,757 | 0,0574 | 1,87
H- ByTnnosbiit cnupT C,H,,O 74,122 | 9,59730 | 2664,684 | 279,638 | 0,0681 | 1,86
Bonopoa H, 2,016 - - — 0,66 1,70
Bunuaxnopua C,H;Cl 62,499 — - - 0,104 | 1,82
H-T'ekcanekaH Ci6Hig 226,445 | 6,78749 | 1656,405 | 136,869 | 0,0347 | 1,86

111 anHaxouudy
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ITpodoaxcernue mab6a. 10

BeuiccTBo

Xumnreckas popmyna

M

Korcrantbl YPaBHeHust AuTyaHa

A B C  [DgemM¥/c| n
H-TekcaH Ce¢H,4 86,177 | 6,87024 | 1166,274 | 223,661 | 0,0663 | 1,55
H- FekcunoBblit cnupT C¢H,,0 102,176 | 7,27800 | 1420,273 | 165,469 | 0,0588 | 1,87
H-TenTaH C;Hy¢ 100,203 | 6,95154 | 1295,405 | 219,819 | 0,0609 | 1,54
Mmapasux N,H, 32,045 | 8,87325 | 2266,447 | 266,316 | 0,167 | 1,86
FnuuepuH C;H304 92,094 | 9,05297 | 3074,220 | 214,712 | 0,08 1,9
H-JekaH CoHj; 142,284 | 7,39530 | 1809,975 | 227,700 | 0,0502 | 1,45
JunsuHunosblii 3dup C4HeO 70,091 | 6,98810 | 1055,259 | 228,589 | 0,0765 | 1,84
N umeTunosblit 3pup C,HO 46,069 — — — 0,108 | 1,85
Oumetundopmammun C;H;NO, 73,094 | 7,03446 | 1482,985 | 204,342 | 0,0898 | 1,87
NuokcaH-1,4 C4H;0, 88,106 | 7,51611 | 1632,425| 250,725 | 0,0758 | 1,85
NudTopanxnopmeraH CF,Cl, 120,914 - — - 0,0806 | 1,81
1,2-Anxnopatax C;H,Cl, 98,960 | 7,66135 | 1640,179 | 259,715 | 0,845 | 1,86
Aun3tunamut CsH, N 73,138 | 7,22314 | 1267,557 | 236,329 | 0,0756 | 1,85
Junatunonslit 3¢up C4H,,0 74,122 | 6,99790 | 1098,945 | 232,372 | 0,0772 | 2,14
H-JlonekaH C,Hy 170,337 | 8,17081 | 2463,739 | 253,884 | 0,0399 | 1,88
U300yTaH C4H) 58,123 - - - 0,0819 | 1,87
U3obyTeneH C4Hg 56,11 - — — 0,0801 | 1,82
NU300yTrnosbiii cnupt C4H,,0 74,122 | 8,70512 | 2058,392 | 245,642 | 0,0756 | 1,87
M3oneHTaH CsH, 72,150 | 6,79306 | 1022,551 | 233,493 | 0,0700 | 1,76

81¢€
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Ipodoaxcenue maba. 10

Bewectno XimuccKas bopmyaa M Koricranrsl ypasnuenust AnTyana2
A B C Dy, eMm/c| n
MU3onponunGeHson CyH,; 120,194 | 6,93773 | 1460,668 | 207,652 | 0,0615 | 1,87
HU3onponunoBelit cnupt C;HO 60,096 |8,38,562(1733,000 | 232,380 | 0,831 1,92
M-Kcunon CgHy 106,167 | 7,00849 | 1461,925 | 215,073 | 0,0671 | 1,87
o-Kcunon CsHy 106,167 | 6,99891 | 1474,679 | 213,686 | 0,0671 | 1,88
n-Kcunon CgH ) 106,167 | 6,99184 | 1454,328 | 215,411 | 0,0671 | 1,87
Mertan CH, 16,0426 — - — 0,196 | 1,76
MeTtHnosblit cnupt CH,O 32,042 | 8,22777 | 1660,454 | 245,818 | 0,129 | 2,08
MeTHUN3TUNKETOH C,4H;O 72,107 | 7,02453 | 1292,791 | 232,340 | 0,0760 | 1,86
Hadranun CoH; 128,173 |10,55455| 3123,337 | 243,569 | 0,0622 | 1,89
7,67291 | 2206,690 | 245,127
H-HoHaH CyHy, 128,257 | 7,05283 | 1510,695 | 211,502 | 0,0499 | 1,57
Okuch yraepona CO 28,0104 — — — 0,149 | 1,72
OKHUCb 3TUNEHA C,Hy 44,0530 — — - 0,110 | 1,83
H-OKTaH CgH g 114,230 | 6,96903 | 1379,556 | 211,896 | 0,0503 | 1,77
H-TenTanekaH CsHj, 212,418 | 6,94237 | 1739,084 | 157,545 | 0,0358 | 1,90
H-TleHTaH CsH,, 72,150 | 6,84715 | 1062,555 | 231,805 | 0,0729 | 1,83
*-TlukonuH C¢H;N 93,128 | 7,30064 | 1632,315 | 224,787 | 0,0754 | 1,88
*Muponunx C¢HsN 79,101 | 6,78610 | 1217,730 | 196,342 | 0,0828 | 1,87
Mponax C;H, 44,096 - - — 0,0977 | 1,80

III auHawoundyy
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ITpodoaxcernue maba. 10

KoHcTanTtbl ypasHeHUs! AliTyaHa

Beuwectno Xumuucckas (opmyna M p 7 c Do o] n

Mponunex C;Hg 42,080 — — — 0,0962 | 1,82
H-Tponunosbiii cnupt C;H0 60,096 | 8,31708 { 1751,981 | 225,125 | 0,085 | 1,88
Ceposoaopoa H,S 34,076 — — — 0,141 | 1,82
Cepoyrnepon CS, 76,131 | 7,00048 | 1202,471 | 245,616 | 0,0890 | 1,69
Crupon CgHg 104,161 | 7,94049 | 2113,057 | 272,986 | 0,0674 | 1,88
TetparnapodypaH C,HgO 72,107 | 5,99964 | 753,805 | 175,793 | 0,0588 | 1,84
H-TeTpanekaH Ci4sHy 198,391 | 7,27514 | 1950,497 | 190,513 | 0,0370 | 1,89
Tonyon C,H, 92,140 | 6,95508 | 1345,087 | 219,516 | 0,0753 | 1,65
H-TpuaekaH C3Hy 184,364 | 7,96895 | 2468,910 | 250,310 | 0,0384 | 1,89
2.2.4-Tp1MeTHUNNEHTaH CgHyg 114,230 | 6,81171 | 1259,150 | 221,085 | 0,0427 | 1,86
YKcycHasl KUcnoTa C,H,0, 60,052 - — - - 2

H-YHIeKaH C,Hy 153,311 | 7,68008 | 2102,959 | 242,574 | 0,0417 | 1,88
®dopmanbaerua CH,0 30,026 | 6,28480 | 607,399 | 197,626 | 0,146 | 1,81
Dranenblit aHrMapua CgH404 148,118 | 7,99959 | 2879,067 | 277,501 | 0,0616 | 1,87
DropTpUXIOpMETaH CCLiLF 137,368 — — — 0,0603 | 1,83
Xnop6eH3on C¢H;Cl 112,558 | 7,26112 | 1607,316 | 235,351 | 0,0628 | 2,09
XnopartaH C,H; Cl 64,514 | 6,82723 | 954,119 | 229,554 | 0,0981 | 1,82
Llnknorekcan C¢H > 84,161 | 6,64788 | 1095,531 | 210,064 | 0,0648 | 1,89
draH C,Hq 30,069 - - - 0,121 | 1,78

02¢

I1I anHaxouudy



<

Iser

Ipodoaxcenue ma6a. 10

KoricTaHTbl ypaslienus Antyana

BeuectBo XuMuueckast popmyna M y 3 P Do, cmz/c "
ATunauetat C,H;30, 88,106 |6,992409| 1200,297 | 214,262 | 0,0733 | 1,89
AtnnbeHson CgHo 106,167 | 6,95904 | 1425,464 | 213,345 | 0,0671 | 1,87
DTUNeH C,H, 28,054 - — — 0,109 | 1,80
STUNEHTIUKONb C,H0, 62,068 {9,01261 |2753,183 | 252,009 | 0,099 | 1,87
DTUNOBbIN CINPT C,HO 76,069 | 8,68665 | 1918,508 | 252,125 | 0,110 | 1,51
OTUILEIO030Ib1 C4H (0, 90,122 | 8,74133 | 2392,56 | 273,15 | 0,0721 | 1,86
Bensnn AW-72 (3umuuit) FOCT 2084—67 Co.991H 13,108 97,2 | 5,07020 | 682,876 | 222,066 | -60/85 | 2
Bensnn AU-93 (netuuit) TOCT 2084—67 C1.024H13.706 98,2 4,99831 | 664,976 | 221,695 | -60/95 2
BenanH AU-93 (3umHuit) TOCT 2084—67 CeonHjz e 95,3 | 5,14031 | 695,019 | 223,220 | -60/90 | 2
Bensun aBuaumnonHslit b-70 TOCT1012—72 Ci.267H14.796 102,2 | 8,41944 | 2629,65 | 384,195 | -40/110| 2
JuzenbHoe Tonauso «3» FTOCT 305—73 C2.343H23 88 172,3 | 5,95338 | 1255,73 | 199,523 | 40/210 | 2
JuzenbHoe Tonauso «Jh FOCT 305—73 Cias1Hag12 203,6 | 5,87629 | 1314,04 | 192,473 | 60/240 | 2
KepocuH ocsetutenbHblit KO-20 C\3.505H26 86 191,7 | 5,69697 | 1211,73 | 194,677 | 40/240 2
FOCT 4753—68
Kepocun ocsetutenbhbiit KO-22 Cio914H21 83 153,1 | 6,47119 | 1394,72 | 204,260 | 40/190 | 2
FOCT 4753—68
KepocuH ocsetutenbHbiit KO-25 C10saH21.75 154,7 | 6,00016 | 1223,85 { 203,341 | 40/90 2
FOCT 4753—68
Kcunon (cMech nsomepos) FOCT 9410—71 C;.99Hg 98 106,0 | 7,05479 | 1478,16 | 220,535 | 0/50 2

III avHawouudy
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Oxonuanue ma6a. 10

Beutectno

Xumuueckas ¢popmyna

Kotictaurbl ypastenust AHTyaHa

A B (o Dy, cmz/c n
Yaiit-cnuput FOCT 3134—52* CiosHao 147,3 | 8,01130 | 2218,3 | 273,15 | 20/80
Macno tpaHchopmatopHoe FTOCT 10121—76 C,1.74H42.28S 303,9 | 7,75932 | 2524,17 | 174,010 | 164/343 | 2
Macno AMT-300 TY 38-1T-1—68 C11.24H42.2850.04 312,9 | 6,99959 | 2240,001 | 167,85 |170/376 | 2
Macnao AMT-300T TY 38 101242—72 Ci9.04H24.5850.196 No.o7 | 260,3 | 6,49540 | 2023,77 | 2023,77 | 171/396 | 2
PactBoputens M (H-6yTunauerar-30; 3Tun- Cy.761H7.1470).187 59,4 | 8,93202 | 2083,566 | 2083,566 0/50 2
auerart-5; 3TUNoBbIi cnupT-60; H306yTHIIO-
Bblif cnupT-95)
PactBoputenn P-4 (kcunon-15; Tonyon-70; Cs.231H7.70800.223 86,3 | 7,15273 | 1415,199 | 1415,199| -15/100 | 2
auetot-15)
PaCTBOPMTeﬂb PMJI-218 MPTY 6-10-729—68 C4.79IH8.3]800.97| 8],5 8,0775] 1761 ,043 1761,043 0/50 2
(H-6yTHnaueTar-9; aTMNALETAT-16; KCH-
non-21,5; Tonyon-21,5; atunosslit cnupt- 16:
H-0yTHI0BbIA cNUPT-3: 3TUALENN030bB-13)
Pactsoputenb PMJI TYKY 467—56 (Tyny- C,645H5.9100).038 55,2 | 9,57161 | 2487,728 | 2487,728| 0/50 2
on1-10; 3Tun0BLIA cNUPT-64; H-6YTUNOBbI
cnupt- 10: 3TUALENN0301bB- 16)
PactBoputens PMJI-215TY 6-10-1013—70 Cs.962H9.77900.845 95,0 7,71160 | 1699,687 { 1699,687 | 0/50 2
(H-6yTunauerar- 18; kcunon-25; ronyon-25;
3TUI0BbIN CNUPT-16: H-OYTUNOBLINA cUPT-15:
3TUNLENNO030bB-17)
PactBoputenb P-4 (H-6ytunauerat-12; Tony- Cs.452H7.60600.535 81,7 | 7,17192 | 1373,667 | 1373,667 | —15/100 | 2
001-62; aueToH-26)

1743
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Tabauya 11. KoHueHTpauHoHHbIe NpeaeJibl BOCNIaMeHeHHs

Bewecrso Mpenensl BocnaameHeHus, % 06.
HUXHHUA BEPXHHU

Mertan 5,00 15,00
3TaH 3,22 12,45
IMponax 2,10 9,50
Bbyran 1,80 8,41
n3o-byran 1,86 8,44
nso-IlenTaH 1,32 —
lekcan 1,25 6,90
lentan 1,00 6,00
OkTaH 0,95 —
Houan 0,83 —
Jekan 0,67 —
OTuneH 2,75 28,60
IMponunex 2,00 11,10
Byrunen 1,70 9,00
AmuneH 1,60 -
AUeTUNIEH 2,50 80,00
benzon 1,41 6,75
Tonyon 1,27 6,75
o-Kcunon 1,00 6,00
LUuxnonponaH 2,40 10,40
Uunknorekcax 1,33 8,35
MeTtunauuknorekcaH 1,15 —
MeTunosbiit cnupt 6,72 36,50
DTUNOBBII cnNUpPT 3,28 18,95
IMponunoBbiit cnupT 2,55 -
n3o-TlponunoBblit cnUpT 2,65 —
ByTunoBbIii cnupt 1,70 -
n30-ByTHUnosblit cnupt 1,68 —
AMMIIOBBIN cnUpT 1,19 —
M30-AMMJIOBbIH CNIUPT 1,20 —
Auetanbaerna 3,97 -
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Oxonuanue maba. 11

BewecTso Mpenens BocnaameHeHus, % ob6.
HUXHUIA BepXHUI

MeTtunosbiii 3¢up 2,00 10,10
ATunoBblii 3¢dup 1,85 36,50
BuHunoBblit 3pup 1,70 27,00
ALIETOH 2,55 12,80
MeTUA3TUAKETOH 1,81 9,50
MeTunbyTnakeToH 1,55 8,15
Metundopmuar 5,05 22,70
3rundopmear 2,75 16,40
MeTunauerar 3,15 15,60
OTunauerar 2,18 11,40
lMponunauerar 2,05 —

H3o-Tlponunauerar 2,70 —

Bbyrunauerar 1,70 —

AMunauerat 1,10 —

Bonopon 4,00 74,20
Okcun yriepoaa 12,50 74,20
AMMHaK 15,50 27,00
Okcua aTuneHa 3,00 80,00
Oxcua nponuieHa 2,00 22,00
JunokcaH 1,97 22,25
JAun3tunnepokcua 2,34 —

Cepoyrnepon 1,25 50,00
CepoBonopoa 4,30 45,50
XnopucTblit MeTHA 8,25 18,70
XNOpHUCTBIA BUHU 4,00 21,70
XNIOpUCTBIH 3TUN 4,00 14,80
XnopucTblii aMun 1,40 —

AUETUIEHANXIOPUIL 9,70 12,80
STUNEHANXIOPUA 6,20 15,90
BpomucTbiit MeTHA 13,50 14,50
BpoMuCTbIit 3THA 6,75 11,25
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Tabauya 12. Tloka3aTe, M NOKapHOi ONACHOCTH HEKOTOPBIX ra3oB

MroTHOCTS 10 Temneparypa ca- Mpenens BocnnaMeHeHus, %
la3 MOBOCIJIAMEHE -
BO3AYXY Hus, K HUXHUI BEPXHMUI
AMMuak 0,59 903 15,0 28,0
AueTuNeH 0,9 608 2,0 81,0
byraH 2,0 678 1,9 9,1
Bytunex 1,93 657 1,6 9,4
Bonopon 0,069 783 4,0 75,0
MetaHn 0,55 810 5,0 15,0
Oxkuchb yriepoaa 0,967 883 12,5 74,0
OKHCb 3TUIEHA 1,5 702 3,0 80,0
Okucb nponuieHa 2,0 673 2,0 22,0
Mponax 1,56 739 2,1 95,0
IMponunen 1,45 683 2,2 10,3
Ceposoaopoa 1,19 519 4,3 46,0
drtaH 1,04 745 2,9 15,0
OTtuneH 0,97 813 3,0 32,0
Tabauya 13. Tloka3aTenH NoXXapHOii ONACHOCTH HEKOTOPBIX KHAKOCTeH
TemnepaTypHble KoHUeHTpaumMoHHble
npeaens Bocnjaame- npeaenbl BoCnjame-
Temnepa- HeHus, K Henus, %
ﬂnomocn, Typa caMo-
Kuakocts Kr/M BocnaMe- | HHXHHUMA
Henus, K | (revnepa- BEPXHMIl | HMXHMI | BepXHMii
Typa
BCMbILIKH)
AHUIUH 1022 835 343 363 1,3 4,2
Anbaerun 780 458 235 - 4,0 5,0
YKCYCHBIM
AueToH 790 738 253 279 2,2 13,0
Benson 879 813 259 283 1,4 7,1
IuuepuH 1260 673 431 513 - —
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Okonvanue maba. 13
TemnepartypHble KoHuUeHTpaunoHHble
npeaenbl BOCnjiamMe- npeneibl BOCNJjame-
Temnepa- Henus, K HeHunsa, %
KUAKOCTD IMnoTHoCTD, | TYpa camo-
Kr/M BOCMIaMe-| HUXHHI
Hetis, K | (remnepa- BEPXHMil | HUXHMHA BEPXHHIA
Typa
BCNbILLIKH)
Kucnora ykcycHas 1049 727 308 349 3,3 22,0
(nensiHas)
Cepoyraepon 1263 363 223 299 1,0 50,0
Cnupr
WU30aMHJIOBbI i 816 628 310 335 1,07 5,0
6€H3UN0BbII 1050 673 360 418 1,0 15,5
H-OYTHNIOBBII 814 683 304 333 1,52 7,9
M300yTHIOBbBII 820 828 299 323 1,89 7,3
MEeTWUIOBbI 795 280 312 6,0 34,7
H-MPONMUIOBbIiA 803 737 293 326 2,02 13,55
M30MpOnMUI0BbIA 785 643 281 310 2,25 11,65
3THIOBBI 789 693 284 314 3,6 19,0
Crunpon 902 803 299 332 1,08 6,2
Tonyon 866 809 273 303 1,3 6,7
DTUJEHIIUKOIb 1114 653 385 397 3,8 6,35
A bup AN3TUNOBBIN 713 437 228 386 1,7 49
Adup yKcycHo- 870 703 276 330 0,2 4,35
H30aMMJIOBBDIA
beH3nH 722—806 | 528—765 | 228—239 |249—269|0,76—0,79(5,16—8,12
Hedtb 730—1040| 533 296 323 1,4 —
(6ubuaibarckas)
HedTb Kaparan- 730—1040| 593 252 292 1,3 —
cKas
Yaiit-cnupur 760—790 523 306 341 0,7 5,6
Ckunuaap 573 578 599 0,8 —
KepocuH Tpak- 523 589 632 1.4 7,8
TOPHBbII




Tabauya 14. 1aBnenne HacbILleHHBIX NAPOB HEKOTOPbIX HHANWBHUAYAJIbHBIX BellecTs, I1a

Beluecto

133,332 | 1333,22 | 2666,44 | 5332.88 | 799932 | 13332,2 | 26 6644 | 533288 | 101325

TemnepaTtypa, K

ALETOH

213,6 241,9 252,2 263,6 271,0 280,7 295,7 312,5 329,5

Anbaerna yKCycHblit

191,5 216,2 225,2 235,2 241,6 250,4 263,0 271,9 293,2

AHTUAPUA YKCYCHBI

2747 309,0 321,8 335,1 343,8 355,2 373,0 392,8 412,6

AKpuH0OBasi KUCNOTa

276,5 312,0 325,0 339,2 348,0 359,1 376,3 395,0 414,0

CnupT anunoBblit

253,0 283,5 294,7 306,4 313,3 323,0 337,5 353,2 369,6

Cnupt aMui0BbIi

286,6 317,9 328,8 241,0 348,5 358,8 375,0 392,8 410,8

Cnunpt 6eH3MI0BbIN

331,0 365,6 378,8 392,8 402,3 414,7 433,0 456,0 | 477,7

beH3on

236,3 261,5 270,4 280,6 288,4 299,1 315,2 333,6 353,1

Cnupt 6yTHAOBBIi

271,8 303,2 314,5 326,4 333,3 343,1 357,3 373,8 390,5

Cnupt 6yTHA0BBIA (BTOPUUHDII)

260,8 289,0 300,3 311,1 318,2 327,1 340,9 356,9 372,5

Cnupt 6yTUNOBbII (TPETUYHBI)

252,6 278,5 2873 297,5 304,0 312,8 325,7 341,0 355,9

CnunpT 1306y TUIOBbII

264,0 294,7 307,3 317,1 3247 334,5 348,9 364,4 381,0

BpoMucThbIit 3TUA

198,7 225,5 235,2 246,3 253,5 263,0 287,5 294,0 311,4

Bytun6enson 295,7 335,0 349,3 365,4 375,6 389,2 409,9 432,2 456,1
Bytuadopmuar 246,6 279,1 291,0 304,6 312,8 324,0 340,9 359,2 379,0
MeTHUI3TUIKETOH 224,2 255,3 266,5 279,0 287,0 298,0 314,6 333,0 352,6
MeTuauuknorekcaH 237,1 269,8 281,7 295,0 303,5 315,1 332,6 352,6 373,9

3-Metun-2-6ytaHon

253,1 281,3 291,3 302,6 309,2 318,5 332 346,8 361,9

111 auHaxouudy
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Oxonuanue maba. 14

133,332 | 1333,22 | 266,44 | 5332.88 | 799,32 | 13 332,2 | 26 6644 | 533288 | 10 1325

Bewecro Temnepatypa, K
2-MeTunbyTtaH 190,1 216,0 225,7 236,5 243,4 267,1 283,5 300,8
MeTtunosbiit cnupt 229,0 256,8 267,0 278,0 285,1 294,2 307,8 322,9 337,7
Okcua aTuneHa 198,0 2240 233,7 244,6 251,7 261,0 275,1 290,8 307,5
OkTaH 259,0 281,3 304,5 318,1 326,8 338,7 356,6 377,0 398,6
MponunGeHson 279,3 316,4 329,8 344,6 354,1 — 386,5 408,7 432,2
CnupT H-NpONUOBbIi 258,0 287,7 298,3 309,4 316,5 325,8 339,8 355,0 370,8
CnupT NponuoBblii (BTOPUUHBIN) 299,1 275,4 285,7 296,8 303,5 312,5 326,0 340,8 355,5
Crupon 266,0 303,8 317,6 332,8 342,5 355,0 3743 395,5 418,2
Cepoyrnepoa 199,2 228,3 238,7 250,5 257,7 267,9 383,4 301,0 319,5
Tonyon 246,3 279,4 291,4 304,8 313,3 3249 342,5 262,5 383,6
A Hp YKCYCHOMETUOBDIM 215,8 243,7 253,9 265,1 272,5 282,4 297,0 313,0 330,8
A dHp yKCyCHONPONUIOBBIi 246,3 278,4 289,0 301,8 310,0 320,8 337,0 — 374,8
Adup YKCYCHOITHUIOBBIA 229,6 259,5 270,0 282,1 289,6 300,0 315,0 332,3 350,1
DTUNOBbIN CIUPT 241,7 270,7 281,0 292,0 299,0 307,9 321,4 336,5 351,4
STUAUMKIONEHTaH 240,8 2729 284,7 298,0 306,4 318,0 335,4 355,3 381,4
ATnn6eHson 263,2 298,9 311,6 3258 334,8 347,1 365,7 386,8 409,2
Juatunosslit a¢up 198,7 2249 234,5 245,2 251,2 261,5 275,2 290,9 307,6

82¢
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Tabauya 15. Bennynna napameTpoB r 1 [ 1St BbIYMCJIEHUS TEMNEPATYPHBIX MpeAeJioB
BOCIJIAMEHEHHS HEKOTOPBIX XKMAKOCTEH

} ®opmyna MapameTpbl
Fomonoruueckuit psaa n=1.2134
,2,3,4, ... . ;
HopManbHble aikaHbl CH;—(CH,),—CH; 06957 2,8
0,7874 503
2-MeTtunankanbl (CH;),—CH(CH,),—CH, | 056885 749
0,7900 522
HopManbHble 1-ankaHbl CH, = CH—(CH,),—CHj; 06867 745
0,7876 495
HopManbHble XHpHble CITUPTHI CH;—(CH,),—OH 05476 337
06928 15,0
2-MeTuakap6uHObI (CH;),CH—(CH,),—OH 06582 4,
0,7278 215
H-Ankuadopmuarhl HCOO—(CH,),—CH; 05359 476
06050 25,0
H-AJIKMN1aLIeTaThl CH;CO0—(CH,),—CH; | 05940 50,9
0,7761 408

ﬂpumeuanue. Yucnurenb napaMeTpa OTHOCUTCA K HUXHEMY Npeaeciy BoCrjlaMEHe-
HUA, 3HAMEHaTEJIb — K BEpXHEMY TEMIEpAaTYPHOMY Npeaey BOCNJlaMEHEHHUS

Tabauya 16. Gu3nyeckne napameTpbl CyXoro Bo3ayxa npH atMocepHoOM JaBlIeHHH
(1-10° Ia)

ne o | e B | e ;‘O'zk" b
~40 1,515 1,013 2,12 15,21
-20 1,329 1,009 2,28 16,91
0 1,295 1,005 2,44 17,17
20 1,20 1,005 2,59 18,15
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£°C p i/’ Kl -Cnfr"'l(" BT}‘. },1"0‘212" Ll:;(?s(;
40 1,128 1,005 2,76 19,13
60 1,060 1,005 2,90 20,11
80 1,000 1,009 3,05 21,09
100 0,946 1,009 3,21 21,88
120 0,898 1,009 3,24 22,86
140 0,854 1,013 3,49 23,74
160 0,815 1,017 3,64 24,52
180 0,779 1,022 3,78 25,31
200 0,776 1,026 3,94 26,00
250 0,674 1,038 4,27 27,37
300 0,615 1,047 4,61 29,72
350 0,566 1,059 4,91 31,39
400 0,524 1,068 5,21 33,06
500 0,456 1,093 5,74 36,20
600 0,404 1,114 6,22 39,14
700 0,362 1,135 6,71 41,79
800 0,329 1,156 7,18 44,34
900 0,301 1,172 7,63 46,05
1000 0,277 1,185 8,07 51,21




Tab6auya 17. [laBneHHe HaCbILEHHBIX NAPOB HHAMBHAYAIbHBIX XKMAKOCTEH B 3aBUCHMOCTH OT TeMNepaTypbl

BewecTno

Temnepatypa ( °C) npu napneluu (MM pT. CT.)

1 5 10 20 40 60 100 200 400 760

AueToH -59,4 | -40,5 | -31,1 | -20,8 -9,4 -2,0 =7, +22,7 | +39,5 | +56,5

AJbaerua yKCyCHbli -81,5 | -65,1 | -56,8 | -47,8 | -37,8 | -31,4 | -22,6 | -10,0 +4,9 +20,2

AHTUIPUI YKCYCHBIi +1,7 +24,8 | +36,0 | +48,8 | +62,1 +70,8 | +82,2 | +100,0 | +119,8 | +139,6
Akpuionas Kucaora +3,5 +27,3 | +39,0 | +52,0 | +66,2 | +75,0 | +86,1 | +103,3 | +122,0 | +141,0
Benson -36,7 | -19,6 | -11,5 -2,6 +7,6 +15,4 | +26,1 +42,2 | +60,6 | +80,1

benaunoBblit cniupt +57,0 | +80,8 | +92,6 | +105,8 | +119,8 | +129,3 | +141,7 | +160,0 | +183,0 | +204,7
bytun6eH3on +22,7 | +48,8 | +62,0 [ +76,3 | +92,4 | +102,6 | +116,2 | +136,9 | +159,2 | +188,1
BpoMucTbili 3THA -74,3 | -56,6 | -47,5 | -37,8 | -26,7 | -19,5 | -10,0 | +14,5 | +21,0 | +38,4
Byrundopmuar -26,4 | -4,7 | +6,1 | +18,0 | +31,6 | +39,8 | +51,0 | +67,9 | +86,2 | +106,0
MeTunaTHAKeTOH -48,8 | -28,0 | -17,7 | -6,5 | +6,0 | +14,0 | +250 | +41,6 | +60,0 | +79,6
MeTuaumknorekcau -359 | -14,0 | -3,2 +8,7 | +22,0 | +30,5 | +42,1 | +59,6 | +79,6 | +100,6
3-metnn — 2-6yTaHoH -19.9 | -1,0 +8,3 | +18,3 | +29,6 | +36,2 | +45,5 | +59,0 | +73,8 | +88,9
2-MeTUNOdyTaH -82,9 | -65,8 | -57,0 | —47,3 | -36,5 | -29,6 | -20,0 -59 +105 +27,8
Oxwucb nponuaeHa -75,0 | -57,8 | -49,0 | -36,3 | -28,4 | -21,3 | -12,0 | +2,1 +17,8 | -34,5
OxkTaH +14,0 +8,3 +19,2 | +31,5 | +45,1 +53,8 | +65,7 | +83,6 | +104,0 | +125,6
Mponun6enson +6,3 | +31,3 | +43,4 | +56,8 | +71,6 | +81,1 | +94,0 | +113,5 | +135,7 | +159,2
CnupT aMUI0BbIH +13,6 | +34,7 | +44,9 | +55,8 | +68,0 | +75,8 | +85,6 | +100,0 | +119,9 | +137,8
Cnupt GeHINNOBBI +58,0 | +80,8 | +92,6 | +105,8 | +119,8 | +129,0 | +141,7 | +160,0 | +183,0 | +204,7

III auHaxouudy
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Oxonyanue maba. 17

Temneparypa ( °C) npu nasactuu (MM pT. CT.)

Bettectoo I 5 10 20 40 60 100 200 400 760
CniupT GyTHNOBBIN (BTOPHYHbII) -12,2 | +7,2 | +16,9 | +27,3 | +38,1 | +45,2 | +54,1 | +67,9 | +83,9 | +99,5
CnupT 1306y THOBBI -9,0 | +11,0 | +21,7 | +32,4 | +44,1 | +51,7 | +61,5 | +75,9 | +91,4 | +108,0
CnupT GyTHIOBbIN (TPETHYHbI) -20,4 | -3,0 +55 | +14,3 | +24,5 | +31,0 | +39,8 | +52,7 | +68,0 | +82,9
Cnupt MeTHnIOBBI 44,0 | =253 | -16,2 | -6,0 | +50 | +12,1 | +21,2 | +34,8 | +49,9 | +64,7
Cnupt nponunossiii -15,0 | +50 | +14,7 | +25,5 | +36,4 | +43,5 | +52,8 | +66,8 | +82,0 | +97,8
Cnupt nponunosbiii (BTopuuHblit) | -26,1 | -7,0 | +2,4 | +12,7 | +23,8 | +30,5 | +39,5 | +53,0 | +67,8 | +82,5
Cnupt 3THNOBBIN =31,3 | -12,0 | -2,3 | +8,0 | +19,0 | +26,0 | +34,9 | +48,4 | +63,5 | +78,4
Ctupon -7,1 +18,0 | +30,8 | +44,6 | +59,8 | +69,0 | +82,0 | +101,3 | +122,5 | +145,2
Cepoyrnepon -73,8 | =543 | -44,7 | -34,3 | 22,5 | -15,3 | =51 | +10,4 | +28,0 | +46,5
Tonyon -26,7 -4.4 +6,4 +18,4 | +31,8 | +40,3 | +51,9 | +69,5 | +89,5 | +110,6
YKcycHOMeTHI0Bbli 3¢up -57,2 | -38,6 | 29,3 | -19,1 | =79 | -0,5 +9,4 | +24,0 | +40,0 | +57,8
YKcycHonponuiosbii 3¢hup -26,7 -5,4 +5,4 | +16,0 | +28,8 | +37,0 | +47,8 | +64,0 | +32,0 | +101,8
YKCyCHO3TUNOBBII 3P -43,4 | -23,5 | -13,5 =30 +9,1 +16,6 | +27,0 | +42,0 | +59,3 | +77,1
STUAUMKIONEHTaH -32,2 | -10,8 | -0,1 | +11,7 | +250 | +33,4 | +450 | +62,4 | +82,9 | +108,4
Sunbenson -9,8 | +13,9 | +259 | +38,6 | +52,8 | +61,8 | +74,1 | +92,7 | +113,8 | +136,2
up ANITHIOBII -74,3 | -56,9 | -48,1 | -38,5 | =27,7 | -21,8 | -11,5 | +2,2 | +17,9 | +34,6
XNOpUCTbIi GeH30 -13,0 | +10,6 | +22,2 | +35,3 | +49,7 | +58,3 | +70,7 | +89,4 | +110,0 | +132,2

433
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Tabauya 18. OcHoBHble PH3HYECKHE KOHCTAHTbI HEKOTOPbLIX ra3oB

Ha3sBanue M p, Kr/M* d tom °C | tem °C Cya08x0 A-2,38- 1072, 0.5, AHS,
kIx/ (Monb - K) /(M - K) kIx/monb | xIx/monb

Bozayx 28,98 1,293 | =213 -192 | 7,5 — 0
Ar 39,95 1,784 1,38 -189,3 -185,7 - 5,2 - 0
(¢[0] 28,01 1,25 0,967 =205 -192 29,15 7,2 283,2 -110,6
CoO, 44,01 1,977 1,529 -56,6 78,5 37,13 5,3 — 396,9
CH, 16,04 0,717 0,555 -182,5 -161,6 35,79 10,9 890,95 75
C,Hq 30,07 1,357 1,049 -182,5 -88,6 52,7 7,3 1560,92 98,4
C;Hy 44,097 2,019 1,562 -187,4 —42,1 73,51 6,3 2221,52 103,9
wCiHy | 58124 | 2,703 | 2,091 | 1384 | 0.5 97,78 5,6 2880,43 32,4
u30CsH o 58,124 2,668 2,064 -159,6 -11,7 96,82 5,8 2873,44 —
hw-CsH,, 72,151 3,457 2,674 -129,7 36,1 122,6 5,3 3539,1 116,4
w-CeHp | 86,178 | 3584 | 2,97 | —953 | 68, 146,7 5 4197,7 167,2
C,H, 28,054 1,26 0,975 -169,2 -103,7 - 7,4 1411,91 -52,28
C,H, 26,038 1,173 0,9 -80,8 -83,8 4393 6,8 1257 -226,75
Ce¢Hg 78,114 3,48 2,69 5,5 80,1 81,67 44 3282,4 82,83
H, 2,016 0,09 0,07 -259,2 -252,7 28,83 53,4 286,02 0
H,0 (nap) | 18,015 0,768 0,594 0 100 33,56 - — 242,2
N, 28,013 1,251 0,967 =210 -195,8 29,10 7,5 — 0
Ne 20,183 0,9 0,696 -248,6 =245 — — — 0
0, 31,999 1,429 1,105 -218,4 -182,9 29,36 7,6 — 0
He 131,3 5,89 4,51 -112 -108,1 — 41,6 — 0
NH, 17 _ _ - - - - 316,52 0
H,S 76,14 1,263 2,6 -112,1 46,25 - — - —

O6o3nauerus. M — MonexkynsipHasi Macca rasa; p — NJIOTHOCTb NPU HOPMaIbHBIX YCIOBUSAX; d — OTHOCUTENbHAs Macca (IU1sl BO3-
ayxa pasHa 1,000); ¢, °Cut,,, °C — TemnepaTypa niaaBieHus U KuneHus, npu aasneHun 101 325 Ma; C ,,, — TennoeMkocTb; A —

TennonposoaHocTs npu 373 K; Q,° — Tennota ropenus; AH; — Tennora o6pazoBanus.
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Tabauya 19. Cpennss 00beMHas TeIL10eMKOCTb Fra30B

L°C TennoeMkocCTb, |<.!1>|(/(M3 - K)
COy H,0 Ny 0y SO, Hj CHyg | CyHg | CoHy
0 1,601 | 1,495 | 1,295 | 1,307 { 1,735 | 1,277 | 1,551 | 2,221 | 1,828
100 1,701 | 1,506 | 1,507 | 1,318 | 1,814 | 1,292 | 1,643 | 2,497 | 2,063
200 1,789 | 1,523 | 1,301 | 1,366 | 1,889 | 1,298 | 1,760 | 2,777 | 2,284
300 1,864 | 1,543 | 1,308 | 1,357 | 1,957 | 1,300 | 1,887 | 3,046 | 2,497
400 1,931 | 1,567 | 1,317 | 1,378 | 2,019 | 1,303 | 2,017 | 3,311 | 2,688
500 1,990 | 1,591 | 1,329 | 1,399 | 2,070 | 1,306 | 2,142 | 3,555 | 2,865
600 | 2,043 | 1,616 | 1,341 | 1,417 | 2,116 | 1,309 | 2,263 | 3,781 | 3,028
700 | 2,090 | 1,642 | 1,354 | 1,435 | 2,154 | 1,313 | 2,379 | 3,989 | 3,172
800 | 2,133 | 1,669 | 1,368 | 1,451 | 2,183 | 1,318 | 2,496 | 4,184 | 3,310
900 | 2,171 | 1,697 | 1,381 | 1,466 | 2,216 | 1,324 | 2,604 | 4,365 | 3,434
1000 | 2,205 | 1,724 | 1,393 | 1,478 | 2,237 | 1,330 | 2,701 | 4,533 | 3,550
1100 | 2,237 | 1,751 | 1,404 | 1,490 | 2,263 | 1,337 | 2,788 | 4,687 | 3,658
1200 | 2,265 | 1,778 | 1,415 | 1,502 | 2,279 | 1,344 | 2,865 | 4,829 | 3,757
1300 | 2,291 | 1,804 | 1,426 | 1,512 | 2,292 | 1,352 — — —
1400 | 2,315 | 1,829 | 1,436 | 1,521 | 2,313 | 1,360 - — -
1500 | 2,337 | 1,854 | 1,445 | 1,531 | 2,325 | 1,368 — - —
1600 | 2,357 | 1,877 | 1,454 | 1,539 | 2,342 | 1,376 — — —
1700 | 2,376 | 1,901 | 1,462 | 1,547 | 2,355 | 1,384 — — —
1800 | 2,393 | 1,923 | 1,470 | 1,555 | 2,367 | 1,393 — — —
1900 | 2,413 | 1,944 | 1,477 | 1,563 | 2,384 | 1,401 - - —
2000 | 2,424 | 1,964 | 1,484 | 1,570 | 2,397 | 1,409 — — —
2100 | 2,438 | 1,964 | 1,490 | 1,577 | 2,409 | 1,415 — — —
2200 | 2,450 | 2,002 | 1,496 | 1,584 | 2,426 | 1,424 — — —
2300 | 2,462 | 2,020 | 1,502 | 1,591 | 2,438 | 1,431 — — —
2400 | 2,473 | 2,038 | 1,505 | 1,597 | 2,455 | 1,438 — — —
2500 | 2,483 | 2,054 | 1,512 | 1,604 | 2,468 | 1,456 — — —
2600 | 2,495 | 2,071 | 1,528 | 1,614 | 2,485 - — — —
2700 | 2,504 | 2,089 | 1,532 | 1,618 | 2,501 — — — —
2800 | 2,512 | 2,106 | 1,537 | 1,624 | 2,518 — — — —
2900 | 2,521 | 2,124 | 1,541 | 1,631 | 2,535 — — - —
3000 | 2,530 | 2,142 | 1,545 | 1,638 | 2,552 — — - —
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Tabauya 20. Dutanbnus (TenaocoaepikaHne) ra3os NpH NOCTOAHHOM JaBICHHH

Tennoconepxanue, KIAX/kMonb

ne 0, N, Bo3nyx co, H,0 SO,

0 0 0 0 0 0 0

100 2956,0 2917,5 2917,5 3814,1 1281,7 4081,1
200 5991,7 5849,3 5866,0 8019,6 6829,7 8505,7
300 9125,8 8819,9 8861,8 | 12536,5 | 10378,6 | 13223,6
400 12360,5 | 11849,3 | 11924,7 | 17313,1 | 140449 | 18167,8
500 15678,9 | 149457 | 15058,8 | 22303,4 | 17828,4 | 232754
600 19072,9 | 18104,9 | 182558 | 27473,8 | 21733,5 | 28533,9
700 22521,2 | 21331,3 | 21524,0 | 327951 | 25772,7 | 33876,
800 26019,9 | 24616.2 | 24842,5 | 38237,9 | 29937,5 | 39285,5
900 29564,6 | 279557 | 28211,3 | 437855 | 34232,3 | 44799,5
1000 33142,9 | 31337,0 | 31621,9 | 49442,0 | 38648.5 | 50321,9
1100 36750,5 | 34760,2 | 35074,5 | 55440,4 | 43198,9 | 55907,2
1200 40391,6 | 38221,2 | 38560,6 | 60922,6 | 478079 | 614924
1300 44036,9 | 41719,8 | 42067,6 | 66788,6 | 52584,5 | 67161,5
1400 47724,1 | 45252,0 | 45629,1 | 72654,6 | 57403,0 | 72797,1
1500 51453,2 | 48771,6 | 49190,6 | 78 562,5 | 62347,2 | 78436,8
1600 55182,3 | 52375,0 | 52794,0 | 84554,2 | 673333 | 841352
1700 58953,3 | 55936,5 | 56397,4 | 905459 | 72445,1 | 89821,0
1800 62766,2 | 59539,9 | 60000,8 | 96579,5 | 77598,8 | 95557,1
1900 66 579,1 | 63143,3 | 63646,1 | 102613,1 | 82794,4 | 101 184,3
2000 70 392,0 | 66788,6 | 67333,3 | 108 646,7 | 88073,8 | 107012,6
2100 74246,8 | 70433,9 | 710120,5 | 114 722,2 | 93395,1 | 112715,2
2200 78 101,6 | 74 131,1 | 74707,7 | 120 839,6 | 98758,3 | 118451,3
2300 81998,3 | 77766,4 | 783949 | 126 915,1 | 104 163,4 | 124 220,9
2400 85936,9 | 81453,6 | 82124,0 | 133032,5 | 109 631,3 | 130 024,
2500 89875,5 | 85140,8 | 85853,1 | 139149,9 | 115141,1 | 135756,0
2600 94015,2 | 89003,9 | 89330,8 | 145325,9 | 119398,2 | 141 513,0
2700 97857,4 | 92653,5 | 931059 | 151481,1 | 124 782,4 | 147 295,2
2800 | 101833,7 | 96437,0 | 96789,0 | 157 560,7 | 130342,5 | 152985,3
2900 06124,2 | 100488,7 | 100 488,7 | 163 795,5 | 135848,2 | 158 813,6
3000 | 110113,2 | 103828,2 | 104 205,3 | 169 946,4 | 141 161,1 | 164 667,0
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Tabauya 2. DuTanbnus (TennocoaepikaHue) ra3oB NpH NOCTOSAHHOM AaBJeHHH

f°C Tennoconepxauune AH, kKIIXx/M 3

0y N3 Bo3nyx COy H20 SO,
0 0 0 0 0 0 0
100 131,8 130,1 130,1 170,1 150,6 181,4
200 267,2 260,9 261,6 357,7 304,7 377,9
300 407,1 393,6 3954 559,7 463,0 587,0
400 551,4 528,7 532,1 772,6 626,8 824,6
500 669,3 666,6 672,0 925,1 786,2 1034,9
600 850,6 807,8 814,5 1225,6 969,5 1269,6
700 1004,7 951,9 960,3 1463,1 1149,7 1507,5
800 1160,6 1098,2 1108,2 1706,2 1335,3 1746,4
900 1319,0 1246,9 1258,7 1953,8 1527,2 1994,8
1000 1478,6 1398,2 1410,7 2205,2 1724,2 2237,4
1100 1639,5 1551,1 1564,9 2460,4 1926,5 2488,8
1200 1802,1 1705,3 1720,4 2718,5 2133,9 2735,2
1300 1965,1 1861,2 1877,5 2979,1 2345,5 2979,5

1400 2129,8 2010,0 2035,5 3241,4 2560,9 3238,0

1500 2295,7 2176,7 2194,7 3505,7 2781,3 3488,2

1600 2462,4 2335,5 2355,2 3771,4 3004,2 3747,5

1700 2630,5 2495,9 2515,7 4039,6 3231,7 4003,1

1800 2799,7 2656,4 2678,2 4307,3 3461,3 4261,2

1900 2969,4 2818,2 2840,4 4579,7 3693,5 4529,8

2000 3140,8 2979,9 3004,2 4847,8 3928,5 4667,6

2100 3311,7 3142,9 3167,6 5118,2 4166,1 5059,4
2200 3497,8 3306,3 - 3332,3 4405,8 5337,2
2300 3659,1 3469,3 3497,4 5660,7 4667,1 5608,7
2400 3834,3 3633,1 3663,3 5933,0 4890,9 5892,8
2500 4009,8 3797,4 3828,8 6209,6 5136,5 6169,8
2600 4184,9 3953,9 3988,4 6487,4 5387,1 6460, 1
2700 4368,9 41359 4156,5 6761,8 5639,3 6753,8
2800 4546,1 4304,4 4320,7 7033,3 5897,8 7050,9
2900 4729,2 4469,0 44849 7311,1 6159,3 7351,3

3000 49149 4634,5 4652,1 7589,7 6425,8 7655,1
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Tabauya 22. TemnepaTypa BociiiaMmeHeHus, K, HeKOTOpBIX NpeebHbIX Yr1eBOA0POAOB

B 3aBHCHMOCTH OT CpeHeil Yr/iepoaHOi uenu

lep T, lep Te Iep T, lep T.

3 743 6 507 9 481 12 477
3,1 738 6,1 505 9,1 481 12,1 477
3,2 733 6,2 504 9,2 481 12,2 477
3,3 728 6,3 503 9,3 481 12,3 477
3,4 723 6,4 502 9,4 480 12,4 477
3,5 717 6,5 501 9,5 480 12,5 477
3,6 712 6,6 500 9,6 480 12,6 477
3,7 706 6,7 499 9,7 480 12,7 477
3,8 699 6,8 498 9,8 479 12,8 477
3,9 693 6,9 497 9,9 479 12,9 477

4 686 7 496 10 479 13 477
4,1 680 7,1 495 10,1 479 13,1 477
4,2 673 7,2 494 10,2 479 13,2 477
4,3 665 7,3 494 10,3 479 13,3 477
4,4 654 7,4 93 10,4 478 13,4 477
4,5 643 7,5 492 10,5 478 13,5 476
4,6 631 7,6 491 10,6 478 13,6 476
4,7 617 7,7 490 10,7 478 13,7 476
4.8 601 7,8 489 10,8 478 13,8 476
4,9 581 7,9 489 10,9 478 13,9 476

5 560 8 488 11 478 14 476
5,1 547 8,1 487 11,1 478 14,1 476
5,2 535 8,2 486 11,2 478 14,2 476
5,3 528 83 486 11,3 478 14,3 476
5,4 522 8,4 485 11,4 478 14,4 476
5,5 517 8,5 484 11,5 478 14,5 476
5,6 513 8,6 484 11,6 477 14,6 476
5,7 511 8,7 483 11,7 477 14,7 476
5,8 509 8,8 483 11,8 477 14,8 476
5,9 508 8,9 482 11,9 477 14,9 476

R
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Tabauya 23. Temnepatypa camoBocniaMeHenus, K, HeKOTOpBIX npeaebHbIX
OIHOATOMHBIX CTIMPTOB B 3aBHCHMOCTH OT CpeiHel YT1epoAHO# Lenu

Iep Te lep Te lep T. lep T.
2,0 737 4,4 610 6,8 545 9,2 518
2,1 736 4,5 606 6,9 543 9,3 517
2,2 734 4,6 602 7,0 542 9,4 516
2,3 732 4,7 599 7,1 540 9,5 516
2,4 730 4.8 595 7,2 539 9,6 51§
2,5 728 4,9 592 7,3 537 9,7 514
2,6 725 5,0 588 7,4 536 9,8 513
2,7 721 5,1 585 7,5 535 9,9 513
2,8 716 5,2 582 7,6 534 10,0 512
2,9 711 5,3 579 7,7 533 10,5 509
3,0 706 5,4 577 7,8 531 11,0 507
3,1 696 5,5 574 7,9 530 11,5 506
3,2 693 5,6 572 8,0 529 12,0 505
33 686 5,7 569 8,1 528 12,5 505
3,4 678 5,8 567 8,2 527 13,0 504
3,5 669 5,9 564 8,3 526 13,5 504
3,6 658 6,0 562 8,4 525 14,0 503
3,7 649 6,1 560 8,5 524 14,5 503
3,8 642 6,2 557 8,6 523 15,0 502
3,9 634 6,3 555 8,7 522 15,5 502
4,0 628 6,4 553 8,8 521 16,0 501
4,1 623 6,5 551 8,9 520 16,5 501
42 619 6,6 549 9,0 519 17,0 500
4,3 614 6,7 547 9,1 519 17,5 500
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Tabauya 24. TemnepaTypa camoBocniaMeHeHns, K, HeKOTOpbIX apOMaTHYECKHX
YIJ/IeBOJOPOIOB B 3aBHCHMOCTH OT CPe/iHeii [UIMHBI YrJ1epoAHOi Leny
lep Te lep Te lep Te
-2 843 — — — —
-1,9 842 0,1 810 2,1 702
18 841 0,2 794 2,2 701 |
17 840 0,3 774 2,3 701 |
-1,6 840 0,4 753 2,4 700
-1,5 839 0,5 733 2,5 700
-1,4 838 0,6 723 2,6 699
-1,3 837 0,7 71,8 2,7 699
-1,2 837 0,8 715 2,8 698
-1,1 836 0,9 713 2,9 698
-1 835 1 712 3 697
-0,9 835 1,1 711 3,1 697
-0,8 834 1,2 710 3,2 697
-0,7 833 1,3 709 3,3 697
-0,6 832 1,4 708 3,4 696
-0,5 831 1,5 707 3,5 696
~04 830 1,6 706 3,6 696
-0,3 829 1,7 705 3,7 696 |
-0,2 827 1,8 704 3,8 696
-0,1 824 1,9 703 3,9 696
0 819 2 703 4 695
Tabauya 25. 3nayenne napaMeTpoB 1S pacyeTa MHHMMaNbHOH ierMaTH3HpYioLei
KOHUEHTPAUHH MHEPTHBIX ra30B
Napaverp 3HayeHHs napaMeTpoB Npu pa3baBneHNUU cMecH
a30TOM BOASIHBIM NAapoM ABYOKMCbBIO Yraepoaa
H 7, MONB/KIX 0,864 - 107 0,800 - 107 0,735 - 107
hy 1,256 0,780 0,579
he 2,5277 1,651 1,251

2%
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Okonyanue maba. 25

Mapawerp 3HaueHMs NapaMeTPOB NpH pa3baBieHUHU CMeCH
a30TOM BOASAHBIM NMapoM JNBYOKHUCbBIO yrjiepoaa

#,, 0,7592 0,527 0,418

Ky 0,197 1,446 0,542

Ky 0,151 -0,147 0,135
Keec 1,500 1,500 1,500 )
W, 2,800 2,236 2,020

K¢ 5,946 5,000 4,642

i, 1,486 1,250 1,160

K%, -2,973 2,500 -2,321

Zec 0 0 0

K 0 0 0

Tabauya 26. ®U3nKo-XMMHYECKHE KOHCTAHTDbI FTOPIOYHX BellecTs

A rope- | Tennoemkocts| Tennora
3oBaHus (AH)
Hus (AH,), (C,) npn no- | ucnapeHus
HaumeHoBaHue Cocto- | M3 3N1eMEHTOB, KX cl:o;muom AHe)
peutectea Anme ldlx: npu MOJb e NaBAEHUH, Kﬁ;'(] '
;j(:n298 K T=298 °K 113K./(Mom:. -K) MOnb
H-AMMIOBBII CIUPT r -36,39 3377,70 — 46,05
CH;(CH),— OH
Anunun CgHsNH, X -29,70 3396,2 199,6 —
AntpaueH (C4H o) Ts — -7117,87 207,04 -
ALIETOH r -210,96 - 75,3 32,29
(CH,;COCHy3)
AueToH X -248,23 1789,77 124,73 —
Auetanbierua r -106,36 1167,89 62,8 27,00
(CH,COH)
Auetunet (C;H,) r 226,748 1299,618 43,928 48,14
Benzon (C¢Hg) r +82,927 3301,51 81,67 78,284
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Tennora 06pa-

C6H4(CH3)2

30BaHM (AH) Tennora rope- | Tennoemkocts| Tennora
Haumenosanue Cocro- | U3 3aneMenTop Hus (AHy), (Cp) mpi no- | ucnapenus
BewecTa aHMe X g k% npu CTOSIHHOM (AHcn),
e MONS naBneHmH, Kl
T=298 K T=298 °K | Jx/(monb - K) MoJb
benson X +49,627 — 130,77 -
BensodeHon Ts 32,9
- s l —_— -
(CoH o) 7515,98
H-Bytan (C4H,p) r 126,15 2878,05 97,45 -
Hadranun (C,Hg) Ts +75,44 5245,0 165,3 -
i—rekcan (CeH,q) r -167,19 4197,7 143,09 28,88
H-Tekcan X -198.82 — 194,93 -
Tentau (C,H, () r -187,82 - 165,98 -
FenTan X -224,39 4856,7 138,9 -
Fuuepun X 059,71
-059, 1661,84 223,11 76,05
C;Hs(OH),
AByokucs yraepona r 393,501 3
-393, _ 7,15 6,031
(COy
AuGensnn (C,H,,) Ts — — 251,18 -
Dumetunammn r 24,6
-24, — 69,37 -
(CH;),HN
Huokcan (C4H;0,) X -397,81 - 152,7 31,77
| Andernn (C ,H,y) Ts -102,69 6272,66 197,17 48,02
1,1-Auxnoparan r —
76,27 30,56
(CHCIZ—CH3) 1118,08
1,2-Anxnopatax r — 79,53 32,23
(CH,C1—CH,Cl) 144 > ’
Auatunosbiit 3¢up X 273,2 26
-273, — 71
(CHono 2728,54
o-Kcunon r +186,995 4590,37 133,26 -
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Tennora obpa-
Tennota rope- | Tennoemkocts| TemnoTa
3oBaHus (AH)
Hus (AH)), (C,) npu no- | UcnapeHus
HanmeHoBaHue CocTo- | U3 31IeMEHTOB, KX P
WX npu CTOSIHHOM (AH ),
BellecTBa AHMe npu o JaBREHMM, it
;:";98 K T=298°K |Ix/(Monb-K)| moms
o-Kcunon X 24,439 — 187,9 36,71
m-Kcunon r +17,238 4596,61 127,57 36,84
CsHy(CH3),
M-Kcunon X +25,418 — 183,3 —
n-Kcunon r +17,948 4598,31 126,86 36,56
C¢H4(CH3),
n-Kcunon X -24,429 — 183,7 —
Meran (CH,) r -74,847 890,34 35,715 —
Mertunosbiit cnupr r -201,17 764,43 49,4 35,28
(CH;0H)
MetunoBsiii cnupt X -238,57 - 81,6 -
MypaBbuHas Kucio- r -362,63 262,92 54,4 —
ta (HCOOH)
MypasbuHas X -409,20 - - —
KHCIIOTa
ATUnGeH3on X — - — 36,31
(C¢Hs—C,Hy)
DTUNEHIIUKOb X — - — 56,93
C,H,(OH),
H-ByTunosblit cnupt r 282,132 2721,00 — 43,83
CH;(CH,);0H
TpeT-byTnnosbii X 32472 2634,25 — —
cnupt (CH;);COH
Okran (CgH 5) r -208,55 5515,7 188,87 34,62
Mentan (CsH),) r -166,44 5064,42 120,21 52,12
IMponaH (C;Hg) r -103,847 22111,516 73,51 —
ATuneH r — — 43,56 —
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Tennota obpa- Tennota rope- T
soBanus (AH) en pe- | TennoeMKocTb eruiota
Hus (AH,), (C,) npu no- | UcnapeHHus
HaumeHoBaHue CocCTO- | U3 3N1eMEHTOB, ™ p
ellecTBa AHMe KIx npu cToAHHOM | (AH,\cr),
B D npu MOJIb NaBNEHUHU, KX
T=298°K T=298°K |[Ox/(mMonb-K)| monb

IMponau X -125,185 2207,281 — -
H-TTponuaoBblii X -306,98 2064,93 46 46,15
CnupT
CH;(CH,),—OH
n3o-Tlponunosbiit r -268,61 1987,41 — 40,19
cnupTt
(CH,),CH—OH
n3o-Iponuiossiit X -320,29 - - -
CnupT
[Mponun6eHson X — — — —
(C¢H; _C3Hy)
n3o-Iponun6enson X — — — 37,92
(C¢HsCH(CH3),
Caxaposa Ts -2222,09 5651,43 43,119 —
(C;Hy0y)
Tonyon (C¢HsCHj;) r +49,999 3930,48 103,760 33,53
Tonyon X +11,905 — 157,11 —
TerpadheHunmeran Ts — 12987,58 368,18 —
(CysHa)
YKcycHas Kkuciora r -436,4 — — -
(CH;COOH)
YkcycHas kucaora X —487,018 871,72 123,4 27,2
®enontpeH (Ci4Hy,p) | Ts — — 234,42 —
Xnop6eH3on X +116,3 7084,81 145,6 30,77
(C¢HsC1)
LiuknorekcaH X — 3954,89 106,27 30,73
(CeH)2)
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Tennora o6pa-
Tennota rope- | Tennoemkocts| Tennora
sopanus (AH) Hus (AH,) (Cp) npy no- | ucnapeHus
HaunmeHoBaHMe CocTo- | U3 3/1eMeHTOB, WX e p) P
BellecTsa fHUe kIx npu CTOAHHOM (BHycp),
o npu MOJb ZaBAeHUH, kIx
T= 298 °K T=298°K |Ax/(Monb-K)|  monb

LnknorekcaHon X — 3748,47 - -

(C¢H,,OH)

3TUNOBBIA COUPT r -235,31 1410,03 71,1 38,59

(C,H;OH) (atanon)

STUNOBBI CONPT X -277,63 — 111,46 10,52

Bona (H,0) X -285,838 — 75,25 —

Bona r — — 33,56 —

Iran (C,Hy) r -84,667 1560,92 52,65 —

Stunauerar X —-463,2 - - —

(CH;COO0C,Hy)

CepHUCTbIN r -296,9 — — —

aHruapua (SO,)

XnopwucThiii Bonopon r -92,311 - - -

(HC))

Linanucroiit Bonopon r -130,5 — - -

(HCN)

Kucnopon r — — 29,37 —

Asotr r - — 29,10 —

Bonopon r — -241,6 —

Tabauya 27. Buyrpennne 3Hepruu ra3oB ()

T:;;T‘;:' H, 0, N, co co, H,0
200 4039,5 4131,6 4152,5 4152,5 — —
300 6027,8 60220,4 | 60233,0 6233,0 6948,8 7497,1
400 8104,1 8363,6 8317,6 8325,95 10 059,0 10 084,1
600 12 290,1 12 926,4 12 583,1 12 729,2 17 309,1 15433,8
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Oxonvanue maba. 27

Temnepa- o N
Typa, K H, 2 2 Cco CO, H,0

800 16 523,7 17 853,3 17.070,5 | 17204,5 | 25563,9 | 213235,6
1000 20 837,8 23 069 218342 | 22060,2 | 34521,9 | 275313
1200 25300,2 | 28473,2 | 268323 | 27146,2 | 43965,6 | 343252
1400 29934,1 | 34002,9 | 32006,2 | 32403,0 | 537650 | 415250
1600 34710,0 | 39666,5 [ 373056 | 37778,7 | 63819,8 | 49143,6
1800 396750 | 45426,5 | 427,265 | 43258,1 | 43083,8 | 57159,8
2000 44790,2 | 51270,1 | 48256,2 | 48829,7 | 84502,8 | 65510,9
2200 50139,4 | 57210,1 | 52819,4 | 64464,05 | 950358 | 74092,2
2400 55397,6 | 63250,5 | 59441,2 | 60131,9 | 105088,1 | 828828
2600 58885,4 | 69362,0 | 65092,3 | 65824,8 | 116450,4 | 91861,8
2800 664779 | 74553,1 | 708655 | 71563,9 | 127300,5 | 100967,3
3000 72129,0 | 818I1,2 | 76 605,5 | 77 340,5 | 138177,0 | 109 769,0

3200 77853,5 | 88228,4 | 82316,7 — 149 025,0 | 118 850,7
3400 83656,5 | 94667,7 | 88119,6 — 160 090,7 | 128 116,1
3600 89522,2 | 101 178,2 | 99939,2 - 171198,3 | 137 483,6
3800 95443,5 | 107 771,5 | 99 775,6 — 189 305,8 | 147 036,2
4000 101 416,9 | 114 362,4 | 105 620,4 - 193 476,2 | 159 213,7

Tabauya 28. 3aBHCHMOCTb CKOPOCTH POCTA NUIOWAAH ropeHHs ( m’/muH) ot cTenenn
OrHecTOHKOCTH H THNA 00beKTa

CreneHb OrHECTOHKOCTH
Momewenus
1 2 3 4 5
IMpou3BoacTBeHHblE 0,3237 0,5298 0,9246 1,1356 2,1496
Cknanckue 1,5395 2,1980 2,8313 3,0691 3,9016
Kunvie 1,3427 1,8751 3,7243 3,5427 3,0152
JleuebHble 0,4591 1,0626 1,3198 2,0163 3,1817
AIMHHUCTPaTHUBHbIE 0,6210 1,7924 2,2913 3,7190 4,0712
3penuiuHbie 0,7161 1,8232 2,3215 3,1026 3,9753
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Tabauya 29. IlapaMeTpbl 3/1eMEHTOB NOXXAPHOIi HATPY3KH

P Macca usne- | KoapduumeHt
[MpeameTsl, uzneauns aarezze?&eiﬁx:ros JIMit M npea- | NOBEPXHOCTH

METOB, KI' ropeHus
BepcTak cTonspHbiii 1,5%0,8x0,1 54 4
Jlexopauus u3 nepeba 6x4x0,05 180 163,3
OupaH 2x0,8x0,9 65 6,2
>KypHanbt dopmatom 70 x 108 1/8 1x0,2x0,27 23 2,6—4,3
Ha cTe/naxax
Kuuru dpopmarom 70 x 108 1/8 1x0,18 % 0,26 30 2,7-4,4
Ha cTe/axax
Crenax ans npoduneit M nanok 0,43x1,5%x1,34 31 6,9
Crennax st MHCTpyMeHTOBC on- | 0,1 x0,45x 2,0 75 16,6
KaMH U sILLMKaMH
CTennax MHOTOAPYCHBIM JUI KHUT U 1x0,25x 3,2 144 7,8
XYpHa10B
Cron AByXTyMGOBbII U3 (haHepbl 1,3%0,65x%0,75 30 5,4
Cron aByXTyMGOBBI U3 1OCOK 1 x0,65x%0,77 32 3,7
Cron kaHuensipckui 1 x0,65x0,75 18 4,1
CTyn nepeBsiHHBIi 0,4%0,4x 0,82 4 2,2
CTya nonyMArkuit nepeBaHHbI 0,45%x0,4x 0,85 S 4,2
LLIkad KHUXHbIH 1,1x0,35% 1,5 23 7,4
llIxad cneunanbHblit 151 npud6OpoB 1,5%0,5x2,5 100 10,3
LLikach nnatsiHo# 1,2x 0,45 x 1,25 45 8,1
Sk Tapa AepeBsHHbII 2,6x2x1,2 137 3,1
Sk Tapa nepeBsiHHbIM 2x1,4x1,2 124 3,9
AWMk Tapa nepeBsiHHbIA 2,4x1,5%0,5 100 2,0
Swuk Tapa ¢paHepHbIi 0,39 x 0,27 x 0,21 1,5 3,6
Awmk Tapa KapTOHHbIA Pa3Hbix pa3mepos| 0,3—2,0 3,3—7
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