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IHOACHUTEJIbBHAS 3AIIMCKA

B cootBerctBun ¢ ®enepanbubiM ['ocymapctBeHHbIM OOpaszoBarenbHbiM CTaHIAPTOM
cpemHero mpodeccroHanbHOTO oOpasoBanusi 1o  crenuanbHocTH  20.02.04  TlokapHas
0€30MacHOCTh TEXHUK JOJDKEH yMETh NPOBOAUTH pacdeTbl Mo ¢opMmylaM U YpaBHEHHSIM
peakimu. Peanmsanms 3Toro TpeOOBaHUS B TOJHON Mepe 00ecrednBaeTcsi MpU MPOBEICHUU
npakTuueckux 3aHsATuil. [IpakThueckoe 3aHsATHE — 3TO ¢opmMa y4eOHOro 3aHATHS, TIe
IpenojaBaTesib OPraHU3yeT JeTalbHOE PACCMOTPEHHUE CTYAEHTAaMHU OTIEIbHBIX TEOPETHUUECKUX
MOJIO)KEHUH Y4eOHON IUCHUIUIMHBEI U (QOPMHpPYET yMEHHME M HaBBIKM HMX MPAKTUYECKOTO
NPWIOKEHUS TMyTeM HWHAWBHUIYaJIbHOTO BBIMOJIHEHHUSI CTYIAEHTOM B COOTBETCTBHHM CO
chOpMyIIUPOBAHHBIMU 33JAHUSIMH.

Pacuetsl, BeINOIHAEMbIE B X0/I€ MPAKTUYECKOM pabOThI, MO3BOJISIFOT OCMBICIIEHHO MOJONUTH
K TMOHMMAaHHMIO Ba)XHEHIIMX 3aKOHOB, MOKAa3bIBAIOT BAXXHOCTh WX HM3YYEHUS NIPHU OCBOEHUU
CIIELIMAIBHOCTU. Y MEHHE TTOJIb30BaThCA CIPABOYHOMN JIUTEPATYPOH — BaXKHENIIAsA COCTABJISAIOIIAS
paboThl BHICOKOKBATU(UIIMPOBAHHOTO CcleUanucTa. Pa3BuTue 3TUX yMEHHH W HaBBIKOB B
MIOJIHOM Mepe peanu3yercs TakkKe P BBIMOJIHEHUN IPAKTHYECKUX padoT.

B Hacrosimiem CcOOpHHMKE IpeACTaBICHbl MPAKTUYECKUE pPabOThl COIJIACHO Y4YeOHOMY
wiany. Kaxnaas npaktudeckas paboTa COIEPKUT TEOPETHUECKYIO YacTh, MPAKTUYECKYIO YaCTh,
IIPUMEpBI PEIICHUs 3a]1a4, 3aJ1a4M JIsl CAMOKOHTPOJIS.

TeopeTnueckas dYacTh BKJIIOYAaeT TOT MHUHUMAIbHBI 00beM MaTepuana, KOTOPBIH
MO3BOJIUT CTYAEHTAaM CO3HATEIbHO BBINNOJIHATH MPAaKTHUYECKyK padoty. Ilpumeps! pemieHus
TUTIOBBIX 3a/a4 10 JaHHOM TeMme o0JierdaT CcaMOCTOATEIbHYI0 paboTy CTYIEHTOB IMIpH
BBITIOJIHEHUH TIPAKTUYECKOM YacTH M TO3BOJAT NPABMWIBHO O(GOPMUTH pPACYETHYIO YaCTh.
[IpakThyeckass YacThb TMpEACTaBIseT cOOOW TepeyeHb 3a7ady, KOTOpPHIE HCIONb3YIOTCS
IpenojaBaTesieM IPU COCTaBIEHUH BapUAaHTOB 3a1aHU JUI KaKJI0TO CTY/IEHTA.

[Ipy BBIIONIHEHUU TPAKTHUYECKUX pabOT CTYIEHThl HMEIOT I[IPaBO IOJb30BATHCS
CIIPABOYHOM JIMTEPATYPOU U BBIYUCIUTEIBHON TEXHUKOM.

[IpakTrueckue 3aHATUSA pacCUMTAaHbl Ha 32 4Yaca, OMMCAaHUE KOTOPBIX H3JIOKEHO CO
CJIEIYIOLLEH ITOCIIEI0BATEIBHOCTBIO:

* Ha3BaHHE NMPAKTUYECKON padoTHI,

* 11eJ1b paboTHI;

* TEOPETUYECKasl YaCTh;

* 33/1a4¥ JIJIs1 CAMOCTOSITEIIbHOTO PEILICHHUSL.

[lomy4yeHHbIe 3HAHUS U HKCIIEPUMEHTAIIbHBIEC HABBIKUA TOMOTYT CTYJIEHTY IIPH U3y4YECHHUH
JIPYTUX CTICIIMAIbHBIX TUCIUILINH.

B xoHie pekoMeHganuii yka3zaH CIHUCOK JUTEPATyphbl, HEOOXOAUMBII IJi BBHITOIHEHUS
MIPaKTUYECKUX 3aAHATHI.

Kpurepun ouenkmu:

Onenka 3HaHUH, 00YYaIOUIUXCs TPOU3BOUTCS MO MATHOATUIBHON CHCTEME.

OneHka «OTIUYHO» BBICTABISIETCS B CIIydae MOJHOTO BBHINIOJIHEHHUS BCEro oOBEMa
paboThl, OTCYTCTBUSA OLIMOOK B pacy€Tax MpHU pEHICHUU 3aj[ad; TPAMOTHOTO U aKKypaTHOTO
odopmiteHust oTuéTa.

OrneHka «XOpoIIo» BBICTABIISIETCS B CIIy4yae MOJHOTO BBIOJIHEHUS BCEro 00bEMa paboOThI
[IPY HATWYUH HECYIIECTBEHHBIX OMIMOOK B BBIYUCICHHSX, HE MOBIUSABIINX Ha OOIIUI pe3ynbTaT
paboThI (OMITMOKU MPU OKPYTIICHUH YHCE).

OneHka «yIOBJIETBOPUTEIBHO» BBICTABSIETCSI B CIyd4ae B OCHOBHOM IIOJIHOTO



BBIIIOJTHEHUSI BCEX pa3lesioB paboThl MpPH HAJIMYMK OHIMOOK, KOTOpbIE HE OKa3alu
CYLIECTBEHHOI'O BJIMSHMS Ha OKOHYATEJIbHBIM pe3ylbTaT, a Takke 3a padoTy, BBIMOJIHEHHYIO
HECBOEBPEMEHHO 110 HEYBA)KUTEJILHON ITPUYMHE.



OueHka «HEYNOBIETBOPUTEIBHO» BBICTABISIETCA B  Clly4ae, KOI/Ia JOIMYLIEHBI
MPUHIMITAATBHBIE ~ OMMOKKA B BBIUMCICHHSAX:  TepermyTaHbl  (OPMYJbI,  HapylieHa
MOCIIE0BATEIHHOCTh BHIMIOTHEHHS BHIYHCICHUI, paboTa BBIIIOJIHEHA KpaiiHe HeOpEKHO U T.I.

IIpaBuiaa BeInoTHEeHHST H 0()OPMJICHHS MPAKTHYECKHX PadoT

1. CTy#eHT NOO/DKEH BBINOJIHUTH TMPAKTHYECKYI0 PAa0OTy B COOTBETCTBUU C TOJYYEHHBIM
3aJ]aHUCM.

2. Kaxxaplii CTYZEHT MOCie BBIMOJHEHHUS pabOTHl JODKEH MPEACTaBUTh OTYET O MPOACIaHHOM
pabore.

3. Otuer o npozenaHHoi paboTe ciieayeT BHIIOIHATD B TETPAAAX UL MPAKTUIECKUX padoT.

4. OT4eT 0 MpoJIeIaHHON pabOoTe TOJHKEH OBITh OPOPMIICH B COOTBETCTBUU C TPEOOBAHUSMH K
0o OpMIIEHHUIO TPAKTUYECKHUX PAOOT.

5. Ecim CcTyZeHT He BBINOJNHWI MPAKTHYECKYI0 pabOTy WM 4YacTh pabOThI, TO OH MOMKET
BBITIOJIHUTH pabOTy BO BHEYPOUHOE BPEMsI, COTIACOBAB C MPEIIOIaBATEIICM.

6. OLeHKy 10 MPaKTHYECKOW padOTe CTYICHT MOJTyYaeT, C YIeTOM CPOKa BBITIOJHEHHUS PaOOTHI,
€CIIH:

- paboTa BBIMTOJHEHA MTPABUIIBHO U B ITOJHOM 00bEME;

- CTYJICHT MOJKET MOSCHUTH BBIMIOJIHEHUE JTFO00T0 dTara padoThI,

- OTYET BBITIOJIHEH B COOTBETCTBHH C TPEOOBAHHUSIMHU K BBIITOJIHEHHIO PAOOTHI



TEMATHYECKHWH IJTAH IPAKTUYECKHUX 3AHATHI

Ne Conepixanue 1adopaTOpHbIX 3aHATHH Hopma
113 BpPEMEHH, 4ac
1 | Ilpaktuueckoe 3ansatue Ne 1. Pacuer ko3¢ duirienta roprodectu. 2
2 | Hpakruueckoe 3ausitue Ne 2. CocTaBieHUe ypaBHEHHI pPeakilnii TOPEHHs B KHCIOPOJE U 2
B Bo3ayxe. Pacuer mosmeil (kMoueil) MCXOAHBIX BEIIECTB M IPOJYKTOB PEAaKIUHU IO
YPaBHEHHIO PEaKIMH TOPEHHUSI.
3 | IlpakTrueckoe 3ansatue Ne 3. Pacuer oObema BoO3ayxa, HCOOXOMUMOIO IUIS TOPECHUS 2
WHMBUIyaJIbHOTO BEIIECTBA.
4 | Ilpaktuueckoe 3anstue Ne 4. Pacyer oObema BO3ayXxa, HEOOXOIUMOIO IS TOPCHUS 2
ra30BOM CMECH.
5 | Ipaktuyeckoe 3anstTue Ne 5. Pacuer oObema BO3ayxa, HEOOXOIMMOTO JUIS TOPEHHUS 2
BEILIECTBA CI0KHOTO 3JIEMEHTHOTO COCTABA.
6 | Ilpaktmueckoe 3amstue Ne 6. Pacuer oOBeMa M TPOIEHTHOTO COCTaBa IMPOAYKTOB 2
TOpEHMs] WHANUBUyaTbHOTO BEIIECTBA.
7 | IpakTiueckoe 3amstue Ne 7. Pacuer oOBemMa M TPOIEHTHOTO COCTaBa IPOAYKTOB 2
TOpPEHHUs Ta30BOM CMeCH.
8 | IpakTnyeckoe 3anste Ne 8. Pacuer oObema M TNpPOIIEHTHOTO COCTaBa IPOIYKTOB 2
TOPEHHs BEIECTBA CI0KHOTO 3JIEMEHTHOTO COCTABA.
9 | Ipaktnyeckoe 3ansatue Ne 9. Pacyer temnmoBoro »sddekra peaknum TropeHus 2
WHIUBHyaIbHOTO BEIIECTBA.
10 | IIpaxruaeckoe 3ansaTue Ne 10. Pacuer Husmielt Terutorsr cropanus AH o dopmyine .. 2
Menneneesa.
11 | Ipaktnyeckoe 3amstue Ne 11. Pacuer neicTBUTENBHON TeMIlepaTyphl TOPSHHUS 2
WHJIUBHIyaJIbHOTO BEIECTBA.
12 | IIpaktnueckoe 3amstue Ne 12. Pacuer nelCTBUTENBHOH TEMIIEpaTyphl TOPEHHUS 2
CJI0’KHOT'O BEIIECTBA C U3BECTHBIM 3JIEMEHTHBIM COCTaBOM.
13 | IIpaktryeckoe 3ansaTue Nel3. Pacyer MakcMMaIbHOTO JaBJICHUS B3pbIBa ra30B U MapoB. 2
14 | Ipaktuueckoe 3anstue Ne 14, PacueT n30bITOYHOTO AaBICHHUS B3PhIBA HHIUBUAYATbHBIX 2
BEIIIECTB.
15 | Ipaktraeckoe 3amsaTre Ne 15. PacueT TpOTHIIOBOTO SKBHBAJICHTA B3PHIBA. 2
16 | Ilpaktuueckoe 3ararue Ne 16. Pacuer panmyca 30H pa3pyIieHHs. 2
17 | Ipaktrueckoe 3ausaTue Ne 17. OnpesneneHne B3p5IBOONACHOCTH CMECH T'OPIOYHX Ta30B. 2
Bcero 34




INPAKTUYECKHUE 3AHATUA

IIpakTnyeckoe 3ansaTue Ne 1.
Tema: «Pacuer K03 PULIHEHTA TOPIOYECTH.

Heab: HayunThCs OonpeaensaTh KOdPGUIUEHT TOpIOYECTH.

TeopeTnyeckasi 4acTh:

[Tpou3BoaCTBEHHBIE MPEANPUATHS MOTYT COJIEPXKATh Pa3IMYHbIC BEIIECTBA, MaTepUabl,
IIPEJCTABIISIONIME IOTEHUUAIbHYIO ONAaCHOCTh. Tak, MHOTME XUMHUYECKHE COEIUHEHMS
CIOCOOHBI TOPeTh, M MX BOCIUIAMEHEHHE MOXET NMPUBECTH K moxkapy. [lostomy HeobGxoammo
YMETb  ONPEAENATh BO3MOXKHOCTb TOPEHHS  OIpENE]eHHOro  BemlectBa. Tak, Bce
WHAUBUAYaJIbHbBIE BEIIECTBA MOTYT OBITH OXapaKTEPU30BaHBI KOI(PPHUIIMEHTOM rOpIOYECTH.

Koadduuuent roprouectu K sBusercs 6e3pazMepHbM KO3()PUIMEHTOM U CITy)KUT IS
oTpesieNieHUs] TOproYecTH BellecTBa. PaccumTaHHbBI KOA(POUIMEHT TOPIOYECTH MOXKET ObITh
HCIOJIb30BaH JUIsl NPUOIMIKEHHOTO BBIUMCIIEHMSI TEMIIEpAaTyphbl BCIBIIIKHA BEIIECTBA, & TaKKE
BEJIMYMHBI HIXKHETO KOHIICHTPAI[MOHHOTO KO3(pPHIIHEeHTa pacIpOCTpaHEHUS IIJITaMEHH.

Jlnst pacdera K03 PUIIMEHTA TOPIOYECTH MOKHO UCTIOIH30BATh CIEAYIONIYI0 (OpMYITY:
K=4n(C)+4 - -n(S)+n(H)+n(N)-2-n(O)-2-n(Cl)-3 - n(F)-5 -n(Br) (1.1)
rre n(C), n(S), n(H), n(N), n(O), 2 n(Cl), n(F), n(Br) — 4yncio aToMOB COOTBETCTBEHHO
yriaepoza, cepbl, BOJOpPOa, a30Ta, KUCI0po/ia, Xjopa, propa u 6poma B MOJIEKYJI€ BEIIECTBA.

Ecmu xo3ddunment roprouectu K Gonpiie wim paBen enunuie (K > 1), To BemectBo
SIBJICTCS TOPIOYMM.

[Ipu 3nauenun K menbuie enunue! (K <1) — BemecTso Heroproyee.

IIpumep. Paccunrate ko3¢ ¢uimment roproyectu Ta0K03bl CsHi2Og M yroiapbHOH KHCIOTHI
H>CO:s.
Pewienue.

1. B MoneKyie III0KO3bI CONEPIKUTCS aTOMOB:
yraepona n(C) = 6; Bonopona n(H) = 12; kucnopona n(0O) = 6.
[ToncraBnss konuuecTBo aToMOB B popmyiy 1.1, umeem K=4-6 + 12 —2-6 = 24.
K > 1, cnenoBarenbHO, MIOKO3a — FTOPIOYEE BEUIECTBO.
2. B Monekysie yronbHoi kucnotsl n(H) = 2; n(Cl) =1,
n(0) =3; K=2+4-2-3=0.

K <1, cinenoBaTenbHO, yroibHasi KUCIOTa — HETOPIOUEe BEIIECTBO.

3aganue 118 caMOCTOSITeIbHOI padoThI
3agaua 1. Paccuntarh k0d3(h(HUIMEHT TOPIOYECTH PUBEICHHBIX BemiecTs (Tadm. 1).

Tabnuna 1
3amanmue K 3agaue 1.
Ne BemecrBa
Bap
1 | metuonun CsH11NO,S azotHas kuciora HNO;
2 | caxaposa Ci2H2,011 maseneBas kuciora HyCoO4
3 | muxmopatuien CoHyCl, nmuMmonHasg kuciiora C¢HgO7
4 | muxnopmeran CHoClo ykcycHas kuciora CoH40o
5 | rmyramun CsHioN2O3 xsopmeran CH3Cl
6 | acrmaptam Ci14H1gN2Os tdocren COCl,
7 | xunuH C20H2402N> cepHas kucinora HySO4
8 | acnmaparun C4HgN2Os xynopmetan CH3Cl
9 | aurpodenzon C¢HsNO; cepoyriepon CS»
10 | anmmH CsHsNH> metan CH4
11 | moueBnaa NH,CONH, nuokceun xiopa ClO;




12 | BunHasa kucinota HyC4HiOg6 cepHucras kuciora HoSOs

13 | dopmamun HCONH, xyiopucras kuciora HCIO;

14 | omumue C,HsNO»; mukJiorekcad CeHio

15 | 6yrunossiii ciupt C4HoOH aneruieH CoH»

16 | mmtunoBsii 3pup CsHi0O tosryos C7Hg

17 | denon CsHsOH keten CH,CO

18 | aurpatr ammonus NH4NO3 autpared CisHio

19 | creapunoBas kuciora CigHz602 stuneH CoHy

20 | mumetuncynaspun CH3SCH3 6enson CeHe

IIpakTnyeckoe 3ansiTue Ne 2,
Tema: «CocTaBiieHHe YpaBHEeHMI peakuii TOPeHusi B KUCJIOPOAe U B BO3AyXe».
Pacuer mouteit (kmoJieii) HCXOAHBIX BelECTB M MPOJAYKTOB PeAKUMHU M0 YPABHEHHIO
peaKuun ropeHns».
Leab: HaAyYUTHCS COCTABIATh YPABHEHUS PEAKIMI TOPEHUsSI B KUCIOPOAE U B BO3AYXE,
paccUMTHIBaTh KOJTUYECTBO MOJICH UCXOIHBIX BEIIECTB U MPOAYKTOB PEAKIIHH.
Teopernyeckasi 4acThb:
1. CocraBjieHue ypaBHeHHMd peaKlMil TOPeHNsl B KUCJI0PO/e.

CocraBnsisi ypaBHEHHME pEaKIUH TOpPEHUs, CcleAyeT IOMHUTh, YTO B IOKapHO-
TEXHUYECKUX pacueTax MPUHATO BCE BEIMYMHBI OTHOCUTH K 1 MOJIIO TOpIOYEro BellecTBa. JTo, B
YaCTHOCTH, O3HA4yaeT, 4YTO B YpPaBHEHUU pEaKIHUU TOPEHHs IMepe] TOpPIOYUM BEIIECTBOM
ko3 dumeHT Becerna pasex 1.

B Ttabmuue 2 mnpuBeneHBl 3J€MEHTHI, BXOJSIIME B COCTaB TOPIOYErO BEIECTBA, U
BEIIIECTBA, 00pa3yoIuecs B pe3ybTaTe CrOpaHHus.

Tabmuma 2
CocTaB IpOIyKTOB 'OPEHNUsI OT COCTaBa UCXOJHOT'O BELIECTBA

DJeMEHTEI, BXOIAIINE B
COCTaB TOPIOYETO BEIIECTBA

[IpoayxTsl rOpeHus

VYrnepon C Vrnekucisii raz CO»
Bonopon H Bonga H,O
Cepa S Oxkcun cepsl (IV) SO,
Azor N MonexynsipHblid a30T N2
®dochop P Oxcun dpochopa (V) P2Os

I"anorens! F, Cl, Br, 1

I"anorenosooponst HCI, HF, HBr, HI

KoaddurmenTsl, cTosmye B ypaBHEHUH PEAKITUH, HA3BIBAIOTCS CTEXHOMETPHYECKHMU
K03 PUIIMEHTAMH U TTOKA3bIBAIOT, CKOJIBKO MOJICH (KMOJIEH) BEIIECTB yUYaCTBOBAJIO B PEAKIIHH
WM 00pa30Bajoch B pe3yJbTaTe peaklnu.
CrexuioMeTpuueckuid  KOI(PQPUIIMEHT, TMOKA3bIBAIOIIUKA YHUCIO MOJEH KHCIOpoJa,
HE0OXOAMMOE JIJIsl TIOJIHOTO CTOpaHUs BeIIecTBa, 0003HaYaeTcst OykBoii M.
IIpumep. CocTaBuTh ypaBHEHHE peakUuu TOpeHuss B Kuciopone mnpomana CsHs,
rimuepuna C3HgOs, ammuaka NHs, cepoyriiepona CSs.
Pewienue.
TI'openue nponana 6 Kucnopooe
1. 3anuchIBaeM peakivio rOpeHus

CsHg+ O,=CO;,+ H,O

2. B monekyne mpomana 3 aroma yriepoaa, w3 HUX oOpasyeTcss 3 MOJeKYJbl
YIJIEKUCIIOTO ra3a

CsHg+ O,=3CO;+ H,O
3. ATOMOB BOIOpOJIa B MOJIEKYJIE TIPONaHa 8, U3 HUX 00pasyeTcs 4 MOJEKyJIbl BOBI
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CsHg+ O,=3CO;+ 4H,O

4. [ToacunTaem 4KCiIO aTOMOB KHCIIOPO/1a B IpaBOM 4acTu ypaBHeHus 2 -3 +4 =10

5. B 1neBoifi wactu ypaBHEHHsA Takke JAOHKHO ObITh 10 aroMoB KHCIOpOJA.
Mornekyna KHCIOpOJia COCTOMT U3 JBYX aTOMOB, CIIEJOBATENbHO, MEpes KHCIOPOAOM HYXKHO
MOCTaBUTh KOA(PPHUIMEHT 5.

CsHg+ 50,=3CO, + 4H,0, Torna =5

2. CocraBiieHUe ypaBHeHHIl peaKkuMii rOpeHusi B BoO3ayXxe

Yaiie Bcero B yCIOBHSIX 10’Kapa TOPEHUE NIPOTEKAET HE B CPEZE YUCTOr0 KUCIOPOJa, a B
Bo3ayxe. Bo3nyx cocrout u3 azora (78 %), kuciopona (21 %), OKUCIIOB a30Ta, YIIEKUCIOTO
ra3a, MHEpPTHBIX U Jpyrux ra3os (1 %). g npoBeaeHust pacueToB IPUHUMAIOT, YTO B BO3JyXe€
conepxutcs 79 % azora u 21 % xucinopona. Takum oOpa3om, Ha OaUH OOBEM KHCIOpOAA
npuxoaurcs 3,76 oobemoB azota (79 : 21 = 3,76).

B cooTtBeTcTBUM ¢ 3aKOHOM ABOTaJipo, COOTHOIIEHHE MOJEi 3Tux ra3os Oyaet 1 : 3,76.
Takum 00pa3oM, MOKHO 3aITUCaTh, YTO MOJIEKYJISIPHBII cocTaB Bo3ayxa (02 + 3,76N2).

CocraBieHne peakiyil ropeHus BEIECTB B BO3/lyX€ aHAJIOTMYHO COCTABJICHUIO PEAKLUIT
ropenus B kucinopoze. Oco0eHHOCTh COCTOUT TOJIBKO B TOM, UTO a30T BO3AyXa IPU TeMIlepaType
ropenust Huxke 2000 °C B peakLnto ropeHHsl HE BCTYIIA€T U BbIAEISAETCS U3 30Hbl TOPEHUSI BMECTE
C MPOIyKTaMU TOPEHUS.

IIpumep. CoctaBuTh ypaBHEHUE peaKIMK FOPEHUS B BOo3ayxe Bogopoaa Ho, anununa
CsHsNH», mponanona CsH7OH, yrapuoro raza CO.

Pemenwue.

INopenue Bogopoaa B Bo3ayxe Hy + 0,5-(02 + 3,76N2)=H,0 + 0,5-3,76N>, T.e. f=0,5

OOpaTtuTe BHUMaHKE, YTO CTEXUOMETpUUECKHM Koaddunnent nepen kuciopogom 0,5
HE0OXO0IMMO MTOCTABUTh U B MIPABOW YaCTH yPAaBHEHUS TIEPE] a30TOM.

3. Pacyer MoJiei (KMJIOMOJIEH) HCXOAHBIX BeIECTB U NPOAYKTOB PEaKIUH 110 YPABHECHHIO
peaKuuu ropenust

B mpomeccax ropeHuss MCXOAHBIMU BEIIECTBAMHU SIBIISIOTCS TOPIOYEE BEIIECTBO U
OKHUCJIUTEIb, @ KOHEYHBIMH — MIPOIYKTHI TOPEHUSI.

IIpumep. CkoNbKO MOJIEH HCXOJHBIX BEIIECTB YYaCTBOBAIO B PEAKIIUH M CKOJIBKO MOJEH
MPOJIYKTOB TOpPEHUsS O0O0pa30BaJIOCh TPH IOJHOM CropaHu 1 Mmoiyis OEH30MHON KHCIOTHI
CsHsCOOH?

Pemenue.

1. 3anuiem ypaBHEHHE peaKIUy TOPeHUs OEH30MHON KHUCTOTHI.

CsHsCOOH + 7,5 (02 + 3,76N;) =7CO2+ 3H20 + 7,5:3,76N>

2. UcxoaHble BeliecTna:

1 MoJIb O€H30HOM KHUCIOTHI,

7,5 MoJel KUCI0poa;

7,5-3,76 Moneii a3oTa.

I"a30B Bo31yXxa Bcero 7,5-4,76 monei.

Bcero (1 + 7,5:4,76) Mosieli UCXOAHBIX BELLIECTB.

3. IIpoayKThl TOpeHus:

7 MOJIEH YTIIEKUCIIOTrO0 Tasa;

3 Mo Boawl; 7,5:3,76 Mons a3oTa.

Bcero (7 + 3 + 7,5:3,76) Mmoneit mpoyKTOB TOPEHHUSI.

AHaJOTMYHbIE COOTHOLIEHHS W B TOM cliyyae, Korja cropaeT 1 kmonb OeH30MHOI
KHUCIIOTBI.

Cmecu CIOMCHBIX XUMUYECKUX COeOUHeHuli WU BEIleCTBa CIOKHOTO 3JIEMEHTHOTO
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COCTaBa HCJIb3d BbIPA3UTH XHUMHYECKOU (bOpMyJ'IOfI, HX COCTaB BbIPAKACTCA 4YallC BCETO B
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MPOLIEHTHOM COJIEPKaHUH KaXKI0To 31eMeHTa. K Takum BeliecTBaM MOXHO OTHECTH, HAIIPUMED,
HePTh U HEPTEPOAYKTHI, IPEBECHHY U MHOTHE JAPYTHE OPTraHUYECKHE BEIIECTRA.
3anaHue 119 CAMOCTOSITEILHOI PadoThI
3agaya 2. CocTaBUTh ypaBHEHHUS PEAKIMH TOPEHUs] B KHCIOPOJE U B BO3AYyXE JaHHOTO
BEILIECTBA, U OIPEACINUTh, CKOJIBKO MOJIEH HCXOJHBIX BEHIECTB YYaCTBOBAJIO B pEaKIUU U
CKOJIBKO MOJIEH MTPOYKTOB FOpEHUsI 00pa3oBaioch MPHU MOTHOM CrOpaHUM BelecTBa. McxoaHbie
JAHHBIE TI0 BapHAHTaM MIPUBEICHEI B Ta0I. 3.

Tabmuma 3

3aganue K 3agaue 2

Ne Bap. BemectBo
1 anetwieH CoHo
2 HuTpoOeH301 CsHsNO2
3 tosryon C7Hg
4 metan CH4
5 stanon CoHsOH
6 oenzon CsHe
7 muaTUoBbId 3pup C4Hi100
8 oyran C4Hio
9 nentanon CsHi OH
10 denon CsHsOH
11 kerion CgHio
12 striieH CoHg
13 TUIIOBBIN 3pup ykcycHoH KucnoTel C4HgOn

14 oytuieH C4Hg

15 metanon CH;OH

16 dopmansaerug CH,O

17 nuxyopatiiieH CoHaCly
18 Bunmwixsiopua CoH3Cl
19 xyopu ammonus NH4Cl

20 opomaTan CoHsBr

IIpakTnyeckoe 3ansiTue Ne 3.
Tema: «Pacuer 00beMa BO31yXa, He00X0AUMOTO /15l TOPEHUSA
UHIMBHIYaJIbHOI0 BelleCTBaY.
Leab: Hay4yuThCS PACCUMTHIBATH OOBEM BO3AyXa, HEOOXOAMMOTO JJIsi TOPEHUS
MHAUBUAYATbHOTO BEUIECTBA.
Teopernyeckasi 4acThb:
Pacuem obvema 6030yxa, HeobX00uM020 015 20peHUs.
Pacuer o0bpemMa Bo3myxa, HEOOXOAUMOTO IS TOPEHUS, IPEIOJIAraeT BEIYNCIICHHUE:
a) TeopeTuiecKoro oorema Bo3ayxa Ve meop;
0) mpakTHYecKoro oobemMa Bo3ayxa Ve np, 3aTpadyeHHOTO Ha ropeHue (¢ yuerom kKodddunmenra
M30BITKA BO3/1yXa).

CrexnmoMeTpuyeckoe KOJMYECTBO BO3AyXa B YypPaBHCHHHM pPEAKIHHA TOPEHUS
MpearoyiiaraeT, 4ro MPU JaHHOM COOTHOIIEHHWU KOMIIOHEHTOB, YYacCTBYIOIIMX B pEaKIUU
TOPEHUs, BO3MYyX PacXOIyeTcsl MONHOCThI0. OO0beM BO3AyXa B JaHHOM Ciydae Ha3bIBaeTCs
TeoperndeckuM (Ve meop).
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['opeHne MOXKET NPOUCXOAUTh HE TOJBKO IPH CTEXMOMETPUYECKOM COOTHOILIEHUU
KOMIIOHEHTOB, HO ¥ IIPY 3HAYUTEIBHOM OTKJIIOHEHUH OT Hero. Kak npaBuiio, B yCIOBUAX IOKapa
Ha CropaHue BeIIeCTBAa BO3/yXa 3aTpauMBaeTcsl OoJjblle, YeM ONpeeseTcs TEOpEeTHUYECKUM
pacueroMm. M30b1TOUHBIN BO3yX AVs B peakiiuu TOpeHHst HE pacXOAyeTcsl, U yIaseTcs U3 30Hbl
peaKIMy BMECTe ¢ MPOIyKTaMu ropeHus. Takum oOpa3oM, NpakTUUYeCKUii 00beM BO3/1yXa paBeH

V"™ =V " + AV, (1.2)

U, CJIEI0BATEIbHO, H30BITOK BO3AyXa OyJeT paBeH

AVe=V,"P - V"P (1.3)

OObuHO B pacueTax HU30BITOK BO3JIyXa NPU TOPEHUH YUHUTHIBAECTCS C TIOMOIIBIO
kod(ppunmenta u3dbiTka Bo3ayxa (a). KosddunmeHt n30bITKa BO3ayXa MOKA3bIBa€T, BO
CKOJIbKO Pa3 B 30HY TOPEHHS MOCTYMUJIO BO3IyXa OOJbIIE, YeEM 3TO TEOPETHUECKH HEOOXOAMMO
JUIS TIOJIHOTO CTOPaHUs BEUIECTBA.

AVe=V,"P(0-1) (1.4)

BennunHa a saeénsemca BaKHOW XapaKTEPUCTUKONW MAIMH M arperaroB, B KOTOPBIX
OCYIIECTBIISIETCS] OPraHU30BaHHOE TOPEHUE.

Jlig roprounx cMecedl CTeXMOMETPUUYECKOTo cocTaBa (T.. COCTaBa, COOTBETCTBYIOILEIO
YpPaBHEHHUIO PEAKIMU TOpeHHs) KOdPGUIIMEHT H30BITKAa BO3MyXa o = 1, mpHU 3TOM peanbHBINA
pacxoj1 BO3yXa paBeH TeOpeTHIeCKoMy. B 3ToM cirydae obecneunBaeTcss ONTHMAIBHBIN PeXUM
TOPEHUSI.

[TouTH Bcerna a Hecko1pkoe 60NbIIE €TUHULIBI U HAXOAUTCS B UHTepBaje 3HayeHui 1,02—
1,3 B 3aBUCHMOCTH OT XapakKTepa CXKUTaeMOro BemecTna. MiMeHHO ATUM 00yCIIOBIECHO Ha3BaHUE
koddduimenTa a - kodhdunueHT uzosimxa Bo3nyxa. B 1eicTBUTEILHOCTH TSI KHHETUIECKOTO
TOPEHHsI €T0 3HaUEHUSI MOTYT OBITh Kak OoJibllle, TaK U MeHbIIe 1.

[Ipu @ > 1 roprouyio cMeCh Ha3bIBAIOT HEOHOI NO 20pIoUemMy KOMNOHeHmy, a ipu o < 1 —
bo2amoti no 2oprouemy Komnonenny. B TeXHUKe 3TH MOHATHUS UMEIOT OYE€Hb 0OJIbIIIOE 3HAUCHHE
JUTsl IPABWJIBHOTO YIIPaBJIEHUSI OPTaHW30BaHHBIM TOPEHHUEM (JIBUTATEIU BHYTPEHHETO CrOpaHusl,
TEIJIOTeHEPUPYIOIIUE arperaThl U T.1.).

N30bITOK BO3AMyXa MMeEeTcs TOJIBKO B CMeCH, OCTHON MO roproueMy KOMIOHEHTY. M3
dbopmyn (1.3) u (1.4) cnenyer

AVe=V,"P(0-1) (1.5)

JUis  HEOpraHM30BaHHOTO TOPEHUS XapakTepeH AU(Qy3UOHHBI pEXUM TOpPEHHUS,
MI03TOMY OOJIBIIIMHCTBO FOPIOYMX MAaTEPUAJIOB Ha M0XKAPE MOTYT FOPETh TOJIIBKO B 3TOM PEXHUME.
OnHOpOIIHBIE CMECH MOTYT 00pa30BBIBATHCS U NPU PEATIHLHOM MOXKape, 0OJHAKO UX 00pa3oBaHHE,
CKopee, NPEeIIeCTBYeT M0XKapy WM 00ecrieunBaeT HayaabHYIO CTaUI0 Pa3BUTHUS.

Ecnu npoucXoauT OTKPBITHIN MOXKap, TO MOHATHA «U30BITOK» - «HEJOCTAaTOK» BO3/yXa
nproOpeTaroT abcypaHblil cMbIci. B 3akpbiToM oO6beMe aud@y3noHHOEe ropeHue OONbIINHCTBA
rOpIOYMX MaTepHaloB BO3MOXKHO TOJIBKO JI0 OIPEAEIECHHOW IOPOroBOM KOHLEHTpaluuu
KHCIIOPO/1a, TaK HA3bIBAEMOU OCMAamouHoil KOHWEHMPAauyuu Kucaopooa 6 npooyKmax 20penus
No(O)III. Ins OONBIIMHCTBA OPraHUYECKHUX BelIecTB OHa cocTaBiseT 12-16% Oj. s
HEKOTOPBIX BellecTB, Hampumep aneruieHa CHo, psaa meramioB, TopeHHe BO3MOXKHO M IpU
3HAYUTEIILHO MEHBIIIEM COJIEpKaHUU Kuciopoaa (10 5 % oobemubIx O3).

Koadduument n3bbiTka Bo3myxa anst aud@y3HOHHOTO TOpEHHs IpaBUIbHEE Ha3BaTh
Kodphuyuenm yuacmusn 6030yxa ¢ 2openuu. I1a XapakTepucTUKa 60s1ee MOJHO OTPAXKAET CYTh
rpoliiecca TOpeHus Ha MoXkape U He JaeT OMMOOYHBIX MPEJCTABICHUN U MOHATHI. DTO BaXKHBIM
napameTp, ONpeAessIoIMN JUHAMMUKY Ppa3BUTHS IOXKapa M, KaK CIEJCTBHE, pPa3BUTHE €ro
OMacHbBIX ()aKTOPOB.

3Has coJiepKaHue KUCIOpo/ia B MPOAYKTaX FOPEHHUs, MOXKHO ONPEACIUTh KOAPPHUIIUEHT
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n30bITKa BO3/1yXa (KOO UIMEHT y4yacTusi BO3[lyXa B TOPEHUH) HA PealIbHOM IOXKape:
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a=21/21¢(0) III' (1.6)
AHanu3 ypaBHeHus (1.6) moka3pIBaeT, 4YTo o HE MOKET ObITh MEHbILE 1, U, B CpEAHEM,
s 1 Hy3UOHHBIX PEKUMOB FOPEHUs HAXOIUTCS B MHTEpBae ot 2 10 5.
IIpumep. Kakoii Teopernueckuii 00beM BO3/1yXa HEOOXOIUM ISl IOJTHOIO CropaHust 1 Kr
auatuiioBoro 3¢gupa CoHsOC,Hs? Temneparypa 10 °C, naBnenue 1,2 atm.
Pemenwue.
1. 3amuceiBaeM ypaBHEHHME pEaKLUU TOPEHUS

C2H50C2Hs +6 - (O2 + 3,76N3) =4CO2+ 5H20 + 6-3,76N>

3anuceIiBacM B YpaBHCHUU U3BCCTHBIC 1 HCU3BCCTHBIC BCJIMYUHLBI C YKa3aHUEM PasMCPHOCTH.

1 xr x M

C,H50C,H;5 +6 - (Oz + 3,76N2) =4CO,+ 5H,0 + 6-3,76N>»
MoutsipHast Macca JUITHIOBOTO 3dupa 74 Kr/KMoJjb. 3aIKChIBAEM Ty BEIUUUHY 1101 (HOPMYIIOH
adwupa.

1 xr XM

C,Hs0C,H;5 +6 - (Oz + 3,76N2) =4CO,+ 5H,0 + 6-3,76N,
M=74 kr.

2. Ilpum HOpMAaNBHBIX YCIOBHSAX MOJSAPHBIA 00beM (Vi) MH0O0r0 razoodpa3HoOro
BEILECTBA cOCTaBiseT 22,4 1/Moib win 22,4 M*/KMOJIb.
Ecin ycrmoBus OTIIHYAIOTCS OT HOPMAJIbHBIX, TO HEOOXOIUMO OIPEICIUTh, KaKoi 00beM
Oyzert 3aHuMaTh | KMOIb JTF0O0T0 Ta3000pa3HOro BEIIeCcTBa MPH JaHHBIX yciaoBusx. Pacuer Vi

BeIyT Mo popmysie 00beTMHEHHOTO Ta30BOT0 3aKOHA:
_PQVO-_T
Vu= 10 P
rae P u T — naHHbIe B 3a7]a4€ TEMIIEpATypa U JaBJICHUE.
Paccuntaem, kakoit oO6bem 3aHMMaeT 1 KMoib Bo3dyxa (Kak W JIFOOOTO JIPYyroro

raz000pasHopg, %ueqma}) K ;[az%gmx TeMIepaType U IaBJICHUU.
L. V= . 19,35 m3/kMoOIIb.
TO P 273 1,2

3amuceiBaeM  JaHHYIO  BeIMYMHY 107  (GOpMyslod  BO3AyXa, YMHOXKHB €€ Ha
cTexuomerpuieckuil koadduuuenr (6-4,76).
1 xr x M
C,Hs0C,H;5 +6 - (Oz + 3,76N2) =4CO,+ 5H,0 + 6-3,76N,
M=74xr  (6-4,76)- 19,35 m*

[To ypaBHEHHIO peakuy HalIeM MPOTIOPIIMOHAIBHO TEOPETHUECKUI 00BeM
BO3/yXa, HEOOXOIUMBIH [l TOJTHOTO CropaHus d¢upa

Ve®=1,5wm3
IIpumep. Kakoit 06beM Bo3ayxa HEOOXOOUM sl MOJHOTO cropaHus 50 Kr ameToHa
CH3COCH;3; mpu temneparype 23 °C u npaBinenunm 95 klla, ecaum ropeHue mnporekano ¢

ko3 durmenTom n3obITKa Bo3ayxa 1,27
Peienue.

1.  3anuceiBaeM ypaBHEHHE PEAKIIUM TOPEHHS
50 kr XM
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CH;COCHj; +4- (O, + 3,76N,) =3CO, + 3H,0 + 4-3,76N,
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M=58xr4-4,76-Vy=4-4,76-25,9

2. Paccumraem, kakoil o0beM 3aHMMaeT | KMOJb BO3IyXa (Kak W JIOOOTO IPYroro
ra3o00pa3HOro BelecTBa) MU JaHHBIX TeMIIepaType U JaBICHUU.

POV — T—101,3a2 296
Vu= 10 P =273 2§4§- = 25,9 M’ /kmorb.

3. 1o ypaBHEHHIO peaKlIMy HailieM TEOPETHYECKHi 00beM BO3yXa, HEOOXOIUMBIH TS
MIOJTHOTO cropaHus ddupa:
yreer =425,1 o
4. Tlo ycnowuro 3a1a4u KO3PPUIUEHT U30bITKA Bo3ayXxa 0=1,2
C y4eToM 3TOTO ONpeenM MPAKTUHISCKUN 00beM BO3ayXa, HEOOXOIUMBIN ISl TOPEHUSI:

Ver=prer-a=425,1-1,2 = 510,1 M.

3anaHue AJ151 CAMOCTOAITEJILHOM PadoThI
3agauya 3. Kakoii TeopeTnyeckuii 00beM BO3yxa HEOOXOIUM JJIsl TIOJTHOTO CTOPaHUs m
KI' BEIIECTBa, MPHU 3aJlaHHON TemrepaType U AaBieHUU? VcXonHble NaHHBIE MO BapHaHTam
MPUBEJICHBI B Ta0II. 4.

Ta6muma 4
3agaHue K 3agaue 3
0 BemectBo Macca, Temniepatypa, | laBnenwue,
Bap. K °C aT™
1 anetuieH CoHo 1 11 1,2
2 HuTpobenzon CsHsNO» 2 12 1,2
3 toyos C7Hg 3 13 1,2
4 MetaH CH4 4 14 1,2
5 sra"on C,;HsOH 5 15 1,2
6 ocuzoa Ce¢He 6 16 1,3
7 nudTUnoBsn dpup CsHioO 7 17 1,3
8 oytan CsHio 8 18 1,3
9 neuranon CsHiOH 9 19 1,3
10 ¢denon CsHsOH 10 20 1,3
11 kcutoa CgHio 11 21 1,4
12 stunieH CoHy 12 22 1.4
13 STWIOBBIH  3(QUpP  YKCYCHOM  KHUCIIOTHI 13 23 14
C4HgO»
14 | 0yrunen CsHs 14 24 1,4
15 meTtanoi CH;OH 15 25 1,4
16 dopmansaerun CH,O 16 8 1,1
17 muxiiopatiiieH CoH4Cl 17 9 1,1
18 Bunmixiopua CoHzCl 18 10 1,1
19 xsopua ammonust NH4Cl 19 11 1,1
20 opomaTan CoHsBr 20 12 1,1

IpakTn4yeckoe 3ansaTus Ne 4,
Tema: «Pacuer 00bema BO31yxa, He00X0AMMOTIO /1JIsl TOPEHHS T'a30BOil cMecH».
enb: HAyYUTHCS pacCUYUTHIBATH 00BEM BO3/IyXa, HEOOXOIUMOTO ISl TOPEHHSI Ta30BOM CMECH.
TeopeTnyeckas 4acThb:
[TpupoaHbIii, TOMYTHBIH HEDTAHON Ta3, MPOMBIIUICHHBIC Ta3bl (TOMEHHBIH, KOKCOBBIM,
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TeHEepaTOPHBIN U T.I1.) MPEACTaBISAIOT c000M cMecu razoB. CocTaB ra3oB BbIpa)kaeTcsi OOBIYHO B
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00BbEMHBIX MpoIeHTaxX (¢ 00BbEeMH, %). AITOPUTM pacueTa, B JaHHOM clly4ae, CIeIyroIui: 1is
KaXX/IOTO TOPIOYEro KOMIOHEHTA BBIYMCISIETCS TEOPETUYECKOE KOJIMYECTBO BO3/AyXa C yUETOM
€ro KOHILIEHTPAallMM B CMECH, M TOJy4YEeHHbIe KOHIEHTpaluu cymMMmupyrorcs. Dopmyna s
pacueTa TEOPETHYECKOro oObeMa BO3/yXa Ui CTOpPAaHUsS Ta30BOH CMECH MMEET CIIeAYIOMINN
BUJI

y3*$gp+;.{¥.1 e pl+ B24 24 -Vrc (21)
21
rae Bi, B2, B3 — crexuomerpuueckrue KOAPGUIUEHTHI IPY BO3yXe B YpaBHEHUH peaKLuu
TOPEHUs IS KaKI0ro TOprOYero KOMIIOHEHTa I'a30BOM CMeCH;
@1, @2, @3 — KOHIICHTPAIIMU KaXOTO TOPIOYEro KOMIIOHCHTA cMecH (B 0OBEMHBIX
%); ¢ (O2) — IPOLIEHTHOE COZIEPKAHUE KHCIIOPOJIA B TOPIOYEM Tase (B 00bEMHEIX %0);
Vrc — 00beM ra3oBoii cMecH, M.
Ecnu ropeHue mpoTekaer ¢ W30BITKOM BO3/yXa, TO TPAKTHYECKUH OOBEM BO3myXa
PacCUUTHIBAIOT MO YK€ U3BECTHOU popmyre
VBnp — VBTeop o
Ipumep. Onpenenuts 00bEM BO3/1yXa, HEOOXOIMMOTO Ui MOJHOrO cropanus 10 m’
JIOMEHHOTO Ta3a cienyroliero cocraBa (B % o0bemHbIX): okcun yriaepoma (II) CO — 27 %;
Bopopoa Hy — 3 %; yrnekucnsiit ra3 CO2 — 13 %; meran CH4 — 1 %; azot N2> — 56 %. I'openue
nporekaer npu o = 1,3.
Pemenue.
1.0OnpeznensieM cTeXxuoMeTprueckue Kod3((UIMEHTH B YPAaBHEHUN PEAKLUU TOPEHUs JUIs
KQKJIOTO TOpIOYEro KOMIIOHEHTA ra3oBOM cMecH. ['oprouMMM razamMu B 3TOH CMECH
aBisAtoTcs yrapasiid ra3 CO, Bogopon Hy u meran CHa.

CO +0,5(02+3,76N, ) = CO,+ 0,5 -3,76N> B1=0,5;
H;+0,5(02 +3,76N2 ) = H,0+0,5- 3,76N, B>=0,5;
CH4+ 2(02+3,76N2) = CO2+ 2H O+ 2 -3 ;76N> B3 =2.

2.1To dopmyne (2.1) ompenenseM TEOPETHUECKHH 00BEM BO31yXa, HEOOXOIUMBIN IS
TOPEHUS JaHHOW ra30BOM CMECH:

Vmeop = 0’5.21;%5‘3‘#2.28,1 M
3.C yueroM kod(d¢dunnenta n30bITKa BO3AyXa peajbHO HAa CrOpaHUE JAHHOW Ta30BOMU
cMecH OyJieT 3aTpadeno Bosgyxa ¥ =V " -q=8,1- 1,3 =10,5 m’.
3agaHue A8 CaMOCTOSITEIbHOI PadoThI
3agaua 4. Onpenenuts 00beM BO31yXa, HEOOXOAMMOIrO UIS MOJHOTO CTOPAHUS X M’
JAaHHOW Toproued Ta30BOM cMecH UMEIOIIerocsl cocTaBa. [OpeHHe TpOTeKaeT MpHu
ko3 dunreHTe n30bITKa Bo3ayXxa . VcxomHble faHHBIE IO BapUaHTaM NPUBEICHbI B TAOIHIIE S.

Tabmuma 5
3amanne K 3agaude 4
Ne | T'a3oBas cmech CocraB razosoii cmecu, % O6bem | KoapdunueHt
Bap. ra3oBoit n30bITKA
CMECH, BO3/TyXa,
M a
1 Jomennsnii raz | okenp yraepoaa (II) CO — 27 %, sogopoa Hz — 15 1,2
3 %, yraekucisiii raz CO; — 13 %, metan CH4
—1 %, azor N2 — 56 %
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2 BomsHoii taz | okcun yriaepoaa (II) CO — 3 %, Bogopon Ho — 20 1,1
50 %, yraekucnsiii raz CO2 — 10 %, metan
CH4 — 5 %, a30T N2 —6 %
3 BomsHoii taz | okeun yriaepoaa (II) CO — 35 %, Bogopox Hy — 100 1,2
40 %, yrnekucnsiii ra3 CO2 — 5 %, metan CH4
— 14 %, azor N2— 6 %
4 Bopgsnoti raz | okcun yraepoza (II) CO — 40 %, Bomopoa Ha — 60 1,3
50 %, yraexucnsiii taz3 CO; — 4 %, metan CHy
—1%,a30T N2 —5%
5 HpPIpO,Z[HLIfI BOJOpOA H; — 4 %, metan CHy4 — 86 %, sTan 80 1,4
ras C2Hg — 2 %, nponan C3Hg — 4 %, O6ytan C4Hio
—-4%
6 Ipupomueiii | MeTan CHs — 90 %, yrnekucnsiit raz COz — 1 90 1,4
ras %, a3ot N2 — 1 %, atan CoHg — 5 %, npoman
CsHg —4 %
7 Cerunbhpiii | okeun yriepona (IT) CO — 10 %, Bonopon Hz — 85 1,5
ras 50 %, meran CHs4 — 30 %, yriekucinblii ra3
COz — 3 %, xucnopon O>— 2 %, azor N> — 5 %
8 Ceerunsnpii | okcup yriepoaa (II) CO — 20 %, sogopox Ha — 35 1,0
ras 50 %, meran CH4 — 23 %, yriexkucibiii ra3
CO2—3 %, azotr N2— 2 %, atan CoHe — 2 %
9 Koxkcosslii raz | okcup yraepoaa (II) CO — 7 %, somopon Hz — 45 1,1
57 %, meran CHy4 — 22 %, yrnexkucislii ra3
CO; —2 %, azoT N2 — 8 %, Boga H,O —4 %
10 CaparoBckuii | METaH CH4—92 %, stan CoHg — 8 % 50 1,1
MIPUPOIHBII
ra3
11 Vxtuncknii | Metan CH4 — 88 %, yrnekucinsiii raz CO; — 4 65 1,1
npupoanbii | %, a30T N2 — 5 %, otan CoHe — 2 %, nponan
ras C3H8 -1 %, 6yTaH C4H10 1%
12 Hamasckuii | metan CH4 — 98 %, a3otr N2 — 1 %, 3Tan CoHs 85 1,2
npupoaneii | — 1 %, mponan C3Hg — 1 %
ra3
13 [MomyTHBII metan CHs — 42 %, a3ot N2 — 8 %, atan C,Hs 70 1,4
HeTAHOM ra3 | — 20 %, nponan C3Hg — 20 %, 6ytan C4Hio —
10 %
14 | Ile6emuuckuii | Metan CH4 — 92 %, yrnekucnsiii raz COy — 2 75 1,5
HPUPOTHEIN %, azot N2 — 2 %, stan CoHs — 3 %, nponan
ra3 C3Hg -2 %, 6YTaH C4H10 -1%
15 | I'eneparopusiii | okcun yraepoaa (II) CO — 30 %, sonopox Hz — 55 1,3
ras 15 %, meran CH4 — 5 %, yrnekucinsiii raz CO»
—10 %, azor N2 — 40 %
16 Bosaymmnsii | okcun yriaepoaa (I1I) CO — 33 %, somopon Hz — 40 1,3
raz 10 %, metan CH4 — 1 %, yrnexucusiii raz CO;
—1%, a30Tr N2 — 55 %
17 | Byxapckuii raz | Mmetan CHs — 95 %, yrnekucnsiii raz CO, — 1 30 1,0
%, a3ot No— 1 %, aran CoHs—4 %
18 Cxwxkennprii | MeTan CHy — 4 %, stan CoHg — 4 %, nponan 25 1,1
ras CsHg — 79 %, 6yTaH CsHio — 11 %
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19 buoras Bomopon Ho — 1 %, meran CHs — 70 %, 95 1,6
yraekucibii ra3 COz — 28 %, azotr N2 — 1 %,
cepoBosopoa HaS — 1 %

20 Kokcossrii | okeun yrnepona (II) CO — 7 %, sogopon Ha — 110 1,3

ounimennsii | 58 %, meran CHy4 — 22 %, yrimekucinbiii ra3
ra3 CO;z — 2 %, xkucnopoxg O2 — 1 %, azor N — 8
%, atan CoHs — 2 %, cepoBonopon HaS — 1 %

IIpakTnyeckoe 3ansaTus Ne 5
Tema: «Pacuer 00bemMa B031yxa, He00X0AMMOT0 /ISl TOPEHHSI BEIECTBA CJI0KHOTO
3J1eMEHTHOT'0 COCTaBa».

Leab: HAYYUTHCS PACCUUTHIBATH 00BEM BO3/1yXa, HEOOXOIMMOTO ISl TOPEHUS BEIIECTBA
CJIO)KHOTO JIEMEHTHOTO COCTaBa.

Teopernyeckasi 4acThb:

CocraB BeIIECTB CJIOXKHOTO 3JIEMEHTHOI'O COCTAaBa BBIPAXKAETCS B MACCOBBIX JOJISIX (0,
%) xaxxgoro snemenTa. [Ipu ropeHnn KUCIOpO ] BO3AyXa PacXoIyeTcsl Ha OKHCIICHHE yTiepo/ia
C, Bogopoaa H, cepsl S u 1pyrux roproyux COCTaBIISIOMIMX.

PaccuntaeM, kakoil TeopeTnueckuii oO0beM BO37yXa HEOOXOAWUM ISl CropaHus 1 Kr
Ka)KJIOTO AJIEMEHTa MPU HOPMAJIbHBIX YCIOBUSIX.

Yrnepoa, BOIOpPOA W cepa SBISIOTCS OCHOBHBIMH COCTABJISIFOIIIUMHU OOJIBITMHCTBA
OpraHWYeCKUX COCAMHEHUH. 3HAUMTEIbHOE YHUCJIO OpPraHMYEeCKUX BEIIECTB MMEIOT B CBOEM
COCTaBe KUCIOPO/, U, CIIEI0BATEILHO, BO3yXa HAa TOPEHUE Oy/IeT 3aTpaueHO MEHBIIIC.

Teopernueckoe KOJIMYECTBO BO3AyXa JJsi cropaHuss | Kr BellecTBa CIOKHOTO
AJIEMEHTHOTO COCTaBa B OOIIEM BHJIE MOKHO 3aMKCaTh CJICIYIONUM 00pa3oM:

Yoy = Va(©) " CEevam = T v Va0 o)

100 100 100 100

rae o(C), o(H), o(S), ®(O) — maccoBbIe 1011 3JIEMEHTOB B BEIIECTBE, Yo.

IMocne moxcraHoBku B Qopmysy (2.2) MOJyYEHHBIX BBIINIE PACYCTHBIX 3HAYCHUIA
TEOpeTHYeCKHii 00BeM BO3AyXa ISl CrOpaHHs 3aJaHHOM Macchl (M) BEMIECTBA CIIOXKHOTO
AJIEMEHTHOTO COCTaBa MPU HOPMAJIbHBIX YCIOBHUSAX ONpeaessercs no Gopmyie

w(C) S
VBTeOPZm'O,267'(w + w(H) + 0 @O )) M3/kr (2.3)
3 8

IIpumep. Omnpenenuth 00beEM Bozz[yxa, HEOOXOJUMOTr0 JUIsl MOJIHOIO CTrOpaHus 5 Kr
Topa caenyromiero coctana (B %): C — 56,4 %; H — 5,04 %; O — 24,0 %; S — 0,06 %; N — 3,6 %;
3o1a — 10,9 %. I'openue nportekaet npu o=1,5, yCI0BHUsI HOpMaIbHBIE.

Pemenue.
1. ITo popmyne (2.3) onmpenensieM TeOpeTUYECKUN 00BEM BO3IyXa, HEOOXOIUMBIi
ISl TOpEHUsl TaHHOM Macchl o0pasua Topda:
w(56.4) 0,06 24
v, = m0.267-(“C2 4 w(5,04) + YO0 Y o000

3 8 8
C yderom kodd¢unmeHta u30bITKAa BO3JyXa peaqbHO HAa CTrOpaHHWE JTaHHOW MacChl
o0Opasia Topda OyzeT 3arpaueHo Bozayxa V¥ =V meop -a =27,7-1,5 = 41,6 m3.
3agaHue 115l CAaMOCTOSITEILHOI padoThI.
3apaua S. Omnpenenuth 00BEM BO3MyXa, HEOOXOAMMOTO JUIsl TIOJTHOTO CTOPAHMS
3aIaHHOM MacChl BEHIECTBA CJIOXKHOTO 3JIEMEHTHOI'O COCTaBa MPH HOPMAJIbHBIX YCIOBUSAX U
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Koa(¢umenTe U30bITKa BO3ayxa o. VicxoqHble JaHHbIE 110 BapMaHTaM IIPUBEIEHBI B Ta0uLe 6.

Tab6nuia 6
33)]3]11/[6 K 3aga4e 5.
Ne Haspanue | Macca, | Koadpu Cocras BerecTBa, %
Bap | BemecTtBa | KT LIUEHT C H O N S Biara 3omna
M30BITKA
BO3IyXa
o
1 {(aMeHHH 6 1,4 76,0 4,8 3,6 2,8 1,8 2.8 8,2
il yrospb
2 MasyT 8 1,3 85,0 14,0 0,4 0,3 0,3 -
3 | Jipeseomn |7 12 | 460 | 60 | 420 | - - 60 | -
a
4 Topd 9 1,5 36,0 4,0 12,0 8,0 - 350 | -5,0
5 Hedrs 10 1,4 84,0 14,0 - 1,0 1,0 - -
6 Kamennbt 5 1,3 79,4 5,3 10,3 - 2,82 - 2,18
i yroipb
7 Kepocun 6 1,2 85,28 14,12 0,6 - - - -
8 | pesecn | 7 14 | 415 60 | 43,0 | 20 _ 7.5 ;
a
9 | Honyamrp | 8 12 | 904 43 43 - 1,0 - -
anuT
10| Topd 9 1,0 43,0 7,0 41,0 2,0 - 7,0 -
T | Kavenmsi | 10 12 | 84 | 100 | o1 | 03 | 29 | 30 | 03
i yroisn
12 | Masyr 11 1,2 83,4 10,0 0,1 0,3 2,9 3,0 0,3
13 | Vroms 12 1,3 75,0 4,0 6,0 3,0 2,0 4.0 6,0
14| Cranen 4 14 | 388 | 32 40 | 0,1 15 | 150 | 374
15 | Vroms 3 1,5 37,2 2,6 12,0 0,4 0,6 40,0 7,2
16 | Bensun 2 1,6 85,0 14,9 0,02 0,03 0,15 - -
17 | Yroms 1 1,7 29,1 2,2 8,7 0,6 2,9 33,0 | 23,5
18 | bepesosek 5 1,2 443 3,0 14,4 0,4 0,2 33,0 477
uit yromin
19 | Masyr 6 1,3 85,8 8,7 0,4 0,4 0,7 3,8 0,2
MaJIoCepH
HCTBIN
20 | Masyt 7 1.4 83,7 11,5 0,5 - 0,4 - 0,3
BBICOKOCE
PHUCTBII

IpakTuyeckoe 3ansaTue Ne 6.
Tema: «Pacyer 00beMa U IPOLEHTHOTO COCTABA NMPOJAYKTOB rOpPeHUs
HHIUBHUIYAJBHOT0 BElIECTBAY.

He.ﬂb: HAaYYHUTLCA paCCUHUTBIBATDH 00BbeM U HpOHCHTHBIfI COCTaB IMPOAYKTOB I'OPCHUA
HHAWBUYAJIbHBIX BCIICCTB.

Teopernyeckasi 4acThb:

[IpakTudeckn Bcerja OpPraHUYECKUE BEMIECTBA TOPSAT C 0Opa3oBaHHWEM NPOAYKTOB
MIOJIHOTO U HETOJIHOTO TOPEHUSI.

K nmpoaykTaMm mo/iHOro cropaHusi OTHOCSTCS: YIJICKHCIBIA ra3, 0O0pa3yroIUics npu

TOPEHUH YTJepo/a, pasjoKeHUU KapOOHATOB; BOJSHOM map, OOpa3yOIIMHCS MpPU TOPEHUU

BOJIOPOJIa ¥ UCIIAPEHUU BJIard B UCXOAHOM BellecTBe; okcua ceprl (IV) SOz u a30T — npoayKThl

TOPEHUS COEAMHEHNH, COJIEPKAIIMX CEPY U a30T.
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IIpoaykTsl HenmoJHOro cropanusi — yrapusiii raz CO (oxcun yriepona (II)), caxa, C,
MPOIYKTHI TEPMOOKHCIUTEIBHOTO PA3JI0KEHUS — CMOJIBI.

Heopranudeckue BemecTBa CroparoT, Kak MpaBuiIo, 10 COOTBETCTBYIOIINX OKCHIIOB.

Bbixoq MOpoAyKTOB TOpPeHHMS KOJTUYECTBEHHO YCTAaHOBHTH HEBO3MOXKHO  H3-3a
Ype3BBIYAHON CJIOKHOCTH HMX COCTaBa, IMOATOMY MAaTepPUAIbHBIN OanaHc Ipolecca TropeHus
paccuuThIBaeTCS M3 MPEANONIOKEHHS, YTO BEIIECTBO CropaeT MOJHOCTHIO /0 KOHEUHBIX
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npoayktoB. Ilpu 3ToM B cocTaB NpOIYKTOB TOPEHHUS BKJIIOYAIOT TaKXKe a30T BO3IyXa,
M3pacX0JJOBAHHOTO HAa TOPEHHE, M N30BITOK BO3yXa IMpH o > 1.

Kak u B ciydae pacuera oObema BO3AyXa, HEOOXOAMMOTrO JUIsl TOPEHUs, CBOU
0COOEHHOCTH MMEET pacyeT MPOJAYKTOB TOPEHHS [T HHIMBHTYyaJIbHBIX BEIIECTB, CMECH Ta30B U
BEIIIECTB C U3BECTHBIM 3JIEMEHTHBIM COCTABOM.

B cnyyae mHAMBHIYaJIbHOTO XMMHUYECKOTO COEJUHEHMSI O0BbEM MU COCTAaB MPOAYKTOB
TOPEHUs PaCCUUTBIBAETCS [0 YPABHEHHUIO PEAKIIMU TOPEHUSI.

CnenyeTr 0OpaTUTh BHUMaHUE, 4TO 0oJiee MMOJIOBUHBI 00bEMa BCEX MPOAYKTOB FOPEHUs —
3TO a30T BO3/JyXa, M3PacCXOJOBAaHHOIO Ha ropeHue. Ecim jxe ropeHue mpoTekaer ¢
KodQduureHToM H30BITKAa BO3MyXa o> 1, TO M3OBITOUYHBIA BO3AYX TaKKE COCTaBISIET
3HAYUTENIbHYIO YacTh IPOAYKTOB FOPEHHUSI.

Ipumep. Omnpenenute 00beM U coCTaB B O00BEMHBIX % TPOIYKTOB TOPEHUS,
obpazoBaBiuxcs npu cropanuu 3 xr 6enzona CsHe. Temmneparypa 20 °C, naBiaenue 770 MM pT
CT., k03¢ dumeHt n3obITKa Bo3ayxa o=1,4.

Pemienue.
1. 3anuceiBaeM YpaBHEHHE PEAKIMM TOPEHUsS] U BIIHUCHIBAEM BCE H3BECTHBIE U
HEW3BECTHBIC BEJIMUMHBIL:
3 kr x1 M3 x2M3  x3M3 x4 M3
CesHe +7,5(02+3,76N2) = 6CO2 +3H O»+7,5- 3,76N»
M=78kr 7,5 4,76 Vy 6 Vu 3V 7,5 3,76-Viy.
2. Paccunraem, kakoit o0beM 3aHMMaeT 1 KMOJb Ta3000pa3HBIX BEIIECTB IPHU
JTAHHEIX TEMEPATYRE L ARRIIEHIIL o
M= o = e = 23,7 M3/KMOJIb.

TO P 27 770
3

3. Teopernueckuii 00beM MPOAYKTOB ropeHus (V) onpenenseM 0 ypaBHEHUIO PEaKIIUH
Ba6+37,523,763223,7
Viar = 78 =339 ™

4.T'operne mpoTekaeT ¢ K03(p(UIMEHTOM H30BITKAa BO3/yXa, CIEAOBATEIIBHO, B COCTAB
MIPOYKTOB TOPSHUS BOWIET H30BITOUHBINA BO3yX A V.

Jnist pacuera u30bITKa BO3/IyXa [0 YPaBHEHHUIO PEaKIK HailleM TeOpeTHUeCKuil 00beM
BO3/IyXa, HEOOXOIUMBIH JIJIsl TOJIHOTO CrOpaHus OEH307a:
V'reop: X1= 3 78 7 = 32,5 M3
M30BITOK BO3/TyXa OMpeaeanm 1o ¢hopmyie
AVy=V"%(a-1)=32,5-(1,4-1)= 13m3
C yuerom H30bITKa BO3AyXa MPAKTUYECKUI 00bEM MTPOTYKTOB TOPEHUSI COCTABUT

Viar' =Var+ AV, = 33,9+13 = 46,9 M3
5.lHorna BO3HHMKAaeT HEOOXOAMMOCTb  paccuuTaTb OOBEM OTIENIBbHBIX KOMIIOHEHTOB
IIPOTYKTOB F'OPEHHUSI U UX IPOLIEHTHBIN COCTAB.

B sToMm ciyuae no ypaBHeHuto peakiuu onpenensem oobeM CO2, HoO u Ns.

3-6-23,7
NCO)=x= 78 =547wm3

3-3-23,7

VHO)=x3= 78 =2,73M3
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VN(z) = X4 =
AVs=13 M3.

3e7,5e 3,76423,7

78

= 25,71 v’

26



OObeMHast KOHIOCHTpAaus KaxXJ10ro KOMIIOHCHTAa CMECHU PACCYUTHIBACTCA CICAYIOIIUM 06pa30M:

o6 (CO,) 100  5.47- 100
¢ (COy) = Vit = 46,9 =117 %;
o6 V(H 0»)- 100 2.73 100
0 (HOy)= Vir = 469 =5,8 %:
46,9
o6 V (N>)- 100 =25.71 100
¢ (N2)= Vir' 46,9 =54.8 %:;
o0 V(AV ) 100=13-100 =27,7 %.
o (AVg) = Vnr* 46,9

CJ'ICI[yeT O6paTI/ITI: BHHMAHHCEC, YTO 0oJiee OIOBHHEI 00BEMA BCEX MMPOAYKTOB I'OPCHUA —

9TO a30T BO34yXad, H3PACXOJOBAHHOIO Ha TOPCHUC. Ecmu  xe TOpCHUC MPOTCKACT C

ko3¢ ¢unmeHToM u30bITKa BO3AyXa o > 1, TO HM3OBITOYHBIM BO3MyX TaKkKe COCTaBISET
3HAYHUTENIBHYIO YaCTh MPOAYKTOB FOPECHHUSI.
3amanue 115l CAMOCTOAATEIbHOM PadoThI.
3agauya 6. Onpenenuts 00bEM U COCTaB B OOBEMHBIX MPOLEHTaX MPOAYKTOB TOPEHUS,
00pa3oBaBIIMXCA TPH CTOPaHWU 3aJaHHOW MacChl BEIIECTBA NPH TaHHBIX TeMIepaTrype Hu
naBineHnH. ['opeHue MmpoTekaeT ¢ M30BITKOM Bo3ayxa o. VICXOaHbIe JaHHBIE MO BapHaHTaM
MIpUBEJIEHBI B TaOIHUIIE 7.

Tabauua 7
3ananue Kk 3agaye 6.
Ne BemectBo Maceca, Temneparypa, | [aBnenue, | Koaddunuenrt
Bap KT °C MM PT CT U30bITKA
BO3/1yXa, O
1 | Auermiien CoHe 1 10 750 1,0
2 | Hutpobenzon 2 11 760 1,1
CeHs5NO,
3 | Tomyon C7Hg 3 12 755 1,2
4 | Meran CH4 4 13 765 1,3
5 | Oranon C;HsOH 5 14 740 1,4
6 | benszon CsHe 6 15 745 1,5
7 | AudTunoserii a¢up 7 16 770 1,0
C4H100
8 | byran C4Hio 8 17 775 1,1
9 | Ilenranon CsHi1OH 9 18 780 1,2
10 | ®enon CsHsOH 10 19 785 1,3
11 | Kennon CsHio 11 20 790 1,4
12 | Otunen CoHy 12 21 760 1,5
13 | DTrnoBsIii 3¢up 13 22 765 1,0
YKCYCHOH KHCJIOTBI
C4Hz0»
14 | byrunen C4Hg 14 23 770 1,1
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15 | Meranon C4sHsOH 15 24 745 1,2

16 | ®opmansaerng CH>O 16 25 750 1,3

17 | Juxnopatunex 17 26 755 1,4
C,H4Cly

18 | Bununxiopun 18 15 775 1,5
CoHsCl

19 | Xnopua aMMoHMS 19 16 780 1,6
NH4Cl

20 | bpomatan CoHsBr 20 17 785 1,0

IIpakTuyeckoe 3ansaTue Ne 7.
Tema: «Pacuer 00bemMa U MPOIEHTHOIO COCTABA MPOAYKTOB
rOpeHusi ra30Boi cMecu».

eab: HAyYUTHCS PAaCCUUTHIBATH O0BEM U MPOICHTHBIN COCTaB MPOIYKTOB TOPEHUS

ra3oBOM CMECH.

Teopernyeckasi 4acThb:

[Ipu pacuere NpPOAYKTOB TOPEHHUS Ta30BOW CMECH HEOOXOAWMO 3HATh, KakoW 00BEeM
MPOJIYKTOB TOPEHUS BBIAEISAETCA NMPHU cropaHuu | M3 Kaxaoro roprodero rasza cmecu. Jlanee,
3Has MPOLIEHTHOE cojepkKaHue (B 0OBbEMHBIX MPOLEHTaX) KaX/J10ro TOPIYEro raza, BEIYUCIUTD
CyMMapHbIi 00BbEM O00pa30BaBIIMXCS MPOAYKTOB TropeHus. Ecimu ropeHune mnpoTeKaeT c
M30BITKOM BO3/yXa, TO B COCTaB MPOAYKTOB TOPEHUS HEOOXOAMMO BKIIIOYUTH M W30BITOYHBIN
BO3/TyX.

Ipumep. Onpenenurs 00beM M COCTAaB MPOAYKTOB ropenus 10 M mpupomHoro rasa
cienyromiero coctana (B % oobeMusbix): Mmetan CHs — 75 %; stan CoHg — 4 %; nponan C3Hg — 2
%; yrinekucnbiii Taz3 CO2— 19 %. ['openune nporekaet npu o=1,2.

Peienue.
1. CocraBisieM ypaBHEHHE peaKLIUU TOPEHUs 1Jis BCEX TOPIOYUX ra30B CMECU

CH4+ 2(02+3,76N2 ) = CO,+ 2H2O  +2- 3,76N>, 1.e. B(CH4) = 2.

I[JI)I I‘33006pa3HI>IX BCIICCTB OTHOMICHUC YHUCIAa MOJIb paBHO OTHOIICHHIO OGLCMOB,
CIIEIOBATENbHO, CTEXHOMETpUYeCcKhe KOA(P(GUIUEHTHl IS KaKIOTr0 BEIIECTBA B PEAKIUHU
TOPEHHUS — 9TO M €CTh 00BEM B M’ KaXI0TO KOMIIOHEHTA MPOLYKTOB TOPEHUS, BBIICIUBIIMACS
npu cropanuu 1 M° roprodero rasa.

[lo ypaBHEHHIO peaklMU MOXKHO ONPEAEIuTh, uTo mpu cropanun 1 m3 mertana CHgy

obpaszyercs 1 M3 CO», 2 M3 HO u 2:3,76 M3 Na.
C2Hs+3,5(02+3,76N2) = 2CO, + 3H,0 + 3,5 3,76N, 1.e. B(C2Hg) = 3.5
[Ipu cropanuu 1 M3 srtana C,Hg o6pazyercs 2 M3 CO», 3 M3 H2O u 3,5-3,76 M3 N».
C3Hg +5(02+3,76N3) = 3CO, + 4H,0 +5-3,76N>, T.e. B(C3Hg) =5
[Tpu cropanmuu 1 M3 stana C3Hg o6paszyercs 3 m3 CO2, 4 M3 H,O 1 5-3,76 M3 N».

2. OmnpenenuM TeOpeTUIECKUil 00beM MPOYKTOB TOPCHHUS.

CyMMapHbIii 00b€M YITIEKUCIIOrO ra3a, 00pa30BaBIIEroCa IPH CropaHud 1 M’ ra3oBoii
CMECH, ONPEJIETSETCS C YYETOM MPOLIEHTHOTO COCTaBa Ka)0r0 TOPIOYEro KOMIIOHEHTA ra30BOM
CMECH, M TaK)K€ BKJIFOYACTCSI 00BbEM YTJIEKHCIIOTO Ta3a, BXOIAIINI B COCTAB MCXOTHOW ra30BOM
CMECH:

@(CHY o6 | 5 @(C2H6)06 @(C3H8 )oo n ®(C0O2)o6 _ '90(75)064_ 9(4)o6 @ (2 )oo

V(o) =1 43900

2

(10)05 M
=1,08

+2 +3

100 100 100 100 100 100

1 2

[eleltd
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100
[Ipu cropanuu 10 M’ TasoBoli cMecu 00BEM OOPA30BABIIErOCH YINIEKUCIOTO rasa
COCTaBUT
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(Co,) = 1,08 -10=10,8 m3
AHaJIOTUYHO pacCcuuThIBaeM 00BEM IMapOB BOJBI, a30Ta, 0OPAa30BABIIUICS B PE3yIbTaTe

cropanus 1 M® cMecu rasos.
TeopeTnueckuii 00beM MPOLYKTOB ropenus 10 M° ra30Boii cMecH cOCTaBUT VIIT = (CJI0KHUTH BCE

00BEMBI).
3. l'openune npotekaer ¢ kKodhPureHToM U30bITKA BO3IyXa o0 = 1,2, clieJoBaTeNbHO, B
COCTaB IMPOAYKTOB TOPECHUsI BOWAET M M30BITOK Bo3ayxa. Jist ero pacuera mo ¢opmyne (2.1)
OIIpeNeNIieM TEOPETUYECCKHI 00BbeM BO31yXa, HEOOXOAMMBIA Ui TOPEHHs JaHHOW Tra30BOM
CMecH:
2.75+3,5-4+5-2

Ve meop — 21 -10 = 82,9 m3

N36p1TOK BO3myXxa onpeaenum 1o ¢popmyde (1.5)

AVe=V;meop (a-1)=82,9 -(1, 2-1) = 16,6 M3

C yueTom u30bITKa BO3yXa MPAKTHYECKUI 00BEM MPOIYKTOB TOPEHHS COCTABHUT

Var =Vior+ AV,=93,3+16,6 =109,9 w3

3. Omnpenenum NpoOLEHTHBIA COCTAB IPOAYKTOB FOPEHHUSL:

V(C02)¢100—10.8.100
¢ (CO)="Vvnrx  —1099  =9,8%

V(H20)+100__172100
¢ (H0)="vhrx  To9,9 = 155%

V(N2 )+100_65,54100
0 N2)="Vvnrx 1099 =59,6%

5 V(AVg 3100 16.6+100
0" (AVe)= vnrs  T09,9 =15,1%
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3agaHue 11 CAaMOCTOSITEILHOM padoThI.
3amaua 7. OnpemenuTs 00BEM M COCTaB IPOAYKTOB TOPEHHS X M° Ta30BOH CMeCH
M3BECTHOTO cocTaBa. ['opeHue mpoTekaeT C¢ U30BITKOM Bo3ayxa. McxomaHeie naHHBIE 0
BapHaHTaM MPUBEACHBI B Ta0OIHIIE 7.

Tabmuma 8
3aganue K 3agaue 7.
No | I'azoBas cmech Cocras rasosoii cMmecH, % O6vem | Koapdpurment
Bap ra3oBoil | M30bITKA
CMecH, | BO3IyXa, o
N
1 KoxcoBerit okcup yraeponaa (II) CO — 7 %, Bogopon 11 1,1
OYHIICHHBIN H, — 58 %, meran CHs — 23 %,
ra3 yraekucisiii raz COz — 3 %, kuciopoa O
—1 %, azotr N2 — 8 %, atan CoHg — 2 %,
cepoyriepon HoS — 1 %
2 | buoras Bogopoa Hy — 1 %, meran CH4 — 70 %, 12 1,2
yraekucnsii raz COz — 28 %, azor No — 1
%, cepoyriepox HaS — 1 %
3 CKMKEHHBIN meran CH4 — 4 %, stan CoHg — 6 %, 13 1,3
ra3 npornan CsHg — 79 %, 6ytan CsHio — 11
%
4 | byxapckuiiraz | CO2 —1 %, a30T N2 — 1 %, atan CoHg — 14 1.4
4%
5 | Bo3oymrHblit okcua yraepoaa (II) CO — 34 %, Bogopon 15 1,5
ras H - 10 %, meran CHs — 1 %,
yraekucnsii raz CO2 — 1 %, azot Ny — 56
%
6 | I'eneparopusiii | okcup yraepona (II) CO — 30 %, Bomopon 16 1.4
ras H, — 15 %, metamn CHs — 5 %,
yraekucasiii raz CO2 — 10 %, azor N2 —
40 %
7 | llIe6enunckuit | meran CH4 — 92 %, yraekucnslit raz CO» 17 1,3
HPUPOTHBIN — 2 %, azot N2 — 3 %, stan CoHg — 3 %,
ras nponad C3Hg — 2 %, 6ytan C4Hio — 1 %
8 [TomyTHBII metaH CH4 — 42 %, a3ot N, — 8 %, sTan 18 1,2
HedrsaHom raz | CoHg — 20 %, mpoman CsHg — 20 %, OyTtan
CsHi0—10%
9 | MamaBckuit meran CHs — 98 %, azot N> — 2 %, sTan 19 1,1
MIPUPOIHBIN CoHs — 1 %, mpomman C3Hg — 1 %
ras
10 | YXTHHCKHUI metaH CH4 — 89 %, yraekucsiii raz CO» 20 1,2
TPUPOTHBIN — 5 %, a3or N2 — 5 %, atan CoHs — 2 %,
ras npomnan C3Hg — 1 %, 6ytan CsHio — 1 %
11 | CaparoBckuii metaH CH4 — 93 %, stan CoHe — 8 % 21 1,3
IIPUPOIHBIN
ras
12 | Kokcosenii ra3 | okcup yriepona (II) CO — 7 %, Bomopon 22 1,4
H, — 57 %, meran CHs — 23 %,
yraekucisiii ra3 COz — 3 %, azor N2 — 8
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%, Boga H,O — 4 %

13 | CBeTnibHBIH okcu yraepoaa (II) CO — 20 %, Bogopon 23 1,5
ras H, - 50 %, meran CHs — 23 %,
yraekucisiid raz3 COz — 3 %, azot N — 2
%, stan CoHe — 2 %

14 | CeeTuibHbBII okcup yraepoza (II) CO — 10 %, Bogopon 24 1,4
ras Hy — 50 %, meran CHs — 30 %,
yraekucasiii ra3 COz — 3 %, kucnopox Oz
—2%,a30T N2 — 5%

15 | INpupousrii metad CHy4 — 90 %, yranekucisiii ra3z CO» 25 1,3
ras —0,5 %, azotr N2 — 1 %, stan CoH6 — 6 %,
nponad C3Hg —4 %
16 | IIpupoaHbIit Bogopoa H2 — 4 %, metan CH4 — 86 %, 26 1,2
ras stan CoHs — 2 %, nponan C3Hg — 4 %,
oytan CsHio—4 %
17 | Boxsguoii ra3 okcup yraepoza (1) CO — 40 %, Bogopon 27 1,1

H, — 50 %, meran CHs — 1 %,
yraekucnsii ra3 COz — 5 %, azor No — 5
%

18 | BoasHoii ra3 okcua yraepoaa (I1) CO — 35 %, Bogopon 28 1,2
H, — 40 %, meran CHs — 14 %,
yriekucnsiid raz COz — 5 %, azor No— 6
%

19 | Boxsguoii ra3 okcup yraepoza (1) CO — 4 %, Bogopon 29 1,3
H» — 49 %, meran CHs — 5 %,
yriekucibid raz CO2 — 10 %, azot Ny —
5,5 %

20 | Howmennslii ra3 | okcup yriaepoaa (II) CO — 28 %, Bogopon 30 1,4
H> — 3 %, metan CH4 — 1 %, yraexucnbiit
raz CO, — 13 %, a3or N2 — 57 %

IIpakTuyeckoe 3anaTHe Ne 8.
Tema: «Pacyer 00beMa M MPOLEHTHOIO COCTABA NMPOAYKTOB rOPEeHNsI BellecTBa
CJIO’KHOTI'0 3JIEMEHTHOI'0 COCTABA».
Hesab: HayduThCS PACCUUTHIBATE O0OBEM M MPOLIEHTHBIA COCTaB MPOTYKTOB TOPEHUS
BELIECTBA CJIOKHOI'O 2JIEMEHTHOI'O COCTaBA.
TeopeTnyeckasi 4acTh:

B TOM cnywae, xorga roprouee — CIIO0XKHOE BELIECTBO C HM3BECTHBIM 3JIEMEHTHBIM
COCTaBOM, TEOPETHUYECKHH BBIXOJ MPOAYKTOB TOPEHHUsS OIpeAesseTcs] KaKk cymMma IMpOIyKTOB
TOPEHMSI Ka)KJI0TO 3JIEMEHTA, BXOJAIIETO B COCTAaB BEIIECTBA.

Paccunraem, kakoi TeopeTuueckuii 00OBEM MPOAYKTOB TOpEeHUsS oOpasyeTcs Ipu
CrOpaHuH | KT Ka)KIOro 3JIEMEHTA IIPU HOPMAJIbHBIX YCIOBHUSX.

JI71s1 3TOro COCTaBUM MPOIOPLINN:
JUIsl yraepozaa

M3
3.76.22.4
V(N 2)= x= 0 =7 M3

224
V(COy)=xi= =1,87
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1 kr x1 M3
M3
JUTsl BOJIOPOAA

X2

C+(O2+3,76N>) = CO»+3,76N>
12 kr 22.4m° 3,76:22,4 M°
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IS CEPBI
s pocdopa

B cocTaB roprovero BemiecTBa MOKET BXOAUTH a30T, Bllara, KOTOPbIE YIAISIOTCS BMECTE
C IIPOAYKTaMH I'OPEHUS.

O0ObeM 1 Kr a30Ta pyu HOPMAIBLHBIX YCIOBHSX COCTaBUT

M(N2)eVM__1:22.4 3
VIN2)="M(N2) =28 =0,8Mm

[Tpu HOpMaNBHBIX YCIOBHSIX | KT apoB BOJABI 3aiiMET 00beM

mH20)eVMm _1e22.4
V(H0)= "m(H20) —18 = 1,24 v’

Eciu B cocraB roproyero BEmIECTBA BXOJIUT KHCIOPOJ, TO TPHU TOPEHUU OH OyIeT
pacxo0BaThCs Ha OKUCIICHHE TOPIOYMX KOMIIOHEHTOB (yTiiepoja, BoJopo/a, cepbl, docdopa), u
MOSTOMY M3 BO3[yXa Ha TOpeHHe OyJIeT M3pacxXoJI0OBaHO KHUCIOpPOJa MEHBIIE Ha KOJHYECTBO,
KOTOpOE€ COJIepKajioch B roproueM BemiecTBe. CienoBaTeNbHO, B MPOJAYKTaX FOPEHUs M a30Ta
OyzeT MeHbIlIe Ha KOJMYECTBO, KOTOPOE MPUXOAUIOCH OBl Ha KUCIIOPOI, €CITU ObI OH HAXOAUJICS
HE B TOPIOYEM BElIECTBE, a B BO3/IyXE.

Ha 1 xr xucnopoza B Bo3ayxe OyneT MpUXOauThC 00beM a30Ta, PaBHBIM

m(N2)eVM__3.76+22.4
VIN2)="mN2) = 32 =263 M

HOHyLICHHBIe 3HAYCHUS BbIXOAO0B MMPOAYKTOB I'OPCHUS 3JICMCHTOB BHECUTC B Ta6J'II/II_Iy.

TeopemutteCKuL? 0bvem l’lpOdmeOS COPEHUA ITIEMEHM OB CIIOIHCHbLX 6eUiecme npu

HOPMATIbHBIX YCIIOBUSIX.
OneMeHT O6beM npoayKToB TopeHus (M°) Ha | Kr BemecTBa
CO, H,O SO, P>0s N2
Yraepon
Bonopon
Cepa
dochop

A30T B roprouem

A3zor 3a CUeT
KHCJIOpoJia B
rOproYeM

Bnara B roprouem

Hcnonb3ys maHHBIE TaONUIBI, MOKHO BBIYMCIUTH O0BEM IMPOIYKTOB TOPEHUS JFOOOTO
BEIECTBA C U3BECTHBIM 3JIEMEHTHBIM COCTABOM.

[Iycts ® (C), ® (H), ® (S), ® (O), ® (N) — MaccoBbIe 1011 HIEMEHTOB B BEIIECTBE, %0;
o (W) — conmepkaHue Biaru B BemecTse, %o.

Torma oburme Gopmymsl A pacyeTa KaKJOT0 KOMIIOHEHTa MPOAYKTOB TOPEHHS TPH
CTOpaHUU 3aJIaHHON MaccChl (M) BeMIeCTBa OYIyT UMETh CJICTYIONTUN BU/I;

NUEDr)= m v (2.4)

11%0.(1) N 1,24 «w(W)

V(H20)=m:( ); M3 (2.5)
0,7100 100
X,@QZ): mr ;M (2.6)
100
Zew)(C 21 «(H) 2,63 ew(S) 0.8 «w(N) 2,63+w(0)
V(N2)= m-(' 100 ) 10 +100 o 50 “Too- M 27)
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IIpumep. Onpenenutb 00BEM U MPOLEHTHBIM COCTAaB MNPOAYKTOB TOpPEHUS S5 Kr
KaMEHHOTO yIJis cneaytoiiero cocrasa (B %): C — 75,8 %; H— 3,8 %; O — 2,8 %; S —2,5 %; N —
1,1 %; W — 3,0 %; 30ma — 11,0 %. I'openne npotekaet mpu a=1,3, ycIoBUs HOpMaJIbHBIC.
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Pewienue.
1. Tlo dopmynam (2.4) — (2.7) onpenensieM 00beM KaKJOTO KOMIIOHEHTA
MTPOIYKTOB TOPEHUS 5 KT KAMEHHOTO yTJIS.
1,86 «75.8

V(CO)=5_"""=7m3
100

11.2 «(3 8) 124 «(3
V(H20)=5¢,100 ¥ 100 ( )) =231 v

VES0)=5" —0,085w

100
7¢75.8 21 3,8 2.63 «2,5 0,8 «1.1 2,63¢2,8
V(N2)= 5-(100 +50 F10 160 100- ) = 33,14m°

2. T'openne mpotekaer ¢ kodddunreHToM M30bITKa Bo3ayxa 1,3, ciemoBaTeNbHO, B
COCTaB MPOJYKTOB TOPEHHSI OYJIET BXOJIUTh N30BITOYHBIN BO3IYX.

[To popmyne (2.3) onpenensieM TeOpeTHISCKUN 00BEM BO3TyXa, HEOOXOUMBIN JIS
TOPEHUS TaHHOW MacChI 9§}ga3ua YOI o g

Vi =50267(__ + 3,8+_"_-")=386mM3
3 8 8
N30bITOK BO3yXa ONpeAeauM 1o hopmyiie

AVs=Vsmeop -(0-1)=38,6:(1,3-1)=11,6 M3
C yueTom M30BITKA BO3/IyXa MPAKTHUECKUH 00bEM MPOITYKTOB TOPEHUS COCTABUT
Vir =Var+ AV,=42,5+11,6 =54,1 M3
3. OnpenenuM NpPOLIEHTHBIN cOCTaB MPOAYKTOB TOPEHUSI:

V(C02).100
0 (CO2) =" Vhrx

V (H20 )+100
0 °° (H,0) = V=

V(S02 )+100
¢ ®°(S02) = vnrx

V(N2).100
0 (N2)="Vnrx

o V(AV8 32100
0 (AV) = vnrs

3aganue 118 CaMOCTOSITEIbHO PadoThI.
3agaya 8. Omnpenenuts 00BEM U MPOLEHTHBIM COCTaB MPOJAYKTOB TOPEHHUs 3aJaHHOMN
Macchl BEIIECTBA H3BECTHOIO COCTaBa, NpPU H30BITKE BO3AyXa M HOPMAJbHBIX YCIOBHSIX.
Hcxonnbie qaHHbIe 10 BapuaHTaM IIPUBEJEHBI B Ta0IUIE 9.

Tabmauua 9
3amanue K 3agaue 8.
Ne HazBarmme | Macca | Koappu Cocras BemmecTBa, %
Bap | BelecTna KT LHEHT
M30BITKA C H O N S Bnara 3omna
BO3/IyXa
o
1 Masyt 2 1,1 83,7 11,5 0,5 3,0 4.0 23,0 0,3
BEICOKOCEP
HUCTBIN




2 | Masyr 3 12 | 858 | 87 04 | 04 | 07 | 38 | 02
BBICOKOCED
HHUCTBIN

3 | Bepesosex | 4 13 | 443 | 30 144 | 04 | 02 | 330 | 47
1 Yyrojib

4 | Vrom 5 14 | 291 2.2 87 | 06 | 29 | 330 | 235

5| bensmm 6 1,5 | 850 | 149 | 002 | 003 | 0,15 | 12 | 03

6 | Yrom 7 L1 | 372 | 26 120 | 04 | 06 | 400 | 72

7| Craren 8 12 | 388 | 32 40 | 0,1 1,5 | 150 | 374

g | Yrom 9 13 | 750 | 40 60 | 30 | 20 | 40 | 60

9 | Masyr 10 14 | 834 | 100 | 01 | 03 | 29 | 30 | 03

10 | Kawenmii | ] 1,5 | 760 | 45 3,5 18 | 47 | 30 | 65
YroJib

11| Topd 2 L1 | 430 | 70 | 41,0 | 20 | 33 | 70 | 115

12 | Honyampa | 3 12 | 904 | 43 43 | 02 10 | 05 | 1,0
AT

13 | Jlpesecuna | 4 13 | 415 | 60 | 430 | 20 | 15 | 75 | 83

14 | Kepocu 5 14 | 8528 | 14,12 | 06 | 3,0 | 20 | 113 | 40

15 | Kawenmsiit | 6 1,5 | 794 | 53 103 | 07 | 282 | 213 | 2,18
yFOJ'II)

16 | Hers 7 L1 | 840 | 140 | 130 | 1,0 | 1,0 | 183 | 45

17 | Topd 8 12 | 360 | 40 120 | 80 | 07 | 350 | 50

18 | Jpesccuna | 9 13 | 460 | 60 | 420 | 37 16 | 60 | 38

19 | Masyr 10 14 | 850 | 140 | 04 | 03 | 03 | 02 | 02

20 | Kavemmeii | 1] 1,5 | 760 | 48 36 | 2.8 18 | 28 | 82
yFOJ'II)

IIpakTnyeckoe 3ansaTue Ne 9.
Tema: «Pacuer TenoBoro 3¢gexra peakumu ropeHust
HHIMBHAYAJTbHOI0 BELECTBAY.

Hesb: HAYyIUTHCS pACCUUTHIBATH TEIUIOBOK 3(P(EKT peaKkny TOPeHUsT HHIUBUIYIbHOTO
BELIECTBA.

TeopeTnyeckasi 4acThb:

Jlg pacueToB mapaMeTpoB MPOLIECCOB TOPEHUS U B3PbIBA UCIIOJIb3YETCS HU3IIAS TEIIOTa
cropanust QH, NOCKONBKY TemmepaTypa ropeHus 3HauurtenbHo Bbime 373K (100°C) u
BBIIEJISIOLIASCS PU TOPEHUH BOJAa U BJlara BeuiecTBa OyayT UCTIapsThCS.

Husmryro TemioTy cropanust MOYKHO OIIPEENNUTD, €CIM BOCIIOIB30BAThCS CAEACTBHEM M3
3akoHa Decca: teruiora cropanusi (TEruIOBOH 3PQEeKT XMMHUYECKOW PEaKIWu TOPEHHs) paBHA
Pa3sHOCTH MEXAYy CyMMOW TemIoT oOpa3oBaHUS NPOIYKTOB TOPEHHUS U CYMMOW TEIIOT
00pa30BaHMs HCXOIHBIX BEIICCTB.

Qn = n) AHoGp.npoaykToB ropenusi - n) AHoGp.roproyero Bemecrsa.

IIpumep. Paccuurath TeruioBod 3ddexrt peakuun ropenus 1 monp Oyrtana CsHio.

(Ucnonb3oBaTh npuiioxkeHue 1).
Pemenwue.

1. 3anuineM ypaBHEHUE PEAKIMU TOPEHUS]
oyrana. C4aHio +6,5(02+3,76N,) =4CO,+ 5H 02+ 6,5 -
3,76 N>

2. Bripaxkenue mis teruioBoro 3¢ddgexra 3Toil peakiuu mo | ciaencTBHiO 3aKoHA
I'ecca

Qu = Y AHoOp.nipoykToB ropenus - ny AHoOp.roprouero BeniecTna.
3. [To Tabmuue 1 mpuiIOkKEHHs HAXOAMM 3HAUYEHUs SHTAIBIUNA 00pa3zoBaHUs
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YTJIEKUCIIOTO Ta3a, BOJbI (ra3000pa3Hoii) u OyTaHa.
2. [ToacTaBnsieM 5TH 3HAYSHHS B BRIPAXKEHHUE JUTSI TETIOBOTO AP QeKTa peakuu

3apaHue 119 CAaMOCTOSITEILHOI padoThI.
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3agaua 9. Paccunrtath TerinoBoit ad ekt peakuuu ropeHus | MoJab 3aJaHHOTO BEIeCTBa
Y BBIPA3UTh MOJIYICHHYIO BeIMIUHY B KJ[/KT. VIcXOqHBIC TaHHBIC TIO BApUAHTaM MPUBEICHHI B

Tabimue 10.
Taomuma 10

3agaHue K 3agaue 9.

No BemectBo

8
5

Hutpobenszon — CsHsNO;

Anannna — C¢HsNH»

ITeutan — CsHy»

['muuepun — C3HgOs

Aneron — CH3COCH;3

Oragans — CH3;COH

MeTtaunans — HCOH

N3onponmnossiii cimpt — C3HgO

O |0 J[AN || [W[DN|—

ITponunossrit cinpt — C;H,OH

10 Otunoseiil ciupt — CoHsOH

11 MeTtunossiii ciupt — CH3;0OH

12 Tonyon — C7Hg

13 Bbenson — CsHg

14 [Iponen — C3Hs

15 OtnieH — CoHy

16 Anerunen — CoH»

17 Hukmorekcan — CeHia

18 Oxkrtan — CgHis

19 I'erttan — C7Hig

20 I'excan — C¢Hi4

IIpakTyeckoe 3ansaTue Ne 10.
Tema: «Pacuer Hu3mei Tennorsl cropanusit AH no ¢gopmyae I.1. MenaeseeBa».
Llesib: HAYyYUTHCS paCCUUTHIBATh HU3IIYIO TEIUIOTY cropanus no ¢popmysie /I.11. Menzaeneesa.
Teopernyeckas 4acThb:

[Ipu pacdere TEMIOTHI CrOpaHUs BELIECTB CIOKHOTO COCTaBa (IpeBecuHa, HEPTH, TOpD)
TEIJIOTa CrOPaHUS OIpeNesieTcsl A KaXKI0ro XUMUYECKOTO 3JIEMEHTa, BXOIAIIETO B BEIIECTBO
C Y4ETOM HX IPOLIEHTHOrO coaepanusd. Ha ocHoBe 3toro npunnuna /[.1M.Menzaenees nomyuunn
dbopMyIy 1715 pacdeTa TEIUIOThl CTOPaHMSI BEIIECTB CI0KHOTO COCTaBa:

Qu =339.4 -o(C) + 1257-0(H)-108,9[(®(0)+ o (N)- ®(S)]-25,1:[9: o(H)+ o (W)], kK/Kr
riae - ®(C), o(H), ®(0), ®(N), o(S)- MaccoBbI€ 10T 3JIEMEHTOB B BEIIIECTBE,
%; o(W)-coziep>kaHue BJIaru B BEIICCTBE.

TemoTa TOpeHHs CMECH Tra30B M MapoB OIpeaeseTcss Kak cyMMa NpPOU3BEICHHMA

TETUIOTHI TOPEHUS KaXKJIOTO Toprodero kommnoneHnTta (Qu) Ha ero 00beMHYIO JIOJIIO B cMecH (po0)

— .pob .pob .pob 3

Qu = QH(1) 50 + QH(2) 5 + Qu(3) T k/x/m

IIpumep. Boruncnute HU3MIYI0 TEIOTy cropanus cyibdanumesnna Ci2Hi4O:NsS no
dbopmyne JI.1. Menneneena.

Peienue.
1. Jlnma Toro, uToGBI BOCIIONB30BaThCA JAHHOW (OPMYJIOH, HEOOXOMMM pacdeT
IPOLIEHTHOI'O COCTaBa Ka)KI0ro 3JIEMEHTA B BEILECTBE (MacCOBOM J10JIN).

MonsipHas macca cynbhamumesnna Ci2Hi402N4S cocraBnsier 278 r/monb. Torna

w(la") = _=51,8 %,
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ananornyHo paccuuteiBaeM ®(N), (O), o(H),o(S)
[ToncraBnsiem HaiiieHHbIe 3HaueHus B popmyiy [[.M1. Menzaeneesa

3aganue 119 caMOCTOSITeIbHOI padoThI.
3agaya 10. BeraucauTh HU3IMIYIO TEIUIOTY CTOPAHUS 33JaHHOTO BEIIECTBA 10 (hopMyJIe
JI.1. MenneneeBa. McxonHble JaHHBIE IO BapuaHTaM MpuBeAeHbI B Tabmuie 11.

Tabnwmma 11
3ananue k 3agaue 10.
Ne Bap. BemectBo
1 Anerat ammonus — NH4C,H30»
2 Metnonun — CsH1NO»S
3 Anaunmna — CsHsNH»
4 Jumerundocdar — (CH3)HPO4
5 ITentanon — CsH;1OH
6 I'nmuua — HONCH,COOH
7 XuHuH — CooH2402N>
8 Orunenrinkoins — CH,OHCH,OH
9 XnopykcycHnas kuciora — CH,CICOOH
10 Cynbganunoas kuciaora — NH2CsHsSO3H
11 Mouesuna — NH,CONH>
12 AcnapTaM — Ci14H18N»Os5
13 I'mytamun — CsHioN2O3
14 benzoiinas kucimora — CcHsCOOH
15 ITponen — CH3CHCH:
16 Bunnas kucinora — HoC4H4Og
17 Huxotunosas kuciora — CsHiNCOOH
18 [Iponanon-1 — CH3CH>CH,OH
19 Hutpobenzon — CsHsNO»
20 Bbpomstan — CH3CH,Br

IIpakTyeckoe 3ansaTue Ne 11.
Tema: «Pacuer JeliCTBUTEJbHOMH TeMIIEPATYPbI TOPEHUs
HHIMBHUAYAJIbHOIO BeleCTBay.

Heab:  HayuuTbcsd  PacCUMTBIBATH  JCUCTBUTEIBHYIO  TEMIIEpaTypy  TOpPEHMs
MHAUBUAYAIbHOIO BELIECTBA.

Teopernyeckasi 4acThb:

Bripenstomeecs B 30He TOPEHUs TEIUIO PaCXOAy€eTCsl Ha HarpeBaHUE MPOAYKTOB TOPEHH,
Ha HarpeB TOPHOYETO BEIIECTBA M OKpyKarouien cpeapl. Ta Temmeparypa, A0 KOTOPOH B
IIPOLIECCE TOPEHMs HArpeBarOTCS NPOAYKTHI TOPEHMsI, Ha3bIBACTCS TEMIEPATypol ropeHus. B
TEXHHKE U MOXKAPHOM JIeJI€ pa3InyaloT TEOPETUUECKYI0, KATOPUMETPUUECKYIO, a1nadaTHUECKYIO
U ICUCTBUTENBHYIO TEMIIEPATYPY TOPEHUS.

Teopernueckass TeMmeparypa TOpeHMs — OJTO TeMmIeparypa, Mpud KOTOPOH
BBIICJIUBLIASICS TEIJIOTA TOPEHUS CMECU CTEXMOMETPUYECKOTO COCTaBa PAaCXOAYETCsl Ha HarpeB
U JUCCOLMAIMIO TPOAYyKTOB TopeHus. [lpaktuyecku aucconuanusi HPOAYKTOB TOpPEHUs
HauyuHaeTcs npu remneparypax soime 2000 K.

Kanopumerpuyeckasi TeMmeparypa TroOpeHUsi — 53TO TeMIeparypa, KoTopas
JOCTUTAETCA NPU TOPEHHH CTEXMOMETPHYECKON TOprOYel CMECH C HadaJbHOW TEMIIEpaTypoi
273 K v ipu OTCYTCTBHHU NOTEPDH B OKPY’KAOILYyI0 cpely. Teoperndeckas U KaJopuMeTpuyecKas
TEMIIEpaTypa TOPEHMs Mapora3oBbIX CMECEH HIMPOKO HCIOJIB3YETCS IPU OLIEHKE MOKapHOU
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OINacHOCTH BewecTB. KpoMe Toro, ee MOKHO MPUMEHSATH JUIsl pacueTa MaKCHUMaJIbHOTO JTaBJIEHUS
B3pbIBa MPU TOPEHUH NTAPOra30BOi CMECH B 3aMKHYTOM OOBEME.

AnmnabdaTuyeckasi TeMmIiepaTtypa TOpeHHsl — 3TO TeMIlepaTypa IOJHOIO CrOpaHus
cMmeceit moboro cocraBa (Kod@uuueHT n30bITKa BO3AyXa o > 1) mpH OTCYTCTBUH TOTEPH B
OKPY’KaIOIIYIO Cpefy.

JeiicTBUTeIbHASI TeMIIepaTypa ropeHusi — 3TO TEMIEpaTypa TOPeHUsl, JOCTUraeMas B
YCIOBUSIX peajbHOro mnoxapa. OHa HAaMHOTO HIKE TEOPETHYECKOH, KaJOPUMETPUYECKON H
annabaTUveckoi, T.K. B pealbHbIX YCIOBHAX 10 40 % TeruioTel TOpeHus: OOBIYHO TEepseTCs Ha
U3Iy4eHue, He0XKOT U T.I1.

OKCHepUMEHTAIBHOE ONPE/IENIEHNE TeMIIepaTypbl TOpeHus sl OOJIBIIMHCTBA TOPHOYMX
BEIIECTB MPEJCTABISACT 3HAUUTENbHBIE TPYAHOCTH, OCOOEHHO Ui XHJIKOCTEH M TBEpIbIX
MatepuanaoB. OmHAaKO B psji€ CllydaeB TEOpHUsl MO3BOJIAET C JOCTATOYHOW JUISl TMPAKTHUKU
TOYHOCTBIO BBIYUCIMTH TEMIIEPAaTypy TOpPEHHUs BEIIECTB, OCHOBBIBAsACh HAa 3HAHUM UX
XUMHYECKOH (DOpMyIBI, COCTaBa HMCXOJHOM CMeCHM M TpPOAYKTOB ropeHus. Ilpm pacuerax
UCXOJAT U3 TOTrO, YTO MPH OBICTPOM CTOPAaHUM Ia30- W MAapOBO3AYIIHBIX CMeceil pa3BUBaeTCs
BBICOKasl Temreparypa. B 3THX ycloBHSAX H3-32 OOJBIION CKOPOCTH XHMHYECKUX PEaKIuil K
MOMEHTY OKOHYaHHsI TOPEHUSI CUCTEMa MPUXOJIUT B COCTOSTHE XUMHUUECKOT0 PaBHOBECHS, U 110
ATOW MPUYUHE MPU PACYETE MOKHO IPUMEHHUTh 3aKOHBI TEPMOJUHAMUKHY.

B o0mieM ciydae juist BBIYMCIEHUI UCTIONB3YETCS CIIeTyI0IIasi 3aBUCUMOCTh

Qnr = Vr[r Cp'TF
rae Qur — TerIoTa (TerocoAepKaHue) MPOIyKTOB TopeHus, K x/Kr;
Vir — 00beM IpOAYKTOB TOpEeHHsI, M3/KT;

Cp - cpenHss 00beMHas TEMIOEMKOCTh CMECH IIPOAYKTOB TOPEHMSI B UHTEpBaJIe
temmneparyp ot TO o TT, kJ[x/mK;
TI" — Temnepatypa ropenus, K.

B peanbHBIX yClIOBUSAX TeMIlepaTypa FOPEHUs 3aBUCUT HE TOJIIBKO OT COCTaBa TOPIOYETrO
MaTepuaiga, HO U OT YCIOBUIM ropeHus: pa30aBieHHS MNPOAYKTOB TOPEHHUS H3OBITOUHBIM
BO3AYXOM (YTO y4MTBIBaeTCs KOd(pPHUIMEHTOM M30BITKA BO3AyXa 0), HAYAJILHOW TeMIepaTypbl
BO3[lyXa, TMOJHOTHI CrOpaHUS HUCXOAHOIO TOPIOYEro Marepualia M HaIU4yus TerIoNnoTeph
(k03¢ GUIHMEHT TEIIONOTEPS ™).

B 3aBucHMOCTH OT pojia YUYUTBHIBAEMBIX MOTEPh TEIUIOTHI U3 30HBI TOPEHUS BHIYUCIISETCS
Ta WU UHas TeMIepaTypa ropeHusl.

Pacyer TemmepaTypel TOpEHHS MPOBOJIAT IO YPABHEHUIO HHEPreTHUYECKOIO

oananca Qur= Qu(1-1)

AJITOPUTM pacyeTa TeMIepaTypbl TOPeHHUsI.

1. PaccuutaTth cyMMapHbBIH 00BEM NPOIYKTOB TOPEHHS M OTACIBHO OO0BEM Ka)XJO0ro

KOMIIOHEHTAa IPOAYKTOB TOPEHMSI.

Vip o = V(CO7) + V(H20) + V(N2) + V(SO2) + AViosn

Pacuer oObemMa MpPOAYKTOB TOPEHHS BBINOJIHIETCS B 3aBUCUMOCTH OT XapakTepa
roproYero BellecTBa (MHIMBUAYaJIbHOE BEIIECTBO, CMECh Tra30B WJIM BEIIECTBO CJIOMXHOTO
3JIEMEHTHOTO COCTaBa).

Jns MHAMBUAYANBHBIX BEIIECTB MOYKHO TaKK€ ONPENEIATh KOJIUYECTBO IPOJYKTOB
rOpeHus: B MOJIAX (KO3 PHUIUEHTH B YPaBHEHUH PEAKIIMUA TOPEHUS).

2. Paccunrarh HU3IIYIO TEIUIOTY CropaHus BemecTBa. i1 MHAMBUIYAJIbHBIX BEILECTB
pacder BeImonHseTCs 1o | crneacTBuro 3akoHa ['ecca (py HAMMYUU TAOJTMYHBIX 3HAUYCHUN

SHTAIBIUN 00pa30BaHMs).
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[To ¢popmyne .M. MenneneeBa pacuer Qu MOXKET ObITh BBIINOJHEH KaK JJIsi BEILECTB C
HU3BCCTHBIM 3JICMCHTHBIM COCTaBOM, TaK U IJId HHAWBUAYAJIBHBIX BEIICCTB.
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3. Ecnm mo ycnoBuIO 3a/layMl €CTh TEIJIONOTEPU, TO PACCUUTHIBAETCS KOJIMYECTBO TeIlja,
MOIIEIIIEr0 Ha HArPeB MPOIYKTOB TOPeHUS Qnr
4. Haxonum cpenHee TeIocoAepKaHnue MPOLyKTOB TOPEeHUS Qcp:
npu OTC%THCTBHH TeronoTeps KJHx/M?;

Qep=
Yo
IIpH HAJIMYUH TEIUIONIOTEPh
Qnr
Qep =

Vap KH)K/M3;
nr

5. Tlo 3Hauenuto Qcp ¢ momomipio Tadbnul npunoxenuit 3 u 4 («Temnoconepxkanue ra3oB
IpU TOCTOSIHHOM JaBJICHUW»), OPUEHTHUPYSACh Ha a30T, MPUOJIMKEHHO OIpeaesieM
Temnepatypy ropeaus T1.

[Ipu moxbope TemiiepaTypbl TOPEHHsS OPUEHTHPYIOTCS Ha a30T, T.K. B OOJbIIEH CTENeHU
MPOAYKTHl TOPEHHUS COCTOSAT HMMEHHO u3 a3zoTa. OJHAKO, IOCKOJIbKY TEIIOCOAepKaHue
YITIEKUCIIOro ra3a U IapoB BOJBI BEIIIE, YEM Y a30Ta, TO UX MPUCYTCTBUE B IIPOAYKTaX T'OPEHUS
HECKOJIBKO MOHMKAET TeMIepaTypy rOpeHusi, IOATOMY €€ HYKHO MPUHHUMATh HECKOJIbKO HUXKe
(ra 100-200 °C), ueM 1o a30Ty.

6. PaccuuThiBaeM TeruiocoAepKaHue MpoayKTOB TOpEeHUsl py BEIOpaHHOU TeMriepaType Ti.

Qlyr = QI(CO2) V(COz) + Q1 (H20)V(H20)+ QI (N2))V(N2) + QI (SO2)-V(SO)+
Q'(Bo3m)-AV(B)

rie - QI(COz), Q1 (H20), QI (N2), QI (SO2), Ql(Bozm) -  Tabmu4YHBIC 3HAYCHHS
TEITIOCOICP KaHMs Ta30B NpH BeIOpaHHOM Temmepartype Ti.
7. CpaBauBaeM Qlyr ¢ Qu e Qur, pacCCYUTAHHBIX T10 1.2 WU
m.3. Ecmu Q1< Qu (Qur), TO BeiOMpaem temmnepatypy T2 > Ti na 100
°C; Ecm Q1lu> Qu (Qur), TO BeIOMpaem Temmnepatypy T2 < Ti na 100

OC’

8. IloBTOpsieM pacyeT TerIoCcoAepKaHus IPOLYKTOB TOPEHHUS IIPU HOBOM TeMIIepaType

T>
Q2 = Q2(CO2) V(COz) + Q2 (H20)V(H20)+ Q2 (N2))V(N2) + Q2 (SO2)-V(SO2)+
Q*(Bo3m)-AV(B)

9. PacueT npoBOAUM [0 HOJYyYEHHUs HEPABEHCTBA

anr< QH(QHF) < anr
rae Qlu, Q24 — TemiocoaepxkaHue NPOAYKTOB TopeHusi npu Temieparypax Ti1 u To,
otnuyaromuxcs Ha 100 °C.
10. UuTepnonsauueii onpeaenseM Temneparypy ropenus Tr:

Qo= (T, -Ty), ecmm T1<Tx;

Q2nr—
Qlnr

&t T +

(T2-Ty), ecmu T>T,
Tr=T,+ _QQ{::.-,Fr___sz
Q2nr

Ecnu mortepu Temia HE YYUTHIBAINCH, TO MOJy4YaeM aauabaTHUYECKYI0 TEMIIEpaTypy
TOPEHUs, a €CIIM YUUTHIBAIIUCH, TO - JEHCTBUTENIbHYIO TEMIIEpaTypy FOPEHHsl BELIECTBA.

IIpumep. Boruncnuth neiictBuTenbHyto teMieparypy ropenus anunuHa C¢HsNH», ecnu
MOTEPHU TeTlIa u3IIydeHrneM cocTaBisiioT 20 %, a ropeHne npoTekaet ¢ Kod(hHUIIMEHTOM U30BITKA
Bo3ayxa 1,1.
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Peienue.
1. CocTaBnsieM ypaBHEHHE pPEaKIIUA TOPEHUS AaHWJIMHA

CeHsNH2+7,75(02+3,76N; ) = 6CO, +3,5H20 + 7,75 -3,76N2 + 0,5N;
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[To ypaBHEHHIO pEaKIMU TOPEHUS ONPECIIAEM YUCIO MOJIb (KHJIOMOJIb) MPOYKTOB TOPEHUS U
YHUCJIO MOJIb (KHJIOMOJTb) U30BITKA BO3AyXa!

ng™% =17,75 4,76 = 36,89 mounn,
Ang= ngmeop -(0-1)=36,89-(1,1 -1)= 3,689 monb,
nor'? = n(CO2)+ n (H20) + n (N2) + n (AV,) = 6+3,5+ 7,75 -3, 76+ 0,5+ 3,689=
42,829 Momb.

2. TemnoTa ropeHus] aHWJIMHA 110 CIIPABOYHBIM JIaHHBIM [ bapaToB] cocrasisier
Q-0p = 3484,0 x/Ix/moib = 3484000 J1x/Mob.

3. Ilo ycnoBwuto 3aiauu Terionotepu coctabistoT 20 %, cienoBarensHo, n=0,2.
Onr=3484000- (1-0,2) = 2787200 JI»x/Mo1b (kJIK/KMOJIB).

42 {IPSIeIIEM CpeiHee TeIIIOCOACPKAHIE POLYKTOB TOPCHHS
Ocp= = =650774 xx
nMfnp 42,829

[To Tabnuiie nmpunoxeHus 3, OpUEHTUPYSICH Ha a30T, onpeaensem T1=1800 °C.
5. PaccuuThiBaeM Teriocoieps;kanue npoaykros ropenus npu 1800 °C.

018007 =96579,5- 6+ 77598,8- 3,5+59539,9 -7,75- 3,76+66000- 3 ,689 = 2859312,7 x/Ix.

6. O18007r=2859312,7 > Onr= 2787200 , cnenoBarensHo, BeIOUpaeM To=1700 °C.
7. PaccunThiBaeM Teruiocoiepxanne npoaykroB ropenus npu 1700 °C.
017007r=90545,9- 6+72445,1 -3,5+55936,5 7,75 -3,76+56397,4:3,689 = 2662844,5 xJIx.
Q1700 = 2662844,5 < Qnr = 2787200, cinenoBaTelbHO TeMIlepaTypa FOPEHUs] HAXOJIUTCS B
unrepsaie ot 1700 go 1800 °C.

8. PaccuuthiBaem Temmneparypy ropenus mo gpopmyie (3.14)
2787200 —-2662844

Tr=1700+ 2859312 2662844 -(1800-1700) =17630C =2036 K.

3apanne 119 CAaMOCTOSITEILHOIM padoThI.
3agaya 11. BeruuciauTh AEHCTBUTENBHYIO TEMIEpPAaTypy TOPEHHS HHIAUBUAYAIbHOIO
BEIIECTBA, €CJIM €CTh MOTEpU Teria M3IyYeHHEM 1), a TOPeHHE MPOoTeKaeT ¢ KO3 HUIHEHTOM
n30bITKa BO3AyXa o. TeruioTa TOpeHHs BELIeCTBA MO CIPABOYHBIM JAHHBIM COCTaBISET Qrop,
KJ[/MOJTB.

Ta6muma 12
3ananue k 3agauve 11.
No BemectBo [Morepu  Ttema | Koaddumment Tennora
Bap. U3YyYEHHUEM, 1| M30BbITKA ropeHus  Qrop,
BO3/IyXa, O k/Jx/Moib

1 byran — C4Hio 30 1,2 2657

2 I'enran — C7Hi6 40 1,3 4501

3 I'munepun — C3HgO3 20 1,4 1483

4 N300yTunoBeiit  cupt  — 10 1,5 27234
C4H,00

5 N3omponmnoBelii  covpT  — 30 L1 20514
CsHs0

6 Metunanerat — C3HgO2 40 1,2 1472,2

7 Metmmmukinorexkcad — C7Hi4 50 1,3 4293

8 Oxkran — CsHis 60 1.4 5116
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9 Amntpanen — Ci4Hio 10 1,1 7059
10 ITenTen — CsHio 20 1,2 3154
11 Huknorexcen — C¢Hio 30 1,3 3565
12 HuxnokenTan — C7H 4 40 1.4 4328
13 Otnnamun — CoH7N 50 1,5 1421,6
14 Orunanerar — C4HgO» 10 1.4 2078
15 Otan — CoHg 20 1,3 1576
16 ®denon — CsHsO 30 1,2 2992,3
17 [Iponanon — C3HgO 40 1,1 20674
18 I'excanexan — CiHsq 50 1,2 10034
19 I'enragexan — C17Hz6 10 1,3 10649
20 Hustnnamus — C4HpiN 20 1,4 2550,8

IIpakTHyeckoe 3ansaTHe Ne 12.
Tema: «Pacuer neiicTBUTEIbHOM TeMIIePaTyPbl FOpPeHUs
CJI05KHOT0 BelllecTBA € M3BECTHBIM 3JIEMEHTHBIM COCTABOM.

Heab: HayduTbCS pacCUMTHIBATH JIEHCTBUTEIBbHYIO TEMIIEPATypy TOPEHUS CII0XKHOTO
BELIECTBA C U3BECTHHIM 3JIEMEHTHBIM COCTaBOM.

AnropuT™ pacuera CMOTPETh B IPAKTHUECKOM 3aHATHU Ne 11.

IMpumep. BplUUCIUTE AEUCTBUTENBHYIO TEMIIEpAaTypy TOPEHHsS TOPIOYEro CllaHia
cnenytomero coctaBa: C—35%; H—5%;0—-10%;S -4 %; N—1 %; W — 15 %; 30ma — 30 %.
[Torepu Temna wm3myuyenmeM coctaBisitor 10 %, a ropeHume mporekaeT ¢ KoddduumeHTOM
n30bITKa Bo3ayxa 1,2. YcaoBus HOpMasbHbIE.

Pemenue.
1. ITo bopmynam (2.4) — (2.7) onpenensiem 00beM KaKI0TO KOMIIOHEHTA MTPOTyKTOB TOPEHUS
1 Kr roproyero ciaHua.

V (COz) =1,86+35 = 0,651 m3
1198 1,24.15
V(H20)= =0,746 M3

100 100
V (SO2)= 0,74 =0,028 w3
100

Ta35 215 —2,6344—0,8.1 —2,63.10
V(N2 )= + + + —
100 10 10 10 100
0 0 0

Vir = 0,651+0,746+0,028+3,455 = 4,88 m3.
2. T'openue mporekaeT ¢ kKo3(duuuenrom n30bITKa Bo3ayxa 1,2, cienoBaTenbHO, B COCTaB
MIPOJYKTOB ropeHHs OyA€T BXOJUTh U30BITOUHBIN BO3yX.

ITo dopmyne (2.3) ompenenseM TeopeTHUYECKH 00bEM BO3]yXa, HEOOXOIUMBIN Ul TOPEHHS
JAaHHOM Macchl o0pasia yris:

= 3,455m°

35 4 10

V, P =0,267( +5+_— _)=4,28 M3
3 8 8

H30bITOK BO3yXa ONpeaAenuM 1o ¢hopmyie

AV, =V, -(0-1)=4,28-(1,2-1)=0,856 M3
C yuetom u30bITKa BO3/IyXa MPAKTUYCCKHUA 00BEM MTPOAYKTOB TOPEHHSI COCTABHUT
Vir' =Vir+AV,= 4,88+0,856 = 5,736 M3.
3. PaccuuteiBaeM Qg o hopmyne (3.4) JI.U. Menneneena
0, = 339,4- 35+1257 -5 - 108,9- (10+1-4)-25,1:(9 -5 +15)=15881,7 kJIK/xT.

4. C YUCTOM TCIUIONIOTECPb OMPCACIIACM TCIJIOCOACPKAHNUC IPOAYKTOB 'OPCHUA
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Qur=15881,7-(1-0,1) =14293,53 xJIx/xr.

5. OmpenensieM cpeiHee TEII0COAEPKAHNE IIPOTYKTOB TOPEHHUS
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14293,53
Qv o = = 2480,22 k/lx/M*
=vnr 5,736
*

ITo Tabnuue npunoxenus 4, OpUEHTUPYSICh Ha a30T, onpezensem T1=1500 °C.
6. OnpenensieM Terocoiep>kanue NpoaykToB ropeHus npu 1500 °C

Q"% = 3505,7 -0,651+ 2781,3- 0,746 +2176,7 -3,455 + 3488,2- 0,028+2194,7- 0,856
=13853,889 kJIx.

7. Q%% =13853,889 < Qur=14293,53, cnenoBarenbHo, Beioupaem T2 = 1600 °C.

8. OmnpezenseM TEIIOCOAEPKAHUE IPOAYKTOB ropeHus rpu 1600 °C
Q"%=3771,4-0,651+3004,2-0,746+2335,5-3,455+3747,5-0,028 +2355,2-0,856 =
14886,4 xJx.

9. 016007 =14886,44 > QOpnr =14293,53, cnenoBaTenbHO, TeMIIepaTypa

ropeHus pemniectsa Haxoautcest B uatepBaie ot 1500 mo 1600 °C.

10. Omnpenensem Temneparypy ropenus mno gpopmyie (3.13)

Tr=1500+_14293 53—-13853,889 « (1600-1500)=15560C
14886,4—13853,889

3aganue 119 caMOCTOSITeIbHOI padoThI.
3agaya 12. Berauciauth JeHCTBUTENBHYIO TEMIIEpaTypy FOPEHUS CIOKHOTO BEIIECTBA C
M3BECTHBIM 3JIEMEHTHBIM COCTaBOM, IpU MOTEepsAX Temia M3IydyeHHeM T U Kod(p¢uimeHre
M30BITKA BO3/lyXa 0. Y CIOBHUS HOPMAaJIbHBIE.

Tabmma 13
3aganue k 3agaue 12.
Ne | HaszBanme ITorepu Koaddu CocraB BemecTBa, %
Ba | BemecTBa Teria LEHT
p W3Ny4eH | M30bITKa C H 0 N S Bnara 3ona
uem,n BO3/yXa
o
1 | Yroms 20 1,1 75,0 4,0 6,0 3,0 2,0 4.0 6,0
2 | bensun 30 1,2 85,0 14,9 0,02 0,03 0,15 0,5 0,01
3 | Hedts 40 1,3 84,0 14,0 0,5 1,0 1,0 0,8 0,7
4 | Jpesecuna 50 1,4 41,5 6,0 43,0 2,0 1,0 7.5 11,3
5 | Kamennbri 10 1,5 76,0 4.8 3,6 2.8 1,8 2,8 8,2
yroJib
6 | Masyr 20 1,1 83,7 11,5 0,5 0,8 4.0 1,0 0,3
BBICOKOCEPH
HCTBII
7 | Homyautpa 30 1,2 90,4 473 473 1,0 1,0 0,8 0,2
LIUT
8 B§P63OBCK 40 1,3 443 3,0 14,4 0,4 0,4 33,0 47
Wi yroib
9 | Masyt 50 1,4 85,0 14,0 0,4 0,3 0,3 0,2 1,0
10 | Cnanen 10 1,5 38,8 3,2 4,0 0,1 1,5 15,0 37,4
11 | Yroms 20 1,1 29,1 2.2 8,7 0,6 2.9 33,0 | 23,5
12 | [lpesecuna 30 1,2 46,0 6,0 42,0 10,0 1,0 6,0 12,0
13 | Kepocun 40 1,3 85,3 14,1 0,6 0,3 0,8 1,0 1,0
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14 | KameHHBIiT 50 1,4 79.4 53 10,3 1,0 2,8 1,0 2,2
yronb

15 | Topd 10 1,5 43,0 7,0 41,0 2,0 1,0 7,0 7,0

16 | Masyr 20 1,1 85,8 8,7 0,4 0,4 0,7 3,8 0,2
MAaJIOCEpHU
CTBIN

17 | Yroms 30 1,2 37,2 2,6 12,0 0,4 0,6 40,0 7,2

18 | Topd 40 1,3 36,0 4,0 12,0 8,0 1,0 35,0 5,0

19 | Kamennsrii 50 1,4 76,0 4,5 3,5 1,8 47 3,0 6,5
YToJib

20 | MasyT 10 1,5 83,4 10,0 0,1 0,3 2.9 3,0 0,3

IMpakTnyeckoe 3ansiTue Nel3.
Tema: «PacueT MAKCMMAJIBHOIO JaBJIEHUSI B3PbIBA ra30B U MapOB».

He.]'lb: HAYYUTBHCA paCCUUTBIBATh MAKCUMAJIBHOC 1aBJICHHUEC B3PbIBA I'a30B U MAPOB.

TeopeTnyeckas 4acThb:

B3pbIB (B3pbIBHOE NpeBpallleHHe) — OSTO MPOIEcC OBICTPOro (PU3UIECKOrO HITU
XUMHUYECKOTO MPEBPAIEHUS BEIIECTBa, COMPOBOXKIAIOIIUICS MPEeBpalleHHEeM MOTEHIIHAIbHON
OHEPIMHU B MCXaHUYCCKYIO SHCPIruio, ABMKCHUC UJIN pa3pyHICHUC.

[Ipy cropanum MapoBO3AYIIHONW CMECH CTEXHMOMETPUYECKOTO COCTaBa B 3aMKHYTOM
o0beMe CO3/1aeTcsi MaKCUMAJIBHOE JJaBJICHUE B3pbIBa. BemuunHa Takoro JAaBleHHS B OCHOBHOM
OTIpe/IeNseTCSl CTENEeHBbI0 TEMIEPATYPHOTO pACIIUPEHHUS TPOAYKTOB TOPEHHUS M SBISETCS
(GbyHKIMEH OTHONICHUS TEeMIepaTyphl B3pbIBA K HAa4YallbHOW TEMIIEpaType TOprodeld CMecH.
Temnepatypa B3pbIBa ONpEAENseTCs SHEPreTUIECKUMH CBONCTBAMU roprodyero marepuana. Uem
BBIIIC TCIJIOTA CrOopaHusA TIOprovdYero mMarcpuajia, TEM BbIIIC TEMIICpaTypa B3pbIBa H,
COOTBETCTBEHHO, OOJIbIIIE JaBIIEHNE B3PHIBA.

Pacuer MakcHMMaIbHOTO aBJICHHUS B3PBIBA IPOM3BOIUTCS IO Cieayomei Gpopmyre:

PQ.TB3p -Mm
Peg3p.= .
TO n

rae Po- HauanbHoe naBienue, klla (Mna)
To— HavanbHas Temnepatypa, K
Tesp — Temmieparypa B3pbiBa, K
m — 9UCI0 MoJiel (KuinoMoiet) ra3000pa3HbIX MPOAYKTOB TOPEHUs
N - YUCJI0 MOJIEH (KUIIOMOJIEH ) HCXOAHBIX Ta3000pa3HbIX BEIIIECTB.
IIpumep. BerancnuTs MakcuManabHOE JaBieHHe B3pbiBa cMecH rekcana CsHis ¢ Bo3gyxom,

eciin HavanpHOe namieHue 101,3 klla, HauanpHas temmnepatypa 273 K, temmneparypa B3pblBa
2355 K.
Pemienue.

1. CocraBnsiem ypaBHEHHE peaKIMU TOPEHHS TEKCAHA B BO3IYXE

CsH14 +9,5(02 +3,76N;) = 6CO; +7H 0249,5 -3,76N; .
2. Paccumraem 4ucio Mosiel (KMIOMOJIEH) ra3000pa3HbIX BEIIECTB [0 M MOCIE
B3pBHIBA:
m=6+7+9,5-3,76 = 48,72 monn,
n =149,5-4,76 = 46,22 MOJb.

3. MaKkCHMAalbHOE TABICHIE B3PPIB3 SOCTARUT,
P@sp = i o ' =921,1 klIa.
273 46,22
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3aganue 119 caMOCTOSITeIbHOI padoThI.
3anaua 13. Beruncnaute MakcuManbHOE JaBJICHHE B3pbIBA CMECH BELIECTBA C BO31YyXOM,
ecin HaganpHoe naBieHue P = 101,3 klla, HauansHas Temnepatypa 273 K, remneparypa B3pbiBa
T, K.
3aganue K 3agaue 13.
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Tabmuua 14

Ne Bap BemectBo Temmnepatypa B3psiBa, K
1 Huxnonentan CsHig 1950
2 Otunaneratr C4HzO» 2230
3 Aneron C3HgO 1835
4 Drunenrmukons CoH40, 2384
5 Ilentan CsH» 1988
6 byranon C4HoOH 2036
7 Metanon CH;0H 1739
8 [Tpormun6enzon CoHiz 2433
9 I'entan C7Hi6 1845
10 benzon CsHe 1932
11 Aneranpaerun CoH4O 2084
12 Otunoden3on CgHio 2112
13 Oxktan CgHyo 2303
14 [Tpomanon C3H7,OH 2353
15 Tomyon C7Hg 1831
16 Otanoa C,HsOH 1989
17 [uxnorexcan CsHi2 2103
18 Iuxnorekcen CsHio 2209
19 Huxnonentan CsHio 1798
20 Kcunon CgHip 2202

IIpakTHyeckoe 3ansaTue Ne 14.

Tema: «Pacuer H30bITOYHOIO JaBJIEHUS B3PbIBA HHIANBHAYAJIbHBIX BEIIECTB).

Henb: HAyIUTHCS PACCUUTHIBATH M30BITOYHOE IaBIICHUE B3PhIBA MHINBUAYATHHBIX BEIECTB.
Teopernyeckasi 4acThb:

B nmpaktuke mnpu OLEHKE YCTOMYMBOCTH OT B3pbhIBa HCHOJB3YETCS BEJIMYMHA
U30BITOYHOTO IaBJIeHHs] B3pbIBA.

N30bITOuHOE faBlIeHHE B3pbIBA SBISIETCS OCHOBHBIM KPUTEPHUEM, PA3ICISIIOIIUM
B3PBIBOOTIACHBIC KATETOPHHM IOMEIICHUH OT I0XKapOOMacHbIX. DTOT ITOKa3aTelb, TJIaBHBIM
0o0pa3oMm, 3aBUCUT OT MAacChl BEIIECTBA, KOTOPOE MOCTYIAET B aBapUITHOE MOMEIICHUE, U JOJIH
ee, MPUHUMAIOIICH yJacTHe BO B3phIBE.

N30biTOuHOE MaBiieHHE B3phIBA B 3aMKHYTOM TIOMEIIEHHMM — 3TO Pa3sHOCTh MEXKIY
MaKCUMaJIbHO BO3MOKHBIM 1 HaYaJIbHBIM JIABJICHUEM, TP KOTOPOM OH MPOMCXOTUT

AP = Pmaxk — Py

MaxkcumanbHOE JaBJICHUE TOCTHTACTC:

- €CIM BCsSI Macca rOproYero, MOCTYMHBILIETO B MOMENIEHHE, MPUMET ydacTHe B 0Opa3oBaHUHU
roproueid cpeibl ¥ OJIHOCTHIO B3OPBETCS;

- eclli TOMENIeHHE TMOJHOCTHI0 TePMETHYHO U B HEM OTCYTCTBYET TEIJIOOTBOJ Yepe3
OrpaHUYUBAIOIIME TOBEPXHOCTH (HeaanadaTHUECKHil rpolecc);

- eclu ToprovYee W OKHUCIHUTENh B TOpIHOUYEH cpele HaXOAsITCs B CTEXHOMETPHUYECKOM
COOTHOIIICHUH.

B peanbHBIX YCIOBHSX MaKCHUMalbHOE [aBJICHHE B3pbIBA HE JOCTHTaeTcs, TaK Kak
MMEIOTCSl CYIIECTBEHHbIE OTKIOHeHUs. [Ipu pacuere 3T0O HEOOXOAUMO YUYWUTHIBATH, MOITOMY
dbopMy1bl 115 pacyeta AP MHAMBHIyalbHBIX BEIIECTB U CMECEil UMEIOT 0oJiee CIIOKHBIIN BHI.

Pacuer M30BITOYHOTO JaBIIEHWE B3pHIBA IS WHIAWBHIYAIGHBIX BEIICCTB MPOWU3BOIUTCS
cornacao I'OCT P 12.3.047 — 98 u HIIb 105-03.

N36pITOuHOE AaBieHue B3phiBa AP 111 MHAMBUAYaTbHBIX TOPIOYUX BEIIECTB (Ta30B U
napoB JIBX u I')X), cocrosmux u3 atomoB C, H, O, N, Cl, Br, I, F, onpenensiercsa mo gpopmymne

52



AP = (Pmax — Po)- 100 klla

meZ

VeBep r(n) Ccrex KH

rae Pmak - MakcuMalbHOE [aBJIEHUE B3pbIBA CTEXMOMETPUYECKOW TIa30BO3IAYIIHOW U
[apOBO3JyIIHOW CMECH B 3aMKHyTOM oObeMe. Ompepensercs SKCHEPUMEHTANIbHO WM I10
CIPaBOYHBIM AaHHBIM. [Ipu oTCyTCTBHM JaHHBIX Jomyckaercss npuHuMaTth Pmak= 900 klla;

Po— navanbHoe naBnenue, klla. Jlonyckaercs npunumath paBHbIM 101 klla;

m — Macca roprouero rasza wiau napos JIBX u K, Belmenmux B pesynbTare aBapuu B
ITOMELICHHUE;

Z — x03((PUIIMeHT yyacTus TOPIOYEro BO B3phIBe. Jlomyckaercss npuHUMATh 3HaUeHue Z 1o
Ta0JInIEe

Ta6muma 15
3nauenue kodpduirienta Z nis pa3nudHbIX BHIOB TOPIOYETO
Bun roprouero 3HaueHue
Bonopon 1,0
["oproune ra3el (kpoMe BOIOpOAA), TTHLUTH 0,5
JlerkoBocruiaMeHSIOIIMECS] U TOPHOYUE KUAKOCTH, HArpeThIe [0 0,3
TEMIIEPATyPHI BCIIBIIITKA U BHIIIIE
JlerkoBocmutaMeHs0IuMeECs U TOPIOYNE KUJIKOCTH, HATPEThIE HIKE 0,3
TEMIIEpaTypbl  BCIBIIMIKK, [pU  HAJIAYUM  BO3MOXHOCTHU
00pa3oBaHMs a3PO30JIs
JlerkoBoCIUTaMEHSIOIINECS U TOPIOYNE KUIKOCTH, HATPEThIC HIDKE 0
TEMIIEpaTypbl  BCHBIIIKA, TPH  OTCYTCTBHH  BO3MOXXHOCTH
o0pa3oBaHus a3p03071s

Ecnu npuHSATH, YTO [MaBlieHWE B TIOMEIICHUW PaBHO HOPMAJIBHOMY aTtMochepHOMY
nasinenuto (101,3 klla), To TUIOTHOCTH Ta3a WIM Mapa MOKHO PacCYUTATh IO CIEIYIOIICH

dhopmye:

M

o Kr/m°
+(1+0,0037+tpacy)

rre M — MosisipHas Macca ra3a Wwid napa, Kr/KMoJib;

Vo — MossIpHBIi 00beM NPH HOPMAIBHBIX YCIOBUSX, PaBHBIN 22,4 M3/KMOJIb;

tpacu — pacueTHas Temneparypa, °C.

Ccrex — cTexuomeTpuyeckas KOHILEHTpalus roprounx razoB uiau napos JIBX u 'K, %
(o6bemubIX). CTEXHOMETpUYECKass KOHIIEHTPALUS BBIYUCISIETCS IO opMyIie

pr(m) =

Cerex =19 o
1+4,76+B

rae B - crexuomeTpuyeckuil Kod(PUIMEHT KHUCIOpoJa B YpPaBHEHUU pEAKLUUU TOPEHUS.
KoadduumeHT Takxke MOKeT OBITh paccUuTaH M0 ciexyromeii popmyie:

neE=nX -0
B:nc"' 4 — 2

rae nC, nH, nX,, nO — yucno aromor C, H, O, raoreHoB B MOJIEKYyJI€ TOPIOYETO BEIIECTBA.
Ku — xoaddurmenT, yduThIBarONMii HETEPMETUYHOCTh IMOMEIICHUS W HeaanabaTUYHOCTh
npoiiecca ropenus. JJonmyckaercs npuHumath Ky = 3.
IIpumep. BeruncnuTh n30bITOUHOE AaBICHUE B3phIBA B TOMEIICHUH, TJIe 00paIaeTcsi TOIyod.
JlaHHBIE 114 pacyeTa.
1. XapakTepucTuKa ropro4ero BeIecTBa:
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tonyon CeHSCH3 — w™erunOeH3on; TemmepaTypa BCIBIIIKH tBCII
KOHLIGHTPALMOHHBIM mpenen pacnpoctpaHeHus mameHnn HKIIP =

1,21

-5

%o;

OC;

HIDKHUN

KOHCTAHThI
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ypaBHeHus1 AHTyaHa: A = 6,0507; B = 1328,17; C =217,713; n10THOCTh KUAKOCTHU pK = 867
KI/M’; MAKCUMAaJIbHOE JABJIEHHE B3PbIBA MAPOB TONyoaa Pmak = 634 kIla.
2. XapaKTepucCTHKa MOMEIICHHS:
aarHa 1= 18 M;
mupuHa b = 12 m;
BbeIcOoTa h = 6 M;
TeMIepaTypa Bo3ayxa B nomenieHuu 25 °C;
CKOPOCTh BO3AYIIHOTO MOTOKA B momerienn# 0, 1
Mm/C.
3. XapakTepucTuka 000pyJAOBaHHS U MapaMeTPbl TEXHOJIOTHYECKOTO
npouecca: 06beM anmapara Vamn = 0,05 m;
CTENEHb 3aMOJHEHUS arapara XUAKoCcThio € = (,85;
Temneparypa xuakoctu B annapare 40 °C.
B pesynpraTe aBapuilHOH cHUTyalMM ammapar IOJHOCTBIO PA3pyIIeH, BCS KUIAKOCTb
MOCTyIWIIa B ToMeleHue. McnapeHue »uaKocTu IPOXOoauiIo B TeueHue 1 Jaca.
Pemenue.
1. Onpenensiem Maccy )KHJIKOCTH, KOTOpasi OCTYIHUT B IIOMEIIEHUE M 4fy.
ma =867 -0,05- 0,85= 37 kr.
2. OmpepensieM IUIOIMIAIL UCTIAPEHUS )KUIKOCTH

Sucrap = 37 M.
3. OmnpenenseM HWHTEHCUBHOCTh uUcnapenuss Wpycp. s storo  Haxoaum
HEU3BECTHBIC BETUYHHEI.
ITpu 25 °C u Wpo3zr = 0,1 m/c xoapdunment n = 2,1, MonspHas Mmacca
tonyona(CeHsCH3) M = 92 kr/kmodb.

JlaBieHMe HACBILIEHHOTO IIapa TOJIyoJla OIpeeNiseM [0 ypaBHEHHIO AHTyaHa. B
KauecTBE TEMIIEpAaTypbl KHUJKOCTH fx NPUHAMAEM CPEAHIOK TEMIIEPATypy MEXIY
TeMInepaTypoi Bo3yxa B TOMEIICHUH U TEMIIEpATypOil )KMAKOCTH B anmnapare

fe =(25+ 40)/2 = 32,5 °C.

1328,17
Ps= (6,0507—

= 5,53kI]a.
10 PEATEr)

Torz(a HHTCHCHUBHOCTDH UCIIAPCHUA 6y;1eT paBHa
Wicr-10-6 -2,1:\92-5,53=111,4-10-6 kr/m2-c

4. OnpenenﬂeM MaccCy KUIAKOCTH, I/ICHapI/IBI_HeI\/'ICH C IOBCPXHOCTHU pasliiBa mycr
JKHJIK -

Pacuetnoe BpEMs UCITapCHUS IPUHNUMACM

pacu = 3600 c.

TOI“,[[a MyCI1 XUJK. =11 1,4 -10-6 -3600 -37= 14, KT.

5.0npenensieM n30bITOYHOE NAaBICHUE IIPU B3PLIBE I1APOB TOIYOJIa
Jly1g pacuera HaM U3BECTHBI CIIEAYIOIINE BETUUNHBI:

PMAXZ 634 KHa;
Po=101 «lIla;
m= 14,8 xr;

Z=0,3 (mo Tabauie 2 mpUI0KEHHUs; IO YCIOBUIO Hatel 3a1aun Toayol — JIBXK, Harperas
BBIIII€ TEMIEPATypPbl BCOBIIKN); Kz = 3.

Ocranbubie BenmuuuHbl Vep, pr, Corex HEOOXOAMMO PacCUnTaTh.
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6. Omnpenenum cBoOOIHBIN 00beM nomemnieHust Vep=18- 12 -6 -0,8=1036,8 M3
7. OmnpenenuM MIOTHOCTh MApOB TOIYOJIa B IOMELICHHUH O
Temmnepatypa Bo3ayxa B IOMEIIEHNH fpacy = 25 °C.
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[Tockonpky atMocdepHOe NaBleHHE B MOMEIIEHUU MPUHUMAEM PAaBHBIM HOPMAaIbHOMY
aTMochepHOMY JIQB/ICHUIO Po, INIOTHOCTH NIAPOB MOXHO PACCUUTATH I10 dbopmyire

pr= =3,76 kr/m’
22,4+(1+0,0036725)
8. Omnpenenum CTEXHOMETPUUYECKYIO KOHIIEHTpaLKio napoB Toryona Cerex
100
Cerex= %
1+4,76+8

VYpaBHEHHE peakLUU TOPEeHHs! TOIyosIa
CsHsCH3+9- (02+3,76N2)=7CO2,+4H O+ 9 -3,76N,, t.e. B=9
Koadduuuent f MoxxHo paccuutath U 1o ¢opmyiie

L=T7+8/4=09.
Torna Cerex=100/(1+ 4,76 9)=1,86 %.

9. OmnpenensieM U30BITOYHOE JABJICHHUE B3pPbIBAa MapOB TOJYOJIA, UCIONb3Ysl BEJIUYUHBI,
MOJTyYEHHBIE B I.II. 6 — 8:

1
AP =(634-101)-_1%803 1004 "=10,9 kIIa
1036,8+3.76 1,86 3

3aganue 118 CaMOCTOSITEIbHO PadoTHhI.

3agauya 14. Beraucianth W30BITOYHOE JABJIICHUE B3phIBA B MIOMEIICHHUH, TJIe 00paIaeTcs
3aJJaHHOE BEIECTBO.

JlanHble nis pacyera

1. XapakTepucTuka roproyero BellecTBa: TemIepaTypa BCHbILIKM tBch, °C; HMKHUHN
KOHIEHTPAaUMOHHBIN mpenen pacnpoctpaHeHus IutaMmeHn HKIIP; koHcTaHTel ypaBHEHMS
AHTyaHa; IJIOTHOCTb KUJKOCTH PK; MAKCUMAaJIbHOE JJaBICHNE B3pbIBa MapoB BellecTBa Pmax.

2. XapakTepHcTuKa MOMELIeHUs: JUIMHA |, mupuHa b, BbicoTa h; TeMnepaTtypa Bo3znyxa B
nomeniennu TB, °C, ckopocTh BO3YIIHOTO MOTOKA B momeniennu U, m/c.

3. XapakTepucTuka 00OpYZOBaHUS U TMapaMeTpbl TEXHOJIOTHYECKOTO Ipolecca: 00beM
anmapara Vai, M’; CTeleHb 3alOJHEHHs allapara >KHAKOCTBIO € TEMIIEPATypa JKUAKOCTH B
anmapare Tx, °C.

B pesynprare aBapuiiHOW CHUTyaluu ammapar MOJIHOCTBIO pa3pyllIeH, BCA KUIKOCTb
[oCTynuiIa B nomenieHue. Mcnapenue )uaKocTi IPOXOJWIO B TEUEHHE T, U.

3apanue Kk 3agauye Ne 14.
Tabnuna 16 (Ilpunoxenue Ne 5).
IIpakTHyeckoe 3ansitue Ne 15.
Tema: «PacyeT TPOTHJIOBOI0 3KBUBAJICHTA B3PbIBAY.
Ieab: HayuYNTHCS PACCUUTHIBATH TPOTHIIOBBIA SKBUBAJICHT B3pbIBA.
TeopeTnueckas 4acThb:

JUisi CpaBHUTENIBHONW OLIEHKHM YPOBHS BO3JECMCTBHUS B3pbIBA I'a30- MAapOBO3AYIIHOM CMECH
UCIIOJIb3YETCS] TPOTHIIOBBIN YKBUBAJICHT B3PbIBA.

TpoTn/j10BBIM 3KBMBAJICHTOM B3pPbIBa Ha3bIBACTCA YCJIOBHAs Macca TPUHUTPOTOIIYOJIa
(TpoTHIIa), B3PBIB KOTOPOH a/leKBaTEH MO CTENEHHU pa3pyLIeHHs B3PbIBY MApOra3oBOH cpelibl ¢
Y4ETOM peabHOM J0JIM y4acTusl BO B3pbIBE FOPIOYETO BEILIECTBA.

TpoTHII0BBIN SKBUBAJIEHT B3pbIBa ONPEIEIAETCA 11O bopmyie

Wr=2¢ " o2 em KT,
0,9 Qr
rae 0,4 - monst sHEpruu B3pbIBa NApOra3oBOM CMECH, 3aTPauMBAaEMOl HENOCPEICTBEHHO Ha
dhopmupoBaHKE yIapHOW BOJHBI,
0,9 — nonsg oHepruM B3pblBa TPUHUTPOTOIYOJIA, 3aTPauMBAacMON HENOCPEACTBEHHO Ha
dhopmMupoBaHKE yIapHOW BOJTHBI,
Qu — ynenpHas (HU3IIAs) TETUIOTA CTOPAHUS MMapoTra30BoOM cpesibl, KJK/KT;
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Qr — ynensHas teriora B3peia THT (qr = 4240 x/[x/kr);
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Z — JTOJIsl PUBEJIEHHOM MacChl MapoB, yUACTBYIOIIEH BO B3pHIBE.

B oOmem cnydae uisi HEOPraHW3OBAHHBIX MAPOTa30BBIX OOJAKOB B HE3aMKHYTOM
MPOCTPAHCTBE C OONBIION Maccoil TOPIOYMX BEHIECTB 0N Y4YacTUS BO B3pPBIBE MOXKET
npuauMatbes 0,1. B oTmensHBIX 000CHOBAHHBIX CIy4asX JIOJII YY9acTHs BEIIECTB BO B3PBIBE
MOJKET OBITH CHIIKEHA, HO He MeHee yeM 10 0,02.

J1J1s TPOM3BOICTBEHHBIX TIOMEIICHHH (3IaHUH) U IPYTHX 3aMKHYTBIX 00BEMOB 3HAYCHUS Z

MOTYT PUHUMATHCSI B COOTBETCTBUU C Tabm. 15.
IIpumep. B npousBoacTBEHHOM TOMEIICHHH Haxoautcs ammapaT ¢ Oenzonom CeHs. Macca
xuakocty B anmapare 20 xr. B pe3ynbrare aBapuu ammapar pa3pylieH, )KUIKOCTh OCTYIHIIA B
MOMEIIEHUE ¥ TIOJHOCTHIO HCMApWIach. BBMHUCIUTH TPOTHIOBBIA HSKBHBAJICHT B3pbIBa
napoBo3ayuHoi cMecu. Tersora cropanus 6en3oina cocrasiseT 3169,4 k/[x/mMob.

Pemenue.

1. Omnpenenum Hu3IIyIO TeIOTy cropanus 6enszona M(CesHg) = 78 Kr/KMOITB.
310¥.4-1U00

Oun= 78 = 40633 x/x/KT.
2. Jlys DEerKoBOCIUIAMEHSIONIENCS JKUIKOCTH OEH30/1a B 3aMKHYTOM MOMEIEHHH
z=0,3.
3. PaccumTaeM TPOTHIIOBBIM SKBUBAJIEHT B3PhIBA
0,4 40633
Wr= - +0,3-20 = 25,6 kr.
0,9 4240

3aganue 119 caMOCTOSITeIbHOI padoThI.
3agaya 15. B 1npou3BOACTBEHHOM IOMEUICHUM HAXOAUTCS amnmapar ¢ Troproyeit
KUIKOCThI0. Macca XKHIKOCTH B ammapare m, Kr. B pe3ynbpraTe aBapuu ammapaTr pa3pyLleH,
XKHUJIKOCTh IIOCTYNIWJIA B IOMELIEHHE U IOJIHOCTbIO HCHapuiach. BBIYMCINTE TPOTHIIOBBIM
SKBUBAJEHT B3pbIBa MapoBO3AYIIHOM cMecu. Temnora cropaHus BemiecTBa cocrasiisieT QH,
k/[x/Monb. VcxonHbIe TaHHBIC IO BapUaHTaM MPUBEICHBI B Tabmuie 17.
3apanue Kk 3agauye Ne 15.

Tabnuia 17.
0 BemectBo Macca, kr Tertora cropanus,
Bap. kJ[>x/Mob

1 | Amunanerar C7H140; 10 3889.9

2 | Amuossiii crimpt CsH .0 11 3383,6

3 | Aneraapaerun CoH4O 12 1192,48

4 | Aueron C3HsO 13 1821,38

5 | byrunanerar C¢H 1202 14 3285

6 | byrunossiii ciupt C4H100 15 2728

7 | I'ekcan C4H 4 16 3887

8 | I'excunossriit cniupt CsH140 17 4044,6

9 | I'enran C7Hjs 18 4501

10 | Hexan CjoHa 19 6346

11 | Hudtwnamua CsHi N 20 2550,8

12 | U3onentan CsHi» 21 3264

13 | Metunnponmikeron C4HgO 22 2918

14 | Honan CoHzo 23 5731

15 | Oxrtan CgHig 24 5116

16 | Ilerran CsHi, 25 3272

17 | lImpumun CsHsN 26 2822
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18 | Ctupon CgHg 27 4438,8
19 | Tomyon C7Hg 28 3771,88
20 | Orumanerar C4HgO» 29 2078

IIpakTnyeckoe 3ansaTue Ne 16.
Tema: «Pacuer paguyca 30H pa3pylieHusD»).
Ilenp: HayYUTHCSA PACCUUTHIBATE PALNYC 30H PA3PYyLLECHMUSL.
TeopeTnyeckasi 4acThb:

3HayeHuss M30BITOYHOTO [JaBJIEHUS B3pblBA U TPOTWIOBOTO HKBUBAJIECHTA B3pbIBA
HCIIOJIB3YIOTCA JUISl pacueTa pajnyca 30H pa3pyLICHHUM.

30H0i1 paspylIeHHsl CUMTAETCS IJIOLAAb C TPaHMILIAMHU, ONPENENIIeMbIMU paguycaMu R,
LEHTPOM KOTOpPOHl $IBISIETCS paccMaTpUBAaEMBbIl TEXHOJIOTMYECKUH ONOK wiu Haubolsee
BEPOATHOE MECTO pa3repMETU3aLUN TEXHOJIOTMYECKON CHUCTEMBI. ['paHMIBl KaXI0H 30HBI
XapaKTepU3yIOTCsl 3HAUYEHUSMU H30BITOUHBIX JaBJIEHUH 1O (GPOHTY ynapHOoW BoyiHBI AP u
COOTBETCTBEHHO Oe3pa3smepHbIM ko3¢ dummentom K. Kiaccubukanus 30H paspylieHus
npuBoauTcs B Ta0. 18.

Tabnuua 18.
Knaccugpuxayus 30n paspywenus.
Kiacc 30HbI pa3pyieHust K AP, xIla
1 3,8 >100
2 5,6 70
3 9,6 28
4 28,0 14
5 56,0 <2,0

Pannyc 30HBI pazpyuieHus (M) B 00IIeM BUIE ONPEACISIETCS BRIPAKCHHEM

R= K( 3 \/WT
14( W )2)1/6

rae K - 6e3pasmepHsblil k03ppuumeHT, XxapakTepu3yomuili BO3eiiCTBIE B3pbiBa HA OOBEKT.

IIpu macce mapoB T Oosee 5000 Kr paguyc 30HBI pa3pyLICHUS MOXKET ONPEACIATHCS
BBIpA)KEHHUEM

R=K-3+v/Wg

IIpumep. Omnpenenuts paguyc 30H pa3pyLICHUH B IOMEIIECHUH, IA€ IPOU3O0ILIO pa3pylleHUE
amnmapara ¢ TOJIyOJIOM. Y CJIOBHE U3 TPaKTUUYECKOro 3aHsaTust Ne 14,
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Pemenue.

1. Onpenenum Hu3OIyto Terwioty cropanus Toiryona M(CsHsCH3) = 92 kr/kmous,
AHcrop = - 3771,9 x»/momb,

Qu ﬂsyw = 40999 xJIx/KT.

2. Z[J'IH JIETKOBOCILIAMEHSIOIIEHCS KUAKOCTU OcH3011a B 3aMKHYTOM IIOMCUIICHUU Z = 0,3
3. Paccuur OTHJIOBBIM SKBUBAJICHT B3pEIBa
Ao P

Wr=2%e_ """ ¢0,3¢37 =47,7xr.
0,9 4240

4. B cooTBetcTBUHU € pacuetoM B mpumepe AP = 10,9 kl]a.
Torna mo Tabmurie 6.2 kiacc 30HbI pa3pymieHuit 4 u koadgdunuent K = 28.
5. Panuyc 30HBI pa3pylIeHUN COCTaBUT

R=128:

° =24.9m
JAT7
(1+(igg)2) 1/6
47,7

3amanue 115l CAMOCTOAATEIbHOM PadoThI.
3agaua 16. OmnpenenuTs paguyc 30H pa3pylIeHUM B MOMEIIEHUH, TA€ MPOU30ILIO0
paspylIeHHe anmapara ¢ 3a/IaHHbIM BEIIECTBOM (CM. YCIIOBUE U3 3aJ]a4H MPAKTHIECKOTO 3aHSATHUS
Ne 14. UcxonHbie qaHHBIC TIO BapHaHTaM MPUBEACHBI B Tabmwuie 19.
3aganme K 3agade Ne 16.

Tabmaue 19
Ne Bap 1 2 3 4 5 6 7 8 9 10
AHcrop, | %99 | 3823 33836 | 119248 | -1821,38 | -3169.4 | -3285 2728 3887 -4501
kJ[>x/mMoIb
Ne Bap 11 12 13 14 15 16 17 18 19 20
AHcrop, 1284 2323 1076 2531 27234 | 20514 | 7368 3272 2822 44388
kJ>x/MoB

IIpakTH4yeckoe 3ansitue Ne 17.
Tema: «Onpenesenne B3pbIBOONACHOCTH CMECH TOPIOYNX Ta30By.
Leab: HAyYUTHCS ONPEACIIATh B3PHIBOOIIACHOCTh CMECH T'a30B.
Teopernyeckasi 4acThb:

B3peIBBI TOpIOUNX Ta30B HA MPEANPHUATHSIX OTHOCSTCS K HanOoJiee OMACHBIM aBapHsiM U
NPUBOJAT, KaK MPaBUIIO, K TPYIIIIOBOMY TpaBMAaTH3MY C TSDKEIBIMHU rociieacTBusiMu. Hanbonee
pactpoCTpaHEHHBIMH TOPIOYMMH Ta3aMH, KOTOPHIE MOTYT BBIJACISATHCS HA TPEANPUATHIX B
aBapI/II\/'IHI:IX CI/ITyaI_[I/IHX nu O6p2130BI:IBaTb C BOSI[yXOM B3prBOOHaCHbI€ CMCCHU, ABJIAIOTCA MCTaH,
OKCHJ| yTJIepo/a, BOAOPOJ, 3TaH, aneTwieH. [Ipeaenbl B3phIBAEMOCTH B BO3JyXE HAXOIATCS:
okcuaa yriepoaa ot 12,5 % no 75 %; Bonopona ot 4,1 % no 74 %; srana ot 3,2% no 12,5 %;
anetrwieHa ot 3,0 % 1o 65 %. [lo Mepe CHM>KEHUS KOHIIEHTpAllMU KUCIOpOJa B Ta30BOM CMECH
(HampuMmep, 3a cueT J00aBKM MHEPTHBIX I'a30B) MPENeNbl B3PHIBAEMOCTH STHX TOPIOYMX Ta30B
YMEHBIIIAOTCS.

Haubonee wyacto BcTpeuaromasicsi B IIaxTaX METaHO-BO3AYIIHAss CMECh B3pBIBAETCS HPHU
KOHIIeHTpauuu metana ot 5 10 15 %. Cwmecsk, cogepxkamas 10 5 % MeTaHa, HE B3pbIBYaTa, HO
MOXET IrOpeTh IPU HAJIMYUKM UCTOYHHMKA BBICOKOM Temmeparypsl. IIpu koHUEHTpanuu meTaHa
6omee 15 % cMech He B3pbIBUATA U HE MOIJEPKUBAET FOPEHHUS, @ C IPUTOKOM KHCIOPOJa U3BHE
FOpI/IT CHOKOﬁHBIM INIaMEHEM B 30HC HCpCMGH.II/IBaHI/ISI 9TUX T'a30B. HaI/IGOHLHleﬁ CHUJIbI B3prB
JOCTUTAeT NpPU KOHUEHTpanuu meTaHa 9,5 %, Tak Kak B 3TOM cClly4a€ Ha €ro C)KUraHue
HCIIOJB3YETCSl BECh KUCIOPOJ BO3ayxa. Temmneparypa B3pblBa METAHO-BO3AYIIIHON CMECH MOXKET
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nocturatb 2650°C, ecnu B3pbIB MPOU3OLIENT B 3aMKHYTOM mpoctpaHcTtBe, U 1850°C, eciu
MPOAYKTHI B3pbIBa MOT'YT CBOOOHO pacpOCTPAHSATHCS.
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[lpn mepeMemmBaHMM METaHa C BO3IYXOM KOHIIGHTpAIMs KHCIOpOJa B CMECH
CHUKAETCSl TO JIMHEWHOW 3aBUCUMOCTH OT 21 % (comepikaHue Kuciaopoaa B aTMOCHEpHOM
Bo3ayxe) 1o 0 mpu 100 % conepkanuu metana (puc. 7.1).

Ck,% 1

16

12

0 4 8 12 16 Cu%

IIpu xoHuentpauum MetaHa or 5 % 10 15 %, UYTO COOTBETCTBYET COAEPIKAHUIO
kuciaopona B cmecu or 18 % no 20 %, cMech ropur u B3pbiBaerTca. ONHAaKoO B peajbHBIX
YCIIOBHUSX IIaXThl KOHLUEHTPALKS KUCIOPOAAa MOXKET ObITh CYyLIECTBEHHO MEHbIIIE 0003HAYE€HHBIX
NPEeNIOB U3-3a COPOIMU KUCIOPOAA YIJIeM, MOTJIOIIEHHUs IPU TOPEHUH, a TaKXKe 00pa3oBaHus U
BbIJIEJICHUS] HTHEPTHBIX T'a30B. [l0aTOMy mpesesnsl B3pbIBa€MOCTH CMecel METaHa ¢ BO3/LyXOM IpHU
pasNuYHbIX KOHUEHTpauuax kucinopoaa (Ck) MOXKHO ONpPEAETUTh IO TPEYroJbHUKY
B3pbIBaeMocTtu (puc. 7.1).

TpeyronbHUKN B3phIBAEMOCTH FOPIOYUX T'a30B CTPOST MO IKCHEPUMEHTATbHBIM JaHHBIM,
MOJIyYeHHBIM Ha Ja00paTOpPHOI yCTaHOBKE. DKCIIEPUMEHTHI, IPOBEIECHHBIE CO CMECSIMH Ta30B,
MOKa3ajH, YTO B3PBIBOOMACHBIE KOHILIEHTPAIIMHU DPACIOJIOKEHbI B 00JIacTH, MMerolei Gopmy
TpeyroyibHuKa (001acTh 2).

N3 puc. 7.1 BUAHO, YTO HAOIIOJAETCS TMOCTENEHHOE CY)KEHHWE HIDKHETO W BEPXHETO
KOHIIEHTPALlMOHHOI'O TNpE/ea B3PbIBAEMOCTH CMECH METaHa C BO3IYyXOM BIUIOTH O BBIXOJA B
TOYKY MpU 00BEMHOU J10Jie KHuciaopona, paBHOU 12,2 %. DTo CBA3aHO B LIETTHBIM MEXaHHU3MOM
nepeayy TemIoBOr0 UMITyJIbca 3aKuranus. B obmactu 3 ans ocyIiecTBIEHUS HEMHON peakiuu
OKHCJIEHUSI HEIOCTATOYHO MOJIEKYJI ME€TaHa, B 00J1acTH 4 — MOJIEKYJI KUCJIOpOAa.

«TpeyronpHuK B3pBIBAEMOCTH» JUIsl APYTHUX TOPIOYMX ra30B UMEET TOT )K€ BUA, YTO U
JUIs MeTaHa, HO pa3MyHble pa3Mmepbl. B3pbiBaeMOCTh CMECH TOprOYMX Tra3oB MPHU MOIA3EMHBIX
[oJKapax TaKXe OIpeleNsieTcs ¢ IIOMOIIBI0 «TPEyrojbHHKA B3pbIBAEMOCTH». HipkHui
KOHIICHTPAIIMOHHBIN TIpe/Ie]T B3PIBAEMOCTH CMECH TOpIOYMX Ta3oB (B 00. %) omnpeaensercs mo
bopmye, npeznoxenyoii Jle llarense:

0=100/" +_" + --- (7.1)

N1 N2

rae nl, n2, ...ni — 00bEMHOE COJIEpKAHUE KaXKIOTO TOPIOYEro KOMIIOHEHTA B CMECH TOPIOYNX
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ras3os, %;
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N1, N2, ... Ni — HWKHHE KOHIIEHTPAIIMOHHBIC TMPEAENbl B3PHIBAEMOCTH KAXJIOTO U3 3TUX
KOMIIOHEHTOB, %0.

O0beMHOE cofepKaHHE KaXJIOro TOPIOYero KOMIIOHEHTa B CMECH TOpIOYUX Ta30B
OTIPEIENISAIOT TI0 hopMyJIe

HOC (7.2)

SL Ci
1

rae Ci — KOHIIEHTpaIUsi COOTBETCTBYIOIIErO T'OPIOYEro raza B CMECH C BO3AyXoM, %o.

®opmyna Jle - [llarense BepHa U1t OOMBIIMHCTBA YIIIeBO1Opo1oB. OHAKO Ui cMeceH,
COCTOAIIMX M3 CHUJIBHO pa3IMYAIOIIUXCA [0 CTPYKTYpE OpPraHMYECKMX KOMIIOHEHTOB,
MPUMEHSAEMOCTH 3TON (OPMYIIBI YXYALIACTCS.

Jlis OLeHKH B3pBIBAEMOCTH CMECH TOpIOYMX Tra30B BHauaje ompezensercs oobiiee
CyMMapHOe cojiepkaHue roprounx razoB (%). s Hambonee pacrpoCTpaHEHHBIX B YTOJBHBIX
[IaxTax roploYMx ra3oB HCMONb3yeTcs Gopmyna

Cr=Cm+ Co+Cs,(7.3))

rae Cm, Co, CB — KOHLIEHTpAIMsI COOTBETCTBEHHO METaHa, OKCHJIa YIIEepOoaa U BOJAOPOa,
%.

3aTeM pacCUMTBIBAIOT JIOJIFO KayKJOr0 FOPIOYET0 ra3a B CMECH 110

BeipakerusiM: PmMm = Cm/Cr; Po = Co/Cr; PB = Cg/Cr. (7.4)

[IpaBunbHOCTH pacueTa mpoBepsercs 1no cootHomenuo Pm + Po + P = 1. (7.5)

[To mosry4eHHBIM JaHHBIM BBIOHMPAIOT COOTBETCTBYIOLIUI TPEYTOJBHUK B3pPHIBAEMOCTH.
3aTeM KOHLIEHTpALMI0 KHCIOpOJa B CMECH HAHOCAT HA OCh OPAMHAT, & CyMMY KOHILIEHTpalui
rOpIOYMX ra3oB Ha OCh abCLKCC HAa COOTBETCTBYOIIEM rpaduke (puc. 7.2.—7.7.) U B TOUKE UX
IIEPECEUECHUS ONPEIEIIAI0OT MECTOHAX0XKICHNE TaHHOW cMecH. B ciyuae, eciin HaliileHHas! TOUKa
HAXOJUTCSI BHYTPH «TPEYroJbHUKA B3PHIBAEMOCTHU», TO Ia30Basi CMECh MOKET B30PBAThCS IMPU
IIOSIBJICHUH MCTOYHHUKA OTHS WJIX NOBBILIEHUH TEMIIEPATYPHI ra3a.

Tax, nmpousBeneHHbIN 0TOOp P06 raza u3 arMocgepsl MOKAPHOTO yYacTKa [0Ka3all, YTo
ra3oBas cMech coaepxut kucnopoaa (Ck) 15 %, okcuna yrinepona (Co) 0 %, merana (Cm) 2,1 %
u Boznopoza (Cs) 1,4 %.

3arem no gopmyie (7.3) HOACUUTHIBAEM, YTO KOHLIEHTPALMs CyMMbI roprounx razos (Cr)
paBHa 3,5 %. Jlons okcuna yriaepoaa B cmecu roprounx rasos (Po) paBna 0, a nosig merana (Pm)
cocrasiset 0,6.

Hcxons M3 pacyeTHbIX JaHHBIX, BbIOMpPAaEM COOTBETCTBYIOLIUI  TPEYTOJbHUK
B3pbIBaeMocTH (puc. 7.2.). 3areM Ha ocH rpaduka puc. 7.2 HAHOCUM 3HA4YEHUs KOHIIEHTpaLui
KHCJIOpOJIa U CYMMBI I'OpPIOYMX Ta30B U HAXOJUM TOUKY X, COOTBETCTBYIOIIYIO COCTOSHHUIO
aTMOcC(epbl OKapHOTO y4acTKa.

U3 rpadguka BUIHO, yTO TOuka X pacIOJIOKE€HA BHE «TPEYroJIbHUKAa B3pPBIBAEMOCTHY,
[I03TOMY Ha JaHHBIH MOMEHT CMECh 'OPIOYMX a30B HE MOXKET B30pBaThCsl. OqHAKO HalJCHHAS
TOYKA HAXOJUTCS BOJM3M HIKHErO0 KOHIIEHTPALMOHHOIO Ipefesia B3phIBAEMOCTH CMECH U
HE3HAUUTENIbHOE HW3MEHEHHE, CIIOCOOCTBYIOIIEE YBEIMYCHHMIO KOHIEHTPALUU TOPIOYHMX
KOMIIOHEHTOB B pyAHUYHOU aTMOc(epe, MOKET MEPEMECTUTH TOUKY X B 30HY B3PbIBAEMOCTH.

ITo rpaduky pacronokeHust 30HbI B3pbIBAEMOCTH FOPIOYHMX I'a30B MOXKHO OIPECIIUTh,
KyZa OylIeT cMelarhcsi ToukKa, 0TOOpa)karoliasi COOTBETCTBYIOUIYIO I'a30BYI0 CMECh, B CIyyae
M3MEHEHHS KOHIIEHTPALUU COCTABISIOIMIMX €€ KOMIIOHEHTOB (KHMCJIOPOAA, TOPIOYUX Ta30B U
MHEPTHBIX ra30B). Tak, JIMHUSA, COEUHSIONIAs MOTYYeHHYIO TOUKY X C TOUKOW A, MOKaXeT, KyJ1a
OyZeT cMeIaThCsi CMECh B CIy4ae YBEIMYEHHUsS IOJa4M CBEXKEro BO3yXa M, COOTBETCTBEHHO,
pocTa B HEW KOHIICHTpaluu Kuciopona. M3 puc. 7.2 BuaHO, 4TO J00ABICHHE CBEKETO BO3IyXa
IIPUBENET K CHW)KEHHUIO KOHLEHTPALIMU TOPHOYMX Ta30B U YJAJICHHUIO CMECU OT TPEyrOJIbHHMKA
B3pPBIBAEMOCTH.
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[Tepememienue Touku X Mo JIMHUHU, COEIUHSIONIEH €€ ¢ Toukoi B, mporcxoaur B ciaydae,
€CIIM B CMECh T'a30B OYIyT N00aBIATHCS UHEPTHBIE ra3bl. C 9TOM 1eNbI0 B ONACHYIO 30HY MOTYT
HarHeTaTh a30T, YIVIEKUCIBIA a3, aproH W APYTue rasbl, HE MOJIEPKUBAKOIIAE TOPEHUS U
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CHMKAKOIIHUE KOHOCHTPALIMK B CMCECH KHUCJIOPOAa W T'OPHOYUX TI'd30B. CormnacHo puc. 7.2 Takoe
BOSﬂeﬁCTBHG TAKKEC yAaJIA€T CMECH OT TPCYT'OJIbHUKA B3PbIBACMOCTHU, YTO YMCHLIIACT OITACHOCTD
B3pbIBa CMCCH.

Ck
%, A

-

1038

0 8 16 24 Cr%

Puc. 7.2. Tpeyzonvruuxu e3pvieaemocmu cmecu 20piodux 2a308 npu omcymcmeuu
oxcuoa yenepooa (P, = 0)

Pu 090807060504 0,




16

24

Cr %
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Puc. 7.3. Tpeyzonvnuxu 63pvieaemocmu cmecu 20pioyux 2a308 npu 0ojie oKcuod
yenepooa 0,1

Pw 0,8 0,7060,50,4 03, C

0 8 16 24 Cr%

Puc. 7.4. Tpeyeonvhuxu 83pvleaemocmu cmecu oproyux 2a308 npu 0ojie oKcuod
yenepooa 0,2

C I
o oA P, = 0,3
/

==

Pw 07060504 0, 3

16

\
V
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0 8 16 24 C:%

Puc. 7.5. Tpeyeonvnuxu 83pvleaemocmu cmecu oproyux 2a308 npu 0ojie oKkcuod
yenepooa 0,3
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Puc. 7.6. Tpeyzonvnuku 63pvleaemocmu cmecu 2oproyux 2a308 npu 0ojie oKcuod
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Puc. 7.7. Tpeyeonvuuxu e63pvieaemocmu cmecu 2opoyux 2a3oe npu o0oje
oxcuoa yenepooa 0,5
B ClIydyac OOIIOJHUTCILHOI'O BBIACIICHHUSA TOPHOYUX Ia30B, HPUBOAALICTO K YBCIIMYCHUIO
UX KOHIIGHTPAlMM B CMECH, TOYKa X, OTOOpa)karoliasi COCTOSHHE CMECH TIa30B, HAuyHET
nepemeniathes kK Touke C. [l nmpuBeeHHOro Ha puc. 4.2 mpuMepa 3TO 03HAa4aeT BXOXKICHUE B
TPEYTOJIBHUK B3PBIBAEMOCTH M OOpa30BaHHE B3PBIBUATON CMECH. YBEJIMYCHHE KOHIICHTPAIMU
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rOpIOYHX Ta30B B PyAHUYHOU aTMocdepe MOKET MPOMCXOAUTH MPH U3OJSAIHMOHHBIX paboTax,
CHIDKEHHUH TIPUTOKA CBEXEro BO3JyXa IPU COXPAHSIOIIENWCS HMHTEHCUBHOCTH BBIJICICHUS
rOpIOYHX ra3oB. TakuM oOpa3oM, HMCIONIB30BAaHUE «TPEYTOJBHUKOB B3PHIBAEMOCTH» B IaXTax
IIPU TYLIEHUH I0XKAPOB MO3BOJISIET HE TOJIBKO OLIEHUTh BO3MOXHOCTH B3phbIBa 0Opaszyroliencs
CMECH Ta30B, HO U MPOAHATM3UPOBATh, KaK OyJeT U3MEHATHCS CUTYallUsl B TIOKAPHOM yUYacTKe B
Clly4ae YBEJIMYEHHUS BBIIEJICHHUS TOPIOUMX Ta30B, IMOBBIEHUS WIA CHUXKEHHSI KOJIWYECTBA
M0JIaBa€MOTO CBEKET0 BO3/yXa WM MPHU MoJaue UHEPTHBIX Ta30B. COOTBETCTBEHHO MOSBISETCS
BO3MOYKHOCTh BBIOOpa HambOosee 3pGEeKTUBHOTO crioco0a MpeAOTBPALICHUS B3pPhIBA TOPIOYHAX
ra3oB.
3ananue 1151 CAMOCTOSITEJILHOM PadoOTHI.
3amaua 17.
1. W3 npennoxxeHHBIX B Tabmuiie 20 BapuaHTOB BHIOMPAIOT 3aaHHBIA COCTaB CMECH Ta3oB,
BO3HHKIINK B aTMOC(]epe MoKapHOTo y4acTKa.

I[To dopmynam (7.1) u (7.2) omnpenaenstoT HWKHUN KOHIEHTPAITMOHHBIA TIpeae
B3pPBIBAEMOCTH CMECH 3THUX FOPIOYMX I'a30B.

3atem o gopmyiie (7.3) pacCUUTHIBAIOT 001IE€e COAEP)KaHNE TOPIOYHNX Ta30B, a 1Mo Gopmyie
(7.4) nomo xaxmoro roprouero rasa B cmecu. Ilo gopmyne (7.5) mpoBepsitOT MpaBHIIBHOCTH
pacuera.

2. Ilo paccuMTaHHBIM JAaHHBIM Ha PUCYHKax 7.2—7.7 BBIOMPAIOT COOTBETCTBYIOIIMUA JOJIU
OKCHJIA YIJIepoJla TPEYroJbHUK B3PHIBAEMOCTH TOPIOYMX Ta30B U IepedepyrBalOT €ro B
TETpajb.

3. Hanocsart Ha BeIOpaHHBIN rpaduK 3aJaHHYIO TOUKY M OMpPENEISIOT BO3MOXKHOCTD B3pbIBa
CMECH FOpIOYMUX ra3os.

4. AHanu3upylT OMACHOCTh B3pbIBa B CiIy4yae YBEIMYEHHUS HHTCHCHUBHOCTH BBIJEIICHUS
TOpIOYMX I'a30B, YCHIEHUS IPOBETPUBAHMSI CBEKUM BO3yXOM U IIPH [10/1a4€ UHEPTHBIX ra30B.

5. BeiOuparoT onTUManbHBIN ITyTh TPEIOTBPAIICHUS B3PhIBA CMECH TOPIOYHX T'a30B.

3aganue K 3agade Ne 17.

Taomuue 20
Bapuant CocraB atMocdepbl MoX)apHOTO y4acTka, %
Kucnopon Meran Okcupa yriiepoja Bonopon
1 17 4 0 0
2 8 6 2 12
3 10 7,2 1,8 9
4 16 1,9 0 1,9
5 12 8 1,6 6,4
6 14 7 1 2
7 18 32 0 4.8
8 16 6,4 0,8 0,8
9 15 3 2 5
10 16 12 0 0
11 13 3,6 1,8 4,6
12 12 4 1,6 2.4
13 14 8 0 2
14 11 4,2 1.4 1,4
15 16 4.8 1,2 0
16 17 1,5 1,5 2
17 18 1,6 1,2 1,2
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18 16 4 24 1,6
19 15 7,2 3,6 1,2
20 14 10,5 4,5 0
21 14 4,8 6,4 4,8
22 13 72 7,2 3,6
23 12 10 8 2
24 10 14,4 9,6 0
25 13 7,2 12 4,8
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[Ipunoxenue 1

Cmanoapmuule snmanvnuu 06pazo0e8anus u SHMponuy Hekomopwix eewecms npu 298 K

rJI\/rl('; BemecTBo ﬁg;;ii ; S’, /MoK
1 VYrnekucnsiii raz CO; (1) - 393,5 213,7
2 Bona H>O (1) -241,8 188,7
3 A3zot N> (1) 0 191,5
4 02 (1) 0 205,0
5 Byran C4Hio (1) - 126,2 310,1
6 [TenTan CsHiz (T) - 146,4 3489
7 I'excan CeHi4 (%) - 198,8 2959
8 I'enrran C7Hi6 (k) -224.4 3285
9 Oxran CsHig () - 208,5 466,7
10 | Hukmonentan CsHig (1) -77,2 2929
11 | Hukmorekcan CsHiz (T) -123,1 298,2
12 | Auerunen CoH (T) 226,8 200,8
13 | Otunen C,H4 (1) 52,3 2194
14 | Ilponen C3Hg (1) 20,4 266,9
15 | Byren-1 C4Hg (1) -0,13 305,6
16 | byraguen-1,3 C4Hg (T) 110,2 278,7
17 | benzon CsHs () 49,1 173,2
18 | Tomyon C7Hs (k) 12,0 219,6
19 | o- Kemmon CsHip (k) 19,0 352,8
20 | m-Kcunon CsHio (k) 17,2 357,7
21 | Metunossiii ciupt CH30H (k) - 238,7 126,7
22 | Orunossiii crimpt CoHsOH (k) -277,6 160,7
23 | [Iponunossit cnupt C3H70H (k) - 306,9 192,9
24 | NzonpormtoBbiii ciupT C3HsO(Kk) - 320,3 179,9
25 | Meranais HCOH (1) - 1159 220,1
26 | Dranans CH3COH (1) -166,4 265,7
27 | Mypasbunas kucnora HCOOH (k) - 409,2 128,9
28 | Ykeycnas kucinora CH;COOH (k) - 487,0 159,8
29 | Ameron CH3COCH3 (k) -2483 1554
30 | Orunanerar CH3COOC:Hs (k) -463,2 259,0
31 | I'munepun C3HgOs3 (k) - 6594 207,9
32 | Jumerunamun (CH3),NH -27,6 273,2
33 | Aammun CgHsNH; 35,3 191,6
34 | Hutpob6enszon CsHsNO» 15,9 2443
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[Ipunoxenue 2

Huszwas menioma C2OpaHUsl HEKOMOpPbLX CIIOINCHBIX 6EUECN6

BemecTtBo Qu, xJx/kr Bemectro Qu, kx/kr
AHTpauur 31425 Kunormnenka
benzun 46928 TpualeTaTHas 18779
bymara 13408 LEJUTYJIONTHAS 16760
Bypstlit yronb 8380 — 25140 | Koke 29330 - 33520
Bununnacr 18105 Kpaxman 17510
BonokHo Maszyt 38129 — 41900
BHUCKO3HOE 15512 Macno
KalpoHOBOE 31132 COJISIPOBOE 43069
JIaBCaH 22584 Hedts coipas 43576 — 46090
HUTPOH 30755 [Tenononuyperan 24320
HpeBecruna [Tonunponunexn 45671
ceexas W= 50 % 7150 [Tomuctupon 38967
BO3yIIIHOCYXast 14665 IlonuaTrnexn 47138
Hckonaemplit Pe3nna 33520
Yroip 25140 — 35615 | CiaHups! 5782 — 11564
Kap6omaut 25978 Oprcrexio 27737
Kayuyx Tormuso T-1 42948
HaTypaJIbHbIN 42319 Tommuso T-2 43157
CUHTETUYECKUI 37710 Topd cyxoit 27654
Kampomnakram 29749 Topd W =10 % 16613
Kepocun 41481 — 46090 | Llemtronosa 17300
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[Tpunoxxenue 3

Oumanvnus (meniocooepaicanue) 2a308 npu NOCMOSHHOM 0A81eHUU

Temneparypa, Tennoconepsxkanue, KJ[/KMOb
0,
re 02 N> Bo3nyx CO, H,O SO,

100 2956,0 2917,0 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 14044,9 18167,8
500 15678.,9 14945,7 15058,8 22303,4 17828,4 232754
600 19072,9 18104,9 18255,8 27473,8 21733,5 285339
700 22521,2 | 21331,3 21524,0 32795,1 25772,7 33876,1
800 26019,9 | 24616,2 24842,5 382379 29937,5 39285,5
900 29564,6 | 27955,7 28211,3 43785,5 342323 44799,5
1000 33142,9 | 31337,0 31621,9 494420 38648,5 50321,9
1100 36750,5 | 34760,2 35074,5 55140,4 43198,9 55907,2
1200 40391,6 | 38221,2 38560,6 60922,6 47807,9 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 78562,5 62347,2 78436,8
1600 55182,3 | 52375,0 52794.,0 84554,2 67333,3 84135,2
1700 58953,3 | 55936,5 56397,4 90545,9 72445,1 89821,0
1800 62766,2 | 59539,9 60000,8 96579,5 77598,8 95557,1
1900 66579,1 63143,3 63646,1 102613,1 | 82794,4 | 101184,3
2000 70392,0 | 66788,6 67333,3 108646,7 | 88073,8 | 107012,6
2100 74246,8 | 704339 71020,5 1147222 | 93395,1 112715,2
2200 78101,6 | 74121,1 74707,7 | 120839,6 | 987583 118451,3
2300 81998,3 | 77766,4 783949 | 126915,1 | 104163,4 | 124220,9
2400 85936,9 | 81453,6 82124,0 | 133032,5 | 109631,3 | 130024,1
2500 89875,5 | 85140,8 85853,1 139149,9 | 115141,1 | 135756,0
2600 94015,2 | 89003,9 89330,8 | 1453259 | 119398,2 | 141513.,0
2700 97857,4 | 92653,5 93105,9 | 151481,1 | 124782,4 | 147295,2
2800 101833,7 | 96437,0 96789,0 | 157560,7 | 130342,5 | 152985,3
2900 106124,2 | 100488,7 | 100488,7 | 163795,5 | 135848,2 | 158813,6
3000 110113,2 | 103828,2 | 104205,3 | 169946,4 | 141161,1 | 164667,0
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Oumanvnus (mennocodepaicanue) 2a308 npu NOCMOAHHOM OABIeHUU

[Ipunoxenue 4

Temmneparypa, Temnoconepxanue, KJx/m°
0

re (023 N> BO3YX CO, H,O SO,
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 5514 5287 532,1 772,6 626,8 824,6
500 669,3 666,6 672,0 925,1 786,2 10349
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 13353 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 22374
1100 1639,5 1551,1 15649 2460,4 1926,5 2488.8
1200 1802,1 1705,3 1720,4 2718,5 21339 27352
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 34882
1600 24624 2335,5 23552 3771,4 3004,2 3747,5
1700 2630,5 24959 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 28404 4579,7 3693,5 4529,8
2000 3140,8 2979,9 3004,2 4847,8 3928.,5 4667,6
2100 3311,7 31429 3167,6 5118,2 4166,1 5059,4
2200 34978 3306,3 33323 5392,5 4405,8 5337,2
2300 3659,1 3469,3 34974 5660,7 4667,1 5608,7
2400 38343 3633,1 3663,3 5933,0 4890,9 5892,8
2500 4009,8 37974 3828,8 6209,6 5136,5 6169,8
2600 4184,9 3953,9 3988.,4 6487,4 5387,1 6460,1
2700 4368.9 4135,9 4156,5 6761,8 5639,3 6753,8
2800 4546,1 43044 4320,7 7033,3 5897,8 7050,9
2900 4729,2 4469,0 44849 7311,1 6159,3 73513
3000 49149 4634,5 4652,1 7589,7 6425,8 7655,1
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3adal1ue 1e 3adwite 6.3

Tabmuab.s5

)1 et ttear 10 L HKIT | 1(h{C'TIL A1) )pillieHUI! AnryfLlil p._. | Pnw, ES” Cpel - .MC- U, e R
MJ) eltteert "C % Kr/m® Ul wenwst m/f; MJ ¢ v
A B C Im | bm [Jrm ’
m
c
"
U +43 | 1,08 | 6.29150 | 1529.S10| 221,365 | 8756 | 735 | 25 | 25 | 5 | 15| 01 | o0 [078]38] 1.5
2 | As"-cl CIH 8 | 1,49 | 501048 | TOM2011| 220,783 | 137 | 780 | 0 | 12 [ 4 | 16 | 02 | 0.04 [0,66]37 | 1.0
Me AM.TIJIONBIH A -
3 | emopresin 110 +48 | 146 | 63073 | 1287,625| 161330 811 [ 737 | 18| 15 [ 3 | 17] 03 | 005 |091]36] 09
4 Q;ﬁg‘““” 40 | 412 | 631653 | 109;1,537| 233:413 | 7834 | 648 | 22 | 17 [ 4 | 18 | 0.1 | 0.06 | Q8|35 1.0
5 [ AlioronC O IS| 2.7 | 637551 | 1281721 237,088 | 7908 | 572 | 30 [ 20 [ 5 | 19 [ 02 [ 007 [0.56[34 [ 05
6 | Bewo. C.H. 1 1] 143 | 5.61301 | olR27S | 178009 | 873,05 | 882 | 28 | 16 | 6 | 20 | 03 | 0,08 [0.93]33 [ 0.7
7| Bypraernt +20 | 135 | 625205 | 1430418 | 210,74:1| 8825 | 755 | 2i [ 15 |5 | 2.1 01 [ 003 |078|34 | 1.2
S| omimieo | +35 | 18 | 872230 | 266684 | 279638 | 8055 | 716 | 28| 20 | 4 | 22| 02 | 004 [o68|35]| 15
[ Tercan Ciit 23 | 124 | 599517 | 1166274| 223661 | 65481 | 848 | 32 | 24 | 5 | 23 | 03 | 005 [0.54]35 [ 13 |
10 | retnatcrni, —4 | 107 | 607647 | 1295405 | 219819 | 683,76 | 843 | 40 | 20 | 6 | 24 | 0.1 | 006 | 0,62]37 [ 10 |
N.N-
11 | nmwxetHndopma,. 53| 235 | 6,15939 | 1482,9-85] 204,342 [ 950 618 | 38 | 24 | 3 251 02 ] 007 [Q73]38 | 11
eou.nC, 3H)N
- |
12 | LHOOUGIH ~11] 10 | 664091 | 1632.42:| 250,72: | 1033 | 820 | 2 | 25 | 4 | 26 | 03 | 008 |081|39] 08
- IXTIN1100"
13 éﬁﬂ?f;(”‘oom[ +9 62 | 678615 | 1640,179| 259,715 1253 | 47 | 30 | 20 | 5 | 27 | 01 | 003 [0,77]40-| 0.5
14 |fmriem:i 16t 41| 17 | 612201098945 232372 | 7135 | 720 | 24 | 18 [ 6 | 28 | 02 | 004 06241 | 07
15 | (ROVEIOS | w28 | 1.8 | 7.83005 | 2058302| 245642 | 036 | 7448 | 28 | 14 | 3 | 29| 03 | 00s |oes|4a2| 10

Z eIHIrQRL) G SMHNXOUUd] |



[ b | ELD (1] ET k W] OF | Lk | LIS RS T [ A 0 + FRHED wodEL)
i ap | &0 [ [l b i ir | OB ELS LPE e FER IS E i [ P TH .y M |
i st | TED EQ 1T ) it ¥E | B | FIT9 | SOFIE A irl [ P H) EE

O L
LN | EE | ELO | fd Lu Lir ] ul Lo | G | b YEL ENE YA LLhE L EL S " _.u....__s.,._.._}

£ IR RN P G

53

50




HNudopmanuonHoe odecneyenue
OcCHOBHBIE UCTOYHHUKHU
1.Toraii A.B. Teopust ropeHus u B3pbIBa. 2-€ U311, IEP. U AOM. YUEOHUK U MPAKTUKYM
g CITIO- M.:UsznmareansctBo Opatit. — 2017. -295c.

NHuTepreT-pecypcesl
1.MunucrepcTBo 00pa3oBanus u Hayku PO www.mon. gov.ru

2.Poccuiickuit o6pazoBateabHbIH mopran www.edu.ru

54



	СОДЕРЖАНИЕ
	16 Х
	0 8 16 24
	Рис. 7.2. Треугольники взрываемости смеси горючих газов при отсутствии оксида углерода (Ро = 0)
	16
	0 8 16 24
	Рис. 7.3. Треугольники взрываемости смеси горючих газов при доле оксида углерода 0,1



	16
	0,8 0,7 0,6 0,5 0,4 03, С
	Рис. 7.4. Треугольники взрываемости смеси горючих газов при доле оксида углерода 0,2
	16
	0,7 0,6 0,5 0,4 0, 3
	Рис. 7.5. Треугольники взрываемости смеси горючих газов при доле оксида углерода 0,3

	16
	0,5 0,4 0,3
	Рис. 7.6. Треугольники взрываемости смеси горючих газов при доле оксида углерода 0,4

	16
	0,5 0,4 03,
	Рис. 7.7. Треугольники взрываемости смеси горючих газов при доле оксида углерода 0,5



