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HHOACHUTEJIBHAA 3AIIUCKA

B coorBerctBum ¢ ®DenepanbHbiM ['ocynapctBeHHbIM OOpa3oBaTenbHbiM CTaHIapTOM
cpenHero mpodeccruoHanbHOro obpaszoBanusi mo crnenuanbHocTH  20.02.04  IloxkapHas
0e30MacHOCTh TEXHUK JOJDKEH YMETh MPOBOIAUTH pacyeThl Mo (opMmynaM M ypaBHEHUSIM
peakuuu. Peanmszanms sToro TpeOOBaHUS B TOJHOM Mepe oOecreunBaeTCss NpU MPOBEICHUU
MIPAaKTUYECKUX 3aHSTHI. [IpakTuueckoe 3aHsiTHE — 3TO (opMa y4eOHOTo 3aHATHS, Te
IIPENOIAaBATENIb OPraHU3yeT ACTAIBHOE PACCMOTPEHHUE CTYAEHTAMM OTHAEIBHBIX TEOPETHYECKHUX
MOJIO)KEHUH Yy4eOHOM IUCHUIUIMHBL U (QOPMHUPYET yMEHHE M HaBBIKM HMX MPAKTUYECKOTO
OPWIOKEHUS IYTEM WHAWBHUYaJbHOTO BBIOJIHEHHUS CTYAEHTOM B COOTBETCTBUU CO
c(hOpMyJIMPOBAHHBIMU 33JAHUSIMH.

Pacuertsl, BeIIONIHAEMBIE B X0/1€ IPAKTUYECKON pabOTHI, IIO3BOJIIOT OCMBICICHHO MTOAONTH
K TOHMMAaHHMIO BaXHEHIIMX 3aKOHOB, MOKAa3bIBAIOT BAXXHOCTh WX HU3Y4YEHUS IPU OCBOEHUHU
CIIELIMATIbHOCTU. Y MEHUE TT0JIb30BaThCS CIIPABOYHOM JIMTEPATYPON — BAXKHEN A COCTABIISIOIIAS
paboThl BBICOKOKBANU(UIMPOBAHHOIO CIeNUaINCcTa. Pa3BuThe 3TUX YMEHHIl UM HaBBIKOB B
MIOJIHOM Mepe peayin3yeTcsl TaKXKe NP BBINOJIHEHUN IPAKTUUECKUX padoT.

B mnHacrosimiem cOOpHHMKE MpencTaBieHbl MpPAaKTUYECKHUE paboOThl COrJaCHO y4yeOHOMY
wiany. Kaxknas npakrtudeckas pabora COACPKUT TEOPETUUYECKYIO YaCTh, MPAKTHUECKYIO YacTb,
MIpUMEPBI PELICHUS 3a/1a4, 3a4a41 JJIsl CAMOKOHTPOJIS.

Teopernueckass YacTb BKJIIOYAa€T TOT MUHUMAJIbHBI 00bEM MaTepuana, KOTOPbII
MO3BOJIUT CTYACHTAM CO3HATEIbHO BBINOJHATH MPAaKTUUYECKyr0 paboty. [lpumepsl perienus
TUNOBBIX 33Ja4 MO0 JAaHHOW TeMe O00Jierdyar caMOCTOSTENbHYI0 paloTy CTYAEHTOB NpHU
BBIMIOJTHEHUH MPAKTUYECKONW YacTH W TMO3BOJSAT MPaBWIBHO O(OPMUTH PACUETHYIO YaCTh.
[IpakTnueckass wvacTb MpeACTaBiIse€T COOOW IepeueHb 3a7ad, KOTOpbIE HCIOJIb3YHOTCS
MIpEenoiaBaTesieM MPU COCTABICHUH BapUAHTOB 3aJaHus Ui KaXKI0r0 CTy/ICHTA.

[Ipy BBINONHEHWH NPAKTHYECKUX pPAOOT CTYIEHThl MMEIOT TMPaBO IMOJIb30BATHCS
CIIPaBOYHOM JTUTEPATYPOU U BBIYUCIUTEIBHON TEXHUKOM.

[IpakTryeckue 3aHATUS paccuuTanbl Ha 40 9acoB, ONMMCAaHWE KOTOPBIX H3JIOKEHO CO
CJIEYIOLEH MTOCIIEN0BATEIBHOCTHIO:

* Ha3BaHUE NPAKTUYECKON paboTHI;

* 11eJ1b paboTHI;

* TEOPETUYECKAs YaCTh,

* 33/1a4M JUJIS1 CAMOCTOSATEIBLHOTO PEIICHNUS.

[TonydyeHHble 3HAHUS U SKCIIEPUMEHTAIbHBIE HABBIKK IIOMOTYT CTY/ACHTY MPU U3Y4EHUU
JPYTUX CHELUAIBHBIX AUCLIUILINH.

B koHue pexomeHnanuii yka3aH CHUCOK JIUTEPaTypbl, HEOOXOAUMBIN ISl BBHIIOJHEHUS
IIPAKTUYECKUX 3aHATUH.

Kpurepun ouenku:

Onenka 3HaHU, 00yUYarOIIMXCs TPOU3BOAUTCS 10 MATHOATUIBHOM CUCTEME.

OneHka «OTIMYHO» BBICTABISAETCS B Ciy4yae IIOJIHOTO BBIMIOJHEHUS Bcero oO0bEMa
paboThbl, OTCYTCTBHs OLIMOOK B pacy€rax HpU peIIeHUH 3ajady; TPaMOTHOTO M aKKypaTHOTO
odopmIieHUs OTYETA.

O1eHKa «XOpOII0» BHICTABISIETCS B CIIy4ae MOJHOTO BHITOJIHEHUS BCETO 00bEMa pabOTHI
IIPU HAJIMYUH HECYIIECTBEHHBIX ONIMOOK B BHIYMCIIECHUSX, HE MOBIUSBUINX HA OOLIUI pe3yabTaT
paboThl (OUIMOKM MIPU OKPYTIIEHUH YUCE).

OneHka «yJIOBIETBOPUTEIBHO» BBICTABIIAETCS B ClIydae B OCHOBHOM ITOJIHOTO
BBIIIOJIHEHUSI BCEX pa3fesioB pabOThl MpPU HAIWYMM OHIMOOK, KOTOpble He OKa3alu
CYILIECTBEHHOI'O BJIMSHHMSI Ha OKOHYATENIbHBIM pe3ysbTaT, a Takke 3a paboTy, BBITOJHEHHYIO
HECBOEBPEMEHHO 10 HEYBAKUTEJIBHON IPUYHHE.



OneHka «HEYIOBJICTBOPUTEIBHO» BBICTABISICTCS B  Cllydae, KOIrja JOIYLIEHBI
NPUHIMITAATIBHBIE  OMMOKA B BBIYMCICHHSX:  MepemyTaHbl  (QOpMYINbI,  HapylieHa
MOCIIE0BATEIbHOCTh BBIMOJIHEHUS BHIYUCICHHUI, paboTa BBIIIOJIHEHA KpaiiHe HEeOPEKHO U T.II.

IIpaBuiia BbINOJIHEHUA U 0(POPMIIEHUS IPAKTHYECKUX PadoT

1. CrymeHT OODKEH BBINOJHUTH NPAKTUYECKYI0 pabOTy B COOTBETCTBUU C IOJyYCHHBIM
3aJJaHUEM.

2. Kaxxaplii CTYJEHT MOCIe BBIMOJIHEHUS! pabOThl JOJDKEH MPEACTaBUTh OTYET O MPOJEIaHHON
pabore.

3. Otuer o npozenaHHoi paboTe CieAyeT BBHIIOIHATD B TETPAIAX UL MPAKTUIECKUX padoT.

4. Otyet 0 mpojenaHHoi paboTe AOKEH OBbITh 0OPMIIEH B COOTBETCTBUM C TPEOOBaHUSIMU K
0(pOPMIICHHIO TPAKTUYECKHUX PadoOT.

5. Echau CTyneHT He BBINOJHWI MPAaKTUYECKYH0 paboTy WM 4acTb pabOThl, TO OH MOXKET
BBITIOJIHUTH paboTy BO BHEYPOUHOE BPEMsI, COTIIACOBAB C MIPEIOIaBATEIIEM.

6. O1eHKy MO MPAKTUYECKON paboTe CTYACHT MOJy4aeT, C YYETOM CPOKa BBIMOIHEHUS PabOTHI,
€CJIU:

- paboTa BBIMIOJIHEHA MPABUIBHO U B TIOJTHOM 00beMe;

- CTYZICHT MOKET TMOSICHUTH BHITIOJIHEHHE JIF0O0T0 3Tana padoThl;

- OTYET BBINOJIHEH B COOTBETCTBUU C TPEOOBAHUSAMHU K BBHITIOTHEHUIO PAOOTHI.



TEMATHYECKHH IJTAH IPAKTUYECKHX 3AHATHIA

Ne Coneprxanue J1abopaTOpHbIX 3aHATHH Hopma
113 BPEMEHH, Yac
1 | [paxruyeckoe 3anstue Ne 1. Pacuet koadduimeHTa roprouecTy. 2
2 | Ilpaktnueckoe 3anstue Ne 2. CocTaBiieHUE YpaBHEHUH PeakLUi TOPEHHs B KHCIOPOJE U 2
B Bo3ayxe. Pacuer mosieil (kMojei) MCXOJHBIX BEUIECTB M MPOJXYKTOB PEaKLUH IO
YpPaBHEHHIO PEAKIMH TOPEHUSL.
3 | Ilpaktnueckoe 3anstue Ne 3. Pacyer oObema Bo3ayxa, HEOOXOTUMOIO ISl TOPEHHS 2
WHIMBHIYaJIbHOTO BEIIECTBA.
4 | Ilpaxtiueckoe 3ausitHe Ne 4. Pacuer oObema BoO3myxa, HEOOXOIWMOTO JJIsl TOPCHHUS 2
ra30BOH CMECH.
5 | IIpaktrueckoe 3ansaTue Ne 5. Pacyer oObema BO3ayxa, HEOOXOOMMOTO UIS TOPEHUS 2
BEIIIECTBA CI0XKHOTO SJIEMEHTHOTO COCTABA.
6 | [IpakTrueckoe 3amsatne Ne 6. Pacder oObemMa M TPOIEHTHOTO COCTaBa MPOIYKTOB 2
TOpeHHs MHIVBHAYAJILHOTO BEIIECTBA.
7 | Ilpaktnaeckoe 3amatue Ne 7. Pacder oObeMa M IPONIEHTHOIO cOCTaBa HPOIYKTOB 2
TOpEHHs Ta30BOi cMecH.
8 | Ilpaktnueckoe 3amatume Ne 8. Pacuer oObeMa M NPOIEHTHOrO cOCTaBa MPOIYKTOB 2
TOPEHHUS BEIIECTBA CI0KHOTO AIEMEHTHOI'O COCTaBa.
9 | llpaktnueckoe 3anstue Ne 9. Pacuer TtemnoBoro sddexra peakuuu ropeHus 2
VH]IMBHYaJIbHOTO BEIECTBA.
10 | IIpakruueckoe 3anstue Ne 10. Pacyer Husmieli temiotsl cropanus AH o gopmyne JI.1. 2
Menpeneesa.
11 | Ilpaktuueckoe 3amstue Ne 11. Pacuer neicTBUTENBHON TemImepaTypbl TOpPEHHS 2
VH]IMBH/yaJIbHOTO BEIECTBA.
12 | Ipaktuuyeckoe 3amstie Ne 12. Pacuer nelCTBHTENBHON TeMmIepaTypbl TOpPEHUs 2
CJIOYKHOT'O BEIIECTBA C M3BECTHBIM DJIEMEHTHBIM COCTABOM.
13 | Mpakruyeckoe 3anstue Nel3. PacueT MakcUMalibHOTO AaBJICHUsI B3phIBA I'a30B M 1APOB. 2
14 | TIpaktudeckoe 3aHsaTre Ne 14. Pacdyet u30bITOYHOTO JaBICHHS B3PbIBA HHINBUIYATBHBIX 2
BEIIIECTB.
15 | Ilpaktuueckoe 3ansTHe Ne 15. Pacyet TpoTHiI0BOro SKBHBAJIEHTA B3PHIBA. 2
16 | [pakruyeckoe 3ansitue Ne 16. Pacuer pajnyca 30H pa3pylieHusI. 2
17 | Ilpaktuueckoe 3ansTHe Ne 17. OnpeneneHue B3ppIBOOIIACHOCTH CMECH TOPIOYHX Ta30B. 2
Bcero 34




ITPAKTUYECKUE 3AHATUSA

[MpakTnyeckoe 3ansiTue Ne 1.
Tema: «Pacyer KO3I(PPUUHEHTA FOPIOYECTH.

Lesb: HayduTHCS ONpeAEIATh KOIPPUIMEHT TOPIOYECTH.

Teopernueckasi 4acThb:

ITpon3BoaCTBEHHBIE MTPEAIPUATHS MOTYT COJEpKATh Pa3IUYHbIe BEIECTBA, MaTepHAIb,
IPEJICTaBISIIOIIME IOTEHLUUAIbHYIO ONAacHOCThb. Tak, MHOrM€ XUMHYECKHE COCIUHEHUS
CHOCOOHBI TOPETh, U UX BOCILUIAMEHEHHE MOXKET NPUBECTH K moxkapy. [loaromy HeoOxoaumo
YMETb  OMNpEAENATh BO3MOXKHOCTb TOpPEHMs  OIpEAENIEHHOro  BewlectBa. Tak, Bce
WH/IMBUyaJIbHBIE BEIIECTBA MOTYT ObITh OXapaKTepU30BaHbl KOI((UIIMEHTOM IT'OPIOYECTH.

Koadduuuent roprouectu K sBnsercs 6e3pazMepHbM KOI(DOUIIUESHTOM U CIYKUT IJIS
OIpesieNIeHusl ToproyecTu BellecTBa. PaccunTaHHbIl KO3((UIMEHT TOpIHOYECTH MOXKET ObITh
MCIIOJIb30BaH JUIsl IPUOIMKEHHOTO BBIUMCIICHUS TEMIIEpaTypbl BCIBIIIKM BELIECTBA, a TaKXkKe
BEJIMYMHBI HUKHETO KOHIIEHTPALMOHHOT0 KO3 (PUIIMEHTa paclipoCTpaHEHUs [IIaMEHH.

Jliis pacuera k03 PUIHCHTa TOPIOYSCTH MOKHO UCIIOIH30BAThH CIEAYIONTYIO (POPMYITY:
K=4-n(C)+4 - n(S)+n(H)+nN)-2-n)-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 aroMoB COOTBETCTBEHHO
yriepoja, cepbl, BOJIOPO/Ia, a30Ta, KUCIOPOAa, XJIopa, GTopa u OpoMa B MOJIEKYJIE BEILIECTBA.

Ecimu xoaddunment roprouectu K Gosbme umm paBen equnwuie (K > 1), To BemecTBo
SBJISICTCS TOPIOYUM.

[Mpu 3nauennu K menbme enuauibt (K <1) — BeriecTBo Heroproyee.

IIpumep. Paccunurate ko3¢dduument roprodectu rmoko3bl CeHi120s M yronbHOM KHCIOTHI
H>COa.
Pewenue.

1. B Monekyie rIOK03bI COEPKUTCSA ATOMOB:
yranepoaa n(C) = 6; Bomopoxaa n(H) = 12; xucnopona n(0) = 6.
[ToncraBnss konuuecTBO aToMoB B hopmyny 1.1, umeem K=4-6 + 12 —2-6 = 24.
K > 1, cnenoBarensHO, IIH0KO3a — TOPIOYEE BEIIECTBO.
2. B Monekyie yronbHOl kucnotsl n(H) = 2; n(Cl) =1,
n(0) = 3; K=2+4-23=0.

K <1, ciienoBarenbHO, yrojibHas KUCI0Ta — HETOPIOYEE BEUIECTBO.

3aanue 1J151 CAMOCTOATEJIbHON PadoThI
3amaua 1. PaccunTarh KO3 QHUIMEHT TOPIOYECTH PUBEIICHHBIX BelecTB (Tadu. 1).

Tabmumna 1
3ananmue Kk 3a1aue 1.
Ne BemecrBa
Bap
1 | metnonnn CsH1:1NO2S azotHas kuciora HNO3
2 | caxapoza C12H22011 mwasesnesas kucnora HoCo04
3 | muxnopatunen CoH4Clo mumoHHast kuciota CeHgO7
4 | nuxnopmeran CH2Cl ykcycHas kuciora C2H402
5 | rmyramua CsH1oN203 xnopmeran CHsCl
6 | acmapram C14H18N20s ¢docren COCl;
7 | xunuH C20H2402N2 cepHas kuciora HoSO4
8 | acmaparun C4HgN.O3 xnopmeran CHsCl
9 | Hurpobenzon CsHsNO; cepoyriaepon CS;
10 | anmnun CeHsNH» metaH CHy
11 | moueBuna NH2CONH?> nquokcua xyopa ClO»




12 | Bunnas kucinora HoC4sH4Og cepauctas kuciora HoSO3

13 | dopmamug HCONH: xsopucras kucinora HCIO2

14 | e CoHs5NO2 mukiiorekcad CeHi2

15 | 6yrunossiii ciupt C4H9oOH anermieH CoHz

16 | muatunossrit 3¢gup C4H100 tosryon C7Hs

17 | denon CeHsOH kereH CH2CO

18 | murpar ammonust NH4NO3 anTpaueH Ci4H1o

19 | creapunoBas kucnora C1gHzsO2 stuieH CoHy

20 | mumetmicynbdun CH3SCH3 oensoin CsHs

[MpakTnyeckoe 3ansiTue Ne 2,
Tema: «CocTaBiieHHe ypaBHEeHH i peakuuii TOPeHusi B KUCJIOPOAe U B BO3yXe.
Pacuer mouteit (kmoJieii) MCXOAHBIX BelIECTB M MPOAYKTOB PeAKMH M0 YPABHEHHIO
peaKI U ropeHuns».
Leab: HAyYUTHCA COCTABISATH YPaBHEHHs PEaKIMil TOPEHUsI B KUCIOPOAE U B BO3IYXeE,
pPacCUUTHIBATh KOJMYECTBO MOJIEH UCXOIHBIX BEIIECTB U MPOAYKTOB PEAKIIHH.
TeopeTuyeckas 4acTh:
1. CocraB/ieHne ypaBHEHHIi peakliii rOpeHHUsI B KUCJI0po/e.

CocraBnsis  ypaBHEHHUE pEaKIMM TOPEHHS, CIEAyeT TOMHHTh, YTO B IOXXapHO-
TEXHUYECKUX pacueTax IPHUHATO BCE BEIMYMHBI OTHOCUTH K | MOJIIO TOpPHOYEro BeulecTra. J1o0, B
YaCTHOCTH, O3HA4aeT, YTO B YPAaBHEHHHM PEAKIMU TOPEHHUs Iepei] TOPIOYUM BEIIECTBOM
ko3 duimeHT Beeraa paseH 1.

B Tabnuue 2 mnpuBeneHbl 3JEMEHTHI, BXOJSIIME B COCTAB TOPIOYETrO BEIIECTBAa, M
BeleCcTBa, 00pa3yIoIIHecs B pe3yJibTaTe CrOpaHHUsL.

Tabmuna 2
CocraB pOAYKTOB FTOPEHHSI OT COCTaBa UCXOJJHOTO BEUIECTBA

QHGMCHTH, BXOJAIINUEC B HpOI[YKTLI TOpCHUA
COCTaB I'OPrOYCTo BCIICCTBA

Yranepon C Yranekucaslii raz CO2
Bogopon H Boxa H20
Cepa S Oxcup cepsl (IV) SO2
Azor N MonekynsipHbiif a3oT N2
®Dochop P Oxkcun dochopa (V) P20Os

TI"anorens! F, Cl, Br, |

I"anorenosoaopoasr HCI, HF, HBr, HI

KoaddurmenTsl, crosimue B ypaBHEHUU PEAKITUH, HA3BIBAIOTCS CTEXHOMETPHYECKHMH
K0I(pPUIIHEeHTAMH U TOKa3bIBAIOT, CKOJILKO MOJEH (KMOJel) BEIECTB y4acTBOBAIO B PEaKIIUU
WA 00pa30Bajioch B Pe3yiIbTaTe PEaKIuu.

CrexuoMerpuueckuid  KO3(PPUIMEHT, TMOKA3BIBAIOIIMA YHCIO MOJEH KHUCIOpoaa,
HE0OXOaMMOE JIJIsl TIOJTHOTO CrOpaHus BeIlecTBa, 00o3HadaeTcs: OykBoii 3.

IIpumep. CocTaBuTh ypaBHEHHE pEaKIMH TOpeHus B Kuciopoie mnpomana CzHg,
rmurepuna C3HgOs, ammuaka NHs, cepoyriepona CSo.

Pemenue.
T'openue nponana ¢ xuciopooe
1. 3anuchIBaeM peakivio TOpeHus

CsHg+ O2=CO2+ H20
2. B Monexyne mpomana 3 aroma yriiepoaa, W3 HUX 00pasyercs 3 MOJEKYIbI
YTJIEKUCIIOTO ra3a

CsHg+ O2=3CO2 + H20
3. ATOMOB BOZIOpO/Ia B MOJIEKYJIE TpoMaHa 8, U3 HUX 00pa3yercst 4 MOJIEKYJIbI BOBI
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CsHg+ O2=3CO2+ 4H,0
4, [TogcunTaem 4uCI0 aTOMOB KHCIIOPO/a B IpaBoil yactu ypaBHeHus 2 -3 +4 =10
S. B neBoii wacTm ypaBHEHHs Takxke JI0KHO ObiTh 10 aromMoB KuciOpoaa.
Mouiekyna KHCIOpO/Aa COCTOMT M3 JIByX aTOMOB, CJIEOBATENIbHO, MEpe]l KUCIOPOJIOM HYKHO
MOCTaBUTh KO uIeHT 5.
CsHg + 502 = 3CO2 + 4H>0, Torna p=5
2. CocraBJ/ieHUe ypaBHEHUIl peakiuii ropeHus B BO3ayXe

Yaie Bcero B yCJIOBHSIX M0Okapa FOPEHHE MPOTEKAET HE B CPEJIe YUCTOrO KUCIOPOa, a B
Bo3nyxe. Boznyx cocrout u3 azora (78 %), kucinopona (21 %), okucioB a3oTa, YriE€KHCIOro
ra3a, MHepTHBIX U Apyrux ra3os (1 %). J{ns npoBeneHus pacyeToB MPUHUMAIOT, YTO B BO3JlyXe
comepxkurcs 79 % azora u 21 % xucnopoma. Takum oOpa3oM, Ha OJWH O0BEM KHCIOPOJA
npuxoautcs 3,76 oobemoB azota (79 : 21 = 3,76).

B cooTBeTcTBHM ¢ 3aKOHOM ABOTaJpO, COOTHOIIEHHE MOJIeH 3TUX ra3os Oyzaer 1 : 3,76.
TakuMm 00pa3oM, MOXKHO 3aMKcaTh, 4TO MOJIEKYJISIPHBIN cocTaB Bo3ayxa (02 + 3,76N2).

Cocrapnenue peakiuii TopeHUsl BEMIECTB B BO3/IyX€ aHAJIOTUYHO COCTABIICHUIO PEAKIUI
ropeHus B kuciopoje. OcoOeHHOCTh COCTOUT TOJIBKO B TOM, YTO a30T BO3JlyXa MpU TEMIepaType
ropenus Huwke 2000 °C B peakliio ropeHus: He BCTYNAET U BbIAEISAETCS U3 30Hbl TOPEHMS BMECTE
C MPOAYKTAMHU TOPEHHUS.

IMpumep. CocTaBuTh ypaBHEHUE PEAKIIMU TOPEHUS B BO3ayXxe Bojopoaa Ho, anununa
CsHsNH;, nponanona C3H7OH, yrapuoro raza CO.

Pemienue.

I'openne Bogopoaa B Bo3ayxe Hz + 0,5-(02 + 3,76N2)=H20 + 0,5-3,76N2, T.e. f=0,5

OOparuTe BHUMaHUE, YTO CTEXHUOMETPHUECKUI KOdpPuImeHT nepe kuciopoaom 0,5
HE0OXOIUMO MOCTABUTh U B MIPABOW YaCTU YpaBHEHUS MEpe]l a30TOM.

3. Pacuer Moeii (KHI0MOJI€ii) HCXOHBIX BEIECTB M NMPOAYKTOB PEAKIIUH 110 YPABHEHUIO
peaKkuuu ropeHus

B mpormeccax ropeHHsT HCXOIHBIMH BEIECTBAMH SIBJISIOTCS TOpPIOYEE BEIIECTBO U
OKHUCJIUTENh, @ KOHEYHBIMHU — MIPOYKTHI TOPEHUS.

Ipumep. CkoIbKO MOJIEH UCXOTHBIX BEIIECTB YYACTBOBAJIO B PEAKIIMU U CKOJIBKO MOJIEH
MPOJAYKTOB TOPEHHUS O00pa3oBaJOCh MPU TOJHOM cropaHud | Mons OEH30WHON KHCIOTHI
CsHsCOOH?

Pewrenue.

1. 3anumiemM ypaBHEHHE peaKIIMu TOPEHUsST OCH30MHOM KUCITOTHI.

CeHsCOOH + 7,5- (O2 + 3,76N2) =7CO2+ 3H20 + 7,5-3,76N>

2. UcxoaHble BelecTna:

1 MoJIb OEH30MHOM KUCIIOTHI;

7,5 MOJIel KUCTIOpO/1a;

7,5-3,76 Mmoneii a3ora.

I'a30B Bo3myxa Bcero 7,5:4,76 MoJiei.

Bceero (1 + 7,5-4,76) Mmoneit HICXOAHBIX BEIIECTB.

3. IIpoIyKThI TOPEHUS:

7 MOJIEH YTJIIEKHUCIIOTO Ia3a;

3 moxag Boasl;, 7,5:3,76 Mo a3oTa.

Bcero (7 + 3 + 7,5:3,76) monei polyKTOB TOPEHUS.

AHaJIOTUYHBIE COOTHOIIEHHWS W B TOM CiIydae, Korja cropaer | KMoib OeH30WHON
KHUCTIOTHI.

Cmecu CIONCHLIX XUMUYECKUX CcOeOUHeHUll WU BELeCTBa CIOXKHOTO 3JEMEHTHOIO
COCTaBa HEINb3sl BBIPA3UTh XHUMHUYECKOH (OpPMYIIOH, WX COCTAaB BBIPAYKACTCS Yalle BCETO B

8



MIPOIICHTHOM COJIEP>KaHUH KaXXI0To dJieMeHTa. K TakuM BelecTBaM MOKHO OTHECTH, HaIlpuMeD,
HEePTh U HEPTEPOAYKTHI, IPEBECUHY U MHOTHE IPYT'HE OPraHNYEeCKUE BEIIECTBA.
3ananue 1J151 CAMOCTOATEIbHOI PadOThHI
3agaua 2. CocTaBUTh YPaBHCHHS PEAKIIMU TOPCHHS B KUCIOPOAC W B BO3AYXE JAHHOTO
BEIIIECTBA, M OIPEACINUTh, CKOJIbKO MOJIEH HCXOJHBIX BEIIECTB Y4YaCTBOBAJIO B PEaKIHMH W
CKOJIBKO MOJICH MPOYKTOB FOPEHUsI 00pa30BalioCh MPHU MOJTHOM CrOpaHUM BetecTBa. Mcxoaabie
JIaHHBIE TI0 BApUAHTaM MPUBEICHBI B Ta0JI. 3.

Tab6muna 3

3analme K 3a1a4e 2

z

BemectBo

anetmwien CoHp

Hutpooen3on CeHsNO»

tosryon C7Hs

metan CHy

stanoin CoHsOH

oensoi CeHs

naTrnoBbii 23¢up C4H100

oyran C4Hio

nenra”oi CsH11OH

¢denon CsHsOH

ol
= o
|o|©|®| oo s wiN kg

keminoir CgHio

12 stuiieH CoHg

13 STUII0BBIN 3¢up ykcycHoi kucnotsl C4HgO»
14 oyrunen C4Hg

15 metanon CH30OH

16 ¢dopmanpaerun CH20

17 muxstopatasied CoHaClo

18 uHrIxopua CoHaCl

19 xsopu ammonust NH4Cl

20 6pomaTan C2HsBr

IIpakTnyeckoe 3ansaTue Ne 3.
Tema: «Pacuer o0bema BO31yXxa, HE0OX0AMMOI0 /IJIsl TOPEHUS
HHIMBUAYAJbHOI0 BEIIECTBA.
Heab: HAyuuTBCS pacCUMTHIBATH OO0BEM BO3AyXa, HEOOXOAMMOTO [IJIi TOPEHUS
WHAWBUIYAILHOTO BEIIECTBA.
TeopeTuyeckasi 4acTh:
Pacuem obvema 6030yxa, Heo6x00uM020 0151 20peHUsL.

Pacder oObema Bo3ryxa, HEOOXOAUMOTO TSI TOPEHUS, IPEIOIAracT BHIYACICHHUE!
a) TeopeTudeckoro oobeMa Bo3ayxa Ve meop;,
0) npakTuyeckoro oobema Bo3ayxa Ve np, 3aTpauye€HHOro Ha TopeHue (¢ yueroM koddduimenrta
n30bITKA BO3/1yXa).

CrexmoMeTpuiyeckoe KOJHYECTBO BO3IyXa B YPaBHCHWU pPEAKIUU TOPEHUS
OpearnonaraeT, 4yTo NpH JAaHHOM COOTHOIIEHMH KOMIIOHEHTOB, YYacTBYIOUIMX B PEaKIUU
ropeHus, BO3AyX pacxonyercs MoiaHocThio. OObeM BO3ayxa B JITaHHOM Cllydae Ha3bIBaeTCs
Teoperndeckum (Ve meop).
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I'opeHre MOXET NPOMCXOAWUTH HE TOJBKO INPU CTEXHOMETPUYECKOM COOTHOLICHHH
KOMIIOHEHTOB, HO Y IIPU 3HAYUTEJIILHOM OTKJIOHEHUH OT Hero. Kak npaBuiio, B yCIIOBUsAX IT0XKapa
Ha CropaHue BeIeCTBa BO3/yXa 3aTpauyMBaeTCsl OOJbIIE, YeM ONpEeAEseTcs TeOPEeTHUECKUM
pacueToM. M30b1TOUHBIN BO31yX AVe B peakiuu rOpeHUsl HE pacXOAYyeTcCsl, U yIAJIIeTCs U3 30HbI
peaKkMuy BMECTe C MPOJyKTaMu ropeHust. Takum o0pa3oM, MpakTU4YEeCKUi 00beM BO3/1yXa paBeH

V™ = Vg "P + AV, (1.2)
U, CJIEI0BATENIbHO, H30BITOK BO31yXa Oy/eT paBeH

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

OOblYHO B pacyerax U30BITOK BO3JMyXa MPH TOPEHHHM YYHUTHIBAETCS C IOMOIIBIO
kodpPunuenta u3dbiTka Bo3ayxa (a). Kosddumment n30biTKa BO3ayxXa IMOKA3bIBAET, BO
CKOJIBKO Pa3 B 30HY TOPEHHSI TOCTYIHIIO BO3/IyXa OOJIBIIE, YEM ITO TEOPETHUSCKH HEOOXOAMMO
JUTSI TIOJTHOTO CTOPAaHUS BELIECTBA.

AV =V, "P(a-1) (1.4

Benuunna a sensaemca BaxHOW XapaKTEpUCTHUKOM MAIllMH W arperatoB, B KOTOPBIX
OCYILECTBIISICTCSI OPTaHU30BaHHOE TOPEHUE.

Jljis Toprourx cMeceil CTeXHMOMETPUUYECKOTO COCTaBa (T.€. COCTaBa, COOTBETCTBYIOIIETO
YPaBHCHUIO peakIuu ropeHus) kodpdunumeHT n30bITKa Bo3ayxa o = 1, MPH 3TOM peabHBIN
pacxoj BO3AyXa paBeH TeopeTudeckoMmy. B aToM ciydyae oOecrieunBaeTcs ONTUMAIbHBIN PEXKUM
TOpEHHUSL.

[Toutu Bcerna a Hecko1bKko OOIbIIE €IUHUIBI U HAXOAUTCS B UHTEpBalie 3HaueHui 1,02—
1,3 B 3aBUCHMMOCTHU OT XapakTepa CKUraeMoro Beuiectsa. MIMeHHO 3TUM 00ycCIIOBIEHO Ha3BaHUE
koddduimenTa @ - kKod3pGULIUEHT u3dbImKa BO3Ayxa. B AeficTBUTETbHOCTH ISl KWHETHYECKOTO
TOPEHUS €0 3HAYCHUS MOTYT OBITh KaK OOJIbIIe, TaK U MEHBIIIE 1.

[Ipu @ > 1 roprouyro cMech Ha3bIBAIOT HEOHOU N0 20proYemy KOMHOHeHmy, aTipu a < 1 —
bozcamoti no 2oproyemy KOMnoHeHmy. B TEXHUKE 3TH MOHATHS UMEIOT OYEHb OOJIBIIIOE 3HAYCHUE
JUTSI IPABUIJIBHOTO YIIPaBJICHHsI OPraHU30BaHHBIM TOPEHUEM (IBUTATEIN BHYTPEHHETO CTOpaHHs,
TEIUIOTCHEPUPYIOIITUE arperaThl U T.1I.).

N30bITOK BO3AyXa MMeeTcs TOJIBKO B CMeCH, O€IHON MO ToproveMy KOMIoHeHTy. U3
dopmyn (1.3) u (1.4) cnenyer

AV =V, "P(a-1) (1.5)

Jlis  HEeopraHW30BaHHOTO TOpEeHUs xapakTepeH UM Y3MOHHBIH pEXUM TOpEeHUS,
MOATOMY OOJIBIIMHCTBO TOPIOYMX MAaTEPUAIOB Ha TOXKAPE MOTYT TOPETh TOJIBKO B TOM PEKHME.
OnHOpoHBIE CMECH MOTYT 00pa30BBIBATHC U MIPU peaibHOM IMOXKape, OJTHAKO UX 00pa3oBaHHeE,
CKOpee, PEIIECTBYET MoXkKapy UiIu 00eCleunBaeT HaYaJIbHYIO0 CTaIUI0 Pa3BUTHS.

Ecnu mporcxoauT OTKPBITHIA MOXKap, TO MOHITHS «HU30BITOK» - «HEJOCTATOK» BO3AyXa
npuoOperaroT abcypIHbIM cMbIci. B 3akpbiToM 06beMe Aud¢y3noHHOE TopeHne OOIBIIMHCTBA
TOPIOYMX MAaTepHaIOB BO3MOXXHO TOJIBKO JI0 OINPEAENCHHONW TMOPOroBOM KOHIEHTPALUU
KHCJIOPO/1a, TaK HA3bIBAEMOU OCMAaAmMouHoll KOHYEHMPAayuu Kuciopooa é npooyKmax 20penus
No(02)™. ]JIna GonbIIMHCTBA OPraHMYECKMX BEIIECTB OHA cocrapiseT 12-16% Oa. s
HEKOTOPHIX BemecTB, HampuMep areruiena CoHz, psga mMeTamioB, TOpeHHE BO3MOXKHO M TIPH
3HAYUTEIIHHO MEHBIIIEM COJIepKaHuu Kuciopoa (10 5 % oobeMHbIx O2).

Koaddunment u3bbiTka Bo3zayxa ais AU(QPY3HOHHOTO TOpeHHUs MpaBWIbHEE Ha3BaTh
KoIhpuyuenm yuacmus 6030yxa 6 2openuu. I1a XapaKTepuCTHKa O0JIee MOTHO OTPakaeT CyTh
mpoIiiecca TOPEHUs Ha MOoXape W He JTaeT OMTMOOYHBIX MPEICTABICHUA U MOHATHA. JTO BaXKHBIN
napaMmeTp, ONPENENSIIMNUNA ANHAMHUKY DPa3BUTHS TOXapa W, Kak CIEICTBUE, Pa3BUTHE €ro
OTIaCHBIX (HaKTOPOB.

3Hast cofiepKaHue KUCIOPOaa B MPOAYKTaX TOPSHHsI, MOKHO ONPEAETUTh KO3 PHIment
n30bITKA Bo3ayXxa (Kod(pHUIIMEHT ydacTrs BO3AyXa B TOPEHNH) Ha peabHOM T0Kape:
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o=21/21¢(02) " (1.6)
Ananu3 ypaBHeHus (1.6) moka3bIBaeT, 4TO 0 HE MOKET OBITh MEHBIIE 1, U, B CpeaHEM,
utst i Qy3nOHHBIX PEKUMOB FOPEHHUS HAXOAUTCS B UHTEpBaje OT 2 10 5.
Ipumep. Kakoii Teopernyeckuii 00beM BO31yxa HEOOXOAUM IJIsi IOJTHOTO cropaHus 1 Kr
nuatunoBoro 3¢upa CoHsOC2Hs? Temneparypa 10 °C, naBnenwne 1,2 atm.
Pewrenue.

1.  3anwuceiBaeM ypaBHEHHUE peaKLUU TOPEHUS

C2HsOC2Hs +6 - (O2 + 3,76N2) =4CO2 + SH20 + 6-3,76N2
3anuchIBacM B ypaBHEHUH H3BECTHBIC M HCM3BECTHBIC BEIMUMHBI C YKa3aHUEM Pa3MEPHOCTH.

1 kr x M

C2HsOC2Hs +6 - (O2 + 3,76N2) =4CO2 + SH20 + 6-3,76N2
MoutsipHas Macca JUITHIOBOTO 3dupa 74 KIr/KMOJIb. 3alMChIBAEM 3Ty BEIIHUUHY 11O HOpMyIon

a¢upa.

1 kr x M
C2HsOC2Hs +6 - (O2 + 3,76N2) =4CO2 + 5SH20 + 6-3,76N>
M=74 xr.
2. Ilpu HOpMaJbHBIX YCIOBHSX MOJISIpHBIA 00beM (Vi) 1H000ro razoo0pasHOro

BelecTBa coctapiser 22,4 1/mMoib i 22,4 M3 /KMOJTb.

Ecmu YCIOBUA OTIINYAIOTCA OT HOPpMaJIbHBIX, TO HCO6XOIH/IMO OIIpCACIINTD, KaKoil 00beM
6y,I[€T 3aHUMAaTh 1 KMOJIb JH000T0 rasoo6pa3Horo BCICCTBA IIPU JaHHBIX YCIIOBHUAX. Pacuer VM

BeIyT 10 hopmyse 0O0beIUHEHHOTO ra30BOr0 3aKOHA:
PO-VO T
Vi =  —
M="ro P
rae P u T — nanHble B 33/1a4e TeMIIepaTypa U JIaBjlIeHue.
Paccuntaem, kakoii oObeM 3aHuMaeT | KMoOib Bo3ayxa (Kak © JIF0OOTO ApPyroro
ra3o00pa3HOro BEIIeCTBa) IPU JaHHBIX TeMIEpaType U JIaBICHUU.
PO-VO T_ 1:22,4 283
1. Vu= L= - 222 =19,35 m3/kMouTh.
TO P 273 12

3amuchbiBaeM  JaHHYIO BeIMYMHY 1oa  ¢dopMynoil  BO3ayxa, YMHOXKHB €€  Ha
crexuomeTpudeckuit koaddurment (6-4,76).

1 kr x M
C2Hs0CHs +6 - (02 + 3,76N2) =4CO2+ 5H20 + 6:3,76N;
M=74xr  (6-4,76)- 19,35 m°

I[To ypaBHEHHIO peaklIMy HalieM MTPONOPIMOHATEHO TEOPETUUECKUN 00beM
BO3/1yXa, HEOOXOJUMBI I TOJTHOTO CropaHus 3¢upa

Ve» =75 M3
IIpumep. Kaxoii o6beM Bo3ayxa HEOOXOIUM Ui MOJHOrO cropaHust 50 Kr areroHa
CH3COCHs mpu temneparype 23 °C u naBnenun 95 klla, ecam ropeHume mnporekano ¢
Kod¢duimeHToM U30bITKa Bo3ayxa 1,2?
Pewrenue.
1.  3anuceiBaeM ypaBHEHHE peaKlUU TOPEHUS

50 kr xme
CH3COCH3 +4- (02 + 3,76N2) =3CO2+ 3H20 + 4-:3,76N>
11



M =58xkr4-4,76-Vyy=4-4,76-25,9

2.Paccuntaem, kakoii o0ObeM 3aHMMaeT | KMoJb Bo3ayxa (Kak M JIFOOOT0 JPyroro

ra3000pa3HOro BEIIECTBA) MPH IaHHBIX TEMIICPAType U JABICHHH.
PO-VO T_ 1013224 296

VM: - Pp——

TO P 273 95

3. [To ypaBHEHHIO peakIMK HAHIEM TEOPETUICCKU 00hEeM BO3IyXa, HEOOXOAMMBIH JIJIst

MOJIHOTO CrOpaHus dpupa:
Ve =425,1 M3
4.Tlo ycnoBuro 3a1a4u Ko3hHUIMEHT U30bITKa Bo3ayxa 0=1,2

= 25,9 m%/kMOJIB.

C y4eToMm 3TOro OmpeIeiM MPaKTUIECKU 00heM BO3IyXa, HEOOXOAMMBIHN JIJIsi TOPCHHUS
V7 =V, r-o=4251-1,2 = 510,1 M3,

3anaHue AJs1 CAaMOCTOSITE/IbHOI padoThI
3agaua 3. Kakoii TeopeTnueckuil 00beM BO3/IyXa HEOOXOAUM JJis MOJIHOTO CropaHus M
KI' BEIECTBA, MPHU 3aJlaHHOM TemriepaType U AaBieHUU? VcxomHble AaHHBIE 1O BapuUaHTaM
MpUBEJICHBI B Ta0II. 4.

Tabmnma 4
3amanue K 3agaue 3
0 BemecTBo Macca, Temneparypa, | JdaBneHue,
Bap. KT °C aT™
1 anetmiien CaoHaz 1 11 1,2
2 Hutpobenszon CsHsNO> 2 12 1,2
3 tosryon C7Hs 3 13 1,2
4 metan CHa 4 14 1,2
5 sra"non CoHsOH 5 15 1,2
6 oenson CeHs 6 16 1,3
7 nuTHInoBbIN 2¢up C4H100 7 17 1,3
8 oyran C4H1o 8 18 1,3
9 nentanoi CsH110OH 9 19 1,3
10 denon CeHsOH 10 20 1,3
11 kennon CgHio 11 21 1,4
12 stuiieH CoHg 12 22 1,4
13 STWJIOBBIM  3Up  YKCYCHOM  KHCJIOTBI 13 23 1,4
C4HsO2
14 O0ytuinen C4Hg 14 24 1,4
15 Mmeranon CHzOH 15 25 1,4
16 dopmanbaerug CH2O 16 8 1,1
17 nuxiopatuiieH CoHaClo 17 9 11
18 sunwixsopua CoHsCl 18 10 1,1
19 xsopua ammonust NH4Cl 19 11 1,1
20 opomatan CoHsBr 20 12 1,1

IIpakTnueckoe 3ansaTus Ne 4.
Tema: «Pacuer 00bema Bo31yxa, He0O0OX0AMMOIO /ISl TOPEeHUS I'a30BOii cMeCH).
Iesb: HayYUTHCS paCCUUTHIBATh 00BEM BO3/yXa, HEOOXOIUMOTO JJIsi TOPEHHsI Ta30BOM CMECH.
TeopeTuyeckas 4acTh:
[TpuponHbIii, NOMYTHBIA HEPTSIHOHN ra3, MPOMBIIUICHHBIE r'a3bl (JIOMEHHBINH, KOKCOBBIH,
TEHEPATOPHBIN U T.I1.) TMPEJCTABISAIOT cOO0M cMecH ra3oB. CocTaB ra30B BhIPAKAETCS OOBIYHO B
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00BEeMHBIX MpoleHTax (¢ 00beMH, %). AITOpUTM pacuera, B JaHHOM ciydae, CIeIyIOIUn: A
KaXJIOTO TOPIOYEro KOMIOHEHTa BBIYUCISETCS TEOPETUYECKOE KOJIMYECTBO BO3AYyXa C y4ETOM
€ro KOHIICHTPAllMd B CMECH, M TOJYYCHHBIC KOHIICHTpAIMH CyMMHpYlTcsi. Dopmyna mmis
pacyeTra TEOPETHYECKOro OoObeMa BO3/AyXa Ul CTOPaHMs Ta30BOM CMECH MMEET CIICAYIOMIUN

BU:
L1 @l+ L24+@2+ 3+@3+--..

V  oP= ” -V rc (2.1)

rne B1, B2, Pz — crexuomerpuueckue K03HOUIUEHTH TPU BO3AYXE B YPABHEHUU PEAKLIUU
TOPEHUS 17151 KaX/10r0 TOPIOYero KOMIOHEHTa Ia30BOi CMECH;

@1, 2, 3 — KOHLEHTPALUU KAXKIOr0 TOPIOYETr0 KOMIIOHEHTa cMecH (B 00beMHBIX %);

¢ (O2) — npoLIeHTHOE COIEPIKAHUE KKCIOPOIa B roproyeM rase (B 00beMHbIX %);

Vrc — 00beM ra30Boii cMecH, M.

Ecnu ropenue mporekaeT ¢ M30BITKOM BO3/yXa, TO NPaKTHUECKUH OO0BEM BO3ayXa
PacCUHMTHIBAIOT IO YK€ U3BECTHOM (opmyIie

VP = \/,TeP .

Hpumep. Onpenenutsh 00beM BO3LyXa, HEOOXOIMMOTO NS MOTHOTO cropanus 10 w3
JOMEHHOTO Trasza cienyromiero cocraBa (B % o0ObemHbIX): okcuna yraepoma (II) CO — 27 %;
Bozopoa Hz — 3 %; yranekucastit raz CO2 — 13 %; metan CHa — 1 %; a3ot N2 — 56 %. ['openue
npoTekaeT npu o = 1,3.

Pemenue.

1.0OnpenensieM cTeXxuoMeTprUecKue KOI(P(GUIIMEHTH B YPAaBHEHUH PEAKIIMHA TOPEHUS s
Ka)XIOro0 TOpPIOYEero KOMIIOHEHTa ra3oBoil cMecu. ['oprounMu ra3amu B 3TOM cMecu
sBisitoTcst yrapusiii raz CO, Bogopoa Hz u meran CHa.

CO +0,5(02+3,76N2) = CO2+ 0,5 -3,76N> B1=0,5;
H>+0,5(02 +3,76N2) = H20+0,5- 3,76N> B2=0,5;
CHs+ 2(02+3,76N2) = CO2+ 2H O2+ 2 -3 ,76N2 B3 =2.

2.Ilo ¢opmyne (2.1) ompenensieM TeopeTHYECKH 00BbeM BO3ayXa, HEOOXOAMMBIM st

TOpEHUS TaHHOM ra30BOil cMecH:
_ 0.5:27+0.5:3+2:1

Vmeop = ” =8,1 m®

3.C yuetoM ko3 durimenTa n30bITKa BO3/lyXa peajlbHO Ha CTOpaHKe JaHHOU Ta30BOM cmecH
6yner 3aTpaueHo Bo3ayxa V¥ =V" -o=8,1- 1,3 =10,5 m>.
3agaHue 1J1s1 CAMOCTOAATEIbHON PadoThI
3apaua 4. Ornpenenutb 00beM BO3AyXa, HEOOXOIUMOTO JUIsl TIOJTHOTO CTOPAHHUS X M
JAHHOM Troprouell ra3oBoil cMecH HMeEIOILIerocs cocTaBa. | opeHHe TNpOTEKaeT IMpH
Koa(umeHTe U30bITKa Bo3ayXa 0. VcxoaHble NaHHBIE [0 BapUaHTaM MPUBEIEHBI B TabIuUIE 5.

3

Tabnuua 5
3ananue k 3agaue 4
Ne | I'a3oBast cmech Cocras razosoi cmect, % O6wem | Koadurment
Bap. ra3oBOM n30BITKA
cMecH, BO3/yXa,
M3 a
1 | Jomennsrii ra3 | okcun yraeposa (II) CO — 27 %, sogopon Hz — 15 1,2

3 %, yrnekucnsiii raz CO2 — 13 %, meran CHy
—1 %, a3or N2 — 56 %

2 Bonasnoii raz | okeun yraepoaa (II) CO — 3 %, Bogopon Hz — 20 1,1
50 %, yraekucnsiii raz CO2 — 10 %, Meran
CHs—5 %, a3or N2 -6 %
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3 Bonsnoii raz | okcua yriepoaa (II) CO — 35 %, Bomopon Ha — 100 1,2
40 %, yrnekucinsiii ra3 CO2 — 5 %, meran CHs
— 14 %, azor N2— 6 %
4 Bonsnoii raz | okcup yriepoaa (II) CO — 40 %, Bogopon Ho — 60 1,3
50 %, yrnexucinbiii ra3 CO2 — 4 %, meran CHgy
—1%, az3or N2 -5 %
5 [Tpuponusiii | Bogopon Hz — 4 %, meran CH4 — 86 %, 3Tan 80 1,4
ra3 C2He — 2 %, nponan C3Hg — 4 %, O0yran CsHio
-4%
6 [Tpupoansiit | metan CHs — 90 %, yrnexucnsrii raz CO2 — 1 90 1,4
ras %, a30T N2 — 1 %, aran CoHs — 5 %, mpomnan
CsHs—4 %
7 CeetunpHbiii | okcup yrieponaa (1) CO — 10 %, Bogopon Ho — 85 1,5
ras 50 %, meran CHs — 30 %, yriekucnslii ra3
CO2 — 3 %, xkuciopox O2— 2 %, azor N> — 5 %
8 CeetunpHbiii | okcup yriepona (II) CO — 20 %, sogopon Ho — 35 1,0
ras 50 %, meran CHs — 23 %, yriekucibli ra3
CO2—-3 %, a3oT N2— 2 %, stan CoHe — 2 %
9 Koxkcospsrit raz | oxkcun yriepoaa (II) CO — 7 %, sogopon Hz — 45 11
57 %, meran CHs — 22 %, yriekucnslii ra3
CO2 -2 %, a3ot N2 — 8 %, Boma H20 — 4 %
10 CaparoBckuii | metan CHs— 92 %, stan C2Hg — 8 % 50 1,1
MIPUPOIHBII
ras
11 Vxtunckuit | metan CHs — 88 %, yraexucnerit raz3 CO; — 4 65 11
npupoasbiii | %, azor N2 — 5 %, sran C2Hs — 2 %, nponan
ras C3sHg — 1 %, 6yran C4H10—1 %
12 HamaBckuit | metan CHa — 98 %, azotr N2 — 1 %, 3tan C2Hg 85 1.2
npupoanbiii | — 1 %, nponan C3Hg — 1 %
ras
13 [TonyTHbIi metaH CHa — 42 %, a3zotr N2 — 8 %, stan C2Hg 70 14
HedrsHoit raz | — 20 %, nmponan CsHg — 20 %, 6yran CsHio —
10 %
14 | lle6enunckuii | metan CHs — 92 %, yrmexucnsiii taz3 CO2 — 2 75 15
npupoasbiii | %, azor N2 — 2 %, stan C2He — 3 %, nponan
ras C3Hg — 2 %, 6yran C4H10—1 %
15 | I'eneparopusiit | okcua yraepoaa (II) CO — 30 %, Bogopon Ho — 55 1,3
ras 15 %, meran CH4 — 5 %, yranekucinsiit raz CO>
—10 %, azotr N2 — 40 %
16 Bosaymmeni | okenn yrireposa (1) CO — 33 %, Bogopox Ho — 40 1,3
ras 10 %, metan CH4 — 1 %, yrnekucnsiii raz CO2
—1 %, azor N2 — 55 %
17 | byxapckuii ra3 | meran CHs — 95 %, yrnekucnsiit ra3 CO2 — 1 30 1,0
%, a30T N2— 1 %, atan CoHes— 4 %
18 Cxwxkennbli | Metan CHs — 4 %, stan CoHe — 4 %, npomnan 25 11
ras C3Hg — 79 %, 6yran C4H10 — 11 %
19 Bbuoras Bogopon Hz — 1 %, meran CHs — 70 %, 95 1,6
yrinekucnbiii taz CO2 — 28 %, azotr N2 — 1 %,
cepoBogopon HoS —1 %
20 KoxcoBblit okcua yriepona (II) CO — 7 %, Bomopon Ho — 110 1,3
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ountieHHbd | 58 %, meran CHs — 22 %, yriekuciblii ra3
ras CO2 — 2 %, kucnopon Oz — 1 %, azor N2 — 8
%, atan C2Hg — 2 %, cepoBogopon H.S — 1 %

IIpakTuyeckoe 3ansaTust Ne 5.
Tema: «Pacyer 00bema BO31yxa, HeOOXOAMMOIO IS TOPEHHS BelleCTBA CJI0KHOT0
3JIEMEHTHOTI'0 COCTABA.

Llesb: HAyYUTHCS PaCCUUTHIBATh 0OBEM BO3/1yXa, HEOOXOIMMOTO Uil TOPEHHUS BEIIECTBA
CJIOKHOTO JIEMEHTHOT'O COCTaBa.

Teopernueckasi 4acThb:

CocTaB BeIECTB CIOKHOTO 3JEMEHTHOI'O COCTaBa BBIPAXKAETCS B MACCOBBIX JOJSIX (o,
%) xaxzoro 3nemenTa. Ilpu ropeHnn Kuciaoposa Bo3ayxa pacXoAyeTcsl Ha OKUCIIEHUE YriliepoJa
C, Bomopozaa H, cepbl S 1 [pyrux roproyux COCTaBISIONIHX.

Paccunraem, kakoil Teopernyeckuil oObeM BO3yxa HEOOXOAUM A cropaHust 1 Kr
Ka)KIO0T0 AJIEMEHTA IPU HOPMAIbHBIX YCIOBUSX.

VYrinepoa, BOIOpPOI W cepa SBIAIOTCS OCHOBHBIMH COCTABJISIIOIIMMHU OOJIBIIMHCTBA
OPraHWYECKUX COEIUHEHUN. 3HAYUTEIbHOE YMCIO OPraHWYECKHX BEUIECTB HMMEIOT B CBOEM
COCTaBe KHUCIIOPO/I, U, CIIEI0BATENbHO, BO34YyXa Ha TOPEHHUE OYJET 3aTpaueHO MEHBIIIE.

Teopernueckoe KOJIMYECTBO BO3JAyXa s CropaHus | K- BeIlIecTBa CIOXKHOTO

9JICMCHTHOI'O COCTaBa B O6HI€M BUJC MOXXHO 3aIucaTh CJICAYIOIHUM 06pa30M:
w(C)

w(H) w(S)

100

w(O)

V TEOPp — V (C) TEOp , 100

+ VB (H) TEOp . + VB (S) TEOp . VB (O) TEOp , 3 (2 2)
rae o(C), o(H), o(S), ®(O) — maccoBbie JOIU IEMEHTOB B BELIECTBE, %b.

[locne mnoxacraHoBkM B ¢opMmyny (2.2) MOJY4YEHHBIX BBIIIE PACUYETHBIX 3HAUCHUU
TEOpeTHYeCKHii 00beM BO3AyXa A CropaHMs 3aJaHHOM Macchl (m) BeIIecTBa CIOXHOTO

AJIEMEHTHOT'O COCTaBa IMPU HOPMAJIbHBIX YCIOBUSX OIpeneiseTcs o popmyie

w(C) w(S) w(0)

VP =m-0,267(— + w(H) + —=) M¥/xT (2.3)
IIpumep. Onpenenmb o0beM Bo3nyxa, HEOOXOAUMOTr0 Ui MOJHOIO CropaHus 5 Kr
Top(a cnemyromiero cocrara (B %): C — 56,4 %; H — 5,04 %; O — 24,0 %; S — 0,06 %; N — 3,6 %;
3o01a — 10,9 %. 'openne nporekaet npu a=1,5, yclI0BUs HOpMaJIbHbIE.
Pewrenue.
1. [To popmyne (2.3) ompenensieM TeOpeTHUECKUI 00bEM BO3/1yXa, HEOOXOIUMBIN
JUIsl TOpeHUs JaHHOM Macchl oOpasia Topda:

Vo= m-0.267- (252 + w(5,04) + 2022 2B = 57 7

C yuyetoM kod(pduiinenTa n30bITKa BO3AyXa peaJbHO Ha CTOPaHHUE TaHHOW Macchl o0pasiia
Topda Oyzer 3arpadeHo Bosayxa V. =V,"r -a =27,7 -1,5 = 41,6 M°.
3agaHue /151 CAMOCTOAITEILHON PaGoTHI.
3agaya 5. Ompenenuts 00beM BO3AyXa, HEOOXOAMMOrO JJsi TOJHOTO CrOpaHUs
3aJJaHHOW Macchl BEIIECTBA CJIOXHOTO AJIEMEHTHOTO COCTaBa MPU HOPMAJbHBIX YCIOBHSIX U
kodduimenTe u30bITKa Bo3ayXa o. MicxoaHble JaHHbIE 110 BapUaHTaM MPUBEEHBI B TaOIUIE 6.

Tabauua 6
3aganue K 3agaue S.

No Hazanue | Macca, | Koadpdu Cocras BemiecTsa, %
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Bap | BeLeCTBa | KT IIUEHT C H O N S Biara 3o01a

U30BITKA
BO3/yXa
o
1 Kamennbl 6 14 76,0 4,8 3,6 2,8 1,8 2,8 8,2
it yrosp
2 Masyt 8 1,3 85,0 14,0 0,4 0,3 0,3 -
3 | Apescenn | 7 12 | 460 | 60 | 42,0 - - 60 | -
a
4 Topd 9 15 36,0 4,0 12,0 8,0 - 350 | -5,0
5 | Hegm 10 14 | 840 | 140 - 10 | 1,0 - -
6 KameHHbI 5 1,3 79,4 53 10,3 - 2,82 - 2,18
i yroJyip
7 Kepocun 6 1,2 85,28 | 14,12 0,6 - - - -
8 | Apeccnn | 7 14 | 415 | 60 | 430 | 20 - 75 -
a
9 | TMonyamtp | 8 12 | 904 | 43 4,3 - 10 - -
aIuT
10 | Topd 9 1,0 43,0 7,0 41,0 2,0 - 7,0 -
11 | Kamenusl 10 1,2 83,4 10,0 0,1 0,3 2,9 3,0 0,3
i yroJib
12| Masyr 11 1,2 83,4 10,0 0,1 0,3 2,9 3,0 0,3
13 | Yrom 12 1,3 75,0 4.0 6,0 3,0 2,0 4,0 6,0
14 | Cnanen 4 14 38,8 3,2 4.0 0,1 1,5 15,0 37,4
15 | Yromns 3 15 37,2 2,6 12,0 0,4 0,6 40,0 7,2
16 | bemsun 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 | bepesosck 5 1,2 44,3 3,0 14,4 0,4 0,2 33,0 | 4,7
UH yrojb
19 | Masyr 6 1,3 85,8 8,7 0,4 0,4 0,7 3,8 0,2
MaJocepH
WCTHIN
20 | Masyr 7 1,4 83,7 11,5 0,5 - 0,4 - 0,3
BBICOKOCE
PHUCTBII

IIpakTnueckoe 3ansaTue Ne 6.
Tema: «Pacyer 00beMa M NPOLCHTHOIO COCTABA NPOAYKTOB rOpPeHUs
HHIMBHUAYAJbHOI0 BelleCTBa.

Ileab: HayuuThCS pPAacCUUTHIBATH OOBEM U MPOLEHTHBIA COCTaB NMPOJYKTOB TOPEHUS
WHAUBUIYaJIbHBIX BELIECTB.

Teoperuyeckas 4acThb:

[IpakTyeckn Bcerja OpraHMYecKUE BEIIECTBa TOPSAT C OOpa3oBaHHEM MPOIYKTOB
MIOJIHOTO U HEMIOJIHOTO TOPEHUSI.

K mpoaykram moJiHOro cropaHusi OTHOCSTCS: YIJIEKMCIIBIA ra3, oOpasyrouuiics mpu
TOPEHUHU YIJIepoJa, Pa3loKEHUH KapOOHATOB; BOJSHOM map, oOpa3yroouuiics Npu TOpeHUH
BOJIOPOJIa M MCHIAPEHUH BIIard B UCXOAHOM BemecTBe; okcui cepbl (IV) SO2 u a30T — npoiyKThl
TOpPEHUS COEUHEHMM, COJIEPIKALNX CEPY U a30T.

IMpoaykThl HemoJiHOro cropanus — yrapusiii ra3 CO (okcupn yrimepoaa (I1)), caxa, C,
IPOAYKTHI TEPMOOKHCIUTEIIBHOTO Pa3JI0KEHUS — CMOJIBI.

Heopranunueckue BemiecTBa croparor, Kak paBuiio, 10 COOTBETCTBYIOUINX OKCHIOB.

BbIxoq NOpOAYKTOB TOpPEHHsS KOJMYECTBEHHO YCTAaHOBUTH HEBO3MOXKHO  H3-3a
YpEe3BBIYAHON CIIO)KHOCTH WX COCTaBa, MOATOMY MaTepHANbHBIA OanaHC Mpolecca TOpPeHUs
paccuuThIBAECTCA W3 IPEANOJIOKEHHS, YTO BELIECTBO CrOpaeT IOJHOCTHIO JO KOHEUHBIX
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npoaykTtoB. Ilpu 3TOM B cocTaB NpPOAYKTOB TOpPEHHs BKIIOYAIOT TaKXKe a30T BO3AYyXa,
U3pacX0JJ0OBAaHHOTO HA TOPEHHE, U N30BITOK BO3ayXa mpu o > 1.

Kak um B caydae pacuera oObeMa BO3QyXa, HEOOXOIUMOIO [UIs TOPEHMs, CBOHU
0COOEHHOCTH UMEET pacyeT MPOAYKTOB TOPEHUS JJIsl MHIAMBUAYAIbHBIX BEIIECTB, CMECH Ta30B U
BEIIIECTB C U3BECTHBIM 3JIEMEHTHBIM COCTABOM.

B ciydyae MHIMBHIYaIIbHOTO XUMHUYECKOTO COCJMHEHUS O0OBEM M COCTaB IMPOJYKTOB
TOPEHHUs PACCUNUTHIBACTCS 110 YPABHEHHIO PEAKIIMU TOPEHUSI.

Craenyer oOpaTuTh BHUMaHHE, YTO 0oJiee MOJIOBHUHBI 00bEMa BCEX MPOIYKTOB TOPEHUS —
3TO a30T BO3JyXa, H3PACXOJAOBAaHHOIO Ha ropeHue. Ecinu ke ropeHue NpoTEKaeT c
KodpduureHToM u30bITKAa BO3AyXa 0> 1, TO H30BITOUHBIA BO3AYX TaKXKe COCTaBISET
3HAYUTENbHYIO YacTh IPOAYKTOB T'OPEHUSI.

Ipumep. Onpenenutb 00beM U cocTaB B 00BEMHBIX % TPOIYKTOB TOPEHHS,
obOpazoBaBmuxcs npu cropanuu 3 kr 6en3ona CeHs. Temmneparypa 20 °C, naBnenue 770 MM pt
CT., K03 punment n3owITKa Bo3ayxa a=1,4.

Pemenue.
1. 3anuceiBaéM ypaBHEHHE PEAKLIUU TOPEHUS M BIUCHIBAEM BCE M3BECTHBIE U
HCU3BECTHHIC BEIIMINHDI:
3 kr x1 M M x3M x4 M
CeHe +7,5(02+3,76N2) = 6CO2 +3H O2+7,5- 3,76N>
M =78 kr 7,5' 4,76'VM 6'VM 3'VM 7,5' 3,76'VM.
2. PaccuntaeM, kakoil 00beM 3aHMMaeT | KMOJIb Ta3000pa3HBIX BEIIESCTB IPH

3aIaHHBIX TEMIICPATYpPEC U AABJICHUH.

PO-VO T_ 760224 293
Vi = T - 2= = 23,7 M%/kMOIB.
TO P 273 770

3.Teopernueckuii 00beM poaykToB ropeHus (Vyr) onpeaenseM 1Mo ypaBHEHHUIO peaKkiiu
3-(6+3+7,5-3,76):23,7
Vor = 24 = V237 _ 33 9 )3

4T openue mnporekaer ¢ Kod()PHUIMEHTOM H30bITKAa BO3AYyXa, CIIEJOBATEIbHO, B COCTaB

MPOYKTOB TOPCHHUSI BOWIET H30BITOUHBIN BO3TyX AV,.
Jlist pacueTa n30bITKA BO3/1yXa [0 YPABHEHHUIO PEAKIIMK HAWIEM TEOPETUUECKUI 00heM

BO3/1yXa, HCO6XO,HPIMBII>'I IJIg TIOJIHOT'O CTOpaHus OcH30I1a:

3-7,5-4,76:23,7
VTeop: X1= T = 32,5 M3

N36bITOK BO3/TyXa ONpeAeanM 1o popmyie
AV = V™% (0-1)=32,5-(1,4-1)= 13>
C yuetrom U30bITKa BO3/yXa MPAKTUYECKH 00BEM MPOAYKTOB FOPEHUSI COCTABUT
Vi =Vpr+ AV, = 33,9+13 = 46,9 M3
5.MHora BO3HUKAeT HEOOXOJMMOCTh pacCYUTaTh OOBEM OTAEIbHBIX KOMIIOHEHTOB
MIPOIYKTOB TOPEHUS M UX MPOIEHTHBIA COCTAB.
B sToM ciyuae o ypaBHeHHIO peakiuu onpenenseM oobeM CO2, H20 u Na.
3-6-23,7
V(CO:) = x2= 78 =547 m°
3-3-23,7
V(H Oz) = X3 = 78 = 2,73 M3
3-7,5:3,76:23,7

VNG) = xa= = 25,71 M°
AV, = 13 M.
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OObemMHas KOHIIEHTPAIKs KaX1I0T0 KOMITOHEHTA CMECH PACCUUTHIBACTCS CICTYIOIINM 00pa3oM:

06 V(CO7) -100  5.47- 100

6 (CO2)= Vo' = 469 =117%;

o6 V(H 0,)-100 273100

0(HO2)=  Vu* = 469 =58%;
46,9

o6 V (N2)- 100 = 25,71 100

o(N2)= Vi 46,9  =54,8%;

00 VAV “¢)- 100 =13 -100 = 27,7 %.
¢ (AV,) = Vir* 46,9

Crnenyer oOpaTuTh BHUMaHUE, YTO 0OJIee MOJIOBUHBI 00bEMa BCEX MPOAYKTOB TOPEHUS —
9TO a30T BO3/yXa, M3PACXOJOBAaHHOIO Ha ropeHue. Eciam ’xe ropeHue mpoTeKaeTr ¢
koopdunmeHTom u30bITKa BO3AyXa a > 1, TO W3OBITOYHBIH BO3AYX TaKXKe COCTABIISAET
3HAYUTENIbHYIO YacTh IPOJAYKTOB T'OPEHUSI.

3aganne 1J1s CAaMOCTOAITEIbHOM PadoThI.
3agaya 6. Onpenenuts 00bEM U COCTaB B OOBEMHBIX HPOLIEHTaX MPOJYKTOB IOpEHUs,
00pa30BaBIIMXCA IpPU CrOPaHUM 3aJaHHOM Macchl BELIECTBA NpPU JAHHBIX TEMIIEpaType u
naBiieHuH. ['opeHue mporekaer ¢ U30BITKOM BO3ayXa o. McxolHble AaHHBIE IO BapHaHTaMm
IPUBENIEHBI B TabnuLe 7.

Tabmauua 7
3aganue K 3agaue 6.
No BemectBo Macca, Temneparypa, | [JaBnenue, | Kosdduuuent
Bap KT °C MM PT CT n30BITKA
BO3/yXa, O
1 Auertnnen CoHg 1 10 750 1,0
2 Hutpobenson 2 11 760 1,1
CsHsNO2
3 Tonyon C7Hg 3 12 755 1,2
4 | Mertan CHy 4 13 765 1,3
5 Oranon C2HsOH 5 14 740 1,4
6 | benson CsHs 6 15 745 15
7 | AusTHioBsIi 3¢dup 7 16 770 1,0
C4H100
8 | byran C4H1o 8 17 775 1,1
9 ITentanon CsH11OH 9 18 780 1,2
10 | ®enon CeHsOH 10 19 785 1,3
11 | Kcumoa CsHio 11 20 790 1,4
12 | Otunen CoHy 12 21 760 15
13 | OTunosslit 3¢up 13 22 765 1,0
YKCYCHOM KHCITOTBI
C4Hs0O2
14 | Byrunen CsHg 14 23 770 1,1
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15 | Meranon C4HsOH 15 24 745 1,2

16 | ®opmansaerug CH20 16 25 750 1,3

17 | JIuxmopaTuneH 17 26 755 1,4
C2H4Cl

18 | Bunmmxmopun 18 15 775 15
C2HsCl

19 | Xnopua aMMoHUS 19 16 780 1,6
NH4CI

20 | bpomaTtan CoHsBr 20 17 785 1,0

IIpakTu4yeckoe 3anaTue Ne 7.
Tema: «Pacuer 00bemMa U NPOLEHTHOIO0 COCTABA MPOAYKTOB
TOpeHusi ra30Boil cCMecH».

Leab: HayuyuThCA PACCUUTHIBATH OOBEM M IMPOLIEHTHBIA COCTaB MPOAYKTOB TOPEHUS

ra3zoBOi CMECH.

Teopernveckasi 4acTh:

IIpu pacuere HmpoOAYKTOB IOpPEHHs] Ta30BOM CMeCH HEOOXOIUMMO 3HaThb, Kakoll 00beM
MPOJYKTOB TOPEHHUS BBIIEISETCS MpH cropanuu 1 M3 Kaxaoro roprouero rasa cmecu. [lanee,
3Hasl MPOLIEHTHOE COJepKaHue (B OOBEMHBIX MPOLIEHTAX) KaKJI0r0 TOPIOYEro rasa, BBIYUCINUTh
CyMMapHbIi 00BeM 00pa30BaBIIUXCS NPOAYKTOB TopeHus. Eciu ropeHue mpoTekaer ¢
M30BITKOM BO3/yXa, TO B COCTaB INPOAYKTOB T'OPEHUs] HEOOXOIUMO BKIIIOUUTh U HM30BITOUHBIN
BO3/IYyX.

Ipumep. Onpenenuts 00beM U cOCTaB IPOAyKTOB ropenus 10 mM° mpupomHoro rasa
cnenyrolero coctana (B % oobemubix): metan CHa — 75 %; stan C2He — 4 %; nponan C3Hg — 2
%; yraexucibrii raz CO2— 19 %. ['openue nporekaer pu o=1,2.

Pewrenue.
1. CocraBisieM ypaBHEHHE PEAKLIUU TOPEHUS )i BCEX TOPIOUMX ra30B CMECH

CHs+ 2(02+3,76N2) = CO2+ 2H20O + 2- 3,76N2, 1.e. B(CHas) = 2.

Jnst Ta3000pa3HBIX BEMIECTB OTHOIICHHWE YHCIA MOJIb PAaBHO OTHOIICHHIO OOBEMOB,
CJIeIOBATEeNbHO, CTEXHOMETpUYeckhue Kod((UIMEHTH N1 KaXIOro BEIIECTBA B pEaKIUU
TOPEHHS — 3TO M €CTh 00BEM B M° KaXKI0TO KOMIIOHEHTA MPOAYKTOB TOPEHHS, BBIICIHBIINNACS
nipu croparuu 1 M3 roprodero rasa.

[To ypaBHEHMIO PEAKIMH MOKHO ONPENENINTh, uTo TpH cropanmu 1 m° merana CHy
obpasyercst 1 M COy, 2 M® H20 m 2-3,76 M° Na.

C2He +3,5(02 +3,76N2) = 2CO2 + 3H20 + 3,5- 3,76Nz2, T.e. B(C2He) = 3,5

Ipu croparuu 1 M3 atana C2Hg o6pasyercs 2 M3 CO2, 3 M® H20 1 3,5-3,76 M° Na.
C3Hg +5(02 +3,76N2) = 3CO2 + 4H20 +5-3,76N2, 1.e. f(C3Hg) =5

Ipu croparuu 1 M3 aTana CsHs o6pasyercs 3 Mm% CO2, 4 M® H20 u 53,76 M° Na.

2. Omnpenenum TeopeTuYeckuii 00beM MPOTyKTOB FTOPEHUSI.

CyMMapHBIif 00beM YTTIEKHCIIOTO Ta3a, 06pa3oBaBIIerocs Npu cropanud 1 M° rasooii
CMECH, OTPEEIISIETCS C YIETOM IPOIIEHTHOTO COCTaBa KaKJ0T0 TOPIOYET0 KOMITOHEHTA Ta30BOM
CMECH, U TaK)Ke BKJIIOYAeTCS 00BEM YTIEKUCIIOTO rasza, BXOASIIUNA B COCTaB UCXOIHOW ra30BOU
cMecH:

CH4)o6 C2H6)06 C3H8 )o6 C02)o6 75)06 4)o6 2 )o6
V(C02)=1-¢( )00 » P(C2H6) +3<p( )06 | #(€02)06 _ | @(75)00 , » 9(4) +3<p() +
100 100 100 100 100 100 100
19)o6
20990 _ 1 08 w3
100
Ipu croparmu 10 Mm% TazoBoii cMecH 06BEM O0OpPA3OBABIIEroCs YIJIEKUCIOTO TIa3a
COCTaBUT
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V(CO,) = 1,08 -10=10,8 m*

AHaJOrMYHO paccuuThIBaEM 00bEM MapoB BOJBI, a30Ta, 00Opa30BaBIIUNCS B pe3yJbTaTe
cropaunus 1 M® cMecu ra3os.

Teoperrueckuii 00beM mpoaykToB roperus 10 M3 razoBoii cMecn cocTaBUT VIIT = (CIOKUTH BCE
00BEeMBI).

3. T'openne mpotekaer ¢ kodduimeHToM U30bITKAa Bo3ayxa o = 1,2, cienoBareibHO, B
COCTaB MPOJYKTOB TOpPEHMs BOMAET M M30BITOK Bo3ayxa. [is ero pacuera mo ¢opmyne (2.1)
OTpesieNiieM TEOPEeTUYSCKU 00beM BO3AyXa, HEOOXOAMMBIN JUIS TOPEHHS JaHHON Ta30BOU
CMECH:

2-7543,5-4+5-2
A meop = 21 -10 = 82,9 M
N30b1TOK BO3Myxa onpeaenum 1o ¢popmyiie (1.5)
AV, =V -(0-1)=82,9 -(1, 2-1) = 16,6 m®
C yuerom n30bITKa BO3AyXa MPAKTUYECKUI 00BbEM MPOTYKTOB FTOPEHUSI COCTABUT

V[]r* =Vor+ AVe = 93,3+16,6 =109,9 M
3. Omnpenenum IpOLEHTHBIH COCTaB HPOIYKTOB FOPEHHUS:

06 _V(COZ )-100_ 10,8:100 _ 0
97 (CO2) =———= oo = 9:8%
(P°6 (H;0) _V(H20)-100_ 17-100 _ 15.5%

VIITx+  109,9

(Po6 (N2) :V(I‘\;;l{;100: ei,:‘;:o — 50.6%

V(AVB )100_ 16.6:100

(PO6 (AVe) = VIIT* 109,9

=15,1%
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3agaya 7. OmpenenuTh 00bEM U COCTaB MPOAYKTOB TOPEHHUS X M

3aganue 1J151 CAaMOCTOATEIbHON PadOTHI.

ra3oBoM cMecu

U3BECTHOIO COCTaBa. ['opeHMe mpoTekaeT ¢ M30BITKOM Bo3ayXxa. VIcXonHble AaHHBIE IO
BapHUaHTaM MPUBEJICHBI B TAOIUIE 7.

Tabmuma 8
3amanue K 3agpaue 7.
Ne | T'a3oBas cmech Cocras razosoii cmecu, % O6bvem | Koadpdpunuenr
Bap ra3oBoi | M30BITKA
cMecH, | Bo3ayxa, o
N
1 KoxcoBriit okcun yraepoaa (II) CO — 7 %, Bomopon 11 1,1
OYUIICHHBIN Hy — 58 %, meran CHasa — 23 U,
ras yraekucibii raz CO2 — 3 %, kucinopon O2
— 1 %, azor N2 — 8 %, stan C2Hg — 2 %,
cepoyriepon HoS — 1 %
2 buoras Bogopon H2 — 1 %, meran CHs — 70 %, 12 1,2
yraekucislii ra3 CO2 — 28 %, azor N2 — 1
%, cepoyriepon HoS — 1 %
3 CKMKEHHBIN metan CHs — 4 %, stan CoHs — 6 %, 13 1,3
ras nponad C3Hg — 79 %, Oyran C4Hio — 11
%
4 | byxapckuiiraz | CO2 — 1 %, a3zot N2 — 1 %, stan C2Hs — 14 14
4%
5 Bo3nyninsrii okcua yrieponaa (II) CO — 34 %, Bogopon 15 15
ras H» — 10 %, merau CHs - 1 9,
yrnekucislii ra3 CO2 — 1 %, a3zor Nz — 56
%
6 ['enepatopusiit | okcup yriepona (II) CO — 30 %, Bomopox 16 1,4
ras H» — 15 %, meran CHs — 5 %,
yrnekucasiii raz CO2 — 10 %, azor N2 —
40 %
7 | lHe6enunckuit | metan CHg — 92 %, yrnekucnsriii raz CO2 17 1,3
TIPUPO/THBII — 2 %, azot N2 — 3 %, stan C2He — 3 %,
ras nponald C3Hg — 2 %, 6yran C4H10—1 %
8 | [MomyTHbIi Mmetan CHs — 42 %, azor N2 — 8 %, sTan 18 1,2
HedTsanoit raz | CoHs — 20 %, mpomnan C3Hg — 20 %, Oyran
CsH10—10%
9 | JamaBckuii metaHn CHs — 98 %, azor N2 — 2 %, sran 19 11
MPUPOIHBII C2Hs — 1 %, mpomnan C3Hg — 1 %
ra3
10 | YxtuHCcKuit metaH CHs — 89 %, yraekucnsiit raz CO2 20 1,2
MPUPOIHBIN -5 %, a3oT N2 — 5 %, stan CoHs — 2 %,
ras nporad C3Hg — 1 %, 6yran C4Hio— 1 %
11 | Caparosckuii | meran CHs — 93 %, atan C2Hs — 8 % 21 1,3
IIPUPOIHBII
ra3
12 | Kokcossiii ra3z | okcua yraepoga (II) CO — 7 %, Bogopon 22 1,4
Hy — 57 %, meran CHs — 23 %,
yriekucislit raz CO2 — 3 %, asor N2 — 8
%, Boga HoO — 4 %
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13 | CBeTHIILHBIN okcun yraepona (II) CO — 20 %, Bomopon 23 15
ras Ho — 50 %, merau CHs — 23 %,
yraekucibiit ra3 CO2 — 3 %, azot Nz — 2
%, stan CoHe — 2 %
14 | CeeTHIIbHBIN okcun yraepona (II) CO — 10 %, Bomopon 24 1,4
ras Ho — 50 %, merau CHs — 30 9%,
yraekucibii raz CO2 — 3 %, kucinopon O2
-2 %, a30T N2 -5 %
15 | Ilpuponusiii meran CHs — 90 %, yranekucinsiii raz CO2 25 1,3
ras —0,5 %, azotr N2 — 1 %, stan C2H6 — 6 %,
npomad C3Hg — 4 %
16 | IIpuponnblii Bogopoa H2 — 4 %, meran CH4 — 86 %, 26 1,2
ras stan CoHs — 2 %, npoman C3Hg — 4 %,
oyran C4Hio—4 %
17 | Bonsnotii ra3 okcun yraepona (II) CO — 40 %, Bomopon 27 1,1
Ho — 50 %, meran CHs - 1 %,
yraekucibsiit ra3 CO2 — 5 %, azor N2 — 5
%
18 | BoasHoii ra3 okcuy yriepona (II) CO — 35 %, Bomopon 28 1,2
Ho — 40 %, meran CHs — 14 %,
yraekucnsiid Ta3 CO2 — 5 %, azor N2 — 6
%
19 | BoasHoii ra3 okcua yraepona (II) CO — 4 %, Bomopon 29 1,3
Ho — 49 %, meran CHs - 5 %,
yrnekucnsiii ra3 CO2 — 10 %, azot N2 —
5,5 %
20 | Momennsrnii ra3 | okcup yriepona (II) CO — 28 %, Bogopon 30 1,4

H2 — 3 %, metan CHs — 1 %, yrinekucinerit
raz CO2 — 13 %, azor N2 — 57 %

Tema: «Pacuer o0bemMa u MPOUEHTHOI'0 COCTaBa MPOAYKTOB IrOpeHUs BELIECTBA
CJIOZKHOTI'0 3JICMCHTHOI'0 COCTABAa).

IIpakTnyeckoe 3ansaTue Ne 8.

Henb: HayuuTbcsd paccUUTHIBaTH O0BEM M MPOIEHTHBIN COCTaB MPOIYKTOB TOPEHUs
BEILECTBA CII0KHOIO 3JIEMEHTHOI'O COCTABA.

TeopeTuyeckas 4acTh:

B ToMm cmywae, koraga roprouee — CIO0KHOE BEIIECTBO C H3BECTHBIM JJIEMEHTHBIM
COCTaBOM, TE€OPETHYECKUN BBIXOJ IMPOJYKTOB TOPEHHUsS ONPENEISIeTCs KaK CyMMa MIpPOIYKTOB
TOPEHHUs KaXJI0ro 2JIEMEHTa, BXOIAILEr0 B COCTaB BEIECTBA.
Paccunraem, kakoil TeopeTHUecKHii 00bEM NPOAYKTOB TOpeHHs oOpasyercs mpH
CrOpaHMH | KI Ka)kJI0ro 3J€MEHTa TP HOPMAJIbHBIX YCIOBHSIX.
[ 5TOrO COCTaBUM MPONOPLINN:

JUI yTIEpoaa

1 kr x1 M3 X2 M3

C +(02+3,76N2) = CO2 +3,76N>
12kr  22.4M° 3,76:22.4 M®

V(CO2)= x1=2 = 1,87

V(N 2)=xo=

_3.76224 _
12

JUIsL BOJIOPOIa

7 M
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IS CEPBI
st pocdopa

B cocras roprodero BemecTBa MOXET BXOAUTh a30T, Bjlara, KOTOPbIC YAAISIOTCS BMECTE
C MPOJYKTaMHU TOPCHHSI.

OO6beM 1 Kr a30Ta MpH HOPMAIBHBIX YCIOBHUSIX COCTaBUT

_ m(N2)-VMm_ 1224 _ 3
VIN2)= M((N2) 28 0.8m

[Tpu HOpMAaNBHBIX YCIOBUAX | KT MapoB BOJBI 3aiiMET 00bEM

_ m(H20)-Vm_ 1-22.4 _ 3
V(H>0)= M0 18 1,24 m

Eciu B cocraB roprodero BelIeCTBa BXOJUT KHUCIOPOJ, TO IPU TOPEHUH OH Oyner
Pacxo/10BaThCs Ha OKHCIEHUE TOPIOYNX KOMIIOHEHTOB (YIiieposa, BoJopoaa, cepsl, hocdopa), u
IIO9TOMY W3 BO3[yXa Ha ropeHue OyJeT M3pacXxoJ0BAHO KHCJIOpPOJa MEHBIIE Ha KOJMYECTBO,
KOTOPOE COJEpkKaJloch B roprodyeM BemecTBe. CaeloBaTeNnbHO, B MPOLYKTaX FOPEHUS M a30Ta
OyzeT MeHbIlle Ha KOJIMYECTBO, KOTOPOE MPUXOIMIOCH Obl Ha KMCIOPOJ, € Obl OH HaXOIUJICs
HE B FOPIOYEM BEILIECTBE, a B BO3yXE.

Ha 1 kr xucnopoa B Bo3ayxe OyeT NpUXoIUThCS 00BEM a30Ta, paBHBII

_ m(N2)-VMm_ 3.76:22.4 _ 3
V(N2)= W - ez 2,63 m

HOJ'Iy‘lCHHbIe 3HA4YCHUA BbIXOJ0B IMIPOAYKTOB I'OPCHUA 3JICMCHTOB BHCCUTC B Ta6J'II/II_[y.

Teopemuqecmtﬁ obvem npodmeoe COPEHUS DTIEMEHM OB CIIOJNCHbLX 6ewecme npu

HOPMATIbHBIX YCLOBUSIX.
DJIeMEHT O65BeM IPOIYKTOB TopeHns (M°) Ha 1 KT BemecTsa
CO2 H20 SO, P20s N>
Yraepon
Bonopon
Cepa
Dochop

A30T B roproueM

A3zor 3a cyer
KHCTIOpoJia B
TOpIOYEM

Buara B roprouem

Wcnonp3ys AaHHbIe TaOJIMIIBI, MOKHO BBIUHCIUTH 00BbEM MPOIYKTOB TOPEHUS JIFOOOT0
BEIIECTBA C U3BECTHELIM DJIEMEHTHBIM COCTABOM.

ITycts © (C), ® (H), ® (S), ® (O), ® (N) — MaccoBbIe 10711 3JIEMEHTOB B BEIeCTBE, %0;
® (W) — coneprxaHue Baru B BeuiecTse, %o.

Torma obmue Gopmyssl I pacyeTa KaKAOro KOMIIOHCHTa MPOAYKTOB TOPCHHS IPH
CTOpaHUH 3aJaHHOM MaccChl (M) BEIecTBa OyIyT MMETh CIICAYIOIINI BU/I:

V(COp)=m-2222E 8 (2.4

V(H20)= m~(11'120'(()H) + 2220y 33 (2.5)

V(SOz)=m22E 13 (26)

V(N2)= m.(7-w(c‘) +21-(H)+ 2,63 -w(S) n 0,8 w(N) _ 2,63 w(0) Nt (2.7)

100 100 100 100 100
IIpumep. Ormpenenut 0o0BEM U MPOLEHTHBIM COCTAaB MPOAYKTOB TOpPEHUS S5 Kr

KaMEHHOTO yTuis cheaytomiero cocrasa (B %): C — 75,8 %; H—3,8 %; O — 2,8 %; S—2,5%; N —
1,1 %; W — 3,0 %; 30ma — 11,0 %. ['openue nporekaer npu o=1,3, ycIoBusi HOpMaJIbHBIE.
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Pemenue.

1. Tlo ¢popmynam (2.4) — (2.7) onpenenseM 00beM KaI0ro KOMIIOHEHTA IPOIYKTOB
rOpeHus 5 KT KAMEHHOI'O YTJIs.

V(CO,)= 5228738 = 7,3
_ g 12 -(3.8) 1,24 +(3)
V(H20)=5 0(7 TN )=231 M3
V(SO2)= 52222 = 0,085 m®
7 75 8 21-3,8 2,63 2,5 0,8-1,1 . 2,632,8 3
V(NZ) 5( 100 100 100 100 100 ) - 33'14M

2. Topenune mportekaer ¢ kKodpuIMeHTOM H30BITKa Bo3ayxa 1,3, ciemoBarenbHO, B
COCTaB MPOYKTOB TOPEHUs OyJET BXOUTh N30BITOYHBIN BO3IYX.
ITo popmymne (2.3) onpenensieM TeOpeTUYECKU 00BEM BO3/TyXa, HEOOXOIUMBIN IS
TFOpEeHUs TaHHOM Macchl 00pasua yris:

VTe°p—50267(—+ 38+ —-—) 38,6 M°
N306ITOK BO3/IyXa OMPEACIIUM TI0 Q)opMyne

75,8

2,5

2,8

AV, =V -(0-1)= 38,6+(1,3-1)=11,6 >
C yuerom n30bITKa BO3/1yXa HpaKTquCKI/Iﬁ 00BbEM MPOAYKTOB FOPEHUS COCTABUT
42,5+11,6 =54,1 m°

Voir =Var+ AVe=

3. Onpenenum MpOLEHTHBIM COCTaB MPOYKTOB TOPEHUS:

0% (CO») V(csnzr) 100
¢ (H0) _V(H;r?r)*loo
0% (SO») V(sltl)rzlr)*mo
% () _V(I‘\:IZ_[?‘:OO

0% (AV,) _V(A‘I//ll_a[F1100

3aganne 1J1s1 CAMOCTOSITEIbHOM PadoThI.

3agaya 8. OmpenenuTh 00bEM M NMPOLEHTHBIN COCTaB MPOJIYKTOB I'OPEHUs 3aJaHHOMN
Macchl BEIIECTBAa W3BECTHOTO COCTaBa, NMPU HW30BITKE BO3AyXa M HOPMAJBbHBIX YCIIOBHSIX.
HcxonHble JaHHBIE IO BapUaHTaM pUBEEHbI B Tabmuie 9.

Tab6muma 9
3aganue K 3agade 8.
No Hazpanme | Macca | Koapdu Cocras Bemiectsa, %
Bap BCIICCTBA KT IMUCHT
U30BITKA C H (@) N S Baara 3oma
BO3/yXa
o
1 Masyr 2 11 83,7 11,5 0,5 3,0 4,0 23,0 0,3
BBICOKOCEP
HHUCTBIN
2 | Masyr 3 12 | 858 | 87 04 | 04 | 07 | 38 | 02
BBICOKOCED
HUCTBIN
3 | Bepesosex | 4 13 | 443 | 30 | 144 | 04 | 02 | 330 | 47
Wi yTroJib
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4 Yronb 5 1,4 29,1 2,2 8,7 0,6 2,9 33,0 | 235
S Benzun 6 15 85,0 14,9 0,02 0,03 0,15 1,2 0,3
6 Yrosb 7 11 37,2 2,6 12,0 0,4 0,6 40,0 7,2
7 Cnazen 8 1,2 38,8 3,2 4.0 0,1 15 15,0 | 37,4
8 Vrons 9 1,3 75,0 4.0 6,0 3,0 2,0 4.0 6,0
9 Masyr 10 1,4 83,4 10,0 0,1 0,3 2,9 3,0 0,3
10 | Kamennsri 11 15 76,0 45 3,5 1,8 47 3,0 6,5
yromnb
11 | Topd 2 1,1 43,0 7,0 41,0 2,0 3,3 7,0 11,5
12 | Honyantpa 3 1,2 90,4 4,3 4,3 0,2 1,0 0,5 1,0
IUT
13 | Jpesecuna 4 1,3 41,5 6,0 43,0 2,0 15 7,5 8,3
14 | Kepocun 5 1,4 85,28 14,12 0,6 3,0 2,0 11,3 4,0
15 | Kamennsrii 6 15 79,4 53 10,3 0,7 2,82 21,3 | 2,18
yroJb
16 | Hedts 7 11 84,0 14,0 13,0 1,0 1,0 18,3 45
17 | Topd 8 1,2 36,0 4,0 12,0 8,0 0,7 35,0 50
18 | [Jlpesecuna 9 1,3 46,0 6,0 42,0 3,7 1,6 6,0 3,8
19 | Masyr 10 1,4 85,0 14,0 0,4 0,3 0,3 0,2 0,2
20 | Kamenusbrit 11 1,5 76,0 48 3,6 2,8 1,8 2,8 8,2
yroJb

[MpakTnyeckoe 3ansiTue Ne 9.
Tema: «Pacuer TenioBoro 3¢¢gekra peakunu ropeHus
HHIMBHYAJbHOI0 BEelIECTBA.

Llesib: HAYIUTHCS PACCUUTHIBATH TEIUIOBON A(PPEKT peaKuy TOPEHHs HHINBHIYaIbHOTO
BELIECTBA.

TeopeTuyeckas 4acTh:

Jli1g pacueToB apaMeTpoB MPOLIECCOB TOPEHUS U B3pbIBA UCIIOJIB3YETCS HU3LIAs TEIIOTa
cropanust QH, TMOCKOIbKY TemmepaTrypa ropeHus 3HauutenbHo Bbime 373K (100°C) u
BBIJIEJIAONIAsICS TPU TOPEHUH BOJIa U Bjlara BellecTBa OyayT UCHapsAThCs.

Husmyro Temnory cropanust MOKHO ONPEAEIINATD, €CJIU BOCIOJIB30BAaThCS CAECACTBHEM U3
3akoHa D'ecca: TeruioTta cropanusi (TeruioBod 3(PQPeKT XUMHUYECKOW peaklUu rOpeHHs) paBHA
Pa3HOCTH MEXIy CYMMOM TemIoT 00pa30BaHUS MPOJYKTOB TOPEHHUS M CYMMOM TEmJoT
00pa30BaHMs UCXOHBIX BEILECTB.

Qn =n) AHoGp.npoaykros ropenusi - N AHoGp.roproyero Bemecrsa.

IIpumep. Paccunrtate TerioBoil »ddext peaknuu ropenuss 1 monbp Oyrana CsHio.

(Mcnonp3oBaTh mpuiiokeHue 1).
Pemrenue.

1. 3anuiieM ypaBHEHHE PEaKIIMU TOPEHUs OyTaHa.
CsH1o + 6,5(02+3,76N2) = 4CO2+ 5H 02+ 6,5 - 3,76N2

2. Breipaxkenue nis tersoBoro 3¢gdexra 3ToM peaknuu mo | creacTBUio 3akoHA
I'ecca

QHn = Y AHoOp.npotykToB ropenus - Ny AHoOp.roprouero BemiecTsa.
3. [To Ttabmume 1 mnpunoXkeHWs: HAXOAUM 3HAYCHUSI HHTAIBIUN 00pa3oBaHUS
YTJIEKHUCIIOTO Ta3a, BoAbI (ra3oo0pa3Hoii) u OyTaHa.

2. IloacraBisieM 3TH 3HAYCHUS B BBIPAKEHHE JJIs1 TETIIOBOTO d((heKTa peakiiuu

3agaHue /151 CAMOCTOSITEILHON padoThI.
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3apava 9. Paccuurats TermmoBoit a3ddexT peakuuu ropeHuss 1 MoJIb 3aJaHHOTO BEIIeCTBa
¥ BBIPA3UTh MOJYYCHHYIO BeMYNHY B KJ[/Kr. VIcX0HBIC NaHHBIE IO BApUAaHTaM MPUBEICHBI B
tabymue 10.
Tabmmma 10
3aganue K 3agave 9.

Ne Bap. BemectBo

Hutpobenszon — CeHsNO»

Aunnimn — CgHsNH2

ITentan — CsH1o

I'munepun — C3HgOs

Aneron — CH3COCHs3

Ortagans — CH3COH

Mertanans — HCOH

W3onponunossiii ciupt — C3HgO

OO |NOOTPAIWIN|F-

[Iponunossiii ciupt — C3H7OH

10 Ortunossiil ciupt — C2HsOH

11 Mertunossiii cinpt — CH30OH

12 Tonyon — C7Hs

13 benzon — CsHs

14 IIponen — C3Hs

15 OtuneH — C2Hg

16 Aueruien — CoHo

17 Hukmorexcan — CeHio

18 Oxran — CsHis

19 T'errran — C7H1g

20 T'excan — CeH14

IIpakTyeckoe 3ansaTue Ne 10.
Tema: «Pacyer Huswei Teniorel cropanus AH no ¢popmyae .M. MenaeieeBa».
Llesib: HayYUTHCS PaCCUUTHIBATh HU3LIYIO TEIUIOTY cropanus rno gopmyine .M. Menneneesa.
TeopeTuyeckas 4acTh:

ITpu pacuere TEMJIOTHI CrOpaHUs BELIECTB CIOKHOIO COCTaBa (IpeBecuHa, HePTh, TOp(h)
TEIIOTa CTOPAHUSI ONPENENAeTCs Al KaK0T0 XUMUYECKOTO 3JIEMEHTA, BXOSIIETO B BEIIECTBO
C Y4€TOM HX MPOLEHTHOro cojepkanus. Ha ocHoBe atoro npunuuna J[.M.Mennenees mosydnsn
bopMyny JUIsl pacyeTa TEIUIOThl CTOPaHMSI BELLIECTB CJI0KHOTO COCTaBa!

QH = 339.4 -o(C) + 1257-0(H)-108,9[(0(0)+ o(N)- ©(S)]-25,1:[9- o(H)+ &(W)], x/x/kr
rie - ®(C), o(H), ®(0), ®(N), o(S)- MaccoBbIie 101 3JIEMEHTOB B BelecTse, %;
®(W)-coneprkaHue Baru B BEIICCTBE.

Temnora ropeHuss cMecu ra3oB U MApoB ONpENENsIeTcs Kak cymMMma IpOU3BENEeHUM
TEIIOTHI TOPEHUS KaX10T0 TOPIOYEro KOMHOHCHTa (Qu) Ha ero o6beMHYIO 1010 B cMecH (¢°°)

Qu = Qu(1) F2+Qu(2) L2+ Qu(3) L2 .. il
IIpumep. BI)ILH/ICJ'II/ITI) HI/I3HIyIO Tennory cropanus cynbpagumesnHa Ci12H1402N4S 1o
dopmyne J[.U. Menneneesa.
Pewrenue.

1. Jlna toro, 4roObl BOCIOJNB30BAaThCSA JAHHON (POPMYJIOH, HEOOXOJUM pacyer
MPOIIEHTHOTO COCTaBa KaKIOTo SJIEMEHTA B BENIECTBE (MacCOBOH JIOIN).
Monspnas macca cynbpamumesuna C12H1402N4S cocrapnser 278 r/mons. Toraa

W €)= =2=51,8 %,
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ananmoruano paccuntbiBaeM ®(N), w(0), o(H),n(S)
[Toacrasnsiem HaiineHHbIe 3HAYeHUS B hopmyny J[.U. MenneneeBa

3aganue 119 caMOCTOSITeIbHON padoThI.
3agaya 10. Beruvcnuth HU3MIYIO TEIUIOTY CrOPaHUs 33JaHHOrO BellecTBa Mo (Gopmyiie
J.W. MenneneeBa. MicxonHble JaHHBIE IO BapuaHTaM IpuBeAcHbI B Ta0uie 11.
Tabmuua 11
3amanue K 3agaue 10.

No Bap. BemectBo

Anerat ammonus — NH4C2H302

Metuonun — CsH11NO»S

Annnng — CsHsNH»

Jumermindocdar — (CHz)2HPO4

Ilentanon — CsH11OH

I'munma — HoNCH2COOH

Xuuna — C20H2402N2

Otunearimukois — CH2 OHCH2OH

OO |NOUTI|AWIN|F-

XnopykcycHas kucinora — CH,CICOOH

10 Cynb¢anunonas kuciaora — NH2CsHaSOsH

11 Mouesuna — NH2CONH>

12 Acnapram — C14H18N20s

13 'nyramun — CsHioN203

14 beunsoiinas xuciaora — CeHsCOOH

15 [Iponen — CH3CHCH>

16 Bunnasg kuciiora — HoC4H4Os

17 Huxorunosas xuciora — CsH4ANCOOH

18 ITpomanoin-1 — CH3CH>CH>OH

19 HutpoGenzon — CeHsNO»

20 Bbpomatan — CH3CH2Br

IIpakTnueckoe 3ansaTue Ne 11.
Tema: «Pacyer aeiicTBHTEIbHOM TeMIIEPaTypPhbl FOPEeHUs
HHIMBHAYAJbHOI0 BEeIIECTBA.

Ileab:  HayduTbCs  PACCUMTHIBATH  JICHCTBUTENBHYIO  TEMIEPATYpy  TOPEHHS
WHIVBUAYAJILHOTO BEIIECTBA.

TeopeTuyeckas 4acTh:

Briaenstoieecs B 30He TOpEHUs TEIUIO PACXOLyeTCsl HA HarpeBaHUE NMPOJLYKTOB TOPEHHUS,
Ha HarpeB TOPIOYEro BEIIECTBA M OKpyKawomenh cpenpl. Ta Temmeparypa, 10 KOTOpPOMl B
IIPOLIECCE TOPEHUs HArpeBarOTCsl NPOAYKTHI TOPEHMsI, HA3bIBAETCS TEMIIEpPATypoill ropeHus. B
TEXHHKE U MOKAPHOM JIeJIe pa3inyaloT TEOPETUUECKYIO, KAIOPUMETPUUYECKYIO, aI1abaTUIECKYIO
U IEWCTBUTENBHYIO TEMIIEPATYPY TOPEHUS.

Teoperuyeckasi TeMmeparypa TOpeHUs1 — DOTO TeMIeparypa, IpU KOTOpPOH
BBIJIETIMBIIASICS TEIJIOTA TOPEHMSI CMECU CTEXMOMETPUYECKOTO COCTaBa PACXOyeTCsl HAa HarpeB
U JIACCOLMALAI0 IPOXYKTOB TropeHus. Ilpakthuecku pgucconmanusi MNPOAYKTOB TOPEHUS
HauyMHaeTcs npu temneparypax soine 2000 K.

KajnopuMmerpuueckass TeMmmeparypa TrOpeHMs — DOTO TeMmIeparypa, KoTopas
JIOCTUTAETCS NPU TOPEHUHM CTEXMOMETPHUYECKON TOprodell CMecH C HadajJbHOW TeMIlepaTypoi
273 K v ipy OTCYTCTBHH MOTEPH B OKPYKAIOLIYIO cpeny. TeopeTnueckas U KalOpuMeTpruIecKas
TEMIEpaTypa TOPEHHUsl Mapora3oBbIX CMECEH IIMPOKO MCIIONIB3YETCs IPHU OLEHKE MOKapHOMU
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OIIACHOCTH BelecTB. KpoMe Toro, ee MOKHO MPUMEHATH ISl pac4eTa MaKCUMAJIbHOTO JIaBJICHUS
B3pBIBA IIPY TOPEHUH MAPOTA30BOM CMECH B 3aMKHYTOM OOBEME.

AnmadaTuyeckass TeMmIlepaTypa TIOPeHMsl — 3TO TEMIEparypa IOJHOTO CrOpaHHUs
cMmecell moboro cocraBa (Kod(pUIIMEHT M30bITKa BO3AyXa o > 1) mpW OTCYTCTBHU HOTEPH B
OKPYXKAIOIIYIO CpENy.

JeiicTBUTe/IbHAS TeMIlepaTypa roOpeHusi — 3TO TEMIIepaTypa FOpeHUsl, JOCTUraemasl B
YCIOBUSAX PEANBHOro mnoxkapa. OHa HAMHOIO HMKE TEOPETUYECKOM, KaJIOPHUMETPUYECKON MU
annabaTuvyecKol, T.K. B peasibHbIX ycioBusX 10 40 % TemnoTsl ropeHust OOBIYHO TepseTcs Ha
U3IIy4EHUE, HEJJOKOT U T.II.

DKCIepUMEHTAIBbHOE ONpeAeTICHUE TeMIepaTypbl TOPEHUs sl OONBIIMHCTBA TOPIOYUX
BEIIECTB MPEJCTABISET 3HAUUTENbHBbIE TPYIHOCTH, OCOOEHHO Ul JKUAKOCTEH M TBEpHABIX
MmatepuaioB. OJIHAako B psje CIydaeB TEOpHUsl IO3BOJIIET C JOCTATOYHOW ISl IPaKTUKU
TOYHOCTBIO BBIYUCIIUTH TEMIIEPATypy TOPEHMsI BEILECTB, OCHOBBIBASCH HAa 3HAHUU MX
XUMHUYECKOM (POpMyJibl, COCTaBa HMCXOJHOM CMecH M TPOAYyKTOB ropenus. [lpm pacuerax
UCXOJAT U3 TOTO, YTO MPH OBICTPOM CrOpaHUM Ta30- U MAPOBO3IYIIHBIX CMeCe pa3BHBaeTCs
BBICOKAsI TemIieparypa. B 3THX ycloBusX H3-3a OOJBIION CKOPOCTH XMMHUYECKHX PEaKIUd K
MOMEHTY OKOHYaHUsI TOPEHUS CUCTEMA MPUXOJUT B COCTOSIHUE XMMHUYECKOTO PaBHOBECHS, U 110
ATON MPUYUHE MIPU PACYETE MOKHO MPUMEHUTh 3aKOHBI TEPMOAMHAMUKH.

B o0rmiem cityyae Ju1st BBIYMCIIEHUH HCIIOIB3YETCs CIEAYIOIasl 3aBUCUMOCTb

Qur = Vur -Cp-Tr
rae Qur — TerIoTa (TermIocoAepKanne) MPoIyKTOB TopeHust, KJk/Kr;
Vir — 00beM IPOJIYKTOB FOPEHUs, M3/KT;

Cp - cpennsis o0beMHas TEMI0EMKOCTh CMECH IPOAYKTOB TOPEHUS B MHTEPBAJIE
temneparyp ot TO no TT, xIx/m>K;
TT" — remneparypa ropenus, K.

B peanbHbBIX yCcIOBUSX TeMIlepaTypa FOPEHHs 3aBUCUT HE TOJIBKO OT COCTaBa FOPIOYEro
Mmarepuaja, HO M OT YCJIOBUH TropeHMs: pa30aBieHUS NPOIYKTOB TOPEHHsS] H30BITOUYHBIM
BO3JIyXOM (UTO YYHUTHIBAECTCS KOAI(PPUIIMEHTOM HM30BITKA BO3MyXa (), HAUAILHOU TEMIIEPATypPhl
BO3/[yXa, IOJHOTBl CrOpaHUs HCXOAHOIO TOPIYEro MaTrepuajla W Halu4dus TEIUIONOTEPh
(k03 punmeHT TeronoTeps 1).

B 3aBHCHMOCTH OT pofja yUUTBIBAEMBIX NIOTEPH TEIJIOTHI U3 30HBI TOPEHUS BBIYMCIIAETCS
Ta WIKA WHAs TeMIepaTypa ropeHusl.

Pacuer TeMnepaTypsl ropeHHs IPOBOAAT MO YPAaBHEHUIO SHEPTETHUECKOro OanaHca

Qur = Qu(1-m)

AJITOPHUTM pacyeTa TeMIepaTypbl TOpPeHHs .

1. Paccuntars cymMmapHblii 00BEM MPOAYKTOB TOPEHHMS W OTHEIBHO OOBEM KaXJ0To
KOMIIOHEHTa IPOAYKTOB TOPEHHUSI.

\/'P or — V(COZ) + V(HZO) + V(NZ) + V(SOZ) + AVBOS}I

Pacuer oObemMa NpPOAYKTOB TOpEHHs BBIIOJIHIETCS B 3aBHUCUMOCTH OT XapakTepa
rOpIOYero BellecTBa (MHIMBHUYaJbHOE BEIIECTBO, CMECh TIa30B WM BEIIECTBO CJIOKHOIO
AIIEMEHTHOT'O COCTaBa).

JUis MHAMBUAYAIbHBIX BELIECTB MOXHO TaKXK€ OINpEeAeNsATh KOJIUYECTBO MPOIYKTOB
TOPEHHUs B MOJISIX (KO3 PHUIMEHTH B YPABHEHUH PEAKIIMU TOPEHUS).

2. PaccumTarh HH3IIYIO TEIUIOTY CTOpaHHs BemiecTBa. /[ WHAMBHIYalbHBIX BEIIECTB
pacuet BbInosnHsAeTcs 1o | ciaencTBuro 3akoHa ['ecca (Mpyu HAMMYMK TaOJUYHBIX 3HAUEHUH
SHTAJIBNUNA 00pa30BaHUs).

ITo gopmyne .M. MenneneeBa pacuer Qu MOKET OBITh BBINOJHEH KakK JUIsl BEILECTB C

W3BECTHBIM 2JIEMEHTHBIM COCTaBOM, TaK U U1 NHIAVMBUAYAJIBHBIX BEIECTB.
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3. Ecnu mo ycnoBuio 3afaud €CTh TEIJIONOTEPU, TO PACCUUTHIBAECTCS KOJIMYECTBO TEILUIA,
MOLIEIIIEr0 Ha HarpeB MPOTYKTOB TOPeHUs Qur
4. Haxoaum cpenHee TeIIOCOoAepKaHue MPOYKTOB ropeHus Qep:
TIPH OTCYTCTBHH TeIUIonoTeph KJI[x/M>;

Q=2
°p Vop or

IIpU HAJINYHUHU TCIIJIOIIOTEPH

_ _Qmr 3.
Qcp - Vnp nr KI[)K/M ,

5. Tlo 3nauenuto Q¢ ¢ momoursio Tadbmui npuioxenuit 3 u 4 («Temnoconepxanue ra3zos
IOpU TOCTOSSHHOM JABJICHUM»), OPUEHTHUPYSACh Ha a30T, NPHOIMKEHHO OIpeneseM
Temneparypy ropenus T1.

ITpu monbope TemmnepaTypbl FOpPEHUsT OPUEHTUPYIOTCS Ha a30T, T.K. B OojbllIeil cTerneHu
IPOAYKTHl TOPEHUS COCTOST HMMEHHO U3 a3zoTa. OJHAKO, IOCKOJIbBKY TEIUIOCOJEpKaHue
YIJIEKUCIIOro ra3a ¥ NapoB BOJIbI BBIILIE, YEM Y a30Ta, TO UX MPUCYTCTBUE B MIPOJYKTaX FOPEHUs
HECKOJIBKO MOHMYKAeT TEeMIIEpaTypy FOPEHHUs, TIOATOMY €€ HY)KHO NPUHUMATh HECKOJIBKO HUXKE
(ra 100-200 °C), uem 10 a30TYy.

6. PaccuuTbiBaeM TeruiocojiepKaHue NpoIyKTOB roOpeHus py BbIOpaHHOM Temneparype Ti.

Qlar = QYCO2)- V(CO2) + Q' (H20)V(H20)+ Q" (N2)V(N2) + Q' (SO2)-V(SO2)+
Ql(o3m)-AV(B)

e - QYCO2), Q! (H20), Q' (N2), Q' (SO2), QY Bo3m) -  TabGmuyHBIC 3HAYECHHMS
TEIUIOCOICPIKaHUs ra30B MPH BEIOpaHHOI Temnepatype Ti.
7. CpasuuaeM Q' ¢ Quuimn Qur, pacCUMTaHHBIX 110 1.2 WM 1.3,

Ecmu Qi< Qu (Qur), To BBIOMpaem Temneparypy T2 > T1 nHa 100 °C;
Ecmi Q> Qu (Qur), TO BEIGHpaeM Temmepatypy T2 < Tima 100 °C;

8. [ToBTOpsieM pacyeT TeII0COAePKaHus MIPOIYKTOB TOPEHHMSI ITPH HOBOM TeMIepaType

T2
Q% = QXCO2): V(CO2) + Q% (H20)V(H20)+ Q% (N2)'V(N2) + Q% (SO2)-V(SO2)+
Q?(Bo31)-AV(B)

9. PacueT mpoBOMM JI0 MOJTyYEHHsI HEPABEHCTBA

anr< QH(QHF) < anr

rie Qlw, Q% — TemmocojmepikaHWE TNPOAYKTOB TOpeHHs Npu Temmeparypax Ti u To,
oTimuaromuxcs Ha 100 °C.

10. MHTepnionsiueid onpenenseM TeMeparypy ropeaus Tr:

_ Qnr— Q1nr . ) .
Tr=Ti1+ Qz— Qi (T2 - Ty), ecu T1<Ty;
_ Qur— Q2nr . )
Tr=T+ FYrroy—- (T2 - T1), eciu T1>T>

Ecnu morepu Temsna He Y4YMTHIBAIMCH, TO IOJIydaeM aJnadaTHUecKyl TeMIlepaTrypy
TOPEHHs, a €CIIU YYUTBHIBAINCH, TO - IEUCTBUTENBHYIO TEMIIEPATYPY F'OPEHMS BELIECTBA.
IIpumep. Boruncnute neiicTBuTeNbHYIO TeMiiepatypy ropenus anunuHa CeHsNH2, ecnu
NOTEpHU Ter1a u3nydyeHrueM coctanisoT 20 %, a ropeHre npoTekaer ¢ K03 (GUIMEeHTOM U30bITKA
Bo3ayxa 1,1.
Pemrenue.
1. CocraBnsieM ypaBHEHHE PEaKIIMK TOPEHUS aHWIMHA

CsHsNH2+7,75(02 +3,76N2 ) = 6CO2 +3,5H20 + 7,75 -3,76N2 + 0,5N>
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[To ypaBHEHHIO pEaKIIMK TOPEHUS ONPEACIISIEM YHCIO MOJIb (KHIIOMOJIb) MPOYKTOB TOPEHHS U
YHUCJIO MOJTb (KHUJIOMOJIb) H30BITKA BO3/TyXa!

NS’ =7,75 -4,76 = 36,89 moib,
Ang = ng™? -(a-1)= 36,89-(1,1 -1)= 3,689 mob,
nor'™ = n(CO2)+ n (H20) + n (N2) + n (AVs) = 6+3,5+ 7,75 -3, 76+ 0,5+ 3,689=
42,829 Mob.

2. Ternnorta ropeHHs aHUJIMHA IO CIIPABOYHBIM JTaHHBIM [bapatoB] cocTaBiseT
Q.op = 3484,0 xJI>x/Mounb = 3484000 J[>k/MOJIb.

3. Tlo ycnoBwuto 3amaun Teruionorepu coctaBisitoT 20 %, ciaenoBarenbHo, 1= 0,2.
Qur=3484000- (1-0,2) = 2787200 [Ix/momb (kJ[x/KMOJIB).

4. OnpenensieM cpeiHEe TEIUIOCOAEPKaHUE MPOAYKTOB TOPEHUS

_ QI _2787200_
Qep “nllnp 42,829 65077,4 1/l

[To Tabyumiie mpuiIoKeHUs 3, OpUEHTUPYSICH HA a30T, onpenensieM T1=1800 °C.
5. PaccuuTsiBaeM Teruioconepkanue mpoayktoB ropenus mpu 1800 °C.
Q8% =96579,5- 6+ 77598,8- 3,5+59539,9 -7,75- 3,76+66000- 3 ,689 = 2859312,7 kJIx.

6. ngoonr: 2859312,7 > Qur= 2787200 , cnenoBarenbHo, BeiOHpaeM T>=1700 °C.

7. PaccuuThiBaeM TeIuiocoAepkanue npoaykroB ropenus mpu 1700 °C.
QL7%,;-= 90545,9- 6+72445,1 -3,5+55936,5 7,75 -3,76+56397,4-3,689 = 26628445 xJIx.

QL% = 2662844,5 < Qur = 2787200, cienoBaTeqbHO TeMIlEpaTypa TOPEHHS HAXOIUTCS B

unrepaie ot 1700 o 1800 °C.

8. PaccuutsiBaeM TeMiieparypy ropenus no gopmysne (3.14)
2787200 —-2662844

Tr=1700+ 2859312 —2662844 -(1800-1700) =1763°C =2036 K.

3agaHue 1J1s1 CAMOCTOAITEIbHOM Pa0OTHI.
3agaua 11. BoluncnuTe AEMCTBUTENBHYIO TEMIIEpaTypy TOPEHMsI WHJMBUIYaIbHOTO
BEIIIECTBA, €CJIM €CTh MOTepU TEIUIa M3ITYYE€HHEM 1), a TOpEeHHe MPOTeKaeT ¢ KOA(PPHUIHEHTOM
n30bITKa BO3AyXa o. TerioTa ropeHHs BElIeCTBa IO CIPABOYHBIM JIaHHBIM COCTAaBISIET Qrop,
kJ>K/MOb.

Tabnuma 12
3aganme k 3agauve 11.
No BemectBo [Torepu  Ttemna | Koaddunuent Termora
Bap. W3YYCHUEM, 1) HU30BITKA ropeHust  Qrop,
BO3/IyXa, 0O kJI>x/Monb

1 byran — C4Hio 30 1,2 2657

2 TI'enran — C7Hz1s 40 1,3 4501

3 I'matiepun — C3HgO3 20 1,4 1483

4 N300yTunoBeiit  cnupt  — 10 15 27234
C4H100

5 W3onponunoBslid  coupr  — 30 11 20514
C3HsO

6 Metunanerar — C3HsO2 40 1,2 1472,2

7 Metunuukinorexkcad — C7Hia 50 1,3 4293

8 Oxran — CgHis 60 14 5116

9 Amnrpanen — C14Hio 10 11 7059
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10 ITenTten — CsHip 20 1,2 3154
11 Huknorexcen — CeHio 30 1,3 3565
12 Hukmokenran — C7H14 40 1,4 4328
13 Otuinamun — CoH7N 50 1,5 1421.6
14 Otumnarerar — C4HsO2 10 1,4 2078
15 Oran — C2Hs 20 1,3 1576
16 ®enon — CeHsO 30 1,2 2992,3
17 ITponanon — C3HgO 40 1,1 2067,4
18 I'ekcanexan — C16Hsa 50 1,2 10034
19 I'enranexan — C17H3s 10 1,3 10649
20 Justumamun — CsH11N 20 1,4 2550,8

IIpakTnueckoe 3ansaTue Ne 12.
Tema: «Pacuer AelicTBUTEIbHOI TeMIEPATYPhI FTOPEHUS CJIOKHOTO
BelleCcTBA € M3BECTHBIM 3JIEMEHTHBIM COCTABOM)).

Henab: HAyuyuTHCS paACCUUTHIBATH ACHCTBUTEIBHYIO TEeMIIEpaTypy TOPEHHUS CIOKHOTO
BELIECTBA C U3BECTHBHIM 3JIEMEHTHBIM COCTaBOM.

AJITOPUTM pacyeTa CMOTPETh B MPaKTUUYECKOM 3aHaThu Ne 11.

IIpuMmep. BpuMCINTE JIEHCTBUTENBHYIO TEMIIEPAaTypy TIOpPEHHs TOPHOYEro ClaHia
cnenyromero coctaBa: C —35 %; H—5 %; O —10 %; S —4 %; N —1 %; W — 15 %; 301a — 30 %.
[Torepu Temna wm3mydenueM coctaBisitoT 10 %, a ropenume mporekaer ¢ KoddduumeHTOM
n30bITKa Bo3ayxa 1,2. YcnoBus HOpMallbHBIE.

Pewienue.
1. ITo popmymnam (2.4) — (2.7) onpenenseM 00BEM KaxI0ro KOMIOHEHTa POJTYKTOB ropeHus 1

KT TOPXOYCTo CJIaHIa.
1,86:35

V(COz)— = 0,651 m3
V(H0)= =22 4 225020,746 v
V (S02)= 222=0,028 m°
V(Nz)— 7_35 4+ 25 21'5 + 2,634 + 0,81 _ 2,63-10 — 3,455M3

100 100 = 100 100 100
Vir = 0,651+0,746+0,028+3,455 = 4,88 ¥3,

2. T'openue mpotekaer ¢ koddduirenToM M30bITKa Bo3ayxa 1,2, clieqoBaTenbHO, B COCTaB

IPOJYKTOB TOPEHUsSI OyI€T BXOIUTH U30BITOUHBINA BO3YX.

[To dopmyne (2.3) ompenenseM TeopeTHUUECKUNH O00BEM BO3IyXa, HEOOXOAUMBIN ISl TOPEHUS

JTAHHOM Macchl 00pasIa yris:

VTP — 0,267-(1—5+ 5+§ — %)=4,28 M3
N30bITOK BO3IyXa ONpeaenumM mno ¢hopmyie
AV, =V, ™% (0-1)=4,28-(1,2-1)=0,856 m*
C yderom U30bITKA BO3/yXa MPAKTUYECKUN 00HEM MPOTYKTOB TOPEHUSI COCTABUT
Vm‘* =Vpr+AV, = 4,88+0,856 = 5,736 M.
3. PaccuuteiBaem Qg o dopmyne (3.4) JI.1. Menneneera
Q. = 339,4- 35+1257 ‘5 - 108,9- (10+1-4)-25,1(9 -5 +15)=15881,7 kI/KT.
4. C y4eToM TeIUIonoTeph ONpeaeiisieM TeILIOCOACPKaHUE MPOTYKTOB TOPEHUS

Qur=15881,7-(1-0,1) =14293,53 kJIx/KT.
5. OmnpenenseM cpeiHee TEIIOCOAEPKAHUE TPOTYKTOB TOPEHUS
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Inr 14293,53
o= o = T2 2 9480,22 L/

Q

[To Tabmuiie mpuoxxeHus 4, OpUEHTUPYSICH HA a30T, onpenensiem T1=1500 °C.
6. OmpexensemM TerwtocoaepkaHue npoykToB roperus mpu 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. QW% =13853,889 < Qur=14293,53, cnenoBarenbHo, BeIOUpaem T2 = 1600 °C.

8. Ompenensem TerocoaepkaHue IpoykToB ropeHus mpu 1600 °C
Q1600,;,=3771,4-0,651+3004,2-0,746+2335,5-3,455+3747,5-0,028 +2355,2-0,856 =
14886,4 x]Ix.

9. Q% =14886,44 > Qur =14293,53, chemoBaTeNbHO, TEMIEpPaTypa TOPEHHS
BeliecTBa HaxoauTes B uatepBaie ot 1500 mo 1600 °C.

10. Ompenensem temrneparypy ropenus mo ¢popmysne (3.13)
Tr=1500+ 1222253713853.889 | 1 600.1500)=1556°C

14886,4—13853,889

3aaHue ISl CAMOCTOSATEJILHOM PagoThI.
3amaua 12. BeraucnuTh JeHCTBUTENBHYIO TEMIEPATypy TOPEHHS CIIOKHOTO BEIIECTBA C
HN3BCCTHBIM J3JICMCHTHBIM COCTaBOM, IPH IOTCPAX TCIJIa H3JIIYUYCHHEM T U K03(1)(1)I/IIII/ICHTC
U30BbITKA BO3/lyXa 0. Y CIIOBUSI HOpMaJIbHBIE.

Tab6muna 13
3aganme k 3agauve 12.
Ne | HasBanue Tlorepu Koaddu CocraB BeniecTBa, %
Ba BEIIICCTBA TEIIa IIUEHT
p M3IydeH | u30bITKa C H O N S Biara 3o01a
nem,n BO3/IyXa
o
1 | Yroms 20 11 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 | Hedrs 40 1,3 84,0 14,0 0,5 1,0 1,0 0,8 0,7
4 | Apesecuna 50 1,4 41,5 6,0 43,0 2,0 1,0 7.5 11,3
5 | Kamenusrii 10 1,5 76,0 4.8 3,6 2,8 1,8 2,8 8,2
yroJb
6 | Masyr 20 1,1 83,7 11,5 0,5 0,8 4,0 1,0 0,3
BBICOKOCEPH
HUCTBIN
7 | Homyantpa 30 1,2 90,4 43 4.3 1,0 1,0 0,8 0,2
LUT
8 | bepesosck 40 1,3 443 3,0 14,4 0,4 0,4 33,0 4.7
HUH yrojb
9 | Masyr 50 1,4 85,0 14,0 0,4 0,3 0,3 0,2 1,0
10 | Cnanen 10 15 38,8 3,2 4.0 0,1 15 150 | 37,4
11 | Yroms 20 11 29,1 2,2 8,7 0,6 2,9 33,0 | 235
12 | JipeBecuna 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
14 | KamenHsIi 50 14 79,4 53 10,3 1,0 2,8 1,0 2,2
yroJib
15 | Topd 10 15 43,0 7,0 41,0 2,0 1,0 7,0 7,0
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16 | Masyr 20 1,1 85,8 8,7 0,4 0,4 0,7 3,8 0,2
ManocepHu
CTBIN
17 | VYromas 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 50
19 | KameHHbIiH 50 1,4 76,0 45 3,5 1,8 4.7 3,0 6,5
yronb
20 | Masyr 10 15 83,4 10,0 0,1 0,3 2,9 3,0 0,3

IMpakTnyeckoe 3ansiTue Nel3.
Tema: «Pacyer MAaKCMMAJILHOI'O JaBJICHUS B3PbIBA ra30B U apOB).

Ieab: HaydYnTHCSA PaCCUUTHIBATH MAKCUMAJIBHOE JABJICHUE B3pPbIBA Fa30B U I1apOB.

Teopernyeckasi 4acThb:

B3pbiB (B3pbIBHOE mNpeBpalleHHe) — 3TO IpoLecc OBICTPOro (HU3MYECKOro HIIH
XUMHYECKOIO TPEBPALLECHUs BELIECTBA, COIPOBOKIAIOIINNCI NPEBPALICHUEM IOTCHIIMAIBHON
SHEPruU B MEXaHUYECKYIO SHEPTHUIO, IBUKCHHUE WIH pa3pyLICHUE.

IIpn cropanum napoBO3AYHIHOM CMECH CTEXHMOMETPUYECKOTO COCTaBa B 3aMKHYTOM
o0beMe €03/1aeTcsl MAaKCUMallbHOE JIaBJeHHE B3pbiBa. BelndnHa Takoro JaBieHUS B OCHOBHOM
OIPENEIACTCS CTENEHBIO TEMIIEPAaTYpHOTO pAaCIIMPEHUs NPOAYKTOB TOPEHUS U  SIBISAETCS
(GyHKLIUEHl OTHOIIEHUS TeMIepaTypbl B3pblBa K HaydallbHOW TeMIlepaType Troprodell CMecH.
TemnepaTypa B3pbIBa ONPEIEIAETCS YJHEPreTUYECKUMH CBOMCTBAMU FOPHOYEro marepuana. Yem
BBIIIE TEIUIOTA CrOopaHUs TOPIOYEro MaTepuana, TEM BblIE TeMIlepaTypa B3pblBa W,
COOTBETCTBEHHO, OO0JIbIIIE AABJIEHUE B3phIBA.

Pacuer MakcHManbHOTO JJaBJIE€HUS B3pbIBA POU3BOJUTCS 1O clieAyromiel popmye:

_P0:-TBzp m
TO n

Pe3p.
rae Po- mawanbHOe naBnenue, klla (Mma)
To— HauanpHas Temmeparypa, K

Te3p — Temneparypa B3pbiBa, K

M — 4ncia0 Mosel (Ku1omMosel) ra3000pa3HbIX MPOIYKTOB TOPEHHS

N - 4ucio MoJiel (KUIoMOoJIel) UCXOTHBIX Ta3000pa3HBIX BEIIECTB.

IIpumep. Boruncnuts MakcuManbHOE AaBieHUE B3pbiBa cMecu rekcaHa CsHis ¢ Bo3myxom,
ecnu HavanpHoe namienue 101,3 kIla, HauanpHas TemnepaTtypa 273 K, Temneparypa B3pbiBa
2355 K.

Pewrenue.

1. CocraBisieMm YpaBHCHHE PCAKIINU 'OPCHHUA I'CKCaHa B BO3AYXE

CeH14 +9,5(02 +3,76N2) = 6CO2 +TH O2+9,5 -3,76N>.

2. PaccunraeM uMCIIO MoJel (KHJIOMOJEH) Ta3000pasHBIX BELIECTB 10 M IOCIE
B3phIBa:

m=6+7+9,5-3,76 = 48,72 Mob;
n =1+9,5- 4,76 = 46,22 mounsb.

3. MakcumanbHOE JaBJICHUE B3PbIBA COCTABUT
101,3-2355 48,72
Pesp = )

— .22 =921,1 xIIa.
3agaHue /151 CAMOCTOAITEILHON PadoTHI.
3agaya 13. Beruncinuth MakCUMaabHOE JIaBJICHUE B3PbIBA CMECH BEILIECTBA C BO3AYXOM,
ecnu HayasibHOe fnasnenue P = 101,3 klla, HavaneHas Temneparypa 273 K, remneparypa B3pbiBa
T, K.

3aganue K 3agaue 13.
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Tabmuma 14

Ne Bap Bemectso Temneparypa B3pbiBa, K
1 Huxmonentan CsHio 1950
2 Orunaneratr C4HgO» 2230
3 Aneron C3HsO 1835
4 Orunenrimkonb CoHaO2 2384
5 ITentan CsHio 1988
6 byranon C4HoOH 2036
7 Meranon CH30OH 1739
8 [Tponmnbenzon CoHio 2433
9 I'enran C7H1e 1845
10 benzon CeHe 1932
11 Aueranpaernng CoH4O 2084
12 Dtunoenson CgHio 2112
13 Oxtan CgH2o 2303
14 [Tponanon CsH7OH 2353
15 Tomyon C7Hs 1831
16 Oranosn C;HsOH 1989
17 Iukmorekcan CsH1o 2103
18 Huxnorexcen CsHio 2209
19 Iukmonenran CsHio 1798

20 Kcunmon CgHio 2202

IpakTnyeckoe 3ansitue Ne 14,

Tema: «PacueT H30LITOYHOI0 JaBJIEHUS B3PbIBA HHANBHIYAJbHBIX BEIIECTB).
eab: HAYYUTHCS PaCCUUTHIBATH U30BITOYHOE JIaBIICHUE B3PHIBA MHINBUIYATbHBIX BEIIECTB.
TeopeTuyeckas 4acTh:

B nmpaktuke mnpM OLEHKE YCTOMYMBOCTH OT B3pbhiBa MCHOJB3YETCS BEIWYMHA
U30BITOYHOIO 1aBJIEHUS B3PbIBA.

N30bITOuHOE JaBieHHE B3pbIBA SIBISIETCS OCHOBHBIM KPUTEPHEM, pa3IeISIFOIINM
B3PBIBOOITIACHBIC KaTCTOpUH HOMGHICHI/Iﬁ OT MOXKapOOIIaCHBIX. 10T IIoKasarecilb, TJIaBHBIM
00pa3oMm, 3aBUCUT OT MAacCChl BEIIECTBA, KOTOPOE MOCTYIAaeT B aBapuiHOE MOMEIICHHUE, U JOIU
€e, IPUHUMAIOIIEH yJacTHe BO B3PbIBE.

N30biTOUHOE [aBlIeHHE B3pbIBA B 3aMKHYTOM IOMEIIEHUH — A3TO Pa3HOCTh MEXKIY
MaKCHMaJIbHO BO3MOKHBIM M HAYQJIBHBIM JIaBJICHUEM, ITPH KOTOPOM OH TTPOUCXOIUT
AP = Pmaxk — Pg

MakcumanbHO€E JaBJIeHHE JOCTHIaeTCs:
- €CJIM BCSl Macca TOpIOYero, MOCTYMUBIIEro B MOMEIIEHUE, MPUMET ydacThe B 0Opa3oBaHUU
TOPIOYEH CpeIbl M MIOJTHOCTHIO B30OPBETCS;
- eclu TOMEIICHHE TOJHOCThIO TePMETUYHO M B HEM OTCYTCTBYET TEIUIOOTBOJ Yepe3
OTPAaHUYHUBAIOIINE MOBEPXHOCTH (HEeaIuadaTHIECKU POIIecC);
- ecnu TOpIYee M OKHCIUTENb B TOpHOUYEH Cpele HaxoIsATCsi B CTEXHOMETPHYECKOM
COOTHOIICHUHU.

B peanpHBIX YCIOBHSX MaKCUMallbHOE [aBJICHHE B3phIBA HE JOCTHTaeTCs, TaK Kak
UMEIOTCS CYNIECTBCHHBIC OTKJIOHeHHs. [Ipu pacdere 3TO HEOOXOIUMO YYHTHIBATH, IMOITOMY
dbopmynsl 1t pacueta AP MHAMBUIYaTbHBIX BEIIECTB U CMECel UMEIOT 0oJiee CII0KHBIN BUJ.

Pacyer m30BITOYHOTrO jJaBIICHUE B3pBIBA IS WHAMBHIYAJIBHBIX BEIICCTB IMPOU3BOJIUTCS
corinacHo I'OCT P 12.3.047 — 98 u HIIb 105-03.

N30bITOuHOE naBieHue B3pbiBa AP JUIsi MHIUBHIYalTbHBIX TOPIOYMX BeEHIECTB (Ta30B U
napoB JIBX u I'X), cocrosmmx u3 atomoB C, H, O, N, Cl, Br, I, F, onpenensercs no gpopmyre
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AP = (Pmaxk — Po)- mz__ 1% 2 klla
Ve'pr(n) Ccrex Ku

rae PMak - MakcUMalbHOE [1aBJIE€HHE B3pbIBA CTEXMOMETPUYECKON TIa30BO3JIYLIHOW U
MapoBO3YIIHOW CMECH B 3aMKHYTOM oObeMme. Orpenensercss 3KCHEPUMEHTAIbHO WM IO
CIIpaBOYHBIM JaHHBIM. [Ipy OTCYTCTBUM NaHHBIX AomycKaercs npuHuMarh Pmak= 900 kIla;

Po— nauansHoe naBnenue, klla. Jlomyckaercs npuauMars paBHbiM 101 kIla;

M — macca roprodero rasza uinu napos JIBXXK u 10K, Belenmux B pe3ynbTaTe aBapuu B
MIOMEIICHUE;

Z — x03((HUIMEHT yyacTHus roproYero Bo B3pbiBe. Jlomyckaercsi IpUHUMATh 3HaYeHue Z 10

Tadmie

Tabmuna 15
3HavyeHue kodduimenta Z st pa3IuvHbIX BUJIOB TOPIOYETO
Bun roprouero 3HaueHue

Bonopon 1,0
["oproune raszel (kpoMe BOJOpOAA), MU 0,5
JIeTKOBOCIUTAMEHSIOIINECS W TOPIOYHE KHUIAKOCTH, HArpeThie 0 0,3
TEMIIEPATypPhl BCIIBIIIKA U BBIIIC

JIeTKOBOCIUTAMEHSIOIINECS U TOPIOYHE KUIKOCTH, HATPEThIC HIKE 0,3

TEeMIIEpaTypbl ~ BCIBIIIKK, NPU  HAJIUYUH  BO3MOXKHOCTH
00pa3oBaHus a3p030Jis

JIerkoBOCIUTAMEHSIOIINECS U TOPIOYHE KUIKOCTH, HATPEThIE HUXKE 0
TEMIIEpaTypbl  BCIBIINIKK, TPU OTCYTCTBUM  BO3MO>KHOCTH
00pa3oBaHus a3p03071s

Ecnmu mpunHsATH, YTO AaBlieHWE B MOMEIIEHHWU PABHO HOPMAIbHOMY aTMochepHOMY
nasinennto (101,3 xIla), To MIOTHOCTH Ta3a WM TMapa MOXHO PacCUUTaTh IO CIEAYyIOIIeH

dbopmyre:

M 3
pr(m) = KI/M
V0 -(1+0,0037-tpacy)
riae M — MoJisipHasi Macca ra3a Wid napa, Kr/KMoJib,
Vo — MONAPHBIH 06HEM TIPH HOPMANBHBIX YCIOBHAX, paBHEIH 22,4 M3/KMOIB;
tpacu — pacdeTHas Temneparypa, °C.
Ccrex — cTexuoMeTpuueckas KOHIEHTpalus roprounx razos wiu napoB JIBXK u 'K, %

(06bemHbIX). CTEXHOMeTprYecKas KOHIIEHTPALUS BBIYUCISIETCS IO popMyIie

100
Cerex=—->=—= %
144,768
rie B - crexuoMeTpu4ecKui Kod(p(UIMEHT KHCIOpOoJa B YPAaBHEHUHM pEaKIHHU TOpPEHHs.

Koaddumuent Taxsxke MoKeT OBITh pacCUMTaH 10 ClIenyromien hopmyre:

NH—NMX no

p=nc+ 4 2

rae nC, nH, nX,, nO —gucno aromoB C, H, O, raioreHoB B MOJIEKYJIE TOPIOYETO BEILIECTBA.
Kun — koadduuueHT, y4yuThIBaOIIMNA HETePMETUYHOCTh MOMEIICHUsS M HeaanabaTHYHOCTh
nporiecca ropenus. Jlomyckaercs npuaEMaTh Ky = 3.
IIpumep. Beruncants n306ITOYHOE 1aBJICHUE B3pbIBA B IOMELICHHUH, TJ€ 00palaeTcs Toxyod.
JlagHEIE JUIST pacyeTa.

1. XapakTepucTHKa roprovero BelecTna:
tonnyon CeHS5CH3 — wMerunOenson; Ttemmeparypa BemblkH tBem = -5 °C; HUKHHH
KOHLEHTPALMOHHBIN mnpeaen pacnpoctpanenus miamenn HKIIP = 1,21 %; koHcTaHTbI
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ypaBHeHuss AHTyaHa: A = 6,0507; B = 1328,17; C = 217,713; m1oTHOCTh XKUIAKOCTH pX = 867
KI/M>; MaKCHMalbHOE JaBJIeHHe B3phIBA MapoB Tonyona Pmak = 634 kIa.
2. XapakTepHuCTHKa IOMEIIECHHUS:
auHa 1= 18 m;
muprHa b = 12 Mm;
BbICOTa h = 6 M;
TeMnepaTrypa Bo3ayxa B nomemenuu 25 °C;
CKOpPOCTh BO3AYIIHOTO NOoTOKA B momenienuu 0,1 m/c.
3. XapakrtepucTuka 000py10BaHUS U MapaMeTPhbl TEXHOJIOTHYECKOI0 Mpolecca:
06bem anmapara Van = 0,05 m>;
CTEIEeHb 3ar0JHEHHUS arapaTa XuaKkocThio € = 0,85;
Temneparypa xuakoctu B annapate 40 °C.
B pesynbrare aBapuiiHOW cUTyalldd amnmapar IOJHOCTbIO pa3pyllieH, BCA KUAKOCTb
MOCTYNHIIA B IoMeneHue. VcrapeHne ®uIKoCTH IPOXOIIIO B TeueHue | Jaca.
Pemienue.
1. Onpenensiem Maccy >KUIKOCTH, KOTOpasi HOCTYIHT B TOMEIIEHUE Myy7.
m,4;7=867 -0,05- 0,85= 37 kr.
2.  OmpenensieM IUIOMAAb UCTIAPEHUS KUIKOCTH

Suciap= 37 M.
3. Ompenensem wuHTeHCUBHOCTh ucnapenus Wpycp. st sToro  Haxomum
HEU3BECTHBIC BEJTUYHHEI.

IMpu 25 °C u wpozr = 0,1 m/c kodpdumment n = 2,1, MonsapHas macca

tosryona(CeHsCH3z) M = 92 xr/kMoib.

JlaBrieHHE HACBIIICHHOTO T[apa TOJIyoJia OIpejaesieM [0 YypaBHEHWIO AHTyaHa. B
KauecTBE TEMIIEpaTyphl JKUIKOCTH Ux TpUHUMAaeM CpPEIHIOK TEeMIIepaTypy MExIy
TEMIEPaTypoil BO3AyXa B MOMEIIEHUU U TeMIIepaTypoi )KUIKOCTHU B ammapare

t,. =(25+ 40)/ 2 = 32,5 °C.

1328,17
Ps = 1057 2177134325 = 5 53xI]a.

Toraa MHTEHCUBHOCTD UCTIapeHus OyAeT paBHa
Wicrr=10%-2,1-92-5.53=111,4-10° kr/m*¢c

4. Onpez[emleM Maccy KHUOKOCTH, PICHE[pPIBH.IGfICfI C HOBerHOCTI/I paBJ’II/IBa Mucr
JKHJIK -

PacueTHoe Bpems ucnapeHus: IpuHUMaeM

pacu = 3600 c.
Torma Mucn xux. =111,4 -10-3600 -37= 14, kr.

5.0npenensieM U30bITOYHOE JABJICHHUE TIPU B3PBIBE MTAPOB TOJIYyOJIa

Jlnst pacdeta HaM U3BECTHBI CJICTYIOIIUE BETUUNHBIL:

Pmax= 634 klla;

Py =101 xlla;

m = 14,8 kr;
Z = 0,3 (mo Tabnuiie 2 IPUIIOKEHUS; IO YCIOBHUIO Hallel 3anaun Tonyon — JIBJXK, narperas
BBIIIIC TEMIIEPATYPhI BCIBIIKH); Kr = 3.

Ocranbhble BenuuuHsbl Ve, pr, Cerex HEOOXOIUMO PACCUUTATh.

6. Omnpenenum cBoOOIHBIN 00beM Tomerenus Veg =18+ 12 -6 -0,8=1036,8 M

7. Omnpeaenum MJIOTHOCTh MApPOB TOIYOJIa B TOMEIICHUH pr.

TeMneparypa Bo3ayxa B nomenieHuu tpacy = 25 °C.
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[Tockonbky aTmMochepHOE NaBieHHE B MOMEIICHUHM MPUHUMAEM PaBHBIM HOPMAJIBLHOMY
atMochepHOMY JaBieHUI0 Py, IMIIOTHOCTH MAPOB MOKHO PACCUUTATH MO PopMyie

92
pr= =3,76 kr/m°
22,4-(1+0,00367-25)

8. Ormpenenum CTEXMOMETPUUECKYIO KOHLIEHTPALHIO apoB Toiryosia CcTex
100
144,763
VYpaBHEeHHE peaKuu TOPEHUs TOIyoIa

CeHsCH3z +9- (02 +3,76N2) = 7CO2+ 4H O2+ 9 -3,76N2, T.e. f =9
Koaddumuent f MoxxHo paccuutaTh U 110 popMmyie
p=7+8/4=09.
Torna Ccrex=100/(1+ 4,76 9)=1,86 %.
9. OnmnpenensieM U30BITOYHOE JABJIICHUE B3pbIBA MapOB TOJIYOJA, UCIOJIB3Ys BEIUYHHEI,
MOJTy4YCHHBIC B IL.IL. 6 — 8:

Ccerex = %

AP =(634-101)——2%3 29 . 1_10.9 kI1a
1036,8:3.76 1,86 3
3aganue 1J151 CAMOCTOATEIbHON PadOTHI.

3agaua 14. BoruncauTh U30BITOUHOE JABJICHUE B3pbIBAa B IIOMELIEHUH, I/1€ oOpalaercs
3a/laHHO€ BEILECTBO.

JlanHble 17151 pacuera

1. XapakTepucTHKa TOpIOYEro BEIIECTBA: TeMmIeparypa BCHbIIKA tBcr, °C; HIDKHHMA
KOHLIGHTPAalUMOHHBIM Tmpenen pacnpoctpanenus mmiuamMeHd HKIIP; koHcTanTel ypaBHEHUs
AHTyaHa; IJIOTHOCTb KUAKOCTH PK; MAKCUMAaJIbHOE JJaBJI€HHE B3pbIBA IapoB BellecTBa Pmax.

2. XapakTepucTHKa MoMeleHus: anuHa l, mmpuna b, Beicota h; Temneparypa Bo3ayxa B
nomenienuu T, °C, ckopocTh BO3yITHOTO NOTOKA B nomerienun U, m/c.

3. XapakTepuctuka o0OpYyJOBaHUS M MapaMeTphbl TEXHOJOTHUECKOro Mpoliecca: 00beM
ammapaTa Vam, M°; cTeleHb 3amojHEHHs ammapaTa >KMAKOCTBIO € TeMIepaTypa >KUAKOCTH B
anmnapare Tx, °C.

B pesynbTare aBapuiiHON CUTyallMd ammapaTr HOJHOCTBIO DPa3pyllIeH, BCS KHUIKOCTb
NocTynuia B noMenieHue. Mcnapenue KUaKoCTH IPOXOJWIO B TEUEHUE T, U.

3aganue k 3agave Ne 14.
Ta6mura 16 (Ipunoxenne Ne 5).
IIpakTHyeckoe 3ansaTue Ne 15.
Tema: «Pacyer TPOTHIOBOI0 IKBMBAJIEHTA B3PbIBA».
Heab: HayuYnTHCSA PACCUUTHIBATH TPOTHIIOBBIM SKBUBAJIEHT B3phIBA.
Teoperuyeckas 4acThb:

JInst cpaBHUTENBHOW OLIEHKH YPOBHSI BO3JCHCTBHS B3pbIBa ra3o- MapoOBO3IYIIHON CMECH
MCIIOJIb3YETCSI TPOTUIIOBBIN YKBUBAJIEHT B3PbIBA.

TpoTn/j0BbIM IKBHBAJIEHTOM B3pPbIBa HA3bIBAECTCS YCIIOBHAs Macca TPUHHUTPOTOIIYyOJa
(TpoTHIIa), B3pBIB KOTOPOIl a/leKBaTeH MO CTEMEHU pa3pyLIeHHs B3pbIBY Mapora3zoBOi Cpeibl ¢
YUETOM peaJIbHOM JI0JIM y4acTHs BO B3PbIBE TOPIOYETO BEILLECTBA.

TpoTHIOBBII HKBUBAIEHT B3pbIBa ONpeenseTcs mno Gpopmyne

Wr=—-=—-z-m K,
0,9 Qrt

rae 0,4 - mons SHEprHM B3phIBa MApOTa30BOW CMECH, 3aTpauyMBacMON HEMOCPEACTBEHHO Ha
dbopMUpOBaHUE yIaPHON BOJIHBI;

0,9 — gmonms oSHepruu B3pBIBA TPUHUTPOTOIYOJIA, 3aTpayMBacMON HEIOCPEJICTBEHHO Ha
dbopMUpOBaHUE yIaPHON BOJIHBI;

QH — ynenpHas (HU3IIAS) TEMJI0Ta CrOPAaHUS MapoTra30BoOM cpebl, KJK/KT;

Qr — ynenpHas tertota B3peiBa THT (qr = 4240 xJx/kr);
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Z — 10J14 MPUBEJECHHON MACChI MAPOB, YYACTBYIOIIEH BO B3PHIBE.

B ofmem ciaydae uisi HEOPraHW30BAaHHBIX MAPOTa30BBIX OOJAKOB B HE3aMKHYTOM
POCTPAHCTBE C OONBIION Maccoill TOpIOYMX BEUIECTB JIOJI Y4YacTUsi BO B3PbIBE MOXKET
npunuMatbes 0,1. B oTAenbHBIX 0OOCHOBAHHBIX CiIydasiX JOJS Y4acTHsl BEILECTB BO B3pHIBE
MOJKET OBITH CHHIKEHA, HO He MeHee ueM j0 0,02.

st por3BOACTBEHHBIX MTOMENICHUH (3JaHUI) U IPYTUX 3aMKHYTBIX 00bEMOB 3HAUCHUS Z

MOTYT IPUHUMATHCSI B COOTBETCTBUU C Tabm. 15.
IIpumep. B mpoun3BoJACTBEHHOM NOMELIEHUMH HaxoiuTcs anmapar ¢ Oensonom CeHs. Macca
*uakoctu B anmnapare 20 kr. B pe3ynbTare aBapuu anmnapat pa3pyuieH, >KMJIKOCTh MOCTYIHIA B
MOMEIICHUE U TMOJHOCTBbIO HCMapuiach. BBIYHCIUTG TPOTUIIOBBIA SKBUBAJIEHT B3phIBA
napoBo3AymHo# cmecH. Temnora cropanust 6en3ona cocrasiser 3169,4 kJ[>x/Mob.

Pewrenue.

1.  Onpenenum Hu3myro Temnory cropanus 6ensona M(CeHs) = 78 Kr/kmMob.
3169,4-1000

Qu= 78 = 40633 xJx/Kr.
2.  Jlng nerxkoBocIIaMeHsIOIIeics JKUIKOCTH OEH30/1a B 3aMKHYTOM TIOMEILEHUH
z=0,3.
3. PaccumTaeM TPOTHJIOBBII SKBUBAJIEHT B3phIBA
0,4 40633
Wr="""""":0,3-20=25,6 kr.
0,9 4240
3aganue 1J151 CAMOCTOATEIbHON PadOTHI.
3agaya 15. B 1mpou3BOJICTBEHHOM NIOMEUICHHMM HAXOAMUTCS amnmapar ¢ Toproudel
KUAKOCTBIO. Macca >KMIKOCTH B ammapaTe m, Kr. B pe3ynbTare aBapuu ammapaT paspyllieH,
KUJKOCTh TOCTYIWJIA B TIOMEUICHHE W IOJTHOCTHIO HCIAPWIACh. BBIYHCIUTH TPOTHIIOBBIN
HKBHMBAJICHT B3pbIBa MapOBO3AYIIHOW cMmecH. Termora cropaHusi BemecTBa cocTaBisieT QH,
kJ>k/Monb. VIcXoHbIe TaHHBIE TIO BApUaHTaM MPUBEICHbI B Tabnuie 17.
3ananue Kk 3agauye Ne 15.

Tabmuna 17.
0 BemectBo Macca, kr Terutora cropanus,
Bap. kJ/MoI1b

1 | Amunanerar C7H1402 10 3889,9

2 | Amwossrnii cimpt CsH120 11 3383,6
3 | Aneranpnerun C2H40 12 1192,48
4 | Aneron C3HgO 13 1821,38
5 | byrananerar CeH120» 14 3285

6 | Byrunossiit ciupt C4H100 15 2728

7 | I'excan CsHia 16 3887

8 | I'ekcunossiii ciupt CsH140 17 4044.,6

9 | I'errran C7H1s 18 4501
10 | Jexan CioH2 19 6346
11 | Juotunamun CsHi1N 20 2550,8
12 | Uzonentan CsHio 21 3264
13 | Metunnponunkeron C4HgO 22 2918
14 | Houmau CoHa2o 23 5731
15 | Oxkran CgHis 24 5116
16 | Ilenran CsHio 25 3272
17 | IMupugua CsHsN 26 2822
18 | Ctupon CgHs 27 4438,8
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19 | Toxyon C7Hs 28 3771,88

20 | Druwnauerar C4HgO2 29 2078

IIpakTnueckoe 3ansaTne Ne 16.
Tema: «Pacuer paguyca 30H pa3pyuieHusD.
Ienb: HayunTHCSA PACCUUTHIBATH PAINYC 30H PA3PYILICHUS.
TeopeTuyeckas 4acThb:

3HadyeHusT M30BITOYHOTO JIABJICHUS B3pblBAa W TPOTUJIIOBOTO HKBHUBAJCHTA B3pHIBA
HCIIONIB3YIOTCS AJISl pacueTa paJunyca 30H pa3pylieHui.

30H0i1 pa3spylieHMs CUMTAETCs IUIOLIAJb C MPAHULIAMH, OINIpEAEIsieMbIMUA paanycamu R,
LHEHTPOM KOTOpPOHl SIBISIETCS paccMaTpUBAEMbli TEXHOJOTWYECKUH OJIOK uin Haubolee
BEPOSATHOE MECTO pPA3repMETHU3alUU TEXHOJOTMYECKOW CHUCTEMbI. [ paHULbl KaXIOW 30HBI
XapaKTepU3YIOTCSl 3HAYCHUSAMM HU30BITOUYHBIX JaBiIeHUM MO (poHTY ymapHOU BonHbl AP u
COOTBETCTBEHHO Oe3pasmepHbiM K03 dunmenrom K. Kraccubpukamus 30H paspymieHus
npuBoAUTCS B Tab. 18.

Ta6muma 18.
Knaccugpurayus 30n pazpyuenus.
Kunacc 30HbI pa3pynieHust K AP, xITa
1 3,8 >100
2 5,6 70
3 9,6 28
4 28,0 14
S) 56,0 <2,0

Panuyc 30HBI pa3pyiienus (M) B 00111eM BUJIE ONIPeIEsSeTCs BIpaKeHUEM

.2
R=K—en—
(1+(52)2)v/s
rae K - 6e3pazmepHbiii KOApGUIIUEHT, XapaKTePU3YIOIIN BO3IEHCTBUE B3PhIBA HA OOBEKT.
[Ipu macce mapoB T Oosee 5000 Kr paamyc 30HBI Pa3pPYIICHHS MOXKET OMNPEIEATHCS
BBIpaXKEHHEM
R=K-3/Wr
IIpumep. OnpenenuTs paanyc 30H pa3pylIeHUN B MOMEIICHUH, TJE MPOU3OILIO pa3pylIeHUE
afmapara ¢ TOJIyoJIOM. Y CJIOBUE U3 MpaKkThuueckoro 3ausatus Ne 14.
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Pemenue.
1. Onpenenum HU3MIYIO TeIOTy cropanus Toinyona M(CeHsCHz) = 92 kr/kmons,
AHcrop = - 3771,9 xI»/moib,

Qu =2Z7121990 — 40999 kJTw/kr.

2. JIns1 TerKOBOCIITIaMEHSFOIICHCS )KUAKOCTH O€H30J1a B 3aMKHYTOM romMenieHuu z = 0,3.

3. Paccunrtaem TpOTHJIOBBINM SKBUBAJIEHT B3pbIBa

Wr=22.29%9.43.37 = 47 7xr.

4. B cootBetrcTBUM € pacuetoM B mpumepe AP = 10,9 kIla.
Torma o Tabnwuie 6.2 kaace 30HbI paszpyuieHuit 4 u kodddumuent K = 28.
5. Paguyc 30HBI pa3pylieHud COCTaBUT

R=28 (1+(%)2)1/6 24.9m

3aganue AJ151 CAMOCTOATEIbHON PadOTHI.
3agaya 16. OmpenenuTh paguyc 30H pa3pylIeHUHd B TOMEUICHWHU, T/€ MPOU30ILIO0
pa3pyllIeHHe armnapara ¢ 3aJJaHHbIM BEIIECTBOM (CM. YCJIOBHE U3 33/1a4U PAKTUUECKOTO 3aHATHUS
Ne 14. VicxoaHble naHHBIE 110 BApuaHTaM IpUBEACHBI B Tabmwuie 19.
3amanme K 3agaude Ne 16.

Tao6mume 19
Ne Bap 1 2 3 4 5 6 7 8 9 10
AHcrop, | 38899 | -3823 -33836 | -1192,48 | -1821,38 | -3169,4 | -3285 2728 -3887 -4501
kJ>x/Mob

Ne Bap 11 12 13 14 15 16 17 18 19 20

AHCFOp, 1284 2323 1076 2531 27234 2051,4 736,8 3272 2822 4438,8

kJ>K/MOJTB

IIpakTnueckoe 3ansaTne Ne 17.
Tema: «OnpenesieHne B3pbIBOOINIACHOCTH CMECH T'OPIOYNX I'a30B».
eab: HAy4YUTHCS ONPEAEIATH B3PIBOOIIACHOCTh CMECH T'a30B.
TeopeTuyeckas 4acTh:

B3pbIBEI TOpIOYMX Ta30B HA MPEANPHUATHIX OTHOCSTCS K HauOoliee OMacHbIM aBapHusIM H
IPUBOJAT, KaK MPaBUIIO, K TPYNIIOBOMY TpaBMaTH3My € TsDKENbIMU mocieAcTBusimMu. Hanbomnee
pacripoCTpaHEHHBIMUA TOPIOYMMHU Ta3aMH, KOTOpPbIE MOTYT BBIIEISATHCS Ha MPEANPUATUSIX B
aBapUMHBIX CUTYalUSIX U 00pa30BBIBATH C BO3YXOM B3PBIBOOIIACHBIE CMECH, SIBIISIFOTCSI METaH,
OKCHJ YIJIEpOJia, BOAOPOJ, dTaH, aueTwieH. [Ipenensl B3ppIBAEMOCTH B BO3JyXE HAXOIATCS:
okcuaa yriepona ot 12,5 % mo 75 %; Bomopona ot 4,1 % no 74 %; srana ot 3,2% g0 12,5 %;
aneruiena ot 3,0 % no 65 %. Ilo Mmepe CHM)KEHHSI KOHLIEHTPALUKM KUCIOPOJa B Ta30BOM cMecH
(Hampumep, 3a cueT J0OAaBKM MHEPTHBIX T'a30B) MpeZeibl B3PbIBAEMOCTH 3TUX TOPIOYUX Ta30B
YMEHBIIAIOTCS.

Haubonee gacto BcTpeyaromiasicsi B IaxTax METaHO-BO3IYILIHAs CMECh B3PHIBAETCS IMpPU
KOHIEHTpauuu MeTta"a oT 5 10 15 %. Cmecsk, conepxkamast 10 5 % MeraHa, HE B3pbIBYaTa, HO
MOXXET TOpeTh MPU HAJMYMH MCTOYHUKA BBICOKOW TemmepaTyphl. [Ipum KOHIIEHTparuu MeTaHa
6onee 15 % cMech He B3pbIBYATA U HE MOJAECPKUBACT TOPEHUS, a C IPUTOKOM KHCIIOPOJia U3BHE
TOPUT CIIOKOMHBIM IIJIAMEHEM B 30HE MEpeMEelInBaHus 3TUX ra3oB. Hambombiiel cuiibl B3pbIB
JIOCTUTAaeT TpH KOHILIEHTpauuu MmeraHa 9,5 %, Tak Kak B 3TOM Cllyda€ Ha €ro CKUraHue
HCIIOJIb3YETCSI BECh KHCIOPOJI Bo3ayXa. Temneparypa B3pblBa METaHO-BO3AYIIIHON CMECH MOKET
nocruratb 2650°C, ecnu B3pbIB NMPOM30ILIENT B 3aMKHYTOM IHpocTpaHcTBe, W 1850°C, ecnm
MPOJYKTHI B3phIBA MOTYT CBOOOJIHO PaCIPOCTPAHSATHCS.
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[lpy mepeMemMBaHWUM MeTaHAa C BO3JYXOM KOHIIGHTpAIMsS KHCIOpOJa B CMECH
CHW)XaeTcs Mo JuHelHoW 3aBucuMOcTH OT 21 % (comepkaHme KHCIOpOAa B aTMOC(EpHOM
Bo3ayxe) 1o 0 mpu 100 % coneprkanuu metana (puc. 7.1).

Ck,% 1

16

12

0 4 8 12 16 Cu%

IIpu xoHueHtpanum MetaHa or 5 % g0 15 %, 4YTO COOTBETCTBYET COMAEPIKAHHUIO
kuciaopona B cmecu ot 18 % mo 20 %, cmech roput m B3pbiBaeTca. OAHAKO B PEATbHBIX
YCIIOBUSX IIaXThl KOHLEHTPALKS KUCIOPOAa MOXKET ObITh CYIIIECTBEHHO MEHbIIIE 0003HAaYE€HHBIX
IpeeNioB U3-3a COPOLMU KUCIOPOAA YIiIeM, MOTJIOIIEHHs PU TOPEHUH, a TaKkKe 00pa3oBaHus U
BbIJIEJICHUS] THEPTHBIX Ta30B. [103TOMy mpeniessl B3pbIBa€MOCTH CMECEH MeTaHa ¢ BO3JlyXOM MpU
pasIMYHbIX KOHIEHTpauusax Kkucinopoaa (Ck) MOXKHO ONpPEAETUTh IO TPEYroJbHUKY
B3pbIBaeMoctu (puc. 7.1).

TpeyrosbHUKM B3pbIBAEMOCTH FOPIOYUX T'a30B CTPOSIT MO IKCIEPUMEHTAIbHBIM JJTAHHBIM,
MOJIyYEHHBIM Ha JIaDOpaTOPHOM yCTaHOBKE. DKCIIEPUMEHTHI, POBEIEHHBIE CO CMECSMHU Tra3oB,
MOKa3aJid, YTO B3PHIBOOMNACHBIE KOHIIEHTPALMM PACIOJOXKEHBI B 001acTu, nMmeromei gopmy
TpeyrojiabHHuKa (0051acTh 2).

W3 puc. 7.1 BuAHO, YTO HAOMIONAETCS MOCTENEHHOE CY)KEHHE HM)KHEr0o M BEPXHETO
KOHIEHTPALMOHHOTO Tpejiesia B3pPhIBAEMOCTH CMECH METaHa C BO3/JYXOM BIUIOTH /0 BbIXOJa B
TOUYKY MpH 00BEMHOU J0Jie Kuciaopoa, paBHOU 12,2 %. DTo CBS3aHO B LIEMHBIM MEXaHU3MOM
nepesavyn TeIIOBOro UMIYJbca 3aXKuranus. B obmactu 3 as ocyniecTBiIeHUs LETTHON peakuu
OKHCIICHHSI HEIOCTaTOYHO MOJIEKYJI Me€TaHa, B 00J1acTH 4 — MOJIEKYJ KHCIOpO/a.

«TpeyroabHUK B3pBIBAEMOCTH» JUIsl APYTUX TOPIOYMX ra30B MMEET TOT e BUJ, 4TO U
JUIsL ME€TaHa, HO pa3jMyYHble pa3Mepbl. B3pbIBaéMOCTh CMECH TOpPIOUYMX Ta30B IPHU MOA3EMHBIX
no)kapax TaKXe ONpeNeNseTcs C TIOMOIIBI0 «TPEyrojibHUKa B3pbiBaeMocTW». HikHui
KOHIIEHTPALMOHHBINA Tpees B3pbIBAEMOCTH CMECH I'OPIOYMX ra3oB (B 00. %) ompenensercs 1o
dbopmyie, npemnoxennoi Jle [llatense:

~ nl n2
0=100/—+ =+ (7.1)
N} N2
rac 1’11, 1’12, ...ni — o0BeMHOE COACPIKAHUC KAXKAOI'0 TOproYCro KOMIIOHCHTA B CMCCH TI'OpHOYHX

razos, %;
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N1, N2, ... Ni — HWXKHUE KOHIICHTPAIIMOHHBIC TPEAENbl B3PHIBAEMOCTH KaXKIOTO W3 ITHUX
KOMIIOHEHTOB, %0.

OO6beMHOE coJep)KaHUE KaKIOro0 TOpPIOYEro KOMIIOHEHTa B CMECH TOPIOYHMX Ta3oB
OTIPEACIISIOT 1O hopMyIe

. _ 100Ci
ni S G (7.2)

rae Ci — KOHIIEHTpaIKs COOTBETCTBYIOIIETO FOPIOYETo ra3a B CMECH € BO3yXOM, %o.
®opmyna Jle - [llatense BepHa A1t OONBIIMHCTBA YIIIEBOAOPOI0B. OMHAKO TSl CMECEH,

COCTOSIIIMX M3 CHJIBHO pa3IMYaIOIIMXCS 1O CTPYKTYype OpraHu4eckuX KOMIIOHEHTOB,
MPUMEHSIEMOCTh 3TOH (OPMYJIIBI YXYAIIACTCS.

Jlis OLeHKH B3pBIBAEMOCTH CMECH TOpPIOYMX Ta30B BHayaje ompenenserca obiiee
CyMMapHO€ cojepkanue roprouux razo (%). s Haubonee pacmpoCTpaHEHHBIX B yrOJIbHBIX
H1axTax ropro4yux ra3oB UCIONb3yeTcs hopMyIia

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

rae Cum, Co, CB — KOHIIEHTpaIMsl COOTBETCTBEHHO METaHa, OKCHa YIliepoia U BOJIOPO/a,

%.

3areM pacCUUTHIBAIOT JOJIIO KaXO0T0 FOPIOYEro ra3a B CMECH IO BBIPAXKEHUSM:

Pm =Cwm/Cr; Po=Co/Cr; Ps=Cs/Cr. (7.4)

ITpaBUIBHOCTH pacyeTa MPOBEPSETCS MO0 COOTHOMIeHHI0 PM + Po + P = 1. (7.5)

[To mosry4eHHBIM JTaHHBIM BBHIOMPAIOT COOTBETCTBYIOIIMI TPEYrOJbHUK B3PHIBAEMOCTH.
3aTeM KOHILIEHTPALMIO KUCIOPOJia B CMECH HAHOCST HA OChb OPJIMHAT, a CyMMY KOHLEHTpauui
TOPIOYMX Ta30B Ha OCh aOCHMCC Ha COOTBETCTBYIOIIEM rpaduke (puc. 7.2.—7.7.) U B TOUKE UX
MIEPECEUCHUS ONPENEISAIOT MECTOHAX0K/ICHUE TaHHOU cMecH. B ciyuae, ecnu HaiiieHHas: TOUKa
HaXOJIUTCA BHYTPU «TPEYrOJIbHHUKA B3PHIBAEMOCTH», TO Ta30Bas CMECh MOYKET B30pPBAThCS MPHU
MOSIBJICHUY MUCTOYHMKA OTHS WJIU NOBBIILIEHUH TEMIIEpaTyphl rasa.

Tax, npousBeneHHbIN 0TOOp MPoO raza u3 arMocdepsl MOKAPHOTO ydyacTKa MMoKaszall, 4YTo
ra3oBas cMech cofepxkuT kuciopoaa (Ck) 15 %, okcuna yriepona (Co) 0 %, metana (Cm) 2,1 %
u Bogopoaa (Cg) 1,4 %.

3arem no ¢opmyie (7.3) HOACUUTBIBAEM, YTO KOHLIEHTPAIUS CyMMbI roprounx ras3os (Cr)
paBHa 3,5 %. [lons oxcuaa yriepoza B cMecu roprounx ra3on (Po) pasna 0, a qons metana (Pwm)
cocrasiset 0,6.

HUcxonst w3 pacyeTHBIX JaHHBIX, BBIOMPAEM COOTBETCTBYIOIIMH  TPEYTrOJIbHUK
B3pbIBaeMocTH (puc. 7.2.). 3aTeMm Ha ocu rpaduka puc. 7.2 HAHOCUM 3HAYEHUS KOHIICHTpAIUi
KHCJIOPOJIa U CyMMBbI TOPIOYMX Ta30B W HAXOJIUM TOYKY X, COOTBETCTBYIOIIYIO COCTOSTHHIO
aTMoc(epsl MOKapHOTO ydacTKa.

N3 rpaduka BuaHO, uTO TOuka X pacCIONOKEHA BHE «TPEYTroJbHUKA B3PHIBAEMOCTH,
MO3TOMY Ha JJAHHBI MOMEHT CMECh FOPIOUMX T'a30B HE MOXET B30pBaThca. OqHAKO HalleHHas
TOYKA HAaxXOJUTCS BOJU3M HW)KHETO KOHIEHTPALMOHHOIO MpefeNna B3pbIBAEMOCTH CMECH U
HE3HAYUTENbHOE M3MEHEHHE, CIIOCOOCTBYIONIEE YBEIMYCHUIO KOHIEHTPAlMU TOPIOYHX
KOMITOHEHTOB B PyJTHUYHOM aTMoc]epe, MOXKET MePEeMECTUTh TOYKY X B 30HY B3PhIBAEMOCTH.

[To rpaduky pacmonoxeHus] 30Hbl B3PHIBAEMOCTH TOPIOYUX T'a30B MOKHO OIPEACTHUTH,
Kyzaa OyJneT cMellaThesl TOuKa, OTOOpa)karoliasi COOTBETCTBYIOIIYIO T'a30BYI0 CMECh, B cllydae
M3MEHEHUsI KOHIIEHTPALIMU COCTABISIOIIMX €€ KOMIIOHEHTOB (KHCJIOPOJa, TOPIOYMX Ta30B U
WHEPTHBIX Ta30B). Tak, IUHUS, COSTUHSIONIAS MOTYYEHHYIO TOUKY X C TOYKOH A, TTOKaXeT, Ky/1a
OyIeT cMemarbcs CMECh B Cllydae YBETHMYECHHS TOJa4H CBEXKETO BO3JyXa M, COOTBETCTBEHHO,
pocTa B HEW KOHIIEHTpauu Kucioponaa. M3 puc. 7.2 BUIHO, 4TO JOOABICHHE CBEXXETO BO3TyXa
MPUBEIET K CHUKEHUIO KOHIIEHTPALIMM TOPIOYMX Ta30B U YJIAJEHUIO CMECH OT TPEYroJbHUKa
B3pPbIBAEMOCTH.

[Tepemenienue Touku X N0 JIUHUU, COCIUHSIONIEN €€ ¢ TOUKOM B, Mpoucxoaur B cirydae,
€CJIM B CMECh ra3oB OyIyT A00aBISATbCS MHEPTHBIE Ta3bl. C 3TOH LIETbIO B OMACHYIO 30HY MOTYT
HarHeTaTh a30T, YIVIEKUCIBIM ra3, aproH W JApyrue ra3bl, HE MOJACP>KUBAIOLIUE TOPEHUs U
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CHIDKAIOIIME KOHIIEHTpAllMU B CMECH KHCIIOpOJa W Toprounx razoB. CorjmacHo puc. 7.2 Takoe
BOSI[GP'ICTBI/IC TAKKC yIAIIACT CMECH OT TPCYT'OJIbHUKA B3PbIBACMOCTHU, UYTO YMCHBIIACT OIMACHOCTDb

B3pbIBa CMECCH.

Cx%

0,5

O\

0,

82
@

Puc. 7.2. Tpeyzonvruku 63pvleaemocmu cmecu 20poyux 2a308 npu 0mcymcmeuu

8

16

24

oxcuoa yenepooa (P, = 0)

Cr %

CK%° A R, = 0,1
16 >
/>
8 e
Ps= 0908070605040, 3 C
B
0 8 16 24 Cr%
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Puc. 7.3. TpeyzonvHuku 63pvieaemocmu cmecu 20proyux 2a3o8 npu 00jie OKCuod

yenepooa 0,1
Cx%
A

16

B

Puc. 7.4. Tpeyeonvnuxu 63puleaemocmu cmecu oproyux 2a3o8 npu 0oje oKcuod
yenepooa 0,2

CK%'. A R, =03
16 o~
Z—
8 .
P«= 07060504 0, 3 C
oB
0 8 16 24 Cr %

Puc. 7.5. Tpeyzonvuuxu 83pvleaemocmu cmecu 2oproyux 2a308 npu 0ojie oKcuod
yenepooa 0,3
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Puc. 7.6. TpeyzonvHuku 63pvleaemocmu cmecu 20poyux 2a3o8 npu 0oje OKCUuod

yenepooa 0,4
Cro
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16
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0 8 16 24 Cr %

Puc. 7.7. TpeyzonvHuku 63pvieaemocmu cmecu 2oproyux 2a3o8 npu 0ojie oKcuod
yenepooa 0,5
B cnydae nOMOIHUTENBHOTO BBIIEICHHS TOPIOUYMX ra30B, MIPUBOJAIIETO K YBEIMUEHUIO
UX KOHIEHTpallMd B CMecH, Touka X, OToOpakarolasi COCTOSHHE CMECH TIa30B, HayHET
nepemeniatbes kK Touke C. [l npuBeaeHHOro Ha puc. 4.2 mpuMepa 3TO 03HAYaeT BXOXKIACHHUE B
TPEYrOJbHUK B3pPBIBAEMOCTH M OOpa3oBaHUE B3PHIBYATOW CMECH. YBEIMYEHUE KOHLEHTpAIUU
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rOpIOYMX ra3oB B PYAHUYHOM aTMoc(epe MOKET NMPOUCXOAMTH MPU HM30JLMOHHBIX padoTax,
CHIDKEHHHM TIPUTOKAa CBEXEro BO3JyXa NPU COXPAHSAIOLICHCS HMHTEHCUBHOCTU BBIICICHUS
roprounx razoB. TakuMm o0pa3oM, MCIIOJIb30BAaHUE «TPEYrOJIbHUKOB B3pHIBAEMOCTH» B IIaxTax
IpU TYIIEHUH MOXKApOB IMO3BOJISET HE TOJIBKO OLIEHUTH BO3MOXXHOCTH B3pBIBa 00pa3yroIIencs
CMECH Ia30B, HO M IIPOAHAIN3UPOBATh, KaK OyJEeT U3MEHSThCS CUTYallUsl B IIOKAPHOM y4acTKe B
cllydyae YBEIMYCHHS BBIICJICHUS TOPIOYMX Ta30B, MOBBIMIECHUS WM CHUKCHHUS KOJIWYECTBA
[I0JJaBa€MOr'0 CBEXKEr0 BO3/yXa MJIM MU 10J1a4€ HHEPTHBIX Ia30B. COOTBETCTBEHHO MOSBIISETCS
BO3MOXKHOCTh BbIOOpa HambOosee 3¢ ¢deKkTuBHOro crnocoba MpenoTBpalleHUs] B3pbIBa TOPIOYUX
ra3os.
3ananue 1719 CaMOCTOSITeJILHOH PadoTHI.
3agaua 17.
1. W3 npemnoxeHHbIX B Tabnuie 20 BapuaHTOB BHIOMPAIOT 3a/laHHBIN COCTAB CMECH Ta3oB,
BO3HUKIINI B aTMOC(epe MM0KapHOTo y4acTKa.

I[lo dopmynam (7.1) wm (7.2) ompenensioT HIWKHAA KOHLIEHTPAIIMOHHBIA Tpenen
B3pPBIBAEMOCTH CMECH 3TUX I'OPIOYHUX I'a30B.

3arem o ¢opmyse (7.3) pacCUUTHIBAIOT 00IIee coiep)KaHie TOPIOYMX ra3oB, a mo Gopmyne
(7.4) nomo xaxzaoro roprodero raza B cMecu. I[lo dopmyne (7.5) npoBepsroT npaBUIBHOCTh
pacuera.

2. Ilo paccunTaHHBIM JaHHBIM Ha PUCYHKax 7.2—7.7 BbIOMpPAIOT COOTBETCTBYIOUIMHA H0JIH
OKCHJa YIJIepoAa TPEYrOJbHHUK B3PBHIBAEMOCTH TOPIOYMX Ta30B M IIEPEUEPUYMBAIOT €r0 B
TeTpab.

3. Hanocat Ha BbIOpaHHBIN IpauK 3alaHHYIO TOUKY U OINpPEAEISIOT BO3MOKHOCTh B3phIBA
CMECHU TOPIOYMX I'a30B.

4. AHamu3upYIOT OMACHOCTH B3phIBA B CIIydae YBEJIWYCHUS WHTCHCHUBHOCTH BBIJICICHUS
TOPIOYUX ra30B, YCUJIEHUS MPOBETPUBAHUS CBEKUM BO3/1yXOM U IPH M10Ja4Ye HHEPTHBIX ra30B.

5. BeiObuparot onTuMaibHbINA yTh MPEIOTBPALIEHUS B3phIBA CMECH I'OPIOUNX a30B.

3aganue K 3agaue Ne 17.

Tab6muue 20
Bapuant CocraB arMochepbl MOKapHOTO y4acTka, %
Kucnopon MeTtaun Oxkcuja yriepoja 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 3,2 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 46
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 15 15 2
17 18 1,6 1,2 1,2
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18 16 4 2,4 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 7,2 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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Cmanoapmuvle SHmManbnuu 00pa308anus U SHMpPonuu Hekomopulx sewjecmes npu 298 K

[Tpunoxxenue 1

iﬁl BemntecTBo KAII[ZE /izﬁ 1; SO, Tsx/momns-K
1 VYrnekucnsrii raz COz (1) -393,5 213,7
2 Boxa H2O (1) -241.8 188,7
3 A3zot N2 (T) 0 1915
4 02 (1) 0 205,0
5 byran C4Hzo (1) -126,2 310,1
6 ITentan CsHi2 (T) -146,4 348,9
7 I'excan CsHis (k) -198,8 295,9
8 I'enran C7H1e (k) -2244 3285
9 Oxktan CgHig (k) - 208,5 466,7
10 | Huknomnentan CsHio (T) -77,2 2929
11 | Huxnorekcan CgHiz (T) -123,1 298,2
12 | Anermiien CoHa (T) 226,8 200,8
13 | Otunen C2Hs (1) 52,3 219,4
14 | IIponen CsHe (T) 20,4 266,9
15 | Byren-1 C4Hg (1) -0,13 305,6
16 | Byramuen-1,3 C4Hs (1) 110,2 278,7
17 | ben3on CeHe (k) 49,1 173,2
18 | Tomyon C7Hs (k) 12,0 219,6
19 | o- Kcunon CgHio (k) 19,0 352,8
20 | m-Kcumon CgHio (k) 17,2 357,7
21 | Metunossiit ciupt CH30OH (k) - 238,7 126,7
22 | Orunossrii ciupt C2HsOH (k) -277,6 160,7
23 | [Ipomunoserit cimpt C3H7OH (k) -306,9 192,9
24 | Uzomponunosslii ciupT C3HgO(xk) -320,3 179,9
25 | Merananms HCOH (1) -115,9 220,1
26 | Oranans CH3COH (1) -166,4 265,7
27 | Mypassunas kuciora HCOOH (k) -409,2 128,9
28 | Ykcycuas kucnota CH3COOH (k) -487,0 159,8
29 | Aueron CH3COCH3 (k) -248,3 155,4
30 | Ormmanerar CH3COOC2Hs (k) - 463,2 259,0
31 | 'muuepun C3HgO3 (k) -659,4 207,9
32 | Humerunamun (CHz)2NH -27,6 273,2
33 | Aammun CeHsNH:2 35,3 191,6
34 | Hurpob6enzon CsHsNO2 15,9 2443
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[Tpunoxenue 2

Huzwasa mennioma CeOpAaHUAl HEKOMOPDBIX CIIOJNCHBIX 6euecme

BemectBo Qu, xx/xr BemectBo Qu, xx/xr
AHTpauur 31425 Kunonnenka
bensun 46928 TpUareTaTHas 18779
bymara 13408 LEJUTYJIOUTHAS 16760
Bypsiit yroas 8380 — 25140 | Kokc 29330 — 33520
Bunumiact 18105 Kpaxman 17510
Bomnokno Masyr 38129 — 41900
BHUCKO3HOE 15512 Macno
KarpoHOBOE 31132 COJIIPOBOE 43069
JIaBCaH 22584 Hedts cripas 43576 — 46090
HUTPOH 30755 [lenonmonuyperan 24320
HpeBecuHa [Tonumnponumnexn 45671
cBexxass W= 50 % 7150 [Momuctupon 38967
BO3yITHOCYXAs 14665 [MommmdTHIeH 47138
Hckomaemsrii Pesuna 33520
Yronb 25140 — 35615 | CnaHibr 5782 — 11564
Kapbomut 25978 Oprcrekio 27737
Kayuayk Tommuso T-1 42948
HaTypaJIbHbII 42319 Torumso T-2 43157
CUHTETUYECKUN 37710 Topd cyxoii 27654
Kamponakram 29749 Topd W =10 % 16613
Kepocun 41481 — 46090 | Hemmronoza 17300
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[Ipunoxenne 3
Dumanvnus (meniocodepaicanue) 2a308 npu NOCMOSIHHOM OABLIeHUU

Temneparypa, Tennoconepxanue, k[ x/kmMoib
0
re 02 N> Boszayx CO2 H>0O SOz

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 140449 18167,8
500 15678,9 | 14945,7 15058,8 22303,4 17828,4 23275,4
600 19072,9 | 18104,9 18255,8 27473,8 21733,5 28533,9
700 22521,2 | 213313 21524,0 32795,1 257727 33876,1
800 26019,9 | 24616,2 24842,5 38237,9 29937,5 39285,5
900 29564,6 | 27955,7 28211,3 43785,5 34232,3 44799,5
1000 331429 | 31337,0 31621,9 49442,0 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 61492,4
1300 44036,9 | 41719,8 | 42067,6 66788,6 52584,5 67161,5
1400 477241 | 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 724451 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 | 70433,9 71020,5 | 114722,2 | 93395,1 | 112715,2
2200 781016 | 741211 74707,7 | 120839,6 | 98758,3 | 1184513
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 | 1151411 | 135756,0
2600 94015,2 | 89003,9 89330,8 | 145325,9 | 119398,2 | 141513,0
2700 97857,4 | 92653,5 03105,9 | 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 (meniocooepoicanue) 2a308 npu NOCMOSIHHOM 0A8IeHUU

[Tpunoxenue 4

Temneparypa, Tennoconepxanue, kKJIx/m>
0
re (07) N> BO3/YX CO2 H>0 SOz
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
300 407,1 393,6 395,4 559,7 463,0 587,0
400 551,4 528,7 532,1 772,6 626,8 824.,6
500 669,3 666,6 672,0 925,1 786,2 1034,9
600 850,6 807,8 814,5 1225,6 969,5 1269,6
700 1004,7 9519 960,3 1463,1 1149,7 1507,5
800 1160,6 1098,2 1108,2 1706,2 1335,3 1746,4
900 1319,0 1246,9 1258,7 1953,8 1527,2 1994,8
1000 1478,6 1398,2 1410,7 2205,2 17242 2237,4
1100 1639,5 15511 1564,9 2460,4 1926,5 2488.8
1200 1802,1 1705,3 1720,4 2718,5 2133,9 2735,2
1300 1965,1 1861,2 1877,5 2979,1 2345.5 2979,5
1400 2129,8 2010,0 2035,5 32414 2560,9 3238,0
1500 22957 2176,7 21947 3505,7 2781,3 3488,2
1600 2462,4 2335,5 2355,2 3771,4 3004,2 3747,5
1700 2630,5 2495,9 2515,7 4039,6 3231,7 4003,1
1800 2799,7 2656,4 2678,2 4307,3 3461,3 4261,2
1900 2969,4 2818,2 2840,4 4579,7 3693,5 4529,8
2000 3140,8 2979,9 3004,2 4847,8 3928,5 4667,6
2100 3311,7 31429 3167,6 5118,2 4166,1 5059,4
2200 3497,8 3306,3 3332,3 5392,5 4405,8 5337,2
2300 3659,1 3469,3 3497,4 5660,7 4667,1 5608,7
2400 3834,3 3633,1 3663,3 5933,0 4890,9 5892,8
2500 4009,8 3797,4 3828,8 6209,6 5136,5 6169,8
2600 41849 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 4304,4 4320,7 7033,3 5897,8 7050,9
2900 4729,2 4469,0 44849 73111 6159,3 7351,3
3000 49149 4634.,5 4652,1 7589,7 6425,8 7655,1
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[Tpunoxxenue 5 (Tadmauma Ne 16).
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