E.N. Boakosa, T.I1. Kyaumosa

[MpakTnkKym no Xxumumm.
[lpouecchbl ropeHUAa U B3pbiBa

Yyeono-memoouueckoe nocooue
07131 CIYOeHmM 08 MEeXHUUECKUX 8Y308

JloHeux
000 «Texnonapk Honl TY «YHUTEX»
2017



VIIK 331.4 (075.8)
BEK 24

PekoMenaoBaHo Yd4eHbIM COBETOM JIOHEIIKOrO HAaIlMOHAIBHOIO TEXHUYECKOTO
VHUBEPCHUTETAa KaK y4eOHO-METOIUYECKOE IMOCOOMe Ui CTYJISCHTOB HWH)KCHEPHO-
TEXHUYECKUX creruanbHocTel (rmpotokoa Ne 5 ot 02.06. 2017 r.)

PenenseHrni:

Anemacoea A. C. — JOKTOp XUMHUYECKUX Hayk, mpodeccop,
3aBeyronui Kadeapoi aHAIMTUYECKOW XUMHUHU J[OHEIKOro HallMOHAIBHOTO
YHUBEPCUTETA

Tonkauee O. 3. — X.T.H., IOIIEHT, 3aBeAYIOMNI Kadeapoil moxapHou u
cnacarenpHo  moaroroBku  I'OYBIIO  «JloHenkuii  HallMOHAJILHBIN
TEXHUYECKUI YHUBEPCUTET)

Mameuenxo B. I'. — x.x.H, o1ieHT, npodeccop Kadeapsl Gu3ndeckoin u
opranndeckoi xumuu ['OYBIIO «/loHeukuid HallMOHAIBHBIA TEXHUYECKUU
YHUBEPCUTET

Bosnkosa, E. . Ilpaktukym o xumuu. [Iponeccel ropeHust u B3pbiBa :
y4eOHO-METOANYECKOEe 1ocoOue JUIsl CTYJEHTOB TeXHu4eckux By3oB / E. I.
Bonkosa, T. II. KymumoBa. — Jloneuk : OOO «Texnomapk Honl'TY
«YHUTEX», 2017. — 98 c.

B yuyeOGHO-MeTOMMYECKOM TOCOOMM TPHUBEICHBI METOAWKH pacuera
noKasareyied, XapaKTepuU3yIIIMX TMPOIECChl TOPEHHs W  B3PbHIBA,
CIIPABOYHBIN MaTepra, HEOOXOIUMBIH JIJIsl BHITIOJHEHHUS PACUYETOB.

[TocoGue npenHa3HavyeHo AJs MOATOTOBKU CTYJIEHTOB O0Y4YarOIIMXCs
no HanpasiaeHusM 20.05.01 «Iloxapnas O6e3omacHocTh» u  20.03.01
«Texnocepnas  6e3omacHOCTBY.  MokeT  OBITh  PEKOMEHIOBAHO
MPaKTUYECKUM paboTHUKaM cdepsl Oe3omacHOCTH Tpyna,
NPOTHO3UPOBAHMSI W OICHKHA TMOCJECJACTBUN TEXHOTECHHBIX aBapuii M
KaracTpod, mpenomaBaTeNnsiM TUCHUTLIAH JAHHOTO MPOQHUIIs.

[TocoGue Oynmer mMoONe3HO A CTYACHTOB JAPYTUX CHEIUATBHOCTEH
P U3yYEHUU JUCITUTUINH, CBSI3aHHBIX C MMPOIIECCAMH TOPEHHSI.

YK 331.4 (075.8)
BBbK 24

© E. U. Boakoga, T. I1. Kynumona, 2017

© I'OY BIIO «/loHeukuii HalMOHATBHBIN
TEXHUYECKUN yHUBEpPCUTET», 2017



OI'JIABJIEHUE

BBEIIEHUE ...t 4
1. O61me cBeieHus 0 MPOIECCAX TOPEHUS U B3PBIBOB ...ccvvveeeerrrrnnenee 4
1.1. OcHOBHBIE TEPMHHBI IPOLIECCOB TOPEHUS U B3PBIBOB.............. 4
1.2. IToka3aTenu mokapoB3pbIBOONACHOCTH BEIIECTB U
LY £ NS 0) % £20) () S PP PPPRTPPRRIR 3)
1.3. CocTaB ¥ CBOMCTBA TOPHOUMX BEIIECTB +.cvevvrrerreessnnrneneeesnnnns 6
1.4. Onpenenenne GOPMYIIbl OPTaHUUYECKOTO BEIIECTBA ....cc.......... 8
1.4.1. Onpenenenne MOJIIPHON MAacCChl BEMIECTBA IO €0
) (0105 (0103 ¥ Z EORRR PP 8
1.4.2. Onpenenenre MOJSIPHOM Macchl rasa 1o
OTHOCHUTEITBHOM THIOTHOCTH ....vvvvvreeesssnvnneeeesssnsnnenneessnnes 9
1.4.3. OnpeneneHre POPMYIBI BEIIECTBA «vvvvveervvrrrrreessnneennns 10
3aa4ud I CAMOCTOSITETTBHOTO PEIICHUS . ...cevvveeeeeeeeeaeaaaaaaaaaaaaaeens 36
07201 £:2 1 (I I 42
1.5. 'openune kak OKUCIUTEIbHO-BOCCTAHOBUTENBHBIN Mporiecc.. 43
1.6. YpaBHEHUS PEAKIII TOPECHUS ...vvvvvrrrrrereeeessssiissssrnnneennnssensnns 50
1.7. 3aKOH I'€CCA....uviiiiiiiiiiiii et o1
201 €212 14 (=TT 58
2. XUMHYECKHE OCHOBBI TIPOIIECCOB TOPCHHSM .evvvveeesssinrrrrinrrnnnnnneesenas 59
2.1. Knaccudukaiyss XUMUYECKUX PEAKITHM .......ovvvvvvviirrerrneneennnns 59
2.2. 3aKOH JACHUCTBYIOIITHX MACC ..viuvvevrrvrrrressesssssssssnssnnnneeeeeseensns 60
2.3. 3aBUCUMOCTb CKOPOCTH PEAKIUN OT TEMIIEPATYPHI ............... 61
201 0212 14 (S T TTT TR 64
2.4. MatepuaabHbIH 0aJaHC MPOLIECCOB TOPCHM . .vvvvvvrrrerereneennns 65
2.4.1. Pacuer koam4ecTBa BO3/yxa, HEOOXOIUMOTO IS
TOPCHMS BEITIECTB .....vvvvvrrrrrereeeeeesssssssssnsssnsesessaseesnns 65
2.4.2. 'openne HIUBUAYAIbHBIX XUMHUIECKUX COCTUHEHMH . 68
2.4.3. I'opeHue CI0KHBIX XUMUYECKHUX COCTUHEHU M. ............ 69
2.4.4. TOPECHUE CMECH TABOB ...ceeeeeiuirrrrrneneeaaaaesssaannnnnnnneees 71
2.4.5. VIBOBITOK BOBITY X 11uveeieieeeesssisisssssnereesessesssssnnsssssnseeees 71
0201 622 1 (I 81
CHUCOK PEKOMEHIYEMOU JIATCPATYPDI ...vvvvvvvrrreeaeeesssaannnnrrnnneeeeaaaeaasss 83
0000 (07 02 1 6 TP PP T TUPOPRPPPPPPRPY 84



BBEAEHUE

B coorBerctBuM ¢ PabounMu mnporpaMMaMu JIUCHUILIAHBI
«XuMHUs» Ji CTYACHTOB, oOydaronuxcs no Hanpasienusm 20.05.01
«[Toxapnas  Oe3zonmacHocte» u  20.03.01  «TexnocdepHnas
0€30IMacHOCTbY», JEKIMOHHBIE U TMPAKTUYECKHE 3aHATHUS BKIHOYAIOT
paccMOTpEHHE BOIIPOCOB, CBSI3aHHBIX C OCHOBAMU IMPOIIECCOB TOPEHUS
Y B3PBIBOB.

OcHOBHas 11€JIb JAHHOTO Y4Y€OHO-METOAMYECKOr0 IOCOOusT —
HAy4YUTh CTYyJEHTa TMOJb30BAThCSI HOPMATHUBHBIMH METOJMKAMHU,
IIPOBOJUThH PAcCUEThl MO OIEHKE MapaMeTPOB IMPOIIECCOB TOPEHHS U
aHAJIM3UPOBATh TMOTEHIMAJBHYIO TOXKapPOOMACHOCTh  Pa3IMYHBIX
TOpPIOYUX BEIIECTB.

J1J1si BO3MOYKHOCTH CaMOCTOSITEIbHOM paboThI ¢ mocobueM B HEM
NPUBOJATCS TOSCHSIONINE TPUMEPHI.

IlpencraBneHHbplid B MOCOOMM MaTepuasnl OyJeT IMoJe3eH
CTyJIEHTaM JPYruX CIEUUATbHOCTEH TMpU H3YyYEeHUU IUCIMILUIVH,
CBSI3aHHBIX C TIPOIECCAMU TOPEHUSI.

1. OBIIUE CBEJAEHMUS O TPOUECCAX I'OPEHUA U
B3PbIBOB

1.1. OcHOBHBIE TEPMHUHBI POI[ECCOB FOPEHUA W B3PbIBOB

l'openuem Ha3bIBACTCS CIOXKHBIM (DPU3UKO-XMMUYECKUH MPOIECC
B3aNMOJECHUCTBUS TOPHOYETO BEIIECTBA 151 OKHCIIUTEIIS,
XapaKTEPU3YIOIIUKCSI  CaMOYCKOPSIOIIUMHUCS —MPEBPALICHUSMU U
COMPOBOK/IAIOIIMICS BBIACICHHEM OOJBIIOTO KOJIMYECTBA TeEILa,
CBETa U JIbIMA.

JI1s1 BOSHUKHOBEHHUS TIpoliecca TOPEeHHUs HEOOXOJIMMO HaJUMYHeE:
TOPIOYETO BEIHIECTBA, OKHUCIUTENA M JIOCTATOYHOIO II0 MOIIHOCTH
MCTOYHHUKA 32KUTAHUS.

loprouum Ha3bIBaeTCs BEUIECTBO (ra3, map, mMarepual, CMECh,
KOHCTPYKIIHS), CIIOCOOHOE CaMOCTOSTENILHO TOPETh MOCTE yIadeHUs
VMCTOYHUKA 32KUTAHHUS.

Hemounuk 3ascicucanusi — rOpsAiyee WIM PACKaJICHHOE TEJo, a
TaK)Ke DJIEKTPUUECKUH pa3psii, oO0dajarolife 3arnacoM HSHEpruud U
TEMIIEPATYpOU, AOCTATOYHOW IJIsi BO3HHMKHOBEHUS TOPECHUS APYTHUX
BEILIECTB.



Ecnu ropenue npoucxouT BHE CIECHUAIBHOTO ovyara u (Win) mpu
ATOM  HAHOCUTCSI  MaTepUalibHBIM  ymepo, T. €.  HJIeT
HEKOHTPOJIMPYEMOE TOPEHUE, TAKOE TOPEHUE HA3ZBIBAIOT NOMCAPOM.

Camoeoszeopanue — SIBIEHWE PE3KOrO0 YBEIUYEHUS CKOPOCTH
AK30TEPMUUECKUX PEAKIMA B CHUCTEME OT BHECEHHOI'O HCTOYHUKA
3Q)KUTaHMs], TPUBOASAIIEE K TOPEHUIO BEIIECTBA, U MPOJOJIKAIOIIEECS
B €ro OTCYTCTBMHM. Temmeparypa, mpu KOTOpPOW Hayajics MpoLecc
YBEIMYEHUSI CKOPOCTH PEaKLMH, Ha3bIBACTCA meMnepamypou
camosozeopanus 1g3. Temreparypy pearupyromen Cpeabl, BbIIE
KOTOPOW B CHCTEME BO3MOXHO CAMOYCKOPEHHUE PEaKIMH, HA3bIBAIOT
memnepamypou camosocniamenenusi tcg.

Temmneparypa  camoBocIlaMeHeHUsT  tcg  Bcerma — BBIIIE
TeMIlepaTypbl CaMOBO3ropaHus tp3, a HUX Pa3HOCTh MPEICTABISACT
coOOi  TeMmmepaTypHbIi  MHTEpPBAJl  CaMOpPa30TPEBa  CUCTEMBI,
IPEANIECTBYIOUMN CAMOBOCILIAMEHEHUIO.

B3pwie — ObicTpoe HeympaBisieMoe QU3NYECKOe WU XUMHYECKOE
npeBpalieHue  BEIEeCTBA, COMPOBOXKJIAOIIEeCs  0O0pa3oBaHUEM
OOJIBIIIOT0 KOJWYECTBA CXKAThIX Ta30B, IOJI JIaBJICHUEM KOTOPBIX
MOTYT IPOUCXOJUThH Pa3pyLICHUS PA3IUYHBIX OOBEKTOB.

Xumuueckuti 63pvl6 XapaKTEPU3YETCAd OBICTPHIM XHUMHUYECKUM
B3aMMO/ICVICTBHEM TOPIOYETO U OKUCIUTEIIS.

Dusuueckul 83pbl8 CBS3aH C HEKOHTPOJIMPYEMBIM
BBICBOOOXK/ICHMEM TMOTEHIIMAIBLHON JHEPrUM CXKaThIX Ta30B, MapoB
WIM SKUAKOCTEH U3 3aMKHYTBIX OOBEMOB COCYIOB, MallUH U
arrmaparTos.

1.2. Tloka3atejm MOXKAPOB3PHIBOONACHOCTH BelIeCTB M
MaTepuajaoB

HOOfCClpO@S’pbl@OOI’lClCHOCWlb — CpaBHHUTCJIbHAsA  BCPOATHOCTDL
BAKHUTAHUA MW TOpPCHHUA BCHICCTB B PABHBIX  YCIOBHUAX. Ona
onpeacisiCTes CICAYIOIMUMHA OCHOBHBIMUA CBOMCTBaMH BCIIIECTBA.

— CKIIOHHOCTBIO K BO3T'OPAaHHUIO,

— TEeMIeparypaM BOCIUIAMEHEHHUS, BCIIBIIIKH, CAaMOBOCILIAME-
HCHMSI,;

— KOHLEHTPAIMOHHBIMU NIPEJETIaMU BOCTIIIAMEHEHHUS;
— MUHHAMAJIbHOW SHEPTUEN 3aKUTAHUS;

— IMCIIEPCHOCTBIO U JIP.
ITo BO3ropaemMocTy BC€ MaTEpHUAIBI ACIIAT HA TPU TPYIIIHIL:



— Heceopaemvie, KOTOpbIE TIOJ] BO3JIEUCTBHEM HCTOYHHUKA
3QKUTaHUS HE BOCIUIAMEHSIOTCS, HE TOpAT, HE TICIOT U He
00yIJIMBaIOTCS;

— mpyoHoceopaemble, KOTOPbIE€ BOCIUIAMEHSIIOTCS, TJCIOT H
OOYIJIMBAIOTCS MPU HAJIWYUM HWCTOYHUKA 3aKUTAaHUS, HO TOCJE €ro
yAAJIECHUSI CAaMOCTOSITEIbHO TOPETh HE MOTYT;

— ceopaemovie, KOTOPbIC MOTYT CaMOCTOATCIIbHO I'OPETh UJIN TJICTH
IMOCJIC YAAJICHUA OT HUX UCTOYHUKA 3aKUTaHUA.

JIns mepeBojia MaTepuajoB W3 TPYIIBI CrOPAEMBbIX B TPYIIY
TPYAHOCTOPAEMbIX YaCTO HMCIOJB3YIOT UX MPOMUTKY aHTUITUPEHAMH.
Ilon ammunupenamu TOHUMAIOT BEIIECTBA, MPEAOXPAHSIONINE
MaTepuayibl OPraHUYECKOrO MPOUCXOXKICHHUS OT BOCIUIAMEHEHUS U
CaMOCTOSITEILHOIO TropeHusi. Hampumep, MpONMUTHIBAIOT JIPEBECUHY,
TKaHW W JIp. MaTepUaJIbl, Jeiasi UX TPYJIHOCTOPAEMbIMH.

B otrnenbHyr0 TpyIimy MO MOXKapOB3PHIBOOIIACHOCTH BBIJEISIOT
NbUTb, KOTOpas B BO3MyXE SBISETCS B3pbhIBOOMacHou. Iloa mbuibiO
MOHWMAIOT JUCIIEPTUPOBAHHBIE TBEPJABIC BEIIECTBA C Pa3MEpPOM
yacTuil MeHee 850 MKM.

ITp11b ETSAT Ha YeThIpe Kiacca:

| — nHaumbosee B3PBHIBOONACHBIE TBUIM C HIDKHUM MPEACIIOM
BOCIUIaMeHeHHs 10 15 r/mM® (mbulM Kpaxmana, IIIEHHYHOM MYyKH,
cepsl, Topa u ap.);

|| — B3pBIBOOMACHBIEC NIBUIM C HHXKHUM MPEEIOM BOCILUIAMEHEHUS
or 16 10 65 r/M® (UBLUIM aMIOMUHMS, IPEBECHOW MYKM, KAMEHHOIO
yTJisi, caxapa, CeHa, CJIaHIla u JIp.);

Il — nmoxapoomacHble MBUIM C  HUXHHAM  IPEACIIOM
BOCIUIAMEHEHHS BhINIE 65 I/M° M TeMIepaTypoil CaMOBOCITIAMEHEHUSI
tes cooTBeTCcTBEHHO 110 250°C;

IV — noxapoomnacHble TIBIM €  HHOKHAM — IIPEAEIoM
BOCIIAMEHEHHMS BBIIIE 65 I/M° M TEMIEpaTypoi CaMOBOCILUIAMEHEHHS
tes 00mee 250°C.

s Havaja npoiiecca TOPECHUS BEIIECTBA B
CaMOIIOIJICPKMUBAIOMIEMCS PEKUME K HEMY HEOOXOIMMO IIOJIBECTH
ONpPEJCICHHOE  KOJMYECTBO  DHEPrMHM,  KOTOPOE  Ha3bIBAIOT
MUHUMATILHOU dHepeuel 60CNIAMEHEHUSL.

1.3. CocTaB M CBOIiCTBA rOPIOYMX BelleCTB

[lo ¢da3zoBoMy cocTaBy TroproYue BelIeCTBA MOTYT OBITh
KUJKAMH, TBEPABIMU 1 Ta3000pa3HBIMHU.
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['oproyas KUIKOCTb TOPETh HE MOXKET. [ 'opAT TONBKO ee napsl. Ha
ITOBEPXHOCTHU KUJIKOCTH BCErJa MPOUCXOAUT UCIIAPEHUE U CO31ACTCS
ONPEJCTICHHBIA  CIOM mapoBO3AymIHOM cMecu. Camasd HH3Kad
TeMIIEpaTypa TOPHOYEN JKUIAKOCTH, IIPU KOTOPOM IMapbl MU Tas3bl
CIIOCOOHBI  BCIBIXHYTh OT MCTOYHUKA 3aKUTraHUus (OTKPBITOIO
IJJAMEHM), HO TIPU 3TOM CKOPOCTh OOpa30BaHMs MapOB U Ta30B €lIe
HEIOCTAaTOYHA  JUIi  MOCJEOYIOLIEr0o  TOPEHWS,  Ha3blBACTCs
memnepamypou ecnvliuiku t;. B 3aBUCHMOCTH OT TeMIlepaTypbl
BCIIBILIKH KUJIKOCTH MOAPA3ACISAIOTCSA HA BUBL:

— nerkoBociaMmeHsomuecs xuakocty (JIBXK), korga t; < 61°C B
3aKpHITOM TUIIIE U t; < 66°C B OTKPBITOM (HampuMmep, s aneToHa iy
= —18 °C; nns 6ensuna t; = —36...—7 °C B 3aBUCUMOCTU OT MapKH; ISl
MeTuiaoBoro criupta ty = —5°C; mnsa kepocuna t; = 15...60°C u ap.);

— roptoune kunpkoct (I0K), K KOTOpbIM OTHOCST BCE
MOKapPOONACHBIE JKUIKOCTA C BBICOKOM TEMNEPATYpOW BCHBIMIKHA Iy
IU3€JIbHOE TOIUIMBO, Ma3yT, CMa304HbIEC MAcJa U T. II.

Tennoma ceopanus (meniomeopras cnocoonocms) monausa Q —
KOJIMYECTBO TEIlIa, BBIJACIAIONMICECS TPH MMOJTHOM CTOPaHUH TOPIOYHX
KOMITOHCHTOB €IMHHIILI BerecTBa (1 Momb win 1 Kr Juist TBEPAOTO |
xkuakoro w1 um® g razoobpasHoro Tomnmsa). 3xeck 1 wm®
npeacrapiasier coboi 1 M® razoo0pasHOro TOIUIMBA, B3ATOTO IIPH
Hopmanvuslx Qusuyeckux ycrosusx: P =101325 Ia, t = 0°C.

Huswasa mennoma ceopanusi eewecméa QH — KOJUYECTBO
TEIJIOTHI, KOTOPOE BBIJEISAETCS MPU MOJHOM CrOpaHUM TOILUIMBAa 0O€3
y4eTa TeIUIOThl KOHJACHCALMU BOJSHOTO Iapa, T.€. CYUTAETCH, YTO B
npoaykrax cropanus Boga H,O naxonurcs B Bujie mapa.

Buicwuas mennoma C2OpaHUus eeuiecmea QB BKJIHOYaCT TCILUIOTY
KOHACHCAIIUH BOIAHOTIO I1apa QHZO , BXOIAIIECro B COCTaB IIPOAYKTOB

CrOpaHusi, T.€. B IPOAYKTAX CTOPAHUS BOJA HAXOAUTCS B BUJE BJIATU.
Terutora KOHAECHCAMU BOISHOIO Mapa MpU pacyeTrax NPUHUMAECTCS

QH,0 = 2258 K JI/KT.

Takum oOpa3oM, HuU3IIAgs W BbICHIAsS TEIUIOTa CrOpaHUs
OTJIMYAKOTCS HA BEJIIMYMHY TEIUIOTHI KOHJCHCAMU BOJSHBIX MapOB,
00pa3yronmMxcs Ipu CrOpaHuU TOTUIUBA.

QH :QB_QHZO (1-1)

IIpu cxurannmm 1 K- OpPraHUYECKOro BEMIECTBA TEIUIOTA
KOHJICHCAIIMHU BOJASHOTO Tapa MOXKET ObITh OompejesieHa no (gopmysie,
kJK/KT:



Qun,0 =Qp —Qy =2514(W +9H)), (1.2)

rae W u H — cogepxanus Bjaaru u BoAgopojia B rOpIOYEM BEILIECTBE,
Mmacc. %.

3HAYEHUsI TEIUIOTHl CTOpPaHUsl TOPIOYUX BEIIECTB OOBIYHO
IIPUBOJAT B CIIPABOYHOM JIUTEPATYPE.

1.4. Onpenesienue ¢popmyJibl OPraHu4ecKoOro Beuecrsa

['oproune opraHM4ecKHe BEUIECTBA COCTOST, IJIABHBIM 00pa3oM,
U3 yIriepoja, BOJIOpojia, Kuciaopoaa u a3zora. Eciam 3anucaTts o0mIyro
dopmyny nns takux BemiectB kak CH,O,Nk, MonekynsapHyto maccy
BEIIIECTBA B OOILIEM BUJI€ MOKHO BBIPA3UTh KAK:

M/ (CH,O:NK) = XA(C) + YA(H) + ZA/(0) + kKA(N)  (1.3)

rne X, Y, Z, K— 9nciao atoMoB yrieponaa, BOAOPOa, KUCIOpoaa U a30Ta
B MOJIEKYJI€ BEIIECTBA;

Ar — oOTHOcuTenbHas aTOMHAsi Macca COOTBETCTBYIOIIETO
AJIEMEHTA.

[TockonbKy MOJSIpHAsE ¥ MOJIEKYJISIpPHAST MacChl YMCIEHHO PaBHBI,
a OTJIMYAIOTCA TOJBKO Pa3MEPHOCTHIO, TAKUM K€ 00pa3oM MOKHO
ONPENIETUTh U MOJISIPHYIO Maccy.

Hns onpenenenuss  (GopMysiabl  OPTaHMYECKOTO  BEILIECTBA
HEOOXOAMMO paccuuTaTh €ro MoJsIpHyl0 Maccy. Paccmorpum
BO3MO>KHBIE BAPUAHTHI PEIICHUS 3TON 3a4a4H.

1.4.1. Onpenesienne MOJSIDHOM Macchbl BellecTBA IO €ro
IUIOTHOCTH

[1noTHOCTH BemiecTBa A onpeAeseTcs Mo YpaBHEHUIO
m(A)
p(d)=y n (1.4)

rae m(A) — Macca BemecTsa A, T

V(A4) — 0Obem BeriecTBa A, 1.

KonudecTBo BemecTBa MOKHO BBIYMCIIUTH 1O M3BECTHBIM Macce
WM 00hEMY BEILIECTBA:
wa) M VA

M(A) V.

rae M(A4) — moaspHast Macca BelnecTBa A, I/MOJIb;

Vm — MOJISIpHBIN 00BEM, JI/MOJTb.

ITpu wopmaneubix ycnoBusix (P = 101325 Ila, t = 0°C) nnsa
aroooro rasa V= 22,4 1/MOJb.

(1.5)
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IIpumep 1.1. Onpenenuts MOJSIPHYIO MacCy ras3a, IJIOTHOCTh
KOTOPOTO MPU HOPMaJIbHBIX YCIOBUSX paBHa 1,965 r/.

Pemenne: Macca 1 11 ra3a mpu HOpMaabHBIX YCIOBUSAX:

m=p-V=19651=1,965Tr.
N3 ypaBHenus (1.5) Mo cOOTHONIEHUIO:
m(A) _V(A)
M(A) V,
HalJeM MOJIIPHYIO MAacCCy rasa:
m(A)-V, 1965224
v(A) 1

Omeem: MonsipHasi macca rasza 44 r/MoJb.

m

=44 r/moib

M(A)=

1.4.2. Omnpenesiene  MOJSAPHOM  Macchbl rasa 1o
OTHOCHUTEJIbHON IJIOTHOCTH

OtHocuTenbHass mioTHOCTh Dp raza A mno rasy B paBHa
OTHOLIEHUIO MacC OJIMHAKOBBIX O0BEMOB ATUX ra30B:

_M®A

° M(B)’

rae M(A) u M(B) — monspHbie Macchl raza 4 U B COOTBETCTBEHHO,
I/MOJb.

(1.6)

IIpumepl.2. Onpenenuts MOJSPHYIO Maccy Ira3a, OTHOCUTEIbHAs
IJIOTHOCTh KOTOPOTO IO BOJAOPOAY paBHa §,5.

Pemenne: 3anuiiem ypasuenue (1.6) B Buze:
_ M(A)
"2 M(H,)

Orcrona
M(A) = M(Hz) : DH2 = 2 8,5 :17 /MOJIb

Omeem: MOJsipHas Macca ra3a paBHa 17 r/Moib.

IIpumep 1.3. OmnpenenuTs MOJSPHYIO MacCy Tra3000pa3HOro
BEILIECTBA, OTHOCUTENbHAsI IJIOTHOCTh MAapOB KOTOPOTO IO BO3IYXY
paBHa 2,9.

Pemenue. Bo3ayx — 3TO cMeCh ra3oB, CpeIHsAs MOJISIpHAs mMacca
KOTOPO# IIPHUHSATA pPaBHOU 29 T/MOJb.

9



3anuieM ypaBHenue (1.6) B Buje:
__ M(A)
b M(Bo3ayxa)

Otcrona
M(A)= M(Bo3nyxa )-Dy =29-29 =841 r/moiub
Omeem: MoNsipHasi Macca BenecTa paBHa 84,1 r/mMolb.

1.4.3. Onpenenenue ¢GopmMyJibl BeliecTBa

CornacHo oxHomy w3 TnonoxxkeHud teopun A.M. bytieposa,
(OopMyIly CHOXKHOTO OpPraHMYECKOrO BELIECTBA MOXHO ONPENEIUTH
du3MYecKUMM WIA XUMUYeckumu wmetonamu. K dusmueckum
METOJIaM MOKHO OTHECTH ONpeleleHUue (POpMyJIbl BEIIECTBA IO €ro
MJIOTHOCTU U OTHOCUTENBHOM MJIOTHOCTH.

Kauecmeennwliii cocmas 6ewjecmea TOKA3bIBAECT, W3 KaKUX
AJIIEMEHTOB COCTOUT MOJIEKYJIA BEILIECTBA.

Konuuecmeennwviti cocmaé eewjecmsea ONPEAETAET KOJIUYECTBO
aTOMOB KaJI0I'0 JIEMEHTA B COCTaBE MOJIEKYJIBI.

KonuuecTBeHHBII M Ka4eCTBEHHBIM COCTaB BEIIECTBA MOXHO
OIPENENIUTh KaK PU3NYECKUMHU, TAK U XUMUYECKUMU METOAAMH.

Onpeodenenue Gopmynvt CH0HCHO20 6eulecmea NnoO Maccosoll
00.]1e Inemenma 6 mosekKyie.

MaccoBast 1051 (2) 2JIeMeHTa B MOJIEKYJIEe CJIOKHOTO BEIIEeCTBA
A paBHa OTHOIIEHHWIO MACChl aTOMOB 3JIEMEHTA B COCTABE MOJIEKYJIbI K
Macce MOJIeKyJibl. MoxkeT ObITh BhIpa)K€Ha B JOJISIX €IUHHIIBI WK B
MPOILICHTAX.

(D)= A’Z(—a) (1.7)
©(3) = = A’Z(—a) .100% (1.8)

rae M(D) — Macca aTOMOB 3JIEMEHTA B COCTABE€ MOJICKYJBI CI0KHOIO
BelecTna 4,

M:(A) — oTHOCHTEIbHASI MOJICKYJISIPHAs Macca BeliecTa 4.

Tak, mist cinoskHoro opranndeckoro Bemiectsa coctara C H,O,N:

o) =—"C  o00p=_ XAC) 4000, (19)
Mr(CxHyOsz) Mr(CxHyOsz)
o) = — " 0= YA 000, (1.10)

Mr(CxHyOsz) Mr(CxHyOsz)
10



m(O)

©(0) = 100% = — 2 A0 000, (1.11)
Mr(CxHyOsz) Mr(CxHyOsz)
o(N) = M) 00% = — < AMN 4000, (112

- Mr(CxHyOsz). Mr(CxHyOsz)

IIpumep 1.4. Haiitu ¢opmyny yrieBoaopona, cojaepaiiero (1o
Mmacce) 90,566% yriepoaa, €cid U3BECTHO, YTO €r0 OTHOCHUTENIbHAS
IJIOTHOCTB IO YTJIEKUCIOMY Tazy 2,41.

Pemenue: 3anumiem ypaBaenue (1.6) B Buje:
_M(CH,)
©2 " M(CO,)
rne M(C,H,) — momspHas macca yrneBogopona cocraBa C.H,;
M (CO,) — momaspaas macca yriekucioro raza COaz.

N3 mpuBeieHHOIO YpaBHEHHUsI MOJISIpHAsI Macca yriIeBOAOpO/Ia:
M(C,H,) = Do, - M(CO,)
a 3)M0J16Kyﬂ${pHa$I Macca YTIEKHUCIIOro rasa COrjacHO YPaBHEHHIO
Mi(CO2) = A(C) + 2-A(0) =12+ 2:16 =44
CnenoBarensHO, MossipHas macca COg:
M(CO,) = 44 1/moib
Monsipaas macca yrinesogopoaa C.Hy;
M(CxHy) = DC02 -M(CO,) =2,41-44 =106 r/momns

CJ'IGI[OB&TGJ'II)HO, MOJICKYJEIPpHAA MacCa BCIICCTBA:

Mr(CxHy) = 106.
N3 ypaBHenus (1.9) onpenenuM KOIMYECTBO aTOMOB yriiepoja B
moutekyie C,Hy:

o(C) = Lr(c).loo%

M, (C,H,)
90.566% = *12.100%
106
Torna
90,566 - 106
x= 2020 g
12100

11



I[J'ISI OonpcCAcCICHUA KOJIMYCCTBA ATOMOB BOAOPOJa B MOJICKYJIC

C:H, BpIuncIMM €ro MaccoByo J0OJIIO:
o(H) = 100% — o(C) = 100% — 90,566% = 9,434 %
CornacHo ypaBuenuto (1.10):

o(H) = Y AM) 00%
M, (C,H,)

9,434% = L 1.100%
106
Torna
)= 90,566 -106 19
1-100
®opmyna yrieogopona CgHio.

KonudecTBo aTOMOB BOJOPOJIa MOXHO TakK)Xe OIMPEISIUTh IO
ypaBHeHuto(1.3):

Mr(C.H,) = xA«(C) + yAr(H)

106 = 8-12 + y-1

_100-8-12
yETTOC

Omeem: popmyna yrieBoaopoaa CgHio.

12

Jns BeIBoAa  amnupuyeckux — (GOpPMYJN,  BBIPaKAIOIIMX
MPOCTEUIIINM COCTaB MOJEKYJbl, HEOOXOAMMO 3HATh, H3 KaKHX
AJIEMEHTOB  00pa30BaHO  BEIIECTBO, MX MAaCCOBBIE JOJIU W
OTHOCUTEJIbHBIE ATOMHBIE MacChl. [l BBIBOJA UCMUHHBIX WA
MonexyIaApHbiX HOPMYII, COOTBETCTBYIOIIUX IECHCTBUTEILHOMY UHUCITY
aTOMOB Ka)XJ0T0 d3JIEMEHTa B MOJIEKYJE, HEOOXOAMMO TaKKe 3HATh
MOJIIPHYIO MacCy BeniectBa. VHorma mpocrtedmias W UCTHHHAS
(dbopMyJIbl COBIAIAIOT.

IIpumep 1.5. Omnpenenuth mnpocTeiinyo Gopmyiy BelIECTBa,
KoTtopoe coaepxut 47,37% yraepoaa, 10,53% Boaopo/ia 1 KUCIOPO/I.

Pemenue. CDOpMy.Hy CJIIOKHOI'O BE€HICCTBA MOXXHO 3aIlluCaTb B
BUJIC CxHyOz.

MaccoBas 05151 KUCIOpPO/ia B COCTaBE BEIIECTBA:
®(0)=100% — o(C) — o(H) = 100% — 47,37% — 10,53% = 42,1%
CornacHo ypaBaenusim (1.9)—(1.11)

12



X-A, (©)

o(C) = .100%
Mr(CxHyOz)

o) = LA M 600
M, (C,H,0.)

0(0) = 24O 1500
Mr(CxHyOz)

4737% = 12 100%
Mr(CxHyoz)

1053%=_— Y1 100%
.(C,H,0.)

421%=_ 2% 100%
Mr(CxHyOz)

Torna
xgﬂz:4nw:ﬂw3:ﬂl:15:4:l

12 1 16
JInss  TodMydeHHsT — UEJOYMCIEHHBIX  WHJIEKCOB  YMHOYKHM
COOTHOIIICHUE Ha 2:
X:y:z2=3:8:2
[IpocTteitmas hopmyna BemectBa C3HgOo.
[Ipoananuzupyem 3Ty Gpopmyiny. COOTHOLIEHHUE MEXKIY X U V.
X:y=n:(2n+2)
COOTBETCTBYET COOTHOIIEHUIO UHAEKCOB ISl aJIKAHOB — HACBIILIEHHBIX
YIJIEBOJOPOAOB. B yriepoaHou 1enn Bce CBA3U OAUHApHbIE. B 3TOM
ciiy4ae nmpocTeitmas (opmysia COOTBETCTBYET UCTUHOM.

Hamnune nByx aToMOB KHCIOpOJa TOBOPUT O TOM, YTO B
MOJIEKYJIE MOXET OBITh JBE (PYHKIMOHAJIBHBIE TPYIIbI: JHOO
cniuptoBblie — OH, nu6o npocteix 3¢pupoB — O —. Takum oOpazom,
BO3MOYKHBIE CTPYKTYpHBIE (POPMYIIbI BEIIECTBA

CH,-CH-CH,; CH;—-CH,-CH,
] ] ] ! CHS—O—CHZ—O—CHS
OH OH OH OH

Omeem: hopmyna BemectBa C3HgOs.

Onpeodenenue opmynvl opzanuyeckozo eeuiecmea no oouieil
¢opmyne knacca coeounenuii

JIJ1s1 opraHrYeCcKuX BEMIECTB KAXKIBIM KJIACC COCIMHEHUM UMEET
o0myo GopMyly, MO KOTOPOM YCTaHABIMBACTCS KOJIWYECTBEHHOE

13



COOTHOIIIEHHE MEXIY aTOMaMH JJIEMEHTOB B MOJIEKYJE BEIECTBA.
OO6uue hopMyIibl 1JIsl pa3IMYHBIX KJIACCOB COEAMHEHUM MTPUBEACHBI B

tabmure 1.1.

Tabmumna 1.1

O6mue GopMynbl AJ1s1 pa3IUYHbIX KJIACCOB

OPTaHUYECKUX COCAMHEHUN

Knacc coequnenuii Oo6mas popmyna
AnKaHbI (HaCHIIIICHHBIC YTIIEBOIOPOIbI) C:Hows2
AnkeHbl (HeHACHIIIEHHBIC YTIEBOAOPOIbI, OHA C.H
JIBOIHAS CBSI3b) e
AnKuHBI (HEHACHIIEHHBIC YTIECBOAOPOIbI, OHA C.H
TPOIHAs CBSI3b) a2
AJeHbI (apOMaTHYECKHE YTIIEBOIOPO/IBI, C.H
coJieprKalnue apoMaTHIeCcKoe KOJIbI[0 OEH3eHA) et
CrnupThl OTHOATOMHBIC (0/THA (PYHKIIMOHAJILHAS
P A (onHa pyHKI C,H2+20
rpynmna — OH)
CroupTbl HACHIIIIEHHBIE MHOTOATOMHBIE (COJIEepKaT
CxH2v+20;
Z pyHknpoHanpHbIX rpynn —OH)
®deHoJtbl (cosiepKaT OJIHY MU HECKOJIBKO (2)
CxH2x—6OZ
rpynnn —OH 1 apoMaTH4ecKyo I1elb)
Anbaeruapl (coaepkatr QyHKIHOHATBLHYIO
CxHZxO
rpynny —CHO)
KapOoHoBbI€ KHCIIOTHI (CoaepKaT
CH2.02
dbynkunonanbHyro rpynny “COOH)
Cnoxnsbie 2gupsl (coaepkat PyHKIIMOHATBHYIO
CH2.02
rpynny —COO—)
[Tpocteie a¢upsl (pyHKIHOHANBHAS TrpyTa —O-) CiH2:+20;
Awmunbl (pyHKIIMOHABHAS Tpymia —NH>) CiHaw+3N
AMHMHOKHCIOTHI (COAEpkKaT JBE
(conep s C.H2:+102N

¢ynkmonansHble rpymmnbl: “COOH u —NH>)

Ilpumep 1.6.

Onpenenuts  dopmyny

aJIkeHa,  €CIH

OTHOCUTEJIbHAS IUIOTHOCTH €r0 MapoB MO METaHy paBHa 4,375.

Pemienne. OOmast ¢opmyrna g BEHIECTB JaHHOTO Kiacca

coequaenui C,Ho,.
14




3anuieM ypaBHeHue (1.6) B Buje:
_ M(CxH 2x)
“Hs ™ M(cH,)

rae M(CcHy,) — MonsipHast Macca ajikeHa;
M(CHs) —MonspHasi Macca METaHa.
W3 npuBeIeHHOTO YpaBHEHMS MOJISIpHAs Macca ajKeHa.

M(C:Hz1)=Dcy, -M(CHa)
CornacHo ypaBHeHUIO (1.3) oTHOCHUTENbHAS MOJIEKYJISIpHAsI Macca
MeTaHa
Mi(CHs) = A/(C) +4-A(H)=12+4-1=16
CnenoBarensHo, MoJsipHas macca CHa!
M(CH4) = 16 r/monb
Torna

M(CH) =4,375-16 = 70 r/mounb
B cootBerctBuu ¢ ypaBHeHueM (1.3):

M(CxHz,) = x-Ar(C) + 2x-A(H)

70=x12 + 2x-1 = x-14

70
O = —=05,
TCIOA X "

®opwmyna ankena CsHio.

Omeem: CsHyp.

IIpumep 1.7. MOHOXJIOpPNPOW3BOJHOE ajlKaHa COJEPKUT II0
Mmacce 45,23% xnopa. Onpeaenuts ero GopMymy.

Pemienue. IlockonbKy BEmEeCTBO — MOHOXJIOPIPOHU3BOIHOE
ajkaHa, oauH W3 aToMoB Bojaopoda ankaHa (CiHoaw+2) 3amemien Ha
xJiop. Ero o6mas hopmyma CHa,+1Cl.

CornacHo ypaBHenuto (1.8):

oCl=—1A4C) 4500
Mr (CxH2x+1CI)
MOHCKYHHpHaﬂ MaccCa BEUICCTBA.
ML(C.H,. Cp LA (C) 100 _1.355-100

®(Cl) 45,23
B cootBerctBuu ¢ (1.3):

15



M, (C,H, ..Cl) =x-A,(C)+(2x+1)- A, (H) +1- A, (Cl)
785=x-12+(2x +1)-1+1-355=14x + 365

785—-365

14
dopmyna Bemecta C3H7Cl.

Omeem: C3H-CI.

Otkyna: x = =3

Ipumep 1.8. Onpenenutb GopMyity HACHIIICHHOW KapOOHOBOM
KHUCJIOTHI, €clid OHa coaepxut 53,33% O.

Pemenune. OOmias popmyna OpraHMYECKUX BEIIECTB JAHHOTO
kiacca C,H2,Oo.
B cootBerctBuU ¢ ypaBHeHueM (1.11) maccoBast qosist Kucjiopoja:

2-4,(0)

O M €.H,.0,)

-100%

MonexynsipHasi Macca KapOOHOBOW KHCJIOTHI:

M_(C.H,.0,)= 2-A,(0)-100 _2-16-100 60
®(0) 5333
N3 ypaBuenus (1.3) BbIpa3um MOJEKYJISIPHYIO MaccCy BEIIECTBa
KaK:

M, (C H,0)=x-A,(C)+2x-A,(H) +2-A,(O)

60=x-12+2x-1+2-16
80-2-16
X=———=
14

dopmyna kapooHoBoM kucnoTel CoH402 niin CHz3—COOH.
Omeem: CoH402 nnmn CH3z—COOH.

2

Onpeodenenue  opmynvt  eewgecmea  no - nPoOOyKmam
XUMUYECKUX PeaKyuil

[Iporecchl TOpEeHHST — ATO OKHCIUTEIHLHO-BOCCTAHOBHUTEIHHBIC
peaKkIuy, MPOTEKAIOMINEe B MPHUCYTCTBUHU Kuciopoaa. Ilpu moiHOM
cropanuu oprannueckoro BemiectBa coctaBa CxHyO;Nk B oTcyTrcTBUEM
KaTaiauzaTopa yriaepoa obpasyer CO2, Bogopox — H2O, azor — Noa.
[ToaToMy mpoayKTaMH peakIuH OYIyT YIJIEKUCIBIN Ta3, BOISHBIC
napbl ¥ MOJICKYJISIPHBIA a30T.
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Omnpenenenne (GOpMyJibl CIOKHOIO OPraHUYECKOTO COEIMHEHUS
0 MPOAYKTaM CTOPAaHMSI PEKOMEHIYETCS MPOBOJUTH MO CIEAYIOILIEH
CXEME:

1. CocTaBuTh  ypaBHEHHE pEaKUMH TOpPEHUS  BEILECTBA,
noa00paTh CTEXMOMETPUUECKUE KOIPPULIHECHTHI.

2. Ecnmu u3BecTHa OTHOCHUTENbHASI MUIOTHOCTh IMAapOB TOPIOYETO
BEIIECTBA  HEM3BECTHOIO  COCTAaBa,  BBIUUCIUTH  €rO
MOJIEKYJISIPHYIO Maccy.

3. Ilo ypaBuenwuto (1.5) onpenenuTh KOJUYECTBO BEIIECTBA BCEX
YYaCTHUKOB PEAKIUU.

4. ITo CcTEeXMOMETPUYECKUM COOTHOUIEHUSM B ypaBHEHUU
peakuuu U ypaBHeHuto (1.3) ompenenuTh HEU3BECTHBIC
UHJIEKCHI X, ¥ U Z B OpMYJie BEUIECTBA.

Ha npumepe peakiiuu ropeHus OpraHndecKoro BeIlecTBa COCTaBa
CxHyO;Nk MOKaXKEeM MOCJIEI0BATEIILHOCTD ornpeeaeHus
CTEXUOMETPUYECKUX KOI(P(UIIMEHTOB TMeped BCEMH YYaCTHUKAMHU
peaxiuu:

k
CHyONi + (x+%—§ )0z = xCO, + %HzO L

CrexuomeTpudeckue KOdQPUIMEHTH Tepea  y4aCTHHUKAMHU
pEaKIMi OMpEeAoT cleayomumM obpazoM. KommdecTBo atoMoB
yrjiepojia B MOJIEKYJIE OPraHMYECKOro BellecTBa paBHO Xx. B
pe3yibTaTte cropanus 1 Mok BemiecTBa oopasyercs x Moiab COo. s
ATOTO MOTpeOyeTcst 2x MOJIb aTOMOB KHcJIopojaa. {1 mpeBpalieHus y

MOJIb ATOMOB BOIOpOJa B % MOJIb MOJICKYJI BOJbI H€O6XOZ[I/IMO %

MOJIb 4TOMOB KHCJIOpPOJA. KonnuectBo aTtoMOB a3ora B MOJICKYJIC

BEIIECTBA paBHO K, mo3ToMy KO3(h(DUIIMEHT Iepel MOJICKYJION a30Ta B

k
MPOJIYKTaX CropaHusi OyJeT paBeH >

OO1iee KOJIMYECTBO aTOMOB KHCJIOpPOAQ, YYacTBYIOIIMX B
peaKkluh, C YYETOM KHUCJIOpOJa, COJAEPKAIIErocss B MOJIEKYJIE

BeIlleCTBa, Oy/lIeT paBHO (2x+%—z). KonnuecTBo MOJIEKYIT KUCTIOPOAA,

y z
HEOOXOAUMBIX JIJIsl peakinu, paBHo (x+ 175 ).
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Ipumep 1.9. Ilpu cxxuranuu OpraHWYeCcKOro BEIIECTBA MacCOU
14,5 r obpazoBasioch 33 r CO2 u 13,5 r H,O. Onpenenuts hopmyny
BEIIECTBA, €CJIM U3BECTHO, YTO IJIOTHOCTh €r0 MapoB 10 renuto 14,5,

Pemenune. I[lockofbKy MOpu CropaHuu BeMIECTBA OOpa3yrOTCS
Tonbko CO2 n H2O, ucxogHoe BEMECTBO COACPKUT YIiepol, BOAOPO/I
U, BO3MOXXHO, KHUCJIOPO/L.

3anuiieM  ypaBHEHHUE  pEaKIUM TOpeHUus ©  mnojadepem
CTEXUOMETpUUECKHUE KOADPUIIMEHTHI IEpPE] yYaCTHUKAMU PEAKIIUU:

CiH,O; + (x+%—§ )0» — XCO, + %HQO

3anuumiem ypaBHeHue (1.6) B Buue:
M(C,H,0.)

D —
He M(He)

Otkyna
M(CxHyOZ) =Dy, - M(He)

M(C,H,0,)=145-4=58 r/moms

ITo ypaBuenuto (1.5) ompenenum kommuectBo BemectBa COp,
H>0 u nemsBectHOTrO Bemectsa cocraBa C,H,0;:

m(CO,) 33 33
CO,) = = ===
"0 =M co,) Tz 218 “aa TIMOM

m(H,0) 135 135
M(H,0) 2+16 18
m(C.H,0,) 145
M(C,H,0,) 58

B cooTBeTcTBUH CO CTEXHOMETPUYECKUMHU KOod(dPuimeHTamMu B
YPaBHEHUH PEAKIIUU COCTABUM MPOIOPIUU:

n(H,0)= =0,75 MOJIb

n(C,H,0,) = =0,25 MOJIb

Ha 1 monb CxHyO,;  — X Mo CO2
Ha 0,25 monb CxHyO, — 0,75 mons CO2;
1-0,75
TOrJga X =——— =
0,25
Ha 1 monb CxHyO,  — % moub H,0O

Ha 0,25 monp CxHyO; — 0,75 moas H20;
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y 1-0,75
TOorga —=—"—"=
2 025

ITo ypaBuenuto (1.3):

M,(C,H,0,)=x-A (C)+y-A(H)+2-A(O)
58=12Xx+y+16z2=12-3+6+16z =42 +16z

z=1

CnenoBatenbHo, (hopMyna opranndeckoro BemectBa C3HgO.
Omeem:. C3HgO.

3, y=06.

Eciau u3BECTHO, K KAaKOMY KJIACCy OPTaHUYECKUX COEIUHEHUM
OPUHAJUICKUT JTaHHOE BEIIECTBO, OINpEJEIeHUE €ro QopmMyJbl
yIPOILIAETCS.

IIpumep 1.10. Onpenenuts GopMylny YIJIEBOAOPOJA, €CIU
U3BECTHO, 4YTO Tpu cxuranuu 11,2 7 (H.y.) 3TOoro BellecTBa
oOpazoBanoch 33,6 1 CO2 (H.y.) u 27 T BOJIBI.

Pemenne. O6mas ¢popmyna yriaesogopoaos C.H,.
3anuiieM ypaBHEHHE PEaKIMu U MOAOEpEM CTEXHMOMETPUUECKHUE
KOA(PHUITUEHTHI:

C.H, +(x+%)02 5 xCO, +%Hzo

ITo ypaBuenuto (1.5) ompenenum koimdectBO BemiectBa COp,
H>0 u HensBectHOrO Beniectsa cocrasa C. H,:

V(CO 33,6
n(CO,) = (V 2) _ 4 =15 moub
m(H,0) 27
H,O)= = =15
(H20) M(H,0) 2+16 VO
V(C_H
n(C,H,)= (Vx y)=;’i=0,5 MOJTb

m

B cooTBeTcTBUU CO CTEXHOMETpPUYECKUMHU KOod(PuimeHTamu B
YPaBHEHUH PEAKIIUUA COCTABUM MPOIIOPIUH:

Ha | mose CxHy — X momb CO2
Ha 0,5 monb CxHy — 1,5 mons CO;
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1-15

TOorma x=——=3
=05
Ha | momb CxHy — % monbs H2O
Ha 0,5 monb CxHy — 1,5 mosns H20;
y 1.15 L
Torga —=—""-=3: y=6.
A 2 05 Y

®opmyna yraeomopoga CsHe. Ilo cooTHomeHuto x u y
(Ta6n.1.1) ato anken CH=CH—CHa.

Omeem: C3Hg mnmiu CH=CH—CHs.

IIpumep 1.11. Onpenenuts GpopMyily amMuHa, €CJIU U3BECTHO, YTO
IpY TOJTHOM CrOpaHWHU 3TOro BemlecTBa oOpazoBanioch 2,24 1 (H.Y.)
CO2, 4,5 rBoanl u 2,12 1 (H.y.) a3ora.

Pemenune. OOmas Qopmyna OpraHMYECKHMX COCAUHECHUH,
npuHaJIeKAINX K Kjaaccy aMmuHOB, CxHyN.

3anuiieM ypaBHEHHE PEaKIMu U MOAOEpEM CTEXHMOMETPUUECKHUE
KOA(PHUITUEHTHI:

y y 1

CHN+((x+=)O, »>xCO, +=H,O0+—=N

x'ly ( 4) 2 2 2 2 2 2

ITo ypaBuenuto (1.5) ompenenum koimdecTBO BemiectBa COg,
H20 u Na:

V(CO 2,24
n(CO,) = (V 2) _ 928 0.1 mosb
m(H,0) 45
n(H,0O) = = =0,25
(0= 3 1R,0) 2416 MOIb
n(N,) = VIN,) _ 112 = 0,05 MoJIb

Vv

m

224

B cooTBeTcTBUU CO CTEXHOMETPUYECKUMHU KOod(dPuimeHtramu B
YpaBHEHUM PEAKIMU COCTABHM IMPOMOPILIMM, HAYWHAsA C a30Ta, Mepes
KOTOPBIM KO3(P(UIIMEHT U3BECTEH:

Ha 1 monb CxHyN — 1/2 monb N»
Ha N mosib CxHyN  — 0,05 moms Np;

TOraa 4ucCJjio MOJIb aMHUHA, Y4aCTBYIOIICTI'O B PCAKIINH:
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1-0,05

n=——-=0]1 moub.
0,5
Ha | mosb CxHyN  — X moine CO
Ha 0,1 mosb CxHyN — 0,1 monb COg;
v 1-0,1 1
TOrJa 01

Ha | mosmb CxHyN — % monbs HoO

Ha 0,1 Mmoias CxHyN — 0,25 mons H20;
y 1.0,25 o
“=—"—"=25:y=5,

TOoraa 5 01 y

®opmyna amuHa CHsN win CHz—NH». 910 MeTuiamuH.

Omeem: CHsN wnnmu CH3z—NHo.

s ompeneneHuss (QopMysibl OpraHMYECKUX BEIIECTB MOTYT
UCIIOJIb30BAaThCS ~ XMMUUYECKHUE  PEaKIMM,  XapaKTepHble IS
ONPEJIETICHHOTO KJIacCa OPraHMYECKUX COCIUHEHHM. Takue peakiuu
Ha3bIBAIOTCA  KAYECTBEHHBIMH, II0 HUM MOXHO CYAUTh O
MPUHAJIEKHOCTH BEIIECTBA K TOMY MJIM HHOMY KJlacCy. XapaKTepHbIE
PEeaKIMU JIJI1 OCHOBHBIX KJIACCOB COCIMHEHUM MpUBEICHBI B Ta01.1.2.

IIpumep 1.12. Anken maccoit 0,7 r npucoenuusier 1,6 r 6poma.
Onpenenuts ero Gpopmyiy.

Pemenne. O6mas popmyna ankeHoB CHoy. 3anumiem ypaBHeHue
peakiu 1 noadepeM cTrexuomMeTpudeckue K03 OUITMEHTHI:
CxHax + Bra — CxHxBr2
[To ypaBHenwuto (1.5) onpeaenum uucio Moiib Bry:
m(Br,) 16

"B = 3 ier,) ~ 280

= 0,01 monp

KonuuectBo BemiectBa CxHo, BBIYMCINM MO CTEXMOMETPUYECKUM
ko3 puieHTamM B ypaBHEHUU PEAKIINU:

Ha 1 moip CxHox — 1 moip B
Ha N Moiab CxHox — 0,01 mons Bro;
TOI'/1a YKCJIO MOJIb aJIKEHA, YYACTBYIOIIEIO B PEAKIINHU:
1-001
n= T = 0,01 MOJIb.
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Tabmuma 1.2

XapaKTeprle PC€AKIHUA JJIH OCHOBHBIX KJIACCOB OPraHuvY€CKUX BCIIECCTB

Knacc oprannueckux
BEIIECTB

XapakTepHbIE peakuu

IIpumep ypaBHeHUs

1) AnkeHbl

[IpucoenuHeHue MO TBOMHOM CBSI3U:

a) ojiHOM Moutekysbl Hp

0) 0JIHOM MOJIEKYJIbI TajloTeHa

B) OJTHOM MOJIEKYJIbI TAJIOTEHOBOIOPOAa

I') OJTHOM MOJIEKYJIbI BOJIbI

CH, =CH, +H, - CH, —CH,
CH, =CH, +Br, - CH, -CH,
Br  Br
CH, =CH, + HCl > CH, - CH;
cl
CH, =CH, + HOH—CH, - CH;
OH

2) AJIKHHBI

[Iprcoenuuenre o TPOMHOU CBA3U:
a) 1Byx mouiekys Ho

0) IByX MOJIEKYJI TajJoreHa

B) IBYX MOJIEKYJI TAJIOT€HOBOIOPOAA

r) oJHOM MoJieKkybl Hp

CH=CH +2H, —> CH; — CH,
CH =CH + 2Br, — Br,CH — CHB,
CH =CH + 2HBr — CH, — CHBr,

0
HC==CH +HOH —= HCc—X
H




Kunacc oprannueckux
BEIIECTB

XapakTepHbIE peaKuu

IIpumep ypaBHeHUs

B3aumopelictBue 1o pyHKIMOHAIBLHOM TpyIIIIE:

a) 3amelenre H Ha mienouHoi merann

0) B3aMMOJICHCTBHUE C TaJJOT€HOBOAOPOJAMHU

2CH;0OH + 2Na — 2CH3;0ONa + H,

CH3OH + HBr — CH,Br + H,0

3) CiupThbI CH; —OH — CH; —O—CHs + H,0
B) BHYTPUMOJICKYJISIpHAS JCTHApATALINS
CH, —OH
CH>-CH2 — H>0 +CH2=CH:
') MEKMOJISKYJIIpHAsl IeTHIpaTaIus | |
H OH
Peakiuuu (a—T) jy1s CIUPTOB
HO O—Na
1) B3aUMOJICHCTBHE CO IIeI0YaMu © +NaOH —= © +H,0
HO HO _
4) ®eHoJ1bl % 2
e) peakuus 1o koJbity ¢ HONO> +3HONO, —= O  +3H0

) peakius 1o KoJblly ¢ Br,

HO
Br Br
—
+3Br, +3 HBr

Br
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Knacc oprannueckux
BEIIECTB

XapakTepHbIE peakuu

IIpumep ypaBHeHUs

5) Aabaeruabl

a) mpucoeguHenue Hp

0) oxucnenue C—H cBs3u

H,C=0 + H2 —— H3C—OH

P _oO
HC—=X  +Ag,0 — HL—X +2 Ag
H OH

a) BSaHMOHCﬁCTBHG C MCTaJlliaMH

2 CH3COOH + 2 K — 2 CH3COOK + H;

6)KapGonosnie 0) B3aMMOJICHCTBHUE CO IIEI0YaMu
KUCJIOTBI A 11 CH3COOH + NaOH — CH3COONa + H,O
B) B3aUMOJICHCTBHE CO CIUPTAMHU CH3COOH + HOCH3—CH3COOCH3+H,0
CH3NH, + HCI — [CH3NH, |
7) AMUHBI [IpucoenuHeHrE TaI0r€HOBOAOPOIOB

HC—NH, +HCl —s HsC—NH; CI




N3 ypaBuenus (1.5) ompenenum MOJAPHYIO M MOJIEKYJISIPHYIO
MacCy HEM3BECTHOI'O BEILIECTBA!

m(C, H,,
n(C,Hyy) = CaHar)
M(C,H,,)
M(C,H,,) = m(CyHa) _ 07 _ 70 T/MOJIB.

n(C,H,,) 001

Mr(CxHZx) = 70

CTexnoMeTpu4YeCcKrne UHIICKCHl B MOJIEKYJIE BEIIECTBA HAUIEM U3
ypaBHeHus (1.3):

Mr(CxHZx) = XAr(C) + 2 XAr(H)
710=x12+2x=14x
X =05.

®opmyna ankena CsHio.

Omeem: CsHyp.

Ipumep 1.13. Onpenenuts GopMyiy ajIkMHA, €CJIM U3BECTHO, YTO
3TO BelecTBO Maccoit 0,4 T mpucoeaunsier 1,62 r 6pomoBogopoa.

Pemenue. O0mas dhopmyna coequneHuit gjanHoro kiacca CyHox.o.
3amnuiieM ypaBHEHHE pEakIud W MoJ0epeM CTEXHMOMETPUUYECKHE

KO3 PUIIUEHTHL:
CxHZx-Z + 2HBr — CxHZxBrZ

ITo ypaBuenwuto (1.5) onpenenum koaudecTBo BemecTsa HBr:

1(HBr) = m(HBr) _ 162

M(HBr) 1+80

[TIo ypaBHEHHUIO peakIuy ONPEACIUM YUCIO MOJIb PEarupyroIiero
aJKUHA:

=0,02 moJb

Ha 1 moip CxHoxo — 2 moap HBr
Ha N Moiib CxHox2 — 0,02 mons HBT;
TOT/Ia YKMCJIO MOJIb aJIKHHA, YIaCTBYIOIIEr0 B PEAKITUU:
1-0,02
n= T =0,01 MOJIb.

N3 ypaBHenus (1.5) ompenenum MOJSPHYIO U MOJEKYJSPHYIO
MacCy HEM3BECTHOI'O BEILIECTBA!
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m(CxHZx—Z)
M(CxHZx—Z)
m(C,Hy, ») _ 04
n(C,H, ,) 001

M r(CxHZx-Z) = 40

CTexnoMeTpUYECKNE UHJIEKCHI B MOJIEKYJIE BEIIIECTBA HAUIEM U3
ypaBHeHus (1.3):

My (CxHax2) = x4r(C) + (2x — 2)A(H)

n(CxHZx—Z) =

M(C. H,, ») = =40 r/mMoIb.

40=x12+ (2x—2)=14x -2
x=3.

®opmyna ankuHa CsHa.
Omeem: C3Ha.

IHpumep 1.14.  Omnpegenure  dopMylly  NPEIeTbLHOIO
OJTHOATOMHOI'O CIUPTa, U3 22,2 T KOTOPOTO NpH JEUCTBUU HATPUS
nony4daercs 3,36 J1 Bojgopo/a.

Pemienune. PearupyronyuM BeNeCTBOM SBIISACTCS IPEACIBHBIN
OJTHOATOMHBIN CIIUPT, CJEAOBATEIbHO, BEIIECTBO COACPKHUT OJHY
ruapokcuibHy0 rpynny —OH, koTopass 3amelaer aToM BOAOpPOJa B
npefaeabHoM  (HachlllleHHOM) — yriaeBojgopode. OoOmas  ¢opmyna
HaCBIIEHHBIX  yrimeBogopogoB C,H,,..,, mo3tomy dopmyna
npenenbHoro ogaoaromuoro cnupta C, Ho, . 1OH.

3anuinieM ypaBHEHUE PEAKIUM B3aUMOJICUCTBUS CIHUPTa C
HaTpUEM U MOAOEpEM CTEXHOMETpUUYECKUE KO DUITUEHTHI:

2CxH2x+1OH +2Na —> 2CxH2x+1ONa + H2
Yuco MoJIb 00pa3oBaBIIerocs Boiopoa mo ypapHeruro (1.5):

H
n(H,)= V(Hp) _ 336 =015 Mo .
V., 224
[Io ypaBHEHHIO peakUK OINPEIEIUM YUCIO MOJIb PEATUPYIOLIETO
cnupTa:

Ha 2 mons C H,, 1OH — 1 mons H»
Ha n mone C, H,, 1OH — 0,15 mons Hy;
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TOraa 9Ymucijio MOJIib CIIMPTA, YHACTBYIOIICTI'O B PCAKIIUU

n= # = 0,30 Moub.

N3 ypaBHenus (1.5) ompenenum MOJSAPHYIO U MOJEKYJSIPHYIO
MacCy HEM3BECTHOI'O BEILIECTBA!

m(C,H,,,,OH
(C,Hgy, OF) = oo 2=t
X+ 2x+1
M(C,H,, 1OH) = m(CiHpunOH) 222 74 t/mMOnb.

n(C,Hyy 1OH) 03
Mr(CxH2x+1OH) = 74

CTexnoMeTpU4YECKUE UHJIEKCHI B MOJIEKYJIE BEIIECTBA HAUIEM U3
ypaBHeHus (1.3):

M:(CxHaxs10H) = x4+(C) + (2x + 2)A«(H) + 4:(O)

74=x12+(2x+2)-1+16=14x+ 18

14x = 56
x =4,

®opmyna cnupta C4HoOH.
Omeem. C4sHoOH.

IIpumep 1.15. Ilpu MexmolnekynsipHor neruaparanuu 96 r
HACBIIIEHHOTO OJHOATOMHOIO0 CHUpTa o0Opa3oBajioch 27 T BOJBL
Onpenenure GopMyiny civpra.

Pemenue. OOmas ¢QopMyna HaCHIIICHHBIX OJHOATOMHBIX
CIIUPTOB CxHax+1OH. 3anumemM ypaBHEHUE peakuuu
MEXMOJICKYJISIPHOM ~ Aerujparaliu  CIOUpTa, T.€.  OTIIEIUICHUS
MOJIEKYJIBI BOABI OT JIBYyX MOJIEKYJl CIOHpPTa, M MOoJa0epeM
CTEXHMOMETpHUUECKHE KOIPDUIIUECHTHI:

2CxH2x+1OH — CxH2x+l -0- CxH2x+l + HZO
KonmuecTBo BemecTBa BoJIbI 110 ypaBHeHMO (1.5):
n(H,0) = 7H0) _27 4500
M(H,0) 18
[To ypaBHEHUIO peaKIMK ONPEISITHM YHCIIO MOJIb PEarupyromero
CIUpTA:
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Ha 2 moiib CxHox+1OH — 1 mons H2O
Ha N Moiib CxHax+1OH — 1,5 mons H20;

TOoraa 94YucCJjio MOJib CIIMPTA, YHACTBYIOLICTO B pCaAKIINU:

n= E = 3,0 MOuIB.

N3 ypaBHenus (1.5) ompenenum MOJSAPHYIO U MOJEKYJSIPHYIO
MacCy HEM3BECTHOT'O BEILIECTBA:
m(CxH2x+loH)
M(C,Hj,1OH)

n(C,Hy,,OH) =

m(C,Hp,,1OH) 96

M(CH,,1OH) =
2O = Ry, 0H) 3

=32 1/MOJIb.

M r(CxH2x+]_OH) = 32

CrexruoMeTpuYecKue WHEKCHl B MOJICKYJIE BEIIECTBA HAWIEM M3
ypaBHeHus (1.3):

Mr(CxH2x+1OH) = XAr(C) + (2x + Z)Ar(H) + Ar(O)

32=x12+(2x+2)-1+16 =14x + 18
14x =14

x=1.

®opmyna HacelmeHHoro ogHoaroMHoro cnupra CH3OH — srto
METaHOJL.

Omeem:. CH30H.

IIpumep 1.16. I3 04HOATOMHOTO CITUPTA MOJIYYEH ATKEH MACCOMN
7 1, moctaTodyHOM mJia B3ammojaeicTtBus ¢ 20 r Opoma. Haitgute

dbopmyny cupTa.

Pemrenne. B 1aHHOM ciiydae mpOTEKArOT ABE MOCJIEA0BATEIbHBIC
peakuuu: B TepBoM (a) — M3 OJHOATOMHOIO CIHUpPTA MPHU €ro
BHYTPUMOJICKYJISIPHOU neruapaTainuu oOpazyercs aJIKEH,
CJIeIOBATENIbHO, CIUPT HACHIIICHHBIA; BO BTOpoW (0) peakmuu
IPOTEKACT B3aMMOJICHCTBHE 00PAa30BaBIIIETOCS alKEeHA C OPOMOM.

3anuiieM ypaBHEHHUS peakiuid W MoaOepeM CTEXHOMETPUYECKUE
KO3 PUITUEHTHL:

28



a) CxH2x+1OH _)CXH2x+H20
6) CxH2x+Br2 —)CtzxBI’Z

ITo ypaBuenuto (1.5) onpenennm KoauyecTBO BeniecTra Bro!

n(Bry) = m(Br,) = 20 = 0,125 mob.
M(Br,) 2-80

B cooTBeTCTBUM CO CTEXMOMETPUUYECKHUMHU KO3(D(PUIIMEHTaMU B
peakiuu (0) B3aUMOJCUCTBHUS OOpPAa30BABIIEIOCs ajkeHa ¢ OpOMOM
OMpeIeTUM KOJIMYECTBO BEIIECTBA AJIKEHA:

Ha 1 mois CxHox — 1 Mmoiis Bro
Ha N Mok CxHox — 0,125 mons Bro;

TOoraa 9YMciio MOJib aJIKCHA, YH4aCTBYIOIICTO B pCAKIIUH:

n= 1-0.125 =0125 mob.

N3 ypaBHenus (1.5) ompenenum MOJSAPHYIO U MOJEKYJSIPHYIO
MacCy HEM3BECTHOI'O BEILIECTBA!

n(CxHZx) = m(CXHZX)
M(CxHZx)
M(C,H,,)= mCllyy) _ T =56 r/moub.

n(C,H,,) 0125
Mr(CxHZx) = 56

CrexnomMeTpuiecKre UHACKCH B MOJICKYJIE BEIIECTBA HalieM U3
ypaBHeHus (1.3):

M/ (CxHz) = x4+(C) + 2xA4:(H)

56 = x-12 + 2x-1 = 14«x

x =4,
dopmyna HaceimenHoro ogHoaromuoro crnupra C,HqOH.
Omeem: C,4HgOH.

Hpumep 1.17. /IByXxaTOMHBIN OPEAETBHBIA CIIUPT MACCoOU 5,7 T
npopearupoBan ¢ 3,36 1 xmopoBogopona. Ompeaenure ¢Gopmyiry
3TOrO COUpTA.

Pemenue. OOmas ¢opmyna mIg OPEACTbHBIX JIBYXaTOMHBIX
criuptoB C,Ha(OH)y.
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3anuiieM YpaBHEHUE PEAKIUM B3aUMOJECHUCTBUSA COUPTa C
XJIOPOBOJIOPOJIOM M pacCTaBUM CTEXHOMETPUUECKUE KOIPDUIIMEHTHI:

CxH2x(OH)2 +2HCI > CxH2xC| + Hzo

KonnuecTBo BemiecTBa XJ0poBOjiopoaa 1o ypaBHeHUIO (1.5)
paBHO:

V(HCI) 336

V 22,4

m
[To ypaBHEHMIO peakUU OMPEIECTUM YHUCIIO MOJIb PEAarupyroero
CIIUpTA:

Ha 1 monbs CH2,(OH)2 — 2 mons HCI
Ha N moab CyHo(OH)2 — 0,15 moms HCI;

TOoraa 4YMcJjio MOJIb CIIMPTA, YHACTBYIOIICTO B pCaKIIMU:

n= 10% =0,075 mob.

n(HCI) = =0,15M07b.

N3 ypaBHenus (1.5) ompenenum MOJSAPHYIO U MOJEKYJSIPHYIO
MacCy HEM3BECTHOI'O BEIIECTBA!

m(Cx H 2x (OH) 2)
M(C,H;,(OH),)

n(CyH;, (OH);) =

m(C,Hap, (OH),) _ 57
n(C.H,.(OH),) 0075

M(C,H,,(OH),) = =76 1/MOJIb.

M r(CxHZx-Z) = 76 .

CrexroMeTpuiYecKUe WHIEKCH B MOJIEKYJIe BEIIECTBA HaieM u3
ypaBHenus (1.3):

Mr(CxHZx(OH)Z) = XAr(C) + (2x + Z)Ar(H) + 2Ar(0)
76=x12+ (2x+2)-1+2:16 = 14x + 34

42 = 14x
x=3.

®opwmyna npenenbHOro AsyxaroMuoro crupta C3Hg(OH):».

Omeem: C3Hg(OH)s.
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IIpumep 1.18. Omnpenenutrs Gopmysly COECIUHEHHUS, B COCTaB
KOTOPOTO BXOJUT OJHA THUIPOKCUJIIbHAS TPyNIla, €CIU IMpH
B3auMojiecTBun 5,4 r 3Toro coeguHenusi ¢ 300 T OPOMHON BOJIBI
KOHIIEHTpanuern 8% B OCAJIOK BBINAJIO BEIIECTBO, SIBJISIOIIECECS €ro
TPUOPOMITPOU3BOIHBIM.

Pemienue. Pearupyromiee BEIIIECTBO COIEPIKUT OIHY
TUAPOKCWIBHYIO TPYIIY W YIJIEBOAOPOJAHbIA pagukan R—OH. Tak
KaK MPOJIYKTOM PEAKLUU SBJISIETCS TPUOPOMITPOU3BOIHOE, paaukan R
— apomaThyeckuid U oOmiass Gopmysia MOXKET ObITh 3alucaHa Kak
CyxHo—7OH.

3anuuieM ypaBHEHHUE pEakiuu U MoAOEepeM CTEXHMOMETPUUECKUE
KO3 (pPUIIUEHTHL:

C.H,, ;OH+3Br, > C,H,, 10Br;OH { +3HBr

ITo u3BECTHOM KOHIIEHTpPALIMU OPOMHOM BOJBI OMPEACTUM MaCCy
pearupyrouiero opoma:

=M-100%

KonuuecTBo BelecTBa Opoma 1o ypaBHeHuto (1.5) paBHo:

m(Br. 24
n(Bry) = (Brp) = = 0,15 mob.
M(Br,) 2-80
B cooTBeTcTBUM CO CTEXHOMETpUYECKUMH KO3 duImeHTaMmu B
YpPaBHEHUHU PEAKIIUM ONpenesiuM KoanuecTBo BemecTBa CxHox—7OH:

Ha 1 moins CxHox—OH — 3 monb Bra
Ha N Moiib CxHox—OH — 0,15 Mo Bro;

TOrJJ@ YHUCJIO MOJb HEU3BECTHOI'O BEIECTBA, YYaCTBYIOIIETO B
PEAKIINHU:

n= 10% = 0,05 mob.

N3 ypaBHenus (1.5) ompenenum MOJSPHYIO U MOJEKYJISPHYIO
MacCy HEM3BECTHOI'O BEILIECTBA!
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m(C,Hy,_OH)

(CoH, 7OH) = o BT
x+12x—7

m(C,H,, ;OH) 54
n(Ctzx_7OH) 0,05

M(C,H,,_,OH) = =108 r/moub.

M r(CxHZx-?OH) =1 08 .

CTexnoMeTpu4YEeCKUe UHJIEKCHI B MOJIEKYJIE BEIIECTBA HAUIEM U3
ypaBHeHus (1.3):

Mr(CxHZx-?OH) = XAr(C) + (2x — 6)Ar(H) + Ar(O)
108 = x12 + (2x — 6)-1 + 16 = 14x + 10

14x =98
x=1.

®opmyna coegunenuss C7H7OH. Ilockonpky B peakuuun
00pa3oBaAJIOCh TPUOPOMIIPOU3BOAHOE, HEOOXOIUMO, YTOOBI CEIbMOM
aTOM yriiepojia ObLI B IIENHU C TUIPOKCUIIBLHOM rpynmnoi. CTpyKTypHas
dopmyna coequnenust C4gHs —CHg —OH. D10 GeH3unoBbIil ciupr.

Omeem: C7H7OH nnu CgHg — CHg — OH.

Ilpumep 1.19. B pesynbrate okucienuss okcugaom cepedpa(l)
npeaenbHoro anpaeruga maccoit 1,04 r oOpazoBanock 3,125 1
cepedpa. KakoBa ¢opmyna sToro anpaeruaa’?

Pemenue. OOmas ¢opmyna BeMeCTB yKa3aHHOTO Kiacca
C:H2+1CHO.

3anuiieM ypaBHEHHE PEaKIMu U MOAOEpEM CTEXHMOMETPUUECKHUE
KO3 PUIIUEHTHL:

C:H2:+1CHO + AgoO —CH2+1COOH + 2Ag

KonmnuecTBo BemecTBa cepedpa mo ypaBaeHuto (1.5):

n(Ag) = m(AQ) _ 324

M(Ag) 108

B cooTBeTcTBHMU €O CTEXHOMETPUUYECCKMMH KOd(pdUIueHTaMu B
YpPaBHEHUH PEAKITUH OIPEICIINM KOJNISCTBO BEIECTBA aIbIeTHIA:

Ha 1 Monb CxHox+1CHO — 2 mons Ag
Ha N Mob CxHox+1CHO — 0,03 Mo Ag.

=0,03 MOJIb.
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Yucno MOJIb HEU3BECTHOTO BCHICCTBA, YHACTBYIOIICTO B PCAKIINN:

n= % =0,015 momns.

N3 ypaBHenus (1.5) ompenenum MOJSAPHYIO U MOJEKYJSIPHYIO
MacCy HEM3BECTHOI'O BEILIECTBA!

m(C,Hy, ,CHO)
M(C,H,,,CHO)

n(CxH2x+1CHO) =

m(CxH2x+1CHO) _ 1,08
n(CxH2x+1CHO) 0,015

M(C,H,,,4CHO) = =72 1/MOJb.

M(CH,,,,CHO) = 72.

CrexroMeTpuiYeCcKue WHEKCHl B MOJICKYJIE BEIIECTBA HAWIEM W3
ypaBHeHus (1.3):

M/ (C,H,,,1CHO) = (x + 1)-4+(C) + (2x + 2)-A(H) + A(O)
72=(x+1)12+(2x+2)-1+16=14x+ 30

14x =42

x=3.

®opmyna anpaeruga C3H7CHO.

Omeem. C3H;CHO.

IIpumep 1.20. IIpu BoO3aEcHCTBMH HAa OJHOOCHOBHYKO KHCIOTY
Maccoi 9,2 T mIEIOYHBIM METAJUIOM BBIACIMIOCH 2,24 1 Tasa.
Onpenenute GopMyay KUCIOTHI.

Pemenue. OOmas ¢opmyna BeMeCTB YyKa3aHHOTO Kiacca
RCOOH.

YpaBHEHHE pEAKIUM B3aUMOJICMCTBUS OJJTHOOCHOBHOW KHCJIOTHI
CO IIEJIOYHBIM METAJIJIOM 3aIMUIIEM B BUJIE:

2RCOOH +2Na — 2RCOONa + H,
KonmyecTBo BeliecTBa BOI0poia 1o ypaBHeHuto (1.5) paBHo:

V(H,) 224
)= 52):224

m
B cooTBeTCTBHUH CO CTEXHOMETPHUUYCCKMMH KO3 (HIIMeHTaMH B
YpaBHEHUH PEaKIIUH OIpeaenM KoaudecTBo BerectBa RCOOH:

Ha 2 mosib RCOOH — 1 momip H»

=01 moib
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Ha N Mo RCOOH — 0,1 mons Ho;

TOrZ@ YHUCIO MOJIb OJHOOCHOBHOW KHCJIOTBI, YYacCTBYIOIIEH B
peakuuu:

n= 2—10’1 =0,2 MOJb.

N3 ypaBHenus (1.5) ompenenum MOJSAPHYIO U MOJEKYJSIPHYIO
MacCy HEM3BECTHOI'O BEILIECTBA!

m(RCOOH)
M(RCOOH)

n(RCOOH) =

m(RCOOH) 9.2
n(RCOOH) 0,2

M(RCOOH) = =46 1/MOJb.
M((RCOOH) = 46.

N3 ypaBuenus (1.3) Halinem MonekysipHyto Gpopmyny paaukana R:

M, (RCOOH) =M, (R)+A,(C)+2A,(0)+ A, (H)

46 = M,(R) +12+2:16 + 1= M, (R) +45

M, (R) = 1.

DTOMY YCJIOBUIO YAOBJIETBOpPsET Tobko H. DopMyna KHUCIOTHI
H—COOH - 310 MypaBbHHas KUCJIOTA.

Omeem: H—-COOH

IIpumep 1.21. Ilpu ruaponn3e HEHACHIILIEHHOTO CIOXHOIO
apupa maccoir 5,1 r m3pacxomoBamm 28 r 10% pactBopa KOH.
Haitgute obmyro hopmymny adupa.

Pemenue. OOmas ¢opmyna BeEeCTB yKa3aHHOTO KJiacca
CxH2x+2COO. YpaBHeHUE peakiiuu B3auMOJICHCTBUS CI0KHOTO d(pupa
CO IIEJIOYBIO 3aMUIIIEM B BUJIE:

CxH2x+2COO + KOH — C,H24+1COOK + CpH2p+10OH
rmea+b=x

[Io HM3BECTHOM KOHIEHTPALMHA PACTBOPA ILIECIOYHM OMPEAECITUM
maccy pearupyromiero KOH:

Cyp = m(KOH)

My —pa

-100%
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Cop -1,
m(KOH) = 100010/0 pa

m(KOH) = % ~28T

KomuuectBo BemectBa KOH no ypaBuenuto (1.5) paBHo:
m(KOH) 28
M(KOH) 56

B cooTBeTcTBHE CO CTEXMOMETPUUECKUMH KOI(P(DUIIMEHTAMU B
YpaBHEHUU peaKIuu orpeneaum koaudecTBo BeriectBa CxHox+2COO:

Ha 1 moib CxHox+2COO — 1 mosms KOH
Ha N Moyt CxHax+2COO — 0,05 mois KOH;

TOT/Ia YWUCJIO MOJb HEW3BECTHOTO BEIIECTBA, YYACTBYIOIIETO B
peaKIuu:

n= “)Tp5 = 0,05 mop.

n(KOH) = = 0,05 mob.

N3 ypaBuenus (1.5) ompenenum MOJSIPHYIO W MOJIEKYJISPHYIO
MacCy HEM3BECTHOI'O BEILIECTBA!

m(C,H,,,,CO0)

n(C,H COO) =
(C;Hp,1,COO) M(C.H,_.,COO)

m(C,Hy,,,COO) _ 51

M(C,H,,,,CO0) = =
(CH2:,2C00) n(C,H,,,,CO0) 005

=102 r/mob.

M(CxH2x+2COO0) = 102.

CrexruoMeTpuIecKue WHIAEKCH B MOJIEKYJIe BEIIECTBA HAJIeM W3
ypaBHenus (1.3):

M (CxH2x+2COO0) = (x + 1)-4¢(C) + 2x + 2)-A(H) + 2-4(O)
102=(x+1)-12+ (2x +2)-1 +2:16 = 14x + 46
14x = 56

x =4,

O6mas ¢opmyna cioxaoro 3dpupa CsH10COO. Bosmoxxnas
ctpykrypHas dopmymna CoHs=C.

Omeem: C4H10COO.
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3agauu 111 CAMOCTOSITEILHOIO pPelHICHUA

1.  Onpegenutb  MOJEKYISpHYIO  (OpMyJTy  BEILECTBA,
coaepxkatero 1mo Macce 92,3% C u 7,7% H. IInoTHOCTB BemiecTna 1o
BoAopoAy paBHa 13. J[aiiTe Ha3BaHUs ABYM OJIM>KANIIIMM TOMOJIOTaM.

2. OrtHocuTENbHAs IUIOTHOCTh MAapOB ajlkaHa IO BO3AYXY
coctaBisier 3,45. Onpenenute ero (GopMylly U HA30BUTE BO3MOXKHbBIE
U30MEPBHI.

3. OTHOCUTENBHAS MUIOTHOCTh MApoOB AJIKEHA MO YrapHOMY Tra3y
coctaBisier 3. Haiigute ero ¢dopmyily M Ha30BUTE BO3MOXKHBIE
U30MEPBHI.

4. Hailinutre MoJekyssipHyto (popmyiy yriaeBojgopoaa, 90,566%
MacChl KOTOPOTO COCTAaBJIAET YIJIEPOJ, OTHOCHUTENIbHASI IUIOTHOCTb
MapoB MO YIJIEKUCJIOMYy ra3y cocraBisier 2,41. Jlalite Ha3BaHUsA
BO3MO>KHBIM €r0 U30MEpPaM.

5. Halinure monexymsipayto dhopmyiny yriaeBogopoaa, 90% macchl
KOTOPOr'0 COCTAaBJISIET YIJIEPOJ, OTHOCUTEIbHAS TUIOTHOCTh MapoB IO
renuto coctaisier 30. JlaiiTe Ha3BaHUS BO3MOYKHBIM €0 U30MEPaM.

6. Onpenenure ¢Gopmyny yrieBojgopona, eciu 17,24% wmaccsl
COEAUHEHUSI COCTABJSET BOAOPOJ, OTHOCUTEIbHAS IUIOTHOCTH IIO
azory 2,07. HazoBuTe BO3MOXKHBIE U30MEPHI.

7. Onpenenure popmymy yrieBogoponaa, eciu 85,68% ero Macchl
COCTaBJISIET  YIJIEPOJ, OTHOCUTENbHAs IUIOTHOCTh IIApOB 11O
YIJIEKUCIOMY Ta3y coctasiser 1,27. Ha30BUTE BO3MOXKHBIE U30MEPHI.

8. OTHOCUTENbHAS TJIOTHOCTh MAPOB AJIKEHA IO a30Ty COCTABJISET
1,5. Haitagute ero hoopmyily U Ha30BUTE JiBa OJIMOKAMIIIMX TOMOJIOTA.

9. OTHOCcHUTENbHAs IUIOTHOCTh MApOB LHKJIOATKAHA MO METAHY
coctaBisier 4,375. Haitaute ero ¢dopmyily ¥ Ha30BUTE JIBa €O
rOMOJIOra.

10. 91,3% wMaccel yrieBogopoAa COCTaBJISIET  YIJIEpOJ,
OTHOCHUTENBHAS IUIOTHOCTH IIAPOB II0 METaHy COCTaBIsAET JS,75.
Omnpenenute ero Gopmyly ¥ HA30BUTE TPU €r0 U30Mepa.

11. Haitnute monekynsapHyo (GopMysly BElIEeCTBa, COACPHKAIIETO
92,3% C u 7,70% H. U3BectHO, uTo 1 71 3TOTO Ta3a mmeeT maccy 1,16 T.

12. YraoeBogopon coaepkuT mo macce 16,7% Bomopona, 1 in
ATOTrO BemecTBa umeeT Macey 3,21 r. Onpenenuts ero Gopmyiy.

13. Ilpu cropanuu 4,3 T yriaeBogopoaa odpazonanoch 13,2 r COo.
IIOTHOCTE €ro OTHOCUTENBHO BOAOpOAa paBHAa 15. BeiBemure
dbopmysy yrieBoaopoaa U Ha30BUTE JIBa €ro TOMOJIOTa.
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14. ITpu momuom cropanuu 13,8 r yrieBogopoAa MOTYYUIOCH
26,4 r CO2 u 16,2 v H,O. OTHOCUTENBHAS THIOTHOCTH MO BOJAOPOIY
23. JlaiiTe Ha3BaHUSI BO3MOKHBIM €0 U30MEpPaM.

15. Ilpm cxuranmm 11,2 r yrmeBomopoma momydwid 35,2 T
yriekuciaoro raza u 14,4 v Bouabl. [InoTHOCTH yriieBOmopoaa IO
kuciopony pasHa 1,75. HazoBute nBa OnmkallIMx romoJsiora 3TOro
YTJIEBOAOPOAA.

16. Ilpu cxwuranum 11,2 1 yrneBomopoma nonydwid 33,6 1
yTJIEKUCIIOro raza v 27 r Boasl. Onpenenure GopMysy yrieBoaopo/ia
Y JalTe Ha3BaHUS OJIVOKANUIIINM TOMOJIOTaM.

17. Ilpu cxkurannum 5,6 1 yrieBojgopona mnoaydwid 33,6 1
yTJIEKUCIIOro raza v 27 r BoAsl. Onpenenure Gpopmyiy yrieBoaopo/ia
U JaliTe Ha3BaHUsI BOBMOXKHBIM M30MEpPaM.

18. Ilpu cxuranuu 11,2 1 yrneBogopona mnomyuuwnu 22,4 1
YTJIEKUCIIOro raza u 27 T Boasl. Onpenenure Gpopmysy yrieBoaopoia
Y JalTe Ha3BaHUs ONVHKANUIIINM TOMOJIOTaM.

19. Ilpu cxwuranum 4,2 r yriueBoaopoja noiayuwnu 13,2 T
yTIIeKucioro rasa u 5,4 r Boael. [lnotHocTh ero mo Bo3ayxy 2,9.
Onpenenute GopMyiny yriieBoopoia U JalTe Ha3BaHUS BO3MOXKHBIM
U30MEpPaM.

20. Ilpm cxwuranum 5,6 1 yrieBojgopoja moaydwiu 66 T
yraekucioro raza u 27 v Bogsl. Onpeaenure GopMyity yrieBogopoaa
Y JAWTE€ Ha3BaHUs BO3MOYKHBIM U30MEPAM.

21. Ilpu cxuranmm 1,5 r yraneBomopoaa mnonyunwiu 4,4 T
yriekucyioro raza W 2,7 1T Boabl. Ompenenute ¢dopmyy
yriaeBojopoaa, eciu 1 a1 (H.y.) ero umeer maccy 1,34 r. Jlaiite
Ha3BaHUs IByM OJMKAUIIUM rOMOJIOTamM

22. llpu cxwuranum 13.5 r yraeBomopoaa mnonyuuwnun 44 T
yriekuciaoro raza u 13,5 r© Boawel. Omnpenenure dopMyny
yriaeBojopona, ecau 1 1 (H.y.) ero umeer maccy 2,41 r. Jlaiite
Ha3BaHUS IBYM OJIMKaNUIITUM TOMOJIOTaM.

23. Ilpu cxuranun 1,4 r yraeBomopoxa mnonyuwnin 4,4 r
yriiekucyioro rasa u 1,8 r Boael. [IMOTHOCTH €ro mo yrapHomy rasy
paBHa 2,5. Onpenenure ¢opmyay YyriaeBoAopoaa W JaWTe Ha3BaHUS
BO3MO>XHBIM M30MEPaM.

24. Ilpu cxuranmu 9.8 T yriueBogopoma mnonyuwnn 15,68 n
yriaekucnaoro raza u 12,6 r Boasl. ILIOTHOCTE €ro mapoB mo a3oTy
paBHa 3,5. Omnpenenure Gopmyay YyriaeBoAopoaa W JalTe Ha3BaHUS
BO3MO>XHBIM H30MEpPaM.

25. Ilpu cxwuranmm 1,36 r© yrneBomopoma mnonyurwid 4.4 T
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yriaekuciioro raza u 1,44 r Boabl. Omnpenenute GopMmyiry
yrieBojaopoaa, eciu 1 1 (H.y.) ero umeer Maccy 3,036 r. [aiite
Ha3BaHMS JBYM OJIMKAUIIIMM FOMOJIOTaM 3TOr0 BEIIECTBA.

26. Onpenenute hopMyiny ainkeHa, ecaud 10,5 r 3Toro BemiecTra
npucoequusitor 17,75 r xnopa. Jlaite Ha3BaHHMS peareHTam u
MPOAYKTaM PEAKIIUH.

27. Onpenenute GopMyily ajakuHa, eciu 2,6 T 3TOro BEIECTBA
npucoequusitor 14,2 r xnopa. /Jlaiite Ha3BaHUs peareHTraM u
MPOAYKTAM PEAKIIUH.

28. AnkeH NMHEWHOro crpoeHuss maccon 0,7 T mpUCOEAUHSET
opom Maccoit 1,6 r. Onpeaenute Gopmyiy yrieBojgopoaa U JalTe
Ha3BaHUS BO3MOXHBIM U30MEpPaM.

29. Onpenenute dopmyny ankuHa, eciu 0,4 T 3TOro BelecTBa
npucoeauusioT 1,62 r 6pomoBoopoaa. Jlalite Ha3BaHUS peareHTaM U
MPOAYKTaM PEaAKIIUH.

30. Onpenenure popmyny ankeHa, eciu 0,7 T 3TOro BeliecTBa
npucoeauusoT 1,28 r onoBomopoaa. Jlaiite Ha3BaHUSI peareHTaM U
IPOJIYKTaM PEAKIIUU.

31. Onpenenute Gpopmyny ankena, eciu 0,42 T 3TOro BelIeCTBA
npucoenuHsoT 2,24 1 xnopoBoaopoaa. Jlaiite Ha3BaHUS peareHTaM U
IPOJIYKTaM PEAKIIUU.

32. Onpenenute popmyny ankuna, eciu 0,34 r 3TOro BemiecTBa
npucoenustor 1,6 r Opoma. [laliTe Ha3BaHuUs peareHTaM U
OPOAYKTaM PEAKIIHH.

33. Ilpu cxuranum 1,4 1 yraeBomopoaa mnonyunwiu 4,4 T
yraekuciaoro raza u 1,8 r© Bomel. Omnpegenure Qopmyrny
yIJIEBOAOPOa, eciii ra3 oobemom 16 mi (H.y.) umeet maccy 0,05 r.

34. OtHOcWUTENbHAsT MOJIEKYJISIpHAs macca ajkaHa paBHa 58.
Omnpenenute ero Gopmyly ¥ Ha30BUTE €TO.

35. 1 i1 ankana umeet maccy 1,965 r. Onpenenure ero hopmyny u
HA30BUTE €TO.

36. VYrmeBomopox ¢ obmeunt Qopmymonn  C.Hp, wumeer
OTHOCHUTEIIbHYIO MOJICKYJIsIpHYIO Maccy 70. Onpenenute ero popmyny
Y Ha30BUTE €TO0.

37. OTtHOcUTENBHAS MOJIEKYJIsipHAsi Macca BemectBa paBHa 100.
MaccoBsbie 1011 KapOOHa U THAPOreHa COOTBETCTBEHHO paBHBI 84,0%
u 16,0%. BeiBegure opmMyy BelecTa.

38. MaccoBasa nonss C u H B yrneBogopone paBHa 92,31% wu
7,69% cooTBeTCTBEHHO. [IMOTHOCTH €ro mapoB MO BOJOPOAY paBHA
39. BeiBenute opmyiy BelecTBa.
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38.  25% w™accel  yriIieBOAOpOAA  COCTAaBIISIET  THJPOTEH,
OTHOCUTEJIbHASl IUIOTHOCTh NApoB MO Kuciopoay coctasisger 0,5.
BriBenute ¢popmyiy BeliecTBa.

39. Xnopnpou3BOJHOE TMPEAECITBLHOrO YIIEBOAOPOJA HMEET
MOJIEKYJISIpHYIO Maccy 237 u coaepxut 89,9% xnopa. HazoBure 310
COCIMHEHUE.

40. 14,286% ero mMaccel YriaeBoJOpOJa COCTABIISIET THAPOTEH,
OTHOCHUTEJIbHAS IUIOTHOCTh MAPOB IO BOAOPOAY cocrasiser 21.
HazoBurte aBa Onmkalinx romMosiora.

41. Yraesomopon coaepxut mo macce 93,75% C u 6,25% H,
IJIOTHOCTh €r0 MapoOB OTHOCHUTEIBLHO Bo3ayxa 4,41. Ompenenure ero
dbopMyIly U HA30BUTE TPU U30MEPA.

42. Haiinure QopMmyny COECOIMHEHHST W JalTe Ha3BaHUS
BO3MOXXHBIM M30MEpaM, €CJId U3BECTHO:

a) ®(C)=40,45% , ® (H)=7,86% , ®(0)=35,96%, © (N)=15,73%;

0) ® (C)=54,96% , ®(H)=9,92%, o (0)=24,43%, ® (N)=10,69%

43. Tlpu nevictBun Ha 30 T OJHOATOMHOI'O HACHIIIEHHOTO CIIMPTa
HEU3BECTHOI'O CTPOCHUSI pacTBOpa OPOMHUIHON KUCIOTHI C MAacCOBOMA
nonerr 40% (p=1,5 r/Mn) nomyumnu 46,13 r ankundbpomuga c
BbIXOJIOM 75%. YctaHoBuTe (popMylly CIMpPTAa U paccuuTaiTe 00beM
KHCJIOThI, HEOOXOIUMBIN JIJISl TOM peaKIuu.

44. KakoBa (popMysia OIHOATOMHOIO CIUpTa, U3 7,4 T KOTOPOTO
pu IeUCTBUM HaTpuAa noyyaercs 1,12 i1 Bogopona? Jlaiite Ha3BaHus
BO3MO>HBIM M30MEPAM U MPOYKTAM PEAKIHUU.

45. Kakyro maccy cnupta (DH2 = 30) HyXHO B34Th, YTOOBI MpHU
BHYTPUMOJICKYJISIDHOM JE€ruApaTalliy, NPOTEKAKIIEH C BBIXOJIOM
75%, monyuuts 11,2 n1 ankena? Jlaiite Ha3BaHUS CIUPTY U OPOJAYKTaM
pEaKIrH.

46. KakoBa (opmysa 0JHOATOMHOIO cnupTta, U3 60 © KOTOpOro
OpU JICUCTBUU CEPHON KUCIOTHI nonydaercs 17,92 nm ankena, eciu
BBIXO/JI TTpoayKTa peakuuu 80%?

47. llpm HarpeBanuu 23 T cOupra C CEpPHOM KHUCIOTOM
obOpa3zoBaiics ajgkeH ¢ BeIXoAoM 80%. DTOro ajkeHa JOCTATOYHO IS
npucoenudeHuss 64 r Opoma. Omnpenenute ¢Gopmyly cOupTa Hu
HA30BUTE €TO0.

48. B pesynbTaTe B3aUMOICHCTBHS HATPHUS M COUPTA MOTYyYEHO
4,48 n Bomopoma. IIpy MEXKMOJIEKYJISIPHOM AETHUIpATALIMUA ATOM XKeE
maccel cimpta — 20,4 T mpoctoro admupa. Onpenenure Gopmyiry
CIIUPTA U TANTE Ha3BaHUSI BO3MOKHBIM HU30MEpaM
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49. CoeamHeHHE HEM3BECTHOTO CTPOCHHUS BCTYIAET B PEAKIIUIO
oOMEHa C KOHIEHTPUPOBAHHBIM PACTBOPOM OPOMOBOJOPOIHOM
KHCJIOTBI ¢ OOpa3oBaHueM OpoMalikaHa, MUMEIIIEro IUIOTHOCTh II0
Bojiopoay 61,5. Onpenenure GopMyay COEAUHEHUS U TaiiTe Ha3BaHUS
BO3MOXXHBIM H30MEpPaM .

50. Ilpu obpadotke 360 T pacTBOpa C MaccoOBOH JI0J€H OFHO-
aTOMHOTO crnupTa 5% METAIUIMYECKUM HATPUEM BBIACIUIOCH 3,36 11
raza. Onpegenure GopMyiy CIUpTa U JalTe eMy Ha3BaHUE.

51. Ilpu B3aumojeilictBuM 12,8 T OJHOATOMHOTO CHHUPTa C
HAaTpUEM BBIJEIUICS ra3 00bEMOM, JOCTATOUHBIM JJIsI TUAPUPOBAHUS
4,48 n ankena. Onpenenute GopMyily cnupTa U JaWTe Ha3BAHUS
BO3MOXXHBIM H30MEpPaM.

52. VI3 o1HOATOMHOIO CIUPTA TMOJY4YeH ajkeH maccoi 14 r, ko-
Topbli pearupyer ¢ 40 r 6poma. Haliqute popmyny cnupra u gaiite
Ha3BaHUS BO3MOXHBIM U30MEpaM.

53. Tlpu MeXMOJNEKYISIPHOM AeruapaTaii CliupTa 00pa3oBaioch
7,4 T npoctoro 3¢upa, a Ipu BHYTPUMOJICKYISIPHOU AeTUApaTalIUU
TOM ke Mmacchl crnupta — 4,48 1 ankena. Onpexaenure Gopmyny
CIIMpTa U AaiiTe Ha3BaHUS BO3MOXKHBIM U30MEPaM.

54. B pesynbraTe okucieHHs 21 T ajkeHa BOJAHBIM PACTBOPOM
nepMaHraHata Kajius mnoiayduiud 38 r aByxaTomMHoro cnupta. [Ipu
pEaKIMU ATOr0 CHHUPTa ¢ U30BITKOM HATPHUS BBIJIEIWICS ra3, 00beM
KOTOPOr0 TIOJIHOCTBIO HCIOJB30BaIM Ha THAPUPOBAHHE OEH30Ia.
YcranoBute  (QopMmyidy — JIBYXaTOMHOTO  CIOHMpTa W Maccy
IPOTHAPUPOBAHHOTO OCH301a

55. KakoBa (opmyrna HACBIIIEHHOIO TPEXaTOMHOIO CIIUPTa, U3
9,2 T KOTOpPOTO MpHU IAEUCTBUM HATpus moiydaercsa 3,36 i1 Bogopona’?
JlaiiTe Ha3BaHUE CIIUPTY U NPOAYKTAM PEAKLIUM.

56. KakoBa popMyna aByXxaTOMHOro cnupTta, u3 7,6 T KOTOPOIo
pU IEUCTBUM HATpUA nosrydyaercs 2,24 1 Bogopoaa? Jlaiite Ha3BaHus
BO3MO>XXHBIM M30MEPAM CUPTA U MPOAYKTAM PEAKIIHH.

57. Ilpu B3aummoxeiictBuu 11,4 T AByXaTOMHOTO MOPEAEIBHOTO
cuprta ¢ OpOMOBOJOPOJOM TMOJYYEHO JUTAJIOTEHIPOU3BOTHOE
maccoit 30,3 r. Kakoii ciupT ObUT B3ST JUIs1 9TOM pEaKIuu?

58. Haiinure QopMyny coeauHeHHUs] U JalTe Ha3BaHUs
BO3MOYKHBIM H30M€paM, €CJIM U3BeCTHO, UTo a) ®(C) = 77,42%, o(H)=
7,53% , ®(N)=15,05% ; 6) o(C) = 65,75%, o(H)=15,07%, o(N)=
19,18%.

59. KakoBa ¢opmyna coeawmHEHHS C OIHON THIPOKCHIHBHOM
IPYNIIOH, €Ciav npu aeructeur Ha 10,8 T 3TOr0 coeAMHEHUs HATPUEM
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nonyvaercs 1,12 1 Bomopoma? JlaTe Ha3BaHUS BO3MOKHBIM
U30MepaM U MPOAYKTaM pPEaKIuu

60. MaccoBble m0nM yIJIepoja, BOJOpOJAa W KHCJIOpoda B
albJACTUJIC paBHBI COOTBETCTBEHHO 66,67%, 11,11%, 22,22%.
Omnpenenute GpopMyny anbAeruia U JaiTe Ha3BaHUS €r0 BO3MOKHBIM
HU30MEpaM.

61. MaccoBble m0onHM yIyIepoja, BOJAOpOJAa W KHCJIOpoda B
anpJIETUIE PaBHBI COOTBETCTBEHHO 69,77%, 11,63%, 18,60%.
Omnpenenute GpopMyny anbAeruia U JalTe Ha3BaHUS €r0 BO3MOKHBIM
HU30Mepam.

62. B pesynprare okucimenus 12,9 r BemecTBa aMMHAYHBIM
pPacTBOPOM OKcHIa cepedpa Boienuiock 32,4 r cepedpa. Onpenenure
dbopMyITy alpaeTrIa U JaiTe Ha3BaHUS €r0 BO3MOXKHBIM H30MepaM

63. B pesynbraTe okucieHus 7,2 T BellecTBa Bbieauaoch 14,4 r
okcuaa meau(l). Onpenenute Gpopmyinny anplerujaa U JalTe Ha3BaHUS
€ro BO3MOKHBIM H30MEPaM.

64. Ins oxucienus 10,8 r BemectBa moTpedoBanoch 29,4 1
ruapokcuaa Menu(Il). Onpenenure Qopmyny anbaerujia v gaiTe
Ha3BaHUSI €70 BO3MOXHBIM U30MEpPaM.

65. MaccoBbie 1011 yriaepoia, BOAOPOIa U KUCJIOPOAa B KUCIOTE
pPaBHBI COOTBETCTBEHHO 355,88%, 6,98%, 37,22%. Onpenenute
(bopMyITy KUCIIOTHI U IaiiT€ Ha3BAHUS €€ BO3MOXKHBIM H30MEpPaM.

66. MaccoBbie 1011 yriaepo/ia, BOJAOPOia U KUCIOPO/ia B KUCJIOTE
paBHbl cooTBeTcTBeHHO 75,00%, 12,5%, 12,5%. Onpenenute
(bopMyITy KUCIIOTHI M IaiiT€ HA3BAHUS ABYM €€ TOMOJIOTaM.

67. BoiBenure (popMysy OIHOOCHOBHOW KapOOHOBON KHCIIOTHI,
€CJIM U3BECTHO, YTO Ha HeWTpanuzanuio 1,2 T ee nmorpedoBaioch 2 T
pacTBOpa ruIpoKCcuaa HaTpus ¢ maccoBou ntonei 40%.

68. Hnsa Hewtpanmm3auuu 7,04 T OJXHOOCHOBHON KapOOHOBOM
KUCHOTHl notparwin 24,86 mn 22,4% pactBopa THAPOKCUIA Kajus,
MI0THOCTh KoToporo 1,18 r/mi. Omnpenenute Gopmyny KUCIOTHI U
IanTe el Ha3BaHHUE.

69. Jlms weWrtpaym3anuu 22 T OZHOOCHOBHOM KapOOHOBOM
kuciaotrel norpatwik 59,4 mn 20% pacTBopa THAPOKCUIA Kamus,
MI0THOCTH KoToporo 1,18 r/mi. Omnpenenute ¢opmyny KUCIOTHI U
JanTe el Ha3BaHHUeE.

70. Onpenenure popmyny amkeHa, ecnu (0,7 T 3TOro BemmiecTBa
npucoenuHstoT 1,28 v nomoBogoposa. Jlaite Ha3BaHUsS peareHTaM U
MPOJIYKTaM PEaKIIUU.
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3aganue 1.

Onpeaenutb (GOpMyay TOPHOYErOo OPraHUYECKOTrO BEIIECTBA IO

YPaBHEHUIO peakinu ropenus. IcxoaHbie JaHHbIE B3SITh B Ta0J1.1.3.

Tab6auma 1.3
No Behu/iaelziia’ OTHOCHTCILHAS KomnuectBo r:i)HOH(})/I)(TOB peakLuu
/o m IUIOTHOCTD CO, r2 , V(Ny)
1 13,5 D(N2)=1,9375 44 r 13,5
2 18,4 D(CH4)=5,75 31,36 1 14,4
3 7,2 D(02)=2,25 8.96 1 7.2
4 3 D(C2Hs)=2 2,24 1 1,8
5 3,68 D(CsHzg)=2,09 5281 2,88
6 1 D(CH4)=6,25 22T 0,72
7 17 D(02)=2,125 28 11 18
8 3,24 D(Bo3n.)=3,724 | 924r 2,16
9 1,24 D(02)=1,9375 | 0,896 n 1,08
10 1,2 D(B031.)=2,069 | 1,76 0,72
11 6,9 D(He)=11,5 6,72 1 8,1
12 10,8 D(CH4)=4,5 10,08 11 5,4
13 45 D(C2Hg)=2 3,36 1 2,7
14 2,35 D(C2H¢)=3,13 6,6 T 1,35
15 2,55 D(NH3)=6 55T 2,25
16 10,8 D(C;He)=2,4 13,44 n 10,8
17 11,1 D(CH4)=4,625 | 13,441 13,5
18 5,8 D(CH4)=3,625 | 6,72 n 5,4
19 2.3 D(Bo3n.)=1,587 4.4 2.7
20 4,8 D(CHa4)=2 3,36 1 5,4
21 0,93 D(Bo3x.)=1,07 672 M 1,35 336 M
22 12,2 D(He)=15,25 4,48 n 5,4 2,24 11
23 9,3 D(B0o3x.)=3,207 | 13,44 n 6,3 1,12 n
24 9 D(NH3)=2,647 | 1761 6,3 1,12 1
25 3,75 D(He)=18,75 44T 2,25 0,56 11
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1.5. TopeHne Kak OKMCJIHUTEIbHO-BOCCTAHOBUTEIbHBIN
npouecc

Bce 1mpomeccsl TOpeHMST TOPHOYMX  BELIECTB  SIBJISIFOTCS
OKHCJIMTENBHBIMA THpolieccaMu. VHTEHCMBHOCTh WX MPOTEKAHUS
onpenensaercs, B IIEPBYIO ouepenp, OKHCIIUTEIBHO-
BOCCTAHOBUTEIIbHBIMUA ~ CBOWCTBAMM  pe€areHTtoB.  Paccmorpum
OCHOBHBIE XAPAKTEPUCTUKHU TAKUX PEAKLUU, IMOCIECIOBATENBHOCTD UX
COCTaBJICHUS U MOJ00pa CTEXUOMETPUUECKUX KOIPPUIIUEHTOB.

Oxucnumenvro-eoccmanosumenvuvie  peakyuu  (OBP)  —
peaKklunH, B KOTOPBIX PEATHPYIOIIME BEIIECTBA MIIM UX COCTABHBIE
4acTu OOMEHUBAIOTCA 3JIEKTpoHaMH. [Ipyu 3TOM CTEeneHHW OKUCIECHUS
AJIEMEHTOB U3MEHSFOTCSI.

B cooTBercTBHH C 3NEKTPOHHOM Teopuen B Kaxaou OBP MoxHO
BBIJICINTH J(Ba IIpOLECCA: OTAA4YyY WU NPUCOECIUHEHHUE DJIEKTPOHOB.
[Ipornecc oTnaum 2JIEKTPOHOB HA3BIBAETCS OKUCIIEHUEM, A IIPOLIECC UX
OPUCOCNMHEHUsI — BOcCCTaHoBieHUeM. Takum oOpazom, OBP
NPEICTaBIAET COOOK COBOKYITHOCTh ABYX CONPSDKEHHBIX IPOLIECCOB
(monypeakumii) — OKUCIEHUS U BOCCTAHOBJICHHUS.

Hanpumep, B peakuuu

2Na + Cl; —» 2NaCl
CTETICeHU OKUCJICHHUSA aTOMOB HATPUS U XJIOPa U3MEHSIOTCA:

Na°® — 1é —»> Na* — okucieHue

Cl,° + 2e — 2Cl™ — BOCCTAaHOBJICHHE.

YacTuilbl WM BEIIECTBA, OTIAIOIIME SJIEKTPOHBI, HA3bIBAIOTCS
BoccTtaHoBuTeNsIMU (Red), wacTuibl Wi BeliecTBa, MPUHUMAIOIIUE
AJIEKTPOHBI, Ha3bIBalOTCs okuciautensmMu (Ox). Tak, B mpuBeAcHHOM
peakiuu HaTpuil (aTom Na) — BOCCTAHOBHTEINb, a XJOp (MoJeKyJia
Cl2) — OKHCITUTEIT.

B 3aBUCMMOCTH OT CTEMEHU OKUCIIEHUS OJUH U TOT K€ 3JIEMEHT
MOXET MPOSIBIATh PAa3HYI0 OKHUCIHUTEIbHO-BOCCTAaHOBUTENbHYIO (OB)
ciocoOHocTh. B Beicmieit crenenu okucienuss (BCO) snemeHTHI
MPOSBJISIFOT TOJIBKO OKHUCIIUTENBHBIE CBOWCTBA. B HU3IIEH CTENEeHU
okucyienus (HCO) — Tonbko BocCTaHOBUTENbHBIE. B mpoMexxyTouHOM
— MOTYT OBITh U OKUCIIUTEIEM, U BOCCTAHOBUTEJIEM.
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IIpumep 1.22. Onpenenute OB cBoiicTBa CIEIYIONIUX YACTHII;
Mg?*, S*, HjS, SO3, MnOj,, OCHOBBIBAACH HA CTENEHHM OKMCIICHHS
MOTYEPKHYTHIX JIEMEHTOB.

Pemienue. a) DiekTpoHHas (QopMyla aToMa MarHus 3S2, a
YJaCTUILIbI Mg2+ — 3s°. 3Ha4uT, +2 — 3TO BBICIIAS CTEIECHb OKHUCJICHUS
MarHus, MoH Mg?* MOXeT TONBKO NMPUHHUMATH 3JIEKTPOHBI M OBITH
TOJILKO OKUCIUTEIIEM.

Ox: Mg?* + 28 — Mg°.

6) S?": snekrponHas GopMyna aroma cepsl 3523p*. Bo3MoxkHBIE
creneHu okmcieHus cepel S 2, S°, S S*. B nmone S* (3523p°) cepa
HAXOMUTCS B HM3ILIEH CTENEHM OKHUCIeHHs. 1103TOMy OHa CrocoOHa
TOJILKO OT/ABaTh JJIEKTPOHBI M ObITh BoccTanosuteneM (Red):

Red: S —ne — S°, S*4, S*6,

B) H>: omextponnas ¢opmyra aroma Bomopoma  1sh.
Bo3moxkHbIe cTenenn okuciaeHus Bogopona: H-, H°, H*. B monekyie
H, Bomopoa HaxoauTcs B MPOMEXKYTOUHOM cTeneHu OokucieHus. OH
MOXET H OTJIaBaTh, W TPUHUMATh JJCKTPOHBI, IPOSBIISA
OKHCIIUTEILHO-BOCCTAHOBUTEIIbHYIO JIBOMCTBEHHOCTD !

Ox:H°+1e—>H
Red: H°—-1¢e —- H*

r) B wnome SO cepa HMMEET NPOMEKYTOUHYIO CTEIEHb

okucieHusd +4. 3Ha4WT, dTa YaCTHUIA MOXKET OBITh M OKHCIHTEIIEM, U
BOCCTAHOBUTEJIEM, HAIIPUMED:

Ox:S*+48— S°
Red: S* —2 & — Sb*

1) MnOy: mapraner; MeeT BBICIIYIO CTENEHL OKUCICHHS +7,
MOH MnO; IPOSABISAET TOJIBKO OKHUCIUTEIBHBIE CBOWCTBA, HAIIPUMED:

Ox: Mn’* + 58 —» Mn?*

[Tpu nmox6ope xkoadduimentoB B ypaBuenuun OBP momnb3yroTcs
METOJIOM 3JIEKTPOHHOro OajlaHca, COIJIACHO KOTOPOMY YHCJIO
AJICKTPOHOB, TPHUHATHIX OKHCIUTENIEM, PaBHO YHCIY OJJIEKTPOHOB,
OTJIaHHBIX BOCCTAHOBUTEIICM.

44



PaccMoTpuM clieayronnyro peakiuio:;
Mg + H2SOs —» MgSO4 + H2S + H0.

ITon6op koapduinmentoB B OBP ocymiecTBiisieM No clieayromiei
CXEME.

a) OmnpenensieM CTENEHb OKUCICHHS KaXXJOro 3JIEMEHTa BCEX

+1 +6 -2 +2 46— +1 2 +1 -2
Mg + H2SO4 — MgSO4 + H,S + H>O
BEIIECTB, YYACTBYIOUIUX B PEAKITUH:

0) 3anuceiBaeM DJIEKTPOHHBIE YpPAaBHEHHUS  MOJIypeaKui
OKHUCJICHUSI M BOCCTAHOBJICHMSI DJIEMEHTOB, W3MEHHBIINX CTENEHb
OKHUCJICHHS B TMIPOIIECCE pEAKIMH, U OIpeAesisieM OKHUCIUTEIh U
BOCCTaHOBUTEIIb

Red: Mg°® —2& — Mg*?|2 4

8

Ox:S*™ + 8 —>S?2 18 1

CocraByiieM BJEKTPOHHBIM  Oamanc. [l  3Toro  Mexnay
KOJIMYECTBOM 3JIEKTPOHOB, OTJAHHBIX BOCCTaHOBUTENEeM (2),
KOJIMYECTBOM AJIEKTPOHOB, TPUCOCAUHEHHBIX OKucauTeneM (8),
HaxXoJIUM 00Iee HauMeHblee kpatHoe. OHo paBHO 8. Paznenum § Ha
2 ¥ OJIy4MM MHOXUTENb 4 1S IepBoi nonypeakiuu. Pazgenum 8 Ha
8 ¥ MOJIy4YUM MHOXUTENb | 119 BTOPOIl MOJIypeaKinH.

B) llonydyeHHbIE MO AJIEKTPOHHBIM OanaHcaM KO3 (UIIMEHTHI
EPEHOCUM B YpPaBHEHUE:!

AMg + H2SO4 — 4MgS0O4 + HoS + HO

r) YpaBHHBaEM OCTAJIbHBIE DIIEMEHTBI B TAKOM TTOPSIKE:
v’ KaTHOHHI (KpOME BOIOPO/Ia)
v’ aHHOHBI
v’ BOJOPOJI
v’ poBepsieM OajaHC 110 KUCIOPOAY:

4AMg + 5H2S04 — 4MgSO4 + HoS + 4H,0.

CyMMapHO€ KOJIMYECTBO ATOMOB KHCIIOPOJia B JIEBOM M MPaBOM
yacTu ypaBHeHuUs paBHO 20.

Y4acCTHHUKA OJTHOW MTOITYpEAKIMH, PACCMATPUBAEMBIE COBMECTHO,
COCTaBJISIIOT OKHCIIUTEIIbHO-BOCCTAHOBUTENbHYIO cucteMy uinu OB-
napy. Hampumep, cmech comeii FeCls u  FeCly sBmsercs
OKHUCJIUTEIbHO-BOCCTAHOBUTEIIBHOM CHUCTEMOUM, YTO COOTBETCTBYET
MOJTypEaKINH
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Fet? -8 — Fe®
BOCCTAHOBJICHHAs] OKHUCJICHHAs
dbopma (red) dbopma (0x)

KommuecTBeHHOM XapaKTEepUCTUKOMN OKHUCIIUTEINBHO-
BOCCTAHOBUTEIIBHBIX CBOMCTB BEIIECTB SIBJISETCS OKHUCIMTEIBHO-
BOCCTAHOBUTEIIBHBIM TOTEHUHAT Moxired — CKAYOK DJIEKTPUYECKOIO
NOTEHIHAala Ha TPaHULE pas3dena »dJIEKTPOA — OKHCIHTEIbHO-
BOCCTAaHOBHUTEJIbHASL CHCTEMA.

3aBucuMocTh OB-noTeHImana oT KOHUEHTPALMNA OKHUCICHHON U
BOCCTaHOBJIEHHOW ¢opm 1mipu 298K BhIpaxkaercsi ypaBHEHUEM
Hepncra:

0059 x
CY

red
rae Cox U Cred — KOHIIEHTPAllMM OKHUCIEHHOM W BOCCTAaHOBJICHHOM
dopM; x ©1 Yy — KO3PPULHMEHTHI MEepe]l HUIMU B MOJIypeakuuu; N —
YHCJIO DJICKTPOHOB, TEPEIAHHBIX B MONYPEAKIMU; (OQyreq — OB-

IIOTEHLIMAJI [IPU CTAaHAAPTHBIX YCIOBUAX, B.

ITpu OIMHAKOBOU KOHLIEHTPAIIUU OKHCIIEHHOU u

_ .0
PoxRed = POxRed T

BOCCTAHOBJICHHON (DOPM BEIIECTBA Qpyneg = POx/Red- UEM 0OJIbIIE

anreOpanyeckasl BeJIMYMHA JIEKTPOJHOTO MOTEHI[MAa, TEM aKTUBHEE
nanHas OB-cucrema Kak OKHCIIUTEINb, TEM JIETYE OHA MEPEXOIAUT U3
OKHCJIEHHONW (OpMBI B BOCCTAHOBJICHHYIO. UeM MeEHbIIE 3HaAYCHUE

Poyreq + TEM OOJIEE BBIPa’)KEHBI BOCCTAHOBUTENBbHBIE CBOiicTBa OB-
cucteMsl. Hanpumep, cTannapTHbIE IOTCHIIMANIBI CHCTEM

2F -2 = Rk

2H —-2e =2 H
COOTBETCTBEHHO paBHbI +2,85 1 —2,33 B. Okuciennas popma neppoit
cucteMbl (F2) mposiBIsSieT CHIBHBIE OKHCIWTENbHBIE CBOMCTBA, a

BOCCTaHOBJICHHass (opma BTOpod cucTembl (ruapuna-won H™) —
BOCCTaHOBUTEIIbHBIE.

3HaueHus OB-norennuaia HEBO3MOXHO ONPEICITUTh
aobcomoTHO. [lodTOMy HMX W3MEpPAIOT OTHOCHUTEIBHO JJEKTpoAa
cpaBHeHMs. [JIg peakuyii B BOOHBIX CPEIaxX UCIIOJIb3YIOT BOJIOPOIHBIN
AJIEKTPOM, B KOTOPOM ITPOTEKAET pEaKIUs:

2H*+ 28 = H>
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IloTenupan BOAOPOAHOIO 3JIEKTPOAA B CTAHIAPTHOM COCTOSIHUM
YCIOBHO IIPUMHUMAKOT pPaBHbIM HYJIO. CTaHZapTHBIE ITOTECHIIUAJIBI
HEKOTOpbIX OB-cucTtem npuBeneHbl B IPUIIOKECHUU.

I[Io BemnmuumHam  OB-MOTEHUHMAIOB  MOXHO — CYyIHTh O
BO3MOXHOCTH nporekanuss OBP u ee manpasinennun. OBP Bo3MoxkHa
JMIIb TOTAA, KOTJA IOTEHIMAl OKHUCIHTENS OOJIble IMOTEHIHMANA
BOCCTAHOBUTEIIA:

Pox > (PRed

Pa3HoCcTh £ = Qox — PRed HA3BIBAIOT BJICKTPOJABUXKYIIEA CHUIION
OB-peakiun. Ecom E > 0, TO peakuuss nporekaer B NIPSMOM
HaIpaBJICHUU (CJIeBa HAIIPABO).

Ipumep 1.23. Onpenenuth, kKakoe U3 ABYX BemiecTB: KBr umu
KI moxet ObiTh BoccTanoButeiieM 11 FeCls.

Pemenne. a) 3anuiieM ypaBHEHUSA pEaKLMi, ONpeneaum
OKHCJIUTENh U BOCCTAHOBUTEIb U COCTABUM JJIEKTPOHHBIE YPAaBHEHUS
IIOJIyPEAaKLIM OKUCIIEHUS U BOCCTAHOBJICHMUS

Fe*3Cls + KI- — Fe*2Cl, + 13 + KCI (1)
Ox: Fe™+ 1e — Fe*?
Red: 21" — 28 —> I

Fe*3Cl; + KBr- — Fe*?Cl, + Bry + KCI (2)

Ox: Fe*3+ 1 — Fe*?

Red: 2Br —2& — Bry

0) M3 tabmuupl cranaapTHeix OB-mOTEHLMANOB, BBITUCHIBAEM

3HAYCHUS MMOTCHIMAJIOB OKHUCINUTECIISI U BOCCTAHOBUTCIIA .
. 0 —_ .
OX (PF6+3/F6+2 - +O,77 B,

Red: (pfzm_ =+0,53 B; (p‘érZ/ZBr_ =+1,09 B;

B) B peakiuu (1) moteHuan okucautesns OOJbIe MOTEHIIMAIA
BOCCTaHOBHUTEIIS, 4 UX PA3HOCTh

E=¢% — ¢%q=0,77—0,53=024 B >0

3unauut, KI moxxeT BocctanoButh FeCls.
B peakimuu (2) moTreHuMan OKHUCIWTENS MEHBIIE MOTEHIMAaja
BOCCTAHOBUTEIISA

®ox = 0,77 B < ¢req= 1,09 B
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CaenoBatrenpHo, KBr He MoKeT OBITH BOCCTAaHOBHUTEIEM JJIS
FeCls. Peakuus (2) MOXKET MPOTEKAaTh CaMOIPOM3BOJILHO B 0OpaTHOM
HanpasiicHuH, T.¢. Br, Oyaer okuciaurenem mis FeCly.

B HaxoxneHun Kod(PQUIIMEHTOB YpPaBHEHUH OKHUCIUTEIHLHO-
BOCCTAHOBHUTEIIbHBIX PEAKIHUA MOXKHO HMCXOJUTh HE U3 CTEIEHEH
OKHCJICHUSI — BEJIMYMH JOCTaTOYHO YCIIOBHBIX, a W3 3apsAl0B TeX
peaIbHbIX MOHOB, KOTOPBIE CYIIECTBYIOT B pactBope. C 3TOH 1eJbio
UCTIOJIBb3YIOT METOJ IOJIypEaKUWi, OCHOBAaHHbIA HA COCTaBJICHUU
MOHHBIX ypPaBHEHUW TIPOLIECCOB OKHMCICHUS BOCCTAHOBUTENS U
BOCCTAHOBJICHUS] OKUCIIUTENS C TIOCJIEYIOIIMM COCTaBICHUEM OOIIIETO
MOHHO-MOJIEKYJIIPHOTO YpPaBHEHUS. DTOT METOJ JA€T BO3MOKHOCTb
HE TOJIbKO MOA0MpaTh KO3(PPUUMEHTHI, HO U ONPEACNATh MPOIYKTHI
OBP.

IIpumep 1.24. CoctaBuTh ypaBHEHUE PEAKIIUU
NaxS + KMnQOg4 + HSOs — . ...

Pemenue. a) CuibHbBIC 3JIEKTPOJUTHI B PaCTBOpaX CYIIECTBYIOT
B BUJIc HOHOB. B Hamrem ciydae 3to katuonsl Na*, K, H" u aHnoHsI
S%, MnOj, SOF. UM coorBeTcTByIOT cienyromue OB-cuctemsl u

CTaHIapTHbBIC MOTeHIMaIbI (°(B):
K*/K® | Na*/Na° | S°/S* | 2H*/HS | SOZ /... | MnO;/Mn?*

+0,17+
0,36

—2,93 —2,71 —0,48 0 +1,51

0) Bwibop oxucaumens. IloTEeHIMANIbHBIMU OKHUCIUTEISIMUA B
JAHHOM CHUCTeM€ MOIyT OBITh BCE€ KATHOHBI W aHUOHBI, 3a
MCKIoYeHneM S?°, HaXOAAIIMMCS B HU3IIEH CTEIEHM OKHCJIeHHs. B
pOJIM  OKHMCJIMTENS BBICTyNaeT 4dactuia ¢ HauOonbmiuMm OB-
noTeHuaaoM. B gannom ciiydae 3T1o moH MnOj, okucieHHas (popma

cucteMbl MnO,/Mn?*,
B) Bwibop e6occmanosumens. BoccTaHOBUTENEM  SBISETCS

yactuiia ¢ HaumeHbmuM OB-nmoTeHnmaaoM. [[J1s1 JaHHOM CUCTEMBI 3TO
cynbdua-uon S,

r) BeimuceiBaeM ypaBHEHUS MOJYPEAKIUHA OKHUCJICHUS |
BOCCTaHOBJIeHMS U3 Ta0mmiel OB-oTeHImaios.
Ox: MnO} + 8H* + 56 — Mn? + 4H,0
Red: S2~ - 28 —» S°
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n) CocrtaBisieM 3JIEKTPOHHBIN OanaHC:

Ox: MnO} + 8H" + 58 - Mn?* + 4H,0|5 2
10
Red: S —28 —» S° 2 5

CymmapnHoe ypaBHeHne OBP B HMOHHO-MOJIEKYJIIDHOM BUJIE
[0JIy4aeéM CYMMHUPOBAHUEM YpPAaBHEHUHN TIOJNYPEAKIMA C YYETOM
JIOTIOJIHUTEIIbHBIX MHOKHUTEIICH:

2MnO; + 5S% + 16H" — 2Mn?* + 8H,0 + 5S°

n) CocraBisieM ypaBHEHHE pEaKIMd B MOJEKYJISIPHOM BHJIC.
Kaxnapli HMOH JOKEH OBbITh CBS3aH B MOJIEKYJE€ C HOHOM
OPOTUBOMOJIOKHOTO 3Haka. B 00e wyacTh ypaBHEHHUS COTJIacHO

ycloBHIO Heobxoaumo gao6asuth 2K*, 10Na*, 8S0Z%. IlonHoe
ypaBHCHHUE MMEET BUI:

2KMnQO4 + 5NazS + 8H2S04 — 2MnSO4 + 5S + KoSO4 +
5Na>SO4+ 8H20

AKTHUBHOCTh OKHUCIIMTEIEH ¥ BOCCTAHOBUTEIIEH 3aBHUCHUT OT
Cpellbl, B KOTOpOW IpoTekaeT peakuus. Hampumep, OKUCIUTENIbHBIC
CBOMCTBa MepMaHraHaT-uoHa MnOj B pa3HbIX cpeaax KOJIMYECTBEHHO
onenuBarorcsa semanuoi OB-mmorennmana:

+5¢

(— Mn™? (pH<7) ¢o=+1,51B

+3¢

MnO; < — MnO: (pHx7) ¢°=+0,60 B

+1e

_— MnO> (pH>7) o¢—+0,56 B

Kak BuAHO W3 JaHHOM CXEMBI, HAWOOJIbIIAS OKUCIIMTEIbHAS
AKTUBHOCTb MOHA MnO, MPOSIBIISIETCS B KUCIIOM CPEIE.

IIpumep 1.17. Onpenenute, B Kakoil cpeae (HEUTpaabHOU HIIH
KHUCJION) MOXHO BoccTaHOBUTH KMnO4 6pomuiom kanust KBr.

Pemienne. W3 Tabmuupel cranpaptHeix  OB-moteHIiuanos,
BbInichiBaeM OB-niapel s peakuuii B3aumopaencteuss KMnO4 ¢ KBr
B KHCJIOW U HEUTPAIbHOU CpEAax.
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Kucnas cpena:
Ox: MnO, + 8H* +58 - Mn*2+ 4H,0, ¢°=+1,51 B,
Red: 2Br~ — 28 — Bry, ¢@°=+1,09 B.

Heunrpanehas cpena:
Ox: MnO} +2H;0 + 3& - MnO2+ OH™, ¢° =+0,60 B,
Red:2Br ! —2& — Bry, ¢@° =+1,09 B.

B HeliTpanbHOU cpene peaklus HE NPOTEKaeT, T.K. IMOTEHIUAI
BO3MOYKHOI'O OKMCJIMTEIS] MEHBIIIE [TOTEHIIMAIa BOCCTAHOBUTEIA.

CocTaBisieM ypaBHEHHE PEaKLUMU B KUCIOW cpele U moadupaem
KO3 PULHUEHTHL:

2KMnOg4 +10KBr + 8H>S04 — 2MnSO4+ 5Br; + 6K>SO4 + 8H0.

1.6. YpaBHeHusI peaKluii TOPeHUs

Hpouecc ropC€HHA Iroprodcro BCICCTBA B BO3AYXC IPCACTABIIACT
coboit OKHUCJIHUTCIIbHYIO PCaKOHUKO, KOTOPYHO MOXKHO  OIIMCATb
CTCXUOMCTPHUICCKHUM YPABHCHHUCM B BHUJIC

aA +DbB = ¢C +dD (1.13)

rae A, B, C u D — xuMu4eckrue CUMBOJIBI pEarupyromux BEMIECTB; a,
b, ¢ m d — cTexuomerpudeckre kKo3HPUITHESHTHI.
[Iporexkanne peakuuu (1.13) B JABYX MNPOTHUBOIMOJIOKHBIX

HAIPaBJICHUSIX HA3BIBACTCS XUMUYECKOU 00pamumocmoio. 3HAK «=»
MMOKAa3bIBAET, YTO I10 MPSIMOU PEAKLIHUHU W3 UCXOIHBIX BEIIECTB A U B
obpazytorcs mpoayktel C um D, a mo oOpaTHON peakIuud HJIET
obOpa3oBanue ncxoaHbIX BemiecTB A 1 B u3 BemectB C u D.

Crnenyer OTMETUTh, YTO B TOMOI€HHBIX CHUCTEMAaX pEaKIHUH
NpPaKTUYEeCKH HHUKOT/Ia HE UAYT JO0 KOHIIA U «3aKaHYMBAIOTCS»
YCTaHOBJICHHEM XMMHUYECKOT0 paBHoOBecus (11. 2.2).

VYyuteiBas, 4To TEMIoBbIe YPPEKTH MPOIIECCOB TOPEHUS OOBIYHO
paccunThiBaloT Ha 1 mombs, 1 kr wim 1 M3 roprodero BemiecTsa, B
YPaBHEHUSIX XUMUYECKUX pPeakuuil KodPPUIHMEHT Mepes; roproyuM
BEILIECTBOM JICJIAIOT paBHbIM efuHuile. [lo3ToOMy B HEKOTOPBIX
YpaBHEHUAX pEAKIUMNA TOpPEHUsl Mepell KHUCIOPOJAOM WIH JIPYTUM
BEIIIECTBOM MOTYT OBITh JIpOOHBIC KOIPDUIIUECHTHI.
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Ilpumep 1.25. 3anucaTh ypaBHEHHE CropaHus MeETaHa B
KHCJIOpoz€e Bo3ayxa. Onpenenntb Maccy KUCIOpPOAa, HEOOXOIUMOIO
o cxuranuga | kmonb wMeraHa. PaccunmTarh, CKOJBKO KMOJb
KHUCJIOpOJia IOTpeOyeTcs sl CKUranus 1 Kr MeraHa.

Pemienne. 3anumiem PCAaKIHIO IMOJIHOI'O CTOPAaHHA MCTaHa B BUJIC:

CHs + 2072 =2 CO2 + 2H20

I1€ CTEXHMOMETPUYECKHE KOAP(PPUIMEHTHI B  COOTBETCTBHE C
ypaBHeHueM (1.13) papusl: a =1;b=2;c=1;d = 2.

[IpoaykTamu peakiuu ropeHus ABisitoTcs yriaekucibii raz CO2 u
napsl Boasl H0.

CornacHo ypaBHEHUIO peakuuu ropeHus Ha 1 kMonbp CHag
TpedyeTcs 2 kMoib Oz, ipu 3ToM o6pazyercs 1 kmosb CO2 u 2 KMOJIb
H>O. Momspaas wmacca Oz cocraBiasger 31,998  Kr/kmob,
CJIe1I0BaTeNIbHO, Macca 2 KMOJIb cOCTaBUT 63,996 kr (nipuioxenue 1).

Jlnst cropanus 1 kMot MeTaHa Tpedyercst 63,996 kr kucaopoa.

Macca 1 kmomp CHs cocraBmsier 16,043 kr, Ha CKUTaHue
KoToporo Tpedyercs 2 kmosib Oy. CocTaBUM MPONOPIIMIO B BU/IE:

st cxuranus 16,043 kr CHs — Tpedyercsa 2 kmoib O2

IUISL COKUTAHUS 1 kr CHs — tpebyercst x kMoib Oy,

HaiimeM, cKOJIbKO KMOJIb KHCJIOpOJia TpeOyeTcs I CoKUraHus 1 Kr
MeETaHa:
1-2

X=———
16,043

=0125 kmoJip

1.7. 3akou I'ecca

MHorue mnpoueccsl WAYT C TMOTJOLIEHUEM WJIM BBIICICHUEM
TeIoTel. K caMOW pearupyromen CUCTEME TaKXKe MOXKET
MMOJABOJUTHCS TEIUIOTA WM OTBOAMUTHCS OT Hee. B COOTBETCTBHE C
MIEPBBIM 3aKOHOM TE€PMOJMHAMHUKH, IOJBEICHHAS K W30JMPOBAHHOU
cucteMe Teruiota Q pacxomyercs Ha HM3MEHEHHE €€ BHYTPECHHEU
SHEpruu AU U Ha COBEpIICHHE CUCTEMON paboThl L MPOTUB BHEUIHUX
CHIL:

Q=AU+L (1.14)

Buyrtpennsass sueprus U  Tema  cBsizaHa ¢ JOpyrou
TEPMOJAMHAMUYECKON PYHKIIUEH — dHTaIbIuen H:

H=U+PV (1.15)
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B 1mpomeccax, wuaymux IpyU TNOCTOSAHHBIX JABJICHUM U
Temrieparype, TermioBod 3dhdext Qp peakuuu paBeH HW3MEHEHUIO
sHTANIBIUU AH, B3ITOMY C IPOTUBOIIOIOKHBIM 3HAKOM:

Qr=—-AH (1.16)

Torma ¢ yuerom Beipaxkenus (1.16) ypaBuenue (1.13) moxer
OBITh 3aMKMCAHO KaK TEPMOXUMHUYECKOE YPaBHEHUE:

aA+bB =cC+dD+Qp (1.17)

CornacHo 3akony I'.M. T'ecca teroBoi 3(dexT XumMu4eckon
peakiMu HE 3aBUCUT OT TNPOMEKYTOUHBIX CTaaui Mpolecca:

«Tennosou a¢ppexm peakyuu AH,., onpeoeniemcs MOLbKO

HAYabHbIM U KOHEYHbIM COCMOAHUAMU CUCMEMbl U He 3A6UCUm Om
nymu nepexooa cucmemvl U3 00H020 COCMOSIHUSL 8 OpPY20e.

N3 3akona I'ecca CJICAYIOT IBA BbIBOJA:

1. TemnoBoi »(dexkT XuMu4ecKod peakuun AH paBeH

peakig
Pa3HOCTH MEXAY CYMMOW OSHTAJIbNHI 00pa3oBaHUs MPOIYKTOB
peaklMy U CyMMOW SHTaJIbIUN 00pa30BaHUs UCXOIHBIX BEIIECTB:

AI_IpeaKu ZZ(ni AHz) _Z(n] AH] ). (118)
! ]

rne AHi, AH; — coOTBeTCTBEHHO »SHTaNBNH OOpa3oBaHUSA I-TO
KOHEYHOT'O MPOJYKTa TOPSHHSI U |-T0 UCXOJTHOTO BEMIECTBa; Ni, Nj —
YHCIIO MOJIb I-T0 TIPOJYKTa PEAKIMH W j-TO MCXOJHOTO BEIISCTBA B
ypaBHEHUU PEAKIIUU TOPECHUSI.

2. TennoBoil 3P ¢heKT peakuu TOpeHus paBEeH Pa3HOCTU MEXKIY
CYMMOM TEIUIOThI Ccropanusi AHc.i MCXOMHBIX BEIIECTB U CYMMOM
TEIJTIOThI cropanust AHcr j MPOIYKTOB peakiuu:

AI_Ipeaxu = Z(n] AI_I(:r]) _Z(ni 'AHcr.i) (119)
j i

Peaknuu, mpoTekaroliye ¢ BBIJICICHHEM TEIUIOTHI, Ha3bIBAIOTCS
aK30mepmuyeckumu, s Takux peakmud AH .. <0, Qp > 0.

Peakiuu, COIIPOBOXKIAIOIIUCCS IO JIOIICHUEM TGHHOTBI,
Ha3bIBAKOTCS 3H00mepﬂ4uqecmmu IOJs TaKux peaKuHH AH > 0,

QP <0.

TeroBoii 3pdekT peakiuu ropeHus, paCCUUTaHHBINA M0 3aKOHY
['ecca, paBeH HUBIIEH TEIUIOTE CrOpaHUs WHIAUBUIYATbHBIX TOPIOUMX
XUMHUYECKUX COCTMHEHUN U UX CMECEM.

peaxit

peaxit
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Jlis ynoOcTBa pacyeToB rOPrOYME BEIIECTBA PA3ACISIOT Ha TPH
TPYIIIBL:

— UHOUBUOYANbHbIE XUMUYECKUe Beujecmed, COCTaB KOTOPBIX
MOXET OBITh BBIPAKEH XUMH4YEeCKOM (opmynon (Hanpumep, CHa,
C2HsOH, CO, H2, CsHs);

— gewjecmea CJlONHCHO20 COCMABa, KOTOPBbIA HE MOMKET OBITh
BBIPAXXEH OIPEIACICHHON XMMHYECKON (POpMYJIOi, U3BECTHO JHIIb
OPOLICHTHOE COJIEPKAHUE PA3JIMYHBIX BJEMEHTOB U IpPUMECEH
(Hanpumep, KAaMEHHBIN yroib, TOpd, IpEeBECUHA, TU3EIbHOE TOIUIUBO,
HE(Tb, CIIOKHBIE OJIUMEPHI);

— cmecu 2a308, B KOTOPBIX M3BECTHA OOBEMHAsS JOJI KaXKIOrO
KOMIIOHEHTa (Harpumep, OOJIOTHBIN ra3, NPUPOAHBIA a3, KOKCOBBIM
ra3, pyJlHU4HbI} ra3).

PacyeTnbie ¢opmynbl IS ONpENEiCHUsS] HU3MIEH TeIJIOThI

00pa30BaHUs TOPIOYMX BEIIECTB PA3HOTO THUIIA IPUBEACHBI B TaOJIHUIIC
1.4,

Tabmnuma 1.4
Tur roprotero Pacuetnbie HOpMYIIbI Pasmep-
BEIECTBA HOCTh
WnpuBunyanbusie | Qy =3 (n;-AH;) - (n;-AH;) (1.20) [k v
BEIIECTBa i j '
BemecrtBa
CJIO’)KHOTO COCTaBa Qu =339,4C + 1257H —
(popmymna —108,9(0 — S) — 25,14 (9H + W) (1.21)] lbiicr
Menpeneena)
ZQHi(PFi kJ[x/Monb
C =& 1.22 b/
MECh I'a30B Qn 100 (1.22) o
rne AHi, AHj — cooTrBeTcTBeHHO TemioTa 00pa3oBaHMS I-TO

KOHEYHOT'O MPOAYKTAa TOPCHHS U |-IO MCXOJTHOTO BEIIECTBa; Ni, Nj —
YHCIIO MOJb I-T0 TMPOJYKTa PEaKIMH W j-TO MCXOJHOI'O BEIISCTBA B
ypaBHeHuu peakuuu ropenus; C, H, S, W — conepxanue yrinepona,
BOJIOpPO/ia, CEpbl U BJard B COCTaBe BemlecTBa, macc.%; O — cymma
MacCOBBIX JOJIEM KHCJIOpOAa M a3zora, macc. %; Qp; — HHU3MIad

TEIUIOTa CrOpaHWs I-TO TOpIOYero KOMIIOHEHTAa TIa30BOH CMecH,
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KJ[K/MOJIb; ¢, — coaepiKaHue I-ro TOPIOYEro KOMIIOHEHTA B I'a30BOM
cmecH, 00. %.

Ipumep 1.26. OnpenenuTs HU3IIYIO TEIJIOTY cropanus 1 kr
YKCYCHOM KHCJIOTBI, €CJIA TeIUIoTa ee oOpazoBanus 485,6 k/[x/Mob.

Pemenue. YpaBHeHHE XUMUYECKOU PEAKIIMU TOPEHUS YKCYCHOU
KHUCJIOTBI B KUCJIOPOJIE

CH3COOH + 20, = 2C0O; + 2H20;

ITo ypaBHenuto (1.20) Hu3mIas TeruioTa CropaHus YKCYCHOU
KHCJIOTBI

Qu=2-393,5 + 2:241,8 —1-485,6 = 785,0 x/[>x/Monb=
= 785 103 -k J[/KMOIIb

Jlns pacyeTra KOIMYeCTBA TEILIA, BRIACISIONIETOCS TP CTOPAHUN
1 xr roproyero, HEOOXOAUMO TMOJYUYCHHYIO BEIMYHHY Pa3JC/IUTh Ha
€ro MOJIIpHYIO Maccy. s ykcycHoM KucinoTel M = 64 KI/KMOJIb.

3
Qy = 785107 =122656 xJx/kr.

IIpumep 1.27. PaccuutaTh HUBIIYIO TEIUIOTY CropaHus
opranndeckoi macchl coctaBa: C — 62%, H — 8%, O — 28%, S — 2%.

Pemenne. [To popmyie JI.11. Mennencena (1.21)
Qu = 339,4-62+1257-8-108,9(28—-2)-25,14-9-8= 26457 xJI:x/Kr.

IIpumep 1.28. Onpenenutb HU3MIYIO TEIJIOTY CTOPAHUs Fa30BOU
cmecH, cocroseit n3 CHg — 40%, C4H10 — 20%, O2 — 15%, H>2S — 5%,
NHs3 — 10%, CO, — 10%.

Pemenne. [lo ypaBHenuto (1.20) nHaiinem Temaotry cropaHus
Ka)KJI0r0o TOPIOYEro KOMIIOHEHTA CMECH.

CHs + 20, =C0O, + 2H,0
Qu(CHy) = 1-393,5 + 2-241,8 — 74,9 = 802,2 xJIx/Mo01b =
= 802,2-10% x/]:x/kMo0I1b

C4H1o + 6,50, =4C0O, + 5H,0
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Qu(CsHip) =4-393,5 + 5-241,8 — 132,5 = 2650,5 xJ>x/M07b =
= 2650,5-103 kJI>x/kMoIb

H,S + 1,50, = H,0 + SO,

Qu(H2S) = 241,8 + 296,9 — 21,0 = 517,7 xJIx/Monb =
= 517,7-10° xJ]x/kMOIb

NH; + 0,750, = 1,5H,0 + 0,5N>
Qu(NH3) = 1,5-241,8— 46,2= 316,5 x/[>x/mMoab =
= 316,5-103 x/Ix/kMoIb

Temora cropanus ra3oBoi cMecH 1o ypaBHeHuo (1.12)

802240+ 26505-20+517,7 -5+ 316510
Qn = 100 102

=893,0-10° xJI/kMOJb

Jlns onpejeneHnst TemoTsl cropanus 1 M3 raszoBoil cMmecH
HEOOXOIMMO TTOJY4EHHOE 3HaYEeHHE Pa3JIeUTh Ha MOJISIPHBIA 00BeM,
KOTOPBIN JUIs JF00Oro rasa IPU CTAHIAPTHBIX YCJIOBUAX paBeH 22.4
MS/KMOJTb.

3

~ 8930-10°

= 39866,1 kx/M3.
224 Hom

OF

IMpumep 1.29. Paccuurars HU3LIYIO TEIIOTy cropanus 1 w3
CTEXMOMETPHUUECKON T€KCaHO-BO3IYIITHON CMECH.

Pemrenune. Ilo ypaBHEHHIO peakUMM TOPEHUSA OIPEICIUM
CTEXHUOMETPUUECKUIN COCTAB T'OPIOYEN CMECHU

CsH14 + 9,50, + 9.5-3,76N2> = 6CO, + 7H,0 + 9,5-3,76N,

Yucno MoiIb BCTYNUBIIMX B peaknuio KommnoHeHtoB (1 + 9,5 +
9,5-3,76) nmpunumaem 3a 100%, xommdectBo roprodero (1 Mouib)
OyZeT COOTBETCTBOBAThH €r0 J0JI€ B CTEXUOMETPUIECKON CMECH
B 1-100
1+95+95-376

or = 2.2%

TennoTy cropanmss 1 Moap rekcaHa OIpeneauM 1o GopMylie
(1.20):
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Qu =6-393,5 +7:241,8 —167,2 = 3886,4 xJI:x/MONIb =
= 3886,4-103 xJI>x/kMoIb

C yderoM TOro, 4rto 00beM | KMOJIb raza Mmpu CTaHIAPTHBIX
ycloBUAX paBeH 22,4 M3/kMoib, Teruora cropanus 1 M3 rexcana

~ 3886,4-10°

224
Tennory cropanus 1 M° CTEXHMOMETPUYECKOW T'E€KCAHO-

BO3YIIHOM cMecH omnpeaesum 1o ¢opmye (1.22)

1735-10°-2,2

- 100

Qy =173,5-10% xJIx/M°.

3

Qn = 3817 xJx/M°.

Ipumep 1.30. Onpenenuts Temnory cropanus 1 monb raza CO
npu noctosHHoM nasienuu 0,1013 MIla u Temnepatype 25°C, eciu
U3BECTHO, 4YTO TemioBoM 3¢dekt peakuuu cropanus CO npu
MOCTOSIHHOM OOBbeMe M TOH ke Temrieparype paBeH Qvco = 281,9
K JK/MOJIb.

Pemenne. 3anuiem ypaBHeHus peakiuu cropanus CO:
CO@r) + 0,502 = COxp

[Ipy NOCTOSHHOM JABJICHUM TEIJIOTa CrOPaHUS TOPIOYEro
BemectBa Qp paBHa TerioBoMy 3hdexty peakunu AHpea TOpEHUS.
[Ipu mnoctosHHOM 00BeMe TerioTra cropanus Qu paBHa
U3MEHEHUIO0 BHYTpeHHeH sHeprun AU,
s Haxoxkaenuss Qp BOCMOJNIB3yeMCSl YpaBHEHUEM COCTOSHUS
VTSl MACaJIbHOTO Ta3a B BUJIC
P-AV=An-RT,

rne R = 8,314 JIx/(monb'K) — yHUBepcalibHas ra3oBasi OCTOSHHAS;
An — U3MEHEHHWE YUCIia MOJIb Ta30B MIPU MPOTEKAHUW PEAKIINH.
C yueToM ypaBHEHHUs cocTosiHus, a Takke (1.14) u (1.15):

Qp = Qv—An-RT
N3menenue yncia Modib B peakiiuu ropeaus CO cocTaBIsier:

An=ngy, —(ngo +1p,) =1-(1+0,5) =-05 Mo
Torna: Qr=281,9-(-0,5)-8,314:298-1073 = 283,1 k/I/MoIb
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Tertora cropanuga 1 momep CO mpu TMOCTOSIHHOM JaBJICHUU
COCTaBJISIET:

Qp _ 2831 g, Kl

MOJIb

Qp(coy =
Hco

Ipumep 1.31. Onpenenuts HU3LIYIO TEIJIOTY cropanust 1 Kr
strsioBoro cnupra CoHsOH ) ipy cTaHIapTHBIX YCHOBUSX.

Pemienue. 3amuineM ypaBHEHHUE TEPMOXMMHUYECKOM pPEAKLIHUH
CrOpaHus HTUIIOBOTO CIIUPTA:

C2HsOHx) + 302y = 2COx(ry + 3H20) + Qp

DHTanbIus 00pa30BaHMsl BEIIECTB, YIACTBYIOIIUX B PEAKIINH
AH ¢ h.onm = —234,8 kJlx/Monb
AHco, (r) = =3935k lx/mMonb; AHy oy = 2418k lk/Mob.
B cootBerctBue ¢ (1.18):

AH.....=2-(~393,5) + 3-(—241,8) — 1-(-234,8) — 3-0 = —1277,6 ]Ik

peaxig

Peaknust ropenus 1 MoJib 3THIIOBOTO CIUPTa SK30TEpMUUECKas,
UJeT ¢ BeiaeaeHueM 1277,6 xJI>k TEIIOTHI.

C yueroM (1.16) terota cropanus stusioBoro cnupra Qp = 1277,6
kJ>k/MONb.

Tennota cropanus | Kr 3THIOBOrO CrivpTa

Qr  _ 1277'?3 _ 27774 FV _ 278 Mk
Mec,Hon  46-10 KT KT

Qc,H:0H =

rae Mc n.on — MonspHast Macca STHIIOBOTO CIIUPTA, KI/KMOJIb.
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3aganue 2

Onpeaenuth HUBIIYIO TEIJIOTY CrOpaHWsl BEIIECTBA IpHU
CTaHJAPTHBIX YCIOBHSX. 11 MHIMBUAYaJbHBIX BEUIECTB CPABHUTH
MOJIYYEHHBIE PE3yJIbTAThl C TAOJIUYHBIMU TAHHBIMU (MIPUIIOKEHUE).
JlaHHBIE JIJIs1 pEUICHUS 3a/1a4U B3SITh U3 TaOIUIHI 1.5.

Cuutath, 4TO TIpoAyKTamMu cropanus sBISOTCI COory, H2O(),
N2y, SO2).

Tabnuna 1.5
Ne | T'oprouee BemecTBoO Cocras
1 | Metunossiif ciupt (k) | CH30H
2 | AuunuH (k) CsH7N
3 | Cmech ra3os CO -459%: N, — 15 %; C4H10— 10 %:; O, — 30 %
4 | HutpobGeHnzon (k) CsHsNO2
5 | CinoxHOE BELIECTBO C-65%0-20%:H-5%;S-10%
6 | DtuaeH (T) CoH4
7 | Cmech ra3oB CO—-40%: N2 —10 %:; CoHs —25%:; O, — 25 %
8 | CioxHOE BELIECTBO C—-90%:; H—-3%:; N—-5%: O-2%
9 | Cmech rasos CH4 — 15 %:; CoHg — 70%:; O, — 10 %:; H, — 5%
10 | CrnoxxHOE BeIecTBO C-5%:0-10% N—-15%:H-5%:;S-15%
11 | Tonyomn (r) C-7Hs
12 | Cmech razos CsH10 — 45%: C4Hg — 20%:; CO, — 35%
13 | Benzon () CsHs
14 | Cmecn razos H,S — 35 %: CO, — 15%:; Hy, — 35%; O, — 15%
15 | CnoxHoe BemiecTBo C-82%; H-8%;S—-10%
16 | Tomyon (k) C-7Hs
17 | Auetuiies (1) CoH:
18 | Cmecn raszos CH4 — 30 %; O, — 8%:; No — 15%:; Hy — 47%
19 | benson (k) CeHe
20 | CimoxHO€ BEIIECTBO C-65%;H-8%;S—12%; O, —8%; N2 — 7%
21 | Vkcycnas kuciorta (k) | CoH402
22 | IlenTaH (1) CsHio
23 | Mypasunas kucinota | CH20;
24 | ByTunoBblid CIAPT C4H100
25 | Aueranbaerun () C,H4,O
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2. XUMMNYECKHUE OCHOBBI IPOLUECCOB I'OPEHUSA

2.1. Knaccudukanusi XuMHYEeCKHX peaKkIuii

Xumuueckumu  npoyeccamu  (peakuusIMH)  HA3BIBAIOTCS
TPOIECCh, B PE3YyNbTaTe KOTOPBIX OOpPa3yrOTCs HOBHIC BEIIECTBA,
OTJIMYAOIINECS 110 CBOUM (PU3UIECKIM U XUMUYECKUM CBOWCTBAM OT
MCXOMHBIX BemlecTB. [IpoTekanrne XMMHUECKON pEaKInd MOKET OBIThH
OIMCaHO CTEXMOMETPpUUIECKUM ypaBHeHreM Tuna (1.3).

HeoOpatumple XWMHYECKHE PEAKIMU B 3aBUCHUMOCTH  OT
KOJIMYECTBA  aTOMOB W MOJIGKYJI ~ HWCXOJHOTO  BEIIECTBA
KJIACCU(DUITUPYIOTCS Ha:

— MOHOMOJEeKYIsApHble peakyuu (PEaKIMH TIEPBOTO TOPSIKA), B
KOTOPBIX pearupyeT OAWH POJ| MOJICKYJ, JaBas IMPU 3TOM OJHY WM
HECKOJIbKO HOBBIX MOJICKYJI, HAIIPUMED

N2Os — NO2 + NO + O (2.1)

— Oumonexynapuvie peakyuu (peakudd BTOPOrO MOpPsAJLIKA), B
KOTOPBIX PEArupyroT IABE OJAHOPOAHBIE WJIM PA3JIUYHBIE MOJIEKYJIBI,
JaBasi OJIHY WJIM HECKOJIbKO HOBBIX MOJIEKYJI, HAIIPUMED

2N02 —> N204 (2.2)

— mpumoiekyisapHole peakyuu (PeaKkIuu TPEThEro Mopsaka), B
KOTOPBIX PEarupyroT TPU OJHOPOJHBIE WM PA3TUYHBIE MOJEKYJIbI,
JaBasi OJTHY WJIM HECKOJIBKO HOBBIX MOJIEKYJI, HAIPUMEP

2NO + Cl, = 2NOCI (2.3)

Peaknyro, nmpoTekarlyo B OJHO JACHCTBUE, HA3BIBAIOT NPOCMOU
(anmeMeHTapHOM). Hanpumep, peakiius cropaHus BOJI0OpOia:

2H, + O2 > 2H20 (2.4)

Peaknuro, mpoTekaroiiyr0 B JBe W 0Oojee CTaaui, Ha3bIBAIOT
croocHou. Harmpumep, cropanue yriiepoja OObIYHO MPOUCXOIUT B
JIBE€ CTaJUU:

Icraguga 2C + O — 2CO

Il craquss 2CO+ O2 —» 2CO2 (2.5)
T'omozcennbie peakiiuu MPOTEKAIOT B 0THO(A3HOM crcTeMe:
3Ha(r) + Na(r) = 2NH3(1)
Takue peaknuu HIYyT BO BCEM OOBEME CHCTEMBI, HAIPUMED,
PCaKIINU B Ta30BBIX CMECSAX MIIH PACTBOPAX.
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PCaKI_II/II/I, IMPOTCKAOIIMEC B CUCTEMAX, COCTOAIIMNX H3 JIBYX WU
OOJIBIIIEr0 YMciIa cba3, Ha3bIBAXOTCA cemepo2eHHbIMU.

C(x) + O2(r) = CO2(T)

['ereporenHbple peakiuu HIAYyT Ha rpaHulle paszgena ¢as, Tae
YaCTUIIbl PEArupyroluX BEIIECTB MOTYT CONpPHUKAcaThCs JAPYyr C
JIPYrOM.

2.2. 3aK0H 1eHCTBYKOLIAX MACC

3aKOH JCHUCTBYIOIIMX MAaCC YCTAHABJIMBAET KOJIMYECTBEHHYIO
CBSA3b MEXIY CKOPOCTBIO pEaKUUU U MU3MEHEHHEM KOJIMYECTB
BEIIECTB. CKOPOCTh IPSIMOW OJHOCTAAUMHOW XUMHYECKOW pPEaKIUU
MPONOPIMOHAIbHA TIPOU3BEJICHUIO KOHIIEHTPALUM PEarupyrommx
BEIIIECTB B CTEIEHSIX, PABHBIX CTEXHOMETPUUECKUM KO3 PuiimeHTam
1epe] STUMHU BEIIECTBAMY B YPABHEHUHU PEAKIINH.

Jlis omHOcTamuitnor peaknuu a4 + bB = ¢C + dD mo 3akony
IEHCTBYIOLIUX MAcC

U = kC4Ch (2.6)

5 — 1. d
U _kCCCD (2'7)
ypaBHeHI/Ie TaKOoIro BHU/1a Ha3bIBACTCiA KUuHemuudeckKum
VYpaBHeHUeM.

«—

3nece U u U - CKOPOCTH TIpsIMOMl M OOpaTHOM peakiuu
COOTBETCTBEHHO;

Ca, Cg, Cc, Cp — KOHIIEHTpallMM COOTBETCTBYIOIIUX XUMHUUYECKUX
BEIIIECTB B PEAKIIUU;

a, b, ¢, d — crexuomerpruueckne Ko3((OUIMESHTH B ypaBHCHUHU
peaKInu;

k u k — xodpPUIHEHTH IPONOPLUOHATILHOCTH, 3aBUCAIIUE OT
TEMIEPATYpPbl W XHUMHUYECKOW NPUPOABI PEArUPYIOLIMX BEIIECTB,
HA3bIBAIOTCSI KOHCTAaHTaMU CKOPOCTH TPSIMOM M OOpaTHOM peakiui
COOTBETCTBEHHO.

J{71s yCIIOBUM XUMHUYECKOTO PABHOBECHS:

D=0
kC4Ch = kCeCy
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_k cC CD

K

2.8)

rae K. — KOHCTaHTa paBHOBECHS, BRIPA)KEHHAs Yepe3 KOHIICHTPALIUHY.
VYpauenus (2.6)—(2.8) npeacrapisior coOol MaTeMaTHYECKOE
BBIPAYKCHHE 3aKOHA JECHCTBYIOIINX Macc.

IIpu mocTOsSIHHOM TemmepaType NapluaibHbIE JTaBJICHUS Ta30B B
CMECH MPONOPIUOHAIBHBI WX KOHIEHTPAIUAM, MMOATOMY KOHCTaHTY
paBHOBECHUS MOXXHO BBIPa3WTh 4Yepe3 MapiuajibHbIC JaBJICHUS
razo00pa3HbIX BEIIECTB:

Kp = ?‘? 2.9)
A"*B
rae Pa, Ps, Pc, Po — mapuuanbHbie maBieHHs COOTBETCTBYIOIIUX
ra3oB B CMECH.

N3 ypaBHEHHS COCTOSHUS JUIS KaXKI0ro i-ro KOMIIOHEHTA Ta30BOM

CMECH.

n.
p =i RT =C.RT
=7 RT (2.10)

rae Ci — MoJsipHasi KOHIICHTpAIKs I1-T0 KOMIIOHEHTA ra30BOM CMECH,
MoIb/M®; Pi — mapuuanabHOE JAaBjeHHE i-T0 KOMIIOHEHTa cMecH, 11a; V
— obumit o006BbeM Tra3oBOil cMmecu, M3, Ni — YUCIO MOJIb
paccMaTpuBaeMoro i-ro KOMIIOHEHTa B 00ITIIeM 00beMe Tra30BOM cMecH
V; R — yHuBepcalibHas ra3oBas MOCTOSHHAsA, JJIS WaealbHBIX ra3oB R

= 8314 JIxx/(xmounb-K).

CBs3b MCXKAY KOHCTaAaHTAaMH PaBHOBCCHUS MOKHO 3aIIMCATb B BUIC
An
Ko =Kp(RT) (2.11)

rae An = (¢ + d) — (a + b) — u3MeHeHue YncIa MOJIb Ta30B B PEAKITHL.

2.3. 3aBMCHMMOCTBH CKOPOCTH PEAKIIMH OT TEMIIEPATYPbI

KOHCTaHTI)I CKOpOCTH H, COOTBCTCTBCHHO, CKOpOCTI/I BCECX
BHeMeHTapHBIX nu 6OJII>HH/IHCTBa CJIOXKHBIX, MHOFOCTaHHﬁHBIX peaKIII/Iﬁ
OBICTPO YBEJIUYUBAIOTCS C POCTOM TEMIEPATypbl. TOYHBIA BUJL
TEMIIEPAaTYPHOM 3aBUCHMMOCTH JIa€T ypaBHEHHE AppeHuyca:

_Eq
k=Ae RT (2.12)

rie K — koHCTaHTa CKOPOCTH XUMHUYECKON PEaKIIvH;
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A — TPEeIdKCHOHEHIMAIbHBII MHOXUTENb, KOTOPBIA 3aBUCUT OT
YacTOTHI CTONKHOBEHUI MOJIEKYN IPH JaHHOM Temmeparype (~ 10%2
+10% ¢y,

¢ — OCHOBaHHE HaTypaJIbHOTO Jiorapudma (e = 2,718);

R =28,31 Ix/mons K — yHuBepcanbHas ra3oBasi IOCTOSIHHAS;

T — remnieparypa, K;

E, — sHeprus akTuBalUM.

@u3nyeckui CMBICT YpaBHEHHs AppEeHHyca COCTOUT B
ciaenyromeM. XUMHUYECKOE B3aUMOJICUCTBUE NIPOTEKAET HE NP
BCSIKOM CTOJIKHOBEHHHM PEarupyrollux YacTull, a JIMIIb [pH
CTOJIKHOBEHHM TE€X U3 HHUX, KOTOpble 00JagaloT HEKOTOpPOH
M30BITOYHOW HHEpruerl E, MO CpaBHEHUIO CO CpPEAHEN sHepruei
mosiekyn RT mnpu paHHoM TemmepaType, HEOOXOAUMON s
NEPECTPOUKM XHMHUYECKHUX CBs3eil. Takume YacTUIlbl Ha3bIBAIOTCS
AKTUBHBIMH, a TPYNIUPOBKA AaKTHUBHBIX YaCTHUI, HAXOMSIIUXCA B
npolecce MEePecCTPONKH XUMHUYECKUX CBSI3€l, — aKTUBUPOBAHHBIM
KoMIuieKcoM. CyllecTBYIOT peakuuu, s KoTopbix E, ~ 0. Takue
peakuyy UAYT OYEHb OBICTPO U HA3bIBAIOTCS LENHbIMU peakuusmu. K
TaKUM PEAKLMs OTHOCAT PEAKLMU TOPEHUS U B3pbIBA.

Ipumep 2.1. B 3akpeitoM cocynae BMecTHMOCTBIO 0,172 M3

Haxoautcs 8 moib anerwieHa (CoHz) m 3 monp kucioponma. IMocre
npeKpalieHrs ropenusi oduiee aaieHue B cucreme cocrasmwio 0,15
MIIa. Beraucinuth napuyaibHble JIaBJICHUSI Ta30B B 00pa3oBaBIIeiics
CMECH.

Pemenue. 3anuiieM ypaBHEHUE PEAKIMU TOPEHUS allETUIIEHA C
yKazaHueM (pa30BOr0 COCTOSHUS KaXKJIOTO BEIIECTBA B BUJIC!

CaHomy + 2502@) = 2C0Ox) + H20(

CuwnTaeM, 4YTO J0 HayYajla PeaklUui B CUCTEME HAXOIHIIUCh TOJIBKO
8 MOJIb allETUJIEHA U 3 MOJIb KUCTIOPO/IA.
CocTaBuM NpONOPIHUIO:

g moutb O — 1 mose CoHo

3 moi6 O — x mois CoHo

CnenoBarelbHO, €CM B peakiuu wuspacxoayercs 3 moib O,
KOJIMYECTBO CIOPEBIIETO alleTUIEHA COCTABUT:
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3-2
5
[Tocie OkOHYAaHWS PpeakUMM B Ta30BOM CMECHU AlCTHUIICH
OCTAHETCS B KOJIMUECTBE
nc,H,= 8- 1,2 = 6,8 Mo,
AHJIOTMYHO pacCy»KJ1as HaAIEeM, 4TO TTOCJIE MPOTEKAHUS PEAKIIUH B
ra3oBOM cMecu OyIyT MPUCYTCTBOBATH

7’1(:2H2 = =112 MOJIb

4
JIMOKCHJL YTJIepoia B KonmmiecTse Mo, = 3- v = 2,4 MoJIb

BOJISIHOM T1ap B KoJ4uecTBe 11,0 =3- g =1,2 MOJIb.
KonnyecTBeHHBIN COCTaB Ta30BOM CMECH:

> n=68+24+12=10,4 moJb.

KonuenTtpauus i-ro BemecTsa Ci :

rae Nj — KOJIMYECTBO 1-r0 BEIEeCTBa, MOJIb, V — 00BEM Ia30BOI CMeECH,

M3,

6,8 2,4
Ce,H, :ﬁ=39,5 monb/M®; Cop, = 0172 —— =139 monp/m3
12
Ch,0= 012 =6,98 Monb/M°

1o 3akony JlaneTOHA HapIII/IaJIBHbIe JaBJICHUS Ia30B B CMECH

Zn
[TapunanpHble MABJICHWST KOMIIOHEHTOB Ta30BOM CMECH IOCIE
MPEKPALIECHUS POLECCA TOPEHUSA:

6 68 2.4

=98000 Ila; Py, =0,15-10° 104 = 34600 Ta

P, =015-10

06£
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3aganue 3

B pesympraTre peakuumn
coennHEeHUsT B cocyae ooremom V = 0,4 m

ropeHus Nr

MOJIb

MPOAYKTHI cropanusi ¢ o0mum aasiaenueM P = 0,12 MIIa.
3anuinMTe ypaBHEHHE XUMUUECKON PEaKIMU; PaCCUUTAUTE MOJISIPHbBIE
KOHIIEHTpallui KOMHOHEHTOB Ci CMECH MOCJie MPEKPaIllCHUs TOPEHUs U
napIMagbHbIC TaBICHHS Ta30B B 00pa30BaBIIICICS CMECH.

JlaHHBIC IJI pemIeHUs 3a/1a49u B3SATh U3 Ta0auIel 2.1.*

YTJIEBOJIOPOTHOTO
oOpa3yroTcsi Ta3000pa3HbIe

Tabmumna 2.1
KoauuectBo | KoauuectBo
No HcxoaHoe roprouee XuMu4eckas rOPIOYETo KHCITOpOJIa
BEIIIECTBO B ra30Boi (haze dbopmyna Ny, MOJIB 1, » MOITh
1 | Auetunen CoH» 3 4
2 1,3-byraauen CsHs 6 4
3 H—ByTaH C4H10 3 5
4 | 1-byren C4Hsg 4 4
5 |T'enrtan C7His 5 4
6 lleKaH C10H22 7 5
7 | luBuHUIIOBBIN dDup C4HsO 4 5
8 | U3o0yran C4sHio 8 4
9 | U300yTunen C4Hsg 9 8
10 | Mertan CHq4 12 8
11 | n—MeTnnanernieH CsHy 10 8
12 | Oxcun >THiIeHA C,H,O 9 8
13 | IlenTaun C5H12 5 5
14 | Ilponan CsHg 7 3)
15 | IIponunen CsHg 10 8
16 | CepoBomopon HaS 3 3
17 | Aueron C3HgO 4 3
18 | ®opmanbpueru CH>O 5 4
19 OrtaH CzHe 7 4
20 | Dtunen CoHy 4 5
21 | YkcycHas KHClIoTa CoH40: 8 5
22 | MeTrimKIoNneHTadH CsH1 9 8
23 | 2-MetunneHTaH CeH14 12 8
24 | n—OkTaH CgHis 10 8
25 | HHukmnoreHTan CsHio 9 8

*CuunraTh, 4To MpoayKTamMu cropanus sBisitotcs CO2(T), HoO(k), SOa(T).
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2.4. MaTepuajibHblii 6aJIaHC MPOIECCOB TOPEHUs

CyIIEeCTBYIOT HECKOJBKO THIIOB 3aJJaHUd Ha COCTABJICHUE
MaTepHUaJIbHOIO OajaHca MPOLECCOB TOPEHUS.

PaccmoTpuM  MeTOAMKY  pacuera KOJMYECTBA  BO3yXa,
HEO0OXOAMMOTO JJIA MOJHOTO CTOPAHUsS YKa3aHHOTO BEIIECTBA Maccoi
mr, xr (06bemom Vr, M%) Ha OTKPBITOM IIPOCTPAHCTBE M B 3aKPHITOM
NOMENIEHUU TIPU KO3 PuimenTe n30bITKa BO3/1yXa, PABHOM OB.

Kak npaBuio, B Takux 3ajgadax TpeOyeTcsi ONpeaeianTh, XBaTUT
JU BO3/lyXa B TOMEIIEHWH, CBOOOJHBIH 00BEM KOTOPOTro Vs, IS
MOJIHOTO CTOpaHUs JAHHOT'O KOJIMYECTBA TOPIOYEro BEIIECTBA.

[Ipu pacuerax HEOOXOAUMOrO KOJMYECTBA BO3/1yXa AJII TOPEHUS
B 3aKpPBITBIX MOMENIEHUAX CUMTAIOT, YTO MOMEUICHUE Te€PMETHYHO, a
caMoO3aTyxaHue Mo)Kapa HACTyMaeT MPU CHUXKEHUU KOHILICHTPALUU
kuciopoaa a0 14 %.

24.1. Pacyer KkoJMuYecTBa BO31yXa, He00XOAMMOI0 JIJIA
ropeHusi BellecTn

Metoauka pacueroB. [Ipu onpeneneHun KojinyecTBa BO3IyXa,
HEOOXOAUMOTO JUIsl TOPEHHUSI BEUIECTB, OOBIYHO CYUTAIOT, YTO
IPOTEKAIOT TOJBKO IMPOIECCHl MOJHOTO TopeHus. Pacyer pacxona
BO3]lyXa Ha TOPEHUE MTPOBOJAUTCS HA OCHOBAHUU:

e 4UCIa MOIb Np, KHUCIOPOAA B PEAKLUUU IOJHOTO T'OPCHHUS

TOPIOYEro BEIIECTBA, SIBJIAIOMIETOCS WHIWBUIYAJIbHBIM XUMUYECKUM
COCIIMHEHUEM;
® yKuClia MOJIb N, KHCIOPOJA, a TaKKe 00OBEMHBIX JOJIEH

rOpIOYMX KOMIIOHEHTOB Ta30BOM CMECHM B PEaKIUIX HX MOJIHOTO
TOPEHUS;

e MAaCCOBBIX J0JIel aToMOB xuMHudeckux 3emeHToB (C, H, O, S)
B COCTaBE CJIOKHOT'O F'OPIOYETO BEIIECTBA C HEM3BECTHON XUMUYECKOM
dbopmyon.

Kak mpaBuiio, OKMCIUTENEM B MPOIECCaX TOPEHHUS Ha Mmokapax
SABJIACTCA KHUCJIOPOJ BO3/lyXa, MOATOMY ISl PEIICHUS HEKOTOPBIX
MPaKTHISCKUX 3a7a9 MPOTHUBOIIOKAPHOM 3alTUTHl HEOOXOAUMO 3HAThH
KOJIMYECTBO BO3[yXa, TpeOyemoe ISl TOJHOTO CrOpaHHS €IUHUIIBI
KOJIMYECTBA Pa3JIMYHBIX BEILIECTB WJIM MaTEPHAJIOB.

3HaYeHUs 3TOW BEIMYUHBI HY)KHBI, HAIIPUMED, JJII TOTO, YTOOBI
ONpeIeNITh, KaKO€ KOJWYECTBO TOTO WM HMHOIO BEIIECTBA MOXKET
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BBITOPETh JI0 CAMOMPOU3BOJIBHOTO TIOTYXaHHUS B 3aMKHYTOM
MOMEIICHUH, COICPIKaIleM 3aJaHHbIN 00hEM BO3IyXa.

O0BeM BO37yXa, HEOOXOAUMBIA JJIi TIOJHOTO CropaHus
CAMHUIIBI MacChl WM €IWHHUIBI O0beMa TOpIoYero BeIeCTBa,
HA3bIBACTCS mMeopemuiecku HeobXooumMviM obvemom Vg 6030yxa,
pacxooyemulM Ha 2opeHue. JIns TBEpABIX TOPIOYMX BEIIECTB 3Ta
BEJMYMHA M3MeEpAeTCs B MY/KT, I Ta30BBIX CMeCel MIIM TapoB
TOPIOYMX KUIKOCTEN — B MY/M°,

B pacderax Tak e HWCMOJB3YyeTCs TaKOW MapaMmeTp, Kak
meopemuyecku Heobxo00UMoe KoIUuuecmao 8030yxa Vy , pacxoo0yemozco
Ha eopeHue 1 Kkmonb eoproueco eewecmea. EpuHuna maMepeHus:
KMOJIb/KMOJIb.

0o
Jlnst ra3000pasHbIX BEIIECTB BENWYMHA Vp HE 3aBUCHT OT
TEMIIEpaTypbl OKpYXalolllel cpenbl W aTMOC(EpHOro J1aBJiCHUSI.

[ToaTOoMy, 012 npoyecca 2opeHus 2a3000pa3HbIX eujecms 8 3a0AHHbIX
YC08UsX, OTIUYHBIX OT HOPMAJIbHBIX, TEOPETHUYECKH HEOOXOIUMOE

4] 0
KOJIMYECTBO Bo3ayxa Vg = Vg,

[Ipy ropeHWW TBEPABIX W KHUIKHX TOPIOYHMX BEIICCTB 3TH
YCIIOBUSI HEOOXOIWMO YYUTHIBATh, TaK KaK BXOJAIINA B PacueTHYIO
Gopmyny MomSpHbBI 00beM paBeH 22,4 M/KMOIb TONBKO IS
HOPMAaJIBHBIX YCIIOBUH.

Jis  9TOrOo  TPOUBBOAUTCS  TEpepacueT  TEOPETUUYECKU
HEoOXoauMOro o0beMa Vj° BO3ayxa, pacxoJyeMoOro Ha TOpEHUE B

3aJJaHHBIX YCIIOBUSIX, IO YpaBHEHUIO MenaeneeBa-Knanenpona:

PO'VBO _PaTM 'V]éo
TR (2.13)

aT™

rae P, = 101325 I1a; 7, = 273,15 K.
O0bem V5° B 3aITaHHBIX YCIAOBHSIX

o PaVS Tin
g TO'PaIM

(2.14)

O0beM BO3Iyxa, PacXoyeMoro Ha TOpEeHHE, 3aBHUCUT OT psjia
(bakTOpOB.

Xumuueckuu cocmag copruezo eewecmsa. Ecnm B cocTaB
TrOpIOYEro BEIIECTBA BXOJUT KHUCIOPOJ, TO B IPOIIECCE TOPEHUS OH
caM SBJISICTCS OKHMCIIMTEIEM JUISI DTOrO JK€ BEIIECTBA, CHHMKAA TEM
CaMbIM pacxo/ Bo3ayxa Ha ropeHue. CienoBaTeibHO, pacxo]l BO3ayxa
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Ha TOPEHUE KUCIOPOACOJEPKAIIMX BEUIECTB (Yalle BCEro peyb HIET
00 OpraHMYecKUX BEIIECTBAX) HMXKE IO CPABHEHHUIO C TOPECHUEM
OECKHCIIOPOJIHBIX TOPIOYMX BEIIECTB M MarepuasioB. Yem Oosblie
MaccoBasi J0Ji1 KUCIOPOJa B COCTABE T'OPIOYET0, TEM HUXKE pacxoj
BO3/lyXa Ha ero rOpEHUeE. [Hoxxapnas OIMACHOCTh
KHCJIOPOJICOAEPKAIINX BEIIECTB U MAaTEPUAIOB COCTOUT B TOM, YTO B
pslle CIy4aeB HEKOTOpbIE M3 HHMX (KJaccUyecKuil mpumep — Topd)
CIIOCOOHBI K CaMOCTOSITEJIbHOMY TOPEHHUIO B YCIOBUSX HEIOCTaTKa
WIM BOOONIE OTCYTCTBHS KHUCJIOpPOJa BO3/lyXa, TaK Kak B JIaHHOM
CJIy4ae OKUCIIUTEIb COAEPIKUTCS B COCTABE FTOPIOYETO.

Temnepamypa 6030yxa u ammocgeproe oasrenue. O0beM
a000ro  raza  M3MEHSIETCS  NPONOPLMOHAIBHO  M3MEHEHMIO
TeMIiepaTypbl U OOPaTHO MPOMOPIIMOHAIBHO — U3MEHEHHUIO JTaBJICHUS.
PaznuuaroT HOpMabHbIC U CTAaHAAPTHBIC YCIIOBUS:

Hopmanvtvle ycaosusi — nasienue 101325 Ila umu 760 mMm pr.
cT., Temmeparypa 273 K umu 0°C;

cmandapmuwie ycnosus — nasiaenue 101325 Ila uau 760 mMm pT.
CcT., Temreparypa 298 K nmm 25°C.

Peowcum copenus. B peanbHbIX yCIOBHUSIX KOJMYECTBO BO3/AyXa,
MNOCTYMAIOUIEr0O B 30HY TOPEHUS MO 3aKOHaM KOHBEKIMH W
TypOysneHTHOU A Py3un, MOKET CUIILHO OTJIMYATHCS B TY WKW UHYIO
CTOPOHY OT TEOPETUUYECKH PACCUMTAHHOTO mokasarend. [Ipu HexBaTke
BO3/lyXa MpeoOJaJalolMMU  CTAHOBSTCS IMPOIECCHl  HEMOJIHOTO
TOpPEHUsI, a pacxo/ BO3yXa Ha ropeHue cHuxkaercs. [Ipu n3opTrounoMm
NOCTYIUICHUM BO3JlyXa B 30HY TOpPEHHMS HEKOTOpas €ro 4acThb,
Ha3bIBaeMas U30bLIMKOM 6030YXd, OCTAETCS HEU3PacXOJOBaHHOU U
nepeMeNIuBaeTcsl ¢ MpoAyKTaMu ropeHus. B sTom ciydae pacxon
BO3]lyXa BBIIIE TEOPETUUECKU HEOOXOAUMOTO.

JI1s pakTUYeCKUX pacueToB MPUHUMAIOT, YTO MO 00bEMY
BO3QyX COCTOMT U3 79% azora u 21% kucmopona. Takum oOGpazom,
00bEMHOE COOTHOIIICHHE a30Ta U KUCIOPO/ia B BO3yXe COCTABUT:

On, 79

= =376 2.15
00, 21 (2.15)

rae ¢n,,Po, — COOTBETCTBEHHO 00BEMHOE (Y0 00.) comepkaHue a30Ta

Y KUCJIOPOJA B OKACIUTEIBLHOU CpETIE.
CnenoBarensHo, Ha 1 M® (KMOIb) KHCIOpOZa B BO3IyXe
npuxoauTes 3,76 M° (KMOJIb) a30Ta.
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MaccoBoe coxaepKaHHME a30Ta M KHCIOpOJa B  BO3AyXe
coctaBiter 76,7% wu  23,3%  cooTBETCTBEHHO. MaccoBoe
COOTHOIIICHHE a30Ta U KHCIIOpOJa B BO3AyXe:

on, My, 79-28

= =3,29 _
(P02 . M02 21-32 (2 16)

rae My,, Mo, — MosipHBIE Macchl a30Ta U KHCIOPOJa.

TeopeTnueckoe KOJIMYECTBO U3PACXOIOBAHHOW OKHUCIUTEIBLHON
cpeabl OmpenensieTcs W3 YpaBHEHUST MaTepuajbHOro OaaHca
npouecca ropeHus. Eciau ropeHne mnpoTekaer 3a CYeT KHUCIOpOoaa
BO3/lyXa, YPaBHEHUE MaTE€pUAIbLHOIO OanaHca MPUHUMAET BUL:

np [ o, [05]+ ny, .[Nz]ﬁéni [} 437610, -[N,] +Q (2.17)

rIe N — YUCII0 MOJIb TOPIOYETO BEIECTBA;
[/]— xumudeckast popmyrsia roprodero BeiecTsa;
Ng,— 9UCII0 MOJIb KUCJIOPOJIA;

ny, =3,76 -1y, — YUCIO MOJIb A30Ta;

[Z11]i — xumudeckas popmyiia i-ro BemecTBa, 00pa3oBaBIIETOCS
B pe3yJIbTaTe TOPEHHUS;

Q — remoBoi A3(PPeKT peakiuu ropeHusl.

O0beM BO3/1yXa, pacXoyeMOro Ha TOpeHue:

VB :V02 +VN2 :V02 +3,76‘V02 :4,76‘VO2 (2.18)

KonmdecTBo pacxomayeMoro Bo3ryxa:
ng =ng, +ny, =ng, +3,76-n5, =4,76-n¢, (2.19)

P ACCMOTPHUM NPOHCCChbI T'OPCHUA KaXXKAO0T0 M3 NCPCUHNCICHHBIX
THUIIOB I'OPHOYUX BCUICCTB.

2.4.2. TopeHre HHAMBUIYAJIbHBIX XUMUYECKUX COeTMHEHM I

s eaz006pa3nvix MHAUBUIYATbHBIX XUMAYECKUX COCTUHECHUM
TCOPETHYECKHI 00beM BO3ayxa Vg, pPacXoAyeMblii Ha TOpEHHE,
PaCCUUTHIBAETCS TT0 YPABHEHUIO

n
V9 =4,76-—22 (2.20)
nr
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IIpu cropanuu 3adanHo2o ob6vema Vy ra3000pa3HOro BEIIECTBA
pacxoyeMblii 00beM Bo3ayXxa (M°)

V=V -V, (2.21)

Ecmn uvHIMBUIyaTbHOE XUMHYECKOE COCAWHEHUE SBJISIECTCS
meepobiM 8eWeCmeoM UM HCUOKOCMbIO, Vg PACCUUTHIBAETCS 10
YPAaBHEHUIO

ng. -V
Vo =476.—2 M

nr-Mr
riae My — MoJisipHasi Macca roprO4ero BeMiecTBa, KI/KMOJIb;

(2.22)

VM — MOJISIpHBIA 00BEM, paBHBIM MTPU HOPMAJIBHBIX YCIOBUSX 22,4

M3/KMOJIb.
O6beM wu3pacxogoBanHoro Bosayxa Ve (M°) mpu cropanum
ONpeoesieHHOU MACCbl M UHOUBUOYATbHO20 XUMUYECKO2O0 COCOUHEHUS.

2.4.3. T'opeHue CJIOKHBIX XUMUYECKUX COeTMHEHNH

B nmaHHOM cilydae cocTaB TOPIOYETO BBIPA3UTh OMNPEIEIICHHOU
XUMHUYECKOW (PopMmysioil He mpencTaBiseTcss Bo3MOXKHBIM. K aToi
IPYIIE OTHOCATCS TAaKUE TOPIOYHE MaTepuaibl, KaK JPEBECHHA,
Oymara, Top®d, HeDTh U IPOIYKTHI €€ MepepadOTKU, HEKOTOPHIE BUIbI
KaydyKoB W miactMacc ¥ ap. OJHaKo ONpenesiuTh Pacxoi BO3AyXa
OpU TOPEHUM TAKUX MAaTEpUaIOB MOXHO, €CJIM PAacCUUTaTh 00bEM
BO3J/lyXa, PACXOJyEMbI Ha CTOpaHUE KaxHcO020 20prouezo dneMeHma,
BXOJSIIETO B COCTAB IAHHOTO MaTepuaa.

Cocran TOPIOYMX MaTepUaIOB ONpeNeIIsSIETCS
HKCHEPUMEHTAIBHBIM  MyTEM 1O  HW3BECTHBIM  JIa0OPATOPHBIM
METOAMKAM M BBIPAXKAETCA, KaK MpPaBWJIO, MAacCCOBBIMH JOJISIMU
BXOJSIIIAX B UX COCTaB OT/IEJIbHBIX XUMUYECKUX AJIEMEHTOB. B cocTaB
HanboJiee PacIpOCTPAHEHHBIX TOPIOYUX MAaTEPHAIOB MOTYT BXOJUTh
takue anmemeHTol, kKak C, H, O, S, N. Kpome Toro, HeoO6Xxoaumo
yuuThIBaTh  Hamuuwe Biard (W), 3076 WM HErOpIHOYero
HeopraHuyeckoro octatka (A). Hanpumep, coctaB BeniecTna:
C=50%; H=5%;S=5%; O=10%; N=10%; W=10%; A=10%
O3HAYAET, 4TO B | KI JAaHHOTO MaTepuaia COAEPKUTCS

e = 1000:50% _ o0
100%
my = 50 r, Ms= 50 I, Mo =MN=Mw = Msopa = 100 r.
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JI1s1 yIpolleHus pacueToB UCIOJIB3YIOT PSij TPUOTUAKEHUM.

Bo-niepBbIX, CUMTAIOT, UYTO BO BCEX CIy4asix MPOUCXOAUT MOJTHOE
CrOpaHue roprovYero MaTepuarna.

Bo-BTOpBIX, BXOAAIINWM B COCTAB TOPIOYETO MaTepralia yriIepom
cropaet 10 CO2, Bogopox — 10 H20, cepa — 1o SO2, a30T BeIAEHsACTCS
B Bujie Np, kuciopos u Biara — B Buje HO.

N3 BbIIIENIEPEUNCICHHBIX XUMUUYECKUX AJIEMEHTOB, BXOJSIIINX B
COCTaB TOPIOYUX MATEPHAJIOB, B OOBIUHBIX YCJIOBHSX CIIOCOOHBI K
ropeanto snemenTel C, H, S, mosTtomy kucnopon BoO3ayxa IpH
TOPEHUU TaKUX MaTepUajoB PACXOJyeTcs Ha UX OkucieHue. [Ipu
ATOM CJIEIyeT Y4eCTb, YTO KUCJIOPOM, BXOASIIUNA B COCTaB TOPHOYETO
Martepuaia, Ipu rTOPEHUU caM Y4aCTBYET B POJIM OKUCIIUTENS, CHUXKAs
TE€M CaMbIM MMOTPEOHOCTh B KMCJIOPOJIE BO3AyXa.

Takum oOpa3om, o0 00beM BO37yXa, HEOOXOIUMBIN s
TOPEHUS €AUHUIIBI MACChl TOPIOYETO MaTepuala, OyJIeT CKIIaIbIBaThCs
13 00BEMOB BO3/yXa, HEOOX0oaAMMOro i nojHoro ropeaust C, Hu S
3a BBIUETOM OObEMa BO3/lyXa, COOTBETCTBYIOIIETO KOJUYECTBY
KHUCJIOPOJIa B COCTABE FOPHOYEr0 MaTEpHaa.

B cooTBeTCTBHE C 3TUM TEOPETHYESCKH HEOOXOIUMBINA 00beM Vp

BO3yXa IIpH CIropaHvuu CIWHUIObI MACChl HAHHOI'O MaTCpHajia
pacCUUTBIBACTCA 110 YPABHCHHUTO

Vo - Ve - LCl+ Vi) - [Hl] (;ro Vs - [S]+ Vi) - [O] |

(2.24)

rie Ve, VaHy: Va(s) — 00beM BO3IyXa, HeOGXOMUMBIii 171 TIOTHOTO

CropaHus eIWHUIBI Macchl (1 KI) COOTBETCTBYIOIIECTO 3JIEMCHTA,
MY/KT;

[C], [H], [S], [O] - wm™accoBas 10 COOTBETCTBYIOIIETO
AJIEMEHTA B FTOprOYEM mMaTtepuaie, %;

0
VBo)y — oObeM BO3ayxa, B KOTOPOM COIEPIKUTCS CAMHHIA
Mmaccsl (1 kr) kuciaopoa.
B Ve Ve, Ve
enunbl Vp(cy, VpHy, Vp(s) MOKHO paccuuTaTh 0 YPaBHEHHIO

XUMHUYECKON pCaKnu IMOJHOT'O CTOPAHUA KAXKAOI'O U3 3TUX 3JICMCHTOB.
OI[HaKO, AJI YIIPOLICHUA TIPOU3BOAUMBIX BBIUMCJICHHUM 3THU 3HAYCHUS
MOX>KHO HCIIOJb30BaTb B I'OTOBOM BHJIC. ITocne wmx IIOJACTAHOBKHN B

pd 0
(2.31), monyuaeM OKOHYATENLHBIM BapHaHT pacuera Vp |
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1% =0,267-(%+[H]+@j (2.25)

O0beM U3pacxoJ0BaHHOIO Bo3ayxa Vp (M°) mpu cropanum
ONnpeoeneHHOl MACChbl My 20PIoYe20 Mamepuala Ci0HCHO20 COCMasa.

Vy=Vg -mp, (2.26)

2.4.4. T'opeHne cMecH ra3oB

Eciii B HMCXOZHOM TOPIOYEM CMECHM B KAayeCTBE OJHOIO U3
KOMITOHEHTOB MPUCYTCTBYET KHUCJIOPOJ, PACXO0J BO3/lyXa Ha TOPECHUE
CHIJKAETCS Ha PKBUBAJICHTHOE KOJMYECTBO. TeopeTtnueckuit o0beM Vy
BO3/TyXa, HEOOXOIUMBIN JJii TOJHOTO CrOpaHusi CMECH Ta30B WIH
MapoB, MOXHO ONpEIEIUTh, KaKk © JUII HHIWBUIYAJIbHOTO
ra3000pa3Horo BeliecTBa, o ypaBHeHuio (2.20).

JIns  Kakgoro TOPIOYEro KOMIIOHEHTa CMECH HEOoO0XO0IMMO
HanucaTh XMMHUYECKOE YPABHCHHUE PEAKIIMA TOPECHUS W BBIYHUCIUTH
TCOpPETHUYECKHI 00beM Vj BO3ayxa, PacxXomyeMblii Ha TOPEHHE, IIO

ypaBHEHUIO

i 1,0
> (—%-9;) 90,

Vg =t (2.27)

rae Mo, — CTEXMOMETPUYECKHUI KOO(DPUIMEHT MEPE] KMCIOPOIOM B

PEaKITuU TOPEHUS I-TO TOPrOYero KOMIIOHEHTA I'a30BOM CMECH;
N;r— CTEXHOMETPHUYECKUN KOA(PQUITUEHT mepesa i-M ToprouuM

KOMIIOHCHTOM T'a30BOM CMECH;
@, — 0oObEeMHas J0JS I-T0 TOpIOYEro KOMIIOHEHTa B Tra30BOM

cmecH, %:;

o, — oO0beMHas J0JII KUCIOpPOJa B MCXOAHOM Ta30BOM CMECH,
%.

O6vem Bosgyxa Ve (M%), pacxomyemblii Ha CropaHue
onpeoeiienno2o obvema Vy 2azo60ii cmecu.

Ve =Vg -V, (2.28)

2.4.5. 130bITOK BO3ayXa

IIpouiecc rTOpeHUs SBISETCS CIOXKHBIM M MHOTIOTPAHHBIM.
IToaToMy mnpu omIpeacieHMH pacxoda BO3JayXa Ha IIOJHOE WIIH

71



HEMOJIHOE TOpEHHe, a Takke Ha o0pa3oBaHHE MPOAYKTOB
TEPMOOKHUCIUTEILHOTO PA3JIOAKEHHUSI TOPIOYEr0 BEMIECTBA IMOIYYUTh
a0COJIIOTHO TOYHBIA  pe3ynbTaT HEBO3MOKHO. IIpu  pacuerax
NPUOJIMIKEHHO CYUTAIOT, YTO BO BCEX CIy4asX MPOUCXOAUT TOJBKO
MOJIHOE CrOpaHUE; OTCYTCTBYET MpOLEcC OOpa30BaHUsS MPOIYKTOB
TEPMOOKHUCIUTEIBHOTO Pa3JI0KEHUSI TOPIOYEro, a KUCIOPOJ BO3ayXa
PacxoJIyeTcs MOJTHOCTHIO.

B peanbHBIX YCIOBUSIX B 3aKpPhITOM TOMEIIEHUM TOPEHUE
MPOAOJKAETCS JIMIIL JO T€X IMOp, MOKa COJIep’KaHUE KHUCIOpoJa B
CMEeCH BO3/yXa C MPOAYKTaMH TopeHus He cHusurcs ao 14 — 16%.
IIpu moxape B MOMENIEHUSX C OTKPBITHIMU IpoeMamu (MojBal,
yepAak) TOPEHHUE TMPEKpallaeTcs NpPU CHUXEHUM KOHIICHTPALUU
kuciopoja 1o 11 — 12%.

OTH MoKa3aTeld B OCHOBHOM XapaKTEPU3YIOT TOPEHUE TBEPbIX
roprounx MarepuasioB (TTM) wu >KMAKOCTEH, T.€. TPOIECCHI
nuddy3rnonHoro ropenus. [Ipu KUHETUYECKOM TOPEHUH, T.€. TOPEHUH
OJIHOPOJIHBIX CMECEH, peasibHbIe MOKa3aTesIn HauOojee MPUOIMKEHBI
K TEOPETUYECKH PACCUUTAHHBIM.

Takum 00Opa3oM, AJisi TOJIHOTO CTOPaHUsI €IUHUIIBI KOJIMYECTBA
(Maccel miaM 00bemMa) TBEPJOrO WM SKUAKOTO TOPIOYEro B 30HE
ropeHust TpedyeTcsl B HECKOJIBKO pa3 0oJibllie BO3/AyXa, YEM 3TO OBLIO
PAaCCUUTAHO TEOPETHUYECKH IO YPABHEHUIO peakiuu ropeHus. [ns
XapaKkTePUCTUKU  CTEMEHU  OOECIEUYEHHOCTH  30HBI  TOPEHUS
OKHCIIUTENEM (BO3YXOM) HCIHOJB3YIOT Ko3gguyuenm u3bwvimra

6030yXa 0p, KOTOPBIA IIOKAa3bIBAET, BO CKOJBKO pa3 o0beM Vi’

BO3/yXa, MOCTYMAIOMUM B 30HY TOPEHHUS B pPEaJbHBIX YCIOBHUSX,
OoJIbIIIe TEOPETUUECKH HE0OX0AuMOro oobema Vy BO3ayXa:

_V5
Vg

I 0
B ciydae kunHeTmdeckoro ropenns Vg =~Vp (r.e. ap = 1), a

op (2.29)

JaHHasi CMECh HAa3bIBAETCs cmexuomempuueckou. B 3ToM ciiydae
roprodee BEIIECTBO M OKHCJIMTENb YYacTBYIOT B TOPEHUH B
KOJMYECTBAX,  MPOMOPLUMOHAIBHBIX  HUX  CTEXHOMETPUUYECKUM
ko3 puIeHTamM B ypaBHEHUN PEAKIIMKU TOPEHUSI.

H O d
ITpwu VBp <Vp (1.e. ag < 1) cmech Ha3bIBaeTCs GOraToi, B 3TOM

ciaydyae XapakTepHOM 4YepToM Ipolecca TOpPEeHHs  SABJSETCS
o0pa3oBaHNEe MPOIYKTOB HEIMOJHOIO CrOpaHHWs, TaK KakK Troprouee

BEIIIECTBO IIPHUCYTCTBYET B N30BITKE.
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0
Ipu Vz°>Vg (t.e. ap > 1) roproyas cMech Ha3bIBaeTCs

OeHOW, B 3TOM Cly4a€ 4YacThb BO3/lyXa, HE HM3pacxOJOBaHHAs Ha
ropeHue (Tak Ha3bIBaEMbIH M30BITOK BO3ayXxa AVE ), CMEIIMBACTCS C
MPOAYKTaMH TOPEHUSI.

N36mTok Bo3ayxa AVe (M3/M3 mmm M3/kr) BeMmCHseTca 10
YPaBHEHUIO

AVg = V3P —Vg = Vg .(ag — 1) (2.30)

Ecnu xkakuM-1u00 cnocoOOM yJIaeTcsi ONPEACIUTh COJIEPIKAHUE
KHCJIOPOJIa B MMPOAYKTaX TOPEHUs, TO KOAPPUIHEHT N30bITKA BO3TyXa
Op .

op=—2 (2.31)
21-90,

rie ¢g, — 00beMHast JIoNis KUCIOPO/a B IIPOJLyKTaX rOpeHHust, %o.

IIpu ropeHru BHYTPU T€PMETUYHOTO MOMEIEHUS KOADPUIIUSHT
n30bITKAa BO3JyXa Op OyJIeT MHBIM, YeM IIPU TOPEHUH HA OTKPBITOM
POCTPAHCTRE.

I'opeHue BHYTpM TOMEIICHHS IMpeKpaliaeTcs MpU CHIKEHUU
KOHIIEHTpauuu kuciopoaa ¢ 21% no 14%, tornma B COOTBETCTBHUE C
(2.31):

21 21
Sl 214 >

¢o,

op

dakTryeckuil pacxon Bozayxa Vy® IMpH FOPEHUH B 3aKPHITOM
MMOMEIEHUU JO MOMEHTA MPEKPALLEHUS ITPOLECCa TOPEHUS:

Vg = Vg-ap (2.32)

Takum o0pazom, (pakTUUECKUN pacxo]l BO3AyXa MPU FOPEHUU B
noMeNieHun OyJeT B Tpu pasza OojbIIe BEIUYUHBI TEOPETUUYECKU
paccunTannoro Vy.

JI71s1 O1IEeHKM BO3MOXKHOCTH UJIM HEBO3MOXKHOCTH CaMOIIPOU3BOJIBHOTO
IpeKpalieHuss TOPEeHUsS B TEePMETUYHOM TMOMEIICHUH HEO0OXOAMMO
IPOM3BECTH CpaBHEHHWE OObeMa BO3yXa Vgp “, IIpU KOTOpPOM

IpOIeCC TOpPEHHUs IMpeKpamaercs, C¢oO CBOOOJHBIM O00BEMOM
nomerieHus V.,
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mpu Vg ** < V_, Bo3IyXa B IOMEIICHHH XBATHT [UISL TIOJHOTO

BBIFOPAHUSI TOPIOYETO BEIIECTBA, CAMOMPOU3BOJIBHOTO MPEKPAIICHUS
po1ecca ropeHust He IPOU30U/IET;

npu Vép > V., BO31yXa B IOMEIIECHUH HE XBATHUT IS TOJHOTO

BBIFOpAHUsI TOPIOYETO BEIIECTBA, MPOU3OMUJIET CaMOIPOU3BOJILHOE
IpeKpanieHue mporecca roOpeHusl.

Cy1iecTByIOT OpeeibHble 3HaueHUs Kod(PuireHTa HU30bITKA
BO3AyXa Oy M Oygx» COOTBETCTBYIOIIME CMECSM BO3AyXa C

TOPIOYMM MPEAEIBHOIO COCTaBa, CIOCOOHOIO K YCTOMYMBOMY
ropeHdro. MuHUManbHBIM ~ KO3((UIIMEHT  H30BITKA  BO3dyXa

COOTBETCTBYET BEPXHEMY KOHUEHTPAUOHHOMY npeaeny
pacnpoctpanenus 1iamenu (BKIIP) mo roprodeit  cmecw,
MAaKCUMAaJIbHbIA  —  HWJKHEMY  KOHIIEHTPAUMOHHOMY  MPEIeIy

pacnpoctpaneHus 1amenu (HKIIP). Jlns mapora3zoBo3ayliHbIX
CMecell 3HAYeHUs Oy MU Oy MOTYT OBITh BBIYHCIEHBI I10

ypaBHEHUIO
100 — Prr)

(2.33)
Vlg " Qg

O min(max) =
rae Pyq — coorBerctBeHHo BKIIP m HKIIP roproyero B cmecu c
BO31yXOM, %.
0
[Ipu pacuere Vi ¢ yderom wH30BITKa BO3[AyXa OOO3HAYCHHE

0AV
JAaHHOTO Mapamerpa u3Mensiercs Ha Vg ¢ (M3/M° wmm wm%/kr) u
BBIYMCJIEHHS ITPOBOATCS [0 YPABHEHUIO

VIAVE V0 + AV =V - ap (2.34)

[Ipu cropanum 3adannoco o0b6vema ulU MAaccvl TOPIOYETO
BEIIECTBAa PACXoAyeMblii 00beM Vi 8 (M%) BO3AyXa ¢ y4eTOM H30BITKA
BO3/yXa:

VB =V, cap, M (2.35)

PaccmoTpum mpumephl  pelieHds THOWYHBIX 3aJaHuid  Ha
COCTaBJICHHE MaTepUAILHOTO OajlaHca MPOIECCOB TOPEHHUS.

Hcxoonvie oOanmvle 0nda pacuemos: HA3BAHUE TOPIOYETO
BEIIIECTBA, XMMHUYecKas ¢dopmyna (ISl cMeceli — COCTaB CMECH);
Macca rOprovero BelecTBa Mr, KT (JJi1 ra30B M Ta30BbIX CMeced —
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oobeM Vr, M%); Temmeparypa oOkpyxaromed cpembl ta, °C;
atMoc(epHoe naBiaeHUuE€ Pany, [la uaum MM pT. CT.; KO3QUIUEHT
M30BITKA BO3IyXa O, CBOOOJHEIN 00beM IoMeIeHUS Vg, M.

Ipumep 2.2. Onpenenutb, XBaTUT JIK BO3/lyXa B MOMEIICHUH,
CBOOOJHBIH 00bEM KOTOPOTrO Vs, JJISL MOJHOIO CrOpaHUsl JAaHHOIO
KOJIMYECTBA TOPIOYETO BEIIECTBA.

Hcxoonvie OanHble: TOprOYEE BEIIECTBO — METaH; O0BEM
roprodero BemecTsa 50 M°; TeMnepaTypa OKpy;aromiei cpemsl t,,,, =
10°C; atmocdepHoe nasienue P,,,, =102 klla; koapdunmeHt n3onITKa

Bo3ayxa Op = 1,2; cBoGomubIi 06beM nomemenus V = 1000 M3,

Pemenue. ['oproyee BEIIECTBO OTHOCUTCS K HWHIAVBUYaAJIbHBIM
XUMHUYECKAM COCIMHEHHSIM, €r0 COCTaB BBIPAXKAECTCS XHUMHUYECKOU
dopmynoit CHs. Ilpu 3agaHHBIX YCJIOBUAX METaH HAaXOJUTCS B
razo00pa3HOM COCTOSIHMM. Peakiiusi ero moJIHOro TOpeHUsl B BO3AYyXe
MPOTEKAET MO CXEME:

CHs +202+ 2-3,76N2 — CO2 + 2H20 + 2-3,76N>
rae Nno, =2 Monb; 1 = 1 MOJIb.

Teopernueckn HEOOXOAMMBIN 00beM VE BO3AyXa COIJIACHO
(2.20):

n
O _ 476 % =952 m3/m3

Vg =4,76-
nr

JIns 1a3000pa3HbIX BEIIECTB BEIMYMHA Vg HE 3aBUCUT OT
YCIOBUM MPOTEKAHUS MPOLIECCA TOPEHUSA

Vi =Vg =9,52 M3/m3.
OO0bem Boznyxa Vj , pacxoayeMoro npu cropanuu 50 M° MeTaHa

0e3 yuera u30bITKa Bo3ayxa 1o (2.27):
3

Vi =V Vp =952 -50m° =476 M°
M

Pacuer o6bema Bo3zmyxa Vi '®, pacxoQyeMOro IIPH CTOPaHHH

3aJaHHOTO 00bEeMa MEeTaHa Ha OTKPBITOM MPOCTPAHCTBE C Y4YETOM
M30BITKA BO3IyXa 10 ypaBHEHHUIO (2.35):

AVp
Vg P =Vp -ap =476 M>1,2=5712 M
Paccuntaem 00bem Bozayxa Vg, HEOOXOAUMBIN Il TOPEHUS B

3aKpBITOM TOMENICHUM C YYETOM CaMO3aTyXaHHs Ipolecca IpH
CHIDKEHUH KOHIIEHTpaIuu kuciopoaa 1o 14%.
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JI71s1 3aKpBITHIX OMENIEHU KO3(P(UITMEHT U30bITKA BO3/IyXa o

o ypaBHeHuto (2.31):
21 21

= = 3
21— (pgz 21-14

op =

CrneoBaTenbHO 10 ypaBHEHUIO (2.38):
Vgur =Vp-af =Vj -3=476-3=1428 v®

Takum oOpasoM, cobmopmaerca yciosue: Vg™ > V.

CienoBarteibHO, B MMOMEIICHUH, UMEIOIIEM cBOOOAHBIM 00beM 1000
M°, 17 TIOJHOTO BhITOpaHus 50 M° MeTaHa BO3JyXa HE XBATUT W
IPOM30MAET CaMONIPOU3BOILHOE TIPEKpaICHUE TIPoIiecca TOPEHUSI.

Ipumep 2.3. OnpenenuTh, XBaTUT JM BO3AyXa B IOMCIICHUH,
CBOOOZHBIH 00bEM KOTOPOTO Vs, JJISI MOJHOTO CrOpaHUsl JaHHOTO
KOJIMYECTBA TOPIOYETO BEIISCTBA.

Hcxoonvie Oamnmbie: TOpIOYEE BEIIECTBO — HUTPOOEH30J B
KUJIKOM COCTOSIHMHM; Macca Troproued »kuakoctu Mr = 50 kKr;
Temrieparypa okpyxawomeit cpensl t,,, = 10°C; atmocdepHoe
nasinenue P, = 102 klla; koadpuruent n3opITKa Bo3ayxa op = 1,5;
cBOOOIHBIN 00beM nomentenus V., = 1000 v°,

Pemenue. ['oproyee BEIECTBO OTHOCUTCS K HWHIWBUIYAJIbHBIM
XUMHUYECKUM COCIMHEHMSIM, €r0 COCTaB BBIPAXKACTCS XHUMHUYECKOU
dopmynoit CgHsNO,. Ilpu 3amaHHBIX YCIOBUSIX 3TO JKUIKOCTb.
YuuteiBas, 4TO B COCTaB MOJEKYJ HUTPOOEH30JIa BXOJUT a3oT,
PEAKIMS €ro MOJHOr0 TOPEHUS B BO3IyX€E MIPOTEKAET MO CXEME:

2CsHsNO2 + 12,502 + 12,5-3,76N2 — 12CO2 + 5H20 + 12,5-3,76N2 + N2

[To ypaBHeHuo (2.22) onpenenuM TeOPETUYECKH HE0OXOAMMOTO
o0bema Vg Bozayxa s ropeHust CeHsNOy !
ng, -V :
Vo =476-—22 " _476. 125-224 542 v3/kr
nr ‘MF 2 12
rae M, = 123 Kr/KMomib — MOJIIpHasi Macca HUTpOOEH30J1a.

YuuThIBas, 4TO 3aJaHHBIC YCIIOBUS (TEMIIEpaTypa U JIABJICHHE)
OTJIMYAIOTCS OT HOPMAaJIbHBIX, MPOBEAEM IIepepacyuer IMOJydeHHOrO
o0beMa Bo3jyxa 1o ypaBHeHuo (2.13):

P,-Vg-T,, 1013-542-(273+10)
T,-P,, 273102
76
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'
Paccuntaem 006bem BO3ayXa V acxoagyemMoro 1pm CropaHmuu
2

50 kr HUTpOOEH30J1a Oe3 yueTa n30bITKa Bo3ayxa 1o (2.23):
3

V) =V} -m; =558-— 50 kr =279 m°
KI
AV

O0bem Boznyxa Vi %, pacxoayeMoro Nnpu CrOpaHUM 3aJJaHHOU

MacChl HUTPOOEH30J1a Ha OTKPHITOM MPOCTPAHCTBE C YUYETOM M30BITKA
BO3lyXa B COOTBETCTBUU C ypaBHeHHEM (2.35):

VeVs = Vi cap =279 M% 1,5 = 418,5 M®

Paccuutaem 00beM Bo3ayxa Vg, HECOOXOAUMBIN JJIsl TOPEHUS B

3aKpBITOM TOMEIIEHUH C YYE€TOM CaMO3aTyXaHWs NPU CHUKEHUU
KOHIIEHTpaluu Kuciaopoaa a0 14%.
JIJIs 3aKPBITHIX TOMEICHUH KOI(PPHUIIMEHT N30bITKA BO3AYyXa O
no ypaBaeHuto (2.31):
21 21

= = 3
21-gu 21-14

op =

Torma B cootBeTcTBUE C (2.38)
V,;PS“ =Vg-ap=Vp-3=279-3=837 M3

Tak kak cBOOOIHBIH 00beM momerenus coctasiser 1000 M3, To

cobmonaercs yenosue: Vg <V, CiemnoBaTeasHO, IPOLECC TOPEHHUS

CaMOIIPOU3BOJILHO HE MPEKPATUTCS, BO3AYyXa B JAHHOM MOMEIIECHUN
XBaTHUT JJIs1 IOJTHOTO BhIropaHus 50 Kr HUTpoOeH30J1a.

Ipumep 2.4. OnpenenuTh, XBaTUT JM BO3JyXa B MOMEIICHUH,
CBOOOJHBIA 00bEM KOTOPOTO Vg, JJISI MOJHOTO CrOpaHUsl JaHHOTO
KOJIMYECTBA TOPIOYETO BEIECTBA.

Hcxoonvie dannvie: Toprouee BemecTBo — HepTh cocTaBa: C —
55%, H — 15%, O — 17%, S — 2%, N — 3%, W — 8%; macca roproudero
BelecTBa Mr = 65 Kr; TemmnepaTrypa okpyxarouien cpeasl t,,, = —5°C;
atmMocepHoe pnasinenue P,,, = 745 MM pr. cT.; KOdPIUIHEHT
n30bITKa Bo3ayxa op = 1,7; cBoOOmHBIN 00BeM momerieHus V =

1500 m2.

Pemienne. HedTh oOTHOCHMTCS K TOPHOYMM  BEIIECTBAM,
OPEACTABISIOMIMM  COOOM  CJIOXKHYIO ~ CMECh  OPTaHHMYECKUX
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COCJIMHEHUM, €€ COCTaB HEJIb35 BBIPA3UTH ONPEICICHHON XUMUYECKOU
bopMyIIoil.
) 0
Teopernyeckn HeoOXOaMUMBIN 00beM Vp BO3myXa sl TOPEHHS
CJIOXKHOM CMECH OPTaHMYECKUX COCTMHCHHM B COOTBETCTBHE C (2.25):

Vs 20’267'(%+[H]+@)=o,267-(%+15+2‘17

j ~ 8,4 M3/KT

rae [C], [H], [S], [O] — MmaccoBbie nonum yriiepoa, BOAOPOa, CEPhl U
KHUCJI0pOoJia B cocTaBe HeTH, %.

YuuThIBas, 4TO 3aJlaHHBIC YCIIOBHS (TEMIlepaTrypa M JIaBJICHHE)
OTJIMYAIOTCS OT HOPMAaJbHBIX, MPOBEIEM IepepacueT IMOTy4YeHHOTO
o0beMa Bo3ayxa 1o ypaBHeHuto (2.13):

yro _ PoV§ Ty, _760-84-(273-5)
b T,-D,, 273-745

~ 8,41 m3/kr

rae P, = 760 MM pT.CT. — HOpMalibHOE aTMOC(hepHOE TaBJICHHUE.
ITo ypaBuenuro (2.26) paccumTacM o00BeM Bo3ayxa Vi,

pacxoJlyeMoro MpH CropaHMM 3aJaHHOM Macchkl HedTH 0e3 ydera

M30BITKA BO3yXa:
3

C =V my =841% .65 kr ~546,7 M°
KI

AV} .
O0bem Bo3ayxa Vi P, pacxogyeMoro mpu CropaHud 3aJlaHHOU

Macchl He()TH Ha OTKPBITOM MPOCTPAHCTBE C yUETOM M30BITKA BO3yXa
o (2.35):

VAVE = VI coup = 546,7 M3 1,7 = 929.4 w3

JIJ1st 3aKpBITHIX TTOMEIICHNH KO3 PHUIMEHT U30bITKa BO3IyXa Ol

o ypaBHeHuto (2.31):
21 21

= = 3
21— (pgz 21-14

op =

[To ypaBHEeHHIO (2.32) 00beM BO3ayXa Vi*, HCOOXOAMMBIN IS

CropaHusi 3aJaHHON MacChl He(PTH B 3aKPHITOM MOMEIIEHUU C YIETOM
caMO3aTyXaHUs MPU CHUKEHUU KOHILIEHTpauuu kuciopoaa 10 14%:

Vs =V -aly =V -3=546,7-3=1640 3

Tak kKak cBOOOIHBIN 00BeM momerieHus coctasiser 1500 M2, To
cobmonaercss ycaosue: Vg > V. ClenoBarenbHo, BO3AyXa B
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JAHHOM TIOMEIIEHUU [JIsi TOJHOTO BbIrOpaHus 65 Kr HedTH HE
XBATUT, MPOU30UJIET CAMOIPOU3BOJIBHOE IIPEKpAICHUE IIpoIecca
TOpEHUSL.

Ipumep 2.5. Onpenenuth, XBaTUT JU BO3yXa B MOMEIICHUH,
CBOOOJHBIH 00bEM KOTOPOTO Vs, JJISI MOJHOIO CrOpaHUsl JAaHHOIO
KOJIMYECTBA TOPIOYETO BEIIECTBA.

Hcxoonvie OanHbie: TOprOYEE BEIIECTBO — CMECh I'a30B COCTABA:

CoHz — 35%, (CgHg)r — 25%, CO — 20%, CO2 — 13%, N2 — 7%; oO6mem
roproueit cmecu Vr = 30 M3, Temmeparypa OKpyKarowmield Cpeubl
t,n = 25°C; atmMocdepnoe nasnenue P, = 99,5 klla; koadduiiuent
n30bITKa BO3ayxa O = 1,1; cBOOOJAHBIE O0BEM MOMEIICHUS
V., =800 M3,

Pemenune. B nanHoO#l cMecH ra3oB roprouuMu KOMITOHEHTAMH
apisitoTes anetwieH C,H,, mapel Oenzona CgHg u okcun yriepona
CO. Yraekucneii raz CO, u a3ot N, ABISOTCS HETOPOYUMH ra3aMu
M, CJIEIOBATENIbHO, HA pacxoj BO3[yXa MpPU TOPEHUU CMECH HE
BITUAIOT.

Peakuiuy MOJHOTO TOPEHUS] TOPIOYHUX KOMIIOHEHTOB CMECHU
IPOTEKAIOT B COOTBETCTBUE CO CXEMAMHU:

CH,+250,+2,5-3,76 N, - 2 CO, +H,O0+2,5:3,76 N,

No,=2,5 MOIb; 1= 1 MOIb

C6H6 + 7,5 02 + 7,53,76 N2 — 6 C02 + 3 H20 + 7,53,76 N2

no,=7,5 MOJIb; =1 MOIIb
2 CO + 02 + 3,76 N2 — 2 C02+ 3,76 N2
No,= 1 MOIb; N =2 MOIIb.
TeopeTHuecKd HeoOXomuMblii 00beM Vi BO3IyXa ISl TOPEHHS

ra30BOi CMECH B COOTBETCTBUE C (2.27)

i Mo

> 0:) =00, 2i5-35+7i5-25+;20—o

ye=21 " = ~13,58 M3/M3
B 21 21 MM

rac nioz y ;r — COOTBCTCTBCHHO YMCJIO MOJIb KHCJIOPOJa U ITOPrOYCro

BEI[CCTBA B PCAKLUU ITOJIHOIO TOPEHUsS I-r0 roprovero KOMIIOHEHTA
CMeECH;
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@, — OO0BeMHas [0Jig I-r0 TOPIOYEro KOMIIOHEHTa B COCTAaBE
cmecu,%;
9o, — 00bEMHAs JONIA KUCIOPOJAA B UCXOAHOM CMeCH (B JTaHHOM

CJTy4ae KUCJIOPOJ B CMECH OTCYTCTBYET, T.€. ¢g, = 0).

w 0
JIas ra3oBBIX CMecel mepepacder o0beMa Vp 10 ypaBHEHHIO
MenpeneeBa-Knanelipona mjisg 3aJaHHBIX aTMOC(EPHOIO JIaBJICHUS
Pary ¥ TEMIEPATYPHI tary HE TpebyeTes, T.6. Vi =V =13,58 m3/me,

O6weM Bozayxa V3 , pacxogyeMslil Ha cropanue 30 M> razoBoi

CMECH B COOTBETCTBHE C (2.28):
3

Vi =V -Vp =1358"-.30 M® = 4071 M
M

Io ypaBuennto (2.35) o6beM Boayxa Vi Ve pPacxoayeMoro mnpu

CrOpaHUM 3aJaHHOTO O0BbEMa TOpIOYEH CMECH C y4eTOM H30bITKa
BO3]lyXa:

VaVh =V cop =407,1 M3 1,1 = 447,8 M8

Paccuutaem o00beM BO3TyXa Vgp T HeoOXOOUMOTO IS
CrOpaHusi 3aJlaHHOTO O00beMa TOpIOYEed CMECH B  3aKpbITOM
MOMENIEHUHU C YYETOM CaMO3aTyXaHUs MPU CHUKEHUU KOHLICHTPALINU
kuciopoaa 1o 14 %.

JI71s1 3akpBITOro nmoMeneHus: KodPPUIUeHT U30bITKa BO3AyXa o
no ypaBHeHuto (2.31):

21 21

— — — 3
21— (p_f(;z- 21-14

O

B cootBerctBuE C (2.38):
Vs =Vg-ap =Vg-3=407,1-3=1221 3

Tak xak cBoOOMHBIH 00beM momereHus coctasiser 300 M3, To

cobmopaerca ycaosue: Vg* > V. ClemoBaTenbHO, BO3AyXa B

JIAaHHOM TTOMELIEHUH JUIs TIOJHOro Beiropanus 30 M° ra3oBoil cMmecu
HE XBAaTWUT, NMPOU30UAET CAMOIIPOM3BOJBHOE MPEKPAIICHUE MPOIecca
TOPEHMUS.
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3ananue 4

CxoapKo BO3JlyXa MOTPEOYyeTCs JJIsl TIOJHOTO CrOpaHusl YKa3aHHOIO BellecTBa Maccol Mr, kr (oobemom Vr,
M%) Ha OTKPBITOM IIPOCTPAHCTBE NMPH Kod(PPHIMEHTe N30BITKA BO3MyXa, PABHOM 0p?
XBaTHT JIK BO3yXa B IOMEICHUH, UMEIOLIEM CBOOOIHBIN 00beM Ve (M3), JUIS TOJHOTO BHITOPAaHHMS JAHHOTO
KOJIMUeCTBa Toproyero BemecTBa? CuuTarh, YTO MOMEIICHUE TePMETUYHO, a CaMO3aTyXaHUE IOXKapa HACTYIMaeT
MIPU CHUKEHUHY KOHIIEHTpauuu kuciaoponaa 10 14 %.
Hcxoouvle oannvie: Ha3BaHWE TOPIOYETO BEILECTBA, XUMHUYECKass Gopmyna ([Ji1 cMecell — COCTaB CMECH);
Macca TroproYero BewiecTBa Mr, K (U1 Ta30B M ra3oBbIX cMmeceil — 00beMm Vr, M%); Temmeparypa OKpy»Karolei
cpensl ta, °C; aTMocepHoe gaBiieHuE Pary, KI1a it MM pT. CT.; K03bPUIMeHT n30bITKA BO3TyXa OB; CBOOOHBIN
00beM noMenieHus Ve, M2 *

Tabnuia 2.2
No HasBanwue ropro-uero | Xumuueckas ¢popmyia BemecTa (s Kon-Bo YcnoBus CBSgEg;Hﬁ
BEILIECTBA cMmeceilt — cocTas, %) BELIECTBA Vs, Mg’
1 2 3 4 5 6
1 | Metunosslii cupt | CH30OH 2 KT T=300K; P=101325 ITa; oz = 3 1200
2 | AunnuH CsH7N 5 kr =290 K; P=90000 ITa; ag = 2,5 1600
3 | Cmech ra3oB CO —45;No—15; C4H10— 10; O2 — 30 3m Hopwmainsnsie; o = 1,8 730
4 | HutpobGen3on CsHsNO, 30kr | T=280K;P=98000Ila; og =25 450
5 | Cnoxnoe BemectBo | C—65;0-20; H—-5;S—-10 200r | Hopmanshsie; o = 1,4 1000
6 | OTuieH CoH4 5 M8 Hopmanshsie; o = 2,5 890
7 | bonoTtHbIii ra3 CO2—7,CO—12; CHs—75;H,S— 6 2 KT T =350 K; P=120000 Ila; oz = 1,8 1250
8 | CimoxxsHoe BemectBO |C—90; H—3; N—5;0—2 1 kr T=300KP=950001IIa; g =1,5 540
9 | Cmech ra3os CH;— 15; CO—-70; O - 10; H,— 5 5m® | HopmambHbIe; O = 1,9 860
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10 | Caoxxnoe BemectBo | C—70; S—5; H—5;0—20 15 kr | HopmanbHsbie; 0 = 2,8 900
1 2 3 4 5 6

11 | Cmech razoB NHsz —45; C4H10—25; CO,-25;0,—-5| 2001 |T=265KP=920001IIa; oz =1,5 1800
12 | MypaBbuHas kucnora | CH>O» S kr Hopmanbhsie; o = 1,2 2200
13 | [Iponunoseiii ciupt | C3HgO 10kr | T=282K;P=101600 ITa; oz = 4,2 1200
14 | Cmech ra3os H,S — 40; CO, - 1; H, — 30; O, — 15 15 m® Hopwmansnsie; o = 1,4 800
15 | Cnoxmnoe Bemecteo | C—-82; H-8; W —-10 0,7kr | T=260K;P=110000 ITa; oz = 1,4 1900
16 | benson (1) CeHs lxr | T=305K;P=101300Ila; o = 1,9 1700
17 | Aueruien CoHs» 150 n Hopwmanshsie; o = 1,8 800
18 | Cmech raszos CH4 —30; O, —8; N2 —15; H, — 47 3m Hopmanbhsie; o = 3,2 1100
19 | Kokcoswiit ras Eilgﬂ; COz~15; CO-25; CH4—29; 5 | T=270 KP=85000 Ila; 0 = 1,5 950
20 | MeTHIATHIIKETOH C4HsO 5 Kr Hopmanbhsie; o = 2,5 860
21 | AueToH (k) CsHsO 7 KT T =305 K; P=1000 Ila; as = 2,8 300
22 | HutpoGenzon (k) | CeHsNO: 1 xkr T=280KP=98000TIla; og =1,4 800
23 | [Ipupoausblii ra3 CH;—93; CoHg—5; COo—1; CO-1 3me Hopmanshsie; o = 3,2 1100
24 | Hedp C—48; W—-10; H—25; 0 —10; N-5 10kr | T=282K;P=101600 Ila; as = 4,2 1200
25 | Tomyon (k) C7Hs 1 kr T=280KP=98000Ila; og = 1,4 800

* Ecnu He yKa3aHO MHa4ue, KOHEUYHBIMH ITpoayKkTaMu cropanust SBisitoTest COory, H2O e, SOz, N
YK poay P (r) () (r) (r)
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INPUJIOKEHUSA

Hpunoxenne 1
HexoTopblie eqmHULBbI MeskAYHApoaHou cuctembl (CH)

Bemnuuna Epuryma
Ha3BaHUE 0003HAUYEHHE
OcHognble eOuHuYbl
Hnvna Mertp M
Macca Kunorpamm KT
Bpewms CexkyHna C
Cuna 3JIeKTpUYecKoro Toka | Amriep A
Temneparypa KensBuH K
KonunuectBo BeuiecTna Moib MOJIb
IIpoussoonvle edunuybl
O6bem KyOuueckuii metp M3
[1moTHOCTH KunorpaMM Ha KyOWYECKHit | KI/M°
METpP
Cuna, Bec HrroTon H
JlaBiienue [Tackasp ITa
OHeprus, padorta, Jxoyib JIx
KOJIMYECTBO TEILJIOTHI
MommHOoCTh Barr Bt
KonnuectBo anekrpuuecra | Kynon Kn
DIIEKTpUUYECKOE HaMpskeHue | Bombt B

SHGKTPHIICCKI/Iﬁ IIOTEHIINAaJI

QJICKTPOABMIKYIIAsA CHUJia
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Hpunoxenue 2

CooTHOIIEHM A MEKAY HEKOTOPBIMHA BHCCUCTEMHBIMHU €IMHUIIAaMHU

u equauunamu CU

Benuunna Enununna OKBHUBAJICHT B
CH
Humana MUKpPOH HIIE MUKPOMETP (MKM) 1-10°m
AnrcrpeM (A) 1.101%m
HABICHUE | Aryochepa Gusnueckas (atm) 1,01325-10°I1a
Mumnumerp pryTHOro cronba (Mm. | 133,322 I1a
pT. CT.)
OHEPIUA, | SyekrponBonsT (5B) 1,60219-10°1°
paborTa, T
koiamdecTBo | Kanopus (kai)
TEIJIOThI 4,1868 JIx
Kunoxkanmopus (kka)
4186,8 IIx
HMIONBHBIN | 11o6051 (D) 3,33-10°% Kir-m
MOMEHT

IHpuioxenne 3

3HaYeHUsI HEKOTOPBIX PyHAAMEHTAIbHBIX (PU3HYECKUX

IOCTOSTHHBIX

[TocrosinHas Oo6o3HaueHue | YucieHHOe 3HAYCHHE
CKOpOCTb CBETA B BAKYyM€ c 2,9979246-108 m/c
[Toctosinnas I1nanka h 6,62618-10-3* Jx-c
QHeMeHTapHHE”I o 1,602189-107%° Kn
SIEKTPUUECKHUI 3apsi]]
[TocTossHHAas ABOragpo N 6,022045-10% monp*
[Mocrosanas dapaes F 9,64846-10* Kin/momb
I"a3oBast moctossHHAsA R 8,3144 JIx/(momb-K)
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Hpunoxenue 4

Ha3zBanusg BaskHeHMIIIMX KHCJIOT U X COJIeH

dopmyiia KUCIOTHI Hasparnme

KHUCJIOTBI COoJIu
HAIO: MartaanroMuHUEBAs MeTaanroMuHaT
H3AIO3 OproamoMyuHuEBas OproamoMuHaT
HBO: MeTtabopHas Metabopat
H:BOs OptobopHas Optobopar
H2B40O7 Terpabopnas Terpabopar
HBr bpomoBoopoaHas bpomun
CH3:COOH YkcycHas Anerat
HCN [{uanoBogopoHAS Huanun
H2COs VYronpHas Kap6onar
HCI XI0pOBOOPOTHAS Xmopun
HCIO XopHOBaTHUCTAast ['mmoxmoput
HCIO: Xnopucras Xa0puT
HCIO3 XJopHoBaTas Xmopar
HCIO4 XiopHas [Tepxaopar
H2CrOg4 XpoMoBas Xpomar
H2>Cr2.07 HuxpomoBas Juxpomat
HI PIOILOBOILOpoz[Haﬂ Womun
HMnNO4 MaprannoBas [Iepmanranat
HoMnQOq4 MapranioBucras Madrauart
HNO- Azotucras Hutpur
HNO3 A3oTHas Hurpar
HPO3 MertadocdopHas Meradocdar
HsPO4 OptodocdopHas Optodocdar
H2S CepoBopopoaHas Cynbbun
H2SOs Cepaucras Cynsur
H2SO4 Cepnas Cynbdat
H2SiO3 MertakpeMHHEBas Meracuimkar
H4S104 OpTtokpemMHuEBast Oprocunukar
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IIpuioxkenue 5

IJHTAJBIINA OBPASOBAHUA U TEIIJIOTA
CI'OPAHUS HEKOTOPBIX BEHIECTB IT1PHU

CTAHJAPTHBIX YCJIOBUAX

H069, SOz, Nog)

P=101300ITa, 7T=298 K

Ecim He yka3aHO HMHaye, KOHEUYHbIMM NPOAYKTamH cropanus sBisitorcss COop,

OHTaNbINS Bricuias Temiora

Hassanue CoenuHeHMe o6p22);7§§;bAH, Cﬁ;};ﬁg H?)B,
ANuIoBbIN cIUPT (K) C3HeO -131,8 1852
AnuniH (K) CsH-N 31,09 3396,20
Aneranbaerug () CoH40O -166,4 1165
AueTtuieH (T) CoH> 226,75 1299,63
AtteToH (k) C3HsO -248,11 1785,73
benzon (k) CsHs 49,03 3267,58
benzoin (1) CsHs 82,93 3303,51
H—byTaH (T) CsHio -126,15 2877,13
ByTuioBBIN ciupT (3K) C4H100 -369,5 2418
BanepuanoBas CsHuoO, 5481 2853
KHCJIOTa(XK)
Boma (k) H.,O -285,8 —
Bonopon (1) H» 0 285,83
JlumeTunaneTuiIcH CsHs -119,8 2184
2,2 IumeTunOyTan CsHu14 -211.9 4154
2,4 JlumeTunmneHTax C7Hzs -231,7 4887
Jlnokcup yraepoaa CO2 -393,5 -
Meran (T) CH4 -74.9 890,31
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DHTANBIIASA

Bricmiag Teriora

Haszpanue Coenunenue | obpasosanus AH, |  cropamus Qg
k/x/Mob k/x/Moib
Mertunosiit ciupt (k) | CH4O -238,57 726,60
MeTUIPTUIKEHTOH C4HgO -273,3 2266
H—MeTuianeTnieH CsHy -185,4 1850
Mypassunas kuciora (k) | CH20» -424,76 254,58
Hutpobenzon (k) CsHsNO2 15,90 3091,20
Oxkcup yriepona (T) CO -110,5 282,92
H—OKTaH (3K) CgHis -208,0 5470,58
ITentan (k) CsHi2 -173,33 3509,20
IlenTan (1) CsHiz -146,44 3536,15
H—I [pONTUIIOBBIN CIIUPT C3HsO -306,6 2010,41
Cepooaopon () H>S -21,0 578,98
Tomyon (k) C7Hs 12,01 3910,28
Tomyou (T) C7Hs 50,00 3947,94
VYkcycHas kuciora () C2H40: -484,09 874,58
zfgggmoamno&lﬁ C4H:O, 463 8 995
®denoi (T) CsHeO -164,85 3063,52
dopmanbaeru (T) CH-0O -115,9 561,07
[ukoneHnTad (k) CsHio -105,97 3319,54
OraH (T) C2He -89,7 1559,88
OtuieH (T) CoHy 52,3 1410,97
OTHIIEHTIAKOJIb CoHgO- -456,5 1192,86
DTHIIOBBIN CIIUPT (K) C2HeO -276,98 1370,68
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IIpuioxenue 6

TepmoauHaMuveckue CBOMCTBA BelIECTB B CTAHIAPTHOM
coctossHum npu 298,15 K

BemnecTBo AH 398,% S 208+ MO’JZ][;K < AG;’%,%
Ag (k) 0 42,71 0
AgCl (k) 127,04 96,11 —109,72
Al (k) 0 28,3 0
AIClI3 (k) -695,3 167,4 —631,18
Al203 (kopynp) -1676,0 50,9 -1582,0
BaO (k) -582,0 70,3 —-552,0
BaCOs —-1235,0 112,0 —-1136,0
C (rpagur) 0 5,7 0
C (anma3) 0 2,44 0
CCl4 (1) —-106,7 309,41 —64,0
CCla (k) -135,4 2144 —64,6
CHa4 (1) —74,9 186,2 -50,8
C2H2 (1) 226,8 200,8 209,2
C2Ha4 (1) 52,3 219,4 68,1
C2Hs (1) —89,7 229,5 -32,9
CsHs (1) -103,9 269,9 —-107.2
CsHs (:x) 49,03 172,8 124,5
C2Hs0H (k) —277,6 160,7 -174,8
CsH1206 —-1273,0 - -919,5
CO (1) —-110,5 197,5 -137,1
CO:2 (1) —-393,5 213,7 -394,4
Ca (k) 0 41,63 0
CaCOs (k) -1207,0 92,8 —1128,7
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BemectBo At SHE T AGY,, KK
MOJIB Moib - K MOJIb

CaO (k) —635,6 39,7 —604,2
Ca(OH): (k) —986,6 76,1 —896,8
Cl2 (1) 0 222.9 0
Cr (k) 0 23,8 0
Cr203 (k) —1440,6 81,2 —-1050,0
Cu (1) 0 333 0
CuO (k) -162,0 46,2 -129,9
CuzS (k) —79,5 120,0 —86,1
CuSOs4 (k) —771,2 113,3 —681,9
F2(r) 0 202,9 0
Fe (k) 0 2752 0
FeO (k) —266,5 54,0 —244,3
Fez0s (k) 822.2 87,4 —740,3
Fe30s4 (k) -1117,1 146,2 —-1014,2
Ha (r) 0 130,6 0
HBr (1) 36,24 198.6 533
HCN (1) 135,0 113,1 1255
HCI () 923 186.8 95,2
HF (1) 2707 178,7 2728
HI () 26,6 2065 18
H20 (1) —241,8 188,7 —228,6
H20 (o) —285,8 70,1 -237,3
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BemecTBo AH 398,% S 28 MO’JZ]L;K < AG] 8,%
H2S (1) -21.0 205,7 -33,8
12 (r) 62,24 260,5 19,37
2 (k) 0 116,7 0
Mg (k) 0 32,51 0
MgCOs (k) —894,96 85,7 —817,5
MgCl2 (k) —641,1 89,9 —-591,6
MgO (k) —601,8 26,9 —569,6
N2 (1) 0 191,5 0
NH;3 (1) —46,2 192,6 -16,7
NH4sNOs3 (k) —-385,4 151,0 -183,8
N20 (1) 82,0 219,9 104,1
NO () 90,3 210,6 86,6
N20s3 (1) 83,3 307,0 140,5
NO:2 (1) 33,5 240,46 51,5
N204 (1) 9,6 304,3 98,4
N20s (1) —42,7 178,0 114,1
Ni (k) 0 30,12 0
NiO (k) —239,7 38,0 —211,6
O (r) 247,52 160,95 230,1
O2 () 0 205,0 0
O3 (1) 142,3 237,6 163,43
PCls (1) —-306,35 311,66 —286,27
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BemecTBo AH 398,@ I AG;, 8,@
MOJTb monts - K MOJIb

PClIs (1) —-398,94 352,71 —324,63
P20s (k) ~1492,0 114,5 —1348,8
Pb (k) 0 64,9 0

PbO (k) —219,3 66,1 -189,1
PbO: (k) —276,6 74,9 —218,3
S (pom0OuY.) 0 31,9 0

SO; (1) —296,9 248,1 -300,2
SO3 (1) —-395,2 256,2 -370,4
Si (k) 0 18,7 0

SiFs (1) —-1506,2 284,5 —1468,6
SiO2 (kBapu) -910,9 41,8 —856,7
Sn (k) 0 51,5 0

SnO (k) —286,0 56,5 —256,9
SnO:2 (k) —-580,8 52,3 -519,3
Sr (k) 0 54,4 0

SrO (k) —604,0 55,6 —-575,0
SrCOs (k) —-1176,0 98,3 -1138,0
Ti (k) 0 30,6 0

TiCls (k) —804,2 252,4 —137,4
TiO2 (k) —943,9 50,3 —888,6
Zn (x) 0 41,63 0

ZnCOs (k) —812,6 82,4 —731,4
ZnO (x) -350,6 43,6 -320,7
ZnS0z (k) -978,2 124,6 -871,2
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IIpuiio:xenne 7

CTaHIlapTHI)Ie OKMCJINTECJIBbHO-BOCCTAHOBUTEJ/IBHBIC
MOTCHIHNAJIBI IT0 OTHOIICHHUIO K BOAOPOAHOMY JICKTPOAY

npu 25°C
IeMEHT DJIEKTPOJIHBIN TTPOLIECC ©°, B
0X + né =red

Ag | Agt+e =Ag +0,80
Al | [AI(OH)4] + 3 =Al + 40H- -2,35
AlR* + 38 =2 Al —1,66

Au | Au®t +3e= Au +1,50
Auf+¢é =Au +1,69

Ba |Ba?" +2& =Ba —-2,90
Be |[Be(OH)4]> +2& =Be + 40H- ~2,62
Be?* + 28 =Be -1,85

Br |2BrOs; + 6H,O + 10€ = Br, + 120H" +0,50
Br, + 2 =22Br +1,09
2BrOs + 12H* + 108 = Brz + 6H,0 +1,52
2HBrO + 2H* + 28 = Br, + 2H,0 +1,59

Ca |Ca**+2e&<=_Ca —2,87
Cd |Cd* +2& =Cd -0,40
ClI 2CIO" + 2H,0 +2& = Cl, + 40H" +0,40
ClOs + 4H,0 + 8= CI" + 80OH" +0,56

ClO3 + 3H,0 + 6 =CI + 60H" +0,63

ClOy + H20 + 28 =CI + 20H" +0,66

Cl, +2e = 2CI +1,36
2Cl04 + 16H* + 146 =Cl, + 8H20 +1,39
2CIOs + 12H* + 10& = Cl, + 6H.0 +1,47
2HOCI + 2H* + 2 =Cl, + 2H20 +1,63
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DIJIEKTPOIHBIN MTPOLIECC

DJIEMEHT ¢°, B
0X + né =red

Co |Co* +2& = Co -0,28
Co*" +3e =Co +0,33

Co®* +¢& =Co* +1,84

Cr |Cr¥*+3g=Cr -0,74
Cr¥* + e =Cr? -0,41
CrO4* + 4H,0 + 38 =Cr(OH)3 + 50H -0,13
Cr207% + 14H* + 68 = 2Cr** + 7TH0 +1,33

Cs |Cs"+¢e=Cs -2,91
Cu |[Cu?+2&=Cu +0,34
Cu*+¢& =Cu +0,52

F F,+2e = 2F +2,85
Fe |Fe(OH)s+¢& =Fe(OH), + OH" ~0,56
Fe?* +2¢ = Fe —0,44

Fe3* + 3g =Fe -0,04

Fe3* + & =Fe?* +0,77

Ge |H2GeOs+ 4H"+2¢ = Ge?** + 3H0 —0,36
H,GeOs + 4H* + 4& = Ge + 3H0 -0,13

H 2H,0+28<=H2+20H" (menounas cpexa, pH>7) | —0,83
2H*(10~" M) + 2& = Ha (meiirp. cpena, pH=7) -0,41

2H" + 28 = H; (xucnas cpena, pH<7) 0,00

Hg |Hg?* +28 = 2Hg +0,79
Hg?* + 28 = Hg +0.85
2Hg?* +2& = Hg?* +0,91

| 2103 +6HO+ 10e = I + 120H" +0,21
l,+28 = 21 +0,54
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DIJIEKTPOIHBIN MTPOLIECC

OneMeHT ¢°, B
0X + né =red

K |K'+e=K 2,93
La |La* + 3¢ =La -2,52
Li |Li*+&=Li -3,04
Mg | Mg?* +2& = Mg —2,36
Mn | Mn?* 428 = Mn -1,18
MnOys + & =MnO4* (enounas cpena, pH>7) +0,56
MnOs + 2H20 + 38 2Mn0O; + 40H" +0,60
MnO; + 4H* +28= Mn?" + 2H,0 +1,23
MnOs + 8H* + 58 =Mn?* + 4H,0 +1,51

N Nz + 4H,0 + 48 =NyHs + 40H- -1,16
NOs + H,O + & =NO, + 20H -0,86

NO,; + H,O + & =NO + 20H" —0,46

NOs + 2H,0 + 3¢ 2NO + 40H" -0,14

NOs + 7H20 + 88 =NH4OH + 90H" 0,12

NOs + H,O + 28 =NO2 + 20H" +0,01

NOs; + 2H* +& = NO2 + H.0 +0,80

NO;3 + 10H" + 88 = NH4" + 3H20 +0,87

NOs + 3H" +28 =HNO, + H>0 +0,94
2NO3 + 10H" + 8¢ =N20 + 5H,0 +1,12
2NO;z + 12H" + 108 =Nz + 6H,0 +1,25

NOs + 4H* + 38 = NO + 2H,0 +0,96
HNO; + H* +& =NO + H.0 +1,00

Na |Na"+¢&=Na -2,71
Ni | Ni?*+2& =Ni -0,25
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DIJIEKTPOIHBIN MTPOLIECC

DJIEMEHT ¢°, B
0X + Né =red

O |02+ 2H20 + 48 =40H" (pH>7) +0,41
O, + 4H* + 28 =H,0; +0,68

O, + 4H* (107 M) + 48 =2H,0 +0,82

O, + 4H* + 48 =2H,0 +1,23

O3 + H0 + 28 =0, + 20H" +1,24

Ho0, + 2H* + 28= 2H,0 +1.78

O3 + 2H* + 28 =0, + 2H,0 +2,08

P | P +3H0+ 38 =PHs + 30H -0,89
H3PO4 + 2H* + 28 = H3POs3 + H20 -0,28

P + 3H* + 38 =PHs3 +0,06

Pb | [Pb(OH)s]? + 2& =Pb + 40H- ~0,54
Pb2* + 28 =Pb -0,13

Pb* + 28 = Pb?* +1,80

Pt | Pt +2¢ =Pt +1,19
Rb |Rb*+&=Rb —2,93
S | S04 + H0 + 28 =S0s% + 20H 0,93
SO + 4H,0 + 68 =S + 80H- 0,75

S + 28 =5% 0,48

SO4% + 4H* + 2e= H,S03 + H,0 +0,17

SO + 10H* + 88 =H,S + 4H,0 +0,15

SO.% + 8H" + 68 =S + 4H,0 +0,36
H2S0s + 4H* + 28 =S + 3H,0 +0,45
S208% + 28 = 25042 +2,01

Si | SiFe? + 3H,0 + 4 =Si + 60H" ~1,70
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DIJIEKTPOIHBIN MTPOLIECC

DJIEMEHT ¢°, B
0X + né =red

Sn | [SN(OH)4]> + 2& =Sn + 40H" ~0,91
Sn%* + 28 =Sn -0,14

Sn* +4& =Sn +0,01

Sn* + 28 =Sn?* +0,15

Sr |Sr**+2e =Sr -2,89
Te |Te+2e=Te* -1,14
Ti |Ti**+2e =Ti -1,63
TiO2 + 4H" + 46 =Ti + 2H0 —0,86

Sn3* +& =Sn# -0,37

V V2 428 =2V -1,18
Zn | [Zn(OH)4]?> + 28 =Zn + 40H- ~1,22
Zn** + 28 =27Zn —0,76
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HEPUOANYECKASA CUCTEMA JIEMEHTOB JI.MU. MEH/IEJIEEBA

Ipujoxkenue 8

[ 1 i v V VI VI VIII
H 1 He 2
1,0079 4,0026
Bomopoa I'enmii
Li 3 | Be 41 B 5(C 6N 710 8| F 9 Ne 10
6,941 9,012 10,811 12,011 14,0067 15,999 18,998 20,179
JluTHi bepusuinii | bop Yraepon A3zoT Kucaopon DTop Heon
Na 11 | Mg 12| Al 13| Si 14| P 15| S 16 | CI 17 Ar 18
22,990 24,305 26,982 28,086 30,974 32,066 35,453 39,948
Harpuii Marunmii Amomunuii | Kpemnuii Dochop Cepa XJiop Aprou
K 19| Ca 20| 21 Sc| 22 Ti| 23 V| 24 Cr| 25 Mn | 26 Fe | 27 Co | 28 Ni
39,098 40,078 44,956 47,88 50,942 51,996 54,938 55,847 58,933 58,69
Kanni Kanbuuit Cxanamnii Turan Banaauii Xpom Mapranen | Keuae3o KobdannT Hukean
29 Cu| 30 Zn | Ga 31| Ge 32 | As 33 | Se 34 | Br 35 Kr 36
63,546 65,39 69,723 72,59 74,922 78,96 79,904 83,80
Menb Muuk Tannmi TI'epmanmii Mbinbsik | Cenen bpom Kpunrton
Rb 37 | Sr 38 | 39 Y| 40 Zr | 41 Nb | 42 Mo | 43 Tc | 44 Ru | 45 Rh | 46 Pd
85,468 87,62 88,906 91,224 92,906 95,94 [99] 101,07 102,905 106,42
Pyouauii Crponnmii | UTTpmii InpkoHuii Hwuoomnii Moanbaen | Texneumii | Pyrenmii Poamii Mannaguii
47 Ag | 48 Cd|In 49 | Sn 50 | Sb 51 | Te 52 |1 53 Xe 54
107,868 112,41 114,82 118,71 121,75 127,60 126,904 131,29
Cepeopo Kaamuii HWuanmii OJ0BO Cypbma Teanyp Hop KceHon
Cs 55 | Ba 56 | 57 La* | 72 Hf | 73 Ta| 74 W | 75 Re | 76 Os | 77 Ir| 78 Pt
132,91 137,33 138,905 178,49 180,948 183,85 186,207 190,20 192,22 195,08
e3mii bapwmii JlanTan TI'aduui Taunraja Boasdbpam | Pennii Ocmuii HNpuauii IlnaTuna
79 Au| 80 Hg | TI 81 | Pb 82 | Bi 83 | Po 84 | At 85 Rn 86
196,967 200,59 204,38 207,20 208,98 [209] [210] [222]
30.10TO PryTh Tanui CBuHenl BucmyT IMosonnii Acrar Panon
Fr 87 | Ra 88 | 89 Ac** | 104 Rf | 105 Db | 106 Sg | 107 Bh | 108 Hs | 109 Mt | 110 Uun
[223] 226,025 [227] [261] [262] [263] [262] [265] [266] [272]
@Opanuui Panuii AKTHHHHA Pezepdopauii | Jlyouuii Cubopruii bopnii Xaccui MeiiTHepuii | YHYHHHJIMH
*JlaHTaHO 58 Ce | 59 Pr 60 Nd |61 Pm |62 Sm 63 Eu 64 Gd 65 Tb 66 Dy 67 Ho 68 Er 69 Tm 70 Yb 71 Lu
-HIbI 140,12 140,908 144,24 [247] 150,36 151,96 157,25 158,925 162,50 164,93 167,26 168,934 173,04 174,967
epuii Ipazeonum Heomum | Ilpomernii | Camapmii | EBponmii Tanomnmii | Tepomii Jlucnposuii TostbMuid Jpouii Tymmid HrepoOuii Jlorenmii
** AKTHHO 90 Th 91 Pa| 92 U 93 Np 94 Pu 95 Am 9% Cm 97 Bk 98 Cf 9 Es| 100 Fm 101 Md 102 No | 103 Lr
-H/IbI 232,04 231,036 238,029 | 237,048 [244] [243] [247] [247] [251] [252] [257] [258] [259] [260]
Topmii IIporakTunmii | Ypau Henrynmii | Ilayroumii | Amepmimii | Kropuii bepxomii | Kamdopuwmii | Jitnireiinmii | @epmuii | Menneneepuii | Hobemii JloypeHcuii




BoakoBa Enena IBaHoBHA, K.X.H., JOLICHT
Kynumosa Taresina [lerpoBHa, K.X.H., TOLEHT

IIpakTUKYM 0 XUMMH.
IIpouecchl ropeHus M B3pbIBa

YueOHO-METOAUYECKOE TOCOOUE
JUTSL CTYICHTOB TEXHUYECKUX BY30B

(Ha PYCCKOM SI3BIKE)

PenakumoHHO-TEXHUYECKOE OPOpPMIICHHUE,
KOMITBIOTEpHAs BepcTKa E. /. Boakosa
Huzaitn oonoxku 1.11. Kynuwosa
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