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Llenbto KypcoBoi paboTbl Mo ANCUMMIMHE «TeopUsi TOPeHUst U B3pbiBa»
SIBMISIETCS MOJTyYEHWE HABLIKOB M YMEHWsSI Peasiv30BaTh Ha MPaKTUKE METOAbI
pacyeTa nokasaTesiel MoXapoB3pPbIBOOMACHOCTU BELWIECTB M MaTepuasnos, a
Taloke METOAbl PACHETHOW OLIEHKM KOHKPETHbIX YC/IOBUIA NMPOM3BOACTBA.

KypcoBasi paboTa COCTOMT M3 TEOPETMYECKOrO pasfesna U peLleHus
pacyeTHOM 3adaun Mo BapuaHTaM. BbinosHeHWe paboTbl MO AMCUMMIMHE
npegnonaraeT noabop M CaMOCTOSITENIbHOE OCBOEHWE TEOPETUYECKOrO
MaTepuana Ha npeanaraeMylo TeMy, a TakkKe MaTeMaTWYeckuii pacyer
HeobX0AUMbIX MapaMeTpoB MPOLIECCOB FOpPEHWs, B3pbiBa WM AETOHALMM,
OCHOBLIBAsICb Ha TEOPETMYECKME W MPAKTUUYECKUE 3HAHWS, MOyYEHHbLIE MpU
M3y4YeHUM Kypca «Teopus rOpeHnst U B3pbiBa».

KypcoBass paboTa fomkHa 6biTb OdopMieHa B OnpeaeneHHoM
noc/efoBaTeNbHOCTY:

TWUTYNbHBIA IUCT.

ConepxaHue (ornaeneHue).

1. OTBeTblI Ha BOMPOCHI.

Mpn Heo6X0ANMOCTM C MaTeEMaTUYECKNM BbIBOAOM, OMUCAHWEM U
rpaduyecknM n3o6pakeHMEM YCTaHOBKM M OCHOBHOIro o6opyaoBaHus.
2. CnMcoK 1cnonb30BaHHON NMTepPaTypbl.

3. PacueTHas yacTb.

4. BblBoAbl MO peLLEHHO 3aaaYe.

OTBeT Ha TeopeTuyecKoe 3afiaHue KypcoBoW paboTbl AO/KeH ObiTb
M3MI0XKEH CBOMMW crioBamu, Y€TKo, C obocHosaHueM. lMpu oTBeTe cneayet
yBA3bIBaTb TEOpETUYEeCcKMe BOMPOCbl C MpaKTUYeCKON peanusauuen,
LOCTWDKEHWUAMMU HAYKM N TEXHWUKM, HOPMATMBHO — TEXHUYECKMMMW AAHHbLIMW.
OTtBeTbl  LenecoobpasHO  WANKOCTPUMPOBaTb  pUCYHKaMmy,  Tabnuuamm,
rpacdvkamu, doTtorpaduaMmn, AuarpamMmamu, PacronioXXeHHbIMU B MOpsiake
M3N0XEHUA  MaTepuana, nNPOHYMEPOBaHHbIMU U COMPOBOXAEHHBLIMU
cooTBeTCTBYIOWMMK noanucaMu. OTBET cnefyeT HauMHaTb C BBeAeHUs, B
KOTOPOM  C(POPMYNMPOBAHA aKTyalbHOCTb, 3HAYMMOCTb W CoAdepXaHue
TEOPETUYECKOrO 3aZlaHusi, BNIMSIHUE Ha OLIEHKY MOXapHOMN ONacHOCTM BELLECTB
M MpOLECcCcoB, CBS3aHHbIX C WX WCNONb30BAHMEM WU MPOSIBEHUMEM Ha
npakTuKe.



MPABU/IA BbINOJIHEHMS KYPCOBOW PABOTDI

Mpy oTBETE HA TEOPETUYECKME BOMPOCHI KypCOBOW paboTbl BbiGOp
HOMEPOB BOMPOCOB OCYLUECTBASIETCA MO MOC/AeAHel W npeanocneaHen
undpam yyebHoro wudpa ctyaeHta (Tabnuua 1). Boibop HoMepa peluaeMoi
3afauyM OCYLLEeCTBNSETCA MO MOPSAKOBOMY HOMEpPY CTyA€HTa B CMWCOYHOM
COCTaBe rpynnbl Ha nepnoa yCTaHOBOHHOVI ceccun mnn no nHaneuayanbHoOMy
3aAaHuIo npenoaaBaTens, BblAaHHOMY Ha YCTAHOBOYHbIX 3aHATUAX.

Tabnuua 1
Homep NMocnepHsas uudpa HoMepa 3auYeTHOW KHUKKK
a
sonpoc | 1 2 3 4 5 6 7 8 9 0
0B

1, 2, 3, 4, 5, 6, 7, 8, 9, | 10,
1| 11, | 12, | 13, | 14, 15, | 16, | 17, | 18, | 19, | 20,
s 21 | 22 | 23 | 24 25 26 | 27 | 28 | 20 | 30
¥ 9, 8, 7, 6, 5, 4, 3, 2, 1, | 10,
3 2| 20, | 19, | 18, | 17, 16, | 15, | 14, | 13, | 12, | 21,
¥ 30 | 29 | 28 | 27 26 25 | 24 | 23 | 22 5
= 2, 3, 4, 5, 6, 7, 8, 9, | 10, | 11,
o 3|21, | 22, | 23, | 24, | 25, | 26, | 27, | 28, | 29, | 22,
- 14 | 13 | 14 | 15 16 17 | 18 | 19 7 1
g 3, 4, | 23, | 9, 21, | 20, | 27, | 28, | 29, | 30,
® |a|15 |11, | 1, | 13, 2, 1, 5, 6, | 13, | 19,
20 8 29 | 28 17 6 12 3 2 26
a8 12, | 13, | 14, | 15, | 16, 17, | 18, | 19, | 20, | 21,
g 5| 8, 9, 7, 6, 1, 2, 3, 2, | 11, | s,
o 21 | 30 | 29 | 28 27 26 | 25 | 24 | 19 | 13
T 4, 3, 5, 8, 9, 10, | 1, 2, | 16, | 15,
s | 6|14, | 12, | 25 | 16, | 18, 2 21, | 23, | 22, | 30
Iy 28 | 24 3 30 24 20 4 15 9 22
s 7, 6, 5, 4, 3, 2, 1, | 30, | 23, | 26,
T |7] 27, |26, | 15, | 24, | 23, |22, |21, | 8, | 17, | 10,
= 10 | 13 8 6 9 1 4 28 | 25 4
3 1, 2, 3, 4, 5, 6, 7, 8, | 10, | 11,
= |8 12, |17, [ 23, |15 | 18, |29, | 14, | 19, | 24, | 25,
g 25 | 23 9 7 20 8 11 | 24 6 19
3 9, 8, 7, 5, 6, 8, 4, 3, | 21, | 22,
S |9| 17, |13, | 24, | 12, | 23, |29, |30, | 25, | 15, | 7,
0 20 | 21 | 13 | 28 12 11 | 21 | 17 | 19 | 16
= 1, [ 2, [ 3 | 4 5, 6, | 7, | 8 |19, | 18,
o| 15, | 16, | 17, | 18, | 19, | 20, | 21, | 22, | 23, | 24,
27 | 24 | 10 | 27 30 11 | 16 | 17 | 18 | 10




No

10.
11.
12.
13.
14.
15.

16.
17.

18.

19.

BOMPOCHI KYPCOBOW PABOTbI
MicTopnst BO3HWKHOBEHUS M AOCTVMXKEHUS Haykn B 0bnactu usydeHus
orHs. Knaccudukaumm no>xxapos 1 B3pbIBOB. 30HbI U CTaauu noxapa.
XUMMyeckass KMHeTMKa 1 TepMoxmMmus. OCOBeHHOCTU NpoTeKaHus u
XapaKTepUCTUYECKMEe NapaMeTpbl NPOLECCa ropeHus.
TeMnepaTypa ropeHusi U ee 3aBUCMMOCTb OT Pas/IMyHbIX NapaMeTpoB.
TepMoaMHamMuyeckMe  CBOWCTBA  CUCTEMbl.  TepMoAMHaMUYeckue
pacyeTbl Afns8  M30XOpHOrO M wu3obapHoOro mnpoueccos. Pacuer
Tennosoro addekra npouecca CropaHUsi C y4eTOM 3SHTasbMUKHOMO
¢akTopa.
BTopoe Hayano TepMoavHaMukK. MoHATME 3HTpOMUKM ANna npouecca
ropeHus. M3o03HTponsbl lNyaccoHa.
MexaH13M XMMUYECKUX peakLmii ropeHust. MoHsTUE MONEKYNSIPHOCTY.
Ponb MOBEPXHOCTHLIX peakuuii B mpoLieccax ropeHusl. PaccMoTpeTtb
MEXaHU3M peakuunu OKUC/IEHUS BOAOPOAA Ha NMOBEPXHOCTU MNATUHBI.
LlenHble Hepa3BeTBNEHHble peakuun. PaccMOTpeTb Ha npuMmepe
peakuum Boaopoaa C XJI0poM.
Camoyckopsilolwmecs XMMUYeckue peakumMm Ha rnpuMepe BOAOPOAHO-
KUCITOPOAHOW CMecu.
Buabl  BO3HMKHOBEHUS  FOpEHWsi.  3aBUCMMOCTb  HauaslbHoOW
TemnepaTypbl OKUCNEHWSI OT NPUPOAbLI OPraHUYECKON MONEKybl.
Buabl MCTOUHMKOB 3aXKMraHUs M MX BOCT/IAMEHSoLWas CrnocobHOCTb.
TemnepaTypbl BOCM/ITAMEHEHMS U CAMOBOCIIIAMEHEHNS U UX 3HAYEHUE
MpW OLLEHKE NOXapo- 1 B3PbIBOOMACHOCTU BELLECTB.
MexaHu3M TensoBoro B3pbiBa B UccneaosaHusax CemeHosa.
AHanu3 Tennosoro B3pbiBa ®paHk-KameHewuKoro.
MoHsITME M BWAbI B3PbIBYATHIX BELLECTB. XapaKTEPUCTMKa CBOWCTB
B3pblBYATbIX BELLECTB.
Teopusa AeToHaUMn naeanbHOro B3pbiBYaToro rasa. Kpusble MoroHuo.
[JetoHaums n gednarpaumns YemneHa-Xyre.
loHATME FOMOrEeHHOro M reTepPOreHHOro ropeHus.
XapaKTepuCTUKM  KUHETMYECKOTO U AUDEY3MOHHOIO  peXnMoB
ropeHus.
Kunetnueckoe n anddysnoHHoe ropeHne ras3os. CTauuoHapHble u
HecTaumMoHapHbIe NniiaMeHHa.
PacnpoctpaHeHne nnameHW. Tennosasi Teopust PacnpoCTpaHeHUs
nnameHn. TlOHSTWE  HOPMasibHOM  CKOPOCTU  PacrpoCTpaHeHust
nnameHu.



20. Anddy3noHHoe ropeHmne rasos. CTpyKTypa U BbiCOTa
Anddy3noHHOro NnameHn. 3aBUCMMOCTb MIAaMeHU OT PasfMYHbIX
(akTopoB.

21. a3oanHaMuyeckue pexxuMbl ropeHunst (naMmmHapHoe u TypbyneHTHoe
ropeHue).

22. PacnpocTpaHeHue nnameHu B TypbyneHTHOM noToke. [MoHsATHe
TypbyneHTHOCTW. [MoBepXHOCTHas M 0b6beMHas Mogenu
TYpOyneHTHOro ropeHusl.

23. TloHSATME KOHLEHTPaLMOHHBIX Npeaenos pacnpoCTpaHEHUs NaMeHu.
3aBUCUMOCTb KOHLEHTPALMOHHBIX NPeaenioB pacnpoCTpaHeHms
nnameHn OT pasnnyHbIX pakTopoB. MeToabl pacyeTa
KOHLEHTPaLUMOHHbIX NpeaenoB pacnpoCTpaHEHUS NiaMeHu.

24. MexaHu3M BOCT/TaMEHEHUS XXUAKOCTU. AHANW3 BITUSIHUS YCIIOBUIA
rOpeHUst Ha CKOPOCTb pacnpoCTpaHeHNs NaaMeHu

25. XapaKTepuCTMKK (hakTOpOB, BAUSIOLLMX HA CKOPOCTb BbIrOpaHus
YKWAKOCTEN.

26. MexaHu3M BoCniaMEHEHUS! TBEPAbIX TeN. AHaU3 BIMSIHUIA YCII0BUI
rOpeHUst Ha CKOPOCTb PacnpoCTpaHeHUs NIaMeHMU.

27. TopeHue MblEeBO3AYLLIHbIX CMEcen

28. BnusHuWe cocTaBa M CTPOEHUs Lenono30coaepxalumx matepmanos
Ha ux noeeaeHve Npu ropeHMn. OCO6EHHOCTV ropeHnst MeTass1oB.
OcobeHHOCTM ropeHuns NoMMepoB

29. Ycnosusa NOTYXaHUsi NaMEHWN.

30. ®nermatnzaums. MHrMbrnposaHue n dnermatTusaums kak MeToabl

npekpaLeHunst ropeHnsi. MexaHnsMm BANSHUS Ha MPOLIECC FOPEeHUS.

CnMCcoK MCNosIb30BaHHOM  siMTepaTypbl. B cnucok
IMTepaTypbl BKIIOYAKOT BCE MCMOMb30BaHHbIE UCTOYHWMKK. PacronaratoT ux B
nopsigke ynoMuHaHus B TekcTe. OnucaHue KHWUrM obsi3aTenbHO OO/MKHO
cofepxatb: pamMmnnm U MHUUManbl aBTOPOB, Ha3BaHWE KHUMM, U34aTeNbCTBO
W rof M3faHus, KONM4ecTso CTpaHuu,.

OnuncbiBas CTaTblo M3 CepuanbHOro magaHus (KypHana, rasetbl),
npuBoAAT GamMmnm 1 uHUMUManNbLl aBTOPOB CTaTbM, €€ Ha3BaHwue,
HaMMeHOBaHWe Wu3faHusl, oA, TOM, HOMep W3[aHuMs W CTpaHWUubI
Mcnonb3yemMoro Matepuana.

OnucbiBasi WCMOMb30BaHHbIM  CTaHAApT, [aloT HauMeHOoBaHwe
[IOKyMeHTa, umdpoBoe ero 0603HaveHve, Ha3BaHWe, AaTy BBEAEHUS U CPOK
LeicTBuS (ecnn oH UMeeTcs).

OdopMneHne  NOSICHATENBHOM  3aMlUCKM  AO/MKHO  OTBeYaTb



TpeboBaHuAM EAMHON CUCTEMbI KOHCTPYKTOPCKOW HAoKyMeHTaumun (ECKA).
MosicHUTeNbHas 3anncka BbIMOHSAETCS MAWMHOMMUCHBIM CNOCO60M Ha ByMmare
¢opmara A4.

Kaxxabli IUCT MOSICHATENbHOW 3anMuCKW AO/MKEH MMETb paMKy.
CTpaHuubl 3anucKu HYMepyloTcs, @ B COAEpXXaHUM YKasblBaloTCs HOMepa
CTpaHuL, COOTBETCTBYIOLLUME Hayany Kaxxaoro pasgena.

B TEKCTOBOM AOKYMEHTE HYXHO [aBaTb CCbUIKM Ha WCTOYHWKMW.
Ccblnika coaepXuT HOMEp UCTOYHMKA, B3STbIN U3 CrNCKa.

dopmMy”nbl B 3anMcke HymepytloT apabckumy undpamu B npeaenax
pasgena. Homep ¢opMynbl COCTOMT M3 HOMepa pa3gena M nopsiaKkoBOro
HoMepa opMy/ibl, pa3AeNieHHbIX TOUKOW.

PacueTtHas vacTb. [epes pelueHeM 3agaqum HEOBX0AUMO M3yYuTb
COOTBETCTBYIOLMI TEOPETUUECKUI MaTepuasn, YSICHUTb (U3MYECKUA CMbICH
UCMONb3YEMbIX U MOAMEXaLMX PacyéTy napameTpoB. XOA4 pellueHust 3apauu
aHanormyeH npuseaéHHOMY rMpuMepy ANl BCeX BapuaHToB. He crepyet
MponyckaTb OTAESbHblE MYHKTbI, T.K., Kak NpaBWfio, MONyYeHHble AaHHblE
UCMOSb3YIOTCS MpU AanbHenlueM pelweHnn. HeobxoaMMo mnokasaTb BeCb XOA
peLleHns 1 MaTeMaTuyeckue Npeobpa3oBaHnsi. TOYHOCTb BbIMUCIEHWI — He
MeHee 3-X 3Havawmx uudp. MPOMEXYTOUHblE W KOHEYHble BEUYUHDI,
MOMyYeHHbIE  MpU PELIEHWUN, AOIMDKHbI  COMPOBOXAATHCS  €AMHULIAMM
u3MepeHusi. AHanM3NpyTe UX Ha peanbHOCTb, YTO6bI UCKTIOUYUTL 3aBEAOMO
HeBepHble pe3ynbTaThl. B KOHUE pelieHust 3apayuv BbINUWUTE 3HAYEHUS

BESIMYMH, MOMYYEHHBIX MPU pacyéTe.

BapvaHT pacyeTHoV 3a/iauM  KypcoBoW paboTbl COOTBETCTBYET
NnopsaKOBOMY HOMEPY B CMMCOYHOM COCTaBe rpynmbl. BbiAaeTcs no 3aaaHuio
npenoaaeaTtens

BbiBOAbl. B KOHUe KypcoBOW paboTbl AO/MKEH 6biTb AaH aHanu3
NOMYYEHHbIX PE3YNIbTATOB pacyeTa NpeasioXXeHHOro NPakTUYECKoro 3aaaHus.



lIpumep pacyera

aHo:

I".B. — metunauetat CH3COOCH; (>xnakocTtb);

TemnepaTtypa t = —10 °C (263 K);

[Hasnenune P = 100 k[Ma;

K—T n36biTka Bo3ayxa « =1,5;

G = 1,6 r/mM%;

06beM nomelleHns Vaon = SxBxH M3;

MoBEPXHOCTb UCMapeHnst Syc = 3 M2,
Onpegemrs.

Vs; Var; % coctaB IN.T.; Qu; tr; d; Cuac; Cor; Pes; HKNP; BKNP; HTMP;
BTIP; tac; Tuc.

Pelerne

1. Paccuutaem 06bEM BO3ayXa, HEO6XOAMMOro ANs MOSIHOrO CropaHus
1 Kr roptoyero BelyecTsa.

a) CocTaBuM ypaBHEHWE peaKkuMn ropeHns MeTunaueTaTa Ha Bo3ayxe
(coxpaHsieM nepeg, dopmynoit .B. koapduumeHT nes = 1).

CH3COOCH; + 3,5 O + 3,5x3,76 N2 = 3 CO; + 3 H,0+ 3,5%3,76 N;
6) Onp. Maccy 1 KMonsiFB.: M =12x3+ 1x6+ 16 x 2 = 74 kr

B) Onp. 06béM 1 KMons ntoboro rasa wim napa npu 3agaHHbiX YCI0BUSIX:
_VoxPoxT1  22,4x101325x263

- - =21 3
ey 273x100000 861

O6bEM No60oro rasa U3 ypaBHEHUS peakLu ropeHrst MOXHO OMNpeaenuTb Mo

1ix Vi
dopmyne: Vi=———,

M
rae ni — Konnmyectso KMoneit cooTBETCTBYIOLIEro rasa uium napa:
Nre=1; Nco2 = NH20= 3; No2 = 3,5; Nn2=3,5x3,76.

r) Onp. peanbHbI1 pacxod Bo3AyXa C YYETOM 3aAaHHbIX YCIOBUI U M36bITKA
BO3AyXa:
v,= (35+35x3,76)x21386

74

x1,5 = 7,38 ™3



2. Onpefenum o6bEM U NPOLIEHTHLIN COCTaB NPOAYKTOB ropeHus 1 kr
MeTunauerTara.

a) Onp. 06bém MN.I.: Vot = Wzi’# =0,52m3
Veoz = Vino = 2 3:86 = 0,886 M Vi = 39X376x15x2186 _ 5 g3 3
74

Vir = Veo2 + V2o + V2 + Vo2 = 0,886 + 0,886 + 5,83 + 0,52 = 8,12 M3

Vix100%
6) Onp. % coctas IN.I",, npuHAB Vi 33 100%. @i = ———
Viar
¢co2 = grao = 0880100 _ 1091% o2 = 0,52x100 _ 6.4%
8,12 8,12

_ 5,83x100
N = 2

¢ =T7L79%

>

3. C nomowbto hopmynbl MeHaeneeBa onpeaenuM TeNIOTY CropaHus Ans
1 kr B.

a) MpuHsiB maccy 1 Kmons 3a 100%, onp. MaccoBoe NpoLEeHTHOe coaepXaHue
3/1eMeHTOoB B [B:

— Mix100%
o=
M
@c= 36x100/74 = 48,6 %; o¢u= 6x100/74= 8,1%; ¢o= 32x100/74= 43,24%

6) Mo dopmyne A./. MeHpeneesa:

Qu =339,4 ¢c + 1257 ¢4 -108,9 x (o - ¢s) 25,1 x (9 x ou + @w ) =
= 339,4x48,6+1257x8,1-108,9x(43,24)-25,1 x (9 x 8,1) = 20138 kx / kr



4. OnpegenuM nMiIOTHOCTb NMApoB MeTUIaLETaTa Mo OTHOLWEHMIO K NIOTHOCTU

BO34yxa:
Mi 4

d= 2" =7— = 2,55 rpe Mn — MonekynsipHas macca napa (v rasa)
Me 29

Mg = 29 — cpenHsist MoneKynsipHast Macca Bo3ayxa (MocTosiHHas)

5. PaccunTtaeM KOHLEHTpauuio HacbILWEHHbIX NapoB MeTuiaueTara.

a) Haxoamm pgaBneHue HacbIWweHHbIX NapoB npu 263 K. OHO paBHO NpUMEpHO
4675 Na.
6) KOHUeHTpaums napos B % no 06bEMy COCTaBuT:

rac = Prac =100 _ 4675%100 — 4,68%
P 100000

B) Bblpa3nM 3Ty KOHLEHTPaLMIo B r/m3:
QPracx10xM  4,68x10x 74
Vu 21,86

Chac = =158,5 r/m3

6. Paccumtaem CTEXMOMETPUYECKYIO KOHLIEHTPaLMIO MapoB MeTuaueraTa B
CMECH C BO3[yXOM, NPUHSAB 06BbEM Bcelt cMecy 3a 100%.

a) B MpoLEHTax o 06baMy:
_ 100% x nrs _ 100 x nee _ 100x1 _5,66%
Nem Nes+nO2+nN2  14+3,5+3,5%3,76

Ocr

6) B r/M3: CCT = @‘leOXM _ 5,66X10X74
Vu 21,86

=191,6 1/™?

7. PaccumTaeM KOHLEHTPaLMOHHbIE Npeaesibl pacnpoCTpaHEHNs NaMeHu
napoB MeTunaueraTa

a) B % no o6béMy: ¢ ye= 100
axno+b

10




rae awn b — TabnuyuHble AaHHbIE
No2 — K-BO KMOJeN kucnopoaa ans okucnernus 1 kmons .B. (U3 ypaBHeHWs
peakuuu ropeHus).

100

HKIMP) = = 2,85 %
0w (MK = 843,51 4.679 ’
© & (BKTIP) = 100 =16,7 %
1,550%3,5+0,560
6)Br/ M3 Cis — WF/W
Vu
Ci _ 2,85x10x 74 96,47 r/M3
21,86
G 16710574 _ (oo o
21,86

8. Onpepnenvm BpeMst 06pa3oBaHMS MUHUMAIbHOW B3PbIBOOMACHO
KOHLEHTPALMM NapoB 3ajaHHOMN XMAKOCTM.

a) B3pbiBOOMacHas KOHUEHTpaums napoB obpasyetcst npu goctmkeHnn HKMP
= 96,47 r/m3

Onp. Maccy XWAKOCTW, KOTOPYID HYXXHO wcnapwTb, 4Tobbl 06bpasoBanach
HKIMP:

M = Vpow x Gy m = 200 x 96,47 = 19294 r
6) Onp. BpeMs UcrnapeHus U3 opMyibl MacCoBOW CKOPOCTU MUCMapeHus:

G=_"_;orkymat= _2

xS S><G’

no ycnosuto 3agaun: S=3 M, G = 1,6 r/m<,

Torgat = % — 4019,6 c = 67 MUH
3x1,6

9. OnpegenuM TemnepaTtypy ropexus. (1)

[ng s3Toro paccuntaemM TennocoaepxaHue MN.I. NpyM HECKONbKNX
TeMmnepaTtypax u BblbepeM ABa 3HauveHus npu At = 100°, mexxay KOTopbIMK
HaxoauTcs 3HadyeHune Qu.

11




a) Onp. cpeaHee Tennocoaepxanune 1 M3 MN.I.:

G = H _ 20138 _ 1907 ww / M3
Virm 10,56
6) Ucxops n3 coctasa NI (> 70% npuxoautcs Ha AOMI0 a3oTa), NpUMeM ty
=1600 °C, T.K. Npu 3TON T-pe q¢p 6MKe BCero K TabnnUHOMy 3HaYEHUIO Qny,
1 paccumTaem Tennocoaepxanue M, nonb3ysce Tabn.4:
q co2= 3771,4 x 0,886 = 3341,46 k[x
g H20 = 3004,2 x0,886 = 2661,72 kx
gqn2= 23355 x5,83 = 13615,96 kx
g o2=2462,4 x 0,52 = 1280,44 kX .
Q1600 = 2 qnr = 20899,58 K/

B) T.K. TennocogepxaHue NI He MOXEeT NpeBbIlaTh TeMNI0BbIAENEHNS,
npumeM t; =1500 °C u paccunTaem Tennocoaepxxaxue M npum aton ty,

q co2 = 3505,7 x 0,886 = 3106,05 Kbk
q o = 2781,3 x 0,886 = 2464,23 K[k
qn2 = 2176,7 x 5,38 = 11710,64 K[k
Qo2 = 2295,7 x 0,52 = 1193,76 k/Ix .
Qis00 = 3. Gor = 18474,68 k[Ix

r) ICTUHHYIO TemMnepaTypy rOpeHuUsi HAXOAMM UHTEPMOSISILMEN.

Q (kOx)
20899,58

Q. = 20138

18474,68

A 4

1500 trop 1600
MpuHuMasiem Tennocoaepxanue NI B BbIGpaHHOM MHTEpBasie TemnepaTyp OT
t1 =1600 °C go t; =1500 °C nocTosiHHOM, T.e. 3aBucuMocTb Q(t) cuntaem
NpsIMOSIMHENHOMN.
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Bonee TOUHO paccuMTbIBaEM TeMMepaTypy ropeHus no dopmyne:
trop = 1500 + (20138 -18474,68) x (1600 —1500) _ 1568,88 °C

20889,58 —18474,68

10. Paccuutaem TeMNepaTypHble Npeaenbl PacnpoCTpaHeHUAa nNiiaMeHn
3aAaHHOro BeulecTsa.

a) onpeaenvM AaBfieH1e napa Ha HUXKHEM M BepXHEM npegenax
pacnpocTpaHeHUs NiaMeHu:

Pius= QPusxP  Pyy= 285x100000

100 100
P s = 116,7x100000
100

=285071a

=16700/1a

6) no Tabnuue AasneHuit napa onp. TIP MeTunauetata Mo BblYMUC/IEHHLIM
3HayeHusM. [na aToro BbibepeM ABe TemnepaTypbl C pa3HOCTbiO B 10 °C
TaK, 4YTObbl MPU OAHOM M3 HWMX TabfIMYHOE 3HAuYeHWe [AaBJEHMS
HacbILLEHHbIX MapoB 6bl10 6onblue pacYETHOro, Mpu ApPYrol — MeHbLUE.
VHTeprnonsumnio BbINONHAEM aHanormyHo n.4 . Uckomblit TMNP ponxkeH
nony4nThCs B BblbpaHHOM TeMmnepaTypHOM MHTepBane:

Piw= 2163 MNat, (HTMP) = (2850-2527)x(263-253) | 753 = 254 5K =

4675-2527
=-18,5°C

P 1o = 12511 Ma t, (BTMIP) = (16700~13938)x (293~ 283) + 283=
22853 -13938

= 286,09 K = 13,09 °C

11. PaccunTaem TemnepaTypy BCrbILLUKW.

a) no Tabn.6 npunoxeHus onpegennm TemnepaTypy KUNeHus metunaueTara:
thn = 57,0 OC
6) onpeaenvm k - K-T roproYecTy, 3aBUCSLLMIA OT COAEPXKALLMXCS B MOSEKYNE
aTOMOB:
k = 4X”C" + 4X"S" + IIHII + IINII —_ 2XIIOII — 2><"C|" — 3><"F" —_ 5><"Br" ,
roe
"c", "s", "H", "N", "0", "Cl", "F", "Br" - KONM4eCcTBO aTOMOB COOTB.
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3n1eMeHTa B Monekyrne MB.
B Monekyne metunauetara: 3 atoma C, 6 atomoB H, 2 atoma O,
Toraa k = 4x3 +6 - 2x2 =14
B) onpeaennMM TemnepaTypy BChbllwku no dopmyne dnes: :

th = tKym '18 K, th = 57,0 - lsm =- 10,34 OC,

12. PaccuMtaeM  [aBneHWE Npu B3pbIBE NAPOB NPU CTEXMOMETPUYECKOW
KOHLIEHTpaLun, cuntas uTo tss = tr

P, = X TB3xmmr _ 100000x1794,12x19,16 _ 740117,28 Ma,
Tx ren 263x17,66

roe: Tes = tes + 273 = 1521,12 + 273 = 1794,12 K
Nor = Nco2+ Nzo +nn2 = 3 + 3 + 3,5%3,76 = 19,16 kMonb
New = Ne + No2 + Nz = 1 + 3,5 +3,5%3,76 = 17,66 KMonb

BbIBOAbI:

OnpeaeneHbl nokasaTtenu I'IO)KapHOl7I OMacHOCTW MeTUNaueTaTa npu
3aAaHHbIX NMapaMeTpax

Pacxop Bo3ayxa Ha ropenue Vg = 7,38 M3

O6bEM U NPOLIEHTHLIV COCTaB NPOAYKTOB ropeHnst Vor = 8,12 M3 (pco2 = @20 =
10,91 %; @02 = 6,4 %; on2 = 71,79 %)

Huzwas TennoTa cropaHusa QH = 20138 k[ / kr

MnoTtHocTb napos no Bo3ayxy d = 2,55, T.e. napbl MeTunaueTara B 2,55 pasa
TshKenee Bo3ayxa.
[aBneHune v KOHUEHTpaUMs HaCbIWEHHbIX NapoB: Puac =4675 Ma; @uac =4,68%;

CHac = 158,5 F/M3 .
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CrexvoMeTpuyeckas KoHLEeHTpaLmsa napos (B % no o6béMy u B r/m3) :

6.
Qcr = 5,66 0/0 Ccr = 191,6 F/M3
7 KoHUeHTpaunoHHble npeaenbl pacnpocTpaHeHns nnaMmeHu
¢ w,(HKIMP) = 2,85 % °C 5 (BKMNP) = 16,7 % Cy = 96,47 r/m3 Cs = 565,32 r/m3
8 BpeMsi 06pa3oBaHusi B3pbIBOOMACHOM KOHLieHTpaumuy napos t = 4019,6 ¢ = 67 MWH
9 TemnepaTypHble Npeaenbl pacnpoCcTpaHeH s MiamMeHu
tu (HTMP) = 254,5 K = -18,5 °C t; (BTIP) = 286,09 K = 13,09 °C
be3onacHbIMK ANs peXXMMOB XpaHEeHUs!, NepPeBO3KN, NepeKaykn SBNSI0TCA
Temnepatypbl 40 -18,5°C 1 Bbiwe 13,09 °C
10 TemnepaTtypa BCnblwkK tsc = -10,34 °C, T.e. MeTunaueTat ssnsetca JIBX II-ro
) paspsiga (NMOCTOSIHHO OMacHbIM).
1 TemnepaTypa ropeHus trop = 1521,12 °C
12 MakcumarsnbHoe AasneHune B3pbiBa Ps; = 740117,28 MNa
Tabnuua 1
3afiaHue Ans BbINOMHEHUS NPAKTUYECKOW YacTy No BapuaHTaMm
Ne BeluecTtBo L, M Bm |[H, M t°C | « G, P, Ma
r/m%c
1 2 3 4 5 6 7 8 9
1 eKCUoBBbIN 120 4,5 3,5 10 1,6 0,12 110000
crmpt CeH140
2 lekcaH 100 6 3,5 12 1,7 0,15 115000
CeH14
3 AHUAVH 80 6,5 4 15 1,8 0,17 120000
CsHsN
4 bytaHon 60 6 4,5 20 1,3 0,19 105000
C4HoOH
1 2 3 4 5 6 7 8 9
5 H-AMWIOBBIN 90 6,5 3,8 25 1,3 0,19 94000
cnupT
CsH110H
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(o))

Ounuman C;N;

120

4,5

28

1,6

0,12

115000

ALETOH
CH3COCH;

100

30

1,1

0,13

125000

YKcycHast
KucnoTa
CHsCOOH

80

6,5

32

1,2

0,24

119000

BeH3on CsHs

60

35

1,3

0,15

98000

ANnunoBbIn
cnmpT
C3HsOH

90

6,5

40

1,4

0,17

121000

11

H-ByTunoBbIN
cnmpT
C4HoOH

120

4,5

20

1,5

0,18

140000

12

OndTopaTaH
CoH4F;

100

25

1,6

0,15

116000

13

ALETOH
CH3COCHs

80

6,5

28

1,8

0,16

122000

14

Bytun-
auerar
CH3COOC4Hg

60

30

1,2

0,16

142000

15

MN306yTneH
CH,C(CH3),

90

6,5

3,8

32

1,3

0,15

133000

16

dopmanbge-
rma
HCHO

120

4,5

3,5

35

1,4

0,14

126000

17

AueTtanbae-
ma
CHsCHO

100

3,5

40

1,5

0,19

113000

18

Tonyon
CesHsCH3

80

6,5

25

1,6

0,18

109500

19

MponunoBbii
cnmpT
CsH,0OH

60

4,5

28

1,2

0,17

112000

20

MeTtunatuno-
Bbli1 3chmp
CHsOGCyHs

90

6,5

3,8

30

1,3

0,18

80000

21

MeTunoBbIi
cnvpT
CH3OH

120

4,5

3,5

10

1,8

0,15

93000

22

bytunauerat

100

3,5

12

1,2

0,14

105000
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CH3COOC4Hy

23 H-KCunon 20 6,5 4 15 1,3 0,05 141000
CeHsCH3CH3
24 oTun- 60 6 4,5 20 1,4 0,12 119600
auertar
C4Hs0>
25 Tpert- 90 6,5 3,8 25 1,5 0,16 87000
6yTUNOBBIN
cnupT
(CH3)3COH
26 KeTeH 50 4 2,8 12 1,6 0,09 109000
CH,0
27 | TpumeTnna 35 6 3 27 1,9 0,1 105000
MUH C3HoN
28 OnaTtuno- 40 7 3,3 13 1,8 0,23 108500
Bbl 3¢pup
CyHs0CoHs
29 Ovxnop- 30 10 3 -5 1,8 0,26 110000
3TaH GH4Cly
30 FnuuepuH 25 15 3,5 20 1,6 0,12 116000
C3Hs(OH);
31 Tonyon 50 18 3,5 10 2,2 0,25 106000
CeHsCH3
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MPUNTOXKEHNA

Tabnuua 2
TennocoaepxxaHwe ra3os Mpy NOCTOAHHOM AaBfeHUU
TemnepaTt Tennocoaepxanune,  Kxk/m3
ypa, °C 0. N, Bozayx Co, H,O0 SO,

0 0 0 0 0 0 0
100 131,8 130,1 130,1 170,1 150,6 181,4
200 267,2 260,9 261,6 357,7 301,7 377,9
300 407,1 393,6 395,4 559,7 463,0 587,0
400 551,4 528,7 532,1 772,6 626,8 824,6
500 669,3 666,6 672,0 925,1 786,2 1034,9
600 850,6 807,8 814,5 1225,6 969,5 1269,6
700 1004,7 9519 960,3 1463,1 1149,7 1507,5
800 1160,6 | 1098,2 1108,2 1706,2 1335,3 1746,4
900 1319,0 | 1246,9 1258,7 1953,8 1527,2 1994,8

1000 1478,6 | 1398,2 1410,7 2205,2 1724,2 22374
1100 1639,5 | 1551,1 1564,9 2460,4 1926,5 2488,8
1200 1802,1 | 1705,3 1720,4 2718,5 2133,9 2735,2
1300 1965,1 | 1808,8 1877,5 2979,1 2345,5 2979,5
1400 2129,8 | 1861,2 2035,5 3241,4 2560,9 3238,0
1500 2295,7 | 2176,7 2194,7 3505,7 2781,3 3488,2
1600 2462,4 | 2335,5 2355,2 3771,4 3004,2 3747,5
1700 2630,5 | 2495,9 2515,7 4039,6 3231,7 4003,1
1800 2799,7 | 2656,4 2678,2 4307,3 3461,3 4161,2
1900 2969,4 | 2818,2 2840,4 4579,7 3693,5 4529,8
2000 3140,8 | 2979,9 3004,2 4847,8 3928,5 4667,6
2100 3311,7 | 31429 3167,6 5118,2 4166,1 5059,4
2200 3497,8 | 3306,3 3332,3 5392,5 4405,8 5337,2
2300 3659,1 | 3469,3 34974 5660,7 4667,1 5608,7
2400 3834,3 | 3633,1 3663,3 5933,0 4890,9 5892,8
2500 4009,8 | 3797,4 3828,8 6209,6 5136,5 6169,8
2600 4184,9 | 3953,9 3988,4 6487,4 5387,1 6460,1
2700 4368,9 |4135,9 4156,5 6761,8 5639,3 6753,8
2800 4546,1 | 4304,4 4320,7 7033,3 5897,8 7050,9
2900 4729,2 | 4469,0 4484,9 7311,1 6159,3 7351,3
3000 4914,9 | 4634,5 4652,1 7589,7 6425,8 7655,1

18




Tabnuua 3

TemnepaTypa Tennota |CkopocT| MuH.
Ne HaumeHoBaHMe | XuMu4yeckas (°C) B3M3| (k@x/mMonb) | b Pacnp | sHepr Knp
n/n dopmyna | kune | camo | (Mm) | o6pa |cropa ';”(aw“l"/i;' Ba")"fw (% 06.)
ust Bchn 3::: -HUS (k)

1. |Avmmumak NH: 33,4 |650 316,5/680 [0,23 [15,0...28,0
2. |AuetuneH CaHz 83,6 |335 1301 1,57 |2,5...81,0
3. |1,3-byraaneH CsHe -4,5 430 2411 10,19 0,54 |2,0...11.5
4. |byTaH CiHio -0,5 |405 |0,98 |126 |2657 0,25 0,45 |1,8..9,1
5. |BytuneH CaHs 6,2 |384 2543 |0,27  [043 |1,6...10,0
6. |Bopopoa H, 252,83 |510 0,60 242 0,017 [2,70 |4,1... 75.0
7. | AumeTnnosbii CH3OCH3 -24,8 |350 184 1322 0,5 0,53 [3,7... 26,7

T,blTEl,Md)TopaTaH CoH4F2 -24,7 455 22 3,9...16,9
9. |AuxnopcunaH HaClLSi 8,3 100 309 4,0... 98,0
10. |Avuman CN2 -21,0 |800 6,0...32
11. |V306yTaH (CHs).CHCH |-11,7 [462 134,5/2649 |0,376 0,35 |1,8...8,4
12. |V306yTuneH EHzC(CHg)z 70 |465 2577 |0,471 (0,38 |1,8...9,6
13. |KeteH CH20 -41,0 543 4,5...50,0
14. |Meran CHa -161,8 |537 75 (802 |0,28 0,34 |5,3..14,1
15. |MeTunaTmnoBbIi CH:OCHs |6,8 190 216 |2107 2,2...10,1
16. E)CEZE;. yrnepopa | CO -192,0 |605 110,5/283 12,5...74,0
17. |Okcua aTuneHa CH40 104 430 |0,59 |54 1220 10,06 |0,895]3,2 ... 100
18. |MponaH CsHs -42,1 |470 10,92 |104 |2044]0,25 0,39 |2,3...9,4
19. |MponuneH CsHs 47,7 |455 0,70 1919 [0,24 [0,51 [2,4...11,0
20. |MeTtunaueTtuneH C3Ha -23,2 1939 |0,11 0,71 |2,7...18,0
21. |TetpactopatuneH |CF -76,0 |190 659 11,0...60,0
22. |TpumetTunamuH CsHoN 3,0 190 51 1986 2,0...12,0
23. |®opmanbaerna HCHO -19,5 |430 116 |571 7,0...73,0
24. |XnopmeTaH CH:Cl 242 (625 |1,00 641 7,6...19,0
25. |XnopataH C2HsCl 12,2 |510 |1,03 1251 3,8..154
26. |3TaH CaHe -88.6 |515 0,91 |84,7 |1576 |0,24 0,48 |2,9...15,0
27. |3tunen CaHa -103,7 |435 0,59 1318 |0,12 |0,735] 2,7...34,0
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Tabnuua 4
XapaKTepucruKu ﬂO)KapHOVI OnaCHOCTU nHAUnBMAyaJibHbIX )KVIHKOCTeVI

N@ Xvmnyeckas | nnot- | Temnepatypa Tennota Knp TMP (°C)
n/| HaumeHoBaHWe ¢opmyna | HocTb (°0) (kr/monb) | (% 06.)
n (kr/™M) | kun | 8c | cam] o6pas. | crop.
1. |AkpunoBas C2H3COOH 1051 |141,0/48 [440]336,0 (1280 3,0...17,0 | 43...93
Kucnota
2. |Anmmnosbivi cnupT | CsHsOH 854 97,0 |21 |370]131,8 |2039]2,5...18,0| 21...53
3. |Amunauetat CH3COOCsH11 |876 149,243 [290]556,8 3890 1,1...72 | 35...80
4. |H-AMWUNOBbIN CsH11OH 811 138,0/48 |300]302,5 (3384 1,5..8,3 | 45...89
cnmpT
5. |AuunvH CsHsNH2 1022 ]184,1|73 |617]109,0 |3016] 1,3...75 |70...106
6. |AueTanbgervg CHsCHO 783 20,2 |-40 |172]166,4 |1192]|4,1...570| 43..8
7. |AueToH CHsCOCH3 791 56,5 |-18 |535]217,6 [1821]2,7...13,0| -20...6
8. |BeH3on CsHs 874 80,1 |-11 |[5601829 |3169]| 1,4...8,0 |-15...13
9. |bytunauertat CHzCOOC4Hy 882 126,5/29 [330]526,0 [3285] 1,4..9,0 | 22...61
10.|H-ByTVnOBbIM C4sHsOH 805 117,0|35 |340|274,6 (2728 1,8...109 | 34...67
cnmpT
11.|TekcaH CeH14 655 68,7 |-23 |233]167,2 (3887 1,2..75 | -26..4
12.|FnnuepwH CsHs(OH)3 1260 ]290,0/198 [400 1483 ] 2,6 ... 11,3 |182...217
13./1,2 -OuxnopataH | (CH2Cl) » 1253 83,5 |9 [413 1076 | 6,2 ... 16,0 | 8...31
14.| Anatnnosbin admp | C2HsOCzHs 714 34,5 |-41 |180]252,2 |2531]1,7...49,0 | -44...16
15./H-Kcunon CsHsCHsCH3  |857 138,3/26 |528|24,4 |4375] 1,1..6,5 | 24...58
16.|Metunauerar CHsCOOCHs 933 57,0 |-15 |470]409,1 |1472]13,2...148 | -16...11
17.Metunosbin cnupT | CH3OH 787 649 |6 [440]201,3 |764 | 70...355| 5...39
18.|MypaBbuHas HCOOH 1220 |100,6/60 [600]379,6 |211 | 18,0...58,0 | 50 ...
Kucnota
19./HuTpobeHson CsHsNO2 1205 |210,9/88 [480 1,8.. 83 ..
20.|MNeHTaH GCsHi2 621 36,0 |-44 |286]146,4 |3272| 1,5..77 | -48..-23
21.|H-MponwnoBsbIi CsH,0H 801 97,8 |23 |371]257,7 |2067]2,3..13,6 | 21...55
cnmpT
22.|Cepoyrnepoa CS: 1260 46,0 |-43 |102]88,7 184 ] 1,0...50,0 | -50... 26
23.|Ctupon CsHsCaH3 902 145,0/30 [490]155,6 4439 1,1..72 | 27 ...67
24.|Tonyon CeHsCHs 867 110,6/7 |535]50,2 [3772| 13..68 | 6...37
25.| YkeycHas kucnota | CH3COOH 1049 ]118,1/40 |465]4373 |786 |4,0..199 | 35...76
26.| UnaHucTbin HCN 688 25,6 |-18 |538 56..40,0 | -31..3
BOAOPOA
27./9TvnaueTat CHzCOOCzHs |900 77,0 |-3 |446]442,9 |2078|2,0..114 | -6...28
28.|3TMnbeH3on CsHsC2Hs 863 136,2/120 |431]29,9 (4387 1,0..6,8 | 20...59
29.| 3TUNEHIIMKOSb CaH4(OH)2 1116 ]197,0/111 |412]453,8 |1200 |4,3... 100...124
30., 3tunosbivt cnvpTt | C;HsOH 785 78,5 |13 [400]234,9 [1408 | 3,6...17,7 | 11...41
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Tabnuua 5. XanakTepuUCTUKKN MOXXaDHOM ONacHOCTU TBEDAbIX BELLECTB. MblfW.

Nen Mnot- | Temnepatypa (°C) | Tennota Ansa nbinei
/n HaumeHo-  |Xumuyeckasi| HocTb CropaHna g Tcam | HKM| Ps3 Cko- MuH.
BaHue copmyna nnas | kun. | cam ;ﬁ::;:lg’ (°C) | P |(KMa)| poctb |3Heprus
Kr/m3 i r/m3 HapacT. | 3aXur.
P Mna/c| MOx
1 |AnioMuHmil Al 2700 660 [2486 |470 |31087 J520 |40 |1300 |24,1
2 |AMMMauHas NH4NO3 1725 170 350 175
cennTpa
3 AHTpauuT 140... 500 133900...
1750 34800
4 |bymara 390 170.. |55...221.. |4,8.. 20... 60
440 270 |70 [662 |24,8
5 |Mniokosa CsH1206 1571 145 520 [2803* [403
6 [OpeBecyHa 422..432 397 |2035 27 |550 |6,7
enosasi
7 | Kanbuwii Ca 1550 851 |1482 |730 |633,7*
8 |Kanudons C19H29COOH |1010...10 | 100.. 860 |30400 390 |15 |600 (82,6 10
20 130
Q9 |Kanponaktam |CeH1:ON 1023 70 262,5 400 |3604* Q400 (43 |730 (20
10 |KanpoH (NH(CHz)s 1140 440 |31086 32 |580 (9,8
CO)n
11 |Kayuyk Hatyp |(CsHs)n 910 375 [44769
12 |KpeMHuit Si 2328 1423|2600 780 |100 |750 |84 80
13 |Marhuit Mg 1740 651 |1107 |650 |25104 J420 |10..|670 |6,8 20
20
14 |MouesuHa CH4ON2 1335 133 553% 470 |70 |[590 |500 80
(kapbamnp)
15 |Myka 650 380 |16807 380 [10.. |520 |8 6,4
35
16 |Hatpwit Na 970 97,7 |883 |330 |10878
360
17 HadTanuH CioHs 1140 80,3 218 520 |5050 8 440 7,8
18 |Caxa C 0,3..1,9 200 |15648.. |695.. |60 (920 |8,5
570 ]28326 }790
19 |Caxap C12H22011 1588 160 5640* [310.. [35...|565 10,3 10... 40
420 |58
20 |Cero 70 16652 490 (200 |440 |42 260
21 |Cepa S 1960..207]113.. |444,6 (232 |9205 190 |2,3../560 |32,4 15
0 119 35
22 |Topd 420 15126 405 |87 |700 |3
23 |Yronb 6ypeiii 900... 410 |12550...
1500 25000
24 | deHon CsHsOH 1058 43 182 595 |2992*
25 |®ocdop xén. |P 1828 44,1 |257 |44
26 | Pocdop Kp. P 2200 280 [585 |210 305 |14 (635 |167
240
27 |Xnonok 407 44...1630 [12,9 25
90
28 Lenntonosa 1500 420 407 860... |56 25
910
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[aBneHune HacblLLEeHHbIX NapoB XKUAKocTen

Tabnuua 6

[laBneHve HacblleHHbIX napos., /Ma/ npu Temnepatype, K

N2 | HanmeHo
n/ | BaHue
n |»uakocte| 243 | 253 | 263 | 273 | 283 | 293 | 303 313 323 333 |343| 353 | 363
i
1. |H.AMunoB 80| 177| 368| 737 1406 2576| 3897| 601|10613| 1733
bl cnupT 0 0
. |AueToH 1490| 2890| 5147| 8419|14670|24472| 37240 55767| 80972
| AHmanun 61| 128 253 473| 848| 145 2414|3885
4
4, |baknH.aB 11704| 15162| 20482 | 27930| 37639
nabeHsnH
5. BeH3on 477 984| 1942| 3538| 5945| 9842|15747| 24140, 35737
6. |ByTvnossl 270| 626| 1224 2381 4402| 7814| 132)|21386|4053
1 cnupt 39 Q
7. |Bytunaue 479 931| 1849| 3325| 5679 9430| 16212
TaT
8. |H.lexcaH 942| 1257| 3442| 6051|10089|16133|24880| 37140| 53931|75837
Q, |Avatunos | 5001| 8911|14936| 24525 | 38144| 57549| 84428 | 120631 168216
b 3chmp
10| H-: Keunon 875| 1577 2721 4475| 7077| 108| 16106
A1
11|Metunos 825| 1782| 3564| 6677|11784|19950| 32385| 50766
bl CnupT
12 MeTtunaue 2527| 4675| 8259|13938| 22853 | 35245
TaT
13| Mponunos 435 950| 1928| 3697 6756| 11770(19311| 312
bl CnupT 55
14| Cepoyrre 6450| 10773| 17543 | 26999 | 40139| 58121| 82061
poa
15| Ckunmaap 266| 386 585 918 1436 2258| 2953
16| Tonyon 97| 226 452| 891| 1689| 2966| 4948 7887| 12369
17/|3mnauer 865| 1716| 3219| 5692| 9682|15787| 24432| 37546|55075
aT
18| 3nnoBbii 333| 745| 1623| 3165| 5852|10387| 17742 29233
cnupT
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HomorpamMma 4715 OrpEeAENEHNS 4aB/IEHNS HAChILYEHHOrO Napa
KUAKOCTEH.

1—wu30npeH, 2—anaTunoBsblil 3dup, 3—cepoyrnepos, 4—6aKknHCKuii
aBuabeHsuH, 5 — atundopmumat, 6 — MeTunauerTart, 7 — HrekcaH, 8 —
YETbIPEXXIOPUCTBIV Yrnepoa, 9 — rpo3HEHCKUIA aBuabeH3nH, 10 — 6eH3on,
11 —>3Tunauetar, 32 — 6ytunauerat, 13 —Tonyon, 14 — KepocuH, 15 —
ckvnuaap, 16 —auetoH, 17 — MeTUNoBbIN cnupT, 18—STUNoBbIi cnupT, 19—
BoAa, 20—+ NponunoBbIi cnnpT, 21— yKcycHas KucnoTa; 22 — #6yTUNoBbLIN
cnupT, 23 — H-aMUNoBbI cnnupT, 24 — 6eHsanbaerva, 25 — aHWvH

t,cc L A, xTa [,OC
~50 +—
drg
— 40 -
-
-30
77
-20F 1 26,6
7 .72 20
~710 = __ o2 77
A — gk 4\ ] ,3,3 .75 «—1;30
- * i V3
or 788 5 - ' 20 40
& o — —
10 7 #10 6,65 27157,
72 . bl - 57
20 1+ .y 73 e 23
- 5
ot » 2,686 .24 n
| e 75 .25 -~ 77
1 * 17,33
50 ’ 480
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Cnucok nuTtepaTtypbl
1. A.4. KoponbueHko lNpoueccel ropeHunsi 1 B3pbiea. M: MNMoxHayka 2007
2. A.4. KopornbyeHko, [.A.KoponbyeHko MoXxapoB3pbIBOONACHOCTb BELLECTB U
MaTepranoB 1 CpeacTBa ux TyweHus (2 T) M: MNoxHayka2006
3. 0. BapHary, Y. Maac, P. ln66n lNopexue. dmsnyeckme n XumMmyeckmne
acCneKTbl, MOAENMPOBaHWE, SKCNEPUMEHTbI, 06pa3oBaHMe 3arpA3HAIOLLMX
Bewects M:®U3MAT JIUT 2006
4. J1.IN. OpneHko ®usuka B3pbiBa 1 yaapa M:OU3MAT JINT 2006
5. 4.B. 3enbposuy, .U, bapeH6nat, B.b. JInbposuy, .M. Maxsunaase
MaTemMaTnueckas Teopus ropeHus v B3pbisa M:Hayka
6. N.M. Abaypaxmmos, A.C. AHapocos, J1.K. Wcaesa, E.B. Kpbinos Mpouecchl
ropeHuns M: BHUUMNO 1986
7. N.[. Qemupos, B.A. LLiaHabI6a MOpeHMe 1 CBOWCTBA FOPHOYMX BELECTB. M.:
Xumng 1981
8. B.B. MomepaHueB OCHOBbI NMPaKTUYECKON Teopun ropexus. Jl.:
SHeproatomm3agaTt 1986
9. B.W. BoasiHvH B3pbiBo3almTa TexHonornyeckoro obopyaosanus. M.:
Xumng 1991
10. MN.I. Jemnaos Tonameo 1 npoueccel ropeHms M.: Xumus 1981
11. A. Opansgen BeegeHve B avHaMuKy noxapoB (nepeBoa bpomwTeliHa
M.r.). M.: Crpoiusaat 1990
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