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HOBBIE METO/ibl COCTABJIEHHA NPAMbIX TENJIOBbIX
BAJIAHCOB INPU UCIIBITAHHU KOTJIOATPETATOB

B. H. CMUPEHCKUWM

i1 6a/1aHCOBBIX MCOBITAHHH KOTJ0ArperaToB, padOTawUIMX Ha TBep-
JIOM TONJIMBE, CAMBIMH TPYIHBIMH H MaJjOHAJeXHbIMH ONepPalUsIMH sIBJS -
0TCs OTOOpP CpeaHUX IPOO 04AroBBIX OCTATKOB M OIpeJeJeHHe HX KOJH-
gyecTB. lll1ak GbiBaeT O4eHb HEOJHOPOAHBIM, a IIPH 30JbHOM TOIIHBE €ro
HaKAaNJUBAaeTCsd 3a ONBIT O0J/blIOe KOJHYeCTBO. [l03TOMY INPaBHJAbHBIN
0TO60p cpemHell MpoOHl 1IJMIAKa BeCbMA 3aTPYyJHEH.

Yro kacaercs orbopa cpenHe#d mpoObl yHOCa, TO IIPOTAPUPOBATh raso-
X0 B MecTe oTOOpa NpoOLl He NpPeACTaBAAeTCs BO3MOXHBIM HH 11O ¢pak-
IIHOHHOMY COCTaBYy HH IO IPOLECCY €ro BHTOpaHusi, 0COOEHHO eC/JH HMeTb
B BHIY H3MEHEHUs B pexuMe pabOTH TOIKH BO BpeMsd HchbiTaHus. Ka-
YeCTBEHHOE COCTOSIHHE YHOCAa MOXKEeT CHJAbHO OTJHYATbCH 10 CEYEHHIO
ra3oxoja. JdTo MOBeJeT K TOMY, 4yTO OToOpaHHas npoba He OyAeT mpen-
CTaBJATh CpPelHIol0 NMpoOy yHoca. B pesysbrarte norepsi OT MeXaHHYECKOro
HEN0XKOra, MOJCYNTAHHASA IO JAHHBIM UCIIBITAHHSA, MOXKET CHJIbHO OT/IHYATh-
CA OT HUCTHHHOI. BMecTe ¢ 3TUM ImoJyuar HenpaBU/bHBIE 3HAYEHHS OO0BEM
CyXHX rasoB, OIpeje/sdeMbli yepe3 3Ty NOTepIo, a TAaKXKe IMOTe€PH OT XH-
MHUECKOH HEeNMOJIHOTHI CTOPAHMA M C YXOAAIMMH rasaMmu. B urore-—remnJso-
BOil 0OaJaHC He CBOJUTCA.

HenpaBusnbHble 3HaU€HHS OTIEJBHBIX NOTEPb peJbedHee BCEero BbIfB-
JsiloTcs npu  06paboTke MAaTepHasoB CEPUH OIBITOB, NPOBEIAEHHBIX /A
BLISICHEHHSI KaKHX-JTHUO0 3aKOHOMEPHOCTEeH B pex<uMe paboThl TONKH H KO-
TA0arperara.

B OTHOIIEHHH MOTEepPH OT MEeXaHHUECKOTO HeN0KOora CJAeAyeT CAe/aTh
emle oAHO 3aMeuanue. M3 nByx MeTOZOB OTHeCeHHs 3TOH NOTEPH 3a cueT
HEeJO0XKOora yrjepoja WJIH 32 CYeT IPONOPIHOHAJLHOIO HELOrOPaHusl BCexX
rOpPIOYHMX 3JE€MEHTOB TOIJMNBA HanOOJee IPABHAbHBIM BJAETCA MEePBBHIil.
[Tpouecc oGpa3oBaHHsi HECTOPEBIIHX TOPIOYHX B OYArOBBIX OCTATKaX,
IIPOMCXOASIIMA MNPU CHJIBHO 3aTPYAHEHHOM JOCTyIe KHCJI0pPOJAA BO3AYXa
K sJpy TOpsillieil uyacTHIBl, MOZOOEH Impoueccy Kokcopanua. CpaBHEHHe
K€ COCTaBa KOKCAa C COCTAaBOM HMCXOJHOrO TONJHBA TOBOPHT O TOM, YTO
B KOKCEe OCTaeTrCs IIOYTH BeChb yraepon TomauBa. Jlumb 4 — 5% ero ne-
pPeXOJMT B KOKCOBHIH ras. Yro Kacaercsa BOLOPOJA H KHCJIOPOAA, TO OCHOB-
Hag HMX yacThb, 10 70% u OGoJblle, NePeXOIUT B razoodpasHoe COCTOSHHE.,
Taxum 006pas3om, NPHHUUNHAJABHO Oyaer 0oJ/iee NPABH/IBHO CYHTATb, YTO
ropiouHe OuYaroBBIX OCTATKOB COCTOAT B OCHOBHOM H3 YyrJepona.

JaJsblie pacCMAaTPHBAIOTCA JABa BO3MOXKHBIX CAydas PabOThl TOMOYHBIX
VCTPOMCTB HCNHITYEMBIX KOT/I0ArperaToB: I/ CaMoro OOWIero C/ayuas
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XUMHUYECKOH HeNnOJHOTH TOPeHHss M s Cayudas, KOrjJd XHMHUYeCKAas He-
OJHOTA TOPEeHHs MPOMCXOAUT B OcHOBHOM 3a cuer CO. [as mnepsoro
cJayuasi IpUBEIeHO BbIPAXKEHHE, I[103BOJSAIOLIEE CPA3Y ONPENeaHTh 0Obe )
CyXHuX raszoB, a JJs BTOPOro — cropeBmuil yraepoxa. M1 B tom u B Apy-
roM CJy4Yasix OoIpejesieHHe 3THX BEeJHUMH CPasy peuaeT BOHPOC O CBeje-
HUU BCEro TEINJIOBOro OaJsaHca.

McnpiTanusi ¢ npsMBIM CBeJIEHMEM TEIJIOBOrO OajaHca MPOBOAATCH Ha
BCEX KOTJoarperarax Mmajaofi MOIIHOCTH H MHOTHX KOTJ0arperatax cpej-
He#l MOIHOCTH.

I. O0mui ciay4yail XMMHYECKOH HENOJHOTHI TOpeHus

Paccmorpum caMblil OOLMH Cayyaid XHMHUYECKOI HEIOJHOTHI TOPEHUI.
B Takux cayuasix, €CTeCTBEHHO, HEOOXOAUM MOJIHBII rasoBblil aHaaus. Ta-
KOTO pOJA HUCIBITAHHS MOTYT IIPOBOAMTLCA HPUH HCCIEL0BaHUH PabOThI
HOBBIX KOHCTPYKIMH KOT/JOArperaroB HJH TOMNOYHLIX YCTPOHCTB, MpPHU Me-
pexojle Ha HOBBIE, OTJHYHBIE [0 CBOMM CBOMCTBAaM, TOIJIMBA W B JAPYVIUX
caydasax, KOrja XHMHWYECKas HEMOJHOTa IOPeHuss MOXeT OBITh 3HAYUTe.h-
HOM M COCTOSAITh U3 PA3HBIX 3JIEMEHTOB.

[lpy uCnBITAaHUAX KOTJ0ArperaTtoB C IPSAMBIM CBEAEHHEM TeIJIOBOIO
DaJjlaHCca UCHOJb30BAHHOE TEIIO OIpele/AeTCs JOCTaTOYHO HAJEXHO uepes
HenmocpeACTBeHHble 3aMepel. [loTeps TemJa BO BHENIHIOI Cpejy Bcerjia
Maja U He MpeAcTaB/sieT OOBIYHO MHTEpeca MOTOMY, UYTO CYIIECTBEHHO
BO3J€HCTBOBATh HA BEJIUYHUHY 3TOH NOTEPU HE NPEACTAB/IAETCH BO3MOXKHbBIM,
Jladg HMCHBITYeMOro KOTJIOarperata MOXHO B34Tb BEJAUYMHY 3TOH NOTEpI
C JOCTATOYHOH TOYHOCTBIO 110 CIPABOYHBIM JAaHHBIM. Takum oOpasom, Hi-
Tepec MOryT NPeJCTaBAdTh TPH OCHOBHBIE NOTEPU: C YXOASAIUIUMHU rasami.
OT XHMHYECKOH H MEeXaHHMYeCKOH HenoJHOTH ropenusi. Bce stu norepn
MOTYT OBITH BbHIPAXEHHl yepe3 00bEM CYXHUX Ta30B.
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Bripaxenne B kBajgpaTHBHIX CKOOKax mnpeacraBaseT OO0l JIeHCTBH-
Te€JbHOE KOJHYeCTBO BO3JYyXa, NPUXOAAILEECH HA KHJAOTPAMM CropeBLIero
TOIMJIMBA, JUISL MOCJAEHETO ra30X0/a 3@ YCTAHOBKOH dyy V{5 BTOpOE C1araemoe
B KBAaJpaTHBIX CKOOKax MPeJCTaB/ideT KHCJAOPOJ BO3JAyXa, 3aTPauyeHHbIN Ha
OKHCJIEHHE IIOJIHOCTBIO CrOpeBUIErO0 BOAOPOJA; TPETbE CJjaraemMoe—asor
TOIJIMBA, YCJOBHO IMPHHATHIA MNepemesiuM B ra3oo0pasHoe COCTOSIHHE,
yeTBepPToe—yBe/HYeHHe 00beMa CyXHX ra3oB NPOTHB oObeMa BO3JyXa 3a
cueT xumuueckoro Hepoxora H,, CH, u C,H,.

KosnnuectBo Bosoposa, He cropesuero B H,O u nepemeniiero B cv-
XHe rassl,

eas =

He = 0,09 ( H, + 2CH4+-")Z— CpH, ) Ve, (2)

O6bemM BOJASIHBIX MapoB
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wn = 0,111(HP — HE_ ) 4- 0,0124 WP -+ 001610y, VO (3)

K2

B JaHHOM BbipaXX€HHH TEOPeTHYECKOEe KOJHYECTBO BO3JyXa s Cro-
pepwiero rtomauBa V{ 3aMeHeHO TEOpeTHYEeCKHUM KOJHUYECTBOM BO3AyXa
1714 pabodero TtonsauBa VO I9TO BIOJHE JONYCTHMO BBHAY HHYTOXKHO Ma-
J10r0 BJAMAHHSA 3TONH 3aMeHBI HA pe3yJbTar.

ITocie noacraHoBkH B Beipaxkenue (1) COOTBETCTBYIOUUX 3HAYeHHil
113 (2) 1 (3) u HEKOTOPBIX NPeo6pPa3OBaHUH  TTOJTYUHM
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FCfCa./l
+ Cpi Vantyx — f(€0) x e (4)
rije
H, -+ 2CH, + —~ CpH,
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100 '
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2) IMoreps or XMMHYECKOH HEMOJHOTHI TOPeHHs
Q, - | 30,2C0 -- 25,8H, - 85,5CH, + C,H "‘%imol(‘" ) V., ’_}’gi (5)

3) Moreps OT MEeXAaHHYECKOrO HEAOWKOTA

rie K2 n K? — ycaoBuble KoJauuectBa vrjaepota B paboueM TOIIHBE
i1 JIeHCTBUTEABLHO CropeBuero, %.
HMmes B BHAY, uTO
v 1,86 K7 HM?
O T e et e o
(RO, + CO + CH,+ mC,,H,) «e
OTKY 18

K? = 0,536 (RO, -+ CO + CH, + mC,Hp) Ver%, (6)
TOJTVYHM
Q, = 81 K?— 43,5 (RO, - CO — CH, + mCpHp) Vey o (7)
K2

Ecan 00BbeM CYXHX Ta30B, HEOOXOAMMBI JJisi CBeACHHsl TeIJI0BOro
OagaHca, He MOwer ObiTh ONpejieaeH 4epe3 HEIMOCPEJACTBEHHbIe 3aMephl
RO BPEMsi ONBITA, TO OH MOXeT ObITh HAaWIeH KOCBEHHBIM NYTEM.
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VilpouieHusi, HpUHATHIE B JAHHOM BBIPAKEHHH, CJAEIYIOIHE: B UHC/II-
Tede ONyMeH 4aeH — f(cf)yg, a B 3HameHaredae —+ A (Cypdyy — 0,50xplxs),
TaK KaK 3TO HE MOXKEeT OKa3daTh HMUKAKOTO BAHAHUS HAa KOHEUHBIH pe3y./bTar.

Ecan  Xxumuueckas HENOJHOTA TOPEHHUS  MPOUCXOJHT  TOJALKO ~ 34
cuer CO, TO
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Kak Bugno u3 (9) n (10), o6beM CyXux rasoB omnpenessiercs uepes
O0gbIUIHE BEAHUMHBL. JTO MOXET 0KA3aTh TOJbKO IOJ0XKHTEJNLHOE BJAHAHHE
Ha TOYHOCTb HCKOMO¥ BeJWYHHBI.

B 3THX BBIpaXKEHHUAX COCTAB ra3oB, OObEMbl, TEIJIOMKOCTH H TeMmIe-
patypa rasoB OTHOCATCH K YXOAAUIHM Ta3aM.

3abop ra3oB Ha AHAJAM3 W 3aMep TeMneparyp HaJIeKHee BCEro IpoH3-
BOJAWTE 32 JABIMOCOCOM, €CJH HOCJA€JHUH pacnoyoxeH BOAH3M KOT.I0arpe-
rata. Ec/au AbiMOCOC PAcHOJONEeH HACTOJAbKO JadeKO, 4TO rasbl MOTVT
3HAUUTEJNLHO OXJAJZUThCH (He 32 CUeT MPHCOCOB, a 3@ CueT TemJ00TAAuH),
TO TOTAA 3aMep TeMIepaTypbl YXOAAILHX ra30B H oTOOpP Nmpob st UX aHa-
Jiu3a CJAeAyeT OpPrasu3oBaTh OJHXEe K KOT/J10arperary, BbIOpaB /st 3TOTO
TAKHe TOYKH 3aME€pOB, I'Ie MOXHO PAaCCUMTHIBATH HA JIOCTATOYHO XOPOIliee
nepeMemuBaiue rasos. [lociegHee HYXHO HMETh B BHJAY U B c/aydae Hc-
MBITAHUSL YCTAHOBKH C €CTEeCTBEHHOH TSATOH.

[Tpu 3HauuTe/ bHOH moTepe Temaa ¢ (PU3HYECKHM TelJOM IIJAAKOB, Ha-
NpHMEp, NPU KHAKOM NIJIAKOYTAJEHHH HJAU NMPH O0O0JbHIONH 30JILHOCTH TOI-
JMBA H CJA0EBOM CXKHIAHHH, 3TA MOTEPsi MOXeT ObiTh VUTEeHa B BHIpAaMKe-
Husax (9) u (10). g 9TOr0 BTOPOI Y/IeH WHCAUTe s CJAeJVeT IMHCAThL TaK:

- ( | — DT —Lq.;).
100

[locae onpeneseHusi o0bemMa CyXHuX rasoB JaJjbHelilHe MOACYETbl 10
COCTABJEHHIO TEILIOBOr0 0a/JiaHCa He NPeJCTdBAAT HHKIKHX 3aTPyIHEHHH.
[Morepst Q, noAacuuTeiBaeTcs MO OOHIUHON (OpMyae Wi MO OXHOH M3 BH-
nousmernenusix (1), (4). Ilpu noxcuere Q, 1o obumenpunstoii Gopmyie
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peaBapuTeabHO onpejeaserca K% (6) u 110 usBectHelM Qopmyaam V7§ u a.y
[Motepn Q3 u Q4 HaxoxsTcs no Qopmyaam (5) u (7). DTHUM H 3aKaHUMBA-
€TCs COCTaB/e€HHe TellJIOBOro OaJsaHca.

ITpuBeieHHBII MeTOJ MO3BOJSiET MPOCTO, OBICTPO H AOCTATOYHO TOYHO
COCTABHTh MNOJHBIH Ten/JoBOH OaJjiaHC KoT/0oarperara JJjisi caMoro oo0umero
cayuass XHMHUECKOH HEeNOJHOTH ropeHusi. TOYHOCTb HAaXOAMMBIX 0OaJsaHCo-
BBIX BE@JHYHH, €CTECTBEHHO, ONpeAe/sieTCd TOYHOCTHIO IPOBOAHMbBIX BO Bpe-
Ms onbiTa HabJaiofeHuil u 3amepoB. CyMmapHas IOTepd OT MEXaHHYeCKOW
HEMOJHOTHl TOPEeHHs MOKeT ObITb onpeje/]ena 0e3 3aMepoB KOJHYECTB
mIaKa, 1IpoBaJja ¥ yHoca, 6e3 oT6opa cpeaHux npod u 0Oe3 aHanusa Ka-
yecTBa UX. ITO BO MHOTHX CJAy4agxX MOKeT CHJAbHO OO6JEeruyuth padoTy
HabJaionareseii Bo BpeMs HcneiTaHus. Ecau Tpebyercs onpeje/neHue OT-
JIeJbHBIX CJaralmux OOTepH OT MEXaHHYECKOro HeN0XkOora, To Caeayer
OPraHu30BAThH 3aMepHl 10 HEKOTOPLIM H3 HUX, HAHOOJIee HALEKHBIM H yA00-
HBIM. TPyJAHO TNOJAAIOUIAACH OINpe/ie/IeHHI0 COCTABJAAIOIIAA MEeXaHHYeCKOTO
HEeJ0XO0ra, HampHMep, [OTeps C YHOCOM, MO¥KeT ObITb OIpeleseHd I0
Pa3HOCTH.

II. XuMHyecKkass HeNoJHOTAa rOpeHHsl NPOHCXONHT B OCHOBHOM 3a
cyetr CO.

Takoii cayuall BeTpeuaercs O4eHbL 4aCTo vy padOTdiWMX — KOTJ0arpe-
ratoB. [103TOMy NIpH PALOBBIX 3KCIIYATAUHOHHBIX HCIBITAHHAX HET HALO-
OHOCTH YCJOXHATH paboTy HaOJrgateqeil H J1a00PaHTOB IPOMO3IKHM Ta-
30BHIM aHaJu30M. DoJee Toro, xe/aTesbHO HMETh MeTOJ, INO3BOJAIILHH
NPH MAKCHMaJbHOM YIPOLEHHH pabOT BO BpeMsl CaMOT0 OIBITA JOCTATOY-
HO MPOCTO H MNPABHJBHO CBECTH MHOJHLIA TEIJIOBOH 0aJaHC.

B srom cayuae oxasmiBaercs Oosiee YIOOHBIM HCIOJIB30BAThL Bhipaxe-
HHEe /s CropeBIIero yrJaepojia, 3Has BeJHUHHY KOTOPOTO OUY€Hb JETKO
Onpeze/IHTh 00bEM CYXHUX TasoB, a 3aTe€M U BCe OCHOBHBHIE noTepH. Beuau-
yuHB Q; U Q; no-mpexHeMy CYHTaeM H3BEeCTHHIMH.

BripaxxeHue n/si YCJAOBHOrO KOJHYECTBa croperuiero yraepopa K2
MOXeT OHITh HalieHO 0e3 MaHHBIX O KOJMYeCTBe H KauyeCTBe 04aroBbIX
OCTATKOB.

VimMess B BHAY, UTO B JAHHOM CJyuae XUMHYECKas HE[OJHOTa TOPEeHHs
npoucxoaut 3a cder CO, 3anuuiem BbIpaXXeHus s OCHOBHBLIX 110T€Pb aHa-
JOTHYHO TOMY, KaK 3TO Obl10 B | cayuae.
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B Buipaxenun gasi Vg, tak ke, kak u B (3), BMecro V) nojucrasie-
HO V. TaK KaKk NpakTHYECKH 3TO HUYEro He H3MEHHT.

2 (35— 30.2CO V,, K&*




3. Q, — 81 (K7 — Kp) 4L (13)
K2

Iojcrapisisi B PaBEHCTBO (8) 3HAYEHUS IIPUBEACHHBIX BbILIE [IOTE€PhL
(11), (12), (13). 3amenans ob6beMm cyxux rasoB V.., CO u XxapakTepHCTHKY
CropeBIIero TOMINBA 3; uepe3 MX 3HAUEHHS .

1,86 K7 HM?
Yor = P . (14)
RO, -+ CO &2

co = A =# RO (RO, 0y) (15)

0.605 - &,

J 1 14
4, = 2,35 Be 0,1 260 - 0.005 (16)
Kr

i penrdst 1oJy4YeHHoe VpABHEHHE OTHOCHTeAbHO K%, moayuyum

1\'[) . (2] . 074' RO) ()3)/‘4' : (2,351, —— 58,3 ROl)(HP [ 0,126 Op) By (1 7’
520.8-1-0.605 L 24.8(RO, | O,) - 0.124 RO, "

3nech

M = 81K? - o Vi Vo Q0 1 — "'%"‘)

L = 81 RO; — 1,86 [cop Yyx — (€8)y5].

B Boipazkenun aast M onyuied uaen — f(cf)x, BBHAY HHYTOXKHO Ma-
J0r0 ero BJAHsSHUS.

Iocae onpeneachug K? 6ananc CBOJMTCST NPOCTO M OBICTPO. TAK Kak
psiJL BeIMUMH OVAeT VIKE NOJACYMTAH.

XapakTepucTHki cropesuiero ronausa 3. CO n V. nafiivresa u3 Boi-
paxenuit (16). (15). (14).

KoanuecTso HecropeBmero Vriaepoaa

C,un = KV . Kll”,!o .

Horeps (o Moxer ObiTh onpeaeaena 1o Bbipaxenuio (11). Ilpu pac-
qeTe 3ITOH NOTepH 110 OOBLIYHON (QOpMYyJe CHauaga HYxKHO HafiTh TeopeTH-
HYECKOe KOJAMYECTBO BO3AVXa /451 CrOpeBINEro TOINJIWBA

4 HM’
V?{=0,0889 K? + 0,265 H” — 0,0333 O? ——.
Ke

[orepu ¢, u Q, onpexeasiiorcst 1o puipakenusim (12) u (13). Idtum
1l 3aKAHUYMBAETCSl CBEJEHHMe TEeMJIOoBOro OaJganca.

HMcmoap3oBanue 1dHHOTO METOJA 1103BOJAeT, KaKk U B | cayuae, omnpe-
AEMHTH CYMMApHYIO [DOTepK OT MEeXaHUYECKOHW HEeMOJHOThl CrOpaHHsl, MH-
HY$l BCE ONEpPallMu, CBA3aHHBIE € 3aMEPOM KOJHUECTB W 00paboTKOH mpod
1llJIaKa NpoBasa W yHOca. AHaau3 r1asos jenaercd Toabko Ha RO, u O..
Kak nsBectho, noraomesue CO B razoanHainsatope WAeT MEIIEHHO H TPH
MaJiOM COHAEPKAHHHM €T0 B ra3ax Jerko MOxeT ObiTb JONYUI€HA 3HAYM-
TeJabHas omuOKa. B nansom cayuae XMMHUECKdd HEIOJHOTa TOpPeHHs Oli-
penecanercs 06e3 anaamsa raza sa CO Bo Bpemd onsita. Takum oGpasom,
HpHMeHeHue JaHHOro MeToja /st CBeACHHS TeIIoBOro GajsaHca MmosBoJseT
3HAYUTEAbHO YNPOCTHTH padOTH HabJlojaTeNel BO BpeMs HCILITAHUS, 0CO-
OCHHO B TEX CAyYasiX. KOFAd MOXHO OFPAHHUHTLCH BEJIMUHHON NMOJHOI
IHOTEPH OT MEXAHMUYECKOTO Hea0KOora.
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