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PABOTA 1
Ypasueuune bepuyiau

Llenn paboThr
Llens nannoi paborsl 3aioyaeTcs: B ToM, YTo0bl HarasigHO ybeauThcs B
CIPaBe/VIMBOCTH OAHOrO M3 Haubonee BaXKHBIX W [IHPOKO MCHONL3YEMbIX B
NMPaKTHKe ypaBHEHHH FCHAPOAMHAMHKH — ypaBHeHUs (3akona) beprymnu.

Kparkue ceaeHus u3 Teopum

YpasHenue bepHyinu s HACANLHOH, T.€. HEBA3KOHW KUJAKOCTH B 0OIEM

Cily4yae UMeeT BUJ
. 2

z+P +2_ =const (1)
2g
HJTH st IBYX nonepevHsix cevenuit 1 ¥ 2-ro norokos (Tpybonposoaa)
2 2
2 42 =g h 1 0 @
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Cornacno ypasHenusM (1) u (2), npu yCcTaHOBHBILIEMCA NOTOKE B jioG0OM
ceueHuM TpyOOnpoBoja MONHAs SHEpPrys MBMXKYLUEHCS HMACANLHON XKHAKOCTH
OCTAeTCS BENHYUHOM OCTOSHHOM.

[lonuas sHEprus wWACanbHOH JKMIAKOCTH CKIAABIBASTCA W3 CNEYIOUHX
COCTaBSIOLINX
Z) U Z; — TEOMETPUYECKUH HANop A,, WIKM HUBEJMPHAA BBICOTA — XapaKTepU3yeT
YACHABLHYIO NOTEHLUHAIBHYIO 3HEPrui0 TIONOXKEHHWA B cedeHuax 1| w2
COOTBETCTBEHHO, M;

;E— H 5% CTATHYECKHK WM Nbe3OMETPHYECKHH Hanop A, HWIH HUBEIUpHas

BBICOTA, XapaKTepU3yeT YAENbHYIO IOTCHUHANBHYIO JHEPrui0 MONOKEHUS B
ceyeHusx 1 ¥ 2 COOTBETCTBEHHO, M;

2 2

(o (D et

5'— H —2—?- AMHAMUYECKHH WM CKOPOCTHOH Hanop A, WIH HHBENHpPHas BbICOTA,
4 4
XapaxKTepu3syeT yAENbHYIO IOTeHIHANBHYIO JHEPTHIO MONOKEeHUs B ceyeHusx 1 u 2
COOTBETCTBEHHO, M.

Ypapuenue bBepHynnu Belpaxkaer co0OM YacTHBIH Ciiy4aid 3aKoHa

coxpanenust sueprud. Ilostomy oHO Moxer ObiTh cHOPMYNHPOBaHO M B
JHEpreTHYeckol (opMme: NpM YCTAaHOBHBIIEMCS IMOTOKE HACANBHON KHUIAKOCTH

% P s :
CyMMa MOTEeHLHAIBHOH (Z +—) U KUHEeTHYeCKOi ( —2—) SHEPIUH B JIIOOOM CEUYEHHH
g

PE
TPyOONpoBOAA OCTACTCA BENHYHHOMN NMOCTOSHHOM.
Ilpy wu3smeHenuu ceueHus TpyOOUPOBOAA, 10 KOTOPOMY JBHKETCS
KHUAKOCTh, H3MEHSETCA U cKopocTh ee JABHxkeHHA. COOTHOIUEHHWE CKOpOCTH
ABYDKEHAS W TUOLIAAH XKHUBOrO ceueHus TPyOONnpoBOAa, COMNIACHO YPaBHEHHIO
HEPa3sphIBHOCTH MOTOKA JUIN ABYX CEYCHMH, yCTAHABIHBAETCS 3aBHCUMOCTHIO



o, F = 0,7, nm 2w L (3)
o, K

U3 storo cneayer, uTO NpPU  ABKMKCHHH MACATBHON IKMAKOCTH 1o
TPYOOTIpOBO/y, CeYeHHE KOTOPOro H3MEHAercs, Oy/ler MpOUCXOaNTE npenpa-
menne oueprud. Ilpu pacumpennn TpyGONpoBosa (yMeHLHIAETCH CKOPOCTS
ABWKEHHS  KHIAKOCTH)  KHHETHYeckas SHEPIMN  “MACTHYHO  MEPEeXOjnT B
noreHuHanbHy0. Ilpu cHMxenun TpyGonposoaa HacTh NoOTCHIMUANIBHOMN IHEPINu
MEPEXOAUT B KMHETHUECKYI0. O/iHaKo obiiee KONMHIECTHO YHEPriy, T.6. HX CyMMa,
OCTAETCH BEIMYHHOMN NOCTOSHHOMN.

B npakTHke MMEIOT HeN0 He ¢ WACANBHBIMHY, a ¢ peanktbiMi (T.e. BA3KMMH )
KHAKOCTAMM.

[Ipy ycTanoBuBIIEMCS BUXKEHHH peanbHbIX KHAKOCTEH 10 Tpybonposony,
BCJIC/ICTBHE  CHJI  TPEHHH, OOYCHOBNEHHBIX HX BS3KOCTBIO, [POMCXOIUT
HETPEPBIBHOC yMEHBIICHHE O0OlIeH JHEPrHH 3a CYET YACTHYHOIO Mepexo/a
IHEPTHH NMOTCHUNAILHON (YepPes KHHETHYECKYIO) B IOTEPAHHYIO YHEPIHIO /.

Ypasrenue bepuysinu B obmem Buue s peanbHOH KaneabHOH KHUIAKOCTH
(P1=P3), nerxymmiics ot cedenns 1 K ceqeHuio 2, umeer CHeYIOUMI BH)I:

Sy 2
Zi +£. +.‘2'_ =zz+£?.. +.‘£Z_+h" (4)
b
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rae h, — NOTpSHHEIH HAMOp Ha yyactke ot 1 J10 2-ro CeYEHUS, M.

B cnyuae asuxkenns peansHoH KanensHOM XUIKOCTH MO TOPH30HTANIBHOMY
y4acTky Tpybonposoja reoMerpuueckuii Hamop B ceveHusix 1 u 2 Oyner
O/IMHAKOBBIM (T.€. Z) = z;). Ypasrenne Beprynnu s FTOPHU30HTANBHOIO y4acTKa
Tpy6onpoBo/ia uMeeT B

_’1. +.0)_'2 = .& +9.).i+h
| PE 28 pg 2g
WK . (5)

2 2
(0] (]
P|+‘—2-'~p =P2+'—22-p+AP”,
rae Py u P — crarnyeckoe aBjicHue B cevyenusx | u 2 H/MZ;
Wy W G = CPCAHAA CKOPOCTh IBHXKEHHS XHAKOCTH B ceyeHusx | u 2, m/c; p -
MIOTHOCTH KHAKOCTH, KI/M': AP,=gh,- NOTEpAHHOE NABJICHWE NPH JBIKCHHHN
PeaNibHOM XKHUJIKOCTH Ha yuacTke Tpybonpososa Mexay cevenuamu | u 2, H/m’.

Onucanue nabopaTopHoit ycTaHOBKH

Ycranwoska (puc. 1) cocrour us APOAMHAMHYECKOH TOPH3OHTANBHOH
TpyOBl /| mEPeMEHHOrO CEYECHHS 10 JUIHHE. Buyrtpenune puamerpst D,
Tpy6ONpOBOa B 11€PBOM M TPETHEM CEYEHHSX OJHHAKOBHI U pasuel 40 MM, a
BTOPOM — d,, = 17,5 MM.

' Pabouum TesioM ABNAETCH HarHETaeMblil ¢ MOMOLILIO BEHTHJIATOpA BO3JYX
(ynpyras >KHAKOCTE), PacXof KOTOPOro ONpejiefser Mo nepenangy MaBACHUS ¢



NOMOLIBIO HAMOPHOH TpyOku 2 u audmanomerpa 4. Msmenenue pacxoja Bo3ayxa
NPOH3BOAAT C NOMOILEIO NOBOPOTHOH 3aC/HOHKH 6.

Juisi  W3Mepenus TeMmiepaTyphl MOCTYNAIOUIEr0 BO3AYXa YCTAHOBIEH
Tepmomerp 5. Tpu U-06pasHbiX IKHAKOCTHBIX MaHoMeTpa 3 CAyXar mns
onpeneneHus CTraTM4ecKoro aBieHus B pa:mnqumx CeYeHUsAX pr6onpouona

Puc. 1 Cxema naboparopHoii ycranoam K paﬁoré :
I — asponumamuueckas Tpyba; 2 — wHanopmas Tpybka; 3 — U-obpasusie xuaKocTHbIE
MaHOMETDEL; 4 — MM depeHunanbblii MEKPOMAHOMETD; 5 — TEpMOMETD; 6 — 3acionKa

Ilopszok Beinonxenus naGoparopHoit paboTs!

[pakTryeckas 4acTh COCTOMT M3 JKCHEPHUMEHTAILHOTO ONpEeIeHUs

CTaTHYECKOro, CKOPOCTHOTO M [OTEPAHHONO JIABJICHHH B PA3IHYHBIX CEYCHHAX

TpyObl NpU pa3iM4HOM pacxosie Bo3ayxa. Ha OCHOBAHHHM OIHOTO M3 ONBITOB
CTPOUTCs rpauK U3MEHEHHA NABIICHHH 110 JUTHHE TPYObI.

B npouecce Boinonsenus paGoThl 3a4al0T TPU PasTHYHBIX PACXONA BO3AyXa
HarHETaeMoro B aj’poJMHAMHYECKYI0 TpyOy C NOMOUBIO BeHTWsTOpa. Pacxon
BO3JZLYXa, M/, ONIPEAENSIOT 110 bopmyne

Ouac=5,0, /AP, (6)
rae 5,0 — nocTosHHas HANOPHOM TPYOKM; AP, - Hepena AaBICHHA MEXy NOTHBIM

W CTATHYECKHM JABNICHHEM B LEHTDE Tpybonposona (1MHamMu4ecKoe AaBienue),
H/M.
KpoMe TOro, skcnepumeHTANBHO ONpEeNEeNnsieTcs CTATHYECKOe JaBieHHe B
TpeX ceueHusx TpyOBl M TemmnepaTypa MOCTYNAOWEro Bo3ayxa. Ha ocHOBaHMH
MOTYYCHHBIX IAHHBIX ONPEAEISIOTCS Ce/lyIOUINe BETHYHHbI:
1. TIHOTHOCTE HarHeTaeMoro BO3/yxa, Kr/m’, : .
7 S o S ’ 7

r.+r, . P

p=p,



rae p, = 2;4 =1,293 Kr/M’ — MIOTHOCTH BO3/lyXa 1npu l«lopmangublx Puanueckux

yenosusix — H@.Y; g = 29 — kaxyuascs Mmoiiekynspaas macca sosayxa; 7,= 273K
(1,=0°C) — Temneparypa, coorsercrayiomas H.d.V; ¢, - remneparypa BO3/1YX4, i, 85
P — bapomeTprUyecKoe IaBjieHie B MOMEHT NpOBeeHNA dKkenepumenTa, Hiv'; P~
craruyeckKoe (Mauouerpuqeckoe MIIH sarcyyme*rpwnecxoe) AaBjAeHue BO3AYXa B
tpyboniposone, H/m*; P, = 101325 H/M’ (760 mm PT.CT.) — JaBieHue
coorBeTcTBytomee H.@. VY.

Ecnu BENHYHHA CTaTH4YCCKOro (ManoMerpuueckoro HIIH
Baxyymme'rppmecxom) JaBnexus, noacrapnsgeMoro B opmyny (5), He npessiiuaer
5000 H/m* (=500 mm.Boa.CT), a abcomoTHoe nasnenne (P + P.) Bo3ayxa Mano
OTAHYAETCA OT HOpMabHOTrO (P,), TO MOXHO CuuTaTh, Yro (Ps + P )/P,=1, Torna
IVIOTHOCTH BO3JlyXa ONpeAensior no popmye

T
he , Kr/m’ (8)

Urobbl y4yecTh BIHAHME JABJCHHA HA BEJIMYMHY IUIOTHOCTH BO3/YXa,
CTaTHYECKOE JIaBJIEHUE ONPENENAIOT KaK CpeiHeapu(DPMETHUECKOE 110 3HAYCHHIM,
3aMepAEMBIM B Tpex ceuerusx — 1,2 u 3. [Ipu BeinosHenuu oneita yciosHo Gynem
CYHTATh IUIOTHOCTH BO3JYXa B Pas/M4HBIX CEHeHHSX oNuHakoBoi. B sTom cayuae
npuMeHuMo ypasuenue (8).

2. Cpenmnsis CKOpPOCThH BO3[lyXa, M/C, B Tpex cedyeHMsX TpyGonposoja
onpenensiercs no popmyne
®0=4y/3600-F (9)
rae F — miowans TpySonpoBo/ia B COOTBETCTBYIONIMX CEHEHUIX, M .

3. JInHamMugecKoe AaBlicHHE B TPEX CeUeHHsX Tpybonporoaa
P=w'pl2. ‘ (10)

4. IlonHoe naBiieHUe B pasnHYHbIX CEYEHHAX TPYOONpPOBOAA ONpPEAENoT Mo
CyMMe CTaTM4YeCKOro H juHamuvecxkoro jasnenuil. Ilonyuennnie nanuwe,
COrnacHO KOTOpPeIM B Maciitabe crpoutcs rpaduk opHoro us uaubGonee
HarAAHBIX ONBITOB H3MEHEHHs CTATHYCCKOro, JAWHAMMYECKOro, [ONHOIO W
NOTEPSHHOTO AaBNeHus 1mo JuuHe Tpybonposona (puc. 2), csoust B absn. 1.

Tabnuua 1
PesynpratThl H3MepeHuii _

Jlanuste onbita Hnjtexc PasMepuocTs 3 S

Tepenan gasncans AP, Him* LT
Temneparypa Bo3ayxa Iy - °C T P
TTnoTHOCTS BO3YXA p Kr/M o
Pacxoj Bosjiyxa (4acosoit) | Quac M /4 (LN A
Tlorepsinnoe pasnenue AP, H/m® : | W) v _—j
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Puc. 2. Pacnpenencuue CTaTHYECKOro, AMHAMHSECKOTO, MOIHONO H NOTEPAHHOIO AABJICHAS 1O
MIMHE a3po/iuHaMHYecKoit TpyOrl 63 yuera MEeCTHBIX N0TEph
Iponomxkenue tabr. 1

Janusie onpiTa Hunexc | Pasmepnocts Ceucnne
O 5 5 0 O O Al 2 0 ) o2

Inomaas ceuenus F M
Tpybonposojia
Cpeauss cKOpoCTh BO3JyXa | ® M’/c
B Tpybonposojie
Craruyeckoe HaBjicHue Pox H/m®
Junamuueckoe nasienne | P, H/m*
[lonuoe rannenue P H/m*

KoHTposbHEIE BOITPOCH

1. ITopsanok BeimonHeHUs paboThI.

2. OBBACHUTH Ha3HAYCHHE OTAENBHBIX Y3JIOB, BXOJSLIMX B cXeMmy jabopaTopHoOi
YCTAHOBKH.

3. @usmyeckuit cMmbicn ypaBHeHHS DBepHYNIM [ WAeanbHOW H peaibHOH
KHIKOCTH. A

4. Ypasrenwe bepuynnu B Tpex pasiM4HBIX HaNUCaHWAX U UIMYECKUIl CMBICH
Hanopa, AaBleHus U KHHETHYeCKOH sHepruH (B sHepreTuyeckoi Gopme).



5. Tlokasats (ucrnons3ys rpadukH), Kak M [04YeMy HIMEHSIOTCA IHAYCHHA
OT/IC/IBHBIX COCTABNAIOUIMX ypaBHeuus bBepHynnu npu JABWKEHHH peanbHOi
KHAKOCTH 10 TPYOONPOBOAY, HMEIOUIET0 PAIMYHOE CEHEHHE MO JUIMHC.
6. Jlokaszath, 1MOYEMY IPH YCTAHOBHBUIEMCS JIBF)KCHHWH PEAibHON XKHIKOCTH 10
TPYOONPOBOAY NMOTEPSHHASN YHEPIUs PACTET 34 CHET YMEHBLIIEHUS NOTEHIMAILHOH
IHEPruH, a He KHHETHYECKOH. :

Cnucok nuTeparypsl.

/17, c. 125-149; /3/, c. 79-88; /4/, c. 69-82.



PABOTA 2
HccneaoBanye noJuTpoOnHOro npouecea

Llenb pabotsi

Llensio nanno# paboThl ABAsSETCA NPAKTHYECKOE ONpEAesieHne Mnokaaress
MOJHTPOIILI TPH MCTEYEHMH rasa U3 CoCyla B OKPYKAIOLLYO Cpeay.

Kpartkue cBejieHus 43 TEOpHH

HapmenoBanue AaHHbIH NpoOLECe NMOMYYWI OT COYETAHUS ABYX I'DEYeCKHX
CJIOB: «TIOJIH» - MHOTO M KTPOTIOCY - IYTh, T.€. ONHTPONHBIH.

Cootnomienne TtepmHueckux napamerpos (P, V,T) B TOJUTPOITHOM
MpoLECce XapaKTepH3yeTCs CASAYIOLMMH 3aBHCHMOCTAMH: '

PV" = const unu f;=(ﬂ]n; (11)

1 V2
TV™! = const win L L s (12)
1 VZ
TP = const wan 12 =[ & S ' (13)
- v A

rae P — abcomortHoe pasnenme, H/m; V ~ YACNbHBIH 00BeM, M3/!cr; T -
abcomortnast Temneparypa, K; n — nokazatenb NONHUTPONBI B B KOHKPETHOM
TEPMOJIMHAMHYECKOM IIPOoIecce MOXKET UMETH JII000e 33aYeHue B NpeJieNiax 0T — o0
Jio +oo, ocTaBasich nocrosuubiM); Cy,Cp u C yaensHas (MaccoBas) TENI0EMKOCTH B
MPOLECCE COOTBETCTBEHHO M30XOPHOM, H306apHOM ¥ nonuTponHoM, JHk/(xr-K).
YienbHas TEMI0eMKOCTh B MOJMTPOITHOM MPONECCE 3aBHCHT OT MOKa3aTelns
MOJMHTPOIILL ¥ MOXeT ObITh onpesenena u3 GopMysl,
h=(C-Cp)/(C-Cy), npeobpa3zoBaB KOTOPYIO NOTYYHUM:

C=C/" =% (14)
n-1
rae R — noxasarens anuabarsl,
K= pCyuCy= CyCy (15)
MCp u UCp - ynenbHas (KUNOMONBHafA) TEIUIOEMKOCTH ra3a B8 npolecce

COOTBETCTBEHHO H306apHOM U H3oxopHoM, [hi/(kmonk-K).

Yucnennoe 3HaveHMe nokazaresns aauabarel R Ui rasoB pa3fiM4HOH
aTOMHOCTH MOXHO onpejenuts o ¢opmyne (15), ecnu ucnons3oBaTh JaHHBIE
Tabn.2.

Kax cnemyer u3 T1abn. 2, pasnocts MCp-HCy Anst rasoB pasiuyHoOM
aTOMHOCTH MMEeT OJHO M TO Xe 3HayeHue, kotopoe paBHo 8314 Jhu/( kmonsK).
Ota pasHocTh 00o3Hauyaercs yepes PR u HasblBaeTCs YHHBEPCAJIbHOH ra3zoBoi
HOCTOSHHOM, a BbIpaXKeHuUe

HCp- HCy = KR, (16)
158} 8%1 : Cp-Cy=R
M3BECTHO, KaK ypaBHeHue Maiiepa.



3necs R= UR/U — razosas nocrosuHas, Jx/ (kr-K).

- Tabnuua 2
KunomonbHas TernoeMkocTs npu P = const u V= const ¥ 3HaYEHH noKasarens
azauabaThl NS ra30B pasiHuHOH ATOMHOCTH

Aromuocts | T'asm pCy HCp R N
raza kkaj/kmonw'K | kIDi/kmons K | kkan/kmons'K | k/bk/smone'K |
Onuo- He ~3 ~12,6 ~5 ~20,9 ~1,67

aTOMHBI Ar )
JByx- H; ~5 ~20,9 ~7 ~29.3 ~1,4

ATOMHbIH 0,

N,
CO

Tpex- u CO, ~7 ~293 ~9 ~37.7 ~1,29
bonee H,O

ATOMH LA CH4

NH;
C A
Cp
A M iy 4 I e
Cy i
R -
E »
|

Puc.3. 3asicuMocTs yACHBLHOMK TENIOEMKOCTH OT MOKA3ATENS MONUTPONBI

['padpuueckass 3aBUCHMOCTE YJAENBHOM TEMJIOEMKOCTH OT MoKazarels
MONUTPOILI NpHBE/JEHa Ha puc. 3, OTKyAa creayer, uro Tteroemkocts C B
MOJIMTPONIHOM  Mpouecce MNpH  A>n>1  WMeer OTPHUATENBHOE 3HAYECHME.
CrneoBaTenbHO, B NPOLECcax, MPOTEKAIONMX NPH JAHHOM 3HAYEHWH NOKA3ATes
nomutponsl, dg u d7° umeror pasnuunbie anrebpanyeckue 3naku. Unbnimu ciosamu,
ecnu Kk paboyeMy Temy B npouecce npu A>n>1 mopBojuTcs TemioTa, TO ero
TEeMNEpaTypa CHWXXaeTcs, a npu OTBOJE TEIOTH — noBelnaercs. (Pazbupaemprii
HIKE NPHMEP NOATBEPKAAET JAaHHOE TTONOKEHHE).

Pacnionoxenne nomutpon B pV u Ts — KOOpAMHATAX NPH PA3IMGHBIX
3HAYEHUAX NOKA3ATENS MONUTPOIBI 1 — MPUBEJEHO Ha PUC. 4, U3 KOTOPOIO BUJIHO,
YTO NOJMTPOINHBIA NpPOLECC HIMEHEHUS COCTOSHMS ra3a M0 OTHOUICHHIO K

10




YACTHBIM  TEPMOJHHAMHYECKHM  TnipoleccaM  (M30XopHoMy, u3o0apHOMYy,
H30TEpMHOMY # aauabaTHoMy) aBnsercs obobialoumuMm. _

Je#cTBurensHo, ecnu B ypasHenuu (1 1) npunste:

n=0, nony4um ypaBHeHue n3obapsl (p=const);

n=1, MoNy4uM ypaBHEHHE U30TepMbI(pV=const).

n=k, nonyunm ypaesenue aguabarst (p¥ =const);

n=+o0, NOJY4YUM ypaBHeHue u3oxopsl (V=const). _

Viensnas TenIOEMKOCTH YACTHBIX TEPMOAHHAMHUYECKHX NMPOLECCOB MOXET
ObiTe onpepenena no puc. | wim n3 dopmynst (13); npu n=0 (u3obapubii
npouecc) yenbHas TerioeMkocts Cp;
>>n=1 (M30TepMHBIH npoiecc) >> Cr=+owo;
>>n=k (apguabaTHbii nponecc) >> Cs=+tom;
>>p=+c0 (U30XOpHBIH npotecc) >> Cv=to0.

Tlone3ysce opHOH H3 auarpamMM (pHC.2, MOXHO ONpEAENUTh, Kak B
KOHKPETHOM TIpOLecCe MpH pacUiMPEHHH WM CXKAaTHH ra3sa M H3BECTHOM
moKaszaTene NOMMTPONBI M3MEHAETCS JaBieHHe rasa, ero olbeM, TeMneparypa,
BHYTPEHHSAS JHEPrusi W JHTPOMHA, @ TaKKe MOABOIMICA HIH OTBOAMTCA B
[poiiecce OT rasa Temuora. Tak, HanpuMmep, U3 NMPAKTHKH M3BECTHO, YTO CHKaTHe
BO3/lyxa (BYXaTOMHBIN ra3z) B KOMIpeccope, UHIHHAP, KOTOporo obopynoBaH
OXJTaKatonied BoNAHON pyOallikoif, OCYIUECTBASETCS NIPU NOKa3aTene HOMUTPOIIbI
n=1,35. ;

B sToM cnyyae nmomuTpona oxatvs Bo3jyxa (3HayeHue k ANA  KOTOpOro
paeHo 1,41) pacnionaraercs mMexay u3orepmoi 1-4’ u aguabaruoin 1-5° u k>n>1
(cM. puc. 2), 4TO MOXKHO OBUIO Obl OTPEACIUTE U JIOTHYECKH.

Teoperuyeckr BO3MOXHBI /iBa KpalHHMX ciyyas Mpolecca CKaTHf rasa B
KOMIIpeccope:

1. Beipensionasicss nNpy CKaTHH rasa TeIioTa MOJHOCTHIO OTBOJHMTCA BO
BHCUIHIO CpeAy, M TEeMIepaTypa CXHMaeMOro ra3a OCTaeTCH HEM3MEHHOH —
H30TEPMHYECKOE CKaTHe. '

(U3oTepmudeckoe cCKaTHe BO3MOXKHO B TOM Cliyyae, KOrja Ipoliecc
MPOUCXOAUT BECKOHEYHO NNUTENHHOE BpeMs, NTPH KOTOPOM PasHOCTh TeMneparyp
MEXNCY COKHIaeMbIM I'a30M U BHeuIHe#d cpenoil d7=0).

2. Cxatye raza NpPOM3BOAMTCA B LIMJIMHAPE, CTEHKH KOTOPOro ABIAIOTCS



k>n>1

A
A
8
k>n>1 +
e
aP>( 1>0>0
1>0>0 J&V>O
2 et
II A 2! Q
0> >-00 1'\
gl
i k>pn>1
5
>
4 S
6)

Puc. 4. O6nacTH BOIMOXKHBIX NONHTPOUHLIX Tporeccos (a) PY u 7S (6) auarpamMmax

12



abCoMOTHHIM TEMJIOHIONATOPOM, W TEIUIOTA, BHIACANIONIASCSH NPU CKATHKU rasa,
NOJAHOCTHIO PACXOAYETCH HA HAarpeB CxkuMaemoro rasza (cnydail apmabatHOro
cxcaTHn ). :

B peanbHOM KoMIlpeccope CXaTHe ra3za MpPOUCXOJIMT 338 KOHCYHBIH
(noBonbHO HeGONBLIONH) NPOMEXYTOK BPEMEHH; CTEHKH WMIMHAPA KOMIpeccopa
BBIIOJHAKOTCA M3 TEIUIONPOBOAHOIO Martepuana (OXJaXaaemMoro ¢ BHELIHEH
cTOpoHbl BooH). [loaTOMy B peasibHOM KOMIpeccope, XOTs H NPOHCXOIUT
TEIUIOOOMEH MEXJly CXKaThiM HArpeBIUMMCH Fa3oM H OXJaXAAIomed BOAOH, B
CAEJICTBHM OBICTPO MPOTEKAIOUEro NpoHecca CKAaTUS OH J0 KOHUA NpOATH He
ycrniesaer. Ilpu 31OM M3MEHSIOTCS HE TONBKO TepMuyeckue napamerpsl 7, p u V,
HO H 9HTpoOnMsf rasza S, T.e. HabmozaeTcs TNONHTPONHBIN MNPOLECC CKATHA,
KOTOPBIH PacrioNaracTcs MEeX/y W30TEpPMHBIM U a/inabaTHbIM.

ITonpsysice aAnarpammamu (prc.2) , onpeeNuM, KaKk H3MEHAIOTCA B JIAHHOM
NPOoNECcCe HHTEPECYIOLUE HAC BETUIHHBI:

~ 1) obbem rasa ymennmaercs — (AF<0);

2) pabora cxarua rasa — orpuuarenbHas (L << - >>), yro cieayer u3
dopmynst AL=pAV;

3) TemniepaTypa CxXHMaeMoro raza ysenuuusaercs — (A7>0);

4) BuyTpenussa sueprus raza (AU>0) ysenuuupaercs, Tak kak AU=cAT;

5) mapieHue rasa, CKUMaeMoro B Komnpeccope, Bozpactaer (AP>0);

6) sutponus raza ymesbmaercs (AS<0), MOCKONBKY €ro CKaTHe BEACTCH C
orBoAoM TerioThl (Ag<0 mnu g << - >>), a SHTPONKA M TEIIOTa CBA3AHLI
cootHomieHueM dS=dgq/T; |

7) 3HaYeHue NoKazaTens NOXHTPONbI «1» HAXONUTCH B nipeenax k>n>1.

Yrnenenas paGora, JDk/kr, paculMpeHHsA raza B NOJIMTPONHOM Tpoliecce
MOXET OBITh OfpeJiesieHa 1o OAHOHA U3 clelyloluX hopmyIi:

Lu=1/(n-1) - (01 Vi-p2V2)=R/(n-1) - (T1-To)=RT/(n-1) - (1-T/Th)=

pV i :
i o £ 4 R s | 6 i 8 : (17)
n-1 n-1
Y nenbHas Tennora, JOWKr, MOAUTPONTHOTO npolecca
: q =T Th) = cy (n-k)/(n-1)(T>-Th), (18)
¥ U3MEHEHUe sHTponuK rasa, Hx/(xrK),
(52-81) = ey (n-k)/(n-1) In TH/T:. (19)

Jis onpepeneHus nokazartens MONMUTPONBI # B KaKkoM-nTuOO peanbHOM
MpOLECCE HMEKOTCH A0CTaTo4HO npocteie crmocobsl. Tak, ecam pacnosiaraem
MWHAMKAaTOPHOW JuarpamMMoi mnpomecca (CM. puc. 2,a), TO JUIA ONpejAeHeHus
CpeJiHero 3HauYeHus #, HampuMep B mpoiecce 1-6, ucnonssyercs ypasuenue (10)
JUTS IBYX TOYEK, B KOTOPBIX 3HAYEHHE [TapaMeTpoB p H ¥ U3BECTHO:

P V|n= p6V6n.
[Tocne norapudmuposanus umeeM
lgpytnlg Vi=lgpstnlg Vs

OTKYnNa
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Ig ps- lg p
n:

) (20)
lg V\-1g V;

Ilopsaok Benmontenus naboparophoii pabots!

Onpenenenne noxasaresis NONUTPONBI /7 IS BO3/lyXa MpH €ro pacuiupeHUH
NpOBOAMTCS HA NabOPATOPHOH YCTAHOBKE B TAKOH 1OC/EN0BATEEHOCTH (puc. 5):

. C nomomsio BeHTHIsITOpa B Gamion [ NPy OTKPBITOM Kpahe 2
HarHeTaeTCs BO3/YX.

2. Ilocne co3janus BHYTPH Gannona wu3GBITOYHOrO JABIEHMUS Pa=
= 1000 H/m’ KpaH 2 3aKphIBAIOT, @ BEHTUIATOP OTCOEMHSIOT OT HATHETATENLHOTO
narpy6xa.

3. Tockonbky TeMneparypa HarHeTaemoro BO3/lyXa B pe3yApTare ero
CHATHA OKDKETCA HECKONBKO BbIlIE TEMNEPAaTyphl OKpYXalomeH cpex, TO jUiA
YCTPaHCHHSI ITOH PA3HOCTH MENAIOT HEKOTOPYIO BEIIEPIKKY (HE MeHee nsiH
muHyT). [Ipu 5TOM HMeEeT MecTo M30XOpHEII MPOLECC — CHHKEHHE TEeMMepaTyphl
BO3yXa BHYTpH OamioHa, MMEOUICro NOCTOSHHbIE 06BeM. Il uszoxopuoro
fipoliecca  COOTHOWICHHE TEPMHMYECKHX mapametpoB p u T Beipakaercs
~ YPaBHEHHEM

1 [‘,/—

Puc. 5. Cxema naboparopuoii yerasosku k pabore 2:
! — crexnanusiii cocyn; 2 — nponkossiii 3anoprbii Kpan; 3 — oOpa3Heii WHAKOCTHRIN

MaHOMETP
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LI Ty=P Py, (21)

O MomenTe BuIpaBHMBaHHS TeMneparypsl ¢xaroro s GamioHe Bo3nyxa c
TEMMEPaTypoii OKpyXaiowel cpelbl CyAsST 10 OKOHYaHUU M3MEPEHHS NABICHUS
BHYTpH CoCyJia, KOTOpoe onpejiensercs ¢ nomoupto U/ — obpasztoro MaHomeTpa 3.
H30kITOuHOE JaBNeHHe CKATONO BO3AYXA NP ITOM HECKONHLKO CHHXKaeTcst ¢ Py
o Pi.

4. Otkpeisaior Kpau 2. B pesynsrare paciiMpenuds rasa Jiapnesune B Gamione
nagaer jo armocheproro. [Ipu stom TeMriepaTypa BO3/lyXa, HaXOHAErocs B
Oajnone, cHwxaercs. CHkenue TEMIEPATYPBl ra3sa NpU ero paciliipeHHH
obycinosneno Tem, 4ro pabora pacimpeHus COBEPIIACTCH 332 CYET BHYTPEHHEIH
JHEPriM, T.e. ¢€ yMmeHblleHUs. BHyrpeHHss sneprus rasa ¢ ero TEeMNEPaTypoil
CBA3aHa cooTHoleHuem U=cvT,

5. Kpan 2 saxpmiBaior. 3arem npomssopst BBIJICPKKY (HE MeHee nATH
MUHYT) € UeNbi0 BHIPAaBHHBAHMS TeMNepaTypel BO3AyXxa B OamnoHe ¢
TEMIICpaTypod  HapyxHoH cpeasi. Ilpw  3toM B Gamwroue nporexaer
H30TEPMHYECKHI nporece (MpH NoABOE TEIIOTH M3 BHEnIHeii Cpe/ibl K BO3AYXY,
HaxoasemMycs B 6anione).

O momeHTe BHIpaBHMBAHHS TeMIlepaTyphi rasa B GamioHe u HapYXHOTro
BO3MyXa CyAAT MO OKOHYAHWH H3MEPeHHs BHYTPH GawioHa JasieHus,
onpenesemMoro ¢ nomoupio U — cbpasHoro manoMerpa.

AbcomoTHoe Janenne P; B GamioHe cTaHOBUTCS GONbIie atMocéeproro
Pg na Bennauny P, ;. ,

[Toka3zaresis NONMTPOILI ISt HCCAEAYEMOrO Ta3a B NONUTPOINHOM Mpoftiecce
TNOACYMTLIBACTCS, UCXO/IS H3 CHEAYIOLIHX COOBpaKeHMUiA. :

B pesynntate apmabathoro PAaCIIHPCHUS ra3a COOTHOLICHHE TEPMHYCCKUX
napameTpos 7' u P Beipasurcs ypasuexuem (12).

T/ Ty=(Py/ P (22)

. Bemen 32 apmabatubiv npoueccom PacUIMpeHHs CIEAYEeT H30XOpPHbIif

POUECC  HarpeBaHWs rasa, Js KOTOPOro cornacHo (20), cooTHOMIEHHe
napameTpoB ' u P BBIPa3suTCH ypaBHEHHEM |

Tz/ T3 = (Pz/ P3) ' (23)
Onnaxo 1o ycnosuso onbita 11=T3 =Ty, ClleIOBATENLHO HMEEM
P/ Py=(Py/ P wnu (P/ P,)"" =pg/ P, (24)

[ponaropudmupyem riociennee spipaxenme:
(n-1)/nlg (Ps/ Py)=1g (Ps/ P3),

WK '
nlg (Ps/ Py) - nlg (Ps/ Py)=1g (Ps/ Py),
oTKy /A
lg P, - g Ps .4
- : (25)
Ig Py - lg P;

rae Py = Ps + Pm;; Ps- Gapomerpuyeckoe NaBIeHHE B MOMEHT OnbiTa; Pyy-
H30BITOYHOE (MAHOMETPHYECKOE) faBlieHHe raza B Hauione nepen  ero

pacmmperuem; P; = Pg+ PwMm3; P.s - u3bbitognoe (ManomeTpuyeckoe) nasneHne
15



raza B OJUIOHE NOCAE €r0 PACUIMPEHHA M MOCHEAYIOUIEro 33 HUM M30XOPHOI'O
HarpeBaHUs.

Ho ykazauuw pykoBoauTens senuuuum P;, Ps u P; B dopmyne (25)
NOACTAB/AOT B OAHOW W3 CACAYIOUMX eAuHML usMmepenus: H/M”; MM Bom.CT.
(kre/m?); Mm pPT CT ¥ JAp.

B otuere no naboparopHoii paGote cnefyer npusects CACAYIOUIHE JaHHBIE:

1) uens 1 NOpANOK BBIIONHEHHAS pabOTHI;

2) cxemy nabopaTOPHON YCTAHOBKY,

3) pe3ysbTaThl ONBITHBIX JAHHBIX, CBE/ICHHbIC B TABIHIE 5;

4) n3obpakeHHe NMpolecca HIMEHEHUS COCTOSHUS 1'a3a B IKCTIEPUMEHTE B p
v Ts— KOOpAMHATAX M €TI0 CPABHEHHE C U30XOPHBIM, U300apHbBIM, H30TEPMHBIM H
annabaTHBIM. '

Tabnuua 3
§ Pesynpratel namepesmii
Jannsie onsrra Uunexe | Pasmeprocts | Bennuuua

bapomeTpuyeckoe JasieHHe B MOMERT ONbiTa Ps

HsbbiTounoe (MaHoMeTpuueckoe) jasieHuMe B P

Gannoue nepes pacuMpenueM rasa

Abcomoroe  naenewwe B~ Gawiome  mepes Py

_pacliupeHHEM rasa

Hsbbrroynoe  (MaHoMeTpuyeckoe) jasnende B P2

GajioHe NOCNC PaCIIMPEHHS Ta3a M €10 H30XOPHOTO

Hal PEBaHKA

AbcomoTHoe  saBnenne B Gawione  mepen P3

PACUIHPEHHACM Ia3a ¥ €ro H30XOPHOI'O HATPEeBANHUS

[loxazarens anuabares uccneyemoro rasa k

[Toxazaresns nOXUTPONLL, OMYYCHHBIN B ONEITE n

KoHlTponbHbie BONPOCKH!

L. Ilopsinox BeinonHeHus nabopatopHoii paboTsL.

_ 2. Tepmonunamudeckue (MONUTPONHLIE M YACTHBIE) TMpOLecCH, HabmoaaeMeie B
NPUPOJIE H TEXHUKE.
3. CoOTHOWEHHE TEPMHYECKUX TAPAMETPOB B NOJUTPOITHOM Ipotiecce.
4. TennoeMKOCTh NOJUTPONHOIO K YaCTHBIX TEPMOIMHAMUYECKHX HPOLIECTOB.
5. CooTHOUWIEHHE YAENBHBIX TEIIOEMKOCTeH 1300apHOTO W H30XOPHOIo
npoueccos (ypapHenue Maiiepa u nokasaresns aguabarhi).
6. H3obpaxenue nonurponusix npoueccoB 8 PV u TS - KOOpAMHATAX H
CPABHEHHME WX C YaCTHBIMH TE€PMOJIHHAMUYECKHMH NPOLIECCAMH.
7. Onipepienerne nokasaTens MoTHTPOIb 10 HHAHKATOPHO JiHarpaMme NpoLecca.

Crmcok uteparyphi

141, c. 25-55; 15/, ¢. 57-58.
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- Pabora 3

Onpeaenenne yrapa npn Harpese CTajibHbiX 06pasuos

Llens pabotsi

Llens nanuoii naboparopHoi paborTei — HAMAHO YOSAHTLCSA B TOM, YTO 1IPH
ropayeil obpaborke cranbHBIX wu3genui Oe3 HamIeKaed uX 3aUMUTH OT

OKHCJICHHA MPOHUCXOAUT 3HAYUTCIIbHAA NMOTeps METajlia.

Kpatkue cBeieHusl U3 TEOPHH

B cocrase neunoii razoBoii cpebi, B KOTOPOH NPOBOANTCS HAIPEB CTANBLHBIX

U3[eNHH, MOIyT NpPHCYTCTBOBATH

HECKONIBKO  KOMIIOHEHTOB,

No-pasHOMY

B3auMoieHcTBYIONMX ¢ oOpabarsiBaeMbiM MeTamioM. OnHKM rasel, BXOAAUME B
COCTaB MeyHO#M aTMocdepsi, ABAIOTCA BOCCTAHOBHUTEILHBIMU MO OTHOLIGHHIO K
Kesesy ¥ JIETHPYIOUIUM 3IEMEHTaM CTal, Apyrue — okucauTeibubiMu. MMerotcs
06e3yrnepoxuBaioT
obpabarpiBacMpie cTanu. W, HakoHel, €CTh MHEPTHBIE Ta3bl, KOTOphIE MpH
TeMneparypax ropsyed oOpaboTKH HE BCTYNAIOT BO B3aUMOJAEHCTBHE HH C
HKENE30M H JIEFUPYIOUIMMHE SJIEMEHTAMH, HH C YITIEPO/IOM, HAXOAALIMMCSH B CTANH,
Hcxons u3 stux coobpaxeHul, KOMIIOHCHTHI NEYHBIX Cpej pazbuBaoT Ha
OTJIENbHBIE FPYTINHI 10 XapaKTepy WX B3auMOJACHCTBHS CO CTabIO (CM. Tabn.)
ITpu ropsueii 6paboTke CTAIBHBIX H3JENHH B BO3JIYIIHOM CPejie NPOAYKTOB
NOJNIHOrO Cropanys TOIUINBa HeN30eXXHO HX OKHCIIeHHEe H 00e3yTriepoXKBanue.
Oxucnenue - 53T0 rpolecc B3aUMONCHCTBHS Kelie3a U JIerHpYyOLHX
3JIEMEHTOB CTalld C KHCIOPOJOM BO3JyXa (B OJJIEKTPHYECKMX Medax) WM ¢
NPOAYKTaMH Cropanus (B MIAMEHHBIX Neyax), KOTOpOoe NPHBOAMT K NOTEPIM

KOMIMOHEHTDBI, KOTOpPBIC

~ MeTana (yrapy) B pe3yJibTaTe ero npeBpalleHus B OKanuuy.

HAYIJ1epOXXUBAIOT

Tabnuna 4

Knaccadurais KOMITOHEHTOB NEYHBIX aTMOCHEp 1O ASHCTBHIO

Ha cTajlb npu >Acl

JelicTaue Ha crank Haspanue raza s xumuyecxas Gpopmyna {
| 2 3
oKucasiouiee Cepuucrsiii auruapua SO,
Kucnopon 2 0O;
Hsyokuck yrieposa CO;
Boaguoit nap H,O
BOCCTAHABJIHBAIOLIEE Bogopon H;
Oxwuce yrnepona CO
Mertau CH4
00e3yrnepoXHBAOLIES Kucnopon 0; y
JlByokuch yriepona CO,
Boasmoii nap H;O
Bonopon H;
BayrIepoKuBaonee Mertan CH,4
Oxmck yrneposa Co

e ——— e et et . - b

_—
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Okonuanue tabn. 4

SR ), S B o 2 Tk 3 =02
HHCPTHOE Azor N,

Apron : Ar

lenunii : He

Benuuuna yrapa meranna sasucur OT MHOTHX NPHYHMH,K BAXKHEHLINM M3
KOTOPBIX OTHOCSITCA: COCTAB razoBoii CPCREBl, TEMIIEpATYpa M NPOAOIIKHTENbHOCTE
HArpeBa, a Takke coctaB o6pabarsisaeMoli cranyu u hopma uznenus.

Oxucnurensunie  rasm, KOTOpBIC MOIyT MpPHCYTCTBOBATH B  [eYHORN
armMocdepe, 1o crenenu YMEHBILICHUS MX OKHCAUTENBHON CHOCOBHOCTH MOYKHO

NOCTABHUTEL B cne,qyromeM nopﬂ,zuce: Y
80,-0,-H,0-CO, "

£ Oz’ 0 Oxncnenne
arM LC F eO+C02=FeO+CO
- 1300 G\ /
10 /
8 Boccranosnenne /
FeO+CO=FeO+CO;_.
10
S 1100 ;
10 900
1(jlﬁ FBocIcI'raH%Bnéa%
et =reO+ H,
2 06 ;20_ : Oxucnenne
10 BOCJ(It'aI‘%!T{%BJIEHHH ~00 F eO+H2=F et HZT)_
1(’)24 okucios|Fe | 300 | I
600 800 10001200 rc ¢ 0,2 04 06 0.8 1.0
KP=P. /P KP=P, oo,
Puc. 6 VYupyroers AHCCOnMauMu  okucno Puc. 7. Kpussie pasnosecus peakinit
Keie3a Ans peakumii: Fe + H;0 = FeO +H,,
I =2 Fe + 0;=2Fe0 FeO + CO= Fe +CO,

2-3Fe+ 202=F3304 ‘
3-4 FC304 + 02=6 Fe203

OKHCIIBI M CYNBQUAB KeNe3a, yekopsomue HPOIIECe OKHCIICHHS.
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Xapak"repummn PEAKLMSIMH OKHUCIICHHA ABISIOTCH:

2Fe + O, = FeO (26)
Fe + H,O = FeO +H, _ (27)
Fe + CO, = FeO +CO (28)

Peakuua (26) B wnrepsane TeMineparyp ropsiueit obpaborku nporekaer
C/lcBa Hallpaso, T1.e. B CTOpoHy okucienus Fe. M tonsko npn Gonee Bhicokux
TCMICpaTypax M HUYTOXHO MalbiX KOHHUECHTPALMAX KHCIOPOAA BO3MOKHO
Boccranosenne okucnos  Fe. Kpussie ynpyroctu aucconmaiun oxucnon Fe B
3aBUCHMOCTH OT TEMIICPaTyphl (pUc. 6) HIUHOCTPHPYIOT NAHHOE ONIOKEHHE.

AHAITM3UDYS TMArPaMMy, MOXHO 3aKTIOYHTh, Y4TO npu 6e30KucIuTeNbHOM
TepMO0OpaboTKe NPHCYTCTBHE KHCIOPOAA B CBOGONHOM COCTOSIHHHM B TEYHOI
atMocepe (Tak xe, kak u SO,), HeonyCTHMO.

Kpusbie pasrosecus peaxumii (27) u (28) B 3aBHcHMOCTH OT TeMIepaTypbl
NPUBEJCHbI HA PHC. 7, U3 HUX ClieyerT:

1. C nossitienueM TemnepaTypel OKHCIUTENBHAS CHOCODHOCTh BOJSHBIX
napoB (NPH HEHM3MEHHOM COOTHOMEHHH P/ PH2)  ymenwmaercs. [lpu
AaNBHEHIIEM NOBBILIEHMH TEMNEPATYPB 061ACTh OKMCICHUS CMEHSETCS 06acThio
BOCCTAHOBNCHUA,  MPHYEM  4YeM  BbIIE  TEMMEPATYpa, TeM  Bhile
BOCCTaHOBHTENbHBIE CBOHCTBA armoctepsi tuna H, - H,O no orHomenuo K
Kenesy.

2. B npoTHBONONOXHOCTH K CKa3aHHOMY OKHMCIMTENbHas CcrnocobHOCTS
ABYOKHCH yriepoja (10 OTHOIUEHHMIO K XeNe3y) ¢ MOBHIICHUEM TeMIepaTyphl
BozpacraeT. B arToM caydae obnacth oxucnenus enesa (npu HewsMeHHOM
cootHowenuu Pcoy Pco) cMenseTcst 061aCTBIO BOCCTAHORICHHS ¢ NOHHXKEHHEM
TEMITePaTyphi. ,

IIpu HarpeBe CTANBHBIX W3NEMHH B IIAMEHHBIX MTeYax TIOCTPOCHHE KPHBOH
PaBHOBECHs rasoBOH cpe/ibl ¢ Fe BechMa 3aTpyHATENBHO, TAK KAk cocTas 3TOH
CPeRbl ABNACTCHA CIONKHBIM.

His npoayKToOB peakiuu BoASHOro raza

COZ =+ H20 <=>CO+ Hzo (29)
Taxas xpuBas npusesena ua puc. 11*,

Oxucnenne w3penuii npu - ux ropaued  obpabotke orpuuaTensHo
CKA3bIBACTCA HA TEXHUKO-DKOHOMMYECKHX ITOKa3aTensix Npou3BOACTBA —
MPOMCXOZUT 0e3BO3BpaTHas NOTEps METAIIA BCACACTBHE €ro nepexoia B
OKaJMHY; KauecTBO FOBEPXHOCTH M3JIENUA  YXYAIIACTCS W, KpOME  TOroO,
HEODX0MMa NOMONHUTENbHAS ONepalHs 110 OYHCTKE H3AeHMii oT okanuusl. [Ipu
KaXNOM Harpese W3NeNnui noj TepmoobpaboTky Ge3s 3amMThI MX OT OKUCITEHHS
yrap 1 = 2% cuutaercs HOpMaIbHBEIM. B Ky3HEUHBIX Xe meyax NOTEPH MeTaina B
OKaNHHY NPH K&XOM Harpese JocTHrat 5%.

*) Ilpu nocrpoenun KpuBoit He yurteHo B3auMojelicTBUC arMoc(eprl C YriepoioM cranm, a
TAKXKe HATHYKE B CTANH JICTHPYIOMINX MEMEHTOB.
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Pric. 8. Kpusas pasiosecus peakuun BojgHoro raza (CO, + H,0 <=> CO + H,0) ¢ xkenczom

Oxucnenne xenesa B BO3/YIUIHON Cpejie 3aMeTHO yxe npu £ =160 °C B BHae
MOABJICHHS TaK HA3bIBAEMBIX «1BETOB nobexanoctuy. Ilpu sToM Ha nosepxHocTH
MeTania MOABIACTCH TOHKMHA (TOJMHON B THICAYHbLIE JONM MHUIHMETpa) CIoH
okucna FeyO;; BeNmuMHBI MOBEPXHOCTH MX TOPLOB IO OTHOMICHHIO K GOKOBOI
MOBCPXHOCTH MOI'YT NPH OAHMX M TEX XK€ YCIOBMAX Harpepa Aath Gonbiumi yrap,
YeM 3aroTOBKHM JUTMHHBIE,

[IpaxTHUuecKMMH XapaKTepHCTHKAMH OKHCIEHHS ABAAIOTCH — MACCOBBIH H
ITOBEPXHOCTHBIH Yrap, CKOPOCTh OKMCHIEHHS M TOJNIIMHA C/IOS OKAJIMHEL.

MaccoBeiif yrap — OTHOHIEHHE KOAMYECTBA METAIA, OKHCIEHHOTO B
Npolecce Harpesa, K HCXOJHOMY KONUYECTBY MEeTajllla, BRIPaXKaeMoe B NPOLEHTaX.

[ToBepXHOCTHBIH yrap — KOJMYECTBO OKHCIEHHOIO METanna, OTHECEHHOEe K
e/INHULIC TIOBEPXHOCTH HAIPEBAEMOT0 H3JIC/Us ¥ BHIPAKAEMOe B Kr/M’.

OrHowleHHe MNOBEPXHOCTHOTO yrapa K BpEMEHM Harpesa Ha3bIBaeTCs
CKOpPOCTBIO OKHCieHus. Tommupa cnos OKauHHbl S C TOBEPXHOCTHBIM yrapom
CBA3aHA COOTHOIICHHEM .

S=alpk (30)
rie § — TONUIHHA CIOSt OKATHHBI, M; @ - IOBEPXHOCTHBIH yrap, Kr/M’; p- MIOTHOCTS
OKaHMHBI (MOXKHO NPHHATH pasHoi 4000 KI‘/M3); k - cpeiHee conepiKaHKe Kejle3a B
oKajiMHe, KoTopoe xosiebnercs B upepenax 0,715 +0,765 kr/kr.

O6e3yraepoxkuBanue ~ 5T0 NPOLECC B3aUMOACHCTRUS TTeYHOH aTMoc(eph ¢
YURCPOAOM CTalH, HaXOAAUMMCA B TBEPAOM pacTBOpe, CONPOBOXAArIIMiics
obeHEHHEM YIIEPO/ia B IIOBEPXHOCTHRIX CHOsX 06pabaThiBacMbIX H3AETMI.
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Ha xapakrep ofe3yrnepoxXuBaHus BAHAIOT MHOrHEe (AKTOpBI, OCHOBHBIMH
M3 KOTOPHIX ABIAIOTCA: cOctaB neqnod armocdepsi, Mapka obpabarbiBaemoii
CTaNH, TEMIIEPATYpa H BpeMst Hpollecca.

[lo crenenu ymeHblwleHHs o00€3yrNepoKUBAIOWIEIO BO3JCHCTBUS Ha
YOACPOAUCTEIC U MANONETMPOBAHHBIC CTANH Tasbl PACnoNaraiores B CIAEAYIOLIEM

nopsjike:
H2 R s sl e Hzo ....... COz ........ NZrcm ...... H2cy< ...... N2

XapakrtepHble peaxuuu 00e3yrnepoKMBAHMA

2C(y-re) + 02 & 2CO (31)

Ceyre+ H,O & CO + H, (32)

Coy-rey+ CO, & 2CO (33)

2C(u7-l“c)+ 2!']2 « 2Cl"l4 " ; (34)

Haubonee NOJIHO MCCNIENOBAHO B3aMMOJeicTBHE yriuepoaa

obpabaTsiBaeMbix cTaneH ¢ razoseivu cmecsimu: Hy — CO — H,O; CO — COyu Hp —
CH;. U3 Hux cnejyer, 4TO TEPMOAMHAMMYECKAS AKTHBHOCTh B3aMMOACHCTBUA
BOJSAHBIX NAPOB W [BYOKHCH YIVIepOjIa  YIJIEPOAOM CTAJH C [OBbILICHHEM
TEMIEPaTyphbl BO3pacTaeT, a 06e3yriepoXxHBaonas cnocobHOCTs BOJOPO/IA PE3KO
CHHIKAETCH. 7

Tlpunaro cyuTath, 4TO BUAUMOE 00e3yraepoXUBAHNE IPOUCXOAUT TOMHKO B
TOM cily4ae, eciv ctaib 00pabarpiBacTesl B ayCTEHHUTHOM COCTOSHMH, T.e. NpH
>Ac. B NeHCTBATENLHOCTH HAOMONAIOTCA Cliyuan O0€3yINepOXHBAHMS M 1PY
TeMIeparypax okono uim Heckonsko ke 700 C (Gonbiuell yactsio B arMochepe,
Horaroii BOHOPOIOM).

HuskoremrieparypHoe o6e3yriiepoxuBaHie IMpoTeKaeT O4e€Hb MEIUIEHHO H
MOXKeT ObITh OOHAPYKEHO TONBKO MPH JUIHTENbHBIX TEXHONOTHYECKHX MPoLeccax,
HalpUMEp, NPH OTXKHUI® CTANCH Ha 3ePHMCTHINH NEPIHT, NMPRYEM noaepxuocmbm
00e3yrinepoXeHHbIA CIONH YacTo SIBAAETCS YHCTO (DEPPUTHBIM.

Obpaborka B obesyrnepoxusaioniei rasopoii cpene TpancopMaTOpHOH
cTaiv, PEeppoCIUIaBoB, a TAKKe W3JIeNHH, MOBePraeMbIX SMANNPOBAHUIO, — ITO Te
cnyvuau, korga obesyrnepoxuBanue jieHcTBUTensHO — Heobxomumo. Ilpu
TepMooOpaboTke xe aerancidl malmH M MHCTpYMeHTa obe3yrnepoxuBaHue
NPHBOAUT K CHHMKEHMIO MX MEXaHHYECKHX CBOMCTB ¥ TeM CHJIBHEe, YeM BbIlle
coAiepame yriiepoja B CTajiu M yem Ha 6onburylo npoYyHocTh oHa obpaborana.

Yrobsl npupath Tpebyembie MexaHH4ecKHE CBOWCTBA [0 BCEMY CEYCHHMIO
obpabarpiBaeMoOH JleTanu, HeOOXOAMMO NMONHOCTHIO YAaNnuTh 00e3yriepoxeHHslit
ciot (mo 2 mm). TpynoemkoctTh H3IOTOBNEHHs H3JIENUS [PH 3TOM PE3KO
BO3PACcTAET, YTO OTPHUATENIHO CKa3hiBACTCH B KOHEYHOM HTOre, Ha TEXHMKO-
IKOHOMHYECKHX NOKA3aTeNsIX POU3BOACTBA.

nybuny 006e3yrnepokeHHOro cjos MOXKHO ONpPeAeIuTh N0 M3MEHECHHIO
TBEPHAOCTH Ha CKOIIGHHON MOBEPXHOCTH 3aKaieHHoro obpasia, npoBefeHUeM
XUMHYECKOTO aHANM3a [OC/HE/0BATENBHO CPE3aeMBIX CJOEB H NO aHAIM3y
MHKpOCTPYKTYphl. CreneHs obe3yrieposkuBanus BIABISIOT TAKXKe 110 CHHIKEHHIO
maccei obpabarpiBaeMpix 00pasios. -

21



Metoan 60pb6bI ¢ OKHCIeHHEM U obesyriepoxkHBaHuem

[IpuMensieMble B NPOM3IBOACTBE METONBI Gopebbl ¢ okucnennem u
00e3yrnepoxxuBaHeM MOXHO PasieNUTh HA JBE rpynnsl. K nepsoii orHocsTes
PasiMYHBIC NEPENOBBIC NPUEMbI OOCHYXUBAHHUS SKCIUIYaTaAlMK HarpeBaTeNbHbIX
neyeH, K KOTOPhIM OTHOCATCS — yiyulleHWe YCHOBMI CKMIaHWA TOIUIMBA M
ABTOMATH3ALUA TCIUIOBBIX MPOLIECCOB, CKOPOCTHBIE U YCKOPEHHBIC BO BPEMEHH
PEXHMBI Harpesa MeTamia. IQQeKT HPUMEHEHHSs METOAOB MEPBOH [PYNMbL,
ONHAKO, HEBEJIMK — MOTEPH METaJlIa 32 CYET OKMCICHUS MOTYT BBITH YMEHBIUECHb]
MWL BABOC. YTO Kacaercs 3auMThl OT 006€3yrNepoXUBAHHA, A TAKKE OYHCTKH
H3AeIMH Tocae HX ropaueil 06paboTki OT OKaNHHbL, TO ITH BOIPOCE] B JIAHHOM
Clyyae OCTaloTCs HepetleHHBIMH.

Ko Bropoii rpynne meronos DopbbeI ¢ OKHCeHHEM K 0Be3yrIepOKUBaHUEM
OTHOCAT HArpeB B Meyax, rAie UCKIIIOYAeTCH KOHTAKT obpaGarsiBaeMol crany ¢
OKHCISIOLIMMH M 00e3yriiepoXHBAIOMMMH razaMu. K TAKHM reyam  MOKHO
OTHECTH COJIAHBIC ¥ META/IHYECKHUE BAHHBIE, A TAKOKE M€Y, Tie HAIPEB BEAeTCH B
KOHTpONMpyemMok  (3awurHol) armocepe. B meuax, rne HCITONB3YIOTCS
KOHTPO/HPYEMBIE aTMOC(EPBI, HEAOIYCTHMO NONafaHue BO3AYXA WiH IPOJIYKTOB
Cropadis Tormiusa B paboyee npocrpasctso neyu. Ilosromy nu6o HarpeBaeMblii
MeTal (OMBIBAEMBIH 3AMUTHBIM ra3oM) H30JIUPYETCSs OT OKHCISIOIHX M
06e3yIIepONHBAIOIMX I'a30B B rePMETHYECKOM my(pene, nubo camo nnams
H30JMPYETCA OT Kamepbl neun. C)Kuranue TONIMBA B 3TOM CIIy4ae BeAyT BHYTpH
TpyD, Ha3bIBAEMEIX paIHAIIHOHHBIMH.

Kontponupyemsie armocdeps: (KA) — 310 cneumanbHo NpUroToBICHHBIE
(0ObiyHO BHE meum) rasoBble cMmecH, KOTOpBIE NpH TeMneparypax ropsyes
00paboTky ABNAIOTCS BOCCTAHOBUTENLHBIMH K KeNe3y U JErHpYIONUM 3eMEHTaM
H 4aCTO HEATPAILHEIMH 110 OTHONICHHIO K YIJIEPOJLY, HaXONAIIEMYCs B CTANH.

MAna npurotosnenns KA Tpebyemoro cocrapa B NPHHLHMNE MOXET ObiTh
HCTIONB3OBAHO PAINYHOE ChIphE — TBEPAOE, KHAKOE WM razoobpasnoe. B
CYHIECTBYIOUMX ra3s0npHUIGTOBHTENBHBIX YCTAHOBKAX ChIPheM U1 noiydenus KA
PazsiHYHOro TUna B GONBIIMHCTBE CIYYaeB ABIAETCA NPHPOJHEIA a3 U pexe —
AMMHAK, 3 B KaY€CTBE OKHCIHTENEH — BO3IYX WIH TeXHHYECKHI 30T,

Ilpumenenne npu ropsueit obpaborke wmetamion KA  nossonser
3HAYMTENLHO TOBBICHTh Ka4YeCTBO W CHW3HTH ceDecTOMMOCTh  BBIINYCKACMO
npoxykuuu. Mcrionszosanne KA cnocoberpyer ycTpaHeHuio obe3yriepexuBanus
obpabateiBaeMbIX M3menuil, a Tajoke noTeph MeTaljla Ha yrap TpyJOeMKHX H
‘BPEAHBIX JUIst pabouMX O4HCTHBIX Onepauii.

[Nopsnox Bemonuenns naboparopHoii paGoTsi
Ipu Beimonuennn naboparopuoii paboTsl Heobxomumo cobmoaaTh npaswia
TeXHUKH De3onacHocTs (oM. npuioxenue 2).

YcTanoBKa COCTOUT U3 BJXCKTPPNECKOE ll&FpCB&TCJlBHOﬁ NEYH H TEpMONaphl
C MHJITHBOJIBTMETPOM. :
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Ieun nepen onertom pasorpesaercs jo Tpebyemoii TEMIEPaTyphl, HpH
KOTOPOH ONpPEeICASIOTCS NOTEPH METAIA OT OKHCHeHus. Jlns NONYYEHHS cpeHei
TEMIEPATYphl B TEYCHHUC ONBITA TeMIEpatrypa neyu (HKCHPYETCa  KakJibie
3 munyrhl. Onpejienenae yrapa OpOW3BOAMTCS HA Tpex obpasuax, Kaxaei u3
KOTOpLIX HAXOAWTCH B MNe4d COOTBETCTBEHHO 15, 30 u 45 munyr uan 20, 40 u
60 MunyT (110 yKasaHMIO npenojasarens). [lepen onpimtoM U 10 OKOHYaHMK ero,
nocie ylaneHus OKajiHHbL, 00pasilbl B3BEHMIMBAIOTCH HA AHAJMTHYECKHX Becax ¢
TounocThio o 107 . llepen ONBITOM CHUMAIOTCH pa3zMEpPBl KAKAOTO obpa3sna.
Yro6bl MCKIIOUHTH © JOTIONHHTENBHOE OKHCICHHE NPy OXJaKAEHUH, 06pasibl
oxnaxaaoT B Bofie. Ilocne nposeienns OnbITa onpenensioT MaccoBki yrap f, %
NOBEPXHOCTHBIH yrap a, Ki/M', # CKOPOCTh OKHCIeHUs o, Kr/(M2-Y):

G\-G, : ¢
f= ——— 100%, (35)
G
rae G, — macca obpasiua no warpesa, kr; G> - Macca obpasiia rocne Harpesa u
OYHCTKH OKAJIMHBI, K |

Gi-G,
a= ———, (36)
F
rie F - 6oKoBas NoBepXHOCTH 06pasna, Mz;
G-G,
= ——, 37)
£
rfie T — Bpems Harpesa obpasia, 4.
Pesynbsrate! usmepenuii u pacueToB 3aHocsTCH B Tabn. 5.
Tabnuua 5
Pesynbrarsl 5KCHEPHMEHTOB U PacyeTon
Ne o6- | Macca boxo- Cpen- | Ilponon- Mac- Macco- | [losepx- | Cko-
pa3- | obpasua, | Basg no- | uas Tem- | KuTENH- ca 06- BEIH HOCT- POCTh
OB Kr BepX- nepa- HOCTh pazua yrap, HBbIif OKuc-
HOCTh TYpa Harpesa, rocie % yrap ACHHS,
obpa3- | neun, °C MHH Harpe- K/ Kr/(M*-4)
ma, M’ Ba, KI
1
2
3
4
5
6

Onsitel npoBossiTea ¢ Tpems obpasuamu (BAMsSHME NPONOJDKATENBHOCTH
Harpesa) MpPH JIByX pasHBIX TeMIiepaTypax pasorpesa meud. Ilo pe3ynbraram
IKCTICPHMEHTOB CTPOATCHA 3aBHCHMOCTH MACCOBOTO M MOBEPXHOCTHOTO yrapa u
CKOPOCTH OKHCJICHHS OT BPEMEHH H TeMITepaTypsl Harpesa.
Oruer no pabote f0/keH BKAKOYATE:
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- uenb paboTsl;

- Tabn. 7 ¢ pesyabratamMu KCNEPHMEHTOB W PACYETOB;

- HEOOXO/IUMBIE PACYETHBIE BHIPAKEHH;

- 3aBHCHMOCTH MacCOBOTr0O yrapa, NoBEpXHOCTHOIO M CKOPOCTH OKHCIICHHS
OT BPEMEHH M TEMIepaTyphbl Harpesa.

Kourponsusie Bonpocs

1. Ilpouecc oxucnenus xenesa. CocTaB OKanuHbI.

2. KonuuecTBeHHas XapaKTepHCTHKA yrapa.

3. Bnusiive Ha BEJIMYMHY yrapa TeMIlepaTypsl NEYH, NPOHONKHTETEHOCTH
Harpesa, cocTaBa NMeYyHoOH arMochepsl, POpMEI 3aroTOBKH.

4. O6e3yraepoxxuBanue cTany.

5. Mepbi 60ps6bI ¢ yrapoM u 06e3yriiepoxXuBaHHEM.

- Cnuicok nuTeparypsl
[6/,¢38-92;/7/ ¢5-12;27-31.

Cnncox nureparypss

1. Tennmootnaya / B.IL Wcauenko, B.A.Ocunosa, A.C.Cyxkomes — M.:
Oneprus. 1975. 488 c.

2. Kunkomeraurypruyeckue temionocurend / B.M.Bopumanckmii,
C.C.Kyrarenanze, U.1. HoBukos, O.C. ®eppmckuii — M.: Atomusaar, 1976. 328
c.

3. Temnonepeaaya ' ¥ ° IWAPaBIMYECKOE CONPOTHBIEHHE: CIPABOYHOE
- mocobue / C.C. Kyrarenanse — M.: Dueproarom u3nat, 1990. 367 c.

4. Texunveckas tepmonuHamuka. Teriomepegada: yyeGHuK I By30B /
b.H. iOxaes — M.: Bricuias mkona, 1988. 479 ¢. -

5. Coophuk nabopaTopHBIX 3aJia4 MO Ta30MEYHON M METALIYprudecKodi
rennorexunke / H.A. Turos / I'TIH. lopskuit, 1974. 59 c.

6. Oxucnenune wu obGeszyrnepoxusanue cramu / AU Bamenxo BT
3enpkosekuit, A.E.Jlusmun, A.A. Wynen — M.: Meramnyprus, 1972. 336 c.

7. Koutponupyemsie  arMocdephl B TEPMHYECKOM [POM3BOJICTBE /
H.A. Turos / I'TIW. Nopexuii, 1981. 84 ¢. ¥
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NPHJIOKEHUSI

I Tpunoxenue |
__Hepesonnsie koappuuMeHTrl e AMHNL JaBeHNs
3 . e KIc/m® MM.PT.CT. Kre/m® 6ap
(MmBoper) | A B g
I 0102 | 75100 | 1eie 0-10° |
koM 9,81 1,0 7.36 107 1,0 10" 0,98 -10™
(MM.BOJLCT) S 5
MM.pT.CT. 133,32 LT - T 7.5 107 1,36 -107 1,33 107
Kre/m’ 098:10° | 1,010 735.6 1,0 0,98
Gap LO-10° | 102107 750,2 1.02 1,0

[Tpunoxenue 2
Brinucxa u3 npaBua rexunkn 6e30nacHocTH
NpH BHINOJIHEHHH JabopaTopubIX paboT

I. be3s uHCTpYKTaXa no TexHuke GE30MacHOCTH CTYAEHTHI K BHITIONHEHHIO
nabopaTopHeIX paboT He AOMYCKAIOTCS,

2. Kaxislit CTYICHT NIPH BBINONHEHUH paboTsl obs3an cobmonars see Mepbl
NPEAOCTOPOKHOCTH, HEODXOAUMBIE JUIS MPEOTBPALIEHHS HECYACTHBIX CIIyYaes.

3. O BCAKOM NPOUCINECTBHH HEOOXOMHMO HEMENIEHHO COOOMAaTEH
fipenojiasarenio wiu jabopanry.

4. Henbss cHHMaTh MIM NepeBeLIMBATH NPEAYNPEXNAIOIME HIH
3arpeliaionue MIaKaThl. _

5. I'lpu pabore ¢ anekTporneyamu 06pasibl pasorpeThl s Temueparyp 400-
900°C, nostomy Bo uzbexanue oxoros Tpedyerca ocoboe BHHMAHHME.

6. Hu B KoeM cityuae He OTKpBIBaTh KPBIIKH U3MEPHTEIBHBIX TPHGOPOB.

7. Bxmovenue W BBIKIIOYEHHE SIEKTpOMeYeil, BEHTHIATOPOB, npubopos
MPOMU3BOAUTCH TOJILKO NabOPaHTOM MIIH NIpEeroaaBaTeseM.
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