TennoBble ABMEeHUd, TeNnoBbie
OBUraTenu, oxpaHa oKpy>kaloLlien
cpeabl

Hac okpy:xaeT Mup, AaAekuil ot paBHOBecHA. AAS YeAOBEKA OH
CYIIIECTBYET B KAYECTBEHHOM 1 KOAMYECTBEHHON OIIPEACACHHOCTH. AAd
ABACHUI U IIPOIIECCOB XapPaKTEPHBI PEIYAAPHOCTD U IIOBTOPAEMOCTD. B
OCHOBE MHOTOOOPA3Ms U3MEHSAIOIINXCH ABACHUH ACKAT CAIHBIC
CTPYKTYPBI, KOTOPBIE OTKPBIBAIOTCH OAATOAAPSA 3AKOHAM COXPAHEHUS.

9o OUU




ChopmMyAnpyeM 3aKOH COXPAHEHUS SHEPTUH:

DHeprus He BOZHUKACT U3 HUYEIO U HE UCYE3aeT OECCACAHO, OHA
TOABKO IIEPEXOAUT U3 OAHOU (POPMEL B APYIVEO.

CCbOpMYAHpY@M ITIOHATHC BHYTpCHHCfI SHGPF 1405

Buympeniag snepens — 510 sHEPrus ABIKEHHUA U B3AUMOACHCTBUA

MOAEKYA, U3 KOTOPBIX COCTOUT TEAO (CyMMa KHHETHYIECKOI
SHEPTUU ABIKCHUA MOAEKYA U HOTEHIIMAABHOU SHEPTUHU UX
B3aMOAEHCTBHA)



CriocoOBI M3MEHEHUS BHYTPEHHEN 9HEPTUH

CoseprireHue
MEXAHUYECKON PaOOTHI

TeHAonepeAaqa

HaA TECAOM

caMHM TCAOM

I/ISAY‘ICHI/IC

KOHBEKITUA

TECIIAO-
HpOBOAHOCTb




3anonHum Tabnuuy nod HasBaHUeM «XapaKTePUCTUKN TENMNOBbLIX NPOLIECCOBY:

HassaHue
npouecca

dusnyeckas
XapaKTepucTumKa,
eanHNLbI,
ob6o3Ha4yeHune

dopmyna

TemnepaTypHbIn
pexvm

padnyeckoe
n3obpaxxeHune T T T
npouecca




HassaHue HarpeBaHue, [naBsneHue, WcnapeHne, CropaHue Tonnmea
fpelisess oxnaxaeHue KpucTannuaaums KOHOeHcauus
dusmnyeckas YnenbHasa YnenbHaa tennoTta | YaenbHasa Tennota | YaenbHaa TennoTa
e e RSV Ka, TENI0EMKOCTb nnaBneHus napoobpa3oBaHns cropaHus
eanHULbI, 5
SBosHAISHIE c, Ix/(kr°C) A, x/kr L, x/kr q, x/kr
dopmyna Q=cm(t, °-t,°) Q=Am Q=Lm Q=gm
TemnepatypHbiit Temnepartypa Temnepartypa Temnepatypa -
el noBbILLAETCA NOCTOsIHHA NOCTOsIHHA
(noHwxaeTcs)
padnyeckoe N . .
n3obpaxxeHune T T
npouecca
Q Q Q
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O600IIIIM OCHOBHBIE HOHATHSA, C KOTOPBIMH MBI

ITO3HAKOMMAMCH B HpOHCCC@ N3YyICHUA TCMbI «TenaoBBIE

ABACHI A

To, uro cymiecTByeT OObEKTUBHO,
HE3aBHCHMO OT HAIIIETO CO3HAHUAL

Pusmaeckas BEAUIHHA, OIIPEACAAOIIAS
CIIOCOOHOCTH T€AQ COBEPIIIATH PAOOTY.

(DopMa CYIIICCTBOBAHMA MATCPHHU.

Mepa cpeAHEH KHHETUYIECKON SHEPIUH

L5|

MOAEKYA. | 8|

OAHMH U3 CTOCOOOB U3MEHEHUSA
BHYTPEHHEN 9HEPTUM.

Crroco6 cyrecTBOBaHUA MATEPHH.

Bua Temaonepesaun.

Bua Temaonepesaun. 12.

ITepexoa BemecTBa U3 TBEPAOIO 13.

COCTOSIHHSA B KHAKOE.
®opma cyrmecTBOBAHUA MATEPHUM.

HCPCXOA BEIITECTBA M3 JKHAKOI'O
COCTOAHHA B TBCpAOG

—
\O

|
L1
. 1
- . HEEN
)

Bua Temaonepesadn.

TemaoBol mpoIIecc, COIIPOBOKAAFOITUICA ITOBBIIIIEHIEM
TEMIICPATYPHL



TCHAOHPOBOAHOCTB
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1 epmoouramurxa — pasaeA (PU3UKH, U3YIAIOIIII 3aKOHBI

TCIIAOBOI'O paBHOBCCI/I}I n HpCBpﬂH.[@HI/IH TCIIAOTHI B Apyr c
BHMABI 3H€pf .

Dopri)iuposKa 1epe02o 3aKora mepMOOUHAMUKLY:

3menenme BHYTPEHHEN SHEPTUN TEPMOAMHAMHYIECKON CHCTEMBI IIPU
IIEPEXOAE U3 COCTOAHUA 1 B cocTosHME 2 PaBHO CyMME PabOTHI,
COBEPIIEHHOU HAA CUCTEMOU BHEITHUMU CUAAMH, U KOAUYECTBA TEIIAOTHI,
COOOIIIEHHOTO CHCTEME. (3aKOH COXPAHEHUSA SHEPIUU B TEIIAOBBIX
IIPOIIECCAX)

OTCroAa BBEITEKAET €Ille OAHA ClDOpMYAI/IpOBKa IIEPBOIO 32KOHA
TEPMOAUMHAMUKH: «HeBO3MOXKHO CO3AATh BEUHBIN ABUTATEAD IIEPBOTO
poAay.



Peaapro CVITICCTBVIOITINC TCIIAOBBIC ABUTATCAIM — MAITTITHDBI,

IIPEOOPA3VEONTIE BHYTPEHHIOIO SHEPIUIO B MEXAHUYECKYIO

ABHTATEA
PEAKTUBH
- b
BIIT

HﬂpOBaH

HapOBa}I
BHYTPCHH

MaIlimmHa ABHUTATCA

TypOHHA

ero
b
I OpaHI/I




Mopgenb TennoBoOro AoBurartens

HarpeBaTtesb
Tl

3

Pabouee
Teno

-1

XonoannbHUK
T

2

N=A/Q1

A=Q1_Q2



1878 r. Hemenkmit mexanuk-camoyuka Hukoaamr OTro m300peA mmepBbIit

ABC. On pabortaa Ha rase.

1885 r. Mmxenep AaiMAep HOCTPOUA KAPOIOPATOPHBIN ABHUIATEAD,
pabOTABIIINI HA OCH3MHE.

1892 r. Pyaoabd Amseab cO3AaA AM3EABHBII ABUTATEAD.



KapGropaTop — yCTpoHCTBO, B KOTOPOM CMEHINBAIOTCA O€H3UH U BO3AYX, 00pa3ya rOprOYyr0O
CMECB.

I Ipusimn paboThl YETBIPEXTAKTHOIO KAPOIOPATOPHOIO ABUTATEAS:

I Taxr: (1-2) — BcaceBanue roproueii cmecu ( p-const; V1)

IT Takr: (2-3)—ckarme roprodeii cmecu. B 1.3 roprogas cMech IMOAKUTAeTCA 9ACKTPUYIECKON HUCKPOIA,
IIPOUCXOAHUT B3PBIB U AABACHIE CKAYKOM ITOBBIIIacTCA (3-4).

ITI Taxrt: (4-5)—pabounii X0A, B KOHIIE KOTOPOTO (T.5) OTKPBIBACTCA BEIITYCKHOI KAAITAH, AABACHUC
pesko maaaeT(5-6).

IV Takr: (6-7)—II0CKOABKY AABACHHE OCTACTCA OOABIIIE aTMOCEPHOIO, OTPAOOTAHHBIE ra3bl
BBITAAKHBAIOTCA B OKPY/KAFOIIYIO CPEAY, IIPOUCXOAUT BBIXAOIL

4
p‘

Llnkn 3aBepLuaeTcs,
3aKpblBaeTCs BbIMYyCKHOM
KrnanaH, OTKpbIBaeTCS
BMYCKHOW, N HAYNHAETCH 3

HOBbIW UMKN. [Mone3Hasa 5
pabota [1BC paBHa nnowagu
3aLUTPUXOBaHHOW PUrypbl. /

(@)




Manasi Macca, KOMMakTHOCTb, cpaBHUTESbHO BbiCOKMK Kl (25-30%)
oOycrnoBunu LWMPOKoe NpumeHeHne kaporopaTtopHbix asuratenien. OHu
NPUBOOAT B ABMKEHNE aBTOMOOUNN, MOTOLMKIbI, MOTOPHbIE NTO4KMW,
NpuMeHsoTcs B 6eH3onunax.

Ho y aTux aBuratenen ectb U HEQOCTATKU: OHU paboTaloT Ha 4OPOrom
BbICOKOKa4Y€CTBEHHOM TOMMMBE, AOBOSIbHO CIOXHbI MO KOHCTPYKLMH,
NMeroT BONbLUYID CKOPOCTb BpalleHUs Barna asuratensd, ux
BbIXJIOMHbIE ra3bl 3arpA3HAIT aTMocdepy.



Lusenvrivril dsueamesb — ABUTATEAD, B IUATHAPE KOTOPOTO CKAMAETCHA BO3AYX

a He roprodas cMecb. OH paboTaeT Oe3 KapOrOpaTOpa U CBEYH Ha ACIIIEBBIX
COpTaxX TOIIAUBA.

[AunsenbHbln ABUratens pabotaeT 6e3 kapbtopaTopa U CBeYM, Ha AELIEBbLIX copTax
TONMmMBa, NPUYEM PACcXOAyET €ro MeHbLLE.

| TakT : (1-2) — (M306apa) npu xoae NOPLUHSA BHM3 Yepes BMYCKHOMW KnanaH B LMInHap
3acacbiBaeTcd aTMocdepHbIN BO3aYX.

Il TakT: (2-3) — Npn xo4e NopLUHS BBEPX BO3AYX aanabaTtHO cxXMMaeTcs 40 AaBNeHus
npumMepHo 1,2*10° Ma, 4To BeAeT K MOBLILLEHWIO €ro TEMNnepaTypbl B KOHLE TakTa [0
500-700° C. B cxaTbl packaneHHbI BO34yX BNPbICKMBAETCA C NMOMOLLbI TOMSNBHOIO
Hacoca ¢ POPCYHKM OU3ernbHOE TOMNMBO, OHO BOCMITAaMEHSAETCA (Npuyem ropuT
aonblue 6eH3nHa)

lll TakT: (3-4) — obpasyowmecs Npu ropeHnn rasbl 4aBAT HA NOPLLUEHb U MPOU3BOAAT
nosie3Hyo paboTy BO BpeMS OBMXKEHNSA NOPLLUHSA BHUS.

(4-5) — NO OKOHYaHWIO FOPEHUS BNPbICHYTOM NOPLMM TONNMBA NPOUCXOANT
agmabaTHoe paclumpeHue rasa.

(5-6) — OTKpbIBaeTCA BbIMYCKHOM KnanaH, AaBreHne nagaer.

IV TakT: (6-7) — nopLueHb OABMKETCSA BBEPX U BbITANKMBAKOT NMPOAYKTblI FOPEHUS B
aTmocdepy



Linkn 3aBepLueH. [NonesHas paboTa paBHa nnowanmn 3aTpuxoBaHHOM
dourypbl. OHa 6onbLle nonesHon paboTel KapbropaTopHOro Asuratens,
noatomy o6osnbLie Kr4d (35-40%). [insenbHble aBuraTeniv yctaHaBnNuBatoT Ha
TpakTopax U aBTOMOOUNAX, HA PEYHbLIX U1 MOPCKUX Tensioxoaax, Ha An3erb-
aneKTpoxoaax, TensI0Bo3ax, arekTpocTaHUUsaX HEDONbLLON MOLLIHOCTM.

~
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Tonamso aaa ABC noayuaror us Hedru.

[NeperoHka 1 aT™.
300-500°C NEPEPABOTKA HE®TH .
BeH3H JINTPOVH KRepoCvH oe 50 MM. DT.CT TepMdecKmii
CCyy C-Cy C,-Cq Mac/io I—lnp KPeKUHF
- 0 - -
40-180 12(3) 240 15% 310 C..C,, MaszyT
C C C 300-350 C._-C .
14.5% 7.5% 18% oC 51)750 /50 KaTtanutmnyeckum
5% KPDEKUHI
Macna 400-450 °C
' _ ! ' |
T SDKEJTOE Jierkoe BepeTento
['yapoH UnnuHgpos || UnnuHapos MalunHHoe e
27-30% oe oe 5%
79 39 10-12%
4&9&%# l l, l
[a3onn
r- beH3nH . Koke
['a3bl 45-55 ) P
20-25 % 15%25 S/

70



KapOropaTopHbIe ABUTATEAN PAOOTAIOT Ha ACTKOH (DPaKIIUH
He(pt — 6en3uHe. CMeCh HEKOTOPBIX YTAEBOAOPOAOB OCH3MHA C
BO3AYXOM BOCITAAMEHAETCA OT COTPACEHHUA, TaK YTO YAAP B3PHIBHOMI
BOAHBI IIPOUCXOAUT HPEKAEBPEMEHHO. DTO ABACHIE Ha3bIBACTCA
AeToHaruen. ACTOHAITMOHHYIO CTOMKOCTh OCH3UHA OIIPEACAAIOT
OKTaHOBBIM YHUCAOM. DTO YHUCAO H OIIPEAEAACT Pa3HBIC MaPKU

oensuna (A-72, A-76, A-96, AV1-93 u 1.A.)

AnseapHOE TOIAUBO — (ppakmusd HePTH (TA30UAB) ,B OBITY
COAfIPKA, XapPaKTEPHU3YETCA IETAHOBBIM YUCAOM. AASl BBICOKOI
5P PEKTUBHOCTH PAOOYETO MUKAA IIETAHOBOE YHCAO paBHO 40-55



BermrectBa, coaepikariiecs B BEIXAOIIHBIX Ia3ax kapOropatopHbx ABC,
HAHOCHAT BPEA OKPY/KAFOITIEH CPEAEC.

CO(yrapHbi ra3) — BbI3blBaeT KMCNOPOAHOE roriofaHne, noBbILLAET YPOBEHb
caxapa B KpoBW.

CO2 — napHuKOBbIN ahhekT

SO2 n NO2 — 3aboneBaHus AbiXxaTernbHbIX NYTEN, KPOBU, COCYLAOB.
Pb(cBuHel) — — 3aboneBaHnsa KpoBW, HEPBHbIE pacCTPONUCTBa 1 Ap.
O6GpasyloTcs KUCNOTHbIE OOXAW, TOKCUYHbIE BELLeCTBa.

Mpumep: CO2+H20—H20+H2CO3

AnkaHbl, ankeHbl — BbI3bIBAOT Aenpeccuto, 06pasyoT OTOXMMUYECKMIA CMOT,
3arpsisHeHue Bo3ayxa.

3AIPASHEHWE BO3OYXA

CIABOE CMOI'OBOE
Bonee xonogHbIn XosogHbIn BO3ayX
BO34YyX

XonoaHbIn BO3ayX Tennbin BO3QyX

Tennbln BO3QyX XonogHbIn BO3gyX




B AM3eApBHOM TOIIAMBE HET CBHHIIOBBIX IIPHUCAAOK, B BEIOpOCax B 2-3 pasa
MEHBIIIE TOKCUYHBIX BEIIIECTB.

PaspaboTaHbl ABHTaTEAN, PAOOTAFOIIINE HA CMECH AU3EABHOTO TOIIAUBA U
IIPAIPOAHOTO Ta3a.

TpaHCIIOPT C TAKUMH ABUTATEASIMU ABAACTCA 9KOAOTHYECKU YHCTHIM.
OTpaOOTAHHBIX IA30B IO CPABHEHHUIO C OOBIYHBIM TPAHCIOPTOM B 4 pasa
MEHBIIIE, BABOE HITKE PACXOA TOImAmBa, Ha 10-12%0 BRIIIIE MOMIIIHOCTD
ABUTATEAS.



[TosBIAKCH MAITIMHEL, ICIIOAB3YIOIINE B KAYECTBE TOIIAUBA CIIUPT, OMOras,
9AEKTPHUIECTBO.

Hanbonee skonornyHbiM BUAOM TONMMBA ABMASETCA BOOOPOA, ANSt €ro
Nony4YeHNs MOXXHO UCMONb30BaTb OOLIKHOBEHHYIO BOAY. TPYAHOCTb
COCTOMUT B NPOMBILLNIEHHOW TEXHOMNOIMN Pa3noXXeHnsa BoAbl.

Mcnonb3oBaHMe aBTOMOOUIEN 6e3 cucTeMbl OYUCTKN BbIXJIO0MNa CTAaHOBUTCH
HeBO3MOXHbIM. Takne cucrtembl Ha3bIiBarOTCA HenTpanusatopamu. C 1993 ropa
cTpaHbl 3anagHoun EBponbl Benep 3a CLUA v AinoHnen BBenu xectkue
3Konorn4yeckue HoOpmMbI Afi aBTOMOOUIeun.

OTeyecTBEHHbIE HEUTPANN3aTOPbl CHUXKAKT B OTPabOTaHHbLIX ra3ax ypoBeHb
okcupaa yrnepoaa Ha 80%, yrnesogopoaoB — Ha 70%, okcnaoB a3ota Ha 50%.



Mepbl MO CHUKEHUIO BPEaHbIX
BbIOPOCOB OT aBTOTPAHCNOpPTa:

CobntogeHne CKOPOCTHOro pexmnma

BbIHOC 3a ropoAaCcKyr YepTy rpy30BbIX
TPAHCMNOPTHLIX MOTOKOB

Co3gaHume cetr AMarHoCTUYECKMX CTaHUUN

icnonb3oBaHWe HeENTPanNM3aTopoB AONA
aBTOMOOUNbHbIX OABUraTeneu

OKONOrn4yeckoe npocBeLleHNE HAaCEeNEHUS



