TennoBble ABNEHUA, TENNOBbLIE
OBUraTtenu, oxpaHa oKpy katroLlen
cpenpbl

Hac okpy:xaeT Mup, AaA€KHI OT paBHOBecHA. AAS YeAOBEKa OH
CYIIIECTBYET B KAYECTBEHHOM U KOAMYECTBEHHON OIIPEACACHHOCTH. AAd
ABACHUI U IIPOIIECCOB XapaKTEPHBI PEIYAAPHOCTD U IIOBTOPAEMOCTD. B
OCHOBE MHOTOOOPA3MsA U3MEHSAIOIINXCH ABACHUH ACKAT CAIHBIC
CTPYKTYPBI, KOTOPBIE OTKPBIBAIOTCH OAATOAAPSA 3AKOHAM COXPAHEHUS.



CdhopmyAnpyeM 3aKOH COXPAHEHUSA SHEPTUH:

DHeprusa He BO3HUKAET U3 HIYETO U HE UCYE32ET OECCAEAHO, OHA
TOABKO IIEPEXOAUT U3 OAHOU (POPMEL B APYIVEO.

CCbOpMYAHpY@M ITIOHATHC BHYTpCHHCfI 9H€pf 1405

Buympenriag snepens — 510 sHEPrUs ABIKEHHUA U B3AIMOACHCTBUA

MOAEKYA, U3 KOTOPBIX COCTOUT TEAO (CyMMa KHHETHYIECKOUI
SHEPTUU ABIKEHUA MOAEKYA U HOTEHIIMAABHON SHEPTUHU UX
B3aMOAECHCTBHA)






3anonHum Tabnuuy nod HasBaHUeM «XapaKTepPUCTUKN TENMNOBbLIX NPOLIECCOBY !

HasBaHue
npouecca

dusnyeckas
XapaKTepucTumKa,
eauHNLbI,
ob6o3Ha4yeHune

dopmyna

TemnepaTypHbIn
pexmm

pacnyeckoe
n3obpaxeHune T T T
npouecca




HassaHue HarpesaHue, [naBneHue, WcnapeHne, CropaHue Tonnmea
fpellsiges oxnaxaeHue KpucTannuaaums KOoHOeHcauus
dusmnueckas YnenbHasa YnenbHaa TennoTta | YoenbHasa Tenniota | YaenbHada TennoTa
gelpakicpierika, TENI0EMKOCTb nnaBneHus napoobpa3oBaHuns cropaHus
eaunHULbI, 5
aBosHAUSHHe c, Ix/(kr°C) A, x/xr L, x/kr q, x/kr
dopmyna Q=cm(t,°-t,°) Q=Am Q=Lm Q=gm
TemnepatypHbiit Temnepartypa Temnepartypa Temnepatypa -
el NnoBbILLAETCA NOCTOsIHHA NOCTOsIHHA
(moHwxaeTcs)
pacnyeckoe \ N .
n3obpaxxeHune T T
npouecca
Q Q Q
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O0600IIIM OCHOBHBIE HOHATHSA, C KOTOPBIMH MBI

ITO3HAKOMMAMCH B HpOHCCC€ N3Yy9ICHUA TCMbI «TenaoBBIE

ABACHI A

To, uro cymecTByeT OObEKTUBHO,
HE3aBHCHMO OT HAIIIETO CO3HAHUAL

Dusuaeckas BEAUYIHHA, OIIPEACAAIOIIAs
CIIOCOOHOCTH T€AQ COBEPIIIATH PAOOTY.

(DopMa CYIIIECTBOBAHMA MATCPHHU.

Mepa cpeAHEN KHHETIYIECKON SHEPIUH
MOAEKYA.

OAHMH U3 CIOCOOOB M3MEHEHUSA
BHYTPEHHEN SHEPTUM.

Crroco6 cyIecTBOBaHUA MATEPHH.
Bua temaonepesaun.
Bua Temaonepesayn.

HCPCXOA BeIiecTBa U3 TBEPAOIO
COCTOAHMA B JKMAKOC.

®opma cyrmecTBOBAHUA MATEPHU.

HCpCXOA BEIITECTBA M3 JKHAKOI'O
COCTOAHHA B TBCpAOG

S
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12. Bua temaomepeaaun.
13.  TemaoBoii mmporecc, COIIPOBOKAAFOIIUICH TOBBIIIIEHIEM

TEMIICPATYPHL.
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T epmoouramuxa — pasaeA (PU3UKH, U3YIAIOIIII 3AaKOHBI

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

Dopri)iuposKa 1epe02o 3aKora mepMOOUHAMUKY:

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

OTCroA2 BBITEKAET €Ille OAHA ClDOpMYAI/IpOBKa IIEPBOIO 32KOHA
TEPMOAUMHAMUKH: «HEBO3ZMOXKHO CO3AATh BEUHBIU ABUTATEAD IIEPBOTO
poAay.



PeaApPHO CYITIECTBYIOININE TEITAOBBIE ABUTATEAN — MATTIMHEL,
IIPEOOPA3VIONTIE BHYTPEHHIOIO SHEPIUIO B MEXAHUYECKYIO

PEAKTHBIT ABHUTIATCA

b
BHYTPCHH
€ro
ropaHHn

BIN

ImapoBasd

MaIlimmHa ABHUTATCA

b

ImaposBas

TypOHnHa




Mogenb TennoBOro AoBurartens

HarpeBaTtenb
T

1

Q1

Pabouee :>
A=0Q.-
-l M Q,Q,

Q2

XonoannbHUK
T

2

N=A/Q1



1878 r. Hemenkuit mexanuk-camoydka Hukoaamr OTro H300peA mepBbIit

ABC. On pabortaa Ha rase.

1885 r. Mmxenep AaiMAep HOCTPOUA KAPOIOPATOPHBIN ABHUIATEAD,
pabOTABIIINI HA OCH3WHE.

1892 r. Pyaoabd Amseab cO3AaA AMBEABHBIN ABUTATEAD.



KapGropaTop — yCcTpoHCTBO, B KOTOPOM CMELINBAIOTCA O€H3UH U BO3AYX, 00pa3ya rOprOYyro
CMECB.

I Ipusimn paboThl YETBIPEXTAKTHOIO KAPOIOPATOPHOIO ABUTATEAS:

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

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

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

IV Takr: (6-7)—IIOCKOABKY AABACHHE OCTACTCA OOABIIIE aTMOCEPHOIO, OTPAOOTAHHBIE ra3bl
BBITAAKHBAIOTCH B OKPY/KAFOIIIYIO CPEAY, IIPOUCXOAUT BBIXAOIL

4
p‘

Linkn 3aBepLuaetcq,
3aKpblBaeTCs BbIMYyCKHOM
KrnanaH, OTKpbIBaeTCs
BMYCKHOW, N HAYNHAETCS 3

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

(@)




Manasi Mmacca, KOMMakTHOCTb, cpaBHUTESbHO BbiCOKMK KL (25-30%)
o0ycrnoBunu LWMPOKoe NpumeHeHne kaporopaTtopHbix asuraterien. OHu
NPUBOAAT B ABMKEHNE aBTOMOOUNN, MOTOLMKIbI, MOTOPHbIE FTO4KMW,
NpuMeHsoTCs B beH3onunax.

Ho y aTux aBuratenen ectb U HeQOCTaTKU: OHM paboTatoT Ha 4OPOrom
BbICOKOKa4Y€CTBEHHOM TOMMUBE, AOBOSIbHO CIOXHbI MO KOHCTPYKLMH,
NMeroT BONbLUYI CKOPOCTb BpaLleHUs Barna asuratens, ux
BbIXJIOMHbIE ra3bl 3arpA3HAIT aTMocdepy.



Lusenvrivril dsueamesp — ABUTATEAD, B IUATHAPE KOTOPOTO CKAMAETCHA BO3AYX

a He roprogas cMecb. OH paboTaeT Oe3 KapOrOpaTOpPa U CBEYH Ha ACIIIEBBIX
COpTaxX TOIIAUBA.

[AunsenbHbln ABUratens pabotaeT 6e3 kapbopaTopa U CBeYM, HA AELIEBbLIX cCopTax
TONMAunBa, NPUYEM PAcXOAyET €ro MeHbLLE.

| TakT : (1-2) — (M306apa) Nnpu xo4de NOPLUHSA BHM3 Yepe3 BMYCKHOW KnanaH B UMInHAp
3acacblBaeTcsa aTMocepHbI BO34YyX.

Il TakT: (2-3) — Npn xo4e NopLUHS BBEPX BO3OYX aanabaTtHO cxXMMaeTcs 40 AaBneHus
npumMepHo 1,2*10° Ma, 4To BeAeT K MOBLILLEHWIO €ro TEMNepaTypbl B KOHLE TakTa [0
500-700° C. B cxaTbl packaneHHbI BO34yX BNPbICKUBAETCA C MOMOLLbIO TOMSMBHOIO
Hacoca ¢ POPCYHKM an3ernbHOe TOMNMBO, OHO BOCMITaMEHSAETCA (Npuyem ropuT
aonblue 6eH3nHa)

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

(4-5) — NO OKOHYaHWIO FOPEHUS BNPbICHYTOM NOPLMM TOMNNMBA NPOUCXOANT
agmabaTHoe pacluMpeHue rasa.

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

IV TakT: (6-7) — nopLUeHb OBMKETCS BBEPX U BbITANKMBAKOT NMPOAYKTbI FOPEHUS B
aTmocdoepy



Linkn 3aBepLueH. [NonesHas pabota paBHa nnowanmn 3aTpuxoBaHHOM
dourypbl. OHa 6onbLle nonesHon paboTbl KapbropaTopHOro aAsuratens,
noatomy o6osnbuie Krid (35-40%). [insenbHble aBuraTeniv yctaHaBnNuBatoT Ha
TpaKkTopax U aBTOMOOUNAX, HA PEYHbLIX U MOPCKUX TeNnsioxoaax, Ha An3erb-
9NeKTpoxodax, TeNsI0Bo3ax, arekTpocTaHUUsaX HEDOMNbLLON MOLLIHOCTM.
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Tonamso aaa ABC nmoaywaror us Hedrn.

[NeperoHka 1 at™. |«
300-500°C NEPEPABOTKA HE®TH —
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KapOropaTopHbIe ABUTATEAN PAOOTAIOT Ha ACTKOH DPaKIIUH
He(pt — 6en3uHe. CMeCh HEKOTOPBIX YTAEBOAOPOAOB OCH3MHA C
BO3AYXOM BOCITAAMEHAETCA OT COTPACEHUA, TaK YTO YAAP B3PHIBHOI
BOAHBI IIPOUCXOAUT HPEKAEBPEMEHHO. DTO ABACHHE HA3bIBACTCA
AeToHaruen. AeTOHAITMOHHYIO CTOMKOCTh OCH3UHA OIIPEACAAIOT
OKTaHOBBIM YHUCAOM. JTO YHCAO H OIIPEAEASET Pa3HBIC MaPKU

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

AnseApHOE TOIAUBO — (ppaknusd HePTH (TA30UAB) ,B OBITY
COAfAPKA, XapPaKTEPHU3YETCA IETAHOBBIM YUCAOM. AASl BBICOKOI
3P PEKTUBHOCTH PAOOIETO MUKAA IIETAHOBOE YHCAO paBHO 40-55



BemrectBa, coaepikariecs B BEIXAOIIHBIX Ia3ax kapOropatopubx ABC,
HAHOCAT BPEA OKPY/KAFOITIEH CPEAEC.

CO(yrapHbii ras) — Bbi3blBa€T KACITOPOAHOE ronofaHne, NoBbIWaeT YPOBEHb
caxapa B KpoBW.

CO2 — napHuKoBbIN ahekT

S0O2 n NO2 — 3aboneBaHus AbixaTernbHbIX NYTEN, KPOBU, COCYLAOB.
Pb(cBuHen) — — 3aboneBaHnsa KpoBW, HEPBHbIE pacCTpPONCTBa U Ap.
O6pasyloTcs KUCNOTHbIE OOXAW, TOKCUYHbIE BELeCcTBa.

Mpumep: CO2+H20—H20+H2CO3

AnkaHbl, ankeHbl — BbI3bIBAOT Aenpeccuto, 06pasyoT OTOXUMUYECKUIA CMOT,
3arpsisHeHMe Bo3ayxa.

3AIPASHEHWE BO3OYXA

CIMABOE CMOI'OBOE
Bonee xonogHbIn XosnogHbIn BO3ayX
BO34yX

XonoaHbIn BO3ayX Tennbin BO3QyX

Tennbln BO3QyX XosnogHbIn BO3gyX




B AM3eABHOM TOIIAMBE HET CBHHIIOBBIX IIPHUCAAOK, B BEIOpOCax B 2-3 pasa
MEHBIIIE TOKCUYHBIX BEIIIECTB.

PaspaboTaHbl ABHTaTEAH, PAOOTAFOIIINE HA CMECH AU3EABHOTO TOIIAUBA 1
IIPAPOAHOTO Ta3a.

TpaHCIIOPT C TAKUMH ABUTATEAIMU ABAACTCA S9KOAOTHYECKU YHCTHIM.
OTpaOOTAHHBIX IA30B IO CPABHEHUIO C OOBIMHBIM TPAHCIOPTOM B 4 pasa
MEHBIIIE, BABOE HITKE PACXOA TOImAmBa, Ha 10-12%0 BBIIIIE MOMIITHOCTD
ABHUTATEAS.



[TosBIAKCH MAITIMHEL, ICIIOAB3YIOIINE B KAYECTBE TOIIAUBA CITUPT, OMOIas,
9AEKTPHUIECTBO.

Hanbonee skonorn4HbiM BUAOM TONMMBA ABMASETCA BOOOPOA, ANSt €ro
NONy4YeHNs MOXXHO UCMONb30BaTb OOLIKHOBEHHYIO BOAY. TPYAHOCTb
COCTOMUT B NPOMBILLNIEHHOW TEXHOMNOIMN Pa3noXXeHUsa BoAbI.

Mcnonb3oBaHMe aBTOMOOUIEN 6e3 cucTeMbl OYMCTKU BbIXJ10MNa CTAaHOBUTCH
HeBO3MOXHbIM. Takue cucrtembl Ha3bIBarOTCA HenTpanusatopamu. C 1993 ropa
cTpaHbl 3anagHoun EBponbl Benep 3a CLUA v AinoHnen BBenu xXectkue
3Konorn4yeckue HoOpmMbl AfiA aBTOMOOUIeun.

OTeyecTBEHHbIE HEUTPANN3aToOPbl CHUXKAKT B OTPabOTaHHbLIX ra3ax ypoBeHb
okcuaa yrnepoaa Ha 80%, yrnesogopoaoB — Ha 70%, okcuaoB a3ota Ha 50%.



Mepbl MO CHMKEHUIO BPEaHbIX
BbIOPOCOB OT aBTOTPAHCNOpPTa:

- CobntogeHne CKOpOCTHOIo pexmnva

* BbIHOC 3a ropoacKyro YepTy rpy30BbIX
TPaHCMNOPTHLIX MOTOKOB

- Co3gaHue cetu ouarHoCTUYeCKnUxX CtaHumum

* Micnonb3oBaHne HeUTpann3aTopoB Ans
aBTOMOOUNbHbIX OABUraTeneu

« JKOSorm4yeckoe npocBeLLeHne HaceneHuns



