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NMPEAUCAOBUE

Bnepsbie B Mupe? MaHra o TepMOAMHAMMUKE?..

Hoporue unTaremu, mobure mu Bbl pr3NKy? ITa KHUTA IOCBSAIIEHA U3YYEHNIO TEPMO-
AVHAMJKM — OHOTO U3 pa3zenoB QU3UKINL.

Ho, Mo>xeT 6bITh, BBI IOIaraeTe, 4To (Gu3MKa 1A Bac Ype3MepHo cnoxkHa? Ckopee Bce-
O, IPUYMHA TAKOTO «KOMIIJIEKCA HETIOMTHOLIEHHOCTM» KPOETCA B HEYJAYHOM OIIBITE U3Y-
YeHNS MeXaHMKM, KOTOPYIO B KaueCTBe OCHOBHOTO pasfiesia GM3UKM MPENofaoT B IIKO-
ne. Ho He 6ecriokoliTech: M3yyeHne TepMOAVHAMUKI IPUHECET YIOBOMbCTBIE JlaXKe TOMY,
KTO He CMJIEH B MeXaHMKe! 31ech He BCTPETUTCA HUYETO TIOX0XKEr0, HallpUMep, Ha 3aKOH
MHepLNY, ypaBHeHNe IBIDKEeHN M TOMY Of00HbIX Bemell. K ToMy >ke faHHas KHUTra Ha-
IIICaHa B JIETKOI, 3aHMMATeIbHOI (opMe, TaK YTOOBI YUTATh €€ ObIIO IeTKO U MHTepec-
HO. ] Havama MOXKeTe MPOCTO IONMNUCTATh €€, pACCMaTPUBasA PUCYHKIL.

HaxoHen, Bce 0CHOBHbIE 3aKOHBI TEPMOAVHAMMKY IIPENCTABIEHDI 37leCh HE B MaTeMaT-
YeCKOM, a B CJIOBECHOM BBIP)KEHUM — 3TO 0COOEHHO Ba)XKHO IS TeX, KTO He mobut ¢op-
MYJIBL.

Bripouem, BO3MOXHO, YTO Cpefyl YMUTaTeNIell 3TO KHUTY BCTPETATCA M 3HATOKM (PU3M-
ku! OcMenmoch CripocuTh y HUX: «UTO MMEHHO IpUBJIeKaeT Bac B ¢pusnke?» MoxeT ObITD,
3arajKy 3/IeMEeHTaPHBIX YaCTUI], COCTAB/IAIINX OCHOBY MaTepUM, VIV TallHbI Oeckpaii-
Hell BcenenHoit? B TakoM crydae, BeposATHO, Bac 607Iblile BCETO NMPUBIEKAIOT KBAaHTOBAs
MeXaHUKa M/IU TeOpusA OTHOCUTEIbHOCTH, 110 CPABHEHMIO C KOTOPBIMM TepMOAVHAMUKA
Ka)KeTCA Yepecuyp npuseMnéHHolL... Ho He ciemmnre ¢ BoiBogaMu. Beé-taku He cmydaii-
HO TepMOJIMHAMIKa BBI3bIBAaeT IPUCTAbHOE BHMMAaHVEe MHOTUX JIIOfiell, IITyOOKO M3yda-
fomux ¢pusnky. OgHa U3 IPUYNH TOMY — IINPOTa e€ IpuMeHeHusA. MHOTrue 3aKOHbI Mexa-
HVIKV U APYTUX pasfiesioB PM3VKY BEPHBI TOJIBKO JJIA M/eaTbHBIX YCIOBUIL, HO B TEPMOY-
HaMUKe BCE MHayue: e€ 3aKOHAM MOAYMHAIOTCA JI00bIe IPUPOJIHbIE ABIeHNA!

ITosToMy, ecru KTO-TO M3 3HATOKOB (M3MKIU CIIPOCUT Bac, KaKOil pasfiesl 3TOM HayKu
BaM 0OoJiee BCero MHTEpeceH, cMeno oTBevalite: «KoHeuHo, TepMmopunamMukal» U Torma Bac
COYTYT HACTOAMINM (PU3MKOM.

B saxmodenne s xoTen 661 Mo6marofapuTh coTpysHuKoB OT/ena pa3paboToK N3TaTeb-
crBa Ohmsha, r-xxy Oxumoro IOxa n3 xommannu UNIVERSAL PUBLISHING, a Takxe
XypoxXHuLy r-xxy Kasamoro Pus 3a HeolleHMMYI0 TOMOIIb B IIOATOTOBKE JAHHOM KHUTH.

Xapaoa Tomoxupo
Jexabpv 2009 .
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[AABA 1

TEMNEPATYPA
U YPABHEHUE COCTOGHUG



1.0. AABOPATOPUS MACYHAIH

AABOPATOPUS MACYHATH

MOMXAAYLl, HAUHEM?

P ]

NPOCTUTE..




MACYHAA-
caHe3w!

A MOXHO g TOXE

BYAY 3AHUMATbCG

BMECTE C 8AMU?

N

N

MHE OAHOU BbIAO
KAK-TO HE MO CEBE/!
MOXAAYUCTA,
MPLUCOEALUHAUCT K HAM!

KATO-KYH!

HY.. ECAU Tbl

d‘/ TAK sOUWbCI

NAHA...

[ 1

1

CrMPABUTCS..

&

q

NN

321, UTO 8bl
TAM WEMNUETECH?

K TOMY XE, XOTb
MACYHAA-COHCIU

KATO-KYH, OEbIHHO BECbMA AHOEE3EH,
Tbl TAKOU KOrAA PEUb 3AXOAUT
AOsPbl!. O TEPMOAUHAMUKE, OH

rMoPOL CUABHO MOPGHUTCG...

UTAK, 9 BYAY BECTU
TEPMOAUHAMLKY.
C YEFO bl HAM

HAUATD..

UTO? MYPAGMA-KYH,
YXE ECTb 80MnPOc?

AA!

MPEXAE B8CEIO, HUTO
U3YUAET TEPMOAUHAMUKA
KAK HAYKA?P




BCE KAK-TO
PACMABIBUATO
U MAAOTMOHGTHO.
A 3TO OXAAXAAET
UHTEPEC... :

MHOMUE YHAWLECS
CHUTAOT, UTO PUBLIKA -
3TO 3YBPEXKA.,

HO ECAU MPOCTO
3AYHUBATb HAU3YCTb
POPMYAbI, HTO 8 2TOM

UHTEPECHOIO?.,

8 OBWEM, TAK/

CrePBA 9 OBDHICHIO,
UTO 3A WTYKA TAKAG -
TEPMOAUHAMUKA!




11. MOHATHE TEMNEPATYPbI

UTAK, UTO TAKOE
TEPMOAUHAMUKA?

HTOBbI 3TO
B8blGCHUTD,
B3FAGHEM CHOAA,

TPEXMEPHAS
OAOTPAMMA

u e OAHOM ™
PGAY C HUMU -
nAPOBO3?!

KOCMUHECKUE PAKETDI,
FOHOUHbIE MAWUHDIL...

YX Tblf

CIHCL,
HEY XEAU
8CE 3TO..




] 5% TEPMOAUHAMUKA —
BCE 3TO UMEET Al OALH U3 PABAENOE
HEMNOCPEACTREHHOE | LKL, L3y UAFOULI

OTHOWEHUE TENAOBLIE 9GRAEHUG
K TEPMOAUHAMLKE. / HA YPOBHE

MAKPOCKONUHECKUX
CUCTEM.

8CE GBAEHUG,
nPOUCXOASWUE
8 NPUPOAE, TAK /
UAU UHAHE CBQ3AHDI CPEPA

¢ TENAOTOMU. MPLUMEHEHUIG
TEPMOAUHAMUKU KPALHE

OBWUPHA., OHA HYXHA
, U 8 TEXHUKE, U 8 XUMUL..

3ArCAAKU
nPUPOADbL..

CBOLCTBA BCEX
3TUX PUrypP U3YUAET
MATEMATUKA, A 80T
PU3LKA 3AHUMAETCG
OB DICHEHUEM
MPUPOAHDIX
PEHOMEHOS,

UMEHHO!
A TEPMOAUHAMUKA AAXE
BOAbWE, HEM APYIUE
PA3AEADLI PU3LIKU,
HAMNOMUHAET PA3CAADbI-
BAHUE 3ArAAOK. 3TO /
TAK UHTEPECHO! ik

MOXHO CKA3ATD,
HTO OHA NMOMOIAET HAM
PA3CAADIBATD 3ACAAKU
nPUPOADbI.




HY KAK?. gbl x
YXE HEMHOMO : -

3AUHTEPECOBAALCH i)

TEPMOALUHAMUKOU? .

7 “i’?{g‘. 8 TAKOM CAYUAE HEMEAAEHHO

‘MW OTMPABAIEMCEG 8 MUP

TEPMOALHAMLIKL/

8 TEPMOAUHAMUKE UMEIOT
TPU MOCTYAATA, AEXAUUX N

\[ g eEE OcHOee. Q@)

® HYAEBOE HAYAAQ TEPMOAMHAMMKH...
MPUHLIAN TPAH3UTMBHOCTM TEMAOBOTO PABHOBECHS

@ [1EPBOE HAYAAQ TEPMOAMHAMMUKH...
3AKOH COXPAHEHMS SHEPT MU

@ ETOPOE HA4AAO TEPMOAMHAMUKAL.
@a\(’) 3AKOH BO3PACTAHIS SHTPOMMK

HAUSOABWEE 3HAYUEHLE )

)

ECAU KAK CAEAYET YCBOUTb 2TU TPU HAHAAA,
MOXHO CKA3ATb, HTO 8bl CTAAU CMEUULAALICTOM
8 TEPMOALUHAMLUKE!

U BCE?
KAKUX-TO
TPU HAHAAAP
3TO X EPYHAA!.

KAK 3TO -
HYAEBOE?

HYAEBOE HAHAAO
BbINO OTKPbITO MOCAE
NEPBOrO U 8TOPOIO.

HY-HY.. HE TAK-TO 8CE
——— nPOCTO!..

HO BbIGCHUAOCD, HTO OHO |2

CAMOE BAXHOE U3 BCEX. &7 N

MOSTOMY EFO HA3GAAL Q‘bo o)
HY AEGBIM. &




uto?!
PABHULA MEXAY
TENAOTOU
U TEMMEPATYPOU?

CKAXU-KA, MYPAGMA-KYH,
NOHATHA AU TEEBE PA3HUUA
MEXAY TEMAOTOU - - N
U TEMNEPATYPOU? A . Y. ) —

A TEBE, KATO,
MOHITHA
A PA3BE 3TO PAZHUUAP

HE OAHO U TO XE?

TEMMEPATYPA -
2TO HUCAOBOE
OBO3HAHEHUE TOrO,
UTO Mbl, AHOAU, UYBCTBYEM:
TEMAA, XOAOAA, XAPDI,
NMPOXAAADbI.

TENAOTA XE - 3TO MPUHUHA
U3MEHEHUG TEMMEPATYPDI
2TO OAUH U3 B8UAOB
SHEPFETUHECKOIrO OBMEHA.




TAK..
8 UEAOM

M-4AA-A..

A G-TO AYMAAA,
HTO XOPOWO
3HAKO U PO
TEMMNEPATYPY,
u rnrPo TEMAOTY..

HO CPE3AAACD
nPU NEPBOM XE
80MNPOCE..

CYWECTRYET MHOIMO
TEPMUHOB, KOTOPbIE Mbl
HEOCO3HAHHO UCMOAB3YEM
8 MOBCEAHEBHOU MXL3HU,
MOHATUE “TEMMEPATYPA” -
TUMUUHDbI TOMY MPLIMEP.

T /

HE CTOUT
NAAATb AYXOM,
MYPAGMA-KYH!

NPUCTYMNAG
K PACCMOTPEHUFO TEPMOAUHAMUKLU,
UMEHHO O TEMIMNEPATYPE CAEAYET
3AAYMATbCG 8 MEPBYHO OHEPEAD!

TEMNEPATYPA

OTAUUHO!
UTAK, AAAEE Mbl 8bIGCHUM,
UTO TAKOE TEMMNEPATYPA/!




= A Tmeansaos:
\ S
S
\

(

UTAK, 9 HAHUHALO PACCKA3
O TEMMEPATYPE, KOTOPAG
FBAGETCI 8A308bLIM
MOHATUEM TEPMOAUHAMUKL,

—

=

Y HAC ECTb TEAO A,
OBAAAAROUWEE 8blCOKOLU
TEMMEPATYPOU, U TEAO 8,
TEMMEPATYPA KOTOPOIO
HU3KAG.

2TU ABA TEAA C PA3AUY-
HbIMU TEMMEPATYPAMUL.

TEMNEPb TEMMEPATYPA
TEAA A BYAET MOCTEMNEHHO
MOHUXATLCG, A TEMIMEPATYPA
TEAA 8 - PACTU. HEPE3
HEKOTOPOE BPEMA
TEMIMEPATYPA OBOUX TEA
CTAHET OAUHAKOBOL. -

BOAbWE HUKAKUX
U3MEHEHLILY
HE MPEABUALTCSG.

- CTABMAMBUPYETCS. MOCAE STOFOMX

~ BPEBVAGTATE AATEABHOTO.
‘B3MNOAECTENS ABYX TEA WX COCTOSHHE

TEMEPATYPA YXE HE BYAET MEHSTBCS.

IV TENAOBOE |
|, PABHOBECYE |

MPY 3TOM FOBOPST, YTO MEXAY o
TEAAMA A 1B YCTAHOBMAOCL
TEMAOBOE PABHOBECE. =

1. TEMMNEPATYPA U YPABHEHUE COCTOSHUS



U 3AKOHOM,
KACAROWUMCS
TENAOBOIO PABHOBECUY,
FBAFETCA..

A BEADb MO 3TOMY
XE neuHuuny .

ANAG MPUFOTOBAEHUG CTELIKA =

LUCMOAB3YHOT SKAPOHHBIL i

N KAMEHD! <L : TENAOBOE
...... </ /[ PABHOBECHE |

TAK U ECTb!
2TO 98AEHUE HACTO
MOXHO HABAHOAATL
8 MOBCEAHERBHOL
MXU3HU.

LOAHO U3 TPEX HAHAA
TEPMOAUHAMLIKL.

HYAEBOE HAHAAO!

3

HYAEBOE HAYAND i
TEPMO AMHAMHKH

ECAM TEAO A M TEAO B HAXOASTCS B COCTOSHIM TEMAOBOrO
PABHOBECKS, A KPOME TOrO, TEAO A M TEAO € HAXOASTCS
B COCTOSHMM TEMAOBOrO PABHOBECHS, TO TEAO B M TEAO €

> TAKXE HAXOAATCA B COCTOSHIM TEMAOBOrO PABHOBECHS. -

]

]

(
(

1R s
NOCMOTPUM :
HA PLUCYHOK. ECAU
MPU KOHTAKTE TEAA U B
UX cOCTOGHUE
HE U3MEHUAOCDH
Mo NMPOWECTBUU

U TOHHO TAK XE
OBCTOUT AEAO
MPU KOHTAKTE TEA A U C..

AANTEABHOMO MEPLUOAA ; ' l : .TO MNOHITHO, UTO

BPEMEHUL. < TR MPU KOHTAKTE TEA 8 U C
¥ UX COCTOSHUE HE BYAET
MEHATLCG. 3TO AAXE
HE HYXHO AOKA3bIBATD,
MPLBOAG UX
8 KOHTAKT.




AA-AA. TIPABAA,
UHTEPECHO?
HY, A TEMNEPDb NMOAOXUM,
UTO TEAO A - 3TO
TEPMOMETP.

KOHEUHO! 3TO XE

U TAK O4HEBUAHO.

AOKA3ATEADCTBA
HU K HEMY!

TOrAA, NEPEMEWAS
TEPMOMETP, Mbl CMOXEM
8bI9CHUTD, HAXOAGTCG AU
= TEAA 8 U € 8 COCTOGHUU
i TEMAOBOIMO PABHOBECUG.

KOHEUHO,
BAXHO, UTOsbI
COCTOGHUE
TEPMOMETPA
80 BPEMJI
MEPEMELWEHUI
HE MEHJAOCD.

g NMOHAAA! TEPMOMETPbI,
FPAAYCHUKU - BCE OHU
PABOTAIOT LUCXOAG
U3 3TOU KOHUENULULI,

OBbIHHO 8 TEPMOMETP
MOMELWAKOT OKPAIEHHYHO

XUAKOCTb. NPU U3MEHEHLILI
EE OBBEMA NOKA3ZAHUG

TEPMOMETPA MEHGHOTCA.

OTMETKY WKAAbI TEPMOMETPA
Mbl HAZOBEM TEMMEPATYPOU.
EE EWE HA3LIBAIOT 2MNUPUUECKOU
TEMNEPATYPOU U OBO3HAHAIOT
FPEUECKOU BYKBOL © (TETA).

HA PUCYHKE MOKA3AHO,
KAK TEPMOMETP MO3BOAGET
Y3HATb, YCTAHOBAEHO AU
TENAOBOE PABHOBECUE
MEXA4Y OBDEKTAMU 8 U C.

18 A W YPABHEHME COCTOSHUS




3HAHUT, OTMETKA

HA WKAAE TEPMOMETPA - 3TO

U ECTb TEMMEPATYPA.. TOr4AA

Y TEA 8 U €, HAXOAGWUXCI

8 COCTOGHUU TENMAOBOIrO

PABHOBECUY, OHA BYAET
OAUHAKOBOU?

HY AEBOE HAUANO
A TEPMOALHAMLKU
=

TEMMEPATYPA
OMPEAEAIETCS
» OAHOBHALHO.
¥
EE Y3HAIOT

NYTEM U3MEPEHUS,

UMEHHO!
APYIUMU CAOBAMU,
TEMMEPATYPA BELIEL,
HAXOAGWUXCG 8 COCTOIHUU
TENAOBOIO PABHOBECUY,
ONMPEAEAFETCG OAHOZHAUHO.

B8bIXOAUT, MOHATUE N\

TEMMEPATYPDLI U MPUH-1
uurm PAsOTbl TEPMO-
METPA OCHOBAHDI ﬂ‘

RSO
4

XOPOUWO,
C TEMINEPATYPOU Mbl
8 UEAOM PA3OEBPAAUCD.

s |

A 2TO 3HAHUT,
UTO BCE TOABKO
SN\, HAUUHAETCYL.

Y AUBUTEABHO,
KAK TEPMOAUHAMUKA
NOMOAET MO-HOBOMY

B83MAGHYTb HA TAKUE
nPUusblHHbIE NOHATUI

U UHCTPYMEHTDI!

8 TEPMOAUHAMUKE
MOMUMO TEMMEPATYPbI
ECTb EWE ABA MOHATUY,

BE3 KOTOPbIX HEBO3MOXHO OMNUCATb

MAKPOCKONUHECKUE CBOUCTBA TEA!




KPOME TEMMEPATYPbI -
EWE ABAP!
HY U KAKLE XEP

AABAEHUE
U OsbEM

3TU TPU NMEPEMEHHDIE
HE 9BAGHOTCG HE3ABLCUMbIMU.
OHU HAXOAQTCS 8 ONMPEAEAEHHOM
COOTHOWEHUU APYI C APYIOM.,

HAMPUMEP, AABAEHUE
p MOXHO 8blPA3UTL
KAK PYHKUUKO OBBEMA V
U TEMMEPATYPbLI ©f

=

TAKOE YPABHEHUE HA3DIBAETCS
YPABHEHUEM COCTOSHUSG.

£ YPAGHEHUE COCTOGHUG
TEMMEPATYPDI, OB BEMA
U AABAEHUG?!

c3Heal! 8bl
OBI3ATEABHO AOAXHDI
OBDBACHUTb MHE
83AUMOCBA3b 3TUX
TPEX NAPAMETPOR!

AAAHO, NMOHGA!
CEUHAC Mbl MPOBEAEM
SKCMEPUMEHT!

1. TEMINEPATYPA U YPABHEHME COCTOSHNS
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O AABAEHUU

/,/,\\:;'o KcraTu, c/ioBo «IaB/ieHne» Mbl TOXe 4aCTO UCTIONb3yeM B 6biTy. Ho 4TO 3TO Takoe
[ } C TOUKM 3peHns GUsUKu?
&)

IeiicTBYIONIel Ha eAVHUITY IJIoLafu noBepxHocTy. Ecnu Benmdn-
S~ Ha cunbl OJIMIHAKOBA, TO, YeM MeHblIIe IIOIIab ITIOBEPXHOCTH, TeM

607IbllIe IaBIEHIE.

9TO MOKHO BBIPa3UTh C/IEAYIOLUIUM ypaBHEHUEM:

Y JlaBneHMe — 9TO BeMMYMHA IEepIEHAUKYIIPHO HAIPaBIeHHON CHUJIBL, BO3- | |
4 |
2/

Bemmunna cuiibl
[Tnouanb MOBEpPXHOCTH, HA KOTOPYIO OHA BO3JEHCTBYET

IlaBneHue =

EfvHUIA IaB/IeHNs — HBIOTOH Ha KBajapatHbiit Metp (H/m?), wnu nackans (ITa).
EcTpb emé Takas eguHMIIA TaBIeHNUsA, Kak 1 aTMocdepa, OCHOBaHHAsA Ha CpefHEM
arMoc¢epHoM paBnenyn. Ona pasHa 101 325 ITa. Ecim B Bogy mmm B atMocdepy
IOMECTUTb HeOOJIbIIIOe Te/IO, TO Ha BCe TOYKY ero MMOBEPXHOCTU OYyAYT HeCTBO-
BaTb CVJIBI IaBJIEHMS, PaBHbIe MeX/y CO0OII II0 Be/IMYMHe U HallpaB/IeHHbIE IIep-
HNEeHJVKY/IAPHO IOBEPXHOCTH (CM. pUCYHOK). [Tomo6HOe naBieHue HasbIBaeTCA
TUAPOCTATUIECKHUM AaBIEeHNEM.

FMHPOCTaTV[‘{CCKOC JaBJI€CHME — CUJIBI
OHMHaKOBOﬁ BE€INYNHBI, HalIpaB/JI€HHbIE
TIEPIEHINKYIIAPHO ITIOBEPXHOCTU.

s

4 @é‘, Bow oHo kak... Cacu60, Karo-xyH!
A

M\II ﬁ Ila He 3a uro. Eciu 4T0-T0 e1mé GyneT BbI3bIBATH 3aTPYFHEHNS, CIIPALINBai!
A&

N

» Otmnyno! Hy Torga nmpogomkaeM Halll pasroBop!

CMELUKYPC KATO-KYHA. AEKUMS 1 £ 74



1.3. 3AKOH BONAI-MAPUOTTA

NS [T
' Vi
UTAK, CELMAC Mbl PACCMOTPUM |
YPAGHEHLE COCTOSHUS
TEMMEPATYPbI, AABAEHUS
U OBBEMA!

PUKCUPOBAHHAG
TEMNEPATYPA

(@rrrrrrrrrre)

8 3TOM OnbITE
Mbl NOMPOBYEM
YCTAHOBUTb COOTHOWEHLUE
OBBEMA U AABAEHUG
rnPU NOCTOGHHOU
TEMMEPATYPE.

CMEPBA 3ANYCTUM
8034AYX 8 ULUALUHAP,
A 3ATEM 3AKPOEM
CcOCcY A nMPOBKOU.

BYAEM 4ABUTL

HA MPOBKY TAK,
HTOBbl BO34YX HE CMOI

8blITU HAPYXY.

UTO 8 TAKOM CAYUAE |
MPOU3OUAET? ;

A TEMEPLb OMUWEM
CYTb 2TOrO 98AeHUSG
8 TEPMUHAX PU3LIKU.

OB BEM BO3AYX>

BHYTPU UUAUHAPA
YMEHbWUTCG.

8034YX -
3TO MOAEKYAbI FA308,
PACIMOAOXEHHDLIE
HA 3HAUUTEABHOM
PACCTOGHUU APYI OT
APYCA. PU CAABAUBAHUL
2TO PACCTOGHUE
YMEHDWAETCS.

® & 8 8 8 B G B
g & & 5 & 85 & 8 4




PUKCUPOBAHHAS A B
TEMMEPATYPA

ECAU
CBOBOAHOE MPOCTPAHCTBO
YMEHDbWUAOCH 8AROE,
TO HACTOTA CTOAKHOBEHULI
HACTULU, A 3HAUUT, U AABAEHUE,
YBEAUHATCA
8 ABA PA3A!

AABAEHUE

noAOEBHbIE
LCCAEAOBAHUG
83AUMOCEA3U

AABAEHUG U OB BEMA
nPU NOCTOSGHHOL
TEMMEPATYPE

rno380AUAU
YCTAHORBUTb, UTO AABAEHUE
U OBBEM PA3PEXEHHDIX
rA308 OBPATHO
MPOMNOPULIOHAABHDI
APYD APYCY.,

3AKOH BOMAS-MAPHOTTA

MPU PUKCUPOBAHHOM TEMMEPATYPE
AABAEHME x OBLEM = KOHCTAHTA
(MOCTOSHHAS BEAMMUHA)

3TO HA3bIBAETCG
3AKOHOM
8OUAG-MAPUOTTA.

Mbl EWE BYAEM
BCTPEUATLCG C 2TUM
MOHATUEM, A MOKA
MPOCTO 3AMOMHUM ErO.

MPEACTABUM,
UTO CYWECTRYET UAEAAbHDIL
rA3, AAG KOTOPOIO 3TOT
3AKOH ABCOAFOTHO BEPEH.

3AKOH 8OUAG-
MAPLIOTTA

UAEAABHBIL
ra3

UAEAABHDIL
rA3?.

1.3. 3AKOH BONAG-MAPUOTTA £ &



14. 3AKOH FEN-AIOCCAKA

8 CAEAYHOWEM ONbITE Mbl
LUCCAEAYEM COOTHOWEHLE
TEMMEPATYPbI U OB BEMA

nMPU MOCTOGHHOM
AABAEHULL

MYPAGMA-KYH,
OBEPHUCD!

HO, C3HC3U,
AN 2TOFO Y HAC
HET HYXHOMO
OBOPY 408AHUG!

Oll, OHU XE
HAMOAHEHDI
no4 3A893kY!

C3HC 3L, NoPA
ux eblePOCUTD.
CAENAUTE 3TO,
MOXAAYUCTA!.

o3

MEWKU
C MYCOPOM?!

AA HET XE! .,
HAAYE YEPHDIE
TAM BHYTPU BO3AYX!
34 Yp MAACTUKOBDIE MEWKU
AANG MYCOPA, 8 NMOroXuULl
X AEHb BbHECEM UX &

HA YAULLY U OCTABUM
HA CBETY.

Mno4 AYHAMU COAHUA
MEWKU B8CKOPE
PA3AYHOTCG. U NOHEMY,
KAK 8bl AYMAETE?




BO3MOXHO, U3-3A

MOBbIWEHUG TEMMEPATYPbI

OBBEM BO3A4YXA BHYTPU
YBEAUHUTCG?

TAKUM OsPA30OM, MO MEPE

POCTA TEMMNEPATYPDI
OBDBEM MA3A BYAET
YBEAUHLBATBLCY.

: MPIMAS MIPOMOP-
OBbEM LIMOHAABHOCTb
) WK
! ABCOMOTHAS

TEMMEPATYPA

KPOME TOrO,
BBEAEM MOHATUE ABCOAIOTHOU
TEMNEPATYPDI, UTOBbI TEMMEPATYPA
U OsbEM BbIAU CRBA3AHDI APYI
C APYTOM OAHUM MOCTOGHHBIM
KO3PPUUUEHTOM.

=

3TO TAK HA3bIBAEMbIL
3AKOH
MFEU-AFOCCAKA!

3AKOH FEA-AIOCCAKA

IPUIOCTOSHHOM AABAEHIM
OBbEM 'A3A MPIMO MPOMNOPLMOHAAEH
ABCOMOTHOV TEMMEPATYPE.

—

EAUHULA ABCO- "X
AFOTHOU TEMMEPA-
TYPbl - KEABBUH (KD.

OTHOWEHUE ¢ °C
Y HEE CAEAYIOWEE: /4

273,15 K = O °c.
Cc 2TOro
MOMEHTA,
rogorgd O TEMIE-
PATYPE, Mbl BYAEM
MOAPA3YMEBATD
TEMMNEPATYPY
ABCOAOTHYHO.

TEMNEPATYPbI

K (KEABBIH)
213/5K=0C

4 EAMHHUA ABCOAOTHOR ™




MYPAGMA, UTO 3TO Tbl K7
8 TAKOM HAPGAE?  } ;é*‘ :

T/

==

15. OBbEAMHEHHBIV TA30BbIN 3AKOH

3AKOHbI BOUAG-
MAPUOTTA
U MEU-AtOCCAKA.. (

8 HUX 9PUryPUPYrOT
OBbEM,
TEMMEPATYPA

U AABAEHLE..

MbITAFOCb MOHGTb, KAKAG

NOCTOSHCTBO

MABAEHME

. 3AKOH
EOUAG-MAPLIOTTA

MOCTOSHCTBO <
AABAEHNS

OBbEM

ABCOMOTHAS
TEMMEPATYPA

3AKOH MEU-AFOCCAKA

NO-MOEMY, OHU
HEM-TO MOXOXU..

MEXAY HUMU CBG3b..

2TO Tbl XOPOWO
MOAMETUAA!

AA.. ABA ITUX 3AKOHA MOBOPIT
O TEMMEPATYPE, OB bEME
U AABAEHUL,

3TO O3HAHAET,

UTO ABA 3AKOHA MOXHO

OB bEAUHUTDL!

MACYHAIA-
c3He !




U MOAYHAETCA..

OB BEAUHEHHbIU
rA308bll 3AKOH!

% __ O8bE AUHEHHDILI
S AT ' rA308bll
g} ' N 3AKOH

S
[
/

i

UTAK, ABA 3AKOHA OBBEAUHEHDL 3TO
OTHOWEHUE BEPHO AAG CAYHAG, KOAA HU
TEMMEPATYPA, HU AABAEHUE HE IBAGHOTCS

NOCTOGHHbIMUY/

OBbEAMHEHHbIA A30BbI 3AKOH <

I rJf—\

pV R AABAEHVE « OBbEM

= KOHCTAHTA
/i TEMIMEPATYPA

3TOT 3AKOH
rnPU MOCTOGHHOU ABCOAFOTHOL
TEMNEPATYPE T CTAHOBUTCG 3AKOHOM
BOUAG-MAPLIOTTA,
A MPU NOCTOGHHOM AABAEHUL p - 3AKOHOM

FEU-AHOCCAKA.
.

NPOU3BEAEHUE AABAEHUS U
OsbBEMA MPOMNOPUUOHAABHO
ABCOAIOTHOU TEMNEPATYPE.

YBEAUHUBAG OBBEM MA3A, EFO
3ACTABAGHOT BbIAETATD U3 COMAA,
UMEHHO BAAFOAAPG 3TOMY
AETAOT PAKETHI

.......

#/ 83Pblebl TONAUBHOU CMECU
8 ULAUHAPAX ABUFATEAS
TOAKAROT MOPWEHb U KPYTGT
KOAEHHATDIL 8AA!




BA308bIE MPUHLLINBI
PABOTbI ABUMATEAEU
MOAHOCTBEO OCHOBAHbI HA
OB BEAUHEHHOM MA3080M
3AKOHE!

80T TAK/!

p N
MHOTUE BE
OEDACHAHOTCSD J
TONOKO SAKOHAM:
TEPMOAUHAMUKUT-

/ﬂf’t- AA, TOUHO.

HY TAK UTO XE TAKOE
3TOT UAEAAbHDBII FA3?!

KCTATU, OB bEAUHEHHDIL
FA308bl 3AKOH AEUCTRYET
8 OTHOWEHUU UAEAABHOMO
: FA3A. O HEM Mbl YXXE FO80OPUAL,
A\ PACCMATPUBAG 3AKOH BOUIAG-
: MAPLIOTTA.

AENO 8 TOM, UTO PEAAbHDLIE MA3bl 8

YCAOBUGX HU3KOLU TEMMEPATYPbI UAU

BbICOKOIrO AABAEHUG 3TOMY 3AKOHY
HE MOAHUHIOTCS. :

HA CAMOM AEAE,
UAEAABHDIU A3 HE
CYWECTBYET 8 MPUPOAE. 3TO
MATEMATUHECKAG MOAEAD,
LCNMOAb3YEMAG
8 TEPMOAUHAMLUKE.

200 1. TEMNEPATYPA W YPABHEHWUE COCTOSHUS




ECAU 8bl B3MAGHETE HA 2TY
POPMYAY, TO NOUMETE, HTO AAXE
nPU USMEHEHUU TEMMEPATYPDI,
AABAEHUG U OB BEMA AEBAG HACTb
POPMYAbl BCEMAA OBO3HAUAET
MOCTOIHHYHO BEAUHUHY.

P, - 7,
T
AABAEHUE xOBbEM _ KOHCTAHTA

- -~ TEMMEPATYPA ;

) %

MOXOXE, UTO OH
CO34AH MPOCTO AAG
YAOBCTBA, AA?.

HY, BPOAE

TOrO. 3ATO 3TO

N YMPOWAET MHOMLE
A\ PACHETDI,

=

BEAUHUHA 2TOU
KOHCTAHTbl AAG 1 MOAG
FA3A OBO3HAUAETCG R
U HA3bIBAETCS YHUBEPCAABHOL
rA3080U NOCTOSHHOU,

8 1 MOAE AtOBOTO [A3A, HE3ABLICLMO
OT EIO XUMUHECKOrO CTPOEHUS,
COAEPXKUTCI POBHO 0°C

6,02 X 10°> MOAEKY A, 1 ATMOCPEPA
224 A

2TO TAK
HA3bIBAEMOE HUCAO
ABOMAAPO. UMEHHO CTOABKO
MOAEKYA COAEPXUTCA 8 FA3E
OBBEMOM 23,4 A MPU HOPMAABHDIX
YCAOBUGX, TO ECTb TEMMEPATYPE
0°C U AABAEHUL
1 ATMOCPEPA.

I MOAb = 6,02 x 102

MOAEY MOAEKY A 43

15. OBbE AVMHEHHbIN I A30BbIA 3AKOH




/}ECALI gbluUCAUTD

YHUBEPCAABHYO FA308YHO
NOCTOGHHYHO R, TO MNOAYHUM..

7

9 YPABHEHYE COCTOSHHS
" A1 MOAS MAEARBHOTO TA3A

%XZRMMXEpVZRT |

2
|

HA3bLIBAETCG YPABHEHUEM COCTOGHUG
AANG 1 MOAG UAEAABHOMO FA3A.

+80T TAK.

TAK KAK OBBEM MA3A
MPOMOPULIOHAAEH KOAUHECTRY
BELWECTBA, TO ECTb HUCAY MOAEL,
AANG n MOAEL UAEAABHOIO
FA3A CrPABEAAUBO CAEAYHOWEE
YPABHEHUE COCTOQHUG
UAEAABHOIMO FA3A:

(=

YPABHEHUE COCTOSHHA UAEAABHOrO FA3A
pV=nRT

nyYcTb UAEAABHbBIU FA3 U HE
CYWECTRYET, OAHAKO OH
MOMOIAET
MOCTPOUTb “KAPKAC”
TEOPUU TEPMOALIHAMLUKLU,

MOCAE TOrO
KAK TAKOU “KAPKAC” CO3AAH,
MOXHO YXE 3A6blTb O TOM,

UTO AAG 3TOMO UCMOAB30BAACG
' FUNOTETUHECKUL A3,
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TEMIMEPATYPA
O UEALCUHO U ABCOAHOTHAG
TEMMEPATYPA

A
c
c
u
c
T
E
H
T

(\""’é ' A6comoTHas Temneparypa... He cibimrana o Takoi!

w Torga s1 00bACHIO, YTO IIOf, HEll HnoApasyMeBaeTcsl. bl HOMHUIID PO M/eanbHbIi
5
ras?

\//\

SRR .
{ ﬁ ~| | Camo co60i11. MBI 5ke TOIBKO 4TO 00 3TOM TOBOPUJIN.

Xopomro. Torza gaBait monpobyeM IpeAcTaBUTh cebe TepMOMETP, M3MePIOLINIA
TeMIIepaTypy Ipy IOMOIIM HIea/IbHOTO Ta3a.

(22§ VamepaTh TemMmepatypy — Ipu TIOMOIIM UJIEaTbHOTO ra3a?

[a. Mbl olipeienuM TeMIlepaTypy Tak, YToObI OHa OblIa MPOMOPLMOHATbHA 00b-
€My 1jlea/IbHOTO ra3a, HaXOAAIeMYCs IIPK IOCTOSHHOM [JaB/IeHNM, HalIpUMep, B
1 armMocdepy. 3aTeM, ec/iu Mbl IOJIOKMM, YTO Pa3HOCTb TEeMIEPATyp KUIEHN U
3aMep3aHus BOABI IIpu faBieHuu B 1 atmocdepy cocrasnser 100 rpagycos, TO
CMO>KeM BBIOPATh «pa3Max» OIHOTO JielleHNns, He Tak /n? Temmeparypa, usmepeH-
Hasl C TIOMOIIBI0 TAKOTO M/eaIbHOTO ra30BOr0 TEPMOMETpA, HasbiBaeTcsi a6co-
NIOTHOM TeMIepaTypoi.

/ '/i\k;;» Xm-Mm! U koHeuHO, eé equuuteii 6ynet K (kenpBun), fa? Ho yem arta egmunna 6y-
\kﬁ [eT OT/IMYATBCA OT eAVHMNL] TeMIIePaTypbl, KOTOPIMI MbI OOBIYHO IIO/Ib3yeMCA?

CMNEUKYPC KATO-KYHA. AEKUME 2 £ <)



N AN

TEMMEPATYPA N0 LLEABCHIO ABCOAIOTHAS TEMMEPATYPA

100 C | 373,15K TO4KA KUMEHKS BOABI

O CH [ 273,15K TO4KA 3AMEP3AHUG BOAbI

—27315 ¢4 Lok ABCONOTHBIA HYAb

neparypa 1o Lenbcuio. OnHaKo B TepMOAVHAMUKE MCIO/NB3YeTCsI MOHATIE abCo-
A/ TOTHOV TeMmepaTyphbl, KaK 1 TOBOPWII HeflaBHO MacyHara-caHCaIL.

[Tockonbky npu abcomoTraoM Hyre (0 K) 06béM npeanbHOTo rasa CTaHOBUTCS HYJIEBBIM,
TO aOCOIOTHAS TEMIIEpaTypa He MOXKeT OBITb HIDKe HY/Is. «Pa3Max» OZHOTO JieleHus Iis
IIKa/T abCOMIOTHOM TeMIepaTyphl 1 TeMIepaTypsl o Llenbcnio (To ecTh pa3HOCTD TeMIle-
paryp, COOTBETCTBYIoIas 1 rpajycy) BbIOpaH OAMHAKOBBIM, IO9TOMY OHM CBSI3aHBI MEXX/Y
c000J CTIeAYIOIM COOTHOLICHNEM:

Abconromuas memnepamypa (K) = memnepamypa no Llenvcuto + 273,15

3amoMHM, YTO 9Ta €AVHNUIIA OTINYAETCS OT IPafgycoB mo Llenbcnio, K KOTOPBIM MBI TIPK-
BBIK/IN!

; w To, 4To MBI IOIpasyMeBaeM IIOf TEMIIEPATyPOIi, TaK CKa3aTb, B OBITY, — 9TO TeM-
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16. MATEMATUYECKWE POPMYAbl U OBO3HAYEHNY,
NCNOAb3YEMBIE B TEPMOAMHAMUKE

164, CMUCOK UCMOABb3YEMBIX BYKB U OBO3HAYEHMN

B TepMopyHaMuKe MCIIONIb3yeTCs MHOXXECTBO YCTIOBHBIX 0003HaueHmit. 1o cloxuBieit-
Cs1 TPAIUIIMU Te UK MHble GU3NUeCKUe XapaKTePUCTUKI MPUHATO 0003HAYATh OIpefe-
JEHHBIMY CUMBOJIaMM (CM. TaO/MUIly HMKe). BONMBIIMHCTBO IpefCTaBIeHHBIX 3/1eCh Be/M-
YJH MBI IIOKa elllé He 00CY>KIan, HO Bce 9TV 6a30Bble apaMeTpsl OYyAyT YIIOMMHATBCSA B
manbHerimeM. [Ipy mosB/IeHNN B TeKCTe 3TUX 0003HAYEHNIT BBI BCEIIa MOXKETe BEPHYThCS
K Tab/In1le ¥ yTOUHUTD, O 4€M UJIET pedb.

O6osHauenme | Dusnyeckas BeMMIMHA

JlaBJIeHIe

00péM

BHYTPEHHSISI 9HEPIIs

SHTpONNSA

TEIUIoTa

pabora

IMIMpUYeCKas TeMIlepaTypa
abCOTIOTHAsA TeMIepaTypa
TEIJIOEMKOCTD

yhenbHas TEII0EMKOCTD
9HTAJIBIINS

M30XOpHas ye/IbHas TEINIOEMKOCTD
u3obapHas yie/nbHasA TEINIOEMKOCTD
nokasarenb afuabarsi (C,/ Cy)
cBobopnHas sHeprus lenpmrosnbia
cBobopHas aHeprus [1b66ca

4YCTIO MOJIEN

KIIJI

T OO0 D 0N ITOOwg S
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B ¢msuxe TakxKe CyLecTBYIOT HEKOTOpPbIE IIOCTOSHHBIE BE/IMYMHBI, YCTAHOBJIEHHBIE Ca-
MOJI IPUPOZOIL, — MHade TOBOPsI, pU3UIEeCKMe KOHCTAHTH. [I/Is1 HUX BBefjeHbI 0COObIe
6ykBeHHbIe 0003HaYeHVsA. MBI CBe/N VX B OTAE/IbHYIO TaOIMILY.

byksa | Dusnyeckas KOHCTaHTa | ITpubnusuTenbHas BeMMYMHA
R yHUBepcajibHas razoBas noctosHuas |8,31 [lx - K - momp ™
N, 4yucio ABoragpo 6,02 x 10%
] MeXaHMYeCKU 9KBUBAMIEHT TennoTsl (4,19 IIx - Kan'

Hakowen, mpuBenéM psAx MaTeMaTU4eCKMX 0003HaUeHNUII, KOTOpble HaM MPUTOMATCA.

CumBon | Pacummdposka

log norapudm

e OCHOBaHIUe HaTypaJbHOTO JIorapudma

In HATYpPaJIbHBII Torapudm

.[ VHTErpas

(]5 KOHTYPHBII MHTETpas

Af mpupaleHme

df nonHbl puddepennnan

df

—- 0OBIYHAs IPOV3BOHAS

dx

of
' JacTHas1 MPOU3BOgHAS

ox

dq HIYTOXXHO Majiasi Be/IMYMHA, KOTOPYI0 HEBO3MOX-

HO BBIPA3NUTh Yepe3 MOMHBII JuddepeHnman

16.2. KPATKMM 3KCKYPC B MATEMATUKY

Huxe npuBepeHb OCHOBHBIE MaTeMaTHYeckye IpaBuia 1 GOpMYIIbl, KOTOpbIe IPUTO-
IATCA HaM B Ja/IbHENIIEM.

*  HEPABEHCTBO MEXAY CPEAHUM APUPMETUYECKMM U CPEAHUM
FEOMETPHYECKUM

I[}IH MOIOKUTENbHBIX YMcel a U b BE€PHO C/1eAyrouee HEPpaBEeHCTBO:

a;bz\/%
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3mech paBeHCTBO JOCTUTACTCS TONBKO IIPM YCIOBUY, YTO a = b. Paspenus Ha 2 cyMMy a
u b (cM. /1eByI0 4acTb HEpaBEHCTBA), MBI HAITK CPefHee apupMeTndeckoe. [Iponsse-
JieHNe 41CceNl a M b, U3 KOTOPOro M3B/IeKaeTCsl KBaJpaTHDI KOPeHb (CM. IIPaByIo 4acTh He-
PaBEHCTBA) HA3bIBAETCA CPEFHUM T€OMETPUIECKHUM.

+  CTENEHb

Ecnu a - BelecTBEHHOE YMCTIO, 71 — HATYPAIbHOE YNCIIO U YIUCIO d YMHOYXKAETCSI CaMo Ha
cebst n pas:

n
>

axXaXaX- --a=a

TO TaKas 3alllChb Ha3blBaeTCA «d B cTeleHU n». IIpu sToM a Ha3biBaeTCsi OCHOBAHMEM
CTEII€HM, a7 —IIOKas3aTelIeM CTCIICHMN.

HomycTum, ocHOBaHMe CTeNleHN — MOJIOKUTEIbHOE YMC/I0. ITO JaéT BO3MOXKHOCTD IIpU-
HMMATh 32 II0Ka3aTe/lb CTENEHN He TOJbKO HaTypasbHbIE YMC/Ia, HO U BellecTBeHHble. Ha-
IpuMep, IIOCIef0BaTe/IbHO BO3BOMS HEKOe IONIOKUTEeNIbHOe YicIo a B cTeneHu 0, —3, 1/2:
TIOJTyYVIM:

HTIH TIOJIOKUTE/IPHOI'O 1M C/Ia d VI BEIECTBEHHDBIX YVICE/T X 1 Y CIIPABE/INBO CI€AYIOIIEe:
a®-a’ =a"",  (a") = a™.

ITO TaK Ha3bIBaeMble ITpaBy/Ia BO3BENEHNA B CTEIICHD.

«  AOrAPUPM

[IpenmnonoXxum, 4To A/ MOOKUTENbHBIX YMCeT d U b U Bell[eCTBEHHOTO YUCTIa X BEPHO
cnepyoiee:

a® =0b.
Torga x HasbIBaeTCst I0rapupMoM 4iuc/a b [0 OCHOBAHMIO d U 3aIMCHIBAETCS TaK:
x = log, b.

V3 mpaBun BO3BeileHNUA B CTEIeHb OYEBMHO, YTO JorapudM obmaaeT CaeRyouMu
CBOJICTBAMU:

log, (bc) = log, b+ log, ¢, log,b* = xlog,b
log,a =1, log,1=0.

(ITpu ycnoBum 4TO @, b, ¢ — MOMOXXNUTENbHBIE YNCTA M a # 1.)

HATYPAABHBIA AOTAPUPM

J7151 TOTIOXKUTEIbHOTO YMC/Ia 1 PACCMOTPUM BBIpAXKeHMe
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2y

ITocnepoBarenbHo nofcrasiAa n = 1, 10, 100, nonydaeM ciefymoliye 3Ha4€HN:

11
1+-) =2'=2
(1+1) 7

1 10
(1 + 10) = 1,19 = 259374246 . . . ,

1 100 100
14+ — = 1,01"""= 270481
( + 100) 0 70481383 . .,

KOTOpBbIE C YBe/M4eHNeM 1 OyAyT IMOCTeIIeHHO BO3PacTaTh, MPUOMIIDKAACh K IOCTOSHHO
Be/IM4YMHe. JTa MOCTOAHHAA BENMYMHA Ha3bIBaeTCA HP efEeMOM I 3aNMChIBAETCA TaK:

1 n
lim (1+) .
n—oo n

B panHOM cny4ae mpepenbHas BenM4yMHa paBHa 2,71828183...; oHa OyzeT BbIpaXkaTbCs
6eCKOHEeYHOI! ecATYHON fpo6bio 1 0603HaYaTbcs OYKBOIL e. B MaTeMaTnke 4ncio e yac-
TO JICIIONIb3YeTCs KaK OCHOBaHMe yorapyu@ma, KOTOPBIil B JAaHHOM C/Ty4dae Ha3bIBaeTCs Ha-
TypanbHBIM U 3anucbiBaeTcs In. ViHbIMu cioBamu,

log, = In.

ITosToMy e HaspIBaeTCsI OCHOBAHMEM HATypPalbHOTO norapudpma.

« AMPPEPEHUMPOBAHUE

Ecmu pna dynxumn f(x) cymecTByeT mpefen
fla+h) = f(a)

lim ,
h—0 h

TO OH HasbiBaeTcs KU epeHqUanbHHM Ko9PPunueHToM byHKuUN f B TOUKe

X = a v 0603HavaeTCs BBIpAXKEHNEM g(a) wm xe f'(a). Kpome Toro, ecnu auddeperun-
X

a/ibHble K09((UIIMEHTBI MOXXHO HANTH IJIs1 BCEX TOYEK PAcCMATPUBAEMOrO IMIPOMEXYTKa,
TO (QYHKIVIO, KOTOpas KaX/JOMy 3Ha4eHUIO X CTAaBUT B COOTBETCTBME 3HavYeHMe f (x), Ha-
3pIBAlOT MPOM3BOJHOM PyHKIMeNt OT f(x), wnu mpocTo mpousBogHOM f(x).

IIpuBeném npuMepsl NpON3BOAHbIX:

(1) =0, (2% =az*"!

(sinz) =cosx, (cosz) = —sinuz,
1

nz) = -

(nay = 2

1. TEMMNEPATYPA U YPABHEHUE COCTOSHUS



- MPOU3BOAHAY OBPATHOW PYHKUM

ITycTb 3apmana GyHKuMA y = f(X); TOr#a, 3a[jaB 3HAUEHNUE X, MbI IIOJTy9MM OIpefenéHHOe
3HadeHye y. II0/I0K1MM TakKe, 9TO HA PACCMATPVBAEMOM IIPOMEXYTKE 9Ta PYHKIMSA 3a4a8T
B3aJIMHO OJJHO3HAYHOE COOTBETCTBYE MEXAY X 1 ¥. Torma QyHKINs, KOTOpask KaXXZOMY 3Ha-
YEeHNIO Y CTABUT B COOTBETCTBIE 3HAYECHIE X, HA3bIBaeTCsi 0OpaTHOM QyHKIMeik oT f 1
sanuchbiBaetcs f . Vinade rosops, x = f '(y). [lpoussopnas o6parHoit GpyHKIUN paBHA 06-
PAaTHOIT BeM4yHe IIPOM3BOLHON OT MCXOFHOM GYHKIN. VIHBIMI CTTOBaMIL, BBIITOTHSIETCS:

HEOMPE AEAEHHBIVI UHTEMPAA

HeomnpepenéHHbM MHTErpanoM ot GyHKOuUM f HaspiBaeTcss QYHKUMA, Ipy And-
¢depenuypoBanuy KoTopoit nomydaercs f. OH 0603HavaeTCs Kak

/ f(x)da.

Hanpumep, nomrydaem

1
/xdx = §x2 + C,

riie C - IpousBO/IbHAsA KOHCTAHTA, KOTOpPas Ha3blBaeTCA MOCTOAHHOM MHTErpMpoOBa-
HuA. Kpome Toro:

1
/.Tad$: r_'_lfljaJrl—'—C (HPI/I @#-1),

/sinxdx: —cosx + C, /cosa:d;z::sinx—l—C,
1

/—dazzln|x!+0,
x

rae C - mocTosiHHas VHTETpUpPOBaHUA.

- OMPEAEAEHHbBIVI UIHTErPAA

Il IpOCTOTHI MPEANIONOXMM, 9TO f(x) = 0. V306pasum Ha IIOCKOCTH XY QYHKIINIO
y = f(x). B TakoM cry4dae IIomanb Ha orpeske a < x < b, orpaHudeHHast rpadukoM QyHKIUN
f(x) n ocbio X, HasbIBaeTCss OMpefeNEHHBIM MHTETPANOM f(x) U 3amICbIBACTCA TaK:

/ab f(z)dx.

16. MATEMATUYECKME POPMYAbl U OBO3HAYEHNKS. ..
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OrmpenenéHHbplit MHTETPAT MOXXHO BBIPa3UTh dyepe3 HeomnpenenéHHplt. O603HAYUB He-

y onpepenéHHblil MHTerpan ot pyukuun f(x) xak F(x),
MO>XHO 3aIl/CaTh:
y=f () b
< / f(@)dz = F(b) — F(a).

NN

0 a b X

OnpenenéHHuit MHTETPAN

16.3. YACTHBIE NPOU3BOAHBIE ¥ MOAHBIVI AUPPEPEHUMAA

B sTom paspene MBI pacCMOTPUM HeOOXOAUMBIE JIS U3yYeHNsI TePMOANHAMUKY IIOHA-
TVl YaCTHBIX IPOM3BOJHBIX U MONHOTO A depeninana.

B TepMopmHaMuKe 4acTO MPUXOAUTCA VIMETD He/I0 CO CIy4dasMM, KOT/ja ISl COCTOSHIE
olIpeiesieTCsl My TEM 3alaHus ABYX 1 6oflee mepeMeHHBIX (mapameTpoB). ITonoxnm, 4To
eCTb JIBe IepeMeHHbIe — X U ), ¥ IPEACTaBUM KPUBYIO IIOBEPXHOCTD, ITOABEIICHHYIO Haf
IJIOCKOCTBIO X).

Hanee, x mpuMepy, paccMOTpUM HOABEM B ropy. IIpencraBum penbed ropsl Kak KpUBYIO
HOBEpPXHOCTh Z = z(x, y). O603HauMM BBICOTY HaJl yPOBHEM MOPS KaK z, a IIMPOTY U O
TOTY — KaK X 1 ¥ COOTBETCTBEeHHO. [IpefcTaBuM Ha 3TOM penbede TOUKY Ha CKJIOHE, I Olje-
HUM HaK/IOH OBEPXHOCTY Z B BOCTOYHOM HAIIPAaBJIEHUN OT 3TOM TOYKM. [l aTOro gocTa-
TOYHO BBIYMCINTD AU depeHIanbHbli K03 uimenT (IponsBoaHy0) GYHKIUY Z B 9TON
TOYKe, CYMTAs IIPU 9TOM, UTO y — KOHCTAHTA, @ M3MEHAETCSA TONMBKO X. Takas Ipon3BOfHAsA
Ha3bIBAETCA YACTHOM IPOMSBONHONM OT Z IO X U 3aNMCHIBAETCA TaK:

ox y_A:c—>0 Az

CuMBOT y, pa3MeIéHHbIIT CIIpaBa BHU3Y, 0003HAYAET, YTO YaCTHAs IIPOM3BORHAS 110 X
GepeTcs Ipu MOCTOAHHOM Y. [10g06HBIM ke 06pasoM HAK/IOH IMOBEPXHOCTH B CEBEPHOM
HaIIpaB/IeHNy OyeT COOTBETCTBOBATh YACTHON IPOM3BOJHOII OT Z 10 Y IIPY IIOCTOSIHHOM X:

— | = lim .
dy), Ay—0 Ay

Ternepp paccMOTpMM pasHMILY BBICOT MEX/Y ABYMsI O4eHb O/IM3KO PacIOIO>KeHHBIMY TOY-
KaMJ1. 3alyicaB BhIpaKeHYe J/I pa3HOCTY BBICOT AZ MEX/Y TOUKOII (X, ¥) ¥ TOUKoII (x + Ax,
¥y + Ay), pacnoNo>XeHHBIMY B HEIIOCPEACTBEHHOII 6IM30CTH JIPYT OT APYyTa, U IPOJeaB He-
KOTOpbIe IIpe0Opa3oBaHmA, IOTYMM:

1. TEMMNEPATYPA U YPABHEHUE COCTOSHUS



Az = z(z+ Az, y+ Ay) — 2(z,y)
= z(z+ Ar,y + Ay) — 2(x,y + Ay) + 2(z,y + Ay) — 2(x,y)
z(z 4+ Ar,y + Ay) — 2(z,y + Ay) z(z,y + Ay) — 2(z,y)
= Az +
Ax Ay

Ay
Teneps, 3ammcas Az, Ax, Ay Kak HUYTOXXHO Masble dz, dx, dy, Iomy4um:

dz = ((’32’) dz + (02’) dy
ox y o),

VuapIMN CJIOBaMM, HUYTOXXKHO Majio€ IIpupalieHne z paBHO CyMMe YaCTHbIX IIPOM3BO-

=f (x,y)

Z
Ay £ J Az
|
l Ax |
! y
: |
' |
|
Loz
0 X

YacTHbIEe NpOM3BOAHEIE ¥ HONHEV guddepenguan

IHBIX OT Z 110 X 11 TI0 J, YMHO)XEHHDIX Ha IIPUPALIEHNS X U ¥ COOTBETCTBEHHO. B TakoM ciy-
4ae dz Ha3bIBaeTCsA MOMHHM AudpdepeHnuanom, um xe npocro AuddepeHnua-
JIOM.

V13 moy4eHHOTO BbIllle YPaBHEHNA MOKHO BBIBECTI COOTHOLICHME MEX/Y YaCTHBIMM
HPOVM3BORHBIMIL [I/II 9TOrO B BEPXHEM YpaBHEHNN IIPYMEM Z 3a IIOCTOAHHYIO; TorAa dz = 0.
Paspenus 06e yacTu ypaBHEHMA Ha dX, TIOTYYVM:

0= (@), (). (2):

SI[CCI) MCIIOIb3YETCA 3alllICh

2.
d:E z=const @a: z.
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ITpousBonHasa 06paTHOI PYHKIMY eCTb OOpaTHas BeIMYMHA OT IIPOV3BORHOI PYHKIVIN;
TO €CTb, MICIIOTIb30BaB

0z 1

MO>XHO BBIBECTU COOTHOIICHIE

(),(2).6).-

Ecny BHMMaTeNbHO IIOCMOTPETDb Ha 3Ty GOPMYITY, TO MOXKHO YBUJETD, YTO IOTOXKEHME X,
Y ¥ Z B K&KJIOM U3 MHOXXUTEJIell MEHAETCA «I10 KPYTy»:

-

CBasp MEXAYy YaCTHBIMU IIPOMSBONHBIMHU

Ecnm B3ATh 9acTHYI0 IPOM3BOIHYIO ABA Pa3a, TO MOMYIUTCA MPOU3BOJHAA BTOPOrO
nopAxKa. 3HadeHMe YaCTHONM IPOM3BONHON BTOPOTO MOPAJKA HE 3aBUCUT OT TOTO, B Ka-
KOJ IIOCTIEI0BATeNIbHOCTY TPOBOANTCS A depeHnnpoBanne. VIHpIMY cIOBaMM:

Oz 0z
oxdy  Oydz’

Ha sToM 3aKOHYMM PasroBOp O YaCTHBIX IPOMU3BOAHBIX. by/ieM HafieATbCs, YTO 00 bACHe-
HI1e OTY4MU/IOCh JOXOJYMBbIM!

1. TEMMNEPATYPA U YPABHEHUE COCTOSHUS



164. KPUBOAMHEMHBIN UHTETPAA U KOHTYPHBIN UHTEFPAA

Teneps, korma Mbl pa3obpamich ¢ YaCTHBIMMU IPOU3BOJHBIMY, PACCMOTPYUM MHTETPaIbl OT
¢byHKUMY IBYX IlepeMeHHBIX. [1ycTh, HanpuMep, y Hac eCTb eAMHIYHASA OKPY>KHOCTD (0003Ha-
yyM e€ C) ¢ LIeHTPOM B Hauajie KOOPAVHAT, KOTOpas BBIPAXXAeTCs CIEAYIOLVIM YpaBHEHUEM:

2 2
r+y =1
MOo>XHO TaK>Xe BBECTHU ITapaMeTp t U IPeCTaBUTD 3Ty OKPY>XHOCTD B IIapaMeTPUYECKOM
BUIE:
xr =cost, Yy =sint.

PaCCMOTPI/IM VHTETpa/I OT HUYTOXXHO MajIoro nmpmpamenns ojanHbl Jyri:

\/ dx? + dy?,

BJOMb AyTM C IepBOIl YeTBepTU HaIlel eNVHNYHON OKpY>XHOCTHU. To ecTb t MeHAeTCs B
npepenax 0 < t < 71/2, mpu aTOM TouKa (x(t), y(t)) IBUKETCA IO AyTe OKPY>KHOCTY U3 TOU-
ku A(1,0) B rouky B(0,1). Torma rckomblit MHTErpam —

/2 | dx dy
/7.2 2 _ o AT
/C’ du +dy /0 \/<dt) +(dt>
w/2 ’
= / \/(:08215—l—sithdt:z
0 2

Kak BuauTe, y Hac momy4mnach JyIMHA YeTBEPTU UHUYHON OKPY>XHOCTH. [Tofo6HbIi
VIHTETpasl BJO/Ib KaKoil-1n60 KpUBOJ Ha3biBaeTCsA KPMBONMHEVHBIM MHTETPAJIOM.
Kpupas, o KoTopoit 6epéTca KpuBOMMHEHBIN MHTETPal, Ha3bIBaeTCs My TéM MHTETpH-
poBaHuA.

B (x,y)

ExuMEMIHAS OKPYXHOCTD (X’ + y* = 1)

16. MATEMATUYECKME POPMYAbl U OBO3HAYEHNKS. ..
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KpuBas MoxkeT ObITh 3aMKHYTOJI MM Pa3OMKHYTON. VIHTerpa, kotopslit 6epércs 1mo
3aMKHYTOI KpUBOJ B OAVH 000POT, Ha3bIBaeTCsI KOHTYPHHM MHTETrpanoM. Bosbmém
KOHTYPHBIIT MHTErpas 1o okpyxHocty C (CM. IpeAbIAYIYIO CTPAaHNILY); Ha 9TOT pas t Oy-
meT uaMeHAThCs B mpegfenax 0 < ¢t < 27. Torga touka (x(#), y(t)), ZBUTasch OT TOYKU A 1O
OKPY>KHOCTY, CHOBA BEpPHETCA B TOUKY A. BbIuMc/Adg MHTErpan OT HUYTOXXHO MajIoro Ipu-
palieHus IIMHBL BLO/Ib 3TOrO Iy TH, HaliéM:

2r | dx dy
2 _ ey 2Nt — O
%g,/dm +dy /0 \/(dt) + (St = 2

3to JUINTHA eI[]/IHI/I‘{HOIZ OKPY>XHOCTH, BepHO? SHer @ — CIIMBOIJI, Bpra)KaIOHU/H‘/‘[ IIOHATUE
KOHTYPHOI'O MHTETpala.
Tenepb I[aBaﬁTe HEMHOTI'O 3MEHUM IIOJABIHTEIPpA/IbHOE BbIpa’K€HUE:

(y — 2z)dx + zdy.

ITonpo6yeM IPOMHTErPUPOBATD €TO BJO/Ib TOV Xe AYTH (:

dx dy

/é[(?/ —2z)dx + xdy] = /(:/2 [(y - 21’)% + T dt

/2
= / (—sin®t + 2sint cost + cos® t)dt
0

w/2
= / (sin 2t 4 cos 2t)dt = 1.
0

Kpome Toro, ecu B3ATb MHTETpal 0 IOMHOM OKpY>XHOCTU C, TO 13 BBIIIEIPUBENEHHBIX
pacu€ToB cpasy MOHATHO, YTO

27
jl{ (y — 2z)dx + zdy] = / (sin 2t 4 cos 2t)dt = 0.
c 0

3amerum, uto (y — 2x) dx + xdy aBnsercs nonHbIM auddepeHnnanom, Tak Kak:
d(xy — 2*) = (y — 22)dz + xdy.
Takyum 06pa3oM, ec/ti IPMHATH HAYAIbHYIO0 TOUKY 3a P(xp, ¥;), a KoHeuHYI0 — 32 Q(X4, ¥o)s

TO KPMBOJ/IMHEIHBII MIHTETPaI OT MONMHOTO AuddepeHnmana df BIOIb IPOU3BOIbHON KPI-
BOJ1 MO>XKHO BBIPA3UTb C VICIO/Ib30BaHVEM BCETrO JBYX 9TUX TOYEK:

/LQ df = f(zq,yq) — f(xp,yp).

37ech BaXXHO, YTO KPMBOJIMHEIHBII MHTErPas OT MOMHOrO AuddepeHiana MO>KHO BbI-
4MCIUTh 6€30THOCUTENBHO MY TH €r0 MHTErPUPOBAHMS, 3HAsI TONBKO 3HaYeHMs PyHK-
LM B HAa4a/IbHOI 1 KOHEYHOI TOYKax. B ciydae ¢ mHTerpasom mo gyre C, MOACTABIISASL
f(x,y) = xy - x, B IpaBy10 4acTb BBILIETIPUBEEHHON (HOPMYJIbI, UMEeM:

f0,1) = f(1,0) =0—(-1) =1

Kak BujuTe, MBI IOTyYN/IM IPABUIbHBINA OTBET. BepHEMCA K KOHTYPHOMY MHTETPay.
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B HéM Iy Tb MHTEIPMPOBAHMA NPEAICTABIACT COO0I OVH 06XO0/ 10 3aMKHYTOMY KOHTYDY,
II09TOMY Ha4as/ibHasA ¥ KOHEYHasA TOYKM COBNafalT. COOTBETCTBEHHO, B/IO/Ib IPOU3BOIb-
HOJ1 3aMKHYTOJ KpUBOJ MIMeeM:

fﬁ:&

Mo>)kHO cKa3aTb TAaKXXe, 4TO paCCMOTpeHHbHZ HaMI MHTErpail 1o Opr)KHOCTI/I OKa3ajcAa
paBeH 0 TOTOMY, 4TO 9TO ObII KOHTYPHBIIT MHTETPAJI OT IOHOTO AnddepeHnnana.

C mpyroit CTOpOHBI, IOTIOXKUM, 4TO CAEAYIOIINI MHTETPasl IO IPOM3BOIbHOMY 3aMKHY-
TOMY KOHTYPY paBeH HYIIIO:

f[a(x, y)dx + b(z,y)dy] = 0.

3aukcupyeM HadalIbHYIO TOUKY Py(X,,Y,) ¥ 0003HAYMM KOHEYHYIO TOUKY Kak P(x,y).
Torpa nHTErpan ot BeIpaxkeHus a(x,y)dx + b(x,y)dy BmOmb MpOMU3BONBHOI KPUBOIL, COENM-
HAwoLeil Toukn P u P), OyfeT 3aBuceTb TONbKO OT TOUYKM P 1 He OyfieT 3aBMCeThb OT Iy TH.
[TosToMy MO>XHO 3afiaTh PyHKIUIO f(X,y), paBHYIO CyMMe 9TOTO VHTETPpajia i IPOU3BOIBHO
BBIOPaHHOV KOHCTAHTHI f(X;,),):

flay) = [ law.y)de + be,y)dy] + F (o, m0)

0o—

YroO6Bl MOHATH HPUIMHY 3TOTO, PACCMOTPUM [Ba KOHTYPHBIX MHTErpaia, B KOTOPBIX
OBIDKeHMe U3 Touku P, B Touky P mpoucxoput no pasabeiM nytaMm K u K', Ho Bo3Bpar B
TOYKy P, - 1o oguHakosomy mytu K"

/POKP[a(:c, y)dz + bz, y)dy] + [a(x,y)dx + b(x,y)dy] =0

PK" Py

/POK/P[a(x, y)dx + b(x,y)dy] + /P [a(z, y)dz + bz, y)dy] = 0,

K" Py

W3 BpllIeNpuBeNEHHDIX yPaBHEHNII CIeyeT, 9YTO
| Jat.y)de + b, y)dy = [ a@,y)de + b(e,y)dy)
PyKP PyK'P

To ectp B paccMaTpuBaeMOM Ci1ydae MHTErpaal HE 3aBUCUT OT IYTU U 6YI[6T 3aBIICETH
TOJIBKO OT Ha4aAbHON U KOHEYHOIT ToueK. Takum 06pa30M, IIOABIHTETPA/IbHOE BbIPpAKEHME

a(x,y)dx + b(x,y)dy,

npescTaBiAgeT coboit momHbl auddepennman GyHKIUM f, KOTOPYIO MbI 3aJaayu BbIIIe
C TIOMOIIBIO JAHHOTO KPUBOIMHENTHOTO MHTETPasa, TO eCTh:

df = a(z,y)dx + b(x,y)dy.

Tor;[a MbI MOJXEM 3aIncaTb, YTO

(oY, (o
_(%cy’ - \ady/,

16. MATEMATUYECKME POPMYAbl U OBO3HAYEHWUY... £k




Pasnuansie oyTH KPHBOJIHHeﬁHOI‘O KHTerpaia
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17. YPABHEHUE COCTO4HMY

Panee Mbl ymoMuHamyu 06 ypaBHEHMM COCTOSIHUSA UMIE€A/IBHOTO rasa, a TeIepb pacCMOTPUM
06bIYHOE BelecTBO. Bbl, KOHEYHO, IOMHNTE, YTO YPABHEHME COCTOAHMA — 3TO ypaB-
HeHJe, B KOTOPOM II0Ka3aHa B3aMO3aBJUCYMOCTD JIaB/IeH)s, 00bEéMa 1 TeMIlepaTypbl pu-
31MYECKOTO TeTa.

3anucbIBasg ypaBHEHMe COCTOSHNA C IOMOIbI0 a0COMIOTHON TeMnepatypsl T, mOIy-
YUM:

flp,V)=T.

ITockobKy 9TO ypaBHEHME OTpa’kaeT B3aMMOCBA3b JaBIeHNsA, 00BEMA 1 TEMIIEPATY B,
€CJIVI MBI OTIPEMIe/IIM TeMIIepaTypy ¥ 06bEM, TO CMO>KeM HaiiTy japjieHne. VIHbIMU clmoBamu:

p= p(T, V)

To ectb p 3aBucur or Temneparypst T u 06béma V. IIpu 9TOM TOBOPAT, UTO p SABIAETCA
byHKuMelt fBYX epeMeHHbIX T 11 V.

[Tponnddepentupyem p. [Tockonbky QyHKIMA p — 9T0 GyHKIMS nepeMeHHbIX T n1 V, To,
paccMaTpuBasi HUYTOXHO Majloe 3MeHeHMe p, HeOOXOMIMO YYUTHIBATh HUYTOXXHO MaJlble
u3MeHeHMs1 00enx mepeMeHHbIX — T 1 V. OT0 BbIpaXkaeTcs CIeAYIIM 00pasoM:

dp = aa; VdT+ g‘]; TdV.
3mech

9 I

or),” \ov),

9TO IpOU3BOAHAA OT p 10 T IpU MOCTOAHHOM V U IPOUSBOAHAS OT p 10 V IIpU MOCTO-
sunoit T, cooTBeTCTBEeHHO. [IpousBonHas GyHKLUM 110 OFHOMY U3 €é apTyMEHTOB, KOT-
Jia OCTa/IbHblE APTYMEHTBI CYNTAIOTCS KOHCTAHTaMU, Ha3bIBAETCA YaCTHOM NPOUSBOJ -
HOIi. [Tapametp dp - sTo monHHt guddepennuan.

[ToyeMy MbI UCIIO/Ib3yeM YacTHbIE IPOM3BOAHbIE? BO MHOXKECTBE CITy4YaeB TEIIOBOE PaB-
HOBECHE ONpPENeNseTCs ABYyMsA WK GoJiee TapaMeTpaMy, HallpUMep TeMIIEPATypoil 1 [1aB-
nerneM. V3-3a 9T0r0 pasnudHble GU3NYECKIE BEMMINHBI, XaPAKTEPU3YIOLINE COCTOSHME
TEIUIOBOTO PaBHOBECHS, IPEBPAILAITCA B (pYHKIMYM MHOIUX [epeMeHHbIX. [loaToMy mpn
aHa/mM3e N3MeHeHNTT PUBNIECKNX BEUYNH HEBO3MOXKHO 00OMTUCH 6€3 YaCTHBIX IPOU3BO-
J{HBIX.
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CHPaBeIUH/IBO COOTHOIIEHME, CBA3bIBAIOIICEC YACTHbIC HpOI/ISBO}IHbICZ
ap\ (9T [oV

or ), \av) \ap

=1
T

9TO OYeHb IO/Ie3HOE COOTHOIIEHNeE. [Ieo B TOM, YTO B TepMOAMHAMMYECKIX OIIbITaX He-
KOTOpbI€ YC/IOBMA peanu3oBaTh jerdye, 4yeM Apyrye. MoxeT, HapuMmep, 0KasaTbCcs, 4TO Io-
CTOSTHCTBO JJABJICHVA ¥ TEMIIEPATyPbl 00€CIIeYNTb JIETKO, @ TIOCTOAHCTBO 00bEMaA — CIIOXKHO.
OnHako JaHHOE COOTHOLIEHME MO3BOMAET MIPOU3BOAUTD BHIUMC/IEHNA I/ TPYLHO peannsy-
€MBIX YCTIOBUII HA OCHOBE Pe3y/IbTaTOB U3MePeHN, TPOBEJEHHBIX B JIETKO Pea3yeMbIX yc-
JIOBUAX.

PaccmoTpum 11 npymepa ypaBHeHMe COCTOSAHMA I peanbHOro rasa. OHo OyzieT He Ta-
KM, KaK /I MjeanbHoro. XopoIM IpuoIvKeHneM I ypaBHEHMA COCTOSHMA PeabHO-
ro rasa AplAeTcCAypaBHeHMe Ban-mep-Baanbca. 3anmcannoe 1 1 MOnb rasa, OHO BbI-
IJIAIUT TaK:

<p+vaz) (V —b) = RT.

3nech a u b - MONOXXNTeNIbHBIE KOHCTAHTBL [IOHATHO, YTO ec/u ra3 OyAeT paspeXKeHHBIM,
a ero 00'béM IOCTaTOYHO OOJBIIVM, TO IIPOU3ONMAET NMPUOIVKEHNE K YPABHEHNIO COCTOS-
HUA UjeanpbHoro rasa. OCTaBUB p MOCTOSTHHBIM ¥ CHJIBHO YBeINYMB V, YBUAMM, 4YTO IIep-

. . a ) .
BbIVI MHO>XUTE/Db JIEBOU 4YaCTU ypaBHeHI/IH P -+ o HPI/I6HI/ISI/ITCH Kp, a BTOpOI/I MHO>XWNUTE/Ib
V)

(V — b) npubnmsurcs x V; B utore nony4unm ypasaenue pV = RT.
Hy uro, ynosunu upnerw? Vtax, Tenepb gasaiite ucciegyeM ypaBHeHMe Ban-fep-Baanbca,
MOy THO YIPAXKHAACH B HAXOXKIEHU YaCTHBIX IPOU3BOIHbIX:

(p+“) (V —b) = RT.

12
Cunras V koHCcTaHTOI U A depeHunpys neByio 1 IpaBylo YacTy ypaBHeHus no T, mo-
Ty4MM:
Yy - R
ar), V-

ITogo6HBIM e o6pa3om, cunTass T KOHCTaHTOI 1 AuddepeHIupys IeBYI0 1 PaBYIo
4acTU YpPaBHEHMUA 10 V, MOTyunM:

Op 2 p+iym  2a RT

V), V3 V—b V3 (V-b)?
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3nech 1ocye BTOPOTro 3HaKa paBeHCTBA Mbl 3aMeHM/IM p Ha T, MCIONb3ys ypaBHEHNUE CO-
crosiHus Ban-nep-Baanbca. CooTBeTCTBEHHO, MONMHBIN AuddepeHan dp MOKHO 3amn-
CaTb C/IeAYIOIM 06pa3oM:

2a RT

dv.
Vi (v-b)

dp = [fj—p] dT +[fj—p] AVt P
aT ), v ) Vb

Ecnu sadukcnpoBars p, T0, HOCKOIBKY dp = 0, MbI Oy 4MM:
(ov), =7 [
ov » R V3 (V—=0)?[
Kpome Toro, ecmm 06paTtuth BHMMaHNe Ha CIefyoliee:
().~ ), -[5 -]
dp ) ov ). V3 (V=b)2|
TO MOYXHO YBU/JIETb, YTO BBIIIOTHAETCH:
(or), (@), (), =
or ), \ov » o ) ’

KaK 1 CJIEHOBAZIO OKMNOATb. HOHPO6YI7[T€ CaMOCTOATE/NIbHO IPOBEPUTDH BBIMIENI3TTOKEHHOE —
9TO IIOMOJKET BaM HEMHOTO OCBOUTBHCA B TEME.
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« TennoBoe paBHOBECHE — COCTOSIHNE OTCYTCTBVA U3MEHEHNIT, KOTOPOE YCTaHaB/IMBa-
eTCs1 Yepe3 KaKoe-TO BpeMsI [I0C/Ie IPUBEEH s T/l B COMPUKOCHOBEHNE APYT C APYTOM.
HyneBoe Havano TepMOgMHAMMKY — 3aKOH, YTBEPXK/IAIOINIL, 4TO ec/iu Tena A u B,
a taxoke Tenma A u C HaXOMATCS B COCTOSTHUM TEIJIOBOTO paBHOBecusi, To Tena B u C Toxe
HAXOSTCSI B COCTOSIHUM TeIIOBOro paBHoBecus. (I[IpyHIMI TPAaH3UTUBHOCTY TEIIOBO-
rO paBHOBeECHSI.)

o TaB/MeHM e — BeMYMHA CUJIBL, KOTOPas AEVICTBYeT Ha eVHMIY IJIOI[a/iyi IOBEPXHOCTHU
HePIeHANKY/ISIPHO 3TOJ IIOBEPXHOCTH.

TugpocTaTndeckoe gaBlIeHME — JaBJIeHIeE, JICTBYIOIIEE HA BCIO TIOBEPXHOCTD Teyla
¥ OV HAKOBOE BO BCEX TOYKAX ITOI IIOBEPXHOCT.

« 3axkoH Boitna-MapuoTTa - 3aKOH, ITTACAIINIL, YTO IIPY ITIOCTOSHHOM TeMIIepaType
IpOV3Be/ieHNe NaB/IeHNsI Ha 00BEM pa3peXXeHHOTrO rasa MOCTOSHHO. JTOT 3aKOH CTPOTO
BBINIOJIHAETCA B OTHOLIEHMY UJeaIbHOTO rasa.

MNpeanbHHi ras — ujeann3upoBaHHas MOJE/Tb Pa3pe>KeHHOTO Tra3a, B OTHOIIEHNN KO-
TOPOIJI CTPOTO BBIIONMHsIETCsE 3aKOH boitnst-MapuorTa.

« A6GCONMOTHAA TeMIepaTypa — TeMIeparypa, BbIBOAUMas U3 06béMa M/ieanbHOro ra-
3a. Eqununa nsmepenus — kenbBuH (K).

» 3akoH leit-JIloccaka - 3aKOH, IIACAINIL, YTO NIPY TOCTOSTHHOM JIaBJIeHUM 0OBEM ra-
3a MPOIOPIIOHAIEeH aOCOMIOTHOI TeMIIepaType.

| YpaBHeHMe COCTOAHMA U EATBHOTO rasa:

pV =R'T

« Monp - eguHMIIa N3MepeHNs KomudecTa BemecTBa. OfH MOb COOTBETCTBYET KOJN-
YEeCTBY aTOMOB, COflep>Kaluxcs B 12 rpaMMax M30TOIIA YITIEPOZia C aTOMHOM Maccon 12.
« YacTHasa mpousBOAHAA OT PYHKUUN Z = Z(X,y) TIO X 3aMUCBIBAETCA KaK

0z
ox
y
¥ TIpeACTaB/AeT co00J MIPOM3BOAHYIO OT Z IO MEPEMEHHON X, IPU HaXOX/IeHNY KOTOPOI
nepeMeHHaH y CYNTaeTCsa KOHCTAHTOI.
» YacTHHE Npou3BOAHEIEe ¥ MONHEI AudPepenunan nis Gyuxunn z = z(x, y):
0z 0z
dz=|— | de+|=— | dy.
ox ) y

T
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NEPBOE HAHAAO
TEPMOAUHAMUKU



2.0. XMTPbIV MAAH NPEACE

BKYCHOTUWA!

TOUHO.
KAACCHAG WTYKA/!

3 YX Tbl.

2TO O4YEHb MOMNYAGPHOE
CEUMHAC 3ABAPHOE

MUPOXHOE “80O3A4AYWHAG

BABYAG”,

i MPOCTO Y MEHG
CEMOAHG HET 3AHATUL,
MnO3TOMY 4 C YTPA
MY XECTREHHO
OTCTOIAA OUEPEAD!

. | wy.310T0
> WW HEMHOTOE,
j HTO 9 MOrAA
f = CAEAATL AAG
HAWEFO KAYBA..

]

MYPAGMA.. U AOAFO
TEBE MPLUWAOCH
CTO9Tb 8 OHEPEALP




C MOMEHTA YBEAOMAEHU O MPOBEPKE _'
KAYBOB MPOLAQ YXE HECKOABKO AHEM, | %2 )/M
A CTPATETW4 NOBEAEHKS AO CHX NOP

HE BEIPABOTAHA.

M-M.. OTMEHHDII BKYc! f
340P080, KOrAA MOXHO o
BKYCHO MOECTb U rnPu 3TOM fﬁ w

HE CTO9Tb 8 OUEPEAGX.. A /N

e ——

28PLKA/!

HO KAXADII AEHD
XOHETCG HEMO-HUBYAb
OCOBEHHOIO..

O YEM TbIP? UTO Tbl
3AAYMAAA?

ECTb UAEG. HE oo
AAG BUAY XE MAABA 2
KAYBA ‘HEOBYY”
./ UCTMOAHGET cB0OU
) OBG3AHHOCTLY.,

NO-MOEMY,
Y TEBG ECTb
APYICUE AEAA,

NOCKOAbKY
MACYHATA-CIHCIU KAK
PA3 3AECD, XXEAAO BAM
Y AAHHO
NMO3AHUMATbCS
EPMOALIHAMULKOLI

AABAL, SUIML

2.0. XUTPbIN MAAH NPEACEAATEAS KAYBA




2. PABOTA U 3HE

TAK XOTEAOCb EWE
NOECTb
MPOPUTPOAEL... HO
UTO YX TYT NOAEAAEWD!

BEAb CBHEAEHHDIE KAAOPUU
HYXHO U3PACXOAOBATD.

—

R — = .
MABOPATOPW macynarn XA

MPUAYMAA! NOUrPAEM

XM-M.. KAKAG
C8I3b MEXAY
TEPMOALHAMLKOU
U ureod 8 mau?

HEMNOCPEACTBEHHAG!
CEFOAHSG Mbl U3YHUM
nepP8oOE HAUAAO
TEPMOAUHAMLKU.

MOXHO EWE CKA3ATb, UTO 3TO
3AKOH COXPAHEHUG 2HEPIMULL

3AKOH COXPAHEHUG
SHEPIUUP




80T TAK.

OAUHAKORAG
BbICOTA

TOrAA 9 U BE3
TEPMOAUHAMUKU OB 3TOM

AR
OTIYCKAEM 523\ TONKA = HA
HAHADHAG MOTEHLLAADHAQ SHEPTLS

B0 BCEX CAYVAGY DALHAKOBA

3AKOH COXPAHEHMS
MEXAHUHECKON SHEPT M

KMHETWHECKAS SHEPTUS + NOTEHLIMAABHAS
IHEPII4 = KOHCTAHTA

SHEPIMUG HE BO3HUKAET U3 HUHEO
U HUKYAA HE UCHE3AET.

HAABHAG CX0POCTE 0!

3AKOH COXPAHEHUG SHEPIMUU
FCAACUT: CYMMAPHAG

3HEPIUG BCEMAA OCTAETCY

MOCTOGHHOLU.

TPY AOCTHXEHMY CAMOY HU3KOM
TO4KY BCS HAYAABHAS NOTEHLUM-
AABHAS SHEPTWS MPEBPALLIAETCS

B KMHETHHECKYIO.

MOCKOABKY HAYAABHAS NOTEHUMAADHAS SHEPTS
OAMHAKOBA, KUHETUHECKAS SHEPTUS TOXE
BYAET OAVHAKOBA BO BCEX TPEX CAYYAS =)

CKOPOCTb TOXE QAMHAKOBA.

CMOXEWb AU Tbl OB BICHUTD,
UTO TAKOE 2HEPIUG U UTO
TAKOE PABOTA?

Hto?
SHEPIUG ..

AAAHO!
TOrAA 3AMUMEMCS
NOBTOPEHUEM!

PABOTA?.

N—— 2.0. XMTPbI MAAH NPEACEAATEAS KAYBA
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AOBU, 9 NOAAD!

rO8OPJT, UTO

PABOTY Fs.

PYKA MPUKAAADIBAET K
Mauy CuAy £ AO TEX MOP,
MOKA MGU HE MPOUAET

HEKOTOPOE PACCTOGHUE s.

8 TAKOM CAYUYAE

PYKA COBEPWUAA
MO OTHOWEHUKO K MWy

CKOPOCTb O CKOPOCTDb v 1

HOAYUAETCY, UTO EPOWEHHBI KMHETMECKAS SHEPTUG O KMHETW4ECKA SHEPTUS 5 mv

M34 HECET 8 CEBE POBHO F S |

CTOABKO 3HEPIUU, CKOABKO G DL s
PABOTbI COBEPWUAA MO A dal®

OTHOWEHUIO K HEMY

2

PYKA
COBEPIAET
PABOTY
HAL MS4OM

HAMPOTUB, KOFAA M4
NMOMAAAET 8 MEPHATKY..

~OH COBEPWAET PABOTY
NnO OTHOWEHUO K PYKE.

PABOTAW=F s

M34 COBEPLLIAET PABOTY HAA MEPYATKOM




. ON4Th
| KUHETWHECKAS SHEPTHS | HENOABUXHOCTb

UHAUE FOBOPG, MGH,
UBHAUAABHO HEMOABLIXHDIL,
BAACOAAPG PABOTE PYKU
MPUOBPEA SHEPIUKO.

HEY AUBUTEABHO,
HTO BMOCAEACTBUU MIH CHOBA
MEPECTAA ABUFATbCSG. BEADL
OH AUWUACG 2HEPIUU, COBEPWLB
PABOTY OTHOCUTEABHO MEPHATKLU,

~ AA, PABOTA - 3TO HE 3HEPTUF, OAHAKO

SHEPIMUKFO MOXHO MEPEAABATDL NMYTEM
COBEPWEHUG PABOTbHI 3TO OALH

U3 crocosoR EE NEPEAAUL,

|

MOAYHAETCSG, HUTO
PABOTA - 2TO TO, HTO
MOXET MEPEAABATL

SHEPIUKO. BEPHO?

SHEPrUQ - 3TO
B8O3MOXHOCTb
COBEPWATb PAEBOTY.

U 8EAb TOUHO!
A 3AKOH COXPAHEHUG
SHEPIUU UCTMOAL3YETCA
U 8 TEPMOAUHAMLKE?

caHeay,
FAE 8bl?

3TO 3AKOH,

UCTOAB3YEMBIL
\_ 8 MEXAHLIKE..

A0y
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KOHCTAHTA”,
PA3GE MOXHO \

OTHOCUTbCG

TAK HEYBAXUTEAbHO

-

3AKOH COXPAHEHUS MEXAHUUECKOU 3HEPIUU:
KUHETUHECKAG SHEPIMUG + NMOTEHUUAABHAG SHEPIUG

/ HY 80T!/.

W

ol, 9sA0KO..

@)
=z
Iy
ui
x
)
V]

8 TAKOLU SPOPME
OH HE MOXET
UCrOAb30OBATbCS.




HO MbI-TO C 8AMU OXUAAEM,
HTO 3HEPIMUG COXPAHIETCY
HELI3MEHHOLI!..

KYAA XE OHA NMOAEBAAACH?

U rnPAsAA.. KYAA
MOrAA AETBCG
SHEPIUG?

8 NOAOBHDIX CAYHAGX 3AKOH
COXPAHEHUG MEXAHUHECKOU 3HEPM UL
YXE HE AELCTBYET.

HY U UTO
AANBWE?.,

3AECH
MPUOBPETAIOT
BAXHOE 3HAUEHUE
noHaTUg TEMAOTDI
U BHYTPEHHEU
SHEPrUL/

D

ECAU PACCMATPUBATL 3AKOH COXPAHEHUI
SHEPIMUU C YHETOM 3TUX MOHATUL, TO Mbl
MOAYUUM MEPBOE HAHAAO TEPMOAUHAMUKL/




2.2. TENAOHENMPOHULAEMAS CTEHKA

B80OO0EWE TAKOE?

TEMAOTAP BHYTPEHHAIG : ﬂ'f &
SHEPIUG? UTO 3TO
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LPACCKA3DLIBATD EWE

CrMEPBA, MYPAIMA-KYH,

nocmoTeu
80T HA 3TO! >

=
:

R

HY AA, KOPOBKA. OHA
HACTO UCHNOAb3YETCG
8 TEPMOAUHAMUKE.

=7 AN OBAEMHEHUG
NOHUMAHUG 8CE
FBAEHUG AEAGT
HA MPOLICXOAGWUE
8HYTPU KOPOBKU

MPEAEAAMU.

U 3A EE

3AKAFOHEHA HEKAG MATEPUS.

UTAK, 3AECb, B8HYTPU,

OeblHHAG
KOPOEKA..

I}/
HA3ZOBEM 3TO

CUCTEMOU.

o ( cuctemour.

2. NEPBOE HAYAAO TEPMOAMHAMUKH



8 AAHHOM CAYUAE MOA
CUCTEMOU Mbl MOHUMAEM
COBOKYMHOCTb BELUIEL,
OBPA3YHOWUX EAUHOE
UEAOE 8 OMPEAEAEHHOM
CMbICAE.,

HAMPLIMEP,
CYWECTBYHOT IKOCUCTEMA,
COMEUHAG CUCTEMA.. BCE,
UTO HE BXOAUT 8 CUCTEMY,

HA3bIRBAOT BHEWHEWU CPEAOU

U OTAEAGHOT OT HEE.

CTEHKA
Y BHELLHY
D
N CPEAA
MPUMEHUTEABHO

K KOPOEKE CUCTEMA -
3TO 8CE, UTO
HAXOAUTCG 8HYTPU
KOPOBKU. BCE, UTO 3A
EE MPEAEAAMU, - 3TO
BHEWHAII CPEAA.

BHEWHIG CPEAA U CUCTEMA
PA3AEAEHDI CTEHKOU.

A TENEPb BONPOC!

8 KOPOEBKY?

KAK MOXHO BO3AELICTROBATb
LU3BHE HA MATEPUIO, 3AKAFOHEHHYHO

HY, MOXHO
HEMOCPEACTBEHHO MPUAOXUTb
CUAY..

A EWE - ABUFATb TEAO
MAMHUTOM!

TOUHO! Ccnocos
HOMEP OALUH - \
2TO KOr4A, HAMPUMEP,
MPUKAAADIBAFOT BHEWHHOHO
CUAY U ABUCALOT MOPWEHDL UAU
880A4JT 8HYTPb KOPOBKU MUKCEP
U NMEPEMEWUBAIOT COAEPXKUMOE..

3TO KOFAA CHAPY XU EMKOCTU
ABUFAIOT TEAO, OKA3bIBAIOUWEE
AUCTAHULIOHHOE 803AELICTBUE,

AA!l CNOCOB HOMEP ABA -

HAMPUMEP MAIHUT.




""" 3A TENAOHENPO-

ECAU BAUGHUE

_ HA COAEPXUMOE EMKOCTU MOXHO -+ - | HALAEMOA CTEHKOA
\ OKA3ATb TOABKO 2TumMu /. O . EgueddPA\Y - - . . T
ABYMG CnOCOBAMU il Tl Sl
U HUKAKUMU UHbIMU, TO CTEHKA , S e e
3TOU EMKOCTU HA3bIBAETCS ox 'filY- - - -
%_—:: ~ TENAOHENPOHUUAEMOL 5 cnblx WA
-\\“-—;‘___ / —  Clenkou. (S M oA Ve Mepep o - - o o e e e e
""‘"--_._._‘_‘__ Y i, (N SRl P £ 0 o 50 1) Sy = L T R L S S R R R R T S
—_— oSN oameEsENl
_____-__-_"___‘--—-—-_._.__ ...............
'—-—____———.__-_._______ ............
- UBMEHEHUG
—— BHYTPU EMKOCTU,

KOTOPAG OrPAHUHEHA
TENAOHENPOHUUAEMOL
CTEHKOU,

3AMOMHUM 3TO OMPEAEAEHUE! {— HA3DIBArOTCS
AAUABATUUECKUM |

/// i | MPOUECCOM.

' A/

KCTATU, CAEAYOWUE | _ - : <
MPOUECCHI K AAUABATUHECKUM ; ; bin |
: HE OTHOCATCY. : ] /TEMNEPATYPA\
' 80AbI
\ NOBbIWAETCY.

EPKUM B PYKAX NIOAMSTUAEHOBbIA
MAKET, HANOAHEHHbI AbAOM...

AEA
MOCTENEHHO
TAET.




2.3. NEPBOE HAYAAO TEPMOANHAMMUKH

ECAU MOBAUGTD HA
COAEPXUMOE EMKOCTU MOXET

TOAbKO PABOTA BHEWHLUX CUA, | A TEMEPb NEPEXOALM
3HAHUT, EMKOCTb OrPAHUYEHA A K MEPBOMY HAHAAY
TENAOHENMPOHULLAEMOLI 0 TEPMOALIHAMLUKLY
— CTEHKOU. : n

—

7%

A U3BMEHEHUG

BHYTPU NOAOBHOU
EMKOCTU HA3bIBAKOTCG
—. AAUBATUHECKLIM
MPOUECCOM.

i cateau! S
—

) 8bl XE EWE X
HE OBDACHUAU HAM MPO

TENAOTY, A Mbl 80T 7
TAK CPA3Y NMEPEXOALM
K MEPBOMY HAHAAY
TEPMOAUHAMUKU?

N

A G U BE3 HEE CMOTrY &L R WA

OBBICHUTL BAM @ 4R R
MEPROE HAUAAO!

::.rﬂ

o
2
.

¢
®

o5 .

==

»

—.

3TO TAK U HA3bLIBAETCG -
POPMY AUPOBKA

NMEPBOIO HAHAAA TEPMOAUHAMUKU

BE3 UCMOAb308AHUG TEMNAOTbI!

2.0. XUTPbI MAAH NMPEACEAATEAS KAYBA £



ECAU U3YHATD
HE 3TO,
TO UTO XE EWE?.

MPEANOAOXUM, HTO
8 EMKOCTU, OrPAHUHEHHOL!
TENAOHENMPOHUUAEMOL CTEHKOU,
HAXOAUTCG A3, U Mbl CXUMAEM
ErO, ABUMAG MOPWEHD.

FA3 8 COCYAE, OrPAHU-
HEHHOM TENAOHEMPO-
HULLAEMOL CTEHKOU, -
3TO CUCTEMA!

= 7 MOPWEHD
= [

=

g, rA3

§ 1

o CUCTEMA
(@)

=

UTAK, C NMOMOUWbIO noPWwHI

K 3TOU CUCTEME

MPUKAAADBIBAETCG CUAA,

TENAOHENPOHULAEMAS CTEHKA

V

PABOTA BHELLHEN CUABI Fs




COCTOSHUE
-
nPU 3TOM BHEWHGS o & suesAre
CUAA COBEPWAET HAA PABOTAl |} |- ---
CUCTEMOU PABOTY. — = IR
U
I
- U
|
| TA3 | ERRRRRRRR
------- 8 TAKOM CAYUAE
"""" COCTOYHME ANG ABYX 3AAAHHDIX
B COCTOSHUL MA3A -
AO U MOCAE CXATUG..

LPABOTA BCEMAA BYAET
OAUHAKOBOL! AAP




:;@‘ NEPBOE HAYAAQ TEPMOAUHAMUKH
(POPMYAUPOBKA BE3 UCNOAb30BAHUS TEMAOTbI)

TPY AAMABATUHECKOM MPOLIECCE B KAKOM-AUBO CUCTEME NMOAHAS PABOTA
BHELLHWX CIA 3ABUCHT TOABKO OT HAYAABHOO M KOHEYHOO COCTOSHMM
W HE 3ABUCUT OT NPOLIECCA.

7

8 CAYUAE AAUABATUHECKOIO
MEPEXOAA U3 COCTOFHUI
PABHOBECUG A 8 COCTOGHUE
PABHOBECUYG 8..

LHE3ABUCUMO OT TOrO, KAK
MPOTEKAET 3TOT MPOUECC,
PABOTA BHEWHUX CUA BYAET
OMPEAEAITbLCE OAHO3ZHAUHO!

2TO SMMUPUHECKUL 3AKOH: OH
BbIA BbIREAEH MO PE3YALTATAM
MHOMOULUICAEHHDIX OMbITOR, KOTOPbIE
MPOBOAUALCH HA MPOTIXEHUL
MHOIUX AET.

2. NEPBOE HAYAAO TEPMOAMHAMUKH




HAMPUMEP, AAXE ECAU CUCTEMA
8 NPOUECCE U3MEHEHUS MPOUAET
HEPE3 APYIUE MPOMEXYTOUHbLIE
COCTOGHUG PABHOBECUG, PABOTA
BHEWHUX CUA MPU 3TOM HE
LU3MEHUTCSG.

PABOTA, KOTOPYIO HAAO
COBEPLLIMTb HAA, CHCTEMOV AN
AAMABATIHECKOr O NEPEXOAA 3
COCTOSHMS A B COCTOSHVE B, HE
3ABWCHT OT NYTU U PABHA PA3HO-
CTM SHEPTWA B KOHEYHOM M HA-
YAABHOM COCTOSHMSX.

MOCKOABKY PABOTA, HEOBXOAMMAS
MG AAVABATUMECKOrO MEPEXOAA
13 COCTOSHUG A B COCTOSHUE B, HE

BEAUHVHA PABOTI, HEOBXOAMMOM A
AAVABATUHECKOr O NEPEXOAA 13 CO-
CTOSHI] PABHOBECHS A, MPYHITOr 0 3A

3ABUCUT
OT NYTW, TO BbINOAHSETCS
Wogs = Wyge * Wesg

OMOPHOE, B MHOE COCTOSHYE PABHO-
BECHS, HA3bIBAETCS SHEPIMER 3TOr0
COCTOSHHS ¥ OBO3HAUAETCS BYKBOW L.

ey

YUUTBIBAS 3TO,

MOAYYAEM:
N

¢->B

=U, -,

nPU NOA bEME

: C OAHOIO YPOBHSG

HA BEPWUHY OAHOL U TOL XE
| roebl, kakOU &bl nMYTb 8bl HU
|\ 8blePAAU, 8bl MOAHUMAETECH
HA OAHY U TY XE
eblcoTy!

B BbILIEMPHBE AEHHOM MPUMEPE U, 1 U, - 3T0 Bbl-
COTbI HAA YPOBHEM MOPS TOYEK B 11 C COOTBET-
CTBEHHO. 3AMUCb W, , = U, = U, OBO3HAYAET
«HUCTYIO» BICOTY, HA KOTOPY!O HYXHO NOA-
HITbCS; OHA PABHA PAHOCTM BbICOT TOUKM,

B KOTOPYIO Mbl MOAHUMAEMCS, M TOUKM HAYAAA
MOAEMA. TOUKA A, B39TAS 3A OMOPHYIO, B AAH-
HOM CAYYAE OBO3HAYAET YPOBEHD MOPS.

] L
AA, HO KAKAG 3AECDL C833b

C YNOMGHYTOU PAHEE
8HYTPEHHEL SHEPIUEL?




UTAK, SHEPIUG, KOTOPAG
AAXE ECAU COCTOGHUE OCTAETCG 8 CUCTEME 3A
FA3A, MOMEWEHHOO BbILETOM MEXAHUHECKOL
8 EMKOCTb, ABCOAFOTHO SHEPIUU 3TOU CUCTEMbI KAK
OAUHAKORO, EFO EAUHOMO UEAOIO..
MOTEHUUAADHAG 3SHEPIMUG

PABAULAETCS 8 3ABUCUMOCTU
OT TOrO, HAXOAUTCS OH HA MOTEHUMAABHAS
3EMAE UAU HA YPOBHE SHEPTUS

TPETLEMO 3TAXA,

KMHETHHECKAS
SHEPTHG

% BOABLLAS
Nl
HEE
MOTEHLMAAGHAS
SHEPT Y E E E E
MAAAS R —
O BFE

7 NMOHGTHO! 3HAUUT, 8 HEAABHEM §
OMNbITE C NOPWHEM Mb,
COBEPWAG PABOTY, USMEHAAU
BHYTPEHHIOO SHEPILIKO HA
BEAUHUHY 2TOU PABOTbLI?

—  GHYTPEHHAG —
SHEPIUS

HA3BIBAETCG
BHYTPEHHEU
SHEPTUEN.

, "' ] BbICOKO
A C 9GEAOKOM Y0 nPU NAAEHUL 9EAOKA EFO
TOFAA UTO?P uEE\)/T\EEAq ‘ NOTEHUUAABHAG SHEPIUG
SHEPTYIG = = MPEOBPA3OBAAACH
’ 80 BHYTPEHHIOKO SHEPIUO CAMOIO
GEAOKA U MOAA, HA KOTOPbIL OHO
YMAAO.
KMHETMYECKAS
SHEPT UG
L )\ BHYTPEHHSS OO,
HH3KO ’/ 3HEPTUY S

7




UTO TAKOE,
MYPAGMA?P.. ECAU

HUTO-TO HEGCHO,
AABALU G MOTUXO-
HEUKY OBDBACHHO.

MOXOXE, MYPAGMA HAA
HEM-TO 3AA4YMAAACD..

2-3.
HY, 8 OBWEM..,,

XOTEAOCDH &bl
HAKOHEU MOHGTD, =Y
HTO TAKOE TEMAOTA! /2N

TA-A-AK! OHEHD
CBOEBPEMEHHDIL
gonpoc!

1

g 3TO KAK-TO
YYCTUAA..

UHOMAA OWYTUMOE TEMAO
nyYTAKOT € TEMNAOTOLL.
HO HA CAMOM AEAE
2TO AEUCTBUTEABHO
TEMMNEPATYPA/!

BEADb TEMNAO, KOTOPOE
Mbl OWYWAEM, - 2TO
TEMMEPATYPA,

HE TAK AUP

TENAOTA U TEMMEPATYPA -
COSBEPWEHHO PA3HbLIE S8EWU/




< 5
N

e
b REE
F

L

OX YX 3TA 3ATAAOUHAG - : //%’5;@

TEMAOTA.. A EUl BOOBIE

Y
MOXHO AATb OMPEAEAEHUE? e

UTAK,
AALAUM ONPEAEAEHUE
CrOKOUHO! TEAAOTE!
g BAC YXE K 2TOMY
MOArOTOBUA.

MPEAMOAOXUM, HUTO
CYWECTBYET HECKOABKO
NMPOUECCO8 MEPEXOAA U3
COCTOGHUG A 8 COCTOGHLUE 8.

OAUH U3 HUX, K MPUMEPY,
ALUABATUHECKUL, A APYIUE
MPEACTABAGIOT COBOLI HEHTO

AMABATHHECKWA
MPOUECC

UCXOAG U3 POPMY AUPOBKU
NMEPBOMO HAHAAA
TEPMOAUHAMUKU BE3
LCrOAb308AHUG TEMAOTDI,

AAMABATUHECKWA MPOLIECC

O )
A B

P A??TA 8 CAYUAE C AAUABATUHECKUM
MPOLECCOM Mbl CHUTAEM, HTO

MPUPALLEHHE PABOTA EHEWHUX CUA CTPOrO
BHYTPEHHE/ SHEPT UM PABHA MPLIPAUIEHUIO @HYTPEHHEL]

SHEPIUU CUCTEMDI.




OAHAKO! ECAU 3TOT NMPOUECC
HE IBAGETCI
AAUABATUHECKUM..

PABOTA =

SHEPTWM

.TO PABOTA BHEWHLIX
CUA 3ABUCUT OT nyTu

MPOUECCA U MOXET BbITb
PA3AUHHOU,

U3 BHEWHEL CPEADI

8 HEAAUABATUHECKOM NMPOUECC
MPUPALLEHUE 8HYTPEHHEL SHEPM UL
CUCTEMbI MPEBDLICUT PABOTY

BHEWHUX CUA?

BbIXOAUT,
8 EMKOCTb

NEPEAAETCS
TENAOTA!

UMEHHO!
TEMNAOTA, KAK U PABOTA, - 3TO
POPMA MEPEAAHU ZHEPIUUL.

NO3TOMY HU TEMAOTA, HU PABOTA

HE COXPAHGHOTCA.

UHAHE FOBOPY, 8 CAYHAE
HEAAUABATUHECKOIO
MEPEXOAA U3 COCTOGHUG A
8 COCTOGHLUE 8

MPLPAWEHUE BHYTPEHHEL 3HEPMLIU
CUCTEMbI PABHO CYMME PABOTDI
BHEWHUX CUA U TEMAOTDI,
MOCTYNUBLEL
LU3BHE!

HA CAMOM AEAE 3TO

U ECTb ONMPEAEAEHUE
TENAOTDLI




A TENEPD
LBMEHUM POPMY AUPOBKY
MEPBOMO HAHAAA
TEPMOAUHAMUKU TAK, UTOBbI
8 HELl UCMOAB30BAAOCH MOHATUE
TENAOTDBI

o MEPBOE HAYAAQ TEPMOAMHAMMKH AG)
‘ (POPMYAHPOBKA C HCMIOAb30BAHHEM TENAOTH) ‘

[PY MEPEXOAE KAKOW-AMBO CUCTEMBI U3 OAHOTO COCTOSHHS PABHO-
BECIG B APYTOF CYMMA NOAHOV PABOTbI BHELLHWX CHA U TEMAOTBI,

|| MOCTYMUBLLEN U3BHE, HE 3ABICHT OT MYTU MPOLIECCA U PABHA MPUPA-

' %\fs (LIEHVHO BHYTPEHHEV SHEPIUM CUCTEMBI.

o

) E%;
\ieg
2

s

%//////////f’///////m U

3HAUUT, ECAU MPOUECC
HE AAUABATUHECKUL, TO
MPOLICXOAUT NEPEAAUA
TENAOTbI, TAK?

ECAU MOABECTU UTOM, S
MOAYHUTCS BOT TAKAG |\ \\}
POPMY AUPOBKA?. ==

CAMO CAOBO “TENAOTA” BCEMAA
MOAPAZYMEBAET NEPEAAUY.

tumn/ MOrOAUTE-KA.

\

A 2TO U BYAET HAWA
CAEAYHOWAG TEMA!

MOHATHO, 41
4TO TEMAOTA Sl
U PABOTA - 3TO s
POPMbI MEPEAAHU
DHEPMUU. HO KAK OHU
C893AHbI APYT
C APYIOM?

OsA 3TU NOHATUS
O3HAHAOT
NEPEAAHY ZHEPIUU [




CMEUKYPC KATO-KYHA. AEKUMKS 3

Ecnm npepcTaBuTh Neppoe Hadano TEPMOAMHAMUKY B BUJI€ YPABHEHU:A, MBI TI0-
Ty4nM:

Uy -U,=Q+ W

W3 sroro ypaBHeHNUs BUJJHO, YTO IIPU Il€pexofie U3 COCTOSAHNUA A B cocTossHMe B
IpypalleHre BHYTPEeHHEN dHepruu cucteMbl paBHO Uy — U, U €ro MOXKHO pac-
CMaTpUBaTh KaK CyMMYy pabOoTbI BHEIIHMX il W U IlepeaHHOl CHCTeMe TeIlIo-
T Q. KpoMe TOro, 310 ypaBHeHMe NOKa3bIBaeT, YTO CyMMa pPabOThI BHEIIHIX
CHUJI M TIEPEJAHHON CUCTEME TEIUIOTHI He 3aBYICUT OT IIyTH IIpOLiecca.

Tenepp nono>xum, 4to A u B — oueHb 6muskue cocroanus. HuuroxHo mMasnas pas-
HOCTb BHY TPEHHIUX SHEPIUII MOXKET OBITD ITpeCcTaB/IeHa CIEAYIOMM 00pa3oM:

U, - U, =dU.

C [pyroit CTOpOHBI, IIPEAIIONOXKNB, YTO PabOTa U TEIIOTA TOXeE SAB/IAIOTCSI HUY-
TOXXHO MaJIbIMU BeM4IMHaMMy, 3amuiieM nx Kak d' W u d'Q. Obpatnurte BHuMaHne,
4TO /1A 0003HAYEHVSI HUYTOXXHO MaJIbIX 3HadeHut W u Q UCHonb3yeTcs 3HaK
d', B ormnuane ot dU. [leno B Tom, uto U sABnsAeTca QYHKIME COCTOSHMUS, 1O-
3TOMY HUYTOXXHO MajIyIo BemndnHy dU MOXKHO BBIPasUTb KaK Pa3HOCTb 3Hade-
HUIT QYHKIMM B ABYX TOYKAX, PAaCIIONIOKEHHBIX JOCTATOYHO OIM3KO PYT K APY-
ry. Takum o6pasom, dU - at1o nonubiit auddepennnan. Ognako uu W, Hu Q He
ABNAITCA QYHKIVAMYU COCTOSIHVSA, IO9TOMY COOTBETCTBYIOIUE M HUYTOX-
HO MaJsible BeIMYMHBI He sB/IAI0TCS onHbiMu aruddepenimanamn. CriegoBarenb-
HO, dU - nonueiit guddepennunan, a d'W u d'Q - HeT. 3anucsiBas ypaBHeHue
Up - Uy = W+ Q 1A HUYITOXXHO MabIX BeTNYMH, IOy dMM:

dU=d'W+d'Q

Kax Bupgyre, Hu paboTa, HM TEIUIOTA He AB/IAIOTCA CaMy 1O cebe momabMu audde-
PeHIManamMy, HO B CyMMe JJAIOT IOMHbLA fuddepeHIan BHY TpeHHE SHEPIVMA.

CMEUKYPC KATO-KYHA. AEKUMKS 3



25 0NbIT AXOYA4

2TOT OnbIT HAFAGAHO
AEMOHCTPUPYET
€833b PABOTDI
U TENAOTLI!

B EMKOCTb BCTABAEHA
PYYHAS MELLIAAKA,
HA OCb KOTOPOI
HAMOTAHA HUTD.

it

ECAU Mbl OTIYCTUM
rey3pl.

CUAbl TAXECTU OHU

u3-3A TPEHUG,

.TO 04 AEUCTBUEM

HAUHYT OMYCKATbCY,
MnPUBOAG 8O BPALLEHUE
AOMACTU MEWAAKU. BOAA
8 EMKOCTU, NEPEMEWLBAGCD,
BYAET HAMPEBATbCS

ou!
3TO EWE utO?

rpy3
AOMACTH

_LILI 1]1 JRa

1

OsOPY AOBAHUE
ANAG OIbITA AXOYAS.

EMKOCTb C BOAOW UMEET
TENAOHEMPOHULAEMYIO
CTEHKY.

i

HEYXEAU TEMMNEPATYPA
BYAET MOBbIWATLCSA
TOAbBKO U3-3A 8PAWEHUG

AONACTELR

KOHLIb! HUTY HAMOTAHbI HA
LKUBbI, KOTOPBIE BPALLAKOT-
C4 1PY OMYCKAHUMA TPY30B.

W . AN

kY

{

AA. 8 AAHHOM OINbITE 2TO
BO3MOXHO MOTOMY, HUTO
NMPEAOTBPALIEHDI AtOEDLIE
YTEUKU TEMAOTDI

TEMMEPATYPA
804bl MOBbLIWAETCA
8 PE3YALTATE PABOTDI,

e KOTOPYHO COBEPWAET
AEUCTBYIOWAG HA PY3bl
CUAA TIXECTU!




PABOTY, KOTOPYHO COBEPWAET

A\ 8 EMKOCTU, OBO3HAUUM BYKEOU W,

BHEWHIG CLUAA HAA BOAOU

PABOTA

8

NMOTEHUMAABHAS SHEPT UG TPY3A

MPEAMNOAOXUTb, UTO

COBEPIEHHAG PABOTA W
U MOTEHUUAABHAG SHEPIUG,
YTPAHUEHHAG MPY3AMU,

MOXHO

UAEAABHOM CAYUAE

OKAXYTCG PABHDI

ANAG 3TOMO CAYUAG
MPLUPAWEHUE
TEMMEPATYPbI 8OADbI

AT

3ArUCbIBA-

ETCI 80T
TAK.

MONPOBYEM AOBUTbCA
TAKOIO XE U3BMEHEHUG
COCTOGHUSG, YEPAB TEMAO-
HEMPOHUUAEMYHO CTEHKY

U coosuuB BOAE
TEMAOTY.

3AEKTPOHArPEBATEAbBHbIN
NPUBEOP

KOAUHECTBO TENAOTDHI Q,
NEPEAAHHOE U3BHE
BHYTPb COCYAA, BYAET
MPONMOPULIOHAABHO YBEAU-
HEHUKO TEMMEPATYPDI

A UTO TAKOE C?




c - 2TO0
TEMNAOEMKOCTD!

TO ECTb
KOAUHECTBO TENAOTDI,
HEOBXOAUMOE AAG

>

TEAA HA OAUH MPAAYC.

NOBbIWEHUG TEMMEPATYPDI

TEMNAOEMKOCTb

4+

HA 3TOT
PA3 C.. !

ECAU MPUHITb MACCY
TEAA PABHOU m, TO,

MOXHO 3AMUCATb

C =cm

MOCKOAbKY TEMNAOEMKOCTb C
MPOMOPULIOHAABHA MACCE,

KOAM4ECTBO TEMAQTBI, HEOBXOAUMOE AAG
MOBBILLIEHM] TEMMEPATYPbI HEKOETO TEAA HA 1K

YAEABHAG
TEMNAOEMKOCTb C -

3TO KOAUHECTBO

HA 1 MPAAYC.

TENAOTbI, HEOBXOAUMOE,
HTOEBbI NMOBbICUTL TEMMEPATYPY
EAUHULI MACCDI BEWECTBA

LUCroAb3Y4a 8 OAHOM
CAYHAE MEWAAKY,
8 APYITOM - SAEKTPOMNAUTKY,
Mbl OBA PA3A MOAYHUAU
OALUHAKOBYHO TEMMNEPATYPY!

Y AEAGHAS TEMAOEMKOCTD:

KOAMMECTBO TEMAOTBI, HEOBXO-
MMOE AAG NOBBILLEHKS HA 1K

TEMMEPATYPbI TEAA BECOM 1 KT

OsO3HAHUB MPUPALEHUE
BHYTPEHHEL SHEPIMUU KAK AU,

MOAY HUM:
w=Q =AU

3TO HA3DIBAETCG
IKBUBAAEHTHOCTLIO
TEMNAOTbLI U PABOTDLI!

“~ U TENAOTA, U PABOTA

BHYTPEHHEL SHEPIULL

/

8 KOHEUHOM CHETE 1 KAA =H 194X,
CTAHOBATCA MPLIPAWEHLEM 370 TAK HA3LIBAEMbIVI MEXAHHHECKI
OdrO T XE SKEHBAAEHT TEMAOTHI

CMEUKYPC
MACYHATH

Y AEAbHAG TEMAOEMKOCTb BOAbI

B 3KCMEPUMEHTAX NOAYYEHA Y AEABHAS
TEMAOEMKOCTb BOABI, PABHAS MPUBAY-
3UTEABHO 4,190 AX/(KTK). PAHEE OHA
BbIPAXAAACD B KAAOPHUSX (KAA).

1 KAAOPUS - 3TO KOAMHECTBO TEMAQTBI,
HEOBXOAMMOE AAS HATPEBAHUS OAHOTO
PAMMA BOAbI HA 1K.

COOTHOLLIEHKE KAAOPYI U AXOYAER:




2.6. KBA3UCTATUHECKUE
NMPOUECCDHI

Mypasma, MHe Ka’keTcs, Topa NepeKyCUThb!

¥Yx to1! Criac60! Hazo ke, ofaH... mocpenu 6ema fHs?..
HosonbHo Tepnkuit BKyc! M Bcé-Taku s moem.

I[TpocTo mpe3upeHT KIy6a Kak-To 0OMONIBIMIACD: «X04y BKYCHEHBKOTO OfioHa!»
BorT s ero xak-To Mexny fienoM u npurotosui. He ysepen, mpasjja, 4To BBIIIIO
XOpOMIO...

A, AmHO... S mmuTalo, Mo NOTyINU/IOMb 3aMellaTenbHO!

OH rops4nit — OCTOpPO>KHelt, He 000XKTHCB!
ITo mpaBpe roBOpsA, OyeT BKyCHee, eC/IM MOCTAaBUTDb €r0 C Bedepa OCThIBATh B
IIMHAHOM ropuuke. Torya 6y/IbOH Kak cleflyeT HaCTOUTCA.

9TO Tl BEpHO TOBOPUIID!
KoneuHo, 0f13H TeM BKyCHee, 4eM JTy4qllie OH HaCTOUTCA.

Touyno. CoBceM Kak B TepMofHaMuKke!..

Yro-0? Havanu ¢ mepekyca — 3sakaHYMBaeM TePMOJMHAMMUKON ¢!

Tak yx momyyaercs...

2.6. KBASUCTATMYECKME NPOLLECCHI




T Qu3suueckoe meno

T -
Tennosoti Hemnozo chusum memnepamypy — IIpoxodum docmamouro
pe3sepsyap mennosoeo pesepsyapa MHO20 8pemeHU

Huumoxno manvie memnepamypHoie UsMeHEeHUA, NPU KOMOPHX
coxpangsemcs cocmostue, 6nu3koe x mennoeomy pasHosecuio

PaccmoTpuM, K IpUMepy, CIy4ail MeJIeHHOTO OX/TaXjeHNs PU3NUECKOro TeIa.
i CHauajia IOMeCTUM IaHHOE TeJI0 BHYTPb €éMKOCTH, OfIHA U3 CTEHOK KOTOPOI1 AB-
A/ gercsa RUATepMUIECKOM (CTEHKOIT, IPOBOAIEI TEIIO).

Ara... To ecTb CTE€HKa, KOTOpaA IIpOBOANUT TEII/IO, Ha3bIBA€TCA ,I[MaTepMI/I‘IeCKOI?I.

Bro6aBok MoAroToBMM OYeHb OOBIION pe3epByap, HAIIOJTHEHHbII BOJOI TeMIIe-
parypsl T, 1 mpuBeféM ero B KOHTAKT C AMATePMUYECKO CTeHKO €MKOCTH, COTep-
>Kameit Teno. Ilo mpomecTsuy HEKOTOPOro BpeMEHN MEX[Y TE/IOM M BOJOM yCTa-
HOBUTCS COCTOSIHNME TEIVIOBOIO paBHOBecCH:. Tak KakK BOIBI B pe3epByape MHO-
ro, €€ TeIIOEMKOCTD Oy/ieT Be/MKa M MOXKHO CUUTATh, YTO IIPY Ilepefiade TeIIOThI
OT Tefa K BOfie TeMIepaTypa Boabl T MeHATbCA He OypeT. 1o jocTiokeHun Tero-
BOTO paBHOBeCHUS TeMIlepaTypa Tela ToXe cTaHeT paBHa 1. B aToM cydae 60mb-
1071 06'bEM BOZIBI VICTIONIHAET PO/Ib TENIIOBOTO pe3epByapa, Win pesepBya-
pa TeMmepaTypH.

B camom piernte, TennoBoit pesepByap.

Terepb NOHM3NMM TeMIlepaTypy 3TOro pe3epByapa oT 1 10 4yTb MEHbIIEro 3HaJe-
Hua T Ilo npouecTBuM HEKOTOPOrO BpeMeH! TeMIIepaTypa Tejla TOXe JOCTUI-
HeT T'. HeomHOKpaTHO MOBTOPAS 9TOT IMPOLECC, Mbl MOXKEM M3MEHSATDb TeMIIe-
parypy Tena, Ipu 9TOM COXpaHsIA COCTOSHME, OMM3KOe K COCTOSHUIO TEIIOBOTO
paBHOBeCHUsA. ITO Ha3bIBAETCA KBASUMCTATUIECKUM IIPOIECCOM.

YcnoBusa KBa3sMCTaTUIECKOro mpomecca:

MsMeHeHMe COCTOAHMA CHCTEMH NpeAcTaBaseT co6oif mocmegoBa-
TEeIBHOCTH COCTOAHMI, 6€CKOHEYHO OMM3KUX K COCTOSAHUIO TEMIO-
BOTO paBHOBeCHA.

IlocnepoBaTeNbHBIE COCTOAHMUSA, U3 KOTOPHIX COCTOMT IYTh HmpOLEC-
ca M3SMeHEeHMUA, MOTYT OHITh BOCIPOM3BEAEHH B 0OpaTHOM HOpPAAKe.
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¥ @5%! (Hsam, nam...) Kpome Toro, mpoiieccel, He ABISAOIMECS KBa3UCTaTUYECKIMY, Ha-
PN

3BIBAIOTCSA HECTATUIECKUMMU. (Hsam, Ham...)

XM... CaHCall TOXKe pelnyI IEPEKYCUTD...
Ho Bemp aTu KBasucTaTM4ecKue MpoIecchl JOKHBI 3aHMMATh HY 0-0-O0YeHb
MHOTO BpeMeHM!

Ha, mosTomy B npupofie oHu HepeanusyeMmbl. OfHaKO B TepMOIMHAMMKE MHOIZA
IpuOeraT K UX IOMOILY, TIO3TOMY 3aIlOMHU 3TO OIpefieneHme!

[IpaBAa, TYyT HY)XHO y4eCTb OIHO OOCTOATENbCTBO. [le0 B TOM, 4TO He BCAKMIA
MeJJIEHHO NPOTEKAIOLVI IIPOLIECC ABAECTCA KBa3UCTaTUIECKMM.

YTO THI XOUEIlb STUM CKa3aTh?

Hamnpumep, ecny npuBecTy B KOHTAaKT METAJUIbI C PasIM4HONM TEMIIEpATYPOIi, TO
10 IPOWIECTBUM JJIUTEILHOTO BPEMEHM IIPOU3ONMIET Iepefiadya TEIIOThI U yCTa-
HOBUTCSA TeIIOBOe paBHOBecHe. IlogoOHas nepefaya Temia OT Tela C BHICOKOI
TEMIIEPATYPOII K TENTYy C HU3KOI TEMIIEPATYPOI1, He COMPOBOXKAAIOIIAACA IIEPEHO-
COM MaTepui, Ha3bIBAETCA TEMIOMPOBORHOCTHIO. [IpuTOM B CTyyae KOHTAK-
Ta IBYX METaJUIOB IIPOLecC Iepefiadl TeIUIOThI IPOTeKaeT OueHb OBICTPO, a, Ha-
IpuMep, B CJTy4ae KOHTAKTa IVIACTMKA U BO3JIyXa — HA000POT, OUeHb MeJTIEHHO.

Hy xoHEeYHO — MeTasUIbl XOPOLIO IPOBOAAT TEIIO!

Ara. ITocKOo/IbKY CKOPOCTD Ilepefiaul TeIlla B ABJIEHUM TEIJIOIPOBOJHOCTH OIIpe-
JieTsIeTCA CBOJICTBAMMY BEllleCTB, TO, BBIOPAB IIOAXO/AIINE BeleCTBa, MOXKHO Cie-
JIaTb TaK, YTOOBI IIPOLiecC LIET OYeHb MeJIEHHO.

OpHako Tak KakK TeMIIepaTypbl COIPUKACAIOLINXCA Te/l HEONMHAKOBBI, OT COCTO-
AHMA TEIUVIOBOTO PaBHOBECKs OHM BeCbMa Jja/leKi; KpOMe TOro, BOCIIPOM3BECTHI
npolecc B 06paTHOM IOPsifiIKe HEBO3MOXHO. VIHBIMM CTIOBaMU, MOXKHO CKa3aTb,
4TO 3TOT NpolLiecC He ABJAeTCA KBasucTarudeckum. Ipouecc TennonposogHocT
MOYKHO CUUTATh KBa3UCTATMIECKUM TONIbKO B CIIy4ae, €C/IM PasHUILY TeMIlepaTyp
IBYX TeJl pacCMaTpUBaTh KaK 0€CKOHEYHO MaJIyIo.

SHa‘II/IT, B p€a/IbHOCTHU KBa3UCTaTUIECKUI mpounecc HEBO3MOYKEH?

Hy na, BoT Tak nony4aercs!




2.7 TMAPOCTATMYECKOE AABAEHME

A ceiiyac MbI paccMOTpUM KBa3MCTAaTUIECKOE N3MEHEHNE 06 béMa TE/a, NCIIbITbIBAIOIIIC-
T'O TUAPOCTATMYECKOE NaB/IEHNUE.

KBasucraTudeckoe usMeHeHMe 06BbEéMa B YCnoBUAX
TUQPOCTATUIECKOIO NAaBICHUA

Bsrianem Ha pucyHoK. O603HauMM IJIOMIAb 97IeMEHTAPHON IJIOMAKY TOBEPXHOCTH
Tena Kak do, a HUITOXKHO Majioe IepeMelileHie BAOIb HOPMaJu, HAIPaBIeHHOIT OT MOBep-
XOCTHU HapyXy, — KaK dn. DTa sJieMeHTapHasl IUIOMIA/IKa do UCIIBITBIBAET BO3/EIICTBIE CH-
bl pdo, HalpaB/IEHHOI V3BHE BOBHYTPb; KPOMe TOTO, OHA IIepeMelllaeTcsl Ha pacCTOsTHIe
dn B HampaBleHNUU, TPOTUBOIONIOXHOM HANPABIEHNUIO eNCTBUS 3Toi cunbl. CaenoBa-
TE/IbHO, paboTa BHEIIHEII CUJIbL, JeVICTBYIOIEll Ha 9Ty 3JIeMEHTapHYIO IUIOLIAJIKY, BbIpaXka-
eTcs Kak -pdodn. [IpouHTerpupoBas 1o Bceil IOy TOBEPXHOCTH, IONTYYUM

JW:—/MMWLm/wm:—MV

371ech MBI UCIIONIB30BA/IM C/IEAYIOLINE TTONOXKeHMs. Bo-TIepBbIX, laB/IeHNe p BO BCeX TOYKaX
MIOBEPXHOCTH TeJIa OfMHAKOBO. BO-BTOPBIX, IPOM3BeieHNE IIIONIAN do 31eMEHTAPHOI ITO-
QKM Ha eé IepeMelleHNe dn paBHO HUYTOXXHO MajIoMy IIpupatieHnio oovéma dV.

OCHOBBIBasSICb Ha 9TOM, TIEPBOE HaYa/I0 TeEPMOANHAMNKY B auddeperunanbroit popme,
dU = d'Q + d'W, MoxXHO nepenucaTb I CIy4as TUAPOCTaTUYECKOTO JaBIeHNA:

dU = d'Q — pdV.

HOCKO}IBKY c1y4an ¢ TUAPOCTAaTUYIECKUM [aBJI€HNEM B TEPMOANHAMUKE pacCMaTpuBa-
I0TCA 94aCTO, MbI 6y,ueM MCIIO/Ib30BATb 3TY ('I)OPMYIIY nB JIa}IbHeI;[I.HeM.
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2.8. Y AEABHAS TEMAOEMKOCTb

Ecmu Teny usBHe coob1aeTcs TEIIOTa, TO €ro TeMIeparypa MeHsercs. TemmoéMKoc-
THIO Ha3bIBAETCs KOMNYECTBO TEIIOTHI, HEOOXO/MIMOE Ji/IsI HOBBILIEHVS TeMIIepaTyphl Tela
Ha efiuHMULY. TennmoéMKOCTb, MpUMEHMMAas K e[HILIE MACChl, Ha3blBaeTCs Y eNbHOM Te-
nn0EMKOCTHI0. UTOOBI yIPOCTUTh 0OBACHEHNE, PACCMOTPUM BellleCTBO, Macca KOTOPO-
ro paBHa efuMHuUIle. B TakoM ciydae yhenbHas TEIIOEMKOCTD U TEIUVIOEMKOCTDb OyAyT paB-
Hbl. O003HAYMB KOJIMYECTBO TEIUIOTHI, IIOCTYIIAIONIee K 9TOMY Teqy, Kak d'Q, MoxxeM 3amm-
CaTh YZITbHYIO TeII0éMKOCTh C cefyomuM ob6pasom:

dQ
dT
3amnmucas, COIJIACHO NIEPBOMY Haday T€PMOJVHAMMUKI,

dQ = dU + pdV,

IIPEAIIONIOKUM, YTO MBI MOXKEM IIPOM3BOJIBHO YIIPAB/IATH TeMiepaTypoit T u o6bpémom V.

ITapameTpsl, 3Ha4eHNMsA KOTOPBIX MOYKHO YCTaHAB/IMBATh IPOM3BO/NIbHO, HA3bIBAIOTCA HE-
3aBMCMMBIMHM mapaMeTpaM¥u. COCTOSHME TEIVIOBOTO PABHOBECHA Teja OIpefernsaeT-
cs1 BBIOOpOM 3HAUeHMII 3TUX ABYX IapaMeTpoB. [I0CKOIbKY faB/ieHNe M BHY TPEHHsS 9Hep-
rus — GYHKUUYU COCTOSTHMS, MOXKEeM paccMaTpuBaTh ux kak ¢pyHkuym T u V. B Takom cry-
9ae MOXXHO 3aIlVCaTh:

p=p(T,V), U=U(T,V).

3anumeM nonHbi fupdepennyan ot U kak

oU oU
U= |22 T 7 174
d <0T>‘,d <8V>Td '

[MopcraBmsas aTo B mpuBeféHHOeE BhIlle YpaBHeHMe d'Q = dU + pdV, nonyunm:

. (oU oU
dQ = <8T>VdT+{<8V>T+p}dV.

Pasgenus o6e yacTu ypaBHeHVA Ha dT', HaliIEM yIeNbHYIO TEIIOEMKOCTD C:

oUu ou dav
C=|==| H|z=| +pl|°=
[ ()T ]V [[ dV ]T p}[ dT ]u;umh nyTH npouecca
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3nmech
L
ar

]nmmh NyTH Nponecca

OTHOILIEHVe M3MeHeHNsA 00'béMa K MI3MEHEHMIO TeMIIepaTypbl B pacCMaTpuBaeMOM IIpolLec-
ce, 3aBuUCALIee OT 0COOEHHOCTeN KOHKPeTHOro mporecca. CeoBaTe/IbHO, yAe/lbHas Te-
I7I0EMKOCTD 3aBUCUT OT ITpoliecca. PaccMOTpUM HECKO/IBKO KOHKPETHBIX NIPOLIECCOB.

- W30XOPHbIN NPOLECC

[Tpouecc, B KOTOPOM 00BEM COXpaHAETCA IOCTOSHHBIM, Ha3bIBA€TCSA M3OXOPHEIM,
MIM M30XOPHMIECKHMM, IPOLECCOM. B fanHOM ciydvae yhenbHas TEMIOEMKOCTD Ha-
3bIBaeTCA M3OXOPHOM Y[ eNbHOM TenNMOEMKOCTBIO. [Tockombky dV = 0, 130XOpHYIO
YOENbHYIO TeINoEMKOCTb C;, MBI MOXKEM 3aIMCaTh KaK

oo = (%

ar ),

- W30BAPHbIN MPOLECC

IIpomuecc, B KOTOPOM fiaBjIeHNe COXPAHSETCS IOCTOSIHHBIM, Ha3blBaeTcsi U306 apHEIM,
Uy u3so6apuveckuM, mporeccoM. B stom crydae yzenbHast TEIIOEMKOCTD Ha3bIBa-
eTcsi M306apHOI yAENIbHOM TemI0&MKOCTBIO. Torsa oTHOIIEH e M3MeHeHMsA 00béMa
K I3MEHEHUIO TeMIIepPaTyphl

av (ov
dT oT ),
BBIpa)KaeTCs B BUJIe YaCTHOI MPOM3BOJSHOIN IpU MOCTOAHHOM p. E€ MOXKHO HaliTu, mpo-

mnddepennnposas ypaBHeHne cocrossuus p = p(7T, V) mo T npu nocrosHHOM p. Takum
o6pasoM, n3obapHas yienbHas TEIIOEMKOCTD

C_8£+a£+ al
v~ \or), " \av), " Pflor)

- e {(50), 2} (7).

MO>KeT OBbITh IIpeacTaBjI€Ha B BUE CYMMbI I/I30XOPHOI7[ YHeHbHO]Z TEeNI0OEMKOCTU U JOIIONI-
HUTEIbHOI'O YICHA.

]Bnunh MYTH Npouecca
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- W3O0TEPMUYECKWIA NPOLECC

ITporecc, B KOTOpOM TeMIIepaTypa COXpaHAETCs IOCTOSAHHOI, Ha3bIBaeTcs M3OTEPMMU-
9eckuMM (M30TepMHEIM) IIpoleccoM. B stom ciyuae, nockonpky dT = 0, yienbHyo
TenI0EMKOCTD paccMaTpuBaTb HENb3A. HPI/I 9TOM HUYTOXHO Ma/Io€ KOJINYECTBO TCIIIOTHI,
co001IIaeMoe CIUCTEME,

. ((oU
=), e

OyzieT PONOPIMOHATIBHO HUYTOXXHO Ma/IOMy M3MEHEHMI0 00bEMa BelljecTBa.

AAMABATUYECKIV MPOLLECC

B cny4ae agmabaTugeckoro (aguabaTHoro) mponecca d'Q = 0, u yaenbHas Te-
IJIOEMKOCTb CTAaHOBUTCH paBHOI7[ HYJIIO. COOTBeTCTBeHHO, BbBIITIO/THACTCA cnenylomee YCTIO-
BUE:

o = (22 422 o) .
()T Vv (')V T # dT BIOME ITYTH NPOIECca

_C+[@]+ [ﬁ
= v Nav ). [\ar

]nﬂo)lh MYTH IPOLEcca
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29. CBOBOAHOE PACIWWPEHUE WAEAABHOIO T'A3A

UTAK, 8 TEPMOAUHAMUKE
CYWECTRYOT TAKUE MOHATUYG, Y/
KAK ZHTPONUG, ZHTAAbMUS..

SHTPOMUSG...

~OBPATUM 8HUMAHLIE £ T
HA 3Ty I :--‘IA ......
BEAUHUHY,

UTO BYAET
8 CAYUAE, ECAU
OHA PABHA O?

Hy-C!
MYPAGMA-KYH!
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UTO BYAET, ECAU 3TA
BEAUHUHA PABHA OP

3TO KOraA
TEMMEPATYPA
MOCTOGHHA, A
BHYTPEHHAG SHEPIUG
HE MEHIETCI AAXE
nPU LUBMEHEHULI
OBBEMA.. TAK?

AA!l KPOME TOrO, 3TO
COCTOGHUE MOCTOGHCTRA
BHYTPEHHEL SHEPIUU, MPU
KOTOPOM LBMEHEHUE OBBEMA
HE NPUBOAUT K U3MEHEHUO
TEMMEPATYPLI

XOTG MHE KA3AAOCD,
HTO TEMMEPATYPA
AOAXHA 3AMETHO

USMEHATBbCAG..

PA3BE MMPU PACWLPEHLIL
FA3A EFO TEMIMEPATYPA
HE MOHUXAETCG?

HO AABALU OBECMNEHUM
L MOCTOGHCTEO GHYTPEHHEL]
®o SHEPMUU U MOCMOTPUM, KAK
v LU3MEHUTCS TEMMEPATYPA

.y fPU U3BMEHEHUL
EMAOBOE ABM- .
XEHVE MOAEKYA OBDEMA.

U
YBEAVYEHUE
OEbEMA

8 MPUHUUNE Tbl
PACCYXAAEUWD
AOUHHO.

OBPATUMCS K OrbiTY
FEU-AIOCCAKA - AXOYAQ/

BO3bMEM ABE EMKOCTU
C TEMAOHENMPOHUUAEMbBIMU
CTEHKAMLL

OMBIT FEA-MOCCAKA - AXOYAS

OAHY HAMOAHUM FA30OM.
8 APYIOU CO3AAAUM
BAKYYM,

ool

A

ABA 3TUX
cocYyAn, A U 8,
COEAUHEHDI TOHKOU
TEMAOHENPOHUUAEMOU
TPYBKOU C KPAHOM.

U3SHAHAABHO OH
3AKPDBIT. A UTO
BYAET, ECAU EIO
OTKPbITb?

HABEPHOE, MA3
MOCTYUT U3 EMKOCTU A
8 EMKOCTD 8,

A 3ATEM MOCTENEHHO
YCTAHOBUTCG
COCTOGHUE
PABHOBECLY,




UMEHHO!

BAKYYM # R ERERN
3TO HA3bIBAETCA

Y
C80BOAHDLIM
PACWUPEHUEM FA3A/

OTAULHO. TEMEPL - TEPMOMETP I
OMPEAEAUM HAHAABHYO
U KOHEUHYHO TEMMEPATYPY .s DR A I B
FA3A 8 XOAE 3TOrO - ZE s
MPOUECCA. [A3 ~° [A3 BHYTPEHH49 \ i \¥
- A .- B SHEPTUY e« W
SAECH MOCTOSHHA

g XOUY OBPATUTb BAWE
BHUMAHUE HA TO, UTO
BHYTPb EMKOCTU U3BHE
HE NOCTYMAET TEMAOTA
U HAL EE COAEPXUMbIM
HE COBEPWAETCG
PABOTA,

|
TEMAOHETIPOHHLIAEMAS
CTEHKA

80T KAK..
2TO 3HAHUT, UTO MPU TAKOM
USMEHEHUU COCTOGHUG
BHYTPEHHAG SHEPIUG
HE UBMEHIETCS!

8 OrbITE CO cBOBOAHbLIM
PACWLIPEHLEM FA3A 8 BAKYYME
MOXHO CYWECTBEHHO 3AMEAAUTD
MPOUECC - ECAU CAEAATD TPYBOWKY,
COEAUHGIOWYHO ABE EMKOCTU,
AOCTATOHHO TOHKOU.

MOPUCTBIA MATEPUAA

ECTb U APYIOU BAPUAHT:
3AMOAHUTD TPYBOUKY
MOPLICTbIM MATEPUAAOM,
MAOXO MPOMYCKAOWUM BO3AYX.
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O COCTOGHUU TENAOBOIO
PABHOBECUSG 3AECb FOBOPUTb
HE MPUXOAUTCY, MOCKOAbKY
AABAEHUE HE OAHOPOAHO.

A B

AABAEHVE — AABAEHUE
)] [(B)

' - DABHOBECYE CYIA B MPOLIECE
- -PACILIPEHYS HE COYPAHSETCS =
<L HET-TENAOBOFO PABHOBECYS

LB oAt Y
“““““ Jee s . NOCKOAbKY :
....... AABAEHNS...| | AABAEHNS..

3TOT NPOUECC
HE MOXET rouTU
8 OBPATHOM MNMOPIAKE,
KB8A3UCTATUHECKUM
OH HE 9BA9ETCI/!

---------------- MPOUECC UAET TOABKO
oottt 8 OAHY CTOPOHY. (MPOUECC

,,,,,,,,,,,,,,,,,, HE KBABLCTATUHECKULD . . .

UTAK, PE3YALTAT f %/ <L A L) B
OnbITA! \/ @ [
(G - BHYTPEHHSY SHEPTM4 NOCTOSHHA.

8% - OBbEM YBEAMMUBAETCY.
= WBMEHEHWE TEMMEPATYPbI
HU4TOXHO MAAO.

" UBMEHEHUG TEMIMEPA-

TYPbl PASPEXEHHOIMO FA3A
HE3HAHUTEAbHDI. HEM BOAEE
PA3PEXEH A3, TEM MEHDWE
MEHJIETCG TEMIMEPATYPA.

A CEUHAC NOAYMAEM
O CcBOBOAHOM
PACWUPEHULI
AEA/\bHOFO FA3A.

M-M...
UAEAABHOIO

/ HY AA. BEAD UAEAAD-

Hbll FA3 - 3TO MOAEAb,
UAEAAUZUPYIOWAG CBOLICTBA
PA3PEXEHHOIMO MFA3A.

CEUHAC OBDICHIO BO BCEX
NnoOAPOBHOCTAX!




2.0. ELLE PA3 O CBOBOAHOM PACIWMPEHMN MAEAABHOTO TA3A

Mpb1 BBIACHUIN, YTO U3SMEHEHNE TEMIIEPATYPbI Pa3pE€KEHHOI'O ra3a, u3MepAEMO€ B X0O-
ne omnbiTa lei-JIroccaka — JIXoyis, 04eHb Majlo, XOTA Ha IEPBbI B3IJIAN, MOXET IT0Ka3aTh-
CA, 9TO TEMIIEpaTypa JO/IKHA 3HAYNTETIPHO CHU3UTDCA. HaBepHHKa MHOrme Cabiuiaan, 4To
IIpy paclIMp€HNN ra3a €ro TeMieparypa IoHM>XaeTcCA. Tem He MeHee PpE€3ynbTaThl OIIbITA
TOBOPAT O TOM, UYTO M3MEHEHME TEMIIEPATYPbI pa3pEe>KEHHOI0 I'a3a IIpu CBO6OI[HOM pacumn-
peHMM KpajiHe HE3HAYMTEIbHO.

A teneps paccMoTpuM CBO6OZHOE pacIIMpeHMe MAEaTbHOro rasa. [[0CKOIbKy
UJieaIbHBII I'a3 — 3TO MOJieNb, UJieaNN3NPYIOIas CBOMICTBA PAa3peKEHHOTO ra3a, Mbl IO~
TpebyeM, 9YTO6H OFHMM U3 €ro CBOMCTB GHIIO IMOMHOE OTCYTCTBME MSMEHe-
HUJ TeMOepaTyps IpU CBO6GOAHOM pacmIupeHUN.

IIpobxa y6pana. [Ipowino docmamouno épemeHiu.

B A B

BAKYYM »

NPOBKA

Onmnr leit-JIioccaka - JIxoyns

Kak TOBOPUJIOCH BbIIIE, MATEMATUYECKN 3TO BbIPpAXKAa€TCA TaK:

oU
(Wl -

IToncraBuB aT0 B ypaBHeHue /1 d'Q, 3ammcanHoe ¢ ucnonb3oBanyeM dT u dV:

. (U oU
dQ‘(a—T>VdT*{<W>T”}dV’

HOY4MM CIeRyIoliee:

dQ = CydT + pdV .

2. NEPBOE HAYAAO TEPMOAMHAMUKH



Bo3bméM 1 mpuMepa 1 MOZIb Mjea/IbHOTO rasa. YpaBHEHNe er0 COCTOSHIMA —
pV = RT,
rzie R - yHuBepcanbHas ra3oBasi nocrosinas. [Ipoguddepenunpyem sto ypaBHeHme:
Vdp + pdV = RdT.
Vcnonpays ero ans uckmodenus dV us ypasHenus d'Q = C, dT + pdV, nonyunm

dQ = (Cy + R)dT — Vdp.

TermoéMkocTp 1 MOJIA BellleCTBA HAa3bIBAeTCS MONSAPHOM TeNNMOEMKOCTHIO. Tak Kak
ceffyac Mbl paccMaTpuBaeM 1 MOb upieanbHOro rasa, To C, OyneT U30XOpHOM MONAP-
HOM Tennmoé€MKoCcThI0. OueBIUIHO, YTO, IOCKO/IBKY B M306apHOM mpouecce dp = 0, u3o-
6apHas MonsApHas TennoémMKkocTh C, paBHa

Cp:CV+R.

9To Tak Ha3bIBaeMoe COOTHOmMeHue Maitepa.
Ecmu paccmarpyBath afjabaTideckoe M3MeHeHMe Miea/IbHOTO Ta3a, TO, MOCKoNbKy d'Q = 0,
IOy 9MM:

C C
0= CydT + pdV = 2pdV + LV dp.
R R
3pech mbt ucnionbsosanu RAT = pdV + Vdp u C, = Cy, + R. Otcrona crefyet, 4to
C,dvV d
Cv V. p

O603Ha4MM OTHOIIEHME M300aPHOIT MOJISIPHOI TEIUIOEMKOCTY K M30XOPHON MOJISIPHON
TEIIOEMKOCTY IpedecKoii OYKBoil Y. Y Hac MOMyYUTCS Caefyolee:

c, R
_ % B
o, oy

CunTtas y KOHCTaHTOII ¥ IIPOMHTETPUPOBAB JIEBYIO U IIPABYI0 YacTy ypaBHeHus (*), mo-
TY4IMM:

Y

pV7 = const

9To cooTHOIIEeHNE HasbiBaeTca ypaBHeHNEM IlyaccoHa, uim ypaBHEeHNEM afmua-
6aTugeckoro mpomecca.

[Tockonbky n Cy, u R B Boipaxkernu C, = Cy + R - nonoxxurenbHble 4ucia, 10 p > 1. Ilo-
XKAITyIICTa, XOPOIIEHbKO pa3bepuTech B TOM, KaK MBI BHIBE/IY 3TO YPaBHEHUeE.

2.10. EWE PA3 O CBOBOAHOM PACLIMPEHUM MAEAABHOTO TA3A




TennoHempoHMIaeMas CTEeHKA — CTEHKa éMKOCTH, I3BHE KOTOPOJI HEBO3MOXXHO
OKa3aTb BO3JEICTBIE Ha €€ COflep>KMMOe, 3a MCK/IIOUeHNeM CITydaeB 1) mepesiBiKeHn
CTeHKM M 2) NepefBYDKeHNsA Teya, HaXOAILIerocs 3a IpefenaMy éMKOCTU U OKa3bIBao-
I[ero yAanéHHoe Bo3feiicTBMe. VI3MeHeHMA COCTOAHMSA, IPOUCXOAAIIe BHYTPU EMKO-
CTHU, OTPAHMYEHHOI TeI/IOHEIIPOHNUIIAEMOJ CTEHKO1, Ha3bIBAIOT aiuabaTM4ecKuM mpo-
L[ECCOM.

IlepBoe Hauano TepMoguHaMuku (popMynupoBka 6e3 MCIONB3OBAHUA
TENmAOTH) — 3aKOH, IJIACAIINIL, YTO IpU afuabaTdecKoM Iepexofe MmonHas pabora
BHEIIHNUX CVJI HaJl CUCTEMOJI 3aBUCUT TONBKO OT HA4a/JIbHOTO U KOHEYHOTO COCTOSTHMIL U
He 3aBJUCUT OT ITyTH IIpoIiecca.

BHyTpeHHAA sHeprua. BemrunHa paboThl, HEOOXOAMMOI A/ aAMabaTIIECKOro TIe-
pexofia CHCTeMBI 13 COCTOAHUA, IPUHATOTO 33 ONOPHOE, B 3aJJAHHOE COCTOAHNE Ha3bIBa-
eTcs 9Hepruen cocToAHUA. JacTb sHeprUM COCTOAHMA 32 BHIYETOM KMHETUYECKOI 1
TIOTeHIMa/IbHOI 9HEPTYM ITOI CUCTeMBI KaK eMHOTO 11e/I0T0 Ha3blBaeTcsl BHYTPEeHHEeN
SHepruei.

TennoTa: ecin U3 npMpaleHNs BHYTPEHHell SHepTUy CUCTeMbl B TI000M (B 0611eM
cmydae — HeaimabaTM4eCKOM) Ipoliecce BbIYECTb paboTy, HEOOXOAUMYIO I/ MpOBefie-
HMA PacCMaTpUBAEMOTO IIPOIeCca, TO OCTAHETCA TEIVIOTa, OMTydeHHasA CUCTEMON U3BHe.
IlepBoe Hagano TepmoguHaMuky (GOpMyIMpOBKa C MCIONB3OBAHMEM Te-
OOTH) — 3aKOH, IJIACSIINIAL, YTO IIPY M3MEHEHNI COCTOSHMS CUCTEMbI CYMMa HOTHOM
PaboThI BHEIIHUX CHJI ¥ TEIUIOTHI, TIOCTYNUBILEI MI3BHE, HE 3aBUCUT OT ITyTHU IIPOIiecca nu
paBHa IPUPAIEHNIO0 BHY TPEHHEN SHEPTUY CUCTEMBI.

OnHT J[)XOYAA — ONBIT, YKa3bIBAIOINIT Ha SKBUBA/IEHTHOCTD TeNNIOTH U paboTel. Co-
I7TACHO 3TOMY OIIBITY, MeXaHMYeCKUIl 9KBUBAJIEHT TeIIOTHI cocTapisAeT 1 Kan = 4,19 JIx.
KBasucrarudeckmit mpomecc — Takoe M3MeHeHUe COCTOSHMA CUCTEMbI, KOTopoe 1)
COCTOMT M3 TIOCTI/IOBATENLHOCTY COCTOSHMII, 0€CKOHEYHO O/MM3KMX K COCTOSHMAM Te-
IUVIOBOTO PAaBHOBECH; 2) JOIYCKaeT BOCIIPOM3BeieH)e B 00paTHOM Iopsfike (TO eCTb AB-
s1eTCsl 0OpaTUMBbIM).

Pa6oTa rUApPOCTaATUIECKOTO JaBAEHMUSA — IIPU HUYTOKHO MaJIOM M3MEHEHNI 00b-
€Ma B KkBa3ucTaTdeckoM nporecce d' W = —pdV.

Tennoé&mkocTh, yAenbHaA TEeNNMOEMKOCTh, MONAPHAA TeNNAOEMKOCTD. Tem-
JIOEMKOCTBIO Ha3bIBAeTCS KOMYECTBO TEIJIOThI, HEOOXOMMOe /ISl HarpeBaHMA Tela Ha
1 rpagyc. TenmoéMkocTh B pacuéTe Ha eAVHMUITY MAacChl Tela Ha3bIBAeTCA Y/e/NbHOM, a B
pacuére Ha 1 MOJIb BellleCTBa — MOJIAPHOI TEMIOEMKOCTBIO.

Onmur Teii-JIloccaka — J[)XKOYNA — ONBIT, IeMOHCTPUPYIOIUIL, YTO TeMIepaTypa
Pa3peXKeHHOTO Ta3a Ipy ero CBOOOIHOM pacIIMPeHNN MeHAeTCA o4eHb Mano. Vcxonsa us
3TOr0 BO3HMK/IO TpeOoBaHNe: BHYTPEHHAA SHEPIMA MealbHOro ra3a JI0/DKHA 3aBJCETh
TOJIbKO OT TeMIIepaTyphl.




FAABA 3

BTOPOE HAHAAO
TEPMOAUHAMUKU



HUKOIO HET,
HTO AUP.

B8CEM MPUBET/

KAK 8KYCHO

A G TAK CNEWUAA, XOTEAA NAXHET..

MEPEKYCUTb BMECTE
CO 8CEMU..

80T 340P080!
Al AA MPE3UAEHT!

3. BTOPOE HAYAAO TEPMOAMHAMUKH




OsPA3UbI PABOTDI
ANG NMPEAOCTABAEHUG
YHUBEPCUTETCKOLU
CTOPOHE CO34AHbI!

CAMO cOsOW!
A 8bl HTO AYMAAUP

KATO-KYH, MPOCTU,
UTO HAM MPUIWAOCH

OTBAEHb TEBG OT AEA.

Tbl 8EAb U 3UMU
MOMOrAEWb

8 YUEBEP

= == =

e

MPE3UAEHT
MOAOAHUHA!

AA 9-TO
UTO! OT HAW
MPE3UAEHT
TPYAUAACH HOHU
HAMPOAET.

; HY-HY,
HE MPEYBEAUHUBAL.
KCTATU, UAEHO-TO MHE
MOAAAA 3UML/

KOrAA OHA MPUHECAA HAM
MUPOXKHDBIE, MEHG TYT XE
OCEHUAO.. TAK UTO
BAAFOAAPUTD HYXHO
2UMu/

U AOAFOXAAHHDIU PUHAA: ¥

HE AOAYMAACS!

PA3PABOTKY..

TPU BECCOHHbLIE HOWU -

MYCcTb 3TO U CAAAOCTU,
HO MUTATEABHOCTD Y HUX
8blAAOWAICS!
UTAK, "HEOBYH" COBEPILA
HAYUHOE OTKPbITUE.

HUKTO 8 MUPE
AO 3TOrO

Mbl HAZOBEM
HALWY



30A0TOE 3ABAPHOE MUPOXHOE!

R

HAM-HIM-M/!
UTO 3TO TAKOE?
YrpPyYrog, NAOTHOE
U BKYCHOE! K TOMY XE
COHHOE U MArkOEe!

0-0, MPE3UAEHT/
C BO3BPALWEHUEM!
aUmu/

UTO Tbl HAAEAAAA-A-A-A-A!!!




AABOPATOPUI MACYHATH

UTAK, CEFOAHG Mbl
PACCMOTPUM B8TOPOE
HAHAAO TEPMOALUHAMUKU/

ErFO BE3 MNPEYBEAUHEHUG
MOXHO HA3BATb
OCHOBHbIM!

8TOPOE HAHUAAO
TEPMOALUHAMLIKU
3ATPAMUBAET
HEOBPATUMOCTbL
TEMAOBbIX GBAEHUILL.

A, KCTATU, UTO
C KATO-KYHOM?

[/

iz

— HE HAAO!

NOXAAYUCTA,  /EN
He 308uTe ero! !\ \




HEOBPATUMOCTb -
2TO, 8 OsWUX CAOBAX,
HEBO3MOXHOCTb
B80O38PATA K HAHAABHOMY
COCTOGHULO.

g CBEAA MUPOXHOE,

KOTOPOE nMPUroTO8sUAU

ANG PYKOBOACTBA
YHUBEPCUTETA..

9 HEAOCTOUHA

TOro, uUTOEb! : HEBO3MOX -
KATO-KYH ! HOCTb
MOMOIAA MHE 8bl CKA3AAU : BEPHYTLCA

8 YUEse! PO HEOBPA- K HAUAAY!!!

TUMOCTbB?.

TO ECTb ECAU Tbl
CBEA 3ABAPHOE
MUPOXHOE, EFO YXE
HE BEPHEWD!

TENEPD
AEANATD..

'UTO X, BY AEM|] LS i ey '
TIPUAY MbIBATD I ¢ - ‘ ' e | EN HO ECAU
APYrOl o) - . E 3 ECTb 3AKOH

CrOCOs.., (-~ g’ O HEBO3MOXHOCTU

. /& :;' (5 : U ; EPHYTBCI K HAHAAY..
?\ai _ F\, (] -_ 3 B = SEPHYTOeR A

.TO, MOXET ©&blTb, ECTb
U 3AKOH, KOTOPbBIU 3TO
AOMNYCKAET!

CKOPEE
OB BACHUTE MHE,
8 UEM EFO CcYTb!

SHTY3UA3ZM -
BELUb MOXBAABHAG!
CEUUAC BCE
OB BICHHO,

I Illl|;.

TR
T lll ]




3.1. OBPATUMO WAU HEOBPATUMO?

CNEPBA NMOCMOTPUM,
HEM OBYCAOBAEHA
HEOBPATUMOCTD.

f“ / / xf-"!

/ |
\

A-A, Mbl YXXE nMPOBOAUAU
2TOT OnbIT CO CcBOBOAHbLIM
PACWUPEHUEM FA3A!

HTO MPOU3OWAO,
KOraAA Mbl OTKPbIAU

UTAK, MOXET AU 3TOT
NMPOUECC ECTECTBEHHDIM
OEBPA3OM BEPHYTbCA
K CBOEMY HAHAAY?

FA3 U3 COCYAA A
MEPEWEA 8 COCYA 8,
U MAOTHOCTb FA3A TAM
U TAM CPABHAAACSH.




HET, 8 OBPATHYIO

0' ] MOYEMY?
AV CTOPOHY
W4 3TOT MPOUECC
HE MOUAET/ AA MOTOMY UTO

TAK HE BbIBAET/

B80T UMEHHO. 8 NMPUPOAE
CYWECTBYHOT NPOUECCDHI,
KOTOPbLIE HEBO3MOXHO

NOBEPHYTb 8CMN4GTb.
2TO Mbl 3HAEM 1O OmbITY!

YMUPAKOT..

3HAUUT, 2TO
KACAETCE U
TENAOMPOBOAHOCTU..,

. UTAK, HEKOTOPbIE
"MPUPOAHbIE MPOUECCHI
OCYUWECTBAGOTCA

; AUWb 8 OAHOM
e HAMPABAEHULL OBPATHDIL
XO4 BEUWEL BbIA BBl ..
MPOTUBOECTECTREHHDIM.
C.-MOAOEHDIMU FRAEHUGMU ™
U UMEET AEAO
* BTOPOE HAHAAO
" TEPMOAUHAMUKLY

ABA
METAAAUHECKUX
MPEAMETA, KACAGCb
APYD APYFA, HEPE3
HEKOTOPOE BPEMI AO-
CTUrHYT TENAOBOIO
PABHOBECUSG.




TEMMEPATYPA

Tbl BEAb U CAMA
NOHUMAEWDb, UTO

HE MOXET/

HO MOXET AU
NOCAE 3TOrO
KAXADIL MPEAMET
ECTECTBEHHbIM
OBPA3OM BEPHYTbCA
8 UCXOAHOE
COCTOGHUE?

~3ABAPHOE
MUPOXHOE HA3AA
HE BEPHYTb!

g MOHUMALO,
HO.. HEYXEAU
HET HUKAKOIrO
B8bIXOAA?P

3HAHUT,
BCE-TAKL..

UTO Tbl CKA3AAA?
UTO-TO HEQCHO?

HY UTO X, ECAU BCE
MOHATHO, PACCMOTPUM
OBPATHbI NPOLECC.

OBPATHbIUP!
3HAHUT, 8 HAUAABHOE COCTOSHLUE
BCE-TAKU MOXHO BEPHYTbCI?




/ LIMEHHO.
CEUHAC 9 OBDBICHIO TEBE,
UTO TAKOE OBPATUMbIU

nPOUECC’

TAK KAK 2TO nPOUECC,
OBPATHDII TOABKO HTO
PACCMOTPEHHOMY, Mbl
NOAYHUM CAEAYHOUWEE.

u MPOBKM HET. MPOLIAQO
AOCTATOYHO MHOT'O BPEMEHM.

A B

=

/ NOXOXE

HA MEPEMOTKY
BUAEOPUADMA...

HA CAMOM AEAE
HEBANXHO, 3A CHET
UEFO AOCTUrAETCG

OBPATUMOCTD.

OBPATHbIU NYTb
HE OBI3ATEABHO COBMAAAET
C U3HAHUAABHbIM. MAABHOE,
UTOBbl BCE BEPHYAOCD
8 LUCXOAHOE

COCTOSGHUE.

i ECAU UCXOAHOE
7 COCTOGHUE AOCTUM-
QYTO, HEBAXHO,

KAK 2TO
nPOU30WAO?

TOCAA HET
HUHErO HEBO3-
MOXHOro!

MPOUECC CHUTAETCA

OBPATUMbIM, ECAU
UCXOAHOE COCTOGHUE
MOXHO 80CCTAHOBUTb

HE TOAbKO 8HYTPU

EMKOCTL, U
HO U 80 BHEWHEL
CPEAE. [ ]

3-3, NOAOXALU!.
. BCE HE TAK MPOCTO.

N

7

]

Q) BHYTPU
7 /] () ¢
b EMKOCTU -
4@ 4 HUIKAK
725 HEAb3GP!

y



AA, ECAU 3TO
MEXAHUHECKUL
MPOUECC,
TO TAKAG
BO3MOXHOCTb

7 /BHEQ,H /
HO B8O3MOXHO A '@pe/ /
BKAFOHAG BHEWHIOO

— ”/

BEPHYTb 8 LCXOAHOE /// 24 /)
CPEAY? //
AMEPLKAHCKUE FOPKLP

HY, UTO-TO
B8POAE TOlO..

ECAU B MOXHO BbIAO TOrAA, CAEAAR

NPEHEBPEHD \
COMNMPOTUBAEHUEM BO3AYXA
U TPEHUEM, BO3HUKAROWUMU

nePU ABLIXKEHUL,

TO MEXAHUHECKASG
aHePrUg
COXPAHIAACD BDI.

C UCXOAHOLU
CKOPOCTbIO.
L=

o

TUMbIM NPOUECCOM.

TPEHU
BE3 a03AYXA

MTPEHESPEUD COMPOTHBAEHHEM
BO3LYXA / TPEHVEM

POBHO OALH KPYF, TEAO
HAUAAO Bbl ABUrATbCa 4]

_ A
au conPo ﬁ'j‘

onaTtb 8CE
KAK 8 CAMOM HAUAAE..

2TO 8EAb U HA3bIBAETCS
OBPATUMbIM
MPOUECCOM?

/]

4

i

HO TAK XE

HE BbIBAET - UTOSBbI

— TPEHUG U COMNPOTUBAEHUG
BO34AYXA HE 8blAO
BO8BCE/!

-



3.2. [TOCTYAAT KAAY3UYCA: BTOPOE HAYAAO TEPMOAMHAMUKHK

UTAK, UTO XE TAKOE

8 MPUMEPE, KOTOPbLIU
MbIHEAABHO U3YHAAU,
ABA METAAAUHECKUX
MPEAMETA BAACOAAPS
TENAONMPOBOAHOCTU
AOCTUrAAU TENAOBOIO
|

HEOBPATUMbIE NMPOUECCDHI?

OsblHHO
nPOUCXOAUT
TAK.

OALUHAKOBAG
TEMMEPATYPA

NMPEACTABDb CEBE
CBOEOBPA3HDBIU “BOAONAL”,
ECAU NOCMOTPETb HA PLCYHOK,
TENAOTA OT 8blcOKOU
TEMMNEPATYPbI “NEPEAAETCG”
HU3KOU,

8blCcOKAG
TEMMNEPATYPA

HU3KAG
TEMMNEPATYPA

A TAK
HE MPOUICXOAUT.

ECTECTBEHHO!

HO OT HU3KOU

TEMMEPATYPDI
K 8blcOKOll TEMAOTA
CAMA MO CEBE

HE TEUYET.

i \ TEMMEPATYPA

8bICOKAG

TOrAA
KAK XE ©blTb
C OBPATUMOCTbHO?




BbICOKAQ
TEMMELATYPA

TENAOTA

TENAOTA

HU3KAG
TEMMEPATYPA

OT XOAOAHOrO..
L K FrOPGUEMY?

HO BEAb Mbl
COBCEM HEAABHO
OTPULAAU 3TOT
PAKT. 8 MPUPOAE
TAK HE BbIBAET! _

UTO-TO NOAOBHOE
ABUCATEAHO.

NOCAE CMEHDI
MHOXECTBA
COCTOGHUL

OH BO3BPAWAETCS
8 HAUAABHOE.

P

3TO HA3bIBAIOT
TAKXE KPYrO8biM
MPOUECCOM,
uAu TENAOBOU
MAWUHOU.

.'y/ SIS ITATTTY
7 MOAOXUM, ECTb
7 ULIKA, HAA KOTOPbBIM
Z HE COBEPWAETCA
HUKAKOU PABOTDI

BHEWHUX CUA. é

BO3MOXEH AU 8 HEM
MEPEHOC TEMAOTbI
OT XOAOAHOIO TEAA
K BOAEE MOPQHEMY?

4

277
sz lw/

HA MEPBbLIL B3MAGA,
2TO 8ElWb OHEBUAHAG,
OAHAKO TOABKO 8 XIX
BEKE PU3LK KAAY3UYC
OruUCAA 2TO 98AEHUE

KAK OcHOBY TEPMOAUHAMUKU.




L
.
s

[
.
i

[OCTYAAT KAAY3UYCA

B CUCTEME HEBO3MOXEH KPYrOBOW MPOLIECC, EAMHCTBEHHBIM
PE3YABTATOM KOTOPOT O 9BAJETC4 MEPEHOC TEMAA

OT XOAOAHOTO TEAA K BOAEE FOPSHEMY.

NOCTYAAT
KAAY3UYCA -
3TO U ECTb

B8TOPOE HAHAAO
TEPMOAUHAMUKLU,

=

270
HEBO3MOXHO
AAXE 1PU
ULIKAE?.

TSI LTTISTS £

MEPEHOCAT

HU3KAS

DN

% A KAK XE,
TEE%%EE‘??PA Z HATIPLIMEP,
Al xonoaunoruky,
| corauoreeor [
% OHL XE

TENAOTY )

OT XOAOAHDbIX TEA |—
K sOAEE |
ropauum’ P '
i | |

AA. OAHAKO
AAG 2TOMO OHU
UCNOABL3YHOT PABOTY
BHEWHLIX CUA.

7 A=A, HY AA..
SAEKTPO-
SHEPIUG..

MEPEPPA3UPYI NOCTYAAT
KAAY3UYCA, NOAYHUM
CAEAYHOUEE:

'”fﬁ*ﬂ TEOPEMA: MEPEPPA3HPOBAHHBIN

[OCTYAAT KAAY3UYCA

| UMKA, EAVHCTBEHHbIY PE3YABTAT KOTOPOIO - MEPEHOC TEMAOTBI |
%{F OT FOPI4Er0 TEAA K XOAOAHOMY, GBAJETCH HEOBPATUMBIM . 4cY

3. BTOPOE HAYAAO TEPMO AMHAMMKM




CXEMATUHECKU 2TO
U30OBPAXAETCA 80T

TEMAOTA

TENAOTA

BbICOKAG
TEMMEPATY.PA

UMEHHO.
HTOBbl AOKA3ATb

NMPABUABHOCTb
MOCTYAATA,

AOMYCTUM, UTO
3TOT ULKA -
OBPATUMbILI

nPOUECC.

TO ECTb 2TOT
MPOUECC MOXET
MOBEPHYTbLCS BCMN4GTb,
AAP.

HU3KAQ

TEMMEPATYPA

5&*\

OU.. 3TO MNMOAHAG
MPOTUBOMNOAOXHOCTb
TOMY, UTO Mbl
PACCMATPUBAAU
PAHEE..

- ‘\ AA U MPU 2TOM
HE OCTABUR
HUKAKUX APYIUX
LU3MEHEHUL...

I NPEANOAOXKLUS,
| () 41O meouecc

.4 Mbl 8blAU
MPABbl. 3HAHUT,
TAKOIrO UukAA
HE CYWECTBYET/

OBPATUM...

TO ECTb HAWE
LCXOAHOE AOnNYWEHUE
CUUKA MPEACTABAGET

COBOLI OBPATUMBIL
MPOUECC”) BbINO

OWwUsOUHHbIM.

MOAYUAETCS,
HTO ULKA
HEOBPATUM?P..




\ : “
AA! 8OT TEBE AN “ )
U AOKA3ATEADCTBO. 2TOT
LULUKA HEOBPATUM! ~
e P =
4 o ’j \
< ] X

—=1 A AOKA3ATEABCTBO OT MPOTHBHORO

METOA AOKA3ATEABCTBA,
B KOTOPOM CHAYAAA OTPULIAIOT
WCXOAHOE YTBEPXAEHVE, 3ATEM
HAXOAST BOZHUKAIOLLIEE MPK

rMoOAOBHbI crocos

eunihsiig 3TOM MIPOTYBOPEHHE M HA 3TOM
AOKA3ATEALCTBOM OCHOBAHMM AEAAKOT BEIBOA, YTO

OT NPOTUBHOIO.

MCXO.A,HOE YTBEP)KAEHME BEPHO

B8TOPOE HAHAAO
TEPMOAUHAMUKU MOXHO
POPMYAUPOBATD
NO-PA3HOMY.

u HAMPOTUS, \
PACCMATPUBAG 2TY
TEOPEMY KAK BEPHYHO,
MOXHO AOKA3ATb
MOCTYAAT
KAAY3UYCA.

8TOPOE HAHAAO : s B
TEPMOAUHAMUKU g .

OAHA U3 POPMYAUPOBOK -

3TO MEPEPPA3LPOBAHHDIL

MOCTYAAT KAAY3UYCA, KOTOPbIU
Mbl TOABKO HTO AOKA3AAU

8 KAHECTBE TEOPEMDI.




3.3. UMKA KAPHO

MPUMEHISG MOCTYAAT
KAAY3UYCA, MOAYHAEM
HEOBPATUMbIE
NPOUECCHI..

HO TOrAA Mbl

HE CMOXEM BEPHYTD
HAWU MUPOXHDIE!
U npPOCTU-rPOWAL

KAYE “HEOBYH"!

] CEUMAC

2X, eblA sbl

PIAOM
KATO-KYH..

AR

MPUAETCS
AYMATb
CAMOL..

HEY XEAU
AFOBOU ULIKA
HEOBPATUMP!
U HEAb3G HAUTU
HUKAKOrO
CNOCOBA..

TAK.. COMAACHO
NEPEPPA3LPORAHHOMY
MOCTYAATY KAAY3UYCA,
ULIKA HEOBPATUM, ECAU
EFO EAUHCTBEHHDI
PE3YALTAT - NEPEHOC
TENAA..

HO ECAU AOEBABUTb K ULIKAY
EWE U PABOTY
BHEWHLIX CUA..

MOXET BblTb, OH BCE-TAKU
CTAHET OBPATUMbIM?!

3.3. UMKA KAPHO



MPEACTABUM
OBPATUMDIL LILIKA, 8 KOTOPOM
MOAOXUTEABHAG TENAOTA MPUHUMAETCS <

2TO Tbl BEPHO
MOAMETUAA! OT TEAA C 8blcOKOU TEMMEPATYPOU
(HAMPEBATEAD U OTAAETCG TEAY
C HU3KOU (XOAOAUABHUKY).
3TO TAK HA3bIBAEMbIU

ULIKA KAPHO.

ECAU HA BHEWHIOLO CPEAY
OKA3bIBAETCG KAKOE-AUBO
BAUGHUE, TO MOCTYAAT
KAAY3UYCA HEMPUMEHUM..

HARPERATEND

TEMNAOTA

PABOTA

2TO U ECTb ULKA
KAPHO?.

i iy TEMAOTA

A. 3TO OBPATUMBIL LILIKA,
8 KOTOPOM MPOLICXOAUT
OBMEH PAEOTOU C BHEWHEL
| CPEAOL. XOANO A LUABHLIK
KPOME MEPEHOCA NMPIMOA LIMKA KAPHO:
TENAOTbI OT HAMPERATEAG
KK Z;?g%tg\::lggeiqﬁ(cg * NTIONOXUTEABHAS TENAOTA NEPEHOCUTCY
MOAOXUTEADHAG PAEOTA OT HATPEBATEAS K XOAO AUABHUKY ;
NO OTHOWEHUIO K BHEWHEL * CUCTEMA COBEPI.UAET_HO/\O)K@TE/\bHY!O
CPEAE. PABOTY HAJ BHELLHEVN CPEAON.

ULKA KAPHO
OBPATUM - TO ECTb
MOXET CYWECTBOBATb
wHaq ,
g . Gepatrot
neouecc!




3TO TAK HA3bIBAEMbIL
OEPATHDI UUKA KAPHO.
HUXE OH MPEACTABAEH
CXEMATUHECKU,

YUUTBbIBAG BO3MOXHOCTb

OBPATHOIMO UUKAA KAPHO,
LCXOAHDBIU ULKA UHOMAA

A BOT TEOPEMA
O PAEBOTE,
COBEPWAEMOU
8 ULIKAE KAPHO.

HA3DbIBAIOT MPAMbIM ULKAOM
KAPHO.

HARPERATEND,

TEF’IAOTAI

PABOTA

o TEOPEMA: PABOTA,
COBEPLIAEMAS B LIMKAE KAPHO

B MPIMOM LIMKAE KAPHO CUCTEMA COBEPLUAET
MOAOXUTEABHYIO PABOTY HAA BHELHEV CPEAON.

B OBPATHOM LIMKAE KAPHO BHELLIHME CHAbI
COBEPLLAIOT NOAOXMTEABHYIO PABOTY

HAA, CUCTEMON.

TEMNAOTA

XOAOAUABHUK

OBPATHbIA LIAKA KAPHO:

+ [IOAOXUTEABHAS TENAQOTA NEPEHO-
CUTCS OT XOAOAMABHMKA K HATPE-
BATEAK;

+ BHELLUHME CWAbI COBEPLUAKOT NOAO-
XUTEABHYIO PABOTY HAA CHCTEMOI,

nPOBEPUM 3TO
YTBEPXKAEHUE,
LCMOAb3Y4G METOA
AOKA3ATEADCTBA
OT NPOTUBHOIMO.




NOCTYAAT
KAAY3UYCA
BHALAAE PACCMOTPLM

OBPATHDIU ULIKA KAPHO, . ovspiﬁﬁg;\yuume B CUCTEME HEBO3MO-
O=O3HAE £7O T ot e o\ | Xt kPyTOBOI PPO-
HAA BHEIWHEL CPEAOL, UECC, EAMHCTBEHHBIM

OBO3HALLIM PE3YABTATOM
EYKEOH W KOTOPOT O SBASETCS

MEPEAAYA TEMAA
OT XOAOAHOIO TEAA
WPV ©AE0TA | K BOAEE FOPSHEMY.
= PYLHHAG

COrAACHO
NOCTYAATY
KAAY3UYCA, YCAOBUE
W = O HEOCYUWECTBUMO.

MEWAA-

TO ECTb HEBO3MOXEH

ULKA, HE OCTABAGrOWUL

HUKAKUX APYIUX
U3MEHEHUL?

1

APH@

NOTEHUUAABHAG
SHEPIUG MPY3A

HY 4&A. A UTO

MPOU3OWAO &bl

npu ycaosuu
w > o?

XOAOAUABHUK

8 2TOM CAYUAE, ECAU
8 ULKAE BYAET COBEPWEHA BAATOAAPT ,
| TPEHUO AOMACTEU
NOAOXUTEABHAG PABOTA | MOTEHULAABHAG
HAA MOABEWEHHDIM

SHEPIUG MPY3A
nogblcUuT TEMMEPATYPY
HACPEBATEASG,

rPY30M, TO OH
NOAHUMETCG
BBEPX.

A KOrAA
OH ONYCKAETCY,
ErO PABOTY
MOXHO UCnoAb-
308ATb, UTOsbI
BPAWATb AONACTU
MEWAAKU.,




MNOAYUAETCG, HTO
Mbl CMOXEM

NEPEAATL TENAOTY
HAFPEBATEAO!

N7

HO AABAl
PACCMOTPUM
OBPATHbIU ULKA KAPHO C,

rey3 U MEWAAKY
KAK EAUHYHO CUCTEMY.

EAUHCTBEHHDI
PE3YABTAT MPOUECCA,
MPOLICXOASIWENO
8 3TOU CUCTEME, -
NEPEHOC TENAOTbI
OT XOAOAUABHLIKA
K HAMPEBATEALO.
TAK?

HO 2TO
MPOTUBOPEHUT
MOCTYAATY
KAAY3UYCA, AA?

HAGRE- |

; w < of

BEPHO!
A AAG MIPAMOIO
ULIKAA KAPHO, TAK KAK
8 HEM 8CE HAOBOPOT,

w > Of

AOAXHO 8blNOAHITLCG Eg

TEOPEMA
AOKA3AHA!

HY KOHEUHO.
Mbl TOABKO 4HTO
O 2TOM MO8OPUAL.
UTAK, NMOAOBHDIL
LULIKA HEBO3MOXEH!

TEMAOTA

t'remom

XONOAUABHLIK

3HAWUT, W > O
HEBO3MOXXHO..

uw=0
HEAOMYCTUMO,
Uuw> O TOXE.

SHAHUT..

o

e

3HAUUT,
HEOBXOAUMO
COBEPWUTb
NOAOXUTEABHYHO
PABOTY..
| il
! ‘ | ] ‘ ‘ 11
L
In -'T
]
T
L]
\EQT




ULIKA KAPHO:
NMPOAOAXEHUE

@  Vtak, B npsaMoM 1ukie KapHo cucTeMa coBepIIaeT MOMOXKUTENbHYI paboTy

\J/;; HaJl BHelIHel cpefoii. B o6patHoM 1ukiae KapHo BHeIIHMe CUIBI COBEPIIAIOT

/I momoxutenbHy pabory Hap cuctemolt! He moneHoch TOBTOPUTD, TOTOMY YTO
9TO YPE3BbIYAIHO BaXKHBIII MOMEHT.

PABOTA B UMKAE KAPHO

B npsamom nuxie KapHo cucteMa coBeplIaeT MONOKUTENIbHYIO paboTy Haf
BHeIIHel cpefoit. B o6paTHOM 1ykie KapHO BHelLIHMe CUJIBI COBEPUIAIOT
HOJIOXKUTETbHYI0 PabOTy Hafl CUCTEMOI.

A TEIEpb, MypaHMa-KYH, HOHPO6YI7[ 9TO IOKa3aTb CaMOCTOATE/IbHO.

T, On! Hy xopomo... fI mocraparoch!
\50\0 /A MOXXHO, KaK I paHbIlI€ — TO €CTb METOJOM OT IPOTUBHOI0?

aeuss  Koneuno!

Torpa s HaunHato. CHavama paccMoTpuM obparHbii nukn Kapao C...
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= e e = = = o

HATPEBATEAD

PABOTA

PYYHAS
MELLIAAKA

TENAOTA f
PABOTA

|
|

|

|

|
OBPATHbI NoTEHUMANGHAS | |
umm KAPHO =i | SHEPTY TPY3A |
W |

|

|

|

|

|

TEMAQTA

XOAOAMABHUK

b e e e e e e e e

Pa6oTa u o6paTHHt nuka KapHo

[TocMoTpuM Ha pUCYHOK. PaboTy, KOTOPYIO LMK/ C COBepIIaeT 10 OTHOIIEHNIO
K OKpY>Kalolleli cpeie, o603HaunM 6yksoit W. Eciu npennonoxuts, yro W = 0,
aTo OyzeT mpoTuBopeunth nocrynary Kinaysnyca. CregoarenpHo, W = 0 HeBo3-
moxxHo. Torma npegnonoxuym, uto W > 0. IlocpencTBoM 3TOI MONMOXUTENTLHOM
paboThl MBI IIOfHMMaeM I'Py3 B BepXHee HonoKeHMe. Ecim Harpesarenb mpep-
cTaBysieT c06011 60/bIION 06BEM BOADI, TO IOCPEACTBOM pabOThI, COBEpIIaeMONt
IIpY BO3BpALleHNUM I'Py3a B ICXOJHOE IOJIOKEHNE, MOXKHO BpallaTh IIOTPYXKEH-
HYIO B BOJIy MEIIAJIKY, KaK B OIIbITe KOy

2.5. OneIT Proyna

3TOT ONbIT HAMASAHO
ABMOHCTPUPYET
CEF3D PAROTHI
U TEMAOTBI

.--"" our
ﬁ 370 BWE HTOP
/ BAKC 8040 ..,'/; 7

rp,; / rPy3
(‘a/ AOMACTH
el

‘rsl k 4
= g
o e o~
3 { - T ocoevAoaaME ~
v = 7/ ANG OMBITA AXOYAS, b “
i7"/ = ™ -
mermu THon0n | NSO
A
B EMKOCTB BCTABAE- ",nEuTELf,To%’}EQ:S r.ouuu RATH AT AN
HA PYUHAS MELIANKA, 4, LIKHBH, KOTOPHIE
HA OCb KOTOPOR BRALLAIOTCS NPH
HAMOTAHA HHTS, lomvcesn revaos. | \\

(CM pasnen 2.5, «OmnbIt [Ixoyns»)
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braromapsa Bo3HMKaIeMy IIpM 3TOM TPEHMUIO NOTeHIMaNbHasA 9HEPIUA IPy-
| 3a IIpeBpallaeTcsa B TEIUIOTY, IepeflaBaeMYyIo HarpepaTenio. lemepb ImpencTa-
% BuM, 4T0 O6paTHBI MK KapHo C, TPy3 U MellTanka 06pasyioT efuHyI0 CUCTe-
My. Y Hac IOJyYUTCA LUK/, eSVHCTBEHHDbII Pe3yNIbTaT KOTOPOTro — IO/Iy4eHue
MIOTIO>KUTENbHOI TEIUIOTHI OT XOTIOAV/IbHIKA U Ilepefjada e€ HarpesaTento. Ho ato
IpOTUBOpeunT moctynary Kmaysuyca.

A ¢ mocrynarom Knaysuyca e nociopuis! He 60s1ch IoKa3aTbCst Ha30MIMBBIM,
HAIIOMHIO €T0 elllé pas.

NOCTYAAT KAAY3UYCA

B cucteMe HeBO3MOXKEH OUKII, eJII/IHCTBeHHbIﬁ Pp€e3ynbTaT KOTOPOIro — I1epe-
HOC T€IJIa OT XOJIOMHOTO TE€jIa K 6onee TopAvYEMY.

Ha. B TakoM ciydae Belpakenne W > 0 cienyeT npusHaTb HeBepHbIM. Ilockomb-
Ky 3HaueHue pabotsl W He MOXXeT OBITh HY/IEBBIM VIV IIOJIO>KUTENTbHBIM, IIOIY-
gaeTcs, yTo W < 0. YunTsiBas, 4yTo npsamMoit uki C ABsgeTcss 0OpaTHBIM IO OT-
Homennio k C, paboTa HaJl OKpy>Katolleit cpefioi B mpsamMoM 1ukie KapHo omxk-
Ha OBITH IOJIOKUTENbHOI. BoT 1 BC€ mokasarenbcTBo!

OrnmnuHo! besynpeunstit orBeT!

Yd... Cnasa bory!
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3.4. UMKA KAPHO AAS MUAEAABHOIO rA3A

Cospgagum nuki KapHo, B KOTOpoM 3afielicTBOBaH NjjeabHbI ra3. BepHee, BMecTo «c03-
HafyM» CTOWIIO OBl CKa3aTh «IPEiCTaBMM», IIOCKO/IBKY B pea/IbHOCTM MBI He MOXXeM METb
JIeJIo C Miea/IbHBIM ra3oM. Takoil BooOpajkaeMblil OIbIT Ha3bIBAIOT MBICJIEHHBIM 9KCIIe-
PYMEHTOM.

HATPEBATEAD TEMAOTA

2) UB0TEPMUHYECKOE PACLUMPEHWE
- N

—1 1 — |

1) AAMABATUMECKOE CXATHE 3) AAMABATUMECKOE PACLLMPEHVE
A &

4) U30TEPMUHECKOE CXATHE ——

XOAOAMABHUK TENAQTA

IIuxn KapHO gna mpmeanbHOro rasa

PaccmoTpum pucynok. Ha HéM npezcTaBieHsl HarpeBareb (¢ Temmeparypoit T,) 1 X0/0-
munbHUK (¢ TeMneparypoit T)). VizeanpHblil ra3 HOMEIIEH B €MKOCTb, 4aCTh CTEHKU KOTO-
POJT MOXET 10 HaIlleMY >Ke/IaHUI0 CTAHOBUTDHCS TEIUIOHEIPOHMILIAeMOI WM AuaTepMudec-
koit. ITycTh BHauase MeanbHbIL ra3 MMeeT Temieparypy T, paBHYIO TeMIlepaType X0Jo-
AWIbHVKA, jaBaeHne p, 1 06béM V. OcyliecTBUM KBa3UCTATUYECKM CIEAYIOLye YeThIpe
mpouecca:

1) ApwabaTudecky CKMMast ras, IOBBICUM ero Temieparypy fo T,. I[TycTs npu aTom fasie-
HJIe ra3a CTaJIo PaBHBIM P, a 00BEM — V.

2) TIpucnoHuB EMKOCTb K HarpeBaTellio, II03BOJIMM a3y pacIIMpATHCA; IPU 9TOM TeMIIe-
parypa rasa 6yzeT nocTosiHHOM u paBHoit T,. IlycTh pu 3TOM [jaB/leHMe ra3a CTano
PaBHBIM p,, @ 00BEM — V.

3) Y6paB éMKOCTb OT HarpeBareJis, IO3BO/IsAEM Ta3y PacUIMPATHCA afnabaTUdecK, IoKa
ero temmeparypa He cHuanutca o T,. ITycTb py 3TOM JjaBjieHMe ra3a CTaJo PaBHbBIM p;,
a 06bém - V.
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4) IlpucnoHuB éMKOCTb K XOMOAVIIBHUKY, CKMMaeM ra3 jo o6béMaV,; TeMneparypa ra-
3a IIpy 9TOM Oy/ieT MOCTOSTHHOI 1 paBHOI T). B TakoM cry4ae fjaB/ieHMe CHOBA CTaHeT
PaBHbBIM p,.

Takoit quk1 HoCuT Ha3BaHue MUKNa KapHo gna upeanpHOro rasa. Csssp 00b-
éMa ¥ [laB/eHUs B BBILIEONMMCAHHBIX IIpoljeccax IIoKa3aHa Ha rpaduke HyKe. [Jns
U30TepMMYECKNX IPOLECCOB U3 YPABHEHMA COCTOSHUA MJeaNbHOrO rasa ciefyeT, u4To
pV = const. ITonoxxum, 4To afuabaTndeckye IpoLecchl OMMUCHIBAIOTCSA ypaBHeHueM [lyac-
cona pV” = const, KOTOpOe MbI U3Y4M/IU B IIPEAbIAYILeIl IT1aBe.

P
(p,,V,)
2) UBOTEPMUYECKOE PACLUMPEHVE
1) AAMABATUYECKOE CXAT

(p,,V,)

——
(p,.V,) Y 3) AAMABATUYECKOE PACLUMPEHME

( P; V)
0 H) MBOTEPMUHECKOE CKATHE  V/

CBsA3b gaBneHusa M 060bpéMa B qukiae KapHo fna maeanpHOro rasa

37ech MbI MeeM [Ie/I0 C LMK/IOM, IOCKO/IbKY IO 3aBepLIeHNY HeCKOIbKMX IIPOLeCCOB
ra3 BO3BpalaeTCsl B UCXOfHOe cocTosiHme. OOpaTiTe BHUMAHME HA TO, YTO BO BpeMsi KOH-
TaKTa éMKOCTY C TeIVIOBBIM pe3epByapoM (HarpeBaTesieM MM XOJOAV/IBHIMKOM) Ta3 I pe-
3epByap MMEIT OJVHAKOBYIO TeMIIEPaTypy. ITO HAET BO3MOXKHOCTD IepefiaBaTh TEIUIOTY
KBa3MCTATUYECKU. A MOCKO/IbKY KBa3UCTATUYECKVe IIPOLeCChl 0OPaTVMBbI, JaHHBIN LIMKIT
npepcTasisieT co6oit ki KapHo.

[Tonpo6yeM paccunTaTb 0OOMEH TEIUIOTON U pabOTOl I KaXK/IOTO U3 IIPOLIECCOB.

1) ITpu apmabaTiyeckoM CKaTuM Ternoo6MeHa He mpoucxoaut: Q, = 0. Pabora BHemHMx
CII HaJ Ta30M PAaCcCYNTHIBAETCA 10 hopMyIIe:

\%1
W(1) = —/ pdv.

Vo
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3nech MbI OyzieM UCIIONb30BaTh ypaBHeHue Ilyaccona:

pV7 = const
KoncranTa B ipaBoit yactu o3Havaet pV’ = p, V' = p, V|”, 4T0 mo3BonseT nony4nTs:
Vi p0V7 1
Way = — 0 qV = ——(p1Vi — poVi
(1) ve V7 S -1 (p1V1 — poVo)
Vicrionb3ys ypaBHEHME COCTOSIHVISI M€aIbHOTO ras3a
pV = R'T,
IOy YMM:
R(T, — T}
Wy, = FL 1)
v—1

2) Kak MBI BUienu B IPOLUION I7IaBe, B M30T€PMIYECKOM IIPOLjecce BHYTPEHHsSI SHEpTys
usleaIbHOTO Ta3a He MeHsAeTcsA. CleoBaTeIbHO, B COOTBETCTBUY C MEPBBIM HayaloM
TepMOJVIHAMUKI CYMMa COOOIIEHHOII a3y TeIIOThI X pabOThl BHEIIHNX CUJI IIPU U30-
TePMIYECKOM ITpOIlecce JODKHA ObITh PaBHOI HYIIIO:

Q)+ Wiz = 0.
Moxxno Beramcintb W,
V: V2 R'T: \%
Wy =— [ pdV=—[ 2224V = —R'TyIn 2%
Vi |4t Vi

3) AnanoruuHo 1. 1, mpu Q(3) = 0 mony4aem
R (T1 — Tg)

y-1
4) AHaymOrM4HO 1. 2, IOJIy4aeM

Quy+ Wy =0

i e

Wis) =

%

W = —R'TyIn—
(4) g
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Vrak, nonpo6yeM BBIYMCIUTD OOMEH TEIUIOTON M paboTOll HjI YeThIPEX BBIIIEIPUBE-
IEHHBIX mpolieccoB. TennoTa Q,, KOTOPYIO HarpeBaTeNb NepefaéT ra3y, paBHa

Va
Q2 = Q(g) == —W(Q) = R/Tg In V
1

Tennora Ql, KOTOpYIO ras Hepe,uaéT XOJIOOUIbHYIKY, paBHA

%
i

[TonHast pabora W, KOTOpYIO ra3 3a OAVH LIVIK/I COBEpIIAeT HaJ| BHEIIHEI CPeOoil, BBIYVIC-
nsietcs mo popmyre

Q1 =—Qu =Wu=-RTiIn

V 1%
/ 2 / 0
W = —W(l) — W(Q) — W(g) — W(4) =RTyIn—+ RTiIn—.
Vi Vs
3pece W,y u W;) B3aMHO COKPALIAlOTCA. B 9TUX BBIYMCIEHNAX HY)KHO BHMMATETHHO
CIIEONTDb 3a 3HaKamMu! HOHbSyﬂCb YpaBHEHMEM COCTOAHMA MEATIPHOTO I'a3a, A1 U30TEPMU-
YECKUX ITPOLIECCOB MOKHO 3alycarh:

piVi = paVa,  poVo = psVs. (1)

B COOTBETCTBUNU C ypaBHeHI/IeM HyaCCOHa, o a,T_[]/[a6aTI/I‘-IeCKI/IX HPOI_[CCCOB OOJIXKHO BbI-
IIO/THATBHCA:

poVy =V, pVy = psVy. )

W3 ypaBHennit (1) crenyer:
pi_ Vo po V3

P2 B Vf 173 B Vo ®
V3 ypaBHeHnmit (2) BBIBOAUM:

Po (VOY _n (V1>” (4)
ps \V3 p2 \Va

[TopcraBuB Ba ypaBHeHus (3) B ypaBHeHue (4) M yIIOPSLOYMB BHIPOKEHME, IOTYIMM:
Vi Vs

Vo W
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CnepoBarenbHo, A4 3Toro uuknaa KapHo Tennora Q,, mony4aeMas oT HarpeBaress, Te-
wiota Q,, oT/jaBaeMasi XOJIOVM/IbHUKY, 1 paboTa W, coBepIaemasi 10 OTHOIIEHMIO K BHEIII-
Hell cpefie, COOTBETCTBEHHO PaBHbI

% Va %

/ 2 / 2 / 2
QQZRTQIDf, leRTlln—, W:R(Tg—Tl)ln—
Vi Vi Vi

[Tonnas paboTa, coBepIIéHHAsA Ta30M HaJ| BHEIIHeN Cpefioil 3a OAMH LIMKJI, OKa3bIBaeT-
Csl paBHOII IVIOLIAAY (PUIYPhI, OTPAHNYEHHON YeThIPbMA KPUBBIMU Ha INIOCKOCTU pV (M.
c. 122). O6parure BHMMAaHMe, YTO [Is1 TEIIOTHI BBIIOTTHSAETCS CIEAYIOl[ee COOTHOIIEHE:

Q T

Ql Tl

B manpHeiieM, MCXOAA U3 3TOTO COOTHOLIEHMS], MBI YBUJUM, YTO T COBIIafiaeT ¢ TepMO-
IVHAMMYECKOI TeMIlepaTypoii.
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3.5. BEYHbINM ABUFATEAD BTOPOIO POAA
V¥ ol @ P BN B

> 3TO MPUroTOB8UA
KATO-KYH?!

AA, KOTCAA
YTOMAGEWDCY,
UHOrAA XOYETCY

CAAAKOrO!.

80T UHTEPECHO..
UEAOBEK BE3 EAbI XUTb
HE MOXET. A MOXHO AU
CO3AATb MEXAHU3M,
KOTOPbI Bbl HEMPEPLIBHO
PABOTAA, HE NOAYUAG
SHEPIUU LUBBHE?.

P HA3bIBAETCA
8EUHHbIM ABUrA-
TEAEM NEPBOINO ‘
POAA.

MHOIO 8EKO8 MOTOMY UTO 3TO
AOAU BUALICH MPOTUBOPEHUT
HAA CO3AAHUEM NEPBOMY HAUAAY
TAKOIO ULIKAA. HO.. TEPMOALUHAMUKL/

HE CYWECTBYET
AMNAPATOSB, CNOCOBHbIX
MPOAOAXATb PABOTY
BE3 MPUTOKA
SHEPI UL,

TEAEXKKA, ABLXUMAG
. AABAEHUEM

80H OHO
HTO..

BECMNOAE3HO? >, Rom 5
MOYEMY? il '
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A UTO ECAU CAEAATL
80T TAK..

+B8HYTPEHHIOKO SHEPIULO,

3AMACEHHYIO 8 OKEAHAX 720\
U ATMOCSPEPE 3EMAL, KT, = SEKTPO:
U3BAEKATb 8 BUAE

TENAOTbI U HA 100%
MPEBPALLATL
8 PABOTY!

A NOCKOAbKY
BO3AYXA U MOPCKOLU
80OAbI 8 MPUPOAE
MOAHbIM-NOAHO,
3TO 3HAHUT..

XM-M! TEEE,
HABEPHOE, NMPEA-
CTABUAACL TAKAG
CXEMA...

MOAOXUTEADHAG
PABOTA

MNOAOXKUTEADHAG
TENAOTA

LUCTOHHLK
TEMAA

U3BAEKAEM TEMAOTY
U BE3 MOTEPD,
HA 100%,
MPERPAWAEM EE
8 PABOTY.

MOAOBHbBIU ULIKA
HA3bIBAETCS
BEHHDIM
ABUCATEAEM
8TOPOIrO

MPOCTO MNPEBPAWATDL
B8HYTPEHHIOKO SHEPIUHO
8 PABOTY - BEAb 3TO

U NMEPBOMY HAUAAY
HE NMPOTUBOPEUUT..

80T KAK?!
3HAUWUT..,

K COXAAEHULO,
2TO HEBO3MOXHO.

XOoPOWwo!
OB DICHIO
NnoAPOBHO.




- BEUHbII ABUCATEAb
8TOPOIrO POAA

=Y
r/,\.,/,\

-‘_"Tkég Hauném 1o NOpAIKY.
BO-HepBbIX, €ro CYyIIeCTBOBAHME ITPOTUBOPEYNUT HEKOTOPBIM IIOCTY/IaTaM.

NOCTYAAT KEAbBUHA

HeBo3MO>XeH LMKII, KOTOPBIN MOTHOCTBIO NpeBpalaeT MOMOKUTEIbHYIO
TEIUIOTY, IIOJTy4eHHYIO OT TEIUIOBOTO pe3epByapa, B IIOJIOXKUTEIbHYIO pabo-
Ty HaJ| BHELIHEN Cpefo.

} Tak IIo4eMy BEYHBbIN ABUIaTE/NIb BTOPOIro pojja HEBO3MOKXHO CO3JIaTb?

OromocTtynaTt KenbBuna.

Kaxercs, ero emeé HaspIBaIOT mocTynaToM Tomcona? AHrmmitckuii ¢pusux Tom-
COH IIOJTY4NM/I ABOPAHCKUI TUTY/I U CTaJl MeHOBaThcs 6aponoM KenmbBruHOM. Tak
BEMbY..

Y-y, KaK clIOXHO...

Ila y>x. Ho cymectsyet u 60mee nmpoctoit mocTynat OcTBaabpa, roBOPAIuIL
0 TOM >Ke caMOM: «BeuHblil IBUraTeIb BTOPOTO POfia HEBO3MOXKEH.

> w’ﬁ IlelicTBUTENBHO, 3TO 3aIIOMHUTD IIpomie!
[ 1@ > P .

‘?.‘5{(
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Wrtak, 3Has, 4TO BEYHbI ABUTATEIb BTOPOTO POJa B IPMHIINIIE HEBO3MOJXKEH, JIET-
KO IIOHATD, 4TO paboTa 1 TEeIIOTa — KaYeCTBEHHO pas3Hble Belu. PaboTy, Kak Mbl
HeJIlaBHO HaOJofiamu B ombiTe JI>KOY/IA, MO)KHO HOTHOCTBIO IPEBPATUTD B TEIUIO-
TY, @ BOT TEIUIOTY HEBO3MOXXHO MOTHOCTBIO IIPEBPATUTD B paboTYy.

Benb MOXXHO cuMTaTh, 4YTO B IIMK/Ie KapHO MBI IIoy4aeM OT HarpesaTess IIONO-
XKUTENIbHYIO TEIUIOTY U, COBEPIINB IIOJIOKNUTEIbHYI0 paboTy HaJl OKpYy>Karollel
cpepoit, n36aB/IsAeMCs OT OCTABLIENICA TEIUIOTDI IIPU ITOMOINY XOMOAVIIbHUKA.
Yro6bI coBepuIaTh paboOTy MO OTHOLICHNIO K OKPY>Kalollell cpefie, momyJas Te-
IUIOTY OT HarpeBaTe/isA, HeOOXOAVMMO YacTb STOV TEIUIOTHI OTAABATDb XOIOAV/IbHN -
Ky — TEIUIOBOMY pe3epByapy ¢ 6ojiee HU3KOI, 4eM y HarpeBaTeJis, TeMIepaTypoil.

Jla! Ha camoM pene, Hampumep, ABUTATENIN M 3T€KTPOCTAHI[UYN BHIOPACHIBAIOT
B aTMOoc(epy U OKeaHbl OTPOMHOE KOMYECTBO TeIIOThl. C 3TOi TOUKM 3peHM
MO>KHO CYMTATh, YTO paboTa ABIAETCA 60/Iee BHITOAHOI GOPMOII ITepefayuy sHep-
TUY, YeM TeIIoTa.

Ho BepHéMcsA K ITTaBHOMY BOIIPOCY: IIOYeMY BeYHBII IBUTaTe/lb BTOPOTO poia
HMKTO He CMOXKeT CO3/1aTh?

Teb6e HyxHO fokasaTenbcTBO? Hy 4TO )X, MOnpo6yeM ero HaiTu...

JIn 3TOro JOCTaTOYHO I0Ka3aThb BEPHOCTD NOCTynaTa KenbBuHa, He Tak mu? A
nocTynat KenbBrHa MOXKHO I0Ka3aTh Ha OCHOBe IocTynaTa Knaysnyca.

OTtnuuHo, Kato, BOT 1 3aiiMuch 06 bacHeHNeM!
A s 1moKa cpenalo nepepbiB. A emjé TOpTUK He [loeTL...

Hy u xutpen Ha caHCaI!

O6a BbI XOpOIIL...
Hy napHo, ceitdac cobepych ¢ cunaMu 1 IpUMYCb OObACHATD.

3.5. BEYHbIV ABUTATEAb BTOPOrO POAA £ (X



HATPEBATEAD

OBPATHbI LKA KAPHO TEMAOTA Q,’: TEMAOTA @,

PABOTA G

TENAOTA G, TENAOTA G,

XOAOAMABHUK

Wrak, npencraBum, 4TO CylecTBYeT HeKuil uka C, OpoBeprajouiuii mocTynar
KenpBuna. Barnanem Ha pucynok! ITycTb Mbl MMeeM XONMOAMIBHUK M HarpeBa-
Tenb. B TakoM cnyyae umkn C MOXeT, OAy4das OT XONOAVIbHIKA IOMTOXUTENb-
HYIO TeIJIOTY Q,, IIOJIHOCTBIO IIPEBPAIATh €€ B IIOJIOKUTENbHYI0 PaboTy.

To ectp aToT LMK ABIAETCA BEYHDBIM IBUTATEIEM BTOPOIr'o pona?

VimenHo. BennunHa ero pa6oThl mojoxuTenbHa u paBHa Q). Vcnonbsys eé, 3a-
nyctuM obparusii nukn Kapuo C'. O6parubiit unkia KapHo n3Biekaer Temno-
Ty U3 XOJOAVW/IbHMKA ¥ TIepelaéT e€ HarpeBaTesIio, UCIOMb3Ys /IS 9TOTO paboTy
BHeIIHMX cwl. Ecmu Temnoty, kotopyro obparHsii nukn Kapao C' momydaer or
XOJIOIVIBHYKA, MBI 0003HaUMM Q,, TO TEIUIOTA, epefjaBaeMas HarpeBareso, Co-
IJIaCHO [IePBOMY Hayaly TepMOAMHAMUKY OyzneT paBHa Q, + Q,.

3aKOH coXpaHeHUA sHeprun!..

HBIN PE3YyIbTAaT KOTOPOI'O — IIOTy4€HNE TEIIOTDI Ql + QZ OT XOJIOOAMJIbHMIKA U II€-

@ A renepb 06begyEMM nukbl C 1 C' B ki C”. Mbl OTy4YUM LMK, eANHCTBEH-
A penava e€ HarpeBareio.
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To ecThb THI XOUY€IlIb CKA3aTh...

Ha, aTo mporusopeunt nocrynary Kmaysmyca! 3HaunT, Haule nepBoHavanbHOE
IPeIoNoKeHNe O TOM, YTO ITOCTyNMaT KebBMHA MOYKHO HapyIINTh, OBIIO OLIN-
6ounpM. ITuxn C cymectsoBath He MoxeT. CrefloBaTenbHO, nocTynar Kenbsu-
Ha BEpPeH, 4TO U TPe6OBaIOCh JOKa3aTh.

Ypa! ¥ Hac momyunnocs!

[IpexpacHOe [0Ka3aTeIbCTBO!

CoaHCaIl, BBI XKe, KaXXeTCsl, ObUIN 3aHSATH TOPTUKOM?..

Yr0-0? f Bc€ 3TO BpeMsA BHUMATENbHO CTyIlan!
Hy, a ¢ 06paTHBIM 10Ka3aTeIbCTBOM BbI CITPAaBUTECH?

C obpaTHBIM? XM-M...
To ectp Mo>xHO 1 BeIBecTy TocTynaT Knaysuyca us nocrynata Kenpsuna?..

Hy... HaBepHoe, Tenepb HacTana MOsl O4epefib...

Yr0 X, CMeoCTh ropoza bepér!
Mrak, MypasAma-KyH, Mbl Te0s1 BHUMATeIbHO CITyLIAeM.

Y! 5 He cnumkoM B cebe yBepeHa, HO... TOCTaparCh!

HaBaii, Mypasma!
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HATPEBATEAD

TENAOTA @, TENAOTA

PABOTA

IIIEIII__QII

TENAQTA

TEMAOTA G, 6, W

XOAOAMABHUK
LUMKA KAPHO

HagepHoe, oKa3aTeIbcTBO B 4€M-TO Oy/eT IIOXO0XKe Ha IIpefbIAyIIee. ..

Tak... Paccmorpum cxemy. Ilpegnonoxum, cymectsyer umka C, KOTOPbI IPOTH-
Bopeunt nocrynary Kmaysuyca. B nuxne C nmonoxurenbHas TelaoTa IPUHUMA-
€TCs OT XONIOAWU/IbHUKA U IepelaéTCsA HarpeBaTeIo, U IPYTUX PE3Y/IbTaTOB y 3TO-
ro uukia HeT. 3anmyctum uukia Kapuo C', KOTOpbIi NIPpMHMMAET NOTIOKUTENbHYIO
TennoTy Q, OT HarpeBares.

S mpaBUIBHO paccykparo?..

Ha! ITpomormxart opueHTHpPOBATLCS HA IpefbIAyliee TOKa3aTe/IbCTBO.

Xoporuo... O603Haunm pabory, Kotopyio uukia C' coBepliaeT Haj BHEIIHEN cpe-
noit, 6ykBoit W. CornacHo mepBoMy Hadaay TePMOAMHAMUKY, TEI/IOTa, KOTO-
pyto nukin C' 0THaéT XONMOAUIbHUKY, paBHa (Q, — W). Ecnu 06bequHNTD LIMKIIBI
Cu C' B iuxi C", TO efMHCTBEHHBIM €TI0 Pe3y/IbTaTOM Oy/ieT oIy YeH e TeIIOThI
Q, - (Q, — W) = W or XonoguibHIKa 1 COBeplieHNe paboTel W Haf OKpy»Kato-
weit cpepoit. Pabora W, coBepuraemast nuknom KapHo Haj BHeIIHe Cpefoit, mo-
noxxurenbHa. Takum o6pasom, nukn C", momryyas MOMOKUTENbHYIO TEIUIOTY OT
XOJIOIV/IbHYIKA, TTOJTHOCTBIO IIpeBpaliaeT eé B paboTy. A 3TO IPOTUBOPEUNT I10-
crynary Kenbsuna.

CrenmoBaTenpHO, Hallle UCXOIHOE MPeNIonoKeHne 610 ommnbounsiM. Eciu mo-
crynat KenbBuHa BepeH, To 1 nocTynat Kiaysnyca ciefyeT npusHaTb BEPHBIM.
Yo u Tpe60OBanOCh JOKa3aTh!
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OTnu4HO MOMy4YMIoChH!
JTaK, IOHATHO, 4TO U3 nocrynara Kmaysuyca MoXHO BrIBeCTH HOCTynaT Kerb-

_ BUHA 11 Ha060poT: u3 nocrynara KenpBuna — nocrynar Kmayswyca. ViEbiMu cro-
BaMI, MbI JOKa3a/Iu Clefyomiee:

Iloctynare Knaysuyca u KenbBuHa 5KBMBaeHTHBI.

CreioBaTenbHO, 000 U3 3TUX MOCTY/IATOB MOXXHO CUUTATh IIPaBUIbHBIM 9M-
MMPUYECKMM 3aKOHOM, BBIPaXKaIOIIMM BTOpOe Ha4yajio TepPMOJHAMMKY!

B o6miem, nocrynar KenpBuHa — 9T0 anbrepHaTBHAsA GOPMYINPOBKAa BTOPOTO
Hayaja TepMOAVHaMMUKM!
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3.6. PA3AUYHBIE NPUMEPBI HEOBPATUMOCTMU

MCHO}IbSYH IIOCTYy/MaThbL K}Iaysmyca n Ke}IbBI/IHa, Mbl CMOJXEM T0Ka3aTb HeO6paTI/IMOCTb
Ppa3IN4IHbIX ABJIEHUI IIpnUpoAbl.

TEOPEMA

Harpes B pe3y/nbraTe TpeHUsA — HEOOPATVMBIL IIPOLeCC.

AOKA3ATEABCTBO

Harpes oT TpeHms - 3TO mpolecc, B KOTOPOM IIO/IOKUTeIbHAsA paboTa IpeBpaliaeTcs
B TEIUIOTY, lepeflaBaeMyI0 TeIVIOBOMY pe3epByapy (CM. pUCYHOK HIDKe). BoamoxeH mu 06-
patHbIit Tporecc? HeT, TOCKO/IBbKY OH MPOTMBOPEYNT NOCTynaTy KembBuHa (Tak Kak Io-
Jy4aeMas OT pe3epByapa HOMOKNUTE/IbHAA TeIJIOTA IOTHOCTDIO NPeBpaIaeTCs B IIOIOXKN-
Te/bHYI0 paboty)! CrefoBaTeNIbHO, HAarpeB OT TPeHMsI HeoOpaTuM, YTo 1 TPehoBaIoCh O-
Kasarb.

MNOAOXUTEABHAS PABOTA

UMKA e

MOAOXUTEABHAS TEMAOTA

TEMAOBOV PE3EPBYAP

Harpes ot Tpenusa

3. BTOPOE HAYAAO TEPMOAMHAMUKH



Takum >xe 06pa3oM MOXKHO I0Ka3aTh ¥ CIEAYIOIIYI0 TEOpEMY:

TEOPEMA

CBO60HHO€ pacliMpeHne naeajabHOro ra3a — HeO6paTI/IMbII7[ Imponecc.

AOKA3ATEABCTBO

ITycTb MMeeTcA cOCYH, pasfenéHHbIN Ha IBe YacTV IePEropofKoN ¢ MaJeHbKUM OTBEp-
CTHeM, 3aTKHYTBIM IPOOKoil. ITo7I0XXKuM TakKe, 4TO 3Ta MEPeropojKa ABIAETCA IMOABIIK-
HOI1. YacTb cocyza ¢ OGHOV CTOPOHBI IEPETOPOSKM MbI HAIIOIHUM Ia30M, a € IPyTOI CTO-
POHBI CO3JJaiM BaKyyM. EC/i OTKPBITh OTBEPCTHE B IIEPETOPOIKE, Ia3 HAYHET IepETEKATh
Ha CTOPOHY, Ifie ObUI BaKYyM, I IO IIPOLIECTBUY HEKOTOPOTO BpeMEHM YCTAaHOBUTCS CO-
CTOsIHUE TeIIOBOTO paBHOBecHsA. JJonycTuM, nepey, cBOOOLHBIM paclMpeHreM 00bEM rasa
pasusuics V), mocne paciunpennus cran paseH V,. Koneuno, V, < V,. B atom cnyuae pabota
BHELTHVX CUJI PaBHA HYJIIO, IOCTYIAMLAsA U3BHE TEIJIOTA TAK)Ke PaBHA HYIIO, TEMIIEpaTy-
parasa T moCTOsAHHA.

I[Ipennono>xum, 4TO FaHHBI MPOLeCC CBOOOJHOTO pacIIMPEeHNs UIeaIbHOTO ra3a B Ba-
KyyMe obparum. HazoBém 310 00paTHBIM CBOOORHBIM pacuimpeHnneM. Torga B pe3yinb-
TaTe ras, HaXOMALMIICS IO 00e CTOPOHBI OT IEePEropoiKy, COOEPETCs C OFHOI CTOPOHBI,
a C Ipyroit CTOpOHBI BHOBDb 00pasyercs BakyyM. Kpome Toro, pabora BHEIIHNUX CIJI B 3TOM
Ipoliecce ToXKe paBHA HYJIIO; TEIVIOOOMEHa C OKPY>Kalolllell Cpefioil He IIPOVICXOIMNT.

Teneps, xorga Bech ra3 coOpajcs ¢ OFHONM CTOPOHBI IIEPETOPOLIKHA, & C IPYTOIl CTOPOHBDI
BOCCTAaHOBWJICA BAaKyyM, JaBajiTe yepe3 NMaTePMUYECKYI0 CTEHKY COCyZa IPUBENEM ras B
KOHTAKT C pe3epByapoM TeMIlepaTypbl I, KOTopas paBHa TeMIlepaType rasa. 31ech pac-
CMOTPUM KBa3UCTaTUYECKUII IPOLeCC N30TEPMIYECKOTO pacIIVpeHns ra3a or oobvéma V,
1o 06béma V,. [Tpu aTOM ra3 copepmmT paboTy IO OTHOIIEHNIO K BHEIIHEN Cpefie, PAaBHYIO

V Vo P!
/ v = [ ALy~ 2
Vi w VvV Vi

910 monoxuTenpHas paboTa. [IocKOMbKY BHYTpEHHSAS 9HEpPIus ra3a OCTaéTCs HeM3MeH-
HOJ1, B COOTBETCTBMM C IIEPBbIM Haya/JOM TEPMOIVHAMMKM OT TEIJIOBOTO pe3epByapa K ra-
3y OyfeT MoCTynaTh TEIUIOTA, [0 Be/IMYMHE PaBHAsl COBeplaeMoit pabore.

[laBaiiTe Temepb MpeACTaBUM CIeAYOINI UK (CM. pUCYHOK Ha C. 136). [Ipegnonoxum,
4TO MJea/NbHbIIT ra3 00béMoM V, u Temneparypoit T momeréx B cocys. Pasmectum Tam me-
PEroponKy ¢ HeGOBIINM OTBEPCTHUEM; 3aTeM COOepEM ra3 ¢ OfHOI CTOPOHBI IePErOPOLKI
C IOMOII[BIO TIpoIiecca obpaTHoro cBobogHoro pacumpenns. O6béM rasa cTaHeT paBeH V.
ITpucnonus cocyp K pesepByapy Temieparypsl 1, mpoBeféM KBa3UCTATUUECKUI IPOLece
M30TEPMUYECKOTO PACIIMPEHNS Ta3a [0 epBOHaYanbHOro 06béma V,. HakoHer, otnennm
COCY/J, OT TEIVIOBOTO pe3epByapa — COCTOSIHME Ta3a Oy/ieT TaKMM >Ke, KaK BHavaJIe.

3.6. PA3AWYHBIE MPUMEPBI HEOBEPATUMOCTH
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PE3EPBYAP TEMMEPATYPbI T

—

U30TEPMUYECKOE
PACILMPEHME

— [
OBPATHOE
TEMTEPATYPA T CBOSOLHOE  TEMMEPATYPAT

PACIIMPEHME

Heo6paTuMocTh CBO60/IHOTO pacIIMpeHUA

B aToM muKie Temmora, KOTOPYIO ra3 MOMyYaeT OT TEIUIOBOIO Pe3epByapa, IOTHOCTHIO
npeBpamaeTcst B paboTy rasa 1o OTHOIIEHNIO K BHEIIHEN cpefe. ITO MPOTUBOPEYNUT I10-
crynary KenpBuua. CrrefoBatenbHO, 0OpaTHOrO CBOOOZHOTO PACIIMPEHNS He CYIeCTBYeT.
VHbIMU cIOBaMu, CBOGOJIHOE PaCIIMPeHNe UIEATBHOTO ra3a — IPOLeCC HEOOPATUMBIIL.

Yro u Tpe6OBaNIOCh JOKa3aTh!

He TonbpKO pacimmpenne ra3a B BaKyyMe, HO 1 BOOOIIle paciiypeHe ra3a mpy KOHEYHO
PasHOCTU JaBJIEHMII — 9TO HeOOpaTUMBI IIpoljecc. PacimpeHne py KOHEYHOI pasHOCTHI
HaBJIeHUI U TEIUIONPOBOSHOCTD IIPY KOHEYHOI pasHOCTU TeMIIEpaTyp — OuYeHb paclpo-
CTpaHEHHBIE B IIPUPOJie IPoLecchl. II0CKOMBKY MOf0OHbIe MPOLIecChl He MOTYT OBITh KBa-
3MCTATMYECKMMM, 9TO HecTaTuuecKue mporecchl. Kpome Toro, mporecc Harpesa OT TPeHMUs
TOXKe HeCTaTU4eCKMIL, TaK Kak OH HeoOpaTuM. CrieoBaTe/IbHO, BepHa TeopeMa:

TEOPEMA

ITporeccol, HecTaTUYeCKMe B YaCTV OTHOCSIIVIXCS K HUM TEIUIOBBIX SIBJICHUI, SIB/ISIIOTCS
HeoOpaTtumbiMu. Kpome Toro, o6parumble TelsioBble sSIBIEHNUS TPECTABISAIOT CO00I KBa-
3UCTaTUYeCKIE TIPOLIECCHL.

KBasucrarndeckue IpoLecchl ABIAIOTCA Npefie/IbHbIMU NIPOLIeCCAMHU, HEOCYIIeCTBUMBI-
Mmu B npupoge. Kpome Toro, B npupojie He CyILecTByeT 4ICTO MEXaHNYECKMX IIPOLECCOB.
Jlaxke B yC/IOBMAX, KOTOPbIE MBI IIPMHUMAaEM 32 Miea/IbHbIe, BCE paBHO Oy T IPUCYTCTBO-
BaTh TaKue ABJIEHNA, KaK TPEHMeE, COPOTUBIeHNE cpefbl 1 ap. [103TOMYy MOXXHO yTBEpK-
JiaTh, YTO BCe ABNEHUA B IPUPOJe HeOOpaTUMBI.
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HexoTopble unraTeny, BO3MOXHO, yaussaTcs: «Ho Begp nukn Kapao obpatum!» U B ca-
MOM Jienie, Xopoluee 3amedyanne! ITockonbKy HeoOXomMMBIM ycmoByeM A nykaa Kapao
ABAETCA 0OPATUMOCTD TEIJIOBBIX IIPOILIECCOB, B PEaIbHOCTY 3TOT MK/ HEOCYIecTBMUM. B
ujleaIbHbIX YCTIOBUAX OH BO3MOYKEH, HO B IIPUPOJie — HET.
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UTOrU rAABBI 3

O6paTuMHIil mpomecc — Ipolecc IePexofa CUCTEMBI U3 MCXOJHOTO COCTOSIHUSA B
Ipyroe Ha3bIBaeTCsA 0OpaTHMBIM, €C/IM MOXKHO BEPHYTb CUCTEMY B MICXOTHO@ COCTOSTHIE
TaKMM 00pa3oM, 4TOOBI BHEIIHAA Cpefia TO>Ke BEPHY/IACh B ICXOJHOE COCTOSHNE.
Heo6paTuMBHIil mpomecc — IPOLecC, He SIB/ISIIOMINIICST OOPATHMBIM.

ITocrynar Kmaysmyca - nocrynar, CormacHo KOTOpOMy HEBO3MOXKHO TepefiaTh TeIio
OT XOJIOfHOTO Tena 60Jiee TOpPAYEMY, He OCTABUB IIPY 3TOM KaKUX-TMOO0 JPyrux u3MeHe-
HMII1 BO BHEILLIHEN Cpefie.

Bropoe Hauamo TepMOZMHAMMUKM — 3aKOH, KaCaIOUIMIICA HEOOPATMOCTH TEIIO-
BbIX AB/IeHMIL. DKBUBaneHTeH nocTynataMm Kmaysmuyca, Kenbsuna, OcTBanbia, HepaBeH-
cTBY Knaysuyca u 3aKoHy BO3pacTaHUsA SHTPOINM.

IOuxn KapHO - 06paTvMbIil MK/, KOTOPbI/ IPUHIMAET HOMOXKNUTENbHYIO TEIUIOTY OT
HarpeBaresis ¥ IePeHOCUT e€ K XOMOAMIbHUKY, COBEPIIas MPY 3TOM IIOJIOKUTENbHYIO Pa-
00Ty HaJl BHEIIHEI! CPEMOIL.

O6paTtusit guka KapHo - 06paTuMblil IMKII, KOTOPBII IPUHUMAET IIOTIOKUTEIbHYO
TENJIOTY OT XOJIOAU/IbHMIKA U TIEPEHOCUT €€ K HarpeBaTeslio; IIPY 3TOM BHEIIHIE CUJIBI CO-
BEpIIAIOT IOJIOKNUTENbHYIO paboTYy.

ITocTynmar KenpBMHA - MOCTY/IAaT O HEBO3MOXKHOCTH CYI€CTBOBAHMA MK, KO-
TOPBIN IO/Ty4YaeT TEIVIOTY OT pe3epByapa 1 IIOMHOCTBIO NpeBpalnaeT eé B paboTy Haj
BHEIIIHEN cpefioli. DKBUBaJIeHTeH nocTynary Kiaysuyca.

BeuHnmit BUTaTENh BTOPOrO POMA — IUIOTETUYECKUI IIMKII, B KOTOPOM IOTy4eH-
Hasg OT pe3epByapa IOJOKUTENbHAsA TeIUIOTA IMOMTHOCTBIO MIpeBpalaeTcsa B paboTy Haj
BHeIIHeN cpepoii. CyllecTBOBaHMe TAKOTO IIMKJ/IA 3alpenjaeTcs nocrynarom KenbsuHa.
KBasucraTuueckue u o6paTuMeie mponecchl. Kasucrarndeckue mpoieccs 06-
paTumbl. O6paTyMble IIPOLIECChl He 0053aTeIbHO SABILITCA KBasucTarndeckumu. O6pa-
TUMBbI€ TETJIOBbIE IIPOILECCHI ABIAIOTCA KBAa3MCTaTUYECKUMIA.
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4.0. UMW HAYMHAET AENCTBOBATb
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C TOrO MOMEHTA KAK &
MPOLUTPAPUAACH B <HEOBYYE,
MPOLLUAA YXE HEAEAS. BCE 3TO

BPEMS 9 HE XOXY B KAYB.

MYPAGMA,
Tbl XE AtOsUWb MNEYEHLE?.

MOEWb XOPOWEHDBKO,
83804PUCH!

BEPU BCE UTO

noxr:AAy

|

4
]

i

O4EHDb 3A

CEFOAHAG Thbl,
KOHEUHO,
nPUAEWD

8 “HEOBYY"?

MPE3UAEHT YXXE
NEPECTAAA HA TEBG
CEPAUTDLCA..

U 8CE OCTAAbHbIE

BOAHYHOTCA..

TEBG

KAK @ TYAA NOUAY?.
g AONYCTUAA
TAKOU MPOMAX!
BMOAHE BEPOITHO,
UTO NO MOEU
BUHE “HEOBYY"
BOO0EBUWE MEPECTAHET
CYWECTRORATD..

MPOCTO HE 3HALO,
KAK OAHOKAYBHUKAM
8 FAA3A CMOTPETD!

132 WRELINol7h

3-2X.. KATO-KYH, 80T Tbl

TAKOU 3AMEYATEAbHbIL,
U rotosuwb OTAUHHO,
U 8 YUEBE CUAEH..
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nYTAROCb.
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ECAU Tbl 8 HEM-TO

MOCTAPALCS BCE
LUCnPABUTL!

AANA MAXY, MPOCTO

AOAXHO XE EbITb
HTO-TO, UTO 1NOA CUAY
TOAbKO TEBE!

HE 3AMbKALUCS!
ECAU HYXHO,
OBPATUCb
3A MOMOWDBHO..,

KO MHE, HAMPUMEP.

4UTO MO4A CuAy
TOABKO MHE?.,

|

AAAHO,
g, NOXAAYU..

2-2.. Tbl CBOBOAEH
CEOAHG NMOCAE 3AHITULR

8 OBUEM..
Y MEHG K TEBE BYAET
OAHA NMPOCbEA.
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41 4TO TAKOE 3HTPOMUS?
e

MYPAGMA-KYH, MPOCTU
3A Oro34A..

K

HTO 32TO?!

0-0, MACYHACA-C3HCU!
B8CE 8 MOPIAKE! UTO Y HAC
MO NAAHY HA CEFOAHG?

XM.. HACTPOL
Y TEBG UTO

. SHTPOMKS

CEMOAHI G XOouy
HAKOHEU-TO HAUATb
PA3rOBOP OB HTPOMNUU..

TAK 2TO XE
FAABHAG TEMA
TEPMOALUHAMLKL/




CreP8A NMOCMOTPUM,
UTO CKPbLIBAETCG 3A
MOHGTUEM “SHTPOMUG".

XopPouwo!

PACCMOTPUM SHTPOMUO
8 HEKOEU CUCTEME,
HAXOAGUWELCI 8 COCTOGHUL P.
MOAOXUM, HTO U3BHAHUAABHO OHA
HAXOAUAACH 8 COCTOSHUU Po. /
N ErO Mbl MPUMEM A

S 3A OMOPHOE. H

TEMAOTA

F PasOTA N

'_’.I ‘
=

TEMOTA
P

OBPATUMBIL NPOLECC

Po

MPEACTABUM
OBPATUMbIUI MPOUECC,
8 PE3YALTATE
KOTOPOIMO CUCTEMA
MEPEXOAUT

8 COCTOGHUE P. <

rnPU 3TOM 8 OBLIEM
CAYUAE MPOLCXOAUT
OBMEH TENAOTOU
MEXAY 3TOU CUCTEMOU
U BHEWHEL CPEAOLL.

HA OCHOBE TEMAOTDI,
COOBWAEMOLU CUCTEME
8 3TOM OBPATUMOM
MPOUECCE, U TEMMEPATYPDI
BHEWHEL CPEADI MOXHO
8blHUCAUTD 3HTPOMUO
CUCTEMbI, HAXOAQWEUCS

8 COCTOGHUU P,

2

TAK UTO XE
8bl BCE-TAKU
MOAPA3YMEBAETE
MOA SHTPOMUELP

cAOBO
SSHTPOMNUG” MPUWAO
U3 APEBHEMPEHECKOrO
G3blKA. OHO O3HAHAET
*noeoPoOT”,
“MPERPALLEHUE”,
3TO NOHGTUE BREA
8 YNOTPEEBAEHUE
KAAY3UYC.

SHTPOMUHO?

MPOBEAEM OBPATUMOE

8 COCTOGHUE P.

> LPUMEM 3A d'Q

HUUTOMXHO MAAOE
KOAUHECTBO TEMNAOTHI,

MEPEAABAEMOL CUCTEME
OT TEMAOBOIO PE3EPBYAPA
8 TOT MOMEHT, KOrAA EFO
TEMMEPATYPA
PABHA T.

U3SMEHEHUE U3 COCTOGHUG P,

TEMMEPATYPA T

N




dQ)
BOT TAK OMPEAEAIETCSG S —
Py—P <o6paTMMbn71> T

SHTPOMUG COCTOGHUG P!

2TO U ECTb OMPEAEAEHUE

HTPOMULI? OHO BbIPAXAETCS

80T TAK,
C nomoubto
UHTEMPAAA,

UTAK, TOCMOTPUM
HA CAEAYHOWUL PUCYHOK.

UTO 3A KPUBAG UAET
U3 TOHKU Py 8 TOHKY PP

STOT UHTEMPAA
HA CAMOM AEAE GBAFETCS
KPUBOAUHELHDBIM.

2O3MOXHbI <
PA3HBIE NYTU MEPEXOAA
U3 cOCTOSHUG Po
8 COCTOGHLE P.
8 AAHHOM CAYHAE
Mbl BbIELPAEM
OBPATUMBI MY Tb.

3AMUCH “Py -> P (OBPATUMBILD”
YKA3DIBAET HA UHTEMPAA
840Ab OBPATUMOIO MnyTU
U3 TOWKU P, 8 TOWKY P,

MOCKOABKY 3HTPOMNUG -
3TO PYHKUUG COCTOGHUS,
OMNPE AEAEHHOMY
COCTOGHUKO P COOTBETCTBYET
TOABKO OAHO 3HAHEHUE
SHTPOMUL,




ACA.. 3HAYUT, 2TO
KPUBOAUHEUHDIL UHTEMPAA
AAG OBPATUMOIO MPOUECCA
MEPEXOAA U3 P, B P?.

U 2TO HA3bIBAETCG
SHTPOMUEL COCTOGHUG P!

AA HY?!
2TO - 3HTPOMUG?

OBPASHOE
MPEACTABAEHME

A TEMEPL BOMPOC K TEBE:
KAKUM BYAET MPLPALEHUE
SHTPOMUU MPU MEPEXOAE

us P, 8 PP

ECAU BOMNMPOC TOAbKO
8 MPUPALWEHUU, 3TO
AEFKO. AOCTATOUHO

BbIHECTb OAHY
BEAUHUHY
us Apeyrou..

2HTPONUA

TOHUHO!

TAK 8bIPAXAETCG
MPUPALWEHUE 2HTPOMUU

dq
T

U 3AECb TOXE
UHTEMPAA!L.



Tbl MOHGAA, KAK
BbIPAXAETCA MPUPALIEHUE
SHTPOMUU?

TOrAA NONPOBYEM

8blaCHUTb NMPUPALWLEHUE NPUPALLEHLIE

SHTPOMUU 8 MPOUECCE SHTPONUU
TEMNAOMPOBOAHOCTU, 8 MPOUECCE
MPLBOASIEM TEMAONPOBOAHOCTU..

K YCTAHOBAEHULO
TENAOBOIO PABHOBECUS.

MPUBEAEM
8 COMNPUKOCHORBEHLIE
ABA TEAA C PA3HOU
TEMMEPATYPOLL. TEAO € HU3KOU
TEMMEPATYPOL HA3OBEM A,
TEAO C 8blcOkOU - 8.
UX TEMMEPATYPY OBO3HAHLIM
Tx U To COOTRETCTREHHO.

OBA TEAA LUMEROT
OAUHAKORBYHO TENAOEMKOCTD.
OHU HE OBMEHUBAIOTCA TENAOTOU
C BHEWHEL CPEAOU.

UTO MPOU3OUAET
8 TAKOM CAYUAE?P

MO UCTEYEHUU AAUTEABHOMO
BPEMEHU TEAA A LB
AOCTUMHYT TENAOROrO
PABHOBECUY. LIX
TEMMEPATYPA CTAHET

OAUHAKOBOU.

Jdﬁ." _“%

BEPHO!
OBO3HAHUM
2TY TEMMEPATYPY
KAK TF,

NOCKOAbBKY CYMMA
KOAUHECTB TENAOTDI, MOAYHEHHDIX
TEAOM A U TEAOM 8, PABHO HYALO,

Mbl MOXEM 3AMUCATD:

C(T; — Ty) + C(T; — Tg) = 0
U3 3TOrO CAEAYET:

_ Ta+1p

Tt 5




MOAYHAETCG, UTO Mbl
HAXOAUM CPEAHIOHO
TEMMEPATYPY ABYX TEA

J.L HY A TEMEPb MNOMPOBYEM OMPEAEAUTL MPUPALWEHUE SHTPOMUUL.
CMeEPBA 8bIFGCHUM MPUPAWEHUE SHTPOMUU TEAA A.

AAG STOMO MPEACTABUM KBA3UCTATUHECKUL MPOUECC,

Tf nPU KOTOPOM TEAY A NEPEAAETCS TEMNAOTA

U EFO TEMMEPATYPA MOCTENEHHO BO3PACTAET OT T, 40 T

3HAUUT, 3AECHb Mbl MOAB3YEMCG TOU CAMOU
POPMYAOU AAG MPUPAWEHUG SHTPOMULP.
TOrAA MPUPALLEHUE SHTPOMUU AAG TEAA 8
MOXHO 8blHUCAUTDb MO AHAAOMUHHOLU
POPMY AE.

AA, 2TO TAK. OAHAKO MOCKOAbKY TEAO 8
MOAYUAET U3BHE OTPUUATEABHYHO TEMAOTY,
EFO MPUPALWEHUE SHTPOMUU TOXE BYAET
OTPULATEABHBIM., CYMMUPY G, MOAYUUM:

T, T,
AS = ASy + ASg = Cln — + C'ln -~
T Ts




TAK 80T,

Mbl HAWAU CYMMAPHOE MPUPALWEHUE AS.
A TEMEPb MOACTABUM CHOAA PAHEE HALAEHHOE BbIPAXEHUE

AN T;

T T
Tf:A;B

U MOAYHUM CAEAYHOWEE:

AS

= 2C'In

1 T\ N 1B )
PRV

[ [Tx |T3

> ('] = =
> n \ 7\ 7o 0

3AECb Mbl UCNOAB30BAAU HEPABEHCTBO
MEXAY CPEAHUM APUPMETUHECKUM
U CPEAHUM MEOMETPUHECKUM,

HEPABEHCTBO MEXAY CPEAHUM APUPMETUHECKUM
U CPEAHUM FEOMETPUHECKUM?
3HAHUT, 8 2TOM CAYUYAE

=
BbIPAXEHUE AS = O BEPHO TOABKO
neu ycAosul T, = Te?

UMEHHO TAK!
MOAYHAETCG, UTO 8 OCTAAbHbIX
CAYHAGX AS > Of

HY U.
UTO 3TO 3HAHUT?
7,
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2TO 3HAHUT, UTO, KOr4A
8 TEMAOU3OAUPOBAHHOLI CUCTEME ABA TEAA
C PA3HOU TEMMEPATYPOLI AOCTUrAHOT
TENAOBOIO PABHOBECUSG 8 PE3YALTATE
TENAOMPOBOAHOCTU, CYMMAPHAG SHTPOMNUI
YBEAUHUBAETCS.

COCTOQHUE TEMNAOBOro
PABHOBECUG

TAKUM OBPA3OM, ZHTPOMUG
8 TEMAOU3OAUPOBAHHDLIX CUCTEMAX
UMEET CBOLICTBO YBEAUHUBATLCA.
3TO HA3DIBAETCG 3AKOHOM
BO3PACTAHUG SHTPOMNUU.

7 NOAPOEBHEE Mbl
3AKOH BO3PACTAHUG SHTPOMULIP PACCMOTOUM EFO UYTh HOBXE.

7 A MOXHO NOTOAPOBHEE? | A NOKA AOCTATOLHO CAMOrO
OBUETO MPEACTABAEHUS,

3.6. PA3AWYHBIE MPUMEPBI HEOBEPATUMOCTH

=
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A2 TEPMOALHAMLMECKAG

Hy ma. A ceituac, ucrions3ays nuxa KapHo, monpo6yeMm BBecTH OIpefiesieHNe Tep-
5 MOZIMHAMITIECKON TeMIeparypsbl. JJonycTuM, y Hac eCTh [jBa TEIUIOBBIX pe3epBY-
15 N ™ apa c remneparypamu 1, u T, coorBercTBenHo. IIpu atom T, > T,. Paccmorpum
nuki1 KapHo, B koTopoM Harpesarerns (¢ Temmeparypoit T,) otnaér temwnory Q,,
a XOJIOAMIBHUKY C TeMIeparypoit T) nepepnaércs Temwiora Q,. Pabora, koTopyio
3TOT LJVIKJI COBEpPIIAET IT0 OTHOILIEHNIO K BHEIIIHe cpefie, paBHa W = Q, - Q.

' 5 \  XMm. M uto ganpuie?

A Bor uro. Vcxopsa us obpatnmocTty nykna KapHo MoXXHO mokasaTb cremyrolee
COOTHOIIIEHIIE:

Q2 _ 9(1»)

Q1 o(Th)

Ipedeckas 6yKBa ¢ B IpaBOil YacTU ypaBHeHMs 0603HadaeT PpyHKumo. To ecTh
3anuch ¢(T) o3HawaeT «PyHKIVA OT T».

*F{M;d\ OHHaKO eC/I Mbl He 3HaeM 3TOM q)YHKLU/H/I, TO OKa3bIBa€MCA B 663BbIXOI[HOM I10-
|

(= =

pN noxenun!..
AN

4. SHTPOMKY



B o6mem-to ma! OpHako IIKaly, IO KOTOPOI M3MepseTCs TeMIepaTypa, Mbl MO-
»KeM BBIOpaTh MPOM3BOMBHO. II09TOMY MOXKHO 3aHOBO BBECTH TaKyIO TeMIIepaTy-

. Py, BeIM4MHa KOTOpoIt OyzieT coBImajarh co 3HaueHneM ¢yHKuvm ¢(T). Beenén-

Has NMOJOOHBIM 00pa3oM TeMmiepaTrypa T Ha3bIBaeTCs TEPMOAMHAMMIECKOI TeM-
nepatypoit. Ecin 0603HaunTh €€ Kak Trgpys...

S nonsama. Y Hac mony4uTcsa BoIpaXkeHMe:

@ _ Tteem2
Q1 Treemt

Ho 3T0 MO>XXHO ciiyTaTh ¢ aOCOMIOTHON TeMIIEPaTypoit, UISMEPEHHOI UJieaTbHbIM
ra3oBbIM TEPMOMETPOM.

9to ThI BepHO nmopMmetiial Ha camoMm gere, kak yxe 00bACHANOCH B pasfene 3.4,
«Juxn KapHo i1 ujeanbHOrO ra3a», ¢ IOMOIIBIO 1ieaTbHOTO Ta3a MOXKHO CO3-
maTh uyk1 KapHo; mpu 3TOM [/ aOCOMIOTHBIX TeMIIepaTyp, U3MEPeHHbIX Wfie-
aJIbHBIM I'a30BBIM TEPMOMETPOM, Oy/ieT BBINOTHATLCA BBIIIEIPUBENEHHOE COOT-
HomeHne. [ToaToMy TepMopMHaMMYecKas TeMIlepaTypa COBIIafiaeT ¢ abCOIoT-
HOII TeMIIepaTypoli, MU3SMepeHHOI! nflealbHbIM Ia30BbIM TepMOMETPOM. B manb-
HelllleM, TOBOpsA 00 abCOMIOTHOI TeMIepaType, 1 Oyly IofpasyMeBaTb UMEHHO
3Ty TEPMOIMHAMIYECKYIO TeMIleparypy. [losTomy 0603HayaTh e€ Mbl OyzeM Ipo-
cro T. KcraTy, BhllIeIpUBEEHHOE COOTHOIIEHNE BEPHO 1 /I 0OpaTHOTO LIMKIIA
Kapno.

TEPMOAMHAMUYECKAS TEMIMEPATYPA

ITo TeMIepaTypa, onpefensieMas depe3 OTHOUIEHNE KOMUYECTB TeIIOTHI,
KoTopble IMKI KapHo monyyaeT oT HarpeBaTens U OTAAET XONONUIbHIKY.
CoBnajjaeT ¢ aOCOMIOTHOI TeMIIepaTypoil Ha U/jea/IbHOM Ta30BOM TepMO-
MeTpe.

4.2. TEPMOAMHAMUYECKAS TEMMNEPATYPA
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CMEUKYPC KATO-KYHA. AEKUMG H

MOKA3ATEAb
AAUABATDLI LILIKAA

A
c
[
u
c
T
E
H
T

IToxa O1iMu 1 MacyHara-coHCail BeyT pasroBop 06 SHTPOIMNY, A ITOTUXOHBKY
oTBEN cebe mapy cTpaHM4YeK. B KOHIIe KOHIIOB, HOYeMy ObI 11 HeT?
ITpocTo A XOTeNn Koe-4To MPOSACHUTD A/IA Bac. Tak 4To, yBaXkaeMble UMTATeNN,

. w Io6psiit fenb, MeHs 30ByT KaTo.
L U

IPOIIY TOONUTH ¥ SKa/IOBATh.
Jtak, Ha 3TOT pas MBI ONPOOyeM JOKa3aTh COOTHONIEHME /I KOMIMYECTB Te-
I/I0THI B IMKTe KapHO, KOTOpoe BBIIIAANT TaK:

Q _ o(Ty)
Q1 o(Th)

Hanre joxa3aTenbcTBo 6yzieT COCTOATH U3 TPEX ITATIOB.

1) PaccmoTpuM IBa TEIIOBBIX pe3epByapa — HarpeBaTesnb (¢ TeMieparypoii T,) u
xonopwnbHMK (c Temmepatypoit T)). [Ipencrasum gBa nukiaa Kapuo; momoxmm,
4ro 370 1uKIbl C 1 C'. O6a OHM IO OTHOLIEHMIO K BHEIIHEI! CPefie OCYIIeCTBIIsA-
I0T OJJHaKOBYI0 paboty W. Bynem cumrats, uto B 1juKie C OT HarpeBaTess Mpu-
HIUMaeTCA HNONOXUTeNbHAA TeIIoTa Q,, XOMOAWIbHUKY OTHAéTcs Termnora Q;, B
nykne C' oT HarpeBaTe/sA MPYHIMAETCA TTONIOKUTEIbHASA TET/I0Ta (Q), XOMOINIb-
HUKY OTHaéTcs TemnoTa Q. UToOBI BBIACHUTD CBA3b MEX/Iy KOMNYECTBAMU Te-
IUIOTBHI 3TUX LUKIIOB, pefcTaBuM obparubiit unkia C’ ot uukiaa C'. B uukie C' ot
XOJIOAVIbHMKA IPYHUMAETCA TeIUIoTa ), BHEIIHMe CUIBI COBepIIaloT padoty W,
HarpeBaTeo fepefaéTca TemioTa Q;.

4. SHTPOMKY



HATPEBATEAD (TEMMEPATYPA T.)
TEMAOTA @4 L TENAOTA @,

I PABOTAW  PABOTAW I

| C — —  C |

L i -

TEMAOTAG, § TEMAOTA &/

XONOAMABHUK (TEMMEPATYPAT)

OpuosHagHOCTH MK KapHO

Hrak, mocMoTpuTe, MOXANMyiCcTa, Ha PUCYHOK Bblme. Celfyac MBI pacCCMOTPUM
nukasl C u C' xak egmubii unkn C + C'. EfMHCTBEHHBIM pe3y/IbTaToOM JaHHO-
ro 1MKia 6yger nmomydenne TemnoTel Q, — Q,' OT HarpeBaTess I Iepefada Terio-
Tl Q, — Q| XONOAUIBHUKY. B 3TOM cydae, COrIaCHO IIepBOMY Hadyaay TepMOJ-
HaMuki, Q, — Q = Q, — Q;. Ilpu oTpuaTeIbHOM 3HaYEHNN MTOFOOHDII UK 3a-
npemaca 6bI HoctynaroM Kiaysuyca, mostoMmy MuHyca 31ech Her.

Temeps mogymMaeM, BO3MOXKHO 1 3/1eCh MOIOKNUTeNbHOE 3HaueHue. Ecu Ml fo-
IyCKaeM TaKoe IIPeJIIoNIoKeHNe, TO, COIJIACHO NepedpasnpoBaHHOMY HOCTY/IATY
Knaysuyca, nporecc 6611 651 HeobpatumbiM. Kpome Toro, nockonsky n C, u C' -
obparumsie nporieccsl, To C + C’ Taxke siBsercst obparuMpiM. CriefoBaTeIbHO,
3Ha4eHMe He MOXKeT OBbITh MOMOXUTeNbHBIM. OTCIOA SICHO, YTO OHO PaBHO HYJIIO.
CootBeTcTBeHHO, Q, = Q[ 1 Q, = Q..

W3 atoro cnenyer, 4to mo06ble 1ukabl KapHo, 3anyljeHHbIe MeX/Y OAMHAKOBO
HapoJl «HaTpeBaTe/Ib-XONOAVIbHUK» U COBEpIIAIOlIlie ONNHAKOBYI0 paboTy Haf
BHEIIHE Cpefioit, 6YAyT IIepeHOCUTh MeX/ly HarpeBareseM U XOTOAVIbHIKOM
OIVMHAKOBBbIE KO/IMYECTBa TeIUIOTHL. Ilomydaercs, 4ro, onpenenus 3HadeHus 1),
T,, W, mbl cMmoxxeM oripefienutb Q; 1 Q,. To ecTh MOXHO 3ammcars:

Ql = Ql (Tp Tz’ W): Qz = Qz (Tp Tz’ W)

CNELKYPC KATO-KYHA. AEKUMS Y
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2) Janee mpenctraBuM, 4yto uuka KaprHo C coepmun n o6oporos. Koneuno,
B 9TOM C/Iy4ae M TeIUIOTa, IIOJIy4eHHas OT HarpeBareis, U paboTa, COBEpIIEHHAs
110 OTHOIIEHNIO K BHEIIHeIl Cpefie, M TeIIOTa, IepejaHHasi XONMOANIbHUKY, YBe-
JINYATCA B 1 pas. B cooTBeTCcTBUM € 9TUM

Q, (T, T, nW)=nQ, (T, T,, W),
Q, (T, T,, nW) =nQ, (T,, T,, W).

Ilopenus opHO ypaBHEHME HA IPYTOE, TOTYIUM
Q2(Ty, To;nW)  Qo(Th, To; W)
Q1(Ty, To;nW) N QT Ty; W)

IlockonpKy # MpOM3BONIbHO, OTHOIIeHMe Q, u Q, He 3aBucut ot W. VHbIMU CTIO-
BaMU, MeeM

gi = f(11,T3).

3) Bo3bMéM, Kak IMOKa3aHO Ha PUCYHKe HIDKe, TPM TeIIOBBIX pe3epByapa Ry, R,
R, (ux Temmneparypa paBHa Ty, T}, T, cooTBeTCTBeHHO). B mpomexxyTke mexny R,
u R, momectum unxi Kapao C; mexay R, u R, nomectum nuki Kapuo C'.

R, TEMNEPATYPAT,
TEMAOTA Q,
PAGOTA

| C _|_>

| TENAOTA G, |
: | PABOTA

¢ =T

b e e e e - - 4

TENAOTA G, §

Ro TEMIMEPATYPAT,

5 4, SHTPONKS




Iuxn C mpuHuMaert ot R, temnory Q, n cooburaer R, rernory Q,; uukn C' npu-
HuUMaeT oT R, remnory Q, u nepepgaér R, remnory Q,. Ilockonbky u C, nu C',
n C + R, + C' apnarorca nuxnamu KapHo, cripaBeyinBo ciepyolee:

2o fTLT), = fTT), 2= AT
Kpowme TOro, BhIIOTHACTCS
[T, Ty)
T = iy

ITockonbKy neBast 4aCTb YpaBHEHNUA He 3aBUICUT OT 1, IpaBas 4acTb TAKXKe He
3aBucut ot T,. CrremoBaTeTbHO, MO>KHO 3aIIMCaTh:

FrT) = S

M-M... B aToit 3ammcn 1A o603HaueHnA GYHKINMU UCIIOIb3YeTCA IpedecKas OyK-

Ba ¢ («(1)]/[»).

¢(T) - dynxums remneparypsl. [lepennca 9To BbIpaskeHMe, IOTY4IMM:
Q _ o1y
Q1 o(Th)

Yro 1 Tpe6OBanOCh JOKa3aTh!

Aitmu! Macynara-caHcoit!
Bot BB Kakue xutpble... Ilof camblit KOHeI] IPUCOeAHUIICD!

K;\\\ Xa-xa-xa!
(ﬁ .
1

// Ha camoM-To fiefie Mbl IOTUXOHBKY MOAICTy MBI

Tonbko nmonpo6yit Hac o6oiiTn! Mbl Te6s HeIIpeMeHHO JOroHNM!

CNELKYPC KATO-KYHA. AEKUMS Y
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Urax, KIIT unxia, wm TennoBoi KIIJ] (npyrue HasBanusa — KIIJI remoBoit
MamnHbl, Tepmudecknit KIIJ1) - aTo oTHOmeHne, mokaspiBalollee, KaKyl0 4acTb
TEIIOTHI Q,, TONyYEHHYIO LIMK/IOM OT HarpeBaTesisi, MOXKHO ITpeobpa3oBaTh B pa-
00Ty HaJl OKpYy>KalolLeil cpefoit. BbIumcifeTcst 3TOT mapaMeTp TaKuM 06pasoM:
W G

L Q2
Kak Bupure, nna o6osnavenna KIIJI ncnonbsyercsa O6yksa 7 (IpoM3HOCUTCA
«ara»). Ina unkaa Kapao, mockoneky Q, / Q, = T, / T,, MO>XXHO 3aIncaTh:
T
E.

A ecny He OrpaHMYMBATBCA OOpPAaTUMBIM LMKIOM, KakuM Oymer KIIJ umxma?
Mo>kHO 1oKa3aThb, 4YTO B 3TOM CITydae

n=1-

Q- Ty

MHaue rosops, cymectByeT npepenbublit KIIJI ninkia, paBubiit KI1JI nnxma Kapao.

"
(ﬂ\\.;/
) XM. VI KakuM cr1iocob60M 3TO MOXKHO JOKa3aTh?
) I}
%ﬁ

)

4. SHTPOMKY



OnATb ke BOCIONIb3yeMCs I0Ka3aTeNbCTBOM OT IIPOTMBHOTO. [I/1s1 Havyasa mpef-
nonnoxxkuM, 4to KIIJI nuka npesocxoput KIIJI nukna KapHo, a 3atem npupém
BBIBOJY, UTO 3TO IIpOoTHBOpednT noctynary KenpsuHa... Ho Ha ceropns, moxa-
JIyit, HOCTaTOYHO. J[JOKa3aTebCTBO S MPEOCTABIAI0 BEIBECTI Tebe caMoll — B Ka-
YeCcTBE JOMAIIIHETO 3amanus!

Ox... I xTO MeHA 3a A3bIK TAHYI!

4.3. KNA UMKAA £Ele



H.4. HEPABEHCTBO KAAY3UYCA

Tbl 8CE NOHAAA
OTHOCUTEABHO
TEPMOALHAMULUECKOL
TEMMEPATYPDI?

A TENEPb PACCMOTPUM
HEPABEHCTBO
KAAY3UYCA.

BEAb 3TO MAABHOE
ANAG NMOHUMAHUG
SHTPOMULY/

UTAK, CMEPBA B3MAGHEM
HA PUCYHOK,

3AECb ULKA €

B3AUMOAEUCTRYET
C HECKOAbKUMU
TENAOBbLIMU

PEZEPBY APAMLIL

80OMNMPOC 8 TOM, OBPATUM
UAU HEOBPATUM 3TOT ULKA €f




NPEACTABUM TEMAORbIE
PE3EPBYAPDI OT R, (C TEMMEPATYPOU T
AO R, (C TEMMEPATYPOU T,). OBPATUM AU

ULKA, Mbl MOKA HE 3HAEM. MPEAMNOAOXUM, HTO

8 ULKAE C OT KAXAOrO PE3EPBYAPA R, .., R,

MPUHUMAKOTCS (LAU OTAAKOTCS) KOAUHECTBA

TENAOTLI @, .., Q.

AEBAQ
HACTb
PUCYHKA

YCAOBUMCG, UTO TEMAOTA, NOAYUEHHASG
LULIKAOM, BYAET MOAOXUTEABHOU,
A TEMNAOTA, OTAAHHAG ULIKAOM, -

OTPULATEABHOLI,

TENEPb PACCMOTPUM MPABYHO

HACTb PUCYHKA.,

NnPABAQ
HACTb
PUCYHKA

! Q
—> ()&«

3AECb
MPUCYTCTBYET APYroU
TENAOBOL PE3EPBYAP R
(C TEMMNEPATYPOU T), A MEXAY HUM

U PE3EPBYAPAMU R, .., R, 3ANYIWEHDI LLKAbI
KAPHO (UAU XE OEBPATHDIE ULIKAbI KAPHO)
OT €} AO C!,. PE3YADTATOM UX AEUCTBUSG
IBAGETCA BO3BPAT PE3ZEPBYAPOR R, .., R,

8 UCXOAHbIE COCTOGHUS,

MPEAMOAOXUM, UTO 8 ULKAE KAPHO Ci
OT PE3EPBYAPA R NPUHLMAETCG TENAOTA Q,
A OT PE3EPBYAPA R - TENAOTA Q.

34ECBi=128, .,n

T Qg
AR >OE R

PE3EPBYAP R, C8I3AH C ULKAOM
1, A MOCKOAbKY 3TOT UUKA AELCTBYET TAK,
UTOEBbI BEPHYTb PE3EPBYAP R, 8 UCXOAHOE
COCTOGHUE, MOXHO 3AMUCATDb:

NOAYUHAETCG, UTO @

U @’ OAUHAKOBDI MO 8EAUHUHE
U nPOTUBOMOAOXHDI MO 3HAKY.
AA?P.

Y. HEPABEHCTBO KAAY3UYCA £ )
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KPOME TOrO, €7 - ULKA KAPHO, MO3TOMY
u3 AAHHOMO HAMU PAHEE OINPEAEAEHUG
TEPMOAUHAMUHECKOL TEMIMEPATYPbI
\ CAEAYET, UTO

4

@

A NOHEMY NEPEA
Q/ CTOUT MUHYC?

OTHOWEHUE TEMNAOTbI, MOCTYNAHOWEL
8 ULKA KAPHO, K TENAOTE, UCXOAQWEL
U3 HEFO, - 3TO OTHOWEHLUE
TEPMOALHAMUHECKUX TEMMEPATYP.

i 80T MO2TOMY Mbl CTABUM
MUHYC NEPEA Q).

TENEPD, MPEOBPA30BAB YPABHEHUE B8bILE,

MOAYHUM:
/ "
xl Xl
r 1

OCTAAbHbLIE TEMAOBDIE PE3EPBYAPLI Ry, .., R,
BO3BPAWAKOTCI 8 UCXOAHDIE COCTOIHUI
AHAAOMUHHDIM OBPA3OM.

MPUMEHISG BbIWEU3AOXEHHOE K MPOU3BOAbHOMY
ULKAY KAPHO Cj, MOAYUUM

Qi+Q; =0

A TAKXE
QL Q_

— =0
r T

_|_

METO4 ABCOAFOTHO
TAKOU XE!

4. SHTPOMKY



UTAK, ECAU MPOCYMMUPOBATL 2TU YPABHEHUI
AAG i OT 1 AO n, TO Mbl NMOAYHUM:

HO ECAU NOACTABUTb
CtOAA YCAOBUG BO3BPATA
PE3EPBYAPOSB R, .., R,

8 UCXOAHDIE COCTOFHUS..

1. /_n%

HYXHO CAEAATb 80T TAK,
BEPHO?

KOHEUHO.

TEMNEPb MPEACTABUM EALHDIL ULIKA,
COAEPXAWUL ULKA €, BCE ULKAbI Cf
U TENAOBDLIE PE3EPBYAPDLI R, .., R,

BOAEE TOrO, 8blPA3LIE
CYMMAPHYHO TENAOTY,
MOCTYNAROWYHO 8 ULKAbI
C{, .., Ch OT PE3EPBYAPA @,
KAK

UCXOAS U3 MEPBOTO HAHAAA
TEPMOALHAMUKL, Mbl MOAYHUM LILIKA,
1 L 8 KOTOPOM OT PE3EPBYAPA R MPLUHUMAETCS
TEMAOTA @', U MO OTHOWEHUKO K BHEWHEL
CPEAE COBEPWAETCY COOTBETCTRYHOWAS
U GEPHO! .! PABOTA..

Y.4. HEPABEHCTBO KAAY3UYCA
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UMEHHO. TEMEPb MPEANOAOXUM
OTAEAbHbDIE CAYUAU, 8 KAXAOM
U3 KOTOPbIX Q" BYAET
MOAOXUTEAbHLIM, OTPUUATEABbHbLIM

UAU PABHDBIM HYALO.

NOAOXU- +
TEALHOE
OTPULIA-
TEADHOE | ===

OTAEAbHbBIE CAYUAU?

UTAK, UTO BYAET

8 CAYUAE, KOr4AA
Q > 0?

OslWUL ULKA, MPUHUMAG OT

PE3EPBYAPA R MOAOXUTEABHYHO
TENAOTY, NOAHOCTbIO
MPERPAWAET EE 8 PABOTY,
COBEPWAEMYHO MO OTHOWEHULO
K BHEWHEL CPEAE.

nPuU NOAOXUTEABHOM
SHAHEHLILI

KCTATU, Tbl EWE NOMHUWb
MOCTYAAT KEABBUHA?

KXM.. KAXETCG, AA..
“HEBO3MOXEH LKA, KOTOPbIU
NOAHOCTbHO MPEBPAWAET
NOAOXUTEABHYHO TEMNAOTY,
NOAYHEHHYHO OT TEMAOBOIO
PE3EPBYAPA, 8 NMOAOXUTEABHYHO
PABOTY HAA BHEWHEL CPEAOL"..

TOYHO. 3TOT
LULKA HE MOXET
CYWECTBOBATD.

LPABOTA, COBEPWAEMAG

UTAK, HAA OBWUM LULIKAOM
NOAYHAETCS, BHEWHUMU CUAAMU, MOAHOCTBbHO
UTO @ > O MPEOBPA3YETCG 8 TEMNAOTY,

HEBO3MOXHO, OTAABAEMYHO

AAP

PE3EPBYAPY R..

nePu OTPULATEABHOM
SHAHEHLIL

A ECAU
Q < O, TO.

ECAU MPEACTABUTb MPOLIECC,
OBPATHDLII STOMY..

4. SHTPOMKY



“OBPATHbIL”
BYAET O3HAUATb, UTO BCG
NMPUHGTAG OT PE3EPBYAPA
MOAOXUTEABHAG TEMAOTA
CTOMPOUEHTHO MPEOBPA3YETCI
8 PABOTY, COBEPWAEMYHO
rMO OTHOWEHUFO K BHELWHEL
CPEAE. A 2TO MPOTUBOPEHUT
NOCTYAATY KEAbBUHA. =

U TOuHO!

MnPOUECC..

TOrAA 8 CAYHAE, ECAU Q'

3TO 3HAHUT, UTO UCXOAHDIL

AA, 8bIXOAUT TAK..

TOrAA 2707
ULKA BYAET HO BHAUANAE
HEOBPATUMBIM? Mbl MPEANMOAATAAL,

UTO UUKAbI ¢, .., C',
OBPATLIMbI,

Ty '
L) NOTOMY

NOAYUAETCS,
HTO HEOBPATUMbIM

OBPATUMBIE |

[OAYHAETCG, HTO OsBWUL ULKA HE
AMET HUKAKUX PE3YABTATORB, TO ECTb
HE OCTABAGET HUKAKUX LBMEHEHULL

OBPA-

TUMbIL .

UHAHE FOBOPY, MEPEHOC TEMAOTDI,
8bI3bIBAEMBILI LULKAOM C, MOAHOCTbIO
KOMIMEHCUPYETCG 8 ULKAAX C, .., C,,.
TOr&A MOXHO MPEAMOAOXUTD,

HTO UUKA C TOXE

MeU HYAEEBOM 3HAUYEHLIL

OBPATUM.

I& MOABEAEM UTOT,

KAK @, MOAYWUM:

ia

T
q

5 HEPABEHCTBO KAAY3YCA (B BAAE CYMMBD) L&

OBO3HAHMB TEMAOTY, ﬂOCTYﬂAIOU.WfO B UVMKA OT PE3EPBYAPA TEMMEPATYPBIT,
T >O HEBO3MOXHO

n
ZQ‘ <0 & UMK HEOBPATUM
i=1

&

UMKA OBPATUM

NG

n
Qa%;p 27 "0

po—




ongaTtb
KAAY3UYC?.

K CcAO8Y, 2TO HEPABEHCTBO
8 CAYHUAE BECKOHEHHO
MAAbIX PA3SHULL TEMMEPATYP
PE3EPBYAPOSB R, .., Rn

MOXHO 3AMUCATL 8 POPME
UHTEMPAAA.

npPu U3ydeHUuUd 8TOPOIO

HAHAAA TEPMOAUHAMUKU

G PACCKA3bIBAA 1MPO MNOCTYAAT
KAAY3UYCA, OAHAKO

HEPABEHCTBO KAAY3UYCA -

3TO HE TO XE CAMOE.

CMOTPU
HE MEPEMYTAL/

- OV oesereyae
%{ bl o] . %

B

RE&
HEPABEHCTBO KAAY31YCA (B BUAE MHTErPAAA)

0BO3HA4MB HUTOXHO MAAOE KOAMYECTBO TEMAQTHI, MOCTYMAIOLLEE B LIMKA

N

OT PESEPBYAPA TEMTEPATYPI T KAK c'Q, NOAYHM:
gﬁ“T'—Q S O HEBOZMOXHO

@”’T’_@ < O o LKA HEOBPATHM

$ d,}Q = O « LKA OBPATHM

q}rﬁl“ )
by

A UTO TAKOE < L
§ R / 5TO KOHTYPHDI! LHTEFPAA,
’ KOTOPbI 8bIHUCAIETCE BAOAb
E 3AMKHYTOU KPURBOL. C TOUKU 3PEHUG
i i pu— = PULKU OH BbIPAXAET UHTEMPAA
N e\ AN OAHOMO ULIKAA.
Oy % N
)" )T T i = O L, 5 i ‘
| 2 T =T [ ]
NS &S TN | 7 - TEMNEPATYPA PESEPBYAPA, |-
W | 3AMKHYTAS KPYBAS) SO T AKTVBHOTO B AAHHBI MOMEHT |

u. SHTPOMMS



UTAK, TEMEPb Mbl
HAKOHEU-TO MOXEM 8bliTuU
HA MOHATUE SHTPOMUU,

O KOTOPOU 9 rOBOPUA BHAUAAE!

MOXET, 2TO NOKAXETCG CAOXHOBATDIM,
HO CMbICA AHAAOIUHEH BTOPOMY HAUAAY
TEPMOALUHAMLIKLY/

al

HTO TAKOE
2HTPOMUG?

HEPABEHCTBO
KAAY3UYCA

HA OCHOBE 2TOMO CTAHET 49CHO,

N

AN

HTO TAKOE 3HTPOMUG!

KAK Mbl YXE YBUAEAU,
HEPABEHCTBO KAAY3UYCA

8 CAYUAE OBPATUMOINO UUKAA

8bIFrAGAUT TAK:

dq
T

4.5, SHTPOMUG £ </



P,

g HAPLICOBAA TPU MYTU, CRI3bIBAFOUILIE
COCTOGHUG P, U P,

MPEACTABUM, UTO KPOME
2TOroO ECTb U APYIUE MY TU.

K!I
P,
A TEMNEPL MPEACTABUM KPYrOBOU NMPOLECC,
= COCTOGWU U3 ABYX MPOUECCOR:
NEPEXOAA U3 P, 8 P, BAOAb NMYTU K
[ U BO3BPATA U3 P, 8 P, BAOAb NYTU K”.
ECAU 3TOT ULKA OBPATUM, >
TO Mbl MOAYHUM: N
/
d'Q dQ
— + — =0
LL pKkpP, T rK'P T
p,
Q NOHAAA! Mbl CHUTAEM,
UTO NYTb K MPOUECCA P, -> P,
U nyYTb K” NPOUECCA P, -> P,
K” ABAGHOTCG OBPATLUMbIMUL
BA NMYTU UMEHHO
OsPATUMBIE TAK! "

4. SHTPOMMY \—/




A ECAU MPOLEECC P, -> P,
MOUAET HE MO OBPATLUMOMY
nyTu K, A MO APYFOMY
OBPATUMOMY NYTU K'..

Kll
p 1 .TO KAK UBMEHUTCG

)
OEBA NYTU YPABHEHLUE?

OBPATUMbBIE

OsA nyYTU
OBPATUMbBIE

OTAUHAETCG TOABKO OAUH MNYTb,
NO2TOMY BYAET

d d
/ 762 + 7Q =0
PLK'Py

T pr'py T

8 3TOM CAYUAE MOAYUHUM:

/ dQ B dQ
mrp, T Jegp, T

u 3TO 8EPHO
AAG AHOBOMO OBPATUMOIO My TU.
UHAHE FOBOPI, AAG AHOBOIO
OEBPATUMOIO MnyTU MPOUECCA P, -> Py
UHTEFPAA BYAET OAUHAKOBDLIM.

2TO MOXHO 3AMUCATb TAK:
d'Q)

P1—Ps <O6paTI/IMbII7[>T

4.5. SHTPOMKS
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HE3ABUCUMO OT nyTU,
AAP

~OmwQoooPY

2TO 3HAUUT, UTO MOXHO UTAK, &40 CUX NOP Mbl

LCMOAB3OBATD OALIH PACCMATPUBAAU MPOLECC
U TOT XE UHTEPAA MEPEXOAA U3 COCTOGHUG P, 8

COCTOGHUE P,,

A TEMEPb HEMHOIO
MEPENUWEM YCAOSBLE.

MPUMEM 3A HAHAABHOE COCTOSGHUE
TOWKY Po, A 3A KOHEHUHOE - TOUKY P.

KAK U MPEXAE CUHUTAEM, UTO
MPOUECC UAET NO OBPATLMOMY
MyTU. KPOME TOrO, TOHKY Po
KOHEUHOE | Mbl 8bIEEPEM TAK, UTOBbI OHA

COCTOGHUE ABAGAACH HEKUM OMOPHbIM
P COCTOGHUEM.

MOHITHO! TO ECTb Mbl
PUKCUPYEM HAHAAbHYHO
TOUWKY nyTU.

P,
AABHOE COCTOSHUE

8 3TOM CAYUAE UHTEMPAA HYXHO
NEPEMUCATL TAK:

Py—P <o6paTMMbH7[>

dq
T

ot ogosHauseTca S

NOCKOAbKY HAHUAABHAG TOWKA NYTU P,
3APUKCUPOBAHA, 2TOT UHTEMPAA ONPEAEAIETCS
TOABKO COCTOGHUEM P CUCTEMbI

Py—P (o6paTMMbU71)

U HA3bIBAETCG SHTPOIUEL COCTOGHUG P.

@
T




NOCKOAbKY MEHIETCI TOABKO '

HACTb P,
3HAUUT, ZHTPOMUG - 2TO

PYHKUUG COCTOGHUG!

S, = /
Py— Py (06paTyMmblii )

KAK U /
BHYTPEHHAG
SHEPIUS...

dQ
T
dQ
T

Sy = /
Py— P, (0b6paTumblit )

3HAUUT, UX PA3HOCTb

s-]
Py—P, (0bpaTuMmbtit )

g<%§

aQ
T

C MoMOoubto 2TOrO

NOMPOBYEM BbIGCHUTb M
SHTPOMLIKO KAXAOIO ‘ 20
U3 cOCTOGHUL P, U P, J‘ﬁ

==

]

MOXAAYU, TENEPb
C OMPEAEAEHUEM SHTPOMNUL
B8CE MOHATHO.

KPOME TOlO, 8 CAYHAE ECAU
P U Py AOCTATOUHO BAU3KU,
MOXEM 3AMUCATb

as = (49
T ] (o6parumsiii)

AMNEE Mbl PACCMOTPUM CAYWAL | P
HEOBPATUMOIO MPOUECCA. N 2

3AECb

Mbl TAKUM XE OBPA30OM

LCMOAb3YEM HEPABEHCTBO
KAAY3UYCA,

OBPATUMbBIL

4.5. SHTPOMKS
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HEOBPATUMBIL ...

\_

V

MPEAMNOAOXUM, UTO MEPEXOA
U3 COCTOGHUG P, 8 COCTOGHLUE P,
MPOTEKAET HEOBPATUMO,
A BO38PAT 8 UCXOAHOE COCTOGHUE -
OBPATUMbI MPOLIECC.

OBPATUMbBIU

P1ZP2

ECAU PACCMATPUBATL 3TU MPOUECCHI KAK EAUHDLII LULKA, TO OH BYAET
HEOBPATUMbBIM, TO ECTb:

d’ d’
79, 79 _y
P —Ps (Heo6paTMMbU71> T P,—P (o6paTMMb1171 ) T

B8TOPOE CAATAEMOE 8 AEBOL HACTU HEPABEHCTBA COOTBETCTRYET
OBPATUMOMY MPOUECCY, MOSTOMY EFO, KAK Mbl TOABKO HTO BUAEAU,
MOXHO 8blIPA3UTb 8 BUAE PAZHOCTU:

C_5-s

P,— P (o6paTI/[MbH7I) T

TAKUM OBPA3OM, AAG NMEPBOIO CAACAEMOIO 8bINOAHIETCI HEPABEHCTRBO:

d/
_Q < 5’2 _ Sl
P —Ps (Heo6paTMMbU71) T J

4. SHTPOMKY



| 0

U30AU-
7/ POBAHHAG
TEMNEPL CUCTEMA
MPEACTABLIM, HTO 8 3TOM CAYHYAE, MOCKOAbKY
P HEOBPATLMOM . TENAOBOIrO OBMEHA
”p%igc,\iioc:ACJEMA \ C BHEWHEL CPEAOL HE MPOUCXOAUT,
’ AY Y ‘QA =0,
OT BHEWHEL MOAYUAEM d'@ = O
CPEADI, N
UAU XE 4HTO 3TOT 3AMUWEM
HEOBPATUMbI 3TO TAK:

MPOUECC NMPOUCXOAUT

AAUABATUHECKU. d/ Q
T

P—P (Heo6paTMMbH7[ )

v

BHEWHAG [
CPEAA |

o —r

TEMNAOU3OAUPO-
IBAHHAQ CUCTEMA

TOrAA, ECAU NOACTABUTL 2TO ,
8 MPEALIAYWEE HEPABEHCTRO.. / dQ <G _g

o 2 7 M1
Pi—P (Heo6paTMMbH7[) T

MOHAAA!

SQ_Sl>O

80T UTO NOAY4WUTCG!
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MPOTEKALOUWENO 8 U30AUPOBAHHOLU
UAU TEMAOU3OAUPOBAHHOLI CUCTEME,

TOYHO. UHAHE MOBOPY, SHTPOMUI

HEOBPATUMOIO MPOUECCA,

BCErAA BO3PACTAET.

P,

HEOBPATUMbIL

KCTATU, ECAU MPOUECC
MEPEXOAA U3 COCTOGHUG P,
8 COCTOGHUE P, TOXE
OBPATUMBIL, TO
S, -6, = 0.

P,

OEPATUMbIL!

NOABEAEM UTOIMU..

8 U30AUPOBAHHOL UAU TEMAOU3OALPOBAHHOL
SHTPOINUG HE YMEHDWAETCAG.

BOAEE TOlO, ECAU MPOUECC 8 U3OAUPOBAHHOL
UAU TEMAOU3OAUPOBAHHOLI CUCTEME FBAFETCSG
HEOEBPATUMbBIM, TO ZHTPOMNUG BCErAA
BO3PACTAET.

4. SHTPOMKY

3TO HA3DLIBAETCI 3AKOHOM
BO3PACTAHUG SHTPOMUU.

Mbl MPUWAU K TOMY XE, O HEM FOBOPUAU

8 CAMOM HAUAAE.



P
3AKOH BO3PACTAHUS SHTPOMMUK @

B I30AVPOBAHHOV WAW TEMAOU30AMPOBAHHOW CUCTEME 3HTPO-
W4 HE YMEHBLIAETCA. BOAEE TOrO, JHTPOMNS HEOBPATUMOrO
[POLIECCA B U30AUPOBAHHOM (TENAOU30AMPOBAHHOM) CHCTEME

BCET AA BO3PACTAET.

OngTb NnOg8UACG 3AKOH 3TO OAHA

BO3PACTAHUG SHTPOMUU..

3
H U3 POPMYAUPOBOK BTOPOMO
HAUAAA TEPMOALUHAMUKLU,

UHbIMU CAOBAMU, SHTPONUG - PYHKUUG COCTOIHUG,
BbIPAXAIOWAG BTOPOE HAHAAO TEPMOAUHAMUKU,

BTOPOE HAYAAQ TEPMOAMHAMMKH

-

\,

N

NOCTYAAT. NOCTYAAT. |
KAAY3UYCA ) =P KEAbBuHA;-)

HEPABEHCTEO) —> BO3PACTAHUG
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4.6. SHTPONUS U NEPBOE HAYAAO TEPMO AMHAMMUKHK

MBI TOZIBKO YTO Jany OoIpefiefieHNe SHTPOINM, a Tellepb, UCIIONb3ys ero U NpUMeHsAA
moHbIN nuddepeHinan, nepemnniieM mepBoe Havyano TEPMOIMHAMUKA.

ITpepncTaBum, 4TO celfyac y HaC eCThb ABa O4eHb 6/mM3Kux coctosanus 1 u 2. [Tonoxum, uyto
BHYTPEHHAA 3HEPTUA, SHTPOINA U 06ém nepBoro coctosuus U, S, V, sBroporo — U + dU,
S+dS, V+dV. Ecnu cucteMa nepelia u3 cCOCTOAHNUA 1 B COCTOAHNE 2, TO 110 IEPBOMY Ha-
Yajry TepMOAVHAMUKMY A7 3TOTO M3MEHEHM BBIIIOTHAETCA

dU =d'Q + dW.

Ecnu paccmarpuBaTh KBasuCTaTUIeCKOE M3MEHEHIE OT COCTOSIHMA 1 K COCTOSIHMIO 2, TO
d'Q MOXXHO BBIPA3UTh KaK

dQ =TdS.

C mpyroii cTopoHsl, d'W B cy4yae ruipOCTaTNYeCKOTO IAB/ICHNUS P MOXKHO BBIPA3UTDb Kak
dW = —pdV.

CrnegoBaTeIbHO, BBITIOTHAETCS

dU =TdS — pdV.

ITockonbKy ypaBHEHME COlep>KUT pasHOCTU 3HadeHmit pynkumit U, S, V mna aByx upes-
BBIYAIHO ONIM3KMX COCTOSHMIT, OHO Oy/ieT BBINIOTHATBCA BHE 3aBIMCUMOCTH OT IIpoliecca.
ITO ypaBHEHME MBI BO3bMEM 33 OCHOBY, TIO3TOMY XOPOLIEHHKO 3aIIOMHUTE €TO.

Tenepy npopnddepeniupyem sto ypaBHeHue 1o S npu noctosHaoM V. Tak kak mocto-
AHCTBO V 03HavaeT, YTo dV = 0, MbI IIOJTy4UM BBIpaXKeHMe:

ou

T=1%s)
1%

I/IHaqe FOBOPH, TeMnepaTypa — 9TO OTHONLICHINE N3MECHECHIA BHYTpeHHeﬂ 3Hepr1/u/[ K N3-
MEHEHNIO SHTPOINNU B U30XOpHOM Iporecce. C Ipyroit CTOpoHsl, AnddepeHnpys npu

IOCTOSSHHOM S, TIO/TyYuM

ou

r="\av

S

(G50 Y. SHTPOMNKS




ITocko/nbKy HMYTOXKHO Majioe M3MeHeHMe IpU MOCTOSHHOM S — 3TO KBasUCTaTU4eCKUA
a/inabaTHBIN IPOIlecC, MOXKHO CKa3aTb, YTO IaBJIEHUE — 9TO OTHOILIEHE ISMEHEHN I BHY-
TpeHHell SHEPTUM K U3MeHEeHU0 00béMa B KBa3UCTATUYECKOM afuabaTHOM mpoliecce,
B3ATOE C OOpAaTHBIM 3HAKOM. B BbIIIeNpUBeIEHHBIX PACCYXXAEHUAX MBI IIOJIATAJIN, YTO
napaMmerpamu S u V MOKHO CBOOOJHO YIpPaB/IATh, TO €CTb OHUM OBUIM He3aBUCHMBIMU
napaMeTpaMN.

C mpyroil CTOpOHBI, Mbl MOXKEM CYUTAThb He3aBUCUMBIMM IIapaMeTpaMyl BHYTPEHHIOI
sHepruio U n 06béM V. B aToM cirydae 60ree MOHATHOI Oy/ieT CIeyIomast 3auch:

1 P
ds = de + Tdv'

BeruncnnB aHaIOTMYHBIM 06pa30M YacCTHbIE ITPON3BOOHBIE OT IHTPOIINN S, MOJ>XHO IIO-
JIY9UTD CI€AyIoe COOTHOIIEHMA:

1 oS P oS

= \av), 7~ \av),

Y.4. HEPABEHCTBO KAAY3UYCA £ ¥/



4.7. SHTAABMUS U CBOBOAHAS SHEPT U4

MBb!I BBISACHWIN, YTO BHYTPEHH:AS 9HEeprus — yoOHass QYHKIVA B TOM CIy4ae, KOIZIa He-
3aBJMCYMBIMM IIapaMeTpaMy BbIOpaHbl HTponuA U 06béM. OfHAKO B HEKOTOPBIX Cy4asax
yHoOHee BBIOpATh Apyrye He3aBUCUMBIE IIapaMeTphl, HAIIPUMep, JaBIeHUe U TeMIIepaTypy.
[l TakMX cy4aeB BBOAATCA pa3nyHble QYHKIUIL.

3nech Mbl BBeJIEM TMOHATIE SHTAAbIMM. C/I0BA 9HTAIBIINA U SHTPOINA OYeHb IIOXO0XKM,
OIHAaKO He0OXO[VIMO IIOMHUTD O TOM, YTO 9TO COBEPIICHHO pa3/INYHble IOHATH. DHTa/Ib-
s H onpepienseTca cenyoiyM o6pasom

H=U+pV.
Hudero cnoxxnoro, Bepro? I[Ipopuddepeniyposas 310, momydnm
dH = dU + pdV + Vdp.
I[TepBoe HaYaI0 TEPMOAVMHAMYKIY, 3aIIVICAHHOE KaK
d'Q = dU + pdV,
C y4ETOM 9TOTO MO>KHO HepeNmcaTh YoM 06pa3om:
d'Q = dH — Vdp.

Ecnu cuntath He3aBUCUMBIMU napamMeTpaMm TEMIIEPATYpPYy Tn JaBJICHNE p, TO MOJXHO
3almcarb:

OH oH
H=|Z=) dT+ =
o= (5r), 7+ (5 ),

OrTcioma umeem:

. (0H OH
e = (aT),,d“ l(apl‘vl .

B nzobapuom nporecce dp = 0, mostomMy usobapHas yzienbHas TennoémMkoctb C, paBHa

oOH
Cp = <8T>
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Vnaue TOBODA, IIO/Ty4YaeM, 9YTO I/I306apHaH TeMI0EMKOCTD paBHa YacTHOM HpOI/ISBOHHOﬁI oT
9HTA/JIbIINM IIO TEMIIEpAType IIpU IOCTOAHHOM [JaB/JIC€HUN.

Y106 HEMHOTO IIpOACHUTD (1)I/ISI/I‘ICCKI/H‘/JI CMBbICJI SHTa/IbIINU, emé pa3 3amnmnuieM I1epBoe
Hava/io TEPMOAMHAMUKU.

dQ = dU + pdV,

Ecimm paccMaTpuBatrh 9TO ypaBHEHMe IIPU IIOCTOSHHOM 00béMe, TO SCHO, YTO yBede-
HJle BHYTPEHHeIl SHepTUy PaBHO COOOIIEHHOMY KOJIMYECTBY TEIUIOTHL. Temepp paccMo-
TPUM CIIy4ail IOCTOSHCTBA JaBneHusd. VI3 ypaBHeHN:A

dQ = dH — Vdp

CJIefiyeT, YTO B 9TOM C/Iyd4ae yBeIM4YeHNe S9HTANIbINM OyAeT paBHO IIOTYYeHHOMY KOIMde-
CTBY TeIUIOTHI. Takoll mofxof 03BOJsAeT MOHATD, YTO S3HTA/IbIINA IPY IOCTOSHHOM JaBile-
HVIM UTPaeT POJib, CXORHYIO C BHYTPEHHeIl SHeprueil Ipy MOCTOAHHOM 06béMe. TIockombKy
B KBasycTarnieckoM npouecce d'Q = TdS, Mbl omy4nm:

dH = TdS + Vdp.

W3 sToro ypaBHeHN:A, IPUHAB SHTPOIMIO U [JaBJIeHNe 3a He3aBUCHMbIE NTapaMeTpPhl, 110-
TyIUM

0OH 0OH

'=\as) V=& ).
P /s

B ciyuae, ecnu B KadecTBe He3aBMUCHMBIX IIapaMeTPOB BbIOpaHbI TeMIleparypa 1 00b-

&M, yE06HO o/Ib30BaThCsi CBOOOFHOM 9Heprueit TenbMronbna. CBo6onHas SHEPruts

Ienbmronbua F onpenendercs Kak
F=U-TS.
Tak xak eé nuddepennnan papex
dF = —SdT — pdV,

MO>XHO 3aIICaTh, YTO

oF oF

S==57) » p=—(57) -
aT ), v ),

CBo6opnHyto sHepruio [enbMrosbpla 9acTo Ha3bIBAIOT IPOCTO CBOOOJHOI 3HEpTHeEi.

4.7. SHTAABNNEG U CBOBOAHAS SHEPTUS £ leke)



B cryuae, ecriu 3a He3aBUCHMbIe TapaMeTPBI IPUHATHI TEMIIEpATypa U AaBjieHne, yLoOHO
071b30BaThcsl CBO6OJHOM aHeprueit I'm66ca. Crobopuas sneprus [n66¢ca G onpere-
JISIETCSI KaK

G=U-TS+pV.

Ouddepennupys, nonydmm:
dG = —=SdT + Vdp.

Orcropa cregyet, 4T0

S=—|= V=—
) .

oT op )
Pasnuunnie TepMO,T_[]/IHaMI/I‘-IeCKI/Ie BEJINYNHDI, KOTOpre MbI paCCManI/IBaTH/I oo Cux HOp,
MO>XHO KTIaCC]/I(l)I/ILU/IpOBaTb Ha OB€E FPYHH]JI. HCHO B TOM, 4YTO CI/ICTCMY, HaXOHHIlIYIOCH B CO-
CTOAHUNM TEIIZIOBOTO paBHOBeCI/IH, MO>XHO paCCManI/IBaTb KakK COBOKYHHOCTI) eé OTOENb-

HBIX YacTell.

« DKCTEHCHBHAA BEJIMIMHA — OTO BeIMUYNMHA, 3HaUYEHIE KOTOPON /ISl CUCTEMBI B Iie-
JIOM paBHO CyMMe 3Ha4eHMII /IS BCeX YacTell CucTeMbl. VIHBIMM CTOBaMM, paccMaTpuBas
OfIHY, iBe, TPU U T. [i. OAVHAKOBBIX CHCTEMBI KaK €IMHYIO CUCTEMY, MBI JO/DKHBI OyfeM
YMHOXWTDb BE/IMYMHY Ha OfIMH, [iBa, TPU U T. . COOTBETCTBEHHO. B KauecTBe mpumepa
HnpuBenéM 00bEM, BHYTPEHHIOI SHEPIUI0, SHTPOINIO, CBOOOLHYIO 9HEPrMIo [enbMronn-
11, CBOOOHYI0 3Hepruto [166ca.

o IHTeHCUBHAA BEeNIMIMHA — 5TO Be/IMUNHA, 3HAUYEHIE KOTOPOJ [JIs1 CUCTEMBI B 1[eJIOM
PaBHO 3HAYEHMIO JIA TII000IT YaCTY 9TOV CUCTEeMBL. B 9TOM cydae, CKONbKO ObI OfTHAKO-
BBIX CHICTEM MBI HM 00beJVIHM/IN B OOIIYI0 CUCTEMY, 3Ha4eHMe BE/IYMHbI He ISMEHUTCA.
B xauecTBe nmpuMepa IpUBENEM TeMIIEPaTypy U aB/IeHNeE.

Ecnu opnHaxkoBbIX cucTeM [iBe, TPU U T. J., TO MBI OJDKHBI YMHOXXUTD 9KCTEHCUBHBIE Be-
MMYMHBL Ha iBa, TPU U T. I. COOTBETCTBEHHO, OOHAKO COOTHOIIEHME [IBYX SKCTEHCUBHBIX
BeM4YMH He u3MeHUTcA. CrlefoBaTebHO, BeMNYNHA, TOTyYUBINAACA IPU [eleHUN SKCTEeH-
CUBHOJ BEMYVHBI HAa 9KCTEHCUBHYIO Be/IMYMHY, OyleT MHTEHCUBHOI. Takke 04eBUIHO,
YTO IpU [ie/IeHNN SKCTEHCUBHOI Be/TMYMHBI HA MHTEHCUBHYIO BeTMYUHY TTOTyYUM SKCTEH-
CUBHYIO BeIMYMHY. DTO MOXKHO 3aINCaTh B BIJE CIEAYIOMNX GOPMYIL:

(aKcTeHCcMBHAs BenMunHa )

= (HHTCHCHBHaH BeJ’IH‘{IfIHa),
(SKCTEHCHBHaH BEJ’[M‘-IHHa)

(axcTeHcuBHas BenmunHa )

= (SKCTEHCHBHaH BEJ’[F[‘U‘[H‘:I)
(HHTEHCHBHE{H BGHH‘{HHa)

STy OTHOLIEHNS CIPABeJINBbI U /s IIPOM3BOSHBIX. DKCTEHCUBHASL BeNMYMHA, TIPopud-
(bepeHIMpOBaHHAS 110 9KCTEHCUBHOI Beln4YNnHe, OyfjeT MHTeHCUBHO; 9KCTEHCUBHAS BeJIN-
41Ha, npoauddepeHINpoBaHHas 10 MHTEHCUBHOI, OyfieT SKcTeHcuBHOIL. [Tonmpobyiite ca-
MM yOE[UTBCS, 9TO 3TO MIMEHHO TaK.

7l Y. SHTPOMNKS




4.8. COOTHOWEHNG MAKCBEAAA

Mp&I y>ke OTMeYany, 4TO TeMIepaTypa Ipy CBOOOTHOM pacIiMpeHNH MAeaTbHOrO ra3a He
U3MeHs1eTCs. A 4To 6yIeT MPOUCKXOANUTH C peanbHbIM razoM? UTobsl pa3obparhbesi B 9TOM,
BOCIIO/Ib3yeMCs1 OUeHb YJOOHBIMY COOTHOUIEHNAMY, KOTOpble HOCST Ha3BaHUe COOTHO-
mennit Makcsenna. CHavama Mbl [TOKQKeM UX BBIBOJ, a 3aTeM C X [IOMOIIbI0 IOIpobyem
HaJITV M3MEHEeHe TeMIIePaTy bl IPY CBOOOLHOM PaCUIMPEHNUN PeaTbHOTO rasa.

31ech MbI BOCIIONIb3YeMCsI pAaBEHCTBOM CMEIIAHHBIX YaCTHBIX POM3BOAHBIX OT GYHKIINU
IBYX IepeMeHHBIX f (X, y):

o0 f B 0% f
oxdy  Oyox

TO €CTh BO3MOXKHOCTBIO M3MEHATH MOpsnoK mubdepentmposanust. Paccmarpusas U= U (S, V),
MOYKHO 3aIICaTh

0*U 0*U

080V — avVas

"3 9€ro CiIenyer:

(55), =~ (@).

Ananormuno pia H=H (S, p), F=F(T, V), G = G (T, p) MOXHO BBIBeCTH:
ov oT

(3s), = ().
oS dp

(o), = Gr),
oS oV

(&), = (),

STy YeThIpe COOTHOLIEHNA U Ha3bIBAIOTCA COOTHOMEeHMAMM MakcBenna.
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MCHOTII:BYH COOTHOILIIeHUs1 MakcBeria, MOKeM HpI/IﬁTI/I K HEKOTOPBIM IPYTUM IIO/IE3HBIM
COOTHOUICHMAM. H}IH Ha4aa 3 YpaBHEHMA

dU = TdS — pdV,

BBIPa3VB OTHOILIEHVE I3MEHEHMsI BHYTPEHHell SHepPIUy K M3MEHeHMI0 00béMa Ipy II0CTO-
AHHOI TeMIIepaType, MOXKHO IIO/IyYUTh YpaBHEHME B YaCTHBIX IIPOM3BOJLHBIX:

ou 05
ov ), ov ).,
31ech, UCTIONDb3yA OJHO U3 COOTHOILIeHNI MakcBera:
a5\ _ (o
ov), \or),
MIOJTyYUM
v\ (o)
v )., ar ).,

910 Ha3bIBaeTCs yPAaBHEHMEM SHEpIruM. Ero npaByo 9acTh MOXKHO HATH 110 U3BECT-
HOMY YPaBHEHMIO COCTOSTHUA.
Ecnm ucnionb3oBaTh ypaBHEHME SHEPTUM M YPAaBHEHME COCTOSTHUA U/I€aIbHOTO Tasa

pV = R'T,
MOJ>XHO ITIO0Ka3aThb

ou

—] =0
oV '

T
ITO 03HAYAET, YTO BHYTPEHH:AA 9HEPIUA U/leallbHOTO rasa 3aBMCUT TOJIBKO OT TeMIlepa-
TYPbI ¥ He 3aBJUCUT OT 0ObEMA.
Vrak, 94T0 IpOoM30iiAET B cIydae peanbHOro rasa? Emé pas paccMoTpuM ypaBHeHMe Ban-
nep-Baanbca

(p+v‘12) (V —b) = RT.

3pmech a n b — monmoxuTenbHble KOHCTaHTHL. [Ipoguddepenunpyem obe gacTu 3TOrO
ypaBHeHus 1o T npu mocTossHHOM V. B TakoM ciry4yae MOXKeM 3aIucaTh

ap R

ar), V-
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ITopcTaBuB 3TO BHIpa’KeHNE B IPABYI0 YacTb YPaBHEHN SHEPIUY U CHOBA UCIIO/Ib30BAaB
ypaBHeHue Ban-nep-Baanbca, momyunm:

oU a

o), V¥

CrefoBaTeIbHO, BHYTPEHHSIS SHEPIMsA B C/Iydae peajibHOTO rasa 3aBMCUT He TONIBKO OT
TEMIIEPATYPBI, HO 11 OT 06béMa. [I0CKOIbKY IpaBasi YacTh ypaBHEHMsI IOIOXKNUTENbHA, O4e-
BUJIHO, YTO IIPY OMHAKOBOJI TeMIeparype 4eM Oosble 6yneT 06b5EM, TeM OOIblIIe CTaHET
BHYTPEHHSIS 9HEPIus.

Jlasnee, MCTIONB3yst COOTHOLIEHNE YACTHBIX IIPOU3BOIHBIX

ou ov orT

ov ) \or ) \au), ="
a TaKJXKE
oT\ _(9U\T  (9v) _(oT\T (U) _,,
ou), \or),  \oT ov)  \ar), "
MO>XHO BbIBECTH: U U
or 1 (oU

av ), Cv\ov),

[Tockonbky neBast 4acThb — AuddepenmanbHplil K03 UIMEHT 3aBUCUMOCTI TeMIlepa-
TYpBI OT 00b€éMa IpYU NMOCTOSIHHOI BHYTPEHHEN 9HEPTUM, 9TO YpaBHEHMe BbIpaKaeT U3-
MeHeHe TeMIlepaTyphl IIpy CBOOOJHOM paclIMpeHN rasa. B ciyyae npeanbHOro rasa Mbl
IOy YUM

orT

W U

CreoBaTeIbHO, M3MEHEHMS TEMIIEPATypPhl IIPY CBOOOZHOM pacCIIVPeHUY He IIPOMU30ii-
IET. B cyyae ske paspeXeHHOTO peasbHOro Tasa IOoIyYnuM

oT 1 a

), oy

YL IpU CBOOOTHOM PACLIMPEHUN TeMIIepaTypa MOHUSUTCS. To eCTb MbI BBIACHWUIN, YTO IPU
CBOOOJHOM pacCLIMpEHNUN UeaIbHOTO Tasa TeMIlepaTypa He M3MEHUTCs, OHAKO IIPU CBO-
0OZHOM pacIIVPeHNN PeasbHOTO ra3a OHa MOHUSUTCS.

4.8. COOTHOWEHNSI MAKCBEAAA
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2TO 3HAWUT..

HA 3TOM KYPC AEKUUL
no TEPMOAUHAMUKE
OKOHUEH!

HTO-0?!
YXE OKOHHEH?

KOHEUHO, 2TO AAAEKO
HE 8C3 TEPMOAUHAMUKA,
OAHAKO TOlO, UTO 4 TEBE
YXE O8DICHUA, BNTOAHE
AOCTATOUHO!

rff‘““ /

8OT KAK.. 3HAHUT, 8bl MHE
OB DICHUAU POBHO CTOABKO,
CKOABbKO HYXHO AAG CAAHU

3AHETA, AAP.

HO G UYBCTBYIO,
UTO eblyHUAA EWE
HEAOCTATOUHO...

AX BOT KAK! 8 TAKOM CAYUAE
HE MOMEWAET U3YUUTb
CTATUCTUHECKYHO MEXAHUKY/

CTATUCTUHECKYHO
MEXAHLIKY?

Tbl CAbIWAAA, UTO
SHTPONUG B8bIPAXAET MEPY
BECMOPIAKA CUCTEMbI?




AA, 9 3HALO!
Mo MPABAE rOgOPY,
a AYMAAA, UTO
8bl YMIOMGHETE
Oe 3TOM 8 KYPCE
o TEPMOAUHAMLUKE.,

HO OWUBAACD.. CcOCTOUT.

N

HTOEBbIl MOHITb CMbICA SHTPOMUU
KAK “MEPDI BECMOPIAKA CUCTEMbI”,
HEOBXOAUMO PACCMATPUBATL
MATEPUIO KAK MHOXECTBO ATOMOS

UAU MOAEKYA, U3 KOTOPbIX OHA

” CTATUCTUHECKAG MEXAHLIKA -

3TO HAYKA, KOTOPAG
YCTAHABAUBAET CBOUCTBA
MATEPUL, PACCMATPLBAG
EE HA YPOBHE ATOMOB
LIALL MOAEKYA.

U TEPMOALHAMLKA, MAKPOCUCTEMA
U CTATUCTUHECKAG MEXAHLIKA CROlICTRA
8 OCHOBHOM PACCMATPUBAKOT TEMAOBDIE V MAKPOCLICTEM
CROUCTBA BOAbWUX, BUAUMbIX HEBOOPY XEHHDIM 8blB0AJTCA
FAA3OM OBDEKTOR - MAKPOCKOMUHECKLIX gsé:gggggbzux
CUCTEM (MAKPOCLCTEM). 8 TEPMOAUHAMUKE é SMALPLUECKLUX
MOCTYAUPYETCG BEPHOCTb HECKOABKUX 3AKOHOS,
OCHOBHbIX IMMUPLIHECKLUX
3AKOHOB, KOTOPBbIM AOAXHA MUKPOCUCTEMDBI
YAOBAETROPATb MAKPOCLCTEMA, U HA LIX ceoticTea
/ OCHOBE 8bIBOAJTCA CBOUCTBA MAKPOCLICTEM. =t ol MAKPOCUCTEM
8 CTATUCTUHECKOU MEXAHUKE CROLCTRA .. ... | sbBOAgTCA
MAKPOCLCTEM 8bI20OAGTCA HA OCHORE cee e gzéocﬁg%ueczux
PUBLLECKUX CBOUCTR MUKPOCKOTMUHECKLX - | mukeo-
CUCTEM (MUKPOCUCTEM), TAKUX KAK CUCTEM.

ATOMbI UAU MOAEKY Abl.

80T OHO KAK! 3HAUUT,
8 CTATUCTUHECKOU MEXAHLIKE,
HAMPUMEP KOIr4AA U3YUAEWD A3,
CrMEPBA HYXHO YIAYBUTbCS
8 U3YHEHUE PU3LIHECKUX CBOLICTR
O4HEHb BOALWOrO HUCAA
MOAEKY A, KOTOPbLIE EIO
COCTABAGHOT, BEPHO?

HO MOXHO AU NOAHOCTbLHO
PA3O0EBPATLCA 8 PACNOAOXEHUU
U CKOPOCTU TAKOIMO sOAbWOro

KOHEUHO, TOHHO 3HATb
COCTOGHUE 8CEX HACTULL

CAYUAGX DPPEKTUREH
METO4 YBEAUUEHUSI
*3EPHUCTOCTU".

KOAUHECTBA ATOMOS UAU MOAEKYA?




—]

e

b
Tt

il

s

; BMECTO 3TOMO AYUIWE PA3BUTb

: KAPTY CTPAHDI, HAMPLUMEP, HA

5 KBAAPATbI CO CTOPOHOU 10 KM

— U 8bIGCHUTDL, CKOABKO ArOAEL

MPOXUBAET 8 KAXAOM U3 3TUX
KBAAPATOS.

I

|
e
L L e

8OT TEBE MPLMEP. MPEACTARD,
HTO Mbl XOTUM Y3HATb, FAE :
: 8 GrOHUU CAMAG BOAbWAG -
I KOHUEHTPALULIG HACEAEHUS. =~

X7E1
- 3TO MOMOXET HAM
— : MOHGTb, 8 KAKUX PALOHAX

: ECAU Mbl COBEPEM LIHCPOPMAL}LH'O KOHUEHTPUPYETCG

| — OB AAPECAX BCEX )KEJTE/\EU, HACEAEHUE,
— ] TO MOAYHUM OrPOMHb!LI MAccug HE TAK AUP

UHPOPMAULL, KOTOPbIU, OAHAKO, 4

HE MOKAXET HAM OBUIYIO !

% TEHAEHUULO PACIPEAEAEHUSG.

:\

!n HU _'@

- b gy By ]

=) J2" s [

il W g §emais

2TO U ECTb AAP? B80T OHO UTO..
KOHEUHO, TAK U ECTb! Y8EAUHEHUE CTATUCTUHECKASG
UTOBbI CTAAO MPOUIE, “3EPHUCTOCTL”, MEXAHUKA - 3TO OTAEAbHAG
HYXHO OTePOCUTb UCNOAb3YEMOE OT TEPMOAUHAMUKU
HECYWECTREHHYO \ 8 CTATUCTUHECKOU OEBAACTb HAYKU.
MEXAHUKE! OHA, HABEPHOE,

O4EHb CAOXHAG..

BEAUHEHUE
“3EPHLIC-
TOCcTU”

8 UEM MPOBAEMA?
Tbl BEAb YXE 8MOAHE
NOArOTOBUAACD K U3YUEHUO
CTATUCTUHECKOU MEXAHLIKL/

AO CUX MOP Tbl YHUAA
TEPMOAUHAMUKY. TAK?




METOA YBEAUHEHUG “3EPHUCTOCTL",
LUCNOAB3YEMbIU 8 CTATUCTUHECKOLU
MEXAHUKE, NO3BOAIET PACCYXAATD
O TEPMOALHAMUUECKUX CBOUCTBAX
MAKPOCUCTEM.

PA3BE TAKOE
BO3MOXHO?!

SHTPOMMS KAK PYHKLIMG

SHTPOMMS
| coctoskus, onpeEAsEMAS
KAK mgiﬁggﬁg%ﬁm | HA OCHOBE TEMAOOBMEHA
B OGPATMbIY MTPOLECCAY

CTATUCTUMECKAS
MEXAHUKA

TEPMOAMHAMUKA

AYHwull ¢rocos MOHITb 3TO -
U3YUUTb CTATUCTUHECKYHO
MEXAHLIKY !

3AKOHDI, KOTOPbIE U3YHAAUCD
8 TEPMOAUHAMUKE,
BMOAHE MPUMEHUMbI
U K CTATUCTUHECKOL

Tbl MOHGAA, UTO TEPMOAUHAMUKA MEXAHLKE, TAK?

U CTATUCTUHECKAG MEXAHUKA HE TAK YX
AANEKU APYI OT APYFA?




g-/MYPAQMA, Tbl

) 8 MOPIAKEP!

OAHAKO..
HY U MPUAYMAEWDL Tbl
UHOr4A.

N

= o L /—\
o

> ) 1k "'—‘!

-~

AL/ BOABHO...

MPOCTO 8KYC TOrO

MUPOXHOMO U3BECTEH
8OCMPOU3BECTU 30AOTOE TOABKO MHE..

3ABAPHOE MUPOXHOE
C nomMouwpbto U g noAyYMAAA:
TEPMOALHAMLKL/ A UTO ECAU
BOCMNOAL308BATbCS
CB80OUMU 3HAHUGMU
us kyeca
TEPMOAUHAMUKLU..




HO KYAUHAP
U3 MEH4,
KOHEUHO...

MPUFOTOBUM KPEM.
MYPAGMA, MOAOMPEL

XOPOWO!
KATO-C3HC 3L,
BHUMATEABHO BAC
CAYWARO!

AA YX, 9 NOHGA..
BUALMO, TEBE
HYXHA MO9G
nomoup?..

g MOlrY HAYUUTb
TEBF OCHOBAM, A
AAANBWE Tbl YX
CAMA AEUCTRYL
COrAACHA?

/

If{{;" :

U

;.“\t\l\l\i\.?,

4

CrEPBA

UHMPEALEHTDL,

UTAK, MPLUCTYMUM HEMEAAEHHO!

BCKUNAHUEM B8bIKAFOHL
MAUTY U OCTABb BCE

NEPEA CAMbBIM

KAK ECTb.

M-M-M..
HO 8EAb TOrAA
KPEM OCTbHET?

U3 KACTPHOAU BYAET
MEPEAABATLCG BO3AYXY,

3TO KAK PA3 TO,
HTO HYXHO!
TENAOTA KPEMA

2TO nMPOUECC
NMEPEXOAA BO3AYXA
U KPEMA 8 COCTOGHUE
TENAOBOIO PABHOBECUY,
AAP!

TAK?

HU3KAG

2TO TENAOBOE 9IBAEHUE
MOMOXET HAM CAEAATL
KPEM BKYCHEE!




HY HAAO XE!
KAK neu
NPUrOTOBAEHUU
KPEMA..

TENEPb MPUrOTOBUM TECTO.

3ATEM PA3OM
BCbIMAEM MYKY,

CMEWUBAEM
UHMPEALUEHTDI
8 KACTPHOAE U CTABUM
HA OrOHb.

BbICTPEHBKO
PA3SMEWUBAEM/!

KAK TOABKO MACAO
PACTAET, B8bIKAFOHAEM
KOHPOPKY.

; TO, HTO BbIAO
ECAU AOMYCTUTb OWLEKY (| HY AA, BTOPOE HAHUAAO CMEUWAHO,

HA DTOM 3TAME, Tbl YXXE ; TEPMOALUHAMLKU... K LCXOAHOMY

HUYEO HE UCTPABUIL! COCTOGHUIO

TAK HTO CMEWLRAL | LR : HE BEPHYTD.
KAK CAEAYET! = )

NOAHUMYTCG 2TU 3AFOTOBKU  ; N, .
UAU HET?.. ; B8CE BYAET HOPMAABHO!

BEAbL TECTO Tbl
XOPOWO 3AMECUAA..




BAArA,

OH-TO UX
U PA3AYBAET.

o

XVPbl
OCTAHABAM-
BAIOT
PA3BYXAHUE\\<

FAFOTEH, COAEPXALWUICS

KCTATU, KOTOPAG 8 MYKE, U XUPbl
sroemon | costenca | clisoworomon | JASTACONOT LIS Aker
PA3AYBAIOTCY gHYTPU, OCTAHABALBAKOT MPOUECC OMACTH
neU NOAOIMPEBE? NPERPAWAETCS PA3AYBAHUG, .
8 rAp.

A EWE, KAK 9 NOHUMALO,
JUUA 8 COCTABE TECTA

LA

3ATBEPAEBAIOT,

P MO3TOMY TECTO

<Y HE TEPSET POPMY

PA3AYBAET ETEHET POPM

TECTO

NOAYHUAOCH!

M W

)

MOAOAEU, MYPAGMA!
Y TEBY 340P080
MOAYHUAOCH!

I |

D)

— ]

TENEPb OCTAAOCH
TOAbKO MPOBEPUTD,
KAKOS8bI OHU HA 8KYC!



NMPOPUTPOA
U TEPMO.AUHAMLIKA

CMNEUKYPC KATO-KYHA.
AEKUME 5

A
c
c
u
c
T
E
H
T

Hy-c! Tak, MOCKOIbKY 3TO Ba)XKHO, 5 3a[jaM Tebe HeCKOJIbKO 3ajJjaueK Ha 3aBap-
Hble IMPOKHbIE, XOPOLIO?

Yrt0-0-0?! OHM XOTA OBI HE CIIOKHBIE?..

Ja He BonHy’ticsa! Cuntail, YTO 3TO IPOBEPKa YCBOEHM BCETO paHee IPOTifleHHOro!
Kak nmoMHuIup, roToBs 3aBapHble MMPOXKHBIE, Mbl CHa4a/Ia CMELIaIN BOAY, MOJIO-
KO, CIMBOYHOE MAc/Io, COTIb, CaXap, 3aTeM HarpeBasyu CMechb U BBIKTIOUMIN IUTUTY
nepes caMbIM BCKuIaHueM. Ha camoM fiere ¢ 3TUM CBsA3aHa OfHA M3BECTHAs 3a-

maga...

3AAAYA Ne 1

50 r nppa TemmepaTypsl 0° 1 Ipu gaBjieHNM 1 aTM. IyTéM HarpeBaHuA Ipe-
BpaTWIu B map ¢ Temueparypoit 100° u gasnennem 1 atm. Onpepgenure 1o-
TpeboBaBIIeecs KOIMYECTBO TEIIOTHI 1 IpUpalljeHlie SHTPOIIUU B 3TOM
nponecce. [Ipumenm, 4To yhenbHas TelnoTa IIaBaeHusA abga — 80 kan/r,
yhenbHas TeIIoTa ucnapenus Boxsl mpu 100° — 540 xasn/t, yaenbHas Telo-
émkoctb Bopel — 1 kan/ (r x K), 1 xam = 4,19 [Ix.

Oro!..

“\  Bcé HopmanbpHO?! Thl 00513aTe/IbHO pelninb, eciy pa3depéubcs MOCTeneHHO!
% 1 at™ - 3TO #aBjIeHMe B ofHy arMocdepy. CrepBa monpobyeM BBIYMCIUTD KOMN-
EZ\" ' 9eCTBO TEeIUIOTHI:

50 x 80 x 4,19 + 50 X 1 x 4,19 x 100 + 50 x 540 x 4,19 =~ 1,51 x 10°

5
CooTtBeTcTBeHHO, oTBeT 1,51 X 10° JIk.
Yro KacaeTcsi SHTPOIUY, TO HEOOXOAUMO CTIOXKUTh IMPUpPAIeHVs] SHTPOIUN s
KaXJOT0 U3 TPEX YKa3aHHBIX IIPOLECCOB: IIaBJIECHN JIb/ia, HaIpeBaHNA BOJDL,

4. SHTPOMKY



ucnapeHus soabl. IIpupaienne sHTponuy B Mpolecce HarpeBaHUs BOJbI, €CIN
CUUTATh TEMIOEMKOCTD ITIOCTOSIHHOI, COCTaBUT:

Tn’

cmdT T,
AS = I— =cmln—L,

T; T T;
Ifie M — Macca BOABI, ¢ — yAenbHast TEIIOEMKOCTb Bopbl, T; u T, — abcomoTHas
TeMIlepaTypa BOABI O U IIOC/Ie HarpeBaHUs COOTBeTCTBeHHO. C ApyToi cTOpo-
HbI, TaK KaK B IIPOLeCCaxX TAsHUSA JIbJA, ICIIAPEHNA BOJbI TEMIIEpATypa ABIAETCA
IIOCTOSIHHO, JIS1 3TUX IIPOLLECCOB MOXKHO 3aIlVICaTh:

AS= g
T
CnepoBarenbHO, TOJTHOE NPpYPAleHMe SHTPOINY PACCUUTHIBAETCS TAK:
3, 3
50x80x4,19 BBk fBuing 273,15+100 » 50%540x4,19 _ 430,
273,15 273,15 273,15+100

Ortser Oynet 430 [I>x/K. B aT011 3a5a4e BaKHO BHMMATE/TbHO OTHECTICH K eVIHM-
11aM uaMepennA. Kpome Toro, OOBIYHBI KaIbKYIATOP [/I BBIIENPYBENEHHDIX
pac4yéToB He MOKOMAET — Hy)XeH MHxeHepHbI. (Ho Tak ymeeT cumtaTh U Kamb-
kynsatop Google.)
Hy xak, oHsna?..

IM... ma, B 0OIIIEM U IIEJIOM...

«B obmem n nerom»? Hy nagHo, cnenyiomee 3afaHue OygeT IOYTH IpaKTuye-
cKMM. Borpoc o Mojioke, KOTOpoe HY>XHO IIpY IPUTOTOB/IEHUM 3aBaPHbIX IN-
poxxHbIX. Ho paccyxparh 0 3aMep3arolleM MM 3aKUIIAI0IeM MOJIOKe CIMIIKOM
CTI0KHO, II03TOMY IIPeJCTaBMUM, YTO OHO IIPOCTO NOJ0rPEBAETCA.

3AAAYA Ne 2

50 r MosI0Ka HarpeBanu oT Temreparypsl 5° C 1o TeMIlepaTyphl €ro 3aKuIa-
Hys. Kakoe konmn4ecTBO TemtoTs! coobupymm MonoKy? Hackonbpko Bospoc-
na ero sHTponm:A?¢ Ilo/moXxnM, 4TO TOYKA KMIEeHNA MOIOoKa — okono 100,55°%
IJI IIPOCTOTHI IIPYMEM €T0 YAENbHYIO TEIIOEMKOCTD IIOCTOSHHOI 1 paBHOM
okoro 0,93 xan / (r x K).

CNEUKYPC KATO-KYHA. AEKUMS 5 £ [k
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(ﬁ\\‘ 7 9-3... OM. B 0CHOBHOM MOJKHO >Ke OIIMPAThCS Ha NIpeblaylilee pelleHne, fa?

Q CrepBa KONMMYeCTBO TEIUIOTHL... KaXkeTcs, JO/DKHO OBITh BOT TaK:
),
o 50 x 0,93 x (100,55 — 5) x 4,19 = 1,86 x 10°,

TI03TOMY KOTMYECTBO TETUIOThI, OMy4eHHOe MOTIOKOM, 6ypet 1,86 x 10* [Ix.
3aTeM, €C/IM CUMUTATD Ye/IbHYI0 TEIVIOEMKOCTb MOJIOKA IIOCTOSIHHOM, TO IpuUpa-
II€HME SHTpONMM MOKHO BbIYMC/IUTD I10 TO Xe (bopMyne, KOTOPYIO MbI UCIIOJIb-
30Ba/Iy JIA C/Iy4Yasi HAaTpeBaHMA BOJDI:
273,15+100,55 _

273,15+5

AS =4,19x0,93x50xIn 57,3.

3HaunT, otBeT 57,5 IIx/K!

Touno! CoBepiieHHO BepHO!

Urtak, emé ogHa 3agava. [logymMaeM 0 pealbHOM CIOCO6e MPUTOTOB/IEHMA. MBI
4%/ IOJDKHBI CMeLIaTh MOJIOKO, CIMBOYHOE MacjIo, COMb, caxap, OFHAKO TaKas CMeCh
OyzeT 06mafaTh JOCTATOYHO C/IOXKHBIMMU TEIUIOBBIMMU cBoVicTBamu. E€ yhenbHas
TEII0EMKOCTb, HECOMHEHHO, Oy/leT 3aMeTHO 3aBUCETh OT TeMIIepaTyphl, IIOITO-
MY KCIIOIb30BaHHAas BblIlle IpocTast GopMyIa 3ech He mopoitaéT. ITycTs aTo Oy-
JieT 3a/ja4a Ha BBIBOJ, a0CTPaKTHON (GopMyIIbL... Kak Tbl Ha 9TO CMOTPMIIB?

3AAAYA N 3

[ mpuroToBeHNsA NpoPUTpOIIelt HYXHO, cMeIas 50 I MoIoKa, 50 T BObI,
50 r HECONEHOTO CMMBOYHOIO Mac/ia U 1 I IOBapeHHOI COMM, HarpeTh IOIy-
YEHHYI0 CMeCh [0 OIpefeNéHHON TeMnepaTyphl. IlycTp Macca cmecn paB-
Ha m, a 3aBYICUMOCTb TEIVIOEMKOCTU CMeCU OT TeMIlepaTypbl BbIpaKaeTcs
¢yukuueit ¢(T). BeIucInTh KOMMYECTBO TEIUIOTHI, HEOOXOAMMOe I Ha-
rpeBaHNA OT TeMIlepaTypsl 1; 10 TeMIepaTypsl Ty, a TakKe MpHUpalleHne H-
TPONNM CMECU B 3TOM C/Iy4ae.

JlapHO, ecnu paccyXaTh abCTPAKTHO...
KomnuectBo Temnorsl Q paBHO

Ty
Q= [c(T)mar,
T
IpupaleHue SHTPOINM, HOXaNyit, OyfeT Takum?

T_,
AS = j M dT
T T
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Touno! Mpaeanbuo!

®y-yx! Hy, Tenepp s CIIOKOJHA — 1 ¢ MMPOKHBIMU CMOITIA CIIPAaBUTDLCS, U 3a/1a4m
pemmna...

Xopormo nopaborana! Hy, Torma Hac )XAyT 3aBapHble IMPO>KHBIE C yaeM!

CNEUKYPC KATO-KYHA. AEKUMS 5 £ [



UTOrM TAABBI H

« TepMoaMHaMuUEeCKas TeMIlepaTypa: TeMIlepaTypa, onpeyendeMas yepes oT-
HOLIEeHNe KO/IMYeCTB TeIJIOThI, KoTopble MK KapHo nonyyaer or HarpeBaTens 1 oT-
Haét xomopmnbHUKY. CoBIaiaeT ¢ abCOMIOTHON TEMIIEPATypoii, KOTOPYIO TOKa3bIBa-
eT Ufiea/IbHbII [a30BbIIl TEPMOMETP.

KIIJT pukma: ecny VK IPUMHMMAET OT HarpeBaTend TEeIIoTy Q,, cOBepLIaeT Haf,
BHeIITHell cpeoit pabory W n otfaét xonmoaunbHuky temnory Q,, To KIIJI aToro
LIVIK/Ia paBeH

W e
Q2 Q2

KIIT nuxna KapHo: 0603HauuB TeMneparypy Harpeparensa Kak T, a TeMIlepary-

PY XOIOAWIbHUKA KaK T}, MOMydIMM MaKCUMaabHO Bo3MoxHbIi KIIII nukia:

T,
11—~
T,

KII[I mro60ro He0OpaTHMOro I{MK/Ia MEHbIIIE, Y€M ITOT.
HepaBencTrBo Knaysuyca: 11 mo60ro ukia BbIIOTHACTCA

N ; dl
;%SOMnmxey{TSO.

Il 06paTHMBIX IVK/IOB CIIPABEM/IMBO PABEHCTBO.

SHTPONMUA: SHTPONNA COCTOAHMA P 1py ycnoBum, 4to P, mpuHATO 3a OIOpHOE CO-
CTOSIHME, PaBHA

d'q

Po— P (06paTuMmbiii ) T

S =

3pech uHTErpan or Py 1o P 6epéTtcs BROIb ITyTH 06paTUMOTO IIpoLiecca.

3aK0OH BO3pacTaHUA IHTPOMMUMU: B M3O/MMPOBAHHON VI TEIUION30/IMPOBAHHON
CHUCTeMe SHTPONMs He MOXKeT yMEeHbUIaTbCA. B HeoOpaTMOM Ipoljecce SHTPONNs
BCerfia BO3PacTaer.

SHTponuA M mepBOoe HAYa/I0O TEPMORMHAMUKM: LA IBYX OE€CKOHEUHO O/MN3-
KX COCTOSIHMII TEIJIOBOTO PABHOBECHS CIIPABEMINBO

dU = TdS — pdV.

OKCTEeHCHBHBIE ¥ MHTEHCHMBHHBE BEIMIMHBI: SKCTEHCUBHbIE BETMYMHEI — Te,
KOTOpbI€e IIPY PACCMOTPEHUY OJHOII CCTEMBI, COCTOsAIIEN U3 OfHOI, IBYX, TPEX 1 T. [I.
COBEpIEHHO OfIMHAKOBBIX CUCTEM, YMHOXKAIOTCA Ha OJVH, /IBa, TPU U T. JI. COOTBET-
CTBEHHO. VIHTeHCUBHbIE BETMYNHBI — Te, KOTOPbIE B IIOJOOHOM CITy4ae He U3MEHAIOTCA.
CrarucTmMyecKkas MeXaHMKa: HaykKa, M3ydalolas IOBeleHNe MaKPOCUCTEM, OT-
Ta/IKMBAACh OT CTATUCTUYECKOTO XapaKTepa MUKPOCUCTEM.




2T0.. 2TO..

C3HC3U! nPowy,
HE YBAEKAUTECH!
AABAUTE OCTABUM
HEMHOMO HA MOTOM!.

AL AAAHO! PA3 2TO TAK
8KYCHO, TO CKOAbKO HU
CBEWb - XUBOT HE 3ABOAUT/
3TO MOF COBCTBEHHAG TEOPUS..

A Tbl, OKA3bIBAETCY,
OTMEHHbDI KYAUHAP!

B8OBCE HET. 94 8 2TOM
HE CUAbHA., 3TU MUPOXHDIE -

BCE, HA UTO @ CNOCOEHA., .J

AA U TO MPUrOTOBUAA UX
MO HEOBXOAUMOCTU..

MHE MPOCTO HUHEIO
APYrOro g8 roaosy
HE MPUWAO..

MOCAYWAL, MYPAGMA!
Tbl UTO, CEPBE3HO XOUEWb
BPOCUTb KAYB?!




C HEMO 8APYI TAKUE

Tbl XXE CAEAAAA

HACTPOEHUG?
b
Y (T
e o |
o ( PRy
i = 3ABAPHDIE MUPOXHbIE!

KATO-KYH, MPOWY TEESF, HUKOMY
HE FOBOPU, UTO 3TO CAEAAAA
4. MPOCTO NEPEAALU MUPOXHDBIE
PEBATAM.

KAK XE TAK,
MYPAGMA?

g AOCTABUAA BCEM
CTOABKO HEYAOEBCT8
U Xouy MOHECTU 3A 3TO
OTBETCTBEHHOCTb.

MPUroTOo8UB MUPOXHbIE,
G COBUPAAACD
3ACAAAUTD CBOHO 8UHY
NMEPEA KAYEBOM.

KAKAG-TO!

HY U HY.. Y MACYHAMU-
CIHC39 HE XEAYAOK,
A MPIMO HEPHAG AblPA

UTO-UTO? UEPHAG

0
A AblPA?!
.~ B
—eN =
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1 ;5 OU.. MPOCTUTE.. —
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A KCTATU, BEAD U HUEPHDIE
AblPbl TOXE C8A3AHDI
C TEPMOAUHAMUKOU!

MOAb3YGCb CAYHAEM,
HAMNOCAEAOK G PACCKAXY
TEBE U OB 2TOM/

AAAHO TEBE!
MOCAYWAL EWE HEMHOIO.

HY.. PA3BE HTO
COBCEM HYTb-UYTb..




YEPHBIE AbIPbl M TEPMO AMHAMMKA

AAG HAHAAA BLIGCHUM, 3HAEWDL AU Thl,
UTO TAKOE YEPHAG AbIPAP

M-M.. KAXETCG, 2TO TAKOE 9IBAEHUE
8 KOCMOCE, KOTOPOE BCE MOrAOWAET..

ECAU @ HE OWUBAHOCD,
MPAHULILI 2TOMO NOrAOWEHUG HA3LIBAFOTCS
FOPU3OHTOM COEbITULL..

UEPHDIE AblPbl TOXE
NOAPA3AEAGHOTCG HA
TUrbl. CYWECTBYOWASG

8 BAKYYME UEPHAG AbIPA,
KOTOPAG HE UBMEHIETCA
80 BPEMEHL, HA3DIBAETCS
HEPHOU AbIPOL KEPPA.
BOOBUE XE HEUSMEHIEMOCTb /
80 BPEMEHU HA3DIBAETCI /
CTALLUOHAPHOCTBIO.

M-4A.. OBbIHHO TAK
B8CE U OTBEHAIOT.

KPOME TOlO, 3TA HUEPHAG
AblPA ONPEAEAIETCS
TOABKO MACCOU M U

MOMEHTOM UMMYAbCA O

9 MPOCTO OHEHb MAAO 3HAKO
O UEPHDIX AbIPAX,

BOABIWE TOrO, YEPHAG
AblPA HE TOABKO
MOrAOWAET, HO EWE
U U3AYHUAET CRET
U YACTULbL.

M-M.. 32TO..

AA. 2TO NMOXOXE HA TO,
O HYEM Mbl FOBOPUAU PAHDILE:
COCTOGHUE TEMAOBOIO
PABHOBECUG 8 CAYHAE
MUAPOCTATUHECKOrO AABAEHUG
OMPEAEAIETCSG BHY TPEHHEL
DHEPIUEU U
U OB BEMOM V.

of
3TO nMPABAA?




.................
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2TO sblAO
YCTAHOBAEHO MO KBAHTOBbIM
CBOUCTBAM U HA3bIBAETCG
U3AYUEHUEM
XOKUHIA.

CBEPX TOrO, HACTUUbI,
LU3AYHUAEMbIE U3 UEPHOU AblPbl,
UMEROT TENAOBOL CHEKTP.
COOTRETCTRYIOWAG TEMIMEPATYPA
HA3bIBAETCG
TEMNEPATYPOU XOKUHIA

(THD.

(3D BAM3KO K FOPUBOHTY COBBIT/ YEPHOM AbIPbI CYLLECTBYIOT
MHOT OYUCAEHHDIE MAPBI BUPTYAABHBIX YACTULL.

(D)BbI4HO
BAPTYAAbHbIE

MAPbI CPA3Y XE
AHHMTVIAMPYIOTCS.
@)LHAKO
OKPECTHOCTSX
HEPHO AbIPb! MHOT AA
MPOUCXOLHT TAK, 4TO
OAHA 13 YACTHL NIAPbI
SATITVBAETCS YEPHON
LbIPOM, A APYTAS BEIAETAET HAPYXCY.

{HEPHAQ'
| AbIPA

.
Ty

o0
....
.....

UTAK, ECAU MPEACTABUTD, UTO U3MEHEHUE
MACCbI U MOMEHTA UMMYABCA MPOLICXOAUT
OUEHb MEAAEHHO, TO MOXHO FO8OPUTL O TOM,
UTO 8 KAXADII MOMEHT 3TOrO U3BMEHEHUG
UEPHAG AbIPA MPAKTUHECKU CTAULIOHAPHA.,

KAXETCG, 2TO NMOXOXE \ |
HA KBA3UCTATUHECKUL
nPOLECC?

MOXHO U TAK
CKA3ATb.

8 CAYHAE TAKUX KBA3LUCTAULIOHAPHDIX LI3MEHEHUL

SHEPIUG, NMAOWAADL NMOBEPXHOCTU
U MOMEHT LUMMYAbCA HEPHOU AblPbl
C83I3AHbI APYI C APYIOM
CAEAYHOWUM YPABHEHUEM:

dE = TudSpy + QdJ

./ E = Mc? (3HEPTU YEPHO AbIPBI)

W = Qd.J (PABOTA BHELLIKMX CHA)
() - YTAOBAS CKOPOCTb BPALLEHHS
YEPHOW AbIPI
S, = SHTPOMHS BEKEHLITEAHA - XOKMHT A
(MPOMOPLMOHAABHA MAOLLAAK
MOBEPXHOCTY FOPU30HTA COBbITUI)

YEPHBIE AbIPbl U TEPMOAMHAMMUKA
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L UEPHBIE AP,

" CAUBWUECY
AA. KPOME TOTO, AOKA3AHO, %

FOPU3OHTA COBbITUL) BPEMEHU
V HEPHOU AbIPbI

_ HE YMEHBWAETCS

C TEUEHUEM BPEMEHU.
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o 9TO XE MPAMO KAK 3AKOH oot KRR S e e
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e o 7 TOUHO. TO HA3bIBAETCS
. o % 3AKOHOM YBEAUHUEHUG MAOWAAU
uEPHOU AblPbl.
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LHALE FOBOPG, MOAYHAEM dSgp > 0
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...................................
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m CTAUMOHAPHOCTb YEPHOM AbIPbI = COCTOSHYE
TEMAOBOr0 PABHOBECHUS

m HEPTUS YEPHOM AbIPbI = BHYTPEHHSS HEPTUS

m TEMMEPATYPA XOKMHI'A = TEMMEPATYPA

m KBA3UCTALMOHAPHbIE W3MEHEHNS = KBAZUCTATUMECKHE
U3MEHEHHUS

m 3HTPOMMUS BEKEHLLTEAHA - XOKMHT A = 3HTPOMY

MPIMO KAK
8 TEPMOAUHAMUKE!

ECAU CAEAOBATL 2TUM COOTBETCTBUIM
C MOHITUIMU TEPMOAUHAMLIKU,

TO AAG UEPHOU AblPbl AOAXHDI BbINOAHATLCG
3AKOHbI, COOTBETCTRYIOUUE MEPBOMY, BTOPOMY
U TPETBEMY HAHAAAM TEPMOAUHAMLIKU,
3TO HA3DIBAETCI TEPMOAUHAMUKOU HEPHOU
Ablebl.

O YEM G TEBE
U rOgOPUA,




a-TO AYMAAA, UTO
YCTPOUCTRO HUEPHOU AblPbl
rOPA3AO BOAEE 3ACAAOUHO.,
HO OKA3DbIBAETCG, UTO EFO
TOXE MOXHO
PACCMATPUBATL
C TOWKU 3PEHUG
TEPMOALHAMUKL/

OAHAKO Tbl,
HABEPHOE, 4YMAEWD,
UTO TEPMOALUHAMUKA
HYXHA TEBE
TOABKO AAG CcAAHU
B80T UMEHHO! IAUETA..

f—\ i HET!/ 3A 3TO BPEMG
|| 9 KOE-HTO MOHGAA! y

TEPMOALHAMUKA UMEET

HENOCPEACTBEHHOE OTHOIWEHUE \

KO BCEMY HA CBETE - HAUUHAG g
C HAWEL NMOBCEAHEBHOU MXU3HU e
U 3AKAHULUBAG KOCMUHECKUMU

FBAEHUGMU/




0 0b YOAQ A =£°Y-10

S ArA!

8bl CHOBA 3AECH!
MACYHAMA-C3HC I, XOPOWO
noTey AUAUCH?
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AA.. Tbl KAK PA3
BOBPEMI. Mbl TOAbKO
HTO 3AKOHHUAU
PA3IOBOP.

MPE3UAEHT?!
HO 3AHEM..

MACYHAA-

!
oML, A 80T 3AHEM!

A
o
M 20

{

g 8CE Y3HAAA OT KATO.
OH CKA3AA, UTO 3TO Tbl
CAEAAAA 3ABAPHDIE MUPOXHDIE
U NMEPEAAAA LIX EMY!
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PA3PEWEHUE

T b
AEGTEAGHOCT
Lo KAYBA

O HET/. HEYXEAU
OHU BbIAU TAKUMU A — _
HEGKY CHBIMUP =5 : - \

/\\\\

\\ |
AFA. BAATOAAPY
MUPOXKHBIM,

KOTOPbIE Tbl
MEPEAAAA KATO,

PYKOBOACTRO <

YHUBEPCUTETA MPLBHAAO
HAWY AEITEABHOCTb

“KY AbTYPHOU

U nPOAYKTUBHOU”,

U BCE BAAMOAAPG
TEBE,
MYPAGMA!

UTAK,
“HEOBYUW’ CMACEH!




BE3 TEBG KAYE
COBEPWEHHO
OCUPOTEA..

Tbl CAblwUWwb, 8CE
TEBG NMPOCAT! BEPHUCD
OBPATHO!

KATO-KYH!.

HY-C, APY3b3.. CEFOAHG
HA MOBECTKE AHI - MOEAAHUE
3ABAPHDIX MUPOXKHDIX!

Ol MOU NUPOXHbIE!

g MOBAO TEEBG!

UTAK, NPUCTY UM/

AX, 80T KAK! HY TOrAA
9 PACCKAXY 8AM
MPO TEPMOAUHAMUKY!

TEPMOALHAMUKA TECHELWUM OBPA3Z0M
CBA3AHA C EAOU! UTAK, AAG HAHAAA..




MPEAMETHbIN
YKA3ATEAb

Ab6comoTHast Temiepatypa 33, 35, 39, 41, 56
Ha MJeaabHOM ra3oBoM TepmMomerpe 151

A6comoTHbIit HYnb 40

Anmabatudecknit mporecc 68, 89

Armocdepa (eguunna usmepenus) 29, 37

AtmocdepHoe gaBneHne 29

B

Beunsiit gBurarenp
BTOpOrO pona 127, 138
nepsBoro poga 126
Bremnssa cpemga 67
BuyTtpennssa sueprua 41, 65, 74, 96, 194, 200
npupaiexnue 82
BospacTtanne sHTponum.
Cm. 3aKOH BO3pACTaHNA SHTPOIUU
Bropoe Hadano repmopgunamuu 21, 101, 112, 138,
173

r

Inppocratnyeckoe nasnenne 29, 56, 198
TopusonT cobsrTnit 198, 200

i

IaBnenue 28, 29, 34, 41, 56.

Cm. maxoe IuppocTaTdeckoe aBeHye
armocdepHoe 29

Ixoynb (emuHniia usmepeHus) 82

Huarepmudeckas cTeHKa 84

Ouddepentman. Cm. Ionusii guddepeniman

Ouddepenimanbupiit KoapduimeHt 44

Ouddepeniuposanne 44

Jloxa3aTenbCTBO OT IPOTUMBHOrO 112

3

3aKoH
boiina-Mapnorra 31, 34, 56
BO3pacTaHuA sHTponuu 21, 149, 173,194
Teii-JIroccaka 33, 34, 56
00 beNVHEHHBIN Ta30BbI 34
COXpaHeHNs MEXaHUYECKON aHeprum 61
coxpaHeHus sHeprumn 21, 60
yBeNU4YeHuA Iiomaan 4€pHoit gbipbr 200
3aKOHBI TEPMOAVHAMMKIL.
Cm. Bropoe Hayao TepMOAVHAMUKI;
HyneBoe Hayamo TepMOAMHAMIKIM;
IlepBoe Haya0 TepMOLMHAMUKI
3aMKHyTas KpuBast 164

n

Wpeanpusiit ra3 31, 36, 56, 93
cBobOHOE pacmmpenne 94
ypaBHeHMe coctoaHus 38, 56
nukn Kapao 122
Nsmyyenne Xokunra 199
Vso6apHas yaenbHast TemnoéMKocTb 41, 88
M3o6apusiit mporecc 88
MsoTtepmumuecknit mponecc 89
M3oxopHas yfienbHaA TEIIOEMKOCTD 41, 88
WsoxopHbii npouecc 88
Vurerpan 42
KOHTYpHbI 42, 50, 164
KpMBONMHENHBI 49, 52, 144
Heollpefle/IEHHbIN 45
onpenenéHupni 45
VnTencuBHasa BennunHa 178, 194

K

Kamopus (eguunia n3mepenus) 82
KBasucrarugecknit mporecc 84, 96, 138

ycnosusa 84
KenpBus (egunnia nsmepenns) 33, 39
Kunertndeckas sHeprus 61
KonrypHbiit nurerpan 42, 50, 164
KII 41, 156, 194

TennoBon 156

nukia Kapao 156, 194
Kpusonuneitnoiit uurerpan 49, 52, 144
Kpyrosoit mponecc 109

)|

Jlorapudm 42, 43
HaTypanbHbI 42-44

MPEAMETHbIN YKA3ATEAb




M

Makpockomndeckre ciucTeMbl (Makpocuctemsr) 20,
183

Mertop yBenudeHus «3epHUCTocTr» 183, 185
MexaHU4YecKuit 3KBUBAJIEHT TEIUIOTH 42, 82
Mukpockonudeckye CUCTeMbl (MUKPOCKCTeMbI) 83
Monb (epunnna usmepenns) 37, 56

qucno monen 41
MonspHas TemnoéMKocTs 95, 96
MbicneHHblit sKciepuMeHT 121

H

HarypanpHsiit morapudm 42, 44
ocHOBaHue 44
Hayvasa TepMopguHaMuKuL.
Cm. Bropoe Hayajio TepMOfTHAMUKY;
HyneBoe Hayamo TepMOAMHAMUKY;
ITepBoe Hayano TePMOLHAMUKI
HesaBucnumble napamerpst 87
Heob6parumocts 101, 136
Heob6parumsrit mporecc 107, 138
Heomnpenenéunpiii nuterpan 45
Hepasencrso Knaysuyca 158, 194
B BIJie MHTeTpana 164
B Bufie CyMMbl 163
HepaBeHCTBO MeX[Y CpeTHUM apupMeTHIeCKUM
U CPEJHUM F€OMETPUYECKUM 42
HecTarnyecknit mpouecc 85
Hynesoe Hauano TepmopnHamukn 21, 56

o

O6patumbsiii mpouecc 106, 138
O6patHas pyukiusa 45
O6patssrit uuki Kapao 115,138
O6benHEHHDIN ra30BbII 3aKOH 35
O6béMm 28, 41
O6brunas mponusBopHas 42
Omnpenenénnbiii naTerpan 45
OmnsiT
Ten-JTroccaka - [xoyna 91, 94, 96
Ixoyna 80, 96
OcHoBanne
HaTypanbHOro norapudma 42, 44
crenenn 43

II

[Mackanp (eguHuiia usmMepenns) 29
IlepBoe Havano TepMopuHamMuky 21, 60
bopMypoBKa 6e3 MCIONb30BaHNs TEIIOTHL 72, 96

MPEAMETHbIN YKA3ATEAb

(hopMy/IUPOBKA C UCIIOTIb30BaHNEM
TEIIOThI 78, 96
Iloxasarenp
anmabater 41
cTenneHun 43

[Monubiit guddepennuan 42, 46, 47, 53, 56

IlocTosiHHasA MHTETpUpPOBaHUA 45
IMocTymar
KenbBmua 128, 138
Knaysnyca 110, 116, 120, 138
OctBanpga 128
Tomcona. Cm. IToctynart, KenbBuHa
IloTenunanbHas sHeprus 61
IIpemen 44
IIpupamenne 42. Cm. maxsice
OHeprusA BHYTPEHHAA, IpUpalIeHNe;
OHTponMA, NpUpaleHe
IIpoussopgnasa 44
obparHoit GpyHkuuu 45
obbruHas 42
qyacTHas 42, 46, 53, 54, 56, 175
BTOPOTO nopszaka 48
ITponecc
aguabaruyeckuin 68, 89
n306apHbIit (n306apuyecknit) 88
M30TEPMHBIIT (M30TepMUIecKuit) 89
M30XOPHbIIT (M30x0Opuyecknuit) 88
KBasucraTudeckuii 84, 96, 138
ycnosua 84
Kpyrosoi 109
Heobparumbii 107, 138
HecTaTu4eckui 85
obparumsbiir 106, 138
IMpsamort nukn Kapro 114
[Tyt uHTErpMpOBaHNA 49

P

Pa6ora 41, 61
TUIPOCTAaTUYECKOTO IaBNieHnsA 96
Pacimmpenne rasa
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Ob ABTOPE

Xapaga Tomoxupo — af/bIOHKT-IIpodeccop ecTeCTBeHHO-HayYHOTO OTHE/NIeHMs YHUBEP-
cureta Pukxé, mokrop Hayk Kmorckoro yHuBepcurera (ectecTBeHHbIe Haykm). Pogwics B
1971 ropy B nmpedekrype fImarara. B 1994 rony okoH4mn ¢akynbTeT eCTeCTBEHHBIX HayK
Knorckoro ynusepcurera. B 1999 rogy okoHuUMI acumpaHTypy Ipu Kadeape ecTeCTBEH-
HO-Hay4YHBIX MccaefoBanmii KnoTckoro yHuBepcureTa co crienyanyusanyeil no ¢pusmke u
actpo¢usnuke (PhD). ITocne saToro paboran Ha (akyabreTe eCTeCTBEHHBIX Hayk Kmorcko-
rO YHUBepCHUTeTa M Ha (paKky/IbTeTe eCTeCTBEHHBIX HayK U TEXHUKMU yHUBepcuTera Bacama
B Ka4yecTBe HayYHOTO COTPyAHUKaA SmoHcKoro obmecTBa 1o npopsipkeHno Hayku (JSPS),
Hay4YHBIM COTPYJHMKOM B JIOHZOHCKOM yHMBepcuTeTe KoponeBbl Mapuu (B kauecTBe 3a-
pybexxHoro HayyHoro corpynuuka JSPS), Ha kadenpe ecTecTBeHHO-Hay4YHBIX UCCIIEOBA-
HUI acnupaHTypbl Knorckoro yHuBepcurera (B KadecTBe IperofiaBaTesisd M HAyYHOTO CO-
TPYJAHMKA), Ha QaKy/IbTeTe eCTeCTBEHHBIX HayK yHUBepcureTa Pukké. Crienyanusanys —
00111as1 TeOPUST OTHOCUTENBHOCTH, KOCMOIOTHS 1 acTpOdU3MKa.
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