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YpaBHeHue 6anaHca BHyTPEHHEN 3Hepruu.

OKBUBANEHTHOCTb 3TOTO YPaBHEHNS NEPBOMY 3aKOHY TEPMOAMHAMMUKN.
«MonHasa « cuctema ypaBHeHuIn 6anaHca B NoKanbHOM 1
cybcTaHuMoHansHomn opmax.

YpaBHeHWe GanaHca 3HTPONUU 1 BTOPOW 3aKOH TEPMOANHAMUKN.
Pa3bueHve Ha NOTOKM 1 cyUnbl A4NS ciyvas Marnbix gedopMaumi.
Cwvnbl 1 NOTOKM CKansipHOW, BEKTOPHOM U TEH30PHOW NpUpoabl.
Mpou3BoACTBO SHTPOMUM A5 HEKOTOPbIX (PU3NIECKUX NMPOLLECCOB.

YpaBHeHUue GanaHca BHYTPEeHHeN 3Heprum
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YpasHeHWe 6anaHca BHYTpeHHel SHepruu npecTasniseT cobovi nepebIi
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UT06bl 3TO NPOAEMOHCTPUPOBATh, BOCTONB3YEMCS YPABHEHIEM HEPA3PLIBHOCTY I
ypaBHeHWeM GaraHca noToka Tenna
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Bbipa3um 13 ypaBHeHuii (4) 1 (6) guBepreHuUMto NOTOKa Tenna u AuBepreHumio
BEKTOpa CKOPOCTY M MOACTaBMM B ypaBHeHVe GanaHca aHeprum
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PaboTa pe3ynbTupytoLLei
MonHasi _ | gHewHemn cunbl, OenctayoLen
paborta Ha LIeHTp Macc

B aByx chopmax Moxem npeacTaBUTb ypaBHEHUs 6anaHca NosiHon aHepruu,
MeXaHUYECKON, SHepruu, 3apsiga u T.4.




CobupaemMm OCHOBHbIE YPaBHEHMUS:

B nokansHon oopme B cybcTaHumoHansHon dopme
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yQaBHeHMe 6anaHca aHTponuu
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KOH,D,yKTVIBHaﬂ 4YacTb KoHBeKTBHasi YacTb
Nnpon3BOACTBa SHTPONUn npoun3BOACTBa SHTPONUn
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YT06bl HaWTU BbIpaXXEHUS A NOTOKa SHTPONUK 1 MPOU3BOACTBA SHTPOMUK,
ncnonb3yem ypasHeHue N'mb6ca ana gecdopmMupyemMon cpeabl:
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Tenepb BOCMOJIb3yeMCA YpaBHEHUAMU 6anaHca BHyTpeHHeIZ SHEprmn n
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Bce npeobpazoBaHus, NpofenaHHbIe BbIle, UMeHOT MeCTO ANS MASBIX
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op= D 41X, 20
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oy =GF§?)+G(V)+G(”)+G(I)20 (18)
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J1.1:  YT06bl YyOOBNETBOPUTHL 3TOMY YCIOBMWIO, HAM AOCTaTOMHO NPUHATL
TIMHEVHYI0 CBSA3b MEXY NOTOKaMu U Bbi3bIBAOLLIMMU UX CUMaMMU, T.€.
npuHaTbL Teoputo OH3arepa

B yacTHocTK, B pamkax nuHerHon Teopun OH3arepa nony4vaercs psg
COOTHOLLIEHWIA:

IMPUMEPDBI BBIYMCJIEHUSA TPOU3BO/JCTBA SHTPOIINM

Xumnyeckue peakiuy B rOMOreHHOIl 0THOPOIHOI cpeie

ITycTh rOMOTEHHAsI CHCTEMA COCTOMT U3 N BELIECTB, KOTOPBIE PACIPE/IENEHbI B CUCTEME
OJIHOPOJIHO.

B stom ClIyda€ MblI MOKEM BBECTU KOHLICHTPALUU PA3JIUIHOIO BUIA.
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ITycTh 00lIEe YMCIO YaCTHIL B CHCTEME: ) — Z N; (22)
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JIETKO YCTAaHOBUTH CBA3b. Ilo OIPECICHUIO:
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Bwmecto uricna gactuil (Moeil) MOKHO HCHOIB30BATh YHCIIO YACTHI] B SIMHUIE 00beMa
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ny = Pk _ Pk MOJISIPHASI (28)
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OHpC,IIeHCHI/IC OTHOCHUTCJIBHBIX MOJIBHBIX KOHHCHTpaHI/Iﬁ OCTACTCA TEM KC

Haxonum: Yi= @7

Onpedenum cmexuomempuueckue K03pguyuenmol:

YPaBHeHl/le VAA+VBB:VCC (29)
peakuuu

HN3meHenune yuciaa
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&; KOOpP/IMHATA WIIH IYTh PEaKIMHU; HIMEET OHO U TO JKE 3HAUCHHE U BCEX
BEIIECTB, YYACTBYIOIINX B peakiwsix. Elie 0HO Ha3BaHUE - CTETICHB OTHOTHI
peakuuu

dn;

J
dgj =
Vij

ISt JTF000T 0 1 (32)

BwMecre ¢ qpyrumu TepMOAMHAMUYECKUMY IIEPEMEHHBIMH, HATIPUMED, C JaBICHUEM U
TEMICPATYPOH, £,  SBISCTCS HOPMAIBHOI TEPMOANHAMUYICCKON NIEPEMCHHON COCTOSIHHUSI

Honara;l, YTO B HAYAJIbHBIH MOMECHT BPEMEHU KOHLICHTPAIlNU PEarcHTOB B3SThHI B
CTEXUOMETPUICCKOM COOTHOIICHNH, HaﬁHeM, YTO KOOpAMHAaTa pEaKIuu MEHSICTCA B
Tnpeaeinax oT Hyjlnd 10 €AUHUIIbI:
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H3MeHeHHne 4KcIa YACTHI COPTA §
BO BCEX PeaKUHUsIX B eIMHUIE
00beMa 3aKPBITOl CHCTEMbI
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C6A3AHHOEe mMOJIbKO C
XUmMudecCKumu peakyuanu:

IIpou3eo00cmeo 3nmponuu, 1 <
E 4;0;20

B coomeemcmeuu ¢ npeocmaenenusmu THII, TOTOKOM 1 CKOPOCTH XMMHUECKOH
PEaKLuU SABISETCS €€ CKOPOCTh (. A TEPMOAUHAMHYECKOHN CHIIOH, COMPsLKEHHON
9TOMY HOTOKY, SIBJIIETCS CPOACTBO XUMHYECKOH peakuuu 4

Teopus Onzarepa:

,
;=Y Lidis j =12t (36)

C Opyz0ii cmoponbl, SKCIICPUMEHTAIBHBIEC UCCIIEIOBAHUS TTOKA3bIBAIOT, UTO B
HEeOOBIIOM HHTEPBAIE H3MEHEHHSI XUMHUUYECKOr0 CPOJICTBA VIS KAKIOH peakuuu
BBINOJIHSETCS. COOTHOLIICHHUE

¢j=ljdj ;>0 (37
TpeboBaHUS BTOPOrO 3aKOHA TEPMOJIMHAMHKYI HAKIA/IBIBAIOT OIPEICIICHHbIC OTPAHUYCHHS
IIpumep 1. X+Y=2Z, 3axpweimas cucmema
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GXYZ =mygy+mygy — Zngz - beHKI_[I/I}I TEMIIEPATypbl U COCTaBa

d&e Gyyz >0, & ysenuuusaercs

GXYZ —2>0:
dt Gyyz <0, & yMEHbIIAeTCs

OCyHICCTBI/IMOCTL PEaKInU 3aBUCUT OT XapaKTepa 3aBUCUMOCTA XUMHUYICCKUX
TIOTEHIHUAJIOB OT TEMIIEPATYPBI U COCTaBa.

Ecmu B peaknnu y4aCcTBYIOT TBEPJBIC BEIIECTBA, CKOPOCTh PCAKIIMN 3aBUCUT OT
0COOCHHOCTEH CTPYKTYPHI H JIp.

B HGOZ[HOpOZ[HOfI CUCTEME CKOPOCTHh PEAKIIMU HEMIOCPEACTBEHHO CBA3aHa C
TponeccamMu nmepeHoca
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Ecnu peakyuu — ceAa3annsvle, TO 10JKHO 6I)ITI> HEOTPHULAT €JIBHBIM TOJIBKO CYMMapHO€
TMIPOU3BOACTBO DHTPOITUU:
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Ecnu peakyuu — neceéazaunsie, lj, =0 , TO HEOOXOMMa HEOTPHUIIATETBHOCTh MIPOM3BOJCTBA
SHTPOIUH, CBA3aHHAS C KaXJIOH peakluel OTAeIbHO
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Ipumep 3 [IycTh B TBEpIOM TeJIe UMeemcs 2paduenm nmemnepamypol
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JIns BHYTpeHHEl SHEPruul (npu omcymcmeuu 00beMHbIX UCIHOYHUKOG U CHIOK08)

CIIpaBe/IMBO YpaBHEHHUE Oalanca 0
P =V Ip=—"Jp 3) MOJICTaBUM
dt Ox ero B (2)
ds 10
@“e__ 19 4
— Pac” 1o T )

TO)I()Z[EC]jBeHHMe odr ELEJT L3y El_lﬁ Ip—Jp oT/ox ElV-JT _JTE
npeodpazoBanust gy T T Ox 5 T Tox T2 T T2

ds 0 Jp 1 or

p = —dp (5) CpasnuBaem
dt ox T T* ox 3TH ABA
s YPaBHeHHsI
—=-V-Js+o
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Haxonnm: Jo= J?T, ==Jr— Lar
7% éx

B obmiem ciryyae B JekapToBOi cUCTeMe KOOPAUHAT:

Jrx 0T Jr,yoT Jr.oT

Bocnone3yemcst akcnepumenmansho ycmanosnennvim 3akonom Oypve, B COOTBETCTBUH C

KOTOPBIM or
Jr=-A—y, A>0 Jr=-AVT, A>0
Oox

IIpousBoacTBO 3HTPONINH
JUIs1 Ipouecca
TeII0IPOBOIHOCTH

2
A (0T vT
=21Z ] >0
© o Tz(ax) > x(T) -0

TTonoXuTeIbHOCTH OIIPEICIICHHOI'O TAKUM 06p3.30M TIPOU3BOACTBA DHTPOIIUHU €CTh
CJIeJICTBHE SKCIIEPUMEHTAIBHOTO 3aKoHa Dyphe. VIMEHHO Ha OCHOBE TaKKX
9KCIEPUMEHTAIbHBIX 3aK0HOB OH3arep pa3Bml CBOIO TeOpHUI0. B obmem cimydae
pa3aeJICHUE Ha MOTOK 1 NPOU3BOACTBO SHTPOIIUU — HEOAHO3HAYHO. OZ[HI/IM n3
00s13aTeNbHBIX YCIO0BUII ABIsIETCS TpeOOBaHHE BTOPOr0 3aKOHA TEPMOJHHAMUKY O
HEOTPULATEIILHOCTH TPOU3BOACTBA DHTPOIUHU.

PaGora pacuiupenus
[TycTh cucTeMa MOXKET COBEpPLIATH TOJIBKO PaboTy pacIIupeHus

ds_1 du p° dy

=— + 1
Par a1 P ar W
ypaBHeHHUE OanaHca
BHYTPEHHEH SHEpruu 2)
TaKOW CUCTEMBI;
3
uMeeM:

W3 ypaBHEHUs HEPa3PBIBHOCTH

4) V-v=—l@ l%ﬂ de, TaK Kak y=l
pdt py*dt dt p

Ecnu HeT moTtoka Temwna J; =0 u He HaOmrogaeTcs 3 (EeKTOB BA3KOCTH pV =0

du Tloxcras- ds
U3 (2) u (4): P = pp— 5 — ds _ p° dy p #_,
©) nsieM B (1) pdt Tpdt Tpdt

Ecnu cucmema modicem cogepuiams moibKo pabomy pacuiupenus i Hem 6A3Kux
cus1, TO TaKOU Iporecc 00paTUM, U IPOU3BOACTBO SHTPOIUH PABHO HYIIIO

Ecmn xe pV #0: (T.e., uMeeTcs 00beMHas BSI3KOCTb)

pli—pes b, o)

IpoaeabiBas Te ke caMble pV dy pV
=——pD—=—— v

BbIKJI KH, [MoJ1y4yaem: S
ALKH, 0Ty T dt T
I/I3 3KC1’IepI/IMeHTa U3BECTCH 3aKOH HLIOTOHa JJIsL Oﬁ’be.MHOﬁ 8A3KOCmMu:

pl=—yVev, mp>0

(Vv
T
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Kax MbI BUIMM, TpeOOBaHUE BTOPOTO 3aKOHA TEPMOAUHAMUKY O HEOTPHULATEIBHOCTH
IPOU3BOJICTBA SHTPOIMH OIATH BBIIONHAETCS. OOOOIEHHON TepMOIUHAMUYECCKOH
CHUJIOH, IPUBOAAIIECH K HOABICHUIO 00BEMHOH BSI3KOCTH, SIBISETCA V -v

Bs3koe naBnenue 6y,HET CONPSKEHHBIM 9TOM culie TEPMOAUHAMUYIECCKUM IIOTOKOM.

EcTb 00beMHas BI3KOCTD U €CTh CABUT OBas BA3KOCTbH.
C umeHeM HI)IOTOHa, KaK IpaBuJIO, CBA3BIBAIOT CABUT'OBYIO BA3KOCTH




