CoBpeMeHHbIe npoodbnemMbl
TEenmo3HEepPreTukKn

TennonpoBOAHOCTb Yepe3 MNJ0CKYH0
CTEHKY



TennonpoBoAHOCTb Uepes
OAHOCJIOMHYIO NNIOCKYI0 CTEHKY MPU rPaHNYHbIX

CJ10BUAX NnNepBoro poaa
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OunddepeHumnanbHoe ypaBHEHNE

TenaonpoBoAHOCTU (YACTHbIN Cny4dan)

PaHee Mbl nony4yunnm obLmm supg

AnddepeHuUnanbHOro ypaBHeEHUS g:aVZK;)@
TEN0NPOBOAHOCTH: ot cp

B yacTHOM cny4vae, Angd crtaumoHapHoro npouecca ot/ ot =0
NP OTCYTCTBUU BHYTPEHHUX UCTOYHUKOB TEMJIOThI q, =0:
n3 (1) npn g £lenyert: V2t = 0,
NN pPa3BEPHYTOE BblpaXxeHue o* L o%t 82 0
onepaTtopa Jlannaca: Ox> 5),2(2)52
Onsa 6eckoHe4YHOW MNacTUHbI: h>>5:b>19 €cTb:
azt/cg 2=0;0°t/0z>=0
OndthbeperunanbHoe ypaBHeHNE >
TenaonpoBoOAHOCTM 3anunLleTcs B BUAE: ﬂ:() : (3)

dx?




YcnoBusd oAHO3HAYHOCTU

[ns paccmaTpuBaeMoro cnydyas gobasnsiem

ycnosus 0AHO3HAYHOCTW:
e [[eoMeTpMyecKkme: BEPTUKABHAA MNACTUHA }ss §5:-h>> S
M
o dusnyeckue: A =Const:;
e HayanbHble: ANa CTauMoHapHOro npouecca He TpebyoTcs,

e [ paHu4Hble ycnoBusa I poaa: npn y =() t:tlzConst;
C
npu (D_s t=t = Const.

Havtu: [t=f(x)—?;g="

Mocne NepBoro MHTErpMpoBaHuUs ﬂ_c,
anddepeHumanbHOro ypasHeHunsa (3) nmeem: dx_ 1’1 (5)

Mocne pa3saeneHns nepeMmeHHbiX B (5): dt:cldx§6)



TeMnepaTtypHoe none

Nocne 2-ro UHTErpMpoBaHUSA: [=cx+c,. (7)

[ns onpeaeneHns KOHCTaHT MHTErpUpoBaHus

noactaensieM (4) B (7): npu x=0 1= tlzcz;
C

npu X=0 I=f,=c0+c,=c a8 ;

_tc2 _tcl
OTKYyAa c yyeTtoM (5) nmeem: ¢ = 5 (9)
OTKyaa nony4yaem:.
t =1 _t01+tC2 X
Cl1 5 .




YaoenbHbIXM TENJ10BOU NOTOK

Mo 3akoHy dypbe: q=—/1£, (10)

Moactaenssa (9) B (10), nonyyunm:

A
q :g(tcl _tcz)a

nnn B dopme 3akoHa Oma:

g="".
R




TennonpoBOoAHOCTb 4yepes
TPEXCMONHYIO MSIOCKYH CTEHKY




TennonpoBoAHOCTb Uepes
MHOIOC/IONHYO M/IOCKYIO CTEHKY MPU FPAHUYHbIX

CJ10BUAX NnNepBoro poaa

PacyeTHaga cxema
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YoenbHbI TEMNJI0BOU NMOTOK

TennoobMeH B KaXXA0M CJioe onuiieTcad opMyJioun:
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ql A’I 51 ’
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< q, P 52
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YoenbHbIU TEnN/10BOU NOTOK

Tak Kak Tenao00bMeH cTaumMoHapHbii, To: ¢, =q, =N =g, =q (2)

Ans BoiBoAa GopMynbl NnepenuieMm ypasHeHue (1) ¢ yyeTtom
ypaBHeHus (2), Nony4yunm:

-

951
ley =l =
A
q52
t) —t., =2,
<cz C3 ;Lz
O A X
qo,
LtCn_tcnﬂ: /1” .




YoenbHbIN TEMN/I0BOU

MOTOK

CknagblBaeM yactu oTAENIbHO, MNOJTYYNM.

tc1_tcz tcz_tc3 tCm
_ qo, I qo, I qo

I n
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YoenbHbIXM TEMNJ1I0BOU MOTOK

OTcrofga nonyyunm:

tc1 o tCn+1

q:
51+—+M +§
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Y1 0
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TennoobMeH B MNIOCKOMN CTEHKE MPU rPaHUYHbIX

YC/IOBUAX TPETbLEro poaa.

PacyeTHaga cxema:
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\ Tc1
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YoenbHbIXM TEMNJ1I0BOU MOTOK

TennoobmeH Ha NpaBon N NeBOW NMOBEPXHOCTU CTEHKU ONULLETCS
3aKOHOM HblOTOHa - PnxMaHa:

q, = &, (t;{a _tc1);

4, =, (tcz _t}m)

Tennoo6MeH BHYTPU CTEHKM: [.,—1
A C2 C3




YaoenbHbI TEN/J1I0BOU MOTOK

ql = qz — q3 — q Pa3HOCTb TeMnepaTyp:

N

q
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a
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YoenbHbIXM TEMNJ1I0BOU MOTOK

CknaabiBaeM:

Ur —loy Tloy =Ly Hloy =1y =

|49.49, 9
o, o, A




YoenbHbIXM TEMNJ1I0BOU MOTOK

OKoHYaTesNbHO:

_ t}Rl_t}Kz
=717 &5 1
a, A o,




TennonpoBoAHOCTb Uepes
MHOIOC/IONHYO M/IOCKYIO CTEHKY MPU FPAHUYHbIX

C/JIOBUAX TPETbEIO pOAaa

[TNOTHOCTb TENJIOBOro NOTOKA:

t)m o t)](2

q:




- JI11pOB0O1HJ b HCU
OZIHOC/IOMHYO MJIOCKYH CTEHKY MPU FPaHUYHbIX

YC/IOBUSAX BTOPOro poaa

[To 3aKoHY DPypbe:

dt
q = —A— =const
dx
I'IepenMLueM YPaBHEHUNE N NMPOUNHTENPUPYEM.

qgdx = —Adt,

X

qjdxz—;tjdt

0



- JI11pOB0O1HJ b HCU
OZIHOC/IOMHYO MJIOCKYH CTEHKY MPU FPaHUYHbIX

YC/IOBUSAX BTOPOro poaa

Monyymm:
gx =—At+ At

Bblpa3unM oTcroaa t:

]
= E(MCI —qx)=

gx
A

[ =1,




[[padpmnyeckmnmn MeTos onpeneneHus

TEMMEepATyp MEXAy ClosaMu
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OnpeaeneHne TeMmnepartyp

MEXAY CNOSIMU

TpeyronbHukn ABC n ADE nogo6bHbl Mexxay cobomn no paBeHCTBY
Tpex yrnos. M3 ux nogobus cnepyer:

Ahan: AE byt _ ty—l,
IgQ= = , 1gp= = =4,
BC DE o 0,0, 0
Ao b A A
TO €CTb | (' —¢ 11,_9'1'|<y,qa HaxoauTcsa TemnepaTtypa .
C

AHanorn4yHo, n3 nogobusa tpeyronbHmnkos AFG u ADE:

_YTCHOAa HaXoAnTCAa TeMneparypa . "
AG =PTCI0Aa Haxon PaTyp




TennonpoBOAHOCTb 4epes

OAHOC/IONHYIO LUMNHAOPUYECKYIO CTEHKY
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OndpdepeHumnanbHoe ypaBHeEHUE Ternso-

MpoBOAHOCTU AJiA Ll,MJ'IMH,CI,pMHECKOVI CTEHKMU

Ob6Llee BbipaxeHue agndpdepeHumanbHOro ypaBHeHus

TENI0NpOBOAHOCTU: Of _ _ vy I (1)

or cp
[Jna cTauMoHapHOro npouecca ot/ ot =0;

NPy OTCYTCTBUM BHYTPEHHUX UCTOYHUKOB TEROTHI q, =0,
C YYETOM 3TUX yCcnoBuin ypaBHeHue (1) npumeT Bua aV2t=0

Ho 4 (@oraa yacTtHbi BUA AMddEPEHLNANBHOIO YpaBHEHNS
TennonpoBOAHOCTN:

Nnu yepes pa3BepHy¥oéT3blpa>KeHme onepartopa Jlannaca:

(2) gy, 0% 1o 1 0% @
or* ror r*op* oz’




YcnoBusd OAHO3HAYHOCTMU

Hob6aBnsem ycnoBmsa oAHO3HAYHOCTU:

e [ eoMeTpuyecKkune ycnoBus:

P>>(6§CK0HeL|Ha;| LMunmHapuyeckasl CTeHKa);
e du3nyeckne ycnoeua: 4 _ :
y A =Const;

e HayanbHble yCNoBUSA: AN CTauMOHApHOro npoLlecca He
TpebytoTcs;

e [ paHN4YHbIE ycnoBua I poaa:
npu r=n. t=t_ =Const,
cl (3)

r=r, t=t,= Const.

npwu



[lpeobpa3oBaHune

andodepeHLUManbHOro ypaBHeHUS

B cooTBETCTBUM C reOMeTpUYeCKUMmM yCnoBnMAMM OAHO3HAYHOCTH,
B 6eCKOHeYHOW UMTMHOPUNYECKON CTEHKe TeMnepaTypa He N3MEHS -
eTcAa Mo KoopauHataMm zZ U (p, Toraa ypaBHeHue (2) NpuMeT BUA:

4 Hantn: _ () —
a2 i t=1(r)-%,0=".
At ordr
[[paHUYHbIE YCNOBUA: 3
t(’i):tcv
>
. t(g)::un
O3Ha4YuUM
dt



[lpeobpasoBaHue

andpapepeHuManbHOro ypasHeHus. PeweHune

YpaBHeHue (4) npumeT BUA:

ay + 1 U=0

dr r
[MpounHTErpmnpyem: d_U _ @
U r

[Monyyum:

InU=-Inr+InC,



PelleHue

HanaeM 13 nony4yeHHoro BblpaXeHus

In(Ur)=InC;; Ur=C,
dt
“e—C dr
d],-r 12 _“dt:CII?’

t=C Inr+C,




PelleHue

PeweHne noA4YMHUM FrPpaHUYHbIM YC/IOBUSAM:

e, =r € + 2»}

t.,=C Inr, +C,.
. —tr,=C, -l +7r,C -nh,- ,=>

v
=1, —t., =C -In—-
¥y



PelleHue

OTcrona cnenyer:

l..—t t.,—t
C = rcz C, =t —< rcz nr
In-t In-t
b b
P | i
eLLieHne NpUMET BUA; (tCI —tcz)' n—
. ]
l =1 )
&
In—=
"




TennoBon NOTOK

o 3akoHy dypbe: Qm:—/”tﬂF, "AS F =2xrl
dr

Q—/l(ta tcz)zﬂl — _ﬂ(tCI_t@)l
In’2 LT
7 24 7

B Q Bm T (tc1 _tcz)
ql — QI

[ M 1 dz

—— In=£%
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TennoobmeH B UNINHAPUYECKOWN CTEHKE MpU

rPAHNYHbIX YCNIOBUSAX BTOPOro poAa

Mo 3akoHy dypbe: Q =) ﬂzﬂrl = CONSt

dr
[MponHTErpupyem AaHHOE BblpaXXeHMUe: 1 t
O ==-2m1 | dt
r
i

el
NOMy4mnMm:

ani =—2mAl(t—1.,)
v

1
O In-
2Al n

I =1, —




TennoobMeH nNpu rpaHUYHbIX YCNOBUAX TPETbOT S

poJa

T TPacquHaﬂ cxema:
Tenn006|\:|eH Ha BHYTpPEHHEWN S _
N HAPY>XXHOMN NOBEPXHOCTU T,, )
2
CTEHKU OMUCbIBAETCS 3aKOHOM DT T

HbtoTOHa — PuxmaHa: Lo \d\ T,
q]b{(:ad?(t 1 1)7”[1 | 9 N

| d Ty
d2
do :%(t , 1 2)7Td2 l >
BHYTpPU CTEHKWU: , > )
_ ﬂ(tCl _tcz) — NN
ql3 _ 1 d .
In —2

22 d,



TennoobMeH nNpu rpaHUYHbIX YCNOBUAX TPETbLErO

poaa

Tak Kak TensoobMeH cTaunMoHapHbIN, TO

dn =49 =413 =Y,

{4,

t/m _tc1 - ’
wdo,

by =1 5 = jf ] -
na,a,

1 d2
ler =l :%ﬁm;-
1 J



TennoobMeH nNpu rpaHUYHbIX YCNOBUAX TPETbLErO

poaa

t}m_tm +tc2 _t}m + tc1 _tcz -

1 1 1 . d,
=q, + + In
rda, nd,a, 2nA d,

YpaBHeHUe Tennonepenadumn Yepes UMINHAPUNYECKYHO CTEHKY !

[Monyyum:

g, = ﬂ(t)m_t}m)

(1 1,4 1
—  +——In—=—+—-
ad 2. d a,d,




TennoobMeH nNpu rpaHUYHbIX YCNOBUAX TPETbLErO

poaa

JInHelHoe TepMMUECKOEe CONPOTUBIIEHME TEMNOMNEPEAaUM Yepes
LUIMHAOPUNYECKYIO CTEHKY :

1 1 . d, 1 mK
R, = +—In—+ :
oBm 24 d, a,d,

Torga ypaBHeEHME Tennonepenayn:




TennoobMeH Npu rpaHnUYHbIX YCIOBUSAX TPETbLErO

oJeJits

[MonHbIA TEenNoBOU NOTOK:




TennoobMeH Npu rpaHnUYHbIX YCIOBUSAX TPETbLErO

oJeJits

JINHENHBIN KO3 DUNUMEHT Tennonepeanaydum yepes UMInHaApnYeCcKyto

CTEHKY: 1 B
m
- R m-K

Toraa ypaBHeHMeE Tennonepeaayn:

o= ﬂlﬁk(t 1 2)

k)




[TNOTHOCTL TEennoOBOro NOTOKAa

g=2" . F=mdl E =nd,l
b7}

Ha BHYTpeHHeln noBepxHOCTU: q, = t}Kl _t}Kz ,
L d  d, 4
a, 24 d  od,

Ha BHeLlHel NoBepxXHOCTU: t}Kl —l‘}K2

4, = ‘

d,  d, d, 1

+—=In
ad 24 d, «,




TennonpoBOOHOCTb Yepes
TPEXCNOUHYI LUNUHOPUYECKYIO CTEHKY
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TennonpoBOOHOCTb Yepes

MHOTOCMNOWHYIO LIMMNHAOPUYECKYO CTEHKY

YpaBHeHMe Tennonepenauyun:

n(th’(l_t}J(Z)
,
L T R
——t+—» —In-" 4+ ——
ad 25A d o,d,




Kputndecknm gnameTtp

NNMNHOPUNYECKOU CTEHKU

JInHelHoe TepMMUECKOEe CONPOTUBIIEHME TEMNOMNEPEAaUM Yepes
LUIMHAOPUNYECKYIO CTEHKY :

] llnd2+ 1 ,MK

_I_
o8m 24 d, o,d,

Nccnepyem dpyHKUMIO BUAA:

R, =

R, =R, (dz)-

DyHKUMA HernpepbiBHa U gnddepeHunpyema.

dR, 1 1

— — 5 :O
d(d)) 2rd, o,d




Kputndecknm gnameTtp

NNMNHOPUNYECKOU CTEHKU

HanpeMm KpUTUUYECKYO TOUKY.

1| 1 1 2
— =0=>d, = 24
d,\ 24  a,d, a,
Kputnyeckas Touka: d2 = 2
U,

d’R, 1 2 1{ 2 1
2~ 7 T 3 -
d(d,) 2A0d;  a,d, di\a,d, 24

2 _1_2052_1_1(1_1]_L>0
ad, 24 a2 2% A\ 2) 22




Bonpocekl K 3a4eTy

1. MNMepenaya TennoTbl Yepes3 NNOCKY CTEHKY Mpu
rPaHUYHbIX YCINOBUSX NEPBOro poaa.

2. TennonpoBOAHOCTb B MMOCKOW CTEHKE NPU rPaHNYHbIX
YCINOBUSIX TPETbErNO poaa.

3. TennonpoBOAHOCTL Yepe3 MHOTOCIONHYIO MMOCKYHO
CTEHKY MPW rpaHnUYHbIX YCNOBUAX NEPBOro N TPETLEIO
poaa.

4. lNepepayva TennoTbl Yepe3 UUITMHOPUYECKYO CTEHKY
NpPW rpaHNUYHbIX YCNOBUAX NEPBOro popa.

5. [Nlepenava TennoTbl Yepes UMNUHOPUYECKYHO CTEHKY
Npu rpaHNYHbLIX YCNOBUSX TPETLENO poaa.
Kputnyecknm guameTp UMnNMHOPUYECKON CTEHKN.



