PDu3uKka KOHACHCUPOBAHHOIO
COCTOAHUA

Aurteparypa
OcHoBHasA

1. KprokoB A.Il. DiaeMeHThl QU3NYECKON KMHETUKH: yueOHOe mocooue. M.:
MDBU, 1995.

2. Kprokos A.Il. DneMeHTH THAPOJUHAMUKH U TEILIONEpeHoca B renuu 11
yueOHoe rocooue. M.: MOU, 2004.

3. Amurpuen A.C. OcHOBBI KPHO(PUZUKH KOHACHCHPOBAHHBIX CHCTEM: YIEOHOE

nocoowue. M.: MO, 20006.



PDu3uKka KOHACHCUPOBAHHOIO
COCTOAHUA

Aureparypa

AoroAHUTEALHASA
Koran M.H. /lunamuka pa3spexenHoro raza. M.: Hayka, 1967.

JInpmun E.M., IluraeBckuii JL.II. ®usnueckas kunetuka. Cep. Teopernueckas ¢pusuka. T.10. M.:
Hayxa, 1979
ApuctoB B. B. , Yepemucun @D.I. lIpsamoe YHCICHHOE pPENICHHE KUHETUYECKOTO YPaBHCHUS
bonsimana. M.: BII PAH, 1992.
Kpwxkos A.ll., Jleamos B.IO., HIumkoBa HWH.H., SctpedoB A.K. YucinenHoe pemeHue
KMHETUYECKOT0 ypaBHEHMS bonbliMaHa B MHKEHEPHOM MpakTuKe: yueOHoe nocoodue. M.: MOU, 2005.
Jlanpay JL.JL., Jlupmmn E.M. I'maponnnamuka. Cep. Teopetudeckas pusuka. T.6. M.: Hayka, 1988
(rmaBa XVI, c1tp.706-730).

XamnaraukoB .M. Teopus ceepxrexkyuectu. M.: Hayka, 1971.

IHarrepman C. [ uapoanHamuka cBepxrekyuen xuakocta. M.: Mup, 1978.

Kutreas Y. Beenenue B pusuky tBepaoro tena. M.: Hayka, 1978.

3aiiman Aok. [Ipuanumer reopun 1Bepaoro teaa. M.: Mup, 1974.



PDu3uKka KOHACHCUPOBAHHOIO

COCTOAHUA

TBEPIBIE TEJIA

KUAKHUC KPUCTAJLIIbI

KOHIACHCHPOBAHHLIC CPEIAbI

JKUKOCTH

KBAHTOBBIC KUJIKOCTHU




Pu3nka KOHACEHCUPOBAHHOT'O

cocroaHusa (PKC)

3aHuMaeTca PyHAAMEHTAABHBIM U3yUYEHUEM
PA3AUYHBIX KOHAEHCATOB.

IIpeamer @PKC — cBoMicTBa KOHA€HCHUPOBAHHBIX
CPEA U IPOLECCHI B HUX.



Aaypearsl HobOeaeBckou nmpemun
B 00AacTH (PU3UKU HUIKUX TEMIIEPATYP

Nmsa Ton T'ox HarpaxaeHus
OTKPbLITHA

Jlannay JI.JI. 1941 1962
Kanuma I1.J1. 1938 (39) 1978
JIn 1., Omepodpd ., 1972 1996
Puuapyacon P.
bennopi I'., Mromnep A. 1986 1987
Kopuenn 3., Baiiman K., 1995 2001
Kerrepnu B.
AbpukocoB A.A., 1957 2003
I'un36ypr B.JI., JlerreTt
A.JTx.




Pu3nka KOHACEHCUPOBAHHOT'O
COCTOAHUA

KoHaAeHCUpOBaHHAA CpeAd — CHCTEMA YACTHII,
CHUABHO B3aMMOAEMCTBYIOIUX APYT C APYI'OM.



PDu3uKka KOHACHCUPOBAHHOIO
COCTOAHUA

CocTosiHHUA BeliecTBa

TBepaoe
I'a3 AKHUIKoCTD P
TEJIO
> bamxaun n
Iopsiaoxk Xaoc biavxHAM 5
TalbHUMN
T ~10183¢ ; e
Bpems & o 10™°c 10~"°c
T ~107¢
MC
JHeprus U <<E ~E >.E
cp cp cp cp cp cp




Pu3mnka KOHACEHCUPOBAHHOI'O
COCTOAHUA

YUacrp 1

JNEeMEeHTbhI

dusnuecron
RMHETURN




3apaua MusnJyeecron RMHeTNEN

[MPOLIECCHI NEPEHOCA:

MACCBI; HMIIYyAbBCA; JHEPIUU



ib3nuecran EMHeTnza -

MHUKPOCKOIIMYECKAA TEOPUsA IIPOLIECCOB B
CTATUCTUYECKN HEPABHOBECHBIX CUCTEMAX

Uu

DA=Lr (), S

.




OCHOBHLIE
NOHATNAIN
onneneneung




husanueckran EMHEeTURA

MOAEJIb NOEAJIBHOIO TA3A:

U << E

NnomeHY. Kuremuy.

o @ @

r




Novenuyansi B3anNomeiCTENE VIONeRyn

TBEPObBIE YIMPYTUME WWAPDI

U w U= f(r)

d IL
DEh | .,
= pu r=d
L/

—/A\\ r U=0npu r>d o
/

N




NoTenuyanky BE3amIoAeiGTBAN MONeryn

LIEHTPbI OTTAIIKUBAHUA

U 1 \ K
@Gl - 3 2)
r :
F:_GU . K(s—1)
or ]/'S
KasnrosiHnbie

I/'/

MaxkcBeAAOBCKUE MOAEKYABI § = Fpmmpy ke =

4K K,

P

(22)




NoTreHuyanby B3aviy ‘I[ﬂ)gﬂﬂ]ﬁ, CTEVA Monex\yn

NEHHAPO-O>XOHCA /(dﬁuﬁ&\ﬁe%ue
12 6l 1
By U =4e¢ {[(d /7 ) J_[(d /7 ) }} (dihn)%z%ueueanue

U | | F] 6|26
Q/Ed : : 7 d
~24%
—& d
| / : /
/ 7 /’ 7
\ \




NoTeHuyansl B3anoAEiGTBIAN MOMeRyN

MOP3E

U=¢ {[eza“d ﬂ —Lzea(rd)}} (4)

U | g, doamosnnvie
a-d=6

\ [ 23]_9%%;%%6#%6
\“ —£ r [ eﬁfzzﬁ@(c’iﬁ%&%&}me




NoTenuyanbl B3anMoaeicTBIg VomeRy

CE3EPJIEHOA -

—

U=/(r)

!

bpr>i0 d =

U=—8(d/7‘)m (5)
npu r>d

&, dowmosannnle



MYHERNA pacnneaeneHna

A

(6) f ( el )dxd E —ecTh 0IKHAAEMOE YMCAO MOACKYA B
ooveme dxd& , KOOPAMHATEI

KOTOPBIX HAXOAATCA B MHTEPBaAC
oT X AO X +dXx , @ CKOPOCTH

B MHTEPBAAE OT 5 Ao E+dE.

|A| N
¥ (x,cf ol ) — (yHKIMA cCEMU MEPEMEHHBIX:
x?)/’Z?éx,éy’gZ’t'



MYHERNA pacnneaeneHna

PABHOBECHOE MAKCBEJIJIOBCKOE PACIIPEOENEHNE

f:@(zékjjm“p_

RU€JI06A4A NJIOMHKOCMb

|

(ﬂ%emnepamypa ;}

(82 +&} +&2)

| 2RT

RrousuoyanbHas 2a308a5 NOCMOAHHAS : }

»(7)



MYHRELVA DacnpeaAeneHn

CEYHEHNE oYHKUWW PACIPEOENEHUA MNMJIOCKOCTbBHO
;=0
1




MYHRELVA DacnpeaAeneHn

CEYHEHUWA oYHKUNW PACIIPEOENEHUA TNNOCKOCTAMA

5 A0 é:yl = const, §y2 =const: £, =0, f; =const, f, =const:

f “ gyl éy I

&Jeﬁ;




IVl

OMEHThI (HYHEUMV pacneaeneH

sl

!

MowmeHT (pyHKIIMH PACIIPEACACHUA —
5TO MHTETPAA II0 HPOCTPAHCTBY CKOPOCTEN
OT 3TOU (DYHKITUH, B3ATHII C OIIPEACACHHBIM BECOM.

4 o0 )
Mpf)= | o(E)fdE  ®)
- —0 y

0, (éu ) — HeKomopasi PyHKyusl éu



MomenThl (hYHEWAY pacnneaeneH s

NMPUMEPBI MOMEHTOB ®YHKU PACTIPELOENEHNA

> I
p=m| fds; (9

P — NJIOMHOCmMb 2a3d, m — MAdccd MOJIEK)JIbl

2 I
jx=puy=m | fE.dE  (10)

}gﬂ—npwkuuﬂ njiomroCcmu nomoKka macesl a
Ug HPoOEKYUA CKOpocmu nomokd casd 2



MoMeHTHI QYHKIIUUA pacipeaeJaeHus

OXXMOaemoe YMCIo MOMekyn B anemMeHTe obbema
( )d J ¢pM3NUECKOro NPoCTpaHCTBa dx OKOMO TOUKM X |
£,X,6 Jabx 5 obnagaroLMx CKOpOCTAMM B SMEeMeHTe NpoCTpaHCTaa
CKOPOCTeW d& OKOMO FPUKK, &

f (t, b )d < — IUIst SIUHUYHOTO 00bema
¥ I
ponf ]
P mTTTftxf dé “dE




MomeHThI (iyHEuMY pacnpeaeneH

NMPUMEPBI MOMEHTOB ®YHKU PACTIPELOENEHNA

X ¥
My —&n | @@fd&ﬂ (11)




Momentbl hyHEuY pacnneaenen

idl

0 X
£ % j cxcyfdﬁ;} (13)

cngx_u)w Cyzgy_uy

US4 RIXOEKYUA CKOPOCHTU NOMOKA 2cA3d

ag HRWWEKYUA CKOPpOCMU NONMOKA cd3d

{x %m_{ogzcxfdi (1%
17 d
an—Em_{oc fdé  (15)

A
c? :sz +cy2 +022




VNABEHECHNE

BOonbIMAaHa



- = B
X

Zf | 52@ - 0 8MZJ,(16)

ot x m 0& )

B . oA L ek e X o kT 2, B By ke
T e B Dl {5§x+55y+552} J,(167)

ot Oox oy Oz m
MHTEIMPAN CTOJIKHOBEHWIA:

a 02T O i &
a7 J=[ [ [ ] [(sH-1)lelpdbdeas,
L 00 - Y.

A

f=r(6x&)s fi= fex& ) £=F (60.8): fi = £ (£5.60)



CTonizHOBEHNE ABYX MoneR\yn

o
1

5y

\\

_/



CTenkHOBEHUE ABYK MONESRYN

TPAEKTOPUA OBWXEHWA MOJIEKYTIbI

S Q)




CTONIZHOBSHNE ABYK MOIeRYn

PACCMOTPEHME B3AMMOOENCTBNA MOJMNEKYN B
LIMNNHOPUYECKOW CUCTEME KOOPONHAT

/A

s
5O

\
E
db 7




Momerubl UKTErana CTonRHoBe AN

4 )
o0 OO OO M

(18) I(p)= | [ [ o(&)Jdéaz,dé,

9 —00 —00 —O0 Y.

- I ]
19%) 1(0)=1 [ (0+ @1~ 0"~ 01)( 11~ 17| Elbdbdedzids

—Q0

I

(19%) I(g I(GD +Q] — - (Pl)ﬁ‘glbdbdgdédi

l\)lr—*



Herom0NkIe €BOVICTBA IHTEN)ANA CTOMKHOBEHIL

AASl CyMMATOPHBIX HHBAPUAHTOB: (D + Q1 — QD’ = (,DI’ =0
laBapHaHTBI CTOAKHOBEHUI: (P = M

Q| = ma,,

Py =mg,,

q03=m§Z

1 H,
——m
P4 . &

Ecau ¢ - cyMMATOPHBIN MHBAPUAHT, TO

¢:Am§wz+lgm§w+C



H - diyaiunna v H - Teonenma

H= [ [ | finfdéds,ds, (20)

—00 —00 —00
o0

H, = J ESfInfdE (21)

e o)

I(In 1) =% j 1nf+1nf1 In f'—In /)1 - ﬁq)ygybdbdgdgldg

OH OH 6H OH
3 <0 (22
—+ @x I(1+In f) g 21 (22)
H (22%) g (22%)

ot Ox



H -

thyuzmnva v H - Teenema

= I
=jfd<s

il
3kn

oH
_|_

oH |

Ot

Ox

=0

[(1+In f)=

L+1In f = AmE2 + Bm& +C

o0
ity
—00

MCcu ™ E) TR AT ur), 1/ dé

re de e, = _[fcfyde: nu, = jfizdé

-

\

=

m
2nkT

ol 5

2kT

~

(& =)+ (&) ~u) + (& ) )}
_/




MOOEJIbHbIE YPABHEHWUA
YpaBHeHue bxaTtHarapa, 'pocca,

Kpyka
L, 5f v(fo-f) 23

V — MOCTOSAHHbIA MHOKHUTEJIb, YACTOTA CTOJKHOBEHUIA;
J,— PAaBHOBeCHasi MAKCBEUIOBCKasl (PyHKIMsI pacnperesieHusl,
¢ apamMeTpamMu Ny, W g, U, U, T, KOTOpbIE ONpeNeTsAITCS U3:

I I
| /o aé = | rdE | fo&ide = [reae  (i=x,,2);

)Za’§M rae  u; —jfoéidfu
| foag

Jfo(& M e = [ 1 ¢ -



NoeTaHoBRA 3aAauy NENEHOHAEHEAUN

L

Sx

df
dx

TX

TI‘



Nonyuenine encremby MONEHTHBIK YABHEHIA

IIpuHsATHE anINPOKCUMANIMU PYHKIHUUA pacnpenaeeHus
a — A =

my (x) g
fi > CXP| — ix >0
[2nRT1(x)]3/ 2%l ZRE (Pal o
3 X .
%= ny (x) B L K 0
Xi
[2nRT2(x)]3/ £ A | R2RT (X )
ﬁlna B3aUMOJCUCTBUS MOJIEKYJI F = Kl / ,/5
YeThipeXMOMEHTHAS alIlIPOKCUMALIHS
| | e )
Qp=m; Q) =mS,; @3 =—m<§ ;P4 = MGG
d
VMHOKEHHE mé& A =mJ,

dx



NonyueHye eneTenby VoNEHTHbIK YABHEHIAL

- A
NHTerpupoBanue jméjx dE = jdeé,

< X

a [ e rae
_{O & SdE 2EAD) <1)=_j fdé
m = m o0

dx dx -
(&)= [ eiras

H T.II.



Cuerena MoNeHTHbLI YRaBHEeH

md<§x> =0
dx

d(&?
.

m




CueTena MoMenTHLIX YRaBHEeHN

()= (25%)
(&5)= 25%)
(.22 :% 25°)
X
md<§jjz>:m.](§x2) (258)



(&)= (&), (&)

HNurerpan Ilyaccona

Q0

o 1
je OX dx = ‘/ﬂ
2\ o

0




[ I BJH
| “U
I ! I»(
IM ! I
I 'e IM
}‘IM

(26%)
]x

2

ME_@

Uik

(26°)

15 =
l/lzR

sl

I

—an

6
6")
(2
RB
1y
Tl 2H2R
R —
R\ \/
2”1

7))
x§
(RTz)j (5
Tl) ‘|‘2n2
——(—m(R
dx



Pacuei LoNEHTa MHTEInana TonkHoBeH I

W - I I .
(6?)=3 (6,62 + 6167 £ - .k %) 1 Blpabasdaias

1 1

- 2 —— P,
b :(Ljs‘l \g|‘ga db:(&js‘l g| s-1da
m m
L e
g|bdb = (&js‘l o[ "1 ada
m

[pus=5 |g|bdb= (&)2 ado



Pacuei oNeHTa MHTEInana cTonkHoBeH I

min




Pacuei LoNEHTa MHTEInana TonkHoBeH I

2
JT 00 K

j j 2|b5ie? 9 cs368Bde = 4, 4
om’

z(axemZ) 2, B e 2722 (£2) - (8)(E2)]




0063/1a3116])EHHAS GUETENA NOMEHTHEIN YNABHEHNI

1/2 1/2 :
mI? —mDy* = j, (27%)
O
Wl +nyly = (277)
BT -mIy = (27°)

i(’”’1T12+nzT22)=— o 4, 1
ax

s\2r 1/RT6 g/ L

i JRT,
° " o2 ng - Ay K, 2m




d( 2 0 1( 5 j
—nT+nT) En—2 I
o B 219, 5\/_16 ]x XX

2 2
d(anl ‘I‘I’lsz ) 0945 5 . .
i Ol Kn6 Exn " g]xnxx , (277)

rie x' =x/L, Kng=1:/L, 0,45=4/(5\/r)



NlHean30BAHHAR CUGTENLA VOV HTHBIL IABHEHIL

m=1+N; ny,=1+N, L=1+84 Tr=1+¢

Ni+4/2-(Ny+5/2)= j, (28%)
2+Nl+tl+N2+t2: X (286)
3 3

SEST  Nowe =M= 28°

LN [ 2% 2] X (28%)

d N1+2tl +N2+212

( ) = —0945 |:Ex _éjx:| (282)

dx' KI’Z6 4
bh=H—-E,+j. (29) N2=N1—%jx+E% (30)

I1 .
Ny = x%_tl _%]x+ 34Ex_1 (30%)

N =T/ g Bl de 1 3y



QNENERTBINAN0ANHAMNKI
MITCNNoNeNcHOCARS
nennwnili




renun Il - RBanToBaga :RNAKOETh

COOTHOIIIEHNIE HEOIIPEACACHHOCTEN | erzenoOepra:

Ap-Ax =N (1)

HeonpeaeAeHHOCTD ((PAYKTYAITIH) SHEPIUH ATOMA!

2 2
apsop) B (2)

2m  om(Ax)’




?
=
&
g
2
H
s
5
S
2

P, atM

304

Teepapi He

BepxHasa A-Touka
(T=1,76K; 29,8aT™)

Hupaid He
20 _— KpuBas A-nepexofa
10 Kputnyeckasa Touka
o T (T=5,20K; 2,264aT™)
=2177K; 0,0497aT™m)
0 W\ _____——Ta3006pasHbiii He
0.0 1. 20 3.0 40 5.0 6.0

T




Hell

AX=10°




Tergroeynge e Oz JIe =1

15000 -

10000 -

5000 -

TervnoemkocTb C, hia K

TemMnepatypa, K



Tewmg ODGTYPHH TECODI] !m ISERY QUESUEIONY) e HCHHA

=

1
”

plar

-20 -

oV

0,51
or )/,

0,0
8 -
0

-0,5
6 - -1,0
0

1,51
A
0
D -
0
U

0,5

A

0,6 0,9 1, 1,5




Tenoemoe s, BO3E S0 I~ TOHL

30000 4

27000 -

21000~

TernoemxocTb, /(K K)
X
=
i

18000 -

hoodhe BT W™ ™o T T



C KOIDOC TS, ISUSEIAZ IFS s

14- x
_ 1,2 10" c™m

P

o'l

&

5 10-

-

S 7,9- 10° cm

9 81

o -

S 6

T =

o o

S 3,9 10%cm
-
2 I p I 4 I
0 8 12 16

rnepenag, fasneHus, H'



Dpperer (uoErraEnooI=Be EErs

BIIIOL TOLIO] |

Haxxnaunbrii
MOPOIIOK



Mlesscanorea opuraee e Haydpeier

---------

| -
T iz T+ AT

...... e Ap = pgh i




€D DMOMCXAHHA

aiae ML KCoumsmps

gl sy, Jaeng

| prrzzzzy
N ‘._____' >k=10-710-6M
=1
/— _..é-'——_
T s ey
o é MM — 7%2:‘
73777777 |




DCHSOMSERFIILEIOS QDS ISEIE B Ol

OTKa4YKa IMapoB ———

3]~ KMIKUH TeIui

CTOIIKa JICIICCTKOB

gl

{ﬁl 4 3

i g b e
]




[Mrroreocrer KOMITOESEFToR;

1,0 -

0,8-
0,6- . - TOUKa

0,4

0,2

0,0 == T T v 1 Y T 4 T s 1
0,0 0,5 1,0 e 20 215
TemnepyTypa, K







Yiorumsieiann 1y CSOROECIEOM PRI

pP'=p,tp,
op' oj. Ol
0 (3) i 1 ()34
~tdiv(j)= T
oV Z ) o(p'S .
= ( E j—O (5) ((% )+d1v(F):O (6)
o(p'e.)

~—+div(E)=0 (7

TpeoOyerca nantu j,I1., ,¢0, E, F



\Hiﬂ R AN DABHCHHAR] KCRODUCTHOMEIIDUNHHAMHKH
LG jPac ABY 1y

B mokosmeiics cucteme koopausat  j=p'V; (8)

B IBIKYIIEMCS CUCTEME KOOPAUHAT J, = p'(V L ) (9)

j=j0+p’VS
v | (v-v) oV %
' +— |=p'|e+ |+ pVV. ——=ple,, +pV |V -—=|=
p e = p[e 2} p|e 5 pry, 5 Py TPV )
’ ’ IVZ rV2
=p8*0+st(V—Vs) 2 =pegtjV, :

d(pe,)=pdp+Td(pS)+(V,-V,)dj, (11)



B MO S EIS IS ICKOMIBING TAOENIEOR

jo=p,(V,-V,) (12)

J=pV,+pV, (13)
[1,=6,p+pVV,+pVV, (14)

n’ ni’ nk
¢=p (15)
F=p'SV (16)
q=1"F

qg=p'STV_ (17)



Y ECIJNO IS AZI

He Il

q=0
Vny y:O:O Vsy y:O:O
WSO A e SR
s pn q)/
57| .




PacrpoerpaEete yeyica s rema [l

—— v el ———

op g o O
+ 2 =0 (I8 S PR
i (18) e 0 (19)
o(pS) oV oV ou
LSS 2 - - :O 21
Ot Ox t GU) ot Ox (2D

Huddbepenuupys (18) mo ¢ u (19) 1o x,
o’ p 0’ j . 0 j __62p

MOJTy4aeM =

o>  Otox  oxot  Ox°

O’p _0°p
orr  ox’

(22)



ép 8S oV op ov. o
N3 20) S—+p— L=0 (23 N3 (18 13) —=- L S (24
I e i ™ (23) S el e )
oV -V
VuzV)___p 35 (25)
Ox p,S Ot
oV 1 © oT
6_u:l.6_p_S8_T (26) sl kP O (27)
ox p oOx B ot p Ox ox
op oV oV
N3 (19 13) —=- - = = (28
3 (19) u ( )ax Prm T Poir (28)
ot p, Ox
P - 2
oot p.S ot
2 - 2
o) SUal)__pSOT 5,
OxOt p, Ox
2 2 Y
oS _psS 0T (32)

ot> i

n



op (op 8p+(8pj oT
or \op) o \ar) ar

52,0:(5[)] 82p+(0p] o°T
o \op), o \oT), or
o’ p (apj 52p+(5pj o°T
ox” op ), Chle SeOT" . ox”
a%{asj o’ p (asj o0°T
o \ép ). o8 \oT ), ‘ot
azs_(as 82p+(5Sj o°T
ox” op T8x2 oT p8x2

(s 52p+(8Sj o’T p,S* T
op ), o° \oT , or’ p, Ox’

(@oj 82T+ op 82p_82p
oT ), ot’ p ), or  ox’




P =D, +15-Re{exp{ico(
ia)(
b

T

onpeaenurens | a’ (G_S)
oT

l‘__

op

oT

t__

X
1
a

i

a

H} T:TO+7A“-Re{exp{ico(
o
ol
e
(%)
(%) =

X
a

~N

T

e
)
)
I

A

%P\ 9

oT

A

S°p.

-
R

as
op

as
oT

T 9

oS

op

op

oT

S*p,

P

op
op

4






S5 _j}// Eel

CkopocT ba,, MC
2 3
R =

:

Temriepat ypa, K




a,, M/ceK

0.4

0.8

| w4
gy &

1.6

2.0

24



Ucnapenue

Konnencamus Konpencannsa

T+ AT T— AT
Ps Ps Pg Ps




ey )(rlp)(r]p) LINNOAIERT ©FIMORGESIENI I3/

0.20- = skcnepumeHT H.Wiechert u F.1.Buchholz

v 0194

0.10 T T T T ' T T T
1.4 1.6 1.8 2.0 22

T, K



OrrznezuErge rerrorenekon e

— — S et

\ﬁ/

o(p'S)

- ' - =0
~ +div(p'SV,)=0 (39) ~
div, =0 (40)
j=pV, +pV. p, =const p_ = const
divV, =0 (41)
I, =0,p+ PV Ve + Vs
olpV o(pV 0 olp V.,V
(pn nl)_|_ (ps sl)+ 6p x (pn nl nk)_|_ (ps s/ sk):() (42)
Ot Ot Oox, ox, ox,
DV, DV,
= dt dt
2 2
oV, V, =0 (44) (Vs.v)Vs:V V. +rotV xV, rotV, =0
ot 2 9
oV

ot p



[NpeodpasoEER Cac ey o

DV, — p,
S odt

Vp+p SVT (46)

D
DY, iy, sVT @)
dt o,

DV, _ p,

A

= Va+p SVT - F
ps df p p p 63.mp

D
p ot == LEVG - p SYT AV, L F (47 )
| P

(46 )




Crrapminiepizizyoizz gl W ey oo iy ks I

(Y ROCS BRI FCIRCTYXINCIRAV RSN IR AR SIHI AT

PivpipSVT=0 (48)
p Vp=nAV, (50)

—Puyp— p SYT+1AV, =0 (49)
g

HpI/I JJaAMUHApHOM HOPMAJIbBHOM JIBU’KCHHUU

Zl:(pl_pz)R (51)
&nl
Vp=pSVT

pS(Tl_Tz)R :—(pS)zT(Tz_Tl)R :_(PS)ZTR2VT (52)

= pSTV, = pST
gl o 8nl 8nl 8n

o Sk
(pS) TR?




SRR PHECECRITCIRCTIONKOMITTOECENED
NPHNSCCKIPTRCIKO DOCINCEC I RITCRYE IO WIUEIAACCIH AT

I'=ndV,

1“=nﬁ
m

- o= D S =1 y -2 (s

8 scr

m T Dm

) B ln4D—K’ (54)
wDm a,

Scr

Vscr D1/4

(35)



10°
- — OKCNEPUMEHT
- - - - Teopua PenHmaHa

107

107!

10»2 ~
10% 0% 10 103 T 11 0= 10 108




Crgrzy B3 RNIEIOINO IFOSEIEISE

3000 -
f~—pp’f‘*n(V V)

N

9]

o

o
]

2000 4

g
b=
<€
z g
(2] 0ny
P £ 1500-
e
=
SN 5 1000-
3mp E' J
% 500-
O
('EU -
0 - 28 ST .. W
12 14 16 18 20 2
A1
Vi = —7 V -V (56
eamp — pnps( n s) ( )



[Panessiery @ rzbLe) N )ILe)re) IS eyl eeie) 13y e

& \YEUSHINOINE @S RN @) KOSl

If|

.

Lo vp 4 p.SVT + 4p p. V,-V,) =0 (57)
I,

Py —p,SVT +0AV, - 4p,p, (V, ~V,) =0 (58)
P

CAp,(V,-V.)

VT =
S
3
VT:_ARWJZ
Sp;

VT =-Cq—f(T)-q¢° (59a)



dyemcirag Coprepa-Mie ey

Lo W

—_
|

—_

=

10"

—_
|

—_

[\

=
:‘

=

&)

OyHKUMA TopTepa-MennvHia f, Me KBT

()

1 BTL e Vel s 2088 2
T K



AT



N

He 11

T

9

ITapoBas miaeHKa

Harpepatean






G '3=4 Th=
iy
I3
dT qr °r
= —=—f(T)- 1
oS A
Tj'-o dal’ g g’ Tdr
T e
;. /(1) 2
dT __zf Ji BT, B f(r)







Omipe e Ierie BOCTEIOREIEEOIe) HoNoL)




)| BUPRCHIACY! LG IR I @i i U0 12y ez e 0

pr Ty 11— 1 = ; I ||
g | — ;, — —
E—e / ’I—>T b y
| _ /Kwmakas mepembraka L_/_f_ b
ﬁ&/_)i — e : Hap |

CreHkn xammmAAfpa

— Harpesarean




k
[l
]
a)
;[[
l
]
ll
I [; l [
[I
4 4 4 4 \l‘ 4
Il
] #

V\

1
b P
b




ey pe©ebieinign Wik

el B ISCHIOE 1

- ——q_ =12 10° BT/M’
—==-q.=1010° BT/M
S = 810° BTIM

- G W e W
- -
“

0.0 0.5

10 15 20 25 30

T, c



o O VISR ASEIOL MOBESSEIOE T

200 - | | i

o] TR
S VUV J
sHnnnnn




TermroemkgocTs rejerst [

LN
o
1

TennoeMKocTb, hki K
ol
|

TemMnepatypa, K



[l pormnepe s, EORNMISEOIC KOS

1.0+

BTOPOM 3BYK
o KPYTWIbHbIA BUCKOSUMETP

0.8-

0.6-

[o¥/s

0.4-

0.2-

0.0
1.2

TK



]
(




