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yCTaH&BJIKBaeT CBR3's  M e X A Y  ~SBJI~HH~MP , K O H U e H T w r M e R  f i  
MoneKyn IineanbHoro ram PI cpenHuM siaqeHneM aHepruu n o c y a -  
T e n b m o r o  aBEMteHm M o n e K y n b r  <e>=rnl(tr2>/2, me m, - Macca, 

i< U2 ) 1 C p e m R R  KBaap6lTRIHBR CKOPOCTb nOCTynaTenbHOrO 

IlBKXeHHH ~ o n e ~ i y l l b ~  raaa, H a ~ o n s m e r o c B  npx TermepBqpe 1'. 
b a ~ d  5 ,  H a m u  CpemieKBanpaTmHp C~opooTb TennOBOro 

nemeansi ( n o c l ~ y n a ~ e n b ~ o r o )  ~ o n e ~ y n  raaoo6pa3noro ~ouopoua I 

npH CTaHnapTHblX Y C n O B ~ X  flm 8 a H a n O r r n H y l 0  CKOPOCTb gKB 
nb1nmKti ~accot i  = 10-12 r, s a e e u r e ~ ~ o 2  B Bonopone. 

To = 273 K -1 5 m = 1 0  K r  -1 P e r u e ~ ~ e  
R = 8.31'10~ a m ( ~ m o n b  K )  C p a m e ~ u e  npasb~x 



&naqa 6. C ~ a ~ o #  CKOPOCT~K) u U o n m e H  n o c r y n a ~ e n b H 0  

L t B W a T b C S  6 9 n n 0 H  C r a 3 0 0 6 ~ 3 H b 1 ~  HeOEOM, n p H  KOTOPOR BHYT- 

pemaa a a e p m  raaa pamn ero u e x a H m e c n o R  3 ~ e p r a n  nBmce-  

HHR? Teuneprypy ra3a C ' IHTaTb  H ~ B ~ M ~ H H o R  T " 300 K. KWIb 
aTOhlHaff  M a C C a  H e O H a  = 20 K ~ / K M o ~ ~ .  

mu2 3 
---2 RT, (3 )  
s 3 

C p a w ~ ~ a a  p e l u e H a e  3ana.ra c p u e H n e u  a a n a r l a  5 y c T a m e  - 
JlEIBBeM, 'IT0 CKO,O-b ITOCTyIIaTeJXbHOM ABraKeHHS? M a C C b l  r 8 C M  H 

C p e n H e K W l n w T W H a P  CKOpCCTb a T O M O B  T V I a  - O W H B K O B b .  

3 a n e . ~ a L  onpenenu~b y B e n I I v e m e  A U ~ v p e ~ ~ e f i  3:iep 
I'HH O ~ H O a T O M H O r O  r938, HaXOAHLEIIIIePOCR B r a 3 r O J I b l l e p C 3  0 6 ' b e ~ g ~  

v = 103 M 3 ,  npu n o B N r u e n u u  ero T e M n e p a  y p b l  H e  A T = 10 K .  
B H a g a n e  rLaa H a x o L w n c n  n p K  c l a H n a p m b u c  ycnoemx. 

AU- ? 

3 IureaJ'IbHbIX r a3€ lX  M O q T  I IpOTeXBTb  p&3AS%IHble IIpOUeCCbI, 

C@IIPOBOmLtE.K3IIIHeCW H 3 U e H e H H e M  n a B A ~ H W ~  T B M n e P W l y P b l  B 0% 
e M & ,  O m a K O  B IIIO~OM U 3  lTPOMeXCYTO'IHbIX p B H O B 8 C H b I X  COCTOEI- 
HHfi, UeFe3 KOTOPbIe  IIPOXOUHT ra3, l laF)BMeTPbI  COCTOIIHHS~ , v , 
T Y~OF~J'IeTBOpEIIOT YPtlBHeHZW COCTORHIiR HAea.?bHOrG ~a3ap V = 

= ~ @ R T .  
t ' h ~ e c ~ l i b l e  3MnHpK'3lrecXHe r A 3 0 B b l e  SBKOHbI: 60filEi -]\?a HOT- P T a  (pV=eonst n p v ~ = f ~ n ~ t , m = ~ o n s f ) ,  E a p ,  (PIT =I 

= to& up. V-cond ; m = const ) w r e a - ~ ~ u x l c a l c e  ( V/T = 
= const p = = ~ ~ r U t  , m = C O ~ S ~  1, conepmeuuecrr B y p a m e H a H  

LOCTCISIIIHR H n e a n b H o r o  rasa, B b r p a x a m T ,  c o o r a e m T e e n a o ,  npo- 
UeCCb1 H30TePUEFIeCKOI 'O  H3MeHeHHFI 0 6 ' b e u a ,  H 3 0 X O P ~ e C K O P O  Ha- 

rpem a ~306apmec~oro H a r p e m  ( m u  H ~ M ~ P ~ H H F I  o h e m )  raaa. 
6 ~ a 6 n .  1 a306pexe~bl r p + ~ m  ~ T W X  n p o d e c c o B  B pa.wm~b~~ 
nepFfhaeHHSIX (pv ,pT , V , T  ). 

3anaya E?, B u n e m t . n o M  raae ( m = WnS t ) n p o T e W e T  
npouecc 1-2-3, rpaqzs K o T o p o r o  a306pame~ H a  p ~ c .  1. 
~ O C T P O E ~ %  rpL3 KKK I I p O U e c C h  1-2-3 X a  Q H B w M M a X :  
a)  p , T i 6 7 ~  9 T . C Y H T ~ T ~ ~ ( = Y , ~ ~ = ~ ~ , .  

Puc. 1 
P e u i e ~ a e  

Ha y r a c T K e  1-2 B rase n p o T e K a e T  n306apmecrziiI npo- 
uecc, B K O T O ~ O M  mmepa~ypa r a a  ysenw-ma (pac. 2 ) , 
Tz > TT , H a  ygacme 2-3 n p e K a e T  H a o x o p m e c w i f f  np- 
uecc, B KOTOPM nameme H T e M n e p a T y p a  y s e n m ~ ~ % ~ ~ c s  OT p, 
R O Z p ,  H OT T2 A 0  3 , COOTBeTCTBeHHO. ~PUMC~IHB Y p B H e H H e  

Ha PHC 2 n y m n p o u  H a m Y e H u  H J O ~ ~ P M M  , zi Tj 
( r w e p 6 o n b r ) ,  a T a m e  nse r w o 6 a p b r  p, H p3= 2p7 . 



COOTB~TCTEH~ w a C T K 8  rpa@SfK8 1-2 H a  PHC. 3,a np0- 
ueccy 1-2, ~ s o 6 p a x e ~ n o h l y  H a  rpa@ane p(vj (CM. pnc. 2 ) s 
nOHCHeHHH HC? H W n a e T C S l .  M ~ O X O ~ ~ ~ C I C O ~  n.pOUeCCY 2- 3 C0- 
OTBeTCTBYeT H a  PRC. 3 ,a yYaCTOK npslhlOfi 2-3, n p O . X O a ~ ~ e f i  

Y e p e s  siaqano K o o p n m a T  ( p = 0, T = 0 )  a T O ~ K ~ ,  O T B B % a X b  

LIIYIO COCTORHIK) 2. 

k i s o ~ a ~ a r e c ~ o M y  npcueccy ~ ~ C I I I E F ~ B H F I  r a a  1- 2 H a  

3anasa 9. B t m e a n w i o h f  rase, K o n w e c T B o  xo~oporo = 
= a M M b ,  I IpOTeKBeT npOUeCC 1-2, B KlX'OpOM ClaBneHHe 1%- 

a p a C T e T  npOnOpUHOHaJIbH0 er0 06eh4y ( ~ H c .  41, n p H  STOM 

o h e ~  resa y s e n w H e a e T c n  wme n p o T m  n e p a o H a q a n b H o m  €( = 

= 50 n. I l e p ~ o ~ a q a n b ~ o e  nameme B rase p, = 0,2 M a .  Yc- 
TaHOBHTe 3BBlfCHIVIOCTb T e M n e p a T y P b I  ra3C1 OT e l W  0 6 . b e ~ a  T(V) H 

H a m  l r o H e r a y m  T e M n e p a T y p y  raaa T2 B npouecce 1-2. 
~ O C T ~ O # T ~  I ' ~ ~ @ H K  T(V). 
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-3 
2 = 8 ~ o n b  = 8 K M W ~  P e u r e ~ ~ e  
V, = 50 n = 5,0. M~ K O  Y C ~ O B ~ K )  a am~n ,  me- 
0.= 0.2 hillla = 2 . loo5 na n e ~ ~ e  race nponopmo~mbno I 

Ha prc. 5 rdpmew,  rpamweor~ J ~ B H C K M O C ~  T(V) - n a p 6 o -  
nwecma. K o ~ m H a r r  T e m e p a T y p a  raaa 

E c n ~  B ~ ~ H M o ~ ~ ~ ~ c T B H ~  M e X W  n J p F I  T e n a M H  MOMeT B ~ I T ~  
OXBpaKTepH30BeHO CXJItiMH UaBIIeHKU P , I IpOH3BOmMOrO TeilaPvfSi 

rrpyr H a  npyra no noaepx~oc~a HX C O ~ ~ ~ K O C H O F ~ H H H ,  TO n e p e M e -  

rueHHe aroR IIOBepXHOCTH, 0 6 y c n o ~ ~ 1 e ~ ~ o e  p3JHblMSi ~ l p W K t i a W H ,  

conpommnaewa c o s e p u r e n H e M  p 6 0 ~ b 1 .  E c n ~  n c J p e M e u e H x ?  no- 
R e P X H W P H  COnPKKOCHOBBHHSI BbI3RLIRO H3MOH6HH8M 0 h e ~ a  Tens 

5V , BG %ex ee T ~ Y K ~ X  namerrrrrr OI~XEIKOBO, TO C o B e p m a e w u i  

T W X ~ M  a n e M e m a p H a a  paGcrra AAzpLTV. 
~ P H  S i 3 0 6 a ~ W I e ~ ~ r ) M  KIPOU~CCB ( P = c ~ s ~ )  A,=p(%-& 1 . 

E c n ~  nameme npr  n p o r e K a H H e  H e K o m p o r o  npouecca H ~ M ~ M ~ T -  

ca, TO pa6o~a Mom- 6brrb o n p e n e n e H a  ~a rpammca sas~cmoo. 
CTRP(!I) - oxia psmia (.~mnerano) 'nnouram" @rypbx, o6paao- 
B&IUIO~ wa+rno~  p (v) , ocbm V n o p n ~ l t a ~ a ~ ~  p (6) H P (G) , 
me 6 H VL - o b e ~ b i  a H a Y a n e  u K o H u e  npouecca ( p ~ c .  G 1. 
Ha T O M  X e  PIICYIiKe bA=@Y-- B'IBMGHTaPHaSl ~ 9 6 0 ~ 3 .  ~ c n a  va >VT, 
T O A ~ ~ > O ,  e c n ~ ~ < V , ,  T O A ~ ~ < O .  



3 a a ~ c ~ e y a  a ~ a r e ~ a n  nnorvm~eii  B o n u  x n j a s  ( g8, p i(3 
~ e t B n u u ,  n p o ~ s ~ e n e ~ ,  B ~ N H C ~ ~ H I I Z I :  A = 8.7 M&K. 

&gaga 1 1. M n e a n b n b l R  raa, H a x o n a r r r n t i c a  B r r a q a n e  B 06%- 
e M e  V, .- 20 n noa n s a n e ~ ~ e l o  P, = 0,20 Nna, K a r p e M M T  
TaKHM 0 6 ~ 3 0 ~ ,  YTO A 8 W e H K e  B H e M  p t l C T e T  EpOnOpllHOHanbSIO 
y e e ~ l m H 8 a m u e M y c R  06se1q rasa (pac. 7 ). H ~ R ~ H T ~  pa60-ryA12, 
coeepmemym ra3oar B npouecce era ~ s r p e ~ a ~ m ,  K o r m  0 - e ~  

pc = 0,20 Mna = 
= 2,0. 105na 

6 = 2 0  n = 

= 2,~.10-2,3 
% =  2V, 

3uecb Q - KOJ'ISFXeCTBO T N l n m b l ,  n 0 n ~ e ~ 0 f t  C E C T ~ M @ ~ ~  

( ren)  B npouecce ee nepexom HZ C o c T o a H m  1 B COCTOaIiHe 2 ; 
E2 - El - C o m m T B y m u e e  n p q m u e H n e  non~ofi aneprax CH- 

CTeMhl;  I I O W a  LIIHepruR E CHCTeMb1 B E n m a e T  B CB& B m e f i W r O M  

a H e p r m  Ten U ; Al2 - pa6ma, c o e e p u r a e M a a  C H C T ~ M ~ ~  ~ a c l  

orcpymamruma r e n a M r  npa nepexoae ee a3 coc~orr~m 1 B CO- 

CTOaHHe 2; B pa6oy A ne s m r e n a  p a h ~ a  cm T p e H m ,  conpo- 
THBJIeHKR - 0 H a  P T e H e  B HClMeHeHMH AU BIi 'yTpe~Hea 3 H e p r H E  

CEICTeM bI. 

npn kI30TBpMWeCKOM ( T= ems t ) pacurapekaa (cxa- 
THH) HeKOTOljOrO KQnHZIeCTBa WleAnbHOT\O I 'd38 eI'0 BHyTpeHMSI  

3 H e P r H R  H e  EI3MeHReTCH, nOCKOnbKy OHa 3sBSICm T m b K o  o'l' T e h h  

n e p a q p b r .  
&dLtnaqa npa a 3 0 T e p M m C C K O k t  p a c u n p e H m  U e a n b H O r O  

raaa K gelvry 6 b m o  n o n e e n e H c j  K O ~ I I N ~ G T B O  T e n n m b ~  Q = 1 0 M h .  
K e ~ p  pa6ol.y A cosepunn I I ~ E  STOM rea? 





=f lo (m(p , -mlJ ) , )~~~epv lae~  npOTAB CKII ~ T M O C @ ~ ~ H O ~  DaEJIe- 

HIIS, CYTPPL@?'6nbHa, IIOCKWbKY 0 6 % e ~  acbLlb1 ~ h = m / .  , 06pa30~3~-  
metics npw n n a m e H H u  ,*baa, M e m u r e  o 6 % e ~ a  F/, = m / h  TOR xe 
M a c c b I  nma. e n p e a e m  ~ = - A / Q  , ~ a x o n ~ ~ p ~ = [ ( m l ~ ~ ) - ( m / p ~ ) ~  
x(f%)=fi @-$$)/P~@J,, = O , O O ~ S % .  

C ~ I ~ E O B B T ~ ~ ~ H O ,  I T p a K m e C K W  B C e  nOABOAKMOe KO nbny T e n -  

J?O K n e T  H a  N B e n m 0 H K e  B H Y T P ~ H H ~ ~  3 H e p r H H  MaCCbl B e U e C T B a .  

MOW peaJIH30RaTbCSl T a K H e  YCJIOBESI, B KOTOPbrX H e K O T b  

pb!e M3 KMHMOR~RCTBYIOUHX ?'en, E C T f l a H  B U H T ~ H C H B H ~ ~  TeEnO- 

0 5 1 4 e ~  npyI> C n p y r o h 4 ,  npaKT;TEN€3Cr.w H e  6 y ~ ~  O ~ M ~ H H B ~ T ~ C R  Tel l -  
JJOM C OLW)I[aIOIumw TeJIaMH. Tame CHCTeMbI Ten Ha3bIBQK)TCR 

Tef l J IOf i30nHpO~HHb:MH.  ~ ~ K M ~ H H T ~ ~ I ~ H O  K TennoA3OnHpOBBHHblM CK- 

CCeMBM I IepBOe HaW3nO TepMOAIMaMHKH M O X e T  6 b n b  3BnWCBHC 

B m;ne ypamenw " T ~ M O B O ~ O  F j ~ m ~ c a ' :  

(y6bmb l i 0 J I m f t  i3lit3prKYd T ~ ~ O K ~ O ~ H ~ ~ B ~ H H O ~ ~  CHCTeMbI Ten P E H C )  

pa6me, C O B ~ ~ U ~ ~ M O ~  T e n a M u  csc!cl.eMbI H a s  o K p S x a I o r u a M a  KX ~ e -  
r n ~ ~ ) .  

3t3na9a 15. B 6 a ~  C T e ~ O H e I % ~ X K ~ e h 5 b l M E  CT4HKBMK, C@- 

pepmaumil m, = 100 m n b n a  nFw ~ a s a n b ~ o t i  Temepaype T i  = 
= 2 2 , 3  K ,  6bl710 IIOA@HO m2 = 15 K r  B O ~ R H O ~  n a p  nps  T e M n e  

p a y p e  T2 = 373 K H H o p M a n b n o M  a~uac@eprnrc nasnenun. Ka- 
KOR 6 y s e ~  TsmepaTypa 8 a e u e c T m  ( H20 ; B 6 a ~ e  nocne 
YCTaHOBneHXGI TellnOBOn> F ~ B ~ I ~ D W H ~ ?  

m,= 100 IU- 
P e l l r e n s e  

= 233 K 
3epaxee H e a a e e c T H o ,  pscn~aaarc~ n H  

B e C b  JIE.A, D 06pa30~a~111m~ BOna  Ha- 
a n 1 5  m 
T2= 373 K r p e e T c a  , nHfio p a c n n a B a r c a  saclb zbna, 

3 c,= 2,1.10 a)K/(xr.K) nw60, HaKoI ieu ,  ~ o n a  0 6 ~ 3 0 -  

6- ~ , ~ . ~ o ~ P x / ( K P K )  B B B U H C R  Sf3  C K O H D e H C E p O W E U 4  
rocq nepa o x n a n n x i t  H nalsa. 

r = 3,3.105  KT CTbIO BblMOPOJETCR. ~ W T O M ~  

A - 2,3.106 nw</tcr H ~ O ~ X O ~ A M O  csasana r i p o m s e c - n  

$ =  273 K c p a ~ i r e ~ n e  ~ o n m e c ~ s t l  mm~tl, 
o T n a B a e u o r o  B ommc H nonyua- 

4 -3 e M o r o  B n p y r H x  - B O ~ M O ~  

npoueccax, Banymem K ytxaao- 
merlm T s n n o B o r o  pa~so8ecm. 

T ~ ~ J I X U  3BRMCTB>MTCH YLleJIbHble TWUIOeMXOcTH nbw 
( C1 w B O ~ H  ( e, ), a T a m i c e  yneabawe T e n n o m  nrrame- 

HESI nbna ( P A zapoobpa3oea~m B O ~ ~ I  ( h ) cpw HOW 

Manba0t . i  a ~ ~ o c @ e p ~ o d  naenexm. 
b H6PJnaWCCTH II 60nbme1-0 YUOGCTBB '3 ~ a 6 n .  2 ysaciaabl 

n p o u e c c b l ,  B K O T O P ~ ~ X  n p H c x o n w r  ( E ~ H  nponcxoamo 6b1) y E e n H =  

s e H H e  B H ~ T p e H ~ e f i  3 H e p w H  0LlH0fi MaCCbI S I  yMeHbUIeHHe BHYTpeH- 

Hef i  aseprmi - n p y r o f t  M a c c b r  B e u e c T e e  no M e p a  n p ~ 6 n m e ~ m  
C H z T e W  T e n  K paBHOBeCH0My COCTORHHK, ( K O ~ O H K H  1 H 4).  B 
KOJIOHKnJC 2,5 H 3,6 3a l lKCaHbI  C o c r i . B e T C T B w U H  KOnH.reCTBa 

T eIIJIOTbl. 

B ~ a 6 n .  2 n o c n e n o B a T e n s H o  a n o n H a r o T c s  c~povu.. h n n 3  
~ ~ ~ I o J I H ~ ~ I H O #  B T O ~ O ~ ~  CTPOKK nOK€l3blBaeT, lITO COCTORHHK) T e l l n b  

B O W  P B H O e e C P E I  O T B e s a e T  L ~ B Y X @ ~ H O ~  COCTORHBe BeUQCTBEl n p B  
;- 27 3 K - H e K m o p a R  ( m' ) M a c c a  s e n o n H o c T b I o  pacnna- 

B s m m e r m s  nbna B Bone. B c a M o M  nerre, nm H a r p e m E m  M a c c m  
ml n b n a  no To = 273 K ~ p e 6 y e ~ c n  m , . ~ , .  (G-?; = 13, ti M.&K 

~ e n n w b ~ ,  EI H a  nonno6 em p a c n n a B n e n H e  eue m,f = 3 3 M i l x  
(=em - 44 MA*). I ? ~ H  K o H a e H c a u m  v a c c b ~  m2 r i a p a  B BOW H 
ee n a n b n e # m e ~  o x n a m e H m  no  TO^ xe T e m e p a T y p b I  OTna-  
e T c H  KOlllFleCTBO Tf3nJ'Io~bl ~W~~C&,,~)= 41 M h .  ~ O ~ K O F ~ K Y  
10,5 MIlm < 41 M h  < 44 M h ,  snw 

TO RCHO, ' I T 0  B BOile npIl To = 273 K 6 y ~ e ~  H a x o m b c a  HeK- 
TOW M a c c a  ( rn' nnaBaamero nbaa. Maccy m' nbna cne- 
nyeT onpenenm ~3 y p a B n e H m  6amnca (6), tcmpoe nonmo 
6 b m  3 a r i m a s o  B B m e  



mtcnaxorrrxtic~ y- ~ o p o e  ~~onaorisi~ca KC ~ a c -  
m o ~ a e ~  B H - ~ ~ H -  ce ~ e 1 ~ e c ~ a 3  B npoueccax: 
H e R  aweprw Mac- - 
CbI Be9WTBB PaCCWtlTpE- paCCb4aTplb 
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