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-~awndau3wc q.Leh,tuou nuruoeeou nwaodgnuen n aouh3ed 'gn~adarucn unnU 
-0Law 'sdL~edauue LWHHe90~9UOU3M 'I->I nwdew 1q~1U3nW UOHLjOEHa9 ~OHHOUWC 

qJ3onwaouua.L BH~~~WEM sulqg nngnmo gon3ahn~ewa~3n3 L~nhnuaa BH aoduwud 
-oucn nwaodgnuan n n~30nwaouuar yn~adawsn nnnUoww nwdaaodu trm .wanuaJ 
wlq~cudgooce~ @OHHaHUOUBE 'I~ULUWB ~OL~LU n~30nwa0uua~ trn~adawcn w3J.h 
n~r~uaUaduo woaol~e~s~ xnn3ahn&awndouen LHaueauawc ynr3ahnw~da~~ 

-yowa~3n3 yo~qua~ndawtn 
-o~da~aquwon 93NUIHUOU149 HWMHH~~~WCH an~aueeduL 0U unhedauo 

~LJOHEI?~ 'f-~dxa~ ~n~auanLodu03 wodLawowda~ w1qaanPod-o&auam nutrdawsn 
woa~3amaa 3 1quLuwe LdLadauwa~ '-1n~01.1 go33ew n E~ .I wowaqgo eHeL 
-HJ. EN UK305 ~nw3ahndU~nunh ~I'IHHaL30RHOl. OULUWB naw3ahndLawndoue)i 

.un~da~c wouoae wlq~mdr3nU d~awndouen ~I~HWL 
-iiwea ynn3ahnLegenUe ~1~~~eaodnEn~ewo~ee OI~L~OHUOU go903 auame~3~adu 
(nansom -J 'ccsnwda~)) LEOV) LO'E-J)~~ arao~amb sar~ah~~u+ouua~ 
.nunUoaa aH (~)j = d3 nnhw~L@ LHEnandw eH noeeduou LWOLCOU 'n P - S-E aauog 
aH u1q9 auquo a ~qdhedauwa~ waqUoU -nahcu 1 1 - E ou nwtrnda3 nutrdawsn q~3on 
-1uaornaL .sdrawndouen e~~aueanafk cuow3ahnw~da~€ n aL3amaa nmonwaou 
-ual ~n~auaUaduo ndu xn 1q33aw truhnmed womhL 3 rnuar n eaLg eaauu3 'maw 
~.LJONN;)OU~I~L et~ nnaeduou alqwuuoxgoaH q~nunuoaa xmahsed nd~ .woarDamaa 
3 I~U.CIII~E HJ.~O~IU~OUU~L MOH~I?WWX~ LO % 08 - 09 OtfOWO &?UtrUSeL303 a0h~ed90 
x~qwae~~Lt~~ sr3onwaowaL .aonho3h xnmeaomadu:, auna a L~Luwe a nue1.1193 
-'IH dgn~ <dahlCLrn 14~0da3 yaHHad~Lua 3 ~I~H~~~~OUOEOU 'g~Ht[aW sadah WnHW 
-euadau Luduwe cwhsahnd~awndouen a nuemawou oar3amaa aowakaum~ 

3 200-0 ~~L~OH~OL 3 wo@dJo~odx wnm 
-aemhau nutrdawtn ~quLuwe sua~eaadre~ sadah exor amn3Luodu trwada .yn~ 
-auan~oduo~ nhmLss alqseouelc n gn~auan~oduo~ IqHnswew 'rsd~awonh~a~ou 
a~q~ho~owos~qa nueaosquouDn 'aod~awowda~ rneauan~oduo3 ancneL e '1quLuwe au 
-a~eaad~efl a ewol nuu3 n an~axtrdue~ trnHanau all~adawen HUU ~3xnmar~awudu 
-sewax3 xnnsahi4d~wauc g .eosadwc xnaouuaL xLaW asmowou s nn3ahn~ewoue 
qsuueanmdamfou n q~nueae~so3 ~uaou3L anw3ahn~egelltlv .d333 aouleu~e~s 
walnwoy M~~<DMMH s alq~~eaodgnuenro n aIqhHauaoLoJtn 'nn~amn~odu03 
lqdlawwda~ (y OOE - ~1) gwamn.Lwu n (x SI - s MLXU~O a) ynaanl4ewdx nu 
-~?uots~oust~ ~qdhedauwal rn~adarurn rQ' -,w $1 .S'L woNa%go Ur(3os ynnsahnd 



T H Y ~ C K H ~  3KBclBaJleHT KaJIOpHMeTpa yCTaHaBJIHB&Ilbi ~ T W I O H H O ~ ~  6elr30ii~oii 
KCICAOTe MaPKH K-1. OH COCTaBMn 14847 f. 6 &dB. X W A K M ~  o6pa3ubl cxnrann B 

sanan~~blx nonn3~nne~oeb1x aunynax, KpncTannuqecKne - B anne ~ a 6 n e ~ o ~  Mac- - 0.3 r B npnC~TcTBnlr .c86neT~ki 6eH30iiH0fi KnCJlOTbI B TOHKOCWHHOM KBtlp- 
UeBOM TUme, HMelOlueM pnn O T B ~ ~ C T ~ ~ &  Ha ~OKOBMX CTeHKaX. Maccbl IlOJlW3Tllfle- 
Ha, noluenluero Ha n3ro~oaneme aMnyn, M 6 e ~ ~ 0 ~ 0 i i  ~ncno~bl  nw6npmncb Ta- 
KHM o6paso~, ~ T O G ~ I  06ecnevn~b ~e&nwt.lii nonseM ~ e ~ n e p w p b ~  B onme n 
nonticq cropaHna o6pasua. Ann cxnt-a~nn npnMeHnnn cneqnanbHo o ' t u q e ~ ~ b ~ i i  
h-ncnopo~ (~aqanb~oe  naBneHne 33.10' na). B KaxnoM omme raaoo6pa3~ble npo- 
ilyhcrbl cropaHnn a~ann3npo~ann Ha conepxasue .woKcnna ymepona, no Konnre- 
c r y  ~o~oporo  pacc.iwrblwn ~ a c c y  n3s~om mr mblm BeuecTBa. I l o n s q  cro- 
pawm onpenennnn no OTC~TCTBHIO ownna ymepwa (U) B npmymax CI-OPIWI~, 

nyreM nponycrcaHnR nccnenyetaora ra3a . r e p  aaeumwbre ' I P M ~ N K ~ ~ H ~ I ~  

~ p y 6 ~ n .  B npenenax TOYHOCTH a~ann3a (6.10.' T) y~a3aHHblfi OKCMn He 6bln o 6 ~ a -  
py;KeH. Kpo~e  Tom, IlpH BH3YanbHOM OCMOTpe BHYTpeHHefi nOEpXHOCT44 60~6b1 
nocne onblToe nnKaKux cnenoa, y~asbraamunx Ha HenonHoe cropaHne BeuecTaa 
( ~ a n p n ~ e p ,  TeMHblx ~ R T ~ H ) ,  He ~Q~apyxnaanocb. &IR onpeneneHnn cocrasa 
TBepnblX LlpOjlylrroB CropaHHIl MCnOJlb30BaJlU MeTOn ~ ~ H T ~ ~ H O @ ~ ~ O B O I W  aHUIl4M. 
Yc~mosnnn, r m  npn cropannn H ~ Y Y ~ H H ~ I X  npon3mn~b1x (peppoue~a 06pa3ye~c~ 
B OCHOBHOM OKCHA Fe304 c npnMecbm (a cpenHeM no 10 Mac. %) Fe203, r m  non- 
HOCTblO COOTBeTCTBYeT aHanOTW'IHblM pe3ynbTaTilM no CI-OPaHHK) @~PPOU~HSL.  

2.3. Ycmairos~cr c ln~  onpedalerrlur hwieirun rmcuqei~ttozo napn 3@#y3u- 
ONIIMM .4fem0d0df K~rybceiia. ~ @ @ Y ~ W O H H ~ Q  YCTaHOBKa BKnm.lana B ce6n BaKy- 
Y M H ~ I R  6n0~,  ~ + @ ~ J W O H H Y K )  KaMepY H ~3~epn~enbHblfi 6no~ ,  IlpenHa3Ha~eHHblfi 
AJln ~a6nmne~na 3a H3MeHeHneM MaCCbl ~ @ ~ H o H H o ~ ~  KaMepbl. ~ @ @ Y ~ H C ) H H Y H )  

~ l ~ e i i ~ y  C l4CCneAyeMbIW BelUeCTBOM IlO~BelLIHBaJlR Ha ToHlcofi HHTH K BCCaM M ~ K -  
k ~ a .  Becbl6blnn n3rOToBJleHbI U 3  ~onn6ne~o~oR npOBOnOKH Li ~p0~WIn6p0~a~bl  
pa3HOBNaMH A 0  1 r Wpe3 KaUble 10 Mr. ~ Y B C T B U T ~ J I ~ H O C T ~  BeCOB COCTllBJlllna 
(1.05 * 0.04) r Ha 1 MM UlKaJlbl KaTeTOMqa (KM-8). H~efiKa n BeCbl noMeuanncb 
B ~ $ $ ~ J H O H H Y H )  KaMePY, BePXHIlR 'Iamb KOTOPO~~ HaXOLlNnaCb npn K O M H ~ T H O ~ ~  

.reMnepa.rype, a ~ n x ~ n n  - TepMocraTnpoBanacb c T O Y H O C T ~ ~  * 0.02 K. 3 4 9 ~ 3 ~ -  
OHHW KaMepa npncoennHnnac6 K a a ~ y y ~ ~ o i i  cncTeMe (pa3pexe~ne 104 - 10- na). 
&in TOrO, 'l~06bl B XOAe BbltlOJlHeHH5l 3KCnepnMeHTOB n36exa~b KOHneHCaUnM 
~(~q)yt~nnpyloulen, Beuemaa Ha weHKax KaMepu H Ha cnnpann, npneomueii K 

CyUeCT8eHHOMy HCKaXeHHK3 pe3ynbTaTOB OnbllX, B BepxHefi WcTn ~ @ ~ ) Y ~ M o H H &  

KaMepbl 6b1na ycTaHomeHa ~eTannerecKari nna+pama ~ o n w n ~ o i i  5 MM n nna- 
MeTPOM OTBePCTHR 10 MM, K6TOpW OXJlaXABJIaCb XIIJIOAHO~~ ~ ~ P O T O S H O ~ ~  B O A O ~ ~ .  

314arnrenb~oe annnHne Ha BennrnHy naanennfi 'rtapa, nsMepseMom MemnoM 
Ktlynce~a, o~a3breae~ accounaqnx MoneKyn B napax nonnp~blx C O ~ ~ U H ~ H H ~ .  &r 
nccnenoaaHnr accounaum B napax, KaK npaenno, npnMeHseTcn Mace- 

cne~lpow~pnrec~nk M~TOII. llpn onpeneneHHn naaneHnn napa U ~ ~ S ~ H H ~ I X  npo- 
H ~ B O ~ H ~ I X  @eppoue~a a ~ m n 3  napoml @a3u He npomnnnn:On~a~o n3 nn.fepa- 
y p ~ u x  naHHbrx N ~ B ~ C T H O ,  4T6 MoneKynu i&ppoue~a B rtapomfi @me ~e acco- 
UnaunpoaaHw. npefinonoxnnn, YTO n y s e ~ n u e  Hmn npon3mmb1e (peppoue~a 



BenyT ce6n aHaJlOl'UqH0. PacqeT TepMOnUHaMUqeCKUX XapaKTepUCTUK napoo6pa- 
3oea~un npoaonunu p.nr npoqeccoe ucnaperiux unu cy6nu~auuu B M O H O M ~ P H ~ ~ ~ ~  

nap. 
H ~ ~ O C ~ ~ ~ C T B ~ H H O ~  U3MepeHUe nn0UanU ~ @ ~ $ Y ~ H o H H o ~ o  OTBePCTUR M no- 

cnenymqee BblqucneHue s ~ a q e ~ u a  ~ o s @ @ u q u e ~ ~ a  Knaysu~ra, xapa~~epu3ymuc- 
ro conpoTuBneHue ~ @ @ ~ J H O H H O ~ O  OTBepcTux noToKy napa, npencTaBnnmT co6ofi 
3HaqUTenbHble TpyAHOCTU U B ~ o J I ~ U I U H C T B ~  CnyqaeB IlpUBOppT K 6onbuoii no- 
r'pelUHOCTU. n03TOMy llJlR OIIpe,QeneHUH IlapaMeTpOB 0TBePCTkiIl6bl~1 MCnOnb30BaH 
K O C B ~ H H ~ I ~  MeTO,4. Ann K ~ ~ U ~ ~ O B K H  OTBepCTUH IlpOBenU 3@@y3~0HHble H3hlepe- 
Hun nameHun napa @eppoqe~a (q. n. a.). 3~arr  3 ~ a . r e ~ u n  naeneHun napa +eppo- 
qeHa (nu~epaTyp~bre n a ~ ~ b l e )  npu n a ~ ~ o f i  TeMnepaType, u s ~ e ~ e ~ u e  Maccbl 
~ l ' l e f i ~ ~  C BeUeCTBOM U BpeMR ~ @ + Y ~ H u ,  PaCCqUTaJlH npOU3BeneHUe K.S = (1.13 * 
0.09)-10-~ C M ~ .  

C UenbIO np0BepKU HaeXHOCTU U C ~ O ~ ~ ~ O B ~ H H O ~ ~  MeTOnMKU HaMU U3MepeHO 
naaneHue napa u paccqnTaHa sHTanbnun cy6nu~aquu Am. n o n y q e ~ ~ b l e  Ham 
pe3ynbTaTbl B npenenax IlO~eUHOCTU U3MepeHFifi COBnaJlU C nUTepaTypl1blhll~l 
AaHHbIMH. 

2. 4. M3y'leHHble ~ 0 e d l l ~ e ~ l U l .  M3yqeHHble 06pa3qb1 BelUeCTB BblnYIUeHbl 
(PHPM~MU 000 BHMJ - CMHOPw u ((Strern chemicals)~ u cornactio nacnopTHbm1 
AaHHbIM, COAepXaJlU He MeHee 99.0 Mac. % OCHOBHOKI BeUeCTBa. Ka.JIop~~e~pl1- 

H-60. B m x e  BpeMa xun~uf i  AMAMQ) nerKo cTeKnyeTcn naxe npu c~opoc~l- I  
oxnamseHna 2 - 5 WMUH. l lepeoxnaxne~~an XHAKOCT~, OGpa3ymuancn nocnt: 
paccTeKnomHus, a Tame XHAKOCT~, oxnaxnaeMan MenneHHo (0.1 - 0.2 K/MUH) OT 

K O M H ~ T H O ~ ~  TeMnepaTypbl A 0  247 - 257 K, KpUCTaJlJlU3yHYrC5l. BO B C ~ B  o6nac~u 
TeMnepaTyp = no 230 K TennoeMKocTb KpucTannurecKux 3@ u H-6Q MOHOTOHHO 

Bo3paCTaeT, U TOJIbKO BbIUle 3~0fi TeMIlepaT)'pbl ~a6nmnae~cn pe3~Uk nOn%ehl 1.1 

AaJlee pFi3pblB KPHBbIX ~eMnepZl"lyH0fi 3aBUCUMOCTU TennOeMKOCTU, 06ycnoanet1- 
H ~ I G  nnaaneHueM Beqecm. 

T ~ ~ ~ O ~ M K O C T ~  XUAKrrX 3Q), H-6@ k i  AMAMQ) nBneeTcn npamnqecKu nu- 
HekHofi @ ~ H K w ~ G  TeMnepaTypbl, qT0 XapaKTepHO &rill 6 0 n b m u ~ c r ~ a  XUJKOCT~~.  



I00 TOO 300 , . t ,f, p . 0 '<:it. ' f 2  .;. lt .A\)<. r 100 20g,. 3QQ ' 
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PHC. 1. TeMnep~pH@ 3 i i B l 4 C L i ~ O C ~ b  T~FI; ' Pk. 2. Tehnneparypm 3aBnCtiM6CTb Te- 
JloebrxFTn 3@ (1) n H-ET (2) ~ ~ p n c ~ a n -  "' nnddhdmn @@ (I) n OY (2). 
3HYeCKOM (a) n XHflICOM (b )eocb~~nax .  

O n p e m e ~ b ~  ~ e p ~ o n n ~ a ~ r i r e c ~ n e  x3pamepncrnyi ecex ., , .  Ipa3o~b1x .n $u3n-' 
. . . . . . . , . . 

YeCKnX IlepWOflOB B 'U3YYeHHbIX C O ~ A U H ~ H ~ ~ X  (~a6n. I ). , . 
P ~ C Y ~ T  3~Tanbn~k  HarpeMHnX ll a 6 c a n m ~ ~ x  ~ H T P O ~ W ~ ~  3@, ' 'H-KO, 

AMAMO, a@ 'n iBrY -lXpQBOJlHnn WlCAleHHbIM y t i ~ p n p m n n e l w  ~ r J l M f M H b l X  

KpnaMX. = f (TI H Cp = f (InT); . & + H K ~ ~ M ~ o  [GO(T).- w(T)] BblYlQCRIlnH no 'ypa~- 
HeHnto Tn66ca - re~b~ronhua .  . . 
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KpnCT8nJIWSeCKOl'D (I), C T ~ K ~ O O ~ ~ ~ ~ H O I T )  (2) H )i(UAKOrO (3) ,@fAMO. 



* - nHTepaT)'pHble naHHble; - 
** - 3a T,, npnHma TeMnepaTypa, npn m p o i i  Cp npOxonuT rlepes M~KCNMYM. 

Heo6xw~we 3THX PaCWB naHHbl@ 0 T~nJIOeMKOCTLi 3@, ~6@. 
w@ n W wr 0 K no -reMnepaqpw Hazlana n 3 ~ e p e ~ ~ t i  nonyqwa x c ~ g a n o -  
m e i i  no ypaBneHnm C, = nD(B/I?. 3 ~ a t 1 e ~ m  n n 0 noo8~panw raK, 1cm6at 
ypaBHenne onwcbr~ano sKcnepnMeHTanbHMe s ~ a r e ~ n x  mmeMwoeTn wpncrrannn- 
WcKnx 3@, H-6@, mAM@ n @Y B nHTepeane 5 - 15 M e m s m m ~ t ,  wmm- 
crsyrouefi wrpemsocm 113~q~eniaa Cp (06b18~0 B npemw 1 - 2 %). ~ F H H M *  

nH, W O  H npn 6 ~ m .  HW3KPX TeMnepaT)pX 3TO YpllBHeHlle QSWiCbleaeT.~JlOeM- 
KO- n3ysmnblx B ~ W ~ Q P B  c TOE xe  Tortsomm. Ewny m, wm nna @@ .penno- 
eMKOCTb 6b1~1a H3MepeHa TOnbKO OT 60 K, 3KCIpanOnSIfUK) ~ K c E ~ ~ ~ u M ~ H ? % U I ~ H O ~ ~  

~pnsoii K 0 K npomAnne no ~en rny  Ke~nn-nap~ca. B KasecTse BeuecTBa cpatl- 
HeHUR HCnOJlb3QiWln A@, TennOeMKOCTb rtOTOpOWOrSpe&WleHa OT 6 K. 

n o  WWHM o 3a~ncn~oc~nx  Cp = f (T) mr trre~noo6pm~oro n ~pwc-rannn- 
s e c m  AMAM@ paccwi-ranti pmsocn Hyneeblx s~mhnwi i  n Hynegw swrpo- 
nnro ~ T ~ K J I o o ~ ~ ~ ~ H O ~  AMAM@, KoToPble O K W H C b  PaBHblMH 6.65 ~ f l ~ / ~ o n b  H 

17.0 &id(~on~.K) COOTBeTCTBeHHO. 
PKiynb~mbl paC8eTOB T~PMOAHH~MIS~CKHX (PYtUfJJkifi H3yqeHHblX npOki3POA- 

HbM @epp~Ue#a npH 298.15 K, a Tame YCpenHeHHble 3HaWHiM TellJlOeMKOCTM 
npUBeneHM B ~a6n .  2. 

Onpenene~bl cTawapTHbre siiTamnnn c r o p a ~ n ~ ~  3@, nT6@, AMAM@, @@ 
H @Y npn T = 298.15 M (~a6n. 4). A~anns ~eepnax 'ppopym~ cropaHnx nora- 
W ,  ~ T € I  BO BCeX OnblTaX 06pa3yeTCn B OCHOBHOM Fe304 c npl4MeCbW (B CpFAHeM 
a0 10 Mac. %) Fe203, YTO ilOnHOcTbI0 COOTBt?T-rn aHanOrn8HblM pe3ynb~hi\~. 
no cmpaHum @eppoue~a.-lip pameTe mwmbnnfi ' d p a ~ n ~  n3yre~~blx B ~ I I R ~ B  

puTbIBann coolrBeTcTBymqKe nOnpaeKR Ha HenonHoTy oKncneHnl uccnenyehiorr, 
wuiecrea, nonpmrcy Yom6epaa H nonpasy Ha u a ~ e ~ e ~ n e  rncna  one# msu. 



Ta6nnua 2. T@nnaehflc9cTb H 'EepMOLlkrHaMki~QCfie @ Y ~ ~ K ~ L I H  H3YYeHHbIX BeUeCTB 
np~T=298.15 K 

-[G"(T) -H0(0)], 
KfidMonb 

33.38 * 0.10 
46.07k0.14 
49.1'0'*0.15 
52.82 k 0.16 
49.53k0.15 
35.59k0.11 
43.02 r Q,13 
40.29*0.12 
49.02 *0.15 

Beuec~eo 

I@eppoue~, K* 
134; x 
H - E ~ ,  SK 

ln'3@, X* 

 AMA AM@,^ 
.a‘& K 

K 

[A@, K* 
Im@, K* 

CP 
Axd(MonkI() 

195.9 4 0.6 
3SY.3f1.0 
363.8k.1.1 
348.2 * 1.0 
363.0* 1.1 
241.1 a . 7  
253.9 k 0.8 
244.6k0.7 
293.9*0.9 

*- nnTepa7ypHble nasnble. 

P ~ C C ~ R T ~ H ~ I  CTaHAapTHble 3HTpOnHW, 3HTBnbllWM H ~ ~ H K U H M  h66ca  o6pa- 
3OBaHMli 3 0 ,  H-6@, AMAM@, @@ n @Y B KOHAeHCnpOMHHOM COCTOlHWH npn 
T=298.15 K (m6n. 4). 

B ~a6nnue 3 npHEJleHbl TeMnepaTypHble 3aBHCHMOCTH AaBneHHli naps U 3H- 

Tanbnnn @ameblx nepexonoe X H ~ K H X  30, H-60, AMAM@, A 3 0  n KpncranRn- 
qecKnx 90 u A@. Te~nepa~yp~ble s a~ncn~oc rn  nametin. napa onncbmanncb 
YpaBHeHMXMH BHHa In p = A - B/T ( r e  p - naBJleHHe naps, na) C K O ~ @ @ W U H ~ H T O M  

nocToeepHocTn annpoKcnMaunn (R*) He MeHee 0.991. K O ~ + @ N U H ~ H T ~ I  A H B 
Hagne~bl MeTOnOM HaHMeHblUHX KBaApaTOB C IWrpelUHOCTblo He 6onee 5%. h- 
reHnr s~~anbnnii  ncnapeHnn n cy6nn~aunn mHeceHa1 K cepennHe TeMnepaTyp 
HOKI MHTepWa. hJly'4ll~b flOCTOEpHble AaHHble 0 AaBJleHHR napa K?HClXMnll- 
recmB @Y He yl.(UOCb B BWAY ManblX em EJIH'IHH. 

PaccWiTaHbl a6canka~~ble 3HT~OnnA n CT£WnapTHble TepMO&HHaMRgeCKHe 
@YHKUHH O ~ ~ B ~ O B B H ~  3@, H-6@, AMAM@, Am, m, A@ n B CoCTOIHnn 
MnetlJlbHOrO n13a npH T = 298.15 K (~a6n, 4). npn 3TOM 3KCnepHMeHTanbHble 3Ha- 
reHnr 3~~anbnnSi C ~ ~ J I M M ~ U H H  6b1nn npn6nnxe~~o oTHeceHu K TeMnepaType 
298.15 K. 

Ta6nn~a 3. Te~nepa-ryp~ble sa~ucn~ocrw nameHun napa n sH-ranbnnn @ ~ O B M X  

nepeX0nOB H3YSeHHblX C O ~ ~ H H ~ H W ~ ~  

Beueereo 

I 3@, 
HE@, x 
AMAM@, x 
m, K 

43% X 
A@, K 

,&I@*, K 

H " (T) - H "(O), 
KAdMonb 

3 1.08 k 0.09 
59.5040.18 
69.58k0.21 
70.16 *0.21 
62.80k0.19 
36.37*0.11 
40.26* 0.12 
38.62k 0.12 
47.54tt0.14 

S "(T), 
&id(~onkK) 

216.2 k 0.6 
354.1il.'l 
398.1 1.2 
413.8a 1.2 
376.8k 1.1 
241.3 k0.7 
279.3 0.8 
264.6k 0.8 
324.0A 1.0 

* - nnTepa7ypHMe AmHMe. 

12 

TeMnepaTypHblk 
HHTepW, K 

297.45 - 3 19.75 
314.55 - 333.55 

. 295.45 - 3 18.75 
327.75 - 343.55 
299.15 - 325.75 
301.75 - 333.55 

360 - 404 

A d  ( T ), 
K A m l ~ a n b  
65.1 2.7 
75.0 l 3.0 
66.3 * 3.9 
68.3 2.7 
79.0 * 1 .O 
1 14.6 * 2.0 
91.9 + 2.5 

In p (na)= A - BiT 
A 

26.3 
28.3 
24.9 
24.6 
30.6 
40.3 
20.3 

B 
7830 
9020 
7945 

. 8218 
9504 
13787 
9876 



Ta6nuqa 4. A 6 c o n t o ~ ~ b l e  3 H T p o n U H .  C T a H n a p T H b I e  3 H T a n b n M H  C m p a H M R  U CTaH- 

A a p T H b l e  T e p M O n U H a M H V e C K U e  @ Y H K ~ ~ H H  06pa30~a~n11  npOU3BOLZHblX @ e p p ~ U e H a  B 

KOHneHCUpOBtlHHOM ti 1 ~ 0 0 6 p a 3 ~ 0 ~  COCTORHHXX n p U  T = 298.15 K 

rJIABA IV. OECYWEHUE PE3YJIbTATOB 

n o H n x e H n e  T e M n e p a T y p b l  n n a a n e H u R .  B TO xe  apem B e n u q u H b l  3 ~ ~ a n b n u C i  

nnaBJleHUR U 3 0 M e p H b I X  MOHO- H A H 3 a M e U e H H b l X  l lPOU3BOAHblX @ e p p 0 1 l e ~ a  6 n n 3 -  

KU. ~ H T P O ~ H H  I l J l a M e H U X  U3YqeHHbIX nPOH3BOAHblX @ e p p o U e ~ a  y B e n U q H B a l 0 T C R  
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B PRAY 30 - MAbd@ - 60 - A3@. ~ C ~ ~ R Q B B T € ? J ~ ~ H O C T ~  n3~e~elrna '3HTPOCIWM 
nrraaneHnn nerm O ~ ~ R C H H T ~ ,  canwaanB,~oneKynflpHym mpyl~~gdpy coeaye- 
~ni3. npn nnaanevlan MoneKynawux,upncTanaoB n s ~ e ~ e ~ n e  ~ H T ~ O I I H M  npcn- 
cTaa1ae-r cdok  CYMMY Tpex BKnaaoe: 

AmS = Asin, + AS,v. + 
rile AS,,, - H3MeHeHHe 3HTponnH 3i3 CYeT HapyWeHHR n03HUHOHHQrO IlOpfinKa; - 

A S , ,  - n s ~ e ~ e ~ n e  s ~ ~ ~ o n n n  3a creT opneHTaunorrHoro pa3ynopnnosesnn; 
4SK,1119 - N3MeHeHWe 4HTpOflWH 3aCWT N ~ M ~ H ~ H H I I  K O H @ U ~ ' ~ P ~ ~ C I O H H O ~ O  B?akhiP- 
neiicrena. I i -  

no3nuno~~oe pa3ynopnnoqe~ne B H O C ~ T  B 3 ~ ~ p o n ~ t o  nnaBneHnn 0 r p . a ~ ~ -  
Ye~1Hblk,B~Jlan, K O T O P ~ I ~ ~  MOXHO IfPvHRTb PaBHblM 1.5 R. BKnaa OPHeHTilUHOHHO- 
ro pa~nopmore~lsa nponopunoHaneH o6me~y MoneKyn. ~ o ~ ~ n r ~ ~ a u ~ ~  
COCTaB,lHtOUaR H3Mt?WHnS 3HTPOnNN Ha6ntoAaeT~~ B KpMCTWInaX TeX Coemire- 
Htifi, MOneKYnbl KOTOpbIX COLLepXaT rn6~ne-cen3n, kl ~pOnOpUb$OHi3JlbHa q*ny 
rnFi~nx c~mefi B hioneqne. TIKHM 06pa30~, ysenuqeHne qwcna rn6~nx 3 a ~ m n -  
~enefi B ubiK~OneHTaAneHHnbHOM KOnbUe M HX &JlHHbl WlUaeT PHTPOW iinaB- 
,ieHnn. C npyrofi CTOPOH~I, yeensqeHne nonnpocrn 3a~ecru~enr  npuwwr K 

yMeHbmanto rn6~0c~n  uenn BcneAcrene QrpaHmwa E B Q & ~ I  ee BpaueHm n 

r. A. ~ ~ M O ~ H H ~ M M K ~  H MOneKynXpHa5l AuHaMHKa HeKOTOWX npOn3BOnHbIX 
cbeppoue~a // Id3eec~na PAH. Cep. XUM. 1999. N 9. C. 16168 - 1676) rn&qicufi 
43@ nerKo nepeoxnaxnae-rcn n crelcnymcr, YTO, BePonTHo, C B I I ~ ~ H O  c I?OBp!Ufip- 
1toi3 B R ~ K O C T ~ ~  Y~AKIKOCTN B 06namn TeMnepaTypbr ~pnc~annn3aunn. M o y y  6 b ~ -  
no WittHnaTb, YTO 6@, KaK COeAHHeHHe C BecbMa 06'be~~blM 3aMeCTNTeJleM,-TOXe 
6yae~ JlerKO CTeKnOMTbCX. O ~ J H ~ K O  El3 R3YqeHHblX nPOH3BOnHbIX @epp?pHa 
CTeKJIyeTC5l nnmb AMAM@. 

Cre~no paccMa-rpnBaeTcn KaK'pacnnaB, B KOTO~OM ( a a ~ o p m e ~ o ) )  HeKoe 

S; (01 - Hynesa. ~o~@ryp~wuv l sa r  impolw; A,,,so- nnaanenya 
BeueeTw, C, (K), C, (cT),.~,, (x) - TenJIOeMKocrn ipcrmna,  cTeKna H x n m n  
cooTemcTeeHtto; T,,, - TehlnepaTypat mman~mr w m w ;  TK - reMnepBTypa Ka- 
y 3 ~ s ~ a ,  npla KOTQ~OP B npollecce oxnawenwrr ~ W B F & ~  B cmuroo6pm~o~  cu- 
CTOnHHN WCqe3aeT K O H ~ H Q ' P ~ ~ W O H H W  33HTPOnUII CTt3RRB. 

f i n  crre~noo6pawrom W A M O  TK = 144.5 K. B nnTepaType uMemcdI AaH- 
Hble, YTO mn pmnM~b12 cTeKnymutnxcn Beutem onrotue~ue TC!, = 1.29 -+ 
0.14, %i 3liK0tro~efi0CTb . ~&JiKVlamUl , H JlJlR mk@; ?-$TK = 1.27. . , 
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&x/(~onb+K), nontian urstrrponnr npn Q K ( ~ y n e m  s ~ ~ p o n n a )  SO(0) oKa3anacs 
P H O ~  17.0 f 0.8 ,&R/(Monb-K). T ~ K R M  o6pa30~, HyneBaR K O H ~ H ~ ~ ~ U H O H H ~ R  

3HTPOnUlt AMAM@ n?iUIb HeMHOm MeHbllre em lTOnH0fi H ~ ~ ~ B o A  3HTPOlTW (WX 
pa3~nua Meablue cymmpeoii 0~1t46ni onpeneneenn o6enx eennrn~). 30 orma- 
WeT, YTO ((3aMOPOXeHHaR)> npn CTeKJiOBaHFin Pa3YnO@ILIO'leHHOCTb IlpaKTHYeCKU 
He GiMeeT H H K ~ K ~  Rpfl'bfi C?O~WbIIOLllefi, ~ ~ o M ~ ' K ~ H @ F ~ ~ ~ P ~ u M o H H & ,  U CBa3a- 
Ha, B OCHOBHOM, c HanmneM B xnnKoM ,@IAM@ hpn TeMneparypax, 6nn3~nx K 

TeMnepa-rype crewoeaenr (T,), MoneKyn c p a U I n r H ~ M n - ~ ~ ~ ~ o p ~ a u i r ~ n .  nnn 
MexMoneKynBptiblx o%pa3oaaenii c p a m n r ~ b ~ ~ n  opnehmnWmn cocemnx Mone- 
Kyn B HWX. K ~ n n r ~ ~ o  YKa3aHHbIX KOI-@OPM~~OB npcl T,, CDl'naCHO 3HaYeHkiW 
K O H ~ H ~ ~ ~ ~ U ~ O F I H O ~ ~  3HTpOnnW, nOnXHO 6b1Tb 6nn3~0 K 7 (R.ln7 % 16). 

Ha KptiBblX TeMnepaTypHblX ~ ~ B H C M M O C T ~ ~ ~  TeFInOeMKOCTefi KpHCTWYe- 
CKUX ,4M;AMQ>, W n W ~ a 6 n ~ n a n n  anoMannn, npoummunecr B snne TaK 
Ha3aIeaeMbrx ((mp60~)). n o  @ o p e  kpnBUx TeMnepa-rypHUx 3 a ~ ~ ~ n ~ o c r e f i  wrr- 
noe~uuc~eii m ~ n e  nepexonbl MOKHO n ~ ~ e p n p e n l + ~ a ~ b  uaK trepexonbf mna ccno- 
pmo~=6ecnopn~o~)~  nnn Kag h - nepexonbl no ~ a t c n @ n ~ a u n n  B e c ~ p y ~ a  - 
MaK - Kannaqa. CnenyeT omeTnTb, s m  aeanornrsbIe aHoMannn ~a6.f1lonalo~cn > 

nepeXOAb1 CB113aHb1, KaK npaBMn0, C IlOrWleHMeM ~eKOTOp0fi HeynOpflIkOWHHOCTkl 
B M0neK)'nXpHbIX KpnCTannaX ( ~ o ~ H u ~ ~ o H H o ~ ~ ,  O ~ H ~ H T ~ U M O H H O ~ ~ ,  KOH@OPM~UWOH- 

HO~) .  Ecnn B npouecce nepexona npeo6nanamulyro ponb nrpam 3$@embi (tho- 
p~a=6ecnopm~a) ) ,  To 3HTponnr nepexona, 6yne~ npn6nnma~bca K 

R.ln(NI/N2), me (NI/N2) - OTHOUIeHHe qHCen c w o r ~ n f i  C T ~ T H C T H ~ ~ C K O ~ ~  Heyno- 
pmoreseocrn B o6enx amax. T ~ K H M  o6pa30~, npo6ne~a nHTepnpeTaunn CBO- 

AHTCr K non6opy pa3yMHOm PRna N C O C T O H H ~  HeynOpfiAOYeHHOCTti, pa3JlIiYalO- 
UHXCII CMeueenrMN ueHTpoB Tnxecm MoneKyn, opne~muneii MoneKyn B uenonl 
n K O H @ ~ P M ~ ~ H I I M H  MoneKyn. Ann n s u n ~ n o n e ~ ~ a n n e ~ n n b ~ b ~ x  coefin~e~~li i  Talian 
HeynOpJInO9eHHOCTb 06ycnotmesa B O ~ M O X H O ~ ~  B ~ ~ H M H O E  IIepe~pneHTa~tlefi Ul4K- 

noneHVeHnnbHbIx Koneu, conpotwmaroqekcr n 3 ~ e ~ e ~ n e ~  rpynnbl C U M M ~ T -  

pnn crr DSh K DSd n 06pareo. BpaqeHue onHom C,-wnbua, a 3 m m  BTO- 

POI0 B Ty Xe CTOPOHY, IlPHEQAllT K 3aTOPMOXeHHOMY BptlUeHUlO MOJleKynbl. 
C m ~ a e ~ c r ,  s m  HnKe TeMnepmypbI nepexona MoneKynbl B ~pnc~annn~~ecmii  pe- 
lueTKe HaXOmTCX B O A H O ~ ~  KOH@~PM~I&MH - <(~~ToPMox~HHo~~>), a BbllUe 3TOh TeM- 
nepWb1 peaJlll3ylcrrCr nBe KOH@~PM~WH - ((3aTOPMOXeHHall>> U <<3aCJIOHeHHaII)). 
B mm cJryrae kennsnaa 3~~ponnt l  nepexona nonxna npn6n~xa~bcr x R-In 3. 
YTO ~a6~m~(aen:m y Qeppouena (A,$' = 5.31 w ( ~ 0 n b . K )  = R.ln 2). MOXHO 
npennonoxnTb, wo B crry.lae AMAMQ), W n @Y cnnbso 3amp~oxe~noe  B H ~ T -  

KO~4nrypmnefi K COCKIIIHH~ c n ~ r n  nnn 6onee m~@nrypaunn~n. OAH~KO OT- 

cy~CTBkie X - IIe~xOjUOB'y U I K ~ ~ ~ M ~ U ~ H W X  npoH3BOAHblX @C?ppoue~a C 06ae~-  
HHMB wemTennMn (Am, H-E@) nenaeT  am^ npennonoxeene Manoeepon-r- 
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cc6ecnopnno~)) BO3HUKaeT U3-3a B03MOXHOl-O 3aTOpMOXeHHOl-O BpaLUeHUR 3aMeC- 

TUTenR B O K p y r  CBR3U Cp-R. O ~ H ~ K O  6e3 P R n a  nOnOJlHHTenbHblX 3KCnepUMeHTaJIb-  

HbIX H C C J ~ ~ A O B ~ H U ~ ~  OnHUX TOnbKO K ~ O P U M e T p U q e C K U X  AaHHblX H e  nOCTaTOqHO 

n n R p e l u e H u a  Bonpocaonpuponenepexona. 
4.2. Tep~oduna~usec~ue qbyH~quu luyvennsuc coedunenuri. M3 n o n y q e H -  

HbIX p e 3 y n b T a T O B  C n e n y e T ,  q T 0  3 ~ a r e ~ u a  [HO (T) - HO(0)], S '(T), [GO(T) -HO(0)] B 

PRAY I$eppose~ - 30 - H-64) B O 3 p a C T W T  n p R M 0  ~ p O n O p U U O H a J I b H 0  YBenUqeHUH,  

MOSIRPHO~~ MaCCbl3aMeCTHTenb  B U U K n O ~ e H T a ~ U e H H n b H O M  KOnbUe ( ~ u c .  4). 
B pa6o~e Ao~paqe~ofi  1. r. YCTaHOBneHO, S T 0  3 H a q e H U R  TePMOLIHHaMUqe- 

CKUX ( P Y H K L I U ~ ~  B PRnY I$eppoue~ - A 0  - A A 0  BO3paCTaIOT n p f l M 0  nponopsno- 
HaJIbHO YBenH9eHHK)  MOSIRPHO~~ MaCCbl PaAUKaJIa. A ~ a n u s  3KCnepHMeHTaJIbHblX 

PHC. 4. ~ ~ B U C U M O C T ~  a6conmoR 3HTPO- 
nun (I), 3 l i T a n b n u u  (2) 8 ( P Y H K ~ U H  Tw66ca 
(3) HarpeeaHwa npw T = 298.15 K OT MO- 

n n p ~ o i 4  Maccbr panurana B prny aeppoue~ 
- 36, - H-66,: 
I. S0(298. 15) = 3.24M + 23 1.9, R2 = 0.920; 
2. [H0(298. I 5)-HO(0)] = 0.69M + 34.1, 

R~ = 0.930; 
3. -[G0(298. 1 5)-HO(0)] = 0.28 M + 35.0, 

R' = 0.890. 
3 n e c b  H RO Bcex n o c n e q Y K ) u m  YpaBHet imx  

annpoKcnMal lwu .  

; so0 
s 3 
2 Y roo 3 2 
.;. 300 

8 s - 200 * 7 
1 T 
6 2 I00 

2 
& P  O 

PUC. 5. ~ ~ B u c u M O C T ~  a6conmoR 3 q O -  

nun (I), s m b n w w  (2) w @ ~ H K U U U  Tw6- 
6ca (3) H a r p e e a H u n  npw T = 298.15 K OT 
M O ~ R P H O ~ ~  MaCCbl PanUKaRa  B p f l m  @ep- 
p o u e H  - 3@ - ,430: 
1. S0(298.15) = 3.52 M + 229.2, R2 =0.950; 
2. [H0(298.15)-HO(0)].= 0.70 M + 34.0, 

R2 = 0.940; 
3. -[G0(298.15) - HO(0)] = 0.35 M + 34.4, 
R' = 0.970. 

R' - K O J @ @ ~ U U ~ H T  AOCTOBepHOCTU 



T W l b n M n  H 3HTPOnUW 0 6 p a 3 0 8 a ~ ~ R  MOHOanKWn3aMeUIeHHblX nPOH3BOAHblX (Pep- 
P O U e H a  B KOHAeHCHPO8aHHOM H ~ 3 0 0 6 p a 3 ~ 0 ~  COCTORHWRX B03PaCTa lOT B PRAY 

@eppoue~ - 3@ - H-6@ IlPIlMO IlPOnOpUHOHWlbHO YBeJlH'leHMlO MOIIIIPHO~~ MaCCbl 

3aMeCTHTenR B UllKJlOneHTaLlHeHnnbHOM K O n b U e  ( ~ H c .  6, 7). @YHKUUU rn66ca 06- 
p a 3 0 B a H H R  YKa3aHHblX C O ~ ~ W H ~ H M ~ ~  B KOHLIeHCHPOBaHHOM COCTORHHU U COCTOR- 

HWW n n e a n b H o r o  ra3a n p a K T n r e c K n  H e  M e H R l o T c r  npn y s e n n v e H n n  ~ o n a p ~ o f i  
MaCCbl paRkiKaJla .  B pa6o~e A o M p a q e B o f i  n.r M Ap.  nOKXiaH0 ,  q T O  CTaHAapTHble  

3HTaJ'lbnAB CI'OPaHNR H CTaHAapTHble  TepMOnnHaMH'4eCKNe @YHKUWH O ~ ~ ~ ~ O B ~ H H I I  

B KOHAeHCWPOBaHHOM COCTORHNN npli T = 298.15 K B PHQJ I$epp0ue~ - A@ - 
n n ~ e f i ~ o  y e e n n q n s a l o T c n  c y e e n n r e H n e M  ~ o n a p ~ o f i  M a c c b r  p a n n K a n a  (pnc. 8). 
Ann PaCCqUTaHHblX HaMW ~ ~ C O ~ K I T H ~ I X  ~ H T P O ~ U ~ ~  H CTaHnaPTHblX TePMOLIHHaMU- 

qeCKLiX @ Y H K U U ~ ~  0 6 p a 3 0 B a ~ n R  YKa3aHHblX C O ~ A H H ~ H H ~ ~  B COCTORHHM l lAtXJIbHOr0  

ra3a npn T = 298.15 K H ~ ~ J I W A ~ ~ T C R  a H a n o r n r H a n  saencn~ocrb (pnc. 9). A ~ a n n 3  
HMelOulkiXCr AaHHblX IlOKXiWl, VTO B C n y q a e  WlKnnbHblX npOM3BOAHblX @eppoue~a 
npn n e p e X O n e  OT M O H O 3 a M e ~ e H H O l V  K COOTBeTCTBYlOUeMY AR3aMelUeHHOMY re- 
T O p O a H y n R p H O M y  npOH3BOAHOMy YKXiaHHble  TepMOAHHaMH'4eCKHe n a p a h l e T p b l  

T a K X e  BO3paCTa loT  n p R M 0  n p o n O p U k t O H a n b H 0  Y B e n l l Y e H H l o  ~ 0 J l R p ~ o f i  MaCCbl pa- 
A n K a n a  (pnc. 10, l l ). 

MOXHO n p e A n O n a r a T b ,  ' I T 0  b R  MOHO- U AU3aMeUleHHblX r e T e p O a H y n R P H b l X  

~POU~BOAHLJX aeppoue~a c n p y r n M n  3 a ~ e c ~ n ~ e n n ~ n  T a m e  6 y n e ~  ~ a 6 n l o ~ l a ~ b c ~  

nbi~efi~m 3aBHCWMOCTb TepMOAHHaMU'leCKUX C B O ~ ~ C T B  OT M O ~ R P H O ~ ~  MaCCbl pa.llkl- 
K a n a .  

o 20 JII 10 o 2n 40 60 
JI(R) .\/(I<) 

PHC. 6. ~ ~ B H C A M O C T ~  maH.naptoB 3 W b -  PHC. 7. ~ ~ B W C M M O C T ~  ~ ~ C O J I ~ T H O ~  3H- 

nHU CrOpaHllFi ( I ) ,  CTaHAapTUblX 3UTaJlbllUU TpOnUH (I) ,  CTiIHAapTkIblX 3HTiUlbnl l l l (?)  

(2) M ~ ~ o ~ H H ( ~ )  06~a30~a~l in  B KOHneH- M 3wrpOnllM (3) O ~ ~ ~ ~ O B ~ H M R  R COCTOR- 

c n p o e a n ~ o ~  cocronuwu npu T = 298.15 K HUH n n e m a H o r o  ra3a npn T = 298.1 5 K 



PHC. 10. 3 a B U C L M O C T b  CTa119ap~~ofi 3H-  
m b i u i u  cropman (I),  crruuramx 3 ~ -  

.ranbrrnn (2) H ~ ~ ~ Q Z L H I I  (3) p $IYHEYIEIH 
Tn66ca (4) 06pa30aa~yn B KoKqeBc&ipoy- 
HOM CQWOiIHHH npH T = 298.15 K OT MO- 

nnplio8 Macclrl p a n u m a s  pnny t$epppue~ - 
3<D - Am: 
I. 4 H 0  = - 47.09 M -5903.8, R' = 1.000; 
2.AdI0=-1.11 M +  156.6,R2=0.999; 
3. AfSO - - 6.19 M -508.4, R~ = 0.980; 
4. A,QO = 0.72 M + 308.7, = 0.920. 



DapTHblX TepMORllHaMM'feCKHX @YHKUUA 06pa30~a~nfl B KOHneHCUPOBaHHOM M 

ra3006pa3~0~ cocrorHnRx else He nsyraemerocn n n 3 a ~ e u e ~ ~ o r o  reTepoaHy- 
nRpHOr0 ~pOU3BOnHOrO C K ~ K I ~ M - ~ H ~ O  3aMeCTnTeJleM, eCnn eCTb 3KCnepMMeH- 
TMbHble naHHble Q n R  COOTBeTCTBYIOlUerO MOH03aMeUeHHOrO ~pOI13BO~HO~O 
(~a6n. ~ ) . T ~ K H M  o6pa3o~, YRlLJIOCb npoBecrn 3KcTpanonRunm TepMOJlMHaMM'le- 
CKWX C B O ~ ~ C T B  B pmax @eppoue~ - H-6@ - 1, 1'-nn(~-6y~nn)@eppoue~ (Dim) n 
@eppoqe~ - @@ - 1,  1'-nn@op~nn@eppoue~ (A@@) n paccrmaTb a6conm~~ble 
3HTPOnMI.I U CTaHAapTHble 3HTaJlbnMH 06pa30~a~ns A6@ ki A@@ B COCTORHMkl 

nneanbHoro ra3a npn 298.15 K. 
4. 4. Tepnrodurra8fuuec~ue .wpfiKmepucmuKu npoyeccfi duccoyutry~ru .uu- 

M U ' ~ ~ C K O ~ ~  CBR3U Fe-CSH4R. Kpki~ep~eM np0'4HOCTII XMMM'I~CKO# CBR3M RBnReTCR 
@YHKUUII Tu66ca ee pa3pblBa, 3HaYeHUR KOTOPO~~ paCCWiTblBaHITCR no CpeAHMM 
3HTanbnnn n sHTponnn nnccosnauns s ~ o i i  CBII~H.  B nnTepaType nhlemTca naH- 
Hble 06 sHTanbnnsx nnccounaunn c~ssefi Me-C, B nnunKnoneHTanneHunbHblx 

nHH nHCCOuHaqHU CBR3H HeT naXe nJlR POnOHaWlJTbHHKa yKa3aHHOrO KJlaCCa Be- 
UeCTB - @epp~Ue~a. ~ o J I H o C T ~ K ,  OTCYTCTBYeT HH@OPM~LZMII 0 TePMOAMHahltl'le- 
cKnx xapaKTepncTnKax npoqecca nnccoqnaunn xn~nqec~oi3 c ~ n s n  xeneso - UIIK- 
n~ne~~an&ie~nJIb~blii n U ~ a H ~  B llPOH3BOflHblX +epp~L(e~a. ~ O ~ T O M Y  HaMH BblZIMC- 

neHbl 3HaZleHUR 3HTaJlbllHH, ~ H T ~ O ~ M H  U (P~HKuHH Tn66ca A M C C O ~ M B U H M  ~ ~ ~ 1 3 e f i  
Fe-C5H4R (R - 3aMeCTFiTenb B UHKnOneHTanHeHHJlbHOM Konb~e) B M3J"leHHblS CO- 
eAUHeHUXX (~a6n. 5). 

Ta6nwqa 5. T e p ~ o n n ~ a ~ n r e c ~ n e  xapaKTepnnnKn npouecca nwccoqwaunI.l stinln- 
qec~oii CBR3A Fe-CsH4R npn T = 298.15 K 

P a c s e ~  cpenuefi sHTanbnnn mccoqnaqnn npn T = 298.15 K oTHeceH K cxe- 
Me roMonnTnqecKon, pacnana: 

Fe(C5H4R)~ (r) + Fe (r) + 2 c5hT (r) + 2 R- (r). ( 1 )  



r e  brHy (298.1 5) - CTaHnapTHaR 3HTanbnUX PeaKUUU (I), 
AH0 (.C5H4 - R) - 3HTaJlbnUR AklCCOUUaUUU CBX3U CsH4 - R. 

A,HP (298.15) = Afl(298.15, Fe, r) + 2 Afl(298.15, C S H ~ ~ ,  r) + 
+ 2 Afl(298.15, R., r) - Afl(298.15, F~(CS&R)~, r). 

Benny TOrO, qT0 B JIUFpaType OTCyTCTBymT AaHHble 0 C T ~ H A ~ ~ H O ~ ~  3HTanb-  

nun 06pa30~a~us  pwuKana CSH4- B m o o 6 p a 3 ~ 0 ~  COCTOXHUU u AH0 ( C 5 b  - R), 
cnenanu nonyuesue,  TO AH0 (-C5H~-R) = AHO(CbHs-R), rne R = H, -C2Hs, 
-(n C4H9), - C(O)H, - C(0)CH3. 

C YqeTOM 3TOM, no nUTepavpHblM naHHbIM 0 CTaHAapTHblX 3HTWIbnUXX 06- 
pa30BaHUX pmUKan0B U C0OTBeTCTB)'lOUUX ITPOH3BOAHblX 6e~3ona PaCCqUTEiJlU 
3HTaJbnUU ~ u c c o u u a ~ u  CBX3U .C5H4-R U BenUqUHy C T ~ H ~ ~ ~ T H O P  3HTanbnHU 06- 
p a ~ o ~ a ~ u n  panuKana c ~ H ~ ~  B ra3006pa3~0~ cocrorr~uu (Afl(298.15, c~&', r) = 
490.2 KflH(/ht~Jlb). 

P a c r e ~  cpen~efi 3 ~ ~ a n b n u u  ~uccoquaquu c~asw Fe-CsH4R npw T = 298.15 K 
B U3YqeHHblX npOH3BOAHbIX @eppoqeHa npOBeJlU TaKXe AJln CXeMbI rOMOJlUTU9e- 
c ~ o r o  pacnma: 

Fe(C5H4Rk (r) + Fe (r) + 2 .C~HIR (r). (2) 
B  TOM cnyqae 

A,H;(298. 15) = A&1°(298. 15, Fe, r)+2Afl(298.1 5;C5H4R, r) - 
- Afl(298.15, Fe(CsH4Rk,r). 

BBHAY TOTO, qT0 B JIUTepaType 0TC)"KTBytOT AaHHble 0 C T ~ H A ~ ~ T H O ~  3HTmb- 
nun 06pa30~a~ur  panHKana .CSH4R B Rl3006pa3~0~ COCTOXHHU, YKa3aHHYIO Be- 
J I M q H H Y  nOnYYHJlU C HCnOnb30BaHUeM MeTOnOB K B ~ H T O B O ~ ~  XHMUU. 

PacreT 3HTponuu nuccoqnaquu C B X ~ U  Fe-CsH4R npoBonunH no a o p ~ y n e :  

A,SO,(298.15) = S0(298. 15, Fe, r) + 2 S0(298. 15;C5&R, r) - 
- S0(298. 15, F e ( C m h ,  r). 

Benny Tom, Y T O  B nnTepaType 0TCj'TCTB)WT AaHHbIe 06 a6conro~~oB 3HTPO- 
nun PwUKaJIa .C5H4R B ra3006pa3~0~ COCTORHHU, BbInOJIHHnU KBaHTOBO- 
X H M U ~ ~ C K H ~ ~  PaCqeT y~a3aHHofi BeJlU'iHHbI. Pac'itXbI npOBOAUJIU B PaMKaX TeOpUU 
$ y ~ ~ u u o ~ a n a  nnomocre c ( P Y H K U H O H ~ ~ O M  BP86 B 6a3uce 6-3 1 G c n o 6 a m e ~ u e ~  
nOnXpU3aUUOHHblX $ Y H K U W ~  Ha aTOMbl BTOPOm nepUOAa. ~ ~ O M ~ T ~ U H ,  paAUKUIOB 
- YqaCTtlUKOB PeaKUHW OllTHMU3UPOBaJIU, AJlR PaCYeTa TepMOAUHaMHqeCKUX 
@ Y H K U H ~ ~  BblIlOJlHUnH BbIqUCneHUX ~0Jle6a~enbHbl~ WCTOT. T ~ ~ M O ~ U H ~ M U ~ ~ C K H ~  
BCnUqHHbl PaCCqHTblBanH no TeOpUU C T ~ T H C T U ~ ~ C K O ~ ~  TepMOAUHaMUKU AJlX MOAe- 
JIM HAeEiJlbHOrO m3a (p = 10 1325 na, T = 298.15 K). n0~06Hblfi MeTOA no3~onne~  



(CSH~R) B nPOH3BOJlHblX (peppoue~a. B nOpPAKe B03paCTaHWR AHO(Fe-C5H4R) 
H3yYeHHble COeAkiHeHiln Fe(Cs&R)z MOXHO paCnOnoXnTb B PXn: 

A@@ > A60 >   pepp pose^ = AA@) > A30. 
B HaCTORluee BpeMn 6onbmoe BHUMaHAe YAenlleTCIl M3YYeHMH) P ~ ~ K U M O H H O ~ ~  

c n o c o 6 ~ o c ~ n  npOH3BOAHblX ( p e p p o ~ e ~ a  U POnn 3neKTPOHHblX nPOCTpaHCTBeHHblX 
s @ ( p e n o ~  B p a s n n q ~ b ~ x  pearcunnx c nx yqacTneM ( a n ~ n n n p o ~ a ~ n n ,  aunnnposa- 
HMX H DP.). OLIHIKO B nHTepaType IlO'iTll n0nHOCTbIO OTCYTCTBYIOT LZaHHble 0 

MeHneTCR C U M ~ ~ T H O  BenWqHHe c p e ~ ~ e f i  3HTaJlbnHH nHCCOUWaUUW CBR3M. Cnea0- 
BaTeJlbHO MOXHO CqUTaTb, YTO npn PelueHkiH npaKTH'leCKkiX 3anaq, B 6 0 n b m n ~ c ~ -  
Be Cny'IaeB B03MOXHO UCIlOnb30BaHUe 3HTanbnllW nWCCOqllaUkill CBI13H B KaYeCTBe 

ro nponyna) ycnoBnn npoTeKaHnn npoqecca: 
Fe(CSH4R)? (r) + Fe (K) + 2 .CSH4R (r). (3 )  

Ann oqesrn Bblxona n p o n y m s  npn pasnoxe~nn  paccMaTpmaemlx npons- 
BOnHblX ( p e p p ~ ~ e ~ a  paCCYHTaJlH 3aBHCLiMOCTb ~ ~ B H O B ~ C H O ~ ~  CTeneHM IlpeBpaLUC- 
HHR a ncxomb~x c o e n n ~ e ~ n f i  OT ~ e ~ n e p a ~ y p b ~  n o6qero naanetinn B cnc.rehie 
(pnc. 12). 

m e  K, - KoHCTaHTa PaBHoBecun npn s a n a ~ ~ o f i  TeMnepaType; P - o6uee  nameHne 
B CHCTeMe. 

B b l r u c n e ~ m  KOHCT~HT~I  PaBHoBecnn peaKuuu (3) npoeonnnn no YpaBHeHHIO 

~306apbl pearsnn: In K?(T2) = I - I 1. n p n  pacre-re npnnmn, qrn B 
KPCrI) R (T, T2 



M3 pnc. 12 BWO, vn, paBuoeecnarr creneab apeepaueaar s c x o ~ m  co- 
e n n ~ e ~ n r  pe3~o eo3pamm c y ~ e ~ s r n t n n e ~  &emnametins. . . , 

kJIy'teHSfb1e pe3ynbTBTbl C B ~ ~ ~ ~ ~  nvlroPee 'U "POW; F; YYCTO#~HBOCTL 
no o-rHomeHu& K paenaay no.ypag~eflnm'(.4) yHenbmemxa pram b a a  t2E 

~@':,~O>(~@~flOcD)>Qep~;l : i I '  

AIfanornq~bxii BbIBOn MOXRO CnenZTb lf nplf aHaJlH3.3e hpe~W&b~bfbm. PeMHe'p.ryp 
pC3JTOXeHHH y ~ t u a ~ ~ b l x  we&HeHnfi. ' 
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R =.H (a), -C(O)H (b),.-C(0)CH3 (c); -C2Hs (4, -(n-C,H93 (e) 
npw P = I o 5  (I), 10' (21, I.O"'(T), lo4 (4);:P$.' dfIa(5). , - . 
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1.  Bnepebie 3 ~ c n e p n ~ e m n ~ o ' m p e n a n e ~ ~  Tdhepa~yp~ble  s a ~ u c n ~ o m  -re- 
nnoe~~ocrei i  srun+epppqetra B o6nwei7-- 281 Kd:~-6pn+eppoueua n N, 
N-nn~e~una~u~ouenih+eppoueka. crr ''6 AO. 3 0  K, @eppoue~nnyq.woii 
Kucn0-m R $ o p ~ e p p o u e ~ a  B nimepamu .mmpmypbi 5 -.3&2 # H 60 - 
301 K COOTWCTB~HHO. . I .  . . 



TaHb1  HX KPUOCKOnHqeCKHe IIOCTOXHHbIe. O 6 H a p y ~ e H 0  U H3YYeHO C.TeK,lOBa- 

H u e  N, N - n n ~ e ~ n n a ~ n ~ o ~ e ~ n n @ e p p o u e ~ a .  

@ ~ p M H J l @ e p p ~ ~ e H a  0 6 ~ a p ) o ~ e H b i  aHOMaflUU, U H T e p n p e T M p O B a H H b l e  KaK h - 
n e p e X O n b l  B KPUCTUlflUqeCKOM COCTOXHHH. P a c c q H ~ a H b l  3 H T U l b n H M  M 3HTPO- 

n H H  IlepeXOnOB; Bb lqHCneH bl CTaHnaJYTHble TePMOAHHaMUqeCKUe @YHKUU M 

[H* (T) - HU(0)], S "(T), [GU(T) - H0(0)] H3YLleHHblX C O ~ ~ H H ~ H M ~ ~  B M H T e p B a n e  

OT 0 no 300 K. 
Y c T ~ H o B J I ~ H o ,  YTO CTaHAapTHble  TepMOnHHaMUqeCKUe ~ Y H K U M U  n p O H 3 B 0 3 -  

HblX @ ~ P P O U ~ H ~  B KOHJleHCHpOBaHHOM COCTOXHHH H3MeHXHITCFi n M H e f i H 0  C 

P ~ C C ~ U T ~ H ~ I  C T a H n a p T H b l e  T e p M O ~ H H a M H q e C K U e  (PYHKUHH 0 6 p a 3 0 ~ a ~ t 1 ~  

3~un@eppoue~a, ~ - 6 y ~ U n @ e p p o ~ e H a ,  N, N - nn~e~nna~u~oueTun@eppour-  
Ha,  @ ~ ~ ~ o u ~ H H J ~ ~ K c ~ c H o ~ ~  KUCnOTbl U @ ~ p M U J I @ e p p ~ l t e H a  B KOHneHCklpOBaH- 

HOM COCTOXHHU npu T = 298.15 K. 
~ @ @ Y ~ U O H H ~ I M  MeTOnOM K H Y ~ C ~ H ~  U 3 y q e H b l  T e M n e p a T y p H b l e  3aBtICNMOCTM 

naeneaun napa EWKUX s~un@eppoue~a,  H-6y~nn4eppoue~a. 
N , N - ~ u M ~ T u ~ ~ ~ M u H o M ~ T H ~ @ ~ ~ ~ w ~ H ~ ,  I ,  1 ' - n U 3 ~ l I J l @ e p p 0 ~ e ~ a  H K p l i c T a n n  H- 

qecmx @op~un#eppoue~a u aumun@eppose~a. O n p e n e n e ~ b ~  sHTanbnMI.1 ux 
H C n a p e H U R  U cy6nu~aunn  COOTBCl"fTBf2HHO. 

P ~ C C Y U T ~ H ~ I  ~ ~ C O J I I O T H ~ I ~  3 H T p o n U H ,  CTaHJlapTHble 3HTanbnHk4 ,  3 H T p O n t l l l  It 

@ Y H K ~ U U  rn66ca 06pa30~a~nn H3YqeHHblX ~POI.13BOnHblX ( ~ ) ~ P P o u ~ H ~  B CO- 

CTOXHHU UneUlbHOI 'O  E338 n p H  T = 298.15 K. 
Y c T ~ H o B J ~ ~ H o ,  qT0 a 6 c o n m ~ b l e  3HTPOllUH, CTaHAapTHble  TepMOnkIHaMMqe- 

CKHe @ ~ H K ~ H U  0 6 p a 3 0 B a ~ u X  nPOU3BOAHblX @ t ? p p ~ ~ e H a  B KOHneHCMPOBilHHOhl 

U ra3006pa3~0~ COCToHHUXX I l p U  T = 298.15 K H3MeHXKvrCX J IUHef iH0  C POC- 

TOM M O J ~ X P H O ~ ~  MaCCbl3aMeCTHTenX B ~ H K J l O l l e H T a ~ H e H M ~ b H O M  KOJlbUe. 
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