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PO CCMOTpeHO Bm151 Hlt1e enoroconepxouaa OTMOC<j:>epbl ne4HbiX ra30B HO CKOpOCTb rlt1APOTOl..\lt11t1 oruevnop­

HblX 1t13Aenlt1l:1 , conepx o uiux CBo 6 o AHbll:1 CoO . nplt1BeAeHbl pesvnsrcru 1t1 3Y4 eHIt151 Bnlt151H It151 rennosoro PO C­

Wlt1peHIt151 CB513YIOll.\er o HO COCTOfl Hlt1 e 113BeCTKOBbi X 1t13A enl1 1:1 , 0 TO K>Ke OHOnl13 It1 cpo aueuue cnocoooe 
npenorspouienns rIt1APOTOl\1t10HHOrO 6pOKO, B03HIt1KOIOll.\ero nplt1 HorpeBOH1t11t1 1t13Aenlt1i1 B npouecce o 6 >K lt1 ra. 
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Ka K yace H eonHOKpaTHO y n o l\UIHa.JIOC b [1 ,2] , 

onH 0I1 113 rJI a BHbI X rr p W -II1H 6paKa orney nopoa 
I-1a OCHOBe C a O CJIy>K 11T mnparauns. TIpwleM pas­
HOBeC11e peaK~1111 r11npaTa~1111 C a O Cn B11HYT O 

s npaao BIIJIOTb n o 5 60 ° C , 11 TaK35I p eaK~1151. aKT11B­

HO nporexaer ira arane nonorpesa B JIT060 M ne-r­
HOM arperare, KpOMe BaKyyMHoM ne-m. 

M e x a H113M raztparamnr (r oxnee, m npOKC11JIH­

p OBa Hl15I) 113B eCT11 COCT011T B TOM, 'l TO na axane na 
rrOBepXI-IOCT11 CaO O'leHb 6 bICTp O 06pa3yeTC5I CJIo ~i 

cP113WleCKH an c op611pOBaHHOM BJIam, KO TOp35I n o­

CTe rreH HO nepexomrr B X11M11'l eCK11 CB5I3a HH y lo 

Bony, 06pa3y5I C C aO aaa-rane CaO -H20, a 3aTeM 

rr OpTJlaHn11T C a(OH)z, y neJIb Hbl M 0 6 'beM xoroporo 
B 1,5 pasa 6 0JIbIlle, 'leM CaO [ 3]. Ilozr n a BJIeHl-IeM 

KPHCTa.JIJI11 3 a ~11H n opTJIaHn 11Ta rr p OHCX On5l.T pac­

Tp eCKH BaH11e 11 paapynreun e H3 neJI11 M npn xpane­
rum HJIT1 npn narpenan aa B npouecce 06)KH r a no 

900-1000 K. I1cnOJIb30BaHI1e zraxce nsrcoxonpou­
IIbIX CB5I3Y lOill11X na OCIlOBe dienonodiopsranszre­
r11n HbJX CMOJI He rap aimrpyer ~eJIOCTH OCT11 I13n e­

JIH5I rr OCJIe cPopMOBaH115I H 06)KHra, n OCKOJIbKY B 

lIeM OCTaeTC5I. cPH3 11 tl eCK H an c op6HpOBaHH35I Bon a; 

npn v TOM KOMrrOH eHTbI CB5I3KH, cozrepzsaiun e rpyrr­

nsr (-0H , - COOH), 06pa3YIOT rr OpTJIaHn11T, p ea ­

m pY5I C CaO . 

Con OCTa BJIeHHe pacxerautx zranns tx C axcne­
pHMeHT a.JIbHbIM11 n OKa3bJBaeT , 'lTO na CerOnH5I.Ill­

I-111 M n eHb n JI51 n peCCOBaI-l115I H3BeC TKOBbiX H/11 JI11 

113BeCTKOBonep HI{]Ja30 BblX orneynopos On TI1MaJIb­

HO 11CrrOJIb30BaH11e CB513K11-KO Hc epBa HTa, con epzca­
IueM 10- 30 Mac. % Ta.JIJIOBOrO neo-nnuenaoro 
Ma CJIa 11 90 ~ 70 Mac . % napadnnra, a TaK)Ke xoncep­
BaHTa n JI51 rOTOBbI X 113nem rM ( rrpomrrsmarouurit 
c OCTaB ), conepscauier o 1 0 Ma c . % Ta.JIJIOBOrO MaCJIa 

11 90 % naparpmra. 
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Bnaroconepacanne OTX On5Iill11X ra30 B B ne-rax, 

OTa IIJIHBae MbIX npnpo znrsn« ra30 M H COJI51POBb IM 

Ma CJIOM (11JII1 Ma3yTOM ) , nOKa3aHO aa p H C. 1. TIP11 
E 

100 °C BJIarOCOnep)KaH11e B TYHHeJIbI':lOH rre-nt npn­
f 

Mep HO B 5 paa 60JIb IJJe, 'leM B KaMep I-fOM, np» 
[ 

500 ° C - B 7 pas 6 0JIbIJJ e. C JIenOBaTeJIb HO, 11 CKO­
J: 

POCTh rHnpOKCHJIl1pOBaH I151 CaO, npono pu nouans ­
H35I n a BJIeHHIO napos s ozru , nOJI)KHa 6 bITb BO 

CTOJIbKO )Ke paa 60JIbille B Ty HHeJIbHO M nex11 , 'leM B 

KaMep HoM . TIo vTOMy o n HOH 113 r JIaBHbIX rrpHtI I1H 

B0 3MO)KHOrO 6 p aK a npn 0 6 )K11r e 113nemrH H 3 CaO B 
T 

TyHHeJIbHOM ne-nr, OTanJI I1BaeMOH ra3 0M, C.7Iy)K11T 
1 

r11npOKC11JIHpOBaH11e Ca 0 BJlarOM OTXOn5Iill11X ra­
30 B. [ Hnp0cP06H3 11pY lOillHe COJI11 KaJI b~H 5I. 11 opra­ f 

I-1H'leCK11X K11C.7IOT 113 CB5I3K11 aaunnuaior csrpeu 113­
1 

I 
n em l51 OT B03MO)KI-IOrO ranparaunomroro 6 paKa . 

B TOpOM npl1'l11HOM 6 p aKa 5IBJI5IeT C5I HepaBHO­

MepHoe Te nJIOBOe pacuinpenae r ae pzioii cPa3bI 

csrpua 11 CB5I3K I1. HI1)Ke npnnczren pac xer r evnepa­
r ypnoro 11HTe pBa.JIa 6e30rraCHoro rr OBeneHH5I CHC­

TeMbI TB epna51 cPa3a - CB5I.3Ka - n opbI , KOTOp35I rrpH 

HarpeBaH1111 p aCWHp5IeTC5I. Tesmeparypasre K03cP­
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PMC. 1. Bnaroconepzcana e B 3aBI1CHMOCTH OT rewrtepary­

psi arxrocrpepsr TyH HeJIbHOH rre-m (1 ) , patioraro uief u a 
r aae, H r op na (2) , paooraio uiero n a COJI>lp ODOM MaCJIe 
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cPl1Ul1eHTbI JII1HeHHoro paCIIIl1peHI151 rnepnon 
cPa3bI H CB5I3KH pa311WlaIOTC5I . B tIaCTHOCTI1, TeM­
neparypnsni KO:=l<jJq)J1Ul1eHT 06beMHOrO paCIIIl1­
peHH5I CaO ~CaO COCTaB115leT OK0110 3a, me aCaO = 
= 13.10- 6-14 .10-6 K-I, a rraparpuna ~nap ::::; 3anap ::::; 

1,5.10-3-3,0.10-3 K- t'" . C11e.ll,OBaTe11bHo, B peay.ns­
rare 60.lIblUOrO paCIIII1peHI151 paCfWaB.lIeHHbIH na­
pa<jJI1H auaxane 6Y.ll,eT 3arr011H5ITb nopsr, a 3aTeM 
HCrrap5lTbC5I C rrOBepXHOCTI1 oopaaua 111111 Bbm11aB­
JI5ITbC5I. ECl1l1 CKOpOCTb ynanermsr napadinna na­
MHoro MeHbwe, tIeM CKOpOCTb ero paCW.l1peHI151, TO 
AaB11eH.I1e ero paCWl1peHH5I, COCTaBl151IOmee COTHI1 
xreranacxaneji , MO:>KeT pa3pYW.I1Tb csipeu, npox­
HOCTb xoroporo He npeasnuaer e.ll,I1HI1U Merarra­
CKaJleH. I1Pl1 aTOM tIeM MeHblUe nopsr , suure n110T ­
HOCTb CbIPUa 11 60JIbWe rrapadnnra, TeM MeHblUe 
CKOpOCTb ero yzranenna 113 csrpua. 06b1tIHO .ll,1151 
npenorspameana pa3pYlUeH.I151 Cb1PUa npouecc 
y.ll,aJleHI151 TepMorr11aCTHtIHOH CB5I3KI1 nenyr OtIeHb 
rvre.ll,JIeHHO, npnxrepno co CKOpOCTbIO narpesa He 
ssnne 50 °C/ tI C Bb1.ll,ep:>KKaMI1 npn resrneparype 
HervIHoro ssnue rexmeparypsr ee n11aBJIeHI151. .lI1151 

napadnma :=lTO 67-70, 3aTeM 150-170 °C; Ha1160­
JIee .ll,l1I1Te11bHa51 nsrzrepaoca neooxonnaa B61111311 
resmeparypu InmeH1151 (190-200 °C) . Ilpouecc 
Y.ll,aJleH.I151 napadnma rrp0H3BO.ll,51T B 3aCblI1Ke Bb1CO­
f<OAI1CrrepCHb1X rropOWKOB sa rrOpl1CTbIX nozicramcax. 

O.ll,HaKO .ll,1151 xpyrnrux 113.ll,emri:i 113 CaO TaKa51 
TeXH0110fH5I oxasanacs MaJlOrrpl1ro.ll,HOH 113-3a 
roro, tITO B YC110BI151X ne-moii arsrocdiepst, ocooen­
HO B ne-rax, OTarr11.l1BaeMbIX npapoznrsnr ra30M, B 
renneparypao- BpeMeHHOM mrrepsane ynanemrs 
napadnma Hal16011ee l1HTeHCI1BHO nporexaer rl1.ll,­
POKCI111HpOBaHI-fe CaO + H20;:: Ca(OH)2, KOTO­
poe cOrrpOBO:>K.ll,aeTC5I YBel1l1tIeHI-IeM 06beMa npa­
MepHo na 11 %. B pe3Y11bTaTe aroro csrpeu paspy­
waeTC5I. .lI0 rex rrop, noxa rrapadma He 3an011HI1T 
see co06maIOmHeC51 orxpsrrue nopsr, paapyurenne 
csrpua nozr B11H5IHHeM paCilIHpeHI151 napadnma He 
nponaoiiner. B CB513H C :=lTI1M uenecooopasno pac­
c-urran, rexmeparypy, npn KOTOpOH sees 06beM 
rrop 6Y.ll,eT 3an011HeH napa¢I1HOM. 

IIpH cpezraev rpanynowerpa-recxosr COCTaBe 
nopourxa CaO nOC11e npeCCOnaHH5I n110THOCTb 
csrpua COCTaIlJI51lla (2,6 ± 0,05) r /cM3 (rropncrocrs 
24 %) npn CO.ll,ep:>KaH.I111 CB5I3KI1 5 Mac. %. TaKI1M 
06pa30M, 06beM, 3aH5ITbIH napa¢I1HOM, COCTaBHT 
0,24 - 0,11 = 0,13, T. e. 13 % 06beMa cupua. B xone 
TepMl1tIeCKOrO paCWl1peHI151 napadinna 11M 6y.ll,yT 
3arr011HeHbI see nopsr B TOM cnyxae, xorna ero 
OTHOCI1Te11bHb1H 06beM 0,13 (1 + ~nap~1) CTa­
BeT paBHbIM o6beMy rrop 0,24 (1 + PCM~1), T. e. 
0,24 (1 + ~CM~1) = 0,13 (1 + ~nap~1), npn 
~CM = 1,2.10-3 K-1, ~T ~ 220°C, rorzta T = 20 + 
+220 = 240 °C. 3TO 3HatI11T, tITO yxce npn 240°C 

Milo 
1,4 I 
1.2
 

1,0
 

0,8
 

0.6 

0,4 

0,2 

ol-..~_~_~_~__~_ --~~ 

300 400 500 600 700 800 900 1000 1100 
Tenrteparypa, K 

P MC. 2. 3aBJ1CHMOCTb OTHOCHTeJIbuoro pacunrpenas /1/jlo 
npecconox CaO C5 Mac. % CB513KJ1, conepacanien 20 % na­
parpuna H 80 % TaJIJIOBOrO MaCJIa (1), 90 % napadnrna H 
10 % TaJIJIOBOrO MaCJIa (2) 

napadnmoaaa CB5I3Ka n011HOCTbIO 3arr011HHT nopsi. 
Bsnue 240°C (p11C. 2) npn CKOpOCTI1 ynanenna na­
padnma HaMHoro MeHbweH CKOpOCTH ero pacurn­
peHI151 rrapadnra, B03MO:>KHO, HatIHeT paapyurars 
csrpeu. EC11H rrpn irarpesamur rrapadnra ycrtesaer 

104 oC.y.ll,aJlI1TbC5I XOT5I 6bI Harr0110B11HY, TO ~T::::; 
3TO 03HatIaeT, tITO npn CO.ll,ep)KaH1111 napadnuta 
OK0110 2,5 Mac. % OH HH npn KaKHX YC110BI151X He 
CMO:>KeT 3an011HI1Tb ace nopsr H csrpeu OCTaHeTC51 
ue11b1M. 

OnaCHOCTb paapyurenna pe3KO B03paCTaeT C 
YBel111tIeH11eM rr110THOCTI1 cupua 11 CO.ll,ep:>KaHH5I B 
HeM BbICOKO.ll,HCnepCHoH COCTaB115lIOmeH CaO, no­
CKOJlbKY B nOC11e.ll,HeM cny-rae B03paCTaIOT He T011b­
KO r11.ll,paB11HtIeCKOe conpOT11B11eHHe 11 Kanl11111>Ip­
m.re C1111bI, HO 11 CKOpOCTb rH.ll,pOKCH11HpOBaHI151. C 
YBe11HtIeHl1eM rr110THOCTH CbIPUa B03paCTaeT TaK:>Ke 
rnnpaamrxecxoe COrrpOTI1B11eHHe asrxony CB5I3KI1, 
a 06beM nop .ll,JI5I 3arr011HeHI151 paCW11p>IIOmeHC>I 
CB513KOH YMeHbWaeTC>I. 11, HaKOHeu, O.ll,Hl1M H3 
nponyrcros TepMl1tIeCKOrO pa3110:>KeHI1>I ruzipodioti­
HbIX COe.ll,HHeHHH KaJlbUH>I (pe311HaTOB, nanssnrra­
TOB H T. rr.) C11Y:>K11T CaC03, 06pa3yIOmHHC51 C yse­
.JIHtIeHl1eM 06beMa, tITO TaK:>Ke MO:>KeT C11Y:>K11Tb 
npl1tIHHOH paCTpeCKHBaHI151 H3.ll,eJI11H, oc06eHHO na 
paHHYiX CTa.D,I151X 06:>Kl1ra. C11e.ll,OBaTe11bHO, OCHOB­
HbIMI1 rrpW-fl1HaMH 6paKa na panaeir CTa.ll,1111 06:>KH­
ra (rro 400 °C) H3.ae.JIHM 113 CaO Moryr 6bITb rH.a­
pOKCI111l1pOBaHHe CaO, pacunrpenne repsronnac­
TWIHoro CB5I3YIOmero H 06pa30BaHI1e CaC03. 

Ycrpanenne 6paKa, CY.ll,>I rro :=lTHM npn-nmaa, 
rpeoyer npOTHBOpetIl1BblX YC110BI1H. .lI1151 npezior­
BpameHH51 fH.ll,pOKC.I111HpOBaHH5I CKOpOCTb Harpe­
BaH1151 .ll,Ol1:>KHa 6b1Tb KaK MO:>KHO 6011bweH, .ll,01151 
TOHKO.ll,11CnepCHoH COCTaBJI5IIOmei:l - KaK MO:>KHO 
MeHbwel'l, a OTHOCl1Te11bHa5I n110THOCTb 113.ll,e11H5I ­
KaK MO:>KHO 6011bweH. .lI1151 npe.ll,OTBpameHI151 pa3­
pYlUeHI1>I nozr .ll,eHCTB11eM paClU.I1peH1151 repvonnac­
THtIHOro CB5I3YIOmero CKOpOCTb HarpeBaHI1>I no.n­
:>KHa 6bITb KaK MO:>KHO MeHbwei:i, 113.ll,e11He .ll,Ol1:>KHO 
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PIIC. 3. Tc surcpar ypnsni peJKflM B TyHHeJlhHoH ne-nr 
nexa OAO C 3 npn 06)KHre H3neJHl H 6e3 3aCblIlKH H B 
3aCbIDKe. Hoxrep n03HUlUI xpar en 6 ' I 

con ep acan, Ka K MO:>KHO MeHhllie TOHKoZJ;I1CnepC HoH 

COCTaBJI5I 101llcj:[ C aO 11 OTHOCI1TeJIhHa51 n JIOTHOCTh 

er o TO/Ke ZJ;OJJ)KHa 6 hlTh KaK MO)l{HO MeHhlIIeH . OZJ;­

naxo YMc HhweHl1e cOZJ;ep:>KaHlHI r o n x oztacrte p cn o n 

COCTilB JIHlOllleH :vI OTHOCHTeJl hHOH IIJIOTHOCTI1 B KO­

n c'mO ~l n r o r e rrpHBoZJ;I1T K YBeJIIfll eHl1lO n opncr o­

CTI1 060/f()l{eHHbIX H3ZJ;eJII1M. vI36e:>KaTh 6paKa 113-3a 

p eaxoro p aCIlll1peHI151 cnsayiourero npn peaxoxr (a 

'JaCTO ei u e 11 CKa':IK00 6 pa3HOM ) nozrseu e re wnepa­
TYPhI B n pOMbIllIJIeI-IHOM n e-nr MO:>KHO, rrp l1MeH5I5I 

06>KHr H3ZJ;eJIH M B 3aChITIKC. 3aChITIKa , n o -nep s stx, 

paan osre p no «OTcaC hIBaeT» n a ce 65I BhIZJ:eJI51lOlU ee ­

• 
C5I 113 113ZJ;eJIH5I CB5I3YIDlUee, a BO-BTOp hIX , CrJIa:>KI1­

naer HepaBHOMepHOCTH rexmeparyp uo r o nOJI5I B 

rte -nt . CpaBlH ITCJIhHhl C TeMrrepaTyp Ho - Bpell'leI IHbl e 

p e>KI1MhI B TyHHeJIbHOH rre-m OAO « C eMI1JIYK­

CKHH orneyn opm.m 3aBOZJ; i> (OAO C03 ) npn 06­

:>KHre H3ZJ;eJIHH 6e 3 3aCbITIKI1 (T. e. xor zia otipasyer ­

C51 6 paK) H B 3aCbITIKe ( 100 % 6e3 6 paKa ) noxaaanu 
na pHC . 3. 
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Opraaasaropei: 
MHHHCTepCTBO 06paaoBaHHS1 H HayKH P OCCHi1CKOi1 et>eAepaI..\I1H
 

et>eAepa n b Ho e a re HTCTBO no Ha y Ke H HHHOBaI..\HS1M
 

flpaaarenscreo MO CKBb l
 

MO CKOBCKHi1 Me>KAyHapoAHbli1 can on HHHOBaI..\Hi1 H HHBeC THI..\Hi1 S1BnS1 eTCS1 Kpy n He i1w HM
 

B POCCHH BbiCTaB04H biM Mepon pHS1THeM B Hay4HO-Te XHH4 e cKoi1 H HHHOBaI..\HOHHblX crpe p a x ,
 

06beAHHS1IOIl\HM H306 p eTaTene i1, paapa60T4HKOB H n po aaeonareneu BbICOKOTeXHono r H4 Hoi1
 

npOAYKI..\HH.
 

TeMa TH4 e CKHe pa3,qellbl Canoaa: 
• HaHOTeXHonorHH H aauovarepaansr 
• )f{HBble CHCTeM b l 

• iI1HepopMaI..\HOHHO-Tene KoMM YHHKaI..\HOHHble CHCTeMbl 

• Paua ouansaoe npapoziononsaosax ae 
• 3 HepreTHKa H aaeproctiepe x eaue 
• M e>Kro c YA apcTBe HHoe COTp YA HH4eCTBO B HHHOBaI..\HOHHo i1 cdiepe 

• Ycnyru B 06na CTH HHHOBa I..\HOHHoi1 A e S1TenbHOCTH 
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