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3KcnEPHMEHTAJIbHOE onPEAEJIEHHE nJlOTBOCTH AOOTA 
IlPH BblCOKIIX AABJlEHlIHX II TEMlIEPATYPU 

(Op~iJcral.l.eHO 4lC4oeMU"OM JI. 4>. BepeI/f411UHWM 20 X 1!1l5) 

,[(IDI ycneDIHoro paaBHTBH PJl~a TeXHliI'ieCKIIX npBlIOmeBBB Tpe6yetcJr Clua­
BRe TepHO~K1I'IeClUlX CBOBCTB upoHlJmIlIe.B1l0 Ba)I(m.lX raaoB, IIpB BIoiCOKIIX 
.o;aB.JIaBBHX 11 TeKIlepaTYPflx. B '1aCTHOCTB, AlIJI upoeKTBpoBClbiB B ,noc.leAYtO­
~eB' aKcnn:yaTa~BB UOBLIX a~p0,n;HBaKB'IeCKIlX YCT8UOBOK, upeWlaSua'lemrwx, 
MJI KOAeJIRPoBaBRJI mnepaBYROBl.tX .lI()TOROB 'c 601lbDIHM1l 'lBc .. lIaMR PeUB01!blI­
ca (Re;....W8-109

), Beo6xoABMLI ;tJ;aBBIile 0 TepHO~aMJl1lectmX CBOBCTJI8X aso­
Ta upB AaBJIeBB1IX AO 5-'-20 KHlIoOap B Tet.mepaTYPax AO 1000-3000° K (I). , 

OABaKo nOAaBlIJII()~ee 6om.IIlHRCTBO 3KCnepIIMeBTaJIbULIX pa60T no ODpe­
AeJIeBBlO TepJlO,n;HBaMB'leCKUX CBOBCTB raaOB uplI' Bt.lCQKBX AaBJIeBDJIX oma­
meao TeHnepaTYPa¥R 300-400° C. 3TO CBfl~ C. ~olIb3oBilBlleM aD~apa­
TOB BLICOKoro ):(aBJIeBBfl C uapymBloDl o6orpeBOM-. KCnOlIb30BaBRe' annapnOB , 
C BayTpeBBRM nOAorpeBOH rasa AlUI TeDJImP1I3'B'1eCKHX' BccneAOBaBd 6Ji1~o 
saTpYAueBO B CBJlSU C HBTeXClfBBOH raaOBOB KOBBe~DeB, B03BRKIU9~ei IS Ta­
KBX annapaTax U uapymaJO~eii paBBOMepBIiIii xapaKTep paCDpeAeaemm ,'1'e1l­
nepaTypLI (2) . 

HHeJO~ecJI ' B BaC'1'O~ee BpeMH Ta6JIB~LI l'epMO,lJ;JlBaM1l'leCKIIX OBoiicTB 
aOOTa (s, f..), nOlI.Y'leBBble paC'IeT8l.DI nyTeM DO ypaBBeHBJlM COCTOJIBUfl. ByR(­
AaIOTCJI B 9KcnepBMeHTaJIDHOii ' npoBepKe, TaR K8K t'paBB~ DpUMemUfOOTB' 
3TRX YP41Buemtii, ~ TaKme cnpaBeA1IHBOCTb salIOmeHm.IX B BRX ~onyUIeBBB _ 
orpaBB'leBRB: MOryT OYT~ onpeAelIeBH 1IH1'IU> Ba OCBOBaHlm 9KCnepBMellTam.­
BLlX P-v-T AaHBlilX B ~POROM ~aDa30Be AaB,ileBBii • T8JmepaTYP. 

HaCTo~aH patSoTa nOCB~eBa 3KcnepUKeUTaJI1>BOMY , OnpeAelIeBRJO DJIOT­
Hoem aSOTa upll AaBJIeBBHX AO 3 .... 8 KRJI06ap B ~aDaaOBe TeMne.pil'ryp 400-
1800° K. l1ccneAoBamn,n'i ABaDaaOH Dapa1leTpOB COCTOJIBJlJI u306pruKeB un 
pac. 1. TaM: JKe nOKa3aB8 OOJIflCTI> napaMeTpoB, B KGTOpOB RHelOTCJl 3KCnepB-
MeHTaJIDBliIe AaRBHO APyrux aBTopoB. . 

MconeAoB8BBJI DpOBO~JI1ICb Ba CDe~BaJIDHOpa3pa6oTaBBoM ann8P8ff 
CTa~OBaplloro AeieTBRJI C BayTpeJiBRH noAorpeBOH raa-a. Iloa.Bon:mo~ B-re- , 
'Ie'BRe A1IRTe.1I1>Jioro BpeMemr nOAAep1R1lBaTb TeKnepaTYPY AO 3000° K B raso-
oopasHoi cpeAe Dpll' AaBneBB1lX 5-10 KDlI06ap e). , 

~JIJI YCTpaBOBRJI r830BOH 'KoBBe~ Bce CBo60~tloe npOCTpaBC'tBO BuyTpll 
aimapaTa OWlIO '3anOJIBellO nOpIICTblM BIlTPJIAOH 8JIlOMIUlBJ! C nOplleTOCTI>)() 
60%. 3anomeBlle BlIYTPeHHero npOC'l'paaCTB.a DOPBCTJ.Dl TYTOImUJOnI MaTe­
PU8JIOM JI03BOJlB1IO nOJIHOCTbJO 'BCRmO'lliTL f(oBBeKlllllO ra38 B ~OnJ"lB"1'L 'AOCTB­
TO'l1lY1O n~ paaHepaH SOIIY C paBBOMepm.xM DoneK Texnepa'rYP$I. Pa3BOCTh 
TeJlDepll-TYP Ba paCCTOJlHUJI 60 MM, 113HepeBBaJl ~ByvJl TepMOllal»Unt., He. ope­
BYIDaJIa norpentBOcm B3MepeBllB. ' . . , 

Au 9KcnepBKeaT81ILBOrO onpeAen:eBBJI DJIOTHOC1JI a3ma 61lJla ' IICDO!l~ 
Balla puuoJiaAHOCTb MeTOAa Bt.neCBeBBJI ('), npBroAJUlJl 1(JUI Jl3wepeuit np. 
BHeORn TeMJIepaTYPaX. C aTOB ~eJIDJO DpOBO~.noCb rosa, nOCJIeAOB8Te1J1dIYX 
om.rra (c BK1I8JUol11Iex 1I 6es lIKJTaAblma) DpBJIOCTOJI1l1JYX KOQ1lecTBU raaa 
m1 11 m! B 1Ibe30MeTpe. B o6omc OltYTax JIocne aanOJIBeBllJl nLeSOKeTp8 BeRO-­
TOpWM KOJIH"I'6CTBOM ra38 B:KlIIO'I,alICJI nO,AorpeB 11 Jl3MepJIJI8Cb 3aBJl~lDIoeTr. 
:ta8JIeB1t1t ran ,B nt.e30yeTPe P OT em TeMDep8'1'ypll T. B peay.trLT3Te nOJIj'ra-
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PBe. 1 Pac. 2 _ ;'_, _," 
PRe. 1. 06JIacTJI uapaM8Tp01I COCTOIUJIIR, ~~"1IllLIB -II BaCTO~i pa60-

re (aamTpllXOB&JI.&) • ,lijIyrliKlI ,aBTOp811K (uyBETBPUaJI ~~);: 

Pac. 2. K ollp811ue_m mIOTBOCU r~. JJO HeroA}' 1I~'l~K$D;t 

~:;: .. ~':' . ~i . l '~ 
JIBCb ~Be KpHBwe B KOOp.t\lDla'f'S' ~BJIelQie - Te¥ll~aTYP,a raaa, IJD,--aa~e 
aa puc. 2. . f,. t"-;. ' ... ... 1 . " 

ROOp~Hlla'1'W TOlIlCJI uepeee".eBllll 3TB:X BpB.8J,Q: onpeAAJ.l9lOJ BeJDl"lJllI 
.1aBJIeml11 H TeMuepaTYpw, K.OroPWl: COOneTCTByeT lIJI.OTBOCn.; ' p,~~ :0:1'«0-
memno Maccw rasa, BJoITeeaeBllOl'O BIUI~H Am~mi...,.ml' '~ a/l.ltJtKlie¥()MY 
'AM 06'beMY UpH yCJIO~JlX omilTa, T. e. 

dm 
p (P,T) = .__--:--------.,.-­

V.",,(P, T) ...... V4lN (P, T) 

3~eeL V -. (P, T) - V.AIM (P, T) - 001tev raaa. 9.lTeelle~oro B~a~w. e Y"le. 
TO?I ~OJIH o6'bewa, 38.JD;t~troro .HJlTPH~O¥ aJIIOdliuH. -'; , 

A JIJI oupe~eJIeHllll ' KOJDf'leCT.BA ra3a; aaKJIJ(}VeIiHoJ'OB anpapalfe., B ~,II;OM 
HS ~yx OIIJ,lTOB HCIIQJIL3GBaJIacJ, J{aJm6poBaB1l~f{ 'el(~'f!. 06~~ol( 4t,9.5 JI. 

IIoeJIe OKOH'IaB'Wl 3Kc-nepHWeR'la raa paCUlJlPJlJICJI - B 3T,Y 'ea(KO~T.L K BOOJHl 

YCT8HOBJIeHHJI TeUJIOBOro PUll"OBeetlll, HapYPJeHIJOrO BC_JIeAC1~~ upoA~c.ea 

p acImlpemlJi rasa, H3l(ePflJ100b er.o ,ll;aBJIelDle H 'TeMJIepa1ypa., ¥ieea rasa OII-

pe~eJIJIJIaCb no yp.8.B:HellJU;) Pv=R1· _ _, " :' ", .. 't.r-"it _,- -
, OO'beMH V IlK. ,iI V AIM IIplI HOPKam.RaxYli~~ 'OBpe~~ J(aJ.U!I6POB. 
I\OH UO BO)l;e. 'a B6JIHUB.Ii )l;etGpu:allJlii OO,IJ; Aeii.eTBII6Jo1: ,1l~~~._H TeMifepa. , 
TYP.bI paCClIHTwa-amICI> il3BeeTBSMK lo.WTO,ll;1Ufll AQ , Y~JI.o.i , ~¢~.opolJllero 
~iKaTHJI. ,r:(aBJIemte B 'auuapaTe BaMel'MOCl> OOpa~9BHH . ~TJl~~. H wan.:. 
r aHHROBLIV MaX9M:e'l'paKll, Te.MuepaTY{»l - OOpa3~BOii IfJIa.opo,lijlfii-UJI8'NJ­
ROB OR Tep.Mtmapoii. ~peAHeRBa)l;paTmHlU JlOrp&~Tb ~Bmg:' P-:v-T 
flanH.bIX B6 'BeeM: RCCJIe,ll;OBaRKO)( )l;H8.IIaOOSe ) 1;Q.BJreB,lli Jl 1'e1OlepaTy;}> ;a~ 
B IIpe)l;eJIax OT -0,-4 ,,11;0 1,1%. _ 

ilwryqeB;HHe.B peaym,T8..Te -B'3M:e.pemli P~,v-!J' ~e ,ct:~-JDlCJ. _ no 
H30TepMal( ]I Ra06apax UpR 'UO~ M:e'fG~a B'8ID{el.ll>DIJIX.l):BlJ,!;paft)Jj CQeJQ.IO 
B.bIpaBillIBaHHJi KOlle6amdt UJIOTHOCTJl, BII3UII'~X ' ,cny.qdBJo!l¥a O!UBOltaMH. 
CrJIameHHllle3B"emJR .JJ;JlOTtlOC'nl aaoTa B ~e,ll;OJUlBBO¥ rorana3()Be napa-
MeTpOB COCTOllBRJ[ DpllBe,ll;eBlol BTao:rr. 1. ,', ' , 

B TaOJI, 2 IIpJme)l;eJlLl ~alt60mdlIJIe pacxgm,tl;elDlJl llZ-AY nmry'MllaYMlI 
pe3Y~LTaTaI(R 1( 3Kcuep1llfeaT/lJII>JU4MH ~all1lNvu, ,,II;pyna. aB~B(~, 1-10). 
11::3 ,ll;aHlll>lI: 'aM TaoJIBIUI CJ1ErAYeT, 'lTO' pacxom,ll;emte tlo~e.QHIJlX pea-yJIf>Ta­
"TOB C aRcneplDferramollJ,(KJl ,ll;8Sm.DOlQIIKJIlIca 11 fioruuGOBa,Po6epireaHil 1I 
Ba6oa, a Tax'JW C ~aR~ ,MoHorpa~ ,lJ;1IIIa H BacceptlaBa 11 .,lij)., o606:m;alO­
II{HX OOJILmOe .JUICJIf) ,tq)yrJIX 3~~eppeft9.JII>m.tt )l;aJlJJJ!ix;, B8 npaBhtmaOT 
norpe~HocTL '3KC1l&~. ~eue- COC!'aBmlJO!l' ,lJ;l;Jhlile Mam.6pyxo ., 'II' 
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Ta6Jls~. i 

3KCU6pHMeaTa:JlLUO oupe~eJlemwe 3BaqeBIlJI UJlOTBOCTIl 830Ta (r/CHa) 
ups pa311WX TeMUepaTypaX 

7 

P.6ap {'OO'K GOO'K 800' K iOOO'K 1200' K iloOO'K 
.I 

1600' K 1800' K. 

1000 0.478 0.362 0.292 0,246 0,213 O,t88 . 0.169 0,153 
2000 0,646 0,527 0,448 · 0,390 0,346 0,312 0,286 ·0,258 
3000 0,746 0,632 0.55l 0.490 0.443 0.405 0,373 0,347 
4000 0,708 0,628 0,567 . 0.517 0,477 0,443 0 ,41 5 
5000 .0,690 0,628 0,582 0,541 0.502 0.476 
6000 0.680 0,631 0,5S8 0,553 
7000 0,674 0,632 
8000 0 .721 

Ta.6JlB~a 2 

HaJJ60JllaJIm9 paexolBAeBJIH nOJiyqcmn.u lIBaqeDi nJlOTBOCTH a3()Ta C lDIel)Jll,lDlllca 

PaBT - Pallen 
3KcnepllHeHT~nBw.rs Ap:;: . p~ . • 1.00 

.~ .... , 

JlJITepaTYJIIIliIlt 
JIC'lO'lJQJC, ll8Nl!IJBe, 

Tel\lIieparyJ>& 

(8),2000 6ap 
(;6),10006ap 

0,594 0,597 
0,3)3 0,.196 

-0,51 
3,4.') 

Bop;apa, OTlUtoiine ROTOpWX OTnOJIY"le1lBWX· peaYm."T.aTOB npll p;aBJleBB1IX 
mDRe 3 KJ/IJIooap • T6)f:UepaTYPax B~me 500Q C npe~WJlIaeT norpemilocTL aRC­
nepm.tema, nplit'leM 8TO OTIDIOBene BoapaC1'8.eT C pOCTQM TeMDepaTYpI>l lit )];0-

CTHraeT IIplI AaBJIerum 1 KHJlo6ap H TeMnepa-rype 1000° C BeJl1t!UlBLI 3,5%. 

HllC'l'ln'YT cPH311lU1 BWCOKIitX lI:~eHBii: 
AK~eMBB Bayx CCCP 
AKaA9l1l'OpO}I.OK MOCROBCKoi·0611acTl! 
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