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1952 )KYPHAJl cfJH3H1.JECKOH XHMHJ1 T. XX GONI-MG 52-0034 

I{ BOllPOCY 0 BJIJUIHI1M ,n;ABJIEIUUI IIA CI\OPOCTb 
TEPMJiJlIECltOM nOJIMMEPM3AIJ;IUil 

IIsnecTITO, '1'£0 CIWPOCTI.l ~erIHoii: nOmIMepI1Sa~Ul'I l'I cBoi';'CTBa UOJIl1:\1CI30B 

(lITpe~e.T[mOTCfI npoI~eCCa~1I1 l'lHJ1~l1HpOBaHl'IH MaTepl'IaJIhHLTX ~erreif, l'IX pOCTa 

11 oOphlDa . ,I(aBJIeHUe 0I,a3LIBaeT BJIl'IfIHDe Ha rrpOTeI,aIIl'Ie 9Tl1X rrpo~eCCOB , 
()UYCJIaBJIIIDaH, rrpu rrpOlJUX paBHLIX YCJIODl1HX, POCT CIWPOCTIi nOmIMepl'I3a~I'll1 

n Y13eJIII'IeHI1e cpe~Hero MOJIeH:ymlpDoro Beca rrOJIl'IMepOB [1]. 
CTepI[ J( 8iipuur [2J rrpe):lJIomnmr ypalJlremfC, cnn3bInaIOm;OO IWlICTaUTY CIWPOCTlf 

nO:Jn~ropH3:l1tIIl[ k' C lWlICTallTa~f11 CI{OPOCTH 1l1ln~rnrponaIllHI( pOCTa If 06pbIna MaTC
pnallbHbTX I~erreli : 

(1) 

3;(OCb C - IWIIl\CrrTpal\llfl ~IOl!m{Cpa; k4 - HOIICTaHTa Cl\OpOCTIf lflIlH~rIllponaIflIH llcnc:?i; 
A'3 -1,ORCT:lRTa CIWPOCTJl pOCTa I(Ol!lr; Cw - «J qlrpeI{TrrllHafl 1,0IlI~CHTpal\lm» ~IO.'lCI{yJI 11:1 

eTCllI,C cocyp;a; k2 - !WHCTanTa CIWPOCTII oopbIna l(encii Ha CTCHHC; Cbi - I'ORn.eIITpalllllT 

pa3,TmqnbIX rrpm!eccii (IlRruOIfTOPOO), oopbInaIOm;lfX l\errJl U 00'b01Ie ; kli - J<OHCTaHTa 

eJWj10CTIl 05pbIna n,errrr n 06'bCMC. AnTopbI Yl>a3bInaIOT, 'lTO n.'HHHIIe p;aBJTeHIIfl na CHO
pO~Tb no.1l1Mepll3allTllf rrpOllnJIflCTCfl QCpe3 Jl3~mrrCJlnC OTp;e:JbJlMX J;QHCTaHT, DXO.u;flm;rrx 
n ypanrrclIIlc (1). no CTeprry II Sii"pllHry Moamo rrpllHflTb neJIH'lllHY k, rrpaHTII'ICClm He 
~aDlICllm;cu OT p;annellllll II C'lllTaTb ka npmmpHO IlpOnOpWJOHa.'lbHOH .u;anneHIIlO; 3aBIICll
MOCTb kl II k2 or AannCl1l1ll COOTncTcTnyeT H3l\ICHCllIIIO TCJ<YQCCTl'!. ABTOPbI rrbITaIOTCll 
no;,(rnop)l;IITb :no rro:JOiI\('mrc na TlplI~ICpax rrO.lIIMcpn3aI(TlII Jl30npCHa rrpn Ro~rHaTRoii 
Te~mopaTypc IT p;aBJIClJlIllX 2000 - 18 000 aT.~l [3], a Tal-\iI,e l!30rrpCHa 1I cTrrpo.la rrprr 150· 
n 1000 - 3000 anI [4] . TIo JlX paC'JeTa~! 3Ha~1CHaTeJJ1, n ypanHeUlJIT (1) rr3~mHflCl'Cll 
D Tlepno)! c.'lY'lac - p-a, a no nTopmr ~ p- I, 'lTO npn6JIHiRaeTCH H 113~'leRemfIO TeHY'lCCTII 
'iImp;I(rtX opraHIl'leCI,JlX coop;lI11eIlIIii C pOCTO~1 p;:lnneHIIfl. 

IIeTpY;:(Ho nOr{a3aTb, o.u;Hal<O, 0 ;un60'lllocTb Tal\OrO pO,;:J;a paCQeToB. Ona CJIep;yeT THI 
TO :'O 05cTollTonhcTBa, 'lTO 3TI! paC'leTbI npnnoJ(flT I{ DI,JBOJ(Y o . Bce YCHopmOm;cMCll n03·· 
pacTanrm cpc}J;Hero MOnel(ynllplloro noca rrom1Mcpa C p;annCHTf~f. B ypanHeHJlII (1) 31la
l\lCllaTCJIb XapaI{TepH3yeT CHOPOCTb 06pbIna l\errei1: . MbI MOlRC)f, CJIe.u;onaTeJIhHO, RarrllCaTh 
~:If! cpep;Hcro MorreHynllpHoro noca nO:JlDlcpa 

1Vl- k3 (2) 
Cw k2 + ~ Cb . 1.'1' 

i \ ~ 

OTtIoga crrep;yeT, 'lTO, cornaCHO nbImCII3JIOa\eHHo~ly , 3Ha'lCRrre if rrporrOpl\!lORa;n,HO p;.111 
nCpBOI'O paCCl\IaTpllBaNroro cny"lafl [3J - lICTnepToi! CTerreHrr p;aDJICHlIll, a n JTl1 BToporo 
[1]- J\nap;paTY p;annCllllll. l\fea,gy TeM 3Rcrrepm1eHTaJIbRhTMR rrcc.;Jcp;onallllllMII [1 ,6] yCTa-
1l0n.neIl0, 'lTO pOCT cpcp;Horo 11O.1eHYJIHprrOrO Bcca rrOJllIMepa C p;aBJICHrreM llBJIHeTCH 1'0-
pa3p;0 60.1ee Mep;JJerrRbThf, rrpIIQe~! OH 3aMcp;nfleTCll C YBeJIrrTfCHneM naBJJelnrll , a HC nao-
60por, J(a!{ 3TO CJlep;ona.'lO 6bI n3 paCqeTOn CTepRa rr 8n:prmra. · ITpn p;aBJJCmlllX 
II IlCCIW.'lbI(O TbICllQ anlOcif>cp p;a.;JbHeiimee ynemIQeRrre p;anJIeHrrll BCCbMa He3rra"lIITc.abHO 
Cl\a3bInaeTCfl Ha DOJITIQnRe ~!O.;JeHynllpHoro ncca. 

HniRe MbI rrOIJbITaeMCJl JJ:aTb 061,llCHeHnc Ha6mop;arom;nxcH 3al{ORO~fCpHocTeii: n,cORoii 
1'Cp)!Il'IeCIWii rrOJlrr~lepn3al(IlIl rrop; p;an.rreHllcM 1I rrop;rnepp;IlTb aTO 061>llCIiCHIlC na rrpllMC
pc llo.rrnMcp1l3al\HII CTIIpo.TJa, H3YQCRHOii: llpH cncpXBbTCOr-(UX p;an:JCHT111X IT .. 11 , 1\06el<O, 
E. B. I\YBlDllHClmM II A. C. Ce~fcHoBoii: [5], a T:lHiRe .n:iR!:J:r;rx3~1O~1 [6] . " 

OO~lIe nOJImI,eIIIUI 

Ec~l'I 111M paCC:l1aTplIBae'l\l IIpo~ecc ~eIIHOH Tep1UI'CJ:ecrwu rrOJIInIepn3a~rm: 
()praHl'I'IeCI>llX coe~IIHeHI1:l1 rrpn OTcyrcTBlm crre~lIaJILIILIX KaTaJIl'I3aTOpOB 11 

npu MaKCl-U1aJILHO B03y!O;'KHOM y~?-JIemUI KI1CJIOpo):(a B03JWxa, TO eCTeCTBeHHO 
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~ . :111. r. fOllf!l(Gopl' ]( J1. <1> . DOPOll(Ul'llll 

, rrpC;lTIOJIOmll'fb, 'ITO l'UiI\J1.Llii: 113 OnpOIWJlmO~UX CJWpOCTb rrO:nn1CpIl3aJ(JIlf 

npOJ~cccon - TIrrrIl~H1!pODal!ITG J~oneii:, IIX POC'l' H 06 pJ,IlJ - CDfl3aJfJ,J: C neo6xo

;l1l)!Oe'l'LIO CTOJIImOnClTIIH II XII~lll'lCCrWrO n3aI-'lMo,n:eilC'fDHH JJJ160 ,n:nyx MOHO- ' 

:lIOPllJ,lX r-1O:rcr,y.TI, JIII60 )!OHOilICpa C paJl.I1I\aJIOlIf, JII'lOO, nalwnc~, ,n:nyx pa,n:VI

},a:lOn [7] . 1\ pOllIO '1'01'0, 06 JlLlll pacTyJr(eit ~erIl-'l nOJIMMepa, O'IenM,n:lIO, MOiI\c'.r 

npOllCxOJ\lI'l'b J[ Ila C'fClTI,aX COCY1\H, a TaIOIW D 06'1>CMC IIpH CTOJIImOnellVlllX 

c )!o.rrcI'YJIaillll nCI~CC'fn, flUJIflIOI.I(HXClI npl-'lMecm·m . 

PaCC)IOTpmr Dna'IaJIC rrpo~ccc ~crrno{r rrOJmMepl-'l3a~I1H, I1ClC/IOlJI1D )l;oii:

CTDne CTOHOY, II npmlCceii: . ~y.n:OM ClJll'faTh, 'ITO rrpH IUm~l-'ll-'lpODarn1ltr ~eIIejr, 
lIX POCTO n 06pbIne pcarl-'lpyIOID;nc MOJIeHYJILJ (pa,n:JilJ{aJILI) DflalJaJIe 06pa-

3YIO'f al,TTIUlIpOUaHBLlii HOMrrJIeHC. COrJIaCllO TeOpI'll-'l IIcpexop;uoro COCTORllMfI'. 

BJIIIHFTIIO .n;anJIemlH na IWHcTaHTY CTWpOCTH peaH~l-'ll-'l k nbIpamaeTcH ypan

neHHe)(; 

(
8 In 1.\ _ /::"v '" 
BP)T- - RT ' (3) 

riW D..v<F - II3MerreHIIe 06'1>eMa rrplI 06pa30uamm: 1 MOJUI aHTI1BHpOnarrnoro 

IWilIIJJIeI..;ca H3 HCXOP;BbIX I\OMrrOrreHTon . PaHee lla)H! 6bIJIO rrOI\a3anO [8,9], lJTO 

3'1'0 II3)IeHeHne 06'1>e)13 B peaH~HRx rrpncoe.n:HHeHH,H BeCb:Y!a 6JIH3IW rro cnoei1: 

BeJIIIlJIIHO 1\ 06m;eMY lI3MeHeHHIO 06'1>e)fa D..v rrpl-'l peaI\~nH, T . e . H pa3HOCTH 

1IIOJTfI'pnLIX 06'1>e)IOB rrp0.n:YHTa peaH~l-'ll-'l M ncxo.n:HbIX HOMIIOHeHTOB. I10CHOJTbHY 

D..V rrpn peaH~rrRx rrpHcoe.n:nHomw oTpnnaTeJIbHO, CHOPOCTb Tal,I1X peaH~uM. 
COrJIaCHO (3), .n:OJIrI'Ha 6LICTPO B03pacTaTb C yneml:'IeHl-'leM p;aBJIeHnR. 

HeTpy,n:Ho nOHa3aTb, 'ITO 3IIa1JeIlHe D..V n nepnOM npn6JIHa,eHUH o.n:HHaHO

BO I\aH B CJIy'Iae coep;nHeHIIR l-'(nyx MOHOMepULIX MOJICI<YJI (Imu , pap;HHaJIOn) 

B aHTHnIIponaHHblil HO:lHIJIeI,C, Tar..; M npH 06pa30BaHUU .'faKoro HO:'l1nJIe]..;ca JilS 

) !o.'1el..;yJI (pa.n:rma;ron) MOHOMepa II ' nomuwpa (I'lJIH p;nyx nOJHIMepHLIX pa.n:H

haJTOB). AJIR 3T,oro l-'(OCTaTO'IHO .n:OIIYCTMTh ap;.n:HTnnIIOCTb MOJIRPHbIX 06'1>eMOB: 

MOHO:l!epHbIX 3DeHbeB nomr:lfepHo:i!r ~emI; TaHaR npH6JIHiI, eHHaH a.n:.n:HTHDHOCTh 

B .n:eii:cTnUTeJIhHOCTU nMeeT lI!eCTO, },al, 3'1'0 6y.n:eT HHiI{e no'r-(a3aHO Ha rrpHMe

pe CTUpOJTa . OTCIO.n:a CJIep;yeT nhIBO.n:, 'ITO p;aBJIeHHe' B op;HHar,ODOll: CTerreHIr 

YCRopReT RaI{ rrpo~ecc HHM~HMpODamw ~enell:, TaH H HX POCT (npe]l;CTaBJIRIO 

TD:Hii: c060ii: 6bICTPYIO nOCJIel-'(OBaTeJIbHOCTb npucoep;HHeHHH MOHOl'vrepHblx Mone

HyJJ) H 06PLIB *. 
113 ~aHHbIX no HHHeTHI..;e nOJIH:llOp1l3a~IIH CTHpOJIa [5,6] MOiImo c.n:eJIaTh 

06~ee 3aHJIIO'IeHMe, 'ITO rrOCJIe HeI<OTOpOro l71H.n:yr'~HOHHoro rrepMo):(a CYlI·IMap

HaR CR9POCTb pear;UMH rrOJIHMepn3a~llH, U3:118pRe)!aH y6LIJIbIO MOHOMepa n e.n:H-

HII~y DpeilleHII (~;), OCTaeTCR, IIOCTORHHOil, nOHa He 6y.n:YT P;oc;urHYThI 

f\OH~eHTpa~nII rrOJTIIMepa, npenbIInaIOID;ue 50%; n HOH~e rrOJIMJllepII3aIl,Hl1: Ha6mo

p;aeTCR 6LIcTpoe 3all1e;rJ;;reHMe ee CROpOCTH. 8'1'0 06CTORTOJThCTBO rr03BOJIReT pac

C1I1aTpHBaTh rrOJIHMepH3aqI-'lI0 Bee Ha'IaJlbHOii CTap;HH (.n:o x = 0,5) Ral"; peaRIl,IHO 

HYJIeBOrO nopRp;Ha. Torp;a I\OHCTaHTa CI";0POCTH nOJIHMepH3a~HM 

k ~ 1.1 1.2 
o "'3 ' (4) 

~ r.n:e kl H k2 - IWHCTaHTbI CHOPOCTlI peaHIl,Hi1 nHH~HMpOBaHUR l-'l pOCTa ~em1~ 
k3 - ROHCTaHTa peaI-\~HH 06pLIDa', OOYCJIOBJIeHHOii p;e3aHTUBHpYIOID;HMU CTOJIR

HOBemUDIH pacTyID;IfX nOJIHMepHhIX ~erreiI C MOJIeRYJIaMH (pap;UHaJIaMM) ~10-
Hm1epa HJIH 'nOJIUMepa . 113 CRa3aHHoro BbIille CJIep;yeT : 

(
8 In ko) .--....- /::"V 
---ap T = - RT' (5) -

,~ TIprr IIpene6peJi\elllJI.! ,ll;CiiCTBHeM CTOllor, cocy,ll;a n: IIprlMCCeH, a TaJ(,Re HHbIX q,ar,
"TOPOB, 06YQJIaBJIHBaIOII(HX poc~ Cpe,ll;HerO :'lOJIeHYJIfIpHOrO Beca IIO;Hmepa c yneJlII'Je
nITe:.! )l,aBJIeIIFIfI . 
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:lID! e p n3n 1( IIlf 

IIhf e lI('Ol>XO

o ;\nyx :'Ilorro

;, ~\l3yx pa,ll.lJ-

Tl:\110, :'Iloawr 

l'O.'IlmOnemTfl x 

1,:1 TO'IIlll ;~eii

l3aBlIlI n:enoir, 

HH'Ta.'IO oopa-

1'0 COCTORIIlm, 

:r,aeTCR ypa D-

(3) 

~mllponaRHoro· 

aHO [8, 9J, 'ITO 

~3r.;o no cDoefr 

v . I~ pa3HOCTil 

B. IIocRorrhRY 

nIl:\: peaI,n;lIlf, 

'HIIR. 

nlIn O)l.IIHar,o

IT pa~m,a:IOB) 
J\mlllJIeRCa Il3 

repHLlX pa~II

HhlX 06'heMO~ 
a~~IITrrDHOCTh 

HO Ha rrpmre

ODOIl CTeneHII 

ape;n:CTaDJIRIO

repHLl:\: MOJIC-

nmo c.u:erraTh 

1I0.u:a cy:-nrap

O~Iepa B ep;n-

,ll.OCTnrRYThl 

3an.uII Ha6mo-

3DorrReT pac

RaR' peaIHUIIO 

(4) 

pOCTa n:eIIl1; 

)~IIMl1: CTOJIK

(maJIa:'lm) ~IO-

(5) 

(iRe HHIdX qiaR
pa c ynemltfe-

1 
i 

Cl\OpOCTh TCPMlI'JCCJwii: IT01lJDICPlT:J(1J(lflf 

r;\o t::,:V - 113:'1101101lJlO OU'['O:'lla nlm oupa3onaTTlJJE 1 :-WJHI J(11MOpa J;J3 2 MO:Ioi1 

:'IIOllO~LOpa . 

BDO,ll.C:>I Torrcpb II (5) 'J:IOH S, oTpamaIOU\lIi1: J;J3MO]f()]cHO :\.lOJICI'YJIfIpnOI;O· 

Hcen C l\HmCClJne:'l1 IT cnH3aIlIILlii C !(OiiC'rDMOM CTOIlOI, COcy l\a M npmwcoif, 

a TU]';)1\O, n03:1wmuo, II I1IILJX, l\0 naCTOflID;oro npOMOllU lIO MCCJIC,ll.OHanm,JX 

(11~ll'T()POD, 'I'aI,mo 06yCJlanJJIIUaIOll~TlX OGpLTD n:eITolf. B naCTOHII\oii: paooTo MI,l. 

110 OCTuTtallJIHnaOMCH na l\eTaJIbTIO { paccMoTponH11 :)'£01'0 '[!JIona 11 ero 3amr · 

CIBIOC'fll 0'1' ,ll.anJIOTmIT. Y](ail(OM JlIfillh, 'ITO orr, nCCO:VIIlOIIllO, HDJWOTCIT, D lJa

C'l'fJOCTII, (Ilymu\IJoii nJJ3IWC'l'lI. nO~('I·Dcpm,ll.OnJifOM :)Toro HDJUIOTCIT YCTarrOllJICTf

][OC ll:IllHfJIrO nJJ3r,OCTR CPOJl:LI ]fa cpe~rIJifii MOJIOI,YJIJJPTlJ,ll,j: Bec nOJll1MepOD [10J . 
Bcch~ra xapal,TopHO TaEiT\O, 'ITO no ,ll.annbm A;rmJIJJX;)~la [6], POCT cpc,ll.noro> 

:'II0JIer,YJIHprrOro Dcca rrOJIHCTI1pOJIa C ~anJIOrrl1eM rrpJif 3MYJIhCJifOJIrroi,j: IIOJII1MO

pIl3an;rm (n' nO,ll.B) 3Ra~ll1TOJIhI10 lI10nhIIIe, 'IBM nprr 6JIo'IJIoH rrOJIJifMCpu3ariI1J1. 

3TO, D03~lonmo, 06'hHCHJJBTCH anOMaJIhnO MO,ll.JlerrTILn1 POCTOM Bf.l3HOCTH BO,ll.r,r 

C ynOJInqOHUOM ,ll.aUJIeRIIH. 

B HaCTOHID;ce BpeMll rrOT OCHODaTII1iI COMRonaThCll n ,ll.orrYCTHMOCTH nM,ll.OJIe

HIIll BCOX cpaRTopOB, 06YCJIallJIJifDaroID;11x Jif3MeHOHJifC :\lOJIOHYJIllQ.Horo Boca. 

C J\aDJIOTIHOM, D O'I'l\CJIbRblli tmon, nXO,ll.HID;HH n ypannOHJifO (5). TaI\HM ;06paaoM 

(6} 

(7). 

r)];o fl.! 0 - cpe,ll.HHi1: MOJIOI\yJIHPHLl:t1: Bec rrOJIHMOpa rrpH ,ll.aBJIOmm rrOJIHMepJif-

3an;HH, paBHoM 1 aTM: 

(8)\ 

(f)lnk~) ~_~ ~ T-- RT' (91 

<:! 
YpaBHoHlle (9) MO;I,eT CJIy;.rmTh ,ll.JIll J\OJIB'IeCTBeRHOll npoBepHH pa3BJifTLlX 

no.lIomeHIuI Ha Kom..:peTHOM :::lKcrrepH:'IWRTaJIhHOM MaTepHa.TIO. 

II?JIIIMepH3aU;UH CTIIpOJIa no~ ~aBJIenIIellI 

B pa60Te n. n. H06chO, E. B. HynIIIIIHcIwro H A. C . CO:-1CHOBOii: [51 
llCCJIe,ll.OBaHO BJIFUIHHe ,ll.aBJIeHJifH Ha HJifHeTlimy rrOJIHMepH3an:r,m CTHpOJIa npM 

,ll.aBJIeHIIHX J\O 6000 Rr/c)'12 B HHTOpBaJIe TOMrrepaTYP 62-132° C npu nm.w

ID:11 gvIJTaTOMeTpHlJ:eCKOM MOTO,ll.HHJif. ABTOphf Tar'OEO orrpciI.eJII1JTII BeJIJif'lHnbr 

ycaJ\HH W, Bbl3BaHHOM npeBpaID;eHIIoM 1 MOJIH MOBoMopa B rrommop, Jif JifCCJIe

!\OnaJIIl MOJIor-;ymlpnbro neca rrOJIY'lOHHLlX rrOJIHMOp013. l-hlll 6bmo YCTaHOBJIeH()I 

CIIJIbHOe YCIWPHIOID;oO ,ll.eiircTDJifO ,ll.an:IeHJifH na rrpon;occ nOJIIn1Cpn3an;JifJif CTJifpO

JIa. O,ll.RaI\O aBTopaM no ygaJIOCb YCTaHonHTh H31IOHeHlm CpO,ll.Hero MOJIORYJIJJp

nora Boca rrOJIHMepOB C ,ll.aDJIOHHe:'lf. 

B pa60TO ArHIIJIJIX3:'11a [6] JifCCJIe,ll.OBaHO BJIHllRBe i\aBJIemm Ha I,HHeTI-rHY

nOJIIDWpn3an:JifU CTHpOJIa rrpH 100° C Jif ,ll.aBJIeHHllX go 4000 aT:-1 (6JI0'1H31I 

rrOJIIn.{OpH3aI~HR) H 3000 aTM (3:\lYJIhCHOHHall rrOJIHMepHaan;HH). IIpn 3TOM aBTO

p011 06HapymeHo YBeml'leHHO y,ll.OJIhHOt! BH3HOCTJif 0,1% pacTDopa rrOJIHCTIiPOJI& 

. Ha 55% npH yne:m:'IeHUJif ;-(aDJIeHlflI C 1 ,ll.0 3000 aT~I rrpH 06bI'IROfi rrOJIlD!O

pH3an;HH Jif Ha 20% - IIpI1 3MYJIhCHOHHOl1:rrOJIH1WpH3an:I1Jif . CJIer.ryoT OT:'I1eTJifTh, 'l'fO' 

rrOCJIC',ll.HHe ,ll.aHHhle HaxoglITclI B COOTBOTCTBHH C ,ll.aHHLlMH JI. <D. BopeID;arHHa,. 

B. A. AepemIIJ,HOH 11 3 . A. Poromma [1J 06 yneJIH'lOHJifJif cpo,ll.HerO MOJIOKYJIHP

Horo Beca rrOJII1)'lepa 11eTIi.'D10Tar'pHJIaTa C POCTOM ,ll.aBJIeHHH npH rrOJIHMepH3an:HJif-
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]\f . r. l'olllmuopl' J! Ji. <1>. 13cPClI\UI'IlIC 

PaCC~IOTpCl!IlC l\!CTO,~I!I.;a pa60'l'LI 11. 11. H.0601w C COTfJ. 1I0r.;a3J,mae'l', 'ITO 

olla nc o()ccnCllItna:rIa 1130TCp~mlJOCT\Oro npOTCJ,aJIHlJ np01(CCCa IlOJIHMOIH13a~I' . 

lIIC/I\f(Y TN! B naC'l'onm:cc npO:llII MOnnIO C'II1TaTh TllCPJl;O yc'rarrOnJICrlfIbIM [1,6], 
'ITO IlaOTcp1!JI'IeC1WC npODcp;Cl1nc rrOJIl!MepIl3a~IU1 lJDJIlJe'rCfI PClllaIOm:HM YC:fO

BIIC:ll p;:m nOJIytICHlH[ npaDIlJIbrrLIX ]~allllLTX 0 I\HHCTIHW npOI~ccca 11 MOJJCr~y

.' UIJlllhlX Bccax rrO.'11l11CpOB. 

TIpn 1l0C.' [C) (YI01T\lIX paClICTax MLI nO.TJbaODaJIllCb l(aFlITLTMFl 06 ycaJl;lW 'W 

113 pa60Thl n. n. l\06CI~0 C C01'p . [5J, a mrrreTn~ICCI\11MI1 p;aHHbL\1H 11 cpe) (

rrlIlIflI JlfO.T1CI,YJWpmJ:l1Tf DCCallHI n0.TI11MCpOD - 113 pa60'l'bI ,lJ;mnJIJ[X3Ma [6J. CJfG

nYCT, O::\lIaEO, OTMCTIITb, lITO ImHCTI1'ICClmO h:PI1DLlG ,l],iI\HJIJI X 3:11 a , OC060HJlO 

p;.lIfI 3:1IYJIbCIIOHnoir rlomUWpIl3al(IIIf CTI1pOJra, OCITODaHLI Ha neaHa-'II1TOJlbHO:ll 

qnCJIe 3HcrrepmleHTa.T£bFIbIX TOLJCI~ H 6e3YCJIODIIO rry;r,p;aIOTCfI D YTO'IIIeHHH. 

J3Ha'laJIO l(OI,amClIf nOCTonrrCTDO DOJIIf'I lITLI tlv lpm JII060M CTYlIOHH IlOJII1-

!\lCpIIaa~IIII CTnpOJIa. ECJIU 3TO nOJIomenUO Depno, TO 

TJl;O n - CTonOHb nO.iJHlIfepvI3a~l'II1 

OTCIop;a 

rp;e d - Yil:eJIbHbIe ' Beca; 

1 =.ili (_1 ___ 1 ). _ 2Ml (d 2 -d,) 
W 1 d d - dd ' 

1 11 1 2 

rp;e 1111 - !\!OJleHYJIfIpHlJii: nec MOHOMepa . 

C Jl;pyroii CTOPOHbI, JIer:hO nOI,aaaTI" 'lTO 

A _ 2M 1 (d~ - d,) 
uV - d , d

2 
• 

TaHllM OOpa30:l! 

'W = ~v. 

PaBeHCTBO (14) rr03BOJIJIeT rrpoBepHTI, cnpaBe,1JIHBOCTI, (10) . 

(10) 

(11 ) 

(12) 

(13) 

(14) 

ITo UMOIO~aMCH JJ:aHHbIM [5], W il:JIH CTUpOJIa COCTanJIJIeT npH p = 1 aTM 

BeJIIl'lilHY - 23 C:lf3/"t.lOJII, . 

Terreph CJIe;:(yeT BbI'InCJIl1Tb ~v H3 p;aHHI,JX 0 IJ.1IOTHOCTfIX c'l'npoJIa If l1HCTI-r

pOJra (2,4-;:(ncpeFIIJJl6YTeHa -1) . B JIl'ITepaType HMeIOTCfI p;aHHbIe [11 J 0 rrJIOTHOCTJIX 

cTupo;ra,1,2- p;ncpeHIIIJI6YTeHa- 1 If 1,4- p;HqlelmJI6YTeHa-1. li3 HUX MI,! nOJIytrae:l1 

-3Ha'leHIIfI ~v, paBHbIe COOTBeTCTBeHHO - 23,6 M -,:24,3 CM3 /:llOJII, rrpM 15- 20· C. 
TaHmr 06pa30:lf IlOJIyqeHHoe COBrrap;eHne 3Ha'leHHii: W Ii ~v BnOJIHe YP;OBJIeT

BopHTe;rI,HO ; OHO rrOp;TBep)-I,p;aeT rrOCTOHHCTBO neJIH'lMHbI ~v n npo~ecce rro

JIUl\Iepn3a~IIH Ii rrOT~a3bIBaeT BeCI,Ma YP;OOHI,Ill cnoc06 eo onpeil:eJIeHHJI no 

llJIOTHOCTIDf nOJII'IMepa (c BLICOHHM 3Ha'leHIlO:I1 n) Ii MOHoMepa . 

B Ta6.:r. 1 npunep;eHbI pe3YJII,TaTbI paC'IeTa II3"t.feHeHHJI k~ C p;aBJIeHH0:11 

P;JIfI OJIo'lHoii nOJIHM:epH3a~HH CTHpOJIa npH 100· C, conOCTaBJIeHHhIe C COOT

neTcTByIO~I1MI1 neJIH'lHHa~m, paCC'lrrTaHHI,L\1I1 U3 3HcnepHMeHTaJII,HbIX p;aHHl>IX 

,l],iI,HJIJIX3!\Ia. 

1, 2 H 3-ir CTOJI6~hI Ta6mu(hI BocrrpoII3BoP;fIT 3HcrrepHMeHTaJII,HhIe p;aHHbIe 

.il.iHUJIJIX3:1la, .Il -ir CTOJI6ol( - Cpep;HI1e :I10JIeI,YJIJIpHI,le Beca rrOJIl1MepOB, pac

C'IHTaHHbIe li3 )\aHHhIX 3-ro' cToJI6~a rro cpOpMyJIC 

(15) 

rp;e 3Ha'leHHe ["tJl rrpHHHTo paBHI,I!l1 "tJsp/c, K=1,12 ·10-4 , 0:=0,73 (CM. [12]) . 

0 

.:.: 

1 

B 5-~1 CT 

Jff>lX ' 0 k~ (2 , 

B 6-M CT 

.. 11 HtrHTIe ycap; 

1micmo ll.(CrOCf 

Ha:hOHe~, 

CorrOCTaB: 

..rreTBop11Te;r1>1 

ll.l1l1l1UnC 

pan! 

1 
1000 
2000 
3000 
-'LOOO 

PaC'1eT [, 

~lepl'I3a~mI 

[k~JBblq . Op; . 
cOBepmeHHo 

p;ByM TOlma • 

IIprrBep;m 

Morr~HOCTH III 
pn3a~Hn C p 
Mepa (HJUI 

VIaJIOrHeH 

}.tOCTI, DbICI~a 

.CI,;yP;HO:l1Y, 3 

nOmll1ICpIl3a 

MoryT U:lleTh 
OOhl'lHO;l{ p;a] 

EcmI IIp. 
OO'l>eMa ~V7'< 
I1HH~HnpOBa ' 



13l>1naCT, 'ITO 

mCpII3alllIl[. 

vlmhl~{ [1,6], 
.OII(Inl YC:lO-

11 :I!O:IOI,y-

6 yca;v,o 'W 

.nIH n cpe;\

:I[a [6]. C.'IC
la, ocOOellHl) 

la'lIITC:IbHO:l! 

O'IHCmIH. 

'nOHH rro.'JII -

(10) 

(11 ) 

(12) 

(13) 

(14) 

:I P = 1 aT~1 

.'Ia n J(ITCTrT

) n.:zOTHOCTHX 

1hl no:rV'lae:lf 

IT 15-'20° C. 
He YJ(OB:rOT

Ipo~ecce no

Ae:IeHlUI no 

;:J;aBJIeHIIe~l 

lEhle C COOT

ahlX .L\aHHhlX 

Hhle .L\aHHhle 

mepon, pac-

(15) 

73 (C~f . [12]) . 

. I, 

I 
,(I 

l 

CJWpOC1'h TCP:lfl1'lCCIWii JIO.lmrcpH3UI(lfU 

D 5-:11 CTOJIOl.\O TUOJIrIl(bl }(UJTbI 31laTJOITlm [k~]DliCU' 

m,lX 0 ko (2-ii CTOJIOOll) II 711 (1-ii: CTOJIOCl1), npI1'lCM 

llbI'IMCJlOH IlLIC 113 gaH-

B G-lIl CTOJIUI(O TaOJ1l1l.\LI npM130.L\Onhl P03YJILTaTbI paC'lOTa (no J(aHHLI.\>{ 0 nc

.jm'InTIO ycagmI 'li!.! [5]) npanoii: 'laCTM ypamromm: 

, 1 r-
In [kol = - RT J !1vd p, (16) 

1 

l1umrrow;orOCfI pOUJOflueM (9). . 
HaIWHOl.(, n 6-11 CTOJIOl.\O HaHLI BblTfMCJIOnHhIO no (16) 3Ha'lemm [k~lnlJq. ' 
CorrOCTanJIOHilO 3rraTfORHii: [leo' ]"I'C H [ko'1n nOI,a3LmaeT J(OCTaTO'lHO y.L\on-... \ n . . hPI. 

~'leTnOpIITenLHylO CXOJ\I1MOCTb npI1 J(anJIemUIX 2000, 3000 H 4000 an!. 

T a 6 .'1 J[ J\ U i 

BJIIUUIlIC .nUB.TICIIIHI lIa npOIWCC OJJO'IIloii nOJIIIMCpIl3a~1I1! CTllpOJIa. npl! 100°C 

ko % upenp. ·~s/c 0,1% B M -10-· [k'o]OI,cu 
j P 

[,~;] Bblq l' 3TM --StJ.vdp qac CHCI, RTf 

I I 2 3 " 5 6 7 

1 3,40 1,19 4,46 1 0,0 1 
tOOO 5,06 2,00 6,69 1,0 0,657 1,93 
2000 15,9 2,09 7,10 2,93 1,18 3,25 
3000 34,3 2,34 8,28 5,42 1,65 5,22 . 
/1000 50,0 

'/ 
2,52 9,18 7, '13 2,09 8,16 

PaC'ICT [k~J3Iicn. no p;aHHLIlI1 )J;;.rmJIJIx<l:lia 0 RHHeTHRO 3My.1,bCHOHHOii: Iloml

:\leprI3a~Im nprmo}:\uT], pe3YJlbTaTar.r, HOCROJIbHO npeBLIllIarom;HM 3Ha'lOHIHl 

[k~JDlJq . O}:\Hal';o MLI He npHnOp;I1M 3TI1X .L\aHHLIX, Tal< HaH OHn nO.TIY'IeHhl Ha 

coneprneHHO HogocTaTO'lHO~l ilRcrreprn1eHTa:rbHO:\1 MaTep('laJIO (I1HOrp;a ncero no 

p;nyM TO'lHaM) . 

IIpHBegeHHhle n Ta6JI. 1 .L\aHHhlO rr03nOJIflIOT CAeJIaTL 3aHJ1l0'leHne 0 1303· 

:llO;r,HOCTM rrpM6mnReHHoro paC'leTa n3MeHOHIUJ ROHCTaHTLI Cl<OPOCTH rromn.:e

pU3al.\I1H C POCTOM .L\anJIeHHH no BOnI1tII1HaM CiI,MMaeMOCTH MOHOMepa H rrO.'lM-

Mopa (~I.1III yca;V,H rrpI1 rrOJIHMepM3aI~HM). '., 

H3JIOiEeHHbIe B rrpeJ(bI}:(ym;eM pa3;(eJIe paCtIeThl rrop;TBeplI,p;aIOT rrpI1:IleHH

MOCTL BhlCI,a3aHHhlX Ha~m 06Il.(HX IIOJIOiI\eHHM R n?1eIOm;O?IYCJI, XOTfI M BeC,bMa 

C~y;:J;Hm.!y, :mcrrepMMeHTaJILHo~ly MaTepMaJIY no I,I1HeTHI\8 TepMHtIeCI,ofI lierrHoii: 

no.-1M~lepH3al.\MH rrpH BhlCOI,UX ;wnJIeHHHX. O}:\HaRO STU 06IJ~I10 nOJIOrr,eHHH 

:\wryT H~1eTb 3Ha'leHMe M }:\JIH pa3'hfICHeHMJI MexaHH3Ma IIOJII1MepIl3al.\MI1 IIpH 

06bI'lHOM }:\aBJleHHI1. 

ECJIM rrpaBI1JILHO C}:\CJIaHHOe Ha11lf rrpe}:\llonoiI,eHI1e ·o 6JIH30CTM II3MOHeHI1ir 

06'Le~1a !1v <F npI1 o6pa30BaHI1I1 aHTI1BHpOnaHHhlx HOMlIneRCOB rrpI1 rrp0l.(eccax 

HHHl.(I1I1pOnamm, pOCTa H 06pLlDa l.(erreii:, TO eCTeCTBeHHO j(orrYCTI1Tb I1 6JIII -

jl , 
'f 

I, 
f 



1.12 M. r. l'Olllll,GCPl' II Jr. (1). Bupeu~anllC 

30CTL 113:'.IClIl'lllIii :)IITPOIIllii: /).S " llJlII oGpa30nalllllf al,'J'JllJMpOJJUrnlr,rx ]WMTfJlCJ(

(:013 U :)TI!X rrpOl\CCCUX. HpaUlIJJhlJOC'l'b 'faJwro )\OnYIJ(ClIUH CnIfJ\C'1'C;nCTlJOna:rR 

UhI ° G:lTI30CTII C'l'POClIlIH Yl,a3UlJlU,J.X UI('1'lIHlIpOnaTllILfX IW~HJJIOJ'COH . 
H ]JaGuTo II. 11. HOGOHO II COTp . [5J 6f;!JlO 1101\asano, qTO npl! T -;. 00 SJlu'mrcl1c 

19 .11 CTPO:-llI'ICH I, ny,no. HaT_ crrpanoj(.'lHBo YI\a3T,TBaIO'f JlasnumJ],Je aJJ'l'Op],I, 

:)'1'0 OOC'l'OHTCJlLCTnO CDlIJ(OTO:lLC1'lJYO'1' 0 6:l1J30CTU 3Ha'fcHuii: fWnC'l'an'l' A JJ ypan

llC'lIllHX AppClll\YCU nJIFI npOl(CCCOlJ POC'fa 11 00l'LllJU I~OllOi1:. O;(IIUI\o orm J\O-
:lUIOT liS 8'1'01'0 neOOOCflonallllhlii: J3LlTJO;:( 0 TOM, 'I'1'0 pCaW\HIf POC'fa If 06pI,lTJa 

l(enal!, OY;()"IlI G."{I1S1'IDm no clJocii npnpo)\o, HlJJUHOTCH (mOpMaJlhnhD1W) 

POaI,l\IImm (xn pm,To pl!syIOu~mmcn. noGo.' [bUIIIMII 3H{l'IOIJl Jll~1l1 /).S "'), a poummH 

llllllu.llupOnamlIT .u,orroii: - «l\lCJ\JIOlUIOii» peal,l(lleii: (c GOJlhI.Ul'IM OTpu.u.a'fC'IhllI,l:I1 

3TlU'WrmO:\f /).S " ). B J(eiicTJ3IITOJlhlIOC'l'rr GJ1IISOC'l'h srra'lcrrnii: }wnCTanTl,I A 
1l01lCO HO cnIIJ(eTCJlhcTDYOT 0 (<IIOpl\1aHhrrOCTIi» paccMaTpHDacMLIx poal'.u.Hii. OHa 

03UaqaOT :TrrUIh 6,ITHSOCTh SnaqeRIlii: /).S ·" , HOO, HaH n3DOCTII0, corJJaClTO TCOpV!Jf 

nepexoJ(TIoro COCTORIIUR 

(kT) ri-. A = e 7t- e AS . / R • (17)-

~lhl 'no:Jarae:\f, ~ITO ·6JIHSOC'fh HonCTaHT A D pCaI\l~IUIX POC'fa II 06pLIBa 

Il,errcii: II 6:TIISOCTh' SIIaqeIIHii: /).v '" J(:Ifl pOCTa, 06pLIDa H HIIHI\Hl'IpODanHfl 

lJ,erreii: J(eJIaIOT DepORTHLIM aHaJIOrI1'IHOC CTpoeHne aRTHDl'IpODaHHhlX IWMnJIeI-,

con DO ncex :)TIIX Tpex npOI~,cccax, :lCn,aIT\IIX n ocnODe TepMFPlecr"\Oil nomD1C

pnSalJ,nII . 

1. AaHa J~pIITIII.;a ypaBRoHIIR Cl\OpOCTH pOaI\.u,HM nO.TJHMepHsau.IIII, npeJ(

.7I0a'CHHoro CTepHoM Ii 8tipI1HrO~L 
2. npc;POn,eHO ypaBneRnc, DbIpamaIOm;OO saDnClUIOCTh cr,;opoCTH nOJUD1C

pU3a.u,nrr OT p;aB."lCRnfl , II nOJ{a3ana npl1MeHlIMOCTh 8Toro ypannemm J{ SJ{CIIC

plI~1CHTaJIhnhm J\anHLIM no TcpMWleCl\oir nomIMepl'lSa.u,mI CTHpOJIa npn BLICOJ{HA: 

J(aBJIenIlRX. 

AI,a]:le~urfI Hay I'; CCCP 
IIUCTII!YT op1'auu1:Iecl\ou XmllH1 
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