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COOTHOlIIeHllJI Me)K)l;yTepMO,IlJIHaMlIqeCKlIMII
CBOHCTBaMIIpa6oqero BemeCTBa

,D,-p meXH. HayK, npor/J., aKaoeMuK MAX A.B. KJIEUKI1H
CaHKm-flemep6YP2cKUU 2ocyoapcm8eHHbiu yHu8epcumem

HU3KomeMnepamypHbix U nuU{e8blX meXHO/102UU

Relationships between thermodynamic properties of a working substance
are presented that may prove useful in the case of discrepancies between
experimental data of different authors, in the calculation of corrections for
the values, taking into account the deviation of actual course of the
experiment from the theoretical version and in the other cases.

CJIe,n:YIO~He H3 nepBoro H BTOpOro 3aKOHOB TepMo,n:HHa-

MHKH cTpome ,n:H(p<pepeH~HaJIbHbIe COOTHoweHHH Me)f(,n:y

PaJJIHlJHbIMH xapaKTepHcTHKaMH pa60lJero TeJIa, HanpH-

Mep ypaBHeHHH MaKCBeJIJIa H xapaKTepHCTHlJeCKHe <PYHK-

~HH C HX npoH3Bo,n:HbIMH, npe,n:ocTaBJIHIOT 60JIbWHe B03-

MO)f(HOCTH .D:JIHBbIBo,n:a nOJIe3HhIX ,n:JIHnpaKTHlJeCKOrO HC-

nOJIb30BaHHH <pOpMyJI, n03BOJIHIOlliHX YTOlJHHTb HMelOlliy-

IOC5I 11H<popMa~HIO no TepMo,n:HHaMHlJeCKHM cBollcTBaM

BeWeCTBa.

MHoro06pa3He I1cnonb3yeMhlx B npOMbIllIJIeHHOCTI1 pa-

60411X Ten, no K~OMY 113KOTOpbIX BbInOJIHeHbl 3KCnepl1-

MeHTaJIbHble HCCJIe,n:OBaHI15I.D:JI5IHH,n:HBH,n:yaJIbHOrO nepelJH5I

CBOHCTB, B KOHKpeTHbIX HHTepBaJIaX napaMeTpOB COCT05I-

HI15I, C onpe,n:eJIeHHblM ypoBHeM norpellIHOCTH 113MepeHHH,

n06y)f(.LJ:aeT HCKaTb HOBbIe, 3<p<peKTHBHble ,n:JI5Ionpe,n:eneH-

HbIX cHrya~HH COOTHOWeHH5I.

Ha MOH B3rJI5I,n:, 3TH COOTHOWeHH5I oc06eHHO lJaCTO MO-

ryT OKaJaTbC5I nOJIe3HbIMH B CJIe,n:ylOlliHx CJIYlJa5Ix:

paCXO)f(.LJ:eHHe Me)f(.LJ:y onblTHbIMH ,n:aHHbIMH pa3HbIX aB-

TOpOB HJIH Me)f(.LJ:yannpOKcHMHpylOlliHMH 3TH ,n:aHHbIe aHa-

JIHTHlJeCKHMH 3aBHCHMOCT5IMH CYllieCTBeHHO npeBbIwaeT

yKaJaHHylO norpeWHOCTb H3MepeHHH, H He5ICHO, KaKOH HH-

<popMa~HH CJIe,n:yeT OT,n:aTb npe,n:nOlJTeHHe;

CnO)f(HOCTb 113MepeHI15I C ,n:OCTaT04HOH TOlJHOCTblO HY)f(-

Horo napaMeTpa B onpe,n:eneHHOH 06JIaCTH H3-3a 60nbWI1X

norpeWHOCTeH H3MepeHI15I, OTCyTCTBH5I npH60pOB Hy)f(HO-

ro KJIaCca TOlJHOCTI1 HnH ,n:pymx npHlJHH;

npOBepKa BHYTpeHHeH TepMo,n:I1HaMHlJeCKOH COrJIaCOBaH-

HOCTH Me)f(.LJ:y3HalJeHH5IMH PaJJIHlJHbIX CBOHCTB, npe,n:CTaB-

neHHbIX B CnpaBOlJHbIX Ta6JIH~aX;

paClJeT nonpaBOK K BeJIHlJHHaM, YlJHTbIBalO~HX OTKJIO-

HeHHe peaJIbHOrO xo,n:a 3KcnepHMeHTa OT TeOpeTHlJeCKOH

BepCHH.

IlpOUflJl10CmpupyeM U3JlOJICelJHOenpUMepaMU. B
CnpaBOlJHblX TepMo,n:HHaMHlJeCKHX Ta6JIH~aX CBollcTBa pa-

60lJHX BellieCTB Ha JIHHHH paBHOBeCHH )f(!1.D:KOCTb- nap CTpe-

M5ITC5I npe,n:CTaBHTb BO BceM ,n:HanaJOHe TeMneparyp - OT

TpOHHOH TOlJKI1 ,n:o KpHTHlJeCKoH. Kor,n:a OrpaHHlJeHHOCTb

onbITHbIX ,n:aHHbIX He n03BOJI5IeT 3TO c,n:eJIaTb, Bce paBHO

CTpeM5ITC5I OXBaTI1Tb B03MO)f(HO 60JIbWHH TeMneparypHbIH

HHTepBaJI. I13BecTHO, 4TO MHorHe XOJIO,n:HJIbHbIe areHTbI

HMelOT BeCbMa HH3KI1e TeMneparypbI 3aMep3aHH5I. OonbIT-

KH np03KCTpanOJIHpOBaTb 3aBHCHMOCTb ,n:aBJIeHH5I HaCbI-

llieHH5I OT TeMnepaTypbl, HaH,n:eHHylO no OnbITHbIM ,n:aH-

HbIM, ,n:aJIeKI1M OT TpOHHOH TOlJKH, MO)f(eT npHBeCTH K'ma-

Lll1TenbHblM norpeWHOCT5IM. OTMeTI1M TaK)f(e, 4TO npe-

~113HOHHble H3MepeHI15I .llaBneHHH HaCbI~eHH5I (B HeCKOJIb-

KO paJ MeHbWHX aTMoccj)epHoro) COnp5I)f(eHbI C onpe,n:e-

neHHblMH Tpy,n:HOCT5IMI1. BMeCTe C TeM HeKOTopble COOT-

HOWeHI15I TepMo,n:I1HaMI1KI1 n03BOJI5IIOT BbInOnHI1Tb 3KCT-

panOJI5I~111O TepMo,n:I1HaMI14eCKHX CBOHCTB pa60lJI1x Be-

weCTB Ha JII1HI1I1 paBHOBeCI15I <pa3 B CTOpOHy HH3KHX TeM-

neparyp BeCbMa KoppeKTHO.

)J.H(p(l)epeH~HpY5I no TeMneparype TO)f(.LJ:eCTBOr = h" - h'
H nOJIara5I, lJTO napOBa5I <pa3a npH OlJeHb HH3KHX TeMnepa-

Typax 06JIa,n:aeT CBOHCTBaMH H,n:eaJIbHOrO raJa, a npOH3-

Be,n:eHHe v'(dP/dT) npeHe6pe)f(HMO MaJIO, nonY4HM COOT-

HOllIeHl1e

dr (} ,
dT = C" -cX'

r,n:e r - TenJIOTa napo06pa30BaHH5I;

c~ - 11306apHa51 Te~noeMKocTb H,n:eaJIbHOrO ra3a;

, ~ex - TenJIOeMKOCTb HaCblllieHHOH )f(H,n:KOCTH.

B yKa3aHHoii 06JIaCTI1 napaMeTpOB COCT05IHH5I v"» v'
TenJIOTa napo06pa30BaHI15I B COOTBeTCTBHH C ypaBHeHHeM

KnaneiipoHa - Knay311yca onpe,n:eJI5IeTC51 <popMynoH:

RT2 dp,
r=----

P" dT'
r,n:e P, - ,n:aBneHHe HaCblllieHH5I.

I13 cj)OpMynbI (2) cne,n:yeT, 4TO YMeHbweHHe ,n:aBneHH5I

HaCblweHI15I npl1 caMOH HI13KOH B paccMaTpHBaeMoM ,n:Ha-



na30He TeMneparype, Be~I..Qee K pocry YKJlOHa JIHHHH paB-

HOBeCIDI <pa3 dP/dT, Bbl3bIBaeT 3HaqHTeJIbHOe yBeJIHqe-

HHe TenJIOTbI nap006pa30BaHIDI. 3TO npHBO)l,HT K pOCTy

a6COJIIOTHOHBeJIHqHHbl npOH3BO)l,HOH dr/dT H B COOTBeT-

CTBHHC <pOPMYJIOH(1) K YBeJIHqeHHIO TeWlOeMKOCTH c~ .

TaKHM 06pa30M, OnbITHbIe )l,aHHbIe no TeWlOeMKOCTH

Hacbl~eHHoH )I(H)l,KOCTHnpH HH3KJiX TeMneparypax n03BO-

JUlIOTBbmOJIHHTb npaBHlIbHYlO 3KcTpanomll.\HIO 3aBHCHMO-

CTHP. OT T B 06JIaCTb HH3KHX TeMneparyp. OrMeTHM, qTO

o , 6TenJIOeMKOCTH Cp H Cx OJIbllIHHCTBa TeXHHqeCKH BIDK-

HbIX pa60qux BeI..QeCTBH3BeCTHbl. 113MepeHHH TenJIOeM-
. ,

KOCTIoiCx npH HH3KHX TeMneparypax C nOMOI..QblOKaJIOpH-

MeTpW-IeCKOH yCTaHoBKH MO)l(HO BbmOJIHHTb C BblCOKOH

T04HOCTblO.

YpaBHeHIDI (1) H (2) CnpaBe)l,JIHBbl npH )l,aBJIeHHHX no-

pAAKa 1 Klla H HH)I(e. DPH 60JIee Bb!COKJiX)l,aBJIeHIDIX (npH-

MepHo )l,0 10 Klla) OTKJIOHeHHH CBOHCTB peaJIbHOrO ra3a

OT H)l,eaJIbHOrO B nOJIHOH Mepe Y4HTbIBalOTcH BTOPblM BH-

PHaJIbHbIM K03<P<PHI.\HeHToM[1]. B 3TOM CJIy4ae paCqeT-

HbIe 3HaqeHIDI TenJIOeMKOCTH < MOryT 6blTb HaH)l,eHbl

)l,H<p<pepeHlUipoBaHHeMnonyqeHHoro HaMH BbIpIDKeHIDI )l,JlH

3HTaJIbnHH HaCblI..QeHHOH)I(H)l,KOCTH:

h'=h +RT(B_TdB)_Tv"dP,
o v" dT dT'

me B - BTOPOHBHPHaJIbHbIH K03<p<PHu,HeHT;

ho - 3HTaJIbnHH B H)l,eaJIbHO-ra30BOM COCTOHHHH;

v" = RT I P, + B - y)l,eJIbHblH 06'beM cyxoro HaCbl-

~eHHoro napa.

3aBHcHMoCTb )l,aBJIeHHH HaCbl~eHHH OT TeMnepaTypbl

HY)I(HO KOppeKTHpOBaTb, )l,06HBaHcb COBna)l,eHHH BblqHC-

JIeHHbIX no ypaBHeHHIO (3) H OnbITHbIX 3HaqeHHH <.
KaK nOKa3bIBaeT npaKTHKa, B Ta6JIHu,ax TepMO)l,HHaMH-

qeCKHX CBOHCTB XJIa)l,areHTa, COCTaBJIeHHbIX 6e3 yqeTa

COOTHOllIeHHH (1) - (3), 3HaqeHIDI TeTIJIOeMKOCTH < npH

HH3KHXTeMneparypax MOryT OTJIHqaTbCHHa 20 % no cpaB-

HeHHIO C OnbITHbIMH, qTO 60JIee qeM Ha nOpH)l,OK npeBbl-

IIIaeT norpelliHocTb cOBpeMeHHoro 3KcnepHMeHTa.

,l{pyzou npUMep. ):VIH MHorHX pa60qux BeI..QeCTB,B TOM

qHCJIe XJIa)l,areHTOB, HCCJIe)l,OBaHHHHaCblI..QeHHOH)I(H)l,KO-

CTH BbmOJIHeHbl BeCbMa nO)l,p06HO H OXBaTblBalOT IIIHpO-

KHH nepelJeHb CBOHCTB. COOTBeTcTBylOI..QaH HH<popMau.HH

npe)l,CTaBJIeHa B TepMO)l,HHaMHlJeCKHX Ta6JIHu.ax. AHaJIO-

rHqHbIe )l,aHHble no CBOHCTBaM HeHaCbII..QeHHOH(C)I(aTOH)

)I(H)l,KOCTHOTCyTCTByIOT. O)l,HaKO C nOMOI..QblO)l,H<p<pepeH-

U.HaJIbHbIX ypaBHeHHH TepMO)l,HHaMHKH MO)l(HO BblBeCTH

COOTHOIIIeHIDI, KOTopbIe n03BOJIHIOT BOCnOJIHHTb3TOT npo-

6eJI. J!:H<pepepeHu.HpyH no TeMneparype npH x = 0 (JIHHHH

HaCbIll~eHHOM)I(H)l,KOCTH)BbIpIDKeHHe )l,H<p<pepeHu,HaJIa)l,aB-

JTeHHH,KaK epyHKU.HHTeMneparypbI H nJIOTHOCTH, nOJIy4HM

dp,. (dP) (dPJ dp'
dT = dT p=p' + dP 1; dT '

r)l,e npOH3BO)l,HaH CoplaT)p onpe)l,eJIHeT BeJIHqHHY yKJIOHa

H30XOP )I(H)l,KOCTHBp, T-KOOp)l,HHaTaX B TOqKaX HX nepece-

qeHHH C JIHHHeM paBHOBeCHH )I(H)l,KOCTb- nap, T.e. HalJaJIb-

HOro (CTapToBoro) yKJIOHa H30XOP )I(Jf)l,KOCTH,yxO)l,HI..QHXB

06JTaCTb BblCOKHX )l,aBJIeHHH. Do BeJIHtIHHe yKJIOHa MO)I(HO

paCCqHTaTb nJIOTHOCTbHeHaCbII..QeHHOH)I(H)l,KOCTH,nOJIb3Y-

HCb TeM, qTO Bp, T-KOOp)l,HHaTax H30XOpbl )I(Jf)l,KOCTHnpaK-

TH'IeCKH npHMOJIHHeMHbI. DPOH3BO)l,HbIe (ap/aT) H (ap'/a]),

BXO)l,HI..QHeB COOTHoweHHe (4), HaXO)l,HTno 3aBHCHMOCTHM

)l,aBJTeHHHHaCblmeHHH H nJIOTHOCTH HaCblI..QeHHOH)I(H)l,KO-

CTH OTTeMneparypbI. HaKoHeu., nOCJIe)l,HjlH BeJIHqHHa, BXO-

)l,HI..QaHBypaBHeHHe (4), npOH3BO)l,HaH (d pi dp )T, (Ha4aJIb-

HblM yKJIOH H30TepM BP,p-KOOp)l,HHaTax) MO)l(eT 6bITb on-

pe)l,eJIeHa no T04HOMY TepMO)l,HHaMHqeCKoMy COOTHowe-

HHIO

r)l,e w' - CKOpOCTbpacnpocTpaHeHIDI 3ByKa B HaCblI..QeHHOH

)I(H)l,KOCTH;

, I 6c,. H cp - H30xopHaH H H30 apHaH TeTIJIOeMKOCTHHa-

CblI..QeHHOM)I(H)l,KOCTHco CTOpOHbI O)l,H0<pa3HOH06JIa-

CTH.

,lJ;.nHnpoBepKH npe)l,JlO)l(eHHOrO cnoc06a paclJeTa nJIOT-

HOCTH)I<H)l,KOCTHnpH BbICOKHX)l,aBJIeHIDIX C nOMOI..QblOco-

OTHOllIeHHM (4) H (5) 6bIJI BblqHCJIeH HaqaJIbHbIH yKJIOH H30-

XOpbl aMMHaKa, cooTBeTcTBylOI..QHH nJIOTHOCTH638,5 Kr/M3,

a 3aTeM no epopMyJIe

p~ p, +(~n,<T-T,)

HaM)l,eHO )l,aBJTeHHe npH TeMnepaType 10°C, paBHoe C

yqeTOM norpeIIIHocTH onbITHbIX )l,aHHbIX 196 ±4 MDa, qTO

cooTBeTcTByeT oWH6Ke B onpe)l,eJIeHHH nJIOTHOCTH )I(H)l,-

Koro aMMHaKa no cpaBHeHHIO co CTaH)l,apTHbIMH CnpaBOY-

HblMH )l,aHHbIMH [2], MeHbwe qeM 0,05 %.
OTMeTHM, 4TO KpHBH3Ha H30TepM )I(H)l,KOCTH B p,P-KO-

Op)l,HHaTax 3Ha4HTeJIbHO npeBbllliaeT KpHBH3HY H30XOp. 3TO

npHBO)l,HT K TOMy, 4TO pac4eT nJIOTHOCTH HeHaCblI..QeHHOH

)I<H)l,KOCTHnyTeM 3KCTpanOJIHlJ,HH no H30TepMaM OKa3blBa-

eTCH 3aMeTHO 60JIee rpy6blM.

TIPH OTCyTcTBHH HHepOpMaU.HHno H30XOpHOM H H306ap-

HOM TenJTOeMKOCTHM HaCblll~eHHOH )I(H)l,KOCTH ee MO)l(HO



,
nOJIY'IHTb no ,D,aHHbIM0 TermoeMKOCTH Cx , HCnOJIb3yH CJIe-

,D,y1O'-UHeCOOTHOIIIeHHH:

, , T (ap) dp'
C" = Cx + (p')2 aT p' dT'

dp,
dT

ECJIH 3TH BbIpIDKeHHH ,D,JIH H30XOpHOH H H306apHOH Ten-

JIOeMKOCTeH HaCblIII.eHHOH )l(H,D,KOCTHnO,D,CTaBHTbB <pop-

MYny (5) H IlonyqeHHOe ypaBHeHHe peIIIHTb COBMeCTHO C

COOTHOIIIeHHeM (4), TO IlOCJIe Ilpe06pa30BaHHH IlOnyqHM:

dp, 2 dp'---w --
dT dT

1 T dp' (dP, 2 dP')'
- C;(p')2 dT dT - w dT

<!>opMyJIa (9) BbIBe,D,eHa H3 TOqHbIX TepMO,D,HHaMHqeC-

KHX CooTHoIIIeHHH H nOToMY CnpaBe,D,JIHBa BO BceM ,D,Hana-

30He TeMneparyp - OT TpOHHOH TOqKH ,D,OKpHTHqeCKoH.

aHa n03BOJIHeT paCCqHTaTb HaqaJIbHbIH yKJIOH JIlO60H )l(H,D,-

KOCTHOHH30XOpbI Bp, T-KOOp,D,HHaTax. TaK KaK npOH3BO,D,-

HaH (dp'/dn = 0 npH KpHTHqeCKOH TeMIleparype, JIerKO

nOKa3aTb, qTO <popMyJIa (9) 06eCneqHBaeT C06JIIO,D,eHHe

npaBHJIa IlnaHKa -rH66ca B KpHTHqeCKOH TOqKe.

EUJe OOUH npUMep. fIpH H3MepeHHHx H30XOpHOH Ten-

JIOeMKOCTHBeIII.eCTB CTpeMHTCH C,D,eJIaTbKaJIOpHMeTp JIer-

KHM H TOHKOCTeHHblM, qT06bI YMeHbIIIHTb ry qaCTb no,D,-

BO,D,HMOHTenJIOTbI, KOTopaH paCXO,D,yeTcH Ha HarpeB ca-

Moro KaJIOpHMeTpa. 31'0 npHBO,D,HT K TOMy, qTO K HeH3-

6e)l(HOMY YBeJIHqeHHIO 06'beMa KaJIOpHMeTpa H3-3a nOBbI-

rneHHH TeMneparypbI ,D,06aBJIHeTCH,D,e<popMaQHH KaJIOpH-

MeTpa B pe3YJIbTaTe YBeJIHqeHHH ,D,aBJIeHHH.B HTore H3-

MepHIOT He H30XOpHylO TenJIOeMKOCTb, a KBa3HH30XOp-

uylO. fIpH nepeCqeTe pe3YJIbTaTOB OnbITa Ha Cv He06xo,D,H-

MO 3HaTb COOTHOIIIeHHe Me)l()J,y YKa3aHHbIMH TenJIOeMKO-
CTHMH. ,lVIH ero BbIBO,D,anpe,D,CTaBHM 3HTponHIO B BH,D,e

<PYHKQHHTeMneparypbl H y,D,eJIbHOrO06'beMa. fIPO,D,H<p<pe-

peHQHpyeM ,D,H<p<pepeHQHaJI3TOH <PYHKQHHno TeMnepary-

pe B,D,OJIbKBa3HH30XOpbI. fIOJIyqaeM H3BeCTHoe COOTHO-

rneHHe Me)l()J,y qaCTHblMH npOH3BO,D,HbIMH:

fIPOH3BO,D,HbIe,OTMeqeHHbie HH,D,eKCOM"3", B3HTbI B,D,OJIb

3KcnepHMeHTaJIbHOH KBa3HH30XOpbI. YMHO)l(aH JIeByIO H

npaBYIO qaCTH 3TOro ypaBHeHHH Ha a6COJIIOTUYIO TeMne-

parypy H yqHTbIBaH, qTO no O,D,HOMYH3 COOTHorneHHH MaK-

CBeJIJIa

TaKMM 06pa30M, nonpaBKa K nOJIyqeHHblM B 3KCIlepM-

MeHTe 3Ha4eHHHM TenJIOeMKOCTH C, paBHa

boC - _T(ap) (av)
aT" aT,

B ,D,BYX<Pa3HOH06JIaCTH npOH3BO,D,HaH(dp/dnv = dp/dT.
06bl4HO nonpaBKa MaJIa npH HH3KHX TeMnepaTypax, HO

MQ)I<eT ,D,OCTMraTb npH BbICOKHX TeMneparypax HeCKOJIb-

KHX npOQeHTOB OT BeJIH4HHbI C"

.L{JIHnepeCqeTa nOJIyqeHHblX 3HaqeHHH Cv Ha <pHKCHPO-

BaHHoe 3Ha4eHHe y,D,eJIbHoro 06'beMa HJIH Ha IlOrpaHHqHble

KpHBhIe )l(H,D,KOCTHH napa He06xo,D,HMO HMeTb ,D,aHHble, KaK

MHHMMyM, Ha ,D,ByXH30xopax. OTMeTHM, qTO BuyTpM ,D,BYX-

<pa3HOH 06JIaCTM napaMeTpOB COCTOHHMHH30xopHaH Ten-

JIOeMKOCTb Ha H30TepMe YBeJIHqHBaeTCH JIMHeHHO OT 3Ha-
," 6qeHHH c" ,D,O3HaqeHHH cl' npH pOCTe y,D,eJIbHOrO 0 'beMa

OT y' ,D,Oy". B COOTBeTCTBHH C H3BeCTHhiM TepMO,D,HHa-

MHqeCKHM TO)l(,D,eCTBOM

( ~: ), = T ( ~:, J
B 06JIaCTH ,D,ByX<pa3HbIXCOCTOHHHHHMeeM:

( acv) = T d
2

~\ •

dv l' dT
CooTHorneHHe (15) CBH3bIBaeT pe3YJIbTaTbI KaJIOpH'-Iec-

Koro 3KcnepHMeHTa co BTOpOH IlpOH3BO,D,HOHOT ,D,aBJIeHHH

HaCblIII.eHHH no TeMnepaType, KOTopaH MO)l(eT 6hITb pac-

C4HTaHa no pe3YJIbTaTaM TepMHqeCKHX H3MepeHHH. B on-

pe,D,eJIeHHOMTeMnepaTypHoM HHTepBaJIe OHO OKa3bIBaeT-

CH nOJIe3HhlM ,D,JIH COfJIaCOBaHHH H COBMeCTHOH 06pa60T-

KH Ha 3BM 3THX pa3HOpO,D,HhIX OnbITHbIX ,D,aHHbIX.

ITepexo,D, OT OIlblTHblX 3Ha4eHHH H30XOpHOH TenJIOeMKO-

CTH HacblmeHHoH )l(H,D,KOCTHco CTOpOHhI ,D,BYX<Pa3HOH06-~ ,
JIaCTH K TenJIOeMKOCTH HaCblIII.eHHOH )l(H,D,KOCTHex B,D,OJIb

nOrpaHJ111HOHKpHBOH onpe,D,eJIHeTCHCOOTHorneHHeM

, , Tdps dv'c =c + --.
x v dTdT

fIpH HH3KHX TeMnepaTypax YKa3aHHbIe TenJIOeMKOCTH

BeCbMa 6JIH3KH ,D,pyr K ,D,pyry. fIpH nOBblrneHHH TeMnepa-

ryphl paCXO)l()J,eHHe Me)l(,D,y HHMH YBeJIHqHBaeTCH.
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