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Mpeaucnosue

1 PA3PABOTAH <¢epepanbHbiM roCyAapCTBEHHLIM YHUTapHbIM npeanpusTuem «Bcepoccuickuii
Hay4HO-UCCNEA0BATENLCKUIA UHCTUTYT METPONOTMYEcKon cnyxobi» (PIYT «BHUMMCy)

2 BHECEH TexHu4eckum kKomuTeToM no craHaaprusauum TK 180 «CtaHaapTHble cnpaBOYHble AaHHbIE
0 (PM3NYECKMX KOHCTAHTaX U CBOMCTBAX BELLECTB U Marepuanos»

3 YTBEPXXIOEH U BBEOEH B OENCTBUE lMpukasom deaepannHOr0 areHTCTBa MO TEXHUYECKOMY
perynupoBaHuio u metponoruu ot 29 anpens 2020 r. Ne 180-ct

4 BBEJJEH BMNEPBbIE

[pasuna npumeHeHuUs Hacmoswe2o cmaHdapma ycmaHoeneHb! 6 cmambe 26 ®edeparnbHO20 3aKoHa
om 29 uioHs 2015 2. Ne 162-®3 « O cmaHlapmusayuu e Poccutickoli ®edepayuuy. iHpopmayusa 06 uameHe-
HUSAX K HacmosiuiemMy cmaHOapmy nybnuxkyemcs e exe200HOM (o cocmosiHulo Ha 1 aHeapsa mekyujezo 200a)
UHhOPMaUUOHHOM yka3amene «HayuoHanbHbie cmaHAapmbiy», @ 0¢huyuarnbHblil mekem usmMeHeHul u nonpa-
80K — 8 EXXKEMECAYHOM UHGOPMaUUOHHOM yKazamene « HayuoHanbHble cmanlapmbl». B crnydyae nepecmom-
pa (3ameHbi) unu ommeHbi Hacmoaweao cmaHdapma coomeememeytowiee yeedomneHue 6ydem onybnuko-
8aHO 6 briuxaliuieM ebiryCKe eXXeMeCA4YHO20 UHOPMaULUOHHO20 yKazamena «HauuornanbHble cmaH0apmbi».
Coomsemcmeyiowias uHpopmayus, yeedoMIIeHUE U MEeKCMbl pasMewaomes makxe e UHOPMayUuOHHOU
cucmeme 06Le20 MoMb308aHUss — Ha oghuyuanbHom calime dedeparnibHo20 azeHImemea o MexXHU4YeCKoOMy
peaynuposaHuio u Memposioauu 8 cemu MiimepHem (www.gost.ru)

© CraHpaptuHdopm, opopmnenune, 2020

HacToAawui craHgapT He MOXKET GbiTh NONHOCTLIO UMW YACTUYHO BOCMPOW3BEAEH, TUPAXKMPOBAH U pac-
NPOCTPaHEeH B Ka4ecTBe 0(hULMANLHOrO u3naxna 6e3 paspeuieHus deaepansHOro areHTCTBa Mo TEXHUYECKO-
My PErynupoBaH1IO U METPOFIOrUHU
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HAUMWOHANBbHBIA CTAHOAPT POCCUMNCKOW SGEAEPALUUMNU

FocypapcTeeHHan cucteMa o6ecnevyeHns eAUHCTBA U3MePEeHuUit

CTAHAAPTHbIE CMPABOYHbLIE AAHHBIE.
XNOPBEH30N

Tennodusnueckme cBOMCTBA (NAOTHOCTb, TENNIOEMKOCTb, SHTaSIbNNS, SHTPONUS, CKOPOCThL 3BYKa,
k03 PULMEHTbI TENNONPOBOAHOCTU U BA3KOCTU) B Auana3oHe TeMnepaTtypbl OT TPOMHOM TOUKMN
He Bblwe 700 K npu gasneHunax He 6onee 100 Mla

State system for ensuriug the uniformity of measurements. Standard reference data. Chlorobenzene.
Thermophysical properties (density, heat capacity, enthalpy, entropy, speed of sound, thermal conductivity
and viscosity coefficients) over a temperature range from the triple point to 700 K with pressures up to 100 MPa

Nara BBegeHus — 2021—02—01

1 ObnacTb npuMeHeHus

Hacrosiuii ctaHgapT pacnpoCTpaHAeTCA Ha »XUAKMIA 1M ra3o00pasHbiin xnopObeH3on u ycraHasnueaeT
METOAbl PACHETHOTO ONpPeAeneHns 3Ha4YEeHNI CTaHAaPTHLIX CMPABOYHbIX AAHHbIX MIOTHOCTU P, SHTanNbNUK h,
SHTPOMUU S, N306aPHON TENNOEMKOCTH Cp» M30XOPHON TEMMOEMKOCTH C,, CKOPOCTU pPacnpoCTPaHEHUs 3ByKa
W, KoappuLMeHTa AMHAMNYECKON BA3KOCTU L U KOSdULMEHTA TEMMONPOBOAHOCTYU A Ans xnopbeHsona kak
B 04HOa3HbIX 06NacTaAX, Tak U HA NUHUM HACILLEHUS.

2 HopmaTtuBHbIe CCbINKU

B HacTosiem craHaapTe UCMNONb30BaHbl HOPMATUBHbIE CCbIMIKM Ha cneayloLmue CTaHaapThbl:

FOCT 8.566 lNocynapcTBeHHas cuctema obecneyveHns eguHcTea namepeHuin. MexxrocyaapcTBeHHas cu-
CTEMA AaHHbIX 0 PUBNYECKUX KOHCTAHTax U CBOMCTBAX BELLECTB U MaTepuanoB. OCHOBHbIE MOMOXEHUSA

FOCT P 8.614 lNocynapcTBeHHas cucteMa 06ecneveHns eanHCTBa namepeHuin. MocyaapcTBeHHas Cryx-
0a cTaHAapTHbIX CMPaBOYHbIX AaHHbIX. OCHOBHbIE MONOXEHUS

MpumedaHune — MNpn Nnonb3oBaHUWN HACTOAWMM CTaHA4apTOM LenecoobpasHo NpoBepPUTL AEHCTBUE CChINoY-
HbIX CTaHAaPTOB B MHPOPMAaLMOHHON cucteme obLUero Nonb3oBaHWs — Ha odulmansHoM caiTe PefeparnbHOro areHT-
CTBa M0 TEXHUYECKOMY PEryrIMpoBaHUI0 U METPONOrMN B CETU VIHTEPHET UNU MO exerogHoMy MHOPMaLUOHHOMY yKasa-
Tento «HaunoHanbHble CTaHAapThI», KOTOPbIA ONYBNUKoBaH Mo COCTOAHUIO Ha 1 sHBapsA TeKyLUero roga, W no Boeinyckam
eXeMeCAYHOro MHPOPMaLMOHHOIO yKasaTensa «HauunoHanbHble cTaHaapThi» 3a TeKyLwuii rod. Ecrnu 3ameHeH CCbiNoYHbIN
CTaHfapT, Ha KOTOpbIi AaHa HeAaTUpOBaHHas CChiflka, TO PEKOMEHAYETCA UCNoNb3oBaTh JEeACTBYIOLLYIO BEPCUID 3TOTO
cTaHaapTa C YYETOM BCEX BHECEHHBIX B JaHHYIO BEPCUIO USMEHEHUA. ECMN 3aMeHeH CChINOYHbLIA CTaHAapT, Ha KOTophIN
AaHa JaTupoBaHHaA CCblflka, TO peKoMeHAYeTCA UCNOoNb3oBaTk BEPCUIO STOro CTaHdapTa C yKasaHHbIM Bbllle rogoM yT-
BepxAeHUa (MpuHATKSA). Ecnn nocne yTBepxaeHUs HaCTOALLEro CTaHgapTa B CChINOYHbLIA CTaHAapT, Ha KOTophIA AaHa
AaTupoBaHHaA CChlflka, BHECEHO U3MeHeHUe, 3aTparnBatroliee nonoxXeHne, Ha KoTopoe laHa CChlfiIKa, TO 3TO NonoXxeHue
peKkoMeHzyeTca NpUMeHATL 6e3 yueTa AaHHOrO U3MEHEHUA. Ecrnn cebiNoYHbIA cTaHgapT oTMeHeH 6e3 3aMeHsl, To noro-
XKeHue, B KOTOPOM flaHa CChlflka Ha Hero, peKoMeHAYeTcs MPUMEHSATL B YacTH, He 3aTparvBaioLLeii STy CChINKY.

M3paHue ocpuumnanoHoe
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3 MeTtoauueckue OCHOBbI pa3paboTKu CTaHAAPTHLIX CAPaBOUYHbLIX AAHHbLIX

3.1 OcHOBHble (PU3UKO-aHANMUTUYECKUE MOAENH, MPUHATbLIE AOFI Pac4yeTHOro onpeaerieHus
3Ha4YeHUW TepMOAUHAMMNYECKMX CBOMCTB XNopoeH3ona

B Hacrosem cTaHgapTe npuBeAeHbl OCHOBHbIE (PU3NKO-aHANUTUYECKUE MOAENU, MPUHSATLIE AN pac-
YETHOTO OnpefeneHns 3Ha4YeHuin TEPMOAMHAMUYECKUX CBOWCTB XnopbeH3ona, paspaboTaHHble B COOTBET-
cteuu ¢ FOCT 8.566, TOCT P 8.614 Ha oCHOBE TEOPETUYECKMN U NPaKTUYECKU 0BOCHOBAHHOTO (DYyHAAMEHTalb-
HOro ypaBHeHUs cocTosiHus (®YC), BbipaxatoLlero cBo6oHy0 sHepruio Menbmronbua ap, 7) B 3aBUCMMOCTH
OT TemMnepartypsl T 1 NAIOTHOCTK p.

BespasmepHyto cBoGoaHYI0 aHepruto MenbmMronsLa oS, T) NPEACTABMAIOT B BUAE CYyMMbl MA€aNbHO-raso-
Bol yactu a2(3, T) M M3BLITOMHONM cocTaBnAIoLLEN of (3, T) U BLIMUCASIOT N0 hopmyne

(XS%_T) = ao(p’T);Tar(p’T) = oco(5,'c)+ocr 3,7). M

Ons npuaanusa Haubonee cTpororo noaxoaa k ®YC B YacTu yyeta 0Co6eHHOCTEH TEPMOANHAMUYECKOM
MOBEPXHOCTH XNopOeH30na 1 pacLUMPEHUs €ro 9KCTPaNONALMOHHbIX BOSMOXHOCTEN U3ObITOYHYIO YacTb CBO-
6oaHow sHeprumn MenbmronbLa NPeaCTaBNSAIOT B BUAE Pa3foXeHusi B paa no creneHsm (cM. [1]) npueegeHHoN
TemMnepaTypbl T M NPUBEAEHHON NAOTHOCTU & C ONTUMU3NPYEMbIMW NOSIMHOMUASBHBIMU SKCMOHEHLMANbHLIMU
4YrieHaMu W BbIMMCAAIOT No opmMyne

5 10 15
of (3,7) = Y N3tk 13 Ny s 'k exp(-5 ) + 3 N sk exp(=ny (8 —£4)? — B (1~ 140)%), @)
i=1 i=6 =11
rae 8 = plp;
T1=TYT:

Per T — NapameTpbl NPUBEAEHMS, B KAYECTBE KOTOPbLIX MPUHUMAIOT 3HAYEHWUS TEMNEPATYPbI U NMOTHOC-
T xnopGeHsona B KpuTu4eckon Touke (8 [1] npunaATsl p, = 3,24 KMOTTb/M3, T,=632,35 K).

[ns onpeaeneHus 3HaveHui napametpos ®YC no popmyne (2) n pacumpeHns ero PyHKUUMOHANbHbLIX
BO3MOXHOCTEN NPU HaxXOXAEHUU 3Ha4YeHuin koadpduumueHTos SYC, y4uTLIBAIOT pasHOPOAHbLIE 3KCNEPUMEH-
TanbHble AaHHblE O TEPMOAMHAMUYECKUX CBOMCTBAX XropbeHsona:

-0p, Vv, T-aHHbIE;

- YNpYrocTy HacCbILEHHbIX Napos p,,

- NNIOTHOCTM HaCbILUEHHOM MAKOIA p; U rasosoi p,, ¢as,

- TENNOEMKOCTU HaCbILEHHOW KOHAEHCUPOBAHHON ha3bl Cg;

- n3obapHomn C, TEeNNoemKkoCTH;

- 9HTanbnuu h;

- CKOPOCTU pacnpoCTpaHeHUs 3ByKa w.

KoppekTHOCTb B OMUCAHWM TEPMOAMHAMUYECKOW NOBEPXHOCTU xnopbeH3ona npu ob6pabotke akcne-
PMMEHTAaNbHbLIX AAHHLIX AOCTUrAeTCA NyTEM BBOAA CUCTEMbl OFPaHUYEHMWI, HaKNaJblBaEMbIX B BUJE Hepa-
BEHCTB HA TEPMOAMHAMMUYECKYIO NOBEPXHOCTbL. B YNCNO OCHOBHBLIX BUAOB BBOAUMbBIX OTPAHMMEHUI BKMIOYAIOT
(cm. [1)):

- KpUTUYECKME YCNOBUS,

- npasuno Makceenna;

- KOHTPONb KPUBU3HBI AEANbHLIX KPUBBIX;

- NONOXUTENbHOCTb 3HAYEHUN TENNOEMKOCTEN;

- MPaBUIIO NPSIMONIMHENHOTO ANAMETPa;

- KOHTPONMPOBaHWUE 3HAKOB MNPOU3BOAHBIX ANA PA3MNYHBLIX TEPMOAUHAMUYECKNX BENTUYMH.

3Tn orpaHuuyeHusa obecneunBalotT «pusmnyeckyio» hopMmy MOBEPXHOCTU COCTOSIHUSI U Yy4LLAIOT 9KC-
TPanoONAUNOHHLIE BO3MOXHOCTU YPaBHEHUSA.

Onpepenenue ko3 duuueHToB GYC BLINOAHAIOT C NPUMEHEHUEM anropuTMa, NpeAcTaBneHHoro B [1],
peanuayioLero MeToa Cny4anHoro noMcka ¢ BO3MOXHOCTbLIO BO3BpaTa B Ha4asno npoLeaypbl NOUCKa Npu He-
yaa4yHoM ware. [Npu 3ToM anroputm MoaudMLMPYIOT BBEAEHUEM MEMEHTOB A€TEPMUHUPOBAHHOIO NOMCKA HA
Lare KOPPEKTUPOBKU BENUYUHEI LLIAra NonMcka u Bbibopa HanpaBneHus NoOUcka.

B anroputme [1] npuMeHAIOT aaAUTUBHLIA KPUTEPUIA ONTUMANBLHOCTU — MUHUMU3MPYEMbIA (PYHKLM-
OHan, NpPeACTaBMnNEHHbIN B COOTHOLLEHUU (3), KOTOPLIA 0Opa3yloT MYyTEM CNOXEHUsI BbIXOAHbLIX NapaMeTpoB,

2
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npeoBpa3oBaHHbIX K 6e3pa3MEPHBIM CraraeMbiM. OTO OCYLLUECTBIISIOT C NOMOLLBIO BBEAEHUSI HOPMUPYIOLLMX
MHOXUTENEN — BECOBbLIX KOIHULUEHTOB. HopMUpoBaHWe BBOAAT ANl 06beANHEHUS! HECKOMbKMX BIXOAHBIX
napameTpoB — TEPMOANHAMUYECKMX CBOCTB, UMEIOLUMX B OOLLEM Criydae pasfmuHyio ou3mMyeckyio pasmep-
HOCTb. MUHUMU3INPYEMBIA PYHKLMOHAN COAEPXUT Criaraemble, OTBETCTBEHHBIE 3@ TOYHOCTb annpPoKCUMaLnu
pesynsLTaTtoB M3MEPEHU PasHOPOAHbLIX AAHHLIX O TEPMOAMHAMUYECKNX CBOWCTBAX, a TAKKE OrpaHUYeHus,
HaKnaabIBaeMble B BUAE HEPABEHCTB HA TEPMOANHAMUYECKYIO NMOBEPXHOCTL. ANTOPUTM NPEACTABMAIOT Crie-
ZYIOLLMM COOTHOLLIEHNEM:

S=YW, -Fl+ X Wp-FZ + 3 W, -F2 +..3 Wo - F, 3)

rae W— BecoBoW KO9(ULMEHT ANA KaXXA0N ONbITHOW TOYKM;
F — yHKUMA, ncnonb3yemas ans MUHUMU3aumMm OTKITOHEHUN.
Hanpumep, 4na n3oxXopHOW TENOEMKOCTU AaHHbIX, (DYHKLMIO ch BbIYMCAAOT MO COOTHOLUEHUIO
ch — (C‘aKCI'I _ C\Bacq)/c‘:chn_ (4)

KBagpartuuHble PyHKUMM ANA APYrUX TEPMOAMHAMUYECKUX CBOWCTB UMEKOT aHamnoruyHbii Bua. Fp —
(OYHKLMS, YYUTBIBAIOLLASA PA3MUYHbIE OrPAHUYEHNUSA HA 0OMACTb M3MEHEHNS NEPEMEHHbIX.

BecoBoit koacbpuumneHt W ana kaxxaon BbIGpaHHON SKCNEPUMEHTAaNbHON TOUKU HasHa4aroT UHAUBM-
AyanbHO C YY4eTOM Tuna AaHHbIX, 06nacTu COCTOAHMI U TPeByeMOn TOMHOCTU. TunuyHoe 3HaveHue W ans
AaHHbIX p, p, T N AaBNEHUA HACBILEHHbIX NapoB cocTasndAeT 1, Ana tennoemkoctn — 0,5, Ana ckOpocTy
3Byka — 1.

M3 cooTHoweHus (3) cneayer, YTo OrpaHWYEeHUsi BBOAAT B BUAE AOMNOMHUTENbHbLIX CnaraeMbiX B MUHM-
MuU3npyembiin PyHKUMOHAN. Hanpumep, AN KOHTPONs 3HaKa NPOU3BOAHON Kakon-nnbo TepmMoanHaMUYeCKom
BEIMYUHBI YNCTIEHHO BbIYWUCHAIOT NPOM3BOAHYIO HA OCHOBE PaCYETHbIX 3HAYEHUIN NO YPaBHEHWUIO COCTOSAAHMA,
COXPaHEHHbIX Ha nocrnegHux urepauusix. MNocne 3Toro BbIMUCIEHHOE 3HA4YEeHWe MPOU3BOAHOW NO COOTBET-
CTBYIOLLIEMY CBOICTBY B 6€3pa3mMepHOM BUAE C COOTBETCTBYIOLLMM BECOBLIM KOI(PHDULMEHTOM BKITIOHAETCH B
KBaApaTUYHbIA PYHKLMOHAM CO 3HAaKOM NPOTUBOMNOMOXHbLIM 3a4aHHOMY. 3aMeHa 3Haka Ha NMPOTUBOMNONOXKHbIN
3HaK OCYLLECTBRSAETCA Ans TOro, YToObl NPU NPaBUbHOM 3HaKe NPOWM3BOAHON 3TO OFPAHUYEHUE HE BMUASMO Ha
dyHkymoHan (3). bnok-cxema npuHATOro anropuTtMa npegcrasneHa B [1].

B MUHUMUZMPYEMBII DYHKLMOHAN BKHOYAKOT HECKOMNBKO CriaraeémblX, Kaxa0e U3 KOTOPbIX OTBETCTBEHHO
3a onpeaeneHHyo kateroputo obpabarbiBaeMbIX TEPMOANHAMUYECKUX XapakTepuctTuk (cm. [1]).

Ona pac4yeTHOro onpeaeneHns 3Ha4eHMn TePMOAUHAMUYECKUX CBOMCTB UCMONb3YIOT U3BECTHbIE AU-
depeHumanbHble COOTHOLIEHMA TepMoaguHamukm (5)—(10).

KoadhdhuuymeHTol 1 nokasarenu cTeneHn npu Temneparype u nnoTHOCTU ONTUMM3MPOBAHHOW popMy-
ne (2) npeactasnenbl B [1]. Mpoueaypa noctpoeHusa PYC Gonee nogpo6GHO onucaHa B [1].

TepmoagnHaMu4eckne CBOMCTBA XN0pOeH30na paccuUTbIBAIOT MO CREAYIOLUM COOTHOLUEHUAM:

- NNOTHOCTb
pR#T =1+58af; (5)
- SHTanbNuA
%:1+T(ag+a2)+6ag; )]
- QHTpONnNA
%:t(ocg+oc£)—oco—ocr; @
- U30X0pHaaA TennoeMKOCTb
%’ =72 (oc?t + ocgt); ®)

- nsobapHas TennoemKoCTb
r r 2
1+ daug — ST(XST) ) ©)
r 2.r "’
1+ 2805 + 8“0

S _

2,.0 r
R -1 ((X‘t1+att)+
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- CKOPOCTb 3BYKa
(1+ 80§ - 8taf )2
Tz(agt + o)

2
% =1+26a +82(xg5 -

(10
rae HWXHWUIN MHAEKC Npu ko3 duLMEeHTe o NOKa3bLIBAET YacTHYIO NPOU3BOAHYIO NO COOTBETCTRYIOLUEH nepe-
MEHHON.

3a TepMogMHAMMYECKOE Hayano oTcyeTa Npu COoCTaBneHun Tabnuuy TePMOAUHAMUYECKUX CBOMCTB
XnopOGeH30mna NPUHMMAIOT COCTOSIHNE HACBILLEHHOW XXAKOW hasbl Npu Temnepatype 7, = 298,15 K. 3HaueHus
SHTanNbLNM Ny  SHTPONMM S, onpeaenedbl B [1] kak hy = 0 Kbk - kr =1, 55 = 0 ki - kr 1 - K.

3.2 Koach¢uumneHTbl NnepeHoca

3.2.1 KoacpduumeHT BA3KOCTH

TabnuyHble 3Ha4YeHnA KOIDMDULMEHTOB NEPEHOCa ONPeAEnsIoT N0 SMNMPUYECKUM YPaBHEHUSAM, pa3pa-
60TaHHbIM HA OCHOBE Haubonee HafEXHbIX IKCMEPUMEHTANbHBIX AaHHbIX U anpOOUPOBaHHBLIM HA NPAKTUKE.

[na pacyeToB 3HaYeHun kKOIPPULMEHTA AMHAMUYECKOW BA3KOCTU UCMONb3YIOT ypaBHEHUE, npeano-
XeHHoe [1].

n(p, N =127 + WG, 1), (11

rae M°(T) — BA3KOCTb Pa3PEXEHHOTO ra3a NP HyNEeBoi NNOTHOCTY;
1(3, T) — n36bITOUHAA BA3KOCTb.
BA3KkOCTbL paspexeHHoro raza nO(7) onpeaensior No ypaBHEeHUsIM:

0, _ 0,021357(MT)V2
=" sy (12)
* 2 i
Ins, = Z(:Ja,-(lnT*) . (3)

rae BaskocTb n°, MkMa - ¢;

M = 112,557 — macca kunomonsi, Kr/kMOonb;

T — Temnepartypa, K;

0 — NUHENHbIN MacwTabHbIi napameTp noTeHuMana JleHHapaa — MxoHca [1] , HM;
&/kg — 3HEpreT4eckuin MacTabHbIi napamerp;

K; S;— npuBeaeHHbIN SPEKTUBHLIA MHTErpan CTONKHOBEHWIA, annpPOKCMMUPOBAHHLIN ypaBHeHueM (13);

T*— npuBeAeHHas Temneparypa T+ = kg T/e.
M30bITOYHYIO BA3KOCTb annpoKCUMUPYIOT YpaBHEHUEM

n
' (8,7 =Y Nyl 8% exp(-8"), (14)

i=1

raet=TJT,
&= plp,.
[MNOTHOCTL paccUnTLIBAKOT MO PYHAAMEHTANBHOMY YPABHEHUIO COCTOSIHUSA (2).

B Tabnuue 1 npuseaeHsbl napameTpbl ypaBHEHWI Ansi pacdeTa BA3KOCTW pa3peXeHHOoro rasa.
Tabnuua 1—MNapameTpbl ypaBHeHui (12) u (13) ANA pacyeTa BAKOCTU paspexXeHHOro rasa

g o G, (HM) elkg, (K)
0,47037615 —-0,562234979 0,598 411,908

Monck ko3P ULMEHTOB 1 NoKasaTenei CTeneHn Npyu TeMNepaType 1 NAOTHOCTU ypaBHeHuA (14), a Tak-
e KoapdhnLUNEeHTOB NpuBeaeHHOro 3MEKTUBHOIO UHTErpana CTONKHOBEHWIA (13) OCyLUECTBNSAT METOAOM
cny4yanHoro noucka ¢ Bo3sparom npu HeygadHom Lware [1]. Mpu noucke KkoachULMEHTOB BBOAATCA OrpaHude-
HWA Ha HOPMY NMOBEPXHOCTU COCTOSHMSA, 0BGecneunBaloLLme «NPaBUNbHbIE» 3HAKWU NPOU3BOAHLIX U TEM CAMbIM
ynyyLLIAKT 3KCTPanonsALUMOHHbLIE BO3MOXHOCTW ypaBHeHus. Bonee nogpo6Ho meToa onucaH B [1].

B Tabnuue 2 npueeaeHbl Ko3hULMEHTbI U NOKa3aTenu cTeneHn ypaBHeHus (14).
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Tabnuuya 2— KoadhdUUMeEHTEI M NoKasaTenu cTeneHu ypaBHeHus (14)

i N; t d; I
1 0,161451801099 - 101 4,4678 1 0
2 0,159892137394 - 102 0,3402 2 0
3 0, 294261209344 - 101 1,8748 6 1
4 0,46181257772 5,7267 5 1
5 -0,116150896301 - 10° 6,1833 9 2
6 -0,730656342375 9,0737 7 2

CpefHAs HeonpeaeneHHoCTb OMNUCaHUA KOSMULUMEHTA OMHAMUYECKOW BA3KOCTU MO YPaBHEHU-
am (11) — (14) cocrasnser 1,28 %. YpaBHeHus (11)—(14) He y4UTbIBAIOT KPUTUYECKYHO aHOMAsnUIO BA3KOCTH,
KoTOpas He uccnegosaHa ans xnopbeHsona. Pesynsrarsl CPaBHEHUA C UMEIOLLMMUCA SKCNEPUMEHTAaNbHLIMY
JaHHbIMK nNpeacTasneHsl B [1].

3.2.2 KoadhpuumneHT TennonpoBoaHOCTH

PacyeTHoe onpeaeneHune 3Ha4eHuii koadduumeHTa TennonpoBogHocTH xnopbeHsona A(p, T) npoBoasTt
cornacHo [1] Ha 0CHOBE NPUMEHEHUA AMMUPUYECKOTO YpaBHEHUS BUAA:

7\’(pz ]) = )“O(T) + )\‘r(sz T): (1 5)
rae 2.9(7) — TennonpoBOAHOCTL PA3PEXEHHOTO ra3a Npu HYNEeBO# NMOTHOCTH,
M (8, 1) — u3bbITOYHasA TENNONPOBOAHOCTb;
3= plp,;
=TT,
p,, T,— ONOpHbIe 3HA4YEHMA MIMOTHOCTM U TeMNEPAaTYpPbl (MPUHAMAIOT KpuTYeckue sHadvenua T, = 632,35 K;
P = 3,24 kMOnb/M3).
TennonpoBoOAHOCTL Pa3PEXEHHOO ra3a onpeaensiioT N0 YpaBHEHUIO

0
M =N, [M] +Ny1®2 + Nat3, (16)

1mMkMNa- ¢

rae n%(T) — BA3KOCTL Pa3PEXEHHOTO ra3a Npu HyNeBoil NNOTHOCTH, MKMa - C.
M36bITOYHYIO TENNMONPOBOAHOCTL annpPOKCUMUPYIOT YpaBHEHMEM

n
A @E1) =Y N8 exp(-ah).

i=4 an

Mounck koadhPMLUMEHTOB 1 NoKasaTenen CTeneHn Npu TemnepaTtype U NIIoTHOCTM ypaBHeHuii (16) u (17)
OCYLUECTBAAT METOAOM CAYYaHOro NOMCKA C BO3BPATOM NPU HEyAa4YHOM Luare, KOTopblil nogpo6HO onucaH
[1]. Takxe BBOAATCA OrpaHUYeHUs, obecneunBaloLLme «NPaBUbHbBIA» 3HaK NPOU3BOAHbLIX. KoadhduumeHTsl u
nokasarenu cteneHu ypasHenui (16) u (17) npeacrasneHbl B Tabnuue 3.

Tabnuua 3 — KoadduuneHTsl U nokasaTenu cTeneHu ypaBHeHwid (16) u (17)

f Ni & | g; li
1 0,7265834599 - 102 — — —
2 0,853472392 - 10! -0,1084 — —
3 -0,1583627997 - 102 -6,0415 — —
4 -0,359109646156 - 103 2,1541 9 —
5 0,181537127322 - 10! 0,2550 4 —
6 0,646071818195 - 101 6,0309 1 1
7 0,419046505570 - 103 8,4913 4 2
8 —0,144925589459 - 103 8,1826 5 2
9 —0,235687223557 - 103 8,7326 3 2
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CpeaHasa HeonpeaeneHHOCTb ONUCaHUs SKCMEePUMEHTAanNbHbIX AaHHbIX B XUAKOW dhase ypaBHEHUAMU
(15)—(17) cocraBnsaeT coOOTBETCTBEHHO 3,2 %, B razoBon pase — 2,31 %. YpaBHeHua (15)—(17) He yunThbl-
BAOT KPUTUYECKYIO aHOMAaruIio TeNNONPOBOAHOCTU, KOTOPasA 9KCNEPUMEHTANbLHO He uccrneaoBaHa aAng xmnop-
GeH3ona. PaccuntaHHble 3HaYeHus k03hPULMEHTOB AMHAMUYECKON BA3KOCTU U TEMNONPOBOAHOCTU B OAHO-
¢asHoi 06NacTu M Ha NUHUKM HaCbILLEHNUs npeacTaBneHsbl B [1] B Tabnuuax B.3, b.4.

4 AHanu3 u oT6op 3KCNepUMEHTalrbHbIX OaHHbIX

4.1 laHHbIe 0 TepMOAUHAMUUYECKMX CBOMCTBAX XJIOpOeH3ona

Onsa OLEHKU TOYHOCTU PaCYETHBIX 3HAYEHUI U aHanu3a pa3paboTKM PaACHETHbLIX YPABHEHUI MPOBOASAT
aHanu3 n otbop pasHOPOAHbIX SKCNEPUMEHTANbHbIX AaHHbIX O TEPMOAMHAMUYECKUX CBONCTBaX xnopbeH3ona,
NOny4YeHHbIMU Pa3nNUYHbIMKU aBTOpaMu. 3aTeM NPOBOAAT CPABHUTESbHBIN aHanNM3 SKCNepPUMEHTanNbHbIX AaH-
HbIX C AaHHbIMKU, NOAYYeHHbIMU N0 PYC. PesynbraTbl CPAaBHEHUSA AAHHBLIX O TEPMOAUHAMUYECKUX CBOMCTBAX
Xrnop6eH3ona Cco 3Ha4YeHUsIMK, paccumTaHHbiMu no ®YC, npeacraeneHsl B [1], B Tabnuue B.1 n Ha pucyH-
kax 5.1—b.3, Ha KOTOpPbIX NOKa3aH xapakTep OTKIIOHEHWUIA SKCNEPUMEHTarNbHbIX A4aHHbIX OT Pac4ETHbLIX 3Ha-
YEeHUN.

4.2 NaHHbIe 0 Ko3(ppuLMeHTax nepeHoca xropoeH3ona

Ona aHanusa paspaboTku pacqeTHbIX YPAaBHEHUM U OLEHKM TOYHOCTU PACHETHbIX AAHHLIX O AUHAMM-
YecKoW BA3KOCTU XxrnopbeH3ona MCnomnb3ylT MAacCUB 3KCMEPUMEHTAamNbHBIX AaHHBIX C YMCTOTOM obpasua
99,92 %, npeacraeneHHbi B [1]. OuHaMuueckylo BA3KOCTb XropOeH30na UCCNeayoT B NapoBoOid, XXMAKON,
KPUTMYECKON U CBEPXKPUTMYECKON 0bnacTaAx napamMeTpoB COCTOSIHUS, B MHTepBane gasneHun ot 0,1 go
40 MMa, B Anana3oHe Temnepatyp OT HOpPMasnsHOW TemMnepaTypbl kuneHusa go 623,15 K. Msmepenuns nposo-
AT METOAOM BbIHECEHHOrO Kanumnnspa.

Onsa o6paboTkn kKoadbdULMeHTa TENNONPOBOAHOCTU B NEPEMEHHLIX TeMnepaTypa — NNOTHOCTb, UC-
Nomb3yHT ypaBHEHME COCTOAHMSA (1) U MacCMB 9KCNEPUMEHTASBHBIX AaHHbIX, NPeAcTaBneHHbln [1]. CpeaHas
HeonpeaeneHHOCTb ONMCaHNA 3KCNepUMeEHTanbHbIX AaHHbIX B XUAKon dase (cMm. [1]) ypaBHEHUEM cocTaBns-
€T COOTBETCTBEHHO 3,2 %, B rasoBon (pase (cm. [1]) — 2,31 %.

5 OueHka [OCTOBEPHOCTU pacyeTHbIX 3Ha4Y€HUN CBOUCTB XIopbeH3ona

5.1 Pe3synbraTbl OLEHKM OOCTOBEPHOCTU PACUYETHbIX 3HAYE€HUA TEPMOAUHAMUYECKUX CBOWCTB
xnop6eH3ona

BenuuunHbl HeonpeaeneHHOCTU PaCYETHbIX 3HAYEHUI TEPMOANHAMUYECKUX CBOWCTB XnopbeH3ona oLe-
HUBAKOT MO pesynbraraMm cpaBHEHUA C HaubBonee HaaeXHbIMWU 3KCNEepUMEHTaNbHbIMN AaHHbLIMW. OI.I,eHKl/I,
npeacraeneHHble B [1], AaHbl: 4ns xuakon dasel: T< T, p > 1,3p,, Ana razosoii asel: T< T, p < 0,7p,, Ans
cBepXKpuTUYeckoro cdriouaa: 7> T, BKIoYas kputndeckyto obnacre: 7,< 7< 1,057, 0,7p < p<1,3p..

B tabnuue 3 (cm. [1]) AaHa oueHKa HeEOoNnpeaeneHHOCTeN pacyeTHbIX 3HAYEHUH TEPMOAUHAMUYECKUX
CBOWCTB xniopBeH3ona, a nons HeonpeaeneHHocTel npueeaeHsl B Tabnuuax B.5—B.7. B HacToAwem cTaH-
[apTe OueHKa HeonpeaerneHHOCTENW PaCcyYeTHbIX 3HAYEeHU TepMOAMHAMUYECKUX CBOWCTB U MONa Heonpeae-
neHHocTen xnopbeHona npeacrasneHsl B Tabnuuax 4—5, 6—7.

Ha pucyHkax B6.1—B.3 (cm. [1]) npoaeMOHCTPUpPOBaHbl OTKNOHEHUS1 9KCNEPUMEHTANbHbIX AAHHbIX O
NNOTHOCTM XUAKON ha3bl, O AABNEHUN HACLILLEHHbIX NAapoB, O CKOPOCTU 3BYyKa XropOeH3ona oT paccyuTaH-
HbIX AaHHbIXx No ®YC. Ha pucyHke B.4 (cm. [1]) nokasaH xoa uaeanbHbIX KpuBbiX xnopbeHsona. Ha aua-
rpammax 6.5—bB.7 (cm. [1]) npoaeMOHCTpUPOBaHbI MOBEPXHOCTU COCTOSIHUS OCHOBHBLIX TEPMOANHAMUYECKNX
CBOWCTB, NOCTPOEHHbIE N0 PYC. Bua aTnx NOBEPXHOCTEN CBUAETENLCTBYET O XOPOLLUX MHTEPMNONALNOHHbIX U
SKCTPaNoONsILMOHHLIX CBOMCTBAX XnopbeHsona, paspaboTtaHHoro dYC.
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Tabnunuya 4— OueHKN HEONPEAENEeHHOCTN PacyeTHbIX 3Ha4YEHNI TepMOAMHAaMNYECKMX CBOCTB xnopbeH3ona

HeonpegeneHHocTb, %, B o6nacTu

CBoicTBO
YKuakoctb [as CBepxkpuTAYecKuiA critong

Py — 0,4—2,0
P, 0,1—0,3 —
P, — 0,5—2,0

pp T 0,2—0,4 1,0—2,0 0,5—1,5
Co 0,5—1,0 1,0—2,5 1,6—3,0
C, 1,0—2,0 1,0—2,5 1,5—3,0
w 0,5—1,0 —

Ta6nuua 5— MNonsa HeonpeLeneHHOCTU pacyeTa NIOTHOCTH P

P, TemnepaTtypa, K
Mna 230 | 290 | 350 | 400 | 450 | 500 | 550 | 600 | 630 | 640 | 650 | 660 | 680 | 700
0,5 0,10 | 0,10 | 0,10 | 0,10 | 0,12 1,2 1,00 | 0,90 | 0,80 | 0,70 | 0,60 | 0,50 | 0,50 | 0,50
1,5 0,10 | 0,10 | 0,10 | 0,10 | 0,12 | 0,15 | 1,40 ( 1,20 | 1,00 | 0,90 [ 0,80 | 0,70 | 0,60 | 0,55
3,0 0,170 { 0,10 | 0,10 | 0,10 | 012 | 0,15 | 0,17 (1,80 | 160 | 1,40 [ 1,20 | 1,00 | 0,80 | 0,60
5,0 0,170 | 0,10 | 0,10 | 0,10 | 0,12 | 0,20 | 0,30 | 1,40 | 1,30 | 1,20 | 1,00 | 0,70 | 0,70 | 0,70
10,0 | 0,10 0,1 012 | 012 | 0,15 | 0,26 | 0,40 | 0,60 | 0,70 | 0,80 | 1,00 | 0,90 | 0,80 [ 0,75
50,0 — 015 | 015 | 0,15 | 0,18 | 0,25 | 0,25 | 0,30 | 0,50 | 0,60 | 0,55 | 0,60 | 0,70 | 0,80
100,0 — 020 | 020 | 0,20 | 0,20 | 0,25 | 0,30 | 0,35 | 0,40 | 0,45 | 0,50 | 0,60 | 0,70 | 0,80
Tabnuya 6—Tlons HeonpeAeneHHOCTH pacyeTa n3obapHoil TENOEMKOCTU C,,
P, TemnepaTtypa, K
Mna 270 300 350 400 450 500 550 600 620 640 650 660 670 700
0,5 1,00 | 0,30 | 0,30 | 0,50 | 0,80 | 2,00 | 1,50 | 1,60 | 1,50 | 1,50 [ 1,50 | 1,50 | 1,60 | 1,60
1,5 1,0 | 0,30 | 0,35 | 0,40 | 0,70 | 1,50 | 2,60 | 2,00 | 1,80 | 1,60 | 1,60 [ 1,60 | 1,70 | 1,70
3,0 1,0 | 0,30 | 0,35 | 0,45 | 0,70 | 1,20 | 2,60 | 3,00 | 2,50 | 2,30 | 2,00 | 1,70 | 1,80 | 1,80
5,0 11 0,40 | 0,40 | 0,55 | 0,70 | 1,00 | 1,50 | 2,00 | 3,00 | 4,00 | 4,00 | 3,00 | 2,50 [ 2,00
10,0 11 0,50 | 0,55 | 065 | 0,76 | 0,80 | 0,90 | 1,50 | 1,70 | 1,80 | 2,00 | 2,00 | 2,00 [ 2,00
50,0 — 0,60 | 0,60 | 0,70 | 0,80 | 0,80 | 0,95 | 1,20 | 1,25 | 1,30 | 1,40 | 1,50 | 1,70 | 2,00
100,0 | — 0,80 | 0,80 | 0,80 | 0,90 | 0,9 | 1,00 | 1,20 | 1,30 | 1,40 | 1,50 | 1,60 | 1,80 [ 2,00
Tabnwuya 7 — lNons HeonpeAeneHHOCTN pacyeTa CKOPOCTU pacrnpoCTpaHeH s 3Byka w
p, TemnepaTtypa, K
Mna 270 | 300 | 350 | 400 | 450 | 500 | 550 | 600 | 620 | 640 | 650 660 670 | 700
0,5 1,00 | 0,50 | 0,50 | 0,50 | 0,50 | 1,50 | 1,50 | 1,50 | 1,50 | 1,50 | 1,50 | 1,50 | 1,50 | 1,60
1,5 1,00 | 0,50 | 0,50 | 0,50 | 0,50 | 0,80 ( 2,00 | 1,90 | 1,80 | 1,60 | 1,50 [ 1,50 | 1,50 | 1,60
3,0 1,00 | 0,50 | 0,50 | 0,50 | 0,50 | 0,80 ( 1,80 | 3,00 | 2,00 | 1,90 | 1,80 [ 1,70 | 1,60 | 1,70
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OkoH4aHue mabnuubsi 7

P, Temnepatypa, K
Mn 270 | 300 | 350 | 400 | 450 | 500 | 550 | 600 | 620 | e40 | 650 | e60 | 670 | 700
50 | 120 | 0,50 | 050 | 050 | 050 | 0,70 | 1,20 | 1,40 | 1,70 | 2,00 | 1,90 | 1,80 | 1,80 | 1,70
10,0 | 1,30 | 0,60 | 060 | 0,60 | 0,60 | 0,70 | 1,20 | 1,30 | 1,60 | 1,60 | 1,60 | 1,60 | 1,70 | 1,80
500 | — | 060 (080|080 | 080|080 120130/ 150 | 160 | 160 | 1,60 [ 1,70 | 1,90
100,0 — 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,20 | 1,30 [ 1,50 | 1,60 [ 1,60 | 1,60 [ 1,70 | 2,00

5.2 Pe3ynbraThbl OLEHKN JOCTOBEPHOCTU PacYeTHbIX AaHHbIX O KO3 PuumeHTax nepeHoca

Monst HeonpeaeneHHOCTeN pacyeTa K0aPULMEHTOB NepeHoca npeacTasneHsl B Tabnuuyax B.8, B.9
(cm. [1]). B HacToseM cTtaHgapte — B Tabnuuax 8, 9. Ha anarpammax B.8, 6.9 (cm. [1]), npoaemoHcTpu-
pOBaHbl NOBEPXHOCTW COCTOSIHMIA UHTEPMONSILIMOHHBIX U 9KCTPANONSILUOHHBLIX BO3SMOXHOCTEN YPaBHEHUI NO
BSI3KOCTU U TENNONPOBOAHOCTU. AHANM3 pe3ynsLratoB OTKIOHEHWI 3KCMEePUMEHTaNbHBIX AAHHbIX MOKa3bIBAET,
YTO BEpPOSATHAA HEONpPeAENeHHOCTb pacyeTa KoacdhduumeHTa TENNONPOBOAHOCTM xnopGeHsona cocTaBnser
3,0—5,0 %. HeonpeaeneHHOCTb SKCMEPUMEHTaNbLHOIO onpeaeneHuns Baskoctu cocrasnset 1,2 %.

Tabnuua 8— [ons HeonpeaeneHHOCTH pacieTa kKoadduLMeHTa TENNONPOBOAHOCTH A

Temnepatypa, K

MFI"'Ia 230 290 350 400 450 500 550 600 630 640 650 660 680 700
0,5 230 290 350 400 | 450 500 | 550 | 600 [ 630 | 640 | 650 | 660 | 680 | 700
1,5 450 | 3,00 | 3,00 | 300 | 3,00 | 3,50 | 3,50 | 3,50 | 3,60 | 3,70 | 3,80 | 3,90 | 4,00 | 4,00
3,0 450 | 3,00 | 3,00 | 3,00 | 3,00 | 400 | 400 | 3,80 | 3,80 | 3,90 | 3,90 | 3,90 | 400 | 4,00
5,0 4,50 | 3,00 | 3,00 | 3,00 | 3,00 | 400 | 420 | 420 | 410 | 4,00 | 400 | 400 | 410 [ 4,10
10,0 | 4,50 | 3,00 | 3,00 | 3,00 | 3,00 | 3,80 | 3,90 | 3,90 | 400 | 400 | 400 | 410 | 410 | 420
50,0 | 4,50 | 3,00 | 3,00 [ 3,00 [ 3,00 [ 3,40 | 3,50 | 3,80 | 3,90 | 4,00 | 400 | 410 | 4,30 | 4,50
100,0 — 3,20 | 320 | 3,20 | 3,20 | 3,50 | 3,60 | 3,80 | 3,90 | 4,00 | 4,00 | 410 | 4,40 | 4,80
Tabnuya 9—Nonsg HeonpefeneHHOCTU pacyeTa KoabPULMeHTa AUHAMUYECKOW BA3KOCTM [
P, TeMnepatypa, K
Mria 3,00 1,00 1,00 1,00 1,00 1,70 1,60 1,50 1,50 1,50 1,50 1,50 1,50 1,50
0,5 300 | 100|100 | 110 | 120 | 1,30 | 1,80 | 1,70 | 160 | 1,70 | 1,70 | 1,70 | 1,60 | 1,50
1,5 300 | 100 | 110 | 1,170 | 1,20 | 1,20 | 1,60 | 1,90 | 2,00 | 2,00 | 1,90 | 1,80 | 1,70 | 1,60
3,0 320 | 100|110 | 120 | 130 | 1,30 | 1,40 (160 [ 1,70 | 1,80 | 1,80 | 1,70 | 1,70 | 1,70
50 33 | 110 | 110 | 120 | 1,30 | 1,40 | 1,40 | 1,50 | 160 | 1,70 | 1,70 | 1,70 | 1,80 | 1,80
10,0 — 1,20 ( 1,20 | 1,30 | 1,30 | 1,50 [ 1,50 | 1,60 | 1,60 | 1,70 | 1,70 | 1,80 | 1,90 | 1,90
50,0 —_ 1,50 1,50 1,50 1,50 1,60 160 (160 | 1,70 | 1,70 | 1,80 | 1,90 | 2,00 | 2,00
100,0 | 3,00 | 1,00 | 1,00 | 1,00 | 1,00 { 1,70 ( 1,60 | 1,50 | 1,50 | 1,50 | 1,50 | 1,50 | 1,50 | 1,50

OUuEeHKM JOCTOBEPHOCTU PaCHETHBIX 3HAYEHUI TeNNOodU3nMIeckux CBOMCTB xrnopbeH3ona Ha NUHUK paBs-
HOBECUS «KMAKOCTb — ras» npegcraeneHsl B Tabnuue B.10 (cm. [1]). B HacTosWweM cTaHaapTe nonsi Heonpe-
[erneHHOCTW pacyeTa Tennodu3n4ecknx CBOWCTB XnopbeH3ona Ha NUHWM PaBHOBECUSI «KUOKOCTb — ras»
npuseaeHsl B Tabnuue 10.

8
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Ta6nuya 10 — Monsi HeOMPeAENEHHOCTU pacqeTa Tennoduaniecknx cBOCTB xnopbeH3ona Ha SIMHUM paBHOBeCHS!
©KULKOCTb — rasy

T, 3, | 8. | o, | 8¢, | 8¢y | o,
K % % % % % %

230 | 2,00 | 010 | 200 | 1,00 | 050 | 020 | 020 | 1,00 | 450 | 350 | 300 | 200
290 | 1,00 | 010 | 100 | 030 | 050 | o10 | 010 | 050 | 300 | 300 | 1,00 | 1,70
35 | 030 | 010 | 050 | 0,30 | 08 | 020 | 020 | 1,00 | 300 | 300 | 1,00 | 1,70

3, | 8An, | &,
0y % 0,

S\, 3, 3n",
% % 9

% % %

400 0,30 0,10 0,80 0,50 1,00 0,25 0,25 1,00 3,00 | 3,20 1,00 1,70
450 0,30 0,12 1,00 1,00 1,50 0,30 0,30 1,00 3,00 | 3,40 1,00 1,70
500 0,40 0,15 1,20 1,50 2,00 0,35 0,35 1,50 3,50 | 3,60 1,10 1,80
550 0,50 0,17 1,40 2,00 2,50 0,40 0,40 2,00 4,00 | 4,00 1,20 1,90
600 0,60 0,20 1,80 2,50 3,00 0,45 0,45 3,00 420 | 420 1,50 2,00
620 0,80 0,50 2,00 3,00 3,50 0,50 0,50 3,50 4,50 | 4,50 2,00 2,30
630 1,20 2,00 3,00 5,00 6,00 0,55 0,55 4,00 500 | 5,00 2,50 2,50

MToroBble 3Ha4YeHUs TepMOANHAMUYECKUX CBOMCTB U KO3hULMEHTOB NepeHoca xnopbeHaona B 0gHoO-
hasHoi 06nacTu M Ha NMUHUU HACLILLEHUSI NPeAcTaBneHbl B [1], B Tabnuuax craHAapPTHbLIX CNPAaBOYHbIX AAH-
HbiX B.3, B.4.
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Buonuorpadusn

[1] rccch 368 — 2020. XnopbeHson. Tennoguandeckne cBoucTBa (NNOTHOCTb, TEMMOEMKOCTb, 3HTANBMNWA, SHTPOMNWUS,
CKOPOCTb 3ByKa, KO3 PULMEHTLI TEMNONPOBOAHOCTMU 1 BA3KOCTW) B ANana3oHe TeMnepaTypbl OT TPOWHOW TOYKM A0
700 K npu gaeneHusx go 100 MMa. — M: Oy «BHUMMC» 2020. — 61 c.
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