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V3Mepensl CKOPOCTh IO beMa BepXHeli Toukm Kymoaa V B w/cex m mmaMeTp Kymoaa d
B cM, B3ATHIN MeIy ToUKaMmu Ieperm0a KpuBOH, ommchBawmeidl gopMy Kymoaa (gurypa).
Ipm mopcuere gmcaa M CKOPOCTH 3BYKA B BO3AyXe NpUHUMATach paBHO# 340 w/cer. M3-
MepeHHsA OPOBEJCHH [0 MOMeHTa 00pasoBaHHMA MeHKH cyiaTaHa. JsMepeHHble 3HAYeHUA
mage ¢ TOYHOCThIO = 10%.

Kax Bumno us Tabil. W OpUBefeHHHX BHIIe AaHHHX 3HAYeHHs IapaMeTpa A, OIpe-
JelleHHLIC HE3aBACHMO ABYMsA CIIOCO0aMu — MO 3HAYEHMAM CKOPOCTM IOfbeMa KyHoda X
ero [maMeTpa U [0 3aBHCUMOCTH AaBIEHNA B yAAPHOI BOJNHE OT PAacCTOAHMA — B Hpefelnax
TOYHOCTH M3MEpeHHil COBHAJAT MexAY co00il. DTO IOATBep:KAaeT TOUKY B3peHMsd, 9TO
BO3[yNIHAA yAapHas BOJHA NPH MOABOAHOM B3DHBe 00pasyeTcs B OCHOBHOM B pPe3yJbTare
JBHIKEHUs CO CBEpX3BYKOBOII CKOpOCTHIO BepXHeil WacTm BOJAHOTO Kymosaa. llapamerpnt
BOS/IYIIHOH BOJIHK y IOBEPXHOCTH BOJALI COOTBETCTBYIOT CKODOCTH JBIDKEHHA U AHaMeTpy
KyIloJla Ha HaJaJbHOM cTafuu pasButusd. J[aBleHne B BO3NYIIHON yfapHOR BOJHE IPH IOJ-
BOJIHOM B3pHIBe MO;KeT OHTH mofcyutaso mo gopmynam (1) m (2). 3aBUCHMOCTb JABIEHUA B
y/lapHOil BOJIHE OT PAcCTOSHUA B KoopAmHATaX Ap/peo= f(§ = r/A) m@jaa B3PHBOB pa3anmd-
HEIX 10 BeIMYMHE 3apPAN0B HA PasnmdHOil riayOuHe BeIpaskaercsa opuoil gopmyroit (2). Ilo-
Jo0ue ABIEHUA OCYMIECTBIAETCA 10 Bejuduue A — Md, onpefenenHoll Mo 3HAYEHUAM CKO-
poCTH MOAbeMa KyHoJa M ero AuaMeTpa Ha HadaJbHOH CTaJuH ero pasBHTHUA.

CiemyeT OTMETUTH, YTO OPH HOCTOSHHON OTHOCHTEJbHOH Tirybune B3puiBa H/r, Benn-
quHa A IPONOPIIMOHANbHA PAAUYCY 3apsAAa ro, TAK YTO Ha OAMHAKOBHX OTHOCHTEJIbHEIX pac-
CTOAHMAX OT SIUIEHTPA B3PHBA r/r, HaOII0faeTCA OAMHAKOBOE HAaBJIeHNe BO3AYIIHOM yaap-
HOIl BOJIHEI. DTO COrJIaCyeTcsA ¢ 3aKOHOM HOO0WMSA TpH MOJBOAHOM B3pHIBe [2): HagamabHas
CKOPOCTh IOA’heMa BOASAHOrO KymOia 3aBHCHUT TOJABKO OT OTHOCHUTEJNBHOH INTyGHHEI B3PHIBa
H/r,, a reoMeTpudeckue pasMepsl ABIEHNA, B JACTHOCTH AUaMeTp KyIoJa, OPH HOCTOSHHOM
H/r, B MOMeHT BpeMeHN ¢/r, IPONOPIUOHANLHE PafinyCy 3apAfa ro.

Asrop Bripaskaer 6aarogapuocts B. H. Kocriouerro n H. H. CuMoHOBY 3a mpefocTas-
JICHHYI0 BO3MOKHOCTH O3HAKOMHUTHCHA ¢ SKCIEPHMEHTAJIbHEIMA MaTepmajaMu U IieHHHE CO-
BeTHl Ipu O0CYy:KAeHImN TeMbl paGoTH.
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YPABHEHHE COCTOAHUA N TEILJIOEMKOCTL BOJbI
B IINPOKOM JMAHA30HE TEPMOIMHAMHNYECKUX ITAPAMETPOB

H. M. BRysneyos
(Mocksa)

BemeicTBe CIIOMKHOrO XapaKTepa 3aBHCHMOCTH TEPMOAMHAMHMYeCKNX (QYHKIMHA BOAH
OT TeMIIePaTYPH X IJIOTHOCTH /{0 CHX IOp He MOJYUYeHO AaKe SMIHPHYECKNM OYTeM eMHOrO
aHQJIUTHIECKOr0 ypaBHEHHMA, ONMCHBAIONMEr0 COCTOAHME BOAH HOPH OOMBIIMX M MAaJHX
IJIOTHOCTAX, HN3KNX X BblCOKKX TeMOeparypax.

VMeromueca ypaBueHusA COCTOAHNA TMPUMEHNME B CPaBHUTEIbHO MAJHX HMHTepBalax
TePMOJMHAMUYIECKIX MapaMeTpoB, OpudeM GOJbINAsg YacTh U3 ITUX YPaBHEHHIN IpPeJiCTaB-
asgeT coboil MaTeMaTHdYeCKNe MHTEPIOIANNY SKCIHEPUMEHTANbHHIX JAHHHX, BHIIOJHEHHEE
¢ 3a/laHHOM, HHOTA BeCbMa BEHICOKOM, TOYHOCTH. OfHAKO HMEWTCAd mpaKTHIecKue 3afadii,
IJIA penieHNsA KOTOPHX B HACTOAINee BpeMs HeT HeoOXOMWMOCTH IPUMeHATh BeCbMa TOYHOe
YDABHEHHE COCTOAHMA, B TO k€ BpeMs OHO [IOJJKHO IIPMMEHATHCA B IIHPOKOM HHTepBaje
TEPMOJMHAMUYCCKNX IapaMeTpoB, BKJIOYasA TaKhe 3HAYeHHS TeMOepaTyp M ILUIOTHOCTeH,
AJIA KOTOPHIX TOKA HeT JOCTATOYHO JOCTOBEPHHX JKCHePHMEHTAIbHEX TaHHBIX.

1. YpasHenue cocroaHuA Boapl. Ecam He TpeGoBaTh BHICOKOH TOYHOCTH, TO MOIKHO
DOJNY4NTh elNHOe YPaBHEHNEe COCTOAHNUA BOAH MM AOCTATOYHO OOJLIIOro Amama3oHa TeM-
mepaTyp u IJIOTHOCTel. ByfeM HmcKaTh ypaBHeHHEe COCTOSHUS BOAH B BHIE

RpTf (p)

p=po(p) + (1.1)
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3neck p — JABIEHHO, P — IIOTHOCTH, R — rasoBasg HOCTOAHHAS, |1 — MOJEKYJIAP-
HHI Bec, T — rTeMIepatypa B rpagycax HeanBura.

Ypasrerue (1.1) mepexogur B ypaBHeHHe MieaJbHOTO Tasa, ecad npu p—0, f—1
n p,— 0, 1 B ypaBHeHHe COCTOSHMSA TBEPAOro Tela [1.2] mpu HajmexameM BrIGope po(p)
u f(o) paa Gonbmux p. EcTeCcTBEHHO MpeqUONOKATH, 9T0 M OPU MPOMEKYTOYHHX ILJIOTHO-
crax ypasHeHue (1.1) copaBegamBo mo KpaiiHeil Mepe IpHM JOCTATOYHO BEICOKMX. TeMIlepa-
Typax, Ifie HCUe3al0T acCOIMAaTUBHEIE CBOHCTBA BOOH [3].

Oynxnnn  po(p) u  f(p) mpm p < 1.4 2f/cm® ompenenanucs myreM o06paboTHIl
M HHTEPIONANUN SKCIePAMEHTANbHHIX MAaHHHX, HPUBENEHHHX B Tabmumax «Tepmopn-
HaMHYeCKNe CBOMCTBa BONH M BOAsHOTO mapa» [*], Kemmemu [3] u Bpummmena [¢].

Iasa nmorsocTelt p > 1.4 e/ca® HeT OnyOIMKOBAHHEX DKCIEPUMEHTAJbHHIX TAHHHX O
3aBHCHMOCTH p OT p IPH HDOCTOSHHON TeMmeparype. MICTOYHNKOM SKCIePHMEHTANbHEX [IaH-
HEX 00 ypaBHEHHH COCTOSHHS B 9TOH 00JacTé MIOTHOCTEH CIyKAaT M3MEepeHusa AHHAMHIYe-
CKOI1 3aBUCHMOCTH p OT p Ha yAapHOIl BOIHE BIOJb KPUBOI HA MIOCKOCTH pp, YAOBIEBOPAIO-
meit coorHomeHuio I'foronno

1 71 1\
—om=%5 (—p) \—— —}(E — BHYTPEHHAA 3HepTHA). (1.2)

PasBuTasg B IOCJHe[HHE TONE TeXHHKA AUHAMHYECKMX H3MepeHHIl mapaMeTpPOB yaap-
HBIX BONH [7.8,9] m03BOJAET OPOBOAUTE MCCIENOBAHUA YPABHEHUU COCTOSHMS BEMIECTB LI
[ABICHUAX, HAMHOTO MPEeBOCXOASIINX [AaBIEHHs, AOCTIKUMEIE B CTATHYECKUX YCJIOBUAX.

OnHaKO 3aBHCHMOCTH p OT p Ha afguabare I'IOTOHNO ABISETCA 3aBUCHMOCTHIO p(p)
JIMIIb BOJb OJHOI JUHWM Ha OIOCKOCTH Ep, COOTBETCTBYOmEH QPOHTY ymapHOI BOJIHHEL 1
He OIpeflelAMmell eme MeaukoM ypaBHEeHHUA cocTognusa. Ilo fagHEM p(p) Ha ymapHO# BoJ-
He Hellb3s BHYUCIUTh QYHKOUI po n f ypaBHenus (1.1), He caenaB JOMOJHUTEIbHHX IIpe/-
TOJIOKe .

W3 pesyabTaToB BHIYUCIEHNA f IO JaHHEIM [¢] BEITeKaet, 9ro mpu p >1.25 f =~ const —=
= 6.7 £ 0.3. (3mecr ¥ B fajbHelimeM 3HaYeHNUA IJIOTHOCTH p W JABIEHUS :p BHIPAKEHH B
enuuEuNax z/cm® 1 xe/cm?) C Apyroil CTOPOHEI, N3 TEOPUHU PEAJIbHHX T'a30B U TBEPJAOTO Teja
clegyer, 9T0 f MepeMeHHO B pealbHHX rasaX W f =~ const, ecliu OIOTHOCTH HACTOIBKO Be-
ANKa, 9TO MOJIEKYJHl COBEpIIAIOT JIANIH MAaJble KOJeGaHHs OKONO0 PaBHOBECHHIX IIOJIOMKeE-
gnit [t]. CoorHOmeHMe f = const BEIDOJIHAETCA B CIy9ae MAJHX KOJeOaHUN TOYHO, eCJLi
TNOTeHIMAJ CHJI MeKMOJEKYIAPHOTO OTTAIKHBAHUA ABJIAETCA OAHOPOAHOH PyHKIMEl Koop-
munat [1]. IlocrostHcTBO f, modMydeHHOe U3 [6], CBHAETEABCTBYET O MAJOCTH «HOCTYMATEJh-
HEIX» KojeOamuii ! Monexryn mpu p > 1.25, T < 450° K.

Haganoreiii yaacTok aguabats 'ororno Bofsl (p << 1.4), mpoBefeHHO# M3 HAYAIBHO-
ro cocroguusa po= 1, ¢~- 0 = 20° C, maxomurca Kak pa3 B obmactu p7 pmamHIX [6].
IlanpHeiimme pacdeTsl OCHOBHIBAIOTCA HA IPENUONOMKEHNN, 9T0 X IpHu p > 1.4 Ha aguabare
I'fororno coxpaHseTcs ONMMCAHHHIH BHINE XapaKTep HOCTYIATeNbHHX ABUKEHUI MOIEKYJI.

Kax Gyaer BUfHO falee, U3 Pe3yJIbTaTOB BHUNCIEHNUA po CIEAYeT, YTO OTHOMIEHHE Tell-
JIOBOTO flaBleHnsa (p — py) K «yOpPYyroMy» po mpu p > 1.4 Ha ¢ponTe ymapHOH# BOMHH 1O
HOPAAKY BeJIMIMHE TaKoe ke, Kak u Opn 1 < p < 1.4, 970 KadeCTBEHHO HOATBEpPIKAAET
c/leTaHAOe TMPENNOJIOKeHNEe O MAaJOCTH aMIUINTYAH HOCTYHATedbHHX Koixebamuit. DyHE-
0 po MOKHO BHYMCINTH IO 3aBHCAMOCTH p — p(p) Ha aguabare I'IOTOHKO, eCIX N3BECTHO
ornomenue I'pionaiisena v = Rf/c,, e ¢, — TeNI0eMKOCTb BOJE IPH HOCTOSHHOM 00BeMe.

Ilas ompeneneHus Tel JOEMKOGTH HY/KHO 3HATh XapaKTep He TOJIBKO MOCTYHATEIBHOTO,
HO W BpAmATEIbHOTO ABILIeHHSA MOJeKyd. TelIoeMKOCTh, MPUXOAAMAACA HAa Malble IO-
cTynaTenbHele Kojebamnsa =~ 3R. TemIoeMKOCTb KDPYTHJIBHEIX KodeGaHWHl HeM3BECTHA.
PaccMOTpUM [Ba BO3MOKRHX H[EICIBHEIX CIydas BPAmATEIbHOTO MABIKEHNS MOJEKYJ:
1) Mansle KpyTHaAbHEe Kojiebamns, 2) cBoGoamoe Bpamerne. B mepsom ciyuae ¢, = 6R -
+ ¢34 cot ¢3, Tae ¢; — TeITOEMKOCTH, TIPUXOAAMUECH HA BHYTPEHHIE CTeleHH CBOGOMIL!
monexyasl Ho0. Bo Brojom cnywie ¢, = 4.5 R + ¢1-+ cat c3. (Ilogpobuee o BEIImCIEHAN
¢; cM. Jaiee.)

B npoMesxyTodn0il 06IacTH MePeX0/ia OT MAIEIX KPYTUIBHHX KodebaHmil K cBOGOIHOMY
BpANIEHAI0 TEIIOEMKOCTh MO;KeT CHJIBHO BO3pPAcTaTh H3-3a AHTApPMOHMYHOCTH KOJIeOaHMil.
Onmaxko mupu M000if MaHHOH IJIOTHOCTH WMHTEPBAJI TEMIIEPATyp, COOTBETCTBYIOIIMMA 3TOI
00IacTH, CPABHATENBHO HEBENNK, I B CBA3M C 3THM HPEACTABIAETCA MalOBEPOATHEIM, UTO
annabara I'loroEmo, MpOBefeHHAA U3 HAYAIBHOTO cocTogHus p = 1, p = 1 mpu Goapmux
p HAXOJMTCA CYMeCTBEHHOH cBoOell 4acThi0 KaK pa3 B MPOMeKYTOUHOH obmacTi.

«YmpyTroe» [aBieHHE p, Opu p > 1.4 Mosker GHITH CiIeAyiomuM 06pa3oM BEIYHCIEHO IIO
namEEEIM p = p(p) saBucmMocTn Ha afmabare I'lorommo.

ITpencraBum vpasHenue (1.1) m ypasmennme misa E B Buge

ple=%-+RIT/p (1.3)

1 XapakTep BpaIaTeJbHOTO JBIKEHHA MOJEKYJ CyIIeCTBEH [UJIA OUpeejeHns TeIllo-
€MKOCTH, HO He CYIMIECTBeH [JIsA OUpefleleHusd f, eCIn He YINTHBATh B3aUMOJeHCTBIA Bpame-
HU ¢ «OOCTYNATeabHBIMIY KOJeOaHUSIMH.

8 IMT®, Ne 1



114 H. M. KY3HEIIOB

(1.4)
Po ° To

rie Y —po/p, po=1.4.
Ecmm ¢; =0, 10 ¢, u t mnocroamnbl. Mckmouas temmepatypy u3 (1.2) m (1.3),

1oyryqaeMm
PO =1 i, B E o) —— (1.5)
3necr Ty — remnepatypa Ha aguaGarte [iorommo 1pu py = 1.4, T. e.

RiTo _pleo) . .
Po

3navenns I maxomum m3 (1.2) mno mammmv [¥]. OGosmaume uepes L (p) usBectuyio

200 pa’”.rooap / /I
_02 04 06 410 |, A
T
1P 100 ,/
-
P ire

Dur. 1 m 2. 3aBICHMOCTEL po OT IJIOTHOCTH

npaByo 4acth ypasrenus (1.5) m mudepenaupyst (1.5), nomyqaem
v

Peinmas 310 ypaBHeHmMe, HaXOHUM

¥ (p) =P (po) +p* \ P Po=p¥ (p)

Pemms samauy s ¢; — 0, B ClefyiomeM 1 puOJIMGKeHMH  HaXOMUM po s c. == 0.
Pesymprarn Boramesennst po aiam 0 << p < 2.3 <(upn p>1.4 juaa ABYX yKasaHHBIX BhIle
BAPUAHTOB 3HAUEHMsI TEIJIOEMKOCTH) IIPMBEJEHBl Ha

¢ur. 1 u 21
W3 ¢ur. 2 BuAHO, YTO MAKCHMaJbHAfg DPAa3HMNA

I ] NBYX BapuUaHTOB po cocTaBiseT Apo/ po~ 20%, wmiau
~109 nas p ua ¢ponre ynapuoit Bosmer [5°]. ITyrem
MHTePNOAIMA PE3YJbTATOB  BHIYMCJICHUI  IOJIyYena
/ caenyiomast qopymyna (dur. 3):

14-3.5p—2p%+ 7.27p¢
1= 1 11.09p5 (1.6)
;__—l roe B pesyanrare o0padoTKu AaHHBEIX [8] o 3aBucH-
L MocTH p OT p na (pouTe YAAPHOH BOJHBL B BOJIEC
04 a8 12 16 20 noiyuena Qopmyia 1.7)

dur. 3. 3aBHCHMOCTL f OT IJIOT- =0 (1,73
HOCTH N 3050 (p*" —1) g 0 < ps << 420-10% atm
1+0.7(p—1)*

BoCIIpOM3BOAAMAs jAannnsie [¢] ¢ morpemmoctbio Ap/p=~5% u ABAALIAaACA 0000me-
nueM ypasmeHns Tora [0] mnus ¢poHTa yaapHOl BOJHEL B BOJe, CLPABENJIMBOIO [0
p =~ 80.10° arm, nma OoJiee BRICOKME JaBJIEHIIS.

1 Bropoii BapumauT 3uadeHHil pp, MO-BUAMMOMY, B MeHBIIell cTenemu COOTBETCTBYeT
1efiCTBUTEIBHOCTH, TAK KaK B 9TOM ciydae (0p/dp)p_, UPH GOJNBIIAX TIOTHOCTAX yBe-
JIMYIBAETCs ¢ yBeJUMYeHHeM P, YTO IPeJICTABJIsIeTCsS HeecTeCTBEHHBIM.
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Ilo 3maueHHsAM po, f, ps W ypasHenmio (1.1) Onula BEIYMCIEHA TeMmepartypa i, Ha
(poHTEe yUApHOI BOJIHH U HOJyYeHa HHTepPIOJANMOHHASA PopMyIIa

At
s = 2.6pop21073, = 10% (t — Temneparypa,°C) (1.8)

loacraBuas (1.6), (1.7) m (1.8) B (1.1), moaydaem ypaBHeHHE COCTOSIHHS BOJHI [JIS
1<<p<23

P = Py (1 —0.012p%f) + 4.7pft 1.9)
HuTeplionmpoBaHye py Npu p < 1 NpHBOAUT K ypaBHEHHIO COCTOSHHA
p = 4+ —470pft -+ 4.7pft 1.1)
3nech
g =6.6 (1 — 0)0-57 p0-25 npn 0 << p<0.8
g=10(1 —p)+66(1 —p)2—270 (1 — p)3 upm 0.8 <Cp 1

®opmyasr (1.6), (1.9), (1.10) ompesensiior MCKOMOe ypaBHeHHE COCTOSHHSA BOfsl. Ilo-
TPEIIHOCTh YPAaBHEHUA COCTOSAHHA B 00JACTH MMEIOINXCA DYKCIEePUMEHTANBHBIX JaHHBIX

AL S “1_‘_!4".9/},”4 i { ’D
4000
2000
— Y4
n A ]
—K 20%
400 "
0-20% | |2 =
4
200
7
Y rm3 ||
2% v
40, Ll L

Mdyr. 4. PacupefeneHne OTHOCHTEJBHOMN IOTPENIHO-
¢t Ap/p ypaBHEHHS COCTOAHUA Ha miockoctu TV,
V—1/p. Tpanuipl o0JacTeil paBHEIX HOTPeITHOCTENl
yKasaHsl npubmmskenno: I — AByx¢dasHas obaacTb
(Boma — map), 2 — 0o6xacTb AHOMAJIbHO OOJBIIUX
norpemnocteid Ap ~ 103 amm, K — Kputmieckas
TOUKA; IYHKTUP — XapaKTepuCTUUeCKas TeMIepa-
typa Ty; J — obiacth [ucCOUMALH

cocTaBiAeT B cpegHeM Ap/p =~ 5% . Pe3yunbTaThl aHajJu3a HOTPeIIHOCTell ypaBHeHus (1.6),
(1.9), (1.10) mpusemens Ha Qur. 4. IlorpemHoCTs Ap/p JOCTUTAET MAKCHMAJIBHOM BeJIHINHEL
(Ap = 500 at™) npu 0.8 < p < 1 ut~ 100° C. OtMeTnM, OfHAKO, YTO ypaBHEHUE ;CO-
CTOSHMS U B 3TOI 06,1aCTH HPUBOJUT K CPABHUTENBHO HeGOJBIIUM MOTPEITHOCTAM B CKOPO-
c1u 3ByKa u miotHocTu (Ap/p ~ 3%). B pesymbrarte 9TOTO IpH PeIIeHUN MHOTHX THIPOAHM-
HaMUYeCKHX 3a/ad B 3TOi o6iacTH OyAyT HOJYdaThCA HECKOJIBKO HeIPaBUIBHBIMII JUIIb
3HAYEHUA ILIOTHOCTH.

OueHnM 06JacTh IPUMEHMMOCTH IIOJYYeHHOTO YPaBHEHUSI COCTOSIHHSA, UMes B BULY
1t Ty 9acTb obmactu p7', TAe B HACTOsAIlee BPeMs ellle HeT SKCIePUMEHTAIbHBIX AaHHHIX 00
ypaBHennn cocTosnns. (MaKcuManbHas TeMueparypa B TaGaulaX BKCIepUMEHTAIbHEIX
JAHNHBIX, NCIIOJb30BAHHKX JJsA BRUUCIEHUA po ¥ f, paBHa 1270° K mpu p < 1 [?] u 448° K
mpu p > 1 [¢].) @ynkun po u f AUMIb NPUOIMIKEHHO MOKHO CUNTATh He 3aBHCHMEIMI OT
TeMIepaTypH; po— JaBJeHNe, BEI3HBAEMOe MEKMOJIEKYISPHEIM B3auMOfieficTBueM, ycpes-
HeHHBIM 110 BCeM BO3MOKHEIM IIPU [JAHHOM TeMIlepaType OpHeHTalusaAM MOIeKys, n opMaib-
wo ortHecennoe K T = 0° K. Ilpm 7 > 500-1000° K u p <{ 1 Bpamienne MoneKya Giumsko

8*
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K cBOGOSHOMY !, YI09TOMY 3aBHCHMOCTH po OT TEMIEDATYPH HOPH BHICOKHX TeMHepaTypax
momHa OHTh Maxa. poMe T0T0, I BRIAJK po B faBleHIe IPH BEHCOKHX TeMIeparypax Mal.
Jlas oueHKM f OpH BEICOKHX 7' MOMKHO HIpeHeOpeush CHIaMU OPUTAMKEHUS MEKTY MONeKyJa-
Mu. IJOTEHIMAJ 3He CHIIE MEeKMOJEKYIAPHOTO OTTATKHBAHUA MOMKHO NPHOIIKEHHO IIpef-
CTaBHUThL B BHjle OQHOPOXHOR (yHKIMM KOOpPAMHAT CTeNeHH — n, w = or . IIpn TakoM Io-
TeHIuaje B3aMMOAEIICTBUA, KaK JETKO MOKa3aTb,

[ o \8/m
p=pRTY l PA\RT,

JLIA OIEHKN BeJIMYMHBL n 3aMeTHM, 410, ecin 7' — O (uam p — oo), (1.11) momsk=O 1e-
PEeXOfiuTh B ypaBHEHHE COCTOAHHSA TBEPAOTO Tela: p — po(p) npu T — 0
9TO BHIOJNHAETCHA, eCJN

(1.11)

\I’—m])o:AH—T, wm  po= Aap ° (A = const)
T->0.

OTciofa 10 BEYKUCIGHHON BEHIIIEe 3aBHCHMOCTH po(p) moXydaeM cpefmee n =~ 9 — 12
Cle0BaTENbHO, KaK 310 BufuOo u3 (1.11), f 3aBUCUT OT TeMIepaTypsl 3HAYUTEILHO ciabee,
YeM OT ILIOTHOCTH. AT COOOpasyKeHMsI MO3BOJLAIOT IOIaraTh, 4ro morpentrocth (1.9), (1.10)
npu 7' £ 5000° K cocraBager Ap/p = 20%. Ypasrmemmem (1.9), (1.10) MomHO MOIB30-
BaThCA B KadeCTBe MEPBOT0 NPHOIMKeHNs U OpH Golee BEICOKMX TeMIepaTypax, IpH KO-
TOPHIX, OZHAKO, ellle HeCYNIeCTBEHHH IPOILECCH AMCCONMANy ¥ uoHm3ammu. Ilpum p =~ 1
B KadecTBe rpy00T0 HpUOINKEHNS MOKHO HCIOIb30BaTh ypasHeHue (1.9), (1.10) u mua emge
Goslee BHICOKEX TeMreparyp. Tak, Haupumep, upd p > 1.3 ¥ npu ovYeHs BHCOKUX TeMIle-
parypax u3s (1.9) u (1.6) crenyer p =~ 6.7 R pT/p, 9TO ¢ TOYHOCTHIO {0 MHOKHUTEIsL 2 COBIA-
IaeT ¢ ypaBHeHHEM COCTOSHHA MOJHOCTHIO MOHH30BAHHOTO HA€AJNBHOrO rasa, obpasyionie-
rocs u3 Bofsl mpu 1' > 108.

B KadecTBe ciefyiomiero NPUOIMKEHHS OPH BEICOKAX TeMIepPaTypax MOMKHO MCIIOJI-
30BaTh YpaBHEHWE COCTOSIHUS BHAA

P=po(p) +oRT/(t)/ 1 (1.12)

e po 1 f — QYOKIUM, HalleHHHe BHINE, W
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B xagecTBe 7'; MOKHO B3ATH JIIQOYI0 HOCTATOYHO BEICOKYIO TemMmepatypy (~ 1000° K).
Vpasuenne cocrosmus (1.12) iMoier Omre momesmsM mpm T > 1000° K. Tlpu 7 £
Z 1000° K 1uexnecooGpasnee mOIb30BaThes Gosee mpocThiM ypasuenweM (1.9), (1.10), Tak
KaK B 9TOi o6macTu TeMHepaTyp HOrpemrHoctd Ap/p o0ouMX ypaBHeHWIl OFHOTO IIOPAMIKA.
OJHAKO NOpH BHYNCIEHWN DHEPTUN

E=\{p—Tz5)73+ o) (1.13)

caexyer u npu T = 1000°K moxpsoBarses (1.12). Ypasaenne cocrosnms (1.9), (1.10) gamo
OB IIpY BBIYNCIEHUN SHEPIUN 3HAYUTEIHHO GOJBINYI0 MOTPEITHOCTH, 9eM IIPY BHUHCICHH K
maBineHus. JleficTBuTenbHO, moficTaHoBKa (1.9), (1.10) B (1.13) mpepnonaraer T20f/0T<E po,
9TO He BHIIOJHAETCA HI IpH p = 0, T/le po MaJIo, HHI IPU BHICOKKX TeMIepaTypax 7=1000°K .

2. TenaoeMROCTb M DSHEPrus BOABI. B HacTOsAINee BPeMs HET HKCIEPUMEHTAIbHHX JaH-
HBEIX O TeII0eMKOCTH BOJHL IIPU BHICOKHX AAaBIEHWAX H TeMIeparypax M HeT JOCTATOYHEIX
RAHHHX 0 B3aNMOJEHCTBAN MOIEKYJ BOJH, KOTODHE IO3BONMIN OH MOCIEZOBATENbLHO MpO-
BeCTH TEOPEeTHIECKOe BHIYMCIEHUE TEeILIOeMKOCTH.

Oxa3sKBaeTCs, OfHAKO, YTO MpH MOMOIIM MOJIYIEeHHOTO YPABHEHHS COCTOAHUA, a TaK-
sKe JaHHBIX O TeIIOTe NCIIapeHNsA BOJH, 00 dHEPTHN HA KPUBOH (a30BOro paBHOBeCHs (BOga—
nap), O TEIJIOEMKOCTH BOJEL DM HUSKKUX TeMIIEpaTypax M O KoleGaTelbHBHIX KBAHTaX MoJe-
KyJ mapa yRaerca HONYYHTh TEIIOEMKOCTh BONH B NIMDOKOM HHTEpBaje TeMIeparyp H
IJIOTHOCTEH ¢ OTHOCUTEIbHOR MOTPENTHOCTEI0  Acy/co~10—15% . PaccMoTpuMm cHadasia 3a-
BUCHMOCTE Cy OT TeMIepaTypH Ipy IJIOTHOCTH p = 1.

1°. Huskue memnepamypu. Ilpu temmeparypax 0°< ¢ < 200° C uMenTCcs IKCIepu-
MeHTaJbHEe JIaHHBIE O TEIJI0EMKOCTH BOJE IPH IOCTOAHHOM [ABJIEHNH Cp, U3 KOTOPHIX
OpH JIOMOIIM COOTHOIIECHUS

T (9P ]0T) 2
0T T pR(0P | dp)p
HaXO0[UM, YTO MOJAPHAA TEILIOEMKOCTh ¢»= 8.5 R mpm ¢ = 0° C.

JTa TeIT0eMKOCTh GOJIbINe TEIIOEMKOCTH BOJAHOTO Iapa IPH HU3KHUX TeMilepaTypax,

paBHO# 3R, u 0onbIne TEMIOEMKOCTH JbRa, paBHO# 4.5 R upu ¢ = 0° C. TemaoeMKOCTH

1 O6ocHOBaHIE TOTO TAHO BO BTOPOil 9acTH paGOTH IPU PACCMOTPEHNUH TEILIOEMKOCTH
BOJIHL.






