-2. Kamepa Buabcona. JIucTbl oTBETOB K JJaHHOI 3a/7a49e He Ipujaraimrcs!

VYciioBue

Sananue 11-2. Kamepa Busabcona.

JIucmus, omeemos x danrotl 3adave He npuaazaromcs!

Kamepa Buavcona - 3ametamesvhoili npubop 0As UCCACO08GHUSA 3APAHCEHHBIT YACTIULY, KOMOPVIL
colepas u 00 CUT Mop NPodoAHCAeM UPAMb ZHAMUMEALHYO POAL 6 Adepholl dusuke u dusuke
anemenmaproir wacmuy. Ipurnyun pabomuv, Kamepv, npocm U NOHAMEH: 6 cocyde co30aemcs ne-
PECHIUEHHDIT NAP, NAPUUAALHOE JGBACHUE KOMOPO20 NPESHIAULAELTN JABAEHUE HACHIUEHHLT TaAPOS.
Taxas cucmema Haxodumcs 6 MemacmabusbHom cocmosnuy. IIposemarowasn 3apasrcennas “a-
CMUYA 1A CBOEM NYMAU CO30AEM UENOUKY UOHOS8, KOMOPYIE ABAAIOMCA UEHMPAMYU KOHOEHCAUUU.
Ha nux obpasyromes Murxpockonuveckue kanesvku 600vl, 0MMEUG0ULLE MPAEKMOPU0 nposema-
0wWet Yacmuybl, KOmopyo MoHcHO chomozpaduposamv. AHaL02UNHDIE NPOUECCH, MPOUCTOOAM, U
npu 0bpasosaruy, 00aax08. O0HaKro, 0 HACMOAULE20 BPEMEHU HE 8CE NOHAMMHO 6 IMOM NPOUecce,
0CO0bEHHO MG €20 HAYAALHOT CMAdUU. IMUM NPOOAEMAM U NOCCAWEHO IMO 340GHUE.

Basiata paspaboTaHa HA OCHOBE CTATbU

H.H. I'ynma, C.K Tow. Kamepa Buavcona u ee npumenenue 6 usure.
YOH, 1947 2., m. XXXI, ewn. 4

1 KHUT'"n

Qusuxa obaraxos, nod pedaxyuet A.X. Xpeuanra,

Jlenuepad, 1961 e.

CHpaBO‘{HbIe MaTepuaJibl.

ITiioTHOCTH BOJIBI p 1,010 Kr /v
Vienbnast Temiora ucnapenns soasl | Lo | 2,30-10° | Jk /M3
VieabHast TEI0EMKOCTh BOJIBI c 4,2010% | JTx/(xr K)
[ToBepxHOCTHOE HATSIXKEHHUE BOJIbI o 7,310 H/m
MouisipHast Macca, BOJIbI M |1,8102 KI'/ MOJIb
[Tocrosinnasi ABorapo Ny | 6,010% 1 /Mo
YHuBepcasibHas ra3zosas nocrosgnuas | B | 8.31 /(Mo K)
3apsiJi 3JEKTPOHA, e 1,610 | Kn
DJIeKTpudecKas ITOCTOAHHAS gy | 8,8510712 | @ /m

XapaKTepI/ICTHKI/I BOJAbBI CIUTATH ITOCTOAHHBIMHA, HE 3aBUCAIIIMMU OT TEMIIEPATYPbI.

B xomnre 3ajjanus npusejiena TadINIa 3aBUCUMOCTHU JIABJIEHUS HACHIIIEHHBIX TTAPOB BOJIBI OT TE€M-
nepaTypbl

CBobojTHAsT TIOBEPXHOCTH YKUJIKOCTH 00J1a/1aeT 3Heprueii, pasuoit U = 0.5, roe S - mwiomasb 1mo-
BEPXHOCTHU, 0 - KOI(MMUIINEHT TOBEPXHOCTHOIO HATAYKEHUSI.
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B samade 6yaem paccmarpuBarh KaMepy, padboueil cpeioit KOTopoii ABISIeTCs BO3AYX € BOIASHBIMU
napamMu, OJIM3KUME K HACBIIIIEHUIO

Yacts 1. IIpobiema obpa3oBaHusa 3apo/blieil Kareb.

OjtHo#t U3 TTpobJIeM Teopuu 00Pa30BaHUs KallesIb SIBJISIETCS BBISICHEHUSI TOSIBJIEHNsT TaK HA3bIBae-
MBIX 3apOoJbIlieil Kamejab B 9ucToil 6e3 nblin cpejie. OKas3bIBaeTCs, 9TO CYIIECTBYET HEKOTOPDIi
KPUTUYECKU PaJinyC KallJu, I10CJIe TIPEBBINIEHNsS] KOTOPOTI'O OHA HAYWHAET PACTH, 3apPO/IbIIIe-
BbI€ KaIlJII MEHBITIET0 PaJInyca UCIaPSIOTCS.

1.1 Ilokaxkure, 9TO 3aBUCUMOCTH MOTEHIIMAJBLHON SHEPIUM KAILJIU OT €€ pajinyca MOXKeT ObIThb
IIPEJICTABJICHA B BIJC

U(r) = —ar® + br?. (1)

rage a un b HEKOTOPbIE IIOJIOZKUTEJIbHbIE IIOCTOAHHBIEC BEJIMYINHDBI. YKaxkure (1)I/ISI/I‘I€CKI/Iﬁ CMBICJI KazK-
JA0ro cjaraemMoro.

1.2 Vcnosib3yst XapaKTepuCTUKHI BOJIBI, MIPEJJIOKUTE OleHKH Ko durmentos B dhopmyiie (1).
1.3 Ilpu kakoM ycsioBum, HakjIaabiBaeMoM Ha MyHKIWO U (1), Kamis MOXKeT pacTu.
1.4 Ucnonbayst dbyskimio (1), olleHuTe KPUTHIECKUIT PAJIIyC KAILIH

[Tosyuennast oneHKa KpUTHIECKOTO PaJINyCca OKa3bIBAETCs HECKOJIBKO 3aBBINIEHHON, YTO CBA3AHO C
rpy6oit orerkoii koaddunuentos Gynkiun (1).

ITosmomy danee cuumatime kpumuueckuli paduyc Kanau pasHviM Te = 10HM.

1.5 PaccunraiiTe 1nc/io MOJIEKYJI BOJIbI, B KAILJI€ BOJIBI PAJIUYCa, .

OreHKr TOKa3bIBAIOT, 9TO JayKe YK€ Ha TaKUX MMPOCTPAHCTBEHHBIX MacHITabax Kalllio MOYKHO
CUUTATD CILJIONIHOM cpejoil, moTepsBIIeil «aTOMapHYyI0» CTPYKTYDPY

1.6 Ilosyunre Touryo GpopMy/ty JiJisd JIEKTPUIECKON SHEPIUN 3aPSI2KEHHOTO ITPOBO/ISIIETO IIapa
pajuyca R, HecyIero 3JieKTpUdecKuil 3apsij q.

PacemorpuM 3apoJIpIeByI0 Kariio, 00pasoBaBIIYIOCs HA OJHO3apSIOBOM (T.e. ee 3apsiji paBeH
3apsiJly 3JeKTPOHA) noHe. MOXKHO CUUTaTh, UTO KISl SIBJISIETCS TPOBOJISAIIAM [IAPHKOM.

1.7 llobasbre, B dyHkmuio (1) ciaraemoe, yIuThIBaoIIee 3JIEKTPHYECKYIO SHEPIHo Karm. [Toka-
JKHUTE HA KAUeCTBEHHOM YPOBHE (JIyUIlle 9TO CJIeJIaTh IPpadUuecKu), 9YTO HAJUIKNE ITON SHEPruH,
MOXKET IPUBOJUTH K YMEHBIIEHUIO KPUTUIECKOTO pajuyca Kallid. 1uC/IeHHbIe OIEHKHA B 3TOM
MIyHKTE He TPeOyIoTCH.

Yacts 2. Buenrtaue ycjioBus
[Tonyuennag B Hactu 1 oreHka KPpUTHIECKOTO PAJINYCA OKA3BIBACTCA HECKOJIBKO 3aBBIIMICHHO, UTO

cBsi3aHO ¢ rpy6oii orenkoit kKoadbdurmentos dyuknuu (1). [losromy nasee cuanraiite Kpurudeckuit
paIyC KaIlljid PaBHBIM Ty = 10HM.
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B Hacru 1 Ob11u o1ieHeHbI YCI0BUS, IIPU KOTOPBIX Kallisd MoxkeT pactu. OIHAKO JIJIsd ee POcTa HeoO-
XOJIUMO, ITOOBI MOJIEKYJIBI BOJIbI, HAXO/IAINECH B Ta3000pa3HOM COCTOSHUU, TIOCTOAHHO TIOJIXOJIAJIN
K TIOBEPXHOCTH KAILJIH.

UsBectHo, 910 6bLT0 ycTanoseHo eme Y. Tomconom (opgom KeslbBUHBIM), UTO JaBjieHne HACHI-
MIEHHBIX T1aPOB BOJIU3U UCKPUBJIEHHON MOBEPXHOCTHU YKUJIKOCTUH OTJINYIAETCS OT JABJIECHUs HaChI-
IIEHHBIX [1aPOB BOJIM3H ILJIOCKON MOBEPXHOCTHU, IPUYIEM Y BBIMYKJIBIX TIOBEPXHOCTEN (KaK Y KAILIK)
OHO GOJIBINE, & Y BOTHYTHIX (KaK y MEHICKA) OHO MEHbIIIE.

Y. Tomcon mosyunia dpopmyiy (ceifuac ee BBIBOJAT Ha MepBOM Kypce dbusmdeckoro hakyibrera),
OIMCBHIBAIOINLYIO 9TO JIaBJIEHIE

P _ 20 M
IDK = TO—R_Tp (2)

rie P, - 1aBjeHre HaCBIEHHOIO I1apa y HOBEPXHOCTH KAl pajuyca 1, P, - J1aBjieHne HaCbhIIIeH-
HOTO Iapa y IJIOCKON TpaHWIlbl (MMEHHO €ro MpHBOJAT B CHpaBovYHWKax), M - MosjsgpHas macca
BOJIBI, p - €e IJIOTHOCTh, R - yHuUBepcasbHasd ra30Basd MOCTOAHHASA, 0 - TTOBEPXHOCTHOE HATIKEHUE
BO/IBI.

2.1 Paccunraiite n30bITOYHOE JTaB/IEHNE HACBIIIEHHOIO Tapa Y KalejleK YKa3aHHOIO KPUTUIECKOTrO
pajguyca 1o, = 10aM pu Temmneparype 20°C.

2.2 [lycTp BJIaXKHBII BO3/yX C HACBIIEHHBIM ITAPOM HAXOJUTCH B KaMepe Buibcona npu Temie-
parype 20°C. OteHure, Ha CKOJILKO I'PAJIYCOB HAJO0 PE3KO (HAIpUMED, MyTeM auabaTudecKoro
pacCIMpeHnst) OXJIAUTh STOT BO3/LYX, YTOOBI HAYAJICS IPOIECC POCTA KAllejlhb PAyCca I'e, = 10HM.
OrnernTe BJIA2KHOCTH BO3JIyXa B 9TOM CJIydae

Mozxkno 3amernth, 9t0o B dhopmyny Tomcona (2) sxomut JlammacoBckoe naBiieHne moj MCKPUBJICH-
HOl TOBEPXHOCTBHIO. DTO HADJIIOAEHUS MOYXKET IIOMOYb IIPOaHaIN3UPOBATh BIUSHUE 3apsIKa Kallin
Ha U30BITOYHOE JaBIEHUE ITapa y MOBEpXHOCTH Kariu. JleficTBuTe/IbHO, 3apsi/ KalLIi YMEHbITaeT
JlaBJIeHUEe BHYTPH Hee, T.e. KaK Obl yMeHbIaeT JlarracoBckoe jgaBjieHue.

2.3 Ucnonb3yst dpopMysay s MOBEPXHOCTHOW SHEPIrUM IMOBEPXHOCTU BOJILI, MOJIydYUTe (hOPMYITY
JIUTst ©30BITOYHOTO JIABJIEHUs T10]] HCKPUBJIEHHON moBepxHOCThIO (hopmyiy Jlamnaca)

2.4 Tlonmyuure bopmysy JIJisl JTaBJIeHUs SJIEKTPUYECKOTO MOJIsI HA MMOBEPXHOCTD 3aPSIKEHHOTO IIPO-
BOJIAIIETO T1apa pajuyca R, eciiu ero 3apsji paBeH q.

[To-ipeknemy, paccMaTpuBaeM KalejabKy BOJY pajnyca re = 10HM.

2.5 Paccunraiite, Kakoil 3apsiyi HaJI0 cooOmMTh 1ol Karmie (npu temieparype 20 °C'), 4To06bI
HAYAJICST €e POCT B aTMocdepe HACBIIEHHOro mapa (6e3 MpechIIeHust).

3aBUCHUMOCTD AdaBJIeHNYAd HAaCbIIMIE€HHbIX IIapoOB BOJAbI OT TeMIIepaTypPbl

(Basara u3 yuebuuka dbusnkn jis 10 kiacca)
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t,=C P, wlla P 50 P, xlla Pur —
M M
—20 0,103 0,83 8 1,06 8.3
—18 0,125 1,05 10 1,228 9.4
—16 0,151 1,27 12 1,402 10,7
—14 0,181 1,51 14 1,508 12,1
—12 0,217 1,80 16 1,817 13,6
—10 0,260 2,14 18 2,063 15,4
—8 0,337 2,54 20 2 338 17.3
-6 0,368 2,90 9 9 443 19,4
—4 0,437 3,51 24 D 984 21,8
— 0,317 4,13 26 3,361 244
0 0,611 4,84 28 3,780 97.2
2 0,705 5,60 30 1,242 30,3
4 0,813 6,40 40 7.47 51,2
B 0,934 7 50 12,3 83,0

Pentenne
Sananue 11-2. Kamepa Buabcona. Penienue.

YHactp 1. IIpobiema obpa3zoBaHusi 3apo/IbIlieil Kaneib.

1.1 B npejioxennoit hopmyJie jijist SHEPIUH KaILIu
U(r) = —ar® 4+ br® (1)

HepBoe cJlaracMoe UMeeT CMBICJI 0O bLEeMHOM QHEPIuMm — HOTGHHI/IBJII)HOI';I QHEPIruun BSaI/IMO,ZLefICTBI/IH
MOJIEKYJI BOJ/IBI. BTOpOG cJlara€eMoe€ - IIOBEPXHOCTHasAd dHEPI'Ud.

1.2 O6’beMHYIO QHEPI'NI0 MO2KHO BBIPDa3UTb 4Y€peE3 YJACJIbHYIO TCIIJIOTY HUCIIapEHUWA
ar® = LpV = 37r3Lp (2)

Orciona caemyer, 9ToO

a=4rLp~6,3- 10711 (3)

BTOpOG‘ CJlaraeMoe: IOBEPXHOCTHYIO S9HEPTI'HUIO CJICeAYET BbIPa3UTh 9€pPeE3 ITIOBEPXHOCTHOE HATAXKEHUE

br? = dmr?c = b=4ro ~0,925%. (4)
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1.3 Poct kamm cMoxkeT HAYAThCA B TOW OOJIACTH PaUyCOB KAallId, B KOTOPOI IOTEHIUAIbHAS
sHeprus yObIBaeT ¢ POCTOM PaJINYCa KAILIH.

1.4 Oynknusa (1) umeer Touky mMakcumyma. CreoBaTebHO, KPUTHIECKUIT PAIYC COOTBETCTBYET
3HAYEHUIO TOUYKH MAKCUMyMa. BbIYuC/Isis IPOn3BOIHY 0 OT (pyHKIWHU (1) 1 IpUpaBHUBas €e K HYJIIO,
JIETKO TOJIyYNTh 3HaYEHUEe KPUTUYECKOI'O paJinyca

Fee = 22~ 6,4-107""w. (5)

dABHO 3aHMKEHHOE S3Ha4dYeHue, 1o-BuauMoMy, CJIMIIIKOM OoJIbIIIas J0JId MOJIEKYJT HaXOAUTCA Ha I10-
BEPXHOCTHU KallJIu.

1.5 Yucsio MoJIeKy/1 B Kalljle pacCIUThIBACTCs 110 OUEBUJIHON hopmyie

é7r1ﬂ3p 5
N=3T2N, ~1,4-10° (6)

1.6 DHepPruo 371eKTPUIECKOro MO KAILIA CJIeLyeT PACCIUTHIBATE 110 (bOPMYyJIe
S O
U= 2q¢ " 8meor” (7)

1.7 B norennuanbuyio byHKIHIO ClielyeT J0OABUTH MOJIOKUTETLHOE CJIaraeMoe, PABHOE SHePrun
10JIs1 KaIlJIn:

U(r) = —ar® + br* + €. (8)

['ne koaddburment ¢ papen

€ _¢ o =2 (9)

8megr r 8mweg *

Mpadprku aHepruin

G |
E U Fian "‘_"‘q.._ UZ
1 = 2 .
z <* - ~

paguyc 3apogbIwa

He cioxxHO MOKa3aTh, 9T0 9TO MOXKET HPUBOJUTH K CABUTY MakcuMyma dyHkiwn U(r), 9ro npu-
BOJUT K U3MEHCHUIO KPUTUYECKOTO PaJyca KallJIu.

Nnmoctpanus npuBejieHa Ha PUCYHKE.

Yactp 2. BHemmnue ycaoBus
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OcHoBHas ujiest 3TOil YacTu 3ajlanus: 1epe- P o P _
HOC MOJIEKYJI K KallJle OCYIIeCTBJIAeTCS IIo- "

cpeactoM Jnddysun. [lostomy xamias Oy- . B n
JIeT PacTH. eCIN KOHIIEHTPAIA MOJIEKYJT BO- {

Jbl (CJIeJIOBATENIBHO, U APIUATLHOE JIaB/Ie- <¢.°Ii) | [:>°¢I
HUE BOJIFHBIX 11aPOB) y IOBEPXHOCTH KAILIN & ' " B

OyJleT MeHbIIle, YeM KOHIIeHTPaIlis Ha 060J1b-
IIIOM VAaJIEHHH OT KarLiu! R

2.1 Pacuer jaBjeHus HaCBIIIEHHBIX TIAPOB Y
ITOBEPXHOCTHU KallJIu JIaeT:

fe—exp (ZgE) =k~ 1,11 (10)
[Tpu remmeparype 20°C
P, =233-1,11 = 2,5911a (11)

2.2 [Ipu pe3KOM MOHUZKEHUH TeMIIEPATYPbI HAaPIUAJIbHOE JIaBJICHIE BOJISTHOTO TIapa BJIaIu OT Kallin
NPaKTUIeCK He M3MEHUTCS, T09TOMY HAJI0 TOHU3UTH JIABJIEHNE Y TTOBEPXHOCTU KAalLIu.

Bamerum, aro koabduiment k B dopmysie (10) ouerb cabo 3aBUCHT OT TEMIIEPATYPHI, TOITOMY
MOXKHO 3aIIICaTh

kp, (t1) = peo (to) (12)

OTky/1a HAXOJUM, TTO

Poo (1) = Bt = 288 ~ 2.1 «TTa. (13)

[To Tabaurne jaBjeHUsS HACBICHHBIX TAPOB C TOMOIIBIO JTMHEHHON MHTEPHOIAINN HAXOIUM, UTO
TeMIlepaTypa JIOJKHa OHU3UTCS IIPUMepPHO Ha 1,5 rpajyca.

13 dopmysbt (13) BUjHO, 9TO BJIAXKHOCTH BO3JyXa IIPU 3TOM coctaBuT npumepro 110%
2.3 JlamnacoBckoe JlaBjieHue 3ajaeTrcs (popmMyJioit

p=2.(14)

91y HOPMYIIy MOXKHO MOJIYYHUTD CJIEIYIOMUM 00Pa30M:

Pabora cui o YBEJIMICHUIO IIJIOIIaJW IIOBEPXHOCTU paBHa M3MCHEHUIO SHEPIUHU, IIO3TOMY

PAV = oAS, AV = 4xr’Ar, AS = 8rrAr

Otrkyna u ciaenyer gopmyiaa (14).

2.4 JlaBjieHue 3J€KTPUIECKOrO T0JIsi Ha MPOBOJSIILYIO TOBEPXHOCTH MOXKHO PacCUUTATH 110 (POp-
MyJIe

€0E2 €0 q2 2
b= 2 2 4megr? : <15>
2.5 HpHpaBHHBaH 9TU JaBJICHUA HaXOIMM HeO6XO,H,I/IMbH71 3apd] KallJinu

q=~20-10""Ku. (16)
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