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[penucaosue.

Hacrosimas pa6ora sisasercs npogomxennem psina paboT aBTOpA, NOCBAIIEH-
HBIX BHYTPEHHEMY TPEHMIO HJHM BA3KOCTH TEKyuero Beiiectsa. Bcirencrsue obuinp-
HOCTH TEMbl Mbl HE 3aTParMBaeM BOMPOCA O BA3KOCTH CMeceil, a OrPAHHUMMCS AHIb
OJHOPOAHbLIMH BEIL[ECTBAMH.

ITpu stom nossonsiem cebe BbIpa3uts cBOM rayGOKy0 NMPH3HATEALHOCTh HAYY-
HbiM cotpyanukam Tanauuckoro BTY3a u, B ocoBennoctu, npog. ap. A. [Maprcy
3a nposABJACHHbIA HMH HHTEpPEC M copelcTBHE B 0ny6AMKOBAHUHE HACTOSILEH paborbi,
4 TAKKE BCEM JULAM, NPUCIABIIMM CeNapaTa CBOMX paboOT, B 0COGEHHOCTH npegecco-
pam T. Erepy, J. llamecy, C. Yenmeny m M. Tpayruy.

OjHoBpeMerHO cunTtaio CBOMM J0ATOM OTMETHTb, YTO NEPBOE yKa3aHue Ha
POAb BPAIATENbHOTO NBIKEHHS B PAaCCMAaTPHBAEMOM BONPOCE §i NOJAYYHI OT Hpod.
I. Erepa (8 1934 r.), ofpatusiiero Moe BHAMAHHE Ha pa6otel ["epuora wu
Kynapa (cm. B Tekcre).
H. Fepacumos

Tananucknii BTY3
3. 11941,






FJ1ABA I,

[lepsonauasbible YaCTHILL HCCACLOBATH
CTONbL HYKHO, KAK CAMHM YacTHIAM G6biTb.
M kax 6e3 HeYyBCTBHUTEAbHBIX YACTHIL TeJa
He MOryT O6biTh cocTaBieHbl, Tak u Ge3
OHbIX MCOBLITAHUH yuenue rayGoyafiinee du-
3UKH HEBO3MOMKHO.

M. B. JlomoHocoB.

Hcropuueckuii 0630p.

§ 1. Bonpoc o BHYTpeHHEM TPEHHH WM BSI3KOCTH (hIIoM/1a
JABHO YyXe INpHBJIEKaJ BHUMaHHE KaK (DH3HKOB, TaK H XUMHKOB,
OIHAKO JO WECTUAECATHIX TIOAOB INPOLLIOrO0 CTOJETHSI HEe OblI0
NONBITOK J1aTh €My TeOpPeTHYeCKoe O06’siCHEeHHeE.

Ecan ne cuurate HploToHOBCKO#H (hopmyJibl

du
R=—uf =, (1)
XOTd M HOCsALEH (HOopManbHbI XapaKTep, HO BCE XK€ MPEeJCTaBafio-
ueid co0oJi nepByio IeHHaJbHYIO JOTaAKYy O MEeXaHH3ME BA3KOCTH,
HE M0SIBASJIOCh TAKKE M HHKAKOH MaTeMaTHYeCKOH TeOpHH BONPOCa,
u toabko JI. K. MakcBennnr BnepBble B 1860 r. ma ocHoBe
KHHETHUECKOH TEOPHH JHad BHIBOJ KO3(MU. BH. TPEHHSl IS yMe-
PEHHO pa3pexXeHHBLIX ra30B!, NOKa3aB IIPH 3TOM, UYTO BSI3KOCTb
ra3oB HE3aBMCMMA OT JABJEHHA M NPONOPLUHOHAIbHA KOPHIO M3
abCoNIOTHOH TeMmepaTyphl.

[lepBbie ONbITH, MOCTABAEHHBIE C LE/IBIO NPOBEPKH 3THX BBIBO-
0B Kak caMuM MakcBenneMm, Tak W APYTHMH MCCJAEA0BATEASIMH 2,
MOJATBEPAMIH HE3aBUCHMOCTb OT JaBJEHHMS, HO OXHjaemas Mpo-

MOPLUHOHANBHOCTD Tt ne NoATBEPAMAACh, D10 nobyauwno Makc-
BeJI/ISl K JaJbHEHIIHM HCC/IeTI0BAHHUSIM.

B - nocnenyoumux cBoux paborax, HauuHaa c 1866 r.3, om
pasBuBaeT CBOIO T. Ha3. ,BTOPYIO KHUHETHYECKYIO TEOPHIO Ia30B.“
Yeunusi ero npu 3TOM HanpaBAeHbl Ha OGOCHOBaHME M paspa-
60TKy HOBOro 06LIEr0 M TOYHONO MAaTEMaTHYECKOr0 MeToxa MAJAS
UCCIeN0BAHUS SIBJICHHH, NMPOUCXOAAMUX B (OUme, HAXOASIIEMCS
B COCTOSIHMH HepaBHOBecHs. B pesyabrate on nosayuaer audde-
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pPEeHLMANbHYI0O 3aBUCHMOCTb, ONpPee]sIOIyI0 CpeiHee 3HaYeHHE
A1060#1 BeMMUKMHBL @, €CIM TOJNBKO 3Ta BeNWYHMHA 3aBUCHUT OT CKO-
POCTH TOCTYNATeNbHOTO ABHXKEHHS MOJEKYJ, KaK (YHKLHMIO KOOp-
nuHaT U BpemeH#. [lpu 3TOM, npuHHMas MOzIeNb, COTIACHO KOTO-
pOH MOJIEKYJ/IBI PACCMAaTPHUBAIOTCA KaK LEHTPBl OTTAaJKHBAIOLIMX CHJI,
NEHCTBYIOUIUX O06paTHO NPONCPUHOHANLHO 5-0/f CTENEHH PaccTos-
HUsl, OH TMOJy4yaeT COBEPLICHHO TOYHOE pemeHue 3ajzaud. [lpu
5TOM OJIHAKO MOMYYMJIOCh, YTO BSSKOCTb I'a30B, B c/lyyae MPHHSTOH
MOJIeNH, JO/MKHA OBITb NPONOPLMOHANbHA aGCOMIOTHONH Temmepa-
Type, 4TO ONSTb-TaKH HE COOTBETCTByeT onbity. OaHako C He-
COMHEHHOCTPIO BBISICHHJIOCH TO OGCTOSITENBLCTBO, YTO TEMIEpATyp-
Hasi 3aBUCHMOCTb BSI3KOCTH ONPENENSAETCH 32KOHOM CHJ, A€HCTBYIO-
IIUX MEXAYy MOJIEeKYyJaMH rasa.

§ 2. naBHeAIINM NPENATCTBHEM HA MYTH K TOYHOMY MaTeMaTH-
YeCKOMY HCC/IeJIOBaHHMIO EONPOCA, Ha KOTOpPOE€ HAaTOJNKHYyJacs Makc-
BeJIIb, GBI BONPOC O 3aKOHE pacnpeneseHus CKOPOCTEH MOJeKy.
Garouna, HaXOASAIIErocs B COCTOSHUM IBWXEHHS. B Bbmeonucau-
HOM Clyu4ae TOJIbKO CleHHaJbHblE YCNOBUS 3amaud (5-s1 CTENeHb
paccTosiHusl) MO3BOJIUAM €My OOOHTH 3TOT Bompoc. Baxumit mar
B 3TOM HanpasJeHHH Obu1 cienan JI. BonbTuManom?, KOTOPBI#
BBHIBEJ MHTErpo-nudGdepeHLrasbHOe ypaBHEHHE, HMMEIOLIee OCHOB-
HOe 3HauyeHHe JJisl PEIUeHHs] yKasaHHOH mpo6saeMbl. B psge manb-
HEHIIMX CBOMX pa6or Makcseann u BosbTuman passuBaior u yray-
G/SI0T BBIILEYNOMAHYTHIH METOX, HE NOCTHras OJHAKO YHCAEHHBIX
pe3yabTaToB °.

B nayane 20-ro cromerus MakcBemtb — BoabTumanoBCKmit
METOJ, YyCOBePIICHCTBOBAHHBIH W pa3BUTHIH, TIJIaBHBEIM 06pasom,
C. Henmenom u JI. ducKOrom, paspabaTHBaBIIMMH NOYTH
ONHOBPEMEHHO BHILIEYKA3aHHYI0 NpOo6JeMy, HaKOHEL NPHHEC CBOM
nnoxel %, Beuia paspemieHa ¢ 10CTaTOYNOH CTENeHbIO TOYHOCTH
npo6sremMa O 3HAYEHHH YHCIEHHBIX KO3(QUUMEHTOB B (opmynax
BHYTP. TDEHHsl, TEIJVIONPOBOAHOCTH M AMpdy3uu masi Haunbosee
NPOCTHIX M BAXHBIX MOJeJeH pa3pexeHHBIX ra3oB. B wactaocTh,
B Cay4yae npOCTHIX C(epuuecKuX MOJIEKYJH, BHILIEYIIOMSIHYTHIMHU
aBTOpaMu MoJiyyeHa caeayiowas GpopmyJa :

. ~7 0499  mc
7= 0,499 nmcl =5 - (2)



(B nepBoM npu6/MKEHHH YHCACHHBIA MHOXHTEJIb 3TOH (QOpMYJIbi
5a
32’
XEHHU M PaBHO

paBeH OKOHYATENbHOE YHC/IO BHIYMC/ICHO B 4eTBEPTOM MpHG/IH-

0,499 = ;2’ (1 4 0,01485 + 0,00103 4 0,00019 + . ..) = gg 1,01607 .

DTOT psiJ YMCeN JaeT NOHSATHE O TOYHOCTH BBIUMC/ICHHS.)

Cneays Tomy e meroay, [Mmamak? pewnn aHalOrHYHYIO
3ajgauy Aasi Gosiee CJAOKHON Mojenu Chepuueckux ,luepoxoBaTsix”
monekyan (Rough spherical molecule)® u noayunn pesyabrar TaKoro
BHJA : !

L~ Om 1 SHEeoK me

5 Bt g iy B4 4
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rae K= ——; u [ npeacrasaser C060ii MOMEHT HMHEPUHH MOJEKY/I.
B cayuae, ecan K == o0, ¢popmyna (3) nepexoaut B ¢opm. (2) B ee
NnepBOM NPUOIHKEHHH.

dopmyna [lugnaka BakHa B TOM OTHOLIEHHH, YTO NPHHIH-
NUaJbHO OrpaHHYMBAET 3HAYUMOCTb YenMeH — IDHCKOrOBCKOrO
koapuuuenta (0,499) TonbKO 06/1aCTbIO OJHOATOMHbIX Ta30B.

§ 3. Insa ,MakcBeaneBCKOH“ MOIENH, T, €. KOIJa MOJIEKYJbI
NpeACTaBAsOTCS KaK LEHTPHl OTTANKMBAIOLUIMX CHJ, JEACTBYIOUIHX

06paTHO NPONOPLHOHANBHO HEKOTOPOI CTENEHH ¥ PaCCTOAHMUS (S= %),
0
Auckorom (Dissertation) noayuena caeaywowmas ¢opmyaa:

e 15)/ MRT . (QRT)E‘QLLI : F(v)

— = 3 4L
16 ] nAg(v)Il(Zi —- ;;":‘1’) N ¥e

’ “4)

npuyem ?

R0 ) 3(v — 5)2
Fr =} g Son TR e

dopmyaa (4) aasiercsi o6o6uennem MakcBenneBCKOH M MEPEXOAUT
B Hee npy v =0o.



Kak ne tpyano yOGeautbcs, cdopmyna (4) paBnosHauHa cie-
AYIOLICH i

Il = k . T” y i (5)
_npuyeM
| 2 (6)
e

Oxnako pesyabrar 9T0T, KaK moxasan yxe Jgopn P e iiaunl®, moxno
NONYYHTH JUIsSl HAa3BAHHOH MOJEJM IMPOCTHIM PAacCCMOTPEHHEM pas-
MepoB (IMMEHCHOHOB), He NPOM3BOIA JaxXe BOBCE NOAPOGHOrO
aHa/nM3a CaMOro MeXaHu3Ma BfI3KOCTH.

§ 4. B cayuae chepuyecknx MoJeKys, NPHTSCHBAIOLIMXCS
Apyr K JApyry CHJIOH, OOGpPAaTHO MPOIOPLHOHAIBLHOH * PaCCTOSHHUIO,
Cyrepaenn'’, noab3yscb MeTOZOM AJHHB CBOGOAHOTIO nyTH,
NOMYUHJI CBOIO 3HAMEHHTYIO (opMyay :

STk @)

HMccnenosanust Yenmena u Suckora NOATBEPAUAH NPABUIBHOCTD
Gopmyant (7) mas CyrepneHIOBCKOH Momeni. [Ipu srom aBrOpHI
BEIBEM TAKKE M UHCACHHOE 3HAUCHHE MOCTOSIHHBIX 9TOH (hOpMYJIbI.
[Tpuuem, xak ykaswiBaer Uenmen!2, Gbopmyna (7) wocur npubau-
XKCHHBIl XapakTep W B Clyuyae, €CAM NPUTSACHBAIOLIHE CHJIBl 3HAUU-

G,
TeJIbHBI, BhIpaxcenue 1 - - JOMKHO OBITh 3aMeHeHO psinom 1 ?‘ +

Gy
—f—Trz B BHUJly TOrO, YTO YHCJAEHHOE 3HAUYEeHHE KOHCTAHTbI C2 HE

YCTaHOBJIEHO C GECCMOPHOH TOYHOCTBIO M BHIBOJL npejanonaraer xo0-
CTaTOUHO BBICOKHE TeMmepatypel, (opMmyay (7) MOXKHO CUHTAaTh IO
CYWECTBY paBHO3Hauylle# ¢opmyse Pelinranyma, npeznnoJa-
ralomen Ty xe mogeap 18:

n==k.T% . 8)

§ 5. Becbma uurepecen P€3ybTAT, NOAYYEHHBIH AN MOJENH,
N0106HOi  MakCBeIeBCKOH, HO npexnnonaraimuied CoBMeCTHOE
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CYyUIECTBOBAHHE MEXY MOMEKY/JaMH KaK OTTaAKHBAIONLeH, TaK M
NPUTATHBAIOWIEH CHJIBI :
A B

S= o T )
Moznenb 3Ta 3acayxuBaeT OCOGEHHOrO BHHMAHMS, TaK KaK 060Jee
NPUOIMKACTCSE K PEaJbHOCTH, YeM BBILLEYNOMsiHyTHE. B sToM cay-
uae Makcsenib — BoabrumanoBckuii MeTOX B nepBoM npuGIHKEHHH
NPUBOAUT K (opmyiiels:

el T (10)

[lpu arom #u; coorsercTByer Bhipaxenuio (4)-My, npuuem »
N0Ka3areab CTENeHH, OTHOCAIUMICS K OTTaAKUBaloIeHd cuiae u »!
K NPHTAruBaomen. 3HaueHne KOHCTAaHTBl C MOXET ObITh BBIUKCIEHO
JAJIsT HEKOTOPBIX YaCTHBIX KOMOMHAUMi uucesn » u »'. B uacTHOCTH
5Ta 3ajlaya paspemieHa aas 00X 3HaueHHiH v mpu »! =3 (TaK
HasbiBaemasi mozenb Jlewapa-Ixouca)'s, dopmyana (10), kak 37O
HE TPYIHO BUAETH, NPH BBHICOKHX TEMNEPATypax MEPeXOAUT B (op-
Myay (4)-1o. :

§ 6. MoznexysipHoit Moaesnbio, Belpaxaemoit Gpopmyoii (9)-oif,
noabsyercs rakke JI. lllamec'. OGosnauasi B3aUMHYIO NOTEHUH-
albHYIO 3HEPTHIO JBYX MOJIEKYJ, HAaXOJASLIMXCS HA PACCTOAHHU O,
uepe3 & M HAXOAAMMXCA HA PACCTOSIHUM 0y, NPH KOTOPOM CHJIA,
AEHCTBYIOLLAsE MEXIY MOJEKY/IaMH, paBHA HYJI0, uepes @,, OH 1oJa-
FaeT, 4TO JJIl BCEX MOJEKY/] MNPH CTONKHOBEHHH MOXHO NPHHATH
B CpenHem

D — Py=kT. (11)

Popmyaa (11) coBmectno ¢ popmynoii (9) onpexensier co60ii sdex-
THBHBIA JHAMETp, COOTBETCTBYIOWIMHA 1aHHOW Temnepatype. To-
ectb, no muenuio JI. Illameca monmexynsl npu jauHoit Temmepa-
Type BeayT cebsi TaK, Kak ecnd Gbl OHM GbINM 34aCTHUHBIMH Ce-
pamMu auameTpa 0, BCAEACTBHE 4Yero KO3(DHUMEHT BH. TpPEHHUS
BeIpaxcaetcst popmyaoii 17

1 me

= . =i 12
I 2 mo? ( )



Taxkum o6pas3om, 3Hass KOHCTAHTH ¥, »' W @; MB MOXEM
BBIYHCIMTD @ M, C/€J0BaTeJbHO, 7) /s J1H000H 3aflaHHOH TeMmnepa-
Typbl. OJXHAKO TaKO¥ METOJ, KOHEUHO, NMPAKTHYECKU HE MPHUMEHHM,
TaK KaKk Tpe6yeT CcAOXKHBIX BbluucaeHud. Cam JI. lllamec nosb-
3yercsi CBO€H TEOpHeH JMUIb AJs BbIYMC/IEHHS KPHBOH, BbIpaxaio-
eid 3aBHCHMOCTb 0 OT TeMIepaTypel WM, 4yTo mo Tteopuu JI. Illa-
Meca TO Xe CaMoOe, — KPHBOW B3aWMHOH NOTEHUHAaNbHOH SHEPTUH
MOJIEKY/I.

§ 7. Ilonaras nono6uo JI. lllamecy, uto 3()(heKTHBHBIM AHAMET-
poM, OmnpejensiolUM CO6OH MNPOUECC CTONKHOBEHHS MOJEKY,
HYXHO CYHTaTb TO HAWMEHbIUEE DACCTOSIHHE, KOTOPOE JOCTHraloT
IEHTPBl MOJIEKYJ B mpolecce CToJKHOBeHHs, H. FTepacumos !®
BBIBOJIUT (OpPMYJy A/sl CPEAHEro YHC]a CTOJNKHOBEHMA M KO3(DH-
LMEHTAa BHYTPEHHErO TPEeHHsI ra3oB. BrlBoJ 3TOT He mpexno.na-
raeT HHKaKOro ONpEJIEeNeHHOr0 CHIOBOrO 3aKOHAa M TPEGYET TONBKO
IIAPOCHUMMETPHYHOCTH CHJIOBOTO MOJS.

B cayuae cunoBoro mnoas, nomo6HOro UlamecoBckomy, mas
KOTOPOTO KPHBA3sl B3aHMHOH MOTEHIHaNbHOH SHEPTHM HMEeT MHHH-
MYM, Cp€IHEe YMC/AO CTOJNKHOBEHHH BhIpaxaercst (hopMysoi

_ — %9
& —bGgte i e Bl il (13)
rae
@ — Qo =00
0=—10
Sl NS e
_J L e (1)
ﬁ—‘lo——o

npuyeM d u ¢, COOTBETCTBYIOT 0, u P, B Teopunu JI. Illameca u
BeJHYaHa 6:-%-

Orciona BHiTEKaeT s K03(}. BH, TPEHusi rasa cJaenyouias
dopmyna 19:
a, me =0 1
P () BT iuit , 5
= g e 7 (15)

Boipaxast B ,nmepBom npuGamxenuu* cunoBoii 3aKoH CIIEeLYIO- -
wei Gpopmyoi :

O a(g — w..)’ (16)
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FA€ @ HEKOTOpas MOCTOSIHHASA, MOAyYeHa caenyiowas Gopmyna s
KO3(). BH. TpPeHHsl rasa:

1’0

n=B(1 + 2akT)e*T . T%, (17

Bamxadimnit ananus Qopmyn, BhTeKalOUMX U3 Bbipaxenui (13)
u (14), B cnyyae pasnuuHBIX MOJENEH CHJIOBOTO MOJS, AaH HHUXKeE.

§ 8. Bce BreNpHBENEHHbIE TEOPHH BH. TPEHHSI OCHOBAHHI Ha
KJIaCCHYeCKOH MexaHHKe. B HoBejiluee BpeMsi MOSIBUWIHCH MONBITKH
NPUI0XKEHHS] KBAHTOBOH TeOPHUM K BONPOCY O BH. Tp. rasa. Cpenu
MOCJA€IHUX CAEAYeT B OCOOGEHHOCTH OTMETHTb paborhl IOnnura
¥ Msaccu u Mop? 2 OpHako MOKa 4YTO pe3y/]bTaTHl, I10-
JYYEHHBIE 3THM NyTeM, HEe JNAIOT 3THM TEOPHSM MPEHMYLIECTB [0
CpaBHEHHIO C NpexHuMH. Boolbuie xe KBaHTO-MeXaHHYeCKOe pac-
CMOTPEHHE BONPOCAa MOXET MMEThb 3HaY€HHe TONbKO B OTHOLIEHHH
K MOJIEKYy/JlaM J€rKMX ra3oB, T. €. BOINOPOAY H TeJHI0, Ja MU TO
JHWb NPH TeMmnepartypax, 6GJM3KHX K aGCONIOTHOMY HYJIO.

§ 9. B 3aknwuenue 0630pa paGoT, OTHOCHLIUXCS K YMEPEHHO
pa3pexeHHbBIM rasaM, YINOMSHEM e€Ile O BeCbMa MHTEPECHO# pa-
G6ore M. Tpayrua?. ABTOp C/lelyeT HHAYKTHBHOMY METO.LY
H, NOBHAMMOMY, BeCbMa ycnewHo. [lonyuyeHubie ¢opmyabl, no yr-
BEPXJIEHHIO aBTOpa, ,liefern ohne 7 Messungen eine Genauigkeit
von wenigen Prozenten, bei Vorliegen von nur einem gemessenen
n nicht selien eine von Promillen, innerhalb der Fehlergrenze.«

Meton B CymHOCTH CBOAMTCH K cneayiomemy. Ha ocHoBauuu
OGLUIMPHOrO ONBLITHOTO MaTe€pHena aBTOP YCTAHABAMBAET 3MIHPH-

YECKYI0 3aBHCUMOCTD .

i (420)

~— 19E8 (18)
T=T},
T. e., uTo npoussonnasi norapuma BS3KOCTH rasa Nno Jorapudmy
abCoNIOTHON TeMnepaTypel, NpH KPHTHUECKOH TemnepaType (He
B KpPUTHYECKOH TOouke!) paBHa 1.

PaccMaTpuBasi BeMUHHY m KaK HEKOTOPYI0 (DYHKIMIO TeMe-
paTypbl, OH NPHUHHMAET, YTO 3HaUEHHE ee m,, COOTBETCTBYIOILEE
I'=o0, wnacTonbKO e 6OablIe M; HACKOABKO m; GONbLIe Mo,
T2 Bi§19T0

my— mp = m, — M. (19)
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Takum o6pasom KpuTHYecKass Temneparypa npuobperTaeT 3HaycHHE
KaK 6bl HEKOTOPOTO LEHTPA CHMMETpHH.

PaccmarpuBasi ras npu Ja0060# TeMmnepatype Kak Haxons-
Ly10Csi B PABHOBECHH CME€Chb MOJIEKYJ] B COCTOSIHHH, COOTBETCTBYIO-
mweM 7'=0 u 7T =co (NpUYeM Npu KPUTHYECKOH TEMIEpaType YhCI0
MOJIEKY O0GOMX COPTOB MNPUHMMAETCS PaBHBIM APYT APYry), € MO-
MOLIBIO MPEJCTaBJACHUH COOTBETCTBYIOIIMX KHHEMATHKE peakIuil,
OH MOJy4YaeT /sl Mo CJACAYIOIIee BbipaXXE€HHE :

Mop=——— (20)
(7)
bk
OTKyIa CJAeLyeT AJd m CJAeLyIollee BhIpaxeHHe 2 :
dlnn 2(1 —m,) .
i =Moo =2
dinT 2 i3 21)
1+ (7)

n=n { [ (_F?lgﬁ:mw) / (22)
1 f

TA€ 7 COOTBETCTBYET KPUTHUECKOH TeMmepatype.

He tpyano sugerb, uro ¢opmyay M. TpayTtua moxuo pac-
CMarpuBaThk Kak MaxcsemteBckyio (Gopm. 5) ¢ mepeMeHHbIM 7.
OtmeTuM T0 UeHTpaAbHOE 3HAUEHHE, KOTOPOE MMEET B TEOPHH

M. Tpayrua xputuueckas temneparypa. Pesynbrar aToT Mbl 06Cy-
UM BIOCJIEICTBHUH. ;

§ 10. Ml ynomsinyu Bbiute, 4To OXHMM U3 CAeACTBHI MakcBes-
JIEBCKOH TeOpuu GblIa HE3aBHCHUMOCTh BSIBKOCTH Ia3a OT AABJCHHSL.
ITOT pesyabTaT BepeH MPUMEPHO MUILb B TEX XKe npejenax, B KOTo-
PHIX BEpEH M npocToit 3akou pv=R7. [lpu Goabluem cryumesuu
BEIIECTBA pasMepPHl MOJEKY/ HAaUYMHAIOT y»Ke CKAa3BIBATHCA HA Bsi3-

KOCTH rasoB noJg06HO TOMY, KAK OHH CKa3bIBAIOTCH HA 3aBHCHMOCTH
o6’ema rasa or JAaBJIeHUS,
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[Tepsas Teopust sToro Bonpoca npunaanexur I'. Erepy?.
[1pu stom on moayuna ca. popmyJay :

n=ne(l +5 2}, (23)

rae b, paBHO yuyeTBepeHHOMY 06’eMy MOJeKyJ/ (371acTHUHBIX cdep),
COOTBETCTBYIOLMX JaHHOMY 006’eMy rasa v, U1, eCTb BA3KOCTb, COOT-
BETCTBYIOLIAsl YMEPEHHO pa3pexKeHHOMY rasy NMpH TOH e Temmepa-
type. OnHako, kak 3ameyaer aBTOp ,unsere Formel natiirlich nur fiir
méssige Verdichtungen des Gases gilt, indem wir fiir stdrkere Ver-

dichtungen n, mit einer nach Potenzen von 7’:—}9 steigenden Reihe zu
multiplicieren hitten (Wien. Ber. 109. 1900. 79.)«.
3

= b
P. TTmauk® pasBepTeiBaeT BbIIIEYKa3aHHBIH psJg 10 (*09) ;
IIpy 3TOM OKa3bIBaeTCsl, UTO C MOMOILBIO (POPMY/IbI

?7:770( +l_7£+§_33 H 9’5?)

(24)
(v — b xy6. MeTp. Ha Kr.) BO3MOXHO BHIPa3UTh H30TEPMbl KO3(. BH.
TPEHHUS YIAEKHCAOTh, HaiaeHHble P uanauncom?’, ¢ TOYHOCTHIO
ox il o I %

Hanupie I'. [llneiiepepa® nna neperperoro BOJASHOro napa
aBTOP BbIpaxkaeT GopMyJsoi

0,0175 , 0,0025 )

2= g {1 2T A0 (25)

(v — b xy6. MeTp. Ha KT.)
B Toit e paGoTe aBTOp MOKAa3blBAET, YTO MJs BEJIMUYMHBI 00-
o 1 o

paTHOM BASKOCTH - -, OTHOCAIUEHCA K NapaM M XKHUAKOCTH, HMeer

MEeCTO 3aKOH NpsIMOH JIMHHH, MO0J06HbIH TOMYy, Kakoi E. Martuac
Hawes Jiisi MJIOTHOCTeH mapoB M xuakocreid. K sromy pesyabrary
MBIl €IIe BepHeMCs.

§11. JI. 9 uckor?, noapayscs MakcBenib- bonbTIMaHOBCKUM
METOJOM JIsi MOLeIH ChepHuecKUX MOJEKYJ, MONYUYHJ CACLYIONLYIO
(bopmyay /st BA3KOCTH CXKATOrO rasa:

1 Vi 1 4 ;
£ :2,‘525(5;@ s+ 0,7614110@1) ; (26)
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rae » — KHHEMATHYECKass BA3KOCTD,
— MHHHMaJbHOC 3HAYCHME KHHEMAaTHYCCKOMH BSIBKOCTH (ua

Vi

H3orepme),
0 — MJIOTHOCTb M
7=1+4 2 0b, + 0,28690%,? . @27)

Benuuuna byoy coorsercrByer B. 1. BaanbcoBckomy ypaBuenuio
cocrosnus, passuromy JI. BoabTumanom u Knaysuycow :

P+ a*=R,T(1 + byoy) . (28)

Kak nokasan Juckor aas yraekucaotsr Ha 9KCNEePUMEHTa/b-
HoMm marepuane Bap6ypra u Ba6o®’, a takxe Muyenbc u Jxu6cend?
Ha COGCTBEHHOM 9KCMEPHUMEHTANbHOM MaTepHaie, (bopmyJa 10BONLHO
YAOBIACTBOPUTE/ILHO COOTBETCTBYeT onkity. Popmysa Juckora Tpe-
Oyer Gonee meTanbHOrO O6CYXIEHHS, KOTOpoe Oyaer npHuBeaeHO
HHXKe.
§ 12. HesaBucumo ot sroii pa6otsi H. lepacumos B
1928 r. ony6nukoBan pa6ory, MOCBSILUCHHYIO TOMY e Bonpocy 3!,
B aroii paGore aBrop BeIBOAMT caenywomyio dopmyay ans
CPe/IHeH JIMUHBI MyTH MOJEKYN CIYILEHHOTO rasa:
2 ;u—b
PRV A (29)
rae d nuamMerp MoJeKys (JaCTHUHBIX cdep) u Beanuuna b ompe-
ACTACTCH ypaBHEHUEM COCTOSIHMS, 3aJaHHBIM B 06LIeH (dopme

(?+ P) (v —b) RT,
NpUYeM b MOHUMAaeTCs Kak HEKOTOpas Heu3BeCTHast QyHKIUA 06’ema
H TeMnepatypsi.

Hcxons u3 npexcrasnennii o [epeHOCe KOMMYECTBA JBHKEHHUS
B TasaX, BBICKa3aHHBIX Brepshie I Erepom ® wmeromom cpenueii
JUIHHBL NYTH, aBTOP MPHXOAMT K (opmye

nmelL 2
= :)c i (vafb) ; 30)
Hinu
: 1 cg

14



C noMompio 370l (OPMY/IBl aBTOPY YHACTCA BHIPA3HTH H30TEPMY,
BA3KOCTH yraekuca0Thl npu 30°C ¢ ya0BACTBOPUTENBHOI TOUHOCTLIO,
HO HEpexo/ Ha JAPYrHe TeMIepaTyphl JaeT HeL0CTaTOUHO YA0BIECTBO-
pUTeNbHbIE Pe3yabTaThl. ABTOP BbIUHCIACT TAaKXKE JAUAMETP MoJe-
KyJabl ¥ ABOrazpoBO YMCJIO, OJHAKO 3TH BBIYUCAEHHS HMEIOT JHIIb
OTHOCHTENIbHYIO LEHHOCTb, TaK KaK IPH STHX BbIYHCAEHHSIX YHCJEH-
Hblii  KOo3duuueHT (GOPMY/NBl TpeHus NPUHAT paBHbIM bBoabri-
maHoBckomy uucay 0,35028, koropoe Mbl BnpaBe B Hacrosiiee
BpeMs CYMTaTh CAMIIKOM NPUOAHXKEHHBIM (cM. § 2).

B cBoeit mocneaymiomein pabored?, uccaenys H3oTepMbl KHHe-
MaTHYECKOH BA3KOCTH B CBsI3H ¢ (opmyanoit (31), aBTOp HAaXOAUT
4TO BEJHYHHA

1 m :
gri="m, (32)

‘

rie v, MHHHMaJbHOE 3HaueHHE KHHEMAaTHYeCKOH BA3KOCTH Ha H30-
b

tepme. OTHOWIEHHE - B TOYKAX, COOTBETCTBYIOIUMX MUHHMYMY KHHE-

MATH4eCKOH BA3KOCTH (4 TAKXKE U B KPUTHUECKOH TOUYKE), MOCTOAH-

1
HO M PaBHO . Kpusas

Pn=f(T)

JIISl BhILIEYKA3aHHBIX TOYEK MPOXOIMT Yepe3 KPUTHYECKYIO TOYKY H,
BO3MOXHO, SIBASIETCA MPOJOMKEHHEM KPHUBON JaBJ€HHs MapoB.

dopmyan (31) u (32) malOT BO3MOXKHOCTb BBIYHC/AHTH BEJIH-
uydHy b M0 H30TepMaM KHHEMaTHYECKOH BSI3KOCTH. Boluncaennbie
aBTOPOM KpPHBBIE OKa3alMCb BOIHOOOPA3HOro XapakTepa, JHLIDb
OT/a/eHHO HANOMHHAS KPUBBIE, MOJNYyYeHHBIE C MOMOLLBIO B. 1. Baanb-
COBCKOT0 ypaBHEHHs %, :

§ 13. B 3akmoueHue 3TOro 0630pa HaM OCTAETCS KOCHYTHCH
ewe Bonpoca 0 KO3(UUMEHTe BH. TPEHHs XKHUAKOCTEH.

[epsas Teopusi BA3KOCTH Xuaxocreit pana I'. Erepom *,

Mogenb ,uaeanbHoit xuakoctu, npunstas I, Erepom, npen-
MoJaraer, 4YTo0 MOJEKY/bl MPeACTAaBAAIOT COOOH 3/JaCTHUHbIE MWAPbI
nuamerpa d. [lpu 3ToM mpeamnoaaraercs, 4to ,CBOGOAHBIA 06'eM*,
NPEeACTaBAEHHBIA I/ JBHXKEHHST MOJEKYJ, 4pe3BbIYailHO MaJj 1o
CPaBHEHHIO C 00’eMOM XKHIKOCTH.
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dopmyna I'. Erepa raxosa:

1Pd
n=

) (33)
rne P TEPMHUECKOE JIaBJIEHHE, onpenensseMoe yp-eM COCTOSIHUS

P(v—b)RT (34)

u C CcpeiHsisi CKOPOCTb MOCTYNATENLHOrO ABHKEHUS MOJIEKY.I.

®opmyna I'. Erepa uccaenosana P. O. e puorom®, npuuem
HalJeHO, UTO B NEPBOM NPHGAMKEHHH, COLIACHO C OMNBITOM, YIOB-
J€TBOPUTENIBbHO. B cBoed nocsienyromei paboTe, COBMECTHOH C
I'. K. Kynap, P. O. I'epuor nokasmBaer, uro ¢opmyna T. Erepa
unenTuyHa ¢opmyae Baunnckoro??

(4
A (1)

n= (35)

M OTIHYACTCSI OT HEe TOMbKO YHCJAEHHBIM KO3(puuMenTom™. He
TPY/IHO BHAETB, 4TO BOpMyay (33) MOKHO NPUBECTH K TaKOMY BHJY :

1
e ol (36)

B ¢opmyne Baunnckoro OTCYTCTBYET MNPONOPHHUOHAIBLHOCTH
7%, HO, KaK YKa3biBaioT ABTODPHI, B3paCTaHHE YHCAUTENST (POPMyJbI
(36) xomMneHcUpyeTcsi ymeHbIICHHEM BeAMUHHBL b C TeMIIEPaTypPOH.

§ 14. ABTOpHI HCCaemYIOT TaKKe Ty POJib, KaKyi0O HIrpaeT Bpa-
IIEHHE MOJIEKY/T B MeXaHH3Me BH. TPEHHS KHUAKOCTeH. Pa3Busas 3Ty
MBIC/b B 1anmHeliiueill pa6oTe®, oHn paccMaTpUBaIOT K03(. BH. Tpenus
KaK CyMMy JByX KOI(HMUHEHTOB ONHOIO 7n, OGYCAOBAEHHOrO

MOCTYNATeNbHBIM IBHKEHHEM, U JPYTOTO 7o, 0GYCIOBAEHHOIO Bpa-
IaTEIbHBIM JBHXKEHHEM MOJEKYJ, TaK YTO

Rcot
'n:ntan"!‘ncot:ntan(l +M" ); (37)

tan

rne Keot n K 06031auaior COOTBETCTBYIOLHE KOMMNOHEHTH CHJIBI
TPEHHUSI.

BeiBox Kot 1 K tan mpoOBOAMTCS HMU THIPOJIMHAMUYECKHUM Me-
TOJIOM, BHEPBBIC NPUMEHEHHBIM DHHINTEHHOM K BBIBO/LY (DOPMYJIbI
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koapuumenta auddysuu xounonaos*®. ABTOPH NPOBOAAT BhHIYKC-

Krot
Ktrans
pasHoii, KOJAbUeOOPa3HOMH, MaJOYKOBOH M T. A. W C YCNEXOM NpPO-
BEpSIIOT CBOM BBHIYMC/ICHHSA HAa SKCNEPUMEHTaJbHOM MaTepuane!,

JIEHHUSA

AN pasNMUHBIX MOJeseHd MOJeKys, Kak-TO: 1apoo6-

§ 15. Bo Bcex BBILIEH3/TOXEHHBIX PA60TaX BA3KOCTb XHUIKOCTH
paccMmartpuBaeTcs i, 06pasoM Kak QyHKIHS 06’ema, 0JHAKO UMEeTCs
TaK)Xe HEeMaJoe KOMMYeCTBO PpaboT, aBTOPbl KOTOPHIX CTPEMATCS
HAaHTH M TeopeTHYeCkH 060CHOBATb HENOCPEACTBEHHYIO 3aBHCHMOCTD
BAI3BKOCTH JKHIKOCTH OT Temnepatypel. M3 Hux creayer ynomMsHyTb
pab6otel Auapans, lennmapa n Benxkarapama JIxo3p
npeasaramux hopmyy

B

7= AeT" (38)

Hurepecno orMeTnTh, YTO BCE€ YyKa3aHHBIE aBTOPBI INPH BHIBOJE
9TOH popMyJibl HCXOAAT M3 PA3JHUHBIX NPEANONOKEHHH M 4TO KOH-
cranTel A M B B MX TOJNKOBaHHSIX HMEIOT pas3jHyHOoe (Hu3uyeckoe
3HaueHue 3.

Hekoropsie aBropel nmpuxoidr K 6onee caoxHOH dopmyie,
Tak $peHkenb® BEIBOAUT ciaenyomylo Gopmyny:

i

= (FET, (39)

(rme u, k, | nocrosinueie), B T0o BpeMsi kak JI. B. Makunoon*
noJy4aer :

(&

r}:BBﬁ.l

7 (40)

(B, C nocrosiunsle, v — 06’eM).

Bce nmepeuncnennsle paGoThl CTOJb Pa3HOOOpPasHbl 0 CBOHM
pesyabrataM M HMCXOJAHBIM IIOJNOKEHHAM, YTO Mbl [PHHYMAEHB OT-
Ka3aThCsl KaK OT MX NOApoOHOro pasbopa, TaKk H OT OLEHKH MX
NO CyWecTBy. 3aMeTHM JHUIb, YTO KHHETHKA CXKATHIX TasoB MPH-
BOAMT K (opmynaM, KOTOpBIe, KaK Mbl YBHAMM BIOCIEIITBHH,
NPHAOKUMBI U K xuakocTaM. [fosromy Ham Kaxercs HECOMHCHHBIM,
UTO, KaK B XMAKOCTAX, TaK M B rasax, IVIaBHYIO poJb B nepejpaue
UMIYABCOB JABHXEHUSI MrPAlOT CTOJKHOBEHHA MOJICKYJ.

g 17



Cnenyst uzie€ HENpPepLIBHOCTH CTPOEGHHS BelliecTBa, Mbi
Bnpase TpeGOBaTh, 4TOOH (OPMYyJa, BEIPaXKalollas 3aKOH BH. TPEHHS
KHUAKOCTEH, HEMOCPEACTBEHHO BBIT€Kasa M3 (POpMyJbl BH. TPEHHH
CXaThIX ra3oB. Kak Mbl YBHAWM BMOCJHEACTBHH, TaKOMy TpeGo-
Banuio yrosreTBopsier aumb Qopmyna [. Erepa. [lpaBaa, ona
BLIBEEHA /IS MOJENHU ,HIeaNlbHOH XHIKOCTH® M B ClIyuyae pealb-
HO# XHMIKOCTH B Hee HeOOXOJMMO BHECTH HEKOTOphI€ IIONpPaBKH,
0/[HAKO STH MONPABKM HE MEHSIOT €e CMBICJa MO CymiecTsy. B Buny
BbllIen3noxenHoro ¢opmyna I'. Erepa saBasercsi, Tak CKasaTb,
NepBHYHEIM ¥ €CTECTBEHHBIM BbIPDXEHHEM 3aKOHA BSIBKOCTH KHJ-
KOCTeHl ¥ NMOTOMY, MO HAIIEMy MHEHHIO, €CTeCTBEHHHIM Obino Obl
B NOMCKaX OOG’SICHEHHS TeMIepaTypPHOH 3aBUCHMOCTH BA3KOCTH XKHI-
KOCTEeH MCXOAUTb W3 3TOH (HOPMy/]B BMECTO TOro, 4YTOOBI, HaIeno
oTBEprasi TEOPHI0 CTOJKHOBEHHMH, H3006peTaTh NPHHIMNHKENBHO HO-
BhIHl MeXaHM3M SIBAEHHs, KaK 3TO AesnaloT AHapans u ap. .

§ 16. [loxBoms mror HCTopuqecxoMy Pa3BUTHIO HHTEPECYIO-
IIEero HaC BONPOCa, Mbl BIOPaBE CKasaTh CJAEAYIOIIEe:

1) B o6GnacTi ymMepeHHO pas3peKeHHBIX ra30B Mbl HMEEM MHOTO
pa3Hoo6pasubix (OpMyJs, COOTBETCTBYIOLIHWX B OOIIEM YETHIPEM
OCHOBHBIM MOZEJISIM :

a) mozenu cdepuueckux monexyn (d-const),

b) chepuueckux MOJeKyJ, HaJeJIEHHBIX CHIAMM NPHUTIHKECHUS
(CytepnennoBckasi MOJEIb),

¢) MaxcBeneBCKUX MOJIEKYJ (CHJIOBBIE II@HTDBI, OTTaJKHBa-

omyecs o6paTHO NPONOPLUOHANLHO HEKOTOPOH CTENeHM paccTos-
HUSI MEXJYy HHMH),

d) IllamecoBckux MOJeKyn (CHNOBBIE LEHTPHl, HaLeJEHHBIE
KaK OTTa/KHBAIOIIMMH, TaK ¥ NPUTATHBAIOILUMU CHIAMH).

Ilpu aToM MBI MMeeM TOYHOE MaTeMaTH4YeCKOE pelleHHe 3a-
Jlaud TOJABKO JJIsi MEPBHIX TpeX cayuaeB (a, b, ¢). Opnnako HU
oxHa u3 (GOpMyJs, COOTBETCTBYIOIIMX 3THM MOJIENsM, He MPHJO-
KHMa KO BCeM 6€3 MCKIAIOYEHHS peasbHBIM razam. Mogenb (a) npu-
BOZHUT K (opmyse, naoxo oTBeuarouiel onwity. Popmynsl, COOTBET-
CTByIOLIMe MOZENH (b), XOPOIIO NMPHIOKHMBI K HEKOTOPHLIM ra3aM,
B OOJBIIMHCTBE BBHICOKOTO MOJIEKYJ. Beca, Ia W TO B MNpeaenax
YMEpPEHHBIX TeMNepartyp, HO K Jerkum rasam (He, H,) u B Gonee
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WIMPOKHUX TeMNepaTypHBIX MHTEpBajiax OHM He npunoxumbl, dop-
MyJia, COOTBETCTBYIOLIAst MOLENH (C), MPEKPACHO Mepejiaer TeMmnepa-
TYPHYIO 3aBHCHMMOCTbH K. BH. TP. JIETKMX ra3oB Jaxe B OY€Hb MIH-
POKHX TeMIl. HHTEPBaJiaX, HO B OTHOIUEHHH TSIKEJIHX ra30B HMEET
JUIIb BECbMa OrPaHHYEHHOE MPUJIOKEHHE, YTO M CHAEAYeT OXHAATH
BCJIE€JCTBHE SIBHOIO HECOBEPIIEHCTBA MOMIEJH.

B cayuae monmennm (d) 10 cux mop MBI MMeeM TOuHEIE pe-
LWIEHHUA TONBKO IJsi CJAydyasi JOCTATOYHO BBICOKHX TEMOEpaTyp H,
XOT COOTBETCTBYIOIIKE (HOPMYJBI H NPHIOKHMBI B IOBOABHO LIHPO-
KHX TeMIepaTypHBIX nNpeJenax, NOCTOSIHHbIE, BXOASIIME B HHUX, HE
JAal0T BO3MOXHOCTH COCTaBHTb ONPEJEJNEHHOrO CYXIEHHS O 3aKOHe
CHJI, JEHCTBYIOLIMX MEXJy MOJeKy/JaMH*’, Tak uTo B pesyabTaTe
dopmybl 3TH He HMEIOT MPEMMYIUECTB NEPej BHIIENPHBE A HHBIMH.
[Ilamecosckoe pemenne npoGneMbl NPHOTHKEHHO M HEyIOGHO B
AHAMTHYECKOM CMBICJE, HO, HECMOTPS Ha 3TO, AaeT 6oJee yzo-
BJIETBODHTE/IbHBIE PE3YyJbTATEHl B OTHOLIEHMH CHJOBOTO* 3aKOHA.
Kpome toro, uto BechbMa 3ameuaTenbHO, OHO NOKa3bBaeT ‘8, yTo
Henmen-IHCKOrOBCKuUit uncieHHBl Ko3duuuent 0,499 npasBuieH u
uTO npocrasi Gpopmysna kos(d. BH. TP. rasza (2) NPHUIOKHMA K OJHO-
aTOMHBIM rasaM, €CJH TOJBKO JMaMeTp pacCMaTpHUBaTh Kak sddex-
THBHBIH,

2) B oTHOwmleHMU MeTOJA MBI HMEEM TeNnepb NOCTATOYHO LWIKPO-
KYI0O HCTOPHYECKYIO MEPCHeKTHBY /sl TOrO, YTOOBI C MOJHOH onpe-
J€/ICHHOCTBIO YTBEPMAATh, UTO MaKcBeN1b-BonbTIMaHOBCKHUI MeTO
o6nafaer UMb TEM NPEUMYLIECTBOM, YTO IO3BOJSIET TOYHO ONpe-
JeNUTh YUCJACHHBIE KO3(HMIMEHTH (QOPMyAbl BH. TP. rasoB B Cay-
yae nmpocTedux moxeneil. B OTHOWEHMH TeMiepaTypHOH 3aBHCH-
MOCTH METOJ MNJIMHBI NMyTH NPHBOJAHUT K TEM K€ DEIIEHHAM, KaK M
Makcaennb-BonbTuMaHOBCKHIT (38 HCKTIOUEHHEM YHCAEHHBIX KO3(Du-
uueHTos). [lpu 3TOM MeTOA AAMHBI MYTH JHILIEH TPOMO3AKOCTH H
CJOXKHOCTH, MPUCYLIEH BHILEYNOMAHYTOMY METOLY.

3) B ornomenun xo03(. BH. TpeHHs CHaTHIX ra30B Mbl HMeeM
Tpu dopmyan (23, 26 u 31).

Kak 6Gymer noxasano uuie, (GOpMy/abl 3TH SBASIOTCH JHIIb
YaCTHBIMM BbIpaXKeHHsAMH Gosnee o6LIero 3akoHa M MO CyIeCTBY He
TaK yX pasiuyHbl MexAy COOOH, KaK 3TO KaxXeTcsi Ha MNepBbIM
B3IVISI L.
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4) B orHoutenun -k05¢d. BH. Tp. XKHAKOCTEH MBI NPUXOLUM K
3aK/I0YEHHUIO, YTO, COOTBETCTBEHHO HAee HenpepbiBHOCTH CTPOEHUS,
dbopmyasl BH. TP. WKUAKOCTEH JOJKHBI HEMOCPEACTBEHHO BHITEKATH
u3 ¢opmM. K03(. BH. TP. CHATHIX Fa30B U 4TO, caejoBaTenbHo, Gop-
myna . Erepa, e1MHCTBEHHAs U3 dopMya yAOBAETBOPAIOLLAT STOMY
YCI0BUIO, HYXAAETCS UMb B HE3HAYMTENBHBIX MOMpaBKax.
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FJIABA 2.

Crarucruka CTOJIKHOBEHHH.

§ 17. MakcBeaneBckuit 3aKOH pacmpeeneHusi CKOPOCTeH, Kak
U3BECTHO, CNP2BENJHUB JHIIb ANs (IIOMIa, HAXOAAIIErocs B COCTOS-
HUHM paBHOBECHS, T. €., KOrja BCE HOCTAaTOYHO Ma/jble€ YaCTH €ro OIH-
HAKOBEBI 10 CBOEMY COCTaBy M MO COCTOSIHMIO IBHXeHHs. Ecaum sto
yC/l0BHE OTCYTCTBYET, HalmpuUMep, €CAH pasnuuHble CIoM (urouaa
JABHXYTCA C PpasJMYHBIME OTHOCHTEJNbHBIMH CKOPOCTSIMH, TepsieT
cuny u MakcBeaneBckuit 3akoH (cM. § 2). Hecmorps Ha 370, MBI
OyseM nonb3oBaTbCs B JaidbHeflIeM 3THM 3aKOHOM TNpPH BHIYHC-
JIEHHH BCEX CPeIHHX BeJHYHH, OTHOCSILIMXCA K MPOLECCY CTONKHO-
BEHHH MOJIeKy/a ABHMcymerocsi (uouga, He ynyckas, KOHEYHO, U3
BULY NPHOAUSUTENLHOCTh MOJNYYEHHBIX pe3yabTatos. [lpu sTomM,
UCC/Ie/lysl CTATHCTHKY CTOJKHOBEHMH MoJeKyn, Mbl GyaeM npuuaep-
JKUBATBCS MOJEJNHM 3JaCTHYHBEIX Chep.

§ 18. Tlepexons k pa36opy TeMbl, HAM MPEXE BCEro NPUIETCS
OCTaHOBUTBHCSI HA JABYX [1OJIOXKEHHUSIX, OHLHO U3 KOTOPHIX Mbl Ha30-
BeM JIfl KPaTKOCTH 3aKOHOM LIEHTPOBOH JMHIIM, BTOPOE K€ — 3aKO-
HOM TpPasKTOPHH.

3aKOH UEHTPOBOH JIMHHH BbipaxcaeT BeposiTHOCT W(S) Toro,
YTO HanpaBJ€HHE JHHHH LEHTPOB, B MOMEHT CTOJKHOBEHHSI MOJe-
Kysn, o6pa3yer C HanpaBJeHHEM JBHXEHUS OJHOH M3 HUX yroa J.
BeposTHOCTL 3Ta M0MKHA MMETh OAMHAKOBOE BhIpaXKeHHE Kak /s
CrymeHHOro, TaK M I pa3pexeHHOro (uiouma, BBHIBOJ XE €e
JIErye BCEro NpoBeCTH Ha IpUMEpe rasa, YeM Mbl U BOCIIONb3YeMCsl.
[Tonoxum, 4TO NMHMS LEHTPOB Tak ke, KaK M CKOPOCTH ¢; OXHOM
M3 MOJIEKyJ ra3a, pacroJioXeHa B IJIOCKOCTH yepTexa (cM. ¢ur. 1).
Jlnsi onpeneneHHOCTH MpUHMMaeM, YTo yroa § Mexay LeHTPOBOl
JMHUEH M CKOPOCTBIO ¢, ecThb OCTpli yron. OG6o3mauum uepes a
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yron Mexny CKOPOCTMH €; M €, COYAapsioUInXCs mosekyn, ¢ —
yroJl Mexny IJIOCKOCTbIO YepTexa U MIAOCKOCTHIO, B KOTOPOH JIEXUT
yroxn a;W(c,) u W(c;) cyTb BepOATHOCTH COOTBETCTBYIOILIMX CKOPO-
creil.

Onpenenum Tenepb BEPOSITHOCTb TOTO, HTO KaxKoe-HUOyIb M3
pacCMaTpUBaeMbIX  CTOJIK-
HOBEHHUH, MPOUCXOASIINX
BHYTpH QaoMaa B €IUHKIY
BpeMeHH, MNpOM30HIAEeT B
ykasaHHbIX ycaoBusix. Ecuan
7 4MCJIO MOJIEKYyJ B elIH-
HuIEe 06’ema, TO YHUCIO MO-
JeKyJ1, 00/1a1aI0IHUX CKOPO-
CTBIO ¢y, Oyner nW(c;). U3
YHC/a 3THX MOJIEKYJ HEKO-
TOPbIM OMNpeeNeHHBIM Ha-
npaBleHHWeM B IIPOCTpaH-
cTBe 06/1amaloT

nW(c,) ety

MOJIeKyJ1, npuyeM dw, ecThb
auddeperuyan  TENECHOTO
yraa, ,3aKai04Yalomui’ B
ceGe aTo HampaBleHHE 49,
PaccmoTpuM  Temepb
MoJIeKyJay,  06samaiouyio
Puc. 1. 3aJJaHHOW [0 BEJHMYHUHE U
HaNpaBleHHIO  CKOPOCThIO
¢;, Koropasi obpasyer CO cxopocnﬂo BBHILIEYIOMSIHYTOH TPYyMIbl
OTHOCHTENBHYIO CKOPOCTb ;. YUHCIO CTONKHOBEHHIl paccmaTpuBae-
MO MOJEKYAbl C MOJEKyJaMH JaHHOH Tpynnel B CeKyHay Oyner
paBHO

wd?ncoW(cy) + 4“2

a TaK KaK 4YHCI0 MOJIEKYJ rasa, 0061313 IOIIHX CKOpPOCTbIO ¢y, €CTb

NW doy &
(¢1) 4, » TO CEKYHIAHOE YHCAO BCEX CTOJAKHOBEHHH, MPOHCXO-
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JAUIMX B JaHHOM o6'eMe ra3a Mexay MOJEKyJaMH paccmaTpHBae-
MBIX TPyNI, paBHO

d do,
Nad?ne,W(c) W(ey) - 52 - 52
Yucao MOJIEKYJa ra3a, HMEIOIIuX CKOpPOCTh, COBMAaZIarIyio no Ha-

do
NnpaBJ€HHUIO CO CKOpOCTblO ¢y, paBHO NTnl , Kaxnass U3 HHUX HCIBbI-

THIBAaeT B TeUYeHHE CEKYHIHl 7d?nc, CTOJNKHOBEHHH, MO3TOMY CEKyHII-
HOE YHCJO CTOJAKHOBEHWH BCeX MOJEKyJ, 006/1ajalolMX AaHHBIM Ha-
npaBleHUeM JABHXEHHs, GyJeT paBHO

d(x)l

2
Nrmd?ncy -2 ;o

H, CJAE€AO0BAaTEeJbHO, BEPOATHOCTb TOr0, YTO CTOJKHOBEHHE NPOHCXO-
JUT NPH JAaHHBIX YCJ/IOBHSAX, paBHa

@ Wicy) Wiey)- 222 =2 W(ey) - Wiey) - S f20dd (41)
0

4m

TaKk KakK Au@QepeHnuan TeJeCHOro yriaa
dow, =sina.da.dd.

Herpyaso nanee y6eiuTbhCsi B TOM, YTO BEPOSITHOCTb TOrO, YTO
NpH MoxO0GHOM CTOJNKHOBEHHWHM JIMHMSI LIEHTPOB 06pasyer C ¢; yroa

do
B, pasna cos ¢ ., rue do nuddepesnuan TenecHoro yraa, 3a-

KJI0YaloIUil EHTPOBYIO JHHUIO, H @ yroa mexay naockoctbio JIE,
MeprneHAUKYASPHOA K JHHHM HEHTPOB, M MIOCKOCTbIO AB, mepneH-
JIUKYASIPHOH K OTHOCHTENbHOH CKopocTH ¢,. (Ha ueprexe 1-om mepe-
ceyeHHe O6GOMX MJIOCKOCTeH C IUIOCKOCTBIO 4YepTexka 00603HAYEHO
NyHKTHPOM, MPHYEM YroJ @ IOKas3aH Jullb ycaoBHO). Takum o6pa-
30M, BEepPOSATHOCTb MOJOOHBIX CTOJNKHOBEHHH OylneT paBHa

sin a. da d’!) do

W(Clczcoﬂj = W(cy) - W(cy) -

e .COS ¢, (42)
B Buay roro, uro
COS ¢ = — COS j = — COS y-.Cos B — sin B.sin p,
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rae 7 — yroJa MexAy OTHOCUTENbHOH CKOPOCTBIO Co W JHMHHEH
IIEHTPOB H

y — Yroll MeXAy ¢; ¥ Cy, a TaKXe, uTo

€y COS @ — €y

COSy = %
§ ¢y sin a
sinp = =2——,
Co
M0Jy4yaeTcst
€y — €y COS @) €OS 8 — ¢, sin @ - sin B cos ¥ y
PR e S Do Bt i i M A (43)

)
H, CJIeI0BaTeJNbHO,

Weey: Wie)
472 ¢,

Wieicac.P) = [(c;, — ¢y cos a cos B —c,sina.sinB.cos].

-sin a+da-dd-dw . (44)

VHTerpupyst 3T0 BbIpaXeHHe MO BCEM BXOLSLIUM B HEro NepeMeH-
HBIM 32 MCKJIOYEHHEM f, MBI M MOJYYHM BEPOSITHOCTb TOrO, 4TO
Hanpap/JeHHe LEHTPOBOH JHWHUM B MOMEHT CTOJKHOBEHHS 06pasyer
C HanpaB/leHHEM [BHXEHHs H30paHHOH! MOJEKyAB Yrosa f3, He3aBH-
CHMO OT BEJMYMHBI CKODOCTEH CTaJKHBAIOUIMXCA Mozekya. Jlns
TOTrO, 4TOOBl NPOBECTH 3TO HHTErPHPOBAHHE, ONpEAENHM NpeipBa-
PUTE/ABbHO INpeJe/abl, B KOTOPBIX HYXHO MHTErPHPOBAT KaXKIYI0 M3
nepemenubix. Ecau § octpwiit yrom, 1o cTonKHOBEHMS mOX yraoM
BO3MOXHBI TOJIBKO B Cilyyae, €Cau cos ¢ >>o. [lostomy ycaoBue
COS @ == 0 onpejensier CO60I0 Npeneabl HHTErPUPOBaHHs. Y paBHe-
Hue (43) B 3TOM Cayuae naer:

(¢y -- ¢5 cos a)-cos B

05 ‘P = : E
Py Cy sin a-sin

(45)

[Ipn stom cosd, ABAsIETC KOCHHYCOM HAMMEHBLIETO U HAWGOJD-
WIEro yraa, Mexay KOTOPbIMH HEOOXOAMMO MHTErpHUPOBaTh. Y CIOBHE
dy=0 onpenpensier co6oil Te npenenbHple YIVbl @, D0 KOTOPHIX
MHTErpupoBaHue no ¢ moxHo nposectu or 27 no 0. [lonaras
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cos o =1, MOAyuYMM YpPaBHEHHE AIsi ONpEJEIEHHS STUX NpPEAe/b-
HBIX YIVIOB Oy :

(6 —cgcosag)cos B (eg — ¢y €08 ag) cos B

cpsinag-sinf " ¢, .sinf. )1 — cos? aq

Peiasi ero OTHOCHUTEJNBHO COS &y, MOJAYYHM :

g : ! c 2
cosao=c—‘fc0523ism,3]/ 1—(;‘cosﬂ) £ (46)
2 s 2
OTcioZa BMAHO, 4TO AJs «, HMMEIOTCA JBa 3HAYeHHs, CTAHOBS-
Cy
LMecs PaBHEIMH NPH  COSf= °, MO3TOMY B Cayuae, €CIH (; 3a-
1

KJI0YAeTCs B Mpejesax
066 o8 f,

MHTErpHpoBaHWe MO ¢ PaclpoCTPaHseTcss OT 27 10 0 u 3artem mo
a or @ no 0. Jlanee, npu

€08 B L6
yroa a, UMEEeT aBa 3HAYEHHUSA !

{ C & C 2
@y, = arc €os (c—; . cos?f} —sinf l/ 1 — (;;cos,b’) )

o = arecos (£ cost Hsing /1~ (2 cos ).

TaK YTO JJSI STOrO MPOMEXYTKA MOJyyaeM ABa MHTErpaja: MepBhlil .
—no or 2w 1o O U 3aTeM MO & OT 7T 10 Go; O W, JAajee, OT Ogy A0
0, BTOpOIl Xe @HTerpas HeoO6XOAMMO B3siTh 10 U oT 2w — ¥y 1O Dy
M 0 @ OT dy N0 Gy. Hakouen, B nmpomexyTtke

06 <6
-

Mbl MMEEM TOXe-JBa HuTerpana: mepBbiii — no ¥ or 2w no O u
3aTeM N0 a OT & A0 @y, BTOpPOiH Xe — no ¢ or @—J, 10 J, u
3aTeM 10 @ OT Qg MO CGg. B BHAy TOro, 4TO MOKa3 3TOr0 HHTE-
IpUpPOBaHUsl 3aHA OBl CAMIIKOM MHOIO MECTa, NPHUBOAUM 3J€eCh
TONbKO €ro pesyabTar:
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B npenenax

0L cosf

NoJNy4um
da
Wiereo) = 2.cos B.W () W(ez) 22, (47)
‘ |
B Ipenenax
€ eosB o< e
NOJAY4YHM
3 do
Wieres) = 2 (1 + & cos ). Wie)- Wiy oo (48)
(1}

M, HaKOHEIW, B MOCJELHEM MPOMEXyTKe
06 L6,

B pe€3ynbTaTe HHTETPHPOBAHUS MOJYYAETCS TOYHO TAKOE e Bhi-
paxenue (48). [loatomy, BeposiTHOCTB TOrO, 4YTO NPH CTOJKHO-
BEHHM JHHHS LEHTPOB 06pasyeT C HAaMPaBJEHUEM  1RHKEHUS pac-
CMaTPHBAEMON MOJIEKYNE yron f HEe3aBHCHMO OT ee CKOpOCTH,
BHIDA3UTCS TaK:

Co

9 W ) d
Wie.0) = LAGH %“’. cos B fl]"/(cl).c1 o —zi& £ % ;
%,

e,
cos B

Ca

cos f3
.

-cJW(cl)- (1+ & cos 4],

0

(49

9TO MmocJje IIpEOépaEiOBaHHH Jaer :

2]
cos

2

Wic,f)= W(Cz)-zi -%’-cosﬂ—i—ﬂ;icz—).%’fW(c,)-(l —gcosﬂ}.
0 0
0
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Uurerpupyst 370 BEIPaXeHHe MO ¢, OT oo 10 0, MonyyuM HCKOMYIO
BEPOSITHOCTD BHE 3aBHCHMOCTH OT CKOPOCTH BTOpOﬁ MOJIEKYJIBI &
Ca
cos B

W) = 22 [4c cos B + f Wi(cs) o f Wic,) - 2 cos 5)2]. (50)

B paccmaTpuBaeMOM HHTErpaje, Ha3oBeM €ro /, BeTMYHHA C, NpH-
HUMAeT BCe 3HaueHHsi oT oo g0 0, Torja Kak ¢; MOXET MMeTb 3Ha-

C.
YeHHUS TOAbLKO MEHbIIHE, 4eM co: 5> MOSTOMY, ecaH Mbl [€PEMEHHM

NOPSIOK MHTETPHUPOBAHHUS, TO MOMKHBI GyleM HHTErpHpoBaThb Mo
o OT o0 JI0 ¢; cos # U 3ateM no ¢, or oo xo 0. Takum o6pasom
MOJYYHM :

= f WAc,) f cg(l —1 cosﬂ Wicy) = f Wic,)-i.

¢y cos

Herpyano nokasaTb, NOACTAaBAsSA B BhIPAXeHHE A5 i

_(&
Wic,) = a;/; c2-e “) .dc, , (1)
yro 50
2c 3 ”(%)2
=5 | —e¢ cosfl).e -de,
¢y cos

U, CJaen0BaTeNbHO,

c2

2
1=2 jW(cl)f(cg—clcosﬂ)e (a) .dey=2cA—2c.cos §.B,

¢y cos
rae
i g 2\2
e fm cg-e~(‘;)-dcf_,=—*l—
o “ 21 + cos?p)?

¢y cos
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2

s o : c2\2 Yy c2\2 Los
. s __J— ‘. —]— ‘e
B:/W(—gl) -C,/c’ ((‘) z dc‘:_,:j e (a) -d-cz/lymcl) Figha 08
a ! a . a
0 ¢y cosp 0 : %
RS cos st ‘“__Cﬁﬂ

(1 +cos2ﬂ)-'5 2(1 +cosz,3)%'

[loncraBnss A u B B Bbipaxkenue st /, nonyunm HCKOMYIO Bepo-
ATHOCTE HAM ,33KOH UEHTPOBOH AHHHH® B Clenyiomem Buue

W)=~ < [z cos -+ Li%\osﬂ do . (52)
o (1 + cos?3)3

§ 19. Becwma Baxuo OTMETHTE TakXke, 4To W(B) MoxeT GhiTh
baccMaTpuBaema He TO<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>