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KHUHETUYHA TEOPUSA HA UAEAJIHUA I'A3: U3BO/
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OT KHHETUYHOTO YPABHEHUE HA BOJILIMAH
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Pe3tome. Ctporara Teopusi Ha WACATHUS T'a3 BOAW A0 KMHETHYHOTO YpaBHEHUE Ha
Bonnman. 3a ciucteMa B TepMOMHAMHYHO PaBHOBECHE O¢3 BBHHIITHO OJIC TOBA ypaBHe-
HHE ce TpaHChOopMHpa B 3ak0OHa Ha Makcyes 3a pa3npeeieHHeT0 Ha MOJICKYIHTE Ha
rasa 1o ckopocTH. JlaJiu TO3M 3aKOH OCTaBa B CHJIA U 3a CHCTeMa C rpaBuTaims? 3a na
Ob/Ic TOBA BAPHO, € HY)KHO pasIpele/ICHHEeTO Ha TTFTHOCTTA Ha ra3a ¢ BUCOYMHATA JIa
crnenBa 6apomerpuuHara popmyiaa. Kuaetinunoro ypaBHeHue Ha bonmMan npegocrasst
elHa PSIKO W3MO3BaHa BH3MOKHOCT 32 MOJydaBaHe Ha TEe3W JBE 0COOCHO BaXKHH (u-
3UKOXUMHYHH (HOPMYITH.
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YBoa

B ocHoBara Ha cTporata KMHETHYHA TEOPHS Ha HIEAJTHHS ra3 CTOM KUHETUYHOTO
ypaBHeHue Ha bomman (Boltzmann, 1896; 1898; bonbuman, 1953). Benuku npupoanu
CHCTEMHU Ce€ HaMHpaT B IPaBUTAIMOHHOTO Toje Ha 3eMara. KHHeTHYHOTO ypaBHEHHE
Ha bonmMan B ycnoBusATa Ha rpaBUTALMS CE 3allMCBa Taka:

. ' ’ Fr
88—y = [o?dy [V (f f,~fFDIV|cosbdw, (D)

HewusBecTtHara QyHKIHS B TOBa ypaBHeHHE € Vf : VfdTdm e OposAT Ha MOJIEKYIHTe,
4acT OT CpelHUsi OpOi MOJIEKYIIM V B €TUHHIIA 00eM, KOUTO ce Hamupar B obema dT Ha
PEeaIHOTO MPOCTPAHCTBO U KOMTO B CHIOTO Bpeme monanar B obema dw=dudvdw Ha
CKOPOCTHOTO MPOCTPAHCTBO (14, V, W Ca KOMIIOHEHTUTE Ha CKOPOCTTA C BbPXY KOOP/IHHAT-
HHTE OCH X, ), z). O11ie ¢ € Bpeme, g € 3eMHOTO YCKOPEHHE, a 32 OCTaHAINTE 03HAYCHHUS
HarpaBeTe cripaBka B Toshev (2013).

IIpu TepMOMHaMUYHO PAaBHOBECHE Ha ra3a B OTChCTBHE HA I'PABUTALINS,
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E:ai: = 0; f = f(c*) u v=const; %‘g = 0,3amoTo g = 0), ypaexenue (1) ce sanucea kato

f'i="Fh, 2)

KOETO TUPEKTHO BOIY KbM 3aKOHA Ha Makcyed 3a pa3npeneNeHueTo Ha MOJIEKYIUTE Ha
rasa 110 CKOPOCTH:

Vf = pade=oc (3)

¢ 0, A = const pu najeHa Temmnepcarypa 7.

CrnenoBaTesiHO 3aKOHBT Ha Makcyeln e yCIIOBHETO 32 pAaBHOBECHE Ha ra3a B OTChCTBUE
Ha rpaBuTanms. Ocrasa Jia ce MPOBEPH Jajii TO3H 3aKOH € B CHJIa M KOTaTo CHCTeMaTa
€ BbB BBHIIIHO MoJie. [IpoBepkara moka3sa, 4e 3akOHbT Ha Makcyel 3ama3Ba BUJa CH U
MIPY TPaBUTALUS, HO YCIOBHETO V=const ce IpoMeHs B V=V(z). Taka ypaBHEHHETO Ha
Bonman npeiara MaJiko U3MOJI3BaH HAYMH 32 U3BOJ| Ha OapomeTpuyHaTa Gopmyna

mgz}

V= V,exp (— T

(4)

m € Macarta Ha MOJICKYyJiaTa, a k — KOHCTaHTaTa Ha bomnmmasn.

3akon Ha MakcyeJ 3a pa3npeaeeHHeTO HA MOJIEKYJIUTE 1O CKOPOCTH
Crnen morapuTMyBaHe 3pa3bT (2) ce 3ammucBa BB BHIA

Inf' + Inf] = Inf + Inf, (2a)

HpI/I paBHOBECHEC, MMOPpAaAN XaOTHUYHOCTTA HA ABWXXCHUEC HA MOJICKYJIMTC HA rasa —
JABHKCHHUC 0e3 npeanoYnTana nmocoka, 3a O4aKBaHC efz[a HE 3aBUCH OT X, y, Z U t, HO
MOXKC J1a 3aBHCH OT CKOPOCTTA, U TO OT abcoiroTHara cToMHoCT ¢?. Torasa BUHATH MOXKeE
Ja CC ITOJIOXKHU

f = exple(me?)]., f; = exp[@(me,*)],

r r2 ! r (5)
f' = exple(mc™)].fi = exp [@(mey)]

HpI/I CJIAaCTUYHU YAapu MEXIY JIBOMIKH MOJICKYJIN KWHETUYHATAa UM €HEPIUsd OCTaBa
IIOCTOsAHHA:
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(6)

¥ ¥ 1 ¥ ¥
—(mc* +mey) = E(mc" +mey”

2
CrnegoBaTelIHO
me? = me? + mef — me'? (6a)
Heka o3Haunm
me? = X,mei =¥,mc* =2 (7)
Torasa (6a) ce yete
me =X+V—-Z (60)

Bpsmaiiku ce xbM (2a), ¢ (5), (7) u (60), nony4uaBame
oX)+ oY) = @(Z)—p(X +Y - Z)
koeto cien audepenmuupane o X, Y u Z napa

J(X) =g ¥)= ¢ (2) ©)

ToBa, 4e Tpu Ipon3BOAHN HA (PYHKIMH C Pa3JINYHU apTYMEHTH ca PAaBHH ITIOMEKAY CH,
03Ha4aBa, 4e Te ca MOCTOSIHHY U PaBHU Ha €/IHA M Chlla KOHCTaHTa, Hanpumep —(2x 7).
CpnocraBkara Ha TOpHUTE (POPMYNH BeHara JiaBa 3a Vf’

(8)

vf = vd?exp (mz—;T (10)

Axo TO3M M3pa3 yMHOXUM 10 4mc’dc, me nomyuum Opost Ha Monekynute dr M, .,
4acT oT V,
KOWTO UMaT CKOPOCTH B MHTEpBaja MEXIY C U c+dc:

z
A

dn_, = 47A%c%exp (Ekl"jdc (11)

Tosa e 3akonvm na Maxcyen (dur. 1).

Janu 3akoHbT HA MakcyeJ1 0OcTaBa B CHJIA U 32 CHCTeMA ¢ rpaBuTanus?

[IpencraBeHusT NO-rope M3BOI Ha 3aKOHA Ha Makcyell 1oka3Ba HEABYCMHCIICHO, Y€
TOBa PAaBHOBECHO PA3IIPEACIICHUE HA MOJICKY/IUTE Ha MICATHUS ra3 110 CKOPOCTH € CIIe/I-
CTBUE HA aHYJIMPAHETO HA MHTErpaJla Ha yJapyuTe B KHHETUYHOTO ypaBHEHKE Ha bonman.
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probabiity

velocity

®@ur 1. PaznipeneneHue Ha MOJICKYJINTE Ha Ta3a IO CKOPOCTHU

Je*dy [v2(f'ffa*dy [v? (f'f ff)IVIcosddw, =0 (12)

CpMHEHHe, 4e BATMIHOCTTA Ha 3aKOHA Ha Makcyell 3a paBHOBECHA CHCTEMA C TPaBH-
TaIysi MOXKE J]a Ce TIOCTaBH IO BBIIPOC, IMa CBOMTE OCHOBaHMs. B To3m cirydait TpeTust
4JIeH B JsIBaTa YaCT HA KWHETHYHOTO ypaBHeHHe Ha bommaH (1) cbc cCHTypHOCT HE € paBeH
Ha Hyna. He e oueBHIHO aHymMpaHeTo v Ha BTOPHS YWIEH B JIsIBaTa 4yacT Ha ypaBHeHue (1).
Toa 61 MoTIIO ]2 03HAYaBa, Y€ B TO3W CiIydail ycimoBueTo (12) He ce M3bIIHSBA.

HeBamuaaocT Ha 3akoHa Ha Makcyes o3Ha4daBa, 4e TOCIOHHO ¢ BUCOUMHATA Z (TIPUETO
e z=0 Tpu MOPCKOTO paBHUIIIE) MMa CeTraparysi Ha MOJIEKYJIUTE TI0 CKOPOCTH — HallpH-
Mep CJIOEBETE MPH MAIKHUTE Z ChIIBPXKAT MO-ObP3UTE MOJIEKYIIH, & TO-BUCOKUTE CIOEBE
ca MACTO Ha mpeOuBaBaHe Ha MO-OaBHUTE MONEeKynH. M 3a ToBa mMorar ja ce HamepsT
ocHoBaHUs. ETo Kak:

Hexka B 3emMHara armoc(epa ea1Ha MOJIEKyJIa ChC CKOPOCT €, C€ HAMUPA Ha BUCOUMHA Z, .
ITpy CBOETO XaOTHYHO IBMIKEHHUE TS MOXKE JIa CE OKAKE Ha BUCOYMHA Z, > Z, M TaM HEM-
HaTa CKOpOCT 1e ObJIE ¢, > C,, 3al10TO 3aKOHBT 32 3alla3BaHe HA EHEPTHUATA IPEIIONAra:
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mey mMey
+mgz; = —
2 2

+ mgz, (13)

Taxa Moyke OU ce Haslara U3BOIbT, Ue B IOJTHUTE CJI0EBE HA 3eMHaTa arMocgepa ce HaMHu-
par no-0bp3uTe MOJIEKYNHU U TaM Iiie ObJie MO-TOILIO0, 8 B TOPHUTE CII0eBe Ha aTMoc(epara
ca 1o-0aBHHUTE MOJIEKYJIH M TaM € TI0-CTYAEHO, 3al0TO OT eJIEMEHTapHATa MOJIEKYIHO-KH-
HETUYHA TEOPHsI Ha U/ICATTHHS Ta3 € M3BECTHA BCEKUMY Bpb3Kara MEXIy TeMIleparypara
U cpefiHaTa KMHETHYHA EHEePrisl Ha MOJIEKYJIUTE Ha ra3a. Pasmiexnanara cucrema obaue
€ paBHOBeCHa (ITBPBHAT WICH B JIABaTa YacT HA KHHETHYHOTO ypaBHeHHE Ha bonmnman
ChC CUTYPHOCT € C HyJieBa CTOWHOCT). B TakbB ciiy4aii TOpHHUAT M3BOJ BIH3a B IBIOOKO
MPOTHBOPEUHE C TEPMOITUHAMHKATA, KOSITO YTBBp)KaBa, Ue TeMIieparypara B paBHOBeCHaTa
cHCTeMa HaBCAKBJE € eHa U chbila. Y Thi KaTto TBhpACHUATA Ha TEPMOJMHAMUKATA HE
MOKE J1a Ce TMOCTAaBST MO/ ChbMHEHHUE, OCTaBa Jia Ka)KeM, Ue MPOBEACHUTE Pa3ChKICHUS
ca 1e()eKTHU — TeXHHUAT Ae(EeKT € B UITHOPUPAHETO Ha yIapUTe MEKAY MOJICKYJIUTE Ha
rasa, KOMTO UMaT CBOUTE MPUHOCH B EHEPreTHIHNTE OalaHCH B crcTeMara. ToBa He OuBa
Jla ce MpaBU HUKOTa, 3al[0TO MMEHHO yAapuTe, KOHQIUKTUTE, B3aUMOJACHCTBUATA Ha
eJIEMEHTHUTE, KOUTO U3TPaKIaT MaKPOCKOIICKaTa CHCTEMA, OTIPEICIISIT HEWHOTO MOBE/ICHUE
U ca u3nvecKa MpUYMHa 32 HeoOpaTuMocTTa Ha npupoauute npouecu (Toshev, 2013).

H3Box Ha DapomeTpuuyHaTa GopmyJia
YcnoBreTo 3a BAIMAHOCT Ha 3aKOHa HA Makcyen B paBHOBECHA CUCTEMA C TpaBUTaLNs
(anynupane Ha uHTerpana Ha ynapute (12)) npeamonara, ye

oy _ovf

— = 14
dz ¢ de 0 (14)

Hexka na BunnM kakBo ce kpue B ToBa. [lomHelikn, de f3aBucu camo ot ¢ (10), octaBa
Jla TOTTyCHeM, 4e V cera Iie 3aBucH oT z. Torasa ot (14) BeqHara creiBa:

. dv df
c— = Vg—
dz dc
db'_ e m (14a)
fegz = vl
Taka nonyuaBame
dliny
agin¥_ _mg (15)
dz kT
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KOCTO CJICA MHTCTPUPAHC U aHTUJIOTAPUTMYBAHE BEAHAr'a JaBa

mgs
= VI}E_? (16)

ToBa e bapomempuunama gopmyna.

mgas
[Ipu manka pa3nnka BB BUCOYMHUTE Z U JOCTATHYHO BHCOKA TEMIIEparypa 7 ©
MaJko umcio. Torasa, pa3BUBaiiKH B pesi TOpHaTa GopMysia H OTpaHHYaBaiiki ce camo

¢ WBpBUTE NIBE chOMpaemu, hopmyna (16) ce 3ammcBa Taka

mgs

= P'D[l—? (163.)

,_ B D -
Ocraga iacho0pazum, ue ¥ = e —Haysrane),amy’ = 2 (p — nasTHOCT)

P =py — P9z (17)
Tosa e 3axonvm na Ilackan.

3akaouenne

MeTronudHUTE TOCTOWHCTBA HA TE3W M3BOJAW Ha 3aKOHA Ha Makcyen u Ha 6apo-
MeTpudHara ¢popmyna ca 0e3CIOpHU BRIIPEKU M3BECTHATA MM MaTeMaTH4YeCcKa 00-
pemeneHocT. Ho n3moi3BannTe MareMaTHYeCKH MaHUITYJIAIlil Ca CHBCEM MPOCTH U
TAXHOTO YCBOSIBAHE ITI¢ OBJIC OT 107132 B aHAIM3a Ha APyTH NoA00Hu ciydan. Ome eqHa
Oeexxka 3acykaBa negarorndecko BHuManwue. [lormennere mak dur. 1. B Makcyeno-
BaTa paslpee/nTeIHa KPUBa ca MPEICTAaBeHH BCHYKH CKOPOCTH B MHTEPBaJa OT HyJla
1o 6e3xpaiiHoCT. OTHOCUTENHUAT J5UT HA MHOTO BUCOKHTE CKOPOCTH JAOPH pacTe ImpH
MOBHINIaBaHE Ha Temreparypara. lIpu MHOTO BUCOKH CKOPOCTH ChOTBETHUTE MOJIEKYITH
ce 0CBOOOXK/IaBaT OT TPaBUTANMATA ¥ 3aMIHABAT HAKB/IE B CBETOBHOTO IIPOCTPAHCTBO.
Twit kato MakcyesoBara ,,0maiika“ He MOXKe Jia Ce€ OTpeke, Ha TAXHO MSCTO 1 10U 1aT
Ipyru MoJeKynu. Taka 3eMHaTa arMmocQepa HeIIPeKbCHATO I'yOH BEeIIeCTBO, pa3celiBa ce.
CrrenoBareTHO HAKOM JeH 3eMsTa IIIe 3ary0u cBosita arMocdepa u ToBa 11 Ob1e KpasiT
Ha )XMBOTA BbPXY 3€MHaTa MOBBPXHOCT — €TO €IHO 3JIOLIACTHO CHOUTHE, ,,BHHATA" 32
KoeTo e m3isuIo Ha [keiimc Kitapk Makcyen (®wr. 2).
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®@ur. 2. [Ixerimc Kimapk Makcyen (Niven, 1965)
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KINETIC THEORY OF THE IDEAL GAS: DERIVATION
OF THE LAW OF MAXWELL AND BAROMETRIC FORMULA
FROM THE KINETIC EQUATION OF BOLTZMANN

Abstract. The rigorous theory of ideal gas leads to the Boltzmann kinetic equation. For
a system in thermodynamic equilibrium, with no external field, this equation transforms
into the Maxwell velocity distribution law for the gas molecules. Is this law holds for
a system with gravity? It is true but then the density of the gas is not a constant as it
is without gravity; thus the barometric formula is obtained. The kinetic equation of
Boltzmann provides an opportunity to derive in a correct manner both of these equations.
However, this approach is seldom used in teaching practice.
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