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Biusinue Heynpyrux CToJIKHOBEHU U
MOJIEKYJ MHOT0AaTOMHOI'0 ra3a
Ha KO3(PPUuuMeHT 0APHETTOBCKOI0 CKOJIbKEHUS

© A.B. Ilognockun
MI'TY um. H.D. baymana, Mocksa, 105005, Poccust

B pamkax npeonooicennoii kunemuueckoti mooenu O MHO20AMOMHO20 2d3a C 6pawya-
MeNbHLIMU CIEeNneHAMU C80600bl MONEKYI, 68 KOMOPOU YYmeHbl 8paujamenbHo-nocny-
namenvHvie nepexoobl MOAEKYIl 2a3d, peuteHa 3a0aida o OapHemmoBCKOM CKOTbICEHUU
2asa 600ib naockou nosepxnocmu. Ilonyuen xosgguyuenm 6apnemmo8cKo2o cKovice-
HUsL 6 6uoe PYHKYUY, 3A6UCAWel OM YACMOMbl HEYRPY2UX CIMOJIKHOBEHUL MOLEKYIL 2a3d
u om K03Quyuenma axkomooayuy MmaHeeHYUAIbHO20 UMNYIbCA.

Kntouesvle cnosa: bapnemmosckoe CKoabicenue, MHO20AMOMHbIIL 243, 6PAUAMETIbHbLE
cmeneHu c600600bl MONEKYIL.

Kak u3BecTHO, ecnu HaJ MOBEPXHOCTHIO TEJNa HAXOAMUTCA Ta3, B 00be-
Me KOTOpPOTO CO3JaHbl TEMIIEPATypHbIE HANPSKEHUsS, TO BO3HUKAET Oap-
HETTOBCKOE CKoJbxkeHue [1-3]. D1oT 3ddexT HeoOX0AUMO yYHTHIBATH
Py TOCTPOEHUU TEOPHUI ABUKEHUS HEOJHOPOAHBIX ra30B B KaHAJaX,
B IMHAMHKE Karlejb U a3pO30JIbHBIX YaCTHIl, U B YACTHOCTH MPH TOCTPOE-
HUU TeOpHUH TepModope3a yMEPEeHHO KPYIHBIX a3p030JIbHBIX YacTuil [3].

B ornnume oT Moisiekya mpocToro (OAHOATOMHOIO) ra3a MOJIEKYJIbI
JIBYXaTOMHOTO M MHOTOQTOMHOTO Ta30B 00JaJaf0T BHYTPEHHUMH CTeIle-
HSIMH CBOOOJIBI, YTO CYIIECTBEHHO YCIIOXKHSIET KHHETHUECKOE YpaBHEHUE
[4], moPTOMY nJisi pelICHUsS TPAHUYHBIX 3a/lay MPUMEHSIOT MOJIEIbHbIE
KHHETHYEeCKue ypaBHeHHS [5—7]. B pabote [7] mpemioxkeHo MOIEIbHOE
ypaBHEHHE, B KOTOPOM YYTEHBI BpalllaTelbHbIe CTETIEHH CBOOOJBI MoOJie-
KyJ MHOTOaTOMHOTO ra3a, a CBOOOJHbIE MapaMeTpbl MOJIEIH BbIPaKEHbI
yepe3 napiuanbHbeie GakTopsl JiikeHa [4]. B pamkax 3Toro MoaenpbHOTO
ypaBHEHHsI pelIeHa 3aa4a 0 OapHETTOBCKOM CKOJIBXEHUH MHOTOATOMHO-
ro rasza BJOJb IJIOCKOW MOBEPXHOCTH. B pesynbrare nomydeH kodpuu-
eHT OapHETTOBCKOTO CKOJIBXKCHHsI, KOTOPBI 3aBHCUT OT Teruiopu3nye-
CKHX IapaMETPOB rasa, ynucjaa HEyNpyTrux CTOJIKHOBEHUN MOJIEKYJI ra3a U
oT K03 (HULIMeHTa AKKOMO/IAlIUU TAHTECHIIMAILHOTO UMITYJIbCA.

[Ipu paccMOTpeHMHM CTallMOHAPHBIX 33Ja4 B JIMHEMHOW MOCTAHOBKE
(GYHKIUIO pacHpelesieHuss MOJIEKYJ MHOTOAaTOMHOTO ra3a MOXKHO 3alld-
cathb B BUjie [4]

fr,v,o)=f,(1+D(r, v, m)),
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m (]11213 ) m V2 . Iama
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2Ty ) (2mkny) | KTy 2K

Jo=ny

(non Tpo — paBHOBECHBIEC KOHIICHTPALIUS U TEMIIEpaTypa ras3a; m, v i O, —
Macca, JUHEWHAs M YIJoBas CKOPOCTh MOJICKYJIBI; kK — TIOCTOSIHHAS
bosbiimana; /, — KOMIIOHEHTBl MOMEHTA UHEPLUUH MHOTOATOMHOW MOJIE-
Kyibl); DO(r, v, ®) — QyHKIMS, ONKUCHIBAIOLIAs COCTOSTHUE ra3a B HEpaB-

HOBECHOW 00yacTH. 37eCh U Jlajee MO MOBTOPSIIOIIUMCS TPEYECKUM HH-
JIeKcaM IIPOBOJUTCSI CyMMHUPOBaHUE.
HopmupoBka fj COOTBETCTBYET COOTHOIICHHIO

ny = [ fod’wd™,

B KOTOPOM 7y — YHCJIOBAs paBHOBCCHAS KOHLICHTPALUA MOJICKYJI Ira3a.

B Hacrosmieir paboTe MpUMEHSETCS MOJEIbFHOC KHHETHYECKOE YpaB-
HCHUC IOJII MHOIOATOMHOTO ra3a ¢ y4€TOM BpalllaTCIIbHBIX CTEIIEHEH CBO-
60161 [7]:

¢ VO = 8(V+(02 +cl —3))r+2(cG)+
& (eQ)(c2-5/2) +, (ch)(ci—3/2)—d)), (1)

e & =mv?/(2kT,); 2 =1,02%/(2kTy); G =.m/2kTyu — Gespasmep-
Has CKOPOCTh I'a3a; Vv, T — OTKJIOHEHHUS OT PAaBHOBECHBIX 3HAYCHUH KOHIICH-
TpaLuu M TeMIreparypsbl rasa; Q' u Q" — Ge3pazMepHble COCTABIISIONINE T10-
TOKa TEeIUIa, CBA3aHHBIE C NEPEHOCOM IMOCTYyNaTeIbHON (TPaHCISLIMOHHOMN)
SHEPrUM MOJIEKYJI M MEPEeHOCOM BpallaTelbHON (POTALMOHHON) SHEPTHUH;
g, &1, & — cBOOO/IHBIE MTapaMeTPbl MOJEHN, KOTOPBIE CBA3AHBI C Maplyaib-
HbIMU (pakTopamu Diikena /' u £ [4]. Mason u Monuuk [8, 9] nomyqmiu
(bopMyIIBl, YCTaHABIMBAIONIME CBA3b (PAKTOPOB DHKEHA C YHCIOM HEYIpY-
I'MX CTOJIKHOBEHHUI MoJjekyn rasa Z (moapobHee cM. [7]), mosTomy mnapa-
METpHI €, &1, & 3aBUCHAT OT Z.

[Ipumensiss merox Yenmena — DHckora K ypaBHeHHio (1) u orpanu-
YUBAsICh MPH 3TOM TNPHUOIIKEHHEM, B KOTOPOM M3 CJaraéMbIX BTOPOTO
HOPSIIKA YYTEHBI TOJBKO TEMIIEPaTypHbIC HANPSDKEHHUS, MMoydaeM (QyHK-
U0 PACHpeEIeHUs BUA

Jfens =f0(1+v+(c2+ci—4)r+2caGa+‘PCh+‘PB),

rue
Yo, =ac,8, (5/2 —c? ) +a,c, 8y (3 /2— cé) —bic,cpllyg;

¥y =dic,cpTyg (5/2—cz)+dzcacBTaB (3/2—03);
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d] = a1b1/2; dz = a2b1/2;

2 Ou
_or .p - 0T o | m M
Eo T()axa’ op Toaxaaxﬁ ’ ob 2kT ax

[IycTe Hag TBEpIOH IIOCKOM MOBEPXHOCTHIO HAXOIUTCS MHOTOATOMHBIN
ra3, B KOTOPOM CO3JjaH HEOJHOPOJHBIN I'PaJUEHT TeMIieparypsl. Hanpasum
ocb OX nexkapToBOM CHUCTEMBI KOOPAMHAT NEPIEHIAMKYJSIPHO MOBEPXHOCTH,
a ocb OY Baonb Hee. bynem cuutath, 4TO U3 KOMIIOHEHT TEH30pa Harpsike-

Huil T, OTIMYHON OT HyJsi Oyzer Toibko T, = o°T / (%Gxéy), TOra MO-

JenbHOe KuHeTndeckoe ypaBHeHue (1) s @ MOXKHO 3armucath CleayOIiM
obpazoM:

Cx;l_)f:—zc G +&1C‘ Q ( 2 5/2)+&chQ; (C‘%—3/2)_(I)’ (2)

T7Ie Xo = &X.
[Haree 3a1a4y pelaeM METOJIOM MOIYIPOCTPAHCTBEHHBIX MOMEHTOB [7].
Oyukiuio O uiiem B BUaE

D=n(+) O +n(-) @,
rae
1 )
n) = E(l + 51gncx);
signc, =1 must ¢ > 0; signc, =—1 g ¢, < 0;
o* = cya(;‘r (x)+ cxcyali (¥)+c,c, (02—5/2) a; (x)+
+c,0, (002) -3/ 2)a3i (x).
[pu 3TOM Makponapametpsl raza G,, 0'y, O, UMeIoT BU:

G, =t +a)+—_(a —a)+—1— ay —a,);
= ) e -+ e —a)

\/*(al _a1)+ \/*(az Z_)a
o) = 835 (a3 —a3).

YMHOXKasi ypaBHEHUE (2) MOCIeI0BATENFHO Ha BBIPAXKEHHS
2 2.
n(E)e, exp(—c” —cy,);

n(®)e,c, exp(—c” —cl);
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n(®)e e, (¢’ =5/2)exp(—c” —c2);

(O]
2 22
(e, (e ~3/2)exp(~c? ~c2)
U UHTETpUpYs MO BCEMY IMPOCTPAHCTBY CKOpocTel (V, ®), MOTyyaeM CHC-

TEMY MOMEHTHBIX YPABHEHUH B BHJIE

d
M(Xﬁ d_anB = LaBaB ((1, B = 1, veey 8), (3)

rae Matpuibl Myg, Log UMEIOT CIEAYIOLINE DIIEMEHTHI:
My = Msy = M = My = 1/ (4n); Mss = Msy = Myy = Mg = —Mes =
= Mgz =3/ (81 ); Mis= Mis= Mas= Mag= M1 = My = Mis= Mgy = 1/8;
Li=Lop=-Ly=-Lipy=-1/8, Liz=Lis=—Loz=—Lys = L31 = L3 =
= Loy = Ly = —1/(8Jn); Lis = Lig = —Laos = —Los = Lsi = —Lsy = Lg1 =
= Lo = —~1/(6¥n); Ly = Las = (8-8n+&; )/ (64n); Lss = Las =
= (8—144m+1698, )/ (256m); Lus = Lys = (8- )/ (6470); Lss = Las =
= Lot = Ly = (8—16m+138)/(128n); Lss = Ly = Lus = Las =
= —(8+138, )/ (1281); Les = Lss = —(8+1698; )/ (2567 ); Ly = Lgs =
= 3(-4n+38, )/ (64n); L7g=Ls7 = (98, )/ (64n);

OCTaJIbHBIE JIEMEHTHI 3TUX MATPHIL] PaBHbI HYJIIO.
BexTop-cronben

a, ={a5’,aa,af,af,a;,ag,a;,ag}.
Pemenue cucremsl ypaBHeHuii (3) umeeT B
ajc (x0) = Aoty exp(=pyxo) + By exp(=pxg) (£ =0,1,2); (4
a;_r (x) = AzYlJf exp(—p3Xp)- (%)

TapameTpsl p1, p2, p3 1 Koddpuuuentsr o, f; (i=0,1,2),7" B cBotO

ouepeib 3aBUCAT OT &, &, a 3HAYUT OT Z.

B (4), (5) 41, A2, A3 — HEKOTOpbIE KOHCTAHTHI, KOTOPBIE OMpPEAes-
10T U3 FPAHUYHBIX YCIOBUH JUIsl GyHKUIMM pacnipeneneHus. YToObl HalTh
3TH TPaHUYHBIE YCIOBUS, BOCIOJIb3YEMCs 3epKajIbHO-IU(PYy3HON Moe-
neio [10]:

f+(anVy9VZ; 0‘)7 0)= % +(1_q)f7(_vxﬂvyﬁvz; ('07 0)7 (6)

—+ —
rne f,f — GyHKOUM pacupenereHus OTPAKEHHBIX U MaJarolluX Ha
IIOBEPXHOCTBH MOJIEKYL.
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I'panuyHbIe yCIOBUS 1T MOMEHTOB (DYHKIIMU pacrpeaciieHus: Moiy-
yaeM yMHOKeHHEM (6) Ha MOMEHTHI:

CiCy, exp(—c2 - ci);

cicy exp(—c2 - cf));
2e,(c*=5/2)exp(—c* = c2);
cicy (cf) -3/2) exp(—c2 — cf))

U MUHTETPUPOBAHUEM I10 MOIYIPOCTPAHCTBY CKOPOCTEH (¢, Cy). B pesyinb-
TaTe pellleHus MOTYyYEeHHON CUCTEMbl YpaBHEHUH HAaX0JUM CKOpPOCTh Oap-
HETTOBCKOI'O CKOJIb)KEHHSI MHOTOaTOMHOT'O I'a3a B BUJIE

B H}‘ d 2T
Bo, Ty dxdy’
rje K03 puimeHT 6apHETTOBCKOTO CKOIBKCHHS
12 2-q) M (g, Z
By =L fr(zy 2 Mle-Z) )
5Vn g N(9:2)

B (7) o603Ha4eHoO:
Ao(q, Z2) = 2[Fy Fyy = Fy Fy |+ VR BBy = B Py |+ [F Py = oy s
A(q, Z) = 2VR[Fy Fyy = Fyy oy |+ 6] Ry Fyy = By Fyp [+ VT [ Fy Fyy = F iy )
By =3 0 —(-9)ag [+ af + (1=g)oq |+ gl=] 0f ~(1-g)as; |;

Fy = [ a5 —0-@ag [+ g 3= of +(-9)o |+ §[ a3 -(1-g)a3 |

|

Fyy = gi=| 06 —-@ag |+ af + (-gay |+ 13=[ a3 -0-g)a3 |;

Fio = 5={ Bo —(1-)Bs |+ &[ Br +1- By |+ 1= | B5 -(1-a)B; |;
Fyy = 4| Bo ~(-a)By |+ 53| Bl + (- By |+ | Bs ~(1-0B; |;

Fyy =g Bo ~(-)Bs |+ & | BT + -y |+ 1= B3 —(1-9B; |.

[Momy4yennbrit KO3PGUIUEHT OAPHETTOBCKOTO CKOJBXKEHHSI MHOTO-

aTOMHOTO Ta3a P 3aBUCHT OT TEIUIOEMKOCTEH ci, ch, K0d(uIMEHTOB

NEPEeHOCa, YUCIA HEYNPYTUX CTOJKHOBEHUH MOJEKYJ ra3a Z M OT KOod(-
(buIMeHTa aKKOMOIAIIMK TaHT€HIIMAJIBHOI'O UMITYJIbCA ¢.
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B cityyae uncTOo ynpyrux CTOJIKHOBEHHMM MOJIEKYJ Ta3a APYyr C ApyroM

7' 0. Ecim, KpOMe 3TOro, (opMajbHO HPEANONIOKUTh, YTO KOAPH-
HUeHT AUPQYy3uu BHYTPEHHEH SHEPTrUU MOJIEKYJ PaBeH HYJIO, TO MOJy-
yuM Tepexo] K onxHoatomMHomy rasy [7]. Torma (7) mpeoGpasyercs
B BbIpakeHHE s Kod(duireHnTa 0apHETTOBCKOIO CKOJIbKEHHUS OJIHO-
aTOMHOTI'O Ta3a, MMOJyYeHHOI'0 B NPUOIMKEHUU KUHETUYECKOH S-MOAemu.

IIpu 5TOM 3HAYCHHUS ApPaMeTpoB o) , B (i =0,1, 2), P> P, PaBHBIL
ay =1; oy =0,5182; o =-0,2787; o5 =0,1890;
a; =-0,8975; o, =-0,0929;
Bo =1; By =0,1810; B =-1,1165; B; =0,0945;
B; =0,1794; B; =0,0060;
p; =1,2560; p, =2,1431.

Hcnone3yst 3Tu mapameTpbl, HAXOAUM KOA(PPUIUEHT GapHETTOBCKOTO
ckonbxkenus Bp = 4,538 (npu g = 1) — pe3yapTaT COBMAIACT C TMOTyUYECH-
HBIM B IpUOMIKeHnu S-monenu. OTMETUM, YTo B TeOpuH TepModopesa [2]

UCIIOB3YeTCsl KO PUIIMEHT OapHETTOBCKOTO CKONBXEHHA Bg =P, /K}g)

(rech K'Y — K0I(OUIMEHT TEMIOBOrO CKOJNBKEHHS ra3a), YMCIOBOE

3HAUCHUE KOTOPOTO B 3TOM cityuae 35 =3,844.
Hanee npu pacuere Kod(pduimeHTa OGAPHETTOBCKOIO CKOJIbXKEHHUS
MHOT0AaTOMHOTO ra3a 3 ucnomszyem ¢opmyny Canmnepa [11] ams ko-

s dunmenta quddysuu D, Ipu sTom napamerp B ompexaensem kax [7]

, 0,27 0,44 0,90
B :1,32(1+ s j

— CM. PUCYHOK.

Bs

0 2 4 6 8 VA

3aBucHMOCTh K03 uIeHTa 6apHETTOBCKOTO CKONBXKEHUS [3 5

OT YKCJIa HEYNPYTUX CTOJKHOBEHUH Z:
l—qg=1,2—¢q=09;3—¢g=0,8
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Ha pucyHke BUIHO, YTO B clydyae MOJTHON akkoMmozanuu (¢ = 1) u npu
usmeHenuu Z ot 1,5 no 10 3nauenue B yBemmuuBaercs oT 3,283 1o
4,264 (=30 %); mpu g = 0,9 — ot 3,894 no 5,055; npu g = 0,8 — ot 4,623
no 6,006. Takum oOpazom, KO3 HUIIMEHT OAPHETTOBCKOTO CKOJIBKECHHS
3aMETHO BO3PACTaeT MPU YBEIMUEHUHU YHCIA HEYNPYTUX CTOJKHOBEHMIA
MOJICKYJI ra3a.
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Effect of inelastic collisions of polyatomic
gas molecules on the Burnett slip coefficient

© A.B. Poddoskin

Bauman Moscow State Technical University, Moscow, 105005, Russia

The problem of gas Burnett sliding along a flat surface is solved under the proposed ki-
netic model for the polyatomic gas with molecule rotational degrees of freedom, with due
regard for the rotational-translational transitions of the gas molecules. The Burnett slip
coefficient is obtained as a function depending on the frequency of inelastic collisions of
the gas molecules and the accommodation coefficient of tangential momentum.

Keywords: Burnett slip, polyatomic gas, molecule rotational degrees of freedom.
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