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Posrnanyro kinerwdwe piBHaAHHA EHckora—Jlammay mid ryctux 6araToCOpTHHX CHUCTEM 3apd-
KEHUX TBEPAMX KYJIbOK. 3a [I0MoMOro Mmerony Uenmena—EwHckora sHalimeHo fioro HOpMaabHU
po3B’a30K y mepuiomy HabamKenHi. Ha ocHoBl oTpuMaHix BupasiB 1A KoedIIEHTIB ITepeHoCy Ipo-
BEJIeHO 1X YHMCeJ bHUIl PO3paxXyHOK AJisi ABO— 1 TPUCOPTHHUX CyMilnell HeTpaabHUX 1 3apaKeHUux
qacTUHOK. /ledKi pe3ysbTaTy 3iCTaBIIeHO 3 HAABHUMHU €KCIEPUMEHTAJIHLHUMEA TAHUMU.
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I. BCTVII

HocmaKeHHa MPOIECIB MEPEHOCY B TYCTHX cJiaboiio-
HI3OBAHUX YU TOBHICTIO HOHI30BaHWX HaraTOKOMITOHEH-
THUX Tasax 13 HagBHICTIO Bl €MHHUX WOHIB € aKTyaJlb-
HUMH 3 TOTJIAIY BIOCKOHAJEHHA YU CTBOPEHHS HOBUX
ra30BHUX JIa3epiB, MIa3MOXEMIYHIX PEaKTOPIB, CHHTE3Y
030HY, OYUCTKE TOBITPS BiJl OKKCIB 30Ty, BYIJIEIIO, CIIO-
JIYK XJIOPY ¥ Ta30pO3pamHUX JaMI Ta iH. 30KpeMa, Iie
BaKJIMBO MJIA peaJizalil 1mel pyiHyBaHHA dHPEoHIB y
HIZKHIX ITapax arMmocdepn 3a momomoroo HBY pospsa-
aiB. Baromi pesyabTaTi y BUBUEHHI eJIeMEHTapPHUX 31TK-
HEHb 3apANKEHNX JaCTHHOK (€JeKTPOHIB, HOHIB) 3 aTo-
MaMu i MOJEKyJIaMu Ta eJeKTPOMaTHEeTHUX TPOIECB Y
Ta30pPO3PAIHINA TTasMi, MAa3MOXEMITHAX MPOIECB ¥ Ha-
raTOKOMIIOHEHTHUX TYCTUX, 9aCTKOBO U MOBHICTIO HOHI-
soBannx rasax (Na, CO, COq, Oq, He, Ar, Kr, Xe) npen-
cTaBseHo B araTbox MoHorpadiax [1-7], orramax [8-11]
Ta OKpeMHuX opmuriHanpHux crartax [12-16]. Ognieo 3
MEHTPAJTBHIX TEOPETHIHUX TPOOJIEM Y MHX JTOCIIIKEH-
HAX € BHBYEHHA 1 PO3paxyHOK KoedilIIEHTIB MEPEHOCY
— B’A3KOCTH, TEIIOMPOBLIHOCTH, B3aeMHOl audy3il Ta
TepMoandy3il — aToMIB, MOJIEKYJI, IOHIB Ta eJIEKTPOHIB,
iXHBOI €JIEKTPOIPOBIIHOCTH 3 YPaXyBaHHAM XapaKTepy
MIKTaCTHHKOBUX B3a€MOII y ra3oBux cyminrax. Takum
po3paxyHKaM IpucBgaueHo HegapHi mpaii Mepdi [17-19]
JIJId KOHKPETHUX Ta30BUX cyMileii.

Tpagumifiauit iHTEpec 10 6araTOKOMIIOHEHTHUX CHC-
TeM, 30KpeMa 10 OIHApHUX CyMilllell TycTHX TasiB, pi-
OUH Ta TJIa3MH, B OCTAHHI POKH MIACHUIUBCA THUM, IO
CYTTEBWH MOCTYN Y PO3BUTKY OOUUCTIOBAIBHOI TeX-
HIKH JO3BOJUB 3HAYHO JOMOBHIOBATH TEOPIIO PE3yiIbTa-
TaMHi MaTeMaTHIHOTO MoAe  ioBanHa. KiHeTndHl Koedi-
MIEHTH HEPIBHOBAXKHUX CHUCTEM JOCIIKYBAJIA PISHEMI
MeToziaMu: 3a Teopicio Bratrarapa—I pocca—Kpyxa [21],
['pina-Ky6o [22,23], meromom ®pocta [24], mpu mo-
€IHAHHI KIHETHKH ¥ PpIBHAHL HEJIHIKHOI T1ApOmMHa-
mikn [25], B omHOpiguHHOMY HabmwkenHi [26,27]. 3mifi-
CHEHO MaTeMaTUIHY TOOYIOBY PO3IMIUPEHO] TEPMOIMHA~
MIKH TycTHX rasiB i piame (sokpema cywmimefi i3 TBep-
Iux KyJboK y pamrax Teopii RET [20]) [28], noBeneno

TEPMOANHAMITHY CYMICHICTH KIHETHIHUX PIBHAHB THUITY
Enckora nnga M-KOMIOHEHTHHX CUCTEM Ta BEHCKOr—
TOMOHNX KIHETHYHUX PIBHAHL IJId pearyiodumx CyMi-
wedt [29,30], nopiBHAHO pe3yabTaTH MAKPOCKOIIYHUX 1
Mmikpockomiunux Teopiit [31,32]. OnnouacHo 3 ymocko-
HaJIEHHAM METOMIB PO3paxyHKY KIHETHIHHX Koedimi-
€HTIB BIIOyBaJach TaKOXK ONTHMI3AIllA IHCETbHUX MO-
nenioBanb MoraTe-Kapao Ta MOJIEKYJIAPHOI AUHAMIKH
[33-35]. ¥V nedkux BUIIaIKax YUCTO TEOPETUYHI MOIEJ
it 3amadl Maau TaKOoXK MPUKJIATHUNR XapaKTep: MOAEb
['pocca—/lxexcona [36], obepHeHa 3amadTa TEILIOTPOBII-
Hoctu [37], edertuBHi Koedinientu nepenocy [38-40].
Kinernune pisaanua Enckora—Jlammay o oqHOKOM-
MOHEHTHOI CUCTEMHU 3aPAMKEHUX TBEPAUX KYJIBOK OYJI0
sanporonoBane B npaiy [20]. Bono mobpe omucye mpo-
IeCH MEPEHOCY B MOMIPHO T'YCTHX CHCTEMAX, a 1HTEr paJ
3ITKHEHB TaKOrO DIBHAHHA HE Mae HEAHAJITUIHOCTH HA
MaJIX BIICTaHAX. UHcesbHI PO3paxyHKH Jid 3CYBHOIL
B’A3KOCTH 7} Ta TEMJIOMPOBLIHOCTH A Ha OCHOBl HOPMAJThb-
HOTO PO3B’A3KY IbOTO DIBHAHHA METOAOM YemMeHa—
Enckora mokasaam mobpwmii 361r Teopil 3 eKCIepUMeEH-
ranpEuME gapumu [41]. Y [43,44] maa uporo piBHAH-
Ha OyJI0 3HaliIeHo HecTallloHApHUR Po3B’a30K 1 Koedi-
[IEHTH TIePEHOCY METOAOM KpalioBux ymosn [45], gki y
BUMAJKY CTAIlIOHAPHOTO IPOIECY 30Iraducd 3 pe3y/ib-
raramu [41]. OnHak, 4K i Oyab—dKa ONHOKOMIIOHEHTHA
CUCTEMa, BOHA 3a/WIIaIach JInie MogenbHoo [46,47].
Tomy mpupomanM 6ya0 GakaHHA PO3SBHHYTH TEOPIIO
[20,41] Ha GaraTOKOMIOHEHTHI cucTeMu. SIKIO B Tpa-
ngax [21-40] i pospaxoByBaauch KiHeTH4HI KoedinieHTH
(Taki, gK B’A3KICTB 7), €EKTPOIPOBITHICTE ¢, TEMIONPO-
BIOHICTD A, KoedilieHTn B3aeMuol audy3il Dgp Ta Tep-
momudysii DY), To eKpisb BiazHATAIOCH, O HAlLTimIITH
30ir 3 eKcHepuMeHTaIBHIME ganuMn (a Takok MK rta
M) € nia He3apAIFKEHNX CHCTEM 1 IPH BIAHOCHO HEBH-
cokux rycrunax. ¥ [34], 30kpema, sayBakeHO, WO IPU
BHCOKHX TyCTHHAX 30ir moranmii (Teopisa He mparioe). A
B [35] ma ocuoBi pesyabrarie MK migcymoBato, wmo 7
JIIIre 36ira€Thcd 3 eKCIEPIMEHTOM, HIXK A, ¥ IepeBaxK-
HIlF BITBIIOCT] BUMAAKIB. ¥Y3araJl, Tipiia y3ToIKeHICTh
Teopil i eKCIepUMEHTY A/ TEIJIOMPOBIIHOCTH A BIIOMA
napHo. [loB’a3ame e mepeayciM 3 THM, IO 31 301/IbIIEH-
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HAM TYCTHHE CHCTEME CHJIBHO 3POCTAE POJIb MIZKIACTHH-
KOBUX KopeJsdliiil, aki Tpeba BpaxoyBaru [48]. Ile cBoeio
Yeproo MPU3BOANTE /IO 3MIH Y JOKAJBHIX 3aKoHAX 30e-
DPeKeHHd, MO BUKOPUCTOBYOTHCA IPH PO3B A3yBaHHI Ki-
HETHYHUX DIBHAHB [43].

Y wmamit pobori 3mificHeHO Po3paxyHOK KoediIeH-
TIB TIepeHocy 6araToCOPTHUX I'YCTHX Ta3iB 3apaIKeHnX 1
He3apAMKEHNX JaCTHHOK 3 YPaXyBaHHAM TOJIAPA3AIIii-
HEX e(eKTIB Ha OCHOBl KIHETUIHOTO PIBHAHHA EHcKora—
Jlanmay. OTpumMano HOpMaJbHEN PO3B’A30K IHOTO PIB-
HAHHA MeTomoMm Yenmena—Euckora. Ilpoemeno wwmc-
JIOBl pO3paxXyHKHN KOE(DIMIEHTIB B’ A3KOCTH, TEILJIOMTPOBII-
HOCTH, B3a€MHOl Audy3il Ta TepMomudy3il Iad PI3HUX
cyMitmeii.

II. KIHETWUYHE PIBHAIHHSI
EHCKOTA-JIAHIAY OJ5I BATATOCOPTHUX
CHUCTEM 3BAPAIKEHUNX TBEPINX KYJIBOK

PosrnaabMo HepiBHOBaxkHY cucTeMy N KJIACHIHHX
JaCTHHOK, AKa CKJIaJacThbcd 3 M COPTIB 3apdalKeHUX

TBEpAUX KyAboK. Uepes N, MO3HAYATHMEMO THCIIO TaC-
M

THHOK KOXKHOTO copTy: . N, = N. Cucrema salivae
a=1

ob’em V', 110 He € PIKCOBAHNM, MIPOTE BUKOHYETHCH TEP-

MOIMHAMITHA TPAHUIE:

N/V = const, mpu N — oo, V — co.

TosHauMo depes zg€e 3apal 9acTHHKA COPTY a (e — eJle-

MeHTapHUH eJIEKTPUIHME 3apa/), a depes m, — ii Macy.

CureMa B IMIJIOMY € e1eKTPOHENTPAIBHOI, TOGTO BUKO-
M

HyeTbcd yMoBa: » , Nyz, = 0. Konw posruramaemo Jsimmre

a=1
MO3UTUBHO HOHI30BaH1 CYMIII ra3lB, TO BBazxKa€eMoO, IO

P M
[E‘i’va a :|fa xaa Z|:

b=1

faafb) +I

HefiTpasisarnifite mose eIeKTPOHIB € KOHTHHYYMOM BCIO-
¥ OMHAKOBUM, TOCTIHHIM 1 HEIYTJANBAM 0 3MIH y CHC-
TeMml HOHIB.

YV mpanax [20,41] is smammioxka pisaas BBIKI 3
Moan(IKOBAaHUME KpaifoBUMH yMoBaMu B HabJIMKEHHI
“mapHUX’ 3ITKHEHL OyJ0 OTpHMAaHO KIHETHUHE PiB-
uauua Euckora—Jlanmay mi1s OJHOKOMIIOHEHTHOl CHC-
TeMW 3apAKEHNX TBEPINX KYJIbOK Y KOMIEH AT HHOMY
momi. JlJia 6araTocopTHUX CHUCTEM 3apsKeHUX KYJIbOoK
KinetuvHe piBHaAHHA EHcrora—Jlannay 6yJio samucane B
[42,49] s MOTEHIIAMIB B3aEMOIil:

B(|ry —vp|) = B(rap) = " (rap) + ' (rap),  (2.1)

@hs(rab) = lim ®°(rqs),

c— 00

C, Tab < Ogb
q)c — b a
(rab) { Oa Tab Z Oab,

<I>l( ) 0, Tab < Oab
Tab) = Z2gzpe>
T, Tap 2 Oab,
e ogp = (04 + 03)/2, a 04, 0p — HiAMETPH TBEPIMX

KYJIBOK.
HasieKocaKHY 9acTHHY TOTEHIAAY B3aeMOIll 3aps-

JZKEHOl a i HesapsamKeHol b 9acTHHOK MOKHA B3ATH Y
BULVIAIL MOJIAPHIAIMINHOTO TOTEHIIATY

Oa Tab < Ogb
_ Zqope’

l _
® (rab) - y Tab Z Tab,

Je «p — TOJISIPU30BHICTh HERTpaIbHOl JaCTUHKH.
Kimernune pipuanna Exckora—J/lanmay Mae BUTJIAMI;

(faafb)+IMF(faafb)+IL(faafb) (22)

Tyt i Hama i OTHOYACTHHKOBY (bYHKIIIO PO3HOILIY COPTY a OymeMo mosHavdarn depes fq, &4 = (rq, Va).
IHTefpaJm 3iTKHeHb mo B IpaBiii 9acTHWHI, OMUCYIOTh BHECKH BIJ MEBHOTO THUIY MIKYacTHHKOBO1 B3aeMomii. [o-

TaHKH I (fa, f) Ta I
B P#AI MO HesToKaJbHOCTI [42,49]:

(EO)(faa fb) = /dvbdwvabggb(aadnaﬁ) [fa(l‘a,Vfl,t)fb(I‘a,Vé,t) - fa(I‘a,Va,t)fb(I‘a,Vb,t)],

I3 (far fo) = 026/dvbdzk’ab@(kab'Vab)(kab'Vab){ggb(kabln,ﬁ)kab'[fa(ra,prt)Vfb(Pa,Vé,t)

(fa, f») € BIOIOBIIHO HYTHOBUM Ta TIEPIINM WIEHAMHI PO3KIaLy iHTerpasia 3iTKHeHb BHCKOTa

+ fa(I‘a,Va,t)Vfb(I‘a,Vb,t)] + % (kab'Vggb(kab|na6))[fa(raavfpt)fb(raaVl/;at) + fa(I‘a,Va,t)fb(l‘a,vb,t)]}.
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Tyt dw — oudepeHmianbumii Iepepis poO3CIAHHA; Vap
— BizHOCHA WBUAKICTL JacTuHOK; ¢4°(0qp|n, ) — s3HA-
JeHHs KBa3iplBHOBasKHOI MapHol (PpYHKIN pO3MOILIY Ha
KOHTAKTI, AKe 3aJIeKNTh Bl KOHIEHTpaIlil n Ta obepHe-
HOl Temmeparypu [ (Hagaal Mu He OyIeMo dABHO BKa-
syBaTH MUX mapaMetpiB); v, = v, + Kap(kap - Vap),
vy = vy — kap(Kap - Vap) — HIBEOKOCTI TBEPIUX KYJIBOK
MICA 31ITKHEeHHA, Kqp — ONMHNYIHANE BEeKTOp V HAIPAMKY
BII IEHTpa OAHIEl TBEPAOl KYJAbKHT M0 1HIIOl IPH 1X 31TK-
HenHl; f(x) — ommunyna dynkia epicafina.

Tpetiit momaHOK — BHECOK, po3paxoBaHuil y HabsIH-
KeHHi Teopil cepennboro noaa KMFT [20,41]:

1 3@l (Tab) 3
o /drbTI‘a : v, fa (I‘a,Va,t)

Inr(fa,fo)=

X 95" (vay 15, 1) (v, 1), (2.5)

e g4°(r4, 1, 1) — KBasipiBHOBaKHA TapHA BYHKIIA PO3-
TTOMLITY .

OcTanHlil JomAaHOK € IHTEr'pajIoM 31TKHEHb THITY JlaH-
Iay:

I (fa, fo) = /dvbdwvab [fa(ra, Vi) fo(ra,vi,b)

— fa(ra, va, t) fo(ra,ve,t)]. (2.6)

Tyt fioro mpeacTaBiaeHO CIOPOIIEHO B HGOJBIMAaHIBCHKIM
dopmi 3 ypaxypammam gi°(r,,re,t) — 1 [53]. Ilpn
posp’asyBanHi (2.2) meromom Yenmena-EHcKora Taka

dopma € 3pyunoto. Vi = vy + Avyy, Vi = vy — Avyy —
MIBUAKOCT] 9aCTHHOK TICJIA KYJIOHIBCHKOTO PO3CIAHHSI.

+oo
1 0
Avgp = ———— / d ' (v, )
b 2ﬂabvab 58I‘ab (| b|) rap=1/§2+b2

[gp — 3BeleHa Maca; b — mpumIbHUN TapaMerp.

III. HOPMAJIBHUI PO3B’SI30K METOIOM
YEIIMEHA-EHCKOTA

Io6 smaiiTh HOpMAaJIbHI PO3B’A3KH KIHETHIHOTO PiB-
HAHAA (2.2) THM 90 IHOIMM METOIOM, HeoOXiTHO BH-
KOPHCTOBYBATH Y BIAMOBLAHMX HaOJIMKEHHAX JIOKAJIBHHI
sakoHM 30epexkentsd. [Ipu nboMy BUpasw A KiHETHY-

HUX KOedIIMEHTIB B’ A3KOCTH i TemIompoBIIHOCTH Oy-
JIyTh BU3HAYATUCA 3 PO3PAXYHKIB TE€H30pa TYCTHHH MO-

TOKY iMmysbcy P (r,?) Ta BeKTOpa TYCTHHH HOTOKY
eneprii q(r,t) Ha OCHOBI PO3B’A3KY mid fq(rq, Ve, t) Ta
BimOBi MHIX HabmKeHb naa bymrkmii g4° (g, 1, t). Oc-
KLJIbKHT OyAeMO MYKaTH TaKl Po3B’A3KH KIHETHIHUX PiB-
HAHB (2.2), mo BiAgmoBigaoTh THIHIM (32 'pagieHTaMu
TEPMOAMHAMITHUX TTAPAMETPIB) TLAPOANHAMIYHIM MTPO-
mecaM TIepeHocy, TO CTPYKTYDY BHUpasiB [Jid TeH30pa
“

TYCTHHN MOTOKY IMIyIbcy P (r,) Ta BEKTOpa TYyCTHHH

HOTOKY eHepril q(r,t) MoxkHa 3HAHTH Ge3MOCEpPETHBO
3a JOMOMOTOI0 KiHeTH4HOro piBHAHHA (2.2). na 3miil-
cHeHHd Ti€l nponenypu 3py4ano seectu [20,41] rigpomu-
HaMITHI TapaMeTpH TYCTHHI MacH, IMITYJIBCY Ta eHeprii:

plr,t) = Zmd /dvafa(r,va,t), (3.1)

pr, )V(r,t) = Z/dvafa(r,va,t)mava, (3.2)

M m
plr, Hw(r,t) = E /dvafa(r,va,t)Taci, (3.3)
a=1

ae cq(r,t) = vg — V(r,t) — TemnoBa MBUAKICTH YacTH-
HOK COPTY d.

MHoka4yn BuXimZHe KiHeTWdHe piBHAHHA (2.2) Ha
KOMIIOHEHTH “BeKTopa’ aIWTHBHUX 1HBAPIAHTIB 1 =
(Mg, MgV, Mgc?/2) Ta inTerpytoun sa dv,, ofepKUMO
PIBHAHHS OJ1A BEOpaHUX TAPOAMHAMITHUX MapaMeTpiB:

dp(r,t) 0
T —p(r,t)ar “V(r,1) (3.4a)
— 3aKOH 36epeKeHHd MacH,
dV(r,1) o &,
fy——=——P t .46
oy ™0 By s

— PpIBHAHHA PYXY,

dw(r,t a . el d
p(r,t)# =5 4 (r,t)— P* (r,t): —PV(r,t)

M

0
+ ZVa(r,t)/drab D (74p) nalr, t)np(r + rap, )
a,b=1 arab
(3.4B)
— PIBHAHHA TepeHoCcy KiHeTHIHOl eHepril. TyT
“ R “ “ <—>* Axs in “ s
P'=p"+ p¥4 pMT P =p""+ P,
q* — qkin 4 qhs’ (35)

Vu(r,t) = L / dvgfo(r,ve,t)[ve — V(r, 1)]

Ng

— auysiiiHa MBAIKICTD TaCTHHOK COPTY d.

s BIMIIyKaHHA HOPMaJIbHIX PO3B’A3K1B CHCTEMN Ki-
HETHYHUX PIBHAHB (2.2) MeTomom Yenmena-Erckora [52]
3a HyJIboBe HaOJIIKeHHA HJIA (PYHKIN POIMOMLITY BU-
6epeMo JIOKAJIbHO—MaKCBETIBCHKY (DYHKITIIO:

(0) e 5/2 macg(l‘,t)
ety =nate) | it | - e |
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Toni MoxHa 3HalTH [49] B HY THOBOMY HAOTHKEHH] BEJIN- M ()
quHn (3.5), 110 BXOAATE y BIAMOBIIHI PIBHAHHA epeHOCY Z [ a ) fb ) + Iar(fa, fo)

(3.4a). (3.46), (3.42): P = (Pkingphs L pMFy T=p T =
mo— R Vaq ,1) =0,
q q 0’ (I‘ ) 0 + J(EO)(¢a,¢b) + JL(¢aa¢b) ’ (37)
M
Pkin = Z nak’T, e
, o D, = %+va~%, (3.8)
Phs = gﬂ'k’T Z nanbagbggb(o'ab),
a,b=1 Jgo)((;sa,@):/ dvbdwvabféo)féo)ggb(%b)
M (o]
pME —gﬂ' Z NgNp / dr r3g3° (r) [q)ilb(r)]/, x[a(cy) + do(ch) — dalca) — du(cs)],  (3.9)
a,b=1

Tab

T1(ba, )= / dvsduwvas [0 1O

P — rigpocraruvHuii THCK, ? — OAMHWYHUN TEH3OP.
Y nepiromy HabIMKeHH] HIyKaTuMeMo (YHKIN po3- x[¢alcy) + d(cy) — dalca) — du(cs)]. (3.10)
TOMIIY V BHTJISIL:
Haumi 6ymemo CHpO]_L[yBaTI/I piBHﬂHHﬂ (3.7), obuncirio-

Fa@,va, ) = SO 4 7D = ;O v )[1+ o] (3.6)  10um wenn Dy £, 19 (£, #Y 1a Iy e (157, £5). Pos-

KPUBAIOUN [if0 TTOTOKOBOTO omeparopa D, Ha féo), o-

[Migcrasmo (3.6) y (2.2). Toni, BiaKupaoodu 4ieHn Bu-  XUIHI 33 9acOM BHKJIOYAEMO 3a JONOMOIOK DIBHAHD
WIOTO TIOPAAKY MAaJIOCTH if OMycKafoum momamkd, mo  (3.4) mid ng, Vi1 Toni

HEPETBOPIOIOTBCA Ha HYJIb, KIHETHYHI piBHAHHA (2.2) B
mepiioMy HabJAMKEHH] 3aMUIIEMO TaK:

2
Daf(SO) — f(gm{(maca _ %) ca~V1nT—|— %caca AVAYS

28T 2 kT
macg 2w M 3 be Vng e
1+ ( T 1) (1+ 3—nbz_:1nbncabcg2 VoV = - kaVP~ca . (3.11)
g5 — 3Ha}IeHH${ KBa3ipiBHOBa>KHoi mapHOol (pYHKII PO3TOMIIY Ha KOHTAKTI.

IaTerpanan I (fa féo)) MOXKHA OOYMCJIUTH PAMUM IHTEIDYBAHHAM MOMIGHO 10 TOrO, K Ie 3pobieHo B [52] mis
OTHOCOPTHOTO BUMAJKY:

2V lnnyg - ¢,

M M
SO, 7 = g0 znwzb{wgb.w;b

b=1 b=1

3mgmy 2 2my 4/,L b 2pqb 2 2my
a— 2 7V1 T cq4 aCq : VV V.-V
+ ( er ot m") (e +mp)2 © Gt B el TR T e

}. (3.12)

Ily1a obuncIeH s TOTaHKIB [y F (féo), f») (axi HAcTpasmdi € byHKIiOHATAME JHIIE fp) Tpeba PO3KIACTH B PAI Ny (Tp, )
it obMexRUTHCH ABOMA HepluMK dieHamMu poskaany [53]. Tarerpyioun 3a dvy, omepKuUMO:

ZIMF FOf) = f vznblfab Tab), (3.13)

b=1

e
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o 3 mgn 2mm
am oP! 22 Tat a
Vab(Tab) = ?/drabrabgz (rab)a " (3.14) ¢ 2 p 3p ¢
Tab
2mg(myg — 2m
. - . . anoabg‘i"(—zb),
3i0paBiiy B JIBI YacTUHI OOYHUCIAEH] 9IEHHN, OTEPKIMO (mq +my)
PIBHAHHSA Ha MOMPABKA @4
0 = n
f(g )[Eaca VInTH Pa: VV 4+ —c, - dg] o M) ) @
e == o 1
Pa = TPWese, - | S22+ PA] T, (3.7)
M
Z { (Ga; 06) + JL(Ba, b0)| (3.15) P — 14 8_71-%’
b=1 N 15
Jlé BUKOPUCTAHO TIO3HAYCHH: 7?((12) = — (-
mgc? 27 im
— "% p(1) (2) (3) - 2% —
L, = T L)+ L7, (3.16) Ps 3nC+ 3 o
81 & mgm
E(l) — a2t 3 _ab a’lt
Y + 5 Z_}nbaabgz 7(ma+mb)2’
Vng o Vn 47rna 47 pa
d, = e % - Zaabgsznb - _p_ Z nyo.g95°Vn,
b c=1
g o 27 p M n M m
a 3 ab a 3 be a a MF
+ ™ bz_; e, Vys — ?p—nb;lnbnco'bcvgz kT [V; NpVap + TVP , (3.18)

a(= Z nbncabcgz y Ya= Z nbaabgz y Pa="MqaMNg.
be=1

Bektop d, HasmBaeThca mudysifiHo TepMOIMHAMIT-
HOO CHJIOK TaCTHHOK COPTY a. 5K 1y BUMTAJAKY TOUKOBUX

M
qacTnaok, » . dg = 0. Mycumo 3asHaquTH, 1o 3 MipKy-

a=1
BaHb 3PYYHOCTH MU TPHUITHAIN O3HavueHHd HJid dg, dKe
npu ¢, — 0, a = 1+ M He mepexonuTh B O3HAUYEHHA 1A

TOYKOBUX YaCTHHOK, JAaHe, Hanpukiaz, y [51,52].

IlonpaBKy ¢, UIYKATUMEMO V BUTJIAIL:

Mg

2kT

dalca) = — Ag(cBeq -VInT

Mg

kT

M
[ my 5 .
+n QkTpE_l Eqp(cs)eq -dy,

* o . : B o
e {dp}p:1+M.7 nedakuit HabIp BEKTOPIB, TOB A3aHMUii
3 TepMonndy3ifiHIMA cHIaMyu CHiBBiAHOMeRHAM d, =

2 ca o
Ba(ez)(cacq — ga I1):VV

(3.19)

M
* * o :
dp —pplp > dq. Lleit mablp BBe#eHO AJAA TOrO, OO
g=1
oblitTr JHIAHY 3a/1€KHICTD BeKTOPIB dp.
OcKTBKHN MaKpPOCKOIIYHI 3MIHHI g, V 1 T Bupaka-

0 .
IOThCA JIUIIE HYepes f(g ), TO Ha TOMPABKH ¢, ICHYIOTH
eBHI OOMEKEHHdA, AKl 3BOAATHCA N0 HOJATKOBHX YMOB

Ha byl Ay(c2) 1 Egp(c?):

2 4a(c2) =0, (3.20)

M

S md? / dv f10)
a=1

M
Z mi/z / dvaféo)ciEap(ci) =0.
a=1

Y momaspmux dopmynax b6yae 3pydHile KOPHCTYBa-
THCcA HesposMipHoio mBuAKIcTIO C, = \/%T . Ihip-
craBadAdn nonpasky (3.19) B pisaanng (3.15) i mpupis-
Hioto"mn Bupasn npu VIn T, VV, d7, onepxumo cucremMu

PIBHAHD /1A BHU3HaYeHHdA HeBlmoMux yHKmiE A, B,
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Eqp. Cucrema mia Aa((]j) Ma€ BHUTJIAL:

M
f(go)ﬁaca == _Z/dvbdwvabf(SO)féO){ggb(Uab)[Aa(c(/lz)cil
b=1

+AL(C)C), — A(C2)Ca — Ap(CF)Co] +

[+«]}. (3.21)

IMosnauka [+*] o3HAYae BUpPa3 y KBaApaTHUX JIyKKax,

M
- / dvydwvas fO1 N g3 (0.0 [Ba (CL2) (cgcg -
b=1

-5

Cg?
3

Hna byskuiii By, (C2) 6ynemo marn:

B,(C? (CaCa

f( ) Pa/P

CyCy — % ?)] + [}

IO CTOITH Tepeld Helo, aJie 13 3aMIHOI MITPUXOBAHUX
CHMBOJIIB Ha “31podYKoBaHl”, 1 CJAYKUTH A4 TO3Ha-
JeHHs KYJIOHIBCBKHX MOJAHKIB, AKl MOXOMATH Bl 1HTE-
rpaia siTkHEeHb JI (¢4, ¢p) (3.10). Hanpuriaam, y pis-
HAHHL (3.21) [*%] osHauae:

dCT)CL+A(CT?)C

[xx] = [A —A(C*Cy— A CE)Cy).

Cucrema pisHgaHb g pynkuiit B, (C?) Buriganae tax:

12
Cs

12
H)+Bb(0é2) (CéCé o I)

3 (3.22)

( j{jj/dvbdwlmbf O (0)

X [Eap(c(/zz)cé + Ebp(céz)cb -

ne §qp — cumposa Kporekepa.

IIpu koxHOMY dikcoBanoMy p € M piBHAHL THIY
(3.23), mo yTBOPIOIOTH 3aMKHEHY cucTeMy. PosB’asyoun
KOKHY 3 TAaKHX CHCTEM 3 JOJATKOBUME yMoBamu (3.20),
Mu 3Haiimemo M? yHKIiR Eap(C'z). Aste mi dbynkmil
BU3HAYAThCA HeomgrosHawro [52]. Akmo (3.23) momHO-
KUTH Ha pp/p 1 IPOCYMyBaTH 3a IHIEKCOM P, TO OIep-
JKHUMO:

M

Z/dvbdwvabf(go)f(o){ggb(aab)

b=1

}[Eh+ & — Ea = &)+ [¥x]} = 0, (3.24)

e

M
Pa 2

=2 FulC)

a=1 P

Pipnanna (3.24) osmawae, mo yHKIii Fap(C2) € Ta-

KUMH, MO 1XHA JiHiiHa KoMmOiHamia £, — aauTUBHUH

IHBapiaaT. a4 chupolieHHa meil afuTHBHHUA 1HBapPITHT

MOKJIAIAl0Th PIBHUM HYJIEBI:

E.q(C2)C, = 0.

_q
P

28

Ea(C3)Ca— EuC7) Gy + [#4]} (3.23)

3aBOAKH TaAaKOMY KpOKOBi BekTop dj B (3.19) moxHa

samianTn Ha dy — — Zd* Toml mompaBKy ¢, 3HOBY

g=1
3allnIIEMO 9€pe3 BEKTOPHU dp

$a(Ca)=—As(C2)C,-VInT — B,(C2)

M
1
Co—=C2T):VV+nY Ey(C2)Cy-d,. (3.25)
3 P

OyHKINI, Yepes AKI BUpaKaeThCA MOMpPaBKa ¢4, MYKa-
TUMEMO y BUIJIAAl PO3KIAMIB 3a mosinoMamu CoHlHAa—
Jlarepa:

(3.26)

= ZXa(j)L] (02

e X, mosHavae moueproso A, Fap, Ba; ana Ag 1 Fgp
ingeke v = 3/2, a qna B, v = 5/2. i nosinomu o3na-
gyioThed Tak [51]:

SRV V(R
miT(m+v+ DI —m+1)

(3.27)
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1 33 TOBOJIBHATOTH YMOBY HODMYBaHHH:

oQ

/da: e "x" LY (x) L7 (x) = 6 31 T(j + v+ 1).
0

Hami tpeba mykarn xoedimientn poskaany Aq(j), Ba(j), Eap(J)- KOJH/I pO3K.HaI[ (3.26) nnst A (C?) mincraBuru
y (3.21) i, IOMHOKHMBIIN CKAJIAPHO KOXKHE DIBHAHHA Ha Q”;TC Ls ), TpOIHTErpyBaTn 3a dvy, TO ONEPKIMO
cucTeMy:
3 5 oo M
1 2 _ ab,a . ab,b .
37 [igg Nbg0 — 051) + L& >550] = - ZZ{% Aa(j) + g A ()}, (3.28)
j=0b=1
Ie
bt = /dvadvbdwvabfgmfg” S LY (O g5 (o) [L(CA)C, = L3*(C2)Ca] +[14]} - C, (3.29)
a Mg a
ottt /dvadvbdwvabf I S B8 (oa)[L3*(CP) O — L7(CF)Col + [14]) - Ca (3.30)

AHasioriuHo uyKaeMo cucteMmy piBHsHb g Koedinientis By (j). ligcrapaatoun poskaan (3.26) dyukniit B, (C?) y

CUCTeMY DIBHAHD (3.22), TOMHOKYIOUH CKaJAPHO HA TEH30D Ls/z(Cz)CaCa it 1HTerpytoun 3a dv,, OTPIMAEMO:

%na[5 BPW — PP 5, — 3P ZZ{W “Ba(j) + 820 B (), (3.31)

j=0b=1

e
ﬁgf’a—/dvadvbdwvabf ;O3
C/Z CZ
«{ g3 () eie - ;?’)—L?/Z(Ci)(cac —?nm 1} CuCa, (3.32)

Bt = /dvadvbdwvabf FO L322y

{g Py (Cic) - %1) L(C)(CiCy — %21)] + [ ]}:Caca. (3.33)

fAk MoxHa 6aumTh, 114 biKCOBaHOTO p, cucTeMa piBHAHD (3.23) mna Fu,(C?) BiapisHAETBCA BiJ cHCTeMU DIBHAHD
(3.21) na A, (C?) nume niBoto wacTuno. ToMy MU MOXKEMO 3allUCATH CHCTEMY PIBHAHB 11 KoedillieHTIB posKay
byukuil F,,(C?) 3a anamnoriero 3 (3.28), obunc/ oo™ Juule JiBy 9acTHHY:

oo M

3 ao,a a .

5 <5ap - —) w0 =Y Aal By (j) + ol By ()} (3.34)
j=0b=1

ITpu meomy p = 1 = M, natoun M cucrem.
BayBazMo, o cucTeMu piBHAHD (3.28) i (3.34) He € minifino nesanexuumu. Tomy KoxHy 3 HuX Tpeba NONOBHUTH
e OTHUM He3aJIeXKHIM PIBHAHHAM. IX ONepKYIOTh 3 gogaTkoBux yMoB (3.20), axi HAOyBaOTH BUTIALY:
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M M
D VMangAq(0) =0, > /manaFap(0) = 0.
a=1 a=1

Cuiesigaomennsa (3.28), (3.31) Ta (3.34) yrBOpIOIOTH He-
cKiHYeHH] (3a j) cucreMu JIHIRHNX PIBHAHB, AKI 0OpH-
BAIOTh MPHU EAKOMY j B PeaJIbHUX PO3PaxyHKax.
Mykarnmemo dbyrkmii A,(C2) ta Eup(C?) B HAGME-
JKeHHI IBOX IMOJIIHOMIB, a Ba(Cg) — B HaOJIMXKEHH] OlI-
HOTO mostiHoMa. Tomy Ham moTpibHI Besnmamnan (3.29),
(3.30) Tinbku 3 ingekcamu s,j = 0;1, a (3.32), (3.33)
— ugmnre 3 iHgekcamu s,j = 0. Il Besmmuwmnam pospa-
xoBani [51,52] i 3BonaThca no Q—iHTerpaJis, HIO 3ase-
JKaTh Bl KOHKPETHOTO BUIVIALY TMOTEHINIAIY B3a€MOIII.
Mu itoro posmiAnIN Ha TBePHl KYJAbKHU i KyJIOHIBCHKMik
HOTEeHIIA, oTKe, byme mBa Tunm (-imrerpasis: Q% Ta

Q.

kT

Qhstled) _
2T fhab

ab

/ dx e_x2x2q+3QZZ,l(P)’ (3.35)
0

e

Tab
QZZ(p) =27 / dbb[1 — cos? xp (b, vas)],
0

oQ

Qil(g) =2 / dbb[1 — cos? X2, (b, vas)],

Tab

b — UpUIiTBHER mapaMeTp, a X, Ta X5, — KYTH pos-
CidHHA OfHI€l Ha OMHIA TBEPAUX KYJIHOK Ta KYJOHIBChH-
KX YaCTUHOK BIIIIOBIIHO.

QP* iHTerpasm MYKAOTHCA TOYHO, OCKIIBKE KYT PO3-
CIAHHA X/, MOXKHa SHallTH 3 F€OMETPUIHNX MIPKYBaHb:

!
b% b
cos 22k —
2 Tab

Toni maa Q" —inTerpaJis 3 HOTPIGHUME p 1 ¢ MATHMEMO:

Qhs(h1) _ kT

2
Yixea
ab 271—/"(16 ab»

ths(l,Z) th(l,S) th(Z,Z)

ab y 82, BiamoBigHO B 3, 121 2 pasm

“hs hs(1) <_>hs

(1 _
P =P+ P

a,b=1

)

M
1
1; wht’ | dVadvbdzkabe<kab~vab><kab~m)ma(v;—va>kabf50>f£0>(kab.wnw,

30

OLIbLII 34 th(l 1).

Kynouiscpki Q' —inTerpaan 6ymeMo LIYKaTH, IPHUIYC-
Kalo9H, 0 Ky TU po3cigaHud X}, ¢ MaauMu. Toxl, monibno

o [53],
1 [ 2z42p€> 2
2 \ epapviyb

Buxopucrosytoun 1o dbopMy sy, omepkuMO Jorapud-

cosxi, =1—

MIIHY pO3OIKHICTE Q;g Ha BEJIMKUX IPHILALHIX Tapa-
Metrpax b. Illo6 ii yaukayTH, 6ymeMo obpi3aTn IHTEIPY-
BaHHA 32 b JeAKUM epeKTHBHAM palycoM obpisaHisd [,
o0 Mae 3MICT pajlyca eKpaHyBaHHdA. Toml

Qi | KT (zazet\ D
@ TN 2mpay 2\ ekT Oup’

Ql12) _ 1)

ab ab ’

1(1,3) _ 90t1,1) 1(2,2) _ 9nl1,1)
Qab - QQab ’ Qab - QQab .
Obuncnupumm Q—1HTErpaJ N, MU THM CAMAM BU3HAYNIIN
BCl BeJIMINHM, HEOOX1IHI OJTA BIAIMIYKaHHA (DYHKIA A,
B, Eqp y BKa3aHUX HabIMKEHHAX.

IV. KOE®IINICHTHU ITEPEHOCY

Tenep, oKpecauBIIM, K BU3HAYUTH MOMPABKH g,
MOXKHa OOUHCANTH B HMepuioMy HabJMKEHHI TEH30p Ha-
MpyXKeHb ]?(1), BekTOp Temnosoro motoky q'Y) i mudy-
31HHI HIBIAKOCTI V((ll) (abo mudysiiini moToku jff)) KOZK-
HOTO COPTY YACTUHOK. BUXOAMTHMEMO 3 BHpa3iB 14
13’“) i qV), mna gKux BiKe 3pOBJIEHO PO3KIAL 3a He-
JoKanbHicTIO [49,53]:

BOZPRn() L () ()2 grin() 4 ghs1) (41)
<_>k:zn Z/dvaf MgCqCa, (42)
il Z / dvafi) (1.3)

M
1
=3 Y ot [ dvadvidadin i) ko Vo (v = valkas (5717 + 1053

! ‘50)) (4.4)

b
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“
BepxHiit inmekc 6ina P, q Ta V, BKasye Ha meplile HaOMKeHHA Mg ByHKII posmominy, a HmkHI ingekcn (0) Ta
(1) HyMepyIOTh BHECKH HYJIHOBOTO Ta MEPIIOTO WAEHIB PO3KIaLy (bYyHKII PONOALIY B DAL 32 HEJTOKAIBHICTIO.

q = q?OS)(l) + q?f)(l)' (4.5)

hs(1) hs(1) L Ons(l)  Dhs(1) . . .
Brecku Qo) ' A Q) MAIOTh TOYHO TaKy X CTPYKTYPY, WO i Pioy) " Ta P(;y" BIANOBIAHO, TI/ILKM i IHTEr Datami
B HUX, 3aMiCTh M, (V! — v,), cToith my(cl? — ¢2) /2.
Hudysiiina MWMBAIKICTH COPTY d

v = i/dvafy)ca. (4.6)

Ng

“
1 . .
Breckn g0 P 1a qM) moxna obuncomTa mOiGHO IO Toro, AK Ie 3pobseno y [52], iHTerpyiounm cmodaTKy 3a
OpleHTAaIl€lo BeKTopa Kyp, a TOTIM 3a MBUAKOCTAME dVg, dvy. IIpoBogsaan Take 1HTEI PYyBaHH, OJEPKIMO:

M
;’km(l) — —kTZnaBa(O) g’
a=1

Y_1 T _ 1 7 .
ne S=5[VV+(VV)'] = 3(V-V) [ — Tensop mBuaKocTeil 3cyBy;

M
Mg =

s 8
phe) By(0) S,

= ——akT o2 g% ny —2
(0) 15 . R -

M
S 4 a 6 < “
PiyY= — 9 > ohgstnany/2mpankT (3 S+V-V) I),

M M
gFin() = %WZ P ([4a(1) = A(OIVT = 0T Y [Eap(1) = Eap(0))d, )

p=1

M M
hs(1) _ 2m 3 ab Mal 3ptap 3ptap
Q) = VAT Y ool ([ wn_bAbu)—\@MJ)]VT—nT; [ mEbpu)—\ﬁmbEbp(oﬂdp),

e

4
Kab = §o-fbg§bnanb\/ 2 pank3T .

Koedimientn 06’eMuOl Ta 3CyBHOI B’A3KOCTH K Ta 1) O3HAYYEMO 31 CIIBBIIHOIIEHHS IJid MOBHOTO TEH30pa HAIPY-
JKeHb, AKe (KON IOJATH BCl BHECKW) HabMpae BUTIALY:

Ad <—>(0) <—>(1) Ad Ad A d
P=P"’'+P'=PJ]—-k(V-V)T =295, (4.7
3BLIKHA

M M
4
K= 9 Z Uﬁbggbnanb\/Qﬂuaka: Z Kab,

a,b=1 a,b=1

)
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3 1 &
n= glﬁ?—|— 5;71@3@(

Zaabgz n nb—Bb(O) kT
ab 1

Homagim BCl BHECKH BEKTOPA TEILJIOBOTO MOTOKY i 3amucaBInd HOTo y BHUTIAI]

q=-NVT+> wyd,,
p=1

(4.8)

OTPUMYEMO IAPINAILHII KoedinienT Temmonposignoctn A’ Ta KoedlIieHTH IPOIOPIItHOCTH TEILJIOBOrO IIOTOKY H0

TepMOTNY3IHIX CHIT Wy !
M
Z 3k Kab

Mgty

b=1

2
wy = —n 2k3T3( Z (1) = Eap( %

A=

— V2k3T (—

= | Ot
(]
3
£
?

MMincrapnatoun monpasky (3.25) y Bupas nia andy-
sifinol mBuakocTn (4.6) 1 npoBomAYN iHTEI DYBaHHA, Ma-
TUMEMO:

M
—DIVInT =Y Dgd,,
p=1

v =

a

(4.9)

ne DI — xoedimient repmonmdysii 9acTHHOK copTy @, a
Dgp — xoedimieHTH B3aeMHOl Andysii. 11a HIX MOXKHa
ONTePIKATH:

kT
DT = Aq(0),
a 2ma ( )
kT
D, — —F, .
14 n 2ma P(O)

Taxi osHadeHHA KoedimeHTiB amdysil Ta TepMoandy-
3ii (4. 9) MaIOTh TY IlepeBary, o BOHM 33/l0BOIbHAIOTH
cumerpifini cuiseignomennga Ousarepa [52].

MoxHa TpuiiHgaTH ¥ iHIIe o3HAYeHHA. 30KpeMa, g
JBOCOPTHOl CYMIII, BHACJILOK YMOBH Ha TepMoOmudy-
31iHI cHJTH 22\4:1 d, = 0, He BuHEUKae TOTPebU BBOIUTH
Hablp BEKTOPIB {d;}p:1+M, ocklapku d; = —ds. Y Ta-
KOMY pasi BHPa3W CIPONLYIOTHCA 1 3pDYYHO BBECTH 1HII
osHavdeHHs KoedimieHTis nudysii Ta Tepmonndysii (Bu-
XOIAYN 3 BUpasy ms andysiitHoro moToky), axi Hesmo-
CepeliHbo BIAMOBIIAIOTH CIIOCTEPEKYBAHUM Ha €KCIIEepPH-
menTi [51]:

2
i = —pTyinr - 2™ p 4,

ne d = d;. [Ipn Takomy osHadenti DI = —D{ | Dy =

32

M
T allb 3ﬂab
_Ntalb  [OHab 4y — g Ay (0)] ],
P o | (1) = VA >})
NagNp 3ﬂab _
ang ma+mb |:\/m_b bp(l) VmbEbp(O)})'

—Dy5. CaMe 111 BEIUINHA AJ14 IBOCOPTHHX CyMiIeii 306~
paxkeHo HIKYE Ha rpadikax.

V. YACEJbLHUI PO3PAXYHOK
KOE®INI€HTIB ITEPEHOCY [JI1d PISHHUX
CYMIIIEN

Ha ocHoBlI oTpuMaHWX BHpas3lB 3pobJIEHO THCEJIBHI
pospaxyuku [56] KoedinieHTiB nepenocy mid cyminieit
HefiTpaIbHUX Ta 3apA/KEeHUX TACTHHOK 3aJIEKHO Bij
TemiepaTypu T Ta MPONEHTHOTO BMICTY % (3a KOHIIEH-
Tpamieto). i TeAKUX CHCTEM HTPOBOANMO MODIBHAHHA
3 HagBHUME €KCIEPUMEHTAILHUMI TaHUMH.

Y Bupaswm, 10 BUKOPUCTOBYIOTHCA PH PO3PaXyHKAX,
BXOIATH Ille 3HAUEHHA HMapHOl (PYHKIN PO3IOMIIY TBEp-
JWX KYJTHOK PI3HIX COPTiB Ha KOHTaKTI ¢5°(0y) 1 pamiyce
eKpaHyBaHHA D). I[[o6 iX OOYMCANTH, BHKOPHCTOBYBAJIH
Ti cami BUpa3u, o i y npangx [42 53] Benmuuwny D =
1/2T mykamau 3 piBHAHHS, 3alpOIOHOBaHOIO B [57]:

47T62M
Ar? = X2
kT Z_;” @)
mo
Xa_ a £ PM 1 Fa_la
ERETT ((EaLS
M NagOCar T M 77,0'3 -
PM: ala~a atq ’
“ 1+To, +2(1—A);1+F0a
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s KOHTAKTHOTO 3HaYeHHs MapHol (MYHKINI PO3MIo-
Iy BUKOPMCTOBYBaJIM Bupasu 3 pobotu [58]:

M
aa ™ -
954 0q) = l—A—I—ZUaanUg (1—A)"2

b=1

95%0as) = [0b95%(0a) + 0ags’ (00)] /20as.

Y pospaxyHKax 3HAYEHHA OIAMETPIB YaCTHHOK Y3ATO
TakuMu: og, = 2.9 A, e = 2.15 A, oar = 3.405 A,
ke = 3.67 A, oxe = 3.924 A.

Huxve mpemcTaB/ieHO pe3yJIbTATH PO3PAXYHKIB IJId
JBOCOPTHHUX 1 TpucopTHHX cywmimreli: He Ar; Hs Ar;
Ar Kr Xe; HeArt; He ArT Kr; Art Kr,Xe. Cnouatky
MOTAHO PE3YJIBTATH I HERTPAJIbHUX CYMIIIel, FK1 Mo~
PIBHIOIOTHCH 3 €KCIEPUMEHTAJBHUME JTaHUMHU, a MOTIM

AJId CyMi]_Heﬁ 13 3apdJZKECHUMUN KOMIIOHCHTaAMH.

T, K 20816 | 323.16 | 373.16 | 42316 | 473.16
0.763 Ar, A 0.114 | 0108 | 00979 | 00895 | 0.0824
0.237 He | ne,10°Pas | 3743 | 3735 | 3684 | 3.791 3821
Nea, 1077Pas | 3276 | 3320 | 3442 | 3560 | 3.679
0.519 Ar, A 0.0968 | 0.0914 | 00821 | 00747 | 0.0684
0.481 He | mexp,10°Pas | 2956 | 3020 | 3136 | 3334 —
Mea, 1077Pas | 2968 | 3.035 | 3170 | 3.306 | 3.440
0.267 Ar, A 0.075 | 0.070 | 00628 | 00567 | 0.0517
0.733 He | nep, 10Pas | 3203 | 2662 | 3802 | 3080 | 3.259
Neal, 107°Pa s 2.616 2.693 2.845 2.993 3.135

Tabnung 1. Exkcriepumentadbhi [54] ta pospaxoBani Ha OCHOBI MOZeJi TBEpIMX KYJIbOK 3HaYeHHs KoedilieHTa
3CYBHOI B’A3KOCTH 1) 114 cyMitreii He, Ar 3 pisHUM IPOIIEHTHIM YMICTOM KOMIOHEHT (TIepiiia KOJOHKA) IJI4 1’ ATHOX
PISHEX 3HAYEHBb TeMIepaTypu npu Tucky P = 442.3 6ap. A — mapameTp MakyBaHHA.

1. Ilepurofo posrysgayTo cymim He,Ar 3 pisamM mpo-
IIEHTHUM YMICTOM KOMIIOHEHT. Y TabJuill 1 3icTaB/IeHO
eKcliepuMeHTa b I [54] Ta po3paxoBaHi Ha OCHOBI MOAeJ
TBEpINX KYJIHOK 3HaUYEeHHs KoedilieHTa 3CYBHOI B’dA3-
koctr 7). [Ipu BUIIUX TeMITepaTypax PO3XOLKEHHS 3 6KC-
MEPUMEHTOM MEHIIT .

55

experiment

calculation -

M, 107 Pas

7,K

300 400 500 600 700 800 900 1000 1100

Puc. 1. Excrniepumentasbia i TeopeTrIHa 3aJI€KHOCTI KO-
edimienTa B’a3kocTr cyminn Hz,Ar Bim Temmeparypu.

2. Ha puc. 1 HaBemeHo TeMIepaTypHY 3aJIeKHICTH KO-
edimenta B’askoctu cymim 0.6Ar,0.4H, mpm Tmckax
P = 300, 400, 500 armocdep. Kpusi posramroBani B
MOPAIKY 3POCTaHHA THCKY. XOU TaKa CYMIII HE 30BCIM
MIAXOMUTE T MOME b TBEPAUX KYJIbOK, OCKLIBKH MO-
JIEKyJia BOIOHIO He € CEepHYHOI0, MPOTe OMepKAaHl pe-
3yJIBTATH AAIOTHh 1HGOPMAIo MTpO YCMIIHICTD 3aCTOCY-
BaHHA Momeml 10 HechepuIHUX MoeKkya. Hespuanum e
Te, 1O 3 MIABUIIEHHAM TEMIIEPATYPH 30IT 3 eKCITEPUMEH-
ToM [55] moripinyerbes, 60 HpU BUCOKUX TEMIEPATYPax
POJIb MPUTATYBAJIBHOI YAaCTHHN MIZKYIACTHHKOBOTO IMO-
TEHITIAAY cJabHe MOPIBHAHO 3 BLOIITOBXyBaJbHO0. O~
HaK TaKy MOBEIIHKY MOXKHA MOACHUTH THM, IO B HAIINX
pO3paxyHKax MAMETPH TBEPIUX KYJIBOK IJId MOJIEKYJI
Ar 1 Hs B3gT0 pikcOBaHNME, HE3aJAEKHIMHA Bl TEMIIEPa-
TYPH Ta KOHIEHTpAaIlll, TOAl AK BLAOMO, 110 el mapaMeTp
3aJIeKUTh Blo 11 n.

3. Ha puc. 2-4 nogano TeMmepaTypHl 3aJIEZKHOCT] KO-
edirienTiB 06’eMHOI Ta 3CYBHOL B’SI3KOCTH i TEILJIOIPO-
BIIHOCTH HeliTpasibHOI TpucopTHol cyminn Ar,Kr,Xe mpn
MOCTIHHOMY 3HaveHHI mapaMeTpa makyBanaa A = (.12
IJIA PISHUX CKJIATIB CyMII: KOHIEHTpaIlll KOMIOHEHT
y3qaTo y BigHomenuax 1:1:1,2:2:1, 1:2:2 signosigno. Ko-
edIIMIEHTH MEPEHOCY TO—PI3HOMY MOBOIATHCA 3AJEKHO
BIJI CIIIBBIIHOINEHHS KOHIIEHTPAIII JIeTIIol Ta MEHIIol 3a
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poamipom (Ar) i Baxkdwol Ta Giabiiol 3a posmipom (Xe)
KOMIOHEHT. KoedlmenTn B’ a3K0CTH 3pOCTAIOTh 31 3061/Th-
IIIEHHAM YMICTY KCEHOHY, a KOediIeHT TeIOmPOBIIHOC
TH — HABIAKH.

2.4

S}
&)

K. 107 Pas
=

1.6

T.K

600 800 1000 1200 1400

Puc. 2. Cymim Ar,Kr,Xe. TemmeparypHl 3a/1e:KHOCTI KO-
edirieHTa 06’¢MHOI B’A3KOCTH IIpH (PIKCOBAHOMY ITapaMerpi
nakyBaHHA A = 0.12 1 pI3HUX CIIBBIIHOIIEHHAX KOHIIEHTPA-

miit.

7.5

. 10° Pas

6.5

T.K

600 800 1000 1200 1400

Puc. 3. Temmeparyphi samexxHocTi KoedilieHTa 3CyBHOI

B’A3KOCTH /I Ti€l XK cyMinrn, 1o i Ha puc. 2.

4.5

3.5

% 102 W/(m K)

600 800 1000 1200 1400

Puc. 4. Temmeparypri 3ajieskHOCTI KoedilieHTa

MPOBIIHOCTH IJIA I/ Ti€l XK cywinn, mo i Ha puc. 2.

34

TEILI0-

IIpu pospaxyHkax KoedlII€HTIB MEpeHOCY HJIA CHC-
TeM 3apAKeHuX 1 HelTpaJabHUX YacTHHOK depes {2—
IHTerpaJii BpaxoBaHO TOJIAPU3AIINRHY B3AEMOIIIO 3apd-
JKEHUX Ta He3apAKEeHUX KOMIOHEHT.

4. Ha puc. 5, 6 300pazkeHO TeMIepaTypH] 3aJIEKHOCT]
xoedimientin 7(T), MT), Da(T), DT(T) ana monems-
Hoi cymimn 0.267Art,0.733He npu dixcopaniii 3araabHii

xommenTparmii n = 1.0487 - 102"m™3 (A = 0.00976).

9.0
~47.5
8.0 47.0
46.5 &
w 7.0F X
o {60 €
. 6.0 =
> 6 45.5°
v 2
< s0f 150
—44.5
- e 3
4.0 o T,*10°K 4,
3.0 . L L L 3.5
2 4 6 8 10

Puc. 5. Temmneparyphi sasexHocTl KOedIIIEHTIB 3CYBHOI
B’s3KocTH H TeromposinHocTn cymimi 26.7%ArT,73.3%He
opm n = 1.0487 - 102" M™%, A = 0.00976.
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Puc. 6. Temneparyphi sasexsocTi audysii Ta TepMOIM-
dys3il gaa cucremu, 1o i Ha puc. 5.

9
g[ ——T=5000K
o
—=— T=7000 K ./
7 —e—T=10000 K /" a
6_
o
& sf
o 4}
v 31
2_
1_
0_

Puc. 7. Cymim He, Art, Kr. Bamexmnicts koedimenTa
06’eMHOI B’A3KOCTH BifI CIIIBBIIHONIEHHA KOHIIEHTpaInil Heii-
TpaJIbHAX KOMIIOHEHT.



KOE®ILI€HTH IIEPEHOCY CYMIIIEN I'VCTUX TA3IB 3APSIIKEHNX TA HE3APSIIYKEHNX YACTHHOK

28

24

' 10%Pas

22

Puc. 8. Cymim Art, Kr, Xe. Banexsicts Koedimienra
06’eMHOI B’A3KOCTH BiJI CIIIBBIIHONIEHHA KOHIIEHTpAINil Hel-
TpaJIbHAX KOMIIOHEHT.

oor ——— T=5000 K
0.8+ '\ —=—T=7000 K
—e— T=10000 K

0.7
0.6
05
0.4

A, W/(m K)

03
0.2
0.1
0.0

Puc. 9. BanexHicth KoedileHTa TENIOMPOBIIHOCTA Bif,
CIIBBIAHONIEHHA KOHIEHTpaIlii HeATpaJbHUX KOMIIOHEHT
IJIA Ti€l K cUCcTeMH, 1o it Ha puc. 7.

5. Ha puc. 7-10 momano KoedimieHTH 06’eMHOI B a3~
KOCTH il TEILIONPOBIIHOCTH TPUCOPTHUX CyMilleil saps-
IZKEHNX 1 He3apAKeHUX YacTUHOK. TyT € ogHa 3apsd-
JKeHa 1 ABl HeliTpaJIibHI KOMIIOHEHTH. 3arajJbHa KOHITeH-
Tpallid i KOHIEHTpaIlid 3apAIKeHOl KOMIIOHeHTH (hIKCOo-
Bani: nia He, Art, Kr 25,4+ = 0.2, n =2-10>"M73, nia
Art, Kr, Xe 2o+ = 0.25, n = 1.12-10*"™m~3. Hoci-
JKYBAJIN TOBEMIHKY KOedIIMEHTIB MEPEHOCY MPH TPhOX

PI3HUX 3HAYEHHAX TEMIEPATYPH 3aJI€KHO Bl CIIBBIIHO-
IIeHHs KOHIEHTpAaIili HeRTpadbHUX KOMIIOHEHT. 3 Ha-
BemeHNX TpadikiB MOXKHA OadnTH AK 3ajdekaTh Ko-
edIIeHTH TePEeHoCY Bl CHIBBIAHONIEHHS MIXK IIapa-
MeTpamu (Maca i gigMeTp) HeHTpaabHUX KOMIOHEHT
— reJiifo i KPUNITOHY Ta KPUNTOHY 1 KceHoHy. CmiBBiJI-
HOIIEHHS MiX KOHIEHTPAIIMI HeATPATbHUX YaCTHHOK
MO3HAYEHO Yepes y Tak, WO Yrr = NKr/(Nkr + Nie) —
IJI TIepIiol cyMilim, yxe = NxXe/ (NKr + NXe) — I8 IPY-
TOl CyMIiIl.

w
T

* 102 WimK)
S
&
T
/
/

Puc. 10. Banexnicts KoedillieHTa TEILIOMPOBIIHOCTH Bi
CIIBBIAHONIEHHsT KOHIEHTpaIlil HeATpaJbHUX KOMIIOHEHT
IJIA Ti€l XK CUCTeMH, 1o i Ha puc. 8.

VI. BUCHOBKMH

Ortxe, BukopucroBytoun Meto], Yenmena—Enckora, Ha
OCHOBI KIHETHYHOTO piBHAHHA Ernckora—Jlanmay misd cy-
Millleli TYCTUX ra3iB 3apsaKeHnX 1 He3apsaKeHX TacTh-
HOK OTPHUMAaHO BUPA3H 117 KoedinieHTiB nepeHocy (B’A3-
KOCTH, TelnonpoBiaHocTn, audysil Ta Tepmomudysii).
3okpema, Koau € OlIbIlle HIZK ABa COPTH, TO 3PYUHIIIE
upufinarn [52] inme osnavennsa (4.9) xoedimieHTis au-
dysil Ta TepMmoandy3il, AK1 3aI0BOJIBHAIOTE MPH IHOMY
cmispigHomenHa OH3arepa.

[IpoBeneno 9mcIOB] po3paxyHKN KoedIIIEHTIB Iepe-
HOCY PI3HHX CyMilieli J1Jid KOHKPETHUX 3HAYEHBb TeMIle-
parypu # KoHIeHTpalili KOMIOHeHT. €AVMHUM HapaMeT-
poM, 1o BubHpaBCcd He3aJIeXKHO HPH PO3paxyHKax, € [i-
AMETPH TBEPANX KYJIbOK 0.
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TRANSFER COEFFICIENTS OF DENSE GASEOUS MIXTURES OF CHARGED AND
NON-CHARGED PARTICLES

M. V. Tokarchuk, O. E. Kobryn, Y. A. Humenyuk
Institute for Condensed Matter Physics of the National Academy of Sciences of Ukraine
1 Swvientsitskiz Str., Lviv, UA-79011, Ukraine

The Enskog—Landau kinetic equation for dense many—component systems of hard charged spheres is considered.
Using the standard Chapman—Enskog method the normal solution to this equation in the first approximation is
found. Numerical calculations for two— and three—component mixtures of neutral and charged particles are carried
out on the basis of the found expressions for transfer coefficients. Some of the results are compared with the

available experimental data.
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