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UccnenoBano BiusiHue ABYX (aKTOPOB HAa KOHTYD JMHHUM IOTJIOIIEHUS MOJEKYJbl BOJSHOTO Iapa B CMeCH
C TelueM, aproHOM, KPHUIITOHOM U KCEHOHOM: 3aBUCUMOCTU K03((DHUIINEHTOB yIIMPEHU ¥ U CBUTA IIEHTPA JUHUH &
OT CKOpOCTH ¥, moryomntaoiieil Mmosrekyast HyO (adderr Berpa) u usmenenus ckopocru H,O mpu cTOJNKHOBEHHI
C yKa3aHHBIMU aroMaMu. /[y ucciegoBaHUs BBIOPAHbI TPU JIMHUM IIOIJIOMIeHUs MoJekyasl H,O u3 mosochkr
Vi + v+ v3 ¢ pasIMYHBIMU BpalllaTeJbHbIMI KBAHTOBBIME YHC/JIaMU HauaJbHOTO KBAHTOBOTO cocTosHus. ITokasaHo,
4yTo HauboJsee CUIbHO 3 dEKT BeTpa MPOSBJSETCS TIPH B3auMoeiictBun Mosekyas HoO ¢ aToMaMu aproHa, Kpui-
TOHA U KCeHOHA. Pe3ysbTaThl paGoThl MOIYT OBbITh HCIIOJb30BAHBI IPU aHATH3€ CIEKTPOB IIOIJIONIEHHS BOJSHOTO

IIapa B CMeCH ¢ OJHOATOMHBIMU ra3aMu.

Kniouesvie crosa: kouryp nunnum, adgdexr serpa, H O, He, Ar, Kr, Xe; line profile, wind effect, H,O, He,

Ar, Kr, Xe.

BBeaeunne

K HacrositieMy BpeMeHU U3Yy4eHBbI HapaMeTpbl 60-
nee 3000 xome6aTespHo-Bpamareabubix (KB) gmnuit
(0,0,0)[JK,K.] — (V{, V,y, V3)[J' K, K.] norromte-
HUS MOJIEKYJbl BOJSHOTO Mapa B JAuanaszoHe 0,7—
13950 cm~! B eMecu ¢ ogHOaTOMHBIME Tasamu He, Ar,
Kr u Xe (cM. [1] u cepunku B Heit). [l1s aHaau3a KOH-
Typa JHUHUN HCIOJb30BATICH PA3JNIHbIE MOJEH: Tpa-
nuinonubIii  KoHTyp oilirta, Payrtnana—CobeabMa-
Ha [2], Tamarpu [3] u mpyrue MoneabHBIE KOHTYPBI,
0630p KOTOPBIX MOKHO HaiiTi B [4—6].

OdbdexkT BeTpa 3akjI0YaeTcs B 3aBUCUMOCTHU
CTOJIKHOBUTEIBHBIX MapaMeTpoB y (KoaduimeHT yim-
perust) u & (koadpuIMeHT cABUTA LIEHTPa JUHUK) OT
CKOPOCTH 0, TorJiomarotieit MoJekyansl HyO.

[ep HacTogIIEl PaGOTBHI — ONpENENUTh BIIMIHUE
a(pdexra BeTpa 1 M3MeHeHNI CKOpOCTH MOJeKy a6l HoO
TIpU ee CTOJIKHOBEHWH ¢ atroMaMu GydepHBIX Ta30B Ha
dopMy KOHTypa JUHUN TOTJIONIEHNS MOJIEKYJTBI.

B [7] aroT Bompoc m3ydajicd Ha TIpUMepe Tpex
JIMHUM TOJIOCHI Vy, YIIUpeHHbIX aToMamu He, Ar u Kr.
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K ocHoBHBIM BBIBOZIaM [7] MOKHO OTHECTH CJIeIyToliee.
B caygae BzaumogefictBusi H,O ¢ resqmeM Js1 onmca-
HUS BBIYHUCJIEHHOTO KOHTYpa JHHUHU, YYUTHIBAIOUIETO
dyukimio y(v,) U U3MeHeHHe CKOPOCTU TIPH CTOJIKHOBE-
HUU, IPUMEHUM TPAIUIUNOHHBIN KOHTYp Doiirta u Her
Heo6XOIMMOCTH HCIOIb30BaTh JPYyTHe MOJeIbHble KOH-
Typbl. B ciydae B3aumogeiictBug ¢ aromamu Ar un Kr
cutyanus nHasg. KOHTYpbI «mmpokux» JuHmit (cooTset-
CTBYIOT Ilepexo/laM ¢ MaJIbIMU BpallaTeJbHbIMU KBaHTO-
BBIMH unciIaMu J < 4) TaKsKe XOPOIIO BOCCTaHABJIH-
BatoTcsg KOHTypoM (DoNrTa, KOHTYpbl Y3KHUX JIMHMIL
(J > 8) 3HaumWTeJNBHO JIydIllle BOCCTAHABJIMBAIOTCS KOH-
typoM PayTtnana—Cob6esnbMaHa.

B orimmune ot [7], B Hacrosieir pabote BbIOpaHbI
JIUHUWU U3 JIPYTOTO CIEKTPAJBHOTO AMANa30Ha, a MMeH-
1o 8600—8990 cM~!. CrekTpbl TOTJIONIEHNST MOJIEKY.IbI
Bozbl, yummpeHHble qaBiaenneM He, Ar, Kr n Xe, 6bum
3aperuCTPUPOBAaHLI B VHCTHTYTe ONTHKU aTMocdepbl
CO PAH na ®@ypse-ciekrpomerpe Bruker IFS 125HR.
Mertouka HOIy4eHus IapaMeTPoB CIIeKTPAIbHbBIX JUHUT
omucana B [8, 9]. /lng anannsa 661 BBIOPaHBI TP JIA-
HUU TIOTJIONIEHWS € PA3JUYHBIMEU 3HAUYEeHUSMHU Bpalia-
TeJIbHOTO KBAaHTOBOTO YHcJa J HAYAJIbHOTO KoJebaTesb-
HOTO COCTOSHHSI U3 TOJIOCBI Vi + Vi + v3, a HUMEHHO:
[000] - [101],[404] - [505],[909] —[10010]
¢ IleHTpaMu vo = 8830,230794; 8899,691882
u 8958,634012 cm! cooTBeTCTBEHHO.

[pyroe ornmuume ot [7] cBg3aHO € TeM, YTO WC-
MOJTb30BAHBI JJaHHBIE TI0 YIIUPEHHWI0 3THX JuHuil Xe,
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TaK 4TO OTHOIIeHUe my,/m (my, my — Mmaccol H,O u ato-
MOB) JI/I1 pACCMOTPEHHBIX crcTeM cocTaBuio 0,22; 2,22;
4,65 n 7,22 nig He, Ar, Kr u Xe cooTBETCTBEHHO.

Borunciaenne ¢pyukimpn y(o,)

Jna soraucaenus ¢gynkimmn y(v,) Heo6X0AUMO
3a/1aTh MEKMOJIEKYIIPHBIN TOTEHIHAT B3auMOIENCT-
Bua V(7), B KOTOPOM 7 ONpe/iefisieT PacCTOSTHUE MesKILy
neHTpamMu Macc MoJiekyapl H,O u atomom A. Iloren-
muan V(r) 6bu1 Boi6pan B (OpMe aTOM-aTOMHOIO II0-
TeHIMana, TpejcTaBaenHoro ¢opmyaoii (9) us [10],
oH Takke ommcad B [1, 7]. OTMeTHM TOJIBKO, YTO aHM-
3oTponHagd 4acTh V() cogepxur 12 caaraeMbIX mpu 7 °,
B KOTOPBIX § MeHseTcs oT 7 n0 16. M3oTponHag yacTb
Visot(7) BBIOpaHHOTO TIOTEHIHANa MOJEJUPYeTCs II0-
tennuanoM JlenHapa-Jxonca Vie(r) = 4e(—c%/7% +
+ 0'2/7'%) ¢ mapaMeTpaMu € U G, KOTOpBIE 3aBUCAT OT
kosebareapHoro coctosgauss V = (Vy, V,, V3). Tlapa-
MeTpbl morteHimanoB V(r) amg cucrem H,O—A wHaii-
neHbl B [11—14] u3 ycioBUS HAWIyYIIeTo OMUCAHUS
HKCIEPUMEHTANbHBIX JaHHBIX 10 Ko3dduimeHTaMm
ymupeHust y u casura & juHuit H,O a1 mosocsl
Vi + vy + v3. VI3 aTOrO yCJIOBHSI TapaMeTphbl MOTEHI[HA-
Jla OIpeJessioTcss HeOJHO3HAaYHO, MHOTOYHNCIEeHHbIE
TIpuMepbI TIpuBeeHbr B [11—14].

B paccuerax MCHONB3YIOTCS OTHOCUTEJIbHAST CKO-
pocTb © = |Vl, CKOPOCTb TIOTJIOIIAIONIEeHl MOJIEKYJIbI
H»O v, = 1v,l, ckopocTb 6ydepHoii YacTHIBI 0, = |V,
CpelHSS OTHOCHTeNbHas CKOpocTb os = (8t/mm)!?
u HamboJiee BEPOSATHBIE 3HAYEHUST CKOPOCTEH 0,40 =
= Qu/m)"?, vy =Qt/my)"? B korophix m =
= mymy/(mmy + my); © = kgT; kg — nocrosHHag Bosbir-
MaHa; T — Temrmepatypa. Bce pacueTsl poBeJleHBI IS
mapaenna P=1amnu T = 296 K.

KoadduinenTs! ymmpenus v 115 KoebaTebHO-
BpamarebHoll suHun norsomenus (1) — (f) (G, [ —
coBokynHocTn KB KBaHTOBBIX YKCeJT) BBIYUCIIAIOTCS
OJIHOBPEMEHHO € KO2(DPHIHMEHTaMU CABUra J; LEHTPOB
3THUX JuHUH 1o dopmye [15]:

Vir + 18 = (vir (0) + 18,/ (0)) =
= J(Yi/ () + iﬁif(v))W(V)dV. )

B neit

iy @) + 8 (0) = 22 j Dr.dr, x
r0

< |:1 _ eXp(—iS1 _ Sgl;ter _ zl}}er* _ Séniddle” ):|, (2)

rIe ny — IUIOTHOCTH OydepHOro Trasa; ¢ — CKOpPOCTb
CBeTa,

4 0% o
W) = ﬁz%e (v, /0>z’ 3)

— MaKCBeJJIOBCKasl (DYHKIIUSA paclpe/ieseHns] MOJEKYT
10 OTHOCUTENBHBIM CKOPOCTAM ©; D, r, W ry ompeje-
Jgensl B [15]. Bun dyukmmii npepbiBanusg Sy n Sy us-

BecteH [10, 15], oHU 3aBHUCAT OT CKOPOCTH ¥ W BBIUHC-
JISTIOTCST € TIOMOIIBI0 MEKMOJIEKYJ/ISIPHOTO TIOTEHIIHAJIA
B3anmojeiicteus V(r). Dyukuus y(v,) BbUUCAATACH
o gopmy.e

v(v,) = Iy(v)f(va/v) dv 4)

(3mech u masee uHpeKcwl i, [ omymennn), tae f(v,/v) —
(QYHKIHA paclpesiesieHUs CKOpPOCTeil v, MorJomiaorneit
MOJIEKYJIbI OTHOCHTEJBHO CKOPOCTEH V B3auMOJelcT-
BYIOIIX MOJIEKY.L.

B macroameil pa6ore g Boraucaenua (o)
UCIIOIb30BAIMCh JABa pacupenenenus [(v,/v). s
v/ v) = Wiv, =v,-V)

y(v,) = Iy(v)Wb(va -v)dv =

“ 2 2
= 2 IY(U)(OJ Sinh[h)f”}exp ¢ ‘gva do. (5)
Ub()\/; o Ua Upo Upo

Oyuruusa y(v) uz (2) 118 Kak[o# JUHUN PacCYUTHI-
Bajach B 25 Toukax aua 0,1 < o/v, < 10. Janee mia
v(v,/vs) oTpenessicsa TOJMHOMOM S5-if cTeleHH, Toce
4ero B BHJe 3Toro nojmuoMa ¢yuruusa y(v/ovs) non-
craBagiach B dopmyiay (5), U3 KOTOPOH M BBIYUCIIS-
smch 3navennd y(v,/v,) ana 0,1 < v,/ v, < 10. Iocre
atoro ans y(v,/vs) CHOBa ONpPeNesANCca TOJNHOM S5-I
CTETIeHN, KOTOPBI M HCIOJIb30BaJICS B JalbHelmmx
BBIYNC/ICHIAX.

3uanne byukiuii (v,) no3Bosser Haiitu Koaddu-
I[UEHTHI yITHPEHHsT

(10, = j YOI W, (v)dv, =

= 2
=i%jy(va)v§exp —UT“ do, (6)
\/; (&) 0 [&7)

TMyTeM YCPeIHEHNsT ¢ MaKCBEJJIOBCKON (pyHKImed pac-
npegenenns W, (v,) 0 CKOpPOCTAM 0, HOIJION[AIOIINX
mosekya H,O.

3Havenud K0a(hGUINEHTOB Y, BbIUUCIEHHBIE IO
dopmymam (1) n (6) ansa Tpex paccMaTpUBaeMbIX JIH-
HUM, TpUBeleHbl B TabJulle. JKCIepUMeHTaIbHble KO-
acdunneHTs Y U3 3TON TAGMUIBI MOJYYEHBI IS Tpa-
JUIIOHHOTO KOHTYpa Dolirra B ciaydyae yuImpeHus Jiu-
uuit He, a B ciiyyae yITUpeHUs IPYTHME Ta3aMu — [[JIst
KBazpatuuHoro Kourtypa Moiirra (SDV), yuurbiBaio-
TETO 3aBUCUMOCTD VIIHPEHHUsS U CABUTA OT CKOPOCTE(l
CTAJTKUBAIONIXCA MOJeKyT [8, 9].

Pacuerst v o ¢opmyse (6) B cpexrem Ha 3,5%
BbIIle pacuetoB mo dgopmyie (1).

Bropoe pacmpenenenne f(v,/v), ¢ KOTOPbIM IO
dopmye (4) nposoauuch pacuerst Y(v,), TpenioxKe-
HO B [16] u uMeeT BuJ

[/ v =w T 2e |-

V1-0o?

(v-av,)’
_(\1,—22\,)02 ’ @

= [n(1 2 )032:|1,/2 ex
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Bborunciennbie o popmyaam (1), (6) u sxcnepumentanbubie [1] koaddumuents ymupenus y (8 cM' /at™)
nas tpex sunmit [J K, K] — [J' K, K.] nonocsl vi + v, + v3 Mosekyast H,O B cucremax H;O—He, H,O—Ar,
HQO—KI', H20—Xe

HzO*He

H,O—-Ar

H,O—Kr H,O—Xe

JluHns

m | ® |11l

M [ ® ]

wl® [ w]| ® |1

[000] - [101]
[404] - [505]

0,0224 0,0238 0,0216 0,0492 0,0502 0,0469 0,0566 0,0580 0,0608 0,0802 0,0834 0,0775
0,0186 0,0198 0,0188 0,0363 0,0368 0,0363 0,0425 0,0435 0,0504 0,0654 0,0654 0,0697

[909] - [10010] | 0,0136 0,0149 0,0121 0,0223 0,0235 0,0198 0,0337 0,0347 0,0311 0,0551 0,0550 0,0527

DTo pacipefie/leHue 4epe3 IapaMeTp o YIUThIBaeT H3-
MeHeHHe CKOPOCTH MOJIEKYJbl IIOC/Ie CTOJKHOBEHH:.
C pacnpeznenernem (7) y(v,) onpenensercsa Kak

2 T v
az)p\/g-([}’(z))(%]x

2 99
x SinhFazv”}exp[—“?U”}dv, (8)
v v

p p

y(v,) =

rie v, = vp/ o1 - a®)!2. B mpoBe/ieHHBIX pacueTax

mapamerp o  (UKCHpOBalcad K  3HAYEHHIO o =
= (my/M)"?, Ipu 3TOM MKy CKOPOCTAMH V, Vg, Vp
BBINOJHAETCA  cooTHomeHne Vv — av, = (1 — a?)?v,
wm, uro T1o ke camoe, Vv — (my/M)V?v, =
= (m1/M)1""’2V;,, M = m; + m,.

Boluncienne KoHTypa JHHUN

[Toce pacuera dynkiuu y(v,) mo opmyaam (5)
i (8) B 31 Touke wist —-1,5<v — vy < 1,5 em™! ¢ nH-
TepsaoM 0,01 cM™' BBIUMCIANCS KOHTYD JHHII

I(v) = IIF(V, 0,) W(v,)duo,, )
0

KOTOprfI IIpe/iCTaBJIAET coboit B3BEIIIEHHYI0O C BECOM

W(o,) =4/(p" )02/ vﬁo)exp[(—va/ Va0 )QJ cymmy
(OITTOBCKUX KOHTYPOB
Iv(v, v,) = ReW (x'(v, 0,), y(0,)) =
i e’
Rl | a0

—0

KaX/blii M3 KOTOPBIX COOTBETCTBYET OIIpee/]eHHOIl
cxopocTH v,. B dopmyne (10):
x'(v, v2) = 2(v) - s(v,),
x2(v) = (In2)"2(v = vo)/yp,
y(v,) = (In2)' *y(0,)/1p,
s(v,) = (In2)'?8(0,)/vp, (11)
rae vp = In2kgT/muc?)' ?vy — nomnepoBckasi 1o-
ayummputa auaun. Oyukiua 8(v,) Ha HepBOM dTale
He y4YMTbIBajach, OHa (PUKCUPOBAIACH K HYJIIO.

Boruncaennpiii koutyp (9) cpaBHHBAJICA €O CTaH-
JapTHbiM  KoHTypoM @oiirra Iv(v), onpeaeseHHbIM

temu ke dopmysnamu (10) u (11), B KoTOpbIX (DYHK-
st y(v,) 3aMeHsiIach Ha Koa(UIMEHT Y U3 GopMy-
abl (1) (em. Tabauny), a koaddunuent § GUKCHpoBaI-
ca k Hymo. Ormune xoutypa I(v) (9) or KonTypa
Doiirra Iv(v) nokaspiBaer Binanue sddekra BeTpa,
ecu y(0,) Bbrumcasach mo gopmyse (5), U BIUAHEE
U3MEHEHHUsI CKOPOCTH TIPH CTOJKHOBeHHHU, ecan Y(v,)
Bbumc/siach o (opmyne (8). /lasee B cTaHIapTHOM
koutype @oiirra Iy(v) noa6upaics Hosbiil (omrTu-
MaJIbHBINH) TapaMeTp y Tak, 4TOGbI HAWAydInuM o6pa-
30M ommcaTh BbruncaeHHbIH KoHTYP (9). Takoii moa6op
OCYIIeCTBIICA W TpH cpaBHeHnu koutypa I(v) (9)
¢ xoutypoM Payrnana—CoGenbMaHa

W'(x'(V), y + z)
1= VrzW'(x'(v), y + 2)

IRs(V):Re y (12)

rae z = (In2)"?B/yp; B — Koa(pdUIMEHT CysKeHus
JIMHUHM, M '/aTM, a ocTajbHble TapaMeTpbl Olpejesie-
ubl gopmyoii (11). IIpu stom B KoHType (12) HOAGH-
paJiuch JiBa IapamMerpa y 1 B, YTOObl JOCTUYD HAUIYY-
Imero corsacus ¢ kKoutypom (9).

PesysbTaTsl pacyeToB

3asucumocmos a¢ppexma eempa
om napamempoeé nomenuuaad

[l cucrembr HyO—Xe B pacuerax MCHOJTb30BaHBI
nBa noteHnuana u3 [14]. Aumsorponnas dactb [ToTeH-
nuasa 1 CoAepKUT MIeCTh cJaraeMbIX IIpH 7 °, Te
s=17,8,9, 10 (310 manpbHOAelicTByIOIAs YacTh II0O-
TeHI[MaJa) U IIeCTh ClaraeMbIX mpu 7 °, rae s = 13, 14,
15, 16 (aro 6aMBKOAEHCTBYyIONmAs 4acTh TOTEHIIAIA).
AnusorpornHas yactb IloTeHIMama 2 BKIIOYAET TOJbKO
LIeCTh JAaJbHOJENUCTBYIONNX BKJIaA0B. O6a ToTeHIHa-
Jla ¢ OIMHAKOBOH TOYHOCTBIO BOCCTAHABJIMBAIOT KO3(-
(UIMEHTH! yIIUpeHUs I 72 JUHWI W3 paccMaTpH-
BaeMoii KoJsieb6aTebHON ToJiochkl  [14]. PesysbraThr
pacueroB koutypos I(v) (9) u Iy(v) (c yuetom u 6Ges
yueta addekra BeTpa) mpeicTaBJeHbl Ha puc. 1.
Bunsnue »sddekra Berpa u  GIN3KOAEHCTBYIOIUX
BKJIAJIOB HCIIOJb3YEMOTO MOTEHIMAJa Ha BUJ KOHTYpa
3aMeTHO.

g cucrembr HyO—Ar wucrosb3oBaauch TpH T0-
tenruasa u3 [12]. Tiay6uust €/ kgT usorponubix Ilo-
teHimaaos 1, 2, 3 cocrasiaor 75,0, 90,0 m 120,0 K
COOTBETCTBEHHO. Pe3yJbTaThl pacuyeToB MOKA3aHBI Ha
puc. 2, U3 KOTOPOTO BHU/IHA 3aBUCHMOCTb KOHTYpa JTMHUH

Bumsinne addexra Berpa u uaMenenusi ckopoctu mosekyiast HyO... 365
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Puc. 1. Kourypst aunun [909] — [10 0 10] B ciyyae ee ymmu-
penusa Xe: TpaauloHHbIl KoHTYp Doiirra, BBIYHMCIEHHBIIH
¢ Iorernmanamu 1 (m) u 2 (o); xoutyp I[(v), BbIUUCIEHHDIH
¢ yueroM addexra Berpa 1o dopmyse (9) ¢ ucnosb3oBaHeM
IMorennuanos 1 (a) u 2 (v) (cM. uB. puc. 1-6 na caiire
http://iao.ru/ru/content,vol.37-2024,/iss.05)

OT M30TPOITHON YacTH MoTeHIna a. Takas 3aBUCUMOCTD
CBSI3aHA C T€M, YTO MHMMAas 4acTb MATPUIbl PACCESTHUS
(pyuxiusa npepsiBanusa Sy B popmyie (2) onpezenser-
¢4 Pa3HOCTHIO U30TPOITHOTO MOTEHITNAIA B PA3HBIX KOJIe-
6aTeJbHBIX COCTOAHUAX ) BIUAET Ha BBIYUC/IAeMbIE apa-
METPBI JINHUIT, B 0COOEHHOCTH JIJIsI TSKEJIBIX BO3MYIIIAI0-
mux aToMoB. [lanee B aT0il paGoTe pe3yJIbTaThl COOTBET-
cTBy1oT pacuetaM ¢ Ilorenimanom 2 qis Ar u Xe.
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Puc. 2. Kouryps! gunnu [404] — [505] B cayuae ee ymu-

peHusa Ar: TpaiuLIUOHHBIE KoHTYyp Doiirta, BBIYMCJIEHHDII

¢ Tlorenumanom 2 (m); wouryp I(v) (9), BbIUHCIEHHDIH

¢ Horennuanamu 1 (o), 2 (a) u 3 (¥), KOTOpbIE OTINYAIOTCSA
rIyGUHAMU HOTEHIUATBHBIX IM

3asucumocmo 3a¢ppexma eempa
0om maccol yuwupaouezo 2a3a

Ha puc. 3 npejcraBieHbl KOHTYPBI, BBIYHCIEHHbIE
¢ yueroM (popmyna (9)) u 6e3 yuera apderra BeTpa
pias ofgHoit smHuum H,O, Bo3MyllleHHBble pPa3JMUHBIMU
aromMamn. OD¢deKT BeTpa Hambojee 3aMeTeH IS JIH-
Hun, Bo3mymienHoir atomamu Kr u Xe. IIpu Bo3Mytie-
nun suHun He n Ar addexr nposiisiercst caa6o.
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Puc. 3. Kouryp muauu [000] — [10 1] moaekyasr HyO mosocst vq + vy + vs B cayuae yumpenus aunnu He (@), Ar (6), Kr (8)
u Xe (2), Boraucaennsiit ¢ yuerom (popmyna (9) (o) u 6es yuera apdexra serpa (m)
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3asucumocmov 3¢hpexma eempa
om epauiamenibHbIX K8AHMOGHIX UUCe.

Ha puc. 4 n 3, 2 npuBesieHbl KOHTYDbI TpeX JH-
uuit H,O, ymupeHHbiXx Xe, PacCUUTAHHBIX C YYETOM
(popmysa (9)) u Ges ydera adderra Berpa. JluHuM
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Puc. 4. 9ddexr Berpa ana sqummii [404] — [505] (@),
[909] — [10010] (6) momekyasr HyO mosochl vq + vy + vy
B caydae yumpenus jguHuil Xe. OGo3HaueHHS cM. Ha pHC. 3

8958,5

COOTBETCTBYIOT PA3JMYHOMY 3HAYEHMIO BpallaTeJbHOTO
KBAHTOBOTO 4HcJa J HAYAIBHOTO COCTOSHUS. IdeKT
BeTpa IPOSBISIETCS I BCeX JIMHUI, HO ecTb cjabas
3aBUCUMOCTD OT J.

Bausinue uzmenenus ckopocmu
moaexyavt H,O na ¢hopmy xonmypa
JAUHUU NOAOULEHUST MOJEKY. bl
npu CMOAKHOB8EHUU C AMMOMAMU 2d308

B dopmyse (9) ucnosnbzosanach dynknusa y(ov,),
Bbrunciientas no ¢gopmyse (8). Ona 3aBucuT OT mapa-
Merpa o 13 GyHKiun pacupegenerus [(v,/v) (7) [16].
B HacTrogmeii pa6oTe Aad BceX YIIMPAIOIINX Ta30B
pacyeThl IIPOBEEHbI /I KOHKPETHOrO 3HAYEHUS o =
= (my/(m; + my))'"?. B xavecTBe mpuMepa Ha puc. 5
ToKa3aHo m3MeHeHWe Koutypa Juwaun [404] — [50 3]
npn ee ymupennn He.
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Puc. 5. Konryp smunu [404] — [505] momocer vi + vy + v3

mosekyapl H,O B ciayuae Mosekyn ymupenus JjuHuit He:

TpaauIUOHHbIH KoHTYp (Doiirra (m); pacuer mo dopmye (9)

¢ yueroM ¢yurunu y(v,) uz (8) (a); pacuer no dopmye (9)

¢ yuerom Ppyuruun y(0,) us (5) (o) (coBnagaer ¢ TpaauIKOH-
HBIM KOHTYPOM)

W3 puc. 5 BUAHO, YTO y4eT U3MEHEHHS CKOPOCTH
Mostekysibl HyO mpu crosikaoBeHnu He ¢ mapamerpom
o = (my/(my + my))"'? = 0,426 BeseT K CUILHOMY H3-
MeHEHHI0 KOHTypa JUHUK. Takue N3MeHeHUsT 0Ty YeHbl
U A APYTUX JIMHUI TIOTJIOIIEHUS W /ISl BCeX YIIH-
pstonmx razoB He, Ar, Kr u Xe.

AHa/iu3 BBIYHCJEHHBIX ¢ y4eToM 3¢ dekTa
BeTpa KOHTYPOB JHHHUI

AHaJu3 BblYUCIEHHBIX 110 (opMmyJie (9) KOHTYpOB
JIMHUA  TIPOBOJAMJICA IyTeM IIOJATOHKA B MOJEIbHBIX
koutypax I™*%(v) mapamerpa y (a1s1 KOHTypa JMHHK
®Doiirra Iy(v)) u nmapamerpos y u B (koadpduunent
cyeHHs]) B KoHType auHuu Payrmana—CoGenbMaHa
Igs(v) (12). KayecTBo MOATOHKU MOJEJBHOTO KOHTYpa
K BBIYHCJIEHHOMY OIIPEAEIAIOCh BeJINUMHOM

N 1/2

rms = %Z[l(vi)—ll‘l"d(vi)]z , (13)

i=1

B KoTopoit I™*4(v;) ecTh MosieTbHBIE KOHTYPDI, a N = 31.

Pe3ynbTaThl CBOIATCS K CIIEAYIOIIEMY .

B ciay4ae ymupeHHS paccMaTpPUBAEMbIX JIHHUN
aromamu He addekT BeTpa He3HauuTesieH, N3MeHeHNe
KOHTYypa JiuHnM (ero cyskeHne) BBI3BAHO HM3MeHEHHeM
CKOPOCTHU TIPU CTOJIKHOBEHHH, YTO TOKA3aHO Ha PHC. 5.
O6a MOJIeJIbHBIX KOHTYpPa € OJUHAKOBOH TOYHOCTHIO
BOCTIPOHM3BO/IAT BbIYUCIeHHbIE 110 (hopMmyJie (9) KOHTYPbI
qununit. B wactHoctn, xoutyp juaun [404] — [50 5]
(o6o3HaueHHbIil cuUMBOJIOM a) xXopomio (rms =
=2,8.10" cM™'/aT™M)  BOCIPOM3BOANTCA  KOHTYPOM
Doiirta ¢ koadpdummentom v = 0,018 cm~!/arm.
B pacuerax no ¢opmyie (9) ucronb3oBaaoch 3HaUEHNE
y = 0,0198 em/atm, T.e. adeKT cykeHUSA JHMHUM,
CBSI3aHHBIN ¢ N3MEHEHHEM CKOPOCTH TIPU CTOJIKHOBEHUH,
BeJleT K YMEHbBIeHUTO TIOMYIIUPUHBI JUHUH Y B KOHTYpe
Dotirra. Takoil ke pe3y/bTaT TMOJyYeH U IS IPYTUX
JIBYX JIMHU.
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B caydae ymmpeHms paccMaTpUBAEMBIX JIHMHUI
aromamu Ar, Kr m Xe mnoJsiyyeH apyroii pe3ysbTart.
KoHTypb! JIHWIN, BRIYHCIEHHBIE ¢ yaeToM 3¢ dexTa Bet-
pa U M3MeHeHUsI CKOpocTH MoJsieKyJabl HyO mpu cToJIK-
HOBEHUU € aTOMaMHU, JIydllle OMUCHIBAIOTCS KOHTYPOM
Payrnana—CoGenbmana (RS), yem koHTypom Doiir-
ta (V). B cpeanem otnomenue rms(RS)/rms(V), mo-
JIy4eHHO€ [IJIT ONTUMAJIbHBIX 3HAYEHUil Y U B B KOHTY-
pe Payrmama—Co6enpmana u y B KoHType oiirra
(maromux Hausydllee ONUCAHUE BBIYUCJIECHHBIX KOHTY-
poB JmHmi), mpubamxkenHo pasHo 0,2—0,3 maa Beex
gunnit. Hampumep, mas kontypa Jjuxnu [909] —
— [10 0 10] ma puc. 4, 2 (cumBos ), ymupennoii Xe,
ontuMasbHble 3HaueHus y = 0,046 em !/ atm, B~
0,06 cM™'/atm mgatlor rms(RS) = 2,3 - 1072 cm™'/atm,

y=0,045 cv!/atM  mpuBogur Kk  rms(V) =
4,5-107 cM™! /aTm.

Q

<]

Bausinne pyukiun 5(o,)

IKCIIePUMEHTANbHBIN cABUr 1eHtpoB (maa P =
=1 atM) usyvaeMbIx JunHuil Mensercs or 0,0018 em!
masg gunann [404] — [505] B caydae ee casura ato-
mamu He 10 -0,05659 cm™' B cayuae casura meHTpa
guann [909] — [10 0 10] aromamu Xe. Casuru cyiie-
CTBEHHO GOJIbIIIE, YeM CABUTH JIMHUI TMOJOCBI Vi, T
OHU MaJIbl 1 SKCIEPUMEHTATBHO He ONPe/IeISIIOTCSA. Y IeT
3aBUCHMOCTH BBIYUC/ISIEMBIX KOHTYPOB JUHUNA OT (hyHK-
man 8(v,) GBLT MPOBe/leH Ha MpUMEpPe CABUTA IEHTpa
guann [909] — [100 10] atomamu Xe. DyHKIUA
8(0v,) 6bLta BhrunceHa o dopmyse (5) (¢ 3amenoit y
Ha 8), mpu stoM & = —0,0427 cM™'/aT™M npm ycpeHe-
Hun 8(v,) 1o dopmysne (1) ¢ dyHkImeil pacnpenese-
mg W(v) u 8 = -0,0463 cM™'/at™ npu ycpenHeHun
¢ pyuruueir W,(v,). CpaBHeHUe KOHTYPOB 3TOM JIMHWH,
BBIYHCJIEHHBIX 110 (opMysie (9) 6es yduera u ¢ yueTom
dyukiun 8(o,) uz (11), nmokazano Ha puc. 6.
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Puc. 6. Kourypst suanu [909] — [100 10] B cayuae ee ymru-
peHus u casura Xe, BblUHC/IeHHbIe 6e3 yduera (m) U ¢ yueToM
(o) bynximu 5(v,) us (11)

N3 puc. 6 BugHO, 4TO y4eT 3Toil PYHKIUU TIPH-
BOJWT K CABUTY LIEHTPA JUHUN M aCUMMETPHU KOHTYDA.

3akaoueHue

B pa6ote wuccieqoBaHbl Ba MeXaHu3Ma (opMu-
pPOBaHUSI KOHTYpa JIMHUU TIOTJIoleHusT MoJekyJabl H,O
IIpU ee B3aMMOJIENCTBUH € OZHOATOMHBIMU Tazamu He,
Ar, Kr n Xe, a UMEeHHO: 3aBUCHUMOCTb KOHTypa JIMHUU
OT CKOPOCTH TIOTJIOIaeMoi MoJieKyJibl (apdekT BeTpa)
1 OT U3MEeHEeHUsI CKOPOCTU MOJIEKYJIbI IIPU ee CTOJIKHO-
BEHUU C YKa3aHHbIMU aroMamu. [l wuccienoBaHUS
BBIOPAHBI TPHU JUHUH U3 TIOJOCHI V¢ + vy + v3, MMeIo-
Iie pa3JNYHble BpallaTeJbHble KBAHTOBBIE YICJA
J=0,4,9 mnauamenoro cocrosuua (i) B Iepexoje
i — [. PaccunraHHble KOHTYDPbI JHHWUN CPABHUBAJNCDH
co craHfapTHbIM KoHTypoM Doiirra u koHTypoM Pay-
tnana—Cob6eabMana. [lo pe3ynbprataM pacyeToB MOKHO
cZieaTh cJaeIyTole BBIBOIBI.

1. BpruncjagemMplii KOHTYp JUHUU 3aBUCHT OT Mac-
Cbl ATOMOB U MapaMeTPOB HCIOJb3yeMOTO TOTEeHIIHAJIA
B3auMo/ieiicTBus B cucrteMe H,O—A, a Takike oT Bpa-
1aTeJbHBIX KBAHTOBBIX uucesn J.

2. B cayuae B3aumogeiictBug H,O c¢ He addexr
BeTpa He CYIeCTBeH; U3MeHeHUEe CKOPOCTH MOJIEKYJIb
[IpU CTOJKHOBeHUu ¢ aromamu He BiusgeT Ha KOHTYD
JINHUU U BeJleT K ero cysKeHuto. KOHTyp JIMHHUE, IIOJY-
YEeHHBIIl ¢ y4eToM 060MX MEeXaHU3MOB, XOPOIIO OIHCHI-
BaeTcsl CTaHAapTHBIM KoHTYpoM Doiirra.

3. B cayuae B3aumogeiictBug H,O ¢ aromamu Ar,
Kr n Xe curyarnusa waag. DPdeKT BeTpa U N3MeHeHe
CKOPOCTHU TIPU CTOJIKHOBEHWW BelleT K CHJIBHOMY H3Me-
HEHUIO KOHTypa JUHUMN, KOTOPBI Jy4Ille OMUCHIBAETCS
koutypoM Payrtnana—CobesbMaHa, 4eM CTaHAAPTHBIM
koHTypoM Doiirra.

4. N3orponHag 4yacth TorteHimasoB H,O—Ar,
H,0O—Kr, H,O—Xe BauseT Ha KOHTYp JUHUU [axKe
6e3 yuera (pyukimn 3(v,) 1a casura JuHUE B Gop-
mysie (9). ITo cBA3aHO ¢ TeM, 4TO (DYHKIUSA MpPepbI-
Banusa S; B ¢opmyse (2) ompenensercs pas3HOCTBIO
U30TPOIHOTO TOTEHIIMATa B PAa3HBIX KoJeGaTeTbHBIX
COCTOSTHUSIX MOJIEKYJIBI. JTa (DYHKIHS BJIHSEeT HA BBI-
qucyseMble K03hGUINEHTH YITUPEHUS Y.

5. Yuer ¢pyurunu 8(v,) ans capura aunun B (10),
(11) TpWBOANT K CHUJIBHOMY CABUTY KOHTYpa JIMHUH
U ero acuMMeTpunm B ciaydae B3aumojeiictBusg H,O
¢ aromamu Ar, Kr u Xe. @yuruusg 8(v,) onpeneser-
ca ¢yuxuueil mpepbiBanus Sy B (2) u 3aBuCHT B OC-
HOBHOM OT Pa3HOCTH TOJIIpU3yeMocTn MoJjekyabl H,O
B pasHbIX KoJebarenbHbix coctoguuax (Vi, V,, V3).

CreyeT OTMETHTb, YTO KOHTYPBI JUHUII U3 pac-
CMOTPEHHOTO  CIIeKTpaJbHOro  AuamasoHa  (8600—
8990 cMm™') B cpeaneM Xyxke (3T0 BHIHO IO BeJMYIHE
rms (13)) BoccTaHaBJIMBAIOTCSI CTAHAAPTHBIM KOHTYPOM
Doiirra win koHTypoM Payrtnana—Co6eibMaHa, udeM
KOHTYPBI JuHuil 13 anmanasona (1860—2120 cm™'), pac-
CMOTpeHHOTO B [7]. 3TO MOXKeT OBITH CBSI3aHO C yBe-
JIMYEHUEM JIOILIEPOBCKON momymupuabl juauii B (10),
KOTopasl IPONOpPIMOHAIbHA YacToTe IlepexXxo/a, U 3Ha-
YUTEJTHHBIM YBeJMYeHNeM BKIaJa OT (DYHKIUU TIpepbl-
Banug Sy B (2).

PesyabTathl U3 1. 4 U 5 paHee He paccMaTpUBa-
JIUCH B JIUTEPAType, OHU SBJIIOTCS HOBBIMU WU OTJIMYA-
10T JaHHYI0 paboTy oT [7], T/ie paccMOTpeHb! JUHUU 13
JIPYToTo CHeKTpajbHOro AuamasoHa (mosoca vy), IS
KoTOporo (GyHKImel S1 MOKHO TIpeHe6Pedb.
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C yBeJnWYeHWEM CHEKTPAJIBHOTO [JUAIa30HA [0
60JBIIIX KOJTe6aTeNbHBIX KBAHTOBBIX UNCEN, TOJSIPH-
3yeMocTtb MosiekyJibl HoO u Biaag ot Sy B (2) Bo3pac-
TaloOT, YTO JOJKHO BECTH K OOJIBIIEMY CABUTY IIEHTPOB
JuHM 1 GOJIbIIell acCUMMeTPUU ee KOHTypa. ACUMMeET-
pHUsS B KOHTYpaX H3y4aeMBIX B paboTe JUHUII He BbIAB-
nera. Ona orMmeuena B [17, 18] miga jmHUMiA 1orjo-
mennsa H,O u3 cmekTpasbHOoTO auamazona 13550—
14000 cm~!, Bo3MyIleHHbIX aromamu Ar, O, u Xe.
B sroM amamasoHe CABHUTH JIMHHI 110 aGCOJIOTHOI Be-
JINYUHE CPABHUMBI ¢ UX yIIupeHneM. HamboJiee ciIbHO
acCUMMETPUS JIMHUN TIPOSBISIETCS TPHU CTOJKHOBEHUSIX
¢ aromaMu Xe.
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The influence of two factors on the contour of an absorption line of water vapor molecule in a mixture
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