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MpeaucnoBue

B mocobun W3I0KEHBI OCHOBBI TEOPETHUECKOW aTMOC(EpHON ONTHKH Kak HAayKd O
pacrpocTpaHeHUH, TpaHC(HOpMALMK M TeHEepaluu B aTMOc(epe MEKTPOMAarHUTHOIO U3ITyUeHHs
OT yJnbTpauoOJETOBOIO 10 MHUKPOBOJHOBOIO JHana3oHa cnekrpa. [IpuBeneHbl OCHOBHbBIE
XapakTepucTuku Iu1aHeT ConHeuHOW cucTeMbl W uX atMmocdep. PaccMoTpeHsl pas3nuyHble
MEXaHU3MBbl B3aWMOJCHCTBUSA W3JIY4YEHHs CO CpEIOW, ypaBHEHHE IIEpEHOCAa W3IIy4YeHHs B
Pa3NIMYHBIX CHEKTPAIbHBIX OOJIACTSX, MOIJIOLICHUE H3Iy4YEeHUs aTMOC(QEpHBIMH TrazaMu H
a’po30JIeM, MOJIEKYJISIPHOE, a’pPO30JbHOE M Pa3JIMYHBIC THIIBI HEPE30HAHCHOTO pacCesHus,
aTMoc(epHas pedpakuys, OTPAKECHUE U3TYUYEHUsI OT MOBEPXHOCTH, HEPABHOBECHOE U3TyUYECHUE
atMocepsl. JlaHbl METOBI pacyeTa U3MyUYeHHUs ISl COIHEYHOM U TEIUIOBOM o0nacTel creKTpa.
Kpatko ocBelieHbl BOIIPOCH paHalliOHHON SHEPreTHUKU. B KoHIle mocoOust mpuBeeH KpaTKui
aHIJIO-PYCCKUM CJIOBapb OCHOBHBIX TEPMHUHOB ONTHUKH aTMOC(Ephl, MOJE3HBIH MNpU UYTEHUU
CIELUAJIBHOM JINTEPATYPHI.

JlanHOE€ TIOCOOWE COOTBETCTBYET IIEPBOMY CICIHATHM3UPOBAHHOMY Kypcy Kadenpsr
¢usuku armocdeps! ¢pusndeckoro daxyisrera CIIOIY no ontudeckomy HampasieHuto. [lanee
CJIEIyIOT KypCbl, CYLUIECTBEHHO DPa3BUBAIOLIUE U YIIyOJISIOIIME 3TO HANpaBi€HHUE, TaKWe Kak
«Teopusa mnepeHoca wuznyueHus», «MonekynsapHas crnekTpockonus», «DHU3nUecKne OCHOBBI
JUCTAaHIIMOHHBIX METOJOB H3MEpeHui», «IKCIepUMEHTaJbHas aTMocepHas ONTHKa»,
«MatemaTuyeckue acmeKkThl pelleHuss OOpaTHBIX 3aday aTMocepHoW onTukm», «CBedeHus
BEepxHEH aTMocdepsl» U T.1I.

JlanHOE MocoOHe TMOATOTOBJIEHO HA OCHOBE JJIUTEIBHOIO OMNbITA YTEHHUS JIEKIUH U
MIPOBEJICHUS MPAKTUYSCKUX 3aHATHIH aBTOPOB TTocoOust Ha kKadenpe ¢usuku atmochepsr CIIOIY.

Jlns G6onee riayOOKOro M3ydeHHs] TEOPETHUECKOW aTMOC(HEpHOM ONTHKH PEKOMEHIYEeTCs
BOCIIOJIb30BaTbCS MOHOTpausiMU, TNPUBEACHHBIMU B CIHCKE JUTEPAaTypbl, B YaCTHOCTH,
moHorpadueit TumodeeBa FO.M. u BacunbeBa A.B. «Teopernueckue oCHOBBI aTMOC(eEpHON
ONTHUKM», HA OCHOBE KOTOPOH U MOATOTOBJIEHO HACTOAIIEE OcoOue.

ABTOpBI CUHTAIOT CBOMM IMPUATHBIM JIOJTOM BBIPa3uUTh TINyOOKyl0 0JarofapHOCTb
[ynerunoit E.M. 3a penaktupoBaHue NMOCOOMsS W MOATOTOBKY €ro K MyOJMKaluu, a Takxke
[To6eposckoii JI.H., HaymoBoii T.A. 3a 6071b111yI0 TOMOIIb IPH MOATOTOBKE TAHHOTO MOCOOUSI.



Pazgen 1. BBoaHble AaHHble 0 nrniaHeTax ConHe4yHOM cuctemMobl, 3emne
n ee atmocdepe

1.1. lMnaHembI cO/IHEYHOU cucmemabl

3eMid SIBISETCS OJHOW W3 JEBITH IUIAHET HAIllEW COJHEYHOW cucreMmbl. B Tadi. 1.1
MPUBEACHBI OCHOBHBIE aCTPOHOMHUYECKHUE TTapaMeTphl TU1aHeT [8, 34, 41, 45].

Tabnuya 1.1. OcHOBHBIE aCTPOHOMHUYECKHUE TTapaMeTpPhI IJIaHET.

IInanera R, a.e. r T t @ g, engo A
Mepkypuit 0.387 2440 88 nH 56.6 nu 28° 0.37 0.056
Benepa 0.723 6052 225 mH 243 nu 3° 0.88 0.72
3emis 1.000 6378 365m01 | 239349 | 23°27 1.00 0.29
Mapc 1.524 3397 687 1 | 24.62u | 23°59 0.38 0.16
OmuTep 5.203 71492 | 11.86tn | 9924 3° 2.64 0.343
CatypH 9.537 60268 | 29.46tn | 10.66 4 26°44' 1.15 0.342
VYpan 19.19 25559 | 84.0lrm | 17.244 | 82°05' 1.17 0.34
Hentyn 30.07 24764 | 164.8tn | 16.11u | 28°48' 1.18 0.29
[TryTon 39.48 1151 247.7tn | 6.39 mH ? 0.046 (?7) 0.4
Ipuveuanue: R — cpednee paccmosnue naanemsi om ComHya 6 aCMPOHOMUMECKUX —eOUHUYAX
(acmponomuueckas edunuya 1 a.e. = 149500000 kxu — cpednee paccmosmue om 3emau do Commya), r —

aKeamMopuanbHulll paouyc niarnemsl (8 km), T — nepuod obpawenus nianemol 6okpye Conrnya (6 On — OHAX, 20 —
2odax), t — nepuod obpawjenus GoKpye coell ocu (6 OH — OHAX, 4 — 4acax, 3HAK «MUHYC» COOMEEmCmeEyem
BPAWEHUI0 6 HANPAGNEHUU, NPOMUBONOTONCHOM 6paujeHuto 3emau); @ — Y20l MexucOy NepneHOUKyIaApoM K
RNOCKOCMU KTURMUKU U OCbIO 6PAUYEHUs NIAHEeMbL'; g — YCKOPeHUe CUTbl MAICECMI HA NOEEPXHOCIIU NIAHEeNb,
bIpadICeHHOe 8 eOUHUYAX YCKopenus. Ha nosepxrocmu 3emmu gy = 9.81 m-c”?, A — unmezpanvhoe anvbedo nianemoi
— donst ompadicaemotl snepeuu Connya, npuxoosiujell Ha niaHemy

Kak BuHO U3 naHHBIX Tabu. 1.1, mapameTpsl MIaHeT CYLECTBEHHO pa3nuyHbl. Hampumep,
UHTETpaJIbHOE  ajab0eno0 IUIAHET, T.€. XapaKTepUCTHKA OTpa)XkaTeJbHbIX CBOWCTB HX
NOBEpXHOCTEH MM 06auHOro nokposa usmensercs ot 0.06 (Mepkypuii) 1o 0.72 (Benepa). Otu
UQPHI 03HAYAIOT, 9TO MEepKypHil «OTpakaeT» TOIBKO 6 % Magaromiero Ha IIaHeTy COTHEYHOTO
U3IIy4eHus, B TO BpeMsl kak Benepa — 72 %.

Bce naneTsl costHeuHO cucTeMbl HMetoT aTMocdepsl. Mepkypuit u [ImyToH umMeeT oueHb
cnabyro armochepy. ATMocdepsl TIaHET, Kak U CaMU TIJIaHEThI, TAK)Ke CUIILHO OTIMYaroTcs. B
Tabmn. 1.2 mpuBeAeHBI JaHHBIE O Ta30BOM COCTaBe aTMOc(ep IUIaHET M CIYTHUKOB, NEPEUCHb
ra3oB COOTBETCTBYET TMOPSAAKY YyObIBaHUS HX KoHIeHTpamwmii [34, 41, 45]. B Tabm. 1.3
NPUBEJICHBI OCHOBHBIC (PU3NUYECKHE TapaMeTphl aTMOC(ep IUIaHeT.

: I110CKOCTD SKIUITHKA — IJIOCKOCTh, B KOTOpOﬁ OCYIICCTBJIACTCA BpalllCHUEC 3emim BOKpyT COJ'IHIIa.



Tabauya 1.2. I'a30BbIi cocTaB aTMOC(ep TUIAHET U CITyTHUKOB [45].

[Imanera OcHoBHO¥ cocTaB Mausible ra30Bbl€ KOMITOHEHTBI
Mepkypuii CO,
Benepa CO, Ar, H,O, CO
3emus Ny, O, Ar, H,O, CO,, CHy, O3
Mapc CO, N3, Oz, CO, H,0, H,, O3
FOnurep H,, He NHj3, PH3, CHa4, CoHg, CoHy
Carypn H,, He NHs;, PH3, CHa, C:Hg, CoHa
VYpau H,, He CH,4
Henrtyn H,, He CH4, C,H,, C,H4, CHg
ITmyToH CH,4 H,, He
Ho SO,
Turan N, CH,4, CH3D, Ar, H,, C,Hg
Tputon N, N,, CH4

Tabauya 1.3. OcHOBHBIE (pU3MUECKHUE TapaMeTphl aTMocdep mianet [45].

M. c Vs, Tee,

Hnasera r/ Cl\,/I2 r/ I\i;JIB I[)Kjli-K i Kj//:M m/c K
Mepkypuit <0.1 44 0.85 1.28 4.6 350 500
Benepa 10° 44 0.85 1.28 10.5 240 230
3emits 10° 29 1.0 1.41 9.8 320 255
Mapc 16 44 0.85 1.28 4.4 230 216
OmnuTep 10° 2.6 10 1.45 2.5 790 134
CatypH 2:10° 2.6 10 1.45 0.93 670 97
VYpau 10° 2.2 13 1.42 0.76 540 54
Henrrys 10° 2.2 13 1.42 1.0 450 38

Ilpumeuanue. M — macca crtonba atMocdepbl HaJ €IMHUYHOM IUIOIAIbI0 IOBEPXHOCTH; f — CPEAHSS
MOJIEKyJISIpHasl Macca, OIpefenseMas XMMHUYECKHM COCTaBOM aTMOC(Ephl; ¢, — yAeIbHAas TEIIOEMKOCTh Ha
€IVHHUILy MaCChl TIPH IIOCTOSHHOM JaBJIEHUHM; K = C,/C, — OTHOIIEHHE yAENbHBEIX TETIOEMKOCTEH IPH IOCTOSHHOM
JABJICHUU U 0o0BEMe; ), — aauabdaTHUeCKUi BEPTUKAIBHBIN TIPaJUEHT TeMIIEpaTyphl (MafeHHE TEMIIEPaTypbl C
BBICOTOH NPH aJuabaTHUECKOM IMOJbeME BO3AYIIHOW YacTHIbI, OTHECEHHOE K EIUHMIIE BBICOTHI); V; — CKOPOCTh
3ByKa; T, — 3(pdexTrBHas TemnepaTypa H3JIydeHus! IUIaHEThI, OIpeielieHHe KOTOPOi Mbl lanum Hivke [34, 41, 45].

3aMeTuM, uYTO (HU3MUECKUE MapaMeTphl arMocdep IUIaHET CBS3aHbl M3BECTHBIMU U3
TEPMOAWMHAMHUKN COOTHOICHUSAMMU:

R K R g KRT
cC =C —}——, C =, }/ =—, v = .
p v P a K

Y7, k=1 u c, Y7,

rie R — yHuBepcanbHas rasoBasl IOCTOSIHHasl, g — YCKOpEHHE CBOOOJIHOro mnaneHus, 1 —
TeMmIepaTypa rasa.




BaxuelmuM mapamMeTpoM, ONpeAessomuM (U3HIeCKUe yCIOBHS Ha TUIAHETE, SBIISCTCS
KoJau4ecTBO mnonyyaeMoil et sHepruu ConHua. Cosaneunoii. nocmosinHou niaanemvl Sy
HA3bIBACTCSl KOJUYECTBO COJHEYHOM OSHEpruu, MNPUXOJAIIed 3a eIUHMILy BPEMEHHM Ha
NEePHNEHANKYJSIPHYIO COJHEYHBIM JIydaM €AMHUYHYIO IUIOUIAJKYy Ha CpPEIHEM pacCTOSHUU
wianetsl oT ConHua. Ilnanera moryiomaer M oTpakaeT HPUXOISALIYIO SHEPTUI0 H3ITyYEHUS.
[Tocmegnuii mpoIlecc OMUCHIBAETCS €€ WHTErpalbHbIM anbbeno. Kpome Toro, mmanera
reHepupyeT COOCTBEHHOE M3IydeHHue, yxojsulee B KocMoc. IIpennonoxxum uist mpocTOThl, YTO
yXozslllee M3MyuyeHUe TUTAHEThl MOAYMHSAETCS 3aKOHAM H3Iy4eHHUs aOCOJIOTHO YEPHOTO Tea.
N3BecTHO, 4YTO HHTErpaibHOE wu3IydeHue adcomoTHo uepHoro tena (AYUT) (usmydenwe,
MPOMHTETPUPOBAHHOE IO BCEM JJIMHAM BOJIH) THoguuHsercs 3akoHy Credana—bonbimMaHa.
ITonnas sHeprus m3nydenus AUT ¢ eguHUIBl IUIOMAAM B €JUHUILY BPEMEHM OIPEIEIACTCS
COOTHOUIEHUEM:

E, = o, T,

- -2 -4
rae op — mocrosiaHas Credana—Bonsumana (op = 5.67032-10° Br-m>K™), T — temmeparypa
AUYT. Eciu 3T0 BBIpaKEHUE HMCIIOIB30BaTh JJISI XapaKTEPUCTUKU HHTErPAIBHOTO YXOJSAIIETO
U3JIyueHMs IUIAHEThl, HpupaBHAB ero £E,, To coorBercTByromee 7 B 3akoHe Credana—

Bonbiimana Ha3eiBaeTcs a¢hghexmusHou memnepamypoii uznyuerus nianemol — 1.

Ecnu Ha maHeTre HET BHYTPEHHUX MCTOYHUKOB SHEPTUU WM OHHM MPEHEOPEKHUMO Mabl,
TeMIepaTypy u3inydeHus: 7., MOXKHO OIpeNeNUTh U3 OanaHca sHeprun. bamaHc sHeprun coCTOUT
B PAaBEHCTBE HSHEPrUM W3JIy4deHMs, npuxondmero or CojHLIAa Ha MOBEPXHOCTh IUIAHETHI, U
CYMMAapHOH SHEPTUU H3IIyYeHHsI, OTPAKEHHOTO OT MOBEPXHOCTH, M YXOJSAIIET0 COOCTBEHHOIO
u3nydeHus 1miaaHeTtsl. [Ipu 3TOM HEOOXOAMMO ydecTb, YTO MpUXOAAIIas (M OTpakeHHas)
COJIHEYHAsI SHEPTUsl M3NMydYeHUs maaaeT (M OTpakaeTcs) Ha IUIomanb (M TUIOIMIAILI0) CEUeHUs
TTAHeTHI, MEPICHINKYIAPHYIO CONHEIHBIM TydaM (7717, r — paduyc niamems), a yXOmsIee
U3IyYEHUE MCITyCKACTCS BCEH MOBEPXHOCTHIO IMJIAHETHI (MMOBEPXHOCTHIO IApa — 471%). Torma
ypaBHEHHE OajlaHCa MOYKHO 3alUCcaTh CIEAYIOUIMM 00pa3oM:

xr’S,=Anr’S,+4rxr’ (o, T.), (1.1.1)
U3 (1.1.1) MOXHO MOTYYHUTH:
S 1 A 1/4
T, = Sz (1.1.2)
4o,

Bennuuna 7,, MOXET CIy’KUTb MEpOH MOABOAMMONM B aTMocdepy 3Hepruu, T.K. OHa

OTIpeieNIIeTCsl BETMUUHOMN Sy — COIHEYHOU MOCTOSHHOM U anbOeo miaHeTsl: BenuunHa (1 — A4) —
JIOJIs1 COJTHEYHOW SHEpPrHH, MOTJIOMICHHON miaHeToi. PaBHoBecHas >ddexTuBHas TemmnepaTypa
IUTAHEThl COXPAHSET CBOM (U3MYECKUH CMBICH M INpPU HAJIMYUM Ha IUIAHETE BHYTPEHHUX
UCTOYHUKOB Teruia. Js TakuxX IUIaHeT MU3MEpEHHbIe 3HaueHus 7,, OKa3bIBAIOTCS TAKUMH, YTO
6ananc snepruu (1.1.1) He BbINMONHAETCS naxe npu ansdeno A =0, T.e. B ciaydae, Korja BCs

najamonias Ha IUIAHETy COJIHEYHasi SHeprus mnorjomaerca. B 3Toll cuTyauru COOTHOILICHUE
OanaHca SHeprui CleayeT 3amucarh B BUJIE:

dmr* (o, T =(1— Arr’S, +E,, (1.1.3)

rae E; — sHeprusi BHyTPEHHUX MCTOYHMKOB TeIUia TuiaHeThl. OLIEHKH BEIMYMUHBI E; 71 3eMIIu
Jlajy BeJIMYUHY nopsiika 4.3 + 0.6-10" Br. [TornowenHas HaEeN MIAHETON COTHEYHAsA YHEPTUS
cocramsier ~ 1.2:10' Br, 9TO COOTBETCTBYeT OTHOCHTCIBHOMY BKI4gy BHYTPEHHHX
MCTOUYHMKOB Telula Ha 3emie ~ 3.5-10™. Amamorumunas cuTyarus HaOmomaeTcs st Benepsl,
Mapca u, BeposiTHO, YpaHa. 3aMeTHble MCTOYHHUKH BHYTPEHHETO TeIUla OOHApYyKEHBbI Yy
Onutepa, Carypua u Henrtyna. [l 3TUX IUIaHET yXOZAIIas 3HEPTUsi W3IYYCHHUS 3aMETHO



NPEBBIIACT Ty YHEPIHI0, KOTOpas HEOOXoauMa sl JOCTHXKEHHS PAaBHOBECHUS C IMOTJIOMICHHOU
IJIAHETOM COJTHEYHOW paaualuei.

OnpenenuM OTHOCUTEIIBHBIN paJMallMOHHBIA OallaHC IUIaHEThl R) KaK OTHOIICHHE
yXOZsIIeH SHEPruu COOCTBEHHOTO H3IY4YCHHsI K TMOTJIOUICHHOW coyiHeyHOU sHepruu. l[lpu
OTCYTCTBHUM HMCTOYHUKOB BHyTpeHHero Ttemna Ro=1.0. [ng 3eminm OTHOCUTEIbHBIN
panuanoHHbIi O6agaHc odyeHb 0JIM30K K 3Toi BenmnuuHe Ry = 1.00035). ns FOnutepa, CatypHa
u HenTyHa pamuanuoHHbIM OanmaHC Ry 3HAUUTENHbHO NpeBbImaeT eauHuiyy (Ro~ 1.7-2.8). B
tabnuue 1.4 mpuBeACHBI KOMIIOHEHTHI PaJUAIMOHHOTO OallaHca psjaa IUIaHeT, a TaKke HX
anpoeno [34, 41].

Tabnuya 1.4. DHepreTnueckue 0anaHChl BHEIIHUX [UIAHET COJIHEYHOM CUCTEMBI.

ITapamertp IOnurep CarypH Ypaun Henryn
Anbbeno 0.343 +0.032 | 0.342 +0.030 | 0.300+0.049 | 0.31+0.04

ITornomaemMas conneunas

sueprua B 1 cex., (10' B) 50.14+2.48 | 11.14+0.50 | 0.526 +0.037 | 0.192 +0.010

Nznydennas (yxopasiiasi)

smeprus, B 1 cex., (106 Br) 83.65+0.84 | 19.77+0.32 | 0.560 + 0.011 | 0.534 + 0.036

Bnytpennss sueprus, B 1
cex. (10'° Br)

DHepreTudyeckuii 6amaHe 1.67 +0.09 1.78 +0.09 1.06 +0.08 278 +0.18

33.5+2.6 8.36+0.60 | 0.034+0.038 | 0.342 + 0.037

AHanu3 JaHHBIX, NPHUBEICHHBIX B TaOim. 1.3, MOKa3pIBaeT, 4TO OCHOBHBIC MapaMeTphI
aTMocdep IUTaHeT OYeHb pa3iauyHbl. DddekTrBHAsS Temreparypa IUIaHeThl 1, MaKCUMajbHA Y
Mepxkypus (oxono 500 K), uro oOycnosieHo, mpexzae Bcero, ero ommsoctsio k ConHIy H,
CJIeIOBATEIIbHO, OOJBINON BEIMYMHON S), a Takke MalbiM 3HadeHueM anpoeno (4 = 0,006).
MuHuMasbHBIE 3HAYEHUs] PAaBHOBECHOM TEMIIEpaTyphl HAOIIOJAal0TCs Y IUTaHET-TUTAaHTOB. Tak y
Henrtyna ona cocraisier Bcero 38 K. HaOmomaercss moutn MOHOTOHHOE yObIBaHHE 3HAYCHHA
T, ¢ yBenmmueHueM paccrostauss or CoiHIA W, CIeIOBaTeNbHO, YMEHBIICHUEM COJIHEUHBIX
MOCTOSIHHBIX Sp. VICKITIOUeHus: M3 3TOro mpaBuiia HAOIIOAAIOTCS TOJBKO Uit BeHephl B cBs3M ¢
OYCHb BBICOKMM 3HaueHHeM ee anbbeno (A4 =0.72), 0OyCIOBICHHOTO 3HAYUTEIHHBIM
OTpa)KEHHEM COJTHEYHON PHEPTUH OT €€ 00JIAYHOTO MTOKPOBA.

Ha puc. 1.1 mokaszansl cpenHHe BepTHKaJIbHBIE MPO(WIN TEMIEpaTypsl B arMocdepax
Pa3NUYHBIX TUIAHET, MOJYYEHHbIE KaK C MOMOIIBIO MPSIMBIX, TAK M JUCTAHIIMOHHBIX METOJIOB
u3MepeHuit. [y Bcex IUIaHeT XapaKTepHO MOYTH JIMHEWHOE MaJeHHe TeMIepaTypbl B HIDKHHX
cinosix armocep (9ta oOnacte HaspiBaercs Tpomocdepoi). B To ke Bpems y 3emun
HaOM0JaeTcsl MakCUMyM TeMmneparypsl Ha BbicoTax 40-50 KM, BBI3BaHHBIH IOTJIONIICHUEM
COJTHEYHOT'O MU3JIy4eHHUsSI 030HOM (00J71acTh CTpaTocdepsl).



Cpennee paccTositHue OT 3eMIIH |
110 Connua COCTaBIIsICT 0.1 \
149500000 kM. Orta  BeNIMUYMHA -
UCIIONIB3YETCS B aCTPOHOMHUH Kak |
OJlHA M3 E€IUHUI[ PACCTOSHHUSA
(1a.e. — aCTpOHOMHUYECKAs
CAVHUIIA). 310 Ba)KHEHIIIAs
XapaKkTepUCTUKa, HO HE TOJIBKO
OHa ornpezaenser MHOTHE 100
0COOEHHOCTHU buznyeckoro
COCTOSIHUSL  aTMocdepbl  3eMIIH.
Baxknoe 3HaueHHE HMEIOT TaKxke
nepuoj;  OOpamieHUs  TUIAHETHI
Bokpyr CojHua U CcOOCTBEHHOI
OCH BpAlICHMsI, YIOJ HaKIOHA OCH
K IUIOCKOCTH  OJKJIMITUKH
(y=90°—-p)ur. 1.

[TapameTper opbutel Bpamienus 3emin BOKpyr ConHIIA W BOKPYT COOCTBEHHOH OCH —
HaubOosee BaxkHbIE (DAKTOPBI, OMPENENAIONINE KOIUYECTBO SHEPTrUU H3IIy4eHHUs (JTy4UCTOU
sHeprun) ConHIa, JOCTUraolel pa3IudyHbIX o0jacTeil 3emiid B pa3Hble MEPUOJIbI BPEMEHH, U,
KaK CIIeJICTBHE, TIOTOJly U KIUMAT IJIaHeThl. 3eMiisl Kakaple 24 Yaca COBEpIIaeT C 3amaja Ha
BOCTOK OJIMH IOJIHBIN 000pOT OTHOCUTENBHO HanpasiieHus: Ha CoJlHLIe BOKPYT OCH, IPOXOSIIEH
yepe3 moitoca. HampaBrneHue ocu COOCTBEHHOTO BpallleHUs 3eMJIM B TEUYEHHE JOCTAaTOYHO
KOPOTKHX 10 aCTPOHOMUYECKHUM MEpKaM IEPHUOO0B BpeMEHH (IOpAIKa ThICAYEIETUNH) MOXKHO
CUMTATh IMOCTOSHHBIM. JTO BpalleHHE SBISETCS MPUYMHONW CMEHBI JHA M HOYM Ha Haien
IUTaHETe, MPOUCXosiIei o Mepe ocBenieHus: CONHIIEM pa3HbIX CTOPOH 3eMiu. B To ke Bpems
3emiis ABMKETCSl Ha BOCTOK BOkpyr CouHIIa, cOBepIliasi OJUH MOJIHBIM 000pOT NMPUOIU3UTEIHHO
3a 365 nguel (Tounas mudpa — 365 nueit, 5 yacos, 48 MUHYT, 46 CEKyHN).

BcnenctBue BpaiieHust BOKpYT COOCTBEHHON OCH 3eMilsi HE UMEET CTPOro mapoodpasHyro
dbopmy, mis onpeneneHus ee GOpMbl BBOIAT CHEIHUAIBHBIA TEPMUH — 2eoud. CIUIIOCHYTHIN
aJuIAIICOn]T BpameHus (chepon) 6oee TOYHO OMUCHIBaeT (hOPMY HaIIeH IJIaHeThI, YeM cdepa.
OKBaTOpUAIBHBIA M TOJIAPHBIE paguychl 3emun (Oonblias ¥ Majas MOJYOCH 3JUIMIICOUIA)
coctaBisitor 6378.17 m 6356.79 KM, COOTBETCTBEHHO, TO €CTh pasziuyarorcs Ha 21.4 km. 3a
cpeanuil paauyc 3emi npuHuUMaioT 3HadeHue 6370 kM. Och BpailleHUs 3eMJId HE SIBISIETCS
NEPIEHIUKYISIPHON K IJIOCKOCTH OpPOUTHI (IKIMITHUKH). YTOJI MEXIy OChbIO BpallleHus U
HOpPMaJIbI0 K TUIOCKOCTH DSKIUITUKU cocTaBiaseT 23.5°. DTOT yrojl Ha3bIBaeTCs yelioMm
HaknoHenus. IMEHHO 3Ta 0COOEHHOCTh ONpEessieT HAIUYUE CE30HHBIX Bapuallui KOJIMYECTBa
MPUXOJAILIETO COJNHEYHOTO M3JIYYeHHUS Ha pa3Iu4Hble [IHPOTHl HAIIeH TIUJIaHEThl U,
CJIeJIOBATENIbHO, PErMOHAIbHbIE pa3anuuus KiuMara Ha 3emiie. [Ipu nauxeHun 3eMiu no opoure
Bokpyr ConHIIa OCh BpallleHHs COXpaHAET CBOE HAMpaBiCHHE, U B Pa3HbIX MOJOXKEHHUAX Ha
opOUTE pa3Hble «TOYKW» IUIAHETHl MOJYy4aroT pa3Hble BEIMYMHBI SHEPIUU COJHEYHOI'O
U3ITy4YeHUS.

B ontuke armocdepsl, Kak U B aCTPOHOMUH, JUJISl XapaKTEPUCTUKU NoJioxkeHns ConHua u
JIPYTUX CBETWJI HCIIONB3YIOTCS HX BBICOTHI Haja ropuzoHToM [8]. Kpome Toro, wacto
OTCUUTBIBAIOT YTIJIbl OT OCU «3€HUT—HAIUP». YTOJ, OTCUUTHIBAEMBIN OT 3€HMTA, HA3bIBAETCS
3€HUMHBIM Y2JIOM, YTOJ, OTCYUTBIBAEMBIN OT HAAUPA — HAOUPHBIM Y2loM. 3EHUTHBINA YToJl yale
BCEr0 MHCIIOJIb3YETCS MpU HAOJIOJEHUSAX C IOBEPXHOCTHM 3€MJIM, a HaJupHbII — Ipu
HAOMIOJIEHUSIX ~ U3  KOCMOca. OJTH  yIIbl  CBSA3aHBl  OYEBHAHBIM  COOTHOIICHHEM
0=90°- = 180°- @', rne 6 — 3eHUTHBIN yroi, | — BBICOTA HAJ] TOPU3OHTOM, €' — HaTUPHBINA
yTO.

CMmeHa BpeMeH To/1a Ha Halllel IjIaHeTe — Haubosee XapakTepHas 0COOCHHOCTh KJIMMaTa.
Ona oOycnosneHna BpamenueMm 3emsn BOKpyr CoJiHIIA, a TakKe HAKJIOHOM 3€MHOM OCH K

Jasnenne, mbap
=
1
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1000 -
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Puc.1.1. Cpenaue BepTHKaNbHbIE IPOQUIN TEMIIEPATYPHI B
aTMocdepax pazIMYHBIX IIaHET.



IUIOCKOCTH JKJIMITUKM 1oj yriaoM 66.5°. Ha pwuc. 1.2 mnpexacraBieHa auarpamma,
XapaKTepU3yIoIas MoJ0KEeHHe 3eMIIM B pa3InYHbIEC CE30HbI TOIa.

JletHee

OceHHee PABHOJCHCTBHE (o COJIHLIECTOSIHHE Bo BpeMs JIETHETO
_——— - ' COJIHLIECTOSIHUA, KOTOpOE

e e~ - T ee— b
- -~ > MPOUCXOTUT MPUMEPHO
&2 L 22 uroHs, Connue
- OKa3bIBaeTCs B IIOJIJICHb B
P~ 3eHuTe Ha 23.5° ceBepHOM
3umnee ummpotsl (Tponuk Paka). B

COJTHIIECTOSAHNE 9TOT  J€Hb  HaOIIomaercs

' Becennee paBHOJICHCTBHE
MaKCUMAJIbHOC TIIOCTYIIJICHUC

Puc. 1.2. JluarpamMmma, XxapakTepu3yrolas MojioxkeHue 3emiiu B nyunctoit sueprun CoNHIA B

Ppa3JIMIHbIC CE30HEBI I'oJia.
ceBepHoe  moaymapue (4

HAa00OpOT — MMHUMAJILHOE — B 107kHOE). Bo Bpemst sieTHero conHuecTostHus Beicota ConHLa Hajl
TOPU30HTOM U MPOJOJKUTENBHOCTh JHS B CEBEPHOM MONYLIAPUU AOCTUTAIOT MAaKCHUMAaJbHBIX
3HaueHHUM, a K ceBepy oT CeBepHOro moJisipHoro kpyra (66.5° c.mr.) ConHIle KpyrJible CyTKH
ocTaercs HaJl Topu3oHTOM. B 10xHOM nmonymapuu Beicota CosiHLA U TPOJOKUTEILHOCTD JTHS B
3TO BpeMsi MUHUMAJIbHBL. BO Bpemsi HIOHBCKOTO cosiHiecTosiHus COoJHIIE HEe TOKa3bIBACTCA Hajl
TOpU30HTOM K rory oT FOkHoro momsipHoro kpyra (66.5° 10.11.), T.e. HAOJIOAAETCS TOJIApHAs
HOUYb. EcTecTBEHHO, UTO 3TO BpeMsi COOTBETCTBYET JIETy B CEBEPHOM MOJYILIApUU U 3UME — B
FO’)KHOM.

OOpaTtHas kapTHHAa HaONIOAAeTCs BO BpeMs JAeKaOpPhCKOTO (3UMHEro Jis CEBEPHOTO
MOJTyIIapusi) coiHIecTosHus (22 nexadps). 22 nexabpst CoyHIIE CTOMT B 3C€HHUTE YXKE Ha
23.5%0.m. (tpomuk Kozepora). B 310 Bpemsi ceBepHee 66.5° B ceBepHOM MOIyLIaApUU
Ha0Jro1aeTCsl MOJsipHAsi HOYb, @ B FOKHOM TMoyIiapuu (1oxHee 66.5°) — momisipHblii neHb. Bo
BpeMs BeceHHero (21 mapta) u oceHHero (22 ceHTsAO0psi) paBHOJAEHCTBUN MPOJIOKUTEIBHOCTh
IHS U HOYU Be3/le OJIMHAKOBa M cocTaBisieT 12 uwacoB, a CollHIlE OKa3bIBa€TCsS B 3CHHUTE B
MOJIZIEHb Ha HKBATOPE.

VYkaxkeM psi ApyruxX BaKHBIX cBeleHUd o muaHete 3emis. [loBepxHocTh 3emiu
cocraisieT 510098 MUUIMOHOB KBaJpaTHbIX KuiiomeTpoB. U3 Hee 70.8 % 3anumaer Mupooit
okeaH. IIpu 3trom B CeBepHoM nonymapun Muposoit okean 3anumaer 60.7 %, a B FOxHOM —
80.9 % mutomaau.

['maBHBIN MCTOYHUK PHEPTUH B CONHEYHOU cucteMe — COJHIle, OHO SIBJISETCS CpeIHEH Mo
macce 3Besgoif [27]. Ero macca cocraBmser 1.99-10% kr, uro ects 99.87 % Bceil macchl,
COCpPEIOTOUCHHOM B cotHeuHO# cucteMe. Pagunyc ConHua paBeH 6.96-10° km. C MMOBEPXHOCTH
3emnn ConHIle BHJIHO HaM B BHJIE JIMCKA, YIJIOBbIE pa3MeEpbl KOTOPOTO YyTh OOJbIINE
nonrpagyca (9.3-107 pax.). ITo COBPEMEHHBIM MPEACTABICHUSM OCHOBHBIMH DJICMECHTAME
Connua sBisitorcest Bogopoa u remuid (91 % u 9 % — no umcny aromos, 73 % u 26.5 % — no
macce). Kpome stux aByx snemeHtoB Ha ConHile oOHapy>keHbl MHOTHE napyrue. M3 Hux
HanOoJiee pacpoCcTpaHeHbl MarHHi, JKeJe30, Kalbllui, KPeMHHM, HEOH, YTIepo U T. 1. Peakius
TEPMOSIIEPHOTO CHHTE3a 4-X aTOMOB BOJOpPOJA B OJMH aTOM TeNus SBJISAETCS HCTOUHUKOM
sHepruun CoJiHia.

I'enepanus sneprum Ha ComHIe MPOMCXOAWUT BOMM3M 1eHtpa. [lpu pacmpocTpaneHHH
(GOTOHOB K BHEIIHEH TpaHULIE MPOUCXOIAT IPOLECCHl MOMIOMICHUS H3Iy4YeHHs (aTromamu
JKenesa, HampuMmep) U mepeusnyudeHus. J[pyrum mpoiieccoM MepeHoca 3HEPruM OT IEHTpa
Comama k ee mepudepun sBisieTcss KOHBEKIWs. [lo COBpeMEHHBIM OIICHKaM TeMIieparypa
ConHlla B LEHTPE JOCTHraeT 5 MIIH. TpagycoB. Temmeparypa BHEIIHUX CJIOEB — CYIIECTBEHHO
MEHBIIIE, MUHUMAaJIbHEIE 3HaueHus cocTaBiaoT 5000—6000 K.

Buaumas namu vacte ConHia — gpomocgpepa [27]. Umenno B doTtocdepe renepupyercs
OoJbINas 4acTh YXOMAIIETO COMHEUHOro mu3nydeHus. dotocdhepa — cpaBHUTENBHO TOHKUN CIION
nmopsinka 400—500 km. OOnacTH, pacmojoKeHHbIE BbIE (OTOCPEphl HAZBIBAIOT «CONHEUHOU
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ammocgepoiry. Porochepa — 061acTh BeCbMa pa3pekeHHOT0 Traza ¢ XapaKTePHOU TIOTHOCTHIO
(1-3)-107 em™ u maBnennem 5—150 Mbap. M3nyuerne hoTocdepsl HMEET HEIPEPBIBHBIH CIIEKT.
Coll OTHOCHTENBHO «XOJOJHBIX» Ta30B B BepxHEW dYacTu ¢orochepbl M HUKHEH YacTH
XpoMmocdepsl MOIJIOMIAET YacTh 3TOT0 U3IYUYEHHS B CIIEKTPAJIbHBIX JTUHUSX MOTJIONIEHUS! aTOMOB
yriaepoaa, KpeMHUs, KaJMus, MarHus, >kejie3a U T. 1. 3a CYEeT 3TOro IOIVIOIIEHUS BO3HUKAET
criektp norsonieHuss Connua. [loatomy B cnekrpe yxoasamero u3inrydeHus: CojHIa Y€TKO BUJIHbI
9TH JTUHUH MOTIIOIICHUS — (hpayHeopheposul TUHUU.

Ecau anmpokcuMupoBaTh CIIEKTPAIBHYIO 3aBUCUMOCTh yXOoAsauiero uainyudeHus CosHma no
dopmye [lnanka 11 u3myyeHus abCONIOTHO YEPHOTO TeNa, TO HaWIyyllee NpuOImKeHue 1aloT
temmepatypbsl  5800—-6000 K. OpHako B pa3HBIX CHEKTPAIbHBIX O0JAcTIX MOJOOHBIC
HKBHUBAJICHTHBIE TEMIEpPaTypbl OKa3bIBAIOTCA pPa3HbIMU. OITO OOYCIOBIEHO TEM, 4YTO
¢dopmupoBanue yxozsmero wusnydeHus CoJIHIA B pa3IUYHBIX CIEKTPalIbHBIX 00JaCTAX
MIPOUCXOAUT HA PA3JINYHBIX BHICOTAX.

Pacripenienenue 31eKTpOMarHuTHOrO U3JIy4eHusl, ucyckaemoro ColHIEM U IPUXOISIIETO
Ha BEPXHIOIO TpaHUIly aTMochepsl 3eMiu B 3aBUCHUMOCTH OT JUIMHBI BOJHBI A, Ha3bIBaeTCs
cnexkmpom Connya. B ompenenenune crnekrtpa ConHia yaoOHO A00aBUTh TpeOOBaHUsS U3
ONpEAE/ICHUs COJHEYHOM TIOCTOSSHHOM KaK MPUXOJAIIECH COJTHEYHOHW HHEPruu B EIUHHILY
BPEMEHM HA €IMHUYHYIO IUIOUIAJIKY, NEPIEHANKYJISIPHYIO Jdy4yaM, Ha CPEJHEM PacCTOSHUU OT
3eminu 10 CousHia. Takyro BEJIMYMHY YacCTO HA3bIBAIOT CHEKMPANbHOU COJIHEYHOU NOCMOAHHOU
So (A), a 1 CONMHEYHOH MOCTOSHHOW, BBEACHHOW paHee, HCIOJB3YIOT YTOUYHSIOMUNA TepMHUH
UHMe2PanbHas CONHEUHAs NOCMOAHHAS So.

S, :TSO(/I)CM. (1.1.4)

ConHeuHoOe M3Ty4YeHHE — OCHOBHOM MCTOYHMK HArpeBaHHs aTMOC(Epbl U MOBEPXHOCTH.
[TosTtomy wu3mepenus cnekrpa CoJiHIIA M COJIHEUHOW MOCTOSSHHOW MPOBOMSTCS YK€ HOJITOE
BpeMs. B mocnennue ronsl uamepenus So (A) u Sy 0CyIIECTBISAIOTCS C MOMOUIBIO anaparypsl,
YCTAHOBJICHHON Ha cnyTHUKax. [lo mociegHuM MaHHBIM 3HAYEHWE MHTErPAIBHON COJTHEYHOMN
nocTostHHO# 3emin cocraisier (1366 + 1) Brm™.

Crannaptueiii cnektp ConHua ¢ TrpyObIM CHEKTPalbHBIM pa3pelieHHeM I[OKa3aH Ha
puc. 1.3. [Ins cpaBHEHHMI Ha PUCYHKE NMPHUBEICHA KPWBasl U3IyUYEHUS YepHOTO Tena ((pyHKIUs
IInanka) npu Temnepatype 7 = 5785 K. Orta xpuBas xopouio annpokcumupyer crekrp CosHua B
€ro CpeJHel yacTtu — B nuana3zone JMH BoiH 0.2 MmkM—1 cm. Ha kpasx cosiHe4uHOro criekrpa — B
Y@ u paguoauana3soHe OTIMYUSA OT MU3JIydeHHUs uepHoro tena npu I'= 5785 K oueHb BenuKH.
Ecnu pacemorpers cniektp CoiHIIa IpU BBICOKOM CIIEKTPAIbHOM pa3pellieHuH, TO Mbl YBUJIUM
HE TaKyIo TTa/IKyI0 KapTHUHY, a HaJTu4ue MHOTUX (payHrodepoBbIX JUHHMI, 00YyCIOBICHHBIX, KaK
MBI YX€ YIOMHHAJIHM, TOTJIOMEHHEM pa3INYHBIX 3JIEMEHTOB B COJIHEYHOW (otochepe u
xpomocdepe. M3 gceti conneunoll smepeuu, npuxooawen K nauwiell nianeme, npumepro 40 %
npuxooumcs Ha euoumvlii ouanazon (0.4—0.7 mxkm), 10 % — na 6onee kopomxue OIUHBL BOIH U
50 % na 6onee OnuHHOBOIHOBOE U3TYUEHUE.
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Puc. 1.3. Cranpaptasiii cnextp ConHua ¢ Puc. 1.4. CeKkTpbl CONHEYHOr0 U3IyUYEeHHUs], IPUXOAAIIETO
TpyOBIM CIIEKTPATBHBIM pPa3pelIeHUEeM. Ha BEpXHIOKO TPaHUILy aTMOC(Ephl B Ha TIOBEPXHOCTH 3eMJIH.

Y@, Bug, UK, Panno — yneTpaduonerosoe,
BHIMMOE, HHPpAKpacHOE pagTuonu3aydeHus [43].

Ha puc. 1.4 npuBeneHbl TakXe CHEKTPbl COJHEYHOTO H3JIyUYEHHUS, MPUXOJAIIEr0 Ha
BEPXHIOIO TpaHUIly arMoc(epbl M Ha MOBEPXHOCTh 3E€MJIH, T.€. M3JIyuyeHHs, OCIa0JIEHHOro
atMocepoii. 13 pucyHka BUIHO, YTO 3HAUUTEIbHAS J0JIs MPUXOJAIIEH COTHEUHON SHEPrUM He
JOXOJUT JI0 MOBEPXHOCTU — IMOIJIOIAETCS aTMOC(hepoll MM pacceuBaeTCsl U OTpakaeTcs
0o0paTHO B MHpPOBOE TMPOCTpaHCTBO. CIenoBaTeibHO, CYIIECTBEHHYIO POJb B aTMOC(EpHBIX
npoleccax UrpaeT MorjolleHne U paccesHue usnydeHus ConHua atmochepHbiMU razamu. Kak
BUJHO U3 puc. 1.4, B cnektpe CoJsiHIIa HA TOBEPXHOCTU 3€MJIM IPUCYTCTBYIOT MOJIOCHI U JIMHUU
norjouieHus: 3eMHON atMocdepsl (rmonockl nornomenuss HO, CO,, O3 u apyrux razoB). Itu
JIMHUH, B OTJINYHE OT (PpayHro(epOoBbIX, HA3BIBAIOTCS MeLLypULeCKUMU.

@DyHIaMEHTAIBHBIM BOIPOCOM JJIi MHOTHX HAayK O 3eMile SBJISETCS W3MEHUYMBOCTD
CHEKTPAIBHOTO COCTaBa COTHEYHOTO M3ITyueHHs Sy (A) ¥ HHTETPaIbHON COTHEYHON MOCTOSHHON
So. I3MepeHust Criy THUKOBBIX MPUOOPOB B TeueHue 1978—1997 rr. mokazanu, 4To B 3TOT MEPUOJ
Bapuammu Sy coctapmsui 1.5 Br-m™. BekoBble H3MEHEHHs S MO OLEHKAM MOTYT OCTHTaTh
10 Br-m™ [42]. CIEKTp COTHEUHOrO M3TyYCHHs OYeHb CHIBHO H3MEHSETCS MPH MaibX JUTHHAX
BOJIH (PEHTTEHOBCKOE U yIbTPa(UOIETOBOE M3IIyUeHUs ) U B paauoranazone. B atux obmactsix
BapuallMM JOCTUTalOT THICSYM MPOLEHTOB. HecMoTps Ha Manblii OTHOCHUTENBbHBIA BKJIAJ
YKa3aHHbBIX CHEKTPaJbHBIX OOJacTell B BEJIMYMHY MHTETPAJIbHON COJIHEYHOW MOCTOSHHOMW, 3Ta
M3MEHYMBOCTh OKa3blBa€T 3HAUUTENBHOE BIMAHUE Ha (U3NYECKHE NPOLECChl B BEpXHEH
atMocepe. Hampumep, peHTTeHOBCKOe M yibTPaUOJIETOBOE HW3IYyUYEHUS IPOU3BOIAT
JIMCCOLIMALIMIO M MOHU3ALMIO Ta30BbIX COCTABJSIOIIMX BEpXHEH aTtmocdepbl, 00pa3ysi HOHBI U
panuKanbl, KOTOpble NMPUHUMAIOT aKTUBHOE YyYacTHE B OOJBIIOM KOJMYECTBE XUMHUECKUX H
(OTOXUMHUYECKUX PEAKLUH.

1.2. Ammocehepa 3emnu

K cmpykmypuoin napamempam ammocgepvr OTHOCAT, Kak IpaBWIO, JaBJICHUE,
TEMIIEpaTypy M IUIOTHOCTh BO3ayxa. IIpexnae Bcero, HaOMHUM, YTO 3TH BEJIWYMHBI CBA3aHBI
JIByMsI COOTHOLICHUSIMM.

1. 3BecTHBIM U3 TEPMOJAMHAMUKH YPABHEHUEM COCTOSIHUS U1€aJIbHOTO ra3a:

oV ="Rr, (1.2.1)
u

rze p — naBieHue, 1 — TeMreparypa, m — mMacca, ([ — MOJIEKYJIsipHas Macca Bo3ayxa (ee cTporoe
omnpeneseHre MpUBEICHO, HanpuMep, B [Ipmnoxennn k monorpaduu [34]), V' — o6bem Bo3myXa,
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R — yHuBepcanbHas ra3zoBasi noctossHHas. Pa3znenus o0e uvactu (1.2.1) Ha oObem V, momyuum
NIEpBOE COOTHOIICHHE CBSI3M CTPYKTYpPHBIX TApaMeTPOB

p=2rr, (122)
Y7,
rJie p — IJIOTHOCTh BO3yXa.
2. YpaBHEHHEM I'UAPOCTATUKHU:
dp=-pgdz, (1.2.3)

r7le g — YCKOpEeHHEe CBOOOJHOrO MajeHusi, z — BbicoTa. M3 ypaBHenus rugpocratuku (1.2.3)
IUIOTHOCTb BO3/yXa ONpPENENSIEeTCs] COOTHOIICHUEM
1 dp

e (1.2.4)

JI1st uIeaibHOTO ra3a ypaBHEHHE COCTOSIHHS MOYKHO TaK)Ke 3aliiucarh B BUJIE
p=nksT, (1.2.5)

IJIe 7 — YUCJIO MOJIEKYJ B eauHUIle oObeMa (CUeTHash KOHIEHTpamus), kg — IOCTOSTHHAs
bosbiimana.

Jlenenue atMocdepsl Ha CJIOU OCYIIECTBISIETCS MO pa3HbIM npu3HakaMm. Hambomnee uetko
paziuure B aTMOC(HEPHBIX CIIOSIX MPOSIBIIETCS B XapaKTepe U3MEHEHHsI TeMIIepaTypbl BO3IyXa ¢
BbicoTOU. [lo 3TOMYy Tipm3HaKy atmocdepa aenurcs (cTpaTuduIUpyeTcs) Ha MSATh OCHOBHBIX
cioes [2, 6,22, 35-37, 44].

1. Tponocgpepa. Ito cnoii atMochepsl, TPHUIETAOINNA K TOBEPXHOCTH 3emun. s Hero
XapaKkTepHO MOYTH JIMHEHHOE MaJleHue TeMIEPaTyphl ¢ BBICOTON. Cpedwss ckopocmev nadeHus
memnepamypsl ¢ Gvlcomoli 6 mponocgepe cocmasisiem 6 epadycos Ha Kuromemp. B
Tponocgepe cocpenoToueHo npumepHo 80 % macchl Bceil atMocdepsl. ITO BakHEHIIUI cIloif
atMocdepsl — 31ech  (opMupyeTcs  TOroaa,  ONpEACIIomas ~ MHOTHE — CTOPOHBI
JKU3ZHEJEATEIIbHOCTH YEIOBEKA.

2. Cmpamocghepa. ITO CICOYIOINNA TIO BBICOTE 3a Tpormocdepoil cioi, rae Temmeparypa
pacTeT ¢ BBICOTOM.

3. Me3zocghepa. D10 cnoi, ciemyroNyii 3a cTpaTocdepoil, rae BHOBb HAYMHACTCS IaJICHUE
TEMIIEPATyphl C BBHICOTOM, M OHA JOCTUTAET CAMbIX HM3KUX B arMocdepe 3emiu 3HaueHuu (10
130 K Ha BBICOKMX HIMPOTAX JIETOM).

4. Tepmocgpepa. B atom cioe, Bbilie Me30chepbl, BHOBb HAUMHAETCS POCT TeMIEpaTyphl U
oHa nocturaer 3HaueHuil nopsaka 1000 K. 3amerum, uro 3Ta TemmepaTypa ONpeiessercs Kak
Mepa cpeHel CKOPOCTH JBIKEHUSI MOJIEKYJ (KMHETUYecKasi TeMIepaTypa), OAHAKO, BCIEICTBUE
CHJIBHOTO Da3pshKeHUsT BO3AyXa B TepMmocdepe, TaM He HAOIIOAAIOTCS TPUBBIYHBIC HaM
MIPOLIECCHI TETNIOOOMEHa, U KOCMUYECKUM amrmapaTam, JEeTalolUM B Hel, MmeperpeB He Ipo3uT
Jaxe pu Temreparypax Bozayxa B 1000 K.

5. [IpuHATO BBIIENATH TaKkKe 4YacTb TepMmochepsl — 9k30cghepy. D10 BHemHsAs cdepa
aTMocQepsl, I/Ie CperHss [UIMHA CBOOOIHOTO MPOOETa MOJIEKYJI COCTABIISIET COTHH KHJIOMETPOB,
a UX CpeIHssl CKOPOCTh (KMHETHYECKasi TemrepaTypa) A0oCTaToYHa AJis TOTro, YTOObI IPE0I0IETh
3eMHOE TATOTEHUE U HaBCET/a yJIeTeTh B KOCMOC — SIBJIGHUE JTUCCUTIAIIMH aTMOC(EPHI.

I'panunpr  (obmactu), oTaensomme Tporocdhepy oT crpatocdepsl, crpatochepy u
Mme3ochepy, mezocdepy u Tepmochepy, Tepmochepy u sx30chepy, Ha3bIBAIOTCS COOTBETCTBEHHO
mpononaysa, cmpamonaysda, mesonaysa, mepmonay3a. CpeaHHE BBICOTHI T'PaHUI] CJIOEB U
MEPEXOIHBIX 30H JaHbI B Ta0d. 1.5. OTMEeTHM, 4YTO OT MPUBEIACHHBIX CPEAHMX 3HAYCHUH MOTYT
HAOMIOIaThCS 3HAYUTENIbHbIE OTKJIOHEHHS B 3aBUCHUMOCTH OT UIIMPOTHI, BPEMEHH T0ja,
METEOPOJIOTUYECKON CUTYAIlMH U T. 1. B 4acTHOCTH, BBICOTA TPOMOMAY3bl 3aBUCUT OT IIMPOTHI: B
Tponukax oHa nopsiaka 16—17 kM, B cpeguux mmporax — 9—12 kM, B MOJSPHBIX MIUPOTAX — 8—
9 km.
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Tabnuya 1.5. OCHOBHBIE U NIEPEXOIHBIE CJIOU aTMOC(]EPHI.

Croit Cpepne BPICOTBI BEp XHEH o IlepexonHblii coit
HIDKHEW TpaHull, KM
Tponocgepa 0-11 Tpormornay3a
cTparocdepa 11-50 cTparomaysa
Me3ocdepa 50-90 Me3o1mays3a
Tepmocdepa Beimie 90 TepMoray3a
sK3o0cdepa Beime 450

I'paduuecku TUIIMUHOE Cpe/iHee BEPTUKAIBHOE paclpe/ie]IeHue TeMIepaTypbl aTMOC(HEpEI
U ee ciou n3o0pakeHsl Ha puc. 1.5. OOpaTtute BHUMaHUE, YTO HA PUCYHKE FOPU3OHTAIBbHBIMU
OTpe3KaMH IOKa3aHbl Bapualuu (BO3MOKHbIE OTKJIOHEHMSI) peallbHbIX 3HAUEHUN TeMIlepaTypbl
0T cpeHuX. BUHO, 4TO 3TH BapHalluy 3HAYUTEIbHBI U JOCTUTAIOT IECATKOB IPAyCOB.

poM0ap z, kM

z,MBap p,km

30
28

10
100 - Tepmocdepa ;3
i Me3sonay3sa 30
%0 b 100
200
B 300
Mezocdepa
500
Z 60 700
- 850
s Cpeauss 1000
] - aTMocdepa CrpaTtonay3a
c—g ————————— pMOap 2, kM
40 |
20
i 30
Crparocdepa
60
20 |
Tpononay3a 100
Huxusist 200
e vt Tponocdepa w0
1 1 1 1
160 200 240 280 320 5001 ©
TemmnepaTypa, K 20k 4
850 | é ——

Puc. 1.5. CpenHernobanbHOE BEPTHKAIEHOE
pacnpezeieHre TeMIepaTypsl atMmocdepsl u ee

BEpTUKAJIbHAS CTPYKTYpA.

1000

1 1
50 40 30 20 10 0
@, rpag

3emiun JUTA STHBAps U UHOJIA.

Puc. 1.6. BepTukanbHO-MepUIHMOHATBHBIE Pa3pe3bl
MOJISl CPEeMIHEH 30HAILHOW TEMITEpaTyphl B aTMocdepe

ITo coctaBy BO3myxa atMocdepa AenuTcs Ha comocgepy M eemepocgepy. B nepBom u3
atux cinoeB (0-95 kM) OTHOCHUTEIBHOE COJIEpP’KaHHUE OCHOBHBIX aTMOC(hEpHBIX Tra3oB (a3oT,
KHCJIOPOJI, aproH) TIOCTOSIHHO, W MOJICKYJIsIpHas Macca Bo3ayxa (u = 28.9645 r/monb) odeHb
Majo MEHSETCS C BBICOTOM (M3MEHEHHS B HUKHHX CJIOSIX TPOINOCGEpbl MPOUCXOIAT 33 CUeT
W3MEHEHUH COJIep>KaHusl BOASHOTO Tapa).

B ecemepocghepe (Bbimie 95 kxm) Hapsimy ¢ monekyiamMu Ny u O, MOSBISAETCS B 3aMETHBIX
KOJIMYEeCTBaX aTroMapHbiii kucimopox O 3a cyeT mpoueccoB aucconuanuu  Mosiekysn Oj
KOPOTKOBOJIHOBBIM H3ilydeHueM ConHua. B cBA3M ¢ 3TUM MoOJeKyJispHas macca BO3JyXa B
rerepocdepe yMEHbIIACTCS C BHICOTOM.
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[lo mpusHaky ra3oBoro cocraBa aTMoc(epbl NPUHATO TaKKE€ OTAEIbHO BbIIEIATh
o3onocgpepy (15-55 kM), B KOTOpOHl cOCpelOTOYEHAa OCHOBHAasg Macca TaKOro Ba)KHOTO
aTMOC(EPHOro ra3a Kak 030H.

Haunnas ¢ 60 kM, B aTMocdepe 3HAUUTEIBHO BO3PACTACT COJEpXKAHHUE 3apsKEHHBIX
qacTull (MOHOB M 3JeKTPOHOB). [ToaTomy crion atmocdeps! Boie 60 KM Ha3bIBAIOT UOHOCHEPOIL.
Cama nonocdepa Taxke noapasaensercs Ha otaenabHble ciaou (ciaou D, E u F).

C TOuYKM 3peHHUs BIMSHUS MAarHUTHOTO TOJI 3€MJIM HAa COCTOSIHUE aTMOC(EpbI MPUHSATO
BBIJICJIATE €€ OAMH CIOW — MacHumocgepy, KOTOpash OXBaTbIBACT BHELIHIOIO 4YacTb
tepmocepsl. B maramrocepe uacTHmbl Ta30B (MOHBI) YICPKHBAIOTCSA HE TOJBKO
IPaBUTALMOHHBIM, HO U MAarHUTHBIM HOJIEM 3eMJIH.

OcCHOBHbIE CTPYKTYpHBIE ITapaMeTpbl aTMOC(HEPbl MEHSIIOTCSI B IPOCTPAHCTBE (IO BBHICOTE,
BJI0JIb MTOBEPXHOCTU 3eMJIM) U BO BpeMeHU. PU3NMUECKU YKa3aHHbIE BapuallMM OINpPelessioTcs
JUHAMUYECKUMH, DPAJUAIUOHHBIMU (IIEPEHOC COJIHEYHOTO U COOCTBEHHOI'O U3JIy4Y€HUs),
(OTOXMMHUECKUMH TIpolieccaMu U (Pa30BBIMM MpEBPALICHUAMHU BOAbI. JIOCTATOUHO OYEBHJIHO,
4TO TEeMIIepaTypa, PaBHO KaK M CBSI3aHHBIE C HEH JAPYTHe CTPYKTYypHBIC MapaMeTpbl aTMOC(EpPHI,
CYILLIECTBEHHO 3aBUCAT OT reorpaguueckoi MUpOTHl (y MOBEPXHOCTH B TPOIHUKAX — HKAPKO, Y
IIOJIFOCOB — X0J10/1HO). [To3TOMy B KauecTBe mpocTeiiiell XapakKTepUCTUKH NPOCTPAHCTBEHHOIO
HOJISL  TeMIIepaTypbl MCMOJIB3YIOT 30HAJIBHYIO TeMIeEpaTypy. YCpPeAHEHHYI0 IO JOJroTe
TeMIeparypy (paBHO Kak M JApyrue BEJIMYMHBI) Ha3bIBalOT 30HAIbHOM. OHa SBISETCS JIMILb
¢yHkuuelr mmpoTsl M BbIcOTh. Ha puc. 1.6 mnpuBeneHbl BepTHKAIbHO—-MEPUAMOHAIbHBIE
pa3pessl 1oJIs CpeiHel 30HAJIbHOM TeMIlepaTyphbl AJis SHBAps U UIOJIA.

JUist XapakTepUCTUKU CE30HHON M3MEHYMBOCTH TEMIIEpaTyphl aTMOC(heEpbl Ha pa3IUYHbIX
BBICOTaX M HIMPOTAX B CEBEPHOM MOIylIapuu B Tabia. 1.6 qaHbl pasHOCTH TeMIepaTyp JIeTO—
31UMa.

Tabnuya 1.6. Paznocts Temneparyp 3uma—iero (K).

IIuporta, BricoTa, kM
rpan 10 20 30 40 50 60 70 80 90 100
80 12 25 5 49 35 15 -24 | =57 | —-63 | —49
60 13 11 25 32 22 6 -22 | —44 | =51 | =32
50 13 0 12 20 14 0 -10 | =23 | =28 | - 14
30 8 2 4 5 0 4 5 0 0 4

W3 nannbix Tabmn. 1.6 cnenyer:

1. Ce30HHAss U3MEHYUBOCTh TeMIIepaTyphl cyOTponmueckoit obmactu 3emuun (30° c.m1.) mana
Ha Bcex BbicoTax OT 10 go 100 kM. DTa M3MEHUYMBOCTh MAaKCHMaJIbHA ISl MOJIAPHBIX LIUPOT
(80° c.m.).

2. Ha BeicoTax 10-60 kM TemmepaTypbl JETOM BBIIIE 3UMHHX, a Ha OOJBIIUX BBICOTAX
HabmroaeTcst obpaTHast KapTHUHA JUIsl LIMPOTHOM obnactu ¢ > 30°.

TemmneparypHblii pe’KUM Hallleil MIIaHEThl MEHAJICSI HEOJAHOKPATHO (IIPUMEp — JIETHUKOBBIE
nepuojipl). MI3menenus, npoucxoausue B 19-20 Bekax, ucciie0BaIUCh 0COOEHHO TILATENBHO
B CBSI3M C HAJIMYUEM [IOJTOBPEMEHHBIX U JIOCTATOYHO TOYHBIX H3MEPEHHH NpU3EeMHOU
temnepatrypbl. Ha puc. 1.7 npuBeieHbl HW3MEHEHHsI CPEeJHHMX IOJIyCPEepHBIX U TI100aIbHBIX
rOJIOBBIX TEMIIEpATyp MPUIIOBEPXHOCTHOIO BO3yXa 3a nepuo 1856—-1998 rr. nmo cpaBHEHHUIO CO
cpeaHuMH TeMiiepatypamu 3a nepuod 1961-1990 rr. Yetko BUIHBI ABa MEpUOAA 3HAYUTEIBHBIX
noteruieHuit — 1925-1944 rr. u 1978-1998 rr. B nepssiii nepuon 7 Bo3pocnu Ha 0.37° C, BO
BTOpOM nepuo poct temnepatyp poctur oyt 0.5° C.
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Bepnemcs k ypaBHenuto rugpoctatuku (1.2.3). Iloacrasnsst B Hero miotHocTh u3 (1.2.2)
MOy YUM

ap _ _Hep (1.2.6)
dz RT

Pemenue storo npocreiiiiero auddepeHnnanbHOro ypaBHeHs JaeT

p(z) = p(0)exp| - j a (]Z,)(g)(z) , (1.2.7)

rae p(0) — naBnenue npu z = 0. Takum o0pazoM, gepmukanbHvle npoghuiu memnepamypul u

oasnenusi 8 ammocgepe He AGNAOMCA Heszasucumvimu. 3Has npoduias Temmeparypsl 1 (z) u
nasienne p (0) (wim, B o0mieM ciaydae, JaBJICHHUE HA OMPEIEICHHON BBICOTE p (Zp), OT KOTOPOU
COOTBETCTBEHHO CJeayeT MHTerpupoBath B (1.2.7)) MOXHO paccuuTaTh npodmib gaBiaeHus. U
HA000POT, 3Has POk AaBIeHUS MOXKHO 110 (1.2.6) paccuuTaTh NPOGUIb TEMIIEPATYPHI.

B (1.2.7) yurena 3aBUCHMOCTB TEMIIEpATyPbl, MOJIEKYJIIPHOM MacChl BO3yXa U YCKOPECHHSI
CBOOOIHOTO MaJIeHUsI OT BBICOTHI. 3a/iaBasi SIBHBIM BUJ dTHX 3aBUcuMocTei u3 (1.2.7), MOXKHO
MOJIy4yaTh pa3jM4YHble COOTHOUICHHS MeEXIy MNpoQuiIssMH JaBJI€HUS U  TEeMIEepaTyphl,
Ha3bIBAEMBIE OAPOMEMPUUECKUMUM POPMYIAMU.

B mnpocreiimem ciyuae, nmpeneOperas B (1.2.7) 3aBUCHUMOCTBIO 4, ¢ U T OT BBICOTHI,
MOJTy4YUM

p(z) =p(0) eXp(— )z (1.2.8)

RT
Crosmas B 9KCIIOHEHTE KOHCTaHTa /{ = —— HMeEeT pa3MEpPHOCTb BBICOTHI U Ha3bIBAECTCS
HE

8bICOMOU  OOHOPOOHOU ammocgepvl unu wKkaiou evicom. JIJIs CTaHIAPTHBIX YCIOBUU
1 =28.96 r/momb, g=9.81 m-c? u T'=273.16 K nonyuaercs H="7.966 kM, TO €CTh HPHMEPHO
8 kM. Yepe3 BbICOTY OmHOpOmHOW artMmochepsl H Oapomerpudeckas ¢opmyna (1.2.8)
3aMUChIBACTCS B YOOHOM ISl MPAKTUYECKOTO UCIIOIb30BAHUS BUIE

p(z)=p0)exp(-z/H). (1.2.9)
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Takum oOpazom, Oasnenue 6 ammocgepe npakxmuuecku yovieaem ¢ 8bICOMOU
9KCNOHEHYUATILHO.

Bce rasel, cocraBnsiomue 3eMHYI0 aTMocdepy, NPUHSATO pa3duBaTh Ha 3 TPYMIBI —
OCHOBHBIE Ta30Bbl€ COCTaBISIONIME, Maible Ta3oBblie cocTaistonme (MI'C) u cBoOGogHBIE
pagukansi [2, 6, 12, 15, 22, 34-36].

OcHoBHbIE Ta30BbIe€ cOCTaBIstoNIMEe aTMochepsl — 310 azom — 78.1 %, kuciopoo — 20.9 %
u apeon — 0.9 % (no obvemy). OHU HaxonaTcs B aTrMochepe MPUMEPHO B IMOCTOSHHOM
COOTHONIIECHUU 1O BBICOT mopsaka 95 kM. OTMeTHM, YTO 3TH Ta3bl (KpOME€ KHCIOPOJa)
CPaBHUTEIFHO MHEPTHBl B XUMHUYECKOM OTHOIIEHUH U CJIA00 MOTJIOMIAIOT 3JEKTPOMArHUTHOE
U3Ty4YeHHe.

B BepxHuX cnosx aTMocdepbl coaep)kaHue OCHOBHBIX Ia30B HECKOJIBKO OTIMYAETCS OT UX
cojepaHus B HWKHEH atmocdepe — cMm. Tabn. 1.7. Ilpm 3TOM cymma WX KOHIEHTpaIuiu
craHoBuTcsa MeHbiie 100 % BcnencTBue paspylueHus 4actu Mojiekysl N> u O, Ha aToMapHbIe
a30T U KUCIIOPO/I.

Tabnuya 1.7. Conepxxanue (B % 1Mo 00beMy) OCHOBHBIX Ta30B B BO3AYyXE Ha OOJBIIMX
BbICOTax [22].

Bricora, kM 0 75 85 95 105
N> 78.1 78.1 78.1 77.9 77.4
0, 20.9 20.9 20.0 18.0 16.0
Ar 0.9 0.9 0.8 0.8 0.7

MI'C — 3T0 ra3oBble KOMIIOHEHTHI, ITOCTOSIHHO HPUCYTCTBYIOLIME B aTMocdepe, HO UX
COJIep’)KaHHE MOXET BapbUpOBaThCsi BO BpeMeHu M mpocTtpaHcTBe. K MI'C oTHOcAT mpexne
Bcero H,O (Bomsnoit map), CO, (yraekucnbii Tra3) u Oz (030H) — COEAMHEHHS, CUIBHO
MOTJIOIIAIOIINE 3JIEKTPOMArHUTHOE W3JyUY€HHE U AaKTUBHO YYaCTBYIOLIME B Pa3JIMYHBIX
peakuusax U XMMHUYECKHX MpPEeBpalleHUsX. B cuily 3TUX CBOMCTB OHM MIPaiOT OOJIBLIYIO POJIb B
dbopMupoBaHuu kuMaTa Hamiei tuianetsl. [lonuenii cnimcok MI'C B HacTosiiiee BpeMsi BKIIFOUAET
IECATKHA COCTUHEHUN.

B ocoOyio rpynmy uWHOTZA BBUICTSIOT 2a3bl (Rpumecu), umerowjue CyujecmeenHble
AHMPONO2eHHble UCMOYHUKU. DTO COETUHEHHS, MOCTyMAoUe B aTMocepy B 3HAUUTEIHHOM
KOJIMYECTBE B PE3yJIbTaTe XO3UCTBEHHOM JEATEIHLHOCTH YEJIOBEKA, OJHAKO BO MHOTHUX CIIydasix
y 3TUX MpPUMeECEi MOTYT ObITh M 3aMETHbBIE €CTECTBEHHbIE HCTOUHUKH.

B Tabn. 1.8 mpuBeneHbl NaHHBIE O BAKHEUIIUX aTMOCHEPHBIX MPUMECSX, UMCEIOIUX U
AHTPONOTeHHbIE UCTOYHMKHU [15, 34]. BaxXHOCTh paccMaTpuBaeMbIX MPUMECEH CBSI3aHA C TEM,
YTO MHOTME U3 HHUX AKTMBHO MOIJIOLIAIOT TEIJIOBOE M3JIYyYEHHUE U YYaCTBYIOT B CO3JlaHUU (U
W3MEHEHUH) TaK Ha3bIBAEMOT0 «IMapHUKOBOTrO 3ddekray. [lapaukoBeiii a3 PexT 3akmrogaeTcs B
YMEHBIIECHUHU YXOJSIEr0 U3TyYeHHS TUIAHEThl W3-3a TOTJIOLIEHUS STUMHU MPUMECIMH U3TyUCHUS
CUCTEMBI «IIOBEPXHOCTh-aTMOCHEPAY.

CBoOOgHBIC paguKaidbl — 3TO BEChbMa AKTUBHBIE B XMMHUYECKOM OTHOIICHUHU, XOTS H
KOPOTKOXXHMBYIIIUE coenuHeHus. K HUM oTHocsT atomapubii kuciopon O, ruapoxcun OH,
neprugpokcun HO,, u T. 1. OTMETHM TakXke, 4TO B JIUTEpAaType BCTPEYAIOTCA U JIpyrue
KJTAaCCU(UKAIIMU Ta30BBIX IMPUMECEH aTMoc(epbl, HAPUMEp, MO BEIMYMHAM HX OTHOIICHUN
CMEcCH.
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Tabnuya 1.8. Hanbonee Baxubie MI'C, umeroniyie aHTpOIOreHHbIE HCTOUYHUKH.

Tas Texnuueckoe Konnenrpanus y KOHI;FeIiIeTI;)I;uHH Bpems
o0o03HaueHHe HOBEPXHOCTH, ppmV B rox, % AKHU3HH, JIET
CO, VYrnekucnslii ra3 368 (2000 T.) 0.4 250
CH4 Meran 1.75 (2000 r.) 1.0 10
CO Oxcup yriepoaa 0.12 —c.mm. 1.0 — c.m. 0.3
0.06 —10.11 0 —ro.mr
N,O 3akuch a30Ta 0.316 (2000 r.) 0.3 150
No. | e | (1 S Y
CFCls ®peon—11 (CFC-11) 2.6-10™ 4 70
CF,Cl, ®peon—12 (CFC-12) 2.6-10™ 4 120
C,CL3F; ®peon—113
(ch—113) 32107 10 90

CH;CCl; |  Mermaxmnopodopm 1.2-10* 4.5 6
CF,CIBr H-1211 1.0-10° 12 12-15
CF;Br H-1301 1.0-10° 12 12-15
SO, Jlnokcun cepbl 1-20-107 ? 0.02
COS Kapboxcun cepsr 510 <3.0 2-2.5

Ilpumeuanue. Hazeanue «mexnuueckoe obosnavenuey, Hauboaee ynompebumenvroe 6 Qusuxe ammocgepul,
He gcez0a coenadaem c XuMuueckum; Ol Qpeonos u ux 3ameHumenell «HA3GAHUAMUY AGNAIOMCA MeXHUYecKue
MapKu; MpeHo — dmo 00was MHOONeMHASA MEeHOeHYUs USMEeHeHUs 6enudunbl, U3 KOMOpPOU UCKIIOUEHbl
KopomKonepuoouieckue (Cymounvle, Ce30HHble) 6apuayuu; 6pems OJICUSHU 6 ammocgepe — cpeoHee 6pems
Cyujecmeo8anuss MOIEKyIvl 2a3a 6 ammocgepe (Hanpumep, pems, 3a KOMopoe YUucuio MOoNeKysl YMeHbUAemcs 6 e
pasz). Eounuya obvemnoii xonyenmpayuu MI'C — omHnowenue 06vema 00HO20 2a3a npu mex dice memnepamype u
0aGleHUU, YMo UMeem CMecCb 2308, K 00beMy 6Cell CMecl 2a308, 68 QuauKe ammoc@epvl Yacmo eblpaicaemcs 8
MUTUOHHBIX doax — ppmV (part per million, volume) [34].

Ha puc. 1.8 u3o0pakeHbl BepTHKaIbHbIC TPO(UIN 00BEMHBIX KOHIIEHTPAIMN Pa3TMYHbIX
aTMOC(epHBIX ra30B. YUUThIBas HAOMIONAIOUIMECS BapHUallMK COJIEP>KaHHS ra3oB, 3TU NPOPHIN
OTHOCSITCS K cCpeaHeMy, (OHOBOMY COCTOSIHUIO aTtMocdepbl. PHCyHOK aeMOHCTpupyer
pasHooOpa3ue BEpPTHKAJIBHOTO XOJa KOHLEHTPAlMM JUIsl pa3HbIX Tra3oB. Tak, Hampumep,
KHUCJIOPOJl U YTJIEKUCIHbIN a3 MMEIOT MOCTOSHHOE OTHOILIEHHWE CMECH JI0 BBICOT mopsiaka 80—
100 kM (oHM paBHOMepHO mepememanbl). Copep)kaHue BOJSHOIO mapa ObICTpO yObIBaeT B
Tponocepe, MPUMEPHO TMOCTOSHHO B cTpaTocdepe W BHOBb yObIBacT B Me3ocdepe. Meran
paBHOMEpPHO Tepememan B Tpomnocpepe. MakCUMyM KOHIEHTpAallMM O30HAa HaOJI0JaeTcs B
crpatocdepe. [1om100HBINH BRICOTHBIN X011 (C MAKCUMYMaMH COJIEPXaHUsS B cTpaToc(epe) UMEIOT
u psaa apyrux arMocdepusix razoB (NO, HCI u 1. 1.). OtHomenue cmecu CO B HMKHUX CIIOSIX
aTMocdepsl TaJaeT C BRICOTOH, a B cTpaTtocdepe u Mmezochepe Bo3pacTaer.
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z, KM
B cBsi3u ¢ OypHBIM pa3BUTHEM

MPOMBILIUIEHHOCTH ¢ KOHLA 18-ro
BEKa Ha0JIr01aeTCs poct
CoJIepKaHusl B 3€MHOI atMocdepe
yriekucioro rasa. Ecou B
MPEeIUHAYCTPUATBHYIO SI0XYy €ro
o0beMHas KOHILICHTpaIs
paBusuiace 280 ppmV, TO B
HACTOAIIEE BpPEMsS OHA JIOCTHUIJIA
npumepHo 385 ppmV. lpyrum
BaXHBIM «MAPHUKOBBIM» Ta30M
SBIICTCS MeETaH, KOTOPBIii q, ppmV

0
OTBETCTBEHEH NpUMEpHO 3a 15 % Puc. 1.8. BeprukanbHblie TpOGHIH 00bEMHBIX KOHIICHTPALHI
«IIapHUKOBOT'O 3DPEKTa».  pasguumbIX ATMOCHEPHDBIX Ta30B.

HNwmeercs HEIILINA psan

€CTECTBEHHBIX HMCTOYHUKOB METAaHA, a aHTPOIOTEHHBIE HMCTOYHUKU, MO DSy OLEHOK, MOTYT
nocturath 50-60 % ero obOmeil smuccun. MccnenoBanus 1nokasaiy, 4To MPeJUHAYCTpUAIbHOE
OTHOIIeHHe cMmecu MeraHa coctaBmsio 0.72-0.74 ppmV, T.e. MeHee YeM TOJOBHHY
coBpeMeHHOro 3HadeHus (Tadu. 1.8). B 80-x romax 20-ro croyieTus TPeHI METaHa B CEBEPHOM
nonymapuu pocturan 1 % B roa. OTO yBETUYEHHE CBA3BIBATIOCH C CXKHUTAHUEM HCKOMAEMOTO
TOIUIMBA U TPONMUYECKUX JIECOB, ra30/100b14€i, MacIITAOHBIM BO3/IEJIIBAHUEM pHUCA, PA3BUTHEM
JKUBOTHOBOJICTBA. B Teuenme 90-x rofoB ObLIO 3aperHCTPUPOBAHO YMEHBIICHHE BEIUYMHBI
TpEeH/1a MeTaHa.

Oco00 criemyeT OCTAaHOBUTHCS Ha M3MEHEHMSIX B COJCpKAHUM aTMOC(HEPHOTO O30HA,
COEJIMHEHUS] YpEe3BbIYAlHO BAKHOTO KaK C TOYKHM 3PEHMsI PHEPIeTUKH cTpaTtocdepsl, Tak U
npenoxpaHeHust O6mochepsl OT omacHoro yibTpaduoneroBoro uznyudeHuss ComHIla, KOTOpoe
MHTEHCUBHO IorjoIaercs o3oHoM. Hanbosee apamaruyeckre U3MEHEHUS B COJICPKAHUU 030HA
B IOCJIEAHUE TOAbl MPOU3ONUIN HaJ AHTAPKTUIOW — MOSIBIIIMCH TaK Ha3bIBA€MbIE «O30HHbBIE
TIBIPBD».

B 70-80-x romax 20-ro croneTtuss Hamboyee OBICTPO POCIO COAEp)KaHHE B aTMocdepe
«YUCTO AHTPOIOTEHHBIX» MpPHUMECeH — pa3auyHbBIX (PEOHOB U JPYTUX COEAMHEHHH,
BBIJIETISIEMBIX XOJIOAWIBHBIMU YCTAaHOBKaMH, UCIIOJIb3YEMBIMHU B OBITY M MpOMBIILIeHHOCTH. [1o
COBPEMEHHBIM IPEICTABICHUSM, MMEHHO ATH COEIMHEHUS OTBETCTBEHHBI 3a pa3pyllIeHHE
030HOBOTO CJIOSI.

[TomMuMoO ra30B, CylIeCTBEHHONH KOMIIOHEHTOH aTMocdepsl 3emin (M psja APYTux MIaHeT)
SBISIETCS ammocepuvii asposons [11, 13, 34, 31, 43, 50]. Aspo3osnem B (u3MKE HA3BIBAIOT
CMECh BO3[yXa W 4acTHIl (TBEPABIX, KUAKUX), HAXOJSIIIUXCS B THHAMUYECKOM paBHOBeCUH. B
METEOpOJIOTUHU U PHU3uKe aTMOoc(epsl MO a3p030JieM MOHUMAIOT CaMU YaCTHIIbI, B3BEIICHHbIE B
Bo3ayxe. Takum oOpa3om, a’po3oiib (a3p0305M) — TBEPAbIE U JKUIKUE MEJKHE YacCTHUIIBI,
B3BEIICHHbIE B BO3JyXe, BECbMa pa3HOOOpPa3HOro cocTaBa, (HOPMBI, pa3MEpPOB M CBOMCTB:
BOJSIHBIC KAIUTU W JICASHBIE KPUCTAIIBI OOJIAKOB, MbUIb, MOJHATAS C MOBEPXHOCTH 3eMId, a
Tak)kKe BBIOPOIICHHAs ByJKaHaMH WM 00pa3oBaBLIasiCs U3 BYJIKAHMYECKHX ra30B, METEOPUTHAs
IbUIb, YAaCTUIBl COJEH MOPCKOM BOABI, YaCTUIbl, BO3HUKAIOIIME B pe3yjbTare
MIPOU3BOJCTBEHHON JeATENbHOCTH M T. . CKOpocTh UX maAeHusd (OocelaHus) Mana, a HX
MOBEPXHOCTh BEJIHMKA, YTO SBJISETCS, B YAaCTHOCTH, NPUYMHOW HMX AKTUBHOTO Y4YacTUsS B
XUMUYECKHX U oToxumuueckux peaknusx ¢ MI'C u pagukanamu.

AdpO30JbHBIE YACTHULBI WIPAIOT CYLIECTBEHHYIO pPOJb B IEPEHOCE COJIHEYHOIO U
TEIUIOBOTO M3JIyYeHUH, BIMSAA Ha paJWAlMOHHBIA PEXHUM CHCTEMBbl aTMocdepa—3eMHas
MOBEPXHOCTh M, TAKMM 00pa3oM, Ha moroay u kiaumar 3emun. Ocobo BakHa pojib a’po30Jeil B
MOTJIOUICHUH U PACCESTHUM COJTHEYHOTO u3MyueHus. Benuka ponb a3po3oseit Takxke B mporeccax
00;1ak000pa3oBaHusi, BO3HUKHOBEHWHM TYMaHOB M T.[., TJ€ OHM BBICTYNAIOT Kak sapa
KOHJCHCALIUKM — 3apOJbIlIN, HA KOTOPHIX HAUMHAETCS KOHJEHCAlMsl HACBILIEHHOT'O BOJSHOIO
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napa. be3 a’po3zoseit 3ToT nporecc ObT ObI HEBO3MOXKEH, MOATOMY HAJIMYME Ha 3eMiie 00IaKoB
M OCaJKOB HAMpsSMYIO CBS3aHO C MPUCYTCTBUEM B aTMmocdepe aspozonell. 3amMeTHM, 4YTO,
COTJIACHO OMNPEJENICHUI0, YaCTHIBI 00JaKOB — TOXKE a’pO30JIM, HO OOBIYHO MX OTAEISIOT OT
JIPYTHUX, «KHEBOAHBIX)» a3PO30JICH.

ATMOChepHBIii a3p030JTh B 3aBUCIMOCTH OT €TI0 COCTaBa MJIM UCTOYHUKOB TOAPA3ICIIACTCS
Ha a9p030/1b NPUPOOHO20 (eCmecm8eHH020) NPOUCXOHCOeHUs. — TIPOAYKTBI UCTIApEHUSI MOPCKHUX
OpBI3T — YaCTHYKU COJIM, MTOJTHATYIO B aTMOC(epy BETPOM MHHEPAIBHYIO MbLIb, BYJTKaHUIECKUN
a’p0301I1b, KaK HEMOCPEICTBEHHO BHIOPOIIEHHBIM B aTMochepy (Temen), Tak U 00pa3oBaBIIUIiCS
3a  cyer Ta30(a3HBIX peaknuid (CEpPHOKUCIIOTHBIC YACTHUIBI), YACTUIBI OHOTCHHOTO
MIPOUCXOXKICHUS, KaK HETIOCPEICTBEHHO BBIOpOIIIEHHBIE B aTMOC(epy, Tak U 00pa3oBaBIIiecs B
pe3yJbTaTe KOHJICHCAUH JIETYYUX OPTaHHMYECKHX COSAMHEHUH W XMMUYECKUX PEaKIHid MEXITY
STUMH COEJAMHEHUSMHU, MPOAYKTHI MPUPOIHBIX razo(azHbIX peakiuil (Hampumep, CyiabhaThl,
BO3HHKaromue 3a cuet okucnenus SO,) [11, 13, 34].

A2po301b  aHMPONO2EHHO20 NPOUCX0dHCOeHUss TIPEACTaBIAeT CcO0OW MPOMBIIUICHHBIE
BBIOPOCHI YacTHIl (Caka, JbIM, AOPOKHAs TbUIb WU T. J.), TPOIYKTHl CEIBCKOXO3SMCTBEHHON
JESTENIbHOCTH (HAampUMep, MbLUIb, TOJHUMAaeMasl MPU MaxoTe), MPOAYKTHI ra30(a3HbIX PEaKIIHii,
BO3HHKAIOIINE aHAJIOTHYHO €CTECTBEHHBIM TPH peakiusx antpornoreHHbx MI'C.

Peanbnblit aTMOchepHBIN adPO30IIb ABISETCS NOAUOUCNEPCHBIM, T.€. COCTOSIINM U3 YACTHUI]
pasnuyHbBIX pasMmepoB. Dopma HTUX YACTUIl MOXKET OBbITh pazHooOpazHou. OnHy U3
KJaccupuKauuii a’po30ield, OCHOBAaHHYIO Ha UX pa3Mepax (IUCIEPCHOCTH) a TaKKe UX POJId B
pasnuyHBIX mporeccax npemtoxmn X. FOure. Cxema Takoi Kiaccu(UKAIMU MPEICTaBIeHA HA
puc. 1.9, rae mnoka3zaHbl HUCTOYHUKU a’3pO30JbHBIX YACTHIl, BpPEMEHa JKH3HH, a TakKKke
uHpopManus 00 UX BIUSHUHM HA pa3IMIHbIe aTMOC(EPHBIE TIPOIIECCHI.

Bpemst «—— Menee | u JHn Yacbl, MuUHYTbI,—»
KU3HH THH qachl
Kannu ob1akoB
«llcnapenne»
~—TIIpeBpaineHus «— «—Tlenen, Mopckast collb,
raz+uacTuia biTbla
Koaryssipst TTpombliiIeHHBIH BLIGPOC e Puc. 1.9. AtmochepHsiit
~-—yaCcTUL AHTKeHa — ~«——THIAHTCKUX YACTHIL — o p
["openne ~—[Ibip—> a3p030J1b: pa3MepHhl,
<Tlornouenye DPaIHALIHH KJIaCCI/I('I)I/IKaL[I/IH, BIIUSIHUEC Ha
U M3NlyYeH e ekt aTMoc(epHBIC TIPOIIECCHI,
<« Xumus atMocdepsl (BKIIIoUas 3arps3HeHus)
4‘1’_19 P 06na11<303 i OCMKOB — WCTOYHUKH, BpeMsl )KU3HHU (TI0
X. KOnre [54]).
~<MaJipie - «——— Bosbiie
HOHEI HOHDI Kunaccudmxarus
~—Uacruupl AliTkeHa —=-<BobLive »<—HraHTckue —
YACTHIIBI YACTHIIBI
I ) ) I I | I
—4 -3 -2 —1 0 1 2
10 10 10 10 10 10 10

Pasmepsl, MkM

CrniexTp pa3MepoB a3pO30JIbHBIX YACTHUI[ OYEHb LIUPOKUN — OT MEHee 10* 1o 10% MxMm u
Ooonee (mo pammycy). Mx HWKHUN Tpenen omnpenesieTcss pa3MepaMH MOJICKYJISIPHBIX
KOMILJIEKCOB, @ BEPXHUH — CKOPOCTBbIO T'PABUTAIIMOHHOTO OCEJAaHUS YACTHULl B TI0JIE CHIIBI
TSOKECTH. Pa3muyHble METEOpOJIOTUYECKHE SIBICHHS M IPOLECChl CBSA3aHbl C Pa3HBIMU
WHTEpPBAJIaMU CIIEKTPa Pa3MEPOB a’pO30JIbHBIX YacTull. Tak, HalpuMep, YaCcTUIIbI C paauyCcaMu
< 0.1 MKM (TaK Ha3bIBaEMbIC «YaCTUIIBI AWTKEHAa») CYIIECTBEHHO BJIMSIOT Ha AJICKTPUUYCCKUE
xapakTepucTuku arMmocdepsl. Yactuiipl ¢ 2 < 7 < 10 MKM OKa3bIBalOT 3HAUYUTENHHOE BIUSHHUE HA
MEPEeHOC KOPOTKOBOJIHOBOTO M MH(PAKPACHOTO U3IyUYeHHs, (POpMUpOBaHHE 0OJIAKOB M OCAJKOB,
XUMHUYECKU coctaB atMocdepsl. [Ipu aToM asposonu ¢ pazmepamu 2 < r < 1.0 MKM OKa3bIBalOT
HanOoJIbIIIee BIMUSIHUE HA TIEPEHOC KOPOTKOBOJIHOBOTO M3IyUeHHs, BUAUMOCTD B aTMOC(epe.

CueTHasi KOHIEHTpALUsI a’3p030Jieil OUeHb CUJIBLHO BapbUpPYeT M 3aBHCHUT OT BBICOTHI B
atMocdepe, OIM30CTH K HMCTOYHUKAM a’po30jieil (Hampumep, B Topojie OHa Ha HECKOJIbKO
MOPSAIKOB BbIIIE, YEM BIAJM OT HEro), BpeMeHUu cyTok. C poCTOM BBICOTHI B aTrmocdepe
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KOHIEHTpaLUsl a3p030Jiel PE3KO MaJaeT: OHA YMEHbIIAETCS 110 CPAaBHEHUIO ¢ KOHUEHTpaLUsIMU
a’po30Jiel y MOBEPXHOCTH ITPUMEPHO Ha MOPSAJOK Ha BBICOTE 2 KM U €l Ha MOPs/I0K Ha BBICOTE
~ 5 kM. Ho 3TO onsiTh kK€ «B CpeHEM», B peallbHbIX CUTYyalUsIX KapTUHA MOXET ObITh COBCEM
MHOH U axke HaOJII0AaThCsl POCT KOHIEHTPALMHU C BBICOTOM; Takue 001acTH pOCTa Ha3bIBAIOTCS
aspozonvHbimu crosmu. Hambonee U3BeCTHBINA U CTAOMIBHBIN a3pPO30JIBHBINA €0 — ciiotl FOHee B
cTparocdepe Ha BeicoTax 17-22 km.

Baxnyto ponb B 00pa3oBaHMM a’poO30JIEH WIrpPalOT H3BEP)KEHUS BYJIKAHOB, JIECHbBIE
HoXKaphl, OMOJIOTHYECKHE MPOLECChl, MPOU3BOACTBEHHAs NEATEIBHOCTh uenoBeka U T. A. Ilpu
ATOM OCHOBHBIMH Ta3aMH, CIIOCOOCTBYIOIIMMHU 00pa3oBaHMIO a’po3oie, sBistores SO,, HoS u
NH;. Ilocne MOIIHBIX BYJIKaHMYECKMX H3BEPKEHMH KOJMYECTBO a’pPO30JbHBIX YaCTHUI] B
cTpaTocepe yBEIMYMBAECTCS BO MHOTO pPa3, YTO NPUBOIUT K HM3MEHEHHIO €€ ONTHYECKUX
XapaKTepUCTUK. OJTH H3MEHEHHUs B cTpaTocdepe COXpaHSITCs B TeueHue 1-2 jer mocie
U3BEPKEHMUS.

OCHOBHBIMHU CTOKaMH, TO €CTh IPUUMHAMM yJAJIECHUS a3p030Jiel U3 aTMOC(EepBl, ABISIIOTCA
IpPaBUTALlMOHHOE OCaXJeHue (IMpoLIe TroBOps, BHINAJAECHHE a’po30Jie Ha IOBEPXHOCTh) U
BBIMBIBAaHHME OCAJIKaMH IIPH 3aXBaTe a3pO30JIbHBIX YACTHUIL] KAIJIIMH JOXKAs (4aCTHIIAMU CHETa).

[TockonbKy a3po30JIbHBIE YACTULIBI UMEIOT pa3Hble pa3Mepsl (MOIUANUCIEPCHOCTH), TO, B
OTJMYUE OT Tra30B, OJHOW CyMMapHOW KOHIIEHTPAaLUMU JUIs ONMCAHUs HX KOJIMYECTBAa B
aTMoc(epe HENOCTaTOYHO, HAJ0 YyKa3aTh KOHIIEHTPAlMM 4YacTHLl pa3HbIX paauycoB. Jlis
OMHCAaHUA TONHUIUCIEPCHOCTH HCMONB3YIOT GYHKIUIO 7 (r) — @yHKyuio pacnpeoeieHus
A2PO30IbHBIX YaACMUY NO pasmepam

_dN(r)
dr
rae N(r) — YUCIIO YacTUI] C paJAnyCcoM, MEHbIINM, 4eM r. DyHKuus 7 (r) UMEET CMBICI
OTHOCHTEIIbHOW CYETHOM KOHILEHTPAIMHM YACTHIl PA3IWYHBIX PAJNyCOB, TO €CTh IOKAa3bIBAeT,

YaCTHIl C KaKUMH paglycaMd «MHOTO», a C KaKUMHU «Majo». [lomHas KOHIEHTpamusi BCeX
a’p030JIbHBIX YacTull cornacHo (1.2.10) ectsb

n(r) (1.2.10)

N=Tn(r)dr. (1.2.11)

UroObl (yHKIMS pacripenesneHust n () He 3aBHcena OT OOmed KoHUeHTpamuu N ee
HOpMUPYIOT, BBoAsL f (r) =n(r)/ N, (If(r)dr =1).
0

Jlis onmcaHust a’po30JbHBIX YaCTHUIl NPEIJIOKEH LENbli pan pa3nuysHbix GyHkuuit f(r) [11,
13, 34].

B 3emHoit atMocepe Bosia MPUCYTCTBYET BO BCeX TpeX Gazax: 2a3000pa3roti (KOTUIECTBO
BOJITHOTO TIapa B BO3YyXE OMPEIESIeT €ro BIAKHOCTB), scuokou (B BHUIE Kamellb B OOJilakax,
TyMaHe, JOXJAe) U meepool (00JayHble KPUCTAJUIBI, CHEXUHKH, rpan). Obnaka SBISIOTCS
BaXXHBIM COCTAaBHBIM 3JIEMEHTOM KPyroo0opoTa BOJbl B IPUPOAE, BIMIIOT HAa SHEPreTUYECKUH
oOMeH B cucrteMe 3emisi—arMocdepa, paauallMOHHBIN OalaHC IJIAHETHI, TepepacHpeacIcHue
TeIJla Ha 36MHOM Iape W OOIIyI0 MUPKYJSUi0 artMocheprl. O0naka — OJUH MX BaKHEHIITHX
HOroJI0- ¥ KIMMaTooOpasyommx (akropoB Hameil miuaHeTsl. OHU )K€ OKa3blBAalOT BIMSHHE Ha
(doroxummuecKue mporecchl B atMocdepe. B ocHOBY kinaccudukanum 00IaKOB TOJ0KEHA HX
Mopdosorus (BHEIHUM BUA) M BBICOTA PACIONOKEHHs HaJ 3€MHON MOBEPXHOCTHIO. JleneHue
00JTAYHOCTH TIO BBICOTE (Ha BEPXHIOIO, CPETHIOI0 W HIDKHIOIO) OIPENENAeTCs HIKHEH TpaHuIen
o0nakoB. B ocoOble Tpynmbl 00JaYHOCTH BBIACNSAIOT HOJApHbIE CcmpamocepHvle obnaxa,
uHOrAga oOpa3yromuecs B BBICOKMX IIHpoTax Ha BbicoTax 1|7-20kM U cepebpucmule
(Me3ocdepHble) obnaka, oOpasyromuecss Ha BbicoTax 85-90 kM. CreneHb MOKpPHITOCTH Heba
o0TaKaMu XapakTepU3yIOT OALIbHOCIbIO 00IaYHOCMU — OTHOILIEHHEM O0IIeH TUTOmaan 00IaKoB
u Bcero Heba: 0 6aoB — sscHoe Hebo, 10 6amioB — crutomHas obmadHocTsh [1, 2, 28].
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[To ¢azoBomMy cocTOosSHHIO 00Jlaka TOJPA3ACTSAIOT HA JicUOKOKaneivhvle (HWKHUH U
YaCTUYHO CPEIHHU SIPYCHI), Kpucmaniuveckue (BEpXHUN SIPYC) U cMeulanHble, COAEpKaIue KaK
Karuid, TaK U KPUCTALIBI Jibaa. Da3oBeIif cocTaB 00JAKOB OMpENEseTCs, MPEXkaAe BCEro, MX
Temmeparypoit. [lpu monokUTenpHBIX TEMIEpaTypax o0JaKo COCTOUT W3 Kamenb Bojbl. Karn
HEPEIKO MPHUCYTCTBYIOT B HHUX WM MPH JOCTATOYHO HU3KHX OTPUIATEIBHBIX TEeMIIepaTypax,
BIioTh A0 —40° C. Ilpu oTpumarenpHbIX TemmepaTypax oOjaka MOTYT ObITh KameIbHBIMU,
KPUCTATMYECKUMH WU CMEIIAHHBIMHU.

BaxxHbIMM MHKpPOCTPYKTYPHBIMH XapaKTEPUCTHKAMHU OOJIAKOB, KaK pPa3HOBUIHOCTEH
a’p030JIeH, SBISETCS CUETHAS U MAacCOBasl KOHIICHTPAIUS YacTUIl U (DYHKIUS paCTIPEeICHUS UX
o pazMepam [1, 2, 34]. CueTHast KOHIIEHTpaNKs B o0aKax pa3audHbIX Gopm komednercs ot 10
1o 1000 cm™. MaccoBas KOHIIEHTPAIIUs YaCcTHUIl B 00JaKe HA3bIBACTCS €TI0 BOJAHOCTBIO.

dopma KpUCTANIOB B CMEIIAHHBIX M KPUCTAUIMUECKUX OO0JIakaX B OCHOBHOM
OTIpe/IeINIIeTCSl TEMIIEPATYPOI U BIAXKHOCTHIO OOJIAKOB, TIPU KOTOPOI OHH 00Pa3yrOTCsI, 1 MOKET
OBITH CAMOM Pa3HOIA.

Obnaka ompeAeNeHHBIX THIIOB COMPOBOXAAIOTCS OCaJkamMu. B  COOTBETCTBUU C
CUHONTHUYECKUMU U TEPMOJWHAMUYECKUMH YCIOBUSMHU BBINAJCHHUS OCAJIKOB IIOCJEIHUE
pa3nenTcs Ha Mopocawue, 00n0xcHbie U qusHegvle. OHU OTINYAIOTCS M0 WHTEHCUBHOCTU U
MIPOJIOJDKUTENILHOCTH  ocankoB  [22]. KomudecTBO 0CaakoB H3MEpSETCS BBICOTOM (B
MUJUTAMETPAX) CIO0S. BOJABI, 0Opa30BaBIIErOCs B Pe3yibTaTe MX BHIMA/ICHUS, 4 WHTEHCHUBHOCTH
0CaJIKOB — KaK MX KOJHMYECTBO, BBINABILEE B €IWHUILy BpeMeHH (Hampumep, B 4ac). Hapsny c
WHTCHCHUBHOCTBIO OCAQJKOB JUISI MX XapaKTePUCTHKU HCMIOJIb3yeTcs Takke (QyHKIuUs
pacrpeiesieHust 4aCcTHIl OCaJIKOB TI0 pa3mepam (crekTp ocaakos) [1, 2, 11].
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Pa3pen 2. PacnpocTpaHeHue nsnyyeHusa B atmoccepe

2.1. dneKmpomMa2HUMHbIe 80JIHbI

B ocHoBe coBpeMeHHOW ONTHKHU, BKJIIOYAs U ONTUKY aTMoc(hepsl, Iexar MpeacTaBIeHus
00 M3JTy4eHUH KaK 00 AJIEKTPOMATrHUTHBIX BOJHAX, TaK M O MOTOKE ()OTOHOB. DJIEKTPOMarHUTHas
(3.M.) BOJTHA SIBJISIETCS MONEPEYHON U MPEACTaBISET COOON pacpOCTPaHSIONIYIOCS B BAKyyMe CO
CKOPOCTBIO CBETa CHCTEMY B3aWMOOPTOTOHAJIBHBIX BEKTOPOB HAMPSHIKEHHOCTH SJIEKTPUUYECKOTO
E w marautHOrO TIONEH H . DtH BEKTOPHI, B CBOIO OYEpE/lb OPTOTOHAJIBHBI HAMPABICHUIO
pacmpocTpaHeHus BOJHBI V. [IpocTelmM mpencTaBIeHUEeM 3.M. BOJHBI SIBISCTCS VpPAGHEHUe
NJIOCKOU I1eKMPOMACHUMHOU 80JHbI, TO €CTh BOJHBI, HAMPSKEHHOCTh AJIEKTPUUECKOTO oI £
KOTOpOM KoJeOneTcss B OAHOW IUIOCKOCTH, KOTOPOE€ MOXKHO 3amucaTh CIEAYIOIUM 00pa3oM
(BBIOpaB OCh X BIIOJIb HATIPABIICHUS ABMKCHUSA):

E(x,t):Eocos(27th—27ﬂx+5). (2.1.1)

35ech x — MPOCTPAaHCTBEHHAs! KOOpAWHATa, ¢ — Bpemsl, £y — aMIUIMTy1a, vV — 4acToTa, A — AJIUHA
BOJIHBI, 0 — HEKOTOpas (paza BOJIHBEI, 331aBaeMasi HadaabHbIM ycinoBueM E (0,0) = E coso .

3adukcupoBaB B (2.1.1) xoopawHATY X, MBI TOJYYHUM TrapMOHUYECKHe KoieOaHus E ¢
BpeMeHHbIM nepuogoM 7 = 1/v. 3adukcuposas B (2.1.1) Bpems ¢, Mbl OIy4YUM pacHpeeeHue
E B1osb ocu X ¢ MPOCTPAHCTBEHHBIM NepuooM A. CBA3b MEXIy 3TUMHU MEPHOAAMU OYECBHHA:
3a OJJMH BPEMEHHOW NepHO]] BOJHA TMPOUIET OJWH MPOCTPAHCTBEHHBIN, TO ecTh A= VT, rae v —
CKOPOCTB PacIpoCTpaHeHus BONHBL. OTCI0/1a TI0JIy4aeM CBsI3b JUIMHBI BOJIHBI C YaCTOTON

1= (2.1.2)
1%
Jns BakyyMma v = ¢, TJie ¢ — CKOPOCTb CBETa B BaKyyMe. B BelliecTBe CKOpOCTh paclipOCTpaHEHUs
AJIEKTPOMAarHUTHBIX BOJIH MEHBIIE ¢ U JIaeTCsl COOTHOLIEHUEM V =c/n, TA€ n — I0Ka3aTellb
IpEeJOMIIEHUS BeUIecTBAa. JTO NPUBOAUT K COOTBETCTBYIOLIEMY YMEHBUICHHIO JIJIMHBI BOJIHBI
U3Iy4deHUsl B BellecTBe. [Ipu nepexooe uz 6axKyyma 6 6eujecmeo MeHAemcs OTUHA 60JIHbL, d He
yacmoma 21eKmpOMAZHUMHBIX GOJIH.
Ucnonw3ys (2.1.2), 3anumem ypaBHeHHE BOJHBI (2.1.1) B MeHee HaryisgHOM, HO 3aTO
y100HOM JUIs AaJbHEHIIEro aHaIn3a BUIE

E(xnt) = E,cosrvt — 22" 4 5). (2.1.3)
C

JUIMHBI 3JEKTPOMAarHUTHBIX BOJH HM3MEpPSIIOTCS B €AMHMILAX JJIMHBL, B aTMOchEepHON
ONTUKE JTO OOBIYHO MMKPOMETPHI (MKM), HaHOMeTphl (HM), anrctpemsl (A). UactoTsl BomH
ONTHUYECKOTO /IMala3oHa OYeHb BEJIMKH, IO3TOMY MX MCHOJB3YIOT pelko. YacTto cnekTpaabHble
XapaKTePUCTUKH BBIPAKAIOT B BOJTHOBBIX YHCIIAX — BEIMYMHAX, OOPATHBIX JATUHE BOJTHBIL.

ONEKTPOMarHuTHOE M3JIy4Y€HHE, MMEIOIIEe CTPOro OJHY YacToTy (AJMHY BOJIHBI),
HA3bIBACTCSl  MOHOXpomamuueckum. B~ 3aBUCUMOCTM  OT JUIMHBI  BOJHBI  (YacTOTHI)
AJIEKTPOMArHUTHBIE BOJIHBI MTOIPA3ACISIOT Ha PSAJ] TUANa30HOB — cM. Tabm. 2.1.
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Tabnuya 2.1. Jlnana3zoHbl COEKTPA 3IEKTPOMArHUTHOTO U3JTyYEHHUS.

JnanasoH XapakTepHbIE JJIMHBI BOJIH, MKM XapakTepHble 4acToThl, ['1
Tamma 107 3-10"
PentrenoBckui 107 3.10'°
VY eTpadHoIeToBbIH 3-10™ 10
Buaumbtit 0.4-0.7 (4.3-7.5)-10"
Wndpakpacusiii (UK):
ommkauit (BUK) 1-4 (3-0.8)-10"
cpeHuit 4-50 10"-10"
JaybHHH 50-1000 10"2-3-10"°
MUuUKpOBOIHOBBIN 10° 3.10"
(MKB)

TeneBU3HMOHHBIN 10 3-10
PangnoBoaHOBEIN 10%-10° 3.10°-3-10°

CoBpemeHHas onTHKa aTMoc(hepsl U3ydaeT pacnpocTpaHeHue, TpaHChOpMAIUIO, a TaKxKe
TeHepaIuio 3.M. BOJH OT yibTpaduosnera (YD) mo paanoBoisHOBOro auama3ona. Kpome
yKa3aHHOro B TaOm. 2.1 neneHusi crekTpa, B aTMOc(epHOM ONTHKE MPUHSATO BECh CIEKTP
AIIEKTPOMArHUTHOTO M3JIY4YECHHUs B aTMocdepax IIaHET Pas3/eisiTh Ha COJHEYHYIO U TEIUIOBYIO
obOnactu. CosHeuHass o6nacTh BkIovaeT Y@, BuauMblii u OnmxHui uHppakpacHsiii (BUK)
JMara3oHbl. B 3TUX n1uana3oHax B JTHEBHOE BPEMs DHEPTHUS COTHEUHOTO M3ITyYeHUs TPEBbINIAeT
SHEPrut0 COOCTBEHHOTO (B YAaCTHOCTH, TEIUIOBOTO) H3Iy4YeHHsI aTMoc(hepbl U MOBEPXHOCTH.
TemuoBas obnacts npoctupaerca ot bBUK nuanazona no paauoBonH. 31ech, HAOOOPOT, SHEPrUs
TEIUIOBOTO M3NIy4YeHHUs (JHEM U, KOHEYHO, HOYbI0) MPEBBINIAET COJHEYHYIO KOMIIOHEHTY.
CrnexTpasibHasi 00J1aCTh, TJI€ YHEPTHUsI COJIHEYHOTO U TEIJIOBOTO M3JIy4eHHUI B atMochepe 3emin
MPUMEPHO OJIMHAKOBBI, PacroyiokeHa B paiioHe 3—4 mMkM. [ Apyrux MmiaHeT 3Ta TpaHUIa
CIBMHYTa B KOPOTKOBOJIHOBYIO WJIH JUIMHHOBOJIHOBYIO 00JacTH B 3aBUCHMOCTH OT PacCTOSIHUS
ot CoJHIla U paJvallMOHHON TemrepaTypsl miaaHeTbl. OTMETHUM, YTO M COJIHEYHOE, U TEIJIOBOE
U3JIY4YCHUs] NMPHUCYTCTBYIOT BO BCEX JHMAla3oHaxX 3.M. HM3IY4YeHHs, HO HUX POJb, HApUMeEp, B
(bopMUPOBAHUY TOJISI U3TYUYEHUS CYLIECTBEHHO pa3Hasl.

Kak u3BecTHO U3 Kypca oO1iei Gu3nuKu, S7eKTPOMAarHUTHBIE BOJIHBI IIEPEHOCIT SHEPTUIO B
HaIpaBJIEHUU CBOEro pacnpocTpaHeHusd. E€ Benumunna — Bexktop [lolTrHra — nmponopuroHanbHa

BEKTOPHOMY MPOU3BEACHUIO HANIPSKEHHOCTEN 3JIEKTPUUYECKOTO MO £ M MarHUTHOTO noJis /1 .

Monayns Bektopa IlodThHra, ¢ yd4eToMm CBSI3H H u E um ypaBHeHUld Makcseia,
MPOTOPIIMOHANICH KBaJApaTy HAMPSHKEHHOCTH AJIeKTpudeckoro moiss E. Yacrora u3mydyeHHs B
ONTHUYECKOM JHAIa3oHe CTOJIb Beluka (cM. Tabi. 2.1), 4To U3MEpUTh MTHOBEHHOE 3HaueHue £
HEBO3MOXKHO. JleiicTBre Ha TM00bIe M3MEpUTEIbHBIE MPUOOPHI OKA3BIBACT JIMIIEL YCPEIHEHHBIN
[0 BPEMEHU KBaJpaT HANpsHKEHHOCTH ayeKkTpuueckoro mois E. CrenoBaTtenbHO, SHEPTuUs
AJIIEKTPOMArHUTHOW BOJHBI MPOIMOPLMOHANEHA CpEeIHEMY KBajapaTry €€ JIIeKTPUIEeCKOU
HANPSDKEHHOCTU. YUUThIBAas MEPUOJAUYHOCTh KojeOaHuit £ BO BpeMEHH, B KaueCcTBE MHTEpBalia
ycpenHeHus yao0Ho BeIOpath nepuoa 7= 1/v u, pa3aenuB SHEPTUIO HA YKA3aHHBIN HHTEpBaT 7,
IepeNTH K MoIHocTu W

W=—[E(x.0)dt. (2.1.4)

1
T
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[Toacranoska (2.1.1) B (2.1.4) u BeIYMCIICHHE HHTETPAIA IAIOT

w :%E(f (2.1.5)

3ameTuMm, 4To B MOHOTrpaduu [34] B 3TO# GopMyIie JOMyIIeHa OrevaTKa.

2.2. Xapakmepucmuku noJsisi ussiy4yeHusi

[TycTh B MpOCTpaHCTBE UMEETCS NoJIe U3yYeHUs:, TO €CTh B O0IIEM CIydyae B KaXKI0H TOUKe
NPOCTPAHCTBA M B K&KIOM BBIODAaHHOM HANpaBJIICHWUH 3a/laHa 3JICKTPOMAarHWTHas BOJHA (JIyd
cBeta). KimaccnueckuM npuMepoM Iosist U3MyUYeHHUs SBIISICTCS] OCBEIICHHAs COJHIIEM aTtMocdepa,
IJIe B KQXIOW TOYKE MPHUCYTCTBYIOT MPSMOE COJHEYHOE W3ITYYCHHUE, PACCESIHHBIM CBET HeOa |
U3JTy4deHHEe aTMOC(Ephl U OBEPXHOCTH.

OCHOBHOW XapaKTEPUCTHUKOW TIOJS W3IIyYCHUS SIBISICTCS UHIMEHCUBHOCMb U3TYYEHUSL.
BriGepem B mpoCTpaHCTBE AJIEMEHTApHYIO TUIOMIAAKY C IJIOMIAbI0 dS, HOpMallb K HEW 7 U
TeJecHBIN yron dQ), onmucaHHbI BOKpYT HopManu. Ecnu BennuuHa miuomanku dS, a u3irydeHue
najaeT B MHTEpBaJE JUTHMH BOJH OT A 10 A+dA B TenecHoM yrie dQ) 3a Bpems df, TO KOJIMIECTBO
sHepruu dE;, majaroniee Ha IIIOMIaAKy, OyIeT MponopIuoHaIbHO dS, dA, dQQ, dt, T.e. paBHO

dE, = 1,dSdAdQdt . (2.2.1)

KoadpummeHr mpomopuuoHanbHOCTH [, BXOomAmuii B 3Ty  (GopMyny, Ha3bIBaeTCs
MOHOXPOMATHYECKOM  MHTEHCUBHOCTBIO  M3IIyueHHs. 1O  eCTb, MOHOXPOMAMUYECKOU
UHMEHCUBHOCMbIO U3yueHus 1, nasvieaemcs Koauuecmeo snekmpomacnumuou suepeuu dE) c
ONUHOU BOIHbL A, NpUX0osdwee HA eOUHUYHYIO NIOWAOKY (Ulu Npoxooswee uepes Hee)
NEePNEHOUKYIAPHO K Hell U3 eOUHUUHO20 MENeCHO20 Yeld 3a eOUHUYY 6PEMEHI.

dE,

[, =— 2 222
o dSdQdtda 22.2)

WNunekc A y MHTEHCUBHOCTH M SHEPTUU 03HAYAET WX 3aBUCUMOCTD OT JUTUHBI BOJTHBI. [locKOIBKY
B OIpe/eNieHUEe BXOAUT «OECKOHEUHO Majblii CHEeKTPaJbHBbIA HMHTEpBal» dA, WMHTEHCHUBHOCTH
ompejieNieHa IS MOHOXPOMAaTHYECKOTO0 M3JIY4YeHHS C JJIMHOW BONHBI A (aHATIOTUYHO
WHTEHCUBHOCTh ONpEeNsieTcs A 4acTOThl V WM BOJIHOBOro umcia v). B obmem ciydae
WHTEHCHUBHOCTb €CTh (DYHKIUSI TOYKHU B MPOCTPAHCTBE (X, V, Z), HAIIPABJICHHS, OMPEIEIIEMOTO
HOpMaJiblo 7, U Bpemenu t: [ (x,y,z,n,t). EClli MHTEHCUBHOCTh HE 3aBUCUT OT BPEMCHH, TO
10JIe M3ITyYeHHsI Ha3bIBAIOT cmayuoHapuvim. OOBIYHO B ONTHKE aTMOC(HEPH MMEIOT JIEI0 CO
CTAI[IOHAPHBIMU TONISIMU (TOYHEE C TOJSMH, 3aBUCUMOCTBIO HHTEHCHBHOCTH KOTOPBIX OT
BPEMEHH MOKHO TpeHeOpeub). Ecaum MHTEHCHUBHOCTh HE 3aBHCHT OT HAIpPAaBIICHUS 7, TO TOJIE
U3NydeHus: uzomponno. ECIM WHTEHCHUBHOCTh HE 3aBHUCUT OT BCEX WJIH HECKOJIBKHX
MIPOCTPAHCTBEHHBIX KOOPJIUHAT, TO 3TO 0OHOPOOHOe TIONE U3NydeHHs. Tak B onTuke aTMochepsl
4acTO CYUTAIOT MOJIE U3IYUEHUS 2OPUOHMATbHO-0OHOPOOHBIM, TO €CTh HE MEHSIOLIUMCS BJIOJIb
TOPU30HTAIBLHBIX KOOPAMHAT X H .

Bropoii mo BaxXHOCTH XapaKTEPUCTHKOW TOJISI W3IYUYCHHS SIBIISCTCS IMOTOK H3ITyYCHUS.
Ilomokom (monoxpomamuyeckum) usnyyenus F; Hazvieaemcs Koauuecmeo 31eKmpomacHUmHou
anepeuu dE; ¢ Onunou 6onnvl A, nadaroujee nHa eOUHUUHYIO NIOWAOKY (Ul NPOXoosiuee yepes

Hee) 8 eOUHUYY 8PEeMEHU CO 8CeX HaANPABIEeHULL:
!
dE’,

F, =2 223
*dSdida 2.2.3)

[To ompezneneHu0, THTEHCUBHOCTh MU3JTyYCHUS] U3 HANPABJICHHS 7 — 3TO SHEPTUs, MPOXOIsIast
yepes IUIOIIAJAKY dS, meprneHIuKyspHyto 7 . Ho Torna, eciim @ — yron Mexay HanpaBlIeHHEM 7
¥ HOpMaJIbIO 7 K Iuiomajke dS, To dS'= dS cos 6, u, noacrasinsist dS' B (2.2.1), momyunm
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dE, = I,dS cos0dQdtdA . (2.2.4)

Tenepp, 4TOOBI BEIYUCIHTH HEOOXOMUMYIO B ONpeeleHu: oToka (2.2.3) suepruto dE’ ,
HaJ0 NPOUHTErpupoBath (2.2.4) Mo BceM HampaBieHHsM d(), mocie 4ero, nmoicrasisisi dE, B
(2.2.3), MBI TOJTy4aeM UCKOMYIO CBSI3b

F = j[(?) cos@(7)dQ . (2.2.5)

Bompoc o npenenax unrerpupoBanust B (2.2.5) Mbl HAMEPEHHO OCTABUJIM OTKPBITHIM.
Crtporo roBopsi, COrjlacCHO ONPEIEJICHHIO TMOTOKAa, WHTErpupoBaTh HaJ0 Mo Bceil chepe (mo
MIOJIHOMY TeJeCHOMY yriy 47). Takas BenuunMHa Ha3bIBAaeTCs nobiM nomoxom. Ho B onTuke
aTMoc(epbl IPUHATO TAaKXKE paccMaTpuBaTh UHTErpai (2.2.5) Mo MOJOBUHE MOJHOTO TEJIECHOTO
yria. JlefictBurensHO, B atMocepe ecTh BBIJCICHHOE BEPTHKalIbHOE HampasieHue. OpT 71 B
3TOM clyyae — 3TO HOpPMaidb K MOBepxHOCTH 3emau. [losromy paccMmarpuBaroT
noxycghepuueckuti HUCX00AWull NOMOK — YYTEHBl BCE HANpPABICHHUS PACIPOCTPAHECHUS
U3IyYeHUs BHU3 — U MOJycepuuecKuil socxooswuii nomox — YUYTEHbl BCE HaIpaBIICHUS
u3nydeHus BBepX. Hucxonsmuili motok Becerna orpuuareneH (cos €< 0), a BOCXOASIIUI MOTOK
Bcerya noyioxxkuresneH (cos €> 0). [TonHbI MOTOK paBeH aareOpanyecKkoil cyMMe HUCXOSIETO
¥ BOCXOJISIIEro noTokoB. Ha mpakTuke 0OBIMHO MpeHEOpEraloT 3HAKOM HHUCXOMSIIETO TOTOKA,
TO ecTb OepyT €ero mo MOAYJII0, TOTJa MOJHBIM IMOTOK PaBEeH pPAa3HOCTU HUCXOMSIIETO U
BOCXO/SILIETO.

B (2.2.5) MOXHO OCYyILIECTBUTh UHTEIPUPOBAHHE B C(HEepUUECKUX KOOpIUHATAX — MO yriy &
u a3uMyTy . Kak n3BecTHO U3 MareMaTukH, AudQepeHIran TelIecHoro yria paBeH

dQ=sinfdb0do.

JIJ1s1 TOTHOTO MOTOKA UMEEM

2r /2
F = j do j 1(0,p)cosOsin0do | (2.2.6)
0

-/2

U JUIS HUcXoadmero F v U BOCXO/IAIIETO IIOTOKOB F T

2r V4

F* = jd(p j 1(0,9)cosOsin0do, (2.2.7)
0 /2
2 /2

F' = jdgp j 1(6,9)cosOsin0deo. (2.2.8)
0 o

PaccmoTpuM npocTeiimii city4ail, KOrja MMEETCS HE II0JI€ U3JIy4YEeHMs, a W3JIy4YCHHE
TOJIbKO B OJHOM KaKOM-TO BBIJIEJIEHHOM HampaBieHUU (6, ¢p). DTO H3IydyeHHE MajaeT Ha
AJIEMEHTAPHYIO IUIOMIAAKY dS moj yriioMm 6h kK ee HopMand. [lycTh MHTEHCHBHOCTH 3TOTO
u3nydeHus paBHa /. Torma mpu MHTETpUPOBAaHMM B BbIpaXeHUU (2.2.6) COXpaHUTCSA TOJIBKO
BKJIa/l OT OJTHOTO HaNpaBJIEHUs], U NOTOK Oy/IeT YUCIEHHO PaBEeH

F =1Icosg,. (2.2.9)

PaccmoTpuM cirydaid, Korja U31y4eHue IPUXOAUT U3 OrPaHUUYEHHOTO TEIeCHOro yria o).
DTOT cily4ail, Hampumep, COOTBETCTByeT u3nydeHuto aucka Connma. Hamomuum, 4TO ero
YTIIOBBIE pa3Mepsl A 3emiu paBHbI ~ 32'. Ha BepxHeit rpanuiie arMocdepbl TOTOK COTHEYHOTO
W3IIy4YCHHS, TMAaJaloIIer0o Ha NEPHeHAMKYJSIPHYI0 HampaBieHHio 3emiisi—CoHIE €IUHUYHYIO
TJIOMIAIKY, OyIET paBeH:
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F, = j 1,(F)cosO(F)dQ ~ I, dQ,, (2.2.10)

rae I, — cpemHssa MHTEHCUBHOCTh m3ityyeHus CoiHna, a d()y — TelNeCHBIN Yroii, 104 KOTOPBIM
0 ) ’

BUJIEH C 3eMiM ero JAucKk. B 1aHHOM BBIpaKCHMHM MBI YWIH, YTO JUIS BBIOpaHHOM
neprneHAuKyIapHoi momanku cosd(r) ~ 1. Kak Mbl oTmewanu paHee (cM. paszgen 1), B

atMoc(epHOll onTuke BenmuumHa [, d€)) WMEET CHELMAIbHOE HAa3BAHUE — COJIHEYHAs

HNOCMOSIHHASL.

Ha mpakTuke BaXHYIO POJIb UTPAIOT BETUYHUHBI, OTHECEHHBIC K KOHEUYHBIM CIIEKTPAIbHBIM
WHTEepBajlaM (HampuMep, K OTAENbHBIM II0JI0CaM TMOTJIOIIEHUSI) WJIM KO BCEMY CIEKTpY
AJIEKTPOMATHUTHOTO M3JIyueHUs. B 3ToM cllydae WX Ha3bIBAIOT uHmezspaivHuiMu. Tak,
MHTETPAJIbHBII MOTOK U3Ty4YeHHsI onpeensercs popmyoun:

F :TF(,z)d,z, (2.2.11)

PaccmotpuMm cnoit atMocdepsl MeXIy BBICOTAMHM z, U Z,. Pa3HOCTh MOJHBIX MOTOKOB

U3yyeHuss Ha rpaHuuax ciod — F(z1)—F(z2) — XapakTepusyeT DSHEPIUI0 H3JIy4YEHUS,
MOTJIOMICHHYIO (MJIH U3ITyYCHHYI0) CIOeM. JTa SHEPTHs UIST Ha HarpeBaHue (WJIM OXJIaKICHHE)
paccMaTpUBaEMoOro cjos, T.e. Ha yBeJIWYeHHUE (MM YMEHBIIEHHE) €ro BHYTPEHHEH 3HEeprum.
Bennuunna

H,(z,,z,) = F;(z))—F,(z,) (2.2.12)

Ha3bIBACTCS JIyYUCTHIM MPUTOKOM PHEPTUU K CIIOIO (Z1, z2). JlyuncTsiit nmputok H (z1, z2) MOXeT
OBITh W TIOJIOKHUTEIBHBIM (HarpeBaHUE) W OTPHIATENIbHBIM (oxJaxaenue). OH ompenenseT
panuanoHHbIe U3MEHEHHs TeMIepaTypbl aTMOC(epbl CO BpEMEHEM:

(G_Tj /Y C)) 2.2.13)
o), pc, dz

Ecnu MHTEHCHBHOCTH W3MyYeHHUS 3aJaHa, TO MOTYT OBITh OMNpeNeieHbl U JpYyrue
BEJIMYMHBI, XapaKTepU3yIOLIUe 1oie u3ilydeHnus. OQHON U3 HUX ABISETCS NIOMHOCMb U3LYYeHUs
i, TIPEICTABIISIONIAs COOOU KOMUUeC80 dHepeUuy U3Iydenus, Haxoosaweecs 8 eOunuye odvema.
Juddepenunan mIOTHOCTH U3ITyYCHUS paBEH

1,dQ

dp; ===, (2.2.14)

rac ¢ — CKOpPOCTH CBETA.

B o0miem citydae, korzma Ha paccMaTpyUBaeMblii 00bEM IMaaeT M3IyYSHUE CO BCEX CTOPOH,
TUIOTHOCTD U3JTYYEHHs O, ONPEIEIseTCs] BhIpaKEHHEM:

p, = 1 jli dQ. (2.2.15)
C

Ecnu pasgenuth INIOTHOCTh M3IY4YeHUs p, Ha 3Hepruro gortoHa (E=hv =hc/A), TO

IUIOTHOCTh M3JIyYEHUS JaeT KOJMYeCTBO ()OTOHOB C YAacTOTOW V B eQuHHIE o0bema s
paccMaTpuBaeMoOro TOJII HW3JIy4YeHHs. OTa BEJIMYMHA OINPENEISIEeT MHOTHE IPOLECCHI
B3aMMOJICHCTBHS U3IIyYEHUS CO Cpeioi, Hanpumep, GOTOXUMHUUECKHUE JEHCTBUS U3ITyUECHHUS.

[ToHsATHA «MHTEHCHUBHOCTBY» M «IOTOK» MPUMEHSIOTCS TOJBKO MO OTHOLIEHUIO K TIOJIIO
u3nydeHus. J{is aHaJIOrMYHBIX XapaKTePUCTUK HYHEPrUH, MPUXOIAIIEeH Ha pa3inyHble OObEKTHI
WIH HMCXONANIEH OT Takux OOBEKTOB, YMOTPEONSIOT TEPMHUHBI OCBEUEHHOCb W SAPKOCHb
COOTBETCTBEHHO.
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2.3. Xapakmepucmuku e3aumodelicmeusi ussiy4eHusi co cpedol u ypasHeHue
nepeHoca u3ny4yeHusi

[Tpu pactipocTpaHeHHH JIEKTPOMAarHUTHOTO M3ITyUeHHs B BAKyyME €ro HHTEHCUBHOCTH HE
u3MeHsiercs. B peanpHbIX cpeax (B 4aCTHOCTH, B aTMOcdepax IUIaHeT U Ha UX HOBEPXHOCTSX)
MPOUCXOAT PaA3IMUHBIE MPOIECCHl B3aMMOACHUCTBUS HM3JIyYEHHUS CO CPEIOH, MPUBOISIINAE K
U3MEHEHHUIO €r0 MHTEHCUBHOCTH. OCHOBHBIMH MEXaHM3MaMM B3aUMOACWUCTBUS U3JIy4EHHUS CO
Cpenol SIBIISIOTCS: OCia0lieHHe, paccestHue, IOTJIONICHHE, OTPaKEHHE U  IPEIOMIICHHE
(pedpakuus). K atum mporeccam ciieyet J00aBUTh T€HEPALUIO U3ITyYEHHUS CaMOil cpeloH.

B pesynbrare B3aMMOAEWCTBUS W3IYYCHHS C BEUIECTBOM IPOHMCXOIHUT €ro ociabdieHue,
KOTOPOE BO3HMKAET U3-33 NO2NOWeHUs. N3ITyUEHUs] BEIIECTBOM U €r0 paccesnus B CTOPOHBI OT
HampaBiIeHusl pacrnpoctpaneHus. dusnyeckass mpUpoAa TOTJIOMIEHHUS CBS3aHA C TEPEXO0M
SHEPIUU M3JIyYeHHUs] BO BHYTPEHHIOK SHEPrHI0 aTOMOB M MOJIEKYJ aTMOc(epHOro Bo3jayxa U
a’pO30JIBHBIX YacTHll. PaccesiHue M3MydeHus: CBA3aHO C Jughpaxyueli HIEKTPOMArHUTHBIX BOJIH
Ha a3pO030JIbHBIX YaCTHULAX U HA (PIyKTyalusX MIIOTHOCTH BO3/yXa.

[lycth m3nmyuyeHue B3aUMOJEHCTBYET C BELIECTBOM B 3J€MEHTapHBIM oOveme dV =dS dl.
JUis  XapakTepUCTUKHM 3TOr0 B3aUMOJEMCTBUS Ha OCHOBE aHalM3a W3MEHEHHs SHEpruu
W3ITyYeHUs], MPOXOMAIICH 4Yepe3 cpeay, BBOIUTCS 00beMHbll Kodpduyuenm ocradienus o;.
Onpenenum ero Kak omuocumenvHoe ocnadienue sHepauu Ha eounuyy Oonunvl. IlycTe Ha
IUIOINAAKY dS, PAacMONOKEHHYIO MEPIEHANKYISPHO K HAIMPABICHUIO PACIPOCTPAHEHUS, MagaeT
BHYTPH TEJIECHOTO yIJia df) N3Iy4yeHHe C MHTEHCUBHOCTBIO [; B MHTEpBaJIe JUIMH BOJH OT A 10
A+ dA B Teuenue Bpemenu dt (puc. 2.1).

Konnuectso JHEPIUH,
najlalonied Ha IUIOHIAKy, Oyaer
paBuo 1,dSdQ dAdt. Ecnm mnpu
pacnpocTpaHeHUU W3ITy9CHUS
BJIOJIb MyTH d/ OylleT MPOUCXOIUTH
ero ocnabiaeHue, ToO Ha mnyTH d/
BEJIMYMHA  OCJIA0JICHHUS]  DHEPTUU
OyIeT, COrJIaCHO  OIPEICIICHHUIO

L+dl,

Puc. 2.1. K onpenenenuro 00BEMHOTO ko3 punnenra

ocnabJeHns ¥ BEIBOLY YPaBHEHHUS TIEPEHOCA U3ITYUCHUS. 00BEMHOTrO ko3 durmeHTa
ocnabyieHus1, paBHa
dE, =o,dlE, =a,dl1,dSdQdAdt. (2.3.1)
Otkyna cinenyer
E E 1
a, qE, dE, ar, (2.3.2)

T Edl 1 dldSdQdidi  1,dl’

Benuunna ¢; umeeT pazMepHOCTh 00paTHOM JUTHHBL

Ocnabnenue W3Ty4eHHs], KaK Mbl OTMETHJIM BBIIIIE, €CTh CyMMa IPOLIECCOB PACCESHUS U
norsionieHusi. COOTBETCTBEHHO, OCIA0JICHUE SHEPruu M3IIyYeHUs dE; CKIaJbIBacTCs 3a CUeT
paccesiaust dE ; v nornouenus dE;,. Takum obpazom,

dE; =dE;;+ dE,,. (2.3.3)
IToncrasnss (2.3.3) B (2.3.2), nosnyuum
a; = oyt ky, (2.3.4)

1 . .
Kaxkercsi HETOrMYHBIM HCIIOJB30BaHHUE JJId BCJIMYUHBI C TaKOU PasMCPHOCTHLIO TEPMHUHA ((O6’beMHI)II/l>),
BMECTO «IMHCHHBIIN. OﬂHaKO HUWXKC MBI BBISICHUM CMBICJI 1'[0}.'[06H01>i TEPMHUHOJIOTUH.
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rne oy u k) — obvemuvie Kodppuyuenmol paccesamus u No210ujeHus COOTBETCTBEHHO. DTH
KO3(PUITMEHTHI 3aBUCAT OT JJIMHBI (YACTOTHI) BOJHBI U paccCMaTpPUBAEMON TOYKH cpenbl (T.€.,
Hafnpumep, o; = o0y (X, , z)), HO HE 3aBUCAT OT HAIIPABJICHUS U3YUYCHUSI B U30TPOITHOMN Cpejie.
IIpu paccmoTpeHHH OCiIa0JIeHHs U3ITyYEHUs JIEMEHTapHbIM 00bEMOM d ) MBI NIpUIKCATIN
ocnabnsmoIuMe CBOMCTBA eMy Kak 1ernomy. Ho B arMocdepax IuUtaHeT H3IIydYeHUE
B3aMMOJICHCTBYET C COAEpKalIMMHUCA B o0beMe d) MolleKylaMH BO3IyXa W a’3pO30JIbHBIMU
yactunamMu. [loaromy B arMmocdepHON ONTHKE HCIONB3YIOTCS TaKXKe XapaKTepUCTUKU
OIPCACIICHHBIC JJIA OTHGHBHOﬁ MOJICKYJIbI U OTILGHBHOﬁ HJaCTULIbI — CCUCHUA B3aHMOII€I>'ICTBI/I$I
C,. IlonsiTue cedeHus Mo CBOEH CyTH CBA3aHO C XapaKTEPUCTHKOH ILIOIAAN OOBEKTa U UMEET

pasMepHocTh Mom@aau. Ecam Obl  Oblla  chpaBeAsiuBa TIeOMETpUYEcKas ONTHKA, TO
B3aUMOJICCTBUE C M3IIYYCHUEM OMpeessiia Obl MJI0maab MPOCKIIMA 00bEKTa HA HAINpaBIICHUE
pacrnpocTpaHeHHs U3nydeHus (TUiomaas TeHu o0bekTa). BoaHoBas mpupoaa u3ayyeHus Jienaer
MPOIIECC B3aMMOJICHCTBHUS OoJiee CioxkHBIM. OTHAKO IS €r0 HATJSAHOTO OINMUCAHUS yIO00HO
BBECTH HKBHUBAJICHTHYIO CJIy4Yald T€OMETPUYECKOM ONTUKHM IUIONIaJb HPOEKIUU YaCTHUIBI,
OTIPEIETISIONIYI0 B3aUMOJICHCTBUE U B JAHHOM cClly4ae (TeHb, HO HE peajlbHyI I€OMETPUUECKYIO,
a YCJIOBHYI0). JTa IUIOMIAb U HAa3bIBAETCS CEUCHUEM B3aUMOACHCTBHUS.

Mexny o00beMHBIM KOI(DPHUIMEHTOM OCIa0JICHUs H BBEACHHBIM BBINIC CEUCHUEM
ocnablieHus: OTJENbHBIX YaCTHII, HAXOSAIIUXCS B 00beMe, CYIIECTBYET CBS3b:

a, =nC,. (2.3.5)

OObeMHBIN KOX(PGUIIUEHT OCIIA0JICHUs PaBEH MPOM3BEICHUIO CUCTHOW KOHIICHTPAIHH
YaCcTULl # Ha cedeHue ocyabiaeHus onHou yactuusl C,, Win, HO—APYroMy, OH €CTb CYMMAapHOE
cedeHre ocablIeHus YacTHIL B €AMHHIE 00bema .

[TycTh Temeps B 3JIEMEHTAPHOM O00BEME MPUCYTCTBYIOT Pa3IMYHbIC YaCTHIIBI, U MBI HMEEM
M coproB dactuny ¢ ceueHusMu C,; W KOHIIGHTpAIMSIMH 7; W, KaK M BBIIIE, BCE OHU
B3aUMO/JICUCTBYIOT C U3TyYEeHUEM HE3aBUCUMO. Torma umeeM

M
a=>nC,,. (2.3.6)
i=1

@opmyna (2.3.6) uype3BblYaiHO yJO00HA [UIS TPAKTUYECKUX PACUETOB, TMOCKOJIBKY
MO3BOJISIET OTIEJBHO BBIYHCIATH 0ObeMHBIE KO3(pPUIIMEHTHI OCIalieHus A 9acTHIl KaKI0Tro
copra Kak «; = n; C,,, a IOTOM IIPOCTO UX CyMMHUPOBATh. B 4aCTHOCTH, CTAHAAPTHBIM SIBISACTCSA

e’
OTJICTIBHBINA PACUET 00BbEMHLIX KOIPDUYUESHMO8 MONEKVIAPHO20 OCIADNeHUL Qy U 00bEeMHBIX
KO3(puyuenmos a’po3oivHoc0 ociabieHus &, W HaXOXKACHHE o0mero koddduimenrta
ocnabJIeHUs KaKk UX CYMMBI & = Oy + Q.

[lo anamorum c¢ cootHomeHnusmMu (2.3.5) u (2.3.6) MoxxHO BBecTH (DOPMYJBI CBSI3U
00BbeMHBIX KO3(D(DUIIMECHTOB PACCESIHUS U TOTJIOMICHUS C COOTBETCTBYIOIIMMHU CCUCHHUSIMU

M M
oc=>nC,, k=>YnC, (2.3.7)
i=1 i=1

rae CSJ. u Ca,i — CEUEHUS PaCcCEeSTHUS U MOTJIOMIECHHS OTEIbHBIX YaCTHII.

B wactHOCTH, JUIs CIIOKEHUS] MOJICKYJIIPHBIX U a3PO30JIbHBIX XapaKTEPUCTUK CIPABEIITUBO
o= ot oy, k= k,+tk, (2.3.7a)

TJI€ Oy — 00BeMHbIL KO uyuenm MonekyasipHo20 paccesanus, o, — 00beMHblll Ko3ppuyuenm
a’p0301bHO20 paccesHus, ky, — oO0veMHblll KOdIPPuyueHm MONeKYIAPHO20 noziowjeHus, k, —
00veMHbLIL KO3 DUuyuenm aspo30o1bHo20 NO2NOUJeHUSL.

'Bor moyeMy K03()(QUIIMEHT BCe-TaKU HE «JTMHEHHBINY, a «00BEMHBIN.
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PaccmoTpuM monpoOHee paccesHue M3IydyeHUs Ha oJHOW wacTtuie. B obmem ciyuae
SHEPIUsi PacCcesHHOr0 M3JIyYeHHsI 3aBUCHT OT HAlpaBJICHUS PACCESHHs — TaKOe paccestHue
Ha3bIBACTCS aHu30mponHuiM. ECU ke 3aBUCMOCTH SHEPIMM PAcCesHUs OT HalpaBJICHUS HET,
TO paccesHue uzomponuo. Jlis XapaKTEPUCTUKU AHU3O0TPOIHOTO PACCESIHUS BBOJST
UHOUKampucy paccesHus — QyHKIHIO, TTOKa3bIBAIOILYIO PA3INIUs HHTCHCUBHOCTH PAcCEsHHOTO
U3Iy4YeHUs B pa3HbIX HampaBieHusaxX. llpum sToM, kak M I JpPYrMX XapaKTEepUCTHK, IS
HHIUWKATPUCHI UCITIOJIB3YKOTCA HC a6COJHOTHLIe, a OTHOCUTCJIbHBIC 3HAYCHHA SHCPIrun pacCesHus,
TO €CTb MHTEHCHBHOCTb DPAcCEesiHMsS B 3aJlaHHOM HAIPaBICHUU JEIUTCS (HOPMHUpPYETCs) Ha
HCXOJHYKO HHTCHCHUBHOCTb H3JIYYCHHA, [MMPUXOAAIICIO Ha YaCTHILY. 9t0 MIPpUBOAUT K
CIIEIIYIOIIEMY VCI08UI0 HOPMUPOBKU UHOUKAMPUCH]

L [x(Pdaa=1, (2.3.8)
dr ;.

rae x(7) — WHOUKATpUCa paccesiHWs B HampaBJeHWW 7, uHTerpan B (2.3.8) Oepercs mo Bcei
ctepe. s uzorpornHoro paccessHus u3 yciosus (2.3.8) momyuaem x (7) = 1.

Hanpasnenue paccesHust 7 ONPEACTSCTCS VeloM paccessHus ¥ U a3umMymom paccesiHus .
Torma o6o3navas x(7) = x(y,¢), ycinoBue (2.3.8) MOXKHO IEpenucarh Kak

V4

2z
1 .
— Id(z) Ix(y,w) sinydy =1, (2.3.9)
4z 5 7

B ontmke armocdepsl OOBIYHO HMMEIOT AETI0 C TAaKUMHU TPOIECCAMH, Ui KOTOPBIX
HHJAWKATpUCa 3aBUCUT TOJIBKO OT yIJla paCCCAHUA U HC 3aBUCUT OT a3UMyTa. TOFI[H_ HUHTCrpal mo
a3umyTy B (2.3.9) paBeH 27 1 yCI0BHE HOPMUPOBKH €CTh

%J.x(}/) sinydy =1. (2.3.10)
0

Wupukarpuce paccesHust X () MOXHO TpPHIATh BEPOSTHOCTHBIA CMBICI, @ UMEHHO —
MHIUKATPHCA PACCesSHHA X (%) €CTh INIOTHOCTh BEPOSITHOCTH pacCesHUS Ha yro J.

[TomMumo ociaGiieHHs M3Iy4YEHUs, BO3MOXKHO YBEIHMYCHWE WHTEHCHBHOCTH HM3IIyYCHHUS 3a
CUET CcOOCMBeHHO020 u3lyyeHuss BHYTpU oObema. [IpuMepaMu ero MOTyT CIIy’KUTh TEIUIOBOE
u3nyuenne B MK nuanasone, a Takxke pa3nudHble cBe4eHHs B atMocdepe. [ xapakTepuCTHKH
COOCTBEHHOTO HM3IIyY€HHs CPEIbl BBEIACM 00beMHblll KOdpduyuenm uznyuenus &;. Ecam cpena
crocoOHa M3ITy4aTh SHEPTHI0, TO KOJUYECTBO dHeprun dE,;, u3inydeHHoe ooreMom dV =dS dl B
TenecHoM yrie dQ) 3a Bpems df B WHTepBaje MJIUH BOIH dA OyAeT MNpOHOpIHOHATIBHO
dV dQ dA dt:

dE, = &,dV dQdAdt (2.3.11)

rae  Kod(hQUIMEHT MPONMOPUUOHAILHOCTH &£, HA3bIBACTCI OOBEMHBIM  KOI(PPHUITUSHTOM
m3nydenus. 13 (2.3.11) cienyet, uto

dE,

Y S (2.3.12)
dV dQd ) dt

&,

CrnenoBaTelbHO, 00beMHblU KOIPOUYUEeHM UTYUEHUsT HA OJIUHE BOJHbI A ecmb KOIUeCmeo
9HepeuU, uyvaemoe eOUHUUHbIM 00beMOM 8 eOUHUUHDLI MeNeCHbIl Y20l 3a eOUHUY)Y 8PEeMEHU.
Koadduument nznydenus, B o0memM cirydae, 3aBUCUT OT JJIMHBI BOJHBI, OT KOOPIWHATHI TOUYKU
U, BOOOILE TOBOps, OT HAlpaBleHUs u3lyudeHus &,(7). B armocdepHoii ontuke Mbl Oynem
paccMmarpuBaTh Cllydyan COOCTBEHHOTO M3IYy4YEHHUsS aTMOC(]Epbl, HE 3aBUCAIICTO OT HAIPaBICHUS
U3ITy4YeHUs (M30TPOIHOE U3ITyUeHHE).
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HecmoTpss Ha aHaloOTMYHBIE Ha3BaHUSA, OOBEMHBIE KOI(PQUIMEHTHI OCIA0ICHUS |
U3JIy4eHHs NMPUHLUUINHAIBHO Pa3IMYHbl: 00beMHbIH K03((GULMEHT OcnabieHus o, OIpeleleH

KaK OTHOILIEHHE YHEPrHii, a 00beMHbII KO3 PUIIMEHT U3TydeHus &, — Kak 3Heprust. OHU UMEIOT

U pa3Hble Pa3MEPHOCTH. 3aMETHM, YTO W3 ONPEAEICHUS HHTEHCHUBHOCTH u3my4yeHus (2.2.1)
BBITEKAET MPOCTAs CBA3h €€ C 00BEMHBIM KO3 HUIIMEHTOM M3iydeHus: dl, = & dl.

2.4. YpasHeHue repeHoca ussy4yeHusi

[Tycte moce TMPOXOXKACHUS HU3ITYYCHHEM DIIEMEHTApHOTO 00beMa €ro MHTEHCHBHOCTD
crana [; + dI; — puc. 2.1. Torga, o onpenejaeHu0 UHTEHCUBHOCTH (2.2.1), sHeprus, najaomas
Ha JIEBYIO I'paHb 3JIEMEHTAapHOro oObema paBHa [, dS dQ dt dA. Dueprus, BeIXOIsIIas yepes
npaBylo rpanb, paBHa ([, +dl;) dS dQ dtdA. Tlo 3akoHy cOXpaHEHHsI PHEPTUH, W3MEHEHHE
SHEPIUU BHYTPHU 00BEMA PABHO YMEHBILEHUIO SHEPIUH 3a CUET OCJIa0IeHUs U YBEIMUEHHIO €€ 3a
cueT uznyueHusi. CoriacHoO OmnpeeeHusIM HHTEHCUBHOCTH (2.2.1) 1 o6beMHOro K03 duunenTa
ocnabnenus (2.3.1) ymenslieHue 3Hepruum paBHo dE, =, 1, dldSdQdtdA, ysenuuenue

SHEPTUH 3a CUeT u3IydeHus aaetcs ¢popmyroii (2.3.11). Torma

(I,+dl,)dSdQdtdA — 1,dSdQdtdA = — I, o, dldQdtdA = ¢, dl dS dQdtdA

Otkyaa nony4aeM oughghepenyuanvroe ypasnerue nepenoca uznyuwenus [16, 17,26, 32, 33]

dil
—=-al+¢, 24.1)
dl
(MHICKCHI JITTMHBI BOJHBI OIYIIICHBI).
PaccMoTpum citydaii ocitabiieHust TpH OTCYTCTBUU U3TYUYSHHS CaMOM CPEeJIbl, TO €CTh KOTaa
&= 0. IuddepennuansHoe ypaBHeHHE IEPEHOCA IPUMET BU]L
dl

—=-al.
dl

Ero o6miee pemienue ectb

I(l)=1,exp(-al), (2.4.2)

rae /o — HavyanpHOE 3HaueHue MHTeHCUBHOCTH (mipu [ = 0). Takum oOpa3om, unmeHncusHocms 6
ocnabnsaowell cpede yovisaem NO IKCHOHEHYUATbHOMY 3AKOHY. DTO YTBEPKICHHE HOCHT
Ha3BaHUe 3akoHa byeepa.

B ypaBHeHHHM mepeHoca MHTEHCHBHOCTH [, 00BbeMHBIE KOG OUIMEHTHI OCiIablieHus o u
U3IyYEHUsl & 3aBUCAT OT KOOpAMHATHI TO4kW /. B wactHocTH, B aTMocdepe IUIaHET Bce 3TU
BEJIMYUHBI MEHSIOTCS C BBICOTOH. SIBHBIH y4eT ATOro OOCTOSITENhCTBA, HANPUMEP, B 3aKOHE
Byrepa nmpuBOANT K BBIPAKEHHIO:

I(l) = I,exp| — j al)dl'|. (2.4.3)

WuterpupoBanue B (2.4.3) Beaercs BIIOJIb TPACKTOPUU Jyda CBETa, KOTOpas B OOIIEM ciydae
MO’KET OBITh KPUBOJIMHEMHOMN M3-3a sIBIEHUS pedpakiuu (CBA3aHHOTO C U3MEHEHUEM C BBICOTOM
mokaszaressl TPEJIOMIICHUS BO3/yXa), BCIEACTBUE KOTOPOH TpPAaeKTOpPHH JIyuedl CBeTa
«U3rudaroTCs.

PaccmoTpum reometputo Jydeii cBera B atmocepe — puc. 2.2. B kauecTBe BEpTUKAIBHOM
KOOp,Z[I/IHaTI:I YI[OGHO HCIIOJIBb30BATH BBICOTy, TO €CTb HaHpaBI/ITB BepTI/IKaHBHYIO OChb
MEPICHIUKYIISIPHO IIOBEPXHOCTH 3EMIIH.
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Hamnpasnenne iyqa cBera
XapaKTepU3yeTCss  3CHUTHBIM
yriaom 6. U3-3a chepuuHoCcTH
aTMocQepbl 3€HUTHBIA  yToJ
HETPEPHIBHO MEHSIETCSl BJIOJb
ny4da (yriel @ u 6" Ha puc. 2.2).
OnHako, B CWIy TOTO, YTO
pamuyc 3eMiIi MHOTO OOJIbIIIe
TOJIIMHBI ~ atMochepbl,  JUIs
IIUPOKOTO  KJjlacca  3ajaad
MO>KHO UCTIOJIb30BaTh
pUOIKEHNE (Monenb)

HIOCKO-NAPANNENbHOU
ammocghepvl. B Takoli arMocdepe 3CHHTHBIH yroin 6 ar000ro jyda IMOCTOSHEH W DJIEMEHT
TPaeKTOPHH BIOJIb Jy4a d/ = dz cos 6.

Torma s 23Toif Momenu ypaBHeHue TmiepeHoca (2.4.1) MOXHO Tepenucath ¢
UCIIOJIb30BAHUEM BBICOTHI Z

Puc. 2.2. K onpeneneHuto 3¢HUTHOTO yTIia B chepruueckoit atmocdepe.

cosd ? = —-a(z)] +&(2), (2.4.4)

zZ

a 71 pereHust ypaBHenus (2.4.3) Oyaem uMethb
I(z)=1,exp —sec&’ja(z') dz'|. (2.4.5)
0

Pemenue (2.4.5) ucnonb3yercss il pacyeTOB M3IYUYEHHUs, KOI/A, KaK Mbl OTMETUJIM BBIIIIE,
MO>KHO IIpeHeOpeyub COOCTBEHHBIM U3YyUYEHUEM CPEIbl U KOTJa, KaK Mbl IOKaXXEM HUXKE, MOKHO
npeHedpeyb BKIaaoM B / (z) paccesiHusl.

HNHTterpan B mokasarene SKCHOHEHTHI B (2.4.5) sBisercs Oe3pa3MepHON BEITWYHUHOM,
KOTOpasi HA3bIBAETCS onmuyeckol moawunou (enyounoti) 7 (z). B actpodusndeckoii mureparype
BEJIMYMHA 7 (z) 4acTO Ha3bIBAETCS ONTHYECKUM PACCTOSIHMEM Mexay AByms Toukamu (0, z). B
aTMoc(epHO! ONTHKE MPHUHITO OTCUUTHIBATH ONTHYECKYIO TOJIIMHY O BEPTUKAIN OT BEpXHEH
rpaHMILIbl aTMOC(hEepbl

7(2) = [a(z)dz'. (2.4.6)

BaxkHoil XapaKTepUCTHKON SABISACTCS onmuyeckdas moawuHa (2nyouna) ecei ammocghepol
naanemol 7 = 7(0) 10 BepTUKAIH:

7, = Ta(z)dz, (2.4.7)

MOXXHO TOBOPHTH M OO0 ONTHYECKHX TOJIIMHAX OTAEIBHBIX arMocdepHbx cioeB. llocne
BBEJICHHUS OINTHYECKOW TOJIIMHBI pEIIeHUE YpaBHEHHs TmepeHoca (2.4.5) 3amuceiBaeTcs B
npocTtoii popme, He 3aBUCSIIEH SBHO OT « (2):

I(z) = I,exp(-7(z)sech). (2.4.8)

ITockonbky 00BEMHBINH KO3 ¢HUIHMEHT ocnabieHuss B OOLIEM Cilydae OIpenensercs
pasIMYHBIMM MEXaHM3MaMU oOcJalleHuss U Pa3IMYHBIMU OCHAONSIOIMUMHE  aTMOC(hEpHBIMU
COCTaBJISIOLMMHU, TO ONTHYECKAs TONIIMHA €CTh CyMMa Pa3InYHbIX ONTHUYECKUX TOJIIIHUH
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7(z) = ir,. (2) (2.4.9)

B wacTHOCTH, IO/ 7; MOHUMAIOT ONTHUYECKHE TONIUHBI ciosi (0, z) 3a CYET MOJEKYJISPHOTO U
a’pO30JIbHOTO PACCESIHUSA U NOTJIOIIECHHUS.

I(z
Bemuunna  P(z) = %, XapakTepu3ylomas JO0JI0 HWHTEHCHUBHOCTU  U3IIy4EHUS,
0

nponieaero uepe3 armochepy (Wi cioil) u, corinacHo 3akoHy byrepa (2.4.5), paBHas
P(z) = exp| —secd J‘a(z') dz' (2.4.10)
0

HasbIBaeTCs yukyueu nponyckaunus (atmocdepsl, cmosi). OTMETUM, YTO 371eCh Pedb HIET O
MOHOXpOMaTHUeCKON ¢GyHKIuu npomnyckanus. [ons mnoriomenHoro wusnydenus (1 — P(z))
Ha3bIBaeTCs yHkyuetl nozrouwjenus A (z).

CdhopmynupoBaHHbIA OCHOBHOM 3akOH ociabieHuss — 3akoH byrepa — Qaktudecku
COJICPKHUT BAXKHOE MPEIOJI0KEHUE O TOM, UTO Npoyeccsvl 0ciabnenus TuHelHbl U He 3aBUCAT OT
MHTEHCUBHOCTH MaJAIOIIEr0 U3JIyYeHUs U KOJMYECTBa OC/Ia0uisionero semecta. OTMeTuM, 4yTo
B aTMOC(EpHO ONTHKEe HAOMIONAIOTCS M OTKIOHEHHS OT 3TOro MpHOIMKEHHs, HAaIpumep, B
Clly4ae pacnpocTpaHeHHs B aTMOc(hepe MOIIHOTO U3TyUYeHHs JIa3epoB.

AHAJIOTUYHO BBEACHHOMY NPEIMNOJIOKEHUIO O JUHEHHOCTH MPOIECCOB ociaalieHus,
MOKHO BBECTH MpPEANOJIOKEHHE O JIMHEHHOCTU IMpolueccoB u3nydeHus. [lpum aToMm, Kak
dopmanbHOE YTBEP)KICHNE, MOXKHO 3aIUCaTh:

dl (coOCTBEHHOE U3JIyUeHHE) = — Bdl = C nBdl, (2.4.11)

rae B — HekoTopas ¢yHKyus ucmouHuxog (ucmounuxa) usiydenus (cootHomieHue (2.4.11)
ABIIIETCS ee ompeaeneHueM). lcmonb3ys BBEACHHYIO (DYHKIHIO HMCTOYHUKOB, YpaBHEHHE
nepeHoca u3nydeHus (ypaBaenue (2.4.1)) MOXKHO 3anucath CIEAYIOIIIM 00pa3oM:

ar _ —al+e,=—al+aB (2.4.12)
dl

W3 cpaBuenus ypaBHeHuit (2.4.1) u (2.4.12) oueBHIHA CBSI3b MEXKIY KOIPPUIIUEHTOM

U3ITy4YeHUs U PyHKIIUEH NCTOYHUKOB:

\4 v

& =a B W B=% (2.4.13)
a

v

PaccmoTpuM cuTyanuio, Koraa MMEOT MECTO M IPOLEcChl OciaalieHus, W IMpPOLECCHI
U3JIyYEHUs B Cpe/ie, HO HET PAacCesHUs U3Iy4YeHHs. DTO CTaHAApTHBIA Ciy4ail IpHU ONMHMCAaHUU
pacnpoctpaHeHus: B atMocdepe codbctBenHoro usnydenus B UK m MKB nuanazonax, korma
npeHeOperaT paccessHUEM B CHIIy €ro MajocTH. B atoM ciyuae koadduiment ocnmabneHus
paBeH k03¢ (uIMeHTy noriomeHus o, =k, . O0liee pelieHne ypaBHEHHs MEPEHOca C y4eTOM

octabiIeHust ¥ COOCTBEHHOTO U3JIyYEHHsI B 3TOM CITydae NMEET BHII:
I(z) =1,exp| —sec Ojk(z')dz' +sec Hj-g(z’) exp| —sec ij(z")dz" dz' (2.4.14)
0 0 z'

[lepBoe cmaraemoe B (2.4.14) onuceiBaeT TOIMIOMIEHHE UCXOAHOTO M3IY4YEHHS C
WHTEHCUBHOCTBIO [), BTOpOE CjaraeémMoe OIMCHIBAET TE€HEpaIui0 COOCTBEHHOI'O H3JTyUYeHUS,
KOTOpPO€ TaKXe TMOIJIONIAeTCAd MO IMYyTH OT TOYKM MCIYyCKaHUS z' 10 KOHEYHOH BBICOTHI Z.
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@OyHKIMH exp| —sec GJ. k(z")dz' |m exp| —secl .[ k(z")dz" | B (2.4.14) sBustoTcs QyHKUUSIMH
0 z'

MPOMYCKAaHUS Il HMCXOJHOTO W COOCTBEHHOTO W3IY4Y€HHUS, COOTBETCTBEHHO. BBens
o6o3HaueHHe 7151 QYHKIMH POy CKaHUS

P(z,,z,,0) =exp| —sec Hja(z')dz' (2.4.15)

21

BeIpakeHue (2.4.14) MoxHO 3anucaTth 0ojiee KpaTKo:

1(2) = 1,P(0,2,0) + secO [ £(z)P(2',2,0)dz’ . (2.4.16)
0

2.5. CobcmeeHHoe u3ny4eHue cpeobl

ATMOchepbl TIaHET W HMX MOBEPXHOCTH TEHEPHPYIOT H3IIyueHHE, KOTOPOE Ha3bIBAIOT
cobcmeennbim usnyyeHuem. KBaHTOBas MEXaHUKAa TPAaKTyeT BO3HUKHOBEHHE H3Iy4YEHHUS Kak
IpoLecC Nepexoa MOJEKYJbl WIM aToMa U3 BO30YXKAEHHOTO BHYTPEHHETO KBAHTOBAHHOTO
COCTOSIHUS B 00JIee HU3KOE 3HepreTuyeckoe cocrosiHue. Ilpu nepexone MoJaeKyJsibl U3 COCTOSIHUS
E, B cocrosinue E; (rae E, > Ej) NIpOUCXOIUT U3ITydyeHHe KBaHTa sHeprun E, — E, =hv,,. Ilpu

TaKOM TPaKTOBKE M3Iy4yeHHE OyAeT OTCYTCTBOBaTb, €CIM BCE MOJIEKYJbI OyIyT HAaXOAMTHCS B
OCHOBHOM (HEBO30YXJIeHHOM) cocTossHuH. OTHAKO, €CIIM cpeia He HAaXOIUTCS MPH TeMIIepaType
a0COJIIOTHOTO HYJIS, BCETJIa €CTh OIpeesIeHHAast 10 MOJIEKYJ B BO30YK/IEHHBIX COCTOSHUSAX H,
3HAYHT, OyJeT TeHEPUPOBATHCS M3ITydeHHE, T.K. BCETJ]a €CTh HE HyJIeBasi BEPOSTHOCTh Mepexoa
MOJIEKYJIBI U3 COCTOsIHUA E> B cocTosinue E; (cM. pazznen 3). Kpome Toro, Hanu4ue MoKy WK
aTOMOB B BO30YXIIEHHBIX COCTOSIHHSX MOXET OBITh OOYCIIOBIICHO BHEIIHUM BO3JICHCTBHEM.
[TosTOMy COOCTBEHHOE U3ITyUYEHUE CPEJIbl MOKHO KJIACCU(PULIMPOBATH HA OCHOBE PACCMOTPEHHUS
NPOIECCOB, TPUBOIAMIMX K  TOSBICHUIO MOJIEKYl B  BO30YKICHHBIX  COCTOSIHHSIX.
I'.C. JlanacGepr [20] maet cienyromnyto KiacCu(UKaIUI0 COOCTBEHHOTO U3TyUeHUS.

Xemunomunecyenyueti HA3bIBAIOT M3IyYCHUE, BO3HHUKAMOIIEE 3a CUYET BO30YKICHHS
MOJIEKYJl MPU XUMHYECKUX peakuusx. B 3Tom ciydae mporecc M3IydeHHUs] CONPOBOXKIACTCS
W3MEHEHHUSMH XHMHUYECKOTO COCTaBa BEIIECTBA M YMEHBIIICHUEM €r0 BHYTPEHHEH SHEPTHH.

Ecnmu mporecc wu3nmyuyeHHs cpenbl OOYCIIOBJIEH MAJAaOIUM Ha HEE BHEUIHUM 3.M.
U3JIYYCHUEM, TO TAKOW MPOIECC M3ITyUEHUs Ha3bIBACTCS homonromunecyenyueii. B aToM ciaydae
JUIS TIOJIEP’KaHUsl TAKOTO M3JTyYeHHsI He00X0AUMO HENPEPHIBHO COOOLIATh BEIIECTBY SHEPIHIO
B BUJIC U3JTYUYCHUSI.

Ecnu B030yXIeHHE cpellbl MPOUCXOAUT 33 CUET EKTPHUECKOTO BO3JACHCTBUSA, TO TAKOM
TUN HM3ITyYEHUs] HA3BIBAIOT 2/1eKMpOoLOMUuHecyenyueli. JIT0, HaPUMEpP, CBEYCHHUE Ta30B IO
JNeMCTBUEM TPOXOJIIEro 4epe3 Hero HIIEKTPUYECKOro TOKa — TICIOUIEro paspsna,
AIIEKTPUUYECKON AYTH, UCKpbI. BO30yK1eHne MOJIEKyI U aTOMOB MOYKET IIPOUCXOUTH TAKXKe MO
BO3/JICHICTBUEM pA3IUYHBIX YaCTUI[ C BBICOKUMH SHEPTUsSMU. ITO TaKKe MOXKET SBUTHCSA
NPUYHHAMH PA3JIMYHBIX CBEYCHUN aTMOCQEpHI.

OcoOblif TUTT U3Ty4YEHHs, UTPAOIINN (yHIaMEHTAIbHYIO POJb B ONTHUKE aTMOC(ephl, B
4acTHOCTH, B (opmupoBanuu u3inydeHuss B MK obnactu cnekrtpa — pasnosechoe (mennogoe)
usnyuenue. Takoe W3IyYeHHWE CpelIbl BO3HHUKAET TPU YCIOBHHM BBIIIOJHUMOCTH B HEU
TEPMOJIMHAMHYECKOTO (TEIJIOBOr0) paBHOBecHs. B 3TOM cilydyae uU3Iy4YeHHE OCTaeTcs
HEM3MCHHBIM, €CIIM  BBIZCTICHHE DHEPTUM  WM3IIyYEHHUs  KOMICHCHPYETCS  MPHTOKOM
COOTBETCTBYIOILIETO PABHOTO KOJWYECTBA SHEPruM B Buie Teruia. [Ipu TeruioBoM H3MydeHHH
cpela HaXOAWTCS B TaKOM COCTOSHHH, NPU KOTOPOM C TEUCHHEM BPEMEHHU paclpeieicHHe
SHEPIUU MEXIY Cpelloi U mojieM u3nydyeHus He MeHsercs. C 3TOH TOUKU 3pEeHUsl, YIOMSHYThIE
BBIIIIE BUBI COOCTBEHHOTO M3IYUYCHHUS CPEIbl — XEMIJTFIOMHUHECIICHITNSA, (POTOTFOMHHECIICHIINS 1
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T.I. — HE SBJISIOTCS PaBHOBECHBIMU. Hampumep, XEMIUTFOMHHECIICHITUS COIPOBOXIACTCS
XUMUYECKUMH HW3MEHEHUAMU cpenbl. [lporecc Takoro HempephIBHOIO U3IydeHUs Oyjaer
MPOJOHKATHCS 0 TEX MOP, TOKa MOXKET MPOTeKaTh XUMHUYECKasl peakius, U cpeaa Bce Oojee u
OoJee yaanseTcs: OT HEPBOHAYAILHOTO COCTOSIHUS.

Pemenne ypaBHenus nepenoca (2.4.14) cneayer npusHath (OpPMaIBbHBIM, MTOCKOIBKY MBI
erie He BBIICHUIN (pu3ndeckuil cMbIch Koddduimenta nzmydeHus: & CoOCTBEHHOE H3ITyueHUE
aTMoc(hepbl MOKET ObITh O0YCIOBICHO PA3TUYHBIMU (PU3NYECKUMU MPUIMHAMH (HAIOMHUM, 4TO
MBI TIpeIroiaraeM, Kak U paHbllle, YTO B Cpelle OTCYTCTBYIOT Mpoliecchl paccesHus). OHo, Kak
MOKAa3aHO BHIIIE, ObIBACT mennosoe (pasnosecrHoe) N HepasHosecHoe. lIpexae dem mepenTu K
PaCCMOTPECHHIO TETIJIOBOTO U3TyUEHUSI HAITOMHUM HEKOTOPBIE BAYKHBIE ONPEICTICHHUS.

Tepmoounamuyeckum pasHogecuem HA3ZBIBAIOT TAaKOE COCTOSHUE CPEIbl, MPH KOTOPOM
TEMIepaTypa BeEIIECTBa BE3A€ IOCTOSHHA, OTCYTCTBYIOT IBM)KEHHS €ro MacC, M OHO
nepeMenIaHo TakuM 00pa3oM, 4TO B HEM HE MOXET BO3HHMKHYTHb TuGdy3us WU KaKoe-TnOo
nHoe aBwxkenue BemectBa [37, 38]. Crporo roBoOpsi, TEPMOIMHAMUYECKOE pPaBHOBECHE
OCYIIECTBIIICTCS B 3aMKHYTOM MOJOCTH, CTEHKH KOTOPOW HArpeThl A0 HEKOTOPOMl MOCTOSHHON
temmeparypbl 7. CTEHKH TOJIOCTH Oy IyT M3JIy4aTh U MOTJIONMIATh JICKTPOMArHUTHOE U3TyYCHHE.
CocTosiHuE TEPMOAMHAMHUYECKOTO DPABHOBECHS XapaKTEPU3YEeTCs TEeM, YTO KaXKABIA MPOIEcC
YpaBHOBEIIMBACTCSI TPOTUBOIOJIIOKHBIM TIporieccoM. OTCIOAa, B YaCTHOCTH, CIEAYeT, 4TO
WHTEHCUBHOCTh H3ITy4YEHHs B TaKOW MOJOCTH (MpU TEPMOJUHAMHYECKOM pPaBHOBECHH) HE
3aBHCHT HHM OT MECTa, HM OT HampaBlieHUs. Eciu Obl 3TO OBUIO HE TakK, TO COBEpIIAJCS Obl
Mepexo/l PHEPrMM U3 OJHOTO MeCTa B Jpyroe B HEKOTOphIX HampaBieHusx. Kpome Toro,
TEPMOJUHAMHYCCKHE PACCYKICHHS TTOKA3bIBAIOT, YTO TUIOTHOCTh M3JIYYCHUS B TaKOHW TOJOCTH
3aBHCHUT TOJBKO OT YacTOTHI (IJIMHBI BOJHBI) U TEMIEPaTypbl, HO HE 3aBUCUT OT MPHUPOIBI
M3JIy4daresied — CTEHOK ATOM IMOJIOCTH M BEILIECTBA, COJAEprKallerocs B Hel. Takoe H3imydeHue
HA3bIBAIOT PABHOBECHBIM UNIU Menno6uiM. ECau mpencTaBuTh, YTO B pacCMaTpUBaeMOM MOJIOCTU
uMeeTcsl HeOONbIIOe OTBEPCTHE, TO €ro MOKHO pacCMaTpHUBaTh KaK OTBEPCTHE B aOCOIIOTHO
YEpHOM Tele, T.K. BHEIlIHee U3JTydyeHue, MaJarollee Ha 3T0 OTBEPCTUE, TIPAKTHUECKU MOTHOCTHIO
MOTJIOTUTCS. B OTOM Tejle W He OyIeT BBIXOAUTh W3 Hero. Takum o0pazoM, paBHOBECHOE
U3JTyYeHHUEe ClIeyeT pacCMaTpUBaTh Kak U3IydeHUe adbconromuo yepnoco mena (A4T).

KBanTtoBas Teopus Jaet cieayromiee BhIpakeHre i UHTEHCUBHOCTH a0COTIOTHO YEPHOTO
n3nydenus (popmyna I[lnanka):

2hv? 1
1,(v.,T)=B(v,T) =" - (2.5.1)
exp —— —1
k,T
rac T — TeMnepaTypa, kB — IOCTOsAHHAasA BOJ‘IBHMaHa. I/IHTeHCI/IBHOCTB paBHOBeCHOFO

M3ITyYCHHS HE 3aBHCHUT OT HAIIPABJICHUS, T.€. PABHOBECHOE M3ITyUYCHHE SIBISICTCS M30TPOITHBIM.
BripakeHue nsi MHTEHCUBHOCTH a0COJIOTHO YEPHOTO U3MYUYEHHUS MOXKHO 3alucath U B
CJIeYIOIIEeM BH/IE (€CITU UCTIOJIb30BaTh JJIMHBI BOJIH):

2

B(A,T) = V?B(V,T) =— (exp(z e (2.5.2)
3nech
c1= 272']102,
cr=he/ kg

TaK Ha3bIBa€MBbIC nepeas u emopas paouayuonHvle nocmosiuuvle. O0a Buga ¢pynkuuu [lnanka
npuBeneHbl Ha puc. 2.3. OTMETHM, YTO HAa PUCYHKE MPEICTABJICHBI TP ILIKajbl abcuucc: Ams
paszubix Temrepatyp uznydeHus (6000 K — mznyuenue Comuua, 250 K — uznydenue 3emHoiM
atMocdepsl), a Takke mia QyHkiuun B(A, T). [lpuBenennas xpuBas B(A, T) WLIIOCTpUpPYET
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BaXHYI0 ocoOeHHOCTh. [Ipu Temmeparype aOcomoTHO uyepHoro wusnmyudeHuss 7 = 6000 K
(cosHeuHOe M3myueHue) Toabko 0.4 % MONMHOM SHEPruy U3TydeHHs IPUXOIUTCS Ha JUIMHBI BOJIH
6onpmme 5 MxM. [Ipu Temneparype m3imydenus 250 K (u3mydenue 3eMHOM aTMOC(EpBI) TOJIBKO
0.4 % monHOM 3HEepPruu M3Iy4YeHUs NMPUXOAUTCS Ha AJIUHBI BOJIH MeHee 5 MKM. Takum obpazom,
C TMPAaKTHYECKOW TOYKH 3PEHHUSI SHEPTHH COJHEYHOTO M aTMOC(EpPHOrO H3IyYeHHs MOXKHO
paccMaTpuBaTh HE3aBUCUMO.

=
s 1.0
E
&5 0.8
<
206
=
=~ 04 Puc. 2.3. ©®yukuus [nanka.
S
E02
[Sa)
> 0 1 I
A 4 8 12 20 28 40 80 120 200280 400 A, mxm, T=250 K
1 1 1 1 1 1 1 1 1 1
0.2 03 0507 1 2 3 5710 A, MM, T7=6000 K

WNuterpupoBanne BeipaxeHus (3.5.1) mo BceM yacToTaMm JaeT MHTETPAIbHYIO (ITOTHYIO)
WHTEHCHUBHOCTH PABHOBECHOTO (20COIIOTHO YEPHOTO) U3ITYUCHHS:

J.B(V,T)dv =25 (2.5.3)
T

Beipaxxenne (2.5.3) ectb 3axkon Cmegana—bonvymana, TOKa3bIBAIOMIMN, 4TO
MHTErpajbHOE PAaBHOBECHOE M3IyYCHHE IMPOMOPIMOHAIBLHO YETBEPTOM CTENEHU TEeMIIepaTyphl
(op — mocrossaHas Credana—bonsiimana). IloBenenue ¢dyuknum Ilmanka Bmanm ot ee
MaKCHMAJIbHBIX 3HAYEHUH CYHIECTBEHHO pa3nn4Ho. [loaToMy B aTMocdepHO#l ONTHKE 4YacTo
UCTIONB3YIOT /IBa IPUOIIMIKECHUSI.

IMpu A > o0 wm v— 0

2
B(v,T) - 2"3# (2.5.4)
c
B(A,T)—> % (2.5.5)
Breipakenus (2.5.4) u (2.5.5) u3BecTHBI Kak 3akoH Penes—/[ocunca.
Ipu A — 0 wm v—> o

2hv? hv
BWv,T) > exp(——— 2.5.6
v,T) 2 p( kBT) (2.5.6)

2hc? hc
B(A,T) —> exp(—— 2.5.7
(4,T) e p( Py T) (2.5.7)

OTH BBIpaXCHHSI HOCAT Ha3BaHUE 3axkora Buwna. Ha ocuoBe Qopmyn ¢yskmum [lnanka
U3ITy4YEeHUE MOXKHO XapaKTepU30BaTh sApKocmHol memnepamypou (paguospkoctHor anss MKB
JMana3oHa CIEKTpa). Apkocmuas memnepamypa ecmo memnepamypa usnydenus A4T, oaowee
U3MepeHHyIo (UnU paccuumanHyro) UHMeHCUEHOCIb U3NYYEeHUS.

HecomuenHo, atMocdeps! MaHeT He HaXOAATCS B TEPMOAMHAMHYECKOM PAaBHOBECHUU IO
MHOT'MM INpUYnMHaM. Bo-mepBeIX, Temmeparypa arMoc(epbl MEHSETCsl OT TOYKH K TOUYKE, BO-
BTOPBIX, aTMOC(epa HaXOAUTCS B HEMPEPHIBHOM JIBHKEHUU U T. 1. Hanmuuue BepxHel BHeUIHEH
«TpaHUIB B aTMoc(epax IUIaHEeT, CaMO YXOZSIIee M3JIyuyeHHE IUIAHET CBHJIETEIbCTBYIOT 00
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OTIMYUHU aTMoc(ep OT HIeaM3UPOBAHHONW 3aMKHYTOH IOJIOCTH, KOTOPYIO MBI HCIIOJIb30BAJIA
JUId TIOJTY4YEeHHs 3aKOHOB PaBHOBECHOro u3inyuyeHusa. Kak creactBue, Moy M3JIy4eHUS B
aTMocdepax IUIAHET CHJIBHO OTJIMYAIOTCA OT TMOJI HM3JIyYEeHHUS TPH TEPMOJUHAMUYECKOM
paBHOBecuH. HecMoTpss Ha 3TO, NMOHATHE TEPMOAWHAMHYECKOTO PABHOBECHS B JIOKAIBHOM
CMBICIIE TPUMEHUMO K aTMmocdepaM IUIaHeT. YKa3aHHOE TPEAINOJIOKEHHE Ha3bIBaeTCs
MIPENIOIOKEHUEM O JIOKANbHOM mepmMoouHamuieckom paenosecuu (JITP) B atmocdepax
IUTAaHET, ¥ OHO TIO3BOJISIET CYIIECTBEHHO YMPOCTUTh PACCMOTPEHHE BOMpOCa O IEpeHoce
COOCTBEHHOr0 M3iydyeHus: aTMocdepbl. Ero MOXHO ¢ ycrnexoM NpHUMEHSTh K OTPaHUYE€HHBIM
o0bemMaM aTMocdepbl B HWKHUX, OTHOCHUTEIBHO IUIOTHBIX, CIIOSX aTMocdep IUIaHeT.
O60cHOBaHHNE 3TOTO BaXKHOT'O MPENOI0KEHUS ObIJIO ClIEJIaHO acTPO(U3NKaMU IPUMEHUTENBHO
K (hotocdepam 3Be3x. [IpuBenem ux paccyxaenus [32, 33] s atMocdep TUIaHeT.

VYcnoBust B 3€MEHTapHOM o0beMe aTMocdepbl Takke, BOOOLIE TOBOpPs, JaJleKd OT
YCIIOBHI TEPMOJNHAMHYECKOTO PABHOBECHS. DTO OOYCIIOBICHO HEU3O0TPOITHOCTHIO MaJA0IIETO
Ha HEro W3JIy4yeHus, Hampumep, coiHeyHoro. OJHako, U3JIy4YeHUE, IMOIJIOIIAaeMoe
DIIEMEHTAPHBIM O00BEMOM, B CHJIBHOW CTENEHM UM «mepepadareiBaeTcsi». Kak M3BeCcTHO u3
TEPMOJIMHAMMKH, TaKas repepaboTKa HIET B HAIIPABJICHUH YCTaHOBIEHHS TEPMOJANHAMHYECKOTO
paBHOBecHs. [103TOMy MO>KHO MPENIOIOKHUTh, UTO B KAKAOM 00beMe atMocheps! koaddurueHt
U3IY4YEeHUsl CBA3aH C KOA(PQHUIMEHTOM IOIVIOMIEHUS! TaKUM JK€ COOTHOIICHHEM, KaKk W MpHU
TEPMOJIMHAMUYECKOM PAaBHOBECUU C HEKOTOPOM TeMIeparypoi 7, XapakKTEpHOM sl JaHHOTO
MecTa.

PaccmoTpuM wm3nmydeHWe TpU TEPMOAMHAMHYECKOM paBHOBECHH (B H3OJUPOBAHHOM
nonoctu). [IpumeHuM k 3ToMy ciydaro ypaBHeHHe rnepeHoca (2.4.1). Tak kak B 3TOM ciiydae
dllds=0,al= B(A,T), 1o

e=aB(A,T) (2.5.8)

Ecnmu mnpunsate, 4uro xodpduiment ocnalbieHus Ui paccMaTpUBaeMoOro Ccliydasi ecTh
koad¢uiment nornomenus a =k, o dopmyna (2.5.8) Bwlpaxkaer 3axkon Kupxeogpa — mpu
TEPMOJIMHAMMYECKOM PaBHOBECHMH OTHOLICHHE KOX(PUIMEHTa H3ITy4YeHUS K KOd((UIMEHTY
HOTJIONICHUS] PaBHO WHTEHCHBHOCTH W3JIyYEHHS, SBILIONICHCS yHHBEpCAIbHON (DyHKIHEH OT
yacToThl U Temmneparypsl (¢pynkuuu Ilnanka). Eciu Beimonusercs 3akoH Kupxroda, To MOKHO
3anmcath pemenue (2.4.14), T.e. ”HTEHCUBHOCTD TEIIJIOBOTO M3TyYCHHS B BUJIE:

I,(2) =1, exp| —secO[k, (z')dz' |+
’ (2.5.9)
+sec 49J.kv(z') B, (T(z"))exp| —sec GJ.kV (z")dz" |dz’
0 z'

Takum 00pa3oM, MHTEHCHBHOCTH TEIUIOBOTO H3IYYECHHS MOXHO BBIYHCIHUTH, €CIU 3a/1aHBblI
Temneparypa U Ko3((UIHEHT NOIJIOMEHNs Kak (yHKIIMH BBICOTHI B aTMOc(hepe.

2.6. YpasHeHue nepeHoca COJIHeYHO20 U3J1yYeHus

PaccmoTpuM ciywail paccessHusl M3aydeHus B aTMoc(epax IJIaHeT MpH MpeHeOpeKeHUH
COOCTBEHHBIM U3JTy4eHHEM. Takue 3a7auyd BO3ZHUKAIOT TPH pacyeTax IMoJeH COJTHEYHOTrO
manydeHus B YO, BunumoMm u BUK nmanazonax cnekrpa. Kaszamoch Obl, B OTCYTCTBHHU
COOCTBEHHOTO HM3JIydeHHs] aTMOoc(epsl KOAPPHUIMEHT U3ITyUYeHUS JOJDKEH ObITh PaBHBIM HYIIIO.
OnHako, 3TO HE Tak, MOCKOJBKY TENEeph B Cpeie MPUCYTCTBYET I0JE PACCESTHHOIO COJTHEYHOIO
u3nydenus. [lostoMy Ha anmemenTe myTu d/ OyJaeT MpOUCXOAUTh YBEINYCHNE HHTEHCUBHOCTH 32
CYET JIOTIOJIHUTEIBHOIO PACCEsHUS M3IIyYeHHs], IMPUXOASALIEr0o B 00beM Cpelbl C pa3iIU4HbIX
HAIpPaBJIEHUHN U pACCEUBAIOIIETOCS B HAIPABICHUH HCXOJHOTO MAaJAt0IIero U3JIydeHus /.
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Haiinem Boipaxkenue st ko3dduimenta uznydenus, 00ycIoBIeHHOTO paccestHueM. [1ycTb
Ha 3JIeMeHTapHbli 00beM cpenbl dV = dl-dS (puc. 2.4) nmagaetr u3nyyeHHe UHTEHCUBHOCTU [ U3
HarpaBJICHUsA 7 .

NHTEHCHBHOCTD H3JIYy4YCHUA,
pacceaHHOro B HaIlTpaBJICHUU

OpHUEHTAINH AJIEMEHTapPHOTO
o0BeMa, MPOTOPIIMOHATIEHA
HCXOOHOM HWHTEHCUBHOCTH [,
00BEeMHOMY ko3 uuueHTy

paccesHUsT © W HHAMKATpHCE
paccestHUS, OTKyJa C Yy4YeTOM
YCIIOBHSI HOPMHPOBKH
uHaukaTpucel  (2.3.8) cumemyer
BBIpOXEHHE IS  OOBEMHOTO
KodduimeHTa U3ITy4YeHus,
00yCIIOBJICHHOTO paccessHueM
U3JIyYeHHs, TPUXOIAIIETO W3
HarfpaBJIeHUs 7

Puc. 2.4. K BbIBOIy ypaBHEHUS IEPEHOCA PACCESIHHOTO U3ITyYECHHUS.
- |
eF)=—2xF)o . (2.6.1)
4

N3 «mipaBun cnoxenus» (2.3.7, 2.3.7 a) 1 HOpMUPOBKM UHIUKATpUCH (2.3.8) ciemyet, 4To A
HAXOXKJCHUS OOIICH MHIUKATPUCHI PACcCEsHUs YacTHil M COPTOB JIOCTaATOYHO HOPMHUPOBATH €€

M
CYMMApPHOC 3HAUCHUC Z(Ti X; (?) . OTCIOI[a CICAYCT «IPAaBUJIO CIOKCHUA» AJIsI UHAUKATPUC!

x(r)= f:o; x, () io; . (2.6.2)

B vactHOCTH, AJ1s1 «CyMMBD» MOJIEKYJISIPHOW M a3p0O30JIbHOM HHANKATPUC UMEEM:

c,x,(r)+o,x,(F)

x(7) =
o,to,

Bepuemcs k o0beMHOMYy KO3 duLMeHTY U3nydeHus &£ (7). s momydeHus: BXOIAIIEro B

ypaBHEHHE TEepeHOCa 3HAYCHHS & HAJl0 YYECTh WHTECHCUBHOCTh PACCESTHHOTO W3Iy4YeHHUS,
MPUXOJMAIIETO CO BCEX HANpaBIEHWH, TO €CTh MPOMHTErpUpoBaTh &(7) Mo Bcel chepe. B

pe3yJbTaTe MOIy4aeM ypasHeHue nepeHoca Oisl pACCESHHO20 U3TYUeHUA.!

cos0 L _ —a(z)1+ia(z) jx(z,?)l(?)dg. (2.6.3)
dz 47 i

s monHOTO oOmpenencHus ypaBHeHUs (2.6.3) HeoOXOaUMO BBECTH B HETO0 KOHKPETHYIO
reOMETPHIO, OJIHAKO, MBI OTJIOKUM 3TO A0 pazzaena 7.

VYpasHernne (2.6.3) B 001meM ciydae HE UMEET PEIICHUS B BHUJIC SBHOTO aHAJIHTHYECKOTO
BbIpakeHUs. M3yueHne ypaBHEHHs IEPEHOCA PACCESTHHOTO M3ITyYeHUs, MOyYeHUEe er0 YaCTHBIX
AHATUTUYECKUX pEIICHUN, pa3paboTKa YHCIECHHBIX METOJIOB PACUETOB HWHTCHCUBHOCTH U
MMOTOKOB PACCESHHOTO M3IYUYCHHUSI, SBISIOTCS MIPEAMETOM Meopul NepeHoca u3jyyeHusl.
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2.7. KomnnekcHbIl nokazamesib npesiomneHus. lNonsapu3ayus ussyvyeHust

Bele m3mydyeHune paccMaTpuBaloCh C TOYKM 3pEHHs NEpPEeHOca M TpaHc(opMaluu ero
sHeprun. OIHAKO IS OTUCAHUS PSi/ia IPOIIECCOB (paccesiHusl, OTPAXKEHHUS) TOTO HE TOCTATOYHO
u Tpebyercs Oojee TIiIyOOKOe pAacCMOTpPEHHE 3JIEKTPOMAarHUTHOW MPHUPOJBI HU3Iy4EHUs, B
YaCTHOCTH, CBOMCTB, CBSI3aHHBIX C €TO NoasApuUsayuell.

Jlisi MaTeMaTH4eCKOro OMMCaHUs MOJSAPU3aLUU HEOOX0AMMBbI COOTHOILIEHHUS, CBSA3aHHBIE C
KOMITUIEKCHOH (OpMOIi 3amucu  DJIEKTPOMArHUTHBIX BOJH. B  TpeACTaBIeHWH IUIOCKOU
ANEKTPOMArHuTHOW BONHBI (2.1.1) QyHKIMS «KOCHHYC» BBIOpaHa YCJIOBHO. MBI MOTIU Obl
UCIIOJIb30BaTh CHHYC, M3MEHUB HadalbHyI0 (Pasy O Ha 772 + O Wi JTUHEHHYI0 KOMOWHAITUIO
CHHYyCa M KOCHHYCa, TTIOCKOJIbKY Sin (x + 0) =a sinx + b cos x, rae a = cos o, b = sin 6. OObIYHO
KOHKPETHOE 3HaueHHE HadajabHOU (ha3bl He Urpaer poiu. Torga MOXKHO 3amucaTh BBIPAKEHHE
JUIA AJIEKTPOMarHuTHOW BonHBI (2.1.1) eamHOOOpa3HO M 0€3 SBHOTO HCIIONB30BAaHHUA O C
HOMOILBIO (OpMYyJIbl Disiepa Uil KOMILUIEKCHON 3KCIIOHEHTBI

ix

e” = cosx+isinx. (2.7.1)

Hcnonb3oBanue Gpopmyiisl Ditnepa (2.7.1) no3Bosnsiet 3anucath (2.1.1) B komnaexcroi popme
) 2r
E(x,t) = E,exp [1 rvt — 7 x)} , (2.7.2)

rae E(x,t) — KOMIUIEKCHas HaMpsHDKEHHOCTD 3JIEKTPUUECKOro MOJis, AJIs epexoia OT KOTOPOH K

uMeroIei (U3NIEeCKUil CMBICIT BEIIECTBEHHON HAIPSKEHHOCTH JTOCTATOYHO B3ATH JIMHEHHYIO
KOMOHMHAIIMIO BEUIECTBEHHOW M MHUMOMN 4dacteit (2.7.2). OObIYHO, A MPOCTOTHI, OEPYT OAHY
BEILIECTBEHHYIO YaCTh, TO €CTh KOCHHYC.

Bens kommuiekcHyo gopmy (2.7.2), MbI cpa3zy 0OHapy>KuUM ellie 0JIHO €€ MPEeUMYIIeCTBO
nepea BemiecTBeHHOM (2.1.1). Temeppb MBI MOXEM JIETKO Ppa3eliuTh 3aBUCUMOCTH
HANPSDKEHHOCTH AJIEKTPUUYECKOTO OIS OT MPOCTPAHCTBEHHONW KOOPAMHATHI M BpEMEHU

E(x,t) = E'(x)exp (i 22n1), (2.7.3)

riue
, 27
E'(x) = E,exp (—17x) (2.7.4)

€CTh KOMNJIEKCHAA aMAAUmMyOd HANpPSKEHHOCTH DJIEKTPUYECKOTO IMOJsS DIIEKTPOMArHUTHON
sosibl. Dopma 3amucu (2.7.4) uMeer OOJIBIIOE 3HAYEHHE, TMOCKOIBKY CTaHAAPTHO B OITHKE
paccMaTpMBaIOT CTAl[MOHAPHBIE BOJIHEI, aMILIUTYIa KOTOPBIX HE MEHAETCS CO BpeMeHeM. B aTom
cllydae JUls UX aHalli3a HaM JOCTAaTOYHO ONEPHPOBATH TOIBKO ¢ KOMIUIEKCHBIMU aMILTUTYIaMH
E'(x).

Jis MOIIHOCTH (T.€. SHEPTHH B €IMHMIYY BPEMEHH) DJIEKTPOMATHMTHOM BOJHBI BBIIIE

1
Obl10 TIONy4YeHO BbIpakeHue (2.1.5) W :EEOZ Ou4eBUIHO, WHTEHCHUBHOCTH W3ITYUYEHUS

MMpOoNnopruruoHaJIbHa W . Yka3aHHEIE PacCyxKACHUA U aHAJIOTUYHBINA BBIBOJ, (I)OpMyJ'I MMPpUBOIAAT IJIA
KOMIIJIEKCHOM q)OpMLI 3aIIMCHU K BBIPAKCHUIO U1 MTHTCHCUBHOCTH U3JTYUCHUSA:

I = E'(x)E"(x). (2.7.5)

rIe  «3BE3J0YKOW»  O0O3HAYEHO  KOMIUIEKCHOE  CcompsbkeHue, a  KoddduiumeHnt

IPOTOPIIMOHATIBHOCTH 3/1€Ch U JlaJiee B aHAJOTMYHBIX (popMyJTIax Ui IPOCTOTHI OIMYIIEH.
Crnenyromiee MNPEUMYINECTBO HCIOJB30BAaHUS KOMIUIEKCHBIX YHCENl OYEBHIHO TMpU

PAcCMOTPEHHHU 3aTyXalOIIUX JJIEKTPOMArHUTHBIX BOJH. [l HUX, KaK HM3BECTHO M3 OOIIErO
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Kypca ¢usuku, ammmtyaa Eg B (2.7.4) yObiBaeT B HPOCTPAHCTBE MO AKCHOHEHIMATIHHOMY
3aKOHY

E,(x) = E,exp (- f ), (2.7.6)
riae f— kKodpPUIUeHT 3aTyXaHHsl.
[Tokaxxem, 4TO cooTHOIIeHHE (2.7.6) TOJIHOCTBIO COIJIACYETCS C BBEACHHBIM paHee

3akoHOM byrepa (2.4.2). JlelicTBUTENIbHO, UHTEHCUBHOCTD M3NMydeHus [ (x) = % E; (x). Torna

1(x) =%E02 exp(=2f8x) = I,exp(—=28x). (2.7.7)
3necy 2 f=a, TIe o — BBEACHHBIM HaMU paHee OObEeMHBIH KO3(puIMEHT ocnabieHus, a
I, = %EOZ :
Brenem 3aryxanue 351eKTpOMarHUTHOM BOJIHBI B BeIpaxkeHue (2.7.4)
E'(x) = E,exp [— [ %x —,Bx} , (2.7.8)
WM, yauThiBas ¢hopmy 3amnucu (2.1.3),
E'(x) = E, exp {— i MT”Vx y x}, (2.7.9)

TAC n — I0Ka3aTCJIb IMPCIOMIICHUS CPCIbI.

[IpeobpazyeM BbIpakeHHE IS MOKa3aTels SKCMOHEHTHI (opmyisl (2.7.9) ciaemyromum
06pazoM, yuntbiBas i = —1:

—izﬂnvx—ﬁx=—i27mvx+i2,6’x:—i(27mv _iﬁj _
C

‘ ‘ 2.7.10
B (2.7.10)

=—i2zve|n—i X

27V

pc

2wV

BblpameHne B CKOOKax 7n—i HAa3bIBACTCA KOMNJIEKCHbIM nokasamenem npeaiomieHusl

(coxpamenno — KIIIT) BemiectBa cpeabl u oOo3Hauyaercs m =n —ik. Torga KOMIUIEKCHAs
aMIUIATY/1a 3aTyXarollell BOJHBI 3alIUIIETCS KaK

2rvm
E'(x) = E, exp[—z—x , (2.7.11)
c
T.€. COBEPIICHHO aHAIOTH4YHO (2.1.3), HO TOKa3aTeNb MPETOMJICHHUS CPeAbl TEeTeph HalIO OpaTh
KOMIUIEKCHBIM.  UTtak, cmuicn  66o0oa KIIII — edunoobpaszue 3anuceil  ypasHeHuu
INEKMPOMACHUMHBIX B0JH 8 CPedax ¢ noz2ioujeHuem u 6e3 noenoweHus. BemecTBeHHAs 4acTh
KIIII — »5T0 «OOBIYHBII» MOKa3zaTedb NpeiaoMieHus. Ero MHHMas dYacTh XapakTepusyeT
MIOTJIOIEHUE U3ITyYCHHS B CPEJIe.
c
[Tokaxxem, uro mammas ydacte KIIII x = f— CBsi3aHa C 00BEMHBIM KOA(D(HUIIMEHTOM
v

MOJICKYJIIPHOTO TIOTJIOIIEHUS Cpe/ibl, KOTOPBIH MBI 37€ch 0003HAUUM ¢. JIeWCTBUTEIBHO, U3
IIPUBE/ICHHBIX BbIllIe cOOTHOWEHUH (2.7.7)—(2.7.10) cnenyet
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c

K=a (2.7.12)

Arv’

PaccMoTpuMm momsipuzanmio 3.M. usnydeHus. s ommcaHus TONSPHU3AIMN WU3TyYEHUS
HCIIOJIB3yEM B Ka4eCTBE MOJEIIN .M. BOJHBI MepeMelieHrne Bceld KpuBou y = sin (kx) Bmoib X ¢
MOCTOSTHHOM CKOPOCTHIO (711 HATJISAHOCTH MOXKHO MPEJCTaBUTh, YTO CHHYCOHW/IAa M3TOTOBIICHA
13 MPOBOJIOKH ) — pUC. 2.5.

B naBymepHOM ciiyyae B KayecTBe
XapaKTePUCTUKU BOJIHBI BBOJUTCS €€
ammutyna A. OIHakKo B TPEeXMEpPHOM

z
Vs 72\,
MPOCTPAHCTBE CUHYCOUIY C OJTHOW U TOU /\ ~ 7 N
L4

)K€ aMIUIMTYJ0M MOXHO MepeMeniaTh
BIIOJIb ocu X mo-pazHomy. Hampumep,
pacmojaras ee B pa3HbIX IJIOCKOCTSIX C

HaAKJIOHOM K mIockoctu XY — puc. 2.5 a. ==
P VN KA SN N
MoxHOo COBMECTUTH NIIBIOKEHHE 4 \___~< NI

CUHYCOUABI BAOJIb OCHU Xc BpalllCHUCM A
BOKpYr Hee — puc.2.56, mnpuuem Y 2 ]

HMCECTCA NBa HAIIPABJICHUS BpalllCHUS — T “
BIIpaBO U BieBo. Haxonen, mnpu \5// — /_'V V/ A
BpAILICHUU BOKPYI OCH MOXHO €IlIe U ( J ‘\\/( = —7 \\A X —Qi—»Y
CXKHMMaTb CHHYCOMJIy B OJHOH U3 // A A
mIockoctet —  puc. 2.5B. Takum Y

00pa3oM, BBISICHSIETCS, YTO BOJIHBI C Puc. 2.5. Mogenb BONHBI B IPOCTPAHCTBE.

OOJHOM U TOU XK€ aMHnI/ITyﬂoﬁ B a — [BWXKEHHE B OJHOHM INIOCKOCTH, O — JBIDKEHHE C
TpeXMepHOM HpOCTpaHCTBe MOFyT BpaliCHUEM, B — IBUIKCHHUEC C BPAILICHUCM U CIKATUCM.
CYILIECTBEHHO pa3nuuaTthes. ClieoBaTeIbHO, OJHOM aMIUIMTYZAbl JJIsi OINWCAHUS BOJHBI B
IPOCTPAHCTBE Majo, U HaJ0 BBOJIUTH JOMOJHUTENIbHbIE XapaKTepUCTUKH. COBOKYIHOCTb 3THX
JIOTIOJTHUTEJIBHBIX XapPAKTEPUCTUK U OIpeAesseT MOosIpuU3aluio BoiaHbL. OTcCroAa cieayeT, YTo
HOJSIpU3aLUsl M3JIy4EeHUS] — CBOWCTBA 3.M. BOJHBI, XapaKTEpU3YyIOIIHEe OCOOEHHOCTH €€
pacnpoCcTpaHEHUs] B TPEXMEPHOM IMPOCTPAHCTBE, I'JI€ BCIEACTBUE TOTO, YTO BOJIHA SIBIIAETCS
MOTIEPEYHOM, BOJIHBI ¢ OJUHAKOBOM aMIUIUTYJOH MOTYT OBITh CYIIECTBEHHO PAa3IUYHBIMH.

Crnyuali, Korja CUMHyCOM/la pacrojoXeHa B OJHOM IIOCKOCTH (pHcC. 2.5 a) COOTBETCTBYET
JIUHELIHOU NoNApu3ayul, TIOCKOCTh B KOTOPOM pAacHoJOXeHa CHUHYCOMJA €CThb HIOCKOCHb
noaspuzayuu. Crydaid BpaleHuWsl CHHYcOUABbl 0e3 cxkarus (puc.2.50) — 3T0 Kpyeosas
noaspusayus, TIPUYEM B 3aBUCUMOCTH OT HAIPaBJICHUs BPAIIECHUS TOBOPAT O npagou W Jegoi
noispuzanuu. Ciyyail BpalleHHs CHHYCOMABI €O CXaTtueMm (puc. 2.5 B) COOTBETCTBYET
IMNUNMUYECKOU NONApU3ayuu. IT0 00U cilydail, TOCKOIbKY KpyroBasl MoJIipu3anys sBiseTcs
YAaCTHBIM CIIyyaeM »JJUIMNTUYECKOM, a JMHEHHas — BBIPOXKAECHHBIM clydyaeM (KOorja IpH
IIPEIEIbHO CUIIBHOM CHKAaTUU JUIMIIC BBIPOXKAAETCS B OTPE30K).

[Tonspuzanus cyuecTBeHHa, KOr/ia B cpesie, IIe pacupoCTpaHseTcsl BOJHA, UMEET MECTO
anuzomponusi, TO €CThb pa3JIMYUsl CBOWMCTB CpeAbl B 3aBUCHUMOCTH OT HaNpaBlEHUS B
npoctpaHnctBe. [Ipogomkas nmpuMep ¢ JBMKEHUEM CHHYCOUbI, PACCMOTPUM YCJIOBHBIN Cydaii,
KOIZla B MPOCTPAHCTBE MMEETCS «CTEHKa» B IIockocTu XZ (puc. 2.5). Torna eIuHCTBEHHBIM
BO3MOYKHBIM TOJI0KEHUEM CHHYCOUbI OyIeT ABMKEHHUE NapalIeIbHOE «CTEHKE», TO €CTh BOJIHA
OyJeT TMHEWHO TOJISIPU30BaHA B IIIOCKOCTH XZ.

IlepeiineM OT MJIOCKOM 3JEKTPOMAarHUTHOW BOJIHBI K TpexMepHOH. YpaBHeHue (2.7.3)
COXpaHUT CBOW BHJ, HO HAIPSDKEHHOCTh OJJIEKTPUYECKOTO TMOJIsi Temepb OylIeT BEKTOPOM
(komIUIeKCHBIM!) B TNIOCKOCTH YZ:

E'(x,t) = E'(x)exp(i27zw). (2.7.12)
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B panpHelineM y KOMILIEKCHBIX aMIUIMTYJl JJsi MPOCTOTHI He Oy/neM yKa3blBaTh LITPUXHU U
BEKTODA.

Bekrop £ B miockocty YZ, Kak Mbl BBISICHUJIM, PACCMAaTPUBAas NOJIAPU3ALMIO, OIMCBIBAECT
AJUIUIIC — pUC. 2.6.

z Ero mosoxxeHne TIOJHOCTBIO  ONpENENAeTCs

OompIIoN W Masiol monyocsmu E, u E, u yriiom

i E Y’ MEXIy OCbl0 Y M OOJBIION MOJYOCHIO 3JUIUIICA.

b Opnako,  1OMOOHBIE — MapaMmeTpbl  ONHCAHUS

v TpeXMepHOU BOJIHBI HEYJJ00HbI U s

3 y  OKCIEpUMEHTAJIbHbBIX U3MEpEHUI, " Ui

TEOPETUYECKOI0 aHaJN3a, MOCKOJIbKY HE SIBISIOTCA

OJIHOPOAHBIMU (MMEIOT pas3Hble pa3MepHocTH). B

HKCIEPUMEHTE TMOJSPU3ALMOHHBIE XapaKTEPUCTUKU

U3MEPSAIOT OOBIYHO TPH MPOMYCKAaHUM CBETa Yepe3

Puc. 2.6. Dnnurc nonsipusanuu. nonApuzamopsl  —  CHEIHalbHbIE  yCTPOMCTBA

(KpucTayJuIM4ecKue IJIACTUHKH), IPOIYCKAOIIHe

TOJIbKO OIPENIETICHHBIM 00pa3oM MOJspU30BaHHbIN cBeT. [loaTOMy I 3KCIIepUMEHTAIbHBIX

U3MEpPEHUIl BBOIAT 6exmop napamempos Cmokca — BEKTOp M3 YETHIPEX BEIECTBEHHBIX

koMIoHeHT (I, O, U, V), KoTopble ONpEeAenstoTCs B YEThIPEX (MBICIEHHBIX) 3KCIEPUMEHTaX IO
cxeme, n300paxxeHHo! Ha puc. 2.7.

E

Zr

il B Oxcnepumenm I: MOJIIPU3aTOPBI

OTCYTCTBYIOT. Torma mepBbII  mapamMerp

Crokca — MHTEHCUBHOCTh u3inydeHus /. OHa,

Tyu CBeTa—__'_ ___—":l KaKk TIOKa3aHO paHee, MPONOPIUOHAIIbHA

HpuemHuk KBaJIpaTy HaNpPsHKCHHOCTH DJICKTPUYCCKOIO

E, | | noymss.  Jling  BekTOpa 9TO  NPUBOAMT K
ITonsipusatopsl BBIPAXXCHHUIO:

Puc. 2.7. K onpenenenunto napametpoB CTokca.

I = (E,E +EE). (2.7.13)

Ham, onnako, moHagoOUTCs BbIpaXe€HHE JAJIi MHTEHCUBHOCTU HE 4epe3 MOIyocH siuiumnca £, u
Ep, a depe3 MPOEKIMU BEKTOpA DSIEKTPUUECKOTO MO B JIOO0H MPSIMOYTOJIBHOM CHCTEME
KOOPJMHAT YZ, TOBEPHYTON OTHOCUTEIHHO TJIABHBIX OCEH Ha yroil i — puc. 2.6. O603HaUUM 3TH
npoeKuuy Kak £ u E| ¥ BeIpa3uM X KOOpAMHATHL B ¥'Z ' uepes MoiryocH 3IUINICA

E =(E, cosy,E,siny); E, =(E, siny, E,cosy). (2.7.14)
N3 (2.7.14) cnenyer, uTo
E,E,+EE, = EE +EE|,
OTKYJla OKOHYATENLHO MOJTy4aeM BhIPaKEHUE I THTCHCUBHOCTH H3Ty4YCHHUS
I = (EE +E E}). (2.7.15)

Oxcnepumenm 2: TOPU3OHTAIIBHBIM M BEPTUKAIBbHBIN Nosisgspu3aropbl. CHavyaia nmpoBOIUM
U3MEPEHUE HWHTCHCUBHOCTH, IPOLICAIIEH TOPU3OHTAIBHBIA  IOJSAPU3ATOP, IMOTOM  —
BepTUKaJIbHBIN. Bropoil mapamerp Ctokca () — pa3sHOCTh 3TMX MHTEHCUBHOCTEH. [Tockombpky
4yepe3 TOPU3OHTAIBHBIA IOJAPU3ATOP NPOMIET JIMIIb F), 4epe3 BEpTUKAIBHBIA — E|, TO U3
(2.7.5) HenocpeICTBEHHO OJTy4aeM

Q = (EH E\T _ELEI) . (2.7.16)
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Oxcnepumenm 3: MONAPU3ATOPHI, MOBEPHYThIE Ha + 45° u — 45° oT ropusonTtanu. CHavana
MPOBOJUM H3MEPEHUE MHTEHCHUBHOCTH, MPOIICANICH MEPBbIA MOJAPU3ATOP, TOTOM — BTOPOM.
Tpetnii mapamerp Ctokca U — ux pazHocTb. Kaxplil U3 3TUX MOJISAPU3ATOPOB MPOIMYCTHUT JIUIIb
COCTaBJIAIIOLIYI0 BEKTOpa JJIEKTPUUYECKOTO IIOJIsI B HANpaBlIEHUM CBOEro mnosopota. s
HAaXOXKJECHUs MPOEKIUU 3JIEKTPUUECKOT0 BEKTOpa Ha HampasieHHe + 45° BCIIOMHHUM, 4TO, Kak
U3BECTHO M3 JIMHEHHON anreOphl, MPOEKLUs BEKTOpa Ha HalpaBJICHHUE PaBHA €r0 CKAJIIPHOMY
IIPOM3BE/ICHUIO HAa EIMHUYHBIA BEKTOpP B JAHHOM HAIIPAaBJIEHUU WM, YTO TO XKE Camoe,
CKaJIIpHOMY NPOM3BEICHUIO Ha JH000H BEKTOp NAHHOTO HAlpaBlIEHUs, AEJICHHOMY Ha €ro
nnuHy. Hanpasnenue + 45° umeet koopaunartsl (1, 1), cinenoBaTtenbHo, MICKOMasi IPOEKLUS €CTh
E+E 1

N

1 y
HPOEKIUA f(E” —E ). Jlnd pasHOCTH MHTEHCUBHOCTEH — nmapaMerpa U moiydaem COIJIacHO

(E,+ E,). Auanorn4uo KoopauHaTsl Hamnpasienus —45° ectb (1,-1) wu

(2.7.5)

1 1 # 1
U=—(E+E)—(E+E) - —
2( I J_) /—2( I J_)

1 .
\/— \/E(EH_EL)ﬁ(EH_El)

MU OKOHYATCJIbHO
U=(EE +EE). (2.7.17)

Oxcnepumenm 4: TpaBbli W JIEBbIM KpyroBble moJigpu3atopel. CHayalla MPOBOAUM
W3MEpPEHHE HMHTEHCHUBHOCTH, MPOIIEAIICH MpaBbli MOJAPU3ATOpP, MOTOM JEBbIA. YeTBepThIil
napametp Ctokca J — ux pa3HOCTb.

st V' umeem (6e3 BbIBOIA)

V=iEE -EE,). (2.7.18)

OTmeTuM, 4TO, HECMOTPSl Ha KOMIUIEKCHYIO (opmy 3amucu (2.7.15)—(2.7.18), Bce mapamerpsl
Crokca — BemiecTBeHHbIE 4nciaa. OHHM MOJHOCTBIO ONPEACISIOT MOJIAPU30BAHHOE H3ITYUYCHHE.
Cpenu mnapamerpoB CTOKCa TOJBKO TPH HE3aBUCHMBIX, IMOCKONbKY u3 (2.7.10)—(2.7.13)
HETIOCPEJICTBEHHO CIIETyeT TOKAECTBO

I’ =0"+U+1?, (2.7.19)

COOTBETCTBYIOIIEE TOMY, UTO HJICKTPOMArHMUTHAs BOJIHA OJHO3HAYHO OIPEICISIETCS TpeMs
AITUNTUYECKUMHU MTapaMeTpaMHu.

Briie paccmaTpuBanach aOCTpakTHas SJIEKTPOMAarHWTHAas BOJHA. B peambHOCTH BOJHBI
UCIYCKAIOTCS  pPa3MYHBIMU ~ UCTOYHMKAMHU  HM3JIy4YeHHs, HMEIOIIMMHU  OIpeAelieHHbIE
MpOCTpaHCTBEHHbIE pa3Mmepbl (mpumep — ConHue). Jas  OpOTSHKEHHOrO0  MCTOYHHKA,
AIIEKTPOMArHUTHBIE  BOJHBI, TIEHEpUPYEMble  KaXJAOW €ro  TOYKOHW, HE3aBUCHUMbIE
(HEKOTepeHTHbIE). DTO NPUBOAUT K TOMY, YTO B CYMMapHOM H3JIyYE€HUH OT BCEX TOYEK
HCTOYHUKA B PaBHOW CTENEHU MPUCYTCTBYIOT BOJHBI C IJUIMIICAMHM JIF000M opueHTanuu. Takoe
U3IIyUYEHUE HA3bIBACTCS eCmeCcmeeHHbiM WIH HenoasapuzosanHuiM. B cuimy OTCyTcTBHA Y
€CTECTBEHHOTO  HW3JIy4€HUs  BBIJCJICHHOTO  HANpaBJIEHUS  OPHEHTAlMUM  SJUIMIICOB
AJIEKTPOMATHUTHBIX BOJH, €M0 MHTEHCUBHOCTh MPH MPOXOXKICHUH MOJISIpU3aTOpa HE 3aBUCUT OT
yrna mnoBoporta. [loaTomy Bce omucaHHblE Bbllle omnpeneneHus mnapamerpoB (CTokca,
UCTIONB3YIONINE  PA3HOCTH MOJOOHBIX HMHTEHCUBHOCTEW, JaAyT HYJIEBOW pe3ysbTar.
CrnenoBaTenbHO, JJII €CTECTBEHHOTO wu3iayudeHus Bektop Crokca ecth (/,0,0,0), toe 1 —
WHTEHCUBHOCThH HEMOJSPU30BAHHOTO U3TYUCHUSI.

B npoTHBOMOJIO)KHOCTH €CTECTBEHHOMY, W3JyY€HUE, PAaCCMOTPEHHOE BBIIIE IPHU
onpeneneHun napameTpoB C(CTOKca, € JJUIMICAMHM TOCTOSIHHOM OpHEHTAallud, Ha3bIBAaeTCs
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NOIHOCMbIO NONAPU308AHHLIM. B pearbHOCTH OHO BO3HHMKAET IPH ONPEACTICHHBIX THIIAX
B3aUMOJICHCTBHS U3JTY4YCHHUsSI C BEUICCTBOM (HANpUMeEp, MPH OTPaKEHUH 1Moj yriioM bprocrtepa).
Camplii oOmMil ciydail — uacmuuno NOAAPU306AHHOE U3TYYeHUe, KOTOPOE TIPOIIe BCEro
TPAaKTOBaTh KaK CMECh HEMOJIIPH30BAHHOTO M TOJHOCTHIO MOJIsipu30BaHHOrO. Kak criemyer u3
BBIIICH3JIOKEHHOTO, Ui ONMHCAHUS HETOJIIPH30BAHHOTO H3IIyYEHHs JOCTaTOYHO OJHOW €ro
uHTeHcUBHOCTH /. C APYroil CTOPOHBI, MOJTHOCTHIO MOJIIPU30BAHHOE U3ITyYEHHE MOXKHO OMHCATh
tpems napameTrpamu Crokca O, U u V, nockonbKy aJig Hero cootHouienue (2.7.19) nosposnsier
ONpPENEIUTh 10 HUM HMHTCHCUBHOCTh [. Takum o00pa3om, s YaCTUYHO MOJISPU30BAHHOTO
U3JIy4YeHUsT TPeOyIOTCs yKe Bce ueThipe mapamerpa CTOKca, KOTOpBIE B 3TOM OOIIEM ciydae
HE3aBUCHMBI.

Jlist 1r0060T0 M3ITy4YeHHUs] OTHOIICHHUE YacTei BhIpakeHus (2.7.19) HaszpIBaeTCs cmeneHvio

noJisipuzayuu
2 2 2
p - N FUHV (2.7.20)

1

JI1s1 TOJTHOCTRIO MOJSIPU30BAaHHOTO M3MyueHus P = 1, mis ectectBenHoro P = 0, ais 4aCTUYHO
nonsipu3oBaHHoro 0 <P <1, u, uem Onmxke P k 1, TeM cuibHee MOJSPU30BAHO H3IIyUCHUE.
Cremnenp mosspu3anuu 0OBIYHO BhIpakaroT B mporeHtax. CootHomenue (2.7.20) He Bcerna
yAOOHO Ha TMpakTUKe, TOCKOJIbKY TpeOyeT wu3MmepeHus Bcex mnapamerpoB Ctokca. Yacto
MOCTYTAIOT MPOIIE: U3MEPSIOT 3aBUCUMOCTh MHTCHCUBHOCTH M3JIYUYEHUS TIPU €r0 MPOXOKICHUU
yepes TUHEHHBIN MOIIpU3aTOp OT yIila MOBOPOTA MOJSPU3aTOPa, JIETIAI0IIEeTo MOIHBINH 000pOT, U
BBIYHCIISIOT

Imax B Imin

- , 2.7.21
Imax +Imin ( )

/

rne [, w /. — MakCUMajbHO€ M MHMHMMAJIBHOE 3HAYEHUE HWHTCHCUBHOCTH. Bemnuunna £

max
OUEBHUJHO ONpENeNsieTcs pa3iuuueM Mexay OONbIIoON M Majoi MOJNyoCSMH 3JUIMIICA
nojspuszanuu. Ee dYacTo Takke Ha3bIBalOT CTENEHBIO MOJSPU3alMM, HO BO H30ekaHHE
MyTaHULBI, Jy4llle YNOTPeOIsITh YTOUHSIOUIMN TEPMHUH CmeneHsv JuHeuHol noispusayuu (Wi
CTENEHb JIMHEWHOCTH  HoJsApu3anuu). JIeHCTBUTENBbHO, A  IOJHOCTBIO  JIMHEHHO
MOJIIPU30BAaHHOTO M3JIydeHus F =1, HO I 3JUIMNTUYECKH MOJISpU30BaHHOrO P <1, a mus

Kpyrosoil nonsipuzanuu Boodme £ = 0. Ilostomy ans marodoro miznyuyenus (2.7.21) conazer ¢
(2.7.20) numie B ciyyae ero JUHEHHOM MOJISIPU3AIIAH.
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Pa3pnen 3. MonekynsapHoe nornouieHue B atmoccepe

3.1. O6bwas xapakmepucmuka MOJIEKYJISIPHO20 M02/10UW,eHUs1 8 3eMHOU
ammocghepe

B mpenpinymeit rmaBe Mbl BBENM, B OCHOBHOM (DOPMAJIbHO, pa3iIHMyHbIE XapaKTEPUCTHKH
B3aUMOJICHCTBUS U3ITyUeHHsI CO Cpeoi: KOA(UIMEHTHI (M CeUeHUs1) 0CIabsIeHus, MOTIOUICHUs
U paccesHusi, WHAWKATPHUCY paccesHus, kodpduuueHT uznydeHus. B 3Toil m mocnemyromiei
rJlaBe Mbl PAaCCMOTPUM KOHKpETHble (U3UUYECKHE MEXaHU3MbI, OOYCIOBIMBAIOLINE 3TU
IPOLECChl. ODTO TMO3BOJIUT HAM ONPENENUTh 3aBUCUMOCTH PA3JIMYHBIX XapaKTEPUCTHK
B3aUMOJICHCTBUS OT MapaMeTpoB (PU3MUECKOTO0 COCTOSIHUSA CPelbl — TEMIIEpaTyphl, JaBICHHUS,
KOHLEHTPALlMU Pa3JIMYHbIX Ta30BbIX KOMIIOHEHT, YHCJa adpO30JbHBIX YacTUL U T.A. OTHU
3aBUCUMOCTH HEOOXOAMMBI JJIsi TNPOBEACHMSA PACUYETOB pPa3IUYHBIX XapaKTEPUCTUK MOJeH
U3JIy4YeHus B aTMocdepax IIIaHeT.

Ha ocHoBe pemieHnss ypaBHEHHMsl IIepeHOCAa W3Iy4YEHHs HA4HEM C pacCMOTPEHMs
MoJIeKyJIsipHOro moriomeHus. [lpexxae Bcero naauM oOOIIyI0 XapaKTEPUCTHKY CHeKmpa
MONEKYNIAPHO20 NO2N0UjeHUs 36MHOM aTMOC(EpBhl, TOHUMAs MO/l 3TUM CIEKTPAIIbHOE MOBEACHUE
¢yskuun mnpomyckanus P (2.4.10) wim  yskmum  nornomeHusts A =1— P pa3snu4HbIX
atMocdepHbix cioeB. Ha puc. 3.1 maHo crnekTpanbHOe TOBeAcHHE (YHKIHUNA TOTJIOMICHUS B
mupokoit obnactu ;uuH BoaH oT 0,1 MmkM 10 100 mxMm. B Bepxnel yactu pucynka (puc. 3.1 a)
JIaHbI KPUBBIE a0COIOTHO YEPHOTO M3MydeHHs s AByX Temrepatyp: 7= 6000 K u 7= 250 K.
[lepBasi TemmepaTypa cOOTBETCTBYeT H3iydeHHio ConlHIa, BTOpas — M3IYYEHHIO aTMOc(epshl
3emsid. OTH KpUBbIE (JlaHbl HOPMHUPOBAHHbIE Ha MAaKCHUMallbHble 3HaueHUs BeauuuHbl B(v,T))
HarJsIIHO JIEMOHCTPUPYIOT CIEKTpallbHble 00JacTH IEepeHOca COJIHEYHOIO0 M aTMOC(EpHOro
n3nyueHuil. Kak Mpl oTMedanu paHee (B paszeine 2), SHEprusi COJIHEYHOIO M3JIy4YeHHs B
atMocdepe 3emin cocpeoTodeHa, B ocHOBHOM, B Y@, Bunumoini u BUK obnactsax cnekrtpa, a
SHEprusi COOCTBEHHOT0 H3iyueHust atMmocdepsl — B cpeaneit MK obnactu. [1pu 3TOM HamomuuM,
YTO peub UIET He 00 MHTEHCUBHOCTSX, a MOTOKax M3inydeHus. (IHTEHCHUBHOCTH COJHEYHOIO
U3Iy4YEeHUs. BO MHOTO pa3 0ojblllé MHTEHCHBHOCTU COOCTBEHHOI'O M3JIyueHHsI aTMOc(epbl WiIn
MMOBEPXHOCTH B JTIIO00M CIEKTpaIbHON 00J1acTH).

a

'g ABcomoTHO
= 4epHOE
= U3ITy4eHHe
o
o
=
=
o
=]
z
<
Puc.3.1. CnexrpansHoe NOBEACHUE ™
q)yHKHI/Iﬁ HOFJ‘IOHIGHI/IH HHS{ Cnyqaﬂ L T I I T T T TTTT T I T T T T TTTT I T I T T T 17111
o 0.10.1502 3 05 1 152 3 5 10 1520 30 50 100
6e3001aunoii arMocdepst [43]. JTAkHa BOTHI, MKM
a — KpHBbIe a0COJIIOTHO YEPHOTO M3IIyYECHUS 100
A JBYX  TeMIeEpaTyp; 06— ¢yHKIMK 80
MOTJIOLIEHHsT BCEH TOMIIM aTMochepsl mpu 60
3eHuTHOM yrine 40° B—  QyHKUNM ‘2‘8:
NOIJIOUIeHNs  ciost  atMocdepsl  oT  ee = ol
BEPXHEM IPaHUIbI 10 BHICOTHI 11 KM. £ 220, O CO;?T‘ 05
(5] LI 1 1 T T 1 LU INRELU 1 ! LI
g 00,0,0, 0 0, [l joHo _HO HO| 0, LTno HO
2 Ho & , e N0 No T CO, T -
— 0 4
o €0 CH,
= [
100 Bpaiarenbhas

80
60
40
20

nojoca
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B cpenneii wactu pucynka (puc. 3.1 0) mpuBeneHsl (yHkuum noriouieHus (or 0 —
OTCyTCTBHE moriyomeHuss B atmochepe a0 100 % — monHOe mMoOriomieHue H3IydeHHs) Bceu
TONIIM aTtMocdepsl npu 3eHUTHOM yriie 40°, a Ha puc. 3.1 B — ciost atMocdepbl OT ee BepXHel
rpanuibl 10 BbICOTH 11 kM. [loguepkHem, 4ToO mpuBeeHHbIE (PYHKINHU MOTIOMICHUS! OTHOCITCS
K ciydaro 0e300aunoii atmocdeprl. M3 pucyHka ciemyer, 94To Kak Bcs atMocdepa, Tak u ee
YacTh BBIIIE TPOIOMAY3bl MOJIHOCTHIO MOTIIOIIAIOT coHeyHoe Y D u3inyueHue. 1o 00ycIoBIeHO
MOTJIOUICHUEM, MPEXK/Ie BCET0, MOJIEKYJaMU KUCIOPOia U 030Ha, UTPAIOIIUMHU POJIb «IIUTay» AJIs
Oouocdepsl 0T wu3IMydeHUs (OTOHOB C BBICOKOM DHEPrueif, a TakkKe BAXHYIO pOJb B
dbopmupoBannn mnpoduas Temmeparypbl B cTtparochepe u meszochepe. bomee moapoOHas
uHpOpMaLUsA O MPOHUKHOBEHHM cojHeyHoro Y® wu3mydeHus B atmochepy 3emin jJaHa Ha
puc. 3.2, rae u300pakeHbl BBHICOTHI B atMocdepe, /UIsi KOTOPHIX ONTHYECKAas TONIIHWHA €€ (0T
BEpXHEH IrpaHMIIbl) paBHA CAUHUIIE.

200 - U3 pucyHka criefyeT, uYTO OOJbIas

0, YacTh COJIHEYHOTO W3JIy4YEeHHs I JUIHH
BomH 0.01 —0.18 MKM mDorjomaercs B
cnosix armocdepsl Bbime 100 km. [ns

0, e BonH  0.2-0.3 MKM  OCHOBHOE

MOTJIOUIEHHE  MPOMCXOAUT B CIIOE

aTMocdepbl ¢ HIDKHEH TrpaHuleid mnpu

30-40 km. Ha puc. 3.2 ykazaHbl OCHOBHBIE

ra3oBble COCTABISIIOIINE, OTBETCTBEHHBIE

, . . . . . 3a TIOTJIONIEHNE COJTHEUHOT'O M3JTYyUYEHUs B

0 50 100 150 200 250 300 YO obnactu cnektpa (O,, O, N, N, NO,

K, HM 03)
Puc. 3.2. BoicoTsl B aTMoc(epe, 1151 KOTOPBIX CongeuHoe U3JTy4YCHUE HaYUHAET
onTHYecKas Toxima ee (0T BepXHel rpaHunbl) paBHa 1 [43]. JOCTHraTh MOBEPXHOCTH 3eMIIH, HAHHAS
¢ gauH  BomH, Oompimmx 0.3 MKM

(puc. 3.1 a u 3.2). HaunnHas npuOIM3HTENHFHO C ATHUX JUTMH BOJIH, aTMOC(EpHOE IOTIIONICHNE

OBICTPO YMEHBIIAETCS, U Mbl BUAMM, 4To Juis JiMH BOJH 0.3 — 0.9 MkM Oonblnas 4acTh

COJIHEYHOTO M3JIY4YCHHs JOCTUTAeT MOBEpXHOCTH 3emiu (M TeM Oosee BbicOTHI 11 kMm). Takue

CHEKTpaJibHble 00JIacTH, rie aTMochepHOe MOTIONICHUE HEBEJIUKO, MPUHATO HA3bIBATh OKHAMU

npospauHocmu  ammocgepvi. YKazaHHAs CIEKTpalbHAass 00JacTh COOTBETCTBYET OKHY

MIPO3PAYHOCTH B BUAUMOM 00JIaCTH CIEKTPA.

Hauwnas npubnusurensHo ¢ 1 MkM, aTtmochepHOe TMOTJOMIEHHE B  CPEIHEM
yBenuuuBaercs, focturas 100 % B OTAETBHBIX noI0CAX no2nOujeHus PA3InIHbIX aTMOC(EpPHBIX
ra3oB (OHU yKaszaHbl Ha puc. 3.1). DTH MONOCHI MOTIONMIEHUsS OCOOEHHO HATNISIHO BUIHBI Ha
puc. 3.1 B. CpaBuuBas puc. 3.1 6 u puc. 3.1 B, moxxHo Bumeth, uro B MUK obmactu cmekrpa
atMoc(epHoe TOTJIOIIeHHEe HAOMIOJaeTCs, Tpekae Bcero, B Tpomocdepe (TOrIomeHne
CYIIECTBEHHO MEHBIIE JUIsl YpOoBHA 11 KM, ueM JJis1 MOBEPXHOCTH 3eMJIM). DTO CBS3aHO C TEM,
9TO MMEHHO B Tpomocdepe COIACPKUTCS OOMbIIas YacTh TaKMX BAXKHBIX moriomaronmx MK
nsnydyerue moiekys, kak H,O u CO,. CnektpanabHble 00JaCTH MEXAY MOJIOCAMH MOTJIONICHUS
00pa3ytoT okua npospaunocmu atmochepsr B UK obnactu cnektpa. Haunmnas mpumepHo ¢
13—14 mxm, yHKOMM TIOTJIOHICHUS BCcell Tommu atMocdepsr mpubmmxkarorcs k 100 %, T.e.
HaAOJII0JaeTCsl MOJHOE TOTJIONIEHHEe. DTO CBSI3aHO, B OCHOBHOM, C IOTJIOIIEHHWEM MOJIEKyJaMu
C02 158 HZO.

JlJig UiUTIoCTpaluy CIEKTPOB MOTJIONIEHUs OTAeIbHBIX aTMochepHbIX ra3oB B UK obnactu
CHeKTpa mpuBeaeM puc. 3.3, rae naHbl GyHKIMK NpomycKaHus 1 Takux razoB kak CO, CHy,
N0, O3, CO,, HDO, H,0 u Bceit MHOTOKOMITIOHEHTHOM aTMOC(]ephI.

<—N2, O—s
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Puc. 3.3. OyHKIuM NPOMyCKaHUs ISl PA3JIMYHBIX Ta30B M I BCCH MHOMOKOMIIOHCHTHOW aTMOC(EpHI.

Kak wmbl oTrmewanun B paszene 1, coiepaHMe pa3iIWYHBIX aTMOC(HEpHBIX TIa30B
MpEeTepHeBacT CYLIECTBEHHbIE MPOCTPAHCTBEHHbIE M BPEMEHHBIE BapHalMi. JTO MPUBOAMUT K
COOTBETCTBYIOIIMM BapHaIMsIM MOJIEKYJIIPHOTO MOTJIOIIEHHS B 3eMHOM atMmocdepe. OcobeHHO
3HAYUTeNIbHbIE Bapualuu aTMoc(epHBIX (YHKUUN MNpomyckaHUs HaAOIIOJAIOTCS B IOJIocax
MOTJIOUIEHHS BOJSHOIO Iapa, YTO CBSA3aHO CO 3HAYUTENIBHBIMHU IPOCTPAHCTBEHHO-BPEMEHHBIMU
BapHalllsIMH €T0 CO/IepKaHUs B 3eMHOU aTMocdepe.

3.2. Paznu4Hble murnbl MOJIEKYJISIPHO20 Mo2J10WeHuUs

MounekyisipHoe MOTJIOLIEHUE MoApa3aenserca Al yao0cTBa Ha pa3iuuHble TUIBL Ecimu
NOTJIOUIEHUE M3JIy4eHHUs MPUBOAUT K JUCCOLMAlUU (WM HWOHM3AlMM) MOJIEKYJbl, TO
COOTBETCTBYIOIINE CIEKTPHI MOIJIOMICHUS HA3BIBAIOTCS cnekmpamu omooduccoyuayuu (unu
@omouonuzayuu). XapakTepHOH 0COOCHHOCTBIO 3TUX CIEKTPOB SBJISIETCS OTHOCUTENBHO crabdas
CHEKTpaJibHasi  3aBUCUMOCTh (32  HEKOTOPbIMM  HMCKJIIOYEHHUSMH)  COOTBETCTBYIOIIMX
KOA((UIIMEHTOB MOTJIOUICHHUS. DTO CBSI3aHO C TE€M, UYTO TaKhe BUIBI PHEPTMHU MOJEKYJbI, KaK
AJIEKTPOHHAsI, KojebaTeiabHass MMEIT AMCKPETHbIE 3HAU€HHUs, a YHEPIHMM IOCTYNATEIbHOIO
JBWKEHUs HenpepblBHBL. Clie0BaTEIbHO, MEPEXO0J MOJIEKYJIbI, HAPUMEP, U3 AJIEKTPOHHOIO
(IMCKpPETHOIr0) COCTOSIHUS BO3MOYKEH Ha JI000M YPOBEHb 3HEPIMU MOCTYNATEIBHOTO JBHKEHUS.
[Toaromy u mornomieHue npu Qgoroaucconranuu (WM GOTOMOHU3AIMH) MOXKET HaONI0AaThCs
npu J000H dYactore, OOJbIIEH €€ TPAaHWYHOTO 3HAYCHHS, ONpPEIeNsieMOr0 MHUHUMAIbHOU
sHeprueit PoroHa, HEOOXOTUMOM IS OCYIIECTBICHUS ITUX MPOIIECCOB.

[lornomenue u3ayuyeHUs, OOYCIOBJIEHHOE MEPEXOJaMU  MEXAYy AJIEKTPOHHBIMHU,
KoJeOaTeNbHBIMU M BPAIATeIbHBIMH ~ YPOBHSIMH JHEPTUM  MOJIEKYJbl, HMEET YETKYIO
CIIEKTPAJIBHYIO CTPYKTYpy. Kaxkaplid Takoil mepexon, B CHIIYy AUCKPETHOCTH YPOBHEWU DHEPTHIA,
IPUBOJUT K MOSBIECHHUIO OTACIBHON JUHUU NO2NOWEHUs, LEHTP KOTOPOH V; COOTBETCTBYET
U3BECTHOMY COOTHOLIEHUIO

I’lVij:E‘j*Ei, (321)
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riae £; u E; — S5HEPruv HUKHETO U BEPXHETO COCTOSHUS MOJIEKYJIBIL.

CnekTtpsbl

HOTJIOIICHUA

moapa3aAcIsIrOTCA

Ha

JJIEKMPOHHbLE,

KonebamenbHvie U

eépawjamesibHble B 3aBUCUMOCTH OT YYAaCTBYIOIIUX BO B3aUMOJACHCTBUU U3IYUEHHUS C MOJIEKYJIOU
COCTOSIHMM BHYTpeHHeH »Heprur. Ha caMoM jene, MOCKOJIBKY SJIEKTPOHHBIE COCTOSIHHS
MOJICKYJIbI «PaCHICIIAOTCA» Ha KOHQG&TGHBHBIG noaypoBHH, a KOHCG&TGHBHBIG NMoAypOBHH Ha
BpallaTeibHble MOAYPOBHH, MPU U3MEHEHHSIX 3JIEKTPOHHBIX COCTOSHUI MOJIEKYJ MPOUCXOIAT U
W3MEHEHHUs HMX KOJeOaTeNbHBIX W BpallaTeNbHBIX cocTossHul. [loaTomy Oosee KOppPEeKTHO
Ha3bIBaTh 3JIEKTPOHHBIE CIEKTPbl MOTJIOUICHUS 971eKMPOHHO-KO1e0amenbHOo-8pauiameibHblMU,
HO TaKOHW JUTMHHBIA TEPMHH, KaK MpaBUIo, He ucroib3yercs. COOTBETCTBEHHO, KoJjeOaTenbHbIe
CHEKTpHl MOTrJIomeHus: Oosiee MpaBUIBLHO HAa3bIBaTh KoJieOaTeNbHO-BpallaTebHBIMU, M 3TOT
TCPMHH 9aCTO UCIOJB3YCTCA B JIUTCPATYPC.

HarnsagHoe mnpezncraBieHune O pa3idyHBIX BUJAX BHYTPEHHEW SHEPrUUM MOJIEKYT U
Pa3INYHbIX BSaHMO,Z[efICTBH}IX HU3JTy4CHHA C MOJICKYJIaMH, a4 TAaK¥KC O COOTBCTCTBYIOIIUX 3TUM
B3aUMOJICCTBUSM CIIEKTPAJIbHBIX 00JIacTsIX, JaeT puc. 3.4.
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2. Ilepexoapl MeXAy pa3InYHBIMU YPOBHSMHU SJIEKTPOHHOM SHEPTUU MOTYT IPOUCXOIUTD O]
JNEHCTBHEM PEHTI€HOBCKOTO, YIbTPapHUOJIETOBOIO W BHUIUMOTO H3Iy4deHHi. PeHTreHoBckoe
u3JIy4deHrue, (OTOHBI KOTOPOro OOJaNaloT OuYeHb OONBIIOW SHEPrHel, MOXKET NPUBOIUTH K
W3MEHEHHUIO TOJIOKEHHUS BHYTPEHHUX dJekTpoHOB. [lormomenue ynbpTpaduoneroBoro u
BHJIMMOI'0 U3JIy4YEHUH IPUBOJIUT K IIEPEX0/IaM BHEIIHMX IEKTPOHOB MOJIEKYJ U aTOMOB.

3. Konebanusi aTOMOB, COCTaBISIOUIMX  MOJIEKYJbl, OTBETCTBEHHBI 32  HaJIU4YUE
KOJIeOATEBHBIX YPOBHEH SHEPTHH U TIOTJIONICHHE HHPPAKPACHOTO U3ITyYCHHS.

4. I3MeHeHUs OpHUEHTAIlMM MOJIEKYJIbl (BpalleHHE MOJIEKYJbl) CBSI3aHBl C IOTJIONICHUEM
nanpHero MK u MUKpPOBOJIHOBOTO M3ITYUYEHHS.

5. Hakonen, wu3MeHEHUss B OpUEHTAMM CIOMHOB SJI€pP U DJIEKTPOHOB  MOJIEKYJ,
COIMPOBOKIAEMbIE OUYEHb MAJIBIMU U3MEHEHUSIMHU BHYTPEHHEW SHEPTUU MOJIEKYJIbI, 00YCIOBICHBI
MOTJIOIIEHUEM CAHTUMETPOBOI'O U METPOBOT'O PAITUOU3ITYUCHHUS.

KonkpeTHble 3HaueHUs BHYTpPEHHEH YHEPTHUU MOJIEKYJbI (JIEKTPOHHOM, KoJieOaTeIbHOM,
BpalllaTeIbHOW U T. J.) 3aBUCAT OT €€ XUMHUYECKOW MPUPOJBI (COCTABIAIOIIUX €€ aTOMOB) U
CTpyKTypbl. OHU ONpPENENAIOT BO3MOXHBIE NEPEXOJbl MOJIEKYJbl W3 OJHOIO COCTOSHUS B
JIpyroe, COMpOBOKIaeMbIe MOTIIOMIEHUEM (UIH AYMUCCHEH) HU3IYUCHHUS, T.€. CHeKMp NO2N0UeHUs
(usnyuenus) monexyavi. [I0CKONBKY KaXk/1as MOJEKYJa COCTOUT U3 KOHKPETHBIX aTOMOB U UMEET
OTIpeICNIEHHYI0 CTPYKTYPY, CHEKTP €€ MOrJIOUIeHHs (M U3Iy4YeHHs) CTPOro MHAMBHAyaleH. JTa
0COOCHHOCTh SIBIISICTCSI (PU3MYECKOW OCHOBOHM HCIOJB30BAHUS CIIEKTPOB MOTJIOMIEHUS (WIH
M3ITYUYEHUS) MOJIEKYJT AJIsi OTOKIECTBICHHS X XUMUYECKON MPUPOABI U CTPYKTYPBHIL.

Jlns nmpumepa Ha puc. 3.5 mokazaHbl YPOBHM BHYTPEHHEW SHEPruu TMIIOTETHYECKOMN
JIByXaTOMHON MOJIEKYJIbI — 3JIEKTPOHHBIE, KOeOaTeNbHbIE U BpallaTeIbHbIe.

COBOKYNHOCTH TOPHU3OHTAIbHBIX JIMHUNH 4 U B
HAa  PUCYHKE  MpPEJICTaBIsIIOT  coOOM  1Ba
AIIEKTPOHHBIX COCTOSIHUS MOJIEKYJIbl. IHIEKCHI V U j
XapaKTepU3yIoT KojiebaTenbHble U BpallaTeNIbHbIC
SHEPIuu, COOTBETCTBEHHO. [lormomienue, B o0ieM
cily4ae, MPOUCXOIUT MPU TMEPEeX0/e MOJIEKYJbl U3
coctostHus A, v”, j'' B coctosnue B, v’, j . Kaxplit
TAKOW TepexoJ MPHUBOAUT K BO3HUKHOBEHHIO
AIIEKTPOHHO-KOJIE0aTEeIbHO-BpaLaTeIbHON  JTMHUH B
MIOTJIOILIEHHUSL. Taxux Nepexo10B MEXTY
pPa3IMYHBIMH ~ COCTOSIHMSIMM ~ DHEPIMH  MOXET
IPOMCXOJUTh OYEHb MHOIO (OHM OTIpaHHUYEHBI
CIIeUAIbHBIMU npasuiamu ombopa).
COBOKYIHOCTb JIMHUI TOTJIONIECHHS, BOSHUKAIOLIHX
IpU Tepexojax MeXIy JBYMs KOHKPETHBIMH
AJIEKTPOHHBIMH ~ YPOBHAMHU U MHOXKECTBOM
KoJIeOaTeNbHBIX M BpalllaTeNbHBIX TOJypPOBHEH,
(bOPMUPYET 31eKMPOHHYIO  NOJOCY NO2NOUeHU.
Eciu 27eKTpOHHOE COCTOSIHME MOJEKYJbl He
u3MeHsiercs  (dHeprus (QoToHa Ui ITOrO HE
JIOCTaTOYHAa),  HO  TPOUCXOASIT  HU3MEHEHHUS
K0JIeOATEeNbHBIX YHEPTUH MOJIEKYJIbI, YTO TOBOPUT O Puc. 3.5. YpoBHH ~ OSHEpruM  HACAIBHON
Konebamenvubix nonocax no2ioujenus. C yderom — ABYXaTomHoi — Monekyms: (A) wu  (B) -
pacIerIeH s KOJIe0aTeIbHBIX YPOBHEH SHEPTUH Ha zg‘;‘g:;’;z‘;gev' V" - KoeOaTeNbHbe; ' 1" -
BpalllaTeibHble MOJYPOBHU SHEPTUHU, MEPEXOJIb
MEXIy KOJIeOATeIbHBIMA COCTOSIHUSIMH CONPOBOXKIAIOTCS W M3MEHEHUSIMHU BpallaTeNIbHOU
SHEPruM MOJIEKYJbl. Bce 3Tu mepexoabl 00pa3yloT JIMHUU, COCTABIISIIOIIME KO.eb6amenbHo-
8paujamenbHyio Noa0Cy NO2I0UJeHUSL.

w
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3.3. CnekmpbI no2row,eHUsi ammMocgepHbIX 2a308

[Tornomenne atMocepHBIMH COCTABISIOUIUMH MOXXHO XapaKTepU30BaTh C IMOMOIIBIO
CIEKTPAILHON 3aBHCHUMOCTH KO3(PGHUITUESHTOB MOJIEKYJIIPHOTO TorionieHus. J{ins atMochepHbix
NpUIOKEHUH OoJiee HAIVSIIHO HUCIONB30BaTh TaKUE XapaKTEPUCTHKU  MOJIEKYJISPHOTO
MOTJIONICHNSI KaK (YHKIMU Tporyckanus (win (yHKIUH TorjiomeHus). [IpuMepsl Takmx
byHKIM ObUIM TIPUBEACHBI Ha puc. 3.3 MpU 3HAYUTEIHHOM CIEKTpaJbHOM ycpeaHeHuH. B
JAHHOM pasliele MbI PACCMOTPUM MOHOXpOMAaTHUYECKHe (YHKIMH, HauOoJiee HAarJISTHO
XapaKTepU3yIOIINE CIOKHBIA CIEKTPATLHBIN XapaKTep MOJIEKYJISIPHOTO MOTIOIIECHHUS.

B paccmarpuBaeMoMm ciiydae, Korja pedb HIAET O MOJIEKYJISPHOM TIOTJIONICHUH B
aTMocdepe, yIoOHO paccMaTpruBaTh MOHOXPOMATHICCKUE BEITMIMHBI KaK (YHKIIMH 9acTOTHI V
a Tak)Ke sIBHO BBECTH B (DOPMYJIIBI XapaKTEPUCTUKH MOTJIOMIAIOIIETO Ta3a, HAPUMEpP IUIOTHOCTh
£ . 3amumeM (opManbHO BBEICHHBIH B pasjelnic 3 00beMHBIH KOA()(UIIMEHT IMOTJIOMEHUS B

BHJIE k(v):k(v)ﬁzx(v)p. Koaddpumment «(v)=k(v)/p ectb MaccoBblii KO3 UIUEHT
norJyiomenusi. Torna BelpakeHue st QyHKImu npomyckanus (2.4.10) mepenwuiiercs B BHUIE

2
P(v) = exp[— secd I k(v,z)p(z)dz]. Ha pwuc.3.6 uzo0paxkeH TpUMEpP PACCUUTAHHBIX
2
MOHOXPOMATHYECKUX (PYHKIIUN TPOITYCKAHUS BOASHOTO Mapa (Kak (PyHKIUH BOJHOBOTO YHCIIA)
B aTMocdepe Mo 3eHUTHOM yriioMm B 30°.

| N Ha puc. 3.6 YEeTKO BUTHEI
Y r (

W\ qu\ \n M MUHUMYMBl B  3HaueHHsx P(v),

COOTBETCTBYIOIINE pa3IuYHbIM

o JIMHUSAM TIOTJIOLUEHUS BOASHOIO Mapa.

5 N3 pucyHka BHIHA OYEHb CHUJIbHAS

= 3aBHCHMMOCTE  P(V) OT BOJIHOBOTO

@]

e qucia - H31y4YEeHHUE CHUJILHO

MorJIonIaeTcss BOJIM3M LIEHTPOB JIMHUN

u cmabo — Mexay HUMH. Takou

0 ! . . : . : — CIIEKTPaJIbHBIN Xapakxrep

630 650 670 690 710 MOJIEKYJIIPHOTO MOTJIOLECHHS,

BousiHoBOE ymcIio o o

00yCIIOBJICHHBIN CUJIILHOM

Puc. 3V.6. Pacuernsrit criektp P(V) QyHKIIUH IPOITYyCKaHUS M3MEHUNBOCTEIO KOO PULHEHTOB
H,O B paiione 14.9 mxm. Beicota Habmogerus z = 10 kM,

MOJIEKYJISPHOTO MOTJIOLIEHMUS,

3€HUTHBIHN yroi HabmroneHus 6= 30°. .
SIBJIICTCA INPUYMHOH HCIIOJIb30BaHUA

TEepMHUHA celekmuernoe nozioujenue (To ecTb u3OupartenbHoe). CIEeKTpanbHOE IOBEICHNE
K02(pPULIMEHTOB MOIIOIMEHUs U (PYHKIMIA MpomycKkaHusi aTMocdepsl mpu (HOTOAUCCOLUAINH U
(hOTOMOHM3AIMU MOJICKYJl 3aMETHO OTJIMYAEeTCs OT MpUMepa, MPUBEACHHOTO Ha puc. 3.6. OHO
XapaKTepU3yIOTCS OTHOCUTENIFHO CJIA00H 3aBUCUMOCTHIO KOI((UIIMEHTOB MOIJIOIEHHUS OT
YaCTOTHl M HOCAT HAa3BAHUE HECENeKMUBHO20 (KOHMUMYANbHO20) nozioujeHus. Takol ke Tun
CHEKTPAIbHOM 3aBUCMMOCTH HAONIOJAeTCs TaKkKe IPU HAJTUYUU OYEHb OOJIBIIOrO YucIia
HEepPEeKPHIBAIOMINXCS (HAKIaJbIBAIOIIUXCS IPYT Ha JpYyra) CIEKTPAIbHBIX JHHUI IMOTJIONICHHUS.
OTO sBIEHHE XapaKTepHO, HANpPUMEp, JUIA SJCKTPOHHBIX IOJIOC TOTJIOUICHUS pa3IMYHBIX
aTMOC(EpHBIX T'a30B B YJIbTPAdHOIECTOBOW M BHIMMOW OOJIACTAX CIEKTpa, INie MPHUCYTCTBYET
OrPOMHOE KOJHMYECTBO CIEKTPAJIbHBIX JHHUN IOTJIOUICHUS, OOYCJIOBJIECHHBIX HAIUYHEM Y
MOJIEKYJI KoJieOaTeIbHO-BpalaTeIbHBIX MMOYypPOBHEH. B 3TOM ciydae B mepBOoM HpHOIMKEHUH
JUIS  JTOCTaTOYHO Y3KHUX CIEKTPAJIbHBIX HWHTEPBAIOB MOXKHO MpEeHeOpeyb CHEeKTPaIbHOM
3aBUCUMOCTBIO K03 dunmeHToB noriomenus B YO u Bunumoin odmactsx cnekrpa. Takoi ke
TUI CHEKTPAJbHON 3aBHCUMOCTH KOI()(UIIMEHTOB TMOTJIOUICHUS HMMEET TaK Ha3blBaeMoe
MOJIEKYJIIDHOE UHOYYUpOBaHHOe TIOTJIOMIEHHE pa3NUYHBIX Ta30B (CM. jgajee) a Takke
a3p030JIbHOE IOTJIOIIECHHE.

50



3.4. KonuyecmeeHHoOe ornucaHue MOJIEKYJISIPHO20 Mo2J10WeHuUs

VY4uuThiBas HaJM4YUEe B CIEKTPAaX MOJEKYJISPHOTO MOIJIOMIEHHUsS OOJIBLIOrO KOJIMYEeCTBa
OTJIENbHBIX JIMHUI TOIJIOIIEHHUS, BO3HUKAIOIIUMX IpPU Mepexodax MOJIEKyJd H3 OIHOIo
HHEPreTUUECKOro COCTOSHUS B Apyroe (cM. puc. 3.5), cymmapHbIii K03 PULIUEHT MOTIoUIeHUs
JUTsl KOHKPETHOM MOJIEKYJIbl MOKHO 3anucath Kak [10, 14, 43]

ke (v) = D ky (V) (3.4.1)

rne k,(v) — xo3p@UUUEHT NOINIOIEHUs B OTAENbHOW i-0il cnekTpanbHOM nuHuu. Ciemyer

MOMYEPKHYTh, YTO cooTHouieHue (3.4.1), xaxyuieecss OYeBUIHBIM, Ha CaMOM JeJie SBIISETCS
npubmmkeHHBIM. B ocHOBe cooTHomieHus (3.4.1) IIeXKHUT MPEeArnoyioKeHHe, 4To OTACTbHBIC
CHEKTpaJIbHbIE JIMHUU TMOTJOLWEHUs (OPMHUPYIOTCS HE3aBUCUMO Jpyr oT jpyra. HubsimMu
CIIOBaMHM, TMEPEXOJbl  MOJIGKYJ  MEXAy  pa3HbIMH  DHEPreTUYECKUMH  COCTOSHUSMU
OCYIIIECTBIIAIOTCS He3aBucuMo. Ha camom nene mpuHiun aaautuBHOCTH (3.4.1) 0cOOEHHO SIBHO
HaApPYIIAeTCs, €CJIM COOTBETCTBYIOIINE TUHUH TOTJIOMICHUS CYIIIECTBEHHO MEPEKPHIBAIOTCSA. DTOT
3¢ (deKT B MOJIEKYJISIPHOM CIIEKTPOCKOMH Ha3bIBACTCS uHmepghepeHyueti CnekmpanibHblX JUHUIL.

Ecnmu ydectb, uTo B arMocdepax IUIaHET, HAapUMep 3eMIIH, MPUCYTCTBYET OOJBIIOE
KOJIMYECTBO PA3IMYHBIX aTMOC(HEPHBIX Ta30B (CM. pazaen 1), To Kod3PPUIIUEHT MOJICKYJISIPHOTO
MOTJIONICHMS BO3/IyXa, CIEIyeT 3aMucaTh Kak

k() =D k() =2 ky s (3.4.2)

k k i
A€ MHIACKC CYMMI/IpOBaHI/ISI k COOTBCTCTBYCT pa3HBIM razaM, BXOJAIIUM B COCTaB BO3I[yX3, a
WHJEKC i — OTACTBHBIM JIMHHMSIM KaXJ0ro rasza. Takum oOpa3om, oOmwmii kod3(pduimeHt

MOJICKYJIIPDHOTO TMOIJIOIIEHUsI B aTMocdepax IUIaHeT TMpeJcTaBiseT co0oil, B mepBOM
npUOIMKEHUH, CyMMYy KO3()(UIIMEHTOB TOTJOMEHUS B OTICIBHBIX JIMHHUAX TTOTJIONICHUS
pa3IUYHbIX aTMOC(HEPHBIX ra30B.

KoadduumeHT MOIeKyIIPHOTO MOTIIOMIEHHS B OTACIBHON CIEKTPATbHOMN JTHHUU TIPHHSATO
3alMCBIBATH B BUJE

kij(v) = Sij fij(V_Vij) ) (3.4.3)

rae S; — HMHTCHCUBHOCTH CIIEKTPalIbHOW JIMHMM IIOTJIOIIEHHS, OOYCIIOBICHHON IIEPEXOI0M
MOJIEKYJIBI U3 OJHOIO COCTOSIHUSI BHyTpeHHeH sHepruum (i) B apyroe (j), fij — KOHTYp JIMHUH
MOTJIONICHMSI, OIMMCHIBAIOUINI CHEKTpalbHOe (YacTOTHOE) pacmpeneneHue koddduimenrta
MOTJIOUICHUS. AHAJIOIMYHBIM 00pa3oM MO>KHO BBECTH KOHTYp JMHMM u3aydyeHus. [lpu stom
KOHTYD JIMHUU OTPEAETSeTCs TAKMM 00pa30M, 4TO BBIMIOJIHSAETCS YCIOBHE HOPMHUPOBKHU

Tf(v —v,)dv =1, (3.4.4)

N3 KOTOPOro CJIeaAyeT COOTHOMICHUC, CBA3BIBAOIICC MHTCHCUBHOCTD JIMHHUU U eé KOB(i)(I)HI_[I/ICHT
HOTrJIOIICHUA

Tk,,j )dv =S,. (3.4.5)

B nmanHoM u mocnemyronmx mnaparpadgax MbI PacCMOTPHM, KaK OIpPENeTUTh OSTH
BOKHCHININE XapaKTePUCTHKH MOJICKYJIIPHOTO IOTJIOIIEHUS B CIIEKTPATBHBIX JTHHHX. J[J1s1 3TOTO
MBI JIOJKHBI UCIIOJIB30BaTh KBAHTOBO-MEXaHUUYECKUM noaxon (puc. 3.7).
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2 7 Eynyy PaccmorpuM  mponecchl  MOJEKYJISIPHOTO

MOTJIOIICHUS] M M3JIyYEeHHUs] C TOYKH 3PEHUS
2 2 KBAaHTOBO-MEXaHUYECKOTO oaxoa Ui
MIPOCTEUILIEH MOJEIU JIBYXyPOBHEBOMU
MOJICKYJIBI Wi atroMa (puc. 3.7 a). DUHIITEHH
BBEJ TOHATHE BEPOATHOCTEH  MEPEXOJ0B
MOJICKYJIBI (aToMa) W3 OJHOTO COCTOSIHHSI B
j E.n;.g npyroe. B HameMm ciywae, 3TO mepexojbl
MEXIy COCTOSHUAMH | U 2 — OCHOBHBIM
COCTOSIHHEM C dHeprue E; u BO30YXICHHBIM
COCTOSIHUEM € DdHeprue FE,. OWHIITEHH
MOCTYJIMPOBAJI, 4YTO BCE B3aMMOJEHUCTBUS
y Y £y oy, &; MOJICKYJIBI C H3JIy4YCHHMEM MOXHO ONHUCAaTh C
MIOMOIBI0  TIPOLIECCOB  CIIOHTAHHOTO M
Puc. 3.7. Cxema Ipo11ecCoB MOJIEKYJIIPHOTO BBIHY)KJIEHHOTO HCIyCKAHMS M MOINOMICHHS.
IIOTJIOIICHHUA 1 I/I3Hy‘ICHI/I.ﬂ C TOYKH 3peHIiI‘ﬂ K]iaHTOBO- LII/IC.HO CITOHTAHHBIX (CaMOHpOI/ISBOJILHBIX)

MECXAaHHYCCKOI'O Ioaxojaa: a) J1A TPOCTEUIIEN MOECIN
MEepPEX0JI0B U3 COCTOSHMUS 2 B cOCTOsiHME | B

JIBYXYPOBHEBOH MOJIEKYJIBI WM aToMa; 0) I MOJAETTH
MHOT'OYPOBHEBON MOJIEKYJIbI MJIM aTOMA. enuHuIe ooObema 3a Bpems df paBHO

E|,11[,,gl

(=

N, 4, dt (3.4.6)

rae N, — 4UCII0 MOJIEKYJT B COCTOSTHUU 2 (HACEJIEHHOCTh WM 3aCEJICHHOCTh COCTOSIHUS 2), Ay —
kod(urmenT ODWHIITEHHA I CHOHTaHHOTO wucmyckaHus. Kosddumument A4,; Bbpaxkaer
BEPOSITHOCTh TOTO, YTO MOJEKyJa M3 COCTOSIHMA 2 TEpeHaeT CIIOHTAaHHO B COCTOsHUE 1 B
€IMHUILY BPEMEHHU.

[IpenmnonoxumM, 4TO paccMaTpUBAaEMbIi O00BEM cCpellbl HaXOOUTCA B IOJIE M3IYUYCHHS C
IUIOTHOCTBIO M3JIy4YeHUs! o (V) BOJIM3M YacCTOThHI, COOTBETCTBYIOIIEH Pa3HOCTU SHEPIUd MExay

ypoBHsMH | 1 2 — hv = E; — E. Uicno NOTIOMEeHHBIX (OTOHOB 32 BpeMs df (4MCIIO0 MEepPEexXo/10B
U3 COCTOSIHUSA | B COCTOSIHUE 2) MOYKHO ONPEIEIIUTh KaK

N, B, p(v,,)dt, (3.4.7)

rae By — koddgdunuentT DUHITEHHA 111 TIorjomeHus, Ni — HaceJIeHHOCTh cocTostaus 1. Uucno
aKTOB BBIHY)KJIEHHOTO W3Ny4eHHUs (TOJ IEeHCTBHMEM MaJalollero Ha cpeay H3Iy4YeHHs) MOXKHO
HpeI[CTaBI/ITL KaK

N, By p(vy)dt, (3.4.8)

riae By — koagduimeHT DUHIITEHA 7S] BBIHYKIEHHOTO U3ITy4eHUSI.

DUHIITEHH MOCTYJINPOBAN, YTO TPHU BBEACHHBIX Kod(hdunmenta Az, Bz U By oTpaxarmoT
orpe/ieNieHHbIe CBOMCTBA aTOMOB U MOJIEKYJ U He 3a8UCAM OM 6HEWHUX YCI08Ull (Hanpumep, om
memnepamypul u 0agnenus). B 3TOM ciaydae COOTHOUICHHS MEXIy ITHMH KO3(pQHuImeHTaMmu
HOCSIT YHUBEpPCAJIbHBIA XapakTep, T.€. CIPABEUIUBBI JUJIS JIOOBIX YCIOBUNA. DTH COOTHOILEHUS
MOKHO IIOJIy4HUTb, paccMaTpuBas cCllydyail TEpMOJMHAMHUYECKOIo (TEIJIOBOIO) pPaBHOBECHS B
cpene, mpu KOTOPOM BBITIOHSIOTCS TpH ycioBus [37, 38, 44]:

1. Jlemanvueiii 6anamnc, T.€. MPEANONIATAETCS, YTO YUCIO NEPexoa0B 1 — 2 B TOYHOCTHU paBHO
YHCITy TepexoaoB 2 — 1.

2. 3aKOHBI U3JIYYEHHUS YEPHOTO Tea.

3. 3axoH bosibiMaHna, OnMChIBAIOIIUI OTHOCUTEIBHYIO HACEIEHHOCTh COCTOSIHUM 1 1 2.

N3 kBaHTOBOW MEXaHWKH H3BECTHO, YTO KOIPGUIMEHT DUHINTECHHA JJIi CIOHTAHHOTO
M3JTyYEHUs BBIpAXKaeTCs Yepe3 MAaTPUUHBIN 3JIEMEHT JUIIOJIBHOTO MOMEHTA MOJIEKYJIBI Ry [10]
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B 64 7t v?

AZI_ 302 |R21

(3.4.9)

Tem caMbplM 3HaHHME MATPUYHBIX 3JEMEHTOB JHWIIOJIBHOIO MOMEHTa MOJIEKYJ I03BOJISET
onpeneniaTh KodpGUIMEHThl OWHIITeHAa M, Kak Mbl IOKaXeM Jajiee, HHTEHCUBHOCTHU
CIEKTPaJbHBIX JIMHUH.

Hcxons W3 pacCMOTPEHHBIX — BBINIE  DJIEMEHTAPHBIX ~ ONTHYECKHX  IIPOLIECCOB
B3aMMOJICHCTBHS M3IYUYEHHs] C MOJEKYJIOM (aTOMOM), MOYXHO IOJIyYUTh YpaBHEHHME INEepeHoca
U3IyYeHUs] B KBAHTOBO-MeXaHHuecKoi ¢opme (cM. BbIBOI B MoHOTpadusx [37, 38, 44])

dl hv hv
P =N By = N, By 11, f(0) 4 7N, Ay f(4). (3:4.10)

T

CpaBHEHHE IBYX BHUJOB YpaBHEHHUW NEpeHOCA H3IIy4eHHs — cooTHomeHui (2.4.1) u
(3.4.10) — mo3BoJseT 3amHcaTh Ba)KHbIE BBIpAXEHHS i1 KOA(D(PUIIMEHTOB MOTIOIMICHUS U
U3IY4YCHUST C TOYKH 3pEHUs] KBAaHTOBOW MeXaHUKU (kod(pduimeHT ocnalbieHuss paBeH B
paccMaTpuBaeMoM ciydae KodOPHUITUEHTY MOTJIONICHUS ):

hv,,

NB, 1= Mo ), (3.4.11)

2 1

k(v)=

rac g1 u g, — CTaTUCTUYICCKHUEC BECa COCTOSIHI/H\/JI, XapaKTCPU3YIOIUEC UX CTCIICHb BBIPOKIACHHOCTHU
(T.e. HaJIMYNUC HCCKOJIbKUX BHYTPCHHUX COCTOSTHUM MOJICKYJIbl ¢ OJUHAKOBbIMU BHCpFI/IHMI/I);

hv,,

e(v) =

Ny 4y f(v). (3.4.12)

Kpome Toro, MokHO 3anmucath U BeIpaxeHue A PyHKIuu uctounuka (2.4.13):
-1

W) _2hvy & Ny | (3.4.13)

B=to ™ @ |an,

Ecnn npeanonoxuTe, 4To cpela HaXOAUTCS B COCTOSIHUHA TEPMOAMHAMHUYECKOTO PABHOBECHS, U
BOCIIOJIb30BaThCs 3aKoHOM bounbliMaHa, To A7 K03 (UIeHTa MOTIOMCHUS TOTYYHM

hv,,

k(v) = N,B, |1 —exp| - f—z} f(v). (3.4.14)

B

N3 dopmynsr (3.4.11) HemocpeACcTBEHHO CIEeAyeT 3aBUCUMOCTh Kol duimenTa
HOIJIOIIEHHs (M MHTEHCUBHOCTH JIMHUM (CM. cooTHolieHue (3.4.3)) oT BEpOATHOCTH IEpexoAaa
B, 4acTOTHI M3IyYEHUS U HACEIEHHOCTH COCTOSHUM (N; U N>) MOJIeKysbl, MEXAy KOTOPHIMU
OCYLIECTBIIICTCS JAaHHBIM Iiepexol. B ycrnoBHsAX TepMOAMHAMMYECKOIO pPaBHOBECHS OTa
3aBUCUMOCTB ONPEIEIAETCS PA3HOCTBIO SHEPTUM COCTOSIHUN U TeMIlepaTypou cpensl. 1loatomy B
3TUX YCJIOBUSAX KOA(P(UIMEHT MOIJIOMIEHHUS B JIMHUM ONpEAENseTcs BEPOATHOCTHIO MEepexona
By, 4acToTON M31Iy4eHMs], 3aCEICHHOCTbIO HHMYKHEIO COCTOSIHHSA, PAa3HOCTBIO SHEPTUH JBYX
coctosHUM U Temmeparypoil cpensl (3.4.14). 3Has BelpaxkeHue i1 Ko3dduuumenra
MOJIEKYJISIPHOTO TIOTJIOIEHUS, MOXHO TOJIYYUTh BBIPAKEHUE JIJIi MHTEHCUBHOCTU JIMHUU,
COOTBETCTBYIOLIEH nepexoay 2 — 1:

S, =" N 1= exp| = M| (3.4.15)
c kT

D70 Xe BBIpAKEHHE MOXKHO IEpenucarh B JPYroM BHJE, BOCHOIb30BABIINCH COOTHOIICHUSMHU
MeXIy KoadduuueHramMn DHHIITEHHA:
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2
C

S, = 8y 4|1 exp| - ]l (3.4.16)

87vi g, k,T

B obmem crmydae monekyna (WM aTOM) HMEET MHOTO COCTOSHUN BHYTPEHHEH SHEPTruu
(MHOTO YypOBHEH), MEPEX0/bl MEXIy KOTOPHIMU MPUBOAST K BO3HUKHOBEHHIO COBOKYMHOCTH
JUHUKA TOrjomeHus wid u3nydeHuss (puc.3.76). C yderoM 5TOro 0OCTOSTEIHCTBA
MHTEHCHUBHOCTD JIMHUM IOTJIOIIECHUS MIPU MEPEXO0JIE€ U3 i-Or0 B j-O€ COCTOSHHUE, MOKHO 3aIIMCaTh
CIIeIyIOIINM 00pazoM:

s, =My g 1-& N (3.4.17)
c g; N.

1

B cooTBeTcTBHE ¢ 3ak0HOM boibnMana

(Ej - Ei) thi
=exp|———— | =¢€exp

Sili A (3.4.18)
g N, k,T k,T

CHGHOB&TGHLHO, HMHTECHCUBHOCTDH cneKTpaanoﬁ JIMHUKM Ha OJHY IOIJIomaromyr H
W3IIYYAroNIyI0 MOJEKYIy, C y4eTOM COOTHOWICHHH Mexay KodpduIHMeHTaMu ODWHINTEHHA,
MO>KHO MPEACTaBUTh KaK

T O L (3.4.19)
=—L LB |1-exp|——2||, 4.
Y c N 7Y P k,T

rome N = ZNJ — IOJIHOC YHCJIO MOIJIOMAaromux 1 U3J1ydarolmnx MOJICKYJI.
J

HCHOJ’IBSYH 3aKOH BOJ'ILI_IMaHa, MOKHO 3aIlluCaTb

i

gi CXp| — gie Pl —
. k.T k.T
Ni_ 5 = Ay (3.4.20)
N E. 0 (T)
D gexp|—
k,T
rac
Ei
O(T) =) g exp| - —= (3.4.21)
k,T

CCTb cmamucmudecKkas cymma (Cy]l/l]l/lél no COCI’I’ZO}ZHU}ZM). OTMGTI/IM, 4TO SHCPruun El‘
OTCYUTBIBAOTCA OT OCHOBHOI'O COCTOAHUS MOJICKYJIbI.

OKOHLIaTeJ'IBHO, AJI1 MHTCHCUBHOCTH JIMHHUU MOXXHO 3aIIMCaTh BBIPAXKCHUC

gjexp -

2 k,T hv,
g 2 ) 4|1 - exp| - 2| | (3.4.22)
szv.  O(T) - k,T

OKCIOHEHIMAIbHBIN WIEH B KBAaJIpaTHbIX CKOOKax B BeIpaxkeHUU (3.4.22) oOyCIIOBIEH YyYETOM
MeXaHU3Ma HMHIYLMPOBAaHHOIO M3JIyYeHHUs M, KaK IOKAa3bIBAIOT UYMCIICHHBIC OLEHKH, OH JUIf
aTMOC(EepHBIX YCIIOBUN 3eMJIM 4acTo O4eHb Mail. Tak, mis kojebatenbHOU mosiockl CO, mpu
15 MkM (V=667 cM ') 9Ta dKCIOHEHTA paBHa 0.0082 npu temneparype 7= 200 K u 0.041 npu
T=300 K. ITosToMy BO MHOTHX pacyeTax [yl YCJIOBUN 3eMIIM 3TUM UWICHOM IpEeHEeOperaor.
OpHako MOHATHO, YTO 3TO YHPOILEHHE CIpPaBEAIUBO AajeKo He Bcerna. Tak, Hampumep, Ipu
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pPacCMOTPEHUH MOJIEKYJIIPHOTO TMOTJoLIeHUsT B aTMmocdepe BeHnepbl, rne TtemmepaTypsl
nocturaroT 600700 K, BkIaa 3TOro SKCMOHEHIIMATBLHOTO YJ€Ha MOXKET OBITh CYIIECTBEHHBIM.
B MoOneKkynspHOM CIHEKTPOCKOIMH Ha OCHOBE DA3IUYHBIX MOJEIEH MOJEKYJ]I HCCIEIyIOT
CTaTHUCTUYECKUE CYMMbI, ONpENENSIONINe 3aBUCUMOCTb HMHTEHCHBHOCTEM JMHHUHA  OT
temmeparypsl S(7). DTa 3aBUCIMOCTh MOKET OBITh PA3HOM JIJISl pa3HBIX CIIEKTPATBHBIX JTUHUM.

Jlyis OONBIIMHCTBA MOJIEKYJ B aTMOc(epe 3eMJId OTHOCUTEIbHAsI HACEIEHHOCTh MEPBOTO
KonebaTenbHOro coctosiHus N;/N mana. OmHaKo Uis MHOTHX Ta30B M COOTBETCTBYIOIIHX
yCIOBUH (OTHOCHTEIBHO BBICOKHE TEMIIEpaTypbl Cpelbl) KojebaTelbHOe BO30YKICHHE
aTMOoC(epHBIX MOJIEKYJI CIeIyeT YUUTHIBATh. [1070CH mornomeHus (M COOTBETCTBYIOIIUE JINHUN
MOTJIOUICHMS), BO3HHUKAIOIIUE TMPH IEpPexoAax MEXKIy BO30YKICHHBIMU KojebaTeabHbIMU
ypoBHsIMH (Hampumep, 1 u 2 kojeOaTenTbHBIMU COCTOSIHUSIMH ), HA3bIBAIOT "2opsauumu’” nonocamu
nocrowenus ("hot band") o4eBMAHO B CBS3M HMMEHHO C TeM OOCTOSTEIHCTBOM, YTO OHHU
MPOSIBIISIIOTCS B CIIEKTpaxX TMOTJIONICHUS Ta30B MPU BBICOKMX TemImeparypax. Tak, Hampumep, B
crnektpe usnyudeHuss ConHua nposiBistorcs '"ropstame” mosockl CO, T.K. OpH TemIeparype
T=5000 K oTHOcHTE/IbHBIE HACENCHHOCTH IEPBOIO M BTOPOTO KOJEOATENBHBIX YPOBHEH
coctaBiaroT 0.29 1 0.18, cOOTBETCTBEHHO.

Ecnu roBopuTh 0 pacnpeneneHuu MOJIEKYI IO BpalaTeIbHBIM YHEPTHSIM, TO HEOOXOAUMO
y4ecTb, 4YTO O3TH OHHEPrUM CYLIECTBEHHO MEHbIlEe KOJIeOaTeNbHbIX. JTO pacmpeeieHue
OMHCHIBAETCS TEM K€ YypaBHEHHMEM boibliMaHa, KOTOpOE€ B JITOM Cllyd4ae MOXET OBITh
MIPEJICTaBJICHO B BUE

(EA/ - Eo)

N.=N_ g exp|—
vj v & CXP kBT

, (3.4.23)

rae N, — 3aceleHHOCTb V-0ro KojeOaTelbHOrO0 YpOBHS, g — CTaTUCTUYECKHH BEC j-Oro
BPAaIIaTEIbHOIO YPOBHs (BBIpOXkJAEHHE), a Ey U E; — dHEpruM OCHOBHOIO U BO30Y’KIEHHOIO
BpalaTeIbHbIX COCTOSTHUN MOJICKYIL.

Ha puc. 3.8 npuUBeIeHa KpuBast OHeprus BpallaTelbHbIX YPOBHE, cM |

OTHOCHUTEIBbHOMU PaBHOBECHOU (? 1(,)0 : 3(,)0 i 5(,)0 i ,8?0 e
HACEJICHHOCTH BpallaTEIbHBIX YpPOBHEH

OCHOBHOT'O cOCTOsIHUSI MoJieKyJibl CO npu
pasnuuHbIX Temnepatypax (7=100, 200 u

LE

0.15} 100 K

OTHOCUTEIbHAS HACETIEHHOCTh

300 K) kak (yHKIMA BpamaTeabHOro % 0.10
KBaHTOBOTO YHCIIA j. =

W3 mpuBeneHHOro puCyHKa CIEayerT, 0.05
yto  Mosiekysisl  CO  pacnpenesneHsl
"OTHOCHUTENIHO paBHOMEpHO" o

0'0 PSS S S I TN TR S SN T ST T s el i i

BO30YKICHHBIM BpaniaTeIbHbIM 0 5 10 15 20 25
COCTOSHUSIM (HO CPaBHEHUIO C BpauatenbHOe KBAaHTOBOC UUCIIO J
pacrpesieleHeM [0 KoyeOaTelbHbIM Puc. 3.8. 3aBUCUMOCTh OTHOCHUTEJILHOM PABHOBECHOM

COCTOSHUSIM) W HMEETCS BpPAILATEIIbHOE  HACENEHHOCTH BPAIIATEbHBIX YPOBHEH OCHOBHOTO

YUCIO j, U COOTBETCTBYIOIIMH ypPOBEHbH  COCTOSHHS MOICKYJIbI CO npu pa3aUYHbIX TEMIIEPaTypax
SHEprMH, U KOTOPOTO HAGIIOAeTCs ‘(;;2130, 200 1 300 K) ot BpamarenbHOro KBAaHTOBOTO
MaKCuMajJibHas HaCCJICHHOCTBD.

ITonmoxxenue 3Toro MaKCUMyMa 3aBUCUT OT TCMIICPATYPhI CPCAbl U BpamaTeJleoﬁ MOCTOSIHHOM
MOJICKYJIBI.
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3.5. Konmyp cnekmpasnbHbIX JITUHULU No2J/10W,eHUs

Konkpernsiit Bun ¢yHkuuu fj; (v— 1), onuchlBaroliell pacnpeneneHue koddduiueHta
MOTJIONICHHUSI 110 YaCTOTe B MpeJesiaX OJHON CHEKTPaTbHOU JHMHHUH, OTPEACISETCS MPOIECCAMU,
MPUBOIANIMMHE K (DOPMHPOBAHHMIO KOHTYpa JIMHUNA. DTH MPOIIECCHI YaCTO HA3BIBAIOT MPOIIECCAMU
VUuUpeHusi CNeKmpaibHblX JUHUIL.

EcTecTBeHHOE yIIMPEHHUE CIIEKTPATBHBIX JIMHUH MOXKHO OOBSICHUTH HA OCHOBE U3BECTHOTO
13 KBAaHTOBOIM MEXaHUKU COOTHOIIIEHUS HeompeneneHHocTu [ eitzendepra [10, 14, 19, 31]:

AE-At>h, (3.5.1)

rne AE u At — HeonmpeIeneHHOCTH dHepruid u Bpemenw, a 7 = h/2x. llpumenss (3.5.1) k

MOJIEKYJISIPHOMY TOIVIOIIEHUIO, TOJNOXUM: AE — HEONpeAeNeHHOCTh B PA3HOCTU SHEPrui
BEepXHETro F, ¥ HIKHETO E| COCTOSHUN MOJICKYJIBI, IIEPEX0]] MEKIY KOTOPBIMH O0YCIOBIMBACT
paccMaTpUBaEMyl0 JIMHMIO; ¢ — BpeMs KM3HM BO30YXKJAEHHOIO COCTOSIHMS MOJIeKysbl. U3
HEOIPEACIEHHOCTH 3HEPIUU CIEAYeT, YTO M 4YacTOThl M3JIy4deHMs (WIM MOIVIOIIEHUsI) He
onpezieleHbl TOYHO (MOryT OBITh B COOTBETCTBYIOUIMX Ipejaenax pasiauuHsl). Toraa,
BOCIIOJIb30BABIINCH COOTHOUICHUEM JUIs KBaHTa u3nydeHus (3.2.1), JIerko Mmoiy4uTh YaCTOTHBIN
UHTEpBAJ, B KOTOPOM OyAET NPOMCXOAUTh U3Iy4YEHHUE WM TOIJIOIIEHUE DSHEPruu B
CIIEKTPAJIbHOM JINHUM:

_AE
£

Benuunna Av B (3.5.2) u xapakTepusyeT ecmecmeeHHoe yuupeHue CneKmpaibHulX JUHU.
OHO, MO CpaBHEHUIO C JIPYIMMH MEXaHHU3MaMH YIIMPEHHUs JMHUN B aTMocdepax IUIaHET, HE
UrpaeT 3aMEeTHOW pOJM M MM OOBIYHO MOYKHO NpEeHeOpedb, HO OHO BaXKHO, T.K. OMNpeAesseT
HIDKHUH nipenien "cyKeHus" CHeKTpalbHbIX JIMHUHM B aTMOc(epax MiaHeT.

dopma JUHMM TOIJIOLIEHUS JAJsl €CTECTBEHHOI'O YIIMPEHUS MOXKET OBITh IOJIyuyeHa W3
pemenuss ypaBHeHust lllpenuHrepa (KBaHTOBO-MEXaHMYECKHM IOJIXOJ), a TaKKe Ha OCHOBE
KJIACCUYECKOI0 paccMOTpeHus. B mocienHem cioydae NpUHUMAeTcss BO BHUMAaHHE, YTO
KPUBOJMHEHHOE YCKOPEHHOE [BI)KEHHE JJEKTPOHOB Ha OpOUTax SBISETCS NPUYUHOU
BO3HUKHOBEHUS u3ilydeHus. [lpm o>ToM wm3nmywaromas MOJIEKyJa HENPEpPhIBHO —TepsieT
BHYTPEHHIOIO 3Hepruto. IloTepu sHEpruu mpuBOAAT K HEOOXOIMMOCTH BBEJICHHS B YpaBHEHHUS
JBYDKEHUSI  CBSI3aHHOI'O  JJIEKTPOHA  WI€HA, OMNMCBHIBAIOIIEro AIPPEKT  paouayuoHHo20
MOPMOdICeHUs. ITO MPUBOIUT K U3MEHEHUSIM OT BPEMEHU (YMEHBIIECHUIO) aMIUIUTYIbl BEKTOpa
ANEKTPUYECKON HANPsDKEHHOCTH, KOTOPYIO MbI 0003HAYUM 3/1€Ch Kak A (4TOOBI HE IMyTaTh C
sHeprueit £). Toraa MoxHO 3anucath

A(t) = Ayexp(~ %). (3.5.3)

3anuceiBasi ypaBHEHHUE AJICKTPOMAarHUTHOM BOJIHBI B KOMITJIEKCHOU popme (2.7.3) u mpuHUMas 3a
Ha4aJio OTCUYCTa BPECMCHU MOMCHT Hadalla U3JIYUCHU S, ITOJTYyIYHUM

Av (3.5.2)

0, ecimn t<0

At) = ,
® A, exp(— 4)exp(i27zvot), ec >0

(3.5.4)

A v, —4aCToTa U3IIYy4CHUs, 7 — CPCAHCE BPCMSI J)KU3HU BO36y)KI[CHHOFO COCTOsSIHHA.

Ecimu mMmeercst 3aBHCUMOCTD KOHKpCTHOfI BCJIMYMHBI OT BPEMCHH, TO, KaK M3BCCTHO, CC
YaCTOTHBIN CIIEKTp ompenensercs npeodpazoBanrnemM Oypre
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Av) =

Var 2z

8'_18

A()exp (= 2rive)dt = 20 Texp[—(l/r) —27i(v—v,)t)]dt =

(3.5.5)
1

1
2
4,
27 Ve = 27zi(v-v,)

WuTepecytomniast Hac SHEPTHUs JEKTPOMAarHUTHOM BOJIHBI HA YaCTOTE V, €CTh coraacHo (2.7.5)

_ oA 1
EW) =40 4= YT (3.5.6)

3HaucHHUE E(V) MaKCUMAaJIbHO IIpHU V= 1), TO €CTh Ha HeHTpaHBHOﬁ YacCTOTC JIMHUU U3JTYyUCHUS.

Breipaxkenne (3.5.6) — 3TO CHEKTp H3IYyYECHHS MOJEKYJIbl 3a CYET IOTEpPH SHEPrHUH IpHU
U3JIy4YCHHU U OHO ONHCBHIBACT 3aBUCHMOCTH SHEPTHH HM3IIyYCHHS OT YacTOTBI, TO €CTh KOHTYD
JIMHUAW U3JTy9EeHUS U MOTJIOMIEHUS PH €CTECTBEHHOM YITUPEHUH.

[Tpumensis k (3.5.6) HopMupoBo4YHOE cooTHomeHue (3.4.4), moayyum

2 1 1 1277
oz (l/z')2 + 4722(1/—1/0)2 o (1/27rz')2 + (v—vo)2 '

Sv=vy) (3.5.7)

BBenem nonywupuny xonmypa chekmpanbHou 1uHuY o), TO €CTh TAKOE 3HAUCHUE X = (V—V,),

st kotoporo f(x) =1/2 £(0). dns (3.5.7) nerko HalTH, 4TO

a =—. (3.5.8)

OxoHuYaTenbHO, KOHTYp JIMHUU W3NydeHus (wim mornoiueHusi) JlopeHua (ropenyosckuil
UnU OUCNEPCUOHHBIL KOHMYP) UMEET CIICTYIONTUN BU/I;
!

Siv=vy) =l

_ 3.5.9
T (v-v)) +a ( )

[TonymmpuHa JTUHUM ¢ IPU €CTECTBEHHOM YUIMPEHMM OOpaTHO NPONOPLUOHATIbHA BPEMEHU
KHU3HU BO30YXJeHHOro coctostuus 7 (cootHomenue (3.5.8)). IlomymupuHbl CrEKTpalbHBIX
JMHUN, 00YCIIOBIIEHHBIX MPOILECCOM €CTECTBEHHOIO YIIUPEHHs, OUeHb Majbl M, HAPUMEp, I
UK nuamnaszoHna criekTpa COCTaBIIAIOT MOPSIKA 107 em .

Bropoli TN ymuMpeHus JIUHUN — ywupenue 3a cuem CmOJKHOS8EHUl MOJIeKY]l WIPaeT
3HAUUTENNBbHYI0 DPOJIb MpH (OPMHUPOBAHUU KOHTYPOB JIMHUN IOIVIOIUEHUS M M3JIy4EHUS B
aTMocdepax IuiaHeT. /leTanbHas TeopHsl YIIMPEHHUS JHUHUN 33 CUET CTOJIKHOBEHHH TOCTAaTOYHO
CJIO’KHA, ITPOAOJIKAET Pa3BUBATHCS U COBEPLICHCTBOBATHCA, a €€ NOJPOOHOE U3JI0XKEHUE JaeTcs
B pane moHorpaduwuii [10, 14]. Paznuunbie TeOpuM yIIMPEHUs JIMHUMA 32 CUET CTOJIKHOBEHH Jai0T
pasaM4YHBIC, YaCcTO OYEHb CIIOKHBIC, BBIPAXKCHHWS Ul KOHTYPOB JIMHMM M3Iy4YCHUS U
nornomenus. Hampumep, reopust Maiikenscona—Jlopenna, ogHa u3 HanboJiee MPOCThIX TEOPHIA,
JIaeT TO K€ AUCTIEPCUOHHOE BhIpakeHue (3.5.9), HO yxe C JIOPEHIIOBCKOM MONyIIHpUHON ;. B
ATOH TEOPUHU MOJIEKYNIa (MM aTOM) MOJEIUPYETCS MPOCTBIM TAPMOHUUYECKUM OCLIUISITOPOM C
COOCTBEHHOM 4acTOTON 1j. CTOJIKHOBEHHSI MOJIEKYJI MPUBOJAT K MIHOBEHHOMY INPEKPAIICHUIO
("oOpeiBY") m3nyueHus. KOHTyp JIMHUW W3Iy4YCHHS W TIODJIOMICHHUS IO ITOW TCOPHH MOXKHO
3amucarh CIEIYOLUMM 00pa3oM:

a

Jo(v=vy) = 1 ( (3.5.10)

2 22
v V—VO) + o,

rne og = /277 — mnonymupuHa JTUHUM, OOYCIIOBIIEHHAs COyJapeHUsIMH MoJekynl. Kak mbl
BHJIUM, 3TOT KOHTYp TaK €, KaK M B ClIy4ae E€CTECTBEHHOI'O YUIMPEHMs], JIOPEHIIOBCKUMI
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(IucniepcCHOHHBIN), HO €0 MOJIyIMIHpUHA (JIOPEHLIOBCKAas MOJIYIIMPHUHA) 00yCIOBIE€HAa KOHEYHBIM
BpEMEHEM IKM3HM BO30YKICHHBIX COCTOSIHUH 3a CYeT CTOJIKHOBEHMH Monekyn. Jna
JIOPEHIIOBCKOW MOJTyIIMPUHBI IMHUNA MOKHO 3anucarh Bolpakenue [10, 14]:

v
—_ (3.5.11)
2rt 2w
r7ie V — 4acToTa CTOJIKHOBCHHH (CpeHEee YUCIIO CTOJIKHOBCHHI B eUHKILY BpeMeHH). CpenHee
BpeMs MEXKy CTOJIKHOBEHUSMH MOJIEKYJI MPU JAaBJICHUU U TEMIEpaType Y MOBEPXHOCTH 3eMITU
COCTaBJISIET TOPSIKA 1071 CeK, 4YTO gaer oueHky mua o, =0.05 em L. JlopenuoBckas

MOJIyIIMprHa MMOAYUHACTCA CHeHyI'OH_Ieﬁ 3aBUCUMOCTH OT JABJICHUS U TEMIICPATYPbI:
12
P
Oy =0y | — || | > (3.5.12)

r7ie Qo — JOPEHIIOBCKAasi MONYIIMPUHA MPU aBICHUH po U TemrepaTtype Tp. Cneayer OTMETUTh,
4yro BhIpaxkeHue (3.5.12) B yacTu TemmepaTypHOM 3aBUCHUMOCTH MOJIYIIUPHUH JIOPEHLIOBCKHUX
TUHUN siBIsieTcss mpuOmmkeHHbIM. [loatomy B dhopmyre (3.5.12) TemneparypHasi 3aBUCHMOCTD
NOJYUIMPUH JUHUHA anmpoKCUMUpYeTcsi B Oojiee OOMIEM BHIE C TOMOIIBI0 MHOXHUTEIS

(T,/T)", roe nokasarensb m;j 3aBUCUT OT BMJA ra3a, IOJIOCHI IMOIJIOUIEHUS U KOHKPETHOMN

cHeKTpaJbHOM nuHUM. Kak nmoka3pIBarOT 3KCHEPUMEHTHl U pacueTbl Ha OCHOBE COBPEMEHHBIX
TEOPUH YIIUPEHHs CIEKTPalIbHBIX JIHHUI 3a CUET COyJapeHMi, MOKa3aTellb m;; MEHseTcd B
nuanasone 3Hauenuit ot 0.5 go 1.0.

B o0miem cinydyae MHOTOKOMIOHEHTHOM Ta30BOM CMECH YIIMPEHUE CIIEKTPATbHBIX JIMHUN
OCYUIECTBJIIETCS KaK 3a CUET CTOJIKHOBEHUH CaMMX IOIIOLIAIOIIMX (M M3JIYYaIOLIUX) MOJIEKYII,
TaK ¥ "OCTOPOHHHUX'" MOJIEKYJ (HampuMep, MOJICKYJI a30Ta M KHUCIOPOJa — OCHOBHBIX Ta30BbIX
cocTtapisitonux arMochepsl 3emnn). B mepBom ciyuyae roBOpsT O camoyuiupeHuu, BO BTOPOM —
00 ymwupeHuu "MOCTOpOHHUM'" Ta3oM WU yuupenuu. CymecTBEHHO, 4YTO 3((eKTUBHOCTH
COyJapeHui pa3InYHBIX MOJEKYJ MOXKET ObITh Pa3IU4YHON, U COOTBETCTBYIOIIHME MOJTYIIUPUHBI
TaK)Ke OTIMYAIOTCA NP YLUIMPEHUU PA3IUYHbIMU ra3amu. [1o3TomMy mosymMpuHbl OJHUX U TEX
K€ JMHUH, BOOOIIE TOBOpS, pasIMuHBl B aTtMocdepax pasHbIX IutaHeT. B obmem ciydae
JIOPEHIIOBCKAs MOJIYIIMPUHA 3aBHCHUT HE TOJBKO OT OOIIETO AAaBJICHHUS, HO U OT MaplHalbHbIX
JABJICHUN pa3IMuHbIX aTMOC(EPHBIX ra30B.

VYkazanable 3((EeKTsl caMOYIIUPEHHUs W B3aUMOYIIUPEHHS MOXXHO Y4ecTh, BBOIS B
BbIpaxkeHue (3.5.11) B Tol unu MHON (popMe 3aBHCUMOCTbH JIOPEHIIOBCKOW MOJYIIMPUHBI OT
napuuaIbHbIX AaBIEHUH MOTTIOMAIOIETO P, U YITUPSIOINIETO p) Ta30B:

a
— — a —
a, (P, py) =(a,p, + o, p,) = a_pa + P |=a,(Bp, + ), (3.5.13)
b
rlie Qp U O — TMOJTIIUPUHBI TMHUH 3@ CYET CTOJIKHOBEHUH "MOCTOPOHHUX" (B3aUMOYIIMPEHHE) U
MOTJIOIIAIOMIMX (CaMOYIIMPEHUE) MOJIEKYJI, B — (hakTop caMOyIIMpPEHHsl. Y UUThIBAsA, YTO MOJTHOE
JaBJIEHUE P = p, + pp, IMEEM

a,(p,p,) =a,(p+(B=1)p,). (3.5.14)

dakTopel caMOyIIMpeHUs B MoOryt pgocturath OodbIIMX 3HaueHud. Hampumep, nms
CHEKTPAIBHBIX JIMHUH BOJSHOTO Napa (GakTop CaMOYIIMPEHHS MOKET JIOCTUTATh 3Ha4eHU 5—20
u Oosee. B cBsi3u ¢ 3TUM yueT 3(pdekToB camoymupeHuss B atMocdepax TUIAHET MOXKET OBITh
Ba)KCH IS psiZia aTMOC(EPHBIX Ta30B, HAIIPUMEP, BOJISHOTO Napa B atMocdepe 3emiu.

Oco00 00paTuM BHHMaHUE Ha JIMHEHHYIO 3aBUCUMOCTb MOJIYUIUPUH JOPEHIIOBCKUX JTMHHM
OT AaBiieHHsI atMocepbl. DTO MPUBOIUT K TOMY, UYTO KOHTYD fr(V — W) CUIBHO 3aBUCHT OT

58



nasienus. Ha puc. 3.9 mpuBeneHbl KOHTYpBI JIOPEHIIOBCKMX JMHHMM IMPU TpeX pa3iMuHbIX
JTaBJICHUSX.

N3 pucyHKa BHJIHO, 4TO C YMEHBIIECHUEM JIaBJICHUS k(v-vy)
(yBenM4YeHHEM BBICOTBI B arMocdepe) HPOUCXOIUT a;=0.0125cu!
CY)KEHUE CIIEKTpalbHbIX JHHMHA mnornomenus. llpu p=250 mGap
TOM 3HadeHue Ko3(duuueHTa MNornomeHus (Uiau
W3JIY4YCHUs) B LICHTPE JIMHUU BO3PACTACT, & B KPbLILAX
JUHUU ~— YAAJCHHBIX OT IEHTpa YydyacTKax — o, =0.025em
yMEHbIIaeTCsl. DTa 3aBUCUMOCTh CIIEAYET U3 MPOCTOTO
amamm3a  Belpakenmit  (3.5.10) wm  (3.5.12). o, =0.05 cm”
JIeHCTBUTENBHO, B LEHTPE JIMHUM IIpH  V =V, p=1000Gap

f. (vy) =1/ 7a, , a B xpblie nuauu npu (v—v,) >> «,,

a,
fL (VO) = 2 L I ) I I I ) 1 I ]
(V=) ~0.05 0 +0.05
3aBHCHUMOCTh JIOPCHIOOBCKOI'0 KOHTYpa OT AAaBJICHUSA (vao), CM7l

03HAYaET, YTO Ha KaXXJ0H BBICOTE B aTMOC(bePe JMHUH Puc. 3.9, KOHTYpbI TOPEHIIOBCKHX il
TMOTIOMICHUS U U3IyYCHUS] UMCIOT PA3IMYHBIA KOHTYD.  py rpex pasinuHbix AaBIEHUsX.
OTO 0oYeHb BaKHAs 0COOEHHOCTh MEPEHOCA M3ITyUEHHS
B K0J1e0aTeIbHO-BPAIATeNIbHBIX U BPALlaTeNIbHBIX MOJIOCaX MOTJIONICHHUS aTMOC(EPHBIX T'a30B.
JlopeHIIOBCKUIT KOHTYp JOCTaTOYHO XOPOIIO ONMCHIBAET KOHTYP CHEKTPAJIbHBIX JIMHUN
BOJIM3M UX LIEHTPOB. JTa €ro OCOOEHHOCTh, a TaKXke MPOCTOTA JIOPEHIIOBCKOTO BBIPAXKEHUS U
SBIISIOTCS MPUYMHAMU €ro MIMPOKOTO MCIONb30BaHMA B arMocdepHoi onTuke. OpHako B
KpBUIbSIX JIMHUM 3TOT KOHTYpP OYE€Hb YacTO IUIOXO COTJIACyeTCsl C HKCIEPUMEHTAIbHBIMU
JaHHbIMU. [Ipruem ass MMHKUN NOTIOUIEHHS Pa3HBIX MOJIEKYJ JIOPDEHLIOBCKUN KOHTYP MOXKET Kak
3aBbIIIATh, TAK U 3aHIKATh KOA(M(GUIMEHT MOTJIOMIEHUS B KPhUIbSAX CHNEKTPAIbHBIX JUHUHA. JlJis
ydera O3TUX OTKJIOHEHMH B aTrMOC(EepHON ONTHUKE 4YacTO HCIOJIB3YIOT KOPPEKTHPYIOIIUE
bynkuun y (v), onpenenseMble Ui pa3HbIX MOJIEKYJ M IMOJIOC MOTJIONICHMSI, KaK MPaBUJIO, U3
AKCIIEPUMEHTAJIbHBIX JaHHBIX. B 3ToM ciydae Kod(h(UIMEHT MOTJVIOMICHHUS B CIEKTpaibHOU
JIMHUM allllPOKCUMUPYETCS, HAaIpUMED, BbIpAKEHUEM

kwW)=Sf,v=vy)x(v-v,). (3.5.15)

Beipaxxenue (3.5.10) cmpaBemnmuBo ans UK ob6mactu cmektpa. [nsi MHUKpPOBOTHOBOI
00J1acTH CHIEKTpA, /1€ LUPUHBI BpalllaTeIbHbIX JIMHUN MOTJIOLIEHUS COTIOCTAaBUMBI 110 BETUYHUHE
C BeIMYMHAMU Vy, BeIpakeHue (3.5.10) ciemyer 3aMEHUTh HA NOJHbIU JTOPEHYOBCKULL KOHMYD
(konmyp Ban @nexa—Beiickonga):

2
fo-vy=—| L Z Z
T

+
vV, (v—vo)2 + 0{2 (v+v0)2 + ai

(3.5.16)

Jlerko Buzaeth, uto BoipaskeHue (3.5.16) nepexonut B (3.5.10) npu 60ABIINX 3HAUEHUSAX VU W.
Tak yxxe npu v= 100 cM ' oTiHums MEXKy HUMH COCTaBJIAOT MeHee | %.

Teopust ymupeHus chnekTpanbHbIX JWHUK JIMHIXOABMa (Teopus aauabaTUYECKUuX
CTOJIKHOBEHUI) JaeT OoJiee 001Iee BrIpakeHUe, ueM KoHTyp JlopeHia:

1 a,
T (V-—v,-B)Y +a’

fL' (v —v)= (3.5.17)

rjie napameTp [ ONUCHIBAET CIBWI LIEHTpa JUHUM B 3aBUCMMOCTH OT JABJICHUS. DTO SIBICHUE
CIBUTa LIEHTPOB JIMHUYN HAOMIOJAETCs AJI1 MHOTHUX Tra3oB. Kak u momymmprHa, mapaMeTp CIBHUra
NPOTIOPIIMOHATICH YacTOTEe COYJApeHWH MOJIEKYJI H, CIEIOBATENIbHO, IaBICHUIO. DPHEKTHI
CIABUTA CHEKTPAlIbHBIX JHMHUA MOTYT OBITh CYHIECTBEHHBI MpPH PACCMOTPEHUHU IMepeHoca
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M3IY4YCHUS B Y3KHX CHEKTPAIbHBIX WHTEpBAJAaX, HAMpPHUMEp, IMPH IOTJOUICHUN Ja3epHOTrO
KBa3MMOHOXPOMAaTHYECKOTO U3ITyUYCHHUS.

Mpbl oTMeYanu paHee, YTO TPOCTOE CYMMHpPOBaHHE KOI(PQPHUIMEHTOB TOTJIOMCHHS
OTJENIBHBIX CIEKTPAJbHBIX JUHUHA HE BCeraa sBIsAETCS KOPPEeKTHbIM. B cilydae CHIBHO
MEPEKPBIBAIONINXCS ~ CIICKTPAIBHBIX  JIMHUW  HaOmonmaercs  "uwmepghepenyus"  THHAN
(B3aumoBnMsaHuE). DpdekT "uHTephepeHH" CHeKTpalbHbIX JIMHUM CYLIECTBEHHO BIIHSAET Ha
3Ha4YeHUs1 KO3((PUIMEHTOB TOTIIOMEHHST B OTIENBHBIX CIIEKTPAILHBIX MHTEPBajaX B MOJIOCAX
nornomenuss CO,, Merana, o3oHa u T.1. B MK oOmactu cmnekrpa, B mosioce MOIJIOUICHUS
kuciaopona B BUK u MKB o6nactsix cnekTpa, Korga pacCTOSIHUE MEXIY CIEKTpalbHbIMU
JMHUSMHU MaJIo IO CPAaBHEHUIO C UX MOJIYIIMPUHAMU.

Jlaxke eciam TpPeanoiOXHTh, YTO OTCYTCTBYIOT TaKHME MEXaHW3Mbl YIIMPEHUS Kak
€CTECTBEHHOE YIIMPEHHE U YUIMPEHHE 3a CYET COYAAapeHUH, TO M TOrJa JIMHHS IMOTJIOIIEHUS
COBOKYITHOCTH MOJIEKYJl HE OyAeT OECKOHEYHO Y3KOM (MOHOXpOMAaTHYECKOH). DTO CBS3aHO C
JBIDKEHUEM MOJeKyl U u3BecTHbIM 3¢¢exkrom J[lomnepa. Ecnu monekyna oOmnangaer
COCTaBJISIOLIEN CKOPOCTH V B HAIIPaBJIEHUH JIy4a 3peHMsI U €Cli v << ¢, TJIe ¢ — CKOPOCTb CBETA,
TO C TOYKHU 3pEHUS MOKOALIETrocs HAOII0AATENs YaCTOTa U3ITyUeHHs (IIOTJIOIIEHHST) MOJIEKYJIBI 1
3aMEHHTCS Ha 4acTOTy

v=v,(1+v/c). (3.5.18)

3Hak B BblpakeHuu (3.5.18) 3aBUCHUT OT HampaBlIE€HUS MABMXKEHHUS MOJIEKYJIbl — ILIIOC
COOTBETCTBYET JABMKCHMIO 10 HAIIPABJICHUIO K HAOIIOAATEN0, MUHYC — OT HETO.

Kak u3BecTHO M3 CTaTUCTHUYECKOH (PU3MKH, B ClIydae TEPMOIMHAMUYECKOTO PABHOBECHS
BEPOSATHOCTb TOTO, YTO COCTABIAIONIA CKOPOCTH JIEKHUT B Ipeaenax or v 1o v+dv,
OIKCBIBAETCS pacnpeeieHueM Makcsea:

1/2

dv, (3.5.19)

Ipu 5TOM

rne R — yHHBepcalibHasl ra30Bas IOCTOSIHHAs, 4 — MOJICKYJIIpHas Macca rasza. BwipaxeHue
(3.5.19) B cootBerctBum ¢ (3.5.18) maeT OTHOCHTENHHOE YHCIIO MOJEKYJ, H3ITYYArOIIUX
(mornomatomux) Ha yactote v. [loacrasmnss B (3.5.19) v u3 (3.5.18), momydaem xoumyp /{onnepa

1 (v—-v,)’
V)= —— exp| — L Y) | 3.5.20
fD( O) aD\/; p a[Z) ( )
rac
o, =0 |2RL (3.5.21)
c\ u

ecTb napamemp OONNEPOSCKOU wupunbl (He MyTaTh C MOJYIIUPUHON!) nunuu. 3aMeTHM, 4TO
(3.5.20) ectp B TOYHOCTM HOpPMajbHOE (TayCcCOBO) pacIpeiesieHue C AuCIepcue ap,
CJIeI0BATENIbHO, ycloBUE HOpMUPOBKH (3.4.4) mist Hero BeimojHeHO. [lomymmpuHa KOHTypa
Jormuiepa paBHa

!

a, =0,4In2. (3.5.22)

Ha puc.3.10 pgaHo cpaBHEHHE JIOPEHLIOBCKOIO U JOIUIEPOBCKOrO KOHTYPOB MpH
OJMHAKOBBIX MHTCHCHUBHOCTAX W NOJYHIUPHUHAX JINHUMN.
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Ecnu fp(v)>f1(V) B LEHTpe JUHHMH, TO B Jv=vy)

KpbUIbSIX ~ JMHUW  HaOmomaercs  oOparHas
kaptuHa: fp(v) <fr(v). OOpaTuMm BHUMaHUE
TaK)K€ Ha 3aBUCUMOCTbH JOIUIEPOBCKOM HIMPUHBI
OT YaCTOTHI U3IYYECHHS Vy. ITO MPUBOAUT K TOMY,
YTO JIOTUICPOBCKHE IIUPUHBI CHIIBHO MEHSIOTCS
no crektpy. [Ipu mepexone ot BUAMMOI 00s1acTu
cnextpa (v  mopagka  20000cM ') K 5 > '1 0 '1 > 8
MHKPOBOTHOBOH (W mopsiaka 10cem')  ap (v-vp)la

MeHnsercst 6onee wem B 1000 pa3. Hampuwmep, Puc. 3.10. CpaBHeHUE TOPEHIOBCKOTO H
JOTUIEPOBCKas TMOJTyMIMPUHA JIMHUKM aTOMApHOTO  nomiepOBCKOro KOHTYPOB TPH OMHAKOBBIX
kuciopoga Ha A= 5577 A npu 7'=300 K paBHa  MHTEHCHBHOCTSIX U NOJYIIMPUHAX JIMHAM.
33.10%cm ', a MOJIyUIMPUHA JIMHUM BOASHOTO

mapa Ha v=20cM ' Ipu TOil Ke TemiepaType paBHa Bcero 3.5-107° cm . Takum 06pazom,
JOTIEPOBCKOE YIIUPEHHE HambOojiee CyIIeCTBEHHO JUIsi BUAMMON u Omm3koit MK oOmactu
CIEKTpa M BHOCHUT OYEHb MaJblii BKJAJ B YUIMPEHUE CHEKTPAIbHBIX JUHUI B MUKPOBOJIHOBOM
nuana3zoHe. OTMETHM TaKkKe, YTO B OTIMYME OT JIOPEHIIOBCKOW IMOJIYIIMPUHBI, 3HAYEHUE Op HE
3aBHCHUT OT JAaBJICHUS BO3yXa, IOATOMY JOIJIEPOBCKOE YIIUPEHUE CTAHOBUTCS CYIIECTBEHHBIM
B cTparocdepe U BHIIIE, T/Ie JIOPSHIIOBCKAs MONYIIMPUHA Masia BCIACACTBUE MAaJOCTH JaBIICHUS
BO3/yXa.

B armochepax miaHeT NMHWHM TIOTJIOMICHWS W W3IIYYCHHUS OINPEACISIOTCS JBYMS
BOXHEHIIMMU MEXaHU3MaMU YIIMPEHUS CHEKTPAJIbHBIX JIMHUH — YHIMPEHHEM 3a CueT
CTOJIKHOBEHUI MOJIEKYJ U yIIHpeHueM 3a cuet 3ddekra Jomnepa. ITH MeXxaHU3MBI IEHCTBYIOT
OJTHOBPEMEHHO, M TIPU OTPE/ICICHHBIX yCIOBHAX MX HEOOXOIMMO yYWTHIBaTh COBMECTHO. Jliist
ydera 3TOro OOCTOSITENBCTBA MBI JOJKHBI JUISl KaXKIOW MOJEKYJbI, UMEIOIIed CKOPOCTh V B
pacnipenenenun MakcBemta (3.5.19) u, ciemoBaTenbHO, ISl KaXIOM 4YacCTOTHI V B KOHTYpE
Homutepa (3.5.20), nanmucath koHTYp Jlopenma (3.5.10), rae v Oyaet BBICTYNaTh yKe B POIH 1y ,
W Janee HaWTH CyMMapHbBId KOHTYp JIMHUM TOTJOIIeHUs. B pe3ynpraTe momydaeM
KOMOUHUPOBAHHBLU (CMEUWAHHBIL) KOHMYP JUHUU NO2TOWEeHUs (UlU U3IYYEeHUs]) — KOHMYp
Doiiema:

Jonnep

K =v) = [f(V =) £, (v =v)dv'. (3.5.23)
[Tocie HecOXHBIX TpeodpazoBaHuil KOHTYp PONTTa MOKHO 3alHCaTh B BUJE:
1
fr(v—=vy)) = K(x,y), (3.5.24)
T,
rae
Y| 2
K(x,y) == | 55— exp(— t")dt, 3.5.25
(%, ) ﬁ_jwyzﬂx_t)z p(-1) (3.5.25)
t:(V,_Vo), x:(V_Vo), y:ﬁ'
aD aD aD

Wnterpan K (x,y) (GOWUITOBCKOrO KOHTYypa HE BBIpa)KaeTCs 4Yepe3 3JIEeMEHTAapHble (DYHKIUH.

Opnnako ero pacuer Ha OBM He mnpencraBisieT B HACTOSIIEE BpeMs TPYAHOCTEH, T.K.
pa3paboTanbl 23PPEKTUBHBIE ANTOPUTMBI BbIuUCIeHus K (x, ).

[Ipu BhIBO#Ee KOHTypa DoWrTa, MPUBEAECHHOIO BBINIE, MpEAnojaraiach HE3aBUCUMOCTb
JBYX MEXaHU3MOB YIIUPEHUS CHEKTPAIbHBIX JUHUA — 3a CYET CTOJIKHOBEHMH M 3(ddekra
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Jomnepa, — T.e. npeAnonarasoch OTCYyTCTBUE KaKUX—IHOO0 U3MEHEHUI CKOPOCTH MOJIEKYJ HpHU
UX CTOJKHOBEHHUSX. YUET M3MEHEHHH CKOPOCTEH MOJEKYJ MpPU CTOJIKHOBEHMSIX NMPUBOAUT K
CY)KEHUIO KOHTYPOB JIMHUH M BO3PACTaHUIO BEJIMYMHBl IOIVIOLIEHMSI B LIEHTPE JMHUM B
HEKOTOPOM JMara3oHe JaBjieHuil. [lpu 3ToM mpu omnpeneneHHBIX YCIOBUSX HIMPUHBI JIMHUN
MOTYT OKa3aThCsl MEHBIIIE TOTUIEPOBCKUX (ahpexm [[uke).

PaccMoTpenHOe BbIlIE MOJEKYJSIPHOE MOTJIOIIEHHE OOYCJIOBIEHO TaK HAa3bIBAEMbIMU
paspeutenuvimu  nepexooamu. OHU HaAOMIONAIOTCS I MOJIEKYJl, HUMEIOIIUX ITOCTOSHHBIN
AIIEKTPUYECKUI AUMOIbHBIA MOMEHT, a TaKX€ MOJIEKYJI, MPH KOJIEOaHUSIX KOTOPHIX BO3HUKAET
JUIOJIBHBIA MOMEHT. /[ByXaTOMHBIE MOJIEKYJIBI, COCTOSIIINE U3 OJAMHAKOBBIX aTOMOB, HAaIlpUMED
O,, N2, Hy u T. 1., HE UMEIOT MOCTOSHHOTO 3JIEKTPUYECKOTO JUIMOJBHOTO MOMEHTa H, IO
KJIACCUYECKUM INPEJCTaBICHUAM, HE JOJDKHBI B3aUMOJACHCTBOBAaTH € IoJeM u3nydeHus. Ha
caMOM Jiefie B3aMMOJCICTBHE MOJIEKYJ C TOJEM H3IyYeHHUS BO3MOXKHO WM TMPU HAJUYUU Y
MOJIEKYJ INOCTOSSHHOTO MAarHUTHOI'O JUIOJIBHOTO MOMEHTA WM KBaAPYMOJIbHBIX JUIOJIBHBIX
MOMEHTOB pa3HONl mpuUponbl (DJIEKTPUUECKUX WIM MAarHuTHBIX). Jlpyroe neno, 4To
MHTEHCUBHOCTb B3aUMOJEHUCTBUS M3JIy4EHMs] C MOJIEKYJaMH, HUMEIOUIMMH IOCTOSHHBIN
MarHUTHBIN TUMONBHBIM MOMEHT WJIHM 3JEKTPUUYECKHE KBAJPYIOJIbHbIE MOMEHTHI, CYLIECTBEHHO
cmabee (coorserctenro, B 10° m 10° pas), gem B cioydae ¢ SIEKTPHUCCKHM JMIIOTBHBIM
MoMmeHTOM. [lepexoibl, 00yCOBIEHHbIE ITUMH THIIAMH B3aUMOICUCTBHUS, YCIOBHO HA3bIBAIOTCS
3anpewjeHHbIMU nepexooamu. DTHUM Tepexo/aM COOTBETCTBYIOT pealibHble JUMHHUHU M IOJOCHI
MOTJIOUICHUS PA3IUYHBIX aTOMOB U MOJIEKYJ. XOTs, KaK MPaBUII0, MHTEHCUBHOCTU ATHUX JIMHUN
OUYCHb Mallbl, OHHM TPOSIBIIAIOTCS B CIEKTPax MOIJIOIIEHUsI aTMOc(epsl B ciydae OOJIbIINX
COJIEpXKaHUM 3TUX MOJIEKYJ B aTMocdepax IutaHeT (Kak B ciyuae 3anpemeHHbx JuHuid O, u Nj
B aTMocdepe 3emiu, 3anpelieHHbIX JUHUNA BOIopoa B aTMoc(epax IMIaHeT-TUTaHTOB).

CymiecTByeT eme OJUH THUIl MOJIEKYJSIPHOTO TIOTJIOIIEHHUS, YacTO Ha3bIBa€Mbli B
JUTEpATYPE NO2N0UjeHUEM, UHOYYUPOBAHHBIM OaslleHueM (Unu no2ioujeHuem, UHOYYUPOBaHHbIM
cmonkHogeHusAmu). MONeKyIbl, HE UMEIOIINE MOCTOSHHBIX JIUIMOJIBHBIX MOMEHTOB, MOTYT €ro
"mproOpeTaTh" MPHU CTOJIKHOBEHUSX C OKPYKAIOUIMMU MOJIEKYyJIaMu. B Te KOpoTKHe mepHoibl
BPEMEHH, KOT/Ia CTPYKTypa MOJEKYJbl BO3MYILIEHAa CTOJKHOBEHHUSMH, OHA MOXKET HMETh
AIIEKTPUYECKUI JWIMONBHBIA MOMEHT M, CJEeIOBaTENbHO, B3aUMOJACHCTBOBATH C IMOJIEM
u3nyueHus. Jlpyroe oOBsICHEHHE HHIYyLMPOBAHHOTO TMOIJIOIIEHHUS COCTOUT B 0OOpa30BaHUU
TUMEPOB U 0O0Jee CIOXKHBIX OOpa3oBaHHM MOJEKYN NpPU B3aHMMOJCHCTBHH (CTONKHOBEHUSIX )
Mosiekyd. IIpu 3ToM Takke MOXKET BO3HMKATh UHOVYUPOBAHHBIU INEKMPUUECKUN MOMEHm Y
Takux 00pa3oBaHUil U, CIEJOBATEIHLHO, BO3MOXHO B3aUMOJICHCTBUE X C MOJIEM H3Iy4eHUsl, T.C.
MOTJIOUIEHUE U U3TTyYEHHUE 3.M. SDHEPTUH.

Oco0eHHOCThI0 paccCMaTPUBAEMOTO THIA TOTJIOMICHHUS SIBISIETCS TO, YTO MHTEHCHUBHOCTH
M0JIOC WHAYIUPOBAHHOTO JABIICHHEM IIOTJIOMICHUS, B OTJIMYHE OT OOBIYHBIX IIOJIOC, 3aBHCST
IpsIMO TIPOMOPIIMOHATIFHO OT JaBJieHHs B ra3oBoi cpene. [loaToMy oObeMHBIN Kod(DPHIIEHT
MOTJIOUIEHHS B TaKUX M0J0CaX MPONOPIMOHATIEH KOHLEHTPALNUY MOTJIOMAI0NINX MOJIEKYT 1, U
KOHIIEHTPAIlUU TOCTOPOHHETO (YIIHMPSIOLIEro) rasa n,. B ciiydae OJHOKOMIOHEHTHOW cMecH,
COCTOSIIEH M3 MOTJIOMIAIONIETO Ta3a, OOBEMHBIH KOX(PQPHUIMEHT MPONOPIHMOHAJICH KBaJpaTy
KOHIIEHTpaluu 3Toro raza. OTMEeTHM, YTO Takas >K€ 3aBHCHUMOCTh XapaKTepHa sl KPBLUILEB
JUHUM B KOHTYpE JIMHUHM, OOYCIIOBIEHHOW coynapeHusMH Mojekyis. Iloaromy oObruHO 11
XapaKTepUCTUKU  HMHIYyIUPOBAHHOTO  JABJICHHEM  TMOTJIOIICHUS  BBOAST  OuHApHbIE
KO2Ghhuyuenmol nocnoujeHus:

k" = k, (3.5.26)
na nb
JJIs1 CMECH IBYX I'a30B, U
ki = k; (3.5.27)
n
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JUTsl OJTHOKOMITIOHEHTHOM cMecH. OTMETHM, YTO Pa3sMEepHOCTH KO3 uimentos k™ n k™ — M.

3.6. Xapakmepucmuku MOJIEKY ISIPHO20 no2s10ujeHusi

KonuuecTBeHHbIE ~ XapaKTEPUCTHKU  MOJEKYJISPHOTO  MOTJIOLIEHUS  MOJY4aroTcs
OKCIIEPUMEHTANIbHBIM TIyTeM, a TakXe Ha OCHOBE CHElUaJbHBIX pacueTroB. @Dopma
MIPEJICTABICHHUS KOJMYECTBEHHBIX XapaKTEPUCTUK MOJIEKYJSIPHOTO MOTJIOUICHHUS] MOXET OBITh
pa3INYHOM:

— B BUJC KOA((UIIMEHTOB MOJICKYJSIPHOTO TIOTJIOMICHUS Kak (DYHKIUH JUTMHBI BOJHBI (WA
Y4aCTOTHI), TEMIIEPATYPHI U, B 00IIIEM cTydae, JaBICHUS;

— B BHUJE MapaMeTpOB TOHKOM CTPYKTYypbl CIEKTpa pa3IUYHBIX MOJOC TMOTJOUICHHUS U
pa3aMyYHBIX aTMOC(EpPHBIX Ta30B (cneKmpocKonuueckux napamempos) — TOJI0KEHUN
OTJENbHBIX CIIEKTPAIbHBIX JTUHHUM, UX UHTEHCUBHOCTEH, TIOTYIIUPHH U T. 11.;

— B BHUJE 3aBHCHUMOCTEH ()YHKUUN MPOMyCKaHUs NJs KOHEYHBIX CHEKTPATbHBIX HHTEPBAJIOB
(pa3nuYHON MIMPUHBI) OT COAEP KAHMS TOTIOMIAIOIIETO Ta3a, MaBJCHHs (MHOTJA JaBIICHUN
MOTJIOUIAIONIET0 M IMOCTOPOHHEro Tasza), TeMIepaTyphbl, IOJOXKEHUS U  IIUPHUHBI
CHEKTPaJIbHOTO UHTEPBAJIA.

Hcnonb3oBanne Ko3(G(UUIMEHTOB TMOIVIOMICHUS [UIsl KOJWYECTBEHHOM XapaKTePUCTHKHU
MOJIEKYJISIPHOTO TMOTJIOIICHHS] UCIIOJIb3YETCsI, KaK MPaBUJIO, JJIsl TIOJIOC MOTJIOIIEHUS, UMEIOIINX
OTHOCHUTENIbHO CJa0yl0 CIEKTPAIbHYIO0 3aBHCHUMOCTh KO3(@uieHtoB mnoriomieHus. Kak mbl
OTMEUAIM paHee, TaKOH THUN 3aBHCHUMOCTH B aTMOCHEpPHON ONTHKE MPHHITO HAa3bIBATh
HECEJIEKTUBHBIM (WM KOHTHHyalbHbIM). Ha camom fene MeXOy CeleKTHUBHBIM U
HECEJICKTUBHBIM THUINAMU TMOIJIOLIEHUS HET MPUHIUIUAIBHON pa3Hullbl. Tak, CEJIeKTUBHOE
norJjouieHre (MOTJIOEHNE B YETKO BBIPAXKEHHBIX CHEKTPaJbHBIX JIMHUAX) MpEBpallaeTcs B
HECEJICKTUBHOE TPU YBEIWYCHHUH MABJICHUS JIMOO MOTJIOMIAIONIET0, OO0 YIIMPSIOMIETO Ta30B.
JleficTBUTENbHO, TPU YBEJIWYEHUM [aBJICHUS YBEJIWYUBAIOTCS MOJYIIUPHUHBI JOPEHIIOBCKUX
muHui (3.5.12) W oThenbHBIE JMHUU Bce Ooliee TepekpbiBaroTcs. Ilpu 3ToM crmekTpaibHOe
MOBEJICHHE CyMMapHOro ko3¢ @duiveHTa TMOIJVIOMIEHUS CTAaHOBHUTCA Bce Oojee TIaJKuM U
pealn3yeTcs Ciiydail HeCeleKTUBHOTO moriomieHus. Tak, konebdareapHO-BpaIiaTeIbHbIe MOJIOCHI
YIJIEKUCIIOTO Ta3a, UMEIIre B aTMocdepax 3emiun U Mapca pKo BBIPaXKCHHBIA CEIEKTUBHBIN
XapakTep, B HWXKHHX CIOsSX atMocdepbl BeHepsl mpu OONBIIMX JaBICHUSX U BBICOKHX
TEeMIIepaTypax HMEIOT KOHTHUHYalbHBIM XapakTep. HecenekTHBHBIA XapakTep CIEKTPaIbHOIO
noBeIeHUs Kod(UIMEeHTa MOJIEKYJIIPHOTO MOTJIONMIEHUS HAOII0aeTcs Jaxke MPU OTHOCUTEIHHO
Maneix armocdepnbix maBiaeHusx (0.01-1 atm) I mMoJIOC TOTJIOMIEHUS C OYEHb OJIM3KO
PacToI0KEHHBIMU CIEKTPATbHBIMU TUHUSMHU.

Cnabass cnekTpaibHash 3aBUCHUMOCTb MOJIEKYJISIPHOTO TIOTJIOIICHUS pealu3yercs Uit
CIEKTPOB MOTJIOUICHUs, OOYCIOBICHHBIX MpoleccaMu (OTOMOHU3AIUU U (POTOAUCCOIHALINH,
MIPH CUJIBHOM IEPEKPBIBAHUN OTIEIBHBIX CIICKTPATBHBIX JIMHUN B DJIEKTPOHHO- KOJICOATEIHHO-
BpalllaTelbHBIX ToJocax mornomeHuss B Y@, Bugumoid u BUK obnactsax choektpa,
KOJIeOaTeIbHO-BpAIIAaTeIbHBIX ~ CIIEKTPax TOTJIOMICHUS "TSKENbIX" MOJIEKYJ, TaKHuX, Kak
Hanpumep xyopodiookapoonats! (CFC), ruapodmroopokapoonsl (HCFC), monexyn Fg, N2Os u
T. 1. B UK oOnactu cnekrtpa), B mojocax MOIJIOIIEHUS, UHAYIIMPOBAHHbIX JaBieHueM. s
npuMepa Ha puc. 3.11 mpuBeAeHBI cedeHHs] MOJEKYJsIpHOro morjouieHus B Y@ u Bugmmon
00JacTsIX CHeKTpa JUIsi MHOTUX aTMOC(EpHBIX MOJIEKY [29].
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Puc. 3.11. CedeHusi TOTJIOMICHUAS MOJIEKYJ Ta30BBIX COCTABIITIONIMX aTMochepbl B YO U BUAMMOIA
o0acTsaX CreKTpa, Kak (GyHKIMK JUIMHBI BOJHBI A. Toukamu B JIEBOW 4acTH Ipa)MKOB OTMCUCHBI CCUCHHUS
JUTSl UTMHBI BOJIHBI TuHUK Jlaiiman—a (121.5 um).

B nocnennue ronpl co3maHbl cnenuaibHble OaHKM JaHHBIX [0 IMapaMeTpaM TOHKOM
CTPYKTYpbI, BKJIIOYAIOIIME PA3JINYHBbIE XAPAKTEPUCTUKH OTAEIBHBIX CHEKTPaJbHBIX JIMHUN
pasHbIX aTMOC(hEpHBbIX Ta30B.Jl1s KOJMYECTBEHHOTO OMMCAHUS MOJIEKYJISIPHOIO MOTJIOIEHHS
UCTIONB3YIOTCS Bce OOJIbIIEE YHUCIO MapaMeTpoB TOHKOW CTpyKTypbl. HeoOxomaumoe 4ymcio
[IapaMeTpoB AJIs aJ€KBATHOTO ONMCAHUS MOJIEKYJIIPHOTO MOIVIOIIEHUS B CIIEKTPAJIbHBIX JTUHHSIX
3aBHCHUT OT TpPeOOBaHUN K TOYHOCTU COOTBETCTBYIOIIMX pPAacYeTOB B TOM WM MHOM 3ajaue
aTMoc(epHOi onTUkH. Yem Oosbliasi TOUHOCTh HE00X0AUMA, TeM OoJiee 1eTalbHO MPUXOAUTCS
paccMaTpuBaTh  pa3NWYHbIE  (U3WYECKHE  MEXaHW3Mbl, ONPEACISIONINE  CEIEKTUBHOE
MOJIEKYJIsIpHOE morjouieHne. Kpome Toro, BenuuMHa CHEKTPAIBHOTO paspelieHHs (IIMpHHA
paccMaTpuBaEeMOro CIEKTPaJIbHOIO MHTEpBaja) B ONPEACIECHHOW CTENEHM BIUSET Ha
HEOOXOIUMBI YpOBEHb JeTanu3auuu. Hampumep, B 3agavax paJualliOHHOM SHEpPreTUKU
(paccMOTpeHHE MIMPOKUX CHEKTPATbHBIX HHTEPBAJIOB) y4eT Takoro "ToHkoro" sddekra kak
3aBUCUMOCTh LIEHTPAIbHOM YacTOTHI JTUHUM OT AABJICHMS W3JIHILEH, HO HE0OXOAUM, HallpuMep,
IIPU U3YUYEHHUH MOTJIOLIEHUS KBa3UMOHOXPOMATHYECKOTO JIA3€PHOr0 U3JTyueHus: B aTMochepe.

Kak crnexyer u3 npuBeieHHON BbllIle MH(POPMAIMK O 3aKOHOMEPHOCTSAX MOJIEKYJISIPHOTO
MOTJIOUICHUS B OT/AEIbHBIX CIIEKTPAIbHBIX JUHUSIX, JJIs KOJIWYECTBEHHOI'O ONMMCaHUs Tpedyercs
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3a/laHue 1e5oro psaa napametpos. Hanpumep, B 6anke nanasix HITRAN takumu nmapamerpamu

ABIIIOTCA:

— HHJEKC MOJIEKYJIBI,

— HHJEKC U30TOIa MOJIEKYJIBI,

— LIEHTpajibHas 4acToTa (I0JIO’KEHUE 1IEHTPA JINHUHN) CIIEKTPaIbHON JIUHUH,

— HHTEHCUBHOCTb JIMHUH,

— MAaTpUYHBIHA 31E€MEHT JUMOJILHOIO MOMEHTA MEPEX0/a,

— JIOPEHIIOBCKAs MOJyIIMPUHA INpU YUIMPEHUH BO3AyxoM (cMech Monekyl N, u O, B
COOTBETCTBYIOLIEH 3eMHON aTtMocepe MponopLum) Npu AaBICHUM B 1 aTM U Temmeparype
296 K,

— JIOPEHIIOBCKAs MOJIYLIUPUHA MPU camMoyIupeHuu mpu p =1 atmu 7=296 K,

— DHEPrus HIKHETO COCTOSHUS COOTBETCTBYIOILETO EPEX0aA,

— TI0Ka3aTesib TeMIepaTypHOIl 3aBUCHMOCTH MONYIIUPHUHBI JTHHUH (3.5.12),

— MmapaMeTp cABura HeHTpa JuHuu npup =1 atmu 7=296 K,

— KBAaHTOBBIE YNCJIA BEPXHETO U HUKHETO COCTOSHUS COOTBETCTBYIOLIETO NEPEXOAA.

JInst HarnasgHOM WJUTIOCTparMi Ha puc. 3.12 m300pakeHbl CHEKTpajabHbIE 00JacTH, T/E
pacmojoXKeHbl JIMHUK Toriomenus pasnuudbix razoB. (Mugexc JPL mns Os, O u HO;
yKa3blBa€T, YTO COOTBETCTBYIOIIAs MH(poOpMalus 3auMcTBOBaHa M3 Oanka naHHbIXx JPL (Jet
Propulsion Laboratory, CIIIA)). OtmeTuM Taxke, yTo Ha puc. 3.12 yka3zaHO MOJOKEHUE JTUHUNA
CO B cHeKTpe COJIHEYHOTO U3JTy4EHUSI.

B Gankax gannbix, HanpuMmep B 6anke HITRAN, npuBeneHsl, KpoMe mapaMeTpoB TOHKON
CTPYKTYpBbI, KOJIMYECTBEHHBIE XAPAKTEPUCTUKH KOHTHMHYAJBHOTO THUIIA IIOIJIOLIEHUS B BHJE
KO3()(PULMEHTOB MOIJIOMIEHUs Ul pa3IMYHbIX MOJEKyJ (Tak Ha3blBaeMble, '"CIIEKTPAIbHO
HepaspeleHHble” MoJochl noriomenus). s npumepa Ha puc. 3.13 npHUBENEHO IOJIOKEHHE
MOJIOC TIOTJIONIEHUsT TaKOro THHAa B CHEKTpainbHOM oOmactm  700—1800 cm . Takue
K03(pPULIMEHTHI MOTJIOICHNUS, [TOJyYeHHbIE SKCIIEPUMEHTAIbHBIM MIyTeM, IPUBOAITCS B OaHKaX
JAHHBIX JUISI pa3jMYHBIX TEMIIEpaTyp, KaK IMpaBWIO, MEPEKPHIBAIOIINX JUaNa3oH W3MEHEHUs
TemIrepatyp B aTMocdepax IIaHeT.
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HITRAN-96.
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3.7. MonekynsipHoe noasouieHue 8 ammocgepe 3emsnu

Mpsl ganu oOIIyI0 XapakTEepUCTUKY MOJEKYJISPHOTO TMOTJOIIeHus B atMochepe 3emin B
naparpade 3.1. JlomomauMm 3Ty mH(popmanuio Oojiee KOHKPETHBIMU AaHHBIMH. Ha puc. 3.11
ObUTH TIpUBEACHBI KO3(DPHUIIMEHTHI MOTJOMIEHUsT OOJBIIOTO YKCIa Pa3IUYHBIX aTMOC(EpHBIX
coctapisitoux A1 Y® u BuauMoil oOnacrel cnekrpa. [Ipu 3ToM peasibHOE BIMSIHHE ITHX
COCTaBIISIIOIIUX HA MIEPEHOC, HATIPUMED, COTHEYHOTO U3YUEHUS ONPEAEIAETCS UX COepKaHueM
B 3eMHOH artmocdepe. B Tabmn. 3.1 mpuBeneHb OCHOBHBIC TOJOCHI TOTJIOMICHUS Pa3IHYHBIX
atMoc(epHbIX Ta30B B YD U BUAUMOI 00J1aCTAX CIIEKTPa C YIETOM UX COJIEPIKaHUS.

Tabnuya 3.1. OCHOBHBIE TIOJIOCHI TOTJIOMIEHUST 3eMHON atmochepsl B YO u BUAMMOI
00JIaCTAX CHeKTpa

I'az CrexTpankHas Hazsanue nosocel ITornomenue
0071aCTh, HM
N 1-100 OJIOCEI HOHHU3AINU citaboe
0) 1-100 MT0JI0CHI HOHHU3AINH OYCHBb CHIIBHOE
N, <80 MOHM3AIMOHHBI KOHTUHYYM cinaboe
80100 Tanaka — Yopiau O4YEHb CUJIBHOE
100 — 140 Jlaiiman — bepmxa — CHJILHOE
Xondunga
0O, <100 Xondwunaa OYEHDb CUJIHLHOE
100 — 125 0YCHb CUJIBHOE
125 -200 [lTymana — Pynre CUJIBHOE
200 - 260 ['epudepra cnaboe
0O; 200 -300 Xaptiu CUJIBHOE
300 —-360 Xrorruica cpenHee
450 — 700 [lanmron cinaboe
NO, 400 — 600 ciraboe

Kak cnenyet u3 Tabmuiipl, atMocepHbIe a30T U KUCIOPO] OTBETCTBEHHBI 32 MOTJIONICHUE
B 00acTu >kecTkoro yibrpaduonera. Monekynsl O, u N, CHIBHO TOTJIONIAIOT COJTHEYHOE
u3llydeHue B crnekTpaibHOM auamna3one or 100 mo 200 M. Bce 3Tu cocTaBisionine Urparot
Ba)XHYIO POJIb B IOTJIONICHUN COJTHEYHOTO M3JIYYCHHUsI B BEpXHEH atMocdepe M OTBETCTBEHHBI 32
ee TEIUIOBOM pexuM, a Takke 3a (opmupoBaHHe HOHOC(HEpHl. 3HAUUTENBHYIO pOJIb B
MOTJIOUIEHUM COJHEYHOro Y® wu3iydyeHus WUrparoT MOJEKYJbl 030Ha. Tak, UMEHHO MOJIOCHI
Xaptnu u XIOITHHCA OYE€Hb BaXKHBI MPH (POPMHUPOBAHUM TEIUIOBOTO pexuma me3ochepsl U
cTpaTocdepbl (MakCUMyM TEMIIEpaTypsl OKOJIO BBICOTHI S50 KM (cTparomay3a) OOYCIOBICH
MMEHHO DPaJMAllMOHHBIM HarpeBaHHEM), a TaKXKE B MPEIOXpPAHECHUH IMOBEPXHOCTU 3€MIU OT
omacHoro ans oOuocdepsl YO wusnydeHus. MIMEHHO mo3TOMY pa3pylLI€HHE O30HHOIO ClOs
(YMeHbIIIeHHE COJepKaHUsl 030HAa B CTpaTtocdepe) MOXKET OKa3blBaTh CEphE3HOE BIUSHUE HA
KIUMaT 3eMJIM U yclioBHs cymectBoBaHUs Onocdepsl. lomocsr nornomenust Oz Hlanmron n
NO; oTHOCUTENBHO Ca0Bl B 3¢MHOM aTMOcdepe, HO U3MEPEHUS B 3TUX T0JI0CAX, TaK e KaK U B
nosiocax XapTiau—XIOITHHCA, UCHOJIB3YIOTCS Il M3YUYEHMsI Ta30BOTO COCTaBa aTMOC(EphI CO
CIIyTHUKOB.

[TpuBenem Tabm. 3.2, rae Aana UHGOPMAIUS O MOJOKEHUH OCHOBHBIX IOJIOC MOTJIOMIECHUS
pasnuyHbIX atMocdepHpix TazoB B MK o6mactu crektpa W ydacTKax MaKCHUMalTbHOM
WHTCHCHUBHOCTH TIOTJIOMIEHUS — IEHTpax MoJoc (KOrja TaKhue MaKCUMYMBI MOXHO YETKO
BBIJICIIUTB ).
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Tabnuya 3.2. BaxxHelue noiaockl U 00JaCTH MOTJIOMIEHUS aTMOC(HEPHBIX ra30B.

T"a3ml ITonoca LenTp nosockel, om’! Obnacrs pil(\:/lr_llonoxcemm,

CO, 15 MM 667 550-800

10.6 Mxm 961.0 m 1063.8 850-1100

4.3 MKM 2349 2100-2400
H,O Bpamarensnas 0-1000

6.3 MKM 1594.8 640-2800

KOHTHHYYM 400-1200

(O} 9.6 MKM 1043 u 1110 950-1200
14.2 Mmxm 705 600-800

4.8 MKM 2105 2000-2200

CHy4 7.6 MKM 1306.2 950-1650

3.3 MKM 3018.9 2700-3300

N,O 7.9 MKM 1285.6 1200-1350
17.0 Mkm 588.8 520-660

4.5 MKM 2223.5 2120-2270

CcO 4.7 MKM 2143.3 2000-2250
®peoHbl 700-1300

Haumbonee cuibHOE TOTJIONIEHUE BOISHOTO Iapa HaOJIOMaeTcss B paiioHE 6 MKM U B
obnactu BpamatenbHoil nmomockl (20—150 MkM), XOTs BpaliaTenbHbIe JUHUU "HaYUHAIOTCS" OT
MHUKPOBOJIHOBOH o6sacTu criektpa (A = 1.35 cM) u pacnonoxeHsl Takke B "OKHE Mpo3padyHOCTH"
(obGnacTu Mayoro MOTJIOHICHUSI) 8—2 MKM. YKa3aHHBIC IMOJOCHI TOTJIOIICHUS] BOJSHOTO Iapa
UTpalOT BaXHYIO pOJb B paJUallMiOHHOM TEIJI0O0OMEHe, HW3MEpeHHsT B JTUX I[0Jiocax
UCTIONB3YIOTCS ISl JUCTAHIIMOHHOTO (Ha36MHOTO M CITyTHUKOBOTO) OIPENETICHHs CONEpiKaHuUs
napoB H,O B atmocdepe.

Monekymna CO, umeetr B MK o0mactu crekTpa JBe UHTCHCUBHBIE TOJIOCHI MOTJIOMICHUS —
4.3 u 15 MxM. JITUHHOBOJIHOBAS TI0JIOCA TOTJIOMICHUSI UTPAET BAXKHYIO POJb B PagUAllMOHHOM
pexxumMe ctpatocdepsl 1 Ooee BHICOKHX clioeB aTMocdephl. M3MepeHus yXoasaIero u3ny4eHus
B 00€MX MOJI0CaX HCHOJB3YIOTCS Ui ONpPENeIeHUsT MpoQuiIs TeMmIeparypbl artMochepsl (s
TEPMHUECKOT0 30HAUPOBAHMS aTMOC(EPHI) U3 KOCMOCA.

ITonoce! moriomenust o30Ha Haxonarca BoOausu 4.0, 9.6 u 15 mxm. Haubosiee BakHa u3
HUX ToJioca nornomieHus 9.6 mxm. OHa Urpaet 3aMeTHYIO POjib B paJUallMOHHOM TEIIO0OMEHe
B cTparocdepe u Me3ochepe U UCTIONB3YETCS ISl JUCTAHITMOHHOTO ONPEACIICHUS BEPTHKATBHBIX
npoduneit u odiero coaepxkanus Os.

Baxknsie nmonocer nornomenus CHy u N>O pacnionosxenst BOnu3u 7.6; 3.3 u 7.8 mxm. Xotd
UX BKJIaJ B PaJMalMOHHBIA TEIJIOOOMEH HE BENHK, U3MEPEHHUS YXOJSIIET0 M3MyYeHUs B HHUX
MOXHO HCIIOJIb30BaTh I OMPEIEICHUs OOIIero cojepskaHus 3TUX ra3oB. JlocTaTodHo
uHTeHcuBHas nojoca CO HaxoguTcs BOMM3H 4.7 MKM U YK€ UCIIOJIb30BaNach AJIsl CITyTHUKOBOTO
KapTUpPOBaHUsI OOIETr0 COJAEpKaHMsl YrapHoro rasa B TiobambHOM MacmTade. I[lomocsl
noTrJIouIeHUs] (PPEOHOB, BAXKHBIX MAPHUKOBBIX M 030HOPA3PYLIAIONIMX Ta30B PACHOJIOXKEHBI B
OKHE MPO3pavyHOCTH 8—12 MKM.

Kpome nonoc mornomnienust pa3nuunbix razoB B MK obnactu cniektpa cienyer yka3aTh Ha
CIEKTpaJIbHbIE WHTEPBAJBI, TNl aTMOC(HEpPHOE TMOTIIOIMIEHHE OTHOCHTEIBHO HeBenuko. Kpome
y’K€ YIOMHMHABILIETOCS OYEHb BAXKHOTO OKHA MPO3payHOCTH &—12 MKM, HMMEIOTCS OKHa
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npo3payHocTr BOIM3M 3.8 MkM u B OmmkHeM MK (BUK) nunanasone crnekTpa (4acTo Kak OKHO
MIPO3PAYHOCTH PACCMATPUBAIOT TaK)KE BCIO BUAUMYIO 00acTh criekTpa). i3mMepeHus: yxoasiero
U3IyYeHUs B ATHX OKHAaX IPO3PAYHOCTH MCMONb3YIOTCS JJs JAUCTAaHIMOHHOTO H3y4YEHUs
noBepxHocT 3emsin M 001akoB. OKHO Npo3payHOCTH 8—12 MKM HIpaeT BaKHYIO pPOJb B
panuanoHHOM TeruiooOMeHe. [IpuMepHO B 3TOM CHEKTPAIBHOM JHMAINla30HE PACIOJIOKEH
MaKCHUMyM TEIUIOBOTO M3JIy4YE€HHUs MpU TeMIlepaTypax arMocdepbl, peaqu3yolmxcs Ha Hallen
wiaHere. VIMEHHO OKHO IIPO3payHOCTH B CYLIECTBEHHOM CTENEHH OTBETCTBEHHO 3a
BBIXOJIA)KMBAHUE 3€MHON IMOBEPXHOCTH M aTMoc(ephl 3a CYET MX TEIJIOBOIO H3Iy4YeHHs B
MUpoBoe mnpocTpaHcTBo. Hammume mnonoc mnoriomenuss CHs, N>O u dpeoHoB B OkHe
Mpo3pavyHOCTH 8—12 MKM H yBEeTWYCHHE HX COACp)KaHUA B 3€MHON armocdepe 3a cuer
AHTPONOTEHHBIX (HAaKTOPOB MPUBOAAT K JOMOJHHUTEIbHOMY 'mapHuUKOBOMY'" »sddekry u
U3MEHEHHIO KIMMara 3eMJIM: TMOSIBICHHE JOMOJHHUTEIBHOTO AaTMOC(EpPHOTro TOTIIONICHUS
YMEHBIIIAET JIYYHCTOE BBIXOJaKUBAaHUE aTMOC(hephl. YIOMSIHEM TakXKe O MOJ0Cax MOTIIOMIECHUs
0,, H,O u CO; B BUK o6nactu cnekrpa. DTH MOJIOCHI JOCTATOYHO CJIa0ble, HO OHU MOTJIOMIAIOT
MPUXOAIIEE HA MOBEPXHOCTh 3eMin coiHeuHoe u3nydeHne B BUK obnactu u moromy Takke
UTPaIOT BaXHYIO POJIb B PAIMALIMOHHOMN 3HEPTeTUKE aTMOC(EPHI U MOBEPXHOCTH.

Nznyuenne B MKB oOnactu cmekTpa He UWrpaeT 3aMeTHOM polu B Mpoleccax
paZvallMOHHOIO TEIUIO0OMEHa H3-3a MaJOCTHU JI0JIM TEIUIOBOTO W3IY4YEHHs NpPU JUIMHAX BOJIH
A>100 MkM, HO 3Ta 00JacTh MHTEHCHBHO HCIONB3YeTCS MMl IUCTAHIIMOHHBIX H3MEPEHUMU
napamMeTpoB aTtMocgepbl U 3eMHON MOBepXHOCTH [53]. OCHOBHBIMHM TOTJIOTUTENSMU B 3TOU
obnactu sBisitoTest O, u H,O. B MUKPOBOTHOBOM 00J1acTH CIIEKTpa MMEETCSl Takke OOoNbIIoe
KOJIMYECTBO BpAIATENbHBIX JTUHUH MHOTHUX aTMOC(EpHBIX ra3oB (Hampumep, o3oHa, ClO, NO,
N>O, NO,, HNO; 1 1. 11.). X0Ts OHU NPOSIBISIIOTCS B CIIEKTPax MOTJIOMICHHS 36MHON aTMOC(hephl
OTHOCUTEIIBHO CJ1ab0, TpU ONpPEACTCHHON TEeOMETpHM W3MEPEHHH ¢ TpH HAIWYUU
BBICOKOUYBCTBUTEJIbHBIX MPUOOPOB HMX HCIOJNB3YIOT JJI JUCTAHIIMOHHBIX HM3MEPEHUN
XapaKTepUCTUK Ta30BOr0 cocTaBa aTMocdepsl. M3mMepeHus B CHEKTpalbHBIX HHTEpBajaX Co
c1a0bIM TOTJIOMIEHUEM — MUKPOBOIHOBbIX OKHAX NPO3PAYHOCMU — UHTEHCUBHO HCIOJB3YIOTCS
JUTSL U3Y4YEHHS CBOMCTB MOBEPXHOCTU 3eMJIH, 00JIAKOB U OCAIKOB.
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Paspen 4. PaccesitHme cBeTa B aTtmoccepe

4.1. MonekynsipHoe paccesiHue

PaccmoTpuM B3aumojeicTBUE 3JEKTPOMArHUTHOM BOJIHBI ¢ MOJIeKyJdaMu Bo3ayxa. IlycTs
Ha OTJENbHYIO MOJEKYJy MajaeT AJIEKTpOMarHuTHas BoyiHA. [1oCKoNbKy pa3Mepbl MOJIEKYJIbI
MHOI'O MEHbIIE JUIMHBI BOJIHBI, TO BCE YYaCTKHM MOJIEKYJIbl OyIyT HaxXxoOuUTbcid B
AIIEKTPOMArHUTHOM TI0JI€ €IMHOW HATPSKEHHOCTH, TIOCKOJIBKY MPOCTPAHCTBEHHBIM W3MEHEHHEM
HaNpsPKEHHOCTH Ha PAcCTOSHMSIX, PaBHBIX pa3Mepy MOJIEKyJbl, Mbl mpeHeOperaem. Takum
00pa3oM BHEIIHEE TOJie, JIEUCTBYIONIEE HA MOJIEKYJTy, MOXXHO CUHMTAaThb 00HOpOoOHuIM. llon
JIeCTBUEM 3JIEKTPUYECKOTO IM0JIs MaJarollel BOJHbI IPOU30UIET pa3/ielieHue 3apsoB YacTHll,
COCTAaBJISIIOLIMX MOJIEKYTY (SIBJIEHUE MOJSPU3YEMOCTH BELIECTBAa), M MOJIEKyJa MPHOOpeTeT
COOCTBEHHOE 3JIEKTpUYECKOe MoJie. ANMPOKCUMUPYEM €ro Kak IoJje 3JIEKTPUYECKOrO TUMOJS.
Konebanus BHemHero noss (BO BpEMEHU) NPUBEAYT K aHAJIOTUYHBIM KOJIEOAHUSAM JTUIONS, T.€.
ero JIBUKEHUIO C YCKOPEHHEM, B Pe3yjbTaTe Yero JAUIOIb CaM CTaHET BTOPUYHBIM LIEHTPOM
reHepanuy 3JeKTPOMarHUTHON BOJIHBL. JTa BTOPUYHASI BOJIHA U €CTh PACCESIHHOE U3ITyUEHHE.

Ilycte Ha MOJEKyldy NagacT BHEIIHEE
10JIe C HANPSDKEHHOCTHIO Ey M MHIYIUpPYyeT
JTUIONBHBIA ~ MOMEHT ~ MOJIEKYNbl  P.
[Ipeamnonoxum A Havana, 4To MaJAIOIIAS
BOJIHA TIOJIIPU30BaHA JMHEHHO (CM. pasnen
2). Torna BexTopsl £y u P OyayT Bce BpeMs
JeKaTh B OJHOW IUIocKocTH. HarmpaBneHwust
ux  KojebaHud  mpu  ITOM  OyAyT
napajulenbHbl. VIcronb3yeM H3BECTHYIO U3
ANEKTPOJUHAMHUKH ~ (QOPMYTy JUIA  TIOJIS

KoNeOIoIerocs umnoist £ B 1anbHel 30He Puc. 4.1. Paccesnue 51eKTPOMArHUTHOM BOJHBI HA
(T.e. mpu r >> A): MOJIEKyJIE BO3/yXa.
1 &P .
E (0) = —; >-sind, (4.1.1)
2¢°r ot

rae 6 — yroa MeXay OChIO AWIMOJS W HampaBJICHHUEM paccestHHOro u3nydeHus (puc. 4.1), ¢ —
CKOpPOCTh CBETa B BaKyyMme, 7' — PAcCTOSIHME OT JWIIONSA JO0 TOYKH HAOIIOJCHHS, ¢ — BPEMsL.
OOpatuTe BHUMaHUE, 4TO B F€OMETPUM Ha puc. 4.1 ydTeHa MONEPEeYHOCTh 3JIEKTPOMArHUTHBIX
BOJIH: BEKTOp E( M, CJIEJOBaTEeNIbHO, P TEepIeHANKYJISAPHBI HAIpaBJICHUIO PACIPOCTPAHCHUS
BOJIHBIL. YUTEM CBSI3b JUITOJIBHOTO MOMEHTA C BHCIIHUM I10JIEM

P=&E,

rae o — MoJIApU3yeMOCTh Cpejibl (B HalleM ciydae — rasa). Torma, Bciomunas (2.1.1)
2
E,(x,t) = E,, cos(27rvt—7x+5) ,
uMeeM

Elz—ﬁé;CMVfEﬁmH 4.1.2)
cCr

Hac, B koHe4YHOM uTOTE, OyJIET MHTEPECOBATh MHTCHCHBHOCTH PACCESHHOTO H3ITyYCHUS.
[Tockoneky (4.1.1) u (4.1.2) nanucaHbl AJig MOJS W3IIYYEeHHUS Ha OOJBIIOM PACCTOSHUH OT
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JUIOJS, MBI MOKEM CUMTaThb MOJIEKYJY TOYEUHBIM HMCTOYHUKOM H3iyueHus. Kpome Ttoro, B
Halllell W/Iealu3UpPOBAaHHOW CUTyallMM Mbl paccMaTpUBacM M3JIyuyeHHE TOJIBKO OT OJHOU
€AVMHCTBEHHOM MOJIEKYJIBI, BOKpPYT KOTOpoW BakyyMm. M3 3akona byrepa cnenyer, 4rto
MHTEHCUBHOCTh W3JIY4YE€HHs B BakyyMe (HyJeBOM KOA(QQHUIMEHT ocnalieHus) HE 3aBUCUT OT
paccrosiausA. CnenoBaTenbHO, U UHMEHCUBHOCMb PACCESAHHO20 U3NMYYEeHUs Om  PAcCmOSIHUS
3asucems He OyOem HU HETOCPEACTBEHHO, HM KOCBEHHO (Uepe3 ompeiessieMble 3aBUCUMOCTbIO
OT r KOHCTaHThl). [103TOMY MBI MIMEEM NOJTHOE MPaBoO, YK€ Ha HA4YaJIbHOM 3Tarle, UTHOPUPOBATH
3aBUCUMOCTh PAaCCMAaTPUBAEMbIX BEJIMYUH OT #, HE JOXKUAAACh, IOKA 7 «COKPATUTCA», U
3anucath (4.1.2) B BUge

E, =—67L2(277v)2E0sin9 (4.1.3)
c

[TycTe Teneps magaromiasi BOJIHA UMEET, B 00IIEM CiIy4ae, SJUTMITHYECKYIO MOJISPU3ALIUIO.
Kak mbl mokazanu B pazzerne 3, B 3TOM CiIy4yae BEKTOpP €€ 3JIEKTPUYECKOTO MOJsi MOXKHO
pPa3NOXUTh Ha JBE B3aMMHO TMEPHEHAMKYJSIpHBIE cocTaBismonme. Bwidepem (cm. puc. 4.1)
COCTaBJISIOLLY IO Eo,n Jexaleil B MmiIockocTd, oO0pa3oBaHHOW HalpaBiIeHHEM Majaroueil £y u

paccestHHOM BOJIHBI £(y). DTa MIOCKOCTh Ha3bIBAETCA nI0CKOCmblo paccesinus. COoCTaBIAomas
E, | pacnonoxurcs NEepHeHIUKYJSAPHO IUIOCKOCTH paccesHus. Ho torma i 3ToM BEJIMYMHEI

E, | yroa Mexny Hell M HallpaBJICHMEM paccesHus Bcerna oyner /2 u sinf= 1. Yutem Taxxe,
9TO Y201 paccesuus ¥, TO OIpeaencHuro (pa3gen 2), eCcTh yrojd MeXIy HaIlpaBICHUSIMU

MAJAFOIIECTO U PACCESTHHOTO U3TyUYeHUs, TO eCTh (cM. puc. 4.1) yron y= 7 /2 — 6, cnenoBarenbHO,
sin 6= cos y. YuutsiBas 310, u3 (4.1.3) nmonyyaem

E, = —&%(272’ v)? E, cosy

01 (4.1.4)
E , =-ad—Q2nv) E, cosy

c

Beipaxkas w3 cootHomenuii (4.1.4), cormacHo omnpexaeneHuto (2.7.15), WHTEHCHUBHOCTH
PacCestHHOTO M3JIy4YeHHs, ¢ Y4YeTOM YcJoBHs HOpMHUPOBKHU (3.3.8) moiyuyaem unOuxampucy
MONEKYIAPHO20 PACCESAHUS

x(y) = %(l-i-cosz 7). 4.1.5)

Cornacho (4.1.5) u puc. 4.2 MoneKyJIsipHOE paccesHue He ABIAeTCS HM30TPONHbIM. OHO
Ooublie B HANPABJICHUU BIIEPE] W HA3aJ U MEHbIIE B HanpaBineHnn BOOK. Muaukarpuca (4.1.5),
uMerotas GopMy «BOCbMEpPKH» (puc. 4.2) — Ha3bIBACTCS peiee8CKOU UHOUKAMPUCOU PACCESHUSL,
a caMO MOJIEKYJIIPHOE PacCesiHUE YacTO UMEHYIOT peniee8CKUM PaccesiHueMm.

90°

Puc. 4.2. UnguxaTpruca MOJEKYJSIPHOIO paccesiHUs
(peneeBckast MHINKATpPHUCA).

180° - 1
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HJ’I?I CCUCHUS MOJICKYJIAPHOI'O PACCCAHUS MOJIYyUaCTCAa BBIPAXKCHUC

1287° a*
C =——F—. (4.1.6)
3
BOCHOJ‘Ib3yeMC}I aaJIe€ U3BCCTHBIM U3 BJICKTpOCTaTI/IKI/I BLIpa)KeHI/IeM JJIA HOJI}IpI/I3yeMOCTI/I 5

OJTHOPOJTHOTO JTUAJICKTPHUKA B OAHOPOJTHOM I10JIE

e-1 n*-1

&: = ,
4z N 4n N

(4.1.7)

2
rape €=n — JUBJICKTPUUYCCKAA NMPOHUIACMOCTD, CBA3dHHAA C IIOKA3aTCJICM IIPCIIOMJICHUS Ir'a3a n,
a N — ducno MOJICKYJI I'a3da B CIUHUIIC O6T:>€Ma, T.C. €0 CUCTHAA KOHLUCHTpAalH. OxoHYaTeIbHO

nojrydacm Jis1 CCUHCHUA MOJICKYJIAPHOI'O paCCCAHUA

877 (n* 1)
s (4.1.8)
3N“ 4
[Tonaras, 4Tto BCce MOJICKYJIBI B3aMMOJECIHCTBYIOT C HM3JIy4YEHHEM HE3aBHCHMO, IOJIydaeM
U1 06veMHo20 Kodgduyuenma monexyasaproeo pacceanus o= N Cy hopmyiy:

3,02 1\2
6:87r (n"-1)

4.1.9
3N A ( )

Cootnomienust (4.1.8) u (4.1.9) umeroT OOMaHUYMBBHIN BHJ, MOCKOJIBKY KOHIICHTPAIIHS
yacTull N CTOMT B HUX B 3HaMEHaTele, TO €CTh, Ka3ajJoch Obl, YeM MEHbIIE KOHIEHTpauus N,
TEM CHJIbHEE JIOJDKHO OBITh MOJIEKYJISIPHOE paccesHue, 4TO, OUYEBUIAHO, MPOTUBOPEUHT (pu3MKe
nporiecca. 3aMeTHM, OJIHAKO, YTO MOJSAPU3YEMOCTh & B HcxomHou (opmyne (4.1.6) ectb
XapaKTepUCTHKA MOJIEKYJIbl BEIIECTBA, TO €CTh OHA HE 3aBUCHUT OT KOHIIEHTPALIUU. 3aBUCUMOCTh
e oT N IpOSBIISETCS TS TIOKa3aTels MPeTOMIICHHS Ta3a, ITOCKOIbKY cormacuo (4.1.7) (n° — 1)
npornopuuonaned N. Ilostomy, B moiaHoM cootrBeTcTBUM C (4.1.6) u (puU3MUECKUM CMBICIOM,
CeUYEeHHUE MOJEKYJsIpHOTO paccesHus (4.1.8) He 3aBUCUT OT KOHIIEHTPAIIUU YaCTHIl, a 00bEMHBIN
Kod(hUIIMEHT MOJIeKyIsIpHOTo paccestus (4.1.9) mpsaMo mponopioHageH KOHIEHTPALINH.

CornacHo (4.1.9) obOvemubiti  KOIPPuyuenm MoreKyIAPHO20 paccesiHus 0OPAMHO
NPONOPYUOHALEH YemB8epmoll CmeneHuy OJIUHbL 80IHbL c6emd. ITO YTBEPKICHHE HOCUT Ha3BaHUE
3axon Penes. CornacHo 3akoHy Penes rosnyOble n cuHue jyun ceta (mpumepHo 0.45 Mkm)
paccenBarOTCs B BO3AyXe 3HAYUTENHHO (MOUTH B 4 pa3a) CHIIbHEE, YeM OPaHXKEBbIE U KPACHBIC
ayun (0.64 MkM). DTUM U OOBsICHSCTCS ToiyOol IBeT Oe300yiagyHOro Heba, OnpeneseMbIid
pacCestTHHBIM COJTHEYHBIM M3JIy4eHHEM, TIe TPeoOIagatoT royoble U CUHUE JIyYH; KPACHBIH 1IBET
3apH, a Takke KpacHbeld nBer 3axoisamux ComHma u JIyHBI: mpu OONBIIMX 3€HUTHBIX YTJIax
ocnabineHue B aTMoc(epe CTAaHOBUTCS 3HAYUTENBHBIM, M IO3TOMY B CIIEKTpE MPSIMOrO U
paccessHHOTO U3JIYYCHHUS «OCTAIOTCS» B OCHOBHOM KPAaCHBIE M OPAaH)KEBEIC JTyUH.

JI7i KOJTMYeCTBEHHOM XapaKTEPUCTUKU PEIEEBCKOTO paccestHusl M ociabiaeHus MpuBeaeM
Tabn. 4.1, rae maHel 0OBEMHBIE KOX(PQPHUIMEHTHl pPACCESIHUA O TPH JaBIEHUH p =1 atM u
T = 15°C u ontuueckue ToamuHbI (1o Beptukanu) 7(0,00) Bceit 3eMHOI aTMochephl.
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Tabauya 4.1. KoodpHUMeHTsl  MOJICKYJIIPHOTO — pacCesiHus W ONTHYECKUE  TOJIIIU
aTMOCQEphI 10 BEPTUKAIIH.

BOJﬁIIZI,HI\jKM o, 7(0,0) BOJfI[{JgI,H;KM o o’ 7(0,0)
0.30 1.446-10" 1.2237 0.65 5.893-107 0.0499
0.32 1.098-10™ 0.9290 0.70 4364107 0.0369
0.34 8.494-107 0.7188 0.80 2.545.107 0.0215
0.36 6.680-107 0.5653 0.90 1.583-107 0.0134
0.38 5.327-107 0.4508 1.06 8.458-10™ 0.0072
0.40 4.303-10° 0.3641 1.26 4.076-10™ 0.0034
0.45 2.644-107 0.2238 1.67 1.327-10™ 0.0011
0.50 1.726-107 0.1452 2.17 4.586-107 0.0004
0.55 1.162:107 0.0984 3.50 6.830-10°° 0.0001
0.60 8.157-107 0.0690 4.00 4.002-10°° 0.0000

JlanHple TaONUIBI HATJSTHO JAEMOHCTPUPYIOT CHJIBHYIO CHEKTPadbHYH 3aBHCHMOCTH
Koa(uImeHTa peaeeBCKOro paccessHus U ONTUYECKON TOMIIMHBI Bceld atMocdepsl. Ecmu mis
JuHBI BoJHBI 0.30 MKM onTUYeckast TOJIIMHA aTMoc]ephl 00IbIe eMuHUIBL, TO B OmmkHed MK
00J1acTH OHA HE MPEBBIMIACT COTHIX JIOJIEH. DTO CBHJIETEILCTBYET O BaXKHOU POJIM PEIICEBCKOTO
paccestHHsI B OclabJIeHUH, HANPUMEp, COMHEYHOTO u3nyudeHUs B Y@ 00JlacTH CHEKTpa U €ro
Manoct B UK u, tem Gosnee, B MKB cnekrpanpabix obnactsax. Kak mpaBmiio, B yKa3aHHBIX
JUTMHHOBOJTHOBBIX CIEKTPATBHBIX 00JACTSIX MOJICKYJSIPHBIM pAacCesSHUEM NpPEeHEeOperaroT mpu
pEIIEHNHU Pa3INYHbIX aTMOCHEPHO—ONTUYECKUX 3a]a4. 3HAUUTEIbHOE BIUSIHUE MOJIEKYJISIPHOTO
paccessHusi HabOmojmaeTcss B atMmochepe BeHepwl, riae omTUYecKHME TONIU MOJIEKYJISPHOTO
paccesiHusI MOTYT JIOCTUTaTh COTEH CANHUII.

[Ipoananu3upyem modspU3alMIO paccessHHoro cBera. [lycTh magarommii cBer ¢
WHTEHCUBHOCTBIO [y HE MOJAPU30BaH. BCIOMHUM omnpeneneHue CTeNeHW JMHEWMHOMN
nonmspu3anuu  (2.7.21) Kkak OTHOLIEHUS PA3HOCTH MAaKCUMaJbHOW W  MHHHUMAaJIbHOU
WHTEHCUBHOCTH K uX cymme. llocie paccesHuss MakcUMalbHOW OyAeT HWHTEHCUBHOCTH

1 1 )
I = IEIO’ a MMHUMaJbHOU — [ = EIO cos’ y (mockonbKy Beerma cos’ y < 1). Toraa creneHs
JMHEHHOH NONAPU3aIMU PACCEIHHOIO CBETA €CTh

p_ l-cos’y  sin’y
) =

= . 4.1.10
l+cos’y  1+cos’y ( )

TakuMm 00pa3om, cTereHb JMHEHHOHN NOIspU3aliy IPU PEIEEBCKOM PacCesHUU paBHA HYJIIO MPU
y=0wu y=180° u cocraBuser 100 % mpu y=90°, To ecTb 8 HanpasreHusx, nepneHOUKYIAPHLIX
naoarowemy ceemy, paccesHHbll c6em AAemcs NOJHOCMbIO TUHEUHO NOIAPUIO8AHHBIM.

ITpu BbIBOJE (POPMYNT MOJIEKYJISPHOTO PACCESIHUS MBI CUMTAIM MOJIEKYJIbl HICATbHBIMU
chepamu. OHAKO, B CHITy aHM30TPOIHMH B CTPOSHHM MOJIEKYJ, CTpOTasi TEOPHsl, YUUTHIBAIOIIAs
3T OCOOEHHOCTH, JaeT MONpPaBKy K IIOJYyYEHHBIM COOTHOLICHMSM B BHJE MHOXKHTEI,
3aBUCSIIETO OT gpakmopa Oenoaapuzayuu O. OKa3pIBAETCs, YTO MPU MOJIEKYJISIPHOM PACCESTHUU
crerneHb JuHeWHoM mossipuzanuu (4.1.10) mist yrima 90° TeopeTHdyeckd HE paBHA €IUHHUIIC, a
MEHBIIIC €€ Ha BEJTUYHHY O.
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His  pacuetoB KOI(D(PHUIIMEHTOB MOJEKYJSIPHOTO pacCesiHUS HEOOXOJMMO 3HATh
MoKa3aTeNb MpeJoMIICHHS BO3Ayxa. BHE MoIoc MOMIOMIEHNS YaCTO UCTIONB3YIOT NPUOIKEHHOE
AMITUPUYECKOE cooTHoIenue [2, 10, 13, 21]:

29498,1 2554

n,—1)=10"°| 64,328+ +
(m=1) 146— 12 41- 172

, 4.1.11)

rne A — AJIMHA BOJHBI B MKM, 79 — IOKa3aTesb MPEJOMIICHHs NpU JaBieHuu po = 1000 mOap,
temneparype To=15°C u HyneBoil BiaxsHocTH. [Ipu pacuerax HCHOJB3YIOT pPA3NIUYHBIC
COOTHOIIEHUS JJI 3aBUCUMOCTH IIOKa3aTells MPEJIOMIICHHS BO31yXa OT KOHLICHTPAL[UM MOJIEKYJI.
[Tpocreiimeit sBusieTcst popmyna

n—1=(n,-1)~£, (4.1.12)

£o

r7ie p — IUNIOTHOCTh BO31yXa, Py — IJIOTHOCTh CYyXOro Bo3ayxa mpu po u Tp (po=1.20903-10

3 -3
I-CM ) PaCCMOTpCHI/Ie MOJICKYJIIPHOI'O pacCessHUA IPHU HAJIWYHU IOITIOMICHUSA NPHUBCICHO B

moHorpadusx [10, 19, 34].

4.2. PaccesiHue u noasiowjeHue Ha a3po30sibHbIX Yacmuuyax

JInst HaXOXKAEHUST XapAaKTEPUCTUK B3aMMOJIECHUCTBHS a3pO30JIbHBIX YaCTHUI] C M3JIyYE€HHUEM
OHM MAaTEMaTHYEeCKH MOJCIUPYIOTCS TeJIaMH OIPEICICHHOW T'€OMETPHUYECKON (OPMBI, UTO
MO3BOJIAET PelaTh AJs TAKUX TeN 3a/1a4y O TU(paKIuy Ha HUX SJIEKTPOMArHUTHBIX BOJH.

OCHOBHasI CJI0)KHOCTb IIPU TEOPETUYECKOM aHAJIN3€E PACCESHUS Ha a3pPO30JIbHBIX YaCTHULIAX
CBs3aHa C TEM, UTO UX pa3Mephbl, B 00IEM Cilydae, y>Ke He Mallbl 10 CPaBHEHUIO C JJIMHOM BOJHBI
MaJAIoNIero U3MydeHus (CM. XapakTepHbIe pa3Mepsl a’po3oseit B paszzaene 1). [loatomy MbI He
MOKE€M, KaK TMpH MOJEKYJIIpHOM paccessHUM, TpeHeOperaTh HM3MEHEHHSIMH BEKTOpa
AIEKTPUYECKON HANPS)KEHHOCTH TAalolIed BOJIHBI HA MMOBEPXHOCTU YacTHIlbl. B CBSI3U ¢ 3THM
BO3HUKAET TpoOJieMa HAXOXKICHUS HEOAHOPOJHOTO AJIEKTPOMATHUTHOTO TIONS  8HYMpU
yacmuyvl, KOTOPOE C YYETOM TpPAHUYHBIX YCIOBUH Ha €€ IIOBEPXHOCTH CBS3aHO C
MHTEPECYIOIIMM Hac IOJIEM PACCEIHHOrO0 W3iyudeHud. [[ns cTpororo peumieHust 3TOM 3amadu
HEO0OXOAMMO peliaTh ypaBHEHHs: MakcBesuia, 4To Jake B MPOCTEHIIMX CIydasiX MPUBOIUT K
OYEHb TPOMO3AKUM BbIKIaAKaM. [locie 3anucu ypaBHeHMI MakcBeiia U TPaHUYHBIX YCIIOBUMI
WX pelIeHUE MPEBPAIAeTCs B YUCTO MaTeMaTHYeCcKylo 3amady. Camu penieHus: mpUBOIAT K
CTOJIb CJIOKHBIM 3aBUCUMOCTSIM XapaKTEPUCTUK pACCEIHHUS OT HCXOJIHBIX IapaMeTpoB, 4YTO
MOHSTh «(PU3HUYECKUN CMBICIT» PE3yJHTAaTOB BEChbMa 3aTPYIHUTEIIBHO.

OpHako B ONTHKE a3PO30JIeH MOKHO MCIIOJIB30BAaTh MPHUOIMKEHNUS, TIO3BOJISIONINE B Pse
CllydaeB TOJYYUTh IMPOCTHIE PEIIeHHs 3amadd paccesHus. Tak mpuOmmxenune Panes—Ianca—
JI>krHCa OCHOBaHO Ha MPEIINONOKEHUH, YTO MOJIe BHYTPU YaCTHIIBI OAHOPOIHO U (hopMUpyeTCs
OJIMHAKOBO OPHUEHTHUPOBAHHBIMHU JMIOJSMU;, TOT/A BHEIIHEE TO0Jie MOXXHO HaWTH Kak
CYNEpHO3UINIO MoJIeH BceX AMMOeH. DTO MPUOIMKEHUE XOPOIIO BBIMONHIETCS JJIs YacTHUIl C
pa3MepaMy MHOTO MCHBIIMMHU JUTHHBI BOJIHBI. B NpUONMKCHWH «MATKHX» dYacTul] Ban ne
XIoJCcTa CYUTAETCS, YTO BHYTPEHHEE I0JI€ YACTHUIbl COBNAAAET C BHEIIHEM IIOJEM IaJal0IIeH
BOJIHBI. DTO BBITIOJIHAETCS I YACTHUI[ C TOKA3aTesieM MPEIOMIICHUS, ONHM3KUM K €IUHUIIE, B
YaCTHOCTH, JUIsl BOJHBIX YacTUI. PaccMOTpeHHe ¢ UCHOJIb30BaHUEM NPUOMIKEHUI Haer
BO3MOXXHOCTh MPOBECTH (PH3UIECKUI aHATN3 TIPOIIECCOB PACCESTHHUS.

[IpocreiiimumM ciydyaem, I KOTOPOTO IMOJIy4eHO oOllee pelieHue 3afadd audpakuuy,
SIBIICTCS PACCESHHE CBETA 0OHOPOOHbIM WaPOM. DTO PEICHHe HOCUT HasBaHue meopuu Mu'.
Bkpatne cxema BbeiBoma (opMyn Mwu TakoBa. 3amuChIBAIOTCS ypaBHEHHs MakcBemia s
najarolel, pacCesHHOW, MPOIIeANIed BHYTPbh YacCTHUIIbl BOJIH U TPAaHUYHbIC YCIOBUS IJI HUX.

' [To umenn Hemelkoro yuernoro I'ycrapa Mu, nomyunsmero ero B 1908r.

73



3aTeM H3BECTHBIM IMpueMoM TGOpeTH‘IGCKOﬁ SJICKTPOANHAMUKN — BBCACHHUCEM CKAJIPHOI0 H
BEKTOPHOTO MOTEHIIMATIOB — CHCTeMa ypaBHEHHUH MpeoOpasyeTcsl U3 BEKTOPHOW B CKaJSPHYIO
dopmy. B cuny cepudeckoil CMMMETpHUH 3a/laq¥l PEIICHUE WIIETCS B BHUJIE PA3IOKCHHS B P
1o cpepuueckuM QyHKIHAM, K TAKOMY K€ BUIY NIPeoOpa3yroTcs Mnajaromnias BOJHA U TPaHUYHbIE
ycioBus. B pesyibrare nepeMEHHBIE B YPABHEHUSAX Pa3ACiAIOTCS, YPAaBHEHMs CBOIATCA K
CIy4astM C M3BECTHBIMU DELICHUSAMH U AN KO3(PPHUIHMEHTOB PAIOB MOJIYHAIOTCS CHUCTEMBI
JMHEHHBIX aNreOpandyecKux ypaBHEHH, KOTOpBIE JIETKO pelaroTcs. Pe3yibTaThl BBIpaKaroTcs
yepe3 (ynkuuu beccens ¢ momyuensiM MHAEKCOM W mojduHOMBI JlexaHapa (3amMeTuM, 4YTO,
HECMOTPSI Ha «COJMIHBIC» Ha3BaHMA, 5T (YHKIIMU OTHOCSTCA K KJAacCy 3JIeMeHTapHbIX). Bee
MaTeMaTHYeCKHUe ONepaluu NpH BbIBOAE GopmMyl Mu He CIOXKHBI, OJHAKO COMPOBOXKIAIOTCS
OYEHb FPOMO3IKUMH NPEOOPA3OBAHUAMHU.

[Tornomenue u paccestHue cBeTa OAHOPOJHON CHEPUUECKON YaCTHUIEH XapaKTepU3yeTcs

2rr

TpeMs Oe3pa3MEepHBIMU MapaMeTpaMHU: OTHOIIEHHUEM X = , TIe 7 — pajnyc 4acTHlbl, A —

JUTMHA BOJIHBI CBETA; M — KOMILUIEKCHBIM Toka3arenem npenomieHus (KIIIT) BemecTBa yacTuiist
(KIIIT — mapa uucen, mo3TOMY MapaMeTpPOB TPH).

B ontuke a’po3oneil, MOMUMO CeUeHUN OCIabIeHUS, PaCCEesIHHSI U TOTJIOMICHHS BBOJST
eme gaxmopul ocrabaenus, paccesinus u noznowerus Q., Qs, O, KOTOPBIE ONPENCISIOTC KaK
OMHOWEHUs. CeHeHUll K NI0WAoU NPoeKyuu 4acmuybsl, nepneHOUKyIsApHol naoarouet goite. s

c C,

2 _ e _ S _ Ca
mapa 5Ta IUIOW@Anb s+, ClaeloBarenbHO (O, = F, 0, _F’ 0, = - dakTopel —

663p33MCpHI)I€ BCJIMYHMHBI, IIO3TOMY IHO3BOJIAIOT CpaBHUMBATHL OTHOCHUTCIIBHBIC XapPaKTCPHUCTUKH
BSaI/IMO,I[CI\;ICTBI/IH JaCTUll PAa3HbIX pPa3MCpPoOB (B 3TOM CMBICII HX BBe,I[eHI/IH). TeOpI/IH Mu JJIA

s
2
r

e
2
r

¢baxTopoB paccessHua O, = u ocnabnenus Q, = JIaeT COOTBETCTBYIOIINE BBIPAKCHUS

(cM., HanpuMmep, MoHorpaduu [4, 34]). akrop nornomenus ectb O, — O, .

Kak mbI y’xe otMeuanu, GopMyiiel My MosydaroTcsi Kak YUCTO MaTeMaTHYeCKOe pelieHue
3amaun TU(pakiud Ha OJHOPOJHOM IIape M HE MAI0T BO3MOXKHOCTH Pazo0paThcs B (U3HKE
nporiecca. Hirke Mbl IprBeieM HEKOTOpBIE Pe3yIbTaThl pacYe€TOB M0 HUM, HO MOKA MPOIOIHKUM
TEOPETUYECKOE HCCIIEOBAaHUE A3PO30JIBHOTO PACCESIHUS U PACCMOTPHUM IpEAEIbHBIE Clydaw,
KOTOpBIE ITO3BOJISAT HAM BBISIBUTH Ba)XKHbIE (DU3UYECKHE 3aKOHOMEPHOCTH.

ITycte pazmepsl yacTul, KOTOPbIE MO-NIPEKHEMY CUUTAEM OJHOPOAHBIMU IIAPAMHU, MHOTO
MEHBIIIE JJIMHBI BOJHBI CBeTa. B 3TOM ciydae MBI MOXeM, paccykJasi KaKk MpU MOJIEKYJISIPHOM
paccessHUM, NTpeHeOpedb HEOJHOPOJHOCTSIMM BHELIHETO I0JIs, MaJaroliero Ha Jactuiy. Kpome
TOTO TPEAINOIOKUM, YTO BEHIECTBO YACTHIBI — JUAJICKTPUK, TO €CTh MPOBOAMMOCTH BEIIECTBA
1100 OTCYTCTBYET, MO0 MpeHeOpeKUMO Maja. B cuily sBIeHHS MONSIPU3yEeMOCTH TUAJIEKTPUKA
(BemrecTBa YacTUIBI), HAa TOBEPXHOCTH YACTHUIIBI TOSBITCS HABEJCHHBIC BHEUIHHM I10JIEM
3apsanpl. B cunny cdepuueckoil cHUMMETpUM YacTHIbl, OJHOPOJHOCTH BHEIIHErO MO H
OTCYTCTBUSI TIPOBOJUMOCTH, TOJIOKUTEIBFHBIE W OTPHUIATEIbHbIC 3apsAabl OKAXYTCS B Pa3HbIX
HOJIYLIApUAX YACTHULIBl U pAaCIPEAEIATCA CTPOro CUMMETPUYHO JIpyT ApyTy. Pasnenenue 3apsaos
03HAYaeT, YTO Mbl UMEEM uzayuarowui ounoiv. Jlanee, O4eBUAHO, CIEAYyeT MOBTOPUTH BCE
paccyXKJeHHs1, UCIIOIb30BAHHBIE NP BBIBOJE (POPMYII MOJIEKYJIIPHOTO PACCESHUS, B PE3yJIbTaTe
4ero JUIsl MajblX a’dpO30JIbHBIX YaCTHUIl OKa)XKyTCsl CIPABEUIMBBIMU BCE€ cooTHoIIeHus (4.1.1)—
(4.1.6).

JUisi TOJNydeHUs] CEYCHHsl PACCesTHUS MaJIOM YacTUIbl BOCIIONB3YyEeMCS H3BECTHBIM W3
ANIEKTPOCTATUKH BBIPAKEHHEM JIJISI TOJSIPU3YEMOCTH ¢ OJHOPOIHOTO IIapa B OAHOPOIHOM IIOJIE
[31].

~ 3(9_1 3]’12—1
a=r =71 — s
&E+2 n+2

4.2.1)
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r7ie ¥ — paauyc 1apa, n — rokasaTelb pesomiieHus ero Beuiectsa. [loacrasnss (4.2.1) B (4.1.6),
HaXoJuM

2

5 6 2
C - 1287 r_4 n2 1
3 Aln+2

(4.2.2)

Bripaxkenue (4.2.2) naet Ty e 00paTHYIO IPOMOPLUOHATBHOCTD CEUCHHUS PACCESTHUS YeTBEPTOU
CTENEHU JJIMHBI BOJHBI, YTO U MOJIEKYJISIpHOE paccesiHue. To ecThb [Uis MasbIX a’po30JIbHBIX
qJacTUll crpaBedyiuB 3akoH Penes. Kpome Toro, Bbllle Mbl OTMETHIIH, YTO HHAMKATpUca U
MaTpulla pacCesiHUs MajblX YacTHll, a, CJIEJOBaTeJIbHO, M MX MOJSAPU3ALUOHHBIE
XapaKTEPUCTUKH, TAK)KE HMJIEHTUYHBI MOJIEKYJSpHBIM. B cuily 3TOro roBOpsT O peneegckux
aspo3onbHblx  yacmuyax (U1 KOTOPBIX BBINOJHEHO paccMaTpUBaeMoe NpUOIMKEHUE),

3
peneesckoli unoukampuce paccesinus (MHaUKatpuce x(y) = Z(l +cos’ y) — puc. 4.2), obnacmu

peneesckoeo paccesinus (IUaNa30He [UIMH BOJIH U pa3MEPOB YaCTHULL, 1€ BBIIIOJIHEHO PEIEEBCKOE
npubsmxenne). IlockonbKy rpaHuLibl IPUOIMKEHHUS PEJIEEBCKOIO PACCESHUS 3aBUCAT OT JUIMHBI
BOJIHBI cBeTa, B ganbHeM MK u MKB auama3onax peneeBckoe paccesHue peanusyercs W Ajis
OUE€Hb KPYIMHBIX YAaCTHIl 00IAKOB U OCA/IKOB.

PaccmoTpuMm Temepb MPOTHBOMOJOXKHBIN Clay4dail — ciydail 4acTHIl, MHOTO OOJBIIUX

2rwr
JUIMHBI BOJIHBI CBETA, TO €CTh TAaKUX, IUIS KOTOPBIX X = T >> 1. Jlug HHUX, OYEBHIHO, B

npesene 0JKHA ObITh BEPHOW reoMeTpudecKas ONTHKA, B paMKaX KOTOPOH MOXHO CUUTATh, UTO
YacTUI[A PacCeMBaeT M TIIOTJIONIAET BECh CBET, MAJAIONIMA Ha ee TOBEepXHOCTh. Torma, 1o
OTNPECNICHAIO CCUCHHS OCIHAONCHHS, OHO paBHO #7° (IUIOMAAM TEHH OT YacCTHIIBL).
CootBeTcTBEHHO, MJis akTopa ociabiaeHust JoKHO ObITh O, = 1. OgHaKO HA caMOM JIee ATOT
pe3yabTaT HeBepeH. J{eHCTBUTENBHO, B PAMKAaX T€OMETPUIECKON OMTUKH MBI HE MOXKEM yUYECTh
JOTIOTHATEIFHOE OClIa0JIeHne, BhI3BaHHOE MU paKIueil (paccessHueM) Tyueil Ha KpasiX YacTHULIbI,
UAYIIAX MHMO Hee. A d3Ta nudpakimus OyIeT MMETh MECTO BCJICICTBHE BOJTHOBOWM MPHPOJIBI
CBeTa.

CrnenmoBarenbHO, peadbHOE CEYCHHE OCIAa0JIeHUS JIOJDKHO OBITh pPaBHO CyMMe
TreOMETPUYECKOT0 M HEKOTOPOTO JOMOJHUTEIBHOTO ceueHHs. YTOOBI MOITyUYUTh KOJTUUECTBEHHOE
3HAYCHHE JTOTO JIOTIOJHHUTEIBHOTO ceuenus Oughpakyuu WCTOIB3YIOT ONTHUYECKYIO TEOpeMy
babune, BbITEKaOIy10, HAPUMEp, U3 TUGpakuroHHON hopmyisl Dpenensi—Kupxroda (cum. [4,
5, 7, 31]). Ilo Teopeme babune — ceuenue paccesnus 3a cuem ou@paryuu y KPynHOU 4acmuybl
paeno ee ceomempuyieckomy ceyeruro. CyMMHpPYsI cedeHHe IU(PaAKIUU C TeOMETPUUECKHM,
HAXOJUM, UTO JUIS JI0ObIX 4acmuy ¢ pamepamu, MHO20 OONbWUMU OJUHbL BOJIHbl, CeyeHue
0CnabaeHUs. PABHO YOBOEHHOU NIOWAOU NPOEKYUY 4acmuybl HA NIOCKOCb, NEPREHOUKYIAPHYIO
nyuam céema (TOYHEE, ACHMIITOTUYECKH CTPEMUTCS K YJIBOCHHOH IIJIOMIAIN IPU CTPEMIICHUU €€

2
pa3MepoB Kk OeckoHeuHocTH). B uyacTHOCcTM M1 cdepuyeckux vactul nomydaem S,=27r

(Q.=2). Ilockonbky ¢ nudpakuued CBS3aHO WCKIIOYHUTENBHO paccesHUe CBeTa, U3
BBILIEH3JI0KEHHOTO CIIEAYET MPOCTOE CIEACTBUE: CeYeHue No2loWeHUs KPYNHOU Yacmuybl He
Modicem npesocxooums ee ceyeHue paccesnus, UHbIMU Cl08amMu, KPYNHA Yacmuya no2iouaem
He Donbue dHepauU U3YUeHUs, Yem ee pacceusaen.

Wrak, kpynHas uactuua (J:000H (opMbl) M3bIMAaeT M3 IyyKa CBETa SHEPIUU BJIBOE
Oonblie, YeM MaJaeT Ha €€ IMOBEPXHOCTb. DTOT YIWUBUTEIBHBINH (DaKT, MPOTHBOpEUAIINi
reOMETPHUECKON ONTHKE U OCHOBAHHOMY Ha Hel 3/I[paBOMY CMBICILY, HOCUT Ha3BaHUE «NAPAOOKC
ocnabnenusy. Hanmuaue 3T0ro napajgokca noa4epkuBaeT, YTO K NPOYeccam paccesHus usnyderus
2eoMempuyecKds onmuka, 6000uje 2060ps, HenpUMeHUMa, U aooble NOJYUeHHbIE C ee NOMOUbIO
pe3yrbmamsl mpeoyom npoeepKu 6 pPamKax 601H060U onmuku. IIpUMHPUTB XKe Mapanokc
ocnalJeHusl ¢ KUTEHCKUM OIBITOM M 3/paBbIM CMBICIOM HaM MOMOKET IPOCTOE OOBSICHEHHE,
npemiokeHHoe Ban ne Xroncrom. Ilapamokc cBsA3aH ¢ TeM, 4TO IIPU CTPOrOM PACCMOTPEHUU
SABJICHUS TU(PPAKLUU Mbl CYUTAEM U3MEHUBLIMMU HANPaBJICHUE U, CIEI0BATEIbHO, YIaICHHBIMU
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U3 Iy4YKa MPOIIEIIEro CBeTa JI0ObIe JIydd, B TOM YHCJIE W PacCcesHHBIE Ha MPEICIbHO Mallbie
yriasl. CiaenoBarenbHO, HAOMIOAATh AU(PPAKIIMOHHYIO KapTUHY U U3MEPSTh CEUYCHHE OCIIa0IeHUS
MBI JIOJDKHBI HA OYEHb OOJIBIIOM (B Ipejiesie — 0ECKOHEYHO OOJIBIIOM) PACCTOSHUHM OT YaCTHUIIBI,
IZle Mbl CyMeeM YuecTb BKJaJ 3THUX MajblX yriioB. Ilostomy, HaGmogass TeHb OT KaMHS,
JIeKAIIEero Ha OKHE KOMHATBI, MBI HH TJIa30M, HU NMPHUOOPOM HE CMOKEM OTACIHTH HpOIIEAIIee
MHUMO KaMHS M3JIyuy€HHE OT H3JIy4EHHUs, PAaCCESHHOTO KaMHEM Ha OYeHb Malble yIjbl, U B
MIOJTHOM COOTBETCTBHM C T€OMETPUYECKON ONTHKOW M 3IPaBBIM CMBICIOM TOJXYYHM JJISi HETO
daxTop ocnabnenust Q.= 1. Ho ecnu TOT ke KaMeHb — 3TO METEOPUT, HAXOJAIIMINCS B COTHSX
MWIIHOHAX KHWJIOMETPOB OT 3€MJIM, TO Jy4H CBETa, PAaCCEsIHHbIE Ha OYEHb Majble YIJIbI, YKe
MPOHAYT MUMO HalIero npudopa, u Mel 3apukcupyem daktop ocnadienus, 6muskuii k O, =2 .

BosBpamasce k ¢akTopam ocnabiaeHus Mo Teopur MU MOXHO YTBEPKAATh, YTO JOJKHO
BBINOJIHATHCS] COOTHOLIEHNE

lim O, (x,m) = 2. (4.2.3)

CootHomienue (4.2.3) moxaTBep)KAAaeTCsl B YHCICHHBIX pacdyeTraX U MCIOJb3yeTcs s
TECTUPOBAHUS AITOPUTMOB U KOMITBIOTEPHBIX MPOTrpaMM BBIYUCIIEHUH 10 Teopuu Mu [4].

Jlnist pacueToB ONTHUYECKUX XapPaKTEPUCTUK a3PO30JIbHBIX YacTUI] (HampuMep, ¢ MOMOIIbIO
aJITOPUTMOB Teopur Mu) HE0OX0UMO pacroiaratb HHPOpMaIUeil 0 KOMIUIEKCHOM MOKa3aTese
npejaomieHuss BemecTBa yacTul. C yyeToM pa3HOOOpasus (PU3MKO-XUMHUECKHUX CBOMCTB
aTMoc(epHOro a3po30Js, €ro BpEMEHHOM U MPOCTPAHCTBEHHON M3MEHYMBOCTHU, MOJyUYEHUE ITUX
JTAHHBIX SBJISETCS JTOCTaTOYHO TPOMO3AKOH M 00BeMHOH 3anadeil. K Hacrosimiemy BpeMeHH
M3MEPEHBI TOKA3aTeNld MPEJIOMIICHHS! MHOTHX BEIIECTB, BXOISIIMX B COCTaB aTMOC(epHBIX
a’po3oseil. B yacTHOCTH, OOLIMpHBIE JaHHBIE O CHEKTPAIbHOM IOBEICHUU JNEHCTBUTENBHOU U
MHUMOM yacTei Mokaszaressl MPeIOMJICHHS Pa3IMYHbIX BELIECTB NPUBEIEHBI B MOHOTpa(UsX,
crpaBoYHHMKax W 0azax maHHbIX (cM., Hampumep, [13]). IlpuBenem, mns mpumepa, Tadm. 4.2,
XapaKTepU3yIollyl0 HHGMOpPMALMIO O TOKa3aTessIX NPEJOMIIEHUS pas3JIMYHbIX BEIECTB,
conepsxairyrocs B 6aze nanHsix HITRAN-96 [48].

Kak cnenyet u3 npuBeneHHON TaOIMLBI U APYTUX MHOTOUMCIIEHHBIX JAHHBIX, IOKa3aTeIn
IOpPEIOMIICHUS 33/al0TCs B IIUPOKUX OOJACTAX CHEKTpa, YTO MO3BOJSET PACCUUTHIBATH
pa3IMyuHble ONTHYECKHE XapaKTEPUCTHKU a3pO30JbHBIX YaCTUIl B COOTBETCTBYIOIUX O0JIACTSX.
Hanpumep, nokaszaTesb NpeNoOMIIEHHs JibJa U3BECTEH B auana3zoHe AnuH BojaH oT 0.04 go 8
10° MxMm, T.e. ot 40 HM 10 8 MeTpoB. B 061IeM Ciyuae, TOKa3aTeN IPETOMICHHS eCTh QyHKIIN
Temnepatypbl, nostoMy B 6a3e naHHbIX HITRAN-96 npuBeneHnl mokasaTelu MNpeOMIICHHS
HEKOTOPBIX BEIIECTB I Psiia TEMIEPATYP.

Ha puc. 4.3 nan crnekTpaibHbId XOJA JEWCTBUTEIBHOM M MHHUMOW YacTH MOKa3aTels
NPEJIOMIICHUS BOJBI U JIbJIa — HanOOJIee pacIpOCTPAaHEHHBIX B 36MHOM atMocdepe a3po30IbHBIX
BellecTB. PUCYHOK JAEMOHCTpUPYET CHEKTPaJIbHYI0 U3MEHUMBOCTb 7 U K, OCOOEHHO CHUJIbHYIO
JUIE MHUMOH 4acCTH MOKa3aTessl MPeoMIIeHUS — KO PHUIMEHTAa MMOTJIOMIECHUS.
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Tabnuya 4.2. CBeneHust 0 IMoKasaresie NPEIOMIICHUS Pa3IMYHBIX BELIECTB B 0a3e JAaHHBIX
HITRAN-96.

BemntecTBo

[Ipumevanus

Bona (xuaxas)
Bona (nen)

PactBOp
H,SO4/H,0

PacTtBOp
H,SO4/H,0

PactBOp
HNO3/H,0

NAT (HNO;-3H,0)
NAT (HNOs-3H,0)

NAD
(HNO;-2H,0)

NAM (HNOs-H;0)
Bona (;ien)

NAT

NAD

NAM

NaCl

Mopckas conb
Cynbsdar aMMoHUS

YraepoaHsii
MaTtepuan

Bynkanuueckas
IIbLIb

MereopHas nblIb
KBapu
Oxkucs xenesa

Tlecok

Crnexrpanbnas oonacts 0.65—-1000 mxm
0.04-8 10° Mxm

Komuathas temnieparypa, 0.35-25 MM, 25, 38, 50, 75, 84.5, 95.6 %
pactBopsl H,SO4 o Becy

Komuarnas remneparypa, 6.4—13 mxm, 90 % H,SO4 no Becy

Komuarnas remneparypa, 2—32 mxm, 3, 12, 22, 40, 70 % HNO; no
BECy

1.4-20 MM, Tpuruapat a3oTHoi kuciotsl npu 196 K
1.4-20 MM, TpuruapaT a30THOM KucaoThl mpu 181 K

1.4-20 MM, auruapat a30THOU KUcnoThl npu 184 K

1.4-20 MKM, MOHOTHApPAT a30THOM KUCIOTHI pu 179 K

[Inactunka npaa npu 163 K

Teepnaast menka pactsopa amopduoro NAT mpu 153 K

TBepnas menka pactsopa amopduoro NAD mpu 153 K
Teepnas menka pactsopa amopduoro NAM npu 153 K
Komnatnas temnieparypa, 0.2—30000 mxm

Komuathas remneparypa, 0.2—30000 Mxm

Komnatnas temnieparypa, 0.2—40 Mxm

KomuaThas tremneparypa, 0.2 — 40 Mkm

Komuathas remneparypa, 0.2—40 Mxm

Komuathas remneparypa, 0.2—40 Mxm
Komnatnas temneparypa, 0.2—-300 Mxm
Komuathas remnepartypa, 0.2—300 Mkm

Komnatnas temneparypa, 0.2—-300 Mxm
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Puc. 4.3. CiektpanibHas 3aBUCIMOCTb Puc.4.4. CnextpanbHas 3aBUCUMOCTh Kod(puireHTa
NIEWCTBUTEIBHOM 7 1 MHUMOM K YacTH MTOTJIOIICHHUS Pa3IMYHbBIX BEIIECTB aTMOC(HEPHOT0 aspo30JIs.

TmoKa3aTeid MPEIOMIICHUA BOJAbI U JIbJA.

CpaBHEHHUS MHUMBIX YacTeil MOKa3aTessi MPEIOMIICHUS B IMUPOKOW OOJIACTH CIEKTpa OT
0.1 mo 100 MkM [7Is1 pa3iaMuUHBIX aTMOc(hepHBIX a’posoniei gano Ha puc. 4.4. Hamomuum, 4ro
MHHMas 4acTh B 3HAYUTEIBHOM CTENICHH OTPEICISIET MOTIOIATeNIbHBIE CBOWCTBA aTMOC(EPHOTO
aspo3soins (paszaen 2.7). U3 pucyHka cienyer, YTo MHUMbIE YaCTH MOKa3aTeNsl MpeOMIICHUs A
pa3IMyYHbIX BEUIECTB OTJIMYAIOTCS HA MOPSJIKU BEIUYHUH — OT 3HAUEHUM OJMU3KHUX K €AMHUILIE J0
10° u menee. Kpome TOro, misi OTHAENbHBIX BEUIECTB XApaKTEpHA CHJIBHAS CICKTPATbHAS
3aBUCUMOCTh K (A). B HWKHEH 4acTH pUCYHKAa NPUBEACHBI CIIEKTPaJbHBIC OOJIACTH, TAC IS
BOJIbI, KBapIa, cyiabdara ammonust 1 NaCl MHMMBIC YacTH TTOKa3aTels MPEIOMIICHHUSI MEHEe 10°.
Hanpumep, 11 Boasl 3Ta 00IacTh OXBaThiBaeT 4acTh YD, BUIUMBIA U YacTh OnmxHero MK
JuanaszoHa. C Ipyro CTOpPOHBI, BOAA XapaKTEPU3YeTCS 3HAYUTEIbHBIMHA BEIMYMHAMU K B
uH(ppaKpacHO! 00IacTu CHEKTpA.

Ha puc. 4.5 npusenensl 3aBuUcUMOCTH (hakTOpoB ocnabnenuss (., paccesHus (s u

2
norsiouieHust O, ot mapameTrpa x (x = %) IUIsL Tpex BemiecTB: Boabl (m =1.33 — i~1-10'9),

kBapua (m =1.535 —i-5-10%) u caxu (m=1.82 — i-0.74) npu ycioBuu mnoctossHcTBa KIIII.
[Tocnennee ycinoBue (PU3MUECKH COOTBETCTBYET HM3MEHEHHUIO TOJBKO pajnyca YacTUIbl NpU
(buKcaluy AJIUHBI BOJIHBI.

3aBucumoctu (. (x) UIs BOABI M KBapla HOCAT XapakTep 3aTyXaloUux KojeOaHuil,
CXOAALIMXCS K acCUMNTOTHYECKOMY 3HaueHutro 2. Ha pucyHke BuAHA Takxke CHIbHas
M3MEHYMBOCTb Xxapakrepa 3aBucumoctud (. (x) ot KIII: kpuBble nans Tpex BeELIECTB
CYLIECTBEHHO pa3jM4yHbl, B YaCTHOCTH, AJS CaXW H3—3a OUYEHb CWJIBHOIO IOIJIOUICHHUS
KOJIeOATeNbHBIM XapakTep 3aBUCUMOCTH BOOOIE HE MPOSBISIETCS, a UMEETCs IUIaBHBIA X0

Qe (x).
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OTcro1a MOKHO CII€NaTh BBIBOJ, YTO YEM
ooneiie MuuMas dacte KIIII, Tem cnabee
ocuuUSIMK pakTopoB ociadbiaenus Q. (x) u L
paccestaust Q(x). IHTepecHO 3aMeTUTh, YTO
MaKCHMaJIbHOE CEUCHHE 0CIIa0JICHUS
gactull B 3-4.5pasa Oombiie, ueM HX
reOMETpHUYECKasl TUIONIAIb: 3TO PE3yJIbTaT
TuGPaKIIMOHHOTO OcIabIeHusl.

JlJi HENOIJIOMIAIOIIMX BELIECTB (BoJa) U
C1a00MOTIOMAIMINX (KBapIl) KpPUBBIE IS
(bakTopoB paccesiHus MPaKTUYECKU
coBmaaawT ¢ Gakrtopom ocnabdbnenus Q. (x).
Hns xBapma Ha puc. 4.5 mokaszad (axkTop
MOTJIONICHUS], a JUIS CaXXU — PACCEesHUs U
norjionieHus. BuaHo, 49to 'y  (akrTopa
MTOTJIOLICHMS KBapua OTCYTCTBYIOT 0, xsapu

HU3KOYACTOTHBIE KOJicOaHus. Y  Caxu ()J——t——hﬁ%==" sy T i

0 10 20 30 40 50 x

0, kBapu

0,, Bona

(I)aKTOpBI pacceiaHud U NOrJIOICHUS UMCHOT

TaKoil ke [IaBHbIH X0z, Kak O, (x). Puc. 4.5. ®aktopel ~ ocnalieHus,  paccesHUs U

HOIVIOMIEHUS  PA3IMYHbIX  BEIIECTB KaK  (YHKUUH
I/IHI[I/IKanI/ICBI paccedaHus B 3aBUCUMOCTHU [apamerpa x.

OT IIapaMeTpa x JUIsd BOJbI, CaXXH M KBapla 4 90°
MpUBEJEHbI Ha puc. 4.6. Jl11 ManbIx yacTwil,
KaK Mbl BBIICHUIIM BBIIIC, HWHAWKATpHCA

omu3ka k perneeBckoil. C poctom pa3mepa 180°
YaCTUIbl HMHAMKATPHCA BBITATHBACTCS B *=0.05
HaMpaBJICHUU Brepea. ITo 00yCIOBICHO

TEM, YTO pPACCESHHOE WU3IYYEHHUE — 3TO 277
qudparupoBaHHOe H3MydeHHe. V3 Teopuun ) 90°
TU(PPaKIUU H3BECTHO, YTO YeM OOJIbIIe v [

npensTcTBue (pa3Mepbl YacTHIIbI), TEM B
Oonee MajoM TEJIECHOM yriie BOJIM3H

180°

HaIlpaBJICHUs pacrnpocTpaHeHUsI

NEPBOHAYAIBHOTO U3JTy4eHUs =4 xoapi P
«KOHILIEHTPUPYETCSI» mudparupoBaHHOE

U3JIydeHue. [TosTomy UH/IUKaTPUCHI 700

a3pO3OJIBHBIX HACTUIL — BBITAHYTLHIC, N TCM Puc. 4.6. UngukaTpuchl paccesiHus Pa3IUYHBIX

CHJIbHEE, YeM KpYIHee YacTUIbL. IIOCKONBKY  pepects kak dynkuun napamerpa x: a — oOmumii Bu; 6 —
TaKMEC  HWHIUKATPUCBI  MOJYYAKTCSI M3  00JacTh paccessHHs Ha3al.

pacueToB Mo Teopuud MU, OHU Ha3bIBAIOTCH,

B OTIMYHE OT PENeeBCKUX, uHouxampucvl Mu. Kak TpOTHBOMOIOKHOCTh PEICEBCKOMY
pacCestHUIO HCIONB3YIOT TePMUH paccesanue Mu (T.e. paccesHue, JUisi OMHCAHUS KOTOPOTO
TpeOYIOTCSl pacdeThl Mo 00IIeH TeopHn).

Jlis cpaBHUTENBHO MajbIX 4YacTHI] opMa HHIUKATPUCHI MPAKTUYECKH HE 3aBUCUT OT
KIIII. Tak Ha puc.4.6 a uHaUKaTpuchl A x = 1 mpakTtudecku cosnagatoT. C pocToM x B
WHANKATPUCE pacCesHUs HAUMHAIOT TOSABIATHCS BTOPUYHBIE MAKCUMYMBI: MAKCUMYM
obopamnoeo paccesnus tipu yriae 180° u OokoBble MakcMMyMbl. Benmnuwmna u dopma 3THX
MaKCHUMYMOB Yy>K€ CHJIBHO 3aBHCUT OT THIIA BEHIECTBA. JTO BHJHO Ha puc. 4.6 a, a Takke Ha
puc.4.6 6, roe oraenbHO u300paxkeHa o6nactb yriaoB 90-180°. Jns KkBapla MaKCHUMyM
0o0paTHOTO paccesHus U OOKOBBIE MAaKCHMYMBI BBIPQ)KEHBI OYE€Hb CHIIBHO, JUIS BOABI M CAXKH —
3HAYUTENBbHO cllabee, HO PU STOM MHIUKATpHca BOJbI UMEET Haubojee CUIbHbIE MUHUMYMBI.
BokoBbIE MaKCHMyMBI BOJIBI MIPEJCTABISIOT OCOOBI HHTEPEC, MMOCKOIBKY «OTBEUAIOT» 32 TaKHe
aTMoc(epHbIe SBICHHS KaK paayTy, TTIOPUU | T.11.
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4.3. Aapo3osibHOe paccesiHue U rnoasoujeHue 8 ammocgepe

B npenpinyniem naparpade Mbl pacCMOTpPEIIH B3aUMOJICHCTBUE U3ITYUYCHUS C OJIMHOYHBIMHU
a’pO30JILHBIMH YacTHIIaMU. PeanbHbie aTMOC(hEpHbIE a3p030JIH COCTOST M3 PA3INYHBIX BEIICCTB
U HMMEIOT pasHble pasMepbl. Kak Mbl oTMewanu B pasnene 1, XapaKTEpUCTHUKOW Pa3HHIBI B
pa3Mepax — IUCTIEPCHOCTH a’po30Jied sBiseTcs QyHKIMS pacipeaesieHus] YacTUIl 1o pa3Mepam
n (r), TIe n — KOHIIEHTpAaIlUs 4YacTull, » — paauyc. Uucno dactui B enuHuie odvema dN ¢
pasmepamiu OT 10 » + dr o onpenenenuto pyHkuuu pacupenenenus (1.2.10) ects dN = n(r) dr.
Kak nokazano B pasnene 2, 00beMHBINH KOAD(HUIIUEHT a3p030JILHOTO OcTabieHus d o i1l 9aCTHUIT
B YKa3aHHOM JIMana3oHe paJnycoB coriacHo (2.3.5) ecTb

da(r)=dNC,(r)=n(r)C,(r)dr.

JUis momydeHuss CyMMapHOro 0oO0BbeMHOro Ko3((uIMeHTa BCEX a’pO30JbHBIX YaCTHUI[ MBI
JIOJIKHBI, COrIacHo (2.3.6), cioxxuthb Bee da () , OTKyJa cpasy HoaydyaeMm

a:_Tn(r)Cerdr. (4.3.1)

ByzneM mo-mpexxHeMy MOAETHPOBATH a’3pPO30JIbHBIE YaCTHIIBI OJHOPOIHBIMU chepamu. Torma
(4.3.1) ynobHee mepenucath HeCKONbKO uHaue. YureM, uto C,(r) = 77> Q,(r,m) u 3anuimem
¢dbyHkuuto pacnpenenenus B Buae n(r) = N f(r), rae N — nojiHasi KOHLEHTPALUs a3pO30JIbHbIX

yacTull (Bcex pa3MepoB), a f (7) COOTBETCTBEHHO HOPMHUpOBaHHasl (PYHKITUS pacripeaesieHust (CM.
paznen 1). B pesynbrate (4.3.1) 3anummercs kak

a = NTﬂr2 Q,(r,m) f(r)dr. (4.3.2)

W3 (2.3.7) cnenyer, 4TO COOTHOIICHHSI, COBEPIICHHO aHalOruuHble (4.3.2), moxy4arcs u
JUTSE 0ObEMHBIX KOA(P(DHUITUEHTOB a3PO30JIbHOTO PACCESTHUS U TIOTIIONICHHSI

o= N:‘fﬁr2 Q. (r,m) f(r)dr, k= N].iﬁr2 Q,(r,m) f(r)dr, (4.3.3)

JIisi MTHAMKATPUCHI a3pPO30JIbHOTO PACCEsHUsSI, Mbl, KaK BBISICHWJIM B paszfene 3, JOJKHBI
CyMMHpOBaTh NPOU3BEIEHUS WHIUKATPUC HAa OO0beMHbIE KOX(PQUIUMEHTH paccesHus. B
JIUana3oHe ot 7 A0 r + dr oty npousBeaenus ectb n(r)o (r)x(r,y)dr = N f(r)o (r)x(r,y)dr.
Tenepb AN MHAUKATPUCHI MBI JOJKHBI BOCIOJNB30BaThCs '"MpaBuwiamu cioxeHus" (2.6.2),
OTKYyJa MOoJydaeM

].07”2 O, (r,m)x(r,m,y) f (r)dr
x(y)=4—— , (4.3.4)
[721/2 O, (r,m) f (r)dr

rZIe ClIeBa CTOMT CyMMapHas al’po30JIbHas HMHAMKATpUCa pacCesiHUs, a I0J HHTErpajoM —
MHAMKATPUCA YaCTULBI paJuyca 7.

Adpo30JbHBIE YaCcTUIIBI B aTMOC(epe, ¢ y4eTOM HMX JUCIEPCHOCTH, NMPUHATO UMEHOBATh
ancamonem uwacmuy. llomydenusie Qopmynsl (4.3.1)—(4.3.4) TONHOCTHIO pEIIAIOT 3a7ady
ONpENIeIeHNs] ONTUYECKUX XapaKTEepPUCTHK aHCcaMOms CQepuuecKux OJHOPOAHBIX YaCTHIL:
HEOOXOMMO 3HATh KOHILIEHTPAIMIO YacTUl, (YHKIHMIO UX paclpeiesieHus MO pa3Mepam U
KOMIUIEKCHBIN noka3zaTenpb npenomienus (KIIIT) Bemecta yactull (IUI0C yMETh PacCUUTHIBATh
XApaKTEPUCTUKU B3aUMOJEHUCTBUS M3IIyYEHUS C OJUHOYHOM YacTHULEH, HAIPUMED, IO TEOpUU
Mpu). Ecnu xe B atmMocdepe NMpHUCYTCTBYIOT a3pO30JIbHbIE YacTHUIIBI HECKOJBKHX COpPTOB (C
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pasabivMu f(r) m KIIIT), MBI Bcerma MOXKEM BBIYUCIATH ONTHYECKUE XAPAKTEPUCTUKH IS
Ka)KI0r0 COpTa OTJENBHO, a TOTOM MOJB30BaThCS MpaBuiaMu ciioxkenus (2.3.6), (2.3.7), (2.6.2).

BrusitHue a’po30JIbHBIX YACTHI] Ha MEPEHOC W3IydYeHHUS HaumOosee 3HAYMMO B BUIMMOUN
00J1acTH CHEKTpa, TJIe MOYTH HET MOJIOC TMOTJIOMICHHUS aTMOC(EPHBIX Ta30B, W PEIIAIONIMMHU
MEXaHH3MaMH TpaHCHOPMAIUU COTHEYHOTO M3JIyYCHHUS B aTMoc(hepe SBISIFOTCS MOJICKYJISIPHOE
paccessHue U a’po3oibHOe ocnabneHue. B Buammoit obmacti KIIIT OCHOBHBIX a’p030JbHBIX
BEIICCTB MCHSIFOTCS 1O CHEKTPY Malo, ¥ HMX MOXKHO CYUTATh KOHCTaHTaMH. PaccMoTpum
anMmpOKCUMAITMIO PYHKIIUHU pacIpeIeIICHUs a3PO30JIbHBIX YaCTHII IO pa3MepaM pacrpeieiiCHUEM

IOure f(r)=Cr™", rae b — mapamerp pacnpenenenus, C — MOCTOSHHBIA KO>((HUIHEHT,

KOHKPETHOE 3HAa4eHHE KOTOpPOro Hac He mHTepecyeT. Torma BelpakeHue ais KoddduumeHTa
a’p0305bHOTO ocnabnenus (4.3.2) mpumMer BUA:

a:ﬁNCIrH’Qerdr.
0

2rwr
CornacHo Teopuu Mu, Q. 3aBUCUT OT 7, rne A — JJMHA BOJIHBI CBeTa. BBejeM B MHTErpat

2rwr Ax A
MOJICTAHOBKY X = —— ,TOTJa ¥ = —, dr = —dx |
A Vs 27
—dx,
z* ;[ Q. 27
OTKyJla
a=A1", 4.3.5)

rie A — He 3aBHCsIIas OT A KOHCTaHTa, a IMOKa3aTeldb CTEMEeHH [ CBA3aH C MapaMeTpoM
pacnipenenenuss lOure kak f=b-—3 (dacto pacnpeaeneHue HOHTe 3amuChIBAlOT B BHUJE
f(r) = Cr ", Torma, coorBeTcTBeHHO, [ = b'—2).

®opmyna (4.3.5) HaszeBaercs gopmynon Anecmpema [40]. CormacHo ed a’po30JbHOE
ocnabiieHne oOpaTHO MPOMOPIMOHATFHO HEKOTOPOW CTENEHU JUIMHBI BOJHBI CBETa. DTHUM OHO
MOX0Xe Ha MOJICKYJIIPHOE paccesiHue, it Kotoporo = 4. Kak Mbl BRISICHHIN B TIPEIbIAYIIIEM
MyHKTE, TAaKOM e MOKa3aTeb MPOMNOPLHUOHAIBHOCTH UMEET CEYeHHE OCNaOJIeHUs IJIs MaJlbIX
(peneeBcKuX) dYaCTHUIl, cJleaoBaTenbHO, cormacHo (4.3.1), u oO0beMHBIH KO3 ULIEEHT
ocnabiieHusi Takux 4dacTull. [lockonbKy ciay4ail peneeBCKHMX YacTUL[ MpeneibHbIN, s
aTMocdepHoro aspo3ons f < 4. U3 ca3u f ¢ pacnpenenenuem FOHre cnemyer, 4To yeM MEHbIIIE
napameTp b, TO €CTh 4eM OOJIbIIE B BO3yXE KPYIMHBIX YaCTHII, TEM MEHBIIIE TIOKAa3aTelb CTEIICHN
p. Takum o00pa3oMm, MNPUCYTCTBUE KPYMHBIX YACTHUI] JETAeT CIEKTPAIbHYIO 3aBUCHUMOCTH
a’p030JILHOTO OCIabJIeHHsI MEHEe BBIPaKEHHOMU, BIUIOTH 10 ee oTcyTcTBus (£ = 0 ipu b = 3).

B BuauMo#i 001acTH CrEKTpa a’dpo30JIbHOE IMOTJIOMIEHHE MHOTO MEHBIIE a’3pO30JIbHOTO
paccestausi (MuuMble yactu KIIIT moutu Bcex a’spo30ibHBIX YacTHI] OJIM3KU K Hy0). [losTomy
BCE CKa3aHHOE BHIIIE O 3aBUCHUMOCTH [ OT pPa3MepOB YaCTHIl OTHOCHUTCS M K a’pO30JHHOMY
paccestHuio. Takum 00pa3oM, B OTJIIMYUE OT MOJIEKYJISIPHOTO PAcCEsHUS, a9PO30JIbHOE paccesHue
YMEHBIIAETCS C JUIMHOW BOJHBI Oosiee cnabo, a s KPYyHHBIX YaCTHIl BOOOIIE MPAaKTUUYECKU He
MEHSIETCS, U CBET Pa3HBbIX JJIMH BOJIH PACCEUBAETCSA a’pO30JIEM MPUMEPHO OJUHAKOBO. DTUM
OOBSICHACTCS HEUTPAIbHBIA IIBET a’pO30JbHBIX O00pa3oBaHMiA: OOJIaKa, TyMaHbI, CKOILJICHHUS
MBUTH, JIIM BBITJISIAAT O€TbIMU, CEPBIMU, YEPHBIMU; B TO BpeMs KakK royiyooi 1BeT HeOa CBS3aH,
KaK Mbl BBISICHIIIU B pazzaene 4.1, ¢ =4 g MOJIEKYJISIPHOTO pacCesHusl.

Bcenomuum, uto npu BeiBoAE GopMmyiibl AHrcTpema (4.3.5) Mbl clienanu ABa JOMYIIEHUS:
HezaBucuMOCTh KIIIT oT nnuHBI BOMHBI M COOTBETCTBUE (PyHKUMU pacmpeneneHus dopmylie
IOHre. OTH nomymieHWs HaKJIAIbIBAlOT BECbMa CEpPhE3HBIC OrPAaHMUYCHHS] HAa IPAKTHYECKOE
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ucnonb3oBanue (4.3.5): ona HeBepHa B UK muamaszone, rae KIIII cymiecTBeHHO MEHsETCs ¢
JUTMHOM BOJIHBI; JUIS pactpeeieHuid, OTINYHBIX 0T FOHre; HaKoHell, pU HAIUYUHN B aTMocdepe
aspo3oiiell pasHoi npupoasl ¢ paznuuHbiMu KIIII. HecmoTps Ha Bce nomymieHus, ¢popmysoin
AHrCcTpeMa J0CTaTOYHO YacTO MOJIb3YIOTCS Mpu 00paboTKe pe3yabTaTOB HATYPHBIX U3MEPEHUIA.

OCHOBHBIE OCOOCHHOCTH ONTHYECKUX XapaKTEPUCTUK TOJUAMCIIEPCHOTO adpO30Jis
00yCIIOBJICHBI CIIIaKMBaHUEM OOCYXIABIIMXCS B MpeblaylleM naparpade ocuuuIsnui
(bakTOpoB OCIAa0NEHUs, paccesHUss W WHAWKATPUC PACCESTHUS 3a CYET HMHTETPHPOBAHUS TI0
aHcamMOJI0  a’po30JbHBIX yacTull. [lodTOMy 3aBHCHMOCTh ONTHYECKHX  a’3pPO30JbHBIX
XapaKTepUCTUK OT JUIMHBI BOJIHBI CBETa IOJIy4aeTCs JOCTATOYHO TIJIaJKOM, 4TO KOCBEHHO
MOJATBEPXKJIAET M TMONTy4YeHHas aHaiauThuecku (opmyna AHrctpema (4.3.5). OTo criakuBaHue
TEM CHIIbHEe, 4eM Ooiblie pazdpoc pa3MepoB YacCTHIl, TO €CTh IHCIEPCHOCTh MX (PyHKIUH
pacnpeneneHusi. B cioywasx, korga mnpeoOnagaloT YacTHUIbl OJHOTO pa3Mepa, CriaKWBaHUE
cimaboe, U B ONTUYECKUX XapaKTEPUCTHKAX a’pO30JbHBIX aHCAMOJeH HAYMHAIOT MPOSBISTHCS
OCOOCHHOCTH, MPUCYIIUE OTACIbHBIM YacTUIaM. Maiyl [IUCIEPCHOCTh HMEIOT JesSHbIC
YaCTHUIIBl NMEPUCTHIX U TMEPUCTO-CIIOMCTHIX OOJIAKOB, TIOATOMY B TaKHWX OOJIakax HaOItogaeTcs
eano. Takum o0pazoM, HaOmOAeHHE OCOOBIX ONTHYECKUX SBICHHM B oO0Nakax ecTh
CBUJIETEJILCTBO MAaJIOM JUCHEPCHOCTH YacTHIl, UX COCTABISAIOIIMX; CIEAOBATEIbHO, AAXKEe IO
YHCTO BU3YAIbHBIM HAOMIOJEHUSM MOXHO CJeJaTh OIpe/ejeHHbIE BBIBOJIBI O pa3Mepax
00JIaYHBIX YaCTHII.

Wuorna nns anmpoKCUMAaIil a’po30JbHBIX HHIWKATPUC PACCESHUS HCIOIB3YIOTCS
aHATUTHYECKUE BbIpakeHUs. B dacTHOCTH, Hambosee MOMysipHOU SBISICTCS (yHKyus XoHvu-
I'puncmeiina [26, 33]:

l—g2
() = _ 43.6
2 (1+g>—2gcosy)” ( )

riae napamerp 0< g <1 uMeeT CMBICI BBITSIHYTOCTH BIEpPE] UHAUKATPUCHL: YeM OH OOJIbIle, TEM

CUJIbHEE BBITSIHYTOCTb.

OObeMHBIE KOX(PPUITUCHTH a’PO30JIBHOTO PACCeSTHUS W TOTJIOMICHUS, HWHAUKATpUCa
a’p030JILHOTO pacCesiHUsl, COTJIACHO YpaBHEHHIO mepeHoca (2.6.3), UCIONb3yIOTCS KaK BXOIAHbBIE
nmapaMeTpsl MPH pacdyeTe Moyl u3nydeHuss B atMochepe. Bo3HukaeT mpobiieMa ompeaeieHus
YUCIEHHBIX 3HAYEHUH OJTUX KOMIIOHEHT. EE pemaoT myTeM BBIUMCICHUA ONTHYECKHX
XapaKTEPUCTHK adpPO30JIeH MO 3aJaHHBIM KOMILJIEKCHOMY IOKA3aTEeNI0 MPEIOMIICHUS, (PYHKIUN
pacmpesieNieHus 4acTUIl MO pa3MepaM M KOHIIEHTpAllMd 4YacTHIl, a OHHU, B CBOIO OYepellb
MOJIy4alOTCA U3 SKCMEPUMEHTANbHBIX M3MepeHnil. COBOKYTHOCTh YKa3aHHBIX XapaKTEPUCTHK U
pPacCYMTaHHBIX TIO HUM XapaKTEPUCTHUK ONTUYECKUX HA3BIBACTCS A9PO30IbHOL MOOENbIO.

2rr

Tak kak paccesHue Ha c(HEpUUYECKUX YACTHUIAX 3aBUCHUT OT MapaMeTrpa X = , TO BCE

YacTULIb BEIyT ce0s MO-pasHOMY B pa3iMYHbIX 00JacTSIX CHeKTpa. IJTOT (haKT HarjsgHO
JNEMOHCTpUpPYeT puc. 4.7, Ha KOTOPOM IIOKa3aHbl CIEKTpajbHbIE O0JACTH NPUMEHUMOCTH
NpUOIMKEHUH TeOMETPUYECKOW ONTHKH, paccestHuss Mu, peneeBcKOro paccessHus U
PEeHEOPEXKUMO MaJIOrO paccesHus Ui pa3iuyHbIX yacTull [46]. Ilo BepTUKaIbHON OCH J1aHbI
pa3Mephbl YacTHIl — OT Kamesb J0XK/A 10 MOJIEKYJ BO3/lyXa, IO TOPU30HTAIBHON — JJIMHA BOJIHBI.
OueBHUIHO, HANIPUMEpP, YTO B 3aBUCUMOCTH OT JUIMHBI BOJIHBI YacTUIbl aTMOC(HEPHOU IBIMKU
MOTYT OBITh M YacTUIAMH MU, ¥ PEIeeBCKUMH YacCTHIIaMU. A B MUKPOBOJIHOBOW 00JacTh 3TH
YaCTULIBI IPAKTUYECKU HE PACCEUBAIOT.
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KyueBoe obnaxo
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10° T
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JIMHa BOJIHBI, MKM
Puc. 4.7. CiekrpanbHble 00JaCTH IPUMEHUMOCTH Puc. 4.8. CriexTpaibHbIi X0 KO3PPHUIIESHTOB
Pa3TMYHBIX TPUOTIKEHUN TCOPUH PACCETHUS IS ocnalIeHus sl pa3IMYHBIX THIIOB aTMOC(EpHBIX
pas3HbIX yacTul [46]. aspo3soneit [23].
B cBiI3u ¢ OrpoMHBIMH BapUalMsIMH XAPAKTEPUCTUK a3pPO30JbHBIX YaCTHI — WX

KOHIIEHTpaluH, GOpMbl, GYHKIIMU paclpeeeHus] YacTul] Mo pa3MepaM M T. 1. — ONTUYECKUE
XapaKTEePUCTUKHU a’po30Jieil oueHb M3MeHuuBbl. Ha puc. 4.8 mpeacTaBieH CHEKTpajdbHBIA XOJ
K023 puLeHTOB ocnabiaeHus U pa3IMyHbIX TUIIOB aTMOc(epHBIX aspo3zoneit [23]. Buano, uto
MakcuMalbHOe ocnabiuenne (~ 10° M) XapakTepHO sl Ky4eBBIX 06IakoB. OTMETHM
OTHOCUTENIBHO cJa0yl0 CHEKTPAIbHYIO 3aBUCHUMOCTh Kod(¢uimenta ocinalbiaeHus Ui 3TOro
Thma obsakoB B paccmarpuBaeMoi obmactu crnektpa 0.1-10 mxm. Koaddumuent ocnabnenus
00J1aKOB BBICOKOTO sIpyca Ha MOPSI0K MEHbIIIE U CHIIBHO BapbUPYET B CIIEKTPATIBHOM 00acT 7—
12 mxm. Koadouumentsl ocnabiieHuss JbIMOK pPa3iIHYHBIX TUIOB HM3MEHSIOTCS B LIMPOKUX
npenemax ot ~ 10 g0 5107 M. Jlns cpaBHenms Ha puc. 4.8 NpHBEIEHA TAKKE KPHBAS
CIIEKTPAJILHOTO XOJa KO3(P(UIIMEHTa PEICeBCKOTro ociiadieHus. BuaHo, uto mpu A > 3—5 MKM
pelieeBCKUM OciTabJIeHHeM B 3eMHON aTMochepe MOXKHO MpeHeOpeyb.

4.4. PaccesiHue u3sny4yeHusl ¢ nepepacrnpedesieHuUeM rno yacmome

PaccMoTpeHHble paHee MeXaHM3MBbl pacCesHUs H3JIyd4eHUs B aTMmocdepax IUIaHeT
(MoOJIEKyJIIpHOE U a’pO30JbHOE) XapaKTEPHbI TEM, YTO PACCESIHHOE U3Iy4YEHUE UMEET Ty Ke
JUIMHY BOJHBI (Y4acTOTy), 4TO W majgawouiee. Takoll THUN paccestHUs HUMEHYETCS Ynpy2um uiu
kocepenmubim paccesanuem. C Ipyroil CTOPOHBI, B ONITUKE U3BECTHBI U JPYTUE THUIIBI PACCESHMUS,
IIPY KOTOPBIX YacTOTa M3JIY4YEHUs IOCJIE pacCesiHUs W3MEHsAeTcsa. Takod TUIl paccesiHusl B
TEOPUU TEpPEeHOCa M3IY4YEHUS M B acTpO(QU3MKE HOCUT HAa3BAHUE pACCesHUe U3NYYEHUs C
nepepacnpedenenuem no yacmome. Ecnu paHee IpU pPacCMOTPEHUH MOJIEKYJIIPHOTO U
a’pO30JIBHOTO PACCEsHUs AOCTATOYHO OBIJIO HCIONB30BaTh KIACCUYECKYIO DJIEKTPOAMHAMHUKY,
TO HEKOT€pPEHTHBbIE THIIbI paccesHus TpeOyIOT NPUBJICUEHHUS KBAHTOBO-MEXaHHMUYECKUX
IIPEACTABICHUM.

HaunOonee wu3BEeCTHBI TUN HEKOTEPEHTHOTO pPACCESHUS — KOMOUHAYUOHHOE UNU
pamanoéckoe paccesnue. IlyCTb MOJIEKyna HMMEET CUCTEMY YPOBHEH BHYTPECHHEH DHEPIuUH,
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M300paXeHHYI0 Ha puc. 4.9 U COCTOSAIIYI0 U3 ABYX JIEKTPOHHBIX YPOBHEH, PACUICIUIEHHBIX Ha
KoJsie0aTeIbHbIC TIOAYPOBHHU.

MexaHusm C;‘;g;gﬁg:;‘ge Tun paccesims Ilpexxne Bcero, Ha puc.4.9 a
CXEMaTUYECKU n300paxeH
IPOLIECC PENIEEBCKOIO PacCesiHMUs,
. Vo vy Yo Peneescroe Korja JacToTa Ma/Iaf0IIEro
v U3Ty4YCHUST HE  COBMAJaeT C
4acTOTaMH, COOTBETCTBYIOIIUMHU
nepexoaaM MOJICKYJIbI M3 HIKHUX
ol o o vl v, [Yo |V2 Kgggg:;;;g:gze B BepXHHUE cocTosHus. IIpu sToM,
Y KaKk MBI OTMEUaQJIM paHee, 4yacToTa
IpU  PEIIEeBCKOM  PacCEsHUU
ocraercd Ta Xe, T.e. V =V,. JTO0
8 Vol Vol Vil V2 vi| Yol v, Koi‘%?’;:;:;ggsoe IPOWJUTIOCTPUPOBAHO B CpEIHEH
B yactu puc.4.9a B cronbue —

CHEKTPAIBHOE MPOSIBIICHHUE.
Kpome mpomecca peneeBckoro
P Y I (b;’esoaaacaaﬂ paccesHus  MOXKeT HaOJIIO1aTHC
yopecrientus Ipyrou TUII paccesiHus,
n300pakeHHpli Ha  puc. 4.9 6.
— OxkaspiBaeTcs, €CiIM  MOJEKyJa
o . | 2 LInpokoronockas HaXOI[I/ITfJSI B TIOJIE Hsnyqumi c
i ||| dayopectienums  4YaCTOTOM V,, HE COBMAJAIOIIEH ¢
M 4acTOTaMH, COOTBETCTBYIOIIUMHU
nepexoaM MOJIEKYJIbI M3 HIKHUX
Vo B BEPXHHUE COCTOSIHHS, BO3MOXKEH
¢ Yo Yo HEEGE0 TaK Ha3bIBAEMBIH  GUPMYATbHbLLL
v nepexoo,  T.e. nepexoa B
Puc. 4.9 Turbl paccesHus: a — PENEEBCKOE; 6 — OOBIKHOBEHHOE gupmydaivhoe cocmosnnue
KOMOHMHAIIMOHHOE; B — PE30HAHCHOE KOMOMHAIMOHHOE; BHYTPCHHCH 3JHCPIrMH MOJICKYJIBI,
T — pe30HaHCHASA (DITyOpPECHEHIHS, 1 — ITHPOKOIIOIOCHAS He COBITAIAIOIIIEE c

¢uryopecuieHus, € — pe30HAHCHOE pacCesiHue. M300p@KEHHBIME ~ Ha  puc. 4.9

pa3pelIeHHbIMU KBaHTOBBIMU
coctossHUSIMU. (BuUpTyanbHBI ypOBEeHb MOJEKYJIbl Ha puc. 4.9 60 n300pakeH MHYHKTUPHOU
nuHuel.) HecMoTpss Ha TO, 4TO 4acTOTa MAAAIOIIErO M3JIy4YE€HUs HE COOTBETCTBYET Pa3HOCTU
MEXJIy pa3pelICHHbBIMH KBAaHTOBBIMH COCTOSIHMSIMM ~ MOJIEKYJIbl, IPOHMCXOIUT clliaboe
B3aUMOJICUCTBUE NANAIOLIEr0 M3JIy4eHUs C paccMaTpuBaeMod MouieKysod. IIpu 3TOM yacth
SHEPrUM H3IyYEHUS MOXET MEPEXOJUTh BO BHYTPEHHIOIO DHEPIMIO0 MOJIEKYJIbl, a MOJIEKYJa,
«yXOzs» C BUPTYaIbHOIO YPOBHS, MOXET H3JIy4aTb 4acToTy V,<V,. llpu ompenencHHBIX

YCIJIOBUAX MOJICKYJIa MOXCT NEPCXOAUTh B OCHOBHOC 3JICKTPOHHOC COCTOSIHHMEC, HO HAa YPOBCHbD,
COOTBETCTBYIOIIIMKA YaCTOTE M3IIy4eHHUs V,>V,. IIpu 3TOM, €CTeCTBEHHO, 4aCTb BHYTPECHHEU

SHEPrUM MOJIEKYJIbl MEPEXOAUT B HEPrur0 minyudeHus. OnucaHHBIA Mpolecc B3auMOIEHCTBUS
U3IY4YCHUSI C MOJIEKYJIOM Ha3bIBACTCS OObIKHOBEHHBIM KOMOUHAYUOHHBIM pAaccesiHuem, W OH
IPUBOJUT K MOSIBJIICHUIO B CIIEKTPE PACCESHHOIO U3Iy4YEHUs, KpOME JIMHUM C YaCTOTOH V,, IBYX

JONOJHUTEIBHBIX JHHUH, TaK Ha3bIBAEMBIX, CIMOKCOECKOU U AHMUCIOKCOECKOU KOMNOHEHM.
HpI/I 9TOM 3THU KOMIIOHCHTBI HAXOAATCA C PA3HBIX «CTOPOH» OT OCHOBHOI JTUHHUU paccesaHusd C
4aCTOTOH V.

CYH_ICCTBGHHO, YTO IIOJIOJKEHHE 3TUX HOIOJHUTEIIHHBIX JTUHUU B pPacCCIHHOM H3TYYCHUU
OTHOCUTCIIbHO YaCTOThl MAaAaromiero H3JIYy4YCHUSA C YacTOTOM V, IOJHOCTBIO OHIPCACIISICTCS

CHCTEMOW YpOBHEH BHYTpEHHEW >HEpPruM MoJeKyisl. B paccMorpenHom Ha puc. 4.9 6 ciydae
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ATO ONpPENENseTCS Pa3HOCTHIO SHEPIHM MEXIy KO0JIeOaTEeIbHBIMH TOIYPOBHSIMH OCHOBHOTO
AIIEKTPOHHOTO COCTOSIHUS MOJIEKYJbl. TeM caMblM KOMOWHAIIMOHHBIN CIEKTP PacCESTHHOTO
W3ITyYCHUS] WHIVUBUAYAICH I KaKIOW KOHKPETHOW MoJeKysbl. D(d(eKTHBHOCTH Mmporiiecca
B3aMMOJICHCTBHUSI ~ M3Iy4YeHHUS C  MOJEKYJOW, TPHUBOJSIIIETO K  OOBIKHOBEHHOMY
KOMOMHALIMOHHOMY PpAacCesHUI0 U CXEMaTU4YeCKH H300pakeHHOro Ha puc.4.9 6, HeBenuka.
Jpyrumu cioBamu, BEpOSTHOCTH IMEPEX0Ja MOJEKYJbl B BUPTyalbHOE COCTOSHHE Maja. ITo
MPUBOJUT K TOMY, YTO CEUYCHHE OOBIKHOBCHHOTO KOMOWHAITMOHHOTO PAaCCESIHHS MEHBIIIE,
HaIpUMep, CEYCHHs] MOJIEKYIISIPHOTO (PEJIeeBCKOr0) paccesiHusl Ha Tpu mopsaka (cm. Tabm. 4.3).
MHTEHCMBHOCTh KOMOMHAIIMOHHOTO PAaCCesSHUS MPOMOPIIMOHAIBHA YUCITy MOJIEKYJI B HAUATbHOM
COCTOSTHUM, TEpPEeXOJbl C KOTOPOTO B BUPTYaJbHOE COCTOSHHE MOPOXKIAIOT JaHHYIO JHUHUIO
paccestHusl. JTO sBIsETCS (PU3NICCKONW OCHOBOM IS ONPEICTICHIS KOHIIEHTpalluid B aTMocdepe
Pa3IMYHBIX MOJIEKYJI M0 CIIEKTpaM OOBIKHOBEHHOT'O KOMOMHAIIMOHHOTO PACCEsTHUS.

Korga wacrora manmaromiero u3iaydeHUss OYE€Hb OJHM3Ka K 4acTOTaM, COOTBETCTBYIOIIUM
nepexojaM MOJEKYyJl C OCHOBHOTO COCTOSSHMS B BO30YXKICHHbIE, WHTEHCHBHOCTH
B3aUMOJICUCTBUS M3JIYYEHHUs C MOJIEKYJIOM CYIIECTBEHHO BO3pacTaeT. Jpyrum ciioBamu, 3TOM
CUTyalldd COOTBETCTBYIOT CIIy4ad, KOTJla BHPTYalbHBI YPOBEHb MOJEKYNl OJM30K K
pa3pelnieHHbIM KBAaHTOBBIM COCTOSIHUSM MOJIEKYJd. TakoW THI pacCesHHs MPUHATO Ha3bIBATh
PE30HAHCHBIM KOMOUHAYUOHHBIM pacceanuem — puc. 4.9 B. [Ipu 3TOM NMpoOUCXOAUT yBEIUYCHHE
CEUECHUSl PACCESIHUS HAa TPHU—-IIECTh TOPSAIKOB IO CPABHEHHIO C CEYECHHUEM OOBIKHOBEHHOTO
(HEepe30HaHCHOT0) KOMOWHAIMOHHOTO PACCesHUS.

Jpyroil BakKHBIA TMPOIECC B3aUMOJCUCTBHUS HU3IYUYCHHUS C MOJIEKYJIOM H300pakeH Ha
puc. 4.9 r. YacToTa najgaromero u3iay4eHus v, COOTBETCTBYET Pa3HOCTH YHEPTUil OCHOBHOIO U

BO30YXKJIEHHOr0 cocTOossHUH. IIpm 3TOM NPOUCXOAMT MOIJIOIIEHUE MOJIEKYJIOH MaJaroIiero
U3Iy4eHUs, ¥ OHAa MEpPEXOIUT B BO30YKICHHOE COCTOSHME Ha Kakoe-To Bpems. Ecim 3a 310
BpeMs HE MPOUCXOJAT Oe3u3ilyuyaTeNbHble NEepexoAbl 3a CUeT CTOJKHOBEHHH MOJIEKyJl
(«TymeHne» BO30YKACHUS ), TO MOJIEKYJIa MOXKET IEPEHTH B OCHOBHOE 3JICKTPOHHOE COCTOSTHHE,
nepeu3ty4yuB sHepruio. [Ipu 3Tom, B CBA3M ¢ HAIM4YKUEM KOJIeOaTeNIbHBIX MOAYPOBHEH OCHOBHOTO
COCTOsIHUSL, 3TH IICPEXOAbl MOI'YT AAaTh HM3JIYUCHMC HAa PAa3IMYHbIX HaCTOTaX V. OTH HaCTOTHI,

€CTECTBEHHO OIPEACIAIOTCS CUCTEMOM JITHUX IOAYpOBHEH. Torma B CIEKTPE pPacCEsHHOIO
U3MyyeHus: (KOTOphI MOKHO Ha3BaThb W CIIEKTPOM H3JIyYEHUS MOJEKYJbI) MBI MOKEM
HaOM01aTh MHOTO JIMHUK. ONUCAaHHBIN MPOIECC HOCUT Ha3BaHWE ¢yopecyenyuu (AHOTIA €rO
HA3bIBAIOT Pe30HAHCHOU ¢hyopecyenyueti).

YacTo BBLACNAIOT €II€ OJIMH MPOLECC B3aUMOJICUCTBHUS M3IYUYEHUS C MOJEKYJIOoh —
wupoxononocuyro guayopecyenyuro — puc. 4.9 1. OH oTauvaeTcss OT MPOCTON (IIyOpeCcIeHITNN
TEM, YTO BO BPEMs HaXOXIACHHUS MOJIEKYJ B BO30Y>KICHHOM COCTOSHUU 3a CYET CTOJIKHOBEHUU
MOJIEKYJI HPOUCXOAST Oe3u3inydaresbHble MEepexoAbl MOJIEKYJ Ha pa3iMyHble KoJjiebaTeabHbIe
MOIYpPOBHU  BO3OYXKIEHHOTO  JJIEKTPOHHOIO  cocTosHUS  Monekyn.  [locime  atmx
0e3u3IyyaTeNbHBIX [EPEeXOJ0B U  «paclpeieNieHUus» MOJEKyJl IO JOMOJHUTEIbHBIM
KOJIeOATEBHBIM TOJAYPOBHSAM BO30YXKICHHOTO JJIEKTPOHHOTO COCTOSIHHSI MOJIEKyJa MOKET
MEPEeUTH B OCHOBHOE AJIEKTPOHHOE COCTOSIHUA (OMATh TaKU — Ha pa3Hble MOTYPOBHU), U CIEKTP
paccestHus (M3MydeHus1) OyJIeT COCTOSATh W3 elle OOJNBIIEer0 KOJIMYECTBA JIMHUW paccesHUs IO
CpPaBHEHMIO, HANpUMEpP, CO CIlydaeM pEe30HAHCHOH ¢uiyopecueHM. OTa COBOKYITHOCTH
OO0JBIIIOTO KOJTUYECTBA JIMHUN paccessHusl OyaeT 3aHUMaTh MIUPOKYIO CIEKTPaIbHYIO 00JacTh, a
CaM CIIEKTp, MPU PErUCTPALMM €ro armnapaTypod HEBBICOKOI'O CIEKTPAJIBHOIO Pa3pelICHHUs,
OyJIeT «BBITJISIICTHY» KaK MIMPOKAs TI0JI0ca paccestHUs (M3IyUeHUs).

Ha puc. 4.9 ¢ u3obpaxeHn eme OAuH TPOIECC, COCTOAIMMNA B BO3OYKICHHUU MOJICKYJIbI
PE30HAHCHBIM U3JyYEHHEM C YacTOTOM Vy (PE30HAHCHON B CMBICIE BBINOJHEHUS YCIOBHS
hw=E,—E,, tne E; n E; — >HEpruu OCHOBHOTO W BO30Y>KIEHHOTO COCTOSIHMI MOJIEKYJ) U
MPAKTUYECKH OJJHOBPEMEHHBIM HCIyCKaHHEeM (OTOHA C YaCTOTOM PaBHOM WJIM OYEHb OJIM3KON K
yacToTe V. B HayuyHON nuTeparype STOT MpOLeCC TaKKe HHOTJA Ha3bIBAIOT PEe30HAHCHOU
@nyopecyenyueti. bonee TOTUIHBIM Ha3bIBaTh ATOT MPOLIECC PE3OHAHCHBIM PACCEAHUEM.

85



XoTsl paHee MBI YK€ TOBOPWIN 00 WHTEHCUBHOCTSX Pa3IMYHBIX MPOLECCOB PACCESHUS H
BpPEMEHAX UX OCYLIECTBJICHHUS, MOJIE3HO MPUBECTU Tabi. 4.3, B KOTOPOH Ui BUAMMOM obiacTu
CIEKTpa JaHbl XapaKTEpHbIE 3HAYEHUS] CEUCHUI B3aMMOJCHCTBUS (B JaHHOM CIy4yae B €AMHUILY
TEJIECHOIO YIJIa) M BPEMEHU IMPOLECCOB JUIsl PA3HBIX THUIIOB pACCESHUS U pa3IM4YHbIX
aTMOC(EPHBIX MOJIEKYIL.

Tabnuya 4.3. XapakTepUCTUKH PA3TUYHBIX TUIIOB PACCESHUS.

Tun paccesiHus Ceuenne, cm>cp™ Bpems nporecca, cek
Peneesckoe 107 10"
A3po3051bHOE 107"-10" 107
OOBIKHOBEHHOE KOMOWHAITMOHHOE 10°°-10*° 107
Pe3onancHoe KOMOMHALIMOHHOE 10°°-10% 10-10®
Pe3onancHas ¢uyopecueHuus 10%-107"° 10%-10"
[[InpokomnosiocHas (iryopeciieHIus 1071 10
Pe3onancHoe paccesHue 107710 101410

W3 npuBeneHHON TaOIMIIBI HATIATHO BUIHBI MHOTHE OTMEUEHHBIE BBIIIE OCOOEHHOCTH
pPa3IMYHBIX THUIOB PACCEAHUS — IIUPOKUNM AHANa30H 3HAYCHUN CEYEHUM pacCesHHs IS
a’pO30JIbHOTO PACCESIHUS, a TAK)KE PE30HAHCHOTO KOMOMHAIIMOHHOTO PACCEeSIHUSA U PE30HAHCHOM
GbyopecueHINN, TOYTH «MTHOBEHHOCTH» TaKUX IPOILECCOB KaK pPEeJeeBCKOE, a’pO30JIbHOE U
OOBIKHOBEHHOE KOMOMHAIIMOHHOE PacCcesiHus, OTHOCUTENbHAS JITUTEIBHOCTh APYTUX MPOLIECCOB
paccesiHus.

HekorepeHTHbIE THUIIBI pAacCeSHUS WrPAlOT OYEHb Mallyl0 pOJb B PaIUAIMOHHON
HHEpPreTHKE HIDKHUX CJI0eB arMmocdep IIaHeT. DTO CBA3aHO C TEM, 4TO OOJbIIOE YHCIO
CTOJIKHOBEHUI MOJEKYJ M MHTEHCHBHOE «TYIICHHE» BO30YKICHHBIX COCTOSHUN MPUBOAUT K
MPEHEOPEIKUMO MaJIO POJM Pa3IMYHBIX THMOB (QuIyopecieHniu. B BepxHuUX aTmocdepax
IUIAHET PAa3JIMYHbIE THIBI HEKOTEPEHTHOTO pAaCCEsHUs WIPAIOT CYIIECTBEHHYIO pojb. B
YaCTHOCTH, MpoLecchl (OPMUPOBAHUS COOCTBEHHOTO M3ITy4eHHsI aTMOC(EpPbl IPU HAPYLICHHUSIX
JIOKAJIBHOTO TEPMOJMHAMUYECKOT'O PABHOBECHS M B3aUMOJCHCTBHE CONHEUHOTO M3IIyUEHHS C
BEPXHUMHU CIIOSIMU aTMOC(EpHI B CYIIECTBEHHOW CTEMEHH CBSA3aHbI C PACCMOTPEHHBIMH BBIIIE
nporeccamu (iayopecteHuun. Ilpomeccsl HEKOTepEHTHOTO pacCessHUs N3TYUYCHUSI OYeHb BayKHBI
IpU MHTEPOPETALMU JaHHBIX ONTUYECKUX HM3MEPEHHH XapaKTepUCTUK €CTECTBEHHBIX U
UCKYCCTBEHHBIX Mosield m3nmyueHus. Ocoboe 3HAUeHUE pa3InYHble HEKOTePEHTHbIE MPOIECCHI
paccestHisl UMEIOT B JIa3€pPHOM JIMCTAaHIIMOHHOM 30HIUPOBAHUU aTMocepbl, TIe UX MOMKHO
3pPEKTUBHO HUCMONb30BaTh IS TOJIYYEHUs pPa3sHOOOpa3HOM HH(OpManmuum o mnapamerpax
(PM3UYECKOTO COCTOSIHUSI aTMOC(EpHI.

4.5. AmMocehepHas pechpakyusi u onmu4veckue sieJsieHuUsi 8 ammocgepe

[IpocTpaHCTBEHHBIE HEOAHOPOJAHOCTH B 3HAYCHHUSAX KOI(PQOUIMEHTA TMPEIOMIICHHUS
aTMoc(epHOro BO37yXa, BBI3BAHHBIE MPOCTPAHCTBEHHBIMU H3MEHEHUSMHU €ro (pu3mdecKkux
napaMeTpoB, MPHUBOAST K OTKIOHCHHSM B MPSIMOJMHEHHOM pacnpOCTPaHEHWH CBeTa. ITO
SBIICHUE TIOJYYWIO Ha3BaHUE pedpaxkyuu — WCKPUBICHHUS TPACKTOpUN JIydeill cBeTa B
HEOJHOPOAHOH atMochepe. [IpuHATO oApa3aenaTh pedpaKInio Ha Ps BUIOB:

Acmponomuueckas pegpaxyus — SIBICHHEC U3MEHEHHSI BUJAUMOTO MOJIOKEHUS BHE3EMHBIX
HCTOYHHKOB CBETa OTHOCUTEIIFHO HCTHHHOTO TOJIOKEHHSI UX Ha HeOecHO cdepe.

3emnasn (ammocgeprnasn) pegpaxyusi — SBIEHUS, CBSI3aHHBIE C U3MEHEHHUEM BUIAMMOIO
MTOJIOXKEHHUST UICTOYHUKA CBETa (WJIM TIPEeIMETa), HaXOAAIIerocss B arMocdepe, nmpu HabII0ICHHUSIX
€ro C MOBEPXHOCTH 3eMIIM WIH U3 IPYyrod TOYKU B aTMochepe.
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Kocmuueckasn pegppaxyus — 3ppexr n3MeHeHHs MOJOKEHUS UCTOYHHUKOB CBETA MPU HX
HaOJIIOICHUSIX U3 KOCMOCa Yepe3 3eMHYI0 atMocdepy.

B nurepatype MOXXHO BCTPETUTH €IIE OINPEACICHUS pecyspHOU (HOPMAIbHOU) W
cayuaunon pedpakiun. PerynspHas pedpakius 00ycloBlieHa IUIAaBHBIMH W3MEHCHHSMU
nmapaMeTpoB armocepsl H, COOTBETCTBEHHO, IUIABHBIMH W3MEHEHUsSMHU Kod(dduimenra
npenomnenusi. CrydaiiHas pedpakuus o0O0yclIoBlIeHa OTHOCHUTENBHO MEITKOMAaCIITaOHBIMU
MIPOCTPAHCTBEHHBIMH BapHAIUSMHU TapaMeTpoB aTMochepsl U KOIPPUITMCHTA MPEIIOMIICHUS.
OTH BapHalli UMEIOT pa3Hble MPOCTPAHCTBEHHBIE MACIHITa0bl — OT CAHTHUMETPOB JO JECSATKOB
MeTpoB. OHH OOYCJIOBIICHBI, HampuMmep, TypOyJeHTHOCThI0O B atmocdepe. CiydaiiHas
pedpakiust IPUBOIUT K XOPOIIIO U3BECTHOMY SIBJICHUIO Mepyanuli TOUYSUYHBIX HCTOYHHKOB CBETA,
HaIpUMep, MEPIIAHUIO 3BE3 NMPU MX HAOIIOJICHUSIX ¢ MOBEpXHOCTH 3emiin. HakoHel, oTMeTuM
SIBIICHUE AHOMAIbHOU pedhpakyuu — YCTOWYHMBBIC, JUTUTEIbHBIC (JI0 HECKOJIBKUX YacOB)
OTKJIOHEHUS TI0KA3aTellsl MPEIOMIICHHUS BO3IyXa OT €0 CPEIHETO 3HAYCHUSI.

SIBneHust pepakiMi MOXXHO OOBSCHUTH C MOMOIIbIO dPQEKTa MPEIOMIICHHs CBETa Ha
TpaHUIAX CJIOEB C PA3IMYHBIMUA ONITHYECKUMHU CBOHCTBAMH.

Paccmotpum  pacmpoctpaneHue s
CBETa OT BHE3EMHOT0 HMCTOYHUKA — T '
puc. 4.10 [22]. Pazobbem aTmMochepy
Ha HECKOJIBKO KOHIIEHTPUYECKHX

CJI0€B, JOCTATOYHO TOHKHX, YTOOBI — |
CUATaTh WX  OJHOPOIHBIMH, C
MOCTOSIHHBIM MoKa3aTesnem

/_
MIPEJIOMIICHUSI. O06o03HauUM n,
COOTBETCTBYIOIIME  JTUM  CIIOSIM

—]
MOKa3aTeNnu NPEJOMIIEHUS 1y, Ha, N3
u T.a. llokazatenps mnpesoMIeHUS 8-
cormacio  (4.1.12) cBs3an c —
IUIOTHOCTBIO BO3/AyXa, KOTOpas C
BBICOTOM yObIBaer, [03TOMY:

m<n<n3<...YVrael nageausa 0 u
MPEIOMIIEHHUS |/ Ha TpaHUIE OBYX
COCEIHHUX CIIOEB CBI3aHbI 3aKOHOM

Cuennmyca: 0
Puc. 4.10. K BeiBony ypaBHeHHs pedpakipu B atmochepe [22].

sinf, _n, sin@, _n,  sinb, _n, (4.5.1)

b 2

siny, n, siny, n, siny, n,
W3 tpeyronpauka 102, corinacHo TeopeMe CHHYCOB, CIIEAYET, UTO

h h

sin(z —6,) B siny,

rae ;1 U r, — pacctosHust oT Touek 1 u 2 no Ttouku O (ueHTtpa 3emiu). AHAJIOTMYHO U3
TpeyrosibHUKOB 203, 304 u T. A. cienyer

siny, _ n,  siny, _n siny; _n, (4.52)
. b . b . b
sin 6, y sin 0, 7 sin 6, 7

[TepemuoxuB momapHo paBeHcTsa (4.5.1) u (4.5.2) moygaem

siny, _mh siny, _ M sin i, _mn

. > . 2 .
sin 6, n sin 6, n, r sin 6, n; 1
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OTKyJa
n rsing, = n,rsinf, = n,rsinf; = ...
Takum o6pa3om, B 11000# TOUKE TPACKTOPUH JTyda BHINOIHACTCS COOTHOIICHHE

n(r)rsin@ = const, (4.5.3)

rJie 7 — pacCTOSIHUE JI0 IIeHTpa 3eMiid, 7 (7) — MoKazaTeab MPeIoOMIICHUS BO3yXa, 6 — 3eHUTHBIN
yTOJ JIy4a cBeTa. YpaBHEeHUe (4.5.3) U €CTh ypasHeHue mpaeKmopuu i1yya céema 8 ammocgepe
win ypasuenue peghpaxyuu. Koncranta B (4.5.3), oueBUAHO, paBHa 7,-sin@,, Tae ry —

paccTossHHE OT LIeHTpa 3eMJIM 0 BepxHeW rpaHulbl atMocdepsl (rne n = 1), 6 — yron

Na/IeHNs Jyya Ha BEPXHIOKO TPAHUILY.

AcTtpoHOMHUYECKasi pepakLus MPUBOAUT K TOMY, YTO BCE BHE3EMHBIE HCTOYHUKH CBETA —
ConHIle, ITUIAHETHI, 3BE3/bl — KaXKyTCS MPUIIOJHATHIMU HaJ| TOPU30HTOM Ha HEKOTOPBIM yroul.
BaxHO! XapaKTepUCTUKOMN SBISETCS Y201 ACMPOHOMUYECKOU pe@pakyuu [f — yroil MEKIY
UCTHHHBIM S W BHIUMBIM S HamNpaBiICHUSMH HAa HCTOYHHK CBeTa. MaKCHMalbHBIC YTIJIbI
ACTPOHOMMYECKOW pepakluy JOCTUraloTCs B MOMEHTBI BOCXOJa M 3aX0/a CBETWI U IpH
HEOOJIPIIINX OTPHUIATENFHBIX BBICOTHBIX yrimax. [Ipu cpemHux arMoc(epHBIX YCIOBHSIX OHHU
JOCTUTAIOT 3HauyeHuil 35', HO MpH HU3KUX TEeMIepaTypax M BBICOKOM JaBJICHHUU Yy 3€MHOMU
MOBEPXHOCTU M3MEHEHHUs IOKa3aTessl MPEeOMIIEHUS BO3JyXa MOTYT CTaTb 3HAUUTEIbHBIMU U
yIiabl pepakluy yBEIUYHUBAIOTCS 10 2—3-X IpagycoB. 3a CUeT ATOrO SBJICHHUS MPOUCXOIUT
yeenudenue npoooaxcumenbHocmu OHa (CBETJIOr0 BPEMEHHM CYTOK). B BBICOKMX HIMpOTax 3TO
YBEJIIMYEHUE MOXKET JIOCTUTaTh 4acoB U AHEN. Tak, Ha MOJIOCEe MPOIOKUTENBHOCTh MOJIPHBIX
nHelt (korma ColtHIIe He 3aXOJHT 332 TOPU30HT) Ooubine Ha 14 CyTOK, 4eM MPOIOHKUTEIHLHOCTh
MOJISIPHON HOYM.

Jlyun cBera OT Ha3eMHBIX MPEAMETOB TAKXKE PACIPOCTPAHSIOTCSA IO KPUBOJUHEHHBIM
TPAEKTOPUAM. YTIIOM 36MHOM pe(pakiiui Ha3bIBACTCS YroJl MKy HalpaBICHUSIMH Ha BUAUMOE
U JIEHCTBUTENIPHOE MOJIOXKEHHUE MpeaMeTa. 3HAYEHMs] 3TOr0 YIjia 3aBUCAT OT PACCTOSHUSA A0
HaOroaeMoro mpeaMeTa M TEPMHUYECKOW CTpaTU(UKAIMKM TMPU3EMHOTO Cllos Bo3ayxa. B
3aBHCHUMOCTH OT XapakTepa BEpPTHKAJIbHOIO TIpajUeHTa TeMIepaTypbl (U, CIEIOBATEIbHO,
IUIOTHOCTH BO3JyXa), KOTOpbIM, coriacHo (4.1.12), ompeaensiercs TrpagueHT IOKa3aTels
NPEJIOMIICHUS, B MIPU3EMHOM CJIO€ aTMOC(EpPBhl MOXKET MPOUCXOJIUTD HOOHAMUE U pACUUPEHUe
WIA onyckanue u cyscenue euoumozo eopusonma. CneactsueM 3Toro 3ddexra sBisercs
yBeIuueHue (MpU pacIiupeHUH) WIK YMEHbIIEeHUE (IIPU CY>KEHNUU) T€OMETPUUECKON JaTbHOCTU
BUAMMOCTHU IPEAMETOB.

PazpaboTka KOCMHYECKMX METOJOB HW3MEPEHHH TNapamMeTpoB aTMochepsl crenaia
aKTyaJbHbIM PAaCCMOTPEHHUE SIBICHUH pedpakuuu NMpH HaOIIOJAEHUM BHE3EMHBIX HCTOYHUKOB
gepe3 armocdepy u3 KocMmoca. BaxabiM 3(pdexToM KOoCMHUYECKOH pedpakimmu SBISETCS
pegpakyuonnoe yonunenue sr1eMeHTa yda. [Ipyu MaibIx BbICOTaX pacHpOCTpaHEHUs U3ITyUeHHs
B armocthepe pedpakuMOHHOE Y/UIMHEHHE MOXXET JocTHratb 5—15%, 4ro HeoOxommumo
YUUTBIBAaTh MPU PELICHUH DPA3JIMYHBIX aTMOC(EpHBIX ONTHUYECKUX 3aaad. Ilpum HabmroaeHusx
ckBO3b atMmocdepy aucka ConHua wian JIyHbI M3MEHEHHE yria pepaklUud C BBICOTOH Jyda
IPUBOJUT K pepakyuoHHOU pacxooumocmy — U3MEHEHHIO yIia MEXIy JIydaMH, UCXOAALIMMHU
OT Pa3HbIX KpaeB IUCKA. DTO U3MEHEHUE MOXET OBITh BECbMa CYIIIECTBEHHBIM IPU JOCTATOUHOM
YIQJICHUH TOYKH HAOJIOJIeHNs (KOCMHUYECKOTO ammapara) OT MEPHUreeB pacrpOCTPaAHSIOIINXCS
yepe3 armocepy ayueir. [Ipu aTom atmMocdepa MOXKET IeiicTBOBaTh KaK pacCeuBaroliast JIMH3A,
4TO MPHUBOAUT K BUAMMOMY YyMeHbLIeHHIO sipkocTH aucka Connna (JIynsr). Oto sBineHHe
peppaxyuonnoeo ocrnadnrenus. Bo3aMOXHBI 1 00paTHbIE CUTYallUU pe@pakyuoHHO20 YCUNeHU,
Korjga armocepa IeHCTBYyeT Kak coOMparomas JIMH3a, yMEeHbIIas yriioBble pa3Mepbl CoiHIa
(JIyner). OcoOeHHO CHIIBHBI ATU SBJICHHS NMPHU HAOIIONEHUSIX Yepe3 HUKHUE CIOM aTMOC(EpHI.
TaM MOTyT MPOMCXOIUTH pa3HOOOpa3HbIe UCKaKeHUsT n300pakennid ConHia u JIyHbI, BKIIOYast
naxke ux "paspeiBbl". Ilpu HaOMIOAEHMAX W3ITYUYEHUS TOYEUHBIX HCTOYHUKOB (3BE31) uepes
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aTMochepy HaONIOMAITCS GayKkmyayuu nOMOK08 U3yyeHus (Mepyanus), 0COOCHHO CHIIbHBIE
Opyu HAOMIOACHUAX M3 KOCMOCA, YTO OOYCIIOBJICHO CIIydallHBIMH BapHalUsIMH I10Ka3aTelis
nperomiieHust atmochepsr [9].

Paznuunble onTHueckue sBICHMA, HaOiogaeMble B aTMocdepe, HMEIOT MpPOCThIe
¢dusnueckne obocHoBaHus. [IpuBeneM 00bSICHEHHSI HEKOTOPBIM U3 HUX.

Ilon cymepxkamu MOHUMAIOT BEChb KOMIUIEKC ONTUYECKHUX SIBJICHWH, COBEPIIAIOLIUXCS B
atMocepe, korga ComHIle BOCXOAUT MM 3axoauT 3a ropu3oHt [30]. Yem nHmke ComHue
TOPU30HTA, TEM CUJIbHEE OHO OCBEIAET BEpPXHHUE, CJIE0BATElIbHO, MEHEe IJIOTHBIE, CIIOU
aTMocdepsl, TOATOMY TeM cliadee TOXOAIIee 10 MOBEPXHOCTH paccesiHHoe u3inydeHue. C 3Tum
U CBSI3aH IUIaBHBIA Mepexoj OT AHA K HouM Ha 3emie. Eciu B3MISAHYTh Ha 3eMHOM 1Iap u3
KOCMOCA, TO OH OKQXKETCsl ONOSICAHHBIM IIMPOKOHN MOJOCOW CyMEPEYHOM IOJIyTEHU, HEU3MEHHO
3axBarbiBatomiet ot 20 g0 25 % 3eMHOIl NOBEPXHOCTM B 3aBUCHUMOCTH OT COCTOSIHUS
atmocdepsl. [1o onHy ee ctopony, Ha 42—45 % momaaym 3eMHOTO 11apa, TOCIOACTBYET JI€Hb, 110
Ipyryro ctopoHy 33-35 % 3eMHOM MOBEPXHOCTH MOTPYKEHO B HOUb. B Tpomnmkax, rae ConHue
Kpyue OITyCKaeTcsi K TOPU30HTY, 3TO BpeMsi MeHblle — okosio 10—-15 %, Torga kak Ha BBICOKHMX
mupoTax oHOo BospactaeT 10 30—40 % mmurenbHOCTH roja, NpUYEM B MOJSPHBIX paliOHaxX B
BECCHHUU M OCCHHUH TEPHOIBI HETIPEPBIBHBIE CYMEPKH — Oeible HOYU — IIISTCS HEICISIMH.

Paoyza BO3HMKaeT INpHM pacCesHUU COJIHEYHBIX JIydyeill Ha KpPYMHBIX KaIUIX JOXKIS.
PaccmoTpum majeHue jtydeid cBeTa Ha BOAHYIO Karllio, CUUTas ee mapoodpasznoii — puc. 4.11.

[Tycth nyu magaeT Ha ka0 B Touke A. [Ipu
B3aUMOJICHCTBUU C TPAaHULIEH BO3J1yXa U BOJBI
CBET HCIIBITHIBAET OTPAKEHUE U MPETOMIICHUE.
CBeT, mpeIoOMJIEHHBIN B TOUKe A, BHOBb MaJaeT
Ha MOBEPXHOCTH I11apa YK€ U3HYTPU B TOUKE B,
OISITh MCHBITBIBAET OTpak€HUE (BHYTpPh) U
NpeNoMIIEHHE  (HApYXKy); OTPaKEHHBIH Iy
CHOBA MAaJlaeT U3HYTPU HA OBEPXHOCTh B TOUKE
C, TaM oOTpaxkaeTcs M TMpelomisieTcs U T. [.
CornacHO 3aKOHY O TMOJIOKEHUHU TMAaJaromIero,
OTPaXEHHOT'0 Y MIPEJOMIICHHOTO JTy4€il B OJTHOM
TUIOCKOCTH, CKOJBKO Obl HU OBUIO OTpa’KeHUH,
KapTHHA MO-MPEKHEMY OCTAHETCS IJIOCKOW, TO
€CTh OKPYXKHOCTb Ha puc.4.11 Bmomnne
aJZIecKkBaTHa Bcel cdepe.

[lyctp majarommii W3BHE Ha KaIlllo JIy4 B
Touke A mMmeeT yron maaeHus 6. [lo 3akony
CHemnnyca IUIsl yriia MpesioMJICHUs 6] MOXHO

3amnMcarhb Puc. 4.11. TeomeTpus xoaa Iyder B JOKIEBON
Karuie.

. 1 .
sinf, = —sing,,

(4.5.4)
/i€ 7 — MOoKa3aTesb MPEIOMJICHHUS BEIIECTBA IIapa, KOTOPBIA OyJAeM CUMTaTh BelecTBeHHBIM. [1o
OTIPEJICNIEHUIO, YTOJ paccestHusi cBeTa 6@ — 3TO OmKIOHeHue €ro OT TEePBOHAYAIHHOTO

HanpasyieHus. To ecThb JIsl HAXOKJAEHUS YIJIOB PACCESHUS B pacCMAaTPpUBAEMOM r€OMETPUM Hac
JIOJDKHO HMHTEPecOBaTh WM3MEHEHHE YTJOB OTHOCHTENBHO HCXOJHOIO HAarpaBlICHUs MNaJeHus,
MOKa3aHHOT0 Ha puC. 4.11 MyHKTUPHOMN TUHUEH.

B cuity paBeHcTBa yIiioB NaJeHUs U OTPAXKEHMS, JIyd NIEPBOT0 OTPAXKEHUsI BOBHE B TOUKE A
JlacT, KaK SCHO U3 pUCyHKa, € = 7 —26,. OTKIOHEHNE NPETOMIIEHHOTO B 3TOH XK€ TOUYKE JIyda

COCTaBUT G — O). YToJa majeHnus U3HyTpU B TOUKE B paBeH yIily IperoMiieHus & B Touke A Kak

89



VTIIBI B OCHOBAaHHUU PaBHOOEAPEHHOTO TpeyroibHuka AOB. Ho Torna yroi mperoMieHus: B TOUKE
B — yron BeIXOJa Jy4ya W3 IMapa — JOJKeH OBITH coriacHo 3akoHy CHesunyca paBeH 6,
[Ipumensist ananoruunoe paccykiaeHue k Touke C U JanbHEHIINM TOYKAM MepeceueHus ayda ¢
1apoM, MPUXOJUM K BBIBOJY, UTO BCET/la yroJ MaJieHus jJy4ya U3HyTpU paBeH 6y, a yroia BeIXoJa
u3 mapa paBeH €. Torma B mo0oii TOouke, Tak k€ Kak B A, W3MEHEHHE HaIlpaBIICHUS
OTHOCHUTEJILHO MAJAIONIEro (B 3TOM e Touke!) Mo yIiioM v jiy4ya IIPpU OTPAXKEHUU eCTh 77— 2 Y,
U TOJBKO B Touke 4 y =6,, a B Apyrux toukax y = 6,. [Ipu npenomnennn, B Touke 4 nMeeM

HN3MCHCHHC HAITPABJICHHUA (90—01, HO M B OCTAJIbHBIX TOYKAaX OHO TAaKO€ XK€, 4YTO OYCBHIHO H3

pucyHka (IIyHKTUpHAs JIMHHUS B TOUKe B). YT0a paccesHuss B TOUKE B €CTh CyMMa OTKJIOHEHUIA
IpU NpeIoMIEHUSIX B Toukax A u B: 6 =20,-26,. Hanpasnenue orpaxkeHus B B umeer

OTKJIOHeHue 6,—06,+7—206,. Yron paccessHus B Touke C — CyMMa TOro OTKJIOHEHus u 6,—6,,
TO ecTb 26, —46,+7 uT. 1.

Takum oOpa3oM, MpH KaKJAOM OTPKECHHU K HANpPABICHUIO OTKIOHEHHUS a00aBiseTcs
m—26,, mosToMy mocie k oTpakeHui, cuurtas k=1, B Touke B OyaeM HMeTh HaIpaBJICHHE

nagenus 6,—6 +k(z—-26,). IlpubaBnds K HeMy OTKIOHEHHE IpU INpeIoMIeHun 6,—0,,

OKOHYATEJIBHO I0y4YaeM YIoJl PacCesHus
0=kr+26,-2(k+1)6, .

B »TOM BEIpaxkeHMH yron paccesHusi @ ciemyer emie npuBectd K mHTEepBany [0, 7], HO mms
HAIIMX IieNel 3To He TpedyeTcs. YuutsiBas (4.5.4), OKOHYATEIHHO MOTy4YUM

0= k7r+26?0—2(k+1)arcsinlsin90 (4.5.5)
n

MbI paccMoTpenu paccesiHie B 0AHOM Touke 4. [Ipu mageHun npsMbIX COJIHEUHBIX JTy4deu
Ha BCIO TIOBEPXHOCTH KaIUIH (TO €CTh My4Ka Jyuel, mapaiedbHbIX JIydy, NaJarliieMy B 4) yroiu
najgeHus 6 oueBuaHO Oyaetr MeHsThes oT 0 mo 77/ 2. Takum obpaszom, Beipakenue (4.5.5) ectsb
GyHKIMs yriaa paccesHuss oT yrna mageHus 6(6,)), roe 0<6, <x/2. Paccmorpum

. do
MIPOU3BOTHYIO 3TOU (YHKIIUU %(60). Ee M0HO TpakTOBaTh Kak U3MEHEHHUE YyIia pacCesHUs
0

(d6) npu n3MeHeHuu yria najgeHus Ha d6,. Eciu 3Ta nmpomsBojaHas NMpH ONpEAETICHHOM yIie
NaJicHusl paBHA HYJIO, 3TO O3HAYAET, YTO YIOJI PACCEsTHUS HE MEHSETCS NPU M3MEHEHHWH YTIia
najeHus Ha d6,, TO €cThb BCE MaJarollUe JIyud U3 HEKOTOPOrO HHTEpBaja HAaIpaBJICHUM

cobepytcst (choKycHpyrOTCs) B OJHOM yrie paccesHus. COOTBETCTBEHHO STOT Yroj JOJKEH
OTBEYaTh MAaKCUMYMY MHTEHCHBHOCTHU paccessHHoro ceeta. uddepenuupys (4.5.5), nomydaem

lcosﬁo
2—2(k+1)d”1— =0,
[1——sin’ 6,
n
cos’ 6, 1

W —ltcos’l, (k+1)°
Otkyna

2 —
cosf, = =l . (4.5.6)
k(k+2)
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Cpennuii mokasarenb MpeIOMJICHUST BOABI B BUAMMOM auanazoHe n = 1.333. Ucnonb3ys
3T0 3HadeHue B (4.5.6), monoxuB k=1, Haiinem u3 (4.5.6) & wu 3arem w3 (4.5.5)
COOTBETCTBYIOIIUNA €My YToll paccessHus 6. AHAJIOTHYHYIO MPOLEAYypy mpojnenaem s k =2.
[Tomyunm 6= 138° mnst nepsoii padyeu (k=1) u 8= 129° nns emopoii paoyeu (k=2). Ot nBe
pagyru HaOmojaroTcs B atmocdepe (BTopas pexe, 4YeM TiepBasi), pacrojarasich BOKPYT
MPOTHBOCOJIHEYHON TOUKH HEOECHOM chepbl COOTBETCTBEHHO Mo yriamu 42° u 51°. [Tockonbky
MPOTHBOCOJHEYHAs] TOYKAa HAXOJUTCS HIDKE TOPU30HTA, XOPOLIO HAOMIONATh Paayry MOXKHO
JUIIb TPU AOCTATOYHO HM3KOM mojokeHuu Comnna. OOBIYHO OHA BUIHA BeYepoM Ha (oHe
YXOMSIIEro rpo3oBoro obnaka. Pagyrm Gosee BeICOKMX TOpsSAKOB (¢ k> 2) B atmMocdepe He
HAOIOIAI0TCS — UX UHTEHCUBHOCTH CIUIIKOM Mana. OfHaKo B 1a0OPaTOPHBIX YCIOBUSAX U MpPHU
UCTIOJIB30BAaHUM PA3IMYHBIX JKUIKOCTEH yIaeTcss HaOoJaTh pPaayrd BBICOKHUX IOPSIKOB.
Pekopn 37ech MpUHAUIEKUT PACTBOPY CaXapHOTO CHUPOIA, MPH PACIBUICHUU KOTOPOTO B BHJIE
Karenb 3auKCUpoBaHbl paxyrd 1m0 17-ro mopsaka [4]. Okpacka paayru (3HAMEHHUTHIE CEMb
[[BETOB) CBSI3aHA C 3aBUCHUMOCTBIO TOKa3aTels MPEJIOMIICHUS BOJBI OT JUIMHBI BONHBL. Tak ams
(duoneToBbIX Jyuelt oH paBeH n = 1.343, a nnsa kpacHbix n = 1.331. [logcTaHoBKa 3TUX 3HaYECHUN
B (4.5.6), (4.5.5) pmaer mmpuny pamyru 1.7° m 3.1° qnsg mepBoro u BTOPOro MOpPSAKA
COOTBETCTBEHHO. B mojoce 3THX YIJIOB M pacmojaraercs LBETHas KapTUHA, HaszbIBacMas
paayTou.

Tano — pamyXHOE KOJIBII0O BOKPYT COJHIIA — HAONIOAAETCS TPHU PACCESTHUHU MPSIMBIX
COJIHEYHBIX JIydel Ha JEeASHBbIX KpHUCTaUlaXx B oOyiakax (OOBIYHO B MEPHUCTHIX M MEPUCTO—
CIOUCTBIX). HWHTEpecHO 3aMeTHTh, 4YTO Tajo SBISETCS HATJSIAHBIM  CBHUCTEIHCTBOM
HEIKBUBAJICHTHOCTU paccesiHUs Ha aHcamOie XaoTHYEeCKHM OpPUEHTHPOBAHHBIX JIENISHBIX
KPUCTAIIJIOB pacCessHUI0 Ha aHcaMmOne JensHeix cdep: s chep Teopus Mu ramo He
BOCIIPOM3BOANUT. PaccMoTpuM B KauyecTBE MOJAETM KpUCTaIa TPEYroibHYI0 MpPU3MY C
MOKa3aTeJieM MPEIOMIICHUS # U YIJIOM A TIpH BEpIIMHE, Ha KOTOPYIO MaaaeT Jiyd, oOpa3ys ¢
HOpPMAaJIbI0 K OOKOBOI MOBEPXHOCTH yron & (puc. 4.12).

JIyd ucnblTaer 1Ba NpPEIOMIICHHUS: C
yrioM 6 Tociae  MepBOro, KOTOPBIA
ONPENCTUT Yroi NaacHus U3HyTpu Gb, U
yIjaoM 65 Tocje BTOPOTo, KOTOPBIA €CTh
yroja BbIXOJA Jyda W3 mpusMbsl. Jlis
U3MCHEHHs  HAMpaBJICHUS Jyded TpH
MMPECJIOMJICHUN OYCBUAHO CIIPABCAJIMBLI TC
ke (OPMYIIbI, YTO MOJYYEHBI ISl CHEpHl,
MO3TOMY yTOJI paccestHust 6 ecTh

0=0 -6 +@4c_. él 1. T'eomeTpus xoa Jiydyed B JOXKAEBOU KarLjie.
=% 1 3 2

Yrasl 6, 6) u yriel 65, 6, cBA3aHbl cooTHOUIeHHEeM (4.5.4). Beipazum 6 yepes 6;. O6a 31u yria
nononHutenbHbl K yrmam BAC u BCA TtpeyronpHuka ABC. IlockonbKy CyMMa YIJIOB
TpEeyroJbHUKA paBHA 7, nonydaeM 7 /2—6, +A+rx/2—60, = 7, 1o ectb 0, = A—6,. Teneps

0=0,+0,-A, (4.5.7)

npuueM 6 3aBUCHUT TOJIBKO OT &), HO, YTOOBI M30€KaTh HATPOMOKICHUI CUHYCOB U apKCHHYCOB,
MBI He OyJIeM MHCATh ATy 3aBUCHMOCTh B SIBHOM BH/IC.

XaoTudeckass OpUEHTAIlMs KPUCTALUIOB SKBUBAJICHTHA MU3MEHEHHUIO yria majeHus & ot 0
no z/2. Ho torma paccyxknas TOYHO Tak e, Kak g chepbl, IPUXOIUM K BBIBOIY, YTO
MaKCUMyMYy MHTEHCHUBHOCTU PACCESIHHOTO CBETa JOJKEH COOTBETCTBOBATH HYJIb MPOU3BOJAHOM
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bynkm 6(6,) . Juddepenupys (4.5.7) o npaBuiaM CI0KHOW (YHKIMH W IIPUPABHUBAS
IPOU3BOIHYIO HYJIIO, TIOJTy4aeM
1,49, 46,6, _
do, db, do,

2

1 —iarcsin (nsind,) Larcsin (lsin 6,) =0,
do, d 9, n

cosd, cos b,
\1-n*sin’ 6, \/1 —izsin2 0,
n

I .
Bossonst B kBampar (4.5.4), momyamm 1-cos’6, =— sin’@, u, BbIpaxas U3 TOTO ke

1- =0.

2 2 5.2
COOTHOHICHUS] KOCHHYC yIJla HpPEIOMIIEHHS, MOIy4uM l—cos™ 6, =n”sin” 6,. Y4ursBas 37O,
OKOHYATEJIbHO UMEEM

cosf,cosd, 1

cosd, cosb,

PaBeHCTBO OyzeT BBIIONHATLCS IpU COsH, = cosb,, To ecTb b = O, IpH ITOM aBTOMAaTUYECKU
HOJTy4UM BTOPOE PaBEHCTBO cosé; =cosf,, To ectb 6= 6. M3 ycnoBus ciemyer, 4ro

MPETOMIICHHBIA Jyd JODKEH WATH B MPU3ME MapaJICNbHO €€ OCHOBAHHIO. JTa TeOMETpHs
XOPOIIIO U3BECTHA B ONTHKE, OHA COOTBETCTBYET MHHUMAJILHOMY OTKJIOHEHHIO JTyda TP BBIXOIE
u3 npu3Msbl. st Hee u3 (4.5.7) monyuaem 6 =26, —A, yron nageHust @ JOJDKEH ObITh TaKHM,

1
4T00BI TpeyronbHUK ABC Obl1 paBHOOEIPEHHBIM, TO €CTh yroia BAC Obln E(E—A), HO OH ke

ectb 7/2—06,, 0tkyna 6, = A/2 1 MCKOMBIH yroj pacCessHUsl OKOHYATEJIBHO €CTh
. . A
0 = 2arcsin(n s1n5)—A . (4.5.8)

Kpucrannel npaa umeror ¢opMy NpuU3MbI, B OCHOBAaHMM KOTOPOM JI€KHUT MPaBUIIbHBIN
HIECTUTPAHHUK (Fe€KcaroHalbHasi KpUCTaUIMYecKast cTpykTypa. COOTBETCTBEHHO NpH MaJ€HUU
yepe3 0okoBble Tpanu A = 60°, a yepe3 ocHoBanue A = 90°. CpeaHuil moka3aTenb MPETOMIICHUS
JIpAa B BUAUMoM nuanaszoHe n = 1.313 u dgopmyna (4.5.8) maer yrasl rano 22° u 46°, npuueMm
OoJiee pacpoCTpaHEHHBIM B IPUPOAE SABJIsIeTCs rano 22°. Bapuanuu nokasaresst MpeaoMIeHUs
apaa coctapisitoT ot n = 1.318 g ¢puoneroBsix mydeid g0 n = 1.308 mis KpacHBIX, 4TO JIeiaeT
rajio paay>kKHO OKpAILIEHHbIM M JAeT IIMPUHY UBETHOW mojockl 0.7° mis rano 22° m 2.2° nns
rajio 46°. 3aMeTuM, 4TO IIMPUHA MEPBOrO TaJI0 HEBEJIMKA, MO3TOMY €ro paay’kHas OKpacka
3a4acTylo IJIOXO pa3InuruMa.

Benybsr — 5TO 1BeTHBIE KOJIbIA, HWHOTJAA OOpa3yIoIIUecss BOKPYTr COJIHLIA TIpU
IIPOCBEUMBAHUH €T0 Ye€pe3 TOHKUE 00JIaKa M pacioiaratoliuecs 1noj MajJbIMU yIJIaMU pacCesHus
(06bryHO MeHee 5°). [7opus — aHANOTWYHBIC IIBETHBIE KOJIbLIA, HO HAOIIOJAIOUINECS TMPU
OTPAKEHUH OT OOJIAKOB BOKPYT MPOTHBOCONHEYHOW TOYKHU. [IOCKONBKY 3Ta TOYKAa HAXOMUTCS
HU)KE TOPU30HTA, TJIOPUI0O OOBIYHO MOKHO HAONIOAATH JIMIIL C camojeTa (pary>KHble KOJbla
BOKPYT TEHH OT camolieTa Ha obOmnakax). OmHAaKO TpHU OMPEACTIEHHOM OCBEIICHUU TIOpHs
HaOMIOZaeTCsl TakXKe M B ropax Ha (OHE JIekKaluX HIKe Wi cOOKy 0O0JakoB (TymaHa).
®u3uvecky BEHIBI U TJIOpHUS €CTh AU(PPAKIMOHHAS KApTUHA PACCEsIHHsI CBETAa Ha BOJTHBIX
KaIuisix, HabJto1aeMasi, COOTBETCTBEHHO, B IPOILIE/IIEM WIH OTPaXKEHHOM CBETE.
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Paspen 5. OnTuyeckue cBomcTBa NOACTUNAKOLWMX NOBEPXHOCTEN

5.1. OcHOBHbIe 0CO6EeHHOCMU OMpPaXKeHUs1 U3Ny4eHust

VY MHOrux IuiaHeT atMoc(epa orpaHuueHa TBEpAOH WIN KHUJKOH cpesoil — MOBEpXHOCTbHIO
IUIaHeThl. ECTECTBEHHO, 3Ta IOBEPXHOCTb CYIIECTBEHHO BIUSET HA IIEPEHOC COJHEYHOIO
U3JIydeHus B aTMoc(epax IUIaHET, a TAKXKe TeHEPUPYIOT COOCTBEHHOE TEIIOBOE U3TyUEHHUE.

[loBepxHOCTh IUIAaHETHI B aTMOC(EPHON ONTHUKE MPHUHITO HA3bIBATH HOOCMULAIOUiEl
nosepxnocmoio. Ha 3emine, a Hmke Mbl OyleM BeCTM B OCHOBHOM pe€4b TOJIBKO O HEM,
IIOBEPXHOCTh C TOYKH 3pPEHMs €€ ONTUYECKUX CBOMCTB BecbMa pazHooOpasHa. IIpexne Bcero,
3TO MOXET OBbITh NOBEPXHOCTh CYIIM WJIM BOJHAsl MOBEPXHOCTb. OYEBMJIHO, YTO BOJA, CHET,
pPacTUTEIbHOCTh, OTKPBIThIE YYAaCTKH I'PYHTA U T. Jl. UMEIOT Pa3jIMYHbIe ONTHYECKHE CBOMCTBA.
Jl1s HEKOTOPBIX MPAKTHUUECKUX 3a]au (HarpuMep, KOCMUUYECKON (POTOChEMKHU) YA0OHO OTHOCUTD
K IOJCTUJIAIOILEH IOBEPXHOCTH TaKXkKe 00JaKa.

Posnp mojcTunaromux moBepxXHOCTEH B aTMOC(EpHON ONTHKE BEJIMKA: B BUIMMOI 00s1acTH
CIEKTpa IMOBEPXHOCTh OTpPa)kaeT M IOIJIOLIAET COJIHEYHOE u3inydeHue. llpuuem st BogHOM
MIOBEPXHOCTH YacThb COJIHEYHOI'O M3JIyYeHHs MPOHMKAET B BOAHYIO CpPEIy, U B 3TOM CIIy4yae MBI,
(daxTHIeCKn, UMEEM IIEPEHOC U3ITyUCHUS B CII0XKHON crcTeMe aTMoc(hepa—BoiHas Cpea.

B TtemnoBoit obmactu cnektpa (MK u MKB nuana3oHbl) MOBEpXHOCTH M3IIyHaOT 3.M.
DHEPIUI0, a TAKXKE OTPAXKAIT IAJalollee Ha Hee U3Iy4YCHHE — COJIHEYHOE U HUCXOoJsllee
COOCTBEHHOE M3ilydyeHue aTMmocdepbl. B IMHHOBOIHOBOM o00jacTu crekTpa (paiuoBOJIHBI)
(GopMHpOBaHUE M3JIy4YEHUs OCYILIECTBISETCS HE B TOHKOM CJIO€ pasjena JByX cped, a B
KOHEYHOW TOJIE MOACTUIAIONIEH MOBEpPXHOCTH, M 3/€Ch TaK K€, KaK M B CIydae BOJHOM
MIOBEPXHOCTH, MBI HME€eM Jel0 ¢ (OpMHpPOBAHHMEM M PACHPOCTPAHEHUEM H3ITYUYEHMsI, Kak
MUHHUMYM, B CUCTEME JIBYX cpen [3].

CTpyKkTypa TOBEpXHOCTH pasfena [BYX cpel — aTMocepsl M IOACTHIAIOLIEH
MIOBEPXHOCTH — OIpeJIeNIAeT pa3IyHble TUIIbl OTpaXkeHus (puc. 5.1).

[Ipocrenimmii cirydail OTpakKeHHUs ¢
HaOMOaeTCsl U UIealbHO TIaJIKON
MOBEPXHOCTH — OH YacTO HAa3bIBAETCS
3epxanvHuim  (puc. 5.1 a).  Taxoit
Mozenn Hambonee Onm3ka poBHasS
MOBEPXHOCTh BOABI (0€3 BOJHEHUS)
WM Jibsa (6e3 HepOBHOCTEH).

OnHako, peasbHBIM MOBEPXHOCTSIM

BCerja NPUCY TN pasinuyHbIe
OTKJIOHEHUS oT IUIOCKON 6
MOBEPXHOCTH, CBSI3aHHBIE C HAJTMYAEM
HA HHUX HeogHopoaHocTeh. Jlaxke
BOJHAS  TOBEPXHOCTH YK€  TIpH
OTHOCUTENILHO MAajJoOM MPUBOJHOM Puc.5.1. Paznu4nble TUIBI OTPAXKEHUS OT TIOBEPXHOCTH:
BeTpe I[OKpHIBaeTCs psibbio. Bce a) 3epKaJibHOE; 0) KBa3U3EPKaNbHOE; B) OPTOTPOIHOE;
pealibHble TOBEPXHOCTH H300MIYIOT r) KBASHOPTOTPOIHOE; 4) OOpaTHOC.
HEPOBHOCTSIMHM: KOMBSI 3€MJIM Ha II0YBaX, MECUYMHKA W KaMHH, SJIEMEHTHl PACTUTEIHHOTO
MOKPOBa — OT TPAaBUHOK JI0 JiepeBheB. Ecnu BIMsHIE HEOAHOPOJHOCTEH TOBEPXHOCTH HEBEIIHKO,
TO HaOJIONaeTCss BTOPOW THN OTpPaXeHHs — Keasusepkanvhviti (puc. 5.1 6). Takoit Tum
OTpakKeHMsI 4YacTo HaOJIoAaeTcs NpU OTPAKEHUU BOJHOM MMOBEPXHOCTHIO MPH HAJIUMYUU
BOJIHEHHUA. B 3TOM cilyyae mouTu BCE OTpaKEHUE H3IIYUYCHHS MPOUCXOIUT B OTHOCHUTEIHHO
HEeOO0JIbIIOM TEJIECHOM YIJIE BOKPYT HalpaBiICHUs 3€pKabHOrO oTpaxkeHus (B npeaenax 15-25°
10 BHICOTHOMY U a3UMYTaJIbHBIM YIJIaM).

23S
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IlycTe Ha HEPOBHYIO IOBEPXHOCTh NAAACT NapaJUIeNIbHBIN ITy4OK JIydeil. Torna, oTpaxkasich
OT Ka)XJ0r0 MaJIoro 3JIEMEHTa IMOBEPXHOCTH (KOTOPBIM MOXHO paccMaTpuBaTh KakK IJIOCKUI) O
3aKOHaM JJIsl TUIOCKOM IMOBEPXHOCTH, M3JIyYEHHE OT Ka)/J0H HEPOBHOCTU M IIEPOXOBATOCTU
OyzeT oTpakaTbCs B pa3HbIX (MPAKTHUECKHM BO BCEX) HAIPABICHMUAX. Takoll TUI OTpakeHUs
Ha3BIBACTCS Oudpy3Huvim.

Oco06b1it cityuait auddy3Horo oTpaxkeHus, Koraa OTpakeHue MPOUCXOIUT OAMHAKOBO BO
BCEX HAIpPABIICHUSAX, HA3BIBACTCS OPMOMPONHbIM (1ambepmosvim) oTpaxkeHuem (puc. 5.1 B).
[TpakTHyecku, Kak M Ciaydaid 3epKajJlbHOIO OTPa)KeHMs, B OOJBIIMHCTBE CUTYyallMil 3TO €cTh
ujeanu3alys peaJlbHOr0 OTPaKEHUs JaXe IJsl CHEIHabHO MPUTOTOBJICHHBIX MMOBEPXHOCTEH.
OpHako 3TOT TUI OTPaXXEHMs YacTO MCIOJb3YETCs HNPU MOJCIMPOBAHMM B TEOPUH IE€PEHOCA
u3nyuyeHusi. PeanbHble MOBEPXHOCTH HE  SBIAIOTCS  OPTOTPONHBIMU  OTPaKAIOIKUMU
MOBEPXHOCTSAMH, M MO3TOMY YacTO BBOJAT €€ OJUH THUIl OTPAKEHUS — K8A3UOPMOMPONHOE
oTtpaxkenue (puc. 5.1 r).

Hakownern, ykaxem emie Ha oauH Tun AUQQy3HOro oTpakeHus — oopamuoe (puc. 5.1 n).
OOpatHOE OTpa)X€HHE CBOMCTBEHHO MHOTHMM IPHPOTHBIM MOBEPXHOCTAM. [lJIsT HUX MakCUMyM
OTpa)Ke€HHsI POMCXOJUT B HANpaBICHUHU, OOpaTHOM MajamoueMy u3iydeHuto. Hamuuue Tenen
OT HEpPOBHOCTEM U IIEPOXOBATOCTEH, MPUBOJUT K TMOSBIECHUIO CYTOYHOTO XO0ja, T.€.
3aBUCUMOCTH OT BbICOTBHI CoOJIHIIA, pa3IMYHBIX ONTHYECKUX XapaKTEPUCTHK MOJCTUIAIOLIUX
noBepxHocTed. Yro Kacaercs, OpPTOTPONHBIX IOBEPXHOCTEH, TO Hauboinee OIU30K K
OPTOTPOITHOM MOBEPXHOCTHU C MaJIBIMU Pa3MEepaMHy IEPOXOBATOCTEN CHEKHBIN OKPOB [34].

5.2. KonnuyecmeeHHbIe xapakmepucmuKu OmpaeHusi ussly4eHus (3epKasibHoe
ompaxeHue)

XOTs MOJENb 3€pKAIIBHOIO OTPAKEHUs JOCTATOYHO PEAKO BCTPEYAETCsS B NPUPOJE, OHA
BaXHA KaK HEKOTOpBIM WJCAIM3UPOBAHHBIA Cily4aid, i1 KOTOPOrO IOJYYEHBI CTPOTHE
BBIPQXEHUS, M HCIOJIb3YETCA Ui MOJEIUPOBAaHUS ONTUYECKUX CBOWCTB peasbHBIX
ITIOBEPXHOCTEH.

IIycTh MBI HIM€EM HJI€ANIBHO IJIOCKYIO TPaHUILy pa3felia IByX Cpei: BO3AYX, AJIs KOTOPOro
OyJzieM mosaraTh KOMIUIEKCHBIM moka3arens npenomieHus (KIIIT) paBabpIM enuHuLe, U cpeay ¢
KIIIT paBHbIM m =n—ix. Ha30BeM IUIOCKOCTBIO OTpa)K€HHs IJIOCKOCTb, OOpPa30BaHHYIO
HaIPaBJICHUEM MAJAIOLICH 2JIEKTPOMAarHUTHOM BOJIHBI U HOpPMallbl0 K IIOBEPXHOCTH paszeia
IBYX cpea. McXonHblii BEKTOp HAIPSDKEHHOCTH 3JIEKTpHUEcKoro moist Ep B oOmem ciyyae
JJUIMNTUYECKH TIOJSPU30BAHHOM BOJIHBI DPA3J0XUM Ha [BE€ B3aUMHO IEPIEHIUKYJIIPHBIE
cocrapisiromme (pasnen 2.7): E, — napamieibHyro, JeKallyto B INIOCKOCTH OTpaXeHus, U £, |

— NEePHEeHAMKYJISIpHYI0 eil. Ha aHanornyHbple KOMIIOHEHThI Pa3iioKUM U BEKTOP HANPSKEHHOCTH
ANIEKTPUUECKOTO OISl OTPAKEHHOM BOJIHBL. [Ipn paccMoTpeHnn oTpa)xeHusi OT FOPU30HTAIBHOM
MIOBEPXHOCTH YaCTO HCIOJB3YIOT M JAPYTYI0 TepMuHONOrHio: E, =FE, — BepTUKaIbHas

KOMIIOHCHTA I10JIA, EO L= EO , — T'OpHU30HTAaJIbHAA KOMIIOHCHTA ITOJIA.

CBsi3p MEXAy MaJaroueil, OTpa)KeHHOM U MPEIOMIIEHHON KOMIIOHEHTaMHU HaIPsHKEHHOCTH
aJIeKTpUYecKoro mnojs jaaercs Qopmynamu @Dpenens. OHHM BBIBOAATCA IPU PacCMOTPEHUU
IpPaHUYHBIX YyCIOBUM B 3nekTpoauHamuke [4, 31]. B mnpomecce BbIBoja J0Ka3bIBaeTCs
CyIIECTBOBAaHME OTPAXXCHHOW W IPEJIOMJICHHOM BOJIH, PaBEHCTBO YacTOT MAJArOIIEH,
OTpPaXEHHOM U MPETOMIIEHHON BOJH (/111 HEMOJABMKHOM I'paHUIIbl paszierna ABYX Cpen), a TAKKe
TPH U3BECTHBIX 3aKOHA OTPAXKECHUS U NPEIIOMIICHHUSA:

1. [Nagaromiast, oTpa)KeHHasl, IPEJOMIIEHHAs! BOJIHBI U HOpMaJlb K TIOBEPXHOCTH JIeXkKaT B OAHON
IJIOCKOCTH.
2. Yron nanenus 6, (Mexay majaromieil BOJHON M HOPMaJbi0) paBeH YIy OTpakeHHs (yroiu

MEX/1y OTPa’k€HHOM BOJIHOM M HOPMAJIBIO).
3. 3akon CHesnmyca: yroi npesnomiieHust 6, (Mexay HperloMIIEHHOW BOJHOM M HOPMAalbIo)

CBsA3aH C YIJIOM IMaJCHUA 90 COOTHOIICHHUEM
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sing, = m-siné_, (5.2.1)
rae 6, — yroia npeaoMIIeHHUs.

®opmyiiel Openens i OTPaKEHHON BOJHBI 3aIMCHIBAIOTCS CIEIyIOIUM obpa3oMm [4, 5,
20, 31]

_ mcost,—cosb, cos@, —mcos0,

E E,; E, = E,, . (5.2.2)

mcos @, +cosb. cos@,+mcosb.

JlaHHBIE O KOMIUIEKCHOM TIOKa3aTelie MPEeTOMIICHUS [JIs Pa3IUYHbIX ECTECTBEHHBIX Cpell
MPUBEJICHBI BO MHOTHX MOHOTpadusixX U cripaBoyHUKAX [3, 18] (cMoTpu Taxke pasznen 4).

[TycTh Ha MOBEPXHOCTH pa3lieia MajaeT HEMOJISIPU30BAHHOE, HAPABICHHOE M3ITyYeHHUE C
WHTCHCUBHOCTBIO /) (YMCIICHHO paBHOE MOTOKY m3inydeHus). O6o3naunB R (0) — kodhdunmeHt

OTpa)KeHI/IFI, UMCECM IJIA OTpa)KeHHOFO I/I3Hy‘~I€HI/I$[
1(0)=R(©O)1,. (5.2.3)

Torma ans ko’ UIMEHTa OTpaXXCHHs CIPABEIJIUBO COOTHOIICHUE, BBITEKaroIee u3 (Gopmy
Openens (5.2.2) [3]

2

| cos 6, —\/m2 —1+cos’ 6,

2

1| [m* cos@,—+/m* —1+cos” O
0 0
‘cos6’0+\/m2—1+cos26’0‘

2 ‘mz cos<90+\/m2—1+cos2 6’0‘

R(0) = + (5.2.4)

Cnaraembie B Qopmyne (5.2.4) — xodpuUUEHTH OTpaxkeHHUs i1 HapajieIbHOW U
NEePIEHINKYIIPHON KOMITOHEHT H3ITy4eHHUSI.

s ciydass HopMmanipHOro najaeHusi (6 = 0) usiiyueHus, BOCHOJIb30BABIINCH (POPMYIIOif
(5.2.4), MOXHO TIOJIYYUThH CJIETYIOLINE COOTHOIICHUS:

Cm=1]T =2 4n

Y ml] ()it (1) 4k

R=R, =R (5.2.5)

B ToMm cirydae, ecnu morsionieHue B cpeae orcyTeTByeT (k= 0), koadhpummeHT orpaxxeHus
omnpezensercs AeMCTBUTEIbLHON YacThIO MOKa3aTess IpeIoMIICHUS
2
n—1

R=|——| . (5.2.6)
n+l

B caydae x >>n (momocel morjomeHus), R — CTpeMUTCS K eAuHHUIE. Tak, eciu
MIOBEPXHOCTh OCBEIlEHA HM3IyYEHHEM B JOCTATOYHO IIMPOKOM CIEKTpajibHOW o0JacT, TO B
CIEKTpe OTpakeHHsl OyayT HaOMIOAAaThCSd MAKCUMYMbl, COOTBETCTBYIOIIUE MOJOXKEHHUIO MOJIO0C
MIOTJIOIIEHHSI BEIIECTB, BXOAAINX B COCTAB MOICTHIIAIONICH MOBEPXHOCTH. DTOT 3 ekt Ha3BaH
B sureparype 3hGdeKToM nepeusniyuenus W TO3BOJSET MO CHEKTPaM OTPAXKEHUs OMPEIeINATh
(U3UKO—XUMHUYECKYIO IPUPOTY MOACTUIIAIONIEH TOBEPXHOCTH.

CymectByeT 0coOblii yron 6z — yroa bprocrepa, npu kotopom R =0. Ilog 3TuM yriom
OTpaXkaeTcsd TOJIBKO TO H3IY4YEHHE, A KOTOPOIrO HAIpPSHKEHHOCTh AJIEKTPUYECKOrO IOJIs
NEePHNEHANKYJSIPHA IUIOCKOCTH naaeHus. llostoMy mnpu mnageHHH HENOISIPU30BAHHOIO
COJIHEYHOI'0 M3JIy4EHMsI Ha IIJIOCKYI0 IOBEPXHOCTh MOJ yriaoM bproctepa oTpakeHHBIM CBET
MOJHOCTHIO TOJSPU30BAH TMapauIeIbHO A3TOM IUIOCKOCTU. YTOoN bproctepa onpenensercs
COOTHOUIEHUEM tgd, =n.
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Ha pwuc. 5.2 mpuBeaeH mnpumep YIJIOBOW 3aBUCUMOCTH KOI(D(DHIIMEHTOB OTpaKCHHS
IJIaJIKOM MOPCKOM MOBEPXHOCTU KaK (PYHKIMH yTJia HMaJeHus Ui ABYX JUIMH BOJIH — B BUAMMOM
obnactu (A= 0.55 MmxkM) 1 B MUKPOBOJTHOBO# (A = 3 cMm) [52].

LOF 10 B Bugumoil o0OiacTH  MOKa3areib
i npeiaomienuss Omm3ok Kk 1.2-1.3 wu
KO3 PUITEHTHI OTpaKEHUS npu
HAaJUpPHOM  (BEPTUKAJIBHOM) NaJACHUU
oyedb Maiel — 0.01-0.02 BoiuoTh 10
yrinoB najgeHus B 40—60 rpaxycos. Ilpu
Oonmpmmx yriaax maaeHus (6> 80°)
KOX(PUIIMEHTBl  OTpaXXeHUs  OBICTPO
BO3PACTAIOT, a NPU NPHOMMKEHUH YTriia
aJlcHUsA K 90° KO3 UIIUEHTHI
OTpaKeHHsI CTpeMsTcs K enuHuie. Ha
puc. 5.2 TUIst BEPTUKAJIBHOM
108 (mapaiulenbHOM)  IOIApU3aUMU  BHIEH
i yron bproctepa (~53°), npu KoTOopom
OTpakeHHE JIJIsl ’TOM KOMITIOHEHTHI PaBHO

I 50 20 : HyJ10. B MHKpOBOJIHOBOH o6JsacTu Ha
Yron nazgenus, rpaj A=3CM  KOMIUICKCHBI  IOKa3aTelb
MPETOMIICHUSI TPUOIUZUTEIHHO PaBeH

Ny y m =52 — 37i u KO3PPUIMEHT OTpaKeHUs
OTpPaXeHUs TTIaJIKOI MOPCKOI HOBEPXHOCTH OT YIJIa MaJICHUS
JUIsl IBYX JUIMH BOJIH — BUANMOM obnactu (A4 = 0.55 Mkm) u AL BEPTHKATIBHOTO MANCHUA SHATHTCIICH

MHUKPOBOJIHOBOH (4 = 3 cMm) [52]. u pasen 0.61. VYrom bprocrepa
COCTaBJISIET IPUMEPHO 82°.

!
=
[\

0.8

0.6

|
o
=~

0.4

!
=
o

KoaddpuuueHT oTpakeHus
KosdduiueHnt usnyuenus

0.2

0.55 Mxm

Puc. 5.2. TIpumep 3aBECUMOCTH KOA(PPHUIIHESHTOB

5.3. KonnuyecmeeHHbIe xapakmepucmuKu OompaxeHusi u3Jly4eHusi (peasibHble
nosepxHocmu)

Cy1iecTByI0T pa3HooOpa3HbIe CIIOCOObI OMUCAHUSI ONMTHYECKUX XapAaKTEPUCTUK peabHbIX
MOJICTUJIAIOIIMX MMOBEPXHOCTEN B TEOPUU MepeHoca u B atMocdepHoit onTuke. Haunem, xak u B
ciyyae TUIOCKOW MOBEPXHOCTH pazzeia AByX cpea (hopmyisl OpeHens), co ciaydas OCBEIICHUS
MOBEPXHOCTU U3TYyUYEHUEM B OJTHOM HAIPaBJICHUU (C MHTEHCUBHOCTHIO /) UM YHUCIICHHO PaBHBIM
el MOTOKOM wu3NydeHusi Fp). Yribl, omnpenensionue HampaBJICHHE IMaJaloIMIero HU3Iy4YeHus,
0003HaunM 4epe3 6, — 3eHUTHBII yroia MajeHusi, ¢, — a3UMyT MaJCHUs; YIJIbl, ONPEACIISIOIIUE

HafpaBJIeHUs] OTpakeHHs, ob6o3HauuM 6 u ¢@. Kak Mbl oTMeuanu paHee, B oOuieM ciydae
OTpaKeHHE OT TMOBepXHOCTH sBisiercs auddy3npiM. Hambomee o0meil xapakTepuCTHKON
OTPaXKECHHUS SIBISIETCS 08YHANPABIEHHbIU KO3 puyuenm ompasjicenus r, 3aBUCAIIUN KaK OT YTJIOB
naznenus (6, ¢, ), Tak U OT HanpasyieHUs oTpaxeHus (6, ¢). OH onpenensercs GopMyion

1(0,9) = r(0,9,60,9,) 1, (5.3.1)

rne /(60,p) — NHTEHCUBHOCTh M3JIyYeHHsl, OTPAKEHHOTO MMOBEPXHOCTHIO B HAIpaBieHUH (O, @).

B cuity npou3sBoipHOCTH BBIOOpa OTCUeTa a3uMyTa (U3MUYecKas BelIWYMHA (ABYHAIpPaBICHHBIN
KOO(QQHUIMEHT OTpakeHHUs]) HE MOXKET 3aBHCETh OT €ro adCOJIOTHOTO 3HaueHHs. llosTomy
JIBYHaIIpaBJICHHbIM  KOA(QQUIMEHT  OTpaXeHHs  ecTh  (QYHKUUS  TpeX  IepEeMEHHbIX:
r(0,9,6,,0,) =r(0,6,,¢0—@,). O0buHO NonararT ¢y =0, T.e. OTCUUTHIBAIOT BCE a3UMYThI OT

a3uMyTa najieHus. Torga OKOHYATEeITbHO

1(0,0) = r(0,0,,0)1,. (5.3.2)
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PaccMOTpeHHBIN paHee YaCTHBIN Cllydail — 36pKaJIbHOE OTPAKEHUE — 3alKMCBIBACTCS B BUJIE:

R(6,) mnupub =6, ¢=e¢,

r(0,0,6,,9,) ={ , (5.3.3)

0 npu 0 # 6,

rne R(6,) — @penenesckuii xospguyuenm ompadsxicenus (popmyna (5.2.4)) Hacro dopmyiy
(5.3.3) 3anuchIBAIOT B BUJIE

r(0,9,0,,0,) =r(6,)0(6,-0)5(p—9,) , (5.3.4)

rae o(@—@,) — aenpra GyHkuus JAupaka.

Yacto ynoOHO paccMaTpuBaTh HE MHTCHCUBHOCTh M3JIYUYCHHUS WM MOTOK, HAIIPABICHHBIC
Ha MEPICHINKYJIPHYIO HAIIPABICHUIO M3JYyUYCHHS IUIOMIAIKY, a TOTOK M3JIYUYCHHS, aIai0IIero
Ha TOPU3OHTAIBHYO MoKy — F = F(ycos €. COOTBETCTBYIOIIAS €My XapaKTEPUCTUKA HOCHUT
Ha3BaHue Kodppuyuenma (cnekmpanvroti) apkocmu (KCAH) TOBEpXHOCTH W OMPEIENIeTCs
BbIpaXkeHuem [26, 32, 33]

1(0,6,,p) = 1 p(0,6,,9)F,cosb, . (5.3.5)
V4

Jlerxo MOJIYUHUTD CBA3b MCKAY BBCACHHBIMHU BBIIIC XaPAKTCPUCTUKAMU OTPAKCHUS

cos b,

r(0,6,,0) = p(0,6,,0) (5.3.6)

V4
B teopuu nepenoca u3nyuyeHHs IS XapaKTEPUCTUKU OTPAXKEHUS UCIOIB3YIOT (PYHKYUIO
ompaxcenus y(6,0,,¢) [32], onpeaensieMyo COOTHOILIEHUEM

1(6,¢p)cosd :%y(ﬁ,ﬁo,(o)lo cosd,. (5.3.7)
V4

Hcnone3ys onpeaeneHus pa3inyHbIX XapaKTePUCTUK OTPAKEHHUsSI, UMEEM

p(esem(o) = y(ea 005¢) . (538)
2cosd
1 cosf@
7’(0,00,¢) = _y(ga'go,(o) . . (539)
27 cos@

Bo MHorumx 3agauax TeopuM IEPEHOCA H3Iy4E€HUS U aTMOCPEPHONW ONTHKH HHTEpeEC
IIPEJICTABIISIIOT HE JETalbHble (YIVIOBBIE) XapaKTEPUCTHUKU OTPAaXEHWs, a IOJHAs SHEprus
OTPaKEHHOI'0 U3JIyYEHUs, T.€. B0CX00AUWUL NOMOK U3NYUEHUs HA NOBEPXHOCMU

2z /2

F'= jd(p j[(e,go)cosesinada. (5.3.10)
0 0

OTHoOLIEHHE BOCXOISALIET0 M HUCXOASIIEro (IaJarollero) MOTOKOB M3JIy4eHUs (TO €CTb
SHEPIuil OTPAKEHHOTO U Ma/IAIOLIETO U3IYUYEHUI) €CTh a1b0e00 no8epXHOCMU

FT

A="1,
FJ'

(5.3.11)

rae F* u F' - notoku nagaromero u OTPAXKEHHOI'O U3JIyYEHHUS.

Takum o0pa3oMm, aib0e0 MOBEPXHOCTH, BBIPAKEHHOE YacTO B IPOLEHTaxX, JaeT AOJI0
naslaloulei SHEePrum, OTPAKEHHON NmoBepXHOCThI0. COOTBETCTBEHHO, BennunHa (1 —A4) — mons
MOTJIONICHHON (M B OOIIEM cilydae Mpo3padHbIX cpejl — NMpomnyineHHon) sHepruu. Cioyuait 4 = 1
COOTBETCTBYET a0COJIIOTHO «0ei10i» moBepxXHOCTH, A = 0 — aOCOIIOTHO «YEPHOI» MOBEPXHOCTH.

97



Hcxoms u3 OIpCACIICHUA aJ'H>6€I[O, HMECM CJICAYIONIME COOTHOLUCHUSA CBSA3U MCEKIAY
BBCACHHBIMU XAPAKTCPHUCTUKAMU OTPAKCHUA

2z /2

Azljd(o J.p(ﬁ,ﬁo,(p)cosﬁsin@dﬁ. (5.3.12)
T 0 0

1 2r /2

A= [do [r(6,6,,p)cos0sin0d0. (5.3.13)

cosd 1 0

1 2r /2

A =—jd(p jy(e,eo,(p) sinfdé. (5.3.14)
2z 0 7

PaccmoTpuMm ciydail OpPTOTPOIHOTO OTpaKEHHsI, s KOTOPOTO, IO OMpEIesICHHIO,
1 (6, p) =const. CornacHo (opmysie (5.3.5) 370 03HaA4aeT OTCYTCTBUE YIJIOBOW 3aBHCHMOCTH
KCA or yrnoB 0 u ¢. Torna umeem p(6,6,,9) = A, T.e. I OPTOTPOIHON MOBEPXHOCTH
KO3 PHUIIMEHT CIIEKTPATBHOMN SIPKOCTH IOBEPXHOCTH YMCIIEHHO paBeH e€ anp0eo.

N3 cootHomenus (5.3.14) cnenyer gpusndeckuit cmbica GyHKUUM oTpaxkenus y(6,6,,¢) .

[Tockonbky wuHTErpan or y(6,6,,¢) 1O BCEM HANpPABICHUSAM €CThb alb0EJO MOBEPXHOCTH,

KoTopoe B cuiay ¢opmyisl (5.3.11) MOXHO TpakTOBaTh KaK BEpPOATHOCTb OTPAXKEHMS, TO
bynkimst otpakenus y(6,6,,¢) ecTb niomnocmv 6epOAMHOCU OMPAXHCEHUs 68 HANPAGIeHUU

(6,9) . B atom cMmeicie ¢pyakuus y(6,6,,¢) ecTb HEKUil aHAJIOT MHIUKATPUCH! PACCESIHUS (CM.

1
paznen 2). I[losromy ee wiM HOPMHUPOBAHHYIO BEITUYHMHY 2 v(0,6,,¢) uHOrAa Ha3bIBAIOT

UHOUKAMPUCOTU OMPAIHCEHUS.

BaxHbIM CBOICTBOM KOX(pHUIMEHTa CHEKTPATbHOM SPKOCTH SIBISETCS €ro CUMMETPHS
(mpaBmJI0O 0OPATUMOCTH WJIM B3aUMHOCTH, NpaBuiIo ['enbMroinbia), Belpaxkaroas HEM3MEHHOCTh
KCSl npu nepecTtaHOBKE UCTOUYHUKA U IPUEMHHUKA U3JTyUECHHUS:

p(6a905¢):p(00’69¢)' (5315)

Ucxons w3 dopmynbr (5.3.15), nmas OCTaNBHBIX JAETAIBHBIX XapaKTEPUCTUK OTPAXKEHUS
CHIPpaBCJIMBBI CIICAYIOINUEC COOTHOMICHUSA !

r(0,6,,p)cosl =r(6,,0,p)cosb,, (5.3.16)
v(0,6,,p)cosb, = y(6,,0,p)cosb, (5.3.17)

Hpyroii XapakTEpUCTHUKON OTpaXeHUs OT NOACTWIAIOIIUX TMOBEPXHOCTEH SABISETCA
napamemp aHu30mMponuy OmpasxceHus, ONpeaesieMblil ciaeayomeit popmynoii:

T
7(0,0,0,,0,) = 27’(‘9,(9:00’(?0)- (5.3.18)

[Ipeanonoxum, 94TO MBI UMEEM JIEJIO C HEIaMOEPTOBCKOHN MOBEPXHOCTHIO ¢ anbbeno 4. Torma
napametp y(6,9,6,,¢,) naeT OTHOIIEHUE WHTEHCUBHOCTU H3JIyY€HMs, OTPAXKEHHOIO 3TOM

MOBEPXHOCTHIO, K MHTEHCUBHOCTH U3TYUYEHUS, OTPAKEHHOTO OT JaMOEPTOBCKOM TTOBEPXHOCTH C
TeM ke anpbeno A. DTOT mapaMeTp MOXKET OBITh OOJIbIlIe €IWHHUIIBI JJIS TOBEPXHOCTEH,
OTPaKaIOIIMX B ONPEACTICHHBIX HAalpaBJIeHUsIX Ooble JaMOepTOBCKUX, K HA00OPOT.

Crnenyer cnmenarth BaXHOE HAIIOMHHAHHE, YTO BCE PACCMOTPEHHBIC BBIIIC ONTUYCCKHE
XapaKTePUCTUKU OTPAXEHUS SIBISIOTCS (DYHKIMSAMHU JJIUHBI BOJIHBIL, KaK MBI 3TO U
MIPOJIEMOHCTPUPOBATI Ha TIpuMepe KodddurmenToB otpakenust Openens. [loatomy, roops 00
ONTUYECKUX XAPAKTEPUCTUKAX KAKOW-TO TOBEPXHOCTH, CIEAYeT YKa3blBaTh K KAaKOMY
CHEKTPAIEHOMY MHTEPBAJY WM CIIEKTPAILHOW 00JIaCTH OHO OTHOCHTCSL.
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B Teopum mnepeHoca u3IyueHUs pPacCMATPUBAIOTCS XapaKTEPUCTHKU OTPaKEHUS Bcel
CUCTEMBI aTMocdepa—ToacTHIaomas moBepxHocth [26, 33]. Ilpu sToM 3TH XapaKTEpUCTUKU
MOJKHO PaccMaTpuBaTh Kak (pyHKIIMH BBICOTHI B aTMOC(]epe, Hanpumep

o _F'(2
A(z) = ———=, 5.3.19
(2) () ( )
_ 1(0,9)
0,60,,0,z) = 1——"=. 5.3.20
p(0,6,,0,z) ) ( )
[Ipu Takom  ompedeneHuu  aabOEIO A (z=0)#2A4 — T.e. ampbeno  CHCTEMBbI

aTMoc(epa—TOoACTUIAIONIAs TOBEPXHOCTh HE €CTh alb0el0 MOBEPXHOCTH, XOTSI 4acTO 3TO He
IIPUHUMAETCS BO BHUMAHME.

Baxnoe 3HaueHue B arMocdepHoi ontuke umeroT anrbeno u KCS Ha BepxHe# rpanuie
atmocdepsl. 1o onpenenenuto

I(H,go,z:oo):lﬁ(e,eo,@z:oo)FocosHO, (5.3.21)
V4
T,
A(z=o0) = L (=) (5.3.22)
F, cos@,
rae Focos @y — BHeEaTMOCHEpHBIH TOTOK COJHEYHOrO HW3JIyuYeHHs, MaJaioIiero Ha

TOPU3OHTAJIBHYIO IUIONIAIKY. Benuunna A (z=00) ecTb 10Jisl SHEPTUH, OTPAKEHHOH IJIAHETOU B
KOCMOC, ¥ Ha3bIBACTCS NI0CKUM anbbedo [26, 33]

2 /2

A(z=w) = % [do [5(6,6,,9,2=0)cosOsin0d0. (5.3.23)
0 0

[Tnockoe anpbeno 3aBUCUT OT paccMaTpUBAeMOW TOYKHU TJIAHETHI M YTIIOB MAJCHUS COTHEYHOTO
W3ITy4YCHHUS.

Jl7is XapaKTepUCTUKU OTPAKEHUS COJHEYHOTO M3JIYYEHHS OT TUIAHETHl B LIEJIOM BBOJST
MOHSITHE chepuueckozo anvbedo A [26, 33]. Ecnu paccmaTpuBath miaHeTy Kak cepy, TO yroi
NaJieHusT COJHEUHBIX Jyuell € mis He€ Oyaer mensatbes oT 0 mo 90°. Torma otHomieHue
OTPAKEHHOTO COJHEYHOTO HW3IyYeHHUs OT BCEW IUTAHEThl KO BCEMYy MaJalolieMy Ha IJIaHeTy
COJIHEUHOMY HM3JIyUEHHIO, T.€. ChepruiecKoe aib0e/10, ONPEACIIeTCS COOTHOIICHUEM

2 7/27x/2
A =ljd¢ [ [7(6.6,,0,2=)cos0cos 6, sin Osin 6, dO 6, . (5.3.24)
4 0 0 0

B 3zaxmodenne mnpuBenem Tabm. 5.1, rae oxapakTepu3OBaHbl PaA3IUYHBIE CIOCOOBI

OINUCAHMsI ONTUYECKUX XapaKTEPUCTHK MOBEPXHOCTU MM CUCTEMbI aTMOC(hepa—I0ACTHIIAt0Ias
IIOBEPXHOCTb.
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Tabnuya 5.1. CiocoObl OMMCAHUS ONTHYECKUX XaPAaKTEPUCTHK MOBEPXHOCTU WIIM CHUCTEMBI
aTMoc(epa—TI0ICTHIAIONIAst TOBEPXHOCTb.

[Taparomee n3myuenue OTpakeHHOE U3ITyYeHue XapakTepucTuka
HNHTeHCUBHOCTH (TIOTOK NHTEHCHBHOCTD JIByHarpaBieHHBbII
HaMpaBJIEHHOTO U3Ty4YEHUs) K03 PULIMEHT OTpakeHUs

Koaddurnuent

(criekTpanbHOM) SIPKOCTU
QyHKIUSA OTPAKEHHUS

[Torok (ToJTHBII) HNHTEHCUBHOCTH Koadduuuent
(criekTpanbHOM) SIPKOCTU

HNHTeHCHBHOCTH (IIOTOK [ToTok, OTpakeHHBIH B [Tiockoe anbbeno

HAMPaBJICHHOTO COJTHEYHOTO | OMPE/IEICHHON TOYKE TIAaHEThI

U3ITyUYeHUS)

HNuTeHCMBHOCTD (TIOTOK [ToTok, oTpakeHHBIH OT BCei Cdepuueckoe anpbeno

HAINpPaBJICHHOTO COJIHEYHOTO | IJIAHETHI

U3JTyYEHUS)

IToTok (TOTHBIH) IToTox Anbbeno

5.4. MMpumepbl onmMuYecKux xapakKmepucmuk nodcmuJsarouux noeepxHocmeu

Mpbl mpuBenu paHee (peHeNeBCKHE KOAXPQPHUIMEHTHl OTPAXECHHS IS TIIAJKUX
MOBEPXHOCTEH, B YAaCTHOCTH, JUIsl BOAHOM moBepxHocTH. IIpoananmusupyem Oonee moapoOHO
ONTUYECKUE XAPAKTEPUCTUKU PA3IMYHBIX MOBEPXHOCTEH, oOpalias BHUMAHUE HA UX CJIOXHbBIE
3aBUCUMOCTH OT (PU3MKO-XMMHYECKHUX CBOMCTB MOBEpXHOCTEH, BBICOTHI COJIHIIA U COCTOSIHUSA
atMocepsl. JlaHHble Ui peanbHbIX MOBEPXHOCTEH IOJY4yaroTCs IPU TEOPETHUECKOM U
YHMCJIEHHOM MOJIEIIMPOBAaHUM ITUX IIOBEPXHOCTEH, a TAKXKE C IIOMOIIBIO U3MEPEHUH B HAaTyPHBIX
u sabopaTopHbIX ycnoBusXx. K HacrosimeMy BpeMeHM TIOJydeH OOJIbLIOW  MaccuB
HKCHEPUMEHTAIBHBIX JaHHBIX O pa3IMYHBIX ONTUYECKHX XapaKTEPUCTUKAX pPa3HOOOPa3HbIX
MOACTUIAIOIINX MOBepxXHOCTEH [34, 49]. Hanbosiee moaHO mpeacTaBIeHbl JaHHBIE 10 alb0en0 u
KCS pa3nnuHbIX MOBEPXHOCTEHW, 4YTO CBSI3aHO C OTHOCHUTEIBHOW IPOCTOTOM IPOBENEHUS
COOTBETCTBYIOIIMX u3MepeHuid. I[lpuBenem Juisi npumepa 3Ha4YeHMs] ailbOENO pa3IMUYHBIX
HOBEpXHOCTEH B 3aBUCUMOCTH OT BbIcoThl ComHua (puc. 5.3) [49]. U3 puc. 5.3 cnenyer, uTto
Bapualuu anb0en0 HauboJiee 3HAUMTENbHBI NPU Maibix BbicoTax ConHua. Ha pucyHke Taxke
[IOKa3aHa CUJIbHAs U3MEHYMBOCTH aIb0€/0 CHera MpH 00JbIuX BbicoTax CoiHIa.

Crektpanbhablie  ocobeHHOCTH anbbeno u KCS gocraTtouno pasHooOpasHbl. OmHAKO
0Ka3aJIoch, 4TO, HECMOTPs HAa BCE pa3sHOOOpa3He CHEKTPaJbHBIX aidbOea0 MNOJCTUIAIOIIUX
noBepxHocTel, B Buaumoil 1 BUK obnactax crnekrpa ux MOXHO CrpynnupoBaTh B 4 OCHOBHBIX
Kjgacca. Ota kiaccudukanus Obuia npeiokeHa E.B. KpuHOBBIM 1o pesyibraTtam IepBbIX
CaMOJIETHBIX M3MepeHui anbOeno, BbimoiHeHHbIX B CCCP B 40—€ roasl MpoILIOro CTOJETHUS
[18]. XapakTepHble CHEKTpHl anb0eq0 YEThIpeX KIAccoB mpuBeleHbl Ha puc. 5.4. K mepomy
KJIaCCy OTHOCST CHET U obusaka. Mx anp0eno BeNMKo U HE3HAUUTEIbHO PACTET IO CIIEKTpYy OT YD
1o Havyana BUK obnactu cnektpa. Bropoii kitacc — 1ouBbl, IECOK M OTKPBITHIE TOPHBIE MTOPO/IBI.
Jis HUX XapaKTepeH IUIaBHBIN, ONMM3KUI K JTMHEHHOMY POCT ajab0eZ0 C POCTOM JIJIMHBI BOJIHBI.
Tpetuii kiacc — BoJgHasi MOBEPXHOCTb. ANbOEI0 BOJBI MaJlo U JMOO MOYTH HE MEHsETCs IO
CHEKTpY, 100 cinabo yMeHbLIaeTcsl C pOCTOM JUIMHBI BOJIHBI. HakoHel, 4yeTBepThI Kiacc —
pacTuTenbHOCTh. [t anb0eno 3eIeHON pacTUTEIbHOCTH XapaKTEpeH CIIOXKHBIA CHEKTpaIbHbIN
XO/JI: JIOKQJIbHBIH MakcuMyM B paiioHe 0.55 MKM, 00yCIIOBIMBAIOIINMA €€ 3€JCHBIA I[BET, 3aTeEM
cnax u peskuil poct nocne 0.7 MKM, e anb0en0 pacTUTEIbHOCTH ONM3KO K albbeno cHera u
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obnakoB. JKenrast pacTUTENBHOCTh (CyXasl TpaBa CTENed, OCEHHUE JUCTBEHHBIE Jieca) MMEIOT
CXOXHH CIIEKTPaIbHBIN X0/, OJHAKO MAaKCUMYyM anb0eno BOmm3u 0.55 MKM MeHee BhIpaKeH.

1.0
09I
08
0.7 F \
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Q0.5
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Bricora ConHua, rpajg

Puc. 5.3. 3aBucumocTn anp0em0 At pa3InIHbIX
nmoBepxHocTeit oT BeIcOTH ConHia [49].

st ©6onee TOJIHOM XapaKTEPUCTHKU

90 3

0 1 ] 1 1 T I T T
0.40 0.50 0.60 0.70 0.80

hy MKM

Puc. 5.4. Knaccudpuxarmms E.JI. Kpunosa
CIIEKTPaJbHBIX 3aBUCHMOCTEH OTpaKaTeIbHBIX
XapaKTepUCTHK IIPUPOTHBIX TToBepxHOCTed [18]: 1 —
CHET U 00J1aKa; 2 — IOYBHI, IIECOK, TOPHBIE TOPOIBI; 3
— BOJIHBIE TIOBEPXHOCTH; 4 — PaCTUTEIHEHOCTb.

anpOeno M ero CHEKTPaIbHBIX 3aBUCUMOCTEH

npuseeM puc. 5.5 [49] u Tabn. 5.2.
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300

1 1 1 1 1 1
400 500 600 700 800 900 1000

JlnuHa BOJIHbBI, HM

Puc. 5.5. CriextpanbHas 3aBUCIMOCTP aIb0EI0 Pa3InIHBIX TOBEpXHOCTEH [49].
1 — cHer, BricoTa Comnma 38°; 2 — BnakHbIH cHer, BeicoTa ConHna 27°; 3 — Boga o3epa, Beicota CoxHIa
56°; 4 — mouBa nociie TassHusl cHera, BeicoTa ConHila 24°30'; 5 — nieHuIa nociie CUJI0CoBaHus, BEICOTA
Connua 54°; 6 — BeIcOKas 3eieHas nieHuna, Bbicora CostHua 56°; 7 — xentas NiieHua, BbICoTa
Connua 46°; 8 — cynanckast Tpasa, Beicota ConHua 52°; 9 — yepnoseM, Beicota Connua 40°; 10 —
JKHUBbE XJICOHBIX 3J1aK0B, BbhicoTa CoHna 35°.
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Tabnuya 5.2. 3naueHus anbOe0 MOBEPXHOCTEM (B MpOLIEHTaX) Uil BUAMMOHN obnactu

CHEKTpA.
Tun noBepxHOCTH YcnoBus Annbeno
BoHble TOBEPXHOCTH 0° IMUPOTHI 6
3uma, 30° mupoTh 9
3uma, 60° mLupoTeI 21
Jleto, 30° mMpoTHI 6
Jlero, 60° mUpOTHI 7
Cuer CBeXXeBBIMABIIHI 75-95
Crapsbrit 40-70
Mopckoii nex 3040
[lecox (ztoHBI) Cyxoit 35-45
Braxxubrit 20-30
[TouBa TemHuas 5-15
Cepas, BnaxHas 10-20
Cyxas rnuHa, cepas 25-35
Cyxoit CBETJIBIN 25-45
MECOK
beron Cyxon 17-27
Hopora Uepnas 5-10
[TycTbins 25-30
CaBanHa Cyxo# ce30H 25-30
BraxHblii ce30H 15-20
Kycrapauk 15-20
Jlyr 3eneHblit 1020
Jlec JlucTBeHHBIN 10-20
XBOWHBIN 5-15
Tynapa 15-20
3epHOBBIE KYJIBTYPbI 15-25

Kak crmegyer m3 mpuUBEICHHBIX AAHHBIX, ATb0EI0 MOBEPXHOCTEH 3aBHCUT OT WX THUIA U
coctostHUs, BbicOThl CoOJIHIIAa, a TakkKe COCTOSHUS arMocdepbl (Hamuuusi O0OJIAKOB).
Cy1iecTBeHHOE 3HAYCHHE B aTMOC(EpPHOI ONTHUKE UTPaeT TaKKe pa3zHOOOpa3ue CHEKTPATbHBIX
3aBUCUMOCTEHN aIp0e0.

5.5. UsnyyamenbHble cnocobHocmu nodcmunarouwjux nosepxHocmel

B UK u MUHKPOBOJTHOBOW 00JACTSIX CIEKTpa IOJACTUIAIONINE TOBEPXHOCTH IUTAHET
SBIISIOTCS  BOXHBIMM ~WCTOYHUKAMU TeHepaluu COOCTBEHHOro wu3inydeHusa. Jns wux
XapaKTEPUCTHK KaK H3JIydaTesiell BBOJATCS KOX(PQPHUIMEHTH H3IIyYeHUS WM W3TydaTesbHbIC
crocobHocTH moBepxHocTeil [3, 34]. Uzayuamenvrou cnocobonocmovio nosepxwocmu &(A,T)

Ha3bIBACTCSI OTHOILICHWE HWHTECHCUBHOCTH MW3JIYyYEHHs IIOBEPXHOCTH € Temmneparypoil 71 K
WHTCHCHUBHOCTH M3JTy4YeHHsI a0COIIOTHO YEPHOTO TEJIa MIPH TOH JKe TeMIepaType
1, (A,T)

e(1,T) = SO

(5.5.1)
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W3nydeHne 4epHOro Tenaa HM30TPOMHO, YTO HENb3sl CKa3aTh 00 M3IYyYCHHUH pPEabHBIX
noBepxHocTed. [loaTomy, B o0OmieM ciay4ae, W3JIy4aTelbHbIC CIIOCOOHOCTH 3aBHCAT OT
HAIpPaBJICHUS U3JIyYCHHUs, JUTMHBI BOJIHBI, a B PSAJIC CIIy4acB, U CaMoii TeMiiepaTypbl. Pazymeercs,
U3JIy4aTeibHbIe CIHOCOOHOCTH B 3HAYMTEIBHON CTENEHHM 3aBUCAT OT (DU3UKO-XUMHUCCKUX
CBOMCTB MOBEPXHOCTHU — €€ PUPOJIbI, POPMBI IOBEPXHOCTH H T. JI.

BaxxHoe COOTHOIIIEHUE, MUPOKO HCIOIB3yeMOe B aTMOC(HEPHOM ONTHKE, — CBSI3b MEXIY
HOTJIONIATENILHBIMH, OTPaKaTEJIbHBIMU M HM3Jy4aTeNIbHBIMH CBOMCTBaMH cpeabl. s BbIBOga
TAKOTO COOTHOIICHHSI pPAacCMAaTPHBAIOT TPEOOpa3OBaHUE DJHEPTUU U3IYYCHUS IIPH  €ro
B3aUMOJEUCTBUU cO cpenoi. Ilanaromee n3imydeHrne MOXKET OTPAa3UThCS OT CPEIbI, TOTJIOTUTHCS
€10, a TAKXKE YacTh M3JIyYeHHs] MOXKET MPOHTH B cpemy. i XapaKTEepUCTHKH 3TUX MPOIECCOB
UCIIONB3YIOT, COOTBETCTBEHHO, — OMPANCAMENbHYI0 CNOCOOHOCMb (anbbedo cpedvl) A,
noziowjamenvuylo  cnocoonocmv B, @ynkyuro  nponyckanusi P;, KOTOpBIE SBISIOTCS
OTHOIIEHWSIMA COOTBETCTBYIOIIMX KOMIIOHEHT H3JIy4YCHHs K MajaromeMy wu3inydeHuro. I[lo
3aKOHY COXPAHEHUS SHEPIUU CyMMa 3TUX TPEX BEJIMUYMH JA0JDKHA PABHITHCS CHMHUIIC:

A, +B,+P =1, (5.5.2)

[Ipy >TOM HESBHO MpeanojaraeTcs, 4Yro B AITHX INpOIeccaX MOXKHO IPEHeOpeYh TaKHUMU
SBIICHUSIMU KaK KOMOHWHAIIMOHHOE paccessHue W ¢uroopecieHnust (CM. pasaen 4), KOTopbie
NPUBOJIAT K MEpepacIpeIeICHUI0 YHEPTUU U3ITyICHUS 10 JJTMHAM BOJIH. B IpenonokeHuu, 9To
BcE momajaroliee B cpely wusinydeHue nornomaercs (P, =0), umeem Ooiee mnpocroe

COOTHOIIICHHUC
A, +B,=1. (5.5.3)

Jlanee mpu pacCMOTPEHUU B3aMMOCBSI3M MEXKIY Pa3IMYHBIMH XapaKTEPUCTUKAMH CPEIIbI
ucnonb3yercst 3akoH Kupxroda, ycTaHaBIMBAIOIIUI CBS3b MEXKIY H3Iy4aTeNbHBIMU &; U
norsiouiaTeabHeIMA B, cBolicTBaMu cpenpl. 1Ipu sTtom nokassiBaercs, uto npu JITP B, =¢,.

Torma u3 cootHomenus (5.5.3) cieayeT CBA3b MEXKIY HW3IydaTeIbHBIMU W OTpakKaTeJIbHBIMU
XapaKTEPUCTUKAMHU CPEIbI

g, =1-4,. (5.5.4)

[Ipu 3TOM He cneayeT 3a0bIBaTh, YTO ITO COOTHOIIEHUE CIPABEIMBO HAa (PUKCUPOBAHHOW JUITMHE
BOMIHBL. Takum oOpa3oMm, cooTHomeHue (5.5.4) TO3BOJSET MO CHEKTPATBbHOMY aib0eno
MOBEPXHOCTH OINPEACIUTH €€ U3JTy4aTeIbHYI0 CIOCOOHOCTb.

NznydarenbHble CTOCOOHOCTH MOACTUIAIOIINX MOBEPXHOCTEH CYIIECTBEHHO MEHSIOTCS OT
ee BUJA, (GOpPMBI MTOBEPXHOCTH, AJIUHBI BOJHBI U YIJIOB HaOmojaeHud. s ompeneneHus &,

UCIIONIB3YIOTCS DKCIEPUMEHTAbHBIE W YHCJIEHHbIE MeTonAbl. B mocnenneM ciiydae IIMPOKO
npumensiercs: cootHorienue (5.5.4). Tak, Hanpumep, ppeneneBckre K03HHUIMEHTH OTPAKECHUS
JUISL TJIAIKOW TOBEPXHOCTH (pacCMOTPEHHBIE HaMH B paszelie 5.2) MO3BOJSIOT IMOJydYaTh €e€
U3JIydaTeibHble CIOCOOHOCTH.

[IpuBenemM mpuMepbl H3IydYaTENbHBIX CIOCOOHOCTEH Ppa3IUYHBIX MOJCTUIIAIOIINUX
noBepxHocreii B MK oOnactu cnektpa. Haumbomee mnonpoOHble [AaHHBIE 10 ATUM
XapaKTePUCTHKAM HMEIOTCS U «OKOH MPO3PavyHOCTH» aTMOC(epbl, KOTOpPbIe B CITyTHUKOBOM
METEOPOJIOTUN UCIOJIB3YIOTCS JJIs ONPEIEIIEHUs TEMIEPATYPbl MOACTUIAIOUINX [TOBEPXHOCTEH.
B tabn. 5.3 npuBencHb U3IydaTeNIbHBIE CIIOCOOHOCTH & B CIIEKTPAJIbHOM HMHTEpBajie 8—14 MKM
[24].
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Tabauya 5.3. I3nydarenbHble CIOCOOHOCTH pa3InuHbIX oBepxHoctei B K auanazone.

IToBepxHOCTB £ [ToBepxHOCTB £
I'panut 0.898 I'muna 0.963-0.968
bazaneT 0.934 Acdainbt 0.956
Jonomur 0.958 TpaBa, rycToil moKpoB 0.976
[lecuanux 0.935-0.985 | Cuer 0.99
I'paBuit 0.943 Bona 0.98-0.993
[Tecok, kBapIIEBHIi, 0914 Bona, ¢ ToHKOM HeTAHOM 0.954-0.972
cyxou MJICHKOM
[Tecox, MOKpBIii 0.934 beron 0.942-0.966
YepHas 3011a 0.965 Bona, ¢ mienkoi MalmmHHOTO 0.960

Macina
[Tousa, cyrnuHok 0.98

B mHacTosmee BpeMs UMEIOTCS cleuuaigbHble OaHKH JaHHBIX [0 CIEKTPAJIbHBIM
3aBUCHUMOCTSIM  M3JIyyaTeNbHBIX CHOCOOHOCTEH pa3iMyHBIX MOBEPXHOCTEH, IOJyYEHHBIX
AKCIEPUMEHTAIbHBIMU METOJaMHU. OTH JaHHbIE HCIOJB3YIOTCA JJIi MOJECIUPOBAHMS IOJIeH
U3JIY4YCHHUsS B CHCTeMe aTMoc(epa—T10ACTUIIAoNIasi HOBEPXHOCTh, a TAKXKe JJIS JUCTAaHIIMOHHOTO
M3MEPEHUS XapaKTePUCTUK MOICTUIIAIOIINX TOBEPXHOCTEH, MIPEKIE BCETro, — X TEMIIEPaTyphl.

OcHoBHast 0COOEHHOCTh HM3JIy4aTEJIbHBIX CHOCOOHOCTEH €CTECTBEHHBIX MOBEPXHOCTEH B
MKB o6mactu cnekrpa — uX CYIIeCTBEHHass M3MEHYMBOCThH MO cpaBHeHHio ¢ MK oGmacthio
cnekTpa. Tak, BoAHAasi MTOBEPXHOCTh UMEET U3ITydaTeIbHYIO0 CIIOCOOHOCTD B TMaNa30He 3HAYCHUN
0.2-0.95 B 3aBUCUMOCTH OT €€ TEeMIIepaTypbl, COJEHOCTH, CKOPOCTH MPHUBOJAHOTO BETpa,
COCTOSIHUSI TIOBEPXHOCTU U yriia Bu3HpoBaHUsA. OHa 3aBUCHUT TaKKe W OT MOJSPU3AIMOHHBIX
XapaKTePUCTHK M3ITydeHHUs (CM., HAlpuMep, puc. 5.2, rae n3o00pakeH Ko3(PPUIMEHT OTpaskeHuUs
INIAJKOM MOPCKOM TMOBEPXHOCTU [UIsl JUIMHBI BOJHBI 3 cM). C JApyroil CTOPOHBI, Pl
MOBEPXHOCTEH CYIIM MMEET M3IydyaTeJbHYI0 COCOOHOCTh ONMU3KYIO K eauHuIe (cM. Tadm. 5.4)
[24].
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Tabnuya 5.4. VI3mydarenbHbIe CIOCOOHOCTH Pa3IMYHBIX MOBEpXHOCTEH HA A = 3.2 cM.

[ToBepxHOCTB Kpartkoe onucanne TeMnepasza Kospumment
Bo3nyxa, °C | u3Iy4YeHHs

Tlouysa Tommunaa cios 20 cM,

(o6pazen) BIaXXHOCTH 6.4 % 21 0.947
BIIQXXHOCTB 19.5 % 20 0919

IToyBa Bnaxnocte Ha nosepxHoctu 21 %, Ha 23 0.923
riryoune 20 cm 17.5 %

[TouBa Bnaxuocts Ha moBepxHoctu 34.6 %, Ha 22.5 0.668
riryoune 20 cm 17.5 %

Mepsnas moysa| Temmneparypa 0.4°C, Bnaxxrocts 13.9 % 1.2 0.923

(o6pa3err)

OrrasBmas Temmneparypa 0.4°C, Bnaxsocts 14 % 0 0.892

oyBa

(o6pa3err)

CHe:xHbIH CHer Ha nouse, ToamuHa ciaosa 20-30 cu, 1.2 0.956

MTOKPOB miorHocts 0.408 r/cm’

Mepznsiii rpynr| Tommumua wep3noro cios  11-12 cwm, 0.4 0.941
BJIQXKHOCThH Y TTOBEepXHOCTH 45.6 %

Topd Bnaxnocts 114 % 18 0.943
Bnaxxnocts 159 % 15 0.918

I'muna Bnaxnocts 9 % 15 0.902

danepa TonmuHza cnos nucra 8§ MM 21 0.829

®anepa JIMCT NOKPBIT aJIFOMMHUEBON KPacKou 23 0.728

beromn, Tommunua caera 8—10 cM, muTel — 20 cMm 0 0.906

ITOKPBITHIN

CHEroM

Moxkpblit 6eToH 0 0.669

Acdanbt [Hoccetinas mopora 15 0.974

Jlnst onuvcaHus M3My4yaTeTbHBIX CIIOCOOHOCTEH B3BOJIHOBAHHOM MOBEPXHOCTH MOPS ObLI
pa3paloTaH psii MOJYIMIIMPHUUECKUX MOJENIed, YUUTHIBAIOUINX KaK caM IMPOLeCcC BOJHEHUS, TaK
U BO3MOXXHO€ HaJM4yhMe Ha TIOBEPXHOCTH TMEHHBIX O0pa30BaHMN, BO3HUKAIOMIUX MpU
OOpYILIMBAaHUU BOJIH. Y CTAHOBJIEHUE CBSI3U MEXKJY H3IydaTEIbHBIMU CIIOCOOHOCTSIMHU MOPCKOMN
MOBEPXHOCTU U, HAIpUMEp, CKOPOCTbIO TIPUBOJHOIO BETpa IO3BOJWIO pa3paboTarh
JUCTaHIIMOHHBIE METO/IbI OIIPEIETICHUS STOU CKOPOCTH.
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Pazgen 6. OCHOBbI Teopun nepeHoca cO6CTBEHHOro U3ny4YeHus
aTtMmocdepbl

6.1. Pacuembl uHMeHcuHOCMU MeNJ108020 U3J/1y4YeHUs

B pazzgene 2 Mbl nonyuniu Beipaxkenue (2.5.9) U1t MHTEHCUBHOCTH MOHOXPOMAaTHYECKOTO
COOCTBEHHOI'0 TEMJIOBOTO U3IydeHus [ j (z) Ha MPOU3BOJILHOW BBICOTE z MJI IJIOCKO-
napaiesIbHOM, TOPU30HTAIbHO-OAHOPOAHOM aTMOC(hepsh:

IM(z) =1, exp (— sec aj k, () dz'J +
’ (6.1.1)

+ sec 0 k,(2) B, [T(z)]exp (— sec 0 k, (") dz"j dz’
0 z'

3necy [,, — U3IyyeHHE MOJCTHUIIAIOILEH MOBEPXHOCTH, KOTOPOE HAJ0 ONpPENEIUTh 0c000. ITO

BBIPQKEHHE COOTBETCTBYET 80CX00sUeMy uznyuenuro (T.e. U3TYUSHHUIO B BEPXHIOIO moiychepy)
JUIL MOJENH IUIOCKONApaIeIbHOM TOPH30HTAIBHO OJHOPOJHON aTrMocgepbl. AHAIOTHYHO
MOXXHO 3alucaTh BBIPOKCHHWE JJISI MOHOXPOMATHYECKOW WHTEHCHBHOCTH HHUCXOJSILETO
TETJIOBOTO U3JIyUCHHUS TSl TAKOH K€ MOJIENIN aTMOC(EPHI:

Ij (z) =1, exp [— sec QJ‘ k,(z") dz']+
: , (6.1.2)

+ sec j k,(z')B,[T(z')]exp [— sec 6 j k, (z") dz"J dz'

rae [, — MHTEHCUBHOCTh M3Jy4€HHUs Ha BEpXHEH rpanuie armocdepsl. Kak npasuio, mis UK

o01acTU CHeKTpa 3TO U3JIydeHue mnojaraercs paBHbIM Hyito. a1 MKB oOnactu cnekrtpa B
BbIpaxkeHUH (6.1.2) cnenyet yuects penuxkmosoe MKB uznyuenue, npuxopsiuee u3 kocmoca. Ero
BEJIMYMHA MaJla ¥ ONKCHIBAETCS C IOMOIIBIO SPKOCTHON TeMIIepaTyphbl (TeMIIepaTypbl U3IyUeHUs
YEepHOTo TeJa, JAOIIYI0 JaHHYI0 BEJIMYMHY MHTEHCHUBHOCTH HM3iydeHUs). B Hacrosiee Bpems
3Ta Temneparypa npussTa pasHou 2.7 K.

Boipaxkenus (6.1.1) u (6.1.2) moxHO nepenucarb 0ojee KOMIIAKTHO, HUCIOJIb3Ys paHee
BBEJICHHYIO GbyHKIUIO MIPOITY CKaHUS aTMocdepHOoro cios (z1, 22)
Z3

jexp(—k(v,z’))dz' CJIeIYIOIIUM 00pa3om

P(2,2) = exp| —
cos@

1

1G)=1,, 202 + [BIT] T2 g (6.13)
[:(2)=1,., B(z,)~ [ B,[T(z)] %dz’. (6.1.4)

W3nyyenune mnojacTHiAIOMIEH MMOBEpXHOCTH B BhlpaxkeHusx (6.1.1.) u (6.1.3) wacro
IPEJCTABIACTCA YUUTHIBAETCSA C MOMOILIBIO U3Ty4aTeJbHOM CIOCOOHOCTH MOBEPXHOCTH & (CM.
nojpoOHee pazfen 5), T.e.

IV,O =ngv(T0)9 (6.1.5)
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rne Tp — Temmeparypa mnoBepxHOocTH. OHAaKO OTIMYME W3ITydYaTeIbHOH CIIOCOOHOCTH
MOBEPXHOCTU OT CAUHUIBI MNPCANOJIaracT HaJIUYUC OTPAKCHUA HUCXOIALICTO TCIIJIOBOI'O
U3JIy4deHus: aTMoc(epbl OT MOBEPXHOCTH. BKian oTpaskeHUs MOXKET OBITh 3allMCaH B pPa3HOU
dbopMe B 3aBUCHMOCTHM OT HCIOJIB3YyeMOH Mojaenu oTpaxeHus. B mpocteifimem cinydae
3€pKaJII)HOFO OTpa)KeHI/IFI €0 MOXXHO HpeILCTaBI/ITB KaK

=(1-¢&,)I(0), (6.1.6)

v ref —

rae [ j (0) — UHTEHCHBHOCTh HUCXO/ISIIIETO TETUIOBOTO U3ITyYeHHs. TakuM oOpazom,
"
IV,O = 8VBV(T0) + (1_81/)11/ (0)

B pa3nuuHBIX MpakTUYeCKUX 3aJadax arMOChEpHON ONTHUKKM HAC Majo HHTEPECYeT
MEPEHOC MOHOXPOMATHYECKOTO W3Ny4deHHs. JIeHCTBHUTENBHO, paccunThIBasi, HampUMeED,
BCJIMYHHBI PAAWAIITMOHHBIX IIPUTOKOB TCIJIA IJId OIIPCACICHUA U3MEHEHUN TCMIICPATYPhbL
atMocdepsl 3a CueT pagualmoHHOro TerooomeHa (2.2.13), Mbl JTOHKHBI MPOUHTETPUPOBATH
COOTBETCTBYIOIIUE NPUTOKM HU3IYyUYEHUs] MO YacToTe (WM JUIMHE BOJIHBI). TOYHO Tak xe,
AQHATM3UPYS JaHHBIC M3MEPEHHH TeX WM WHBIX XapaKTEPUCTHK IOJIS W3IY4YCHHS, Mbl MMEEeM
ACJI0O C BCIMYHMHAMU M3JIYUCHUSA B KOHCYHLIX CIICKTPAJIbHBIX HWHTCpBAJIaX. I[J'DI MOJIYyUCHU A
WHTCHCUBHOCTEH TEIUIOBOTO M3JIyYCHUS B KOHEYHBIX CHEKTPAIBHBIX HWHTEpBANIAX HYKHO
MPOUHTETPUPOBATH MOHOXPOMATUYECKUE MHTEHCUBHOCTH 10 YaCTOTE (WJIH JUTUHE BOJIHBI)

L= jzvdv, (6.1.7)

rae [,, — MHTEHCUBHOCTh B CHEKTpaibHOM uHTepBaie Av. IloxcraBuB B BeIpakeHue (6.1.7),

Harpumep, Beipaxkenue (6.1.3), MoayuuM MHTEHCUBHOCTh BOCXOSIIETO U3IYUYEHUSI B KOHEUHOM
CIIEKTPAJIbHOM MHTEpBaie Av .

(Z)—jlvoP(O z)dv+jjB [T(z)] 2= dP(Z Z)

AvO0

(6.1.8)

Boipaxkenue (6.1.8) unu aHasornyHble BBIPAXKEHUS JJI1 HUCXOMSILErO U3JIyUYE€HUS MOXKHO
UCIOJIb30BaTh I pacu€TOB MHTEHCUBHOCTH TEIUIOBOTO M3JIyUYEHUS] B KOHEUHBIX CIEKTPaIbHbIX
MHTEpPBaJIaX, HO €r0 MOXKHO CYIIECTBEHHO YIPOCTHUTb. {11 3TOr0 y4MTHIBAIOTCS OCOOEHHOCTU
CHEKTpalbHOro noBefieHus QpyHkuuu Ilnanka 1 MOHOXpoMaTHyeckux (DyHKIMH MpOITyCKaHMS,
¢urypupyrommx BO Bcex uieHax BblpaxeHus (6.1.8). Kak Mpl nponemoHcTtpupoBanu B
pasznene 3 (cM., Hanpumep, puc. 3.6), MOHOXpOMaTHUECKUE (YHKLUHU MPOIyCKaHUS SBISIOTCS
OUYeHb OBICTPO MEHSIOMMMHUCSA (YHKIMSAMU YacTOThI (WM JUIMHBI BOJNHBEI). B TO ke Bpems
¢yskuus [Inanka MeHsieTcs: ¢ 4acTOTON J10CTaTOYHO MeuleHHo. [loatomy, eciin paccMaTpuBaTh
JOCTATOYHO y3KME CIIGKTpaibHbIE WHTEpBamsl (He Oomee ~ 50-100cM '), B KOTOPBIX
u3MeHeHusAMU ¢yHkuuu IlnaHka MOXXHO mpeHeOpedb, MOXKHO 3amucaTth HpUOIMKEHHOE
BBIPQKEHHE ISl MHTEHCUBHOCTH TEIJIOBOTO U3IYyUYEHHUS! B KOHEUHBIX CIIEKTPAJIbHBIX MHTEpBajax.

JU1st BOCXOZSILEro U3JTyueH s, Halpumep,

T (2)= IVQJ.P (0,z)dv +J.B [7(z' )]jdp(j %) g dv (6.1.9)

3pech B [T(z')] n 1., — Qynkuus [lnanka v usnydeHue NOACTUIAIONIECH NMOBEPXHOCTH HpPHU

HEKOTOPOM  CpeIHEel  4acToTe VvV  paccMaTpUBAaeMoOro  CIEKTPajJbHOrO  WHTEpBaa.
Qurypupyrome B BbelpakeHuH (6.1.9) wuHTErpambsl MO dYacTtoTe ONpEAeSIoT (YHKUUU
MPOMYCKAaHUSI W HX MPOU3BOJHBIE [UIs KOHEUHBIX CIEKTpalbHBIX HHTEepBajoB. llosTomy
BeIpakeHue (6.1.9) MOKHO Mepenucarh ClIeIyONM 00pa3oM:
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[,(2)=I;, P, (0,2)Av+Av[ B, [T(z')]%dz’, (6.1.10)
4
0

1
rne P, (z,z,)=— J.Pv(zl,zz)dv — GyHKIUS TPOIYCKaHUS JJIi KOHEYHOTO CIEKTPaJIbHOTO
Av
uHTEpBana Av .

OTtMeTuM 0c000, YTO HCIIOIH30BAHUE MPEANOIOKEHUS O CIab0oi 3aBUCUMOCTH (PYHKITUN
IImanka oOT dYacTOTHI MO3BOJISIET 3allMCcaTh BBIPAXKCHUC [JII HWHTCHCHUBHOCTHU TCIIJIOBOI'O
U3Iy4yeHUs] B KOHEUHBIX CHEKTPaJbHBIX HHTEpBajaXx B TOW ke dQopme, 4YTO U A
MOHOXPOMATHYECKOW HMHTEHCHUBHOCTH. JTO MNPHOIIKEHHE TO3BOJISIET CBECTH IPOOJieMy
WHTETPUPOBAHUS MOHOXpOMaTHueckoro usnydeHus (dopmyna (6.1.7)) k mpobieme morydeHus
(bYHKUMN TPOMYyCKaHUs ISl KOHEUHBIX CIEKTPAJIbHBIX MHTEpBasoB. ECTecTBEHHO, MOAOOHbIE e
BBIPAKEHUS MOYKHO IMOJIYYHUTb U JJI1 HUCXOMSILErO TEIIOBOTO U3JIyYEeHHUS.

6.2. dyHKUuUU nponycKkaHusi ammMocepHbIX 2a308

OyHKIIUK TPOITyCKaHus aTMoc(hepbl UMEIOT (pyHIaMEHTAIbHOE 3HaUYeHHEe B aTMOC(EpHOU
onrtuke. X 3HaueHne o0ycloBIEHO TE€M, UTO OHH HCIIOIB3YIOTCS MPU PELICHUH Pa3sHOOOPa3HbIX
OpsSMBIX 3a/1a4 aTMOC(EPHOW ONTHKH — B pacyeTax WHTCHCUBHOCTEH, MOTOKOB M TPUTOKOB
u3IydeHus. VX ke MPUMEHSIOT M MPH HHTEPIPETAlUN JaHHBIX M3MEPEHHH, HAapuMmep, Mpu
peai3allui pa3IMYHbIX JMCTAHIMOHHBIX METOJOB H3MEpPEHMH MapaMeTpoB aTrMocdepbl U
MOBEPXHOCTU. BeipakeHue aias QYHKIMU MPOMYCKAHUS MHOTOKOMIIOHCHTHOW HEOJIHOPOIHOU
Cp€Abl B KOHCYHBIX CIICKTPAJIbHBIX MHTCPBAJIaX MOXXHO 3allMCaTh B CIICAYIOIIECM BHUAC!:

P, (W,1)=1/Av- [ exp| = X3 [k (v, p(), (1) p, (D)dl |dv, (6.2.1)

Av

rJle CyMMHPOBaHHE TIPOBOMTCSA TIO i-M JIMHUSAM j-X Ta30B, 0, (/') — MIOTHOCTH MOTJIOIIAKOIINX
rasoB, k; — MaccoBble KOI()(QHUIMEHTHl MOJEKYISPHOrO MOMJIOWEHHUA, [ — JUIMHA MyTH

U3JTyYEHUs B Cpele.

Pa3paboranbl paznuyHble — SKCIEPUMEHTAIBHBIE M PACYETHBIE — METOJbl TMOTyuYeHUs
¢byHKUuMi nponyckaHus. BakHeHIIMMU U3 HUX SBIISIOTCS:

— MNpsAMOU METOJ pacyera,

— METOoJI MOJIeJIeH MOJIOC MOTJIOMICHHUS,

— METOJl MHTETPUPOBAHUS MO KOAP(UIIUEHTY MOTIOUICHHUS,

— OJKCHEpPUMEHTAIbHBIC METObI (JTa0OpaTOpPHBIC U HATYPHBIE).

[Ipuy wHanmuuuu wHbOpMAIMK O TAapaMeTpax TOHKOW CTPYKTYpbl (TOJIOXKEHUA,
WHTEHCUBHOCTEH, MOJYIIUPUH JUHUM U T. A.) Ui Pa3IU4YHBIX I0JIOC MOIVIOMICHUS, (PyHKUIUU
IPOMYCKaHUsI MOTYT OBITh PACCUMTAHBI MO MPUBEICHHBIM BBIIIE BhIpaXeHUsAM. [ momydeHus
GyHKIUI [pOIyCKaHUST B KOHEUHBIX CIEKTPajbHBIX HHTEpBaJlax ATOT METOJ Tpedyer
MHTETPUPOBAHUS MO 4YacToTe. Takoi MOAXOJI HOCHT Ha3BaHHE MPAMO20 Memood pacuema
¢bynkuuit nponyckanus. [IpenMyniecTBaMu Takoro noJxo/a siBJsiFoTCs:

1. BoamoxHOCTh monydeHuss (GYHKIUN NPOMyCKaHUs A7 OAHOPOJHOW M HEOIHOPOJHOMN
Cpenbl ISl Pa3UYHBIX T€OMETPHI PAaCIpOCTPaHEHUs HM3IyYeHHs ISl JIOOBIX cMeceil ras3os,
MPOU3BOJIBHBIX aMMapaTHBIX PYHKIMNA CIEKTPATbHBIX TPUOOPOB U T. 1.

2. HaunOomnpmrast noTeHIMAIbHAS TOYHOCTb, T.K. MPSIMOM METOJ HEe TpeOyeT BBEACHHUS KaKHUX-
aub0 CYIIECTBEHHBIX ympolleHud. PeanpbHas TOYHOCTH METOAA OMPEAENSETCS TOYHOCTHIO
UCXONHOW WHPOPMALMKM O TapamMeTpax TOHKOM CTPYKTYphl M TOYHOCTBIO 3aJaHHsi UX
(GYHKIIMOHATIBHBIX 3aBUCUMOCTEN OT MapamMeTpoB PU3NIECKOTO COCTOSHUS CPEJIbI.

Unes monxoma B memode mooeneti nonoc no2iowjeHus COCTOUT B 3aMEHE peajbHOM
CHEKTPAIbHOM CTPYKTYphl TOJOCHI TIOIJIONMICHHUS HA OMNPEIEICHHYIO aHAIUMU4ecKyo Uil
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CMamucmuyecKyro Mooeib B3aUMHOTO PACIIONIOKEHHS JTMHUN MOTJIOIIEHUS, PacTIpeielIeHUsT uX
WHTCHCUBHOCTEH U T. 1. BBeieHue 3tux ynpoueHuii (MpuOIMKeHuil) B psijie CydaeB MO3BOJISICT
OCYIIECTBUTh HMHTEIPUPOBAHHME 110 YAacTOT€ MOHOXPOMATHYECKHX (YHKIMA TMPOITYyCKaHHS
aHATUTUYECKUM oOpa3oM. CyIIECTBEHHO, 4YTO AQHAIUTUYECKUE BBIpAXKEHHS I (yHKIUN
MIPOITYCKAHUS TIPU MOJICITHLHOM ITOAXO0JIC 3aBUCST OT MAJIOTO YHCIIa TApaMeTPOB, HHOT/A BCETO OT
2-3. B psze ciay4aeB BeIpaKeHHs IS QYHKIMNA MPOIMYCKAHUs, TIOJTYYCHHBIC B paMKax TOTO WIIH
MHOT'O MOJIEIFHOT'O TOJX0/1a, MCIIONB3YIOTCS KaK alMpoKCUMAlMU sl GYHKUUN MPOITyCKaHUS,
MOJTYYCHHBIX B 9KCIIEPUMEHTE WJIH MIPU NPSMBIX pacdeTax.

[Ipocreiiteld MOAENBIO MOJOCHI MOIJIOIIEHHUS SBISIETCA MOOenb  U30IUPOBAHHOLU
cnekmpanvroll aunuu. Kak SBCTBYeT W3 Ha3BaHHS METO/a, MPEIIoJaraeTcs, 4To B WHTEpBaJC
AV HaxXxoAWTCS TONBKO OJIHA CIEKTpalibHAas JUHHA. ECiIM TpeanonoXuTh, YTO OCHOBHBIM
(1)aKTOpOM YUWIUPCHUA JIMHUKU ABJIACTCA CTOJKHOBCHUC U COOTBGTCTBYIOHII/Iﬁ KOHTYp —
nopeHnoBckuit (hopmyna (3.5.9), To s PyHKIIMU TPOITYCKAHKS OJTHOPOTHOMN CPEIbl HMEEM:

! L Sew Ay, (6.2.2)

P, =—1¢exp
ToAv ) T (v-v,) +a;

IJIe ¥ — COJICpKaHue TOTJIONIAFOIIETO BEIISCTRA.

ITocne HEexkoTOpBIX mpeoOpasoBanuii At GyHKumu mornomenus A4,,= 1— P, MOXHO
nosryuuTs Beipaxenue [10, 19, 43]:
Ay, =2 yze |J, (i) —iJ, (iz)| = 27 y L(2) (6.2.3)
rne J,(iz) m J,(iz) — HyneBas u nepsas (pyHkuuu beccenst OT 4MCTO MHMMOTO apryMeHTa.
a, Su
[TapameTtpsl y 1 z onpeaenstorea GpopMmyIaMu:  y = —=, z = ——.
Av 2ra,
OyHKIUA
L(z) = ze|J, (iz)—iJ, (iz) (6.2.4)

HOCUT Ha3BaHue ¢@yuxkyuu Jlaoenbypea—Peiixe. PaccMaTpuBas acCUMITOTHYECKOE IMOBEICHHE
¢bysHkuun L (z), MOXKHO MOJYYUTh BaXKHbIC MPUOIMKEHUS JUIs MOTJIOUICHUS. B W30JIMPOBAHHOM

JTUHUH.
[Tpu manbIx 3HaueHUsAX z wieHsl e~ u J (iz) B (6.2.4) ctpemsarcs k equnune, a J, (iz) — K

nHymo. CnenoBarenbHo, L(z) ~z ¥ MBI UMEEM

_Su

A, =2ryz = . (6.2.5)
Av

Maiele 3Ha4eHHS z COOTBETCTBYIOT MallbIM 3HAYCHHAM IIPOU3BEICHHUA Siu, TO €CTh CIydaro
cnabozo noznowjenus. W3-3a nuHEHHON 3aBUCUMOCTH A,, OT u 3TOT Cilydail €Ille Ha3blBaIOT

061acmvio TUHEUHO020 nocnoeHusl. B stom nNpeaAcIbHOM CJIydac IMOIJIOICHHUE HE 3aBHCUT OT
JaBJICHHA. OTMGTI/IM, 4qTo HpHBGI[GHHBIfI BBIBO/I IIOKA3bIBACT, YTO 3aKOH JIMHEMHOT O MOTJIOIICHHUS
IIpu MaJibIX Su CIIpaBCJIMB ons ]ZIO6020, a HC TOJIBKO JIOPCHIOBCKOI'O KOHTYpa JIMHUU.

[Ipyn OGonplmIMX 3HAYEHMAX z — B Clly4yae CHJIBHOIO IOIJIOMIEHHMS — HMEEM JpYrylo
ACUMIITOTHKY:
2z 2\Sucq,
Ay, =2y, |— =—"". (6.2.6)
T Av

CootHomienue (6.2.6) COOTBETCTBYET CIIy4al0 CUTbHO2O0 NO2NOUJeHUs WU 3AKOHY K8AOPAMHO20
kopHs. IlocienHee Ha3BaHUE CBSI3aHO C TEM, YTO 3aBHCHUMOCTDH IIOTJIOIICHHS OT KOJIMYECTBA
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NOMVIOIIAIOIEr0 BEHIECTBA W JAABICHHUS (BCIOMHUM, YTO ¢, HPONOPLUOHAIBHO p)
IIPEJICTABISIETCS KaK 4/# p . OTMETUM TaKXXe, YTO MPU CHJIBHOM IOIJIONIEHUH B LIEHTPE JIMHUU
(korna B, =0), n3MeHeHne nmoriomenust A,, (4) MPOMCXOMUT 3a CYCT M3MCHEHHS BEIIMYMHBI

MOTJIOIIECHMS TOJIBKO B KPBUIbSIX M30JUPOBAHHOW CIEKTPAJIbHON JIMHUHM. DTO CHPABEIJIMBO HE
TOJILKO JUISI IOPEHIIOBCKOM, HO U (DOMITOBCKOM JIMHUH, TOCKOJIBKY, KPbUIbs (DOMTTOBCKOM JINHUH
OTIPEICTISIOTCSI B OCHOBHOM JIOPEHIIOBCKUM KOHTYpOM (cM. puc. 3.10).

PaccMoTpenHas HaMM MoJiedb HM30JIMPOBAHHOW JIMHUM HAaXOAWUT CBOE IPUMEHEHHE IS
BEPXHUX CJIOE€B aTMoc(ephl, TJe CIEKTpaJbHbIE JUHUM OYEHb Y3KM M MOTYT CUMTAThCS
M30JIMPOBaHHBIMHU.

AHanu3 CHOEeKTPOB IMOTJIOIMIEHUS Pa3IMUHBIX JUHEHHBIX MOJEKYJ OOHapy>KMBaeT HaIUYUE
PETYJISIPHOM CTPYKTYpbl B DPACIOJNIOXKEHUM JUHHUM, COOTBETCTBYIOIIMX OJHOMY U TOMY K€
KoJ1e0aTeIbHOMY TMepexoidy, MPUYEeM HWHTEHCUBHOCTH STUX JIMHUN MEHSIOTCS OTHOCHUTEIBHO
MeAJIeHHO. B cBs3M ¢ 3TUM Oblia MpeIoKeHa pezyisapHas MoOelb NON0Chl NO2N0WeHUs WIN
Mmooenv  Onvzaccepa. Jlns perynspHONl  MOJENHM,  COCTOAMEH W3  OCCKOHEYHOU
II0CJIEZI0BATEIBHOCTH OJMHAKOBBIX CHEKTPAJIBHBIX JIOPEHLIOBCKUX JIMHUM, PACIOJIOKEHHBIX Ha
pacctossHUM AV Opyr OT Jpyra, Ko3((UIMEHT MOTJOUICHUS MOXHO 3alucaTh CIEIYIOUUIM
o0Opa3zom:

& Sa,

k(v) = P e (6.2.7)

r71€ 7 — HOMEp JIMHUH.
JInst pyHKIIMY TIOTJIONICHUS, UCTIONIB3Ysl BBEJICHHBIE JJII MOJIENIA U30JIMPOBAHHON JTMHUHT

nepemMeHHsle, noiayyaem [10, 19]

+1/2 n=+w 2Zy2
A, = l—-exp| — — | |dx, (6.2.8)
: _lj/z z@ (x—n)’+y°
Av Av
rJe Ipejeibl MHTETPUPOBAHUS TEIEph COOTBETCTBYIOT MHTEPBAILY [V, —7, vV, +7 ]. IMocne

npeoOpa3oBanuii nHTErpa (6.2.8) MOKHO BBIPA3UTh Y€Pe3 U3BECTHBIC CICIMATbHbBIC (PYHKIIUN U
OITSATH MTPOAHANN3UPOBATH TPEICIFHBIC CITyYau.
IIpu y — o nomywaem [10, 19, 43]

A, =1-exp(-27yz) = l—exp(—%]. (6.2.9)
v

PaccmaTpuBaeMblil  Cilydall COOTBETCTBYET CHUTyaluu, Koraa «;>> Ay, T.e. JIMHUU

pacrosoKeHbl OU€Hb OJIN3KO IPYT OT APYTra U CuibHO nepekpuvieaiomces. Ilpu 3ToM, Kak BUAHO U3
(6.2.9), dyHKIMS MPOIMYyCKAaHUS SKCIOHEHIMAIBHO 3aBUCHT OT U, TOYHO TaK e, KaK W JUJIs
MOHOXPOMAaTHUYECKOI0 H3JIy4YEHMsI, U CIIEKTpajbHas 3aBUCUMOCTb MPOIYCKaHHsI OTCYTCTBYET.
OtmeTuM Takke, 4To (QYHKIUS MPOMYyCKaHWsS HE 3aBUCHT OT JaBieHus. PaccMoTpenHas
CUTyallds peajbHO HAOJIOJAETCs, KOI/a MOJYIIMPHUHBI JIMHUI 3aMETHO OoJbllie pacCTOSHUMN
MEXIy HHUMM, HampuMep, B YCJIOBUAX OOJbIIMX JAaBACHUHA (HAlOMHUM, 4YTO @

ponopuroHaibHa p). Takue OCOOEHHOCTH MOTIJIOIIEHUS B JAaHHOM Cllydae XapaKTepHBI AJis
BCceX Mojeneil mojoc mornonienus. OHU, B YaCTHOCTH, HaOmonaroTcs (C pa3HOM CTENEHBIO
npuOIMKEeHUsI) B AJIEKTPOHHBIX TOJocax morjomeHus, a takke B MK cmekrtpax Tsxenbix
MOJIEKYJI, COCTOSIIINX U3 OU€Hb OJIM3KO PACTIONOKEHHBIX JIMHUHN MOTIIOIICHUS.

Ipubnusicenue cunbubix MUHUL PEANU3YETCSA, KOTrJa B ILIEHTPE JIOPEHLIOBCKUX JIMHHMA
HAOMIOIaeTCsl TOJHOE TMOrJomeHne. B sTom ciydyae wu3MeHeHHe (YHKIMH TPOIYCKaHUs
IIPOUCXOAMT 32 CUET M3MEHEHUs BEJIMYMHBI MOIVIONICHUS B KPBUIbSX JUHUN, U B BBIPAXKCHUU

110



(6.2.8) MOXHO TIpeHeOpeub B 3HaMeHaTene BenmuuHoi y”. Torma mms GECKOHEYHOH CyMMBI

BHOBb U3BECTHO aHAIIUTUYECKOE BBIPAXKEHUE, U MIOCIIE Psila MaTeMaTHUYECKHUX MTPeo0pa3oBaHui ¢
UCIOJIb30BaHUEM CIELHUATIbHbIX (QYHKIMHA (yHKIMS Dib3accepa BBIPAXKAeTCs 4epe3 XOpOolLIo
M3BECTHBIN uHTErpai seposTHocTH [10, 19]

E(y,2) = 1—erf (zyy[22),

6.2.10
A4,, = erf (z),/22) ( )

rae
erf (x) = ﬁjexp(—f )dE

[Toacrasmss B (6.2.10) mapamMeTphl y U z , UMEEM

A,, =erf A£JSM0g . (6.2.11)

v

Msbl BUAUM, YTO B NPUONMKEHUH CUIBHOM JUHMM (YHKLHMS TOIJIOLIEHHUS 3aBUCUT OT
npousBeneHuss Suc, . Tak Kak JIOPEHIOBCKas MONYIIMPUHA MPONOPLUUOHAIBHA JaBJICHUIO, U3

cooTtHomeHus (6.2.11) ciemyer, 4To MOTJOLIEHUE 3aBUCUT OT MPOU3BEACHUA Sup. YUUTHIBas,

9yTo B (6.2.11) mpousBeneHne CTOUT IOJ KOPHEM, 3TO 0OCTOSATEILCTBO MO aHAJIOruu C (6.2.6)
TaK)Ke MHOT/Ia Ha3bIBAIOT ""3aKOHOM KBaJPATHOT'O KOpHs'".

HccnenoBanus ciekTpoB moriomeHust psja arMmochepHsix razos (H,O, O; u np.) BeIABIIH
«XaO0THUYECKOE», «CIydailHOe» PACIIONIOKECHHE OTACTbHBIX JIMHUN mornomieHus. [Toatomy Obun
Pa3BUTHI Pa3IMYHbIE MOJIEIH IOJIOC MOTJIOLIEHHS C ONPEAEICHHBIMU CIyYallHBIMH CBOMCTBAMH.
HaubGonee wsBectHa cayuaiinas mooderv [you [10, 19, 43], ans KoTOpod mpeanoiaraercs
HKCIOHEHIIMAIBLHOE BBIPAKEHUE JJISl TNIOTHOCTH BEPOSITHOCTU pacIipe/ie]IeHU HHTEHCUBHOCTEN
nuHUHA. B 5TOM ciyuae nis GyHKIIMH MPOITYCKaHUS MOMy4aeTCsl HTOTOBOE BRIPAKECHUE

-1/2

Sou Sou
P,, =exp| ——|1+—> (6.2.12)
o rTa,
rne So ¥ O — CpeAHss HMHTEHCHBHOCTb JIMHMM M CPEIHEEC PACCTOSHHE MEXIy HUMH

COOTBETCTBEHHO.

[Tommydennas pyHKIMS MPOMYCKAHUS SIBJISICTCS (PYHKIIHEH TOJBKO BYX MapaMeTpoB: Sy / &
U zop/o. Jns 3amaHHON TOJIOCHI TIOTJIONMICHHS WIIM CIIEKTPAJIbHOTO MHTEpBajia dTH JBa
napaMeTrpa MOXKHO MOJIyYHTb, alMpPOKCUMHUPYS NaHHBbIE J1IaOOpaTOPHBIX W3MepeHui (GyHKuun
MIPOITYCKaHUS B 3aBUCUMOCTH OT COJIEp KaHMs MOTJIOMIAIONIETO Ta3a u AaBieHus. Kpome Toro, nx
MOJKHO IIOJIy4UTh M Ha OCHOBE TMapaMeTPOB TOHKON CTPYKTYpbl CIEKTPAIbHBIX JIMHUN
KOHKPETHBIX MOJIOC MOTJIONICHUSI.

B ciyuae cnaboro nornomenus, koraa Spu << 1, u3 (6.2.12) cHoBa umeem

Sou Sou
PAV =1- > AAV = >
o )
T.€. IMHEHHYIO 3aBUCUMOCTb IIOTJIOLICHUS OT COACP KAaHUSA Ia3a u.
Sou

B pexuMe cHIbHOTO TOTJIOMIEHUS << 1 (6.2.12) mepexoaut B

7,
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T Sua
P, = exp _NT2ME |

)

TO €CTh MO-IIPEKHEMY BBINIOJIHAETCS ""3aKOH KBAJpaTHOTO KOpHS".

CpaBHUBasi 5T COOTHOIIEHHUS C MPHUBEACHHBIMH BBIIIE AHAJIOTMYHBIMU TMPEACIbHBIMU
CIlydasiMU JIPYTHX MOJEJIEi, MOJKHO CAEaTh BBIBOJ, YTO 3aKOH JJMHEWHOTO MOTIIOMEHus (cinadoe
MOTJIONICHHE) W 3aKOH KBAJPATHOTO KOPHsS (CHUJIBbHOE MOTJIOLIEHHE) MMEIOT yHHUBEpPCaIbHBIN
XapaxTep.

[Ipsimoii MeTon pacueTa (QYHKIMA MPOMYyCKaHUS B CiIydae CEJIEKTUBHOTO Ta30BOTO
MIOTJIOIIEHHSI, KOTJIa CIIEKTPaJbHbIC JIMHUH TIOTJIOMICHUS, OCOOCHHO TPU MajbIX JABJICHUSX,
OUYEHb y3KHE, a pacyeThl paJHallMOHHBIX XapaKTEPUCTUKU aTMOC(EPbl HEOOXOAUMO MPOBOAUTH
JUTS TIAPOKUX CHEKTPATBHBIX HHTEPBAJIOB, YPE3BBIYAMHO TPYAOEMOK JaXKe MPH UCTIOIb30BAHUH
coBpeMeHHbIX  OBM. WuTterpupoBanue MO 4acToTe  OBICTPO  MEHSIOLIErocs
MOHOXPOMATHYECKOTO MPOIYCKaHUs TPeOyeT MCIIOIb30BaHMsI OUY€Hb MEJIKOTO IIara 1o 4acTtoTe
M, CJENOBaTENbHO, OOJBIIOrO YHCIAa TOYEK BBIYMCICHUH MOABIHTETPATILHOTO BBIPAKEHUSI.
CymiecTByeT NPUHIMIMAIBHO JPYrod TOAXOA K TMOMYYSHHIO (YHKUIUH TMPOITyCKaHHS,
npeioxkeHHbIN emre B 30-X rojgax mpoIuioro croietus B actpopusnueckux padorax. CyTh ero
— B 3aMEHE MHTETPUPOBAHMS 110 YaCTOTE HAa MHTErPUPOBAHHE MO KOA(D(OUIMEHTY MOTIIOUICHUS
(k-memoo). Ilpu WHTErpHUpPOBaHUM TPSIMBIM METOJOM BBIPAXKEHUS I MOHOXPOMATHYECKON
(YHKIMHU TPOITyCKaHUS [0 YacTOTe v

P, (u)= i j exp[—k(u)uldv (6.2.13)

MBI BBIHYK/ICHBI BBIYHCIIATH MOHOXPOMAaTHIECKHE (DYHKIIMH MPOIYCKAHUS Il OOJIBIIOTO YMCIIa
Touek. [Ipy 3TOM BO MHOrMX 3THUX TOYKaX, PACMOJIOKEHHBIX B pa3HbIX MOJUHTEpBaJIAX
CHEKTPAIBHOTO MHTEepBaia Av, HabmomaTCs OMU3KKUE 3HAYeHUsT K0d((UImeHTa noriomeHus.
Paccmotpum muist minmoctparuu k-metona puc. 6.1.

k(v) W3 puc. 6.1. BUIHO, YTO 3HAYCHUS

koa(durmenTa MTOTJIOIICHHMS B

MIPOU3BOIHLHOM Juana3oHe

P [k, ,k,+ Ak] HabmogaroTcst B LIEJIOM
1T

k, Gl psiie CTIeKTpalIbHBIX UHTEPBAIOB — dj1,

dp, di n T. 1. [IpockaHupoBaB BecCh
JUana3oH 3HaueHWd kod(dduimenrta
[OIJIOLIEHUd OT k no k

max min
peanu3yomuiics B paccMaTpuBaeMOM
CHEKTpaJIbHOM HHTepBajie AV (1pu
JAHHBIX [JaBJIIEHUM M TEMIIEparype),
MOXHO TIOCTPOUTH (C  TIOMOIIBIO
IPEJENbHOr0 Iepexoja) IJIOTHOCTh
pacripenienieHust  («IUIOTHOCTh BEPOSITHOCTH») 3HAueHUH Ko3(duuumeHTta morjoueHus B
paccMaTpUBaEMOM CIEKTPaJIbHOM MHTEpBAJIE:

Ay AV vz dvyy - dvisdvi

Puc. 6.1. Meron, ~ uHTerpupoBanust 1o  KoddduimeHty
noroieHust (k-MeTo).

i 1 L Av.
fkydk = lim — > Akj w(k,, k +Ak,), (6.2.14)

Ak, =0 Ay ; .
i

rae gynkuus w(k,,k, +Ak;) paBHa Hymo Be3ae, kpome untepsana (k,,k, +Ak,), rne ona paBHa
enununie. @Daxtudecku (ynkuus f(k)dk Toka3piBaeT, KaKyl) OTHOCHUTEIBHYI YacTh
CIIEKTPAJbHOTO HHTEpBAJa 3aHUMAIOT MOAMHTEpBAIBl Ak, ¢ KO3(hOHUIMEHTOM IMOIJIOLICHHS

112



(k;,k, + Ak;) . Cnenyromuii mar B pacCMaTpuBaeMoM k-MeTOJle — MepeXol OT UHTETPUPOBAHHUS B

(GYHKIIMH TPOITyCKaHUs M0 4acTOTe K MHTETPUPOBAHMIO MO K03 duuueHTty nornouieHus. Eciau
bynkius  f (k) wu3BecTHa, (yHKUMIO TpomyckaHus (6.2.13) MOXHO 3amucaTh CIEAYIOUIUM

obpazom:

By, (u) = Tf (k) exp[—ku]dk (6.2.15)

rae Mbl MCHOJNB30BAIM Ui ymoOcTBa 3ammcu mepexon k.. —0 u £k

max —>©. To ecTb npu
MHTETPUPOBAHUH MBI TENEpPh «cOOMpaeM» MHTEpBaIbl (PYHKIUU HE MO MPHHLIUIY OJM30CTH TIO
OCH 4YacTOT, a MO MPHHLIUIY OJIM30CTH TO 3Ha4YeHWsIM Koddduuumenra normomenus k. U3

MaTeMaTH4ecKoro cmbicna pynkiuu f (k) cnemyer:
[rioyak=1. (6.2.16)
0

Pacnipenenenue BeposTHOCTH KO3 QUIMEHTa TMOMNIOMIEHUS B  PacCMaTpHUBAEMOM
CIIEKTPAJIbHOM MHTEPBAJe MOXKHO OXapaKTEpPH30BaTh TaKKe @yHKyuel pacnpeoenenus (WHOTIA
€€ Ha3bIBAIOT UHMESPAbHOU (hyHKYUel pacnpeoeietsl)

g(k)= [ f(k)dk'. (6.2.17)

[Ipu »tomM cnpaBemmBo: g2(0)=0, g(k—>wo)—>1, dg(k)= f(k)dk. Torma ¢yHKIUIO
MPOITYCKAaHUSI MOYKHO 3aITHCaTh €IIe B OJHOH opme:

1

Py, (u) = [ exp[—k(g)uldg, (6.2.18)

0

[ToguepkHem, uro BbIpaxkeHus (6.2.13), (6.2.15) u (6.2.18) ans QyHKUME NpoIycKaHus
skBUBajeHTHBL. Ho ecnu B BbpakeHnu (6.2.13) HHTErprpOBaHUE OCYIIECTBIISIETCS IO YacTOTE,
TO B BbIpaxkeHHH (6.2.15) — mo ko3¢ uUIMEHTy MOTJoIIeHUs, a B BhIpakeHHH (6.2.18) — 1o
MHTETPaIbHON (PYHKIIMH pacripeiesieHus g.

B ciydae nucnons3oBanus Beipaxernwuid (6.2.15) u (6.2.18), 1.x. dynkuuu f (k) u g(k) —

6onee rnaakue (ocobeHHo g(k)), mpu YMCIEHHOM BBIYUCICHUN (PYHKIMH TPOMYCKaHUs MOKHO

OTPaHUYUTHLCS KBAAPATYPaMHU C HEOOJIBIIUM YUCIIOM y3JI0B (HIIU IMOJAUHTEPBAIOB K03 duimeHTa
MIOTJIONICHHMS ). DTO U JIEJIAeTCsl B pacCMaTPpUBAEMOM k-METO/IE:

L L
P, ()= fk)e™ Ak, = Y e Ag, . (6.2.19)
k=1 k=1

[Ipy »>TOM uwnciaO uneHOB B BblpakeHUu (6.2.19) st TOYHOro BbIYMCICHUS (DyHKUIUN
IPOIYCKaHUsI OKa3bIBA€TCs OTHOCUTENBHO HeOosbmMM (~ 5—10) mo cpaBHEHHMIO ¢ COTHSIMH U
TBICAYAMHM TOYEK IO YaCTOTE MPHU HCIOJB30BAHUM BBIPAKEHUS IS (YHKUUU MPOITYyCKaHHS
(6.2.13).

B nurepartype oTMeuaroTCsi CIEQYIOIIME IPEMMYILIECTBA M HEAOCTaTKU METOoJa
MHTErpUPOBaHUs (YHKUUH NpPONMyCKaHHs MO KO3()(UIMEHTY NOIVIOEHHs, B YaCTHOCTH IIO
CPAaBHEHMIO C UCIIOJIb30BAHUEM MOJIEJIEN MOJIOC TOIJIOIIEHHUS:

1. k-meTon  mO3BOJIAET  OCYLIECTBIATH  CTPOTMH  y4eT  CEIEKTUBHOCTH  W3IIy4YEHHUs
(morylomieHus1) B 3ajadax paccesHus. Mojenu IoJIoC TMOIJIOIIEHUs JOCTaTOYHO CTPOro
YUUTBIBAIOT CEJIEKTUBHOCTh IOIJIOUIEHHS B pacyeTrax TeIJIOBOr0 M3IydeHHs (u3-3a ciaaboil
CHEKTpalbHOM 3aBucUMOCTH (yHKIMM [lnanka) B KOHEUHBIX CHEKTPalbHBIX MHTEpBajaxX. JTa
0COOEHHOCTh k-MeTO/1a U SIBUJIACh OJJHON M3 NPUYMH JOCTAaTOYHO IIMPOKOrO €ro UCIOIb30BAHUS
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B nociennue roapl. (IloguepkHeM, 4YTO MOJENN MOJIOC MOTJIOMIEHUS HEMPUMEHUMBI B 3a/adax
paccesHus, T.K. (YHKUMS HCTOYHMKA B ATHX 3ajadax (CM. paszzien /) HMMeeT CHIIbHYIO
CIEKTPAIbHYIO 3aBUCUMOCTH (B oTimure oT pyHkuu [Tnanka)).

2. k-meron1 a3 deKTHBEH JUIsl 1OCTaTOYHO HMIMPOKUX CIEKTPAIbHBIX MHTEPBAJIOB, B TO BpeMs
KaK MOJIEJIbHBIN MOAXO0/ UMEET B 3TOM CMBICJIE ONpEE/IEHHbIE OIPaHUYEHUS WK TPeOOBaHUS K
OJTHOPOJHOCTH CTATUCTUUECKOTO paclpeieeHus (CTPOSHUs) MOJI0C MOTJIOIECHUS.

3. BaKHBIM IOCTOMHCTBOM k-METOJIa SIBJISIETCS] BHICOKAs TOYHOCTH ANIPOKCUMANUHU ()yHKITHIA
OpOMyCKaHUsI ¢ Tmomombplo pana (6.2.19) ¢ OTHOCUTENbHO HEOOJBIIUM  YHCIOM
AKCIIOHEHIIUAJIbHBIX YJICHOB.

4. K HenocTtaTkaM pacCMOTPEHHOIO MOAXO0Ja MOXKHO OTHECTH OIpEAEJICHHbIE CI0XXHOCTU
(cMm., Hanpumep, [10, 19, 43]) ydera HEOIXHOPOJHOCTH aTMOC(HEpPHI U TEPEKPHIBAHHUS MOJIOC
MIOTJIOILEHUS pa3IMYHbIX I'a30B.

PaccmoTpeHHbIe BBIIIE METOJBI MONyYeHHUS (PYHKIMIA MPOITyCKaHUs CIIEIYeT OTHECTH K
pacuemHuvlm  memooam.  JIpyroi  Kjacc ~ METOJOB ~ OCHOBaH Ha  HCIIOJIb30BaHUU
AKCIIEPUMEHTAIbHBIX JaHHBIX. OJTO, MPEXIE BCEro, .J1ab0opamopHvle Memoovl, B KOTOPBIX
uCclielyeTcs MOIJIOUIeHHE H3JYyYeHHs B CHEHMaJIbHBIX ONTHYECKUX KIOBETaxX IPH CTPOro
KOHTPOJIUPYEMbIX (PU3MUECKHX YCIOBHSX COCTOSHUS Ta30BOM cMecH. 3ajadya IOJHOIO
uccieioBaHus (YHKIMHA TPOMYCKaHWsT HpPU TAaKOM [OAXOJE SBISETCS OYEHb CIIOXKHOM,
Jloporocrosiiel u rpoMo3akoil. JlelcTBUTENbHO, B Ueale HaM HYXKHO M3YyYWUTh 3aBUCUMOCTHU
HOTJIOIEHUS U3ITyYeHHS KaK (PyHKIMH CIIeyIOIUX epEeMEHHBIX:

— KOJIMYECTBA U THUIIA MOIJIOUIAIOIIETO ra3a

— CIIEKTPAJILHOrO MHTEpBasa Ay,

— JIaBJIEHMI MOTJIOLIAIOUIET0 U YIIUPSIOLIETO rasa;
— TEMIIepaTypshl.

HecMmoTpst Ha CIOXKHOCTH 3KCIIEPUMEHTA M TPYJHOCTH IOJHOTO MCCieloBaHUs (PyHKIUit
MPOIyCKaHus, 1a00paTOPHBI METOJ] MHTEHCHBHO HCIIOJIB30BAJICS €I 10 HEAaBHETO BPEMEHH.
B mnacrosiiee BpeMs OH NPUMEHSETCS, B OCHOBHOM, JUIsI HOJYYEHHs MapamMeTpoB TOHKOU
CTPYKTYPbI OTAENbHBIX CHEKTPAIbHBIX JUHUNA — UX IMOJIOKEHUH, HHTEHCUBHOCTEH, MOIYIIUPUH
u  T.0. Pesynprarel a0OpaTOpHBIX  HMCCIENOBaHWM  (DYHKIMH  MPOMYCKAaHUS  YacTo
ANMPOKCUMUPOBAINCH C IMTOMOIIIBIO TEX WJIN WHBIX aHAJTTMTUYECKUX BBIPAKECHUHN KaK (YHKLUHU OT
KOJINYECTBA MOIJIOIIAIOLIET0 ra3a, AaBJIeHHs U TeMieparypsl. IHOrAa 3TH annpoKCUMUpPYIOLIe
BBIPQ)KEHUS BBIOMPAINUCh IO pe3yJbTaTaM HPUMEHEHHsT MOJENBHOro mnojaxona. Hampumep,
JIOCTaTOYHO MOIMYJISIPHBIM SIBJISIOCH IIPECTaBJICHNUE:!

P, =exp(-Bu" p'T"), (6.2.20)

rne S, — 0000meHHbIH K03 (UIIMEHT MOTJIomeHus, m, n U [ — SMIUPUYECKUE MapaMeTpHl,
NpUONIMKEHHO  YYWTBHIBAIONINE 3aBUCHUMOCTh  (DYHKIMHA MPOMYCKAaHUS OT COJCpPKAaHUS
MOTJIOIAIOIIETO I'a3a, AaBJICHHS U TEMIIEPATYPBI.

Heo6xoaumMo mOMHUTE MPU 3TOM, YTO 00JIACTh MPUMEHUMOCTH arrpokcumManuu (6.2.20)
OrpaHMYEHA, KAK MUHUMYM, Uara3oHaMHu U3MepeHuil u, p u T B NIpOBEAECHHBIX Ja00paTOPHBIX
uccnenoBanmsx. [Ipumenenue Boipaxenus (6.2.20) it apyrux (U3MUYECKUX YCIOBUN MOXKET
IPUBOAUTE K OOJIBLIMM IMOTPELIHOCTSM B pacueTax (yHKUMH mnpomyckanus. Kpome Toro, He
HaJ0 3a0bIBaTh, YTO SKCIIEPUMEHTAJIbHbIE (DYHKLIMU HPOIMYCKAHUS MOIYYarOTCsl C MOMOLIbIO
KOHKPETHBIX CIHEKTPAJIbHBIX MPUOOPOB U, CIEAOBATENbHO, 3TH (YHKIMU IPOITyCKaHUS
COOTBETCTBYIOT KOHKPETHBIM aIlllapaTHbIM (YHKIMSIM NpUOOpa.

Hamypnvlie uccnedosanus @ynkyuii nponyckanus OCYIIECTBISAIOTCS B peabHON
atMoc(epe Ha pa3aMyYHBIX Tpaccax (FOPU3OHTAIBHBIX M HAKJIOHHBIX) MPU HCIHOJIb30BAaHUU
HCKYCCTBEHHbIX MCTOYHHMKOB M3IydeHus win usnydeHus CosHua. OCHOBHOE IMPEUMYILECTBO
TAKOTO MOJXOAa COCTOUT B TOM, YTO IEPEHOC M3IYUYCHHS M3ydaeTcs B peanbHOil atMochepe (a
HE B MCKYCCTBEHHBIX CMECSX), B TOM YHCIE, NpU Hcroyb3oBaHMM CONHLA KaK HMCTOYHHKA
U3IY4YeHUs, JUII HEOJHOpOoAHOH atmoctepsl. Hemoctatku 0OycCiOBICHBI TE€M, YTO KOHTPOJIb
COCTOSIHUSL aTMoc(epbl MPEeACTaBiIseT COOOW CIOXKHYIO 3anady MU TpeOyeT 3HAYUTEIbHbBIX
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JIOTIONIHUTENBHBIX 3aTpaT cpeactB. HarypHble wu3MepeHuss QYHKIUI OpOIMyCKaHUS YacTo
UCIIOJIB3YIOTCS JUTS aHajdk3a TOYHOCTH PA3IMYHBIX METOJIOB pacueTa (OYHKUIHI MPOIyCKaHHUS.
Kpome Toro, oHu mosie3Hbl Jisi aHajdW3a BKJIAJAOB B OCIA0JCHUE PA3IMYHBIX MEXaHHU3MOB
ocinabiieHuss B pealbHOH aTMocdepe, HampuMep, KOHTHHYAIbHOTO MOJCKYJISIPHOTO |
a’p030JILHOTO OCTA0JICHHS.

6.3. npU6J1U)KeHHbIe mMemooOsbI meopuu nepeHoca mensioeoco0 Usjiy4yeHusi

BonpmmHCTBO METOMOB mOdMy4YeHHs (QYHKOHMNA TPONMYCKaHWs IalOT HHPOpPMAIHIO O
XapaKTepUCTUKAaX MOTJIOUICHUSI OJHOPOIHBIX Cpel, T.€. CPeA C MOCTOSHHBIMU JaBICHUEM U
TeMrieparypoii. B peanpHON atMocdepe NepeHoc U3TYUYeHHsS] OCYIISCTBIIICTCS B OOJBIIMHCTBE
CJIy4aeB BJOJIb TPacc, Ha KOTOPHIX JIaBlieHUE, TeMIIepaTypa U CoJep KaHKe MOTIIOMIAOIIETo ra3a
HE OCTAlOTCA TIOCTOSHHBIMU. JlaBleHWE © TeMmIeparypa BIUSIOT Ha MONYIIHUPUHBI U
WHTEHCUBHOCTHU CIEKTPAJIbHBIX JIMHUW U, TEM CaMbIM, Ha KO3(PGUIIUEHTHI TOMIOMIeHNUs. Takum
o0pa3oM, TepeHOC W3IIyuYeHHsi B pealbHOW arMocdepe OCyIIeCTBISIETCS B cpene ¢
M3MEHSAIOIIMMUCA KOHTYpaMHU M 3HAYCHUAMU Kod(D(HIIMEHTa MOTJIOMEHUS CHEKTPaTIbHBIX
TUHUK. JTa O0COOCHHOCTH TIepeHoca oTpaxkeHa B (Gopmyne (6.2.1) wuHTErpansoMm 1o
MIPOCTPAHCTBEHHOM MEPEMEHHON B MOKa3aTese 3KCIOHEHTHI. [Ipu 3ToM, Kak MBI yKe€ OTMEYallu,
CIEKTPAIbHOE HWHTCTPUPOBAHUE MOHOXPOMATHYCCKHX (DYHKIMH TMPOMyCKaHHS — ITO
3aBepuIarollas onepamus Mpu NoJyuyeHUU (PyHKUMN MPOMYyCKAaHHS B KOHEYHBIX CHEKTPabHBIX
uHTepBanax Av. CrenoBaTelbHO, 3TO HHTEIPUPOBAHUE, CTPOTO TOBOPS, HEOOXOAMMO
OCYIIECTBIISATH AJIsI K&KIOU HOBOU MOJIETH aTMOCHEPHI, IS KAXKIOTO €€ COCTOSHUSI.

EctectBenHoe kenaHue, ¢ OJHOW CTOPOHBI, MOBBICUTH 3(P(GEKTUBHOCTH PacueTOB
pa3MYHBIX pATUAIlMOHHBIX XapaKTEpPUCTUK, a C JAPYyrod, — WCHOIb30BaTh (PYHKIHMH
MPOITYCKAHUS OJHOPOJHBIX CpPEJl, KOTOPhIE HaM JAIOT JIA0OpaTOPHBIC M3MEPEHUS M MOICIN
MOJIOC TOTJIOUICHHSI, CTUMYJIUPOBAIO pa3pabOTKy CIEUUATbHBIX HPUOIUINCEHHBIX MemOOUK
yuema HeoOHopooHocmu ammocgepvi. CyTh BCEX ITUX METOAMK COCTOUT B TOM, YTOOBI yKa3aTh
MPaBUIIO, 1O KOTOPOMY MOKHO 3aMEHHTh HEOJAHOPOIHBIA aTMOC(EpHBI CIOW, T.e. CIOU C
MEPEeMEHHBIMH p W 7, Ha OXHOPOIHBIA CIIOW TPU IOCTOSHHBIX JIABJICHUH W TEMIIEparype.
DOpMaTBHO 9TO 03HAYACT, YTO TH IIOCTOSHHBIC JABICHHE P, TEMIeparypa I W COIep)KaHHe

rasa u# MOryT OBITh HAaWJEHBI M3 OYEBHUIHOTO YCJIOBUS paBEHCTBA (YHKIUH TMPOITYCKAHHS,
KOTOpOE UIsl OJHOTO Ta3a MOKHO 3alKcaTh B BUJE:

3
imexp —;[K(v,p(l),T(l))p(l)dl dv :ﬁ Ajvexp(—x(v,ﬁ,f)a)dv, (6.3.1)

rae x (v, p(1),T(l)) — MaccoBbii KO3 BHIMEHT MOTTOMEHHSL.
OnuiieM JBa MPOCTHIX METO/1a MPUOIMKEHHOT0 Y4eTa HEOJHOPOAHOCTH.
1. Memoo s¢hghexmusnoii maccol nocnowarowezo seujecmsa. Jleras dactb paBenctna (6.3.1)

JUIS1 JIOPEHITOBCKOT'O KOHTYpa JIMHUM TTOTJIOMICHUS paBHA

)

(L) = ALV fexp _IS(T(I)) a (pO).TO)p(D) ] 632)

r (v-v)+a; (p(),T0)

B ciyuae CWJIBHOTO TOTJIONICHHS, KOT/Ia TIEPEHOC H3IYYCHHS MPOHUCXOIHWT TOJBKO B
KPBUIbSIX JIMHUHM, MOHO TMOJIOKUTb |v—v0| >> a, (p ), T (l)) W NpeHeOpeub 4ICHOM «; B

3HaMeHarene. Mcnonb3yeMm nanee 3aBHCHUMOCTB JIOPEHIIOBCKOW TMOIYIIMPHUHBI OT JABIEHUS U
TEMIIEpaTypbl

o, (p.T) = a, (p.Ty)| 2 (ﬂj , 633)
Po T
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C yuetom (6.3.3) pyHKIHS IPOITYCKaHHS HEOTHOPOIHOM cpefibl (6.3.2) 3anmuIeTcst Kak

_ o, (py, Th) 7 Lm pr)
P (1,1, = AVAjvexp o r) !S(T(Z)) 7o) p(dl |dv.  (63.4)

Bripaxxenue (6.3.4) MOXXHO paccMaTpuBaTh KakK (YHKIHIO MPOIMYCKAHUS OJHOPOJHOW Cpebl
pu  JaBJICHUU po U Temmeparype 1o C aggekmusnviv (npueeoenHvim) KOIUUECTBOM
MOTJIOIIAIOIIETO Ta3a U :

2D ayar. (6.3.5)

s =[srm) > .

OTO CTAaHOBUTCS OYEBUJIHBIM, €CIM aHAIOTW4HO (6.3.4) pacmucarh NpaByl0 4acTh paBEHCTBA
(6.3.1).
dopmyna (6.3.5), a, TouHee, ee 0000IIEHHBII BH/T

m,

I, n
7= L ) [ 2D S oya (6.3.6)
o) Up,
COOTBETCTBYET MNPHUOIMKCHHOMY METOJy ydYeTa HEOAHOPOJHOCTH aTMoc(hepbl, KOTOPbIH B
JTUTEepaType Ha3bIBAIOT Memodom d¢hghekmusnoll (npusedenrotr) noenowjaroweri maccol [10, 19,
34]. Ilepexox oT moJly4eHHOTO HaMH BbIpakeHHs (6.3.5) Kk BoipakeHuto (6.3.6) 000CHOBaH TeM,
YTO yJAO0OHO aNMpPOKCUMHPOBATH TEMIIEPATypHBIC 3aBUCMMOCTH WHTCHCHUBHOCTH JIMHHHM U €€
HOJIYIIMPHHBI eJUHBIM 00pa3oM B BuAe BecoBoro Muoxutens (7,/7)™ . Ilpu 3ToM oTMETHM,

YTO TMOKa3aTeNb /1) HE PaBeH IMOKAa3aTeNio 71, BBEJCHHOMY HaMH paHee AJis anmpoKCUMalluu
3aBucumoct o, (T') (dhopmymna (6.3.3)). Hakonen, nosiBnenue nokasarens n B popmyie (6.3.6)
JUISl OTIMCAHUSI 3aBUCUMOCTH TOTJIOLIEHUS OT JAaBJICHUS CBA3aHO C TEM, UTO BhIpaxkeHue (6.3.4)
MOJTy4E€HO HaMH IS cliydyasi CUJIbHOTO MOIJIOIIeHUss. BcmnoMHuM, 4TO JUIsl APYroro npeaeibHOro
ciydasi — cnaboro MOroMEeHUs — 3aBUCMMOCTH OT AaBJICHHS HET (CM. Mpeablnyuii naparpad),
cienoBaTenbHo, n = 0. JlJi1 HEKOTOPOW «KOMIIEHCAIIMM» 3TOr0 MPOTUBOPEUUS U Ipeaaraercs
UCIIONIb30BaTh BBIpAXKEHUE sl HaXOoxAeHUs S()(PEeKTHUBHON MOTNOMIAONIE Macchl B BHIE
(6.3.6). ITapameTpbl m; U n 9YacTO HAXOAAT JJI1 KOHKPETHBIX CIIEKTPAJIbHBIX MHTEPBAIOB AV U3
aHanu3a J1aboOpaTOpHBIX H3MepeHui 3aBucumocred P, (u,p,T) WIM HOpSAMBIX pacyeToB
byHkuil nponyckanus. B psae mpunokeHui, rae He TpeOyeTcsl BbICOKass TOYHOCTh PacueToB
palMalMOHHBIX  XapaKTEPUCTHUK  aTMochepbl, MOXHO  HpeHeOpeub  TeMIepaTypHOM
3aBUCUMOCTBIO QYHKLUH NpoItycKaHus, T.e. B popmyiie (6.3.6) monoxuts m, = 0.

B cuny cBoeli mpocToThl MeToa 3P GEKTHBHON MacChl HAIENl MAPOKOE MPUMEHEHHUE TTPHU
peLICHNH Pa3IMyYHBIX 3a7au atMochepHoil ontuku. OAHAKO, TOYHOCTH ATOTO MPUOIHMKEHHOTO
METOJla B psijie CIlydaeB HEBBICOKA, IOIPEIIHOCTH BbIYMCICHUN (YHKUMN MNpOMyCKaHUs
HEOJHOPOAHOM atMocheps! MoryT nocturath 10-20 %.

2. Memoo Kypmuca—Ioocona. B merone Kypruca—I'oncona HEOTHOPOIHBIH aTMOCHEPHBII
CJIOI 3aMEHSeTCS OJHOPOJHBIM CIIOEM C TPHUBEACHHBIMH JaBICHHEM p W COJEpKaHHEM

[OTJIOLIAOLIETO BELIECTBA U

[pwpmso)a
p=" = [y (TO)pWyd.
[p) (T )l '

BbuTH TIpeITI0KEHBI CIICTYIOIINE BRIPAKEHUS I QYHKIIUN TeMITepaTypHOH 3aBUCUMOCTH
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>S,(7) INAGEHGAL

T)=<Ltt——; T) = l
AR YN b WA

r7le CyMMHPOBAaHHUE MTPOBOIUTCS MO CHEKTPAIbHBIM JIMHUAM PacCMaTPUBAEMOI0 CIIEKTPAIHLHOTO
MHTEpBaJIa.

Meron Kyprtuca—I'oacoHa 3HaYMTENbHO TOYHEE METOAA MHPUBEACHHOW MAcChl, XOTS U
TpeOyeT BBIUYUCIICHHS IBYX NMapaMeTpoOB ¥ W p W 3HAHUS (YHKLUUHU NPOMYyCKaHUs KaK (QyHKIIUH

IBYX nepeMeHHbIX P, (4, p).

[lepexpbiBaHuE MOJOC MOIJIOMIEHUS PA3IUYHBIX aTMOC(HEPHBIX ra3oB CO3AAET MpodiieMy
pacueToB @yHKyuil NponycKaumus cmecu 2a306. YUET TIEpeKpbIBaHUS HE NPEICTaBIISIET
OPUHIUNHMAIBHBIX TPYJHOCTEH B HpAMbIX pacueTax (yHKuuid mnpomyckanus. OJHaKo
nabopaTOpHbIE U3MEPEHUSI U METOJI MOJETIeH MOJIOC MOTIOMICHHUS AT (QYHKIIMH TPOITY CKAHHS
TOJIbKO OTAEJbHBIX aTMOC(EpHBIX ra3oB. B cBs3M ¢ 3TUM BcTaeT npobiema: Kak, uMes (QpyHKIUHN
IIpOIyCKaHus, HanpuMmep, AByx razos CO; u H,O, nonyunTs QyHKIHIO OPOMYCKaHHUS UX CMECH.
OKCIIEpUMEHTAIIBHBIE HCCIIEOBaHUsI M YHCICHHBIE pacyeTbl II0Ka3ajld, 4YTO C XOpoILIeH
TOYHOCTBIO BBITIOJIHSETCSI TIPOCTOE «IpaBmiio nepeMuoxenus» [10, 19, 44]. B coorBeTcTBUU C
TUM HOpPaBWIOM (YHKLUS HPOIYCKaHHs CMECH ra3oB F,, paBHa NPOU3BEACHUIO (YHKIMN

MMpOIyCKaHud OTACIIbHBIX I'a30B

B,,=PRB,. (6.3.7)

Jl7is MOHOXpOMATHUECKOTO H3Iy4deHHsI cooTHoIeHue (6.3.7) sBnseTcss TOYHbBIM. MOXXHO
IIPUBECTU OJMH TPHUBHAJIBHBIM CIy4yall BBINOJIHUMOCTH COOTHOIIEHHUS (6.3.7) nisi KOHEUHBIX
CHEKTPaJIbHBIX MHTEpBaJOB. [IpaBUiIO MepeMHOXKEHHs CIpPaBEUIUBO, €CIIM XOTSA Obl y OIHOIO
ra3a Ko3(QQUIMUEHT MOTJIOMICHUS! B PACCMAaTPUBAEMOM CIEKTPAIIbHOM MHTEpBaJIe HE 3aBUCHUT OT
4acTOThl. bim3kas K yka3aHHOMY Ciy4al0 CHUTyalusi HaOiojaercss Uil JOCTaTOYHO Y3KHX
CHEKTPAIbHBIX HMHTEPBAJOB, I/I€ TMOIJIOUICHHE OJHOTO W3 Ta30B OOYCIIOBIEHO B OCHOBHOM
KPBUIBSIMU JAJIEKUX CIEKTPAIbHBIX JIMHUN WIM JIPYTUM BUJOM KOHTHHYYMa, CIEKTpaJibHas
3aBUCUMOCTH KO3((UIMEHTA MOTJIOUICHNsI KOTOPOTo ciada.

Beipaxxenuss anms wHTeHcMBHOcTer (6.1.1), (6.1.2) MOXHO yIPOCTUTh, €CIH
BOCTIOJIb30BaThHCS BBEJICHHBIM B pa3jielie 2 MOHIATUEM ONTUYECKOM TonuHsbl 7 (z) [19]:

7(2) = [a(z)d, (6.3.8)

rne o — oobeMHbIN K03 uumeHT ocnabneHus, COBNaJaOMMN Uil pacCMaTPUBAEMOr0 CIIydas ¢
00BEMHBIM ~ KOX(PUIIMEHTOM MOJEKyJsipHOro morjomenus k. Juddepenumpys (6.3.8),

dr(z)
dz

MoJIy4aem =—a(z) wim —-a(z)dz=dr(z). 3HaK «MHHYC» TOBOPUT O Pa3HBIX

HampaBieHusix oceil z u 7. Ilockonmbky oObeMHBIH KOd(pUIMEHT ocnabieHus o (z)
HeoTpulareneH, u3z (6.3.8) cinegyer, yTo r(z) MOHOTOHHO YOBIBA€T C BBICOTOM OT 3HAYCHUS

00
T, = I a(z)dz Ha HWXKHEH rpanune atMocdepsl (MOACTUIANMIEH MmoBepXxHOCTH TpH z = 0) 10
0
3HaueHus 0 Ha BepxHei rpanuue atmocepsl. Ho, cremoBaTenbHO, CyIIECTBYET M OOpaTHas
¢ynakuus z (7). [oncraBum, dopmanbHO, GyHKIHIO z(7) BCIOAY BMECTO 3aBHCHMOCTH OT Z.

Hanee, BBoas 0003HaueHune cosd = =7 uyuuthiBas sin@df = —d (cosf), nonygaem

secd
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I (e) = L @)exp(=/m) + [ B [T (@)expl—(r =) 11 (e =),
‘ . 7 ' (6.3.9)
1] (e=m) = 1] (5 - myexpl-(z,~ )/ + jBﬂ[T(r')]exp[—(r'—r)/n]df

OtmeruM, 4TO BO BTOpOW (popMylsie MBI BHECIM 3HAK «MUHYC» Y 77 B CHHCOK INEPEMEHHBIX,
IMO3TOMY B npaBoﬁ JaCTH 3HAYCHUC 7] TTOJIOKHUTCIBHO, YTO IMO3BOJIMIIO 3alMUCATh MPAaBbIC YaCTHU
dbopmyi (6.3.9) enrHOOOpA3HO.

I[J'DI NOJIYUCHHUSI HHUCXOAALICTO W BOCXOIAUICTO ITOTOKOB CJICAYCT HNPOUHTCIPHUPOBATH
(6.3.9) mo monycdepam (BepxHel U HUKHEN), UTO 1aeT

I (r,—n)cos@sinddo .

[=) '—.N‘N
(SN

2r 2z
Fj(r): .[ I¢(r,77)cosﬁsin9d9; Ff(r): .[
0 0
VYuureiBag, uto sindd6@ = dn u npenedperas, Kak Mbl OTMEUYAJIH BBIIIE, YWICHOM ¢ [ i (o) mmst

WK o6nacTu criekTpa, a TakKe OTpaKEHUEM MaJAI0NIEr0 U3TyUeHHsI OT MOBEPXHOCTHU MOTYYUM

F} (7) = 2;;]}31 (T (")) exp (= (z—7")p)dndz"
00 (6.3.10)

1 17

F} (v) =27, B,(T,)[exp(~(z,~)n)ndn+27 [ | B,(T ())exp (- (z'~)y)dn d7’

0 0r

WuterpupoBanue no 7 B (6.3.10) MoxeT ObITh BBINOJIHEHO aHAJIUTH4ECKH. Bocmonb3yemcs
OJIHOW M3 CHEIUaTbHBIX (YHKIHUA — WHTErPalIbHOM IMOKa3aTeabHON (yHKIMEH mopsaka n,
KOTOpasi ONpEAEIsAeTCs KakK

[ exp(=xy) rexp(=x/y)
E (x) =dey = [y
1 0

3aMeTI/IM, qTo, HpI/IMeHSI}I K En(X) q)OpMyJIy I/IHTerI/IpOBaHI/ISI 10 4acCTAM, MOXXHO HOJ'IyLH/ITB
peKyppeHTHyIO q)OpMyHy
nEnH (x) = e_x _En (x) .

Takum oOpa3oMm, Bce HHTErpajbHbIE MOKa3aTelabHbE (DYHKIMM BbIpakaroTcs depe3 FE,(x),

AJITOPUTMBI BEIYHUCIICHUA KOTOpOﬁ XO0pomo U3BCCTHHI.
C wucnonn30BaHHEM HHTCIPAJIbHBIX IMOKA3aTCIIBHBIX (I)YHKI_II/II‘/JI BBIPpAXKXCHUA JIS1 ITOTOKOB
TCIIJIOBOI'0 U3JTYYCHHA OKOHYATCIIbHO 3alIMINYTCA B BUJC

Ff () = 27 [ B, (T () Ey (s~ 7) 7
’ . (6.3.11)
FﬂT (r)=27¢, B, (TO)E3 (7,—7) + 27[_[ B, (T (T’))Ez (r'=7)dr’

CpaBamBas (6.3.11) ¢ (6.1.1) u (6.1.2), MOXHO 3aMETUTh TOJOOWE BBIPAKCHUN IS
MIOTOKOB U MHTEHCHUBHOCTEW, TOJBKO JJISi TIOTOKOB POJIb AKCHOHEHT ((YHKUMN MPOITYyCKaHHS)
UTPAlOT MHTErpalbHble AKCHOHEHThl £, (x) U E;(x), KOTOpble MOXHO Ha3BaTb (QYHKYUAMU
NPONYCKAHUSA (U UX NPOU3BOOHBIMU) OJisL NOMOKO8 U3Nyuenus (Oughgysnas gyukyus nponyckanus
u ee nNPoOU3800HAs).
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[Ipu cTtporom moaxone K pacuery MOTOKOB M3JIyYEHHS JUIsl KOHEUHBIX CIEKTPajIbHBIX
WHTEPBAJIOB AV  MOXHO  BOCHOJB30BaThCS  BBIPAKECHUSIMH  aHaIOTH4YHbBIMH  (6.1.7),
IIPOMHTETPUPOBAB MOHOXPOMATHYECKHE IOTOKHM II0 YacTOTE B MpPEZAENiax paccMaTpHUBAEMOIO
nHTepBaiga. (OJOHAKO MOXHO CHOBA BOCIOJIB30BaThCA CYIIECTBEHHBIM pa3IMuMEM B
CHEKTPAIbHOM 3aBUCUMOCTH (yHKIMHU [ImaHKa 1 MOHOXPOMAaTHYECKUX (DYHKIMH MPOITYCKaHUS.
B 3TOM ciydae BbIpakeHUs JUIsl HOTOKOB TEIUIOBOTO M3JIyYEHUS JUIsl KOHEYHBIX CIEKTPAaJIbHBIX
WHTEPBAJIOB OyIyT aHAJIOTHYHBI BBIPAKEHUSAM [JI1 MHTEHCUBHOCTU W3IY4YCHHS, HO B ITHX
BBIpOKEHHSIX OyayT purypupoBath quddy3Hsie GyHKITUN TPOITyCKaHHMS.

B o0miem citydae npu pacdere MOTOKOB TEIJIOBOTO M3ITy4eHHsI HEOOXOIMMO OCYIIECTBISATh
MHOT'OYUCJIEHHbIE UHTEIPUPOBAHUS — M0 YACTOTE, MO TEJIECHOMY YTy, IO IPOCTPAHCTBEHHON
MEPEeMEHHON B (PYHKIIMU MPOITYCKAHUS U MPU CYMMHUPOBAHUSIX BKJIQI0OB B U3ITYYCHHE OT Pa3HBIX
cioeB. [Ipu sToM a1 Kak10i HOBOM Moien aTMOC(hephl BCE 3TH MHTETPUPOBAHKS HEOOXO0IUMO
OCYILECTBIIATh 3aHOBO. J[JI1 yHpoOILEHHsI pacyeToB MOTOKOB M3IyudeHHs TuQQy3Hble (QyHKIHUA
MIPOIMYCKAaHUSI 3aMEHAIOTCS Ha (YHKIUM TPOMYCKaHWs Jii MHTEHCUBHOCTH M3IIy4YEHHS MpU
HEKOTOPOM 3()(PEeKTHBHOM 3€HUTHOM YTJIE pacCIpOCTPaHEHUS U3ITyUYeHUs. B 3TOM ciydae MOKHO
3amucaTh TMPOCTYIO CBsi3b Mexay auddy3Hoi QyHKIMeH mnponmyckaHus W (QyHKIUEH
MPOITYCKAHUS JIJIsi ”THTEHCUBHOCTH (HaINpuMep, Kak (QyHKIUN MOTJIONIAOIIETO BEIIECTRA U.)

P, (u) = B, (Bu), (6.3.12)

rae [ HaspIBaeTcs pakmopom oug@yznocmu. MHOTOUUCICHHBIE pacueThl U aHAJIU3 TTOBEICHUS
mubdy3HON (YHKIMU TMPOIMyCKaHUs IMOKa3al, 4To XOTs (aktop AuQQY3HOCTH 3aBUCHUT OT
COCTOSIHUSI aTMOC(EPHI  PACCMaTPUBAEMOT0 CIIEKTPAIILHOTO WHTEPBANIA, C XOPOILIEH TOYHOCTHIO
(1-3 %) moxHO monoxuts f= 1.66.

6.4. HepasHoeecHoe UK usnyyeHue

JlokansHoe TepMomuHamMuueckoe paBHoBecue (JITP) BemomHseTcs, Kak MpaBWio, B
HIDKHUX cJ0sAX arMocdep tuiaHeT. ([is BBICOKOBO3OYXKIEHHBIX COCTOSHHM, €CIIM OHHU
MPOSIBISIIOTCS B TOTJIOIIEHUH W M3JIy4eHUH B aTMocdepax ruiaHer, Hapyumenue JITP moxer
Ha6JHOI[aTI:C$I U B OTHOCHUTCIIBHO HHU3KUX C.IIOSIX.) B »Tom cjIydac GOHLIJ_IaSI qacToTra
MOJIEKYJISIPHBIX CTOJIKHOBEHHMM IMPUBOJIUT K TOMY, YTO pacHpe/esieHne Bo30yKISHHBIX MOJIEKYJI
MIOAUYMHAETCS 3aKOHY boJbLIMaHa MpU KUHETUYECKON TEMIIEpaType Cpebl U BBIOIHACTCS 3aKOH
Kupxroda (2.5.8), 4To MBI W HCHOIB30BAIM TPH PACCMOTPEHUU IEPEHOCA TETUIOBOTO
H3JIYyYCHUA. B cBa3u c TEM, 4YTO KOJIHMYECTBO CTOJIKHOBEHUU MOJICKYJI TIPONMOPHUOHATIBHO
KOHIIEHTPAllUU MOJIEKYJl BO3/AyXa, B BEPXHUX CIOSX aTMoc(epbl, Ille 3TUX CTOJKHOBEHUM
CTaHOBHUTCA MCHBIIIC, HACCICHHOCTHU BO36y)KI[CHHI:IX COCTOSIHUU YKC MOI'YT HC HNOAYUHATHCA
3akoHy bosbiimMaHa, 4yTo o3Havyaet Hapyuienue JITP.

BBenem nousitue cmoaknogumensroe pems HCusHu 7. BO30yKICHHON MOJIEKYJIbI, KaK

r =, (6.4.1)

IJle V— 4acToTa CTOJIKHOBEHUH, IPUBOAAIINX K A€BO30YHKIECHUIO MOJIEKYI.
Paouamuenoe epems scuznu 7. BO30YKISHHBIX MOJIEKYJI ONpPEAEsAeTCs Kak

T =—, (6.4.2)

rne A — kodddunueHT DWHINTEHHA I CIIOHTAHHOTO W3ITyYeHHUs. JTO BpeMs eCTh CpelHee
BpeMs IIepexo/ia MOJIEKYJIbI U3 BO30YKIEHHOTO COCTOSIHUS B OCHOBHOE 32 CUET U3TyUYCHHS.

Ecnu CcTONKHOBUTENBHOE BpEeMsl KH3HU COM3MEPHMO WU OOJBINE, YeM pagHaTUBHOE
BpEeMSl JKU3HU BO30YXKACHHBIX COCTOSIHHM, TO B aTMOcdepe MOTyT HaOII0aThCsl OTKIOHEHUS OT
JITP. PaguatuBHOE BpeMsl U3HU KOJIECOATENBHBIX COCTOSIHUN, NMEIOIIUX OCHOBHOE 3HAYCHHE
npu neperoce MK u3nydeHusi, uMeeT MOpsaoK 1-10"" cex. CronkHOBHTENBHOE BpEMS KU3HU
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MOJIEKYJI Ha YPOBHE 3€MJIM 3HAYUTEIbHO MEHBIIE U, HApUMED, AJIS MOJOCHI YIJIEKUCIOro ra3a
npu 15 MKM cocTaBisier mpumepro 2.5-10° ¢ B guanasone Temnepatyp 250-300 K. ITockombky
3TO BpeMsl JKU3HM M3MEHSETCS OOpaTHO MPOMOPIHOHAIBHO AaTMOCc(epHOMY JaBJICHHUIO,
paZaTUBHOE U CTOJKHOBUTEJIBHOE BPEMEHA KU3HU CTAHOBSATCS IPUMEPHO PaBHBIMHU Ha BBICOTE
70 kM. DTa BBICOTa U SBJISIETCS TpyOOH OIEHKOH BBICOTHOTO ypoBHA HapymeHus JITP mns
KOJIeO0aTeIIbHBIX COCTOSTHUMN, y9acTBYIOMHKX B (popmupoBanuu 15 mxm nosocsr CO; [51].

AHaJOTMYHBI aHaIU3 CTOJKHOBUTEJIBHOTO M pPAJAMAaTUBHOTO BPEMEH HKU3HU A
BpaIllaTeIbHbIX YPOBHEH JHEPrHil MOJIEKYJ IOKa3bIBAC€T, YTO BBICOTHBIC YPOBHM HapyIlICHHN
BpamtatenbHoro JITP (t.e. Hapymienue 3akoHa bonbliMana a1 HaCEJIEHHOCTEN BpalllaTeIbHbIX
YpOBHEH) HaOMIOAIOTCA 3HAYMUTEIHLHO BhIIE B 3eMHOM armocdepe (Beime 100 km). Kak
MOKa3aJld PacyeThl M SKCIIEPUMEHTHI 10 M3MEPEHUSM COOCTBEHHOTO HM3IIy4eHHUs] aTMOC(epsl, B
3eMHOM atmocdepe HabOmomaroTcss oTtkiaoHeHuss ot JITP s BpamaTenbHBIX M CHUHOBBIX
COCTOSIHUI HEKOTOPbIX MoJieKy (Hanpumep, CO, OH, NO).

Pemenne 3amau mepenoca HepaBHoBecHoro WK wsmydenwmst st kosneOaTenbHBIX
COCTOSIHUI MPOBOJMUTCS B JIBA dTarna:

a) CHayasla pacCUUTHIBAIOTCS HACEJIEHHOCTHU KOJICOATEIbHBIX COCTOSHUI MOJIEKYJIbl HA OCHOBE
pElIEHNsT CHCTEMbl KHHETUYECKMX YPAaBHEHUH, BKIIOYAIOIIUMX pPa3jM4YHbIE IPOLECCHI
BO30YXKJI€HHsI U A€BO30YXKIEHUS KOJIeOaTeIbHbIX COCTOSIHUN paccMaTpUBaeMON MOJIEKYJIbI;

0) 3aTeM NpPOBOIUTCA pacyeT KO3(PPUIMEHTOB MOTJOUICHUS M W3My4YeHHs (Hampumep, IO
dbopmynam (3.4.11) u (3.4.12)), ”HTEHCUBHOCTH ¥ TTOTOKOB HepaBHOBecHOr0 MK m3mydenust.
[ToguepkHeM, YTO BBICOTHBIE YPOBHH HapyiieHus konebdarensHoro JITP cymecTBeHHO 3aBUCST
OT M30TONHUYECKOM Pa3HOBUJHOCTH MOJIEKYJIbl, SHEPrMM KOJEOATeIbHOTO COCTOSHUS, Ui
HEKOTOPBIX KOJIEOATENBHBIX COCTOSHUM — Takke OT 3eHUTHOro yriia ConHIla B THEBHOE BpeMs
(KaK Ba)XKHOTO (hakTOpa, BIMSIOIIEIO Ha HACEIEHHOCTH DPA3JIMYHBIX COCTOSHUN BHYTpPEHHEH
sHeprum Mosekyn). Hampumep, mis konebaTenbHBIX COCTOSHUN MoseKynbl O3 OHU CHIIBHO
OTJIMYAIOTCS Ui JTHEBHBIX M HOYHBIX ycioBHH. [l oOwmiell XapakTepUCTUKH IpUBEAEM
Tabm. 6.1, rae npuBeeHbI OLIEHKH BBHICOTHBIX ypoBHel Hapymenuit JITP mis psana atmocdepHbix
ra3oB H ux mnoiuoc [47].

Tabnuya 6.1. BeicoTHBIE YPOBHH HapyleHHs konedarensHoro JITP.

Tas Tonoca, MM HpI/I6JII/I3I/ITZJ';I£)I-;I;IHI7Ie EI;;f)Eﬁblﬁ YPOBEHb

CO, 15 MM 70
4.3 MKM 60 (Houb); 50 (meHn)
2.0 MKkM 10 (nenn)

H,O 6.3 MKM 65 (Houn); 40 (neHb)
2.7 MKM 25 (neHn)

0O; 9.6 MKM 70 (aoup); 30—40 (neHb)

25 (neHn)

CH4 7.6 MKM 60
6.5 MKM 60

N,O 17 MM 70 (HOYD)

CO 4.7 MKM 40 (HOuYB)

NO 5.3 MKM 55 (Houb); 15 (neHn)
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Pa3pen 7. OCHOBHbIe MOHATUA Teopun nepeHoca CofTHe4YHoro
nany4vyeHwus

7.1. MHo20KpamHoe paccesiHue usJsly4eHusi

B pasmene 2 wmbl mpuBenu HUHTErpo-audQepeHnraibHoe ypaBHEHHE IepeHoca Uis
PacCessHHOTO COJTHEUHOTO M3nydeHus (2.6.3):

dI 1 B
—cos0= —a(z)]+Ea(z)ix(z,r)1(r)dg. (7.1.1)

rae / — MHTEHCUBHOCTh U3TY4YEeHHUS, MAJAr0IIero Mo YIJIoM &, Ha BBICOTE z, ¢ (z) — 0OBEMHBIN
ko3 uimenT ocnabneHus, o (z) — oOveMHBIH Kod(hdummeHT paccesHus, x(z,7) -

HHIWKATpucCa pacCesaHuA; BCC BCIMYMUHBI CUUTAIOTCSA MOHOXPOMATHUYCCKUMHU Ha OHpCI[GJ'IGHHOfI
JUTMHE BOJTHBI.
Paccmotpum Mozens mimocko—TapasuienbHol atMmocdepsl — puc. 7.1.

Ocb Z — oCbhb BBICOTBI — HANpaBUM CTaHAAPTHO BBEPX s
MIEPIICHIUKYJISIPHO MTOBEPXHOCTU. YTIBI & MEXIy JTydaMu
CBETa U OCBIO Z, KaK MBI JJOTOBOPHJINCH B pazjaene 2, Oyaem
OTCUMUTHIBATh KaK 3CHHUTHBIE YTJbl, TO €CTh ISl CBETAa,
UAYIIET0 BHU3 OHU MeHbIe 77 /2. Bropoil onpexnenstomnieit y
HampaBlieHWE KOOpPAMHATON OyAer a3uMyT ¢, OH 0
OTCYUTBIBAETCS B INIOCKOCTH, NEPIIEHANUKYJISIPHON OCH Z OT @
HEKOTOPOr'0  BBIJCJICHHOTO HAMNpAaBIICHUS; CTAHAAPTHO
MPUHSATO BBIOUPATH €r0 TaK, YTOOBI a3UMYT MAJArOIIUX Ha
BEPXHIOID TpaHUILy aTMoc(epbl COJHEYHBIX Jyded ObLI
HYJIEBBIM, TO €CTb OTCUMTHIBATh a3UMYT «OT CoJaHIa».
Tenepp 11 MHTEHCUBHOCTH PACCESIHHOTO W3JIy4YEHMS,
NPUXOSIIET0 HAa YpPOBEHb z U3 HampasieHus (6, ¢)
MOJlyYHM YpaBHEHHUE IIEpeHOca C YXKE OIpeleIeHHON

M z
reoMeTpHUcH Puc. 7.1. TlnockonapanienbHas
aTtMmocdepa.

dl(z,0,9) cos

dz

0=—a(z)I(z,0,p)+
(7.1.2)

v

27

+4ia(z) [do' [x(2.(0,0),(0,0))1 (2,0, ¢)sin0' do’
4 0 0

(B aroii popmyiie mosiBieHue sin@’ 000CHOBAHO COOTHOILICHUEM 2= sinfdOdp.)

IIpeobOpasyem ypaBHenue (7.1.2) cnemyrommm obpazoMm. O603HauuM cosé dyepe3 77 (u

ananornduo cos®@’ dyepe3z n'). Ilockonbky yron € mensiercs ot 0 10 7, To cosé, TO ecThb 7,

MOHOTOHHO MeHsieTcsi oT — | 1o 1. brnarogaps 3Toif HEPEPHIBHOCTH MBI MOJKEM B BBIPAKEHHSIX
JUIS. MHTEHCUBHOCTU M MHIUKATPUCHI BMECTO 3aBUCHUMOCTH OT € MepeTH K 3aBUCUMOCTH OT 77
(popmanbHOIt moacTaHOBKOK & = arccos7y ), TO €CTh paccCMaTpUBaTh WX HE KaK (pyHKIUH yria, a

Kak (YHKUUU niepeMeHHOH 7. Pa3nennm obe vactu Ha «(z). B 3Hamenarene neBod yactu
nosiButcs nauddepenmman «(z)dz. Kak mokazano B pasnene 2 OH CBS3aH C ONMUHECKOU

monwunoti B arMmocdepe 7(z) = Ia(z’) dz', otrkyma wumeeM «a(z)dz =dr(z). BHOBB

paccMoTpuM oOpaTHYr0 GYHKIHUH z(7) U UCIONB3yeM €€ BCIOJy BMECTO BBICOTHI z. Torma Bce
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¢yHkuuu B ypaBHeHHMH (7.1.2) craHyT (QYHKIMSMH ONTHYECKOH TOJNIIMHBL, a camMa 7 —
BEpPTUKAIbHON KoopauHaTtoi 3amauu. [locne nenenus Ha «(z) mepea MHTETPajIoOM MOSBUTCS

OTHOULICHHUC
Ap=2®B__ @ (7.1.3)
a(t) o(r)+k(r)
rne k(r) — oObeMmHBIH KOIPGUIMEHT morionieHus. BemnmunHa A Ha3bIBaeTcs aib0Oe0o

O0OHOKPAMHO20 paccesiHus WIH, UHAYE, 8epOAmMHOCIb Gulcusanus omona. CMBICT TEPBOTO
Ha3BaHus ciaenyet u3 (7.1.3): ecnu nmorsiomenus HeT, TO A = 1; ecnu paccestaust HeT, To A = 0
TO €CTh A BBIpaXKaeT JIOJI0 paccesHHsI B OOIIEeM OCITa0JIEHUH aHAJOTHYHO TOMY, KaK ab0enno
MIOBEPXHOCTH BBbIpaXXKaeT M0N0 OTpaxkeHua. CMbICI BTOPOro Ha3BaHUA: €CIM INPHUHATH
norJiomeHne (OToHa CBeTa Kak akT ero rudenu, To A BbIpakaeT BEpOATHOCTh HE MOTIOTUTHCA,
TO €CTh BEDKHUTH.

Tenepb Mbl MOxkeM nepenucath (7.1.2) B HOBbIX 0003HAUYEHUSX, HO MPEXKIE BBEIEM OJTHO
cranaapTHoe ynpoienue. B (7.1.1) u (7.1.2) Mbl 3anucanu MHAMKATPUCY paccesHus B 00IIeM
Buzge. Ho oObyHO (cM. paszzen 2), MHIUKATpUca 3aBUCHUT TOJBKO OT yria paccesHus. byaem
Jlajiee BCIOy BECTH peub TOJIBKO O TaKOM MHIUKATpuce X (@), TIe @ — KOCUHYC YIJIa PACCesTHUS
(HarmOMHUM, YTO BBbIIIE MBI OOOCHOBAJIM IEPEXoi OT YINIOB K MX KocuHycam). Temepp ams
[IOJICTAHOBKH B ypaBHeHue (7.1.2) HaM Ha/lo ONpeAETUTh 3TOT KOCUHYC @, TO €CTh KOCHHYC yTJa
Mexay HanpasieHusiMu (6, ¢9) u (0',¢") . Kocunyc yria Mexy eAMHUYHBIME BEKTOpPaMH PaBEH
WX CKaJIIpHOMY Tpom3BeneHuto. [Ipoekiuu BekTopa ¢ HampaBieHueM (6,¢) Ha ocu Z, X u ¥
OYEeBHJHO paBHBI cos@, sinfcosgp, sinfsing. [na nHanpasnenus (6',¢') mnomyuum
aHaJIOTMYHbIE MPOEKIMHU. B urore nonydaem

® = cosBcosB' + sinBsin ' cos(p—¢@').

[Tepexos K MEpeMEHHBIM 77 1 77’ , UMEEM

w=n7 +1 =172 )(1=(7')*) cos(p—¢') . (7.1.4)
Teneps MbI MOXKEM 3amKcaTh YPAaBHEHHE IMEPEHOCA B HOBBIX 0003HAYCHUSX
1 1, A(r T ' 1 ' '
nPCLD )+ 2D ag [ x.0) 1)y (7.1.5)
dr Ty J

rie o onpeneneHa popmysoi (7.1.4).

Onnako camo mo cebe ypaBHeHue nepeHoca (7.1.5) eme He AOCTaTOYHO JIi ONMHUCAHUSA
paccessHus ceera. K Hemy HeoO0XonuMo J00aBUTH I'paHUYHBIC ycioBHA. Ha BepXHIOIO TpaHUILY
aTMoc(epbl MajaeT COMHEYHOE M3IY4YEHUE C 3EHUTHBIM YrioM 6, = arccosry,. B Teopun
HepeHoca MPHUHATO HE BKIIIOYATh B YPaBHEHHE MEPEHOCA NPAMOe COTHEYHOe U3yyeHue, TO eCTh
U3JIy4YCeHUE, HE HCIBITHIBAONIEE paccessHne B atmocdepe. JelcTBUTENbHO, pacdyeT ocinabiaeHus
MPsIMOTO U3NTy4eHus dneMeHTapeH (dhopmyna (2.4.8) — 3akoH byrepa):

I(r) =1(r=0)exp(-7/n,), (7.1.6)
MMO3TOMY HET CMBICJIa YCJIOXKHSTh €0 YYeTOM U 03 Toro HenpocToe ypaBHeHue (7.1.5).

Takum o6pa3om, wHTEHCHBHOCTH [ (7,77,¢0) B (7.1.5) €cTh HMHTEHCHBHOCTH MOJbKO

PACCeAHHO20 CONHeYHo20 u3znydeHus. W ydeT majgaronmero M3iaydeHUs Ha BEPXHEW TpaHMIEe
JIOJDKEH COCTOSATh B yueTe ero paccesiHust B atmocdepe. [lycTs noTok, majaromuii Ha Miomaaxy,
NEePIEHINKYJIAPHYIO COTHEUHBIM JIyyaM, Ha BEpXHeH rpanuie arMmocdeps! paBeH 7 S — puc. 7.1.

MHOXUTENb 77 37eCh BBOJUTCS IpoCcToO I y,ZLO6CTBa. HpI/I HOPpMAJIbHOM IIaJACHUHN CBCTA, KaK
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MBI BBIACHWIIM B pas3aciic 2, HHTCHCHUBHOCTL paBHA IMOTOKY, U AJid MHTCHCUBHOCTH IIPAMOIO
COJIHCYHOI'O U3JIY4YCHUS HA BerHeP’I Ir'paHUIIC MOXKHO 3aIllnCaTh:

I(z =0,n,0) =78S6(n—n,)0(p-0),

rae o0 (x) — nenpra-pyknus Jdupaka. CornacHo (7.1.6), BHyTpHu aTMochepsl Ha YPOBHE 7 3Ta
HUHTCHCUBHOCTH €CTh

I(z,n,0) = [(z=0,n,p)exp(—=7/n,) = wSexp(=7/1,)6(n-1,) 6 (¢-0). (7.1.7)

Jns yuera Bkimaga (7.1.7) B paccesHue Mbl JIOJKHBI, OYEBHJHO, NMPOCTO 100aBUTh €ro K
UHTEerpaJibHOMy ujieHy (7.1.5) KOTopelii Kak pa3 M «OTBEYaeT» 3a BKIJIAJ pPAaCCESHHOTO
u3nydenus. [Tomyanm

1

A4(;) Jdo' [x@o)I (.0 +xSexp(=7/1,) 501 ~1,)5 (9 ~0)]dn’ =

1

2z
[do' [x(z.0)[(z,7,0")dn/ +
0

-1

A(7)
4

+¥S exp(—2 /) [’ [x e+ JA= =) cos(o—0) |6 6~ 1) 6 (@' ~0)

BcromuHas OCHOBHOE CBOWMCTBO JeibTa-(pyHKIUN '[ f(x)o(x—a)dx =f(a) m moxacraBmss

HUHTCI'paJl B YPABHCHHUC IICPCHOCA, ITOJTYIYHUM

1

L(,77,770:9) AT, A
n—— = — [ (20,00, 0)+ = [do [x(2,0) 1 (2,170, 0") ' +
dr 4r
. . (7.18)
+MSx(r,a)o)exp(—r/770)
rac
o = '+ (L-12 1= () )cos (9 - ), 719

o, = 11y + (1= )1=72 )cos ()

Ha wnmwxkHe#l rpanune arMocdepsl HaXOIUTCsS MOACTHIAIONIAS TOBEPXHOCTb, KOTOpas
oTpakaeT cBeT. Mcmonp3ys pe3ynbTarhl pasjena S, ObUio Obl HE TPYAHO HamMcaTh Ul Hee
rpaHu4Hble yciaoBHs. OQHAKO B TEOPUU MEPEHOCA NOCTYyNAaKT UHAYE: 31E€Ch NPUHATO OTIAEIBHO
paccMaTpuBaTh MPOLIECCHl paccesHUs B aTMoc(epe M OTpakeHus oT NoBepxHocTu. IlosTomy
OTpaXEHHE OT MOBEPXHOCTU HE YUUTBIBAIOT, WU, YTO TO XKE CAMOE€, CUUTAIOT MOBEPXHOCTH
a0COJIIOTHO 4YepHOH. Jleno B TOM, YTO Mocje pacueTa MHTEHCUBHOCTU PACCESTHHOTO M3JIy4EHUs
MUMEIOTCS. CPAaBHUTEIBHO IIPOCTBIE CPEACTBA Y4YECTh BKJIAJ, BHOCHUMBIM OTpaX€HUEM OT
MIOBEPXHOCTH, O YEM MBI €lle CKakeM Hmke. TakuM oOpa3oM, MHTEHCUBHOCTb [ (7,77,0) B

(7.1.8) — 2TO MHTEHCUBHOCTH UCKIIOYUMENbHO PACCEAHHO20 U3Ny4eHus, 0e3 ydera ImpsMOoro u
OTpaXeHHOTO. Temepp MOXHO HamucaTh I HEE TPaHUYHBIC YCIOBHS: OTCYTCTBHE
NPUXOISIIET0 U3BHE PACCESTHHOTO M3JIYYCHUs KaK Ha BEpXHEW, TaK W HAa HIDKHEHW TpaHUIaxX
aTMoc(ephl:

1(0,n7,my,0) =0, ecmn 7 >0,

(7.1.10)
](T0>77’7705¢) = O> €ClIn 77 <0
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Cootnomenust (7.1.8)~7.1.10) ecTb OKOHYATENbHBIM BUJ YpaBHEHUS IEPEHOCA PACCEIHHOTO
COJIHEYHOT'O U3TYUYEHUS B TIOCKO-TIapalIeIbHON aTMocdepe.

3a BKJIaJ B MHTEHCHUBHOCTH paccesiHus B (7.1.8) oTBeHarOT 1Ba MOCIEIHUX ClIaraeMbIX B
mpaBoi yacTh. Kak MbI BBUICHHIM B pasfene 2, 3TOT BKJIAJ aHAJIOTMYEH HAIUYUIO
JIOTIOTHATEIFHBIX UCTOYHUKOB CBeTa B cpene. Beemem cormacuo (2.4.11), (2.4.12) ¢yuryuio
ucmounukos B(t,n,1,,¢),4ro 1 (7.1.8) npusener k

B(e..mp) = ()jdco [x(0,0) 100+
S . (7.1.11)

A( )Sx(r w,)exp(—=7/1,)

BHeunrterpanpHblii 4WieH B (7.1.11) CBSI3aH C PACCESIHHEM NPSMOTr0 COJHEYHOIO H3ITy4YECHUS.
Takoe paccesHue, TO €CTb pacCessHUE MPSMOr0 MU3IYUYEHHs, €CTb OOHOKpAMHOe paccesHue.
Nuterpanbupiii jxe wieH B (7.1.11) cBsa3aH ¢ paccessHUEM YK€ PAaCCESTHHOTO paHee M3ITydYeHUs
I(z,n',n,,9"), Takoe paccesHHE €CTb MHO2OKpamuoe paccesnue. PUZNIECKUHA CMBICI 3THX
YJIEHOB JOCTaTOYHO IPOCT: BHEMHTEIPANbHBIA WIEH — 3TO NPSIMOE COJHEYHOE W3IIy4YECHHUE,
JIOIIIe IIIee 0 YPOBHS 7, C YUYETOM JIOJIM paccessHus B oOmieM ocnabimenun A (7) (BOT oTKyaa
TEPMHUH «alb0eq0 OJHOKPATHOTO paccesHUs»!) M UHAMKATPUCHI — «CHJIbD) pacCEsiHUsS Ha
OIIPEIEICHHBIN Yroyl ay. IHTerpasbHbli YiI€H — aHAJOTUYHBIM BKJIAJ PACCESIHHOIO U3JIy4YCHHs,
JIOLLIEIIEro J0 YPOBHS 7 CO BCEX BO3MOKHBIX HaIlPaBJICHUH.
ITocne BBOAa ¢pyuxuuu B(7,7,7,,$), ypaBHEHUE IEPEHOCA IPUMET BU]

] T’ > b
L 7671;70 D) (e 0)+ B0, 0) (7.1.12)

Ho (7.1.12) ectp nuneliHoe nuddepeHnnanbHoe ypaBHEHHE Asl UHTeHCUBHOCTU [(7,77,77,,¢),

pemICHUC KOTOPOI'0 U3BECTHO U AACT

1e. ., -7, ,
I(z,n,1,,¢) = ;J-B(r,n,no,qo)exp —T dr’, ecmu 1 > 0,
0 (7.1.13)

17, -7,
1(757757705(0) Z_ZIB(T,U,UO,¢)CXP _T dT, €ClIn 77<0

Beipakennst (7.1.13), KOHEYHO, HE SBIAIOTCS PEIICHUSMH MCXOJHOTO YpaBHEHHS
HepeHoca, MOCKOIbKY B 00IIeM ciydae (YHKIUS UCTOYHUKOB B(7,77,7,,¢) cormacHo (7.1.11)

camMa 3aBHCUT OT MHTEHCUBHOCTH. HO OHM [arioT $BHOE BBIpaXEHHE JJIsI HCKOMOM
MHTEHCUBHOCTH 4Yepe3 (PyHKIMIO HMCTOYHMKOB, YTO BechMa BaxHo. Hampumep, uz (7.1.13)
MOKHO Cpa3y 3anucaTh oOllee pelIeHHe YPaBHEHUS NEPEHOCa B npuOIUdCeHUY 0OHOKPAMHO20
paccesHus, TO €CTh KOrjia B yHKIIMU UCTOUHUKOB YUUTBHIBAETCS TOJIBKO BHEMHTETIPAJIbHBIN UJICH

A(7)
4

B(T,Uﬂ?oa@): Sx(Tawo)eXP(_T/%)3

I(z,n,n,,0) = —jA(z‘)x(r @, ) €Xp ecmu 77 >0,

(7.1.14)
T

I(z,1,1my,9) =— —IA(T)X(T ,)exp| —— dr', ecmn 1n<0

o
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[Tpubnmxenne onHokpatHoro paccesHust (7.1.14) uvacrto ucnonb3yercs B 3ajgadax, Iie He
TpeOyeTcsi BEICOKasi TOYHOCTh PacdeTa pPacCesHHOTO U3NMyUeHHs, Win caMu 3()(EKThl paccestHus
MaJIbl.

[ToacraBuM Temepb BbIpakeHHs it MHTeHcUBHOCTH (7.1.13) B ompeneneHue GyHKIHH
nuctoyHukoB (7.1.11). Iomyuum

A r 2 . 1 d 3 ., , T—T, ,
Be0) = 2 [dg| [x(.0) 2L [ B ) exp (- Ty dr'
r 5 % /A n

(7.1.15)

0 T
dn' ¢, , , —7' | A(r T
~ [ T [BE e Dy + D sx(roexp(-5)
-1 T

o

B (7.1.15) Bxoaut toneko ¢ynkuus B(zr,1,7,,¢), cIel0BaTE€IbHO, Mbl MOJXY4YUIN ypaBHEHHE

Ui QyHKIMM HCTOYHHUKOB, PELIEHHE KOTOPOTO CBSI3aHO C MICKOMOW MHTEHCUBHOCTBIO IPOCTHIMU
cootHoweHusmu (7.1.13). Hecmotpst Ha rpoMo3akuii BUJ, MmareMarndecku ypaBHeHue (7.1.15)
ynoOHee, 4eM ypaBHEHUE U1 MHTEHCUBHOCTH (7.1.8), IOCKOJIbKY OHO SIBJISI€TCSI MHTErPAIbHBIM
ypaBHEHHEM, a He UHTEerpo-audpdepenuanbHbiM. [103TOMy B Teopuu nepeHoca 0ObIYHO UMEIOT
neno umenHo ¢ (7.1.15) [33]

[Tonyuennoe ypaBHenue (7.1.15) — 310 uHTerpanbHoe ypaBHeHue Ppearosibma BTOPOTO
pona. MaremaTnueckass TeOpHs OTHX YPaBHEHHH JOCTaTOYHO XOpomIo paszpaboraHa, B
YaCTHOCTH, s HUX JOKa3aHO CYIIECTBOBAaHME M €IWHCTBEHHOCTb pEIIEHUs. YpaBHEHHUS
@penronapma A KPaTKOCTH yJOOHO 3amCHIBATh B «OMEPATOPHOM BHUJIE», TMOSCHUM 3TO Ha

b
npuMepe QYHKIMH OHOUW miepeMeHHol. [TycTh uMeeM cooTHomeHne g(x) = J.K (x,x") f(x")dx'",

nepenumemM ero kak g=Kf, nmomumas mnox «mpousBenenuem» Kf wunHTerpuponanue
npousBenenus Gyukmuu  f(x') u dynkoum K(x,x'). Camo o6o3nauenue K HaszbiBaeTcs
MHTETPAIbHBIM ONEepaTopoM, a cobcTtBeHHO GyHKIMS K(x,Xx') — SApOM HHTErpaJbHOTrO
omepatopa. B Hamiem ciydae mepeMeHHBIX TpH, HO (OopMambHO 3TO HHUYETO HEe MeHsAeT. B
«oneparopHoi» popme ypaBHeHue (7.1.15) MokHO 3anucath B BUJE

B=KB+gq,

rne B — uckoMas (pyHKIMS UCTOUHUKOB B (7,77,77,,9), K — MHTerpanbHblil onepaTop paccesHus
C S,ApOM

AD L (r,0) exp(—f;,f),

!

K( 70 Bobmactn0< 7' <7, 0<n <1
TQ bl ,T, ) =

n,o n,p _A(T)X(Z' CO)GX (_z’;z")

drn ’ p )

!

BoOmactnz < 7' <7, —1<7' <0

¢ — CBOOO/IHBII YJIeH:

Sx(r,m,)exp(—=7/n,).

A(r
q(z,1,1,9) = i)

dopmanbHBIM pelIeHueM ypaBHeHUsI @pearoabMa BTOporo poja spisiercs pan Heiitmana

B=q+Kqg+Kqg+K’q+---. (7.1.16)
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UsneHsl 3TOro psjia UMEIOT MPOCTON (PU3NYECKUI CMBICT: NEPBBIN (g), KaK Mbl YK€ BBIICHWIH,
COOTBETCTBYET BKJAly OJHOKpaTHO paccessHHoro csera; Bropod (Kg) — mnpumenenue

orneparopa paccesHHs K OJHOKPaTHO pAacCesIHHOMY CBETy, TO €CTb BKJIAX JBYKPaTHO
paccesinHOro cBeta; ananoruyso, Tpetuii (K’¢) = K(Kg)) — BKIaJg TpexXkpaTHO pacCesHHOro

cBeta U T. A. To ectb psan Heiimana (7.1.16) — paznooicenue exnaoa paccesnnozo ceéema no
KpamHoCmu paccesimus.

3ametum, uto sapo K u cBOOOAHBIM wieH ¢ NpsSAMO MPOHNOPLMOHAIBHBI allbOeo
OJTHOKpaTHOTro paccesHuss A (7). PaccMoTpum ciydail MOCTOSHHOrO (HE 3aBHUCAIIETO OT

KoopauHaThl 7 ) 3HaueHuss A . Torma npu n-om unene psna (7.1.16) 6yzer koadpdunment A" ,
OTIPEICTISIONINM, OYEBUIHO, CKOPOCTh CXOIUMOCTH: 4eM Oimke A K eIUHHIE, TO €CTh YeM

MEHBIIIE TOIJIOIIEHNE O CPAaBHEHHUIO C PACCEIHHUEM, TEM MEAJIEHHEE CXOAUTCA P U TeM
OoJsibLIIME€ KPAaTHOCTH PACCEesiHUS CIEAyeT YUYMTBhIBaTh IPH pacyerax. DTOT BBIBOJA OCTAETCS
CIIPAaBEIJIMBBIM U B OOLIEM ClTydae.

N3 (7.1.16), nockoabKy g MpsAMO MponoplHoHainbHa nmapamerpy S, a K ot S He 3aBucwur,
cienyer, 4ro (pyHKUMS HCTOYHMKOB B H, coracHO (7.1.13), MHTEHCHBHOCTb PacCESIHHOIO
U3Iy4YeHUs MPSAMO MPONOPLUOHATIBHBI BenuunHe S. Clie10BaTeNbHO, B MOJIHOM COOTBETCTBUH C
($U3HUKON MPOLIECCOB, MHTEHCUBHOCTh PACCESTHHOI'O CBETA IMPSIMO MPONOPLHUOHAIBHA MTOTOKY Ha
BepxHell rpanune armocdepsl. [losToMy A HpPOCTOTHI YacTO MPH PELIEHUH YpaBHEHUS
nepeHoca mnoJsiaratoT S=1, a MOTOM YMHOXXalOT HailIeHHYl0 MHTEHCUBHOCTb Ha KOHKPETHOE
3Ha4YeHHe S.

7.2. MemoObI pac4ema paccessHHO20 COJIHEYHO20 U3JTy4YeHUus

XoTs BbIIIE U OBUIO MONy4eHO (OopManbHOE pelleHHEe YpaBHEHUS MEpeHoca B BUIE pslla
Hetimana (7.1.16), HO A1 BBIYUCIICHU OHO MPaKTUYECKH HEMPUTOJHO M3-3a HapacTaromieil oT
YlieHa K 4YieHY psla KPaTHOCTH MHTETPUPOBAHUS, YTO AENAeT PacueThl HEepealbHO JOITUMU
JlaXXe JJIi COBPEMEHHBIX KOMITbIOTEPOB. [103TOMYy pa3BUBAIOTCS pa3iuvHBIC METOMABI PEIICHUS
3a/1a4 epPeHoca U3NMyUeHUsl ¢ YYeTOM MHOTOKPAaTHOTO paccessHus. VX MOXHO pa3ienuTh Ha JBe
OCHOBHBIE T'PYIIIbL: AHANIUMUYECKUE MEMOObl U YUCTIEHHblE MEMOObl.

CrangapTHeIM TpueMOM pemieHus AuddepeHlnaIbHbIX U WHTETPAIbHBIX YpaBHEHHM
SIBIISICTCSL Pa3JIOKECHUE WX TApaMETPOB B PsJ IO OPTOTOHAIBHBIM (YHKIUAM. s ypaBHEHUs
nepenoca (7.1.15) ymaeTcst 1OCTHYb OMPEEICHHBIX YIPOIIEHUH IPU Pa3I0KEHUN HHIUKATPUCHI
paccessHuss B psag no nonuHomam Jlexanapa. [IpuBemeM mosTOMy KpaTKylO CIPaBKy O
noiauHoMax Jlexanapa [31].

[Tommuuowmer Jlexanapa P, (x) ompenenstorcst GopMyIIoi:

1 d(x> =1y
P (x)= } 7.2.1
- () 2"n! dx" ( )
JI71st UX MpaKTUYECKUX BBIYMCICHUN YI00OHO PEKypPPEHTHOE COOTHOIICHHE
2n—1 -1
P(x) = ““—xP_ (x)-"—P_,(x), (7.2.2)
n n

(rme B (x)=1, B(x)=x), KOTOpoe TO3BOJSET IOCIEAOBATEIbHO BBIYUCIATE P (X).

[Tonmuaomsr Jlexkannpa oOpa3yloT OpTOTOHaNbHYIO cucTeMy (QyHKIMM Ha uHTepBaie [— 1, 1]
(OCHOBHOE CBOMCTBO), JIJIsl HUX

2
2n+1

1 1
jpn (X)P,(x)dx =0, ccmn n # m; jpj (x)dx =
-1 -1

CooTBeTCTBEHHO, JI00as HempepbiBHAas Ha wuHTepBane [— 1, 1] QyHKIMA, B TOM uwmcIie
WHIUKATpUCca paccessHus X(@) MOXKET OBITh pasyiodkeHa B psiI 1Mo mojJnHoMaM Jlexxanapa
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x(@) = ixiR(a)), (7.2.3)
rac

_ 2l jx(w)e(w)da). (7.2.4)

-1

X.

1
1
3aMeTuM, 4TO X, = %J-x(a)) dw , HO 3TO ecThb ycioBue HOpMUPOBKH (2.3.10) ¢ yueToM 3aMeHbI
-1
yriaa Ha kocuHyc. CnenoBarenbHO, Bceraa x, = 1. BakHOM XapaKTepUCTHKOW WHIMKATPHUCHI
SABISICTCS KOO DHUIMESHT pas3IOKEHUS X

1
X, = %jx(m)wdw.
-1

[TockonbKy @ ecTh KOCHHYC YIJIa paccesHUs, BETMUUHA X1/3 ecmb cpeOHutli KOCUHYC paccesHus.
0114 0annou unouxampucsl. OH XapaKTepu3yeT €€ BBITSHYTOCTh BIEpeA: YyeM OoJibllle CpeaHUM
KOCHHYC, TEM CHJIbHEE BBITSHyTa HHIUKaTpuca. /i MpakTHYECKUX BBIYUCICHUH MPEACTABISIOT
MHTEPEC KOHEYHBIE PSIbL, TO €CTh OOpHIB (7.2.4) Ha HEKOTOPOM YHCIIE YICHOB N.

B ypaBHeHmm mepeHOoca WHAMKATpHCa sBIsSeTCS (YHKIHEW yTIiIoB MaJaloUIero Hu
paccestHHOTO M3My4eHust (7.1.9). [lns mogoOHBIX 3aBUCHMOCTEH MPUMEHHMA TeOpeMa CIIOKESHUS
chepudecknx QyHKIUH, COTIIACHO KOTOPOM

P (7777’+J(1—772)(1—(77’)2) COS(¢>—¢>’))= B(m B )+

d l_m ! m m I ’ 9 (7.2.5)
#2320 o ) P (o cos ()
o (i+m)!
rae P” (x) —npucoenuHenHsle QyHKIMK Jlexxanapa, onpenenseMble COOTHOIIEHUEM
»d"P
P"(x) =(1-x)? d—”’gx) (7.2.6)
x

3aMeTuM, 4YTO 3/1eCh U Jajiee HCIOJIb3YIOTCSl BEPXHHE HMHJIEKCHI, TO €CTh m B JICBOW 4acTu
BbIpaxkeHUs (7.2.6) — 3TO UHIEKC, a HE TOKAa3aTeNlb CTENEHH.
C yuerom (7.2.5) BbIpaxxeHue 1151 MHIUKATPUCHI PACCESIHUS PUMET BUJ

S i % : (l_m)' m myor '
x(@) =Y x, P(m P )+ 2x, ZH—m),B () P"(17") cosm(p—').
i=0 i=1 m=1 .
Crpynnupyem B IBOMHOU CyMM€ WIEHBI C OJJMHAKOBBIM MHIEKCOM m: ¢ m = 1 OyAyT WiIeHBI pU
Bcex i oT 1 o N,cm =2 —npu Bcex i or 2 1o NuT. 1. To ectb

S 1 s ' > i—m)! m m I
¥(@) = X5 ) RO + 22 cosm(p =) Yo, 0 B () B ()
i=0 m=1 i=m .
WJIM, B KOMITAKTHOM 3aIlUCHU
0 N
x(@) = p’(n.n)+2). p" (n,n)cosm(p—¢'), (7.2.7)

m=1

rac
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P om)—z ( ’”) G B ). (72.8)

3anumem ¢GopManbHO I HEU3BECTHBIX HWHTCHCUBHOCTH H (DYHKIMM WCTOYHHKOB
aHanornynsie (7.2.7) paznosxxeHus

N
[(T’nan07¢) = [0(T7n5n0)+221m (Tanano)cosmgoa (729)

m=1

N
B(Ta7777705§0) = BO(T7775770)+2 ZBm (Tan’no)cosm¢5 (7210)

m=1

rne " (z,n,m,) n B"(r,n,m,) — Hexue momnexame ompenencHuio ¢pyHkuuu, m =0,...,N.

[Moacrasmss (7.2.9), (7.2.10) B ypaBHenue mnepenoca (7.1.12) wm npupaBHUBas YICHBI C
OJWHAKOBLIM 1, IIOJIYYUM

1" (z,1,1,) _
d dr

[MoacraBum Tteneps (7.2.7), (7.2.9), (7.2.10) B coornomenue (7.1.11) u BbUUCAUM B
MOJyYEHHOM BBIPQ)KEHUHM MHTErpajbl 0 a3uMyTy. IIpon3BeeHue HyJIEBbIX WIEHOB OT a3UMYTa
HE 3aBUCUT W MHTerpan paBeH 27z. OcTaibHble WIEHBI NMPH MEPEMHOXEHUU psnoB (7.2.7) mns
uHAUKATpUCH U (7.2.9) 17151 UHTEHCUBHOCTH JaAyT MHTETPaJibl BUJA

—1" (z,n,1m)+B" (7,n,11,) - (7.2.11)

2z b4
Icos m,(¢p—@")cosm, p'dp' = cosm, ¢ jcos m, @' cosm, ¢'dp'+
0 0

2

: : ’ l ’
+ smml Q Ismml Q@ COSle (1] d(ﬂ
0
2
Ho .[COSI’I’II Q'COSle ¢'d¢’ PaB€H HYJIO ¢CClin m, * m, W paB€H 7 ¢eClku m;, =m,, a

0
2z

J.sin m, @' cosm, ¢'dp' paBeH HyIIO Ui BCEX m| U my. TakuM 00pa3oM, HOCIe TIePEMHOKCHUS
0

psAAOB M MHTErpupoBaHus mno asumyty B (7.1.11) ocTaHyTcs TOJIBKO WIEHBI C paBHBIMU
WHACKCAMH, MpPUYEM IpU HYJIEBOM uieHe OyneT Ko3(pPHuIueHT 2z, a NpU OCTAIbHBIX —
4w cosme . llpupaBHUBas Tenepb YICHBI C OJWHAKOBBIMU 7 B TPABOM M JICBOM 4YacCTsX,

IIOJIyYUM

m Az 1 m "N Tm ' ’
B (7377,770):%).[17 (‘[577977)] (7777:77)‘177‘*‘
|

(7.2.12)
A T
u )Sp (z, ﬂ,n)eXp(——j
o
Haxkownerr ns rpannunbix yenosuii (7.1.10) nomydyaem
1" (0,n, =0, ecmu n>0,
(0,77,17,) n (72.13)

1" (zy,m,m,) =0, ecm 7n<0 .

Takum 00pa3oM, MBI COKPATHIIM YHCIIO TIEPEMEHHBIX B HEM3BECTHBIX (YHKIHUAX, yOpaB
3aBHCHUMOCTb OT a3UMyTa M Mepeias oT ypaBHeHus nepenHoca (7.1.8)~(7.1.10) x N+ 1
ypaBueHussM (7.2.11)—(7.2.13), yem, KOHEYHO, YNPOCTWIHM 3amady ero pemeHus. [Ipu 3TOM
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MIOJIyYEHHBbIE YpPaBHEHHUS MaTEMaTHUECKU SKBUBAJIEHTHbI HCXOAHBIM, B YacCTHOCTHM H3 HHX
CJIEZYIOT BBIPa)KEHUs JUIsl UHTEHCUBHOCTH uepe3 (QyHKIMHY UCTOYHUKOB, aHanoruyusle (7.1.13):

-1

)dr’, ecmu 1> 0,

m e,
I (Ta77=770):;J-B(Taﬂa%)exp(—
0 ) (7.2.14)

170 ot
1" (r,n,1,) =— ;J.B(r’,n,no)exp(—%jdr’, ecmn 17 <0

MIOJICTAHOBKA KOTOPHIX B (8.2.15) maeT unTerpagbHoe ypaBHEeHUE ISl (QYHKIIMH UCTOYHUKOB

m Az 1 m ’ d "t m o T_T' '
B (Tanano):L) Ip (T,77577)_7J.B (TaUaUO)eXP(_—,)dT_
2 0 m 5o n

. dn' 't -7

= [P @)= [ B @ exp(-— a7 =L (72.15)
-1 77 T 77
AT) T

+ ()Sp (7,17,7,) exp(——)

4 o

Paznoxenus (7.2.9) u (7.2.10) 4acto Ha3BIBAIOT pA3IOHNCEHUEM NO A3UMYMATbHLIM
eapmonukam, a camu Gynkmuu 1" (r,n,n,) u B" (r,1,n,) — a3umymansHulMu 2apMOHUKAMU.
OOBIYHO B TEOPUM TMEPEHOCA MPEANOYUTAIOT OINEPUPOBATh HMMEHHO C a3UMYTaJIbHBIMU
rapMOHUKAMH U YPaBHEHUSIMU JIJISI HUX.

Bo MHoOrux 3agauax He TpeOyeTcsl pacueT WHTCHCHBHOCTH PAacCEsSHHOIO CBETAa B TOJIIIC
aTMOC(epbl, TO €CTh B 3aBHCHUMOCTH OT 7, a JOCTaTOYHO 3HATh JIMIIb WHTEHCUBHOCTh
BBIXOJISIIETO W3 aTMocdepbl W3MydeHus. Hampumep, momoOHbIE 3a7adyd BO3HUKAIOT TPU
UHTEPIPETANN U3MEPEHHI WHTCHCUBHOCTH PACCESIHHOTO M3IYYCHHUS CO CIIYTHHKOB U SIPKOCTH

HeOa ¢ MOBEPXHOCTH 3eMJIM. B 3TOM ciyyae MCKOMbIE MHTEHCUBHOCTH YJOOHO IMPEICTaBUThH B
Buje [26, 33]

1(0,=71,10,0) = Sty p (17,775, 9)

. (7.2.16)
1 (79,1, 75,¢) = S11,0 (7,7, P)

Bemnuunsl  p(1,77,,0) uw o©(1,7,,¢0) Ha3BIBAIOTCI COOTBETCTBEHHO KOIduyuenmamu

ompasjcenus U nponycKanus ammocgepsi (3aMETUM, 4TO KOIP(PUIMEHT OTPAKEHUS UMEET JUIs
Bcell artmocdepbl TOT K€ CMBICH, YTO U KOI(DOUIHUEHT SPKOCTH M TOBEPXHOCTH,
OTIpENICTICHHBIN B pazjaene 5).

Paznaras p(n,1,,¢) u o (1,7,,¢) N0 a3UMYyTaJIbHBIM FapMOHHUKAM,

N
P (1. 110,9) = P (11,m,)+2 Y p" (17,17,) cos mep
" (7.2.17)

N
o (1,7,9) = 6" (11,1)+2 Y 0" (1,17,) cos mg

m=1

OYCBUAHO MMOJTYYUM

m

1"(0,=n,m,) = Sny p" (1,77,) (7.2.18)
1" (zy,m,1) = Sny 0™ (n,17,)

Brimie MBI Hanmcanu YpaBHCHHUA U ICPCHOCA MCKITIOYUTCIIBHO paCCCAHHOIO U3JTYyUYCHHA.
YuTeMm Tenepb HaMuKMe OTPAKEHUS CBETa OT MOACTHJIAIONICH MOBEpPXHOCTH. PaccMoTpum miist
MPOCTOTHI OPTOTPOIHYIO MOBEPXHOCTh C anbbeno, paBHbIM A. B 3TOM ciyuae mpu perieHuu
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ypaBHEHHs TEpEeHOCa HAIMYMe OTPAXKAIOMIEH MMOBEPXHOCTH CKAXKETCS JIMIIb Ha HYJIEBBIX
a3MMYTaJIbHBIX TapMOHHKax. JJIs1 TOKa3aTenbCTBa ATOTO YTBEPKICHHS JOCTATOYHO MPUMEHUTD
NPUHIUI «OT TPOTUBHOTO»: JCUCTBUTEIBHO, €CIM OBl OPTOTPOIHAS MOBEPXHOCTH BIHsIIA HA
HEHYJICBbIE TADMOHUKHA MHTEHCHUBHOCTH, TO coryiacHO (7.2.9) oHa Biusiia Obl M Ha 3aBUCUMOCTD
ee OT azuMmyTa (Yepe3 cosme ), UYTO MPOTHUBOPEUUT TOMY, YTO MOBEPXHOCTH OPTOTPOIHAS —
OTpa)karollas OJJHHAKOBO BO BCEX a3UMYyTax.

Y4uTeIBas 3TO yTBEpXkKIeHHE, OyJieM OIycKaTh nanee y Kod()(OUIIMEHTOB OTPaKEHHS H
NPOMYCKAHUSI WHAEKCHl «HONb». [Ipn «700aBIeHMM» OTpaXEHHs OT MOACTHIIAIOIICH
MIOBEPXHOCTH, OYEBUIHO, U3MEHATCS KOI((GUIMEHTHI OTPAKEHHUS M MPOIYCKaHUS aTMOCQEPHI.
BBenem cnenyromue ob6o3HadeHus. KoadduuumeHTsl OTpakeHHs M NpOmycKaHus Oe3 ydera
MOBEPXHOCTH, KaK M paHblle, 0003HauuM p(7,7,) U o (1,7,) . AHanorudHsie KodQPUINECHTHI,

HO YK€ C y4€TOM OTPaKE€HHsI OT IOBEPXHOCTH, 0003HAYUM Kak p (7,77,) U o (1,77,) . Ham Taxoke
noTpeOyroTcss KOA(GUIMEHTHI OTPAKECHUS U MPOITYCKAHUS IIPH OCBEIICHUN aTMOC(Ephl CHU3Y B
OTCYTCTBHHU TIOBEPXHOCTH, TO €CTh CO CTOPOHBI 7y, 0003HaYMM HUX Kak p(7,17,) U &(n,7,).

COOTBGTCTBYIOH_II/IC 0603Ha‘{eHI/IH BBCAEM U 1JIA UHTECHCUBHOCTEH. OTMeTI/IM, qTO B 06H.[CM
caydae g KOd(QUIIMEHTOB OTpaKeHHWs] M TPOIMYyCKaHUS aTMoc(epbl  CHpaBeIIMBbHI
COOTHOLICHUS CUMMCTPHUHU:

P (n.10,9) = p(Ny,1,9),
15(77:7709¢) = 5(770777’¢)a (7219)
o (1,1, 9) = G (17,77, 9).

Haiinem Hucxoasimumii u3 arMocgepsl Ha TOBEPXHOCTH MOTOK.

2r 1
T
F*(n,7,) = [do [ 1(z.n,m)ndn+z S, exp(= ). (7.2.20)
0 0

0
[TepBeriii unen B (7.2.20) — nmomycdepudecknii MOTOK pacCETHHOTO U3Iy4YeHus coraacHo (2.2.7);
BTOPOW — y4YeT MPSIMOTO COJIHEYHOTO M3IYUYCHHs, COTIacHO 3akoHy byrepa. [Ipsimoe usznyueHue
HEOO0X0IMMO J100aBUTh, TIOCKOJIBKY MBI JIOTOBOPHIIMCH pAacCMaTpUBaTh ypaBHEHHE IEPEHOCA,
CJIEZIOBATEIILHO, ONPECIIATh HHTCHCUBHOCTH U KOA(M(GUIIMECHTHI OTPAKEHHS U MPOIyCKaHus (110
(7.2.16)) TonbKO NI paccesTHHOrO H3IyudeHusa. Tak Kak mo ompeaeneHuro anbbemno (5.3.11)
BOCXOMSAIIMNA MOTOK F T(770,2'0) ects F T(770,2'0) = AF* (77,,7,) » TO, BBIp@Xas WHTCHCHBHOCTb

gyepes kodhduimeHT npomnyckanus coraacHo (7.2.18) momyuum

1
_ T
F' (ny.7,) = 4| 2250, [& () ndn+x Spyexp(-2) | (7.2.21)
0

o

Hanmnume mOBepXHOCTH HSKBHUBAJICHTHO OCBEIIEHHIO aTMocdepsl CcHU3y. Pacyer
CO3/1aBaeMOi TaKMM OCBELICHHMEM MHTEHCHUBHOCTHM Ha IPaHUIAX aTMOC(Ephl OCIOKHIETCA TEM,
YTO B OTJIMYME OT OCBELICHUS CBEPXY, CBET CHU3Y NPUXOIUT C pa3HbIX HarpaBieHUd. UToObI
CBECTH 3TOT Clly4yall K y’e U3y4eHHOMY, PACCMOTPUM JJIsl Hayajla OCBELIEHUE CHU3Y TOJIBKO 0]
OJJHAM YIIIOM C KocuHycoM 7', mpudem 3meck 7' > (0, MOCKOIbKY MbI paboTaem B
"mepeBepHyTON" reoMeTpuu (KapTHUHA JOJIKHA OBITh SKBUBAJIIEHTHOM OCBEIICHHIO CBEPXY). MBI
MOJKEM BBECTH, TIOKa ()OPMaJIbHO, MOTOK, MaJAIONIHA Ha TUIOIIAAKY TEePICHINKYISPHYO JTydaM

U paBHBIM, Kak M JJi1 MOTOKAa CBEPXY, 78 (n'). Temepsw, cormacuo (7.2.16), HHTEHCHUBHOCTH
PACCESHHOTO M3IydYeHNs Ha BepxHeil rpannue ects S (7')n' & (n,17') . Ho atmocdepa ocseweHa
CHH3Y HE TOJBKO C OJHOIO HAmpaBlCHUS 77', MOJTOMY AJsl MOJYyYeHHs MHTCHCHBHOCTEH Ha
BEpXHEH M HI)KHEH IpaHMIlaX 3TO BBIPAKEHHE HAJIO MIPOMHTETPUPOBATH MO BCEM HAIPABICHUSM.
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KpOMe TOTO, JJIsA BerHef/'I TpaHULbI HAAO0 YUCCTh MPAMOC U3JTYUYCHHUC, UAYIICC OT IMOBCPXHOCTH,
TOYHO TaK 7K€, KaK MbI €0 Y4JIM IIpHU OCBCHICHUU CBCPXY. CHe,HOBaTeHLHO, MBI MOKECM 3aIIMCaThb

2z 1
T S\ st ’ ' o T
1, = [dp[S@)n'&mn)dn S mep-)
0 0
- 2r 1N
I (zym) = [do [ S0 p(n.n)dn'
0 0

Tenepp nerko HamucaTh UHTCHCUBHOCTU HA TPAHUIIAX aTMOCQEPHI MPU HATMYUH MOBEPXHOCTH.
JlelicTBUTENNbHO, MHTEHCHBHOCTh HA BEPXHEH TpaHHUIE €CTh CyMMa WHTCHCHBHOCTH 3a CYET
TOJbKO paccesHust B armocgepe [(0,7,77,) 1 UHTEHCUBHOCTH 3a CUET OCBEILEHHs aTMOC(EpbI

OTpakeHHbIM OT mnoBepxHocTu cBeToM [/ (0,77). AHANIOrMYHO, MHTEHCHUBHOCTb Ha HIDKHEH

TpaHUIlE €CTh CyMMa UHTEHCHBHOCTH CBETa, paccessHHOro B armocdepe [1(7,,7,7,), H

MHTEHCUBHOCTH 3a CYET OCBEUICHUSI OTPAKEHHBIM cBeToM [ (7,,77) . Tak

1
T S\ et ' ' < 7
1(0,7,m,) =S, p (1) +27 [ S ()1 & (')’ + 7 S (1) exp (——2)
‘ (7.2.22)

1
I(zy,m.m) =Smy0 (0,m0)+27 [ S ()i’ p (') dny
0

Haiinem Temeps S (77'). U3 Toro ¢axra, 4To MOTOK HA IUIOLIAJKY, MEPICHAUKYISPHYIO

S ’ ’
Jdy4yaM, YHMCICHHO PaBEH HHTEHCUBHOCTH, 3akirodaeMm, uro 7S (n)=1.(1"), rtoe 1.(n") —
UHTCHCHBHOCTh OTPAXCHHOT'O OT MOBEPXHOCTH CBeTa B HampasieHuu 7). Ho mis opToTponHoii

HOBEPXHOCTU OTPa)KCHHAss WHTCHCHBHOCTh HE 3aBUCHT OT HampasieHus, To ectb [, (') —
2r 1
. ' 0
KOHCTaHTa, IPOCTO CBSA3aHHAsA C BOCXOIALIUM IIOTOKOM: .[ a’goJ-Irn dn =F (n,t,), oTIKyga
0 0

I = F' (17y,7,)/ 7w 1 §(77') =1 /r =F" (7,,7,)/ 7*. Tloacrapnsis 310 BhIpaxkenue B (7.2.22),

IIOJIy YUM

_ Jall , T,
1(0,1,17,) =Snop(n,no)+%(

1
~ ! ! ! T
2[& .m0 dn +eXp(——°)]
0 n
T FT > T 1 ~ A ’
(7o, 1,770) =S 13 a(n,no)+%2fp(mn )n'dn
0
PaznenuB o6e yactu paBeHCTB Ha S 77,, cornacHo (7.2.16) nomyuum

P (1.1,) =p(f7,770)+ﬁ(f70,fo)(2IE(U,U')n'dn'+eXp(—ﬁ)j
1 0 7 (7.2.23)

& (1,m,) =6 (7,1)+ 28 (0,7,) [ B (1.1 dy

rae S(n,,7,) = F' (1y,7,) /(7 S1,), n cornacHo (7.2.21)

B (1, 7p) = A(2I5(n,ﬂo)ndn+ eXp(—i)] : (7.2.24)

o
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Terepp MBI MOXeM BBIPA3UTh KOA(PPHUIMEHTH OTPAXKEHUS U TPOITyCKaHHsT aTMOchepsl ¢
MOBEPXHOCTBIO Yepe3 aHaJOrM4Hble KOd(Q(GUIMEHTH Ui ciydas 0e3 ydeTa MOBEPXHOCTH.
[Toncrasnss (7.2.23) B (7.2.24), nonyuum

1
B (1y,7y) = A(2fo(n’,no)77’d77’+
0

1 1
! ’ ~ ! U4 14 " T
+ 4Bty [0 dn [ POy " dn +6XP(——)]
0 0 o
Otkyna

A[2I0(77,770)77d77+e><p(—; J
ﬂ(noaro) = : -

1 1
1=44[ndn|p@.n)n'dy
0 0

BBenem 1y1s KpaTKOCTH 0003HAYEHUS
1
C =4[ndn[pG.n)ndn
0

E(n,7,) =2\ p ()0 dn’

O — O —

1
T
V(m.1,) = 2[6(77,770)77d77+exp(—77—°) : (7.2.25)
0 0
1
%4 ~ r ’ 2-()
V(n.7,) =2[& @m0 dn+exp(= 1) =
0 0

1
/ ’ ’ T
+2[o (' mn'dn rexp(= D) =V (n.5)
0 0

IIe IpU IOJIYYEHUH PABEHCTBA 17(77, 7,) = V(n,7,) MBI y4Iou COOTHOLIEHHE CHMMETPUU
(7.2.19). Teneps popmyist (7.2.23) u (7.2.24) narot

AV (n,7)V (17,,7)
1-4C

AE (17.7)V (0:7)
1-4C

5(77’770970) = 10(7797705T0)+
(7.2.26)

5(779 77032-0) = 0-(779 77092-0)+

3aMeTuM, 4To Ui KO3 PUIMEHTa OTpaXKeHUs aTMoc(epbl CBOMCTBO CUMMETPUH COXpaHsSETCs U
IIPU y4€Te OTPAXKEHUS OT MOBEPXHOCTHU

P (1,1my,79) = p(15-7,7,)

Takum oOpa3oMm, pemrB ypaBHEHHE IepeHOoca M Haias KO3 UIIMEHTHl OTPAKECHUS H
MPOIMyCKaHus 0e3 yueTa HAIM4Yus MOBEpXHOCTH, aainee 1o (7.2.25), (7.2.26) MOXKHO JIETKO HAWTH
UX YXKE€ C y4eTOM OpTOTPOIHOM moBepxHOcTH. [lpaBna, anms 3TOro mpuAeTCs peuarh ele
ypaBHEHHUE UIs «IIEPEBEPHYTON» aTMOchepbl, YT0ObI HAWTH P (77,7"), HO TOJIBKO IJIS HYJICBOM

rapMOHHMKH, KOTJa YypaBHEHHE IepeHoca Haubojee mnpoctoe. B oOmem ciydae pacuera
MHTEHCUBHOCTH BHYTPH aTMOC(Ephl, a TaKKe pacueTa ee Mpu OTPAKEHUH OT HEOPTOTPOIHOU
MOBEPXHOCTH, HCIOJIb3Yys AaHAJOTUYHBIA TPUEM CYMMHpPOBAaHUS HMHTEHCUBHOCTEH TIpu
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OCBEILIEHUU CBEPXY U CHHU3Y, YAAETCS TaKXKe BBIPA3UTh MapaMeTpbl CUCTEMbI «aTMocdepa mikoc
MIOBEPXHOCTh» uepe3 MapaMeTpbl aTMocdepbl «0e3 MoBepxXHOCTH». Takum oOpa3oM, B
COBPEMEHHOM TEOpHUH MepeHoca npodiaemMa OTpakeHUs OT MOBEPXHOCTH PEIlIeHA aHATUTHYECKH,
¥ MOXKHO paccMaTpuBaTh MEPEHOC UCKITIOUUTENIBHO PACCESHHOIO U3IyUYeHUs 0e3 yueTa npsiMoro
U OTPa’KEHHOTO.

PaccmoTpuM nanee HEKOTOpbIe OCHOBHBIE YMCIIEHHBIE METO/Ibl pacueTa MOoJIsl PACCEsTHHOTO
CONHEeyHOro u3ny4eHus. CleayeT 3aMeTUTh, YTO CIIOKHOCTh M CIEHU(PHUECKHE OCOOCHHOCTH
ypaBHEHMsI MepeHoca /1e1a0T Hed(PEKTUBHBIM UCIIOIb30BaHUE ISl €r0 YMCIEHHOI'O PeleHHs
CTaH/JApPTHBIX BBIUMCIUTEIbHBIX METOJOB (3aMEHbl MPOM3BOAHBIX KOHEUHBIMHM Pa3HOCTSAMH, a
UHTErpajioB — KOHEUHbIMH cymmamu). l[losTomy gy Hero pa3paboTaHbl —cClELUaIbHBIE
QITOPUTMBI, TIPHYEM HJI€H, TIOJOKEHHBIE B UX OCHOBY, KpaifHe pazHooOpa3Hbl. He BmaBasicy B
HOJPOOHOCTH, U3JI0KUM OOIILYIO CYyTh OCHOBHBIX COBPEMEHHBIX YHCIEHHBIX METOJIOB.

B memooe cgepuueckux capmonux HeusBecTHole GpyHkuuu B” (7,77,77,) TPENCTABISIOTCS

B BHJE pa3JIOKEHUS B €IIe OJUH psiA MO MNPUCOEAUHEHHBIM (QyHKUMsIM Jlexxanapa, 4To
MIO3BOJISICT pa3JelIuTh IIEpEeMEHHble 77 U 7. Jlamee IO IEpEeMEHHOM 77 OCYLIECTBIAETCS

aHAJMTUYECKOE MHTETPUPOBAaHHE (TOYHEE, COOTBETCTBYIOIIME MHTETPajbl BBIPAXKAIOTCS depe3
M3BECTHBIE CrelMaIbHble (PYHKINU), U 3aJja4a CBOJAUTCS K CUCTEME MHTETPAJbHBIX ypaBHEHUN
yke Uil yHKIHUY TOJIBKO OJIHOM nepeMeHHoH 7 . [lodyueHHast cucteMa pemaeTcsi YuCIeHHO.

Memoo ouckpemnvix opounam Hauboiiee OJIM30K K «CTAaHAAPTHBIM» CXEMaM YHCIECHHOTO
pemienus guddepeHIHaNbHBIX  ypaBHeHMH. OH OCHOBaH Ha 3aME€HE B  HHTErpo-
muddepeHaabHOM  ypaBHeHuM (7.2.12) uHTerpasa mo yriam KBaapaTypHO#l (opmyioii
["aycca, To ecTb Ha mepexojie K JUCKPETHON CeTKe MO yIJlaM paccessHus (0TCio/la M Ha3BaHUE
metona). B pesymprate ypaBHeHue (7.2.12) mepexoIUT B CUCTEMY OOBIKHOBEHHBIX
muddepeHIMATBHBIX YpaBHEHUM MepBOro nopsaka. MeTonbl pelieHusi TaKUX CHUCTEM XOPOLIO
U3BECTHBI.

Memoo cnodicenusi cnoee UCTIONb3yeTCs Al HaXOXKACHUSI HUHTEHCUBHOCTH W3JTyYEHUsl Ha
rpanunax armochepsl. OH OCHOBaH Ha BO3MOKHOCTH BBIYMCIIATh MHTEHCUBHOCTH Ha TPaHUIAX
ciosi atMocepsl, MOTy4aromerocs: nNpu OObEeIUHEHUH ABYX aTMOC(HEpHBIX CJIOEB, €CIU 3TU
MHTEHCUBHOCTH M3BECTHBI JUIS K&KIOTO CJIOSI B OTACIBHOCTH. JTO, MOXKAITYH, CaMblii IPOCTOM H,
B TO K€ BpeMsl, 10cTaTOuHO 3P PeKTUBHBIA METO]I pacueTa MHTeHCUBHOCTEN. Eciiu mpubaBisaTs k
CJIOI0 C MHOTOKPATHBIM PAaCCesTHUEM OY€Hb TOHKHUHU CJIOH, mapamMeTpbl KOTOPOrO MOYKHO CUUTATh
MOCTOSIHHBIMU TI0 ONTHUYECKOW TiyOuHEe (OIHOPOAHBIN CJOMH), U B KOTOPOM pPacCESHHUE MOXKHO
CUMTATh JIMIIb OAHOKPATHBIM, BBIPAKEHUS IJI1 MHTCHCUBHOCTEH Ha rpaHMIaX 0ObEAMHEHHOTO
CJI0Sl TIOJy4aloTCsl B SIBHOM BHJe. Pa3fenuB Ha Takue TOHKUE CIIOM BCIO aTMOc(epy, UX MOXKHO
MOCJIEIOBATENbHO CKJIAJbIBaTh. B KauecTBe OKOHUYATENBHOI'O pe3yJbTaTa 3TOrO CIOXKECHHUS
MOJTy4al0TCsA NCKOMBIE MHTEHCUBHOCTH Ha TPaHMIIAX aTMOC(HEpHI.

Memoo Moume-Kapno — onuH 13 HauboJee MOIIHBIX BBIYHCIUTEIBHBIX METOJOB TEOPUHU
MepeHoca, MO3BOJIAIOMIMNA YHCICHHO peliaTth 3aJadyd, KOTOpbIE «HE peHIaloTcs» APYyTUMU
METOAAaMH, B YACTHOCTH YUMUTBIBATH MOJISIPU3ALINIO H3ITyUeHHUs U CPEepUIHOCTh aTMocdepsl [25].
OH ocHOBaH Ha BO3MOXXHOCTH MPHUAAHUS MPOLECCY MEPEeHOca M3IyYEHUS BEPOSTHOCTHOIO
cMmbicna. B Mmerone Monte-Kapino Mmoaenupyetcs (Ha KOMITbIOTEpE) ABIKEHUE Yepe3 aTMochepy
YCIIOBHBIX 4acTul] cBeTa — (oToHOB. COOTBETCTBEHHO, aKTaMU MOJEIHMPOBAHUS SBISIOTCS
cBoOOHBIH (0e3 B3ammopeiicTBusi) mpoOer ¢oroHa uepe3 arMmocdepy; B3aUMOJCHCTBHE
(paccestHue win moryionieHue) ¢GoroHa ¢ aTMochepoil U B Cllydae pacCesHHs — ONpeesieHue
HOBOTO HampaBlieHHsl (OTOHA; B3auMoJeiicTBUE (OTpaXeHHE WJIM TorJomeHne) (oToHa ¢
MOBEPXHOCTHIO U B Cllydyae OTPa)keHUsl — OIpeielieHre HOBOro HampasieHus ¢otoHa. Kaxxnomy
U3 YKa3aHHBIX COOBITUI MPUITUCHIBACTCS BEPOSTHOCTHBIM CMBICI. B HEKOTOpBIX Ciydasx OH
J0cTaTouHo oueBuaeH. OTMETUM, Uil IPUMEpa, YTO alib0e0 OHOKPATHOIO paccessHus A ecThb
BEPOSITHOCTh paccesHusl (BCIOMHHUTE Jpyroe Ha3BaHUWE OTOW BEIUYMHBI — BEPOSITHOCTD
BBDKMBAaHMS (POTOHA); aHAJOTUYHO — alb0el0 MOBEPXHOCTH €CTh BEPOSTHOCTH OTPAXKEHUS; B
paszgerne 2 yka3zaHO Ha CMBICT HHIMKATPUCHl KaK IJIOTHOCTH BEPOSTHOCTH PACCESHUSA. ITO
MO3BOJIAET  MOJENMPOBAaTh  JBIKeHHWE (QOoToHAa B arMocdepe  COOTBETCTBYIOIIMMU

133



KOMIIBIOTEPHBIMU MeToJlaMHu (TOJIy4yaeTcsi CBOEro poja KOMIbIOTEpHas urpa). Tpaekropus
(oTOHA 3aKaHUYMBAETCSI €0 MOIJIOIIEHUEM WIN BBUIETOM Y€pe3 BEPXHIOI IPAHUILYy aTMOC)EpHI.
[Tocne wmonenupoBaHWs AOCTATOYHOW CTATUCTUKU (OOBIYHO JECATKM M COTHU THICSY)
TPAaeKTOpUI, MOXKHO IO ONpEeJeNeHHbIM (opMysaM HaxoAUTh TpeOyeMble XapaKTepUCTHKH
U3JTy4eHus (B YaCTHOCTHU, MOTOKU U UHTEHCUBHOCTH).

[TockonbKy, Kak SICHO M3 BBILIEH3JIOKEHHOI'O, 3a/laya pacyeTa pacCesHHOIo HM3JIydeHus,
ABJIIETCSL JIOCTATOYHO CJOXHOW, JUISl €€ YUCIIEHHOTO pelIeHUs pa3paboTaHbl U MPOJOJIKAIOT
pa3BUBATHCA CIICIUATBHBIE KOMIBIOTEPHBIE KOl — paouayuoHusie kool [34].
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Paspen 8. PaguaunoHHan aHepreTuka cuctembl atmocdepa—
noacTunarowas NoBepxXHOCTb

8.1. ConHeyHasi uHconAAyUSA Ha eepxHel 2paHuUye ammocgepbi

Paouayuonnvim 6anancom (PB) unu 6anancom mnyyucmoii snepeuu cucmemvl HA3bl8AEMCs
PAasHocmb  Medcoy NO2NOWEHHOU elo  paouayueli U COOCMBeHHbIM ee usiyuenuem. B
METEOpOJIOTUH U (U3MKe aTMochepbl paccMaTpUBAETCS paJUallMOHHBIN OajlaHC pa3IUYHBIX
CHUCTEM: IMOBEPXHOCTH, aTMOc(epbl, CHUCTeMbl aTMocdepa — TMOACTUJIAIONIASI MOBEPXHOCTb.
Hauynem ¢ aHanm3a BaXKHOW KOMIIOHEHTHI paguaruioHHoro Oamanca (Pb) — mpuxopsmieit ot
ConHIla paguanyy Ha BEpXHEH TpaHuile aTMOChephl.

Huconayuss Q — 5mMo nNOMOK CONHEYHO20 U3NYYeHUs, NAoalowuil Ha eOUHUYHYIO
20PU3OHMANLHYIO NIOWAOKY, 8 MedeHue 3a0anH020 ompe3sKa epemenu (t, —t,):

0 = szi(t)dt. (8.1.1)

OTH NOTOKM MOYKHO paccMaTpuBaTh BOJU3M IOACTHIIAIOUICH MOBEPXHOCTH, HAa PAa3JIMYHBIX
ypoBHiX B atMmocdepe u T.aA. [loguepkHeM, YTO 3TH TMOTOKH OTHOCATCS KO BCEMY CIEKTPY
conmHevyHoro m3nydenus (popmyna (2.2.11)). EctecTBeHHO HayaTh PaCCMOTPEHUE C UHCOIAYUU
Ha @epxHell cpanuye ammocghepvi, T.K. 3Ta BEIWYMHA ONPEAETSIECT BEIUYUHBI SHEPIHH,
npuxogsmeit or ConHLAa Ha pPa3IUYHBIX MIUPOTaxX M B pasziauyHoe BpeMs roxa. IloTok
COJIHEYHOTO M3IIyUCHHUsI Ha BEpXHEil rpaHuiie atMocdeps! onpeaersercs: Gopmynoit

F*(t) = F} cosO(1), (8.1.2)

rae FOi — TMOTOK Ha NEpPNEeHIUKYJISAPHYIO HaMpaBICHUIO PACIpPOCTPAHEHHUS COJHEYHOTO

U3IyYeHUs €IUHUYHYIO IUIOIMIAAKy Ha BepXHeW rpanuie armocdepbl, € — 3€HUTHBIH Yroi
ConHua B paccMaTpruBaeMoi TOUKE U B paccMaTpuBaemMoe BpeMs. Eciu ydecTs, 4TO paccTosiHuE
Mexay 3emieit u CoHIIeM MEHSIETCs TIPU ABHKECHUH 3€MJIU 110 OPOUTE, TO MOXKHO 3aMKcaTh

Fy="2.5, (8.1.3)

TJIe 7o U ¥ — CpefHee U MrHOBeHHOE pacctosinusa 3emin oT CousHia, Sy — MOTOK COJIHEYHOTO
M3ITy4YeHUs, COOTBETCTBYIOIIMI CpEeJHEMY pPACCTOSHHUIO (COJHEYHas TMOCTOSIHHAS AJIs 3eMIIH).

o Fz)i —S
OtHOCHTENbHBIE U3MEHEHHUS] COJHEYHOIO MIOTOKA Ha BepXHel rpanuie atmocdepsl d = ———

SO
MpUBEJICHBI B Ta0M. 8.1 mJIs pa3aTuvHBIX MECSIIEB ro/ia.

Tabnuya 8.1. OTHOCUTENbHBIE M3MEHEHUs (d, B %) moToka FO¢ Ha BEpPXHEW rpaHHulle
aTMoc(epsl B 3aBUCHMOCTH OT HOMepa Mecsina N.

N 1 2 3 4 5 6 7 8 9 10 11 12
d 34 | 28 | 18 | 02 |-15| 28| 35|31 |-17|-03| 1.6 | 1.8

OtmeTuM, 4TO 3UMOM B ceBepHOM mnonymapuu 3emis nomydaer or ConHua noytd Ha 7 %
OOJIBITIC PHEPTUH, UEM JIETOM.
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HOJ'IHafI COJIHCYHAas E)HCpFI/I?[, npnxon;{maﬂ 3a OCHb Ha eILI/IHI/I‘-IHYIO nnomaz[Ky, MOXKET
OBITP MMOJTyYeHA MHTEIPUPOBAHUEM B BbIpaxkeHUH (8.1.3) 1o «CBETIOMY» BPEMEHHU CYTOK, T.€. OT
Bocxona a0 3axoja ConHia

7?)2 3ax00
0=S5,"% [coso(t)dt. (8.1.4)

60CX00

B Boipaxenuu (8.1.4) Mbl mpeHeOperau M3MEHEHUEM OTHOLICHUS d B TeUCHHE THS. 3CHUTHBIN
yrost CoJiHIIa MOKHO BBIpa3uTh 4Yepe3 Apyrue yribl — ckioHeHue ConHua o, 4acoBOW yroi /i u
reorpagpuuecKyro LHpoTy ¢

cosf =sing-sinod +cose-coso -cosh. (8.1.5)

[ToncraBum BeIpaxkenue (8.1.5) B dopmyny (8.1.4). s BeIYHMCICHHUs] UHTETpajia HEOOXOIUMO
CBsI3aTh 4YacOBOHl yros u Bpewms, (urypupymouiee B mnpezaenax uHTerpupoBaHus. [Tockombky
3emis AenaeT oAuH 000poT (27 panuan) 3a 24 yaca, TO MOJXy4aeM IMEPEBOAHBIA MHOXXHUTEINb
(yrioByro ckopocth 3emin) @ =27/24 = /12 pan/gac. C y4eTOM 3TOTO MCKOMBIA HHTETPAJ
3aIUIIETCs KaK

2 H
0=, (F—Oj I(sin(p-sin5+cosgo-cos5-cos(ta)))-dt (8.1.6)
r

-H

rae H — mojoBUHA CBETJIOTO BPEMEHH CYTOK, T.€. BpeMsl OT Bocxonza M 3axona ConHuoa 1o
nonyaHd. [Ipoussens unrerpupoBanue popmyisl (8.1.6), noayuum

2
0= 2S0(r—°j [sin(p-sin5-H+lcosgp-cosé-sin(Ha))j. (8.1.7)
r @

Pesynbratel pacuetoB mo Gopmyne (8.1.7) CyTOYHBIX CyMM COJHEUHOM OSHEprud,
MPUXOAIIMX Ha €JUHUYHYIO IUIOIIAAKY HA BEpXHEW rpaHuile aTMocdepbl, B 3aBUCUMOCTU OT
LIMPOTHI U JIHA Tojia puBeAeHbl Ha puc. 8.1 [19].

[Tockonpky ComHile OMMKe BCEro MOIXOMUT K 3eMie B sHBape (3MMa CEBEPHOTO
MOJTyIIapHsl), PaclpeesieHue CYTOYHBIX CyMM COJHEYHOH 3HEPIMHM IMPOUCXOJUT HE COBCEM
paBHOMepHO. FOxHOe momymapue noiyyaeT OoJblle pajnualuy, YeM ceBepHoe. MakcumalbHas
MHCOJISILUS UMEET MECTO JIETOM Ha I0JIF0CAX, YTO CBA3AHO C JAJIUTEIBHOCTHIO CBETJIIONO BPEMEHNU
CyTOK (24 yvaca). MUHUMAaJIbHOE KOJIMYECTBO, €CTECTBEHHO PAaBHOE HYJIIO BO BpPeMs MOJSPHBIX
HOYCH, — Ha 000HUX MOJIIOCaX.
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Puc. 8.1. CyTouHBIE CyMMBI COTHEYHOH SHEPTHH, IPUXOAAIICH HAa €IMHUIHYIO TUTOMIAIKy Ha BEpXHEH
rpaHuile aTMoc(epsl, B 3aBUCHMOCTH OT IMUPOTHI ¥ BpeMeHH roqa [19].

8.2. PaduayuoHHbIl 6anaHc nodcmunarou,el noeepxHocmu

PaguanmonHelii OanaHC MOBEPXHOCTH R, MO ONPENENIEHHIO, €CTh Pa3HOCTb MEXIY

HOIJIOILEHHOH €10 paauanuei F, , 1 COOCTBEHHBIM €€ U3IydeHueM F, ,
R =F -F, (8.2.1)

PaccMOoTpuM MOITIOIIEHHYIO 4acTb 3HEpruM usiaydeHus [ . CoOJHEYHOE H3IIydYeHHeE,

najaroluiee Ha IOBEPXHOCTh, () (CyMMapHas COJIHEYHAs paJualus) COCTOMT H3 JIBYX
COCTaBJIAIOLIMX — MPAMOM COJIHEYHOW paguanuu (J; W paccessHHOW COJIHEYHOM pamuanuu Qi
O=0Qs+ Qs YacTp namarolmero COJTHEYHOTO H3IYyUYECHHUS OTPaXKaeTrcsi OT IMOBEPXHOCTU B
COOTBETCTBUH CO 3HAUEHHEM €€ MHTErpaJibHOro (M0 COJTHEYHON OOJIACTH CHEKTpa) amboeno As.
ITornomennas ITOBEPXHOCTBIO 4acThb COJIHEYHOT O U3ITy4EHUs paBHa

O (1 —45)=(Qat Q)(1 = 4y).

Ha mnoBepxHOCTh mMamaer Takke HHUCXOIANIMI TIMOTOK TEIJIOBOTO JJIMHHOBOJIHOBOTO
U3IMydeHus: aTMochepsl Fj (ero yacTo Ha3bIBAIOT — NpomueousiyieHuem ammocgepot). Ecau

IMOBCPXHOCTH a0COJIIOTHO YCpHasa, TO OHa IMOJHOCTBIO IOTJIOMIACT MNPOTUBOU3ITYYCHHC
aTMOC(i)epLI 1 IOTJIOMICHHOC MOBCPXHOCTHIO U3JTYUCHHUC (COJ'IHE‘HHOG n TGHHOBOG) paBHO

E,=0(-A)+F;, (8.2.2)

Ecnun nmoBepxHOCTh He aOCOJIIOTHO 4YEpHas, a MMEET M3JIydyaTeJIbHYI CIIOCOOHOCTh &
(MHTEerpajgbHyl0 MO TEIIOBOM 00JacTH CHEeKTpa W Ul MOTOKa M3Iy4YeHHs), TO OHa Oyzaer

OTpakaTh YacTh MPOTHUBOU3IYUYCHHUS aTMOCHEpPHI (l—g)Fai, U TOTIa IOTJIOIICHHOE

MMOBEPXHOCTHIO MPOTHBOM3IYUYECHHUE aTMOCHEpPHI Fat Oyzer paBHO Faﬁ = gFai. [TomuepkHeMm,
YTO 37€Chb MBI pacCMaTpUBaeM HWHTETpPaJbHbIE IO CHEKTPY BEJIMYUHBL, T.6. U alb0eno
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MOBEPXHOCTH M HW3JIydaTelIbHasi CIIOCOOHOCTh OTHOCATCA KO BCEMY CIEKTPY COJHEYHOTO U
TEIUIOBOTO HW3IyYEHHUSI COOTBETCTBEHHO. TakuM o00pa3oM, Ui «HEYEPHOI» MOBEPXHOCTU
MOTJIOUIEHHOE IOBEPXHOCTHIO U3TyUeHUE (COIIHEYHOE U TEIJIOBOE) paBHO

F, =0(-A)+¢F, . (8.2.3)

[ToTOK HMCXOIALIETO TEIMIOBOTO M3Iy4eHHsI aTMOC(hepbl Fj MOKET OBITH MPUOIUKEHHO
npeactaBieH (Ha ocHoBe 3akoHa Credana—bonbiiMana) depe3 CpeaHIO TeMIeEpaTypy
aTMoctepsl T, U C HUCTIONB30BaHAEM HHTErPANbHOi (10 crieKTpy) QYHKIMH MpOMyCKaHHs BCei
TOJIIIN aTMOC(EPHI P, CISTYIOIUM 00pa3oM:

F'=cT.(1-P), (8.2.4)

Otmeruwm, uto (1 — P,) 31€Ch XapakTepu3yeT H3IIydaTebHYI0 CIOCOOHOCTh aTMOC(EpHI.
[ToTok cOOCTBEHHOTO H3IyYEHHMsS HMOBEPXHOCTH F; olpesieNsIeTcss ee TeMIepaTypol u

HSquaTeHBHOﬁ CIIOCOOHOCTEIO n MOXCT OBITE MMpEaACTaBJICH COrJIaCHO

Credana—bonpiiMana kak & JT:1 , e Ty — TeMnepaTypa MoJCTUIAIOIIEH TOBEPXHOCTH.

3aKOHY

Takum oOpa3zoM, paHalIMOHHBIN OaJlaHC JIJIs1 HEYEPHOU MMOBEPXHOCTH MOXHO TMPEICTABUTH
Kak

R =0(1-A)-c0T +e0T:(1-P). (8.2.5)

PaguanuonHslil OanaHc MOACTUIIAIONIIEH MOBEPXHOCTU (XapaKTEpU3YIOIMH NPUTOK (WK
OTTOK) PHEPrHUM K MOBEPXHOCTH) CYLIECTBEHHO OMpEeNseT ee TeMIepaTypy, pacipeneieHue
TEMIIEpPaTypbl B TIOYBE, MPU3EMHYI0 TEMIIEpaTypy arMocdepbl, MPOLECChl HCTApeHUs Hu
CHEroTasiHusi, oOpa3oBaHME TYyMaHOB M 3aMOPO3KOB, MPOIECCHl TpaHc(OpMaluu CBOWCTB
BO3YIIHBIX Macc. PanuanuoHHbIN OallaHC MOACTUIAIONICH MOBEPXHOCTH OYEHb MU3MEHYHB U
3aBUCUT OT IIMPOTHI, BPEMEHU TOJa U CYTOK, NOTOJHBIX YCJIOBHH, CBOWCTB Camoil
MOJICTUIIAIOIIEH TOBEPXHOCTH.

Kax mnpumep, cyTouHBIi XOa paaMallMOHHOTO OanaHca, €ro KOPOTKOBOJIHOBOW W
JUTMHHOBOJIHOBOM COCTAaBIISIOIIMX 10 TAHHBIM HAOIIOJACHUIA B CTENH MPUBEJCH Ha puc. 8.2 [22].

y 0.8 1 (1 - 4) B 1HEeBHOE BpeMs paJMAIMOHHBIA OaTaHC
é ool MOJIOKUTEJICH, B HOUHOE BpEeMs — OTpHUIATElEeH,
3 T. €. JTHEM MIPOUCXOUT HarpeBaHue
g o4l MOBEPXHOCTH 32 CUET COJTHEYHOTO M3NyUeHUs, a
= HOYBIO — OCTBIBAaHHE 3a CYET TEIJIOBOTO
& ol JUTMHHOBOJTHOBOTO M3IIYYEHUS — PAOUAYUOHHOE
g BLIXONANCUBAHUE — NOBEPXHOCHIU. [Tepexon
g ol paanaloOHHOTO Oananca gepes HYJIb
z MPOMCXOAUT, IO JAaHHBIM HAOJIOJACHUH, TNPHU
& o2k Beicore Comama 10-15°. JIIuHHOBOJIHOBAS

T P u R S T COCTaBJISONIAs PaTUAIlMOHHOTO OajaHca Bceraa

4.5 85 125 165 205 054y

Puc. 8.2. CytouHslif X0 paananoHHOTO OanaHca
MOJICTUIIAIOLIEH TOBEPXHOCTH, ETO0 KOPOTKOBOJIHOBOI
U IIVHHOBOJIHOBOW COCTABIISIOUIMX 110 JaHHBIM
HaOoieHnH B crenu [22].

OTpHLIATeNIbHA, T.€. U3JyuyeHHE MOACTUIAIOLICH
MOBEPXHOCTH BCerjga OOJbIIEe MOTJIOMEHHOTO
3TOM MOBEPXHOCTHIO U3Iy4eHUs armochepbl
(MIpOTUBOU3ITYYEHHS aTMocdepsl). 3T0
00yCJIOBJI€HO, B 4YaCTHOCTH, HAJIWYUEM B
cpenneit MK oOnactu crekTpa «OKHa Mpo3pavyHOCTH» arMochepsl 8—12 MKM ¢ MalbIMu
3HAYEHUSAMHU KO3(PPULIMEHTOB MOIJIOUIEHUs U, KaK CIEACTBUE, MaJlbiM NPOTUBOM3IIyUYEHHEM
atMocdepsl. [IpoTuBom3nmyueHne arMocdepbl 3aBUCHUT OT COACPIKAaHUS IMOTIIOMIAIOLIIX
KOMIIOHEHT atMocdeps! (Ipexe BCEro OT COAepkKaHUs BOASHOTO Hapa), CpelHe TeMIepaTypsl
aTMochepsl ¥ (YHKIIUU TIPOITyCKAaHUS Bceld aTMOcephl U, KaK CIEACTBHE, W, CHIIbHEE BCETO, OT
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001a4HOTO  COCTOSIHUSL aTtMochepbl. MakcuMaabHOE MPOTUBOM3IyUYeHHE aTMochepsl (H,
ClIe/IOBATENIbHO, MHUHUMAJIbHOE 3HAUYCHHE JMHHOBOJIHOBOW COCTABJSIONICH PaIHallHOHHOTO
OanaHca) HaOJIFO1aeTCs TIPY HAIMIUH 00JIAKOB HUXKHETO sIpyca.

8.3. PaduayuoHHbIl 6anaHc ammocghepbi

[IpuxomHas d4acTh paaualMoOHHOTO OamaHca arMocdepbl R, ¢GopMupyercs 3a cuer
MOTJIOIIEHHS] aTMOC(HEPOi JITMHHOBOIHOBOTO U3JIYYCHHUS IMOJCTHIIAIOIICH MOBEPXHOCTH FSTa u

MOTJIOIIEHHOW CyMMapHOHU (MPsSIMOM, PAacCESHHON M OTPAXEHHOM OT MOBEPXHOCTH) COTHEUHOU
pamuamyu Q, .

Pacxomnas uacTe  pagmanMioHHOro  OanaHca — ONpeAensercs — ATUHHOBOJIHOBBIM
COOCTBEHHBIM H3JIy4eHHEM aTMOC(epbl B HANpPaBICHUU TOBEPXHOCTH (IIPOTHUBOU3IYUYCHHE

aTMocQepsl) Fj U B KOCMHUYECKOE MPOCTPAHCTBO FmT (yxomsee uzinyuenue). Takum obpazom,
dbopmyna i pagualioOHHOro OanaHca aTMocepbl MOXKET ObITh 3alicaHa B BUJIE

R,=0,+F' ~F' ~F. (8.3.1)

Ecnu ucnons3oBaTh HMHTETPaNbHYI (YHKIMIO TPOMYCKaHUs (A7 TMOTOKOB) BCEH TOJIIU
aTMoc(epsl B JTMHHOBOJIHOBOH 001acTu ciekTpa P, , TO NpUOIMKEHHO MOXKHO 3aIMCaTh!

Fl =1-P)F'=(1-P)eso T, (8.3.2)

rje FST — MOTOK M3JTyY€HHUS MOCTUIIAIONICH MOBEPXHOCTH (CM. MPEABITYIIHNMA pa3aen).

1 —4
[TpotuBonsmydenue armocepsl Mbl ONpPEAEIUIN paHee U OHO paBHO F, =o0T.(1-P).

VYxopsiiee U3Iy4eHne MOKHO TPEICTaBUTh JABYMS KOMIIOHEHTAMH — U3TyY€HHE MOBEPXHOCTH,
npoiesmee arMmocepy U COOCTBEHHOE TEIJIOBOE M3ITyUeHUE aTMOC(EPHI, yXOAIIee B KOCMOC:

Tt )
Foo _F; BI +Fa,oo
rac F;Tm — KOMIIOHCHTAa YXOIJAHICTO TCILJIOBOTO H3JIYYCHHA, T'CHCPUPYEMOTO aTMOC(bepOI?'I.

Cymma FDOT — yXoJs11ee U3JIydeHrue Bcel cucTeMbl aTMOCc(hepa—I0ICTUIIAI0IAs TOBEPXHOCTb.
[TpubnmxenHo aTMochepHBI BKIIAA B yXOISIIEe U3ITyIeHHE MOKHO 3alicaTh KaK

Fl,=0Tu(-P),
a yXoIad1mee U3J1y4YCHue BCEU CUCTEMBI KaK
FleeoT'P +oTwu(-P).
C YYUETOM 3TOI0 IJId paaualiluOHHOT O 63.J'I3.Hca aTMOC(i)CpLI MOKHO 3alIiCaThb.

R =0+ (1-P)eoT*—6Ta(1-P)— 6Te(1-P) (8.3.3)

OTMeTHM, YTO CpPEHHE TeMIepaTypsl aTMochepbl it mpoTuBOu3IydeHust ( 7 ) ¥ yXOMIAIIETO
m3inydeHus ( 7 .. ) pa3HbIE.

PacyeTpl moOKa3bIBaIOT, YTO pagUAIlMOHHBIN OamaHc aTMocdeppl Ha BCeX MIMPOTAaX B
CpeHeM 3a TOoJl OTpHUIATEIeH, T.€. aTrMocdepa B CPEIHEM «BBIXOJIAXKHMBACTCS» 3a CYET
paZiMallMOHHOTO TIEPEHOCa M3IIY4YEeHUA. DTO CBSI3aHO C TEM, YTO TMOIJIONICHHE COJHEYHOTO
U3JIy4YeHUs aTMOC(epoil OTHOCHUTENHHO HEBEJIMKO, a IOTJIONICHHE aTMOC(EepOoil TEeIrIoBOro
U3ITyYEHHUS TOBEPXHOCTH HE KOMICHCHPYET aTMOC(HEPHOTO HUCXOMSIIEr0 W3Iy4YeHUus U
U3IY4YCHUS, YXOMSMIEr0 B KOCMOC. OTO paJHallMOHHOE BBIXOJIAXKMBAHUE aTMOC(EphI
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KOMIIGHCUpPYeTCs TypOyJIEHTHBIM IPHUTOKOM TeIjla OT 3€MHOW MOBEPXHOCTH, a TJaBHOE —
IPUTOKOM TeIlIa 3a CUeT KOHJEHCAIIMH BOSHOIO Iapa npu o0pa3oBaHUM 00JaKoB B aTMocdepe.
W3meHeHne paavanioHHOro OanaHca atMocdepsl C IIMPOTONH sl CEBEPHOTO IONTyIIapHs
WLTIOCTPUPYIOT naHHbIe Tabu. 8.3. Kak cienyer u3 Tabin. 8.3, MakCuManbHOE BBIXOJAKHUBaHUE
Ha0JII0JaeTCs B TPONMKAX, @ MUHUMAJIBHOE — B CPEHUX IIMPOTAX.

Tabnuya 8.3. Panuanmonnsiii G6anmanc atmocdepsl (CpelHUN 3a rona) AN pa3iHuuHbIX
IIUPOTHBIX HOsICOB (BT/M7).

[Mupora 0-10 10-20 20-30 3040 40-50 50-60 60-70
R, —101 -110 - 109 -92 - 80 - 80 -93

OOnaka SIBISIOTCS MOIIHBIM «PETYJIATOPOM» PaJUAIMOHHOTO OajaHca TOBEPXHOCTH U
camoii atmocdepsl. B 3emHo# atMochepe onn HaOmona0Tes, B cpeareM, Ha 50 % moBepxHOCTH
3eMHOro mapa. Hamuume 007aKOB CYIIECTBEHHO YBEIMYUBACT OTPAXCHHUE COJIHEYHOTO
U3NydeHuss B KocMmoc. Anp0Oeno o00JakoB, Kak MpaBWIoO, OOJBIIE allb0eI0 OKEaHOB U
MOBEPXHOCTH CYIIH. VICKITIOUCHHEM SIBIISIFOTCSI TOBEPXHOCTH TMIOKPBITHIE CHETOM H JIBJIOM.

C apyroii cTOpoHBI, 00J1aKa YMEHBIIAIOT KOJUYECTBO TEIUIOBOTO U3IYUCHHUS, YXOIAIICTO B
KOCMOC 3a CYET MOIJIOIICHHUS TEIUIOBOTO HW3JIYYCHUs 3€MHOW TOBEPXHOCTH M TOJ00JIAYHBIX
cioeB arMocepbl. DTO YMEHBIIICHHE CBSA3aHO C TEM, YTO B 3TOM CIIydae YXOJSIIee U3yUcHHE
dopmupyercss mpu Oojiee HU3KUX TeMIlepaTypax, HaOJIIOJAIONIMXCS Ha BEPXHHUX TpaHUIAX
00makoB. 10T 3((deKT HOCHUT Ha3zBaHUE napHukogoeo pgexma (greenhouse effect), m oH
MPUBOJIUT K YBEIUYCHUIO PAHAIIMOHHOTO OaaHca TIOBEPXHOCTH M aTMoc(hephl U K HArpeBaHUIO
CHUCTeMbI aTMOcC(epa—TOBEpXHOCTh. Pe3ynbTupyioliee BIUSHHE OO0JAKOB Ha paaHalldOHHBIN
OajaHC B CYIIECTBEHHOW CTEIICHU 3aBUCHUT OT TOPH30HTAILHBIX M BEPTHKAIBHBIX XapaKTEPUCTHK
001aK0B, MX (Pa30BOr0 COCTOSHHS, COJCPKAHUE JKUAKOW WM TBEPaOH (ha3bl BOABI, (QYHKIMH
pacrpeeneHus 00JIAYHbIX YaCTHII [0 pa3MepaM U TeMIIepaTyphbl 00JIaKoB.

8.4. PaduayuoHHsbIll 6anaHc nnaHemsbl

3HauMTENbHBIM MHTEpeC NpeACTaBIseT H3yueHue paauanuonHoro Oamanca (PB) Bceit
CHUCTEMBI aTMoc(epa—TOACTUIIAIONMIAs TTOBEPXHOCTh, XapaKTEPH3YIOWIETo OajaHC >SHEpruu
U3Iy4YEeHUsl B BEPTUKAJIBHOM CTOJIOE, BKIIIOUAIOIEM MOBEPXHOCTh M BCIO arMochepy. Apyrumu
CJIOBAaMH paJMallMOHHbII OanaHc 3eMIIn Kak TUIaHEeTHI.

«I[IpuxoHas 4acTh» 3TOro OajaHca COCTOMT M3 MOIJIOLIEHHON 3€MHON MOBEPXHOCTBIO U
atMocepoil TIpsAMON U pacCessHHOW COJHEYHOH paJHMallid, «PAcXOJHYIO0 YacTh» COCTaBIISCT
yXozsllee JJIMHHOBOJIHOBOE U3JTyUYEHHE:

R =Q(1-A4)+0Q,—F,. (8.4.1)
dopmyity uisi R MOKHO TakKe 3alricaTh B BUJIE:

R =0 (1-4)-F, (8.4.2)
rie (J, — cpedHuil 3a roj NHOTOK MNpsAMOM COJHEYHOM paJAuallid Ha BEpXHEH TpaHULe

atMocdepsl, 4, — anpbeno 3eMiM Kak IJIaHEeThl. 3HAUYEHUE CPEJHEro MOTOKAa COJHEYHOIO
usnyudeHus (J, Jerko paccuutaTh. JleficTBUTENbHO, HAa 3eMITIO 32 €AMHUILY BPEMEHU MOCTYIaeT
KOJIJMYECTBO COJTHEYHOM DSHEPrUH, DPABHOE TPOM3BEACHHUIO COJTHEYHOW ITOCTOSTHHOW Sp Ha
IUIONIa/lb TONEPEYHOrO0 CEYEHUs 3eMIIH 7R* (R — CpelHUN paauyc 3emiu). JTa JHEprus
pacrpesienigeTcs 1Mo Bcei MOBEPXHOCTU 3€MHOTO I1apa, KoTopas paBHa 4 7 R*. Takum obpa3zom,
cpelHee 3HaYeHHE MOTOKAa COJHEYHOTO M3IYUYeHHUS Ha €IMHHUILy TOPU30HTaIbHON MOBEPXHOCTU
3emMan Ha BepxHell rpanuue armocdepsl paBHO — 1/4 Sp. IlepBelii uieH B mpaBod yacTu
cootHomeHus1 (8.4.2) TpencTaBiIseT COTHEYHOE H3JIyUCHHE, IOTJIONICHHOE BCEH CHCTEMOU
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aTMocQepa—TIoICTHIAloMass noBepxHocTh. [lomyepkHem, 4YTto 31ech A, — anpbeno He
MOBEPXHOCTH, a BCEH CUCTEMBI aTMOCc(epa—TI0ACTUIIAIONIAs TOBEPXHOCTD — A/1bOe00 NiAaHembl.

HccnenoBanusi paauaiioHHOTO OajaHca TUIAHETHI M €r0 KOMITOHEHT OCYIIECTBIISIOTCS
pacueTHBIMM METOJaMH W C TIOMOIIbIO CIIEHUANTbHON ammaparypbl Ha CIOYTHUKax. OTH
CIIyTHUKOBBIE TPUOOPHI TIO3BOJIIIOT M3MEPATHh COJHEYHYIO MOCTOSHHYIO S)p, KOMITOHEHTY
COJIHEYHOTO M3JIYYEeHHSI, OTPAKEHHOTO U PACCETHHOTO0 CUCTEMON aTtMocdepa—IoICTUIIAI0As
MOBEPXHOCTh  (XapakTepu3yemylo aiap0eno IuiaHeTsl A), W yXoJsIiee UIMHHOBOJHOBOE
U3ITy4YeHUeE.

KomnoHeHTsl paananmoHHoro OamaHca 3aBUCAT OT BpPEeMEHH CYTOK. llormomieHHoe
COJIHEYHOE H3NyuyeHHue U anb0eqo0 MEHSIOTCS B TEYeHHE [IHA B pe3yjbTaTe 3aBUCUMOCTHU
MPOIIECCOB PACcCEsHUsI M TOTJIONIeHHUs OT 3eHuTHoro yria ConHia, a Takke OT COCTOSIHUS
atMoc(epsl — MpexIe BCEro, OT M3MEHEHW CO BpEMEHEM THIa U KOJWYeCTBa OOJAKOB.
Yxopsiiee ATUHHOBOJIHOBOE H3JIyYCHHE HW3MEHSETCS B TEUCHHE CYTOK H3-32 CYTOYHBIX
BapHalllii B KOJIMYECTBE M THUIAX OOJAKOB, BIAXKHOCTU U COJEP)KAHUS TMOTITOMIAIONINX Ta30B U
a’po3osis, TemreparypHoro mpodwmis atMmocdepbl. V3ydeHue mnpocTpaHCTBEHHO-BPEMEHHBIX
BapHallii KOMIIOHEHT paJUWalMOHHOrO OajaHca YCHEIIHO TMPOBOJUTCS C  IMOMOIIBIO
CHeNMaNbHOM ammapatypsl Ha cryTHHKax. Oco0eHHO A(QEKTHBHBI TaKHe W3MEPEHUs IS
M3YYECHHS PETUOHAIBHBIX CYTOYHBIX Bapualluii KOMIIOHEHT paJlallMOHHOro OajaHca U BIUSHUS
Ha HUX 00JIAUHBIX YCIOBUI.

PaccMoTpuM rno0anbHBI pagualiioHHBIN OalaHC CUCTEMBl aTMOC(epa—oCTHIIAI0IIAS
MIOBEPXHOCTH, TIOYYEHHBIH pacdeTHBIM ImyTeM. OCHOBHBIEC BXOIHBIE MMapaMeTphl MPU pacderax
r7100aJbHOTO PaJMallMOHHOTO OallaHca CHCTEMbI aTMoc(epa—IoACTUIAIONIAs TOBEPXHOCTh —
3TO BEPTUKAIBHBIE TPOGUIN paCTpeAeNCHUS pPa3INYHBIX XapaKTEPUCTUK aTMochepsl
(Temmeparypa, Ta30BBIM M a’pO30JBHBIM COCTaB), TE€OMETPHUYECKHE W (PU3WYECKHe CBOWMCTBA
00J1a4YHOCTH, TJI00ANBHBIA Oayl 00JaYHOCTH KaXJIO0ro TuUMa (HUYKHETO, CPEJHEro M BEpXHEro
SApYyCOB), anb0eA0 MOBEPXHOCTU 3EMIIH, MPOJOJIKUTEIHOCTh COJTHEUHOTO CHUSHUS, 3€HUTHBIN
yron ConHua. Pe3ynpTartel aHanu3za A TJ00aJILHOTO CPEIHEr0 COCTOSIHUS aTMOC(EpHI
npeacraBieHbl Ha puc. 8.4. Puc. 8.4 coCTOMT M3 TpeX 4YacTel: BO-NEPBBIX, MOKA3aHO, KaKUM
oOpa3zom pacmpezaensieTcsi B atMocdepe COITHEYHOE H3Iy4YeHHe, BO-BTOPHIX — JaHO
pacripesielieHue TeIUIOBOro WH(PAKPACHOTO W3IYYEHHS, B-TPETBHUX — MPHUBOAMTCS BKIIAM
HEpaJIUAIMOHHBIX MPOLIECCOB B MIEPEHOC SHEPTHUU (TypOYJICHTHOCTh, KOHBEKIUS U KOHACHCAIUS
BOJISTHOTO Tapa).

IMpuxoasuiee conHeusoe uznyuenue 100 IMotepu Ha TeroBoe
cHoe u3nyueHue 70
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OcpenHeHHOE 3a TOJA HM3JIyYCHHE, NMPHUXOJAIISE Ha BEPXHIOW TpaHHIly aTtMochepsl OT
Connna, nmpunsaTo 3a 100 %. D10 conHeuHOoe U3IyYeHnue NOAPa3AEIsIeTCs] Ha TPU KOMIOHEHTBI —
KOMIIOHECHTY, PpaclpoCTpaHsiomyocs B 0Oe300maunoii atmochepe (52 %), KOMIIOHEHTY,
pacnpocTpaHstonryocss B o0nauHoil atmocdepe (43 %), U KOMIOHEHTY, HEMOCPEICTBEHHO
MOCTYMAIONIYI0 Ha TMOACTWIAINIYI0O TOBEpXHOCTh (5 %). W3 mnpuxoAsmero COJHEYHOTO
u3nydeHus 26 % mnornomaercsa arMmocdepoil, mpuueM 22 % — B ycloBHsAX 0Oe3001auHON
atMocdepsl (TIOTIOIICHHEe aTMOC(EPHBIMH ra3aMu U a’po3oiieM) u 4 % — obimakamMu. 3eMHast
noBepxHocTh Tmornomaer 44 %. OOmiee MOTNONMIEHHE COTHEYHOTO W3Iy4YEeHUS CUCTEeMOM
aTMocepa—toacTuiaromas nmoBepxHocTh cocraBiser 70 %. 30 % coJHEYHOro W3IydYeHUS
oTpaxkaeTcs 0OpaTHO B KOCMUYECKOE MPOCTPAHCTBO, BKItoUas 7 %, OTpaxeHHbIX 0e30051auHon
atMocepoit, 17 % — obmakamu u 6 % — 3eMHOM MOBEPXHOCTHIO.

B T0 xe Bpemst aTmocdepa U MOACTHIIAIOLIAS MMOBEPXHOCTh T'€HEPUPYIOT COOCTBEHHOE
TEIUIOBOE HW3TydYeHHUE. YXOJMsIlee TEIUIOBOEe H3IydeHHe cocTaBiseT 34 % mus 6e3o0madHoin
atMocepsl u 36 % nns obnayHoit, uto B cymMe aaet 70 %. Takum oOpa3oM, MOTEpH SHEPTUU
CHUCTEMOW 3a CYET YXOSIIET0 TEeIIOBOTO HU3IYUYEHHUS pPAaBHBI TOIVIOMICHHOMY COJIHEYHOMY
U3IyYeHuto. Bocxoadiuil MOTOK TEMJOBOrO0 M3IyYeHUs Ha YpPOBHE 3€MHOM MOBEPXHOCTH B
UCTIONB3YEMBIX HAMU euHuax coctaiset 115 %. [IpotuBousnyueHue arMochepsl COCTaBIsET
100 % (mpoTtuBousmyuyeHue OezobnayHoi atMmocdepsl — 33 %, npoTUBOM3IyYeHUE OOJAYHOMN
atMocthepsl — 67 %). DPPexTUBHBIM TOTOK H3IMYYCHHS HA TMOBEPXHOCTH, TaKUM 00pazom,
coctaisieT — 15 %. CymMMmupyst ¢ y4eTOM 3HAKOB MOTOKHU TEIJIOBOTO M3Iy4YEeHHsI, OCTYMAIOIINe
U yxoasiue u3 atMoc(epbl, MOXKHO MOJIYyYUTh, YTO 3a CYET TEIJIOBOTO M3NydeHus atMocdepa
tepsier 55 % myuuctoir sHeprum, noctynaromeir or Connua. Ecnu yudects, uTo arMmocdepa
MOTJIONIAeT TONBKO 26 % TPUXOASIIEro COJHEYHOTO W3IYy4YCHHS, paAHallMOHHBIC MOTepU
atMocepsl cocTaBisitoT 29 %. DTU MOTepU KOMIIEHCHUPYIOTCS BBIJICJICHHEM TeIja 3a CueT
KOHJICHCAIIUM BOJSHOTO TMapa, HCHAPSIONIET0 C TMOBEPXHOCTH (CKPBITBHIH TOTOK TeIUla), U
MOTOKOM TeIUIa OT MOACTHUJIAIONIEH MOBEPXHOCTH 3a CUeT TypOyJIEHTHOCTU U KOHBEKIUHU. DTU
BOCXOJISIIME ITOTOKH TeIuIa coCTaBISIOT 23 % u 6 %, COOTBETCTBEHHO.

8.5. PaduayuoHHbIe ¢hakmopbl U3MEHEeHUSs1 KiiluMama

Haubonee M3BECTHBIM CBHJIETEIHLCTBOM TOTO, YTO KJIMMAT HAIICH TUTAHETHI MOJBEPIKEH
HU3MCHCHUAM, ABJIAIOTCA JICAHHUKOBBIC 3IMOXH — ITOCJICAOBATCIIbHBIC HACTYIJICHHUA U OTCTYIIJICHUA
JeNSHBIX IIATOB B YMEPECHHBIX MIMPOTaX, HAOIIOAABIIWECS 3a TOCICTHHA MHJUIMOH JIET.
OTtMmeTuM, 4YTO TIOCIEOHEE OJIACHEHHE 3aKOHYMIOCh npuMepHo 10 ThICSY JeT Hazaid.
HccnenoBaHusiM MPOLUIBIX KIMMATOB 3€MIIHM MOCBSIIEH CHEIHAIbHBIN pa3en KIUMaTOJIOTHH —
NaneoKIUMAMONOUSL.

W3Menenns kimMara, HaOJIOJAIONIMECS TOCICIHHE JACCATHICTHS W IPOSBISTFOIIUCCS
pa3IMYHBEIM 00pa3oM — pOCTOM CpEOHEeH TJI00ANBHOW TeMIepaTyphl HAIled IUTAHETHI,
YMEHBIICHUEM TOJIIPHBIX <JICASHBIX IIAOK», MOJIBEMOM YPOBHS MHPOBOTO OKEaHa,
OKa3bIBAIOT 3aMETHOE BIIUSHUE HA Pa3INYHBIC CTOPOHBI KU3HH YETIOBeKa U (PYHKIIMOHUPOBAHUE
Pa3NMYIHBIX OTpaciieil IKOHOMUKH. JTO SIBIJIOCH OCHOBHOW MPUYHHOMN 3HAYNTEIILHOTO BHUMAHHUS
K mpobiemMaMm KiumaTa 3eMJIM B IMOCIETHUE ACCATUICTHs. 3ajada MpPOrHO3a KIUMATHUYECKHUX
W3MEHEHUHN ABJSETCS OJHOW W3 MNPHOPUTETHBIX B COBPEMEHHOM Hayke. s ee pemieHus
CO37IaHBl U CO3JAIOTCS HOBBIC (PU3UKO-MATEeMATUYECKHE MOJENU KIMMaTa Ha OCHOBE TEOpUU
KJIMMaTa, KOTopasi SIBJSIETCS OYeHb CIIOKHOW M3-3a 3HAYMTENBHOTO Yuciia (haKTOPOB, MOTYIIUX
OKa3bIBaTh BIMSHHE HA KINMAT IUIAHETHI, U CJIOXHOCTH KOJWYECTBEHHOTO OIMCAHUs
pa3sHOOOPa3HBIX (PU3UYECKUX, XUMHUECKUX, OMOJOTHMYECKHX IPOIECCOB, KOHTPOIMPYIOIINX
coctosiHue TianeTel. Cpeau pakToOpoB M3MEHEHHUS KIMMaTa MOXHO yKa3aTh aCTPOHOMHYECKUE
NPUYHHBI, JOpei() KOHTWHEHTOB, M3MEHEHUS TOJOXKCHHS T€OMArHUTHOTO IIOJI0OCa W MHOTHE
npyrue. J{7as OTHOCUTENbHO KPaTKOBPEMEHHBIX (HECKOJIBKO COTEH JIET) MPOTHO30B M3MEHEHMIA
KJIMMaTa HaumOoiee BaKHBIMH (DakTOpaMu, TO COBPEMEHHBIM IPEICTABICHUSIM, SBISFOTCS
paouayuonuvie Gaxkmopsl — OCOOEHHOCTH pACHpPENENCHUs 10 3€MHOW IOBEPXHOCTH
pamuanoHHoro Oamanca. OHH, B CBOIO OdYepenb, KaKk MbI IOKa3aJd paHee, CBSI3aHBI C
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0COOCHHOCTSIMH COCTaBa aTMOC(Ephl: COAEp)KaHUEM TOTJIOMAIOIINX H3JIy4YeHHEe Ta30B U
a’po30Jiel, XapaKTepUCTUKAMU M KOJIMYECTBOM OOJAKOB, CBOWCTBAMHU IOJCTHIIAIOLIEH
MMOBEPXHOCTH.

[Ipexxnae Bcero, MoAYEpPKHEM, YTO KIMMAT 3€MJIM B 3HAYUTEIILHON CTENEHU OINpeaemsieTcs
ecmecmeenHbiM  napruxosvim dpgexmom (I13). Dt1oT 3ddekT 00yCIOBICH OTHOCHTEIHHO
BBICOKOM TMPO3payHOCThI0 aTMOCGepbl i KOPOTKOBOJHOBOTO COJHEYHOTO HW3IyYeHHUs U
3HAUYUTETLHBIM TIOTJIONIEHUEM JTMHHOBOJHOBOTO M3JYyYE€HHsI TOBEPXHOCTH 3eMJIM TaKUMHU
aTMoc(epHBIMU ra3aMu KakK BOJASIHOM Map, YIIIEKUCIBINA ra3, 030H. DTO MOTJIOLIEHUE TPUBOIUT K
TOMY, YTO 3HAuUWTEIbHAs YacTh W3JIYYEHHUS TIOBEPXHOCTH HE YXOAUT B KOCMHUYECKOE
MIPOCTPAHCTBO, a HarpeBaeT atMocdepy. Eciu Obl mormoiieHue JIMHHOBOIHOBOTO H3ITyYeHUs
OTCYTCTBOBAJIO, TO, KakK IIOKa3bIBAIOT TNIPOCThIE OIEHKH, CPEAHss TeMmIeparypa 3emiu
cocraBisa Obl okono 255 K. Cpennss TemmepaTypa IOBEpXHOCTH 3€MJIM BbIIIE 3TOU
temneparypsl Ha 20-30 K.

[Ipu n3yuenun kiMmara 3eMiiM BO3HUKAIOT JBa BaKHBIX BONPOCA — KaK €CTECTBEHHBIN [1D
MOXET H3MEHSATHCA CO BPEMEHEM U KaK aHTPONOreHHas JACSATEIBbHOCTb MOXET HW3MEHSTh
ecrectBeHHbll [1D. Ilpm anammze »HTHUX mnpoOJIeM MPHUHATO MOAPA3IALIATH MPOIECCHI,
onpenensromue [19 cucrembr atmochepa—T0BEepXHOCTh, Ha JIBa Kilacca:

— npoyeccol 8030eticmeus  (forcing), paccMaTpUBaeMbleé KaK BHEIIHUE BO3JCHCTBUS Ha
KITUMATHYECKYIO CUCTEMY;
— npoyeccwvl obpamuuix ceazsil (feedback) B KTuMaTHUECKOH CHCTEME.

K mnpomeccaM BO3ACMCTBUS TPUHSATO OTHOCHUTH H3MEHEHUS COACPKAHUS ONTUYECKH
akTUBHBIX Ta30B (CO,, ME€TaH U T. /1.), €CTECTBEHHBIX U aHTPOIOTEHHBIX a3pP0O30Jei, TPOAYKTOB
BYJIKAHUYECKUX W3BEPKEHUM W COJHEYHOW MOCTOssHHOM. Kak mpsiMoe ciencrBue 3TUX
BO3JICHCTBUII MOTYT HAOMIOJAThCS M3MEHEHUS TeMIlepaTyphl B CUCTEME M €€ LUPKyIsauuu. B
pe3yJibTaTe BapHaluid TeMIepaTypbl MOTYT HAOMIOAATHCS U APYTHE U3MEHEHUS PaTualliOHHBIX
CBOICTB aTMOc(epsl 1 ToBepXxHOCTU. Hanmpumep, yBenndeHrne TemMrnepaTypbl MOXKET IPUBECTU K
pOCTy HCIIapEeHUs BOJASHOIO Mapa ¢ MOBEPXHOCTH OKEAHOB. YBEIMUYEHUE COAEPIKAHUS BOASHOIO
napa B atmocepe, T.K. OH SIBISICTCS BaKHEWIINM IMapHUKOBBIM T'a30M, MOXKET NMPUBECTH K
JaTbHEHIIIEMY POCTY TEMIEpaTypbl CHCTEMBL. ODTOT MPUMEP BO3JECHUCTBUS WUIIOCTPUPYET
MOJIOKUTENbHYI0 00paTHYIO0 CBs3b. Jlpyrue oOpaTHbIE CBA3M MOTYT OBITh aCCOLMHUPOBAHBI C
W3MEHCHUSIMHU KOJIMYECTBA, BHICOTHI M THIIA 00JIAKOB, IUIAHETAPHOTO adh0eI0 3a CUeT BapHalui
CHE)XHOTO M JIEJITHOTO TIOKPOBA, C M3MEHEHUSMHU PACTUTEIHLHOTO MOKPOBAa M allb0el0 CYIIH.
Haxonern, B xauecTBe OOpaTHOW CBS3HM CIIEAyEeT PAacCMAaTpPHBATh JIOCTATOYHO MEJUICHHBIE, HO
OuYeHb 3HAYMUTEJbHBIC MOTEHIMAIbHbIE W3MEHEHHS B MOTOKAaX Tella U HAKOIUJICHUS SHEPTUu
okeaHamu. OTMETUM, YTO pa3/ejeHHE MPOLIECCOB Ha BO3ACHCTBYIONIME MPOLECCH U MPOLECCHI
oOpaTHBIX CBsI3ed HE BCerjaa sBIAETCS OJHO3HAYHBIM. Hampumep, m3MeHeHUs anbOeno Cyliu
MOJKHO TPaKTOBaTh KaK MPOIECCHI OOPATHBIX CBS3CH, HO M KaK IMPOIECCHl BO3JCHUCTBUS Ha
KIIMMaTHYECKYIO0 CUCTEMY, UMes B BUY, HAIpUMEp, U3MEHEHHS allbOe/I0 CYIIH 3a CYET BBIPYOKHU
necoB. Bapuanuu razoBoro cocraBa atMocgepbl MOTYT OBITh BBI3BAHBI KaK €CTECTBCHHBIMH, TaK
U aHmponozeHHviMu npuyunamu. Hanpumep, X034iCTBEHHOU JesTEbHOCTIO YeIOBEKa BbI3BaH
pOCT cozepkanusi B aTMoc(epe yriekucaoro raza. Takum oOpa3oM, 3aa4a MporHo3a KiinMarta
OCIIO’KHAETCS HEOOXOIMMOCThIO OTJICIUTh €CTECTBEHHBIC MPUUYHMHBI €r0 U3MEHEHHUs (Ha KOTOphIe
HaIlle BIIMSHUAE B OOJBIIMHCTBE CIy4aeB MOXET OBITh Majo0 WId HEBO3MOXHO) OT
AHTPOTOTCHHBIX MPUYUH, KOTOPbIE MOTYT MOAIABATHCS KOHTPOIIIO.

JIJis XapaKTepUCTHKYU BIIMSHHUS U3MCHCHHI COJIep)KaHUs MTapHUKOBBIX Tra3oB B aTMochepe
npuBeneM B Tabm. 8.4 OlEHKM MU3MEHEHMI TeMIlepaTypbl MOBEPXHOCTU MPU COOTBETCTBYIOIIMX
M3MEHEHUSX B UX COJCPKaHUM.
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Tabnuya 8.4. I3meneHus TeMnepaTypbl moBepxHOCTH AT.

MexaHu3M BO3IEHCTBUSA AT, rpan
Venuuenue coaepxanus CO, (300 — 600 ppm) 1.31
YBenuuenue conepxkanust CHy (0.28 — 0.56 ppm) 0.16
VYeenuuenue coaepxanus N,O (0.16 — 0.32 ppm) 0.27
VBenuuenue coaepxxkanusi CFC—-11 (0 — 1 ppb) 0.07
VBenuuenue coaepxanus CFC-12 (0 — 1 ppb) 0.08
50 % yMeHBblIEHHE COIEp>KaHNs 030HAa Ha BCEX BBICOTAX -0.38
YBenuueHue CoITHEeUHOM MocTosIHHOM Ha 2 % 1.35
JloGaBienue cTpatochepHOro CIIos ad3po30Jisd € ONTUYecKor Tomammuaou 0.15 -0.99

Jlnst cpaBHEHUS B TaOJIMIE MPUBEICHBI TaKK€ M3MEHEHUS TeMIlepaTypbl MOBEPXHOCTH,
0OyCIIOBJICHHbIE YMEHBIICHUEM COJAEP)KaHUS O030HA, YyBelIMYeHHMEM Ha 2 % COJHEYHOU
MIOCTOSIHHOM U JJ0OaBJIEHUEM CTPAaTOC(EpHOro CiIos a3po30Jist ¢ onTuyeckoit TommuHou 0.15. 13
JaHHBIX Ta0J. 8.4 HArIsAHO BHUJIHO, YTO OCHOBHBIM IAPHUKOBBIM Ta30M (3a HCKJIIOYEHHEM
BOJISIHOTO T1apa), M3MEHEHHUE COJAEpKaHUs KOTOPOTO0 MOYKET MPHUBECTH K CYIIECTBEHHBIM
KJIMMAaTUYECKUM U3MEHECHUSIM, SIBIISICTCS YTIICKUCIIBIN Ta3.

Mpbl yXe YNOMMHAIM, YTO BOJSHOM Map SBISIETCS OCHOBHBIM MAPHUKOBBIM TIa30M B
atMocdepe 3eMIIM M yBEITUYEHHE TEMIIepaTypbl CHUCTEMBI aTMoc(hepa—TIOBEPXHOCTh MOXKET
IPUBECTH K POCTY MCIApEHUs] BOJBl C IMOBEPXHOCTEH OKEaHOB, YBEJIWYEHUIO BIIAXKHOCTU
aTMoc(epsl ¥ YBETHUEHHUIO MApHUKOBOTO 3¢ dekra BoasHOro napa. OqHaKo MOMUMO 3TOTO TPU
YBEJIIMYEHUHU BIAKHOCTH aTMOC(Ephl MOXKHO OKUJIATh POCTa KOJUYECTBA OOJIAKOB BCIE/ICTBHUE
KOHJICHCAIIUM BOJSHOTO mMapa B arMocdepe. YBenuMueHHE KOJIMYECTBA OOJAKOB BIHSIET Ha
panuanoHHbIi GallaHC IBOSKO — C OJTHOW CTOPOHBI, YBEJIIMYUBAETCS OTPAKEHUE MOCTYMAIOLICH
COJTHEYHOW paJMalliil Ha MOBEPXHOCTh 3€MJIH, C JPYTOil — YMEHBIIIAETCS BEJTMUMHA YXOISIIETO
TEIUIOBOTO  M3JIy4E€HHUs] CUCTEMbl aTMOC(epbI-TIOJCTUIAIOAs MOBEpXHOCTh. IIporecchl
KOHJICHCAIIUM BOJSHOTO Tapa W BBIMAJCHUE OCAJKOB HAa TOBEPXHOCTh 3EMIIM SIBISIOTCA
BOXHBIMH (haKTOpaMM PEryssliuy KIuMara. YBeIWYeHHE UCIApeHUsl C MOBEPXHOCTH OKEaHOB,
YCHJICHHE TIPOIECCOB KOHJEHCAIIMM BOASHOTO TMapa W 00pa3oBaHUs OOJAKOB HM3MEHSIOT
KOJIMYECTBO TeIia, mpuxoasdmero B atmochepy. Ocaaku, OCOOEHHO B BHJE CHEra, MOTYT
CYIIIECTBEHHO M3MEHHTH allb0EI0 MOBEPXHOCTH M, KaK CJEICTBHUE, €€ pPaJuallMOHHbIN OaiaHC.
Beck 3TOT KOMILIEKC NPOLIECCOB M MX KOPPEKTHOE KOJMYECTBEHHOE OINUCaHHWE TpeOyeT ele
TIIATEIbHBIX UCCIIEIOBAHUH.

N3ydenue TaHHBIX HA3€MHBIX U3MEPEHUH MPSMOTO U PACCESTHHOTO COJIHEYHOTO M3ITyUeHHs
MOKa3bIBAET, YTO KOJMYECTBO KOPOTKOBOJIHOBOM paJHallii, TMPHUXOIAIMIEH B YCIOBHUSX
0e3005a4HOM aTMOC(ephl K MOBEPXHOCTH, 3aMETHO M3MEHSAETCs rof] oT roja. I’ maBHas npuyuHa
ATUX W3MEHEHHWH — CWIbHBIC BapHallMM COJIEPXKAHHUS a’pO30JIbHBIX YacTHIl B arMocdepe.
Adpo305b  0CHa0NsIeT COJHEYHYIO pajualuio, MPUXOIAIIYI0 Ha IOBEPXHOCTb, YCHIUBAET
MIPOIIECCHI paccesiHus B aTMmoc(epe, B TOM YuCIie — Ha3al, T.e. MOXKET YBEIMYUBATh KOMIIOHEHTY
OTPaKEHHOI'O B KOCMOC COJIHEUHOro wu3nyueHus. Ecim a’po30ip MOMIOMIAIOMIMKA, TO 3TO
NPUBOAUT K YBEJIWYCHUIO TOTJIOMICHUSI COJMHEYHOW pamuanmuu B atmochepe. B meHbien
CTETIEHHU, HO BCE XK€ 3aMETHO, a3p030JIb MOKET BIUATH HA MOTOKH TEIUIOBOTIO M3iIydeHus. Tak,
paccesiHue U, 0COOEHHO TOTJIONIeHHe, Ha a’po30isX MK u3imydeHus mpuBOIUT K YMEHBIICHHUIO
YXOJAUIET0 TeIioBoro wuanydeHus. CyMmMMmapHbIil >QQeKkT a’po30isi O4YeHb H3MEHUYUB, 4TO
CB3aHO C  OOJBIIOW  HM3MEHYMBOCTHIO  KOHIEHTPAIIMM  adpO30JIbHBIX  YacTHI, HX
MHUKPO(QU3NYECKUX M, KaK CJIEJICTBHE, ONTHYECKUX CBOMCTB atMmochepHoro asposossi. B
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CpeIHEM, TI0 COBPEMEHHBIM MPECTABICHUAM, YBEIHMUEHHE a’p030Jis B aTMocdepe MPUBOAHT K
OXJIAKJICHUIO KJIMMaTHYECKON CUCTEMBI.

N3meneHne paguanyoHHBIX CBOWCTB IOJACTHJIAIOLIMX ITOBEPXHOCTEH MOXKET TaKKe
CYILIECTBEHHO BIIMATH HAa PaJMaLlMOHHBIA OalaHC KaK caMOil TOBEPXHOCTH, TaK M BCEH IIIAHETHI.
Kak cnencTBue, e€CTECTBEHHBIE W aHTPOIOT€HHBIE W3MEHEHHS ITOBEPXHOCTEH MOTYT OBITh
IIPUYMHAMU W3MEHEHUS KiuMmaTa 3eMIM. OTH W3MEHEHHMS MOTYT BBICTYNATh KaK IIPOLECCHI
BO3JCUCTBUS  (HAIpUMEp, AaHTPOINOTCHHOT0 — BHIpyOKa JIECOB, CEILCKOXO3SHCTBEHHOE
UCIOJIb30BaHUE, POCT METralojMCcOB), TaK U OOpaTHBIX cBs3eil. B 00oux ciyyasx mpoucxomst
M3MEHEeHHs alb0eq0 MoACTHIAIONMX MoBepxHocTed. K mpomeccam oOpaTHBIX CBsi3ell B
KJIIMMaTHYECKON CHCTEME CIIEyeT OTHECTH TaKue, KaKk U3MEHEHHE IUIOUIAN, IIOKPBITOM CHEroM
U JIBJIOM 3a CYET NOTEIUICHUs KJIMMaTa, OIyCTBIHWBAHME, IIOJABEM YPOBHS MHPOBOIO OKe€aHa U
3aTOIJICHHE YYaCTKOB CyIIW. YBEJIWYEeHUE anbOefo TMOACTWIAIONIEH MOBEPXHOCTH WU
IUTAHETApHOTO aJIbOE0 YBETMUMUBAET OTPAKEHNE B KOCMOC MAJarollel COJTHEUYHON pajualuu U,
KaK CIIEZICTBHE, MOXKET IIPUBECTH K ITOXOJIOJAHHIO KIMMAaTa 3EMJIN.
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AHIrNo-pycckui crioBapb OCHOBHbIX TE@PMUHOB ONTUKU aTMOCcepbl

A

absolute aGcomotHsiii; a. black body abcomorHo yepHoe Teno (AUT).

absorption nornomenue; a. band nonoca MOrNIOIIEHUS; a. cross-section ceueHne MOTIOIEHUS;
aerosol a. asposzonpHOE moromieHue; gases (molecular) a. raszoBoe (MOJEKYJISIPHOE)
MOTJIOIICHHE.

actinometry akTHHOMETpHUSI.

aerosol a3po30ibHBIN, a3p030J1b; a. model a3po3onbHaAs MOJEIb.

air Bo3IyX.

albedo annOeno; single scattering a. anb0e0 omHOKpaTHOTO paccesHus; surface a. anpOeno
MOBEPXHOCTH.

altitude BbIcOTa (KaK KOOpAMHATA).

amount of clouds 6ann o6mavynoCTH.

aphelion ademnuii.

atmosphere armocdepa; low a. HIKHAS aTMocdepa; upper a. BepxHss atMochepa; middle a.
cpenHsisa atMmocdepa.

atmospheric(al) atmocdepHbIii, BO3TYIITHBIH.

attenuation ocnabeHue.

aurora (pl. aurorae) yTpeHHss 3apsi, NMOJISIPHOE cUsiHUE; aurora borealis noisipHoe cusiHEE;
permanent a. cBeUeHHE HOUHOTO HeOa; polar a. monsipHOE cUsSHUE; sunset a. BEUEPHsIst 3aps.
autumnal equinox oceHHee paBHOCHCTBHUE.

azimuth a3umyT.

B

balance 6ananc, 060poT (3Hepruu, Temia, Bjaaru u 1.1.); earth's thermal radiation b. TeruioBoi
OanmaHc 3eMiIH, TEIIOBOW OanaHC CUCTEMBI aTMOC(epa—TIoACTUIAIONIAs TTOBEPXHOCTh; radiation
b. paguanronHsIii 6anaHc.

band nosoca; absorption b. monoca nornomenus; electronic b. snexkTponHas nosoca; hot b.
«ropsuasi mojocay; vibration b. konebatenbHas moyoca; rotation b. BpamiarensHas mosuoca.
brightness spkoctb; spectral b. coefficient (SBC) xoaddunmeHT crnexTpalbHOW SPKOCTH
(KCA).

broadening ymupenue; Doppler b. pgomieposckoe ymmpenue; line b. ymupenue nuHuu;
collision b. ymupenue 3a cueT CTOIKHOBEHUH.

C

Celestial sphere neGecnas chepa.

collision cronkHOBEeHME (MOJIEKY U T.I1.).

concentration KOHIIEHTpAIVs, CYeTHAS] KOHIICHTPAIIHSI.

content conepskanue (rasa); total c. oO1iee conepxanue (raza).
cross-section ceuenue (cM. Takxke absorption, extinction, scattering).

D

diffraction qudpakius.

diffusion paccesane (00pruHO B coueTanusix d. light, d. radiation).
dissociation nquccormanusi.

E

energy sHeprus; vibrational e. konebarenpHas sHeprus; rotational e. BpamaTenbHass YHEPTHUS;
kinetic e. xuHeTHueckas >Heprusi; spin e. cnuHoOBas 3Heprus; electronic e. 371eKTpoHHas
SHEprusl.
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equlibrium paBHOBecHBIN; e. moisture content paBHOBECHas BJIAXHOCTb, €. pressure
paBHOBECHOE JIaBJICHHUE; e. Sstate paBHOBECHOE COCTOSIHUE.

emission n3nyuenue, ucrnyckanue; atmospheric e. mydenue armochepsr; light e. nzmydenue,
cBeueHue; nightglow e., night—sky e. cBeuenue HouHOTrO HEbA.

emissivity— wu3nyuarenbHas cnocoOHocTh; surface e. wu3IydarenbHas CHOCOOHOCTh
MOBEPXHOCTH.

emit UCIyCKaTh, U3Ty4aTh.

emmitance u3jy4areiabHasi ClIOCOOHOCTb.

extinction ocnaGnenue; e. cross-section ceueHue ocnabineHus; aerosol e. a’po30JbHOE
ociabiieHue.

F

fluorescence dayopecrenuus.

flux notox; downward f. Hucxonammii norok; net f. npurok; upward f. BocxoaAmMii MOTOK.
frequency yacrora.

G
greenhouse effect mapaUKOBBIH 2P eKT.

H

halo rano; large h. rano 46°; small h. rano 22°.

height BricoTa.

humidity Bnaxxuocts; absolute h. aGcomoTHas BiaxHOCTB; air h. BIakxHOCTh BO3ayXa; relative
h. oTHOCUTENIHHAS BIAXKHOCTb.

I

illumination ocBeIeHHOCTE.

incident manarommii; i. wave mazgaromnias BojiHa; i. beam, i. ray nagatomuii nyy; i. radiation
najaroliee u3ayyeHue.

inclination ckioHeHnue cBeTuia; i. angle yroy CKIOHEHUS.

influx BXoIgIIni MOTOK.

infrared (IR) undpaxpacusiii (MK), undpaxpacnas obGmacte cnektpa; far i. mameuss UK
o0mnacTh criektpa; near i. 6mmwkass MK o6macts criekrpa.

instrument (slit) function annapartnas ¢ynkus npudopa.

intensity MHTEHCHMBHOCTB; solar i. WHTEHCHUBHOCTh COJIHEUHOTO HU3JIy4deHUs; spectral i.
CHEKTpalibHas MHTEHCUBHOCTH; radiation i. HHTEHCUBHOCTbH U3TyUYEHUS.

internal BHyTpeHHUI]; i. rotation BHyTpeHHee BpalieHue (MOJIEKYJIbI).

inverse problem oOpartHas 3anaya.

ionization wonusanus; i. by collision nonuzanust cronkHoBenuewm; radiation i. voHu3aus
U3ITyYEHUEM.

ionosphere nonocdepa.

L

level ypoBeHb (B pa3HbIx 3HadueHUsIX); electronic L. >ekTpoHHBIN ypoBeHb (3HEprun); rotational
1. koneOaTenpHBIN YpoBeHb (9Heprun); vibrational 1. BpamaTtensHbIil ypOBEHB (SHEPTHH).

light ceer; day l. nueBHoOi1 cBeT; diffused 1. paccesHnsbiii cBet; incident 1. magaronmii cBer;
night—sky 1. cBeuenne wnounoro HeOa; reflected 1. orpaxennsni cBer; refracted 1.
npenomiieHHbIM cBeT; scattered l. paccesnublii cBet; visible 1. Bugumerii cBet; zodiacal 1.
30[]MaKaJIbHBIN CBET.

line nunss; line by line (method) meton mpsimoro pacuera ¢yHkiuu npomnyckanus; 1. shape
KOHTYp JinHuy; spectral l. cnexrpanbHas nuHss; 1. wings KpbpUlbs TMHUU.

latitude reorpadgudeckas mupora.
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Legengre polynomials nonnnomsl Jlexxanapa.

local thermodynamical equilibrium (LTE) nokanbHOE€ TEepMOAMHAMHUYECKOE DPABHOBECHE
(JITP); non LTE (NLTE) Hapy1ieHue JI0KaJbHOTO TEPMOJUHAMUYECKOTO PABHOBECHSI.
longitude reorpaduueckas qonarora.

M

meteorology mMereoposorusi.

microwave (MW) MUKpPOBOJTHOBBIN, MUKPOBOJIHOBasi 00J1aCTh CIIEKTpa.

Mie theory Teopuss Mu; M. scattering paccesnue Mu.

mirage mupax; direct m. BepxHuil Mmupax; inferior m. HWXHUN MUpaXx; superior m. BEpXHUI
MUPaXK.

molecular MonexyJIApHBIiL.

Monte—Carlo method (technique) meron MounTte—Kapio.

m, L MUKpOMETp (MKM), coOKpaleHne mkm He UCIIOTIb3YyeTCs B aHIIOSA3BIYHOM JIUTEpaType.

N
nadir Hagup; n. angle HaTUPHBINA yTOJ.

Q)
optical ontnyeckuii; 0. depth ontuyeckas tonmuHa; 0. illusion onTuyeckas WLUTIO3Us, MUPaX.
optics onTuka; atmospheric o. ontuka arMocheps.

P

perihelion nepurenmii;

phase function nnankarpuca paccestHusl.

photochemistry ¢poroxumusi.

photolysis ¢oronus.

photon ¢oToHn.

polarization nonspusanus; circular p. xpyrosas nonsgpusanus; elliptic(al) p. smunTudeckas
nosisipu3anus; horizontal p. ropuszonTanbHas nonsgpuzauus: plane p. nuHelHas MoIApU3aALUS;
vertical p. BepTukaibHas MoJaspU3aLus.

pressure 1aBieHue; air p. atMmocepHoe JaBieHue; saturation vapor p. 1aBjieHHUE HACBIIICHUS
BOJSIHOTO TTapa.

Q

quantum KBaHT; (. mechanics kBaHTOBasi MEXaHHUKa.

R

radiation mnyuenue (pamuanus); absorbed r. mornomeHHoe wu3nmydeHue; atmospheric r.
aTMocepHas paauanus, arMocepHoe HU3IydeHHe, H3IydeHue armocdepsl; atmospheric
thermal r. teroBoe m3nmydenue armochepsr; black—body r. uznydenne aGCOMIOTHO YEPHOTO
Tena; by r. mytem (ocpeACcTBOM) U3MYUYEHUS; COSMIC I'. KOCMUYECKOE U3NTyueHUe, KOCMHUYECKUe
nyuu; diffuse r. paccesnnoe uznyuenue; diffuse solar r. paccesHHOE COHEUHOE W3IIy4YECHMUE;
direct (solar) r. npsmoe (conmuneuynoe) uznyudenue; thermal r. TeroBoe uznyuyenue; incident r.
npuxonsiiee u3mydeHue; incoming (global) r. mpuxomsmee (Tob6ambHOE) H3IIYYCHUE;
incoming solar r. uncomsinus; induced r. BbIHYXKIEHHOE M3JIyudeHHE; outgoing r. yxonsiiee
usnydyenue; planetary—scale outgoing long—wave r. rino0anpHas yxopasiasi JUIMHHOBOJHOBAs
panuanus; reflected [(back-)scattered] r. oTpaxénHoe uznydenue; scattered r. paccessHHOE
U3JIydeHue; spontaneous r. CIOHTaHHOE H3ITyueHue; total r. mosiHas (MHTErpajgbHast) pagraLus.
radiative paguanuonssiii; radiative (radiation) transfer nepenoc nznydeHus.

rainbow panyra; primary r. nepsas paayra; secondary r. BTopas paayra.

Rayleigh scattering peneesckoe paccesnue; R. phase function peneeBckas nHauKaTpuca.
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reflection oTpaxenue, mirror r. 3epkaibHOoe oOTpaxkeHue; orthotropic r. oprorpomnHoe
OTpa’KeHHE.

reflectivity orpakarenpHast crtocoOHOCTD, KOAPGUITUEHT OTPAKEHUS, ATLOE]IO.

refraction npenomnenue, pedpaxuus; r. index nokazatens npenomieHus; complex r. i. (CRI)
KOMIUIEKCHBIN noka3aTesnb npenomiienus (KIIIT).

remote JUCTaHIIMOHHBIN; r. sounding qUCTaHIIMOHHOE 30HIUPOBAHHUE.

S

scattering paccesiHue; S. cross—section cedeHue paccesHus; S. matrix MaTpuiia paccesHus;
aerosol s. a’posonpHOe paccesnue; Mie s. paccesuue Mu; molecular s. MonekylsipHOe
paccestaue; multiply s. MHorokpatHoe paccesiHue; noncoherent s. HEKOT€pEHTHOE pPacCEsIHUE;
Rayleigh s. peneeBckoe paccesinue; single s. OTHOKpaTHOE paccesiHue.

series psj (MaTeMaTUYECKU ).

significant 3HaUNMBIN (CTATUCTUYECKH U T.I1.).

size distribution function ¢pyHkuus pacnpeneneHus 4acTull o pazMepam.

sounding 30HIMpPOBAaHHWE, remote §. JUCTAHIIMOHHOE 30HIMpOBaHHWE; atmospheric s.
30HIUpoBaHKue aTMocdepsl; s. from sattelite 3oH1MpOBaHNE CO CITyTHUKA.

spectral cnextpaibubiii; s. brightness coefficient (SBC) xoaddunueHT criekTpaabHOi SPKOCTH
(KCA).

spectrum crekTp, obOmnacte, Auamna3oH; electromagnetic s. CHeKTp 3JIEKTPOMarHUTHOTO
uznyuenus; Fraunhofer s. ppayHrodeposs nuuum.

Stokes parameters mapamerpsr CToKca.

strength HanpsokeHHocTh; magnetic field s. HanpskeHHOCTH MarHuTHOTO nods; electric field s.
HaIPSKEHHOCTD 3JIEKTPUYECKOTO MOJS.

Sun ConHue, conHeuHbll cBET; active s. aktuBHoe CoiHIle; counter S. IPOTHMBOCOJIHEYHAs
touka; disturbed s. aktuBHOEe Coaile; dog s., mock s. toxHOE comnHIle; quet s., undisturbed s.
cnokoiiHoe CosHIE.

sunlight comueunslii cBeT; direct s. mpsMbie COJHEUHbIC Ty4d; scattered s. paccesHHBIN
COJIHEYHBIH CBET.

sunrise BOCX0/]l COJTHIIA.

sunset 3axX0/[ COJIHLIA.

surface NOBEPXHOCTh, MOJACTWIAIOIIAS IOBEPXHOCTh; earth s. 3eMHas, NOACTHIAIOLIAS
MoBepxHOCTh; geoidal s. reoun; orthotropic s. oprorponHas NOBEpXHOCTH;, rough s.
1iepoxoBaTasi IOBEpXHOCTh; underlying s. mojacTuiaromas MoBepXHOCTb.

T

temperature teMmnepatypa; dew—point t. Touka pocsl; radiation t. Temneparypa u3y4eHus.
terrestrial 3emMHOI.

total column amount o01iee comep)kanue ra3a B CTOJI0E aTMOC(EPHI.

trace gases MaJble Ia30BbI€ COCTABIISIOLINE.

transmittance npomyckanue, GyHKIUS MPOITYCKAHHUS.

trend TpeHn (HampaBieHUE, TEHICHLUS, CUCTEMAaTHYECKOE U3MEHEHHe); seasonal t. ce30HHBIN
WJIU TOZOBOM TpeH I (x0/); secular t. BEKOBOI TpeHI.

twilight cymepku; astronomic(al) t. actpoHoMu4eckue cymepku; civil t. rpaxiaHckue cyMepKu;
martime t. Mopckue cymepku; nautical t. HABUrallMOHHBIE CYMEPKH.

U
ultraviolet (UV) ynpTpaduoneToBsli, yabTpadroneToBas 4acTh CIEKTpa.

\%
vernal equinox BeceHHee PaBHOJICHCTBUE.
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vibrational koneGarenbHbIil; v. level KonebaTenbHBI YpOBEHB; V. transition konebarenbHbIN
nepexoJ; v. spectral line criekTpansHast, KoneOaTenbHas JTHHUS.

volume o0wvem, oOwvemHBIH; V. aerosol extinction coefficient o0wvemubIil KO3 duIIHEHT
a’pO30JILHOTO OCIIa0JICHHS.

W

water vapor BOJSHOMU map.

wave BoiHa; electromagnetic w. s3nekTpomarauTHas BojHa; short-w. KOpOTKOBOJIHOBBIN; long-
W. JJIMHHOBOJIHOBEIM.

wavelength 1ynHa BOJIHEL

wavenumber BOJIHOBOE YKCJIO.

Z
zenith 3eHUT, 3eHUTHBIN; Z. angle 3€HUTHBIN yroJI.
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