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ACTPOPU3UKA

B. A. Am0apuymMsaH, akaaemux

O0 oaHOW 3ajnaye HenuHelHOH TeopuM paccesHusi CBeTa
B MYTHOHW cpeae

(Ilpeacrasaeno 26,111 1964)

B nacrosuee Bpemsa Bce 00/bIIVIO aKTYya/dbHOCTh [1PHOOPETAIOT BOM-
pocel HeaunHe#HOW Teopuum MHOTOKpaTHOrO paccesinus cpera (b ?). Heau-
HefiHble 3aJlaYd BO3HMKAIOT, HalpHUMep, IIPU U3YUEHHH NPOLECCOB, B KOTO-
pBIX CYUIECTBEHHYIO DOJb HUIPaeT OOMEH 3HEpPTrHAMH MEXAV MOJSMH H3-
JYUeHHs, COOTBETCTBYIOIIMMH YaCTOTAM PA3JHYHBIX CIEKTPAABLHBIX JHHHi
aTroMoB cpejnl. Hanpumep, oauH H3 NpOCTEfIINX CjlydaeB TaKkuX I[polec-
COB, PACCMOTPEHHHBIl B ('), COOTRETCTBYET cCpeje, COCTOANlEH M3 aTOMOB,
UMEICUIMX TPH COCTOAHHUA M TPH CUeKTpaabHble JauHUU. OnHakO HMelTCs
U TaKkhe (PU3HYECKHE 3aJaud, B KOTODBIX MOXHO OrPAHHUUTLCS DPAacCMO-
TPEHHEM H3/1YUYEHHSI TOJNbKO B OAHON CNeKTPaJIbHON JIMHHUU U A5 KOTODBIX,
TeM He MeHee, IIPY HU3BECTHBbIX YCJOBHSAX (BBICOKAS NJJOTHOCTD U3JYUEHHUS),
JUHEeHOe TPHO/IHKEeHHEe 4BJAACTCH HENOCTATOUYHBLIM. [IpocTeflliuM TaKHM
IPUMEPOM ABJASETCA Npob/ieMa PACCeAHHA MOHOXPOMATHYECKOTO M3/1YUeHHS
B arMocepHOM C€/0€, COCTOSIeM H3 aTOMOB, MMEIOMIHX JBA BO3MOXKHBIX
COCTOAIHHS, KOrJa YUHUTBIBACTCA ,OTpHLATe]bHOE morJjomenue“. XNapak-
TEPHOI 42pPTOfi HE/JMHEHHBIX 3ajau fBAseTcs Haauuue 3(PEPeKTOB npoceer-
JICHUA W NOMYTHEHHS CPEe/bl, T. €. H3MEHEHHS ONTHUECKHH TOJIUHHI.

[lpeacrasnser nHTEpEC BHISCHUTD, 8 KAKOWL Mepe Memoobl peulerlis
Mmamemamuieckux 3udar 00bI4HOL AUHEIHOIL Meopull neperoca u3ny-
wenust (°) moeym Gbimos NPpUMEHEHb. 8 00AQCMU HEAUHEAHbX 3a0ad.

JIJ1st IpoCTOTHL PacCMOTPUM OJHOMEDHVYIO 3alady O paccesHuH CBeTa
B OJHOPOAHOI cpeae KOHeWHOH ToauwuHe. B (') 6bi0 DOK23aHO, KaK
3T4 3ajaua, B3ATdad B JUHERHOM nNpUOJMXCEHHH, B pe3yJjbTaTe NpUMeHe-
HHSI METOJA C/0XKEeHUd JABYX CJA0€B (HNPUHLHUI HUHBADUAHTHOCTH), TPHBO-
AUTCH K CPABHHUIAJBHO NPOCTHIM (PYHKUHOHAILHBHIM YPABHEHUAM, IS KO-
TOPHIX 00YYaIOTCd XOPOUIO H3BECTHBIE U3 OOBLIYHOH TEOPUH pelleHHs.

C nepBOro B3r/siza MOKeT MOKa3aThCs, YTO NPHHIUHUI HHBAPHAHTHO-
CTH He MOKeT OblTb IPDUMEHEH B HEeJIMHEHHBIX 3ajauax, TaK Kak ONTHYeCKue
CBOWCTBA (NPO3PAYHOCTh M JAp.) NPUOABAIEMOro CJA0s 3aBHCAT OT [ajalo-
IHUX Ha HEero NnoTokoB M3ayuyeHus. OJHAKO HA NpHUMepe, PacCMOTPEHHOM
B Hactosdigeid padorte, Mbl MOKA3bIBAeM, 4YTO 3TA TPYJAHOCTH MOXKeT OBbITb
ool gena.
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B HeAMHEHHO! TEOPHH TOJIIHMHA CPeJbl - JOJIKHA ObIThb OXapakTepu-
30BaHA HEKOTOpHIM napamMeTpoM. B kauecTBe T4KOro napameTpa OKasbl-
Baercs HeyJoOHHIM B3ATh PeaIbHYIO ONTHUECKYIO TOJIIHHY, ubo Bcaen-
CTBME YNOMSIHYTHIX BbIIE 3((eKToB MNPOCBETIEHHA W NOMYTHEHHS OHa
OKA3blBAETCH MepPeMEeHHON BeJHUYHHOH, 3aBHUCALIENl OT CYHIECTBYIOLIEro B
cpege TmOJs M3JAyueHds. Bmecto Hee MOXKHO MCHOJNB30BATH B KAUECTBE
napaMeTpa 3HaueHHe ONTHYECKOH TOJUIHHBL, KOTAa HHTEHCHBHOCTL H3JYy-
yeHHs BO BCEX TOUKAX CPeibl CTPEMHTCH K HyJa0. Byaem 3Ty Be/lHYHHY
HA3BLIBATb B AaJbHellIeM ApedeAbHOll ONMU4EeCKOR MOAUUHOU.

§ 1. PaccMoTpuM /8 MPOCTOTHL CJAEYIOULYI0 OAHOMEPHYIO 3ajauy.
Ha nBe rpauumbl cpeasl, o6/aajaiomell npeiebHOR ONTHYCCKOH TOIIIHHOA
. majzalor Nnoroku usayuenus F; u £, TpebyercA HanTH COOTBETCTBYIO-
mue BeIxoAsinue notoku H, u H, (dur. 1). Ilpu srom Hac He GyneT
MHTEpecoBaTb MPUPOJA 2JIEMEHTADHBIX aKTOB paccesHusd. Byzem JHILIb.

Oy

\ cuMraTh, UTO Cpeja HMeeT OJHHAKOBHE CBOH-

F tH, crea AJg Jyuel, HAYIHX B O0OHX HampasJ/e-
T S A | HEX [Tpu atom yc/a0BHH OyLEeM HMEThb

.‘,/ ," ', ,, ’, ',’ ": ,’, ',¢ '; 6 ) )

A A A 1’ Hl'-:: ¥ (F g Fzs Gl)v ’ (1)

— | Hy= ¢ (F,, Fyi; 0y). (2)

15, H, TaxuM o6pasoM, cpeia aBaseTcs Kak Obl

dur. 1. ,UEPHBIM SIIMKOM®, CBOHCTBa KOTOPOrO Xapak-

tepusyiorcsa ¢ynxuueit ¢. Ho B oranune oT
IPYrHX ,UepHBIX AMHKOB® Mbl B 3TOM C/yYae 3HAEM KO€-4TO O €TI0 CBOIi-
CTBAX M, B YaCTHOCTH, 4TO CPela C TOIILMHOR 9~ 0 MONKET paccmarpu-
Barbca KAk CyMMa [ABYX, NpaBla B3aUMOAEHCTBYIOIMX, Cped C TOJIMHA-
HaMH 0, H J,. Daaronaps 3ToMy TPeDOBAHHIO

GyHKIUA @ yKE He MOXKeT OblTh MPOU3BOJALHOM F tH,
dyuxnuefi or Tpex aprymeHroB. OHa AOMKHE  —— 0 el
NOLUHHSTHCH HEKOTOPHLIM YCJAOBUSM, KOTOpsle <. . . w7t g
Mbl fOCTapaeMcsi OrbiCKaThb. [locie 3TOro cjae- l;
jyer onpeneautb QYHKUHIO ¢, YAOBACTBOPAIO- ettt "'
Y0 HAWIeHHBIM YCJIOBHAM. A H,
Vicnoab3yem MeTOM CA0XKEeHHs ABYX CJ/I0€B.
[lycts o u o, OyAYT NPedbHbe OMTHIECKHE e
TOMIIMHB 3THX cjaoeB. Torga H3 CXembl, NMPeJ- G,
craBieHHOR Ha (ur. 2, BHAHO, UTO B jomogaHe- 7707 S5A50 )
gue k (1) u (2) Mb OyaeM HMeTh CleAyRIue “: T
COOTHOLUEHHUS : : ' N :
Fy=9(H,, F3; o), (3) dur. 2.
Hy = ¢ (F;, Hy; 02), (4)
Hy=¢(Fy, F3 51+ ), | (5)
Hy = o (F;, Fy 3y -+ ). (6)

Cpasuusas (6) c (4), nmeewm:
¢ (Fy, Fy; 05+ 9,) = ¢ (F;, Hy; o).
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lloncrasasisi B npaByio 4acTh BMECTO H, ero spauenue u3 (2), moayuaem

¢ (Fy, Fy 9+ 9y) = (F;, ¢ (F,, Fy; 01); o). (7)
C Ipyroii cTOpOHH, NOACTABANS (2) B (3), Haxomum
Fy=¢{¢ (Fay Fi; 0)), Fy; o). (8
[Tycrs peurenne 3Toro ypaBHEHHS OTHOCHTENbHO F, 6yner:
Fo=u(Fy, Fy; oy I). (5)

DOYHKIHST & LEeJHKOM oapejesnserca 3sananueMm ¢. [TosToMy MBI MO-
KEM CKasaTh, 4TO, NOACTaBIsAs (9) B (7), Mul Oyxem umeTb ypaBHeHHe

¢ (I, Fy; 004 %) = © (F,, ¢ (2 (Fl) Fy; 3, ), Fy; 31); 9,), (10)

o6e 4acTH KOTOPOTO BHIPAKAKOTCH uepes ¢. Clen0BareqbHO, ypaBHeHUe
(10) Bmecre ¢ onpegmenennen byHKIUH 2 u3 cOOTHOWIeHHUf (8) u (9) ecrn
HEKOTOpOE BecpMa CBOeOOpasHOe (Y HKIHOHAJABHOE YPaBHEeHHE
Add QYHKULHH o,

[TonwiTaemcst HafiTy BMecTO NOJYYEHHOTr0  (QYHKUHOHANBHOTO YypaB-
HeHusl 1bdepenunansbuoe. Jlas 3Toro AOMYyCTHUM, 4YrO o, €Crb MaJjas Be-
JnuuHa. Toraa ypasuenwne (3) NeperuiueTcs B BHAE

Fo=1F;+a(H, F;) 3, (11)
Beoasi ciona Bmecto H, ero suauenue us (2), moayuaewm:
Fy=Fy+a(p(F, Fi5 93), Fy) s,

C TOUHOCTBIO 1O BeAHUYUH BTOPOTO N0pdA1Ka MaJOCTH MH MOMKEM B
HOCACIHEM 4Y/IeHE 3aMeHuTb I, yepe3 F,. orza

Fo=F; 4o (¢ (F, Fy: 9), F;)o,. (12)
C npyro#t cTopows, cpaBuuBas (6) c¢ (4), noayyaewm:
9 (Fa Fiy 03+ 0y) = ¢ (Fy, Hy; o), (13)
a u3 dur. 2 umeem
Hy=9(Fy, Hy; o)) = Hy - (F,, H,) o, (14)
Broca (13) B (12) naxonuwm:
2 (Fy Fi oy b 0,) = Hyfa (Fy Hy)o, (15)

[MoncraBasa ciona Bvecto H, ero snauenue u3 (2), MOXKeM HANICATE-:
¢ (I, Fy; 9 4 9) = ¢ (Fy, [y 91) + a (£, ¢ (Fy Fy; ay)) %o. (16)
BuecewM, nakomeu, ciona 3HaYeHHe F, u3 (12). HMwmeem
¢ (Fy, Fpsoop + %) = v (F + o (e (Fs F; %), £3) 0, F; o) +
+ o (Fy o (F,, £y 6y)) o, (17}
IpAYeM, B MOCAEJHEM ujeHe, npeHebperass BeJHUYHHAMHU NOPSIAKA 03, MBI

3ameHun F, yepes F,.

Pasnaras no crenmeusin o, OTOpaceiBasg HJEHB BTOPOro NOPALKA W
BEIUE, a TaKKe COKpamas, Mbl HAXOAHM OTCIOAA
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— ot A e L A ) a(CrO(FJ, Fl’ 51) F)+G(F37 ‘P(FS)FDGI))

(18)

Mrak, Mbl DOIy4u/Id HeaHHeiiHoe AudbepeHiHalbHOe YPaBHEHHE NJis
GdyHkuuu @. Jas ynpoileHusa NepeMeHuM 0003HaUeHHs

Hs—‘?(Fa‘ Fy; o) = 2; Fi=x§ Fy=y;, o =oa. (19)
Torna
0z 62
= o - , 2). 20
9 Oy z, y) +a(y, ?) (20)

[Tpu s—> oo Hama 3ajaua MpPeBpamaeTcs B NPOCTYIO npodaemMy Ha-
xoxaenus AuPOy3HO OTPazeHHOro 0T OeCKOHeUHO TOJACTOrO Ca0% MOTOKa
H, =z, KOrla HA HEro Mnaxaet IOTOK F,=y. OueBujaHo, uro B 3TOM
ciydae z OyJAeT 3aBUCETb TOJABKOOT Y M OT CBOHCTB CpeaBl, T. €. (POPMBI

gyuxuun @z, y). IlosTomy, npuHuMas BO BHUMAHHE, UTO IIPH oo

0z
aMeeM — =0, moayuum Aas sagaun AHGPysHoro orparienus 06onee npo-
o]

CTOE YpaBHEHHUE

%2 (2 y)+aly, 2)=0. 1)
0y

OcTaHOBHMCSI CllepBa Ha 3TOM cCiaydae.

§ 2. BbsiCHHM CHAua1a CBOHCTBA CUMMETPUM (DYHKUHMH o(z, v), xa-
paKTepUayomell CBOHCTBA 3/E€MEHTAPHOro Ca0d H onpenenseMoifi ypas-
geguem (11).

Ecau I0O0YCTHTH, YTO 3A€MEHTapHBLIH CAOfl TOJIIMHON 0y MOXKET, C
OAHOf CTOPOHBI, 0CIa0JATh Najaiollee ¥ TPOXOAdUlee €Tepe3 Hero Haly-
yenne, a C APYroil CTOPOHBI, HCHyCKaTb B 00€ CTOPOHBL NOPOBHY H31Y-
yeHHe, AHTEHCUBHOCTh KOTOPOIO 3aBHCHT OT MNOJHOH MIOTHOCTH H3JY-
yeuusi, To ¢opmyay (11) Hago Hamucarts B BHIC

Fy=F,— k (Fy+ Hy) Fysy -+ g (Fy -+ Hy) o, (22)

rae £ 4 g CyThb HEKOTODHE (PYHKLMH OT aprymema HANMCAHHOTO B CKOO-
kax. B aumefinofi Teopuu mepeHoca u3iydeHds g (x) mpocro MpOmOpLUC-
HAJbHO X, 4 B — MOCTOSIHKEO.

Cpasuupast oupenenenue (11) ¢ (22), umeewm:

a(st Fs) = —k (F3 -+ Hz) Fa ‘|‘g(F3 +- Hz),

HJAH B COKpPALl€HHBIX 0003HAUECHUAX

a(z, y)=—k{z+y)y+g&+Y) (23)
TTostomy ypasHeHne (21) mpuHnmMaeT BHA:
Z lky gl =g — ks,
ay

OTKYyJla NMPHAEM K YPaBHEHHIO
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0z 1 ‘
== = +1 24y
Yoy kg(z+y)<y+> (24)
Beenem (ynxuuio
x;g__(g) ds =G (: ' 25
5 ch =00 (25)

Haxonum peurenue (24) B BuIe
ye=0G(y+2)+C,

rie C — 110CTOSIHHAS HHTErPHPOBAHHA.
Ecau z==0 npu y==0, to C=0. TTostomy

ye=G(y+z2). (26
Otciona, B yacTHoCcTH npu g (%) =% kE, T. e. B JIMHEHHOM CJyuae, KOrja

U3 NOT/IOHIEHHON HEePTHu pacceHBaeTcs NOJsi A, UMeeM:

A

yz=-7 (v + 2)% (27)
Pemenue 3TOro ypaBHeHHd jnaeT OOBUHYIO Gopmyay Ansd ,ansbeno”
z _ 2—r—=V1—h (28)
y A
Ilycty Ttenepsb
N a%
) =-—~kR(E) ———> 29
g (%) 5 ()a2+ez (29)

rae @ — HeKOTOpas NOCTOsIHHAS, T. €. BHECeM HeJWHEHHOCTb, BHIPaKalo-

UYIOCST B TOM, YTO IIDH DAaCCEAHHM 3MeMEHTAPHBIM CJOEM H3 MOTJolae-

MOHl 3HEpPruM pacceMBaeTcs JHUlIb J0JS '
a2

a* g

T. €. IPH yBeJHYEHUU IJOTHOCTH IJHEPTHU ¢ 3Ta A0JAA YMEHbIIaeTcsd, a

1O/, NPUXOAsllascsd Ha HCTHHHOE MOTrJolleHue, Bospactaer. Toraa

2
G(x)= —z—cﬁln[l + %J

A

U pelieHHue HMeeT BHUJ

yz———;{a? [1+(y+z)] (30)

a2
OTKyJa BHAHO, YTO MNPH YBEJHUYEHHH MNOTOKA y 1O OE€CKOHEUYHOCTH aJb-

2z
6eno — crtpemurcs K Hyaw. HaoGopor, npu y < a 6Gymsem HMeTh s

anbbeno ¢opmyny, cosnanaomyi c (28).
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§ 3. B ciyuae ci09 KOHeyHOH ONTHUYECKOH TOJILMHBL CAELYyeT Bep-
HyTbC K ypaBHennio (20), mojcraBuB B HEro BblpaxkeHHe (23) i Ko3d-
¢unuenrta a (2, y). Haiigem:

0z

03 =§§[_k(2“’)y tgE N+ —kE+yz+gz+y)]. @G

ATO ypaBHEeHHe MOXeT OBITh PELIeHO H3BCCTHBIMM METOLAMH, €CJIH TOABKO
sananbl QYHKLIMH R (x) U g (X).

Mrur He OylneM OCTaHABAMBATLCH 3J€Ch Ha XapakTepe pelleHuil Juas
pa3HbIX YaCTHLIX CJaYUdeB. O‘IQBI/II_[HO, YTO 3TH pelueHud MOI‘yT‘GH’I‘b no-
Jy4dyeHbl H JIPpYTAMHU CHOCOGHMH, B YaCTHOCTH INyTeM HUHTErpUpDOBaHUSI
ypaBHeHHWH, ONKUCHIBAK IHX YC/ICBUs BHYTPH cpeiwl. Ho namefi sanaueit
GBIIO 10Ka3aTh. YTO paccMaTpuBaemas mnpodsaema JAONYyCKaeT I0CaenoBa-
TeAbHOE NMPHUMEHEeHUe MPUHIUNA MHBAPHAHTHOCTH.

HEUIO, OJlHAKO, HUMETh B BHILY, 4YTO [NPHUMEHEHME TIDUHIHIA HHBA-
PUAHTHOCTH JOJKHO NMPHHECTH CYLIECTBEHHYIO [IO/Ib3Yy ©/aBHBHIM o0Cpasom
npu peuwreHuu CJAO0KHBIX 3aja4v: MHOI'OMEPHBIX HJAHN CBi3aHHBLIX C HaJAU-
YHEM HECKO/bKHX B3aUMOJCHCTBYIOIIUX YACTOT H3/1YUEHHS.

Biopakanckas actpodusnueckass o6cepBaTopus
Axanemun Hayk Apwmsucxoii CCP

4. Z. ZuUpUPenhU3uUL

Nysor Choujuyrnul wouh grfwb oy qduhl shuncpymi
fh jplgrp fwuchG

Lovyup pugdwapunfly gpdws ny qdugh fplgpl of pogods ghopacd fppondned £ -
Jurppumne bt wlqporipp: Powppbpafdncs qowll ghuplby ghdeeg whqpugepdlut
ne [Juifrnlgdwl qnp()wlllr_q'ill?[:ﬁ sfers fues p e wlhpudbym £ il e ng'ubl uﬂu”nu:;u:,ui:fmi:-—
[udpastigid s A pociilyghus < (Fy. Fy)y oph Swtwp awwgned £ (10) $ocllghot So-
Jisuwpnedps Ugg $actlghotim) Swfjwawpnidp Qoplph b plply (18) ny qdugh® qfipbpbihylm
Rwstfus v pf il 2

a7l,117[12 oulm[lllm[ltuir Awrutmnt F’J:u'il ll,illli#nl_lr fu'lu]f:,lg pbln[nLlf E (24) /;uu[wuul[nfw'fu
Upw nidnedp mwpfia bodly wlgpugupddal $aclilyfio: Uyq nedncdp wpowlapndned £
(26) b (25) pulmdhlpnds UwuBuifap ghigprcd wamgfucd § qdught fuliqph s pnfe pre~
dnedpi .
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