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~paBJt H.M. 
P4-4647 

0co6eBBOCft JtopOT&oaon&OBOI 'IACTB AODRMpO&CJtOrO CJieJtTPA . 
a cpeAe 

PaccJI&ATPBIIAe'I'C• -t+eJt'f' .Qounaepa a lipenoNIUIIODiel cpeAe. Ocaoaaoe 
auwaue o6pameao aa ocoCSeuOCTB AolmnepoacJtoro cueJtTPA • oCSnacTB 'lAC­

! 'f'O'f',:· t ·. llpeBWWAJOJIUIX IIIIA3N8HIIJIO 'lACTOTY CpeAW• 

I 

Coo .. •••• ()hepaeaaoro aac~TJT• QepiiiiX BCOHAoa•••• 

....... 1. 
.. 

Frank LM. 
P4-4647 

Peculiarities of the Short-Wave Part of the Doppl .. •' 
Spectrum ln a Medium 

·The Doppler effeet in a refractive mediurra ls considered. Atten . : 
tion is focussed on the· peculiar· features of the Doppler ~pectrum · 
in the region of frequencies exceeding the plasma·. frequency of the 

medium. 

Colllaaaleatloae of ••• Joillt laetllate fol' Naeleal' aeH•n•· 
DIAn, 1M9 
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KaK ll3BeCTHO, aljlljleKT .[lonnnepa B npenoMnsuorueil:' cpeae o61iailaeT psraoM 

· oco6eHHOCTeii. · Oaaoii ·ns Hnx. SIBnSieTcSI aoSMO)I(HOCTb aan)l(eHnSI nsny'laTenSI 

co CKOpOCTbiO, rrpeBb!lllaiOmeii ljlasoayro CKOpOCTb CBeTa ll B03liHKHODeHne" npn 

9TOM · TaK H83b!BaeMOI'O aHOManbHOI'O 91jlljleKTa'· .[lonnnepa, 'laCTOTbl' KOTOpOI'O 

yaoaneTBOpSIIOT ycnOBlllO· 

wo 
w = . ; , J3 n ( w ) oos. 0 > 1 . 

'J3n(w)oos0-:-1 ·· · 

' ~ '· .. : . ' 

( 1 ) 

npn 9TOM w 
0 

= w ~ ..j 1-J3 2 , rae w ~ - C06CTBeHHaSI 'laCTOTa nsny'laT~nSI 

npn J3 = 0 • HapSIJly c aHoManbHbiM aljlljleKTOM .[lonnnepa nMeeT Mecio Ii 

HOpManbHhiH aljlljleKT .[lonnnepa, amr KOToporo 
•,,' 

wo W=------ .J3n(w)oos0< 1. 
(2) 

' ~ . . 
I1aoraa npn ynporueHHOM paccMoTpeHnn npeHe6peraroT ancnepcneii, '' :ronaraSI 

··'' 
n( W) = n 1 • 3To npHBOaRT He TOnbKO K npaBHnbHOMY DblBOay, 'ITO 8HOManb-

HblH aljlljleKT .[lonnnepa BOSMO)I(eli nnlllb anSI ocTpbiX yrnoa · ( {3 n 1 oos () > 1), 

HO ll K OliiR60'lHOMY YTBep)l(aeHRIO,. 'ITO liOpManbHblH · aljlljleKT .[lonnnepa ocy­

UleCTBnSieTCSI TOnbKO anSI aocTaTO'lHO 6onhlllllX yrnoB. 0 ( npn J3n 1 rosfl < 1 

anSI saaaHHoro n 1 · ) : .B aToM cnyqae rpaiinua Me)l(ny Hn~m · onpe.denSinacb 

6bi COOTHOllleHReM 

J3n rose = 1, 
1 c 
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T,e •. ycnoaHeM. Hany"ieHHSI BaaHnoaa-t.lepeHKOBa JlnSI noxaaaTenSI npenoMneHHSl 

n 
1 

• B Jlei!:cTBHTenbHOCTH, OllHaxo, npeae6pemeHHe nHcnepcHeil: aenonycTHMO 

H, K8K 6binO llOK838HO ,eme B nepBOH8"i8nbHOM paCCMOTpeHHH t1/ 1 HOpManb­

Hblil: a4>4JexT .nonnnepa aoaMomeH nnSI mo6biX yrnoa 0 oT 0 no rr • B npe- · 

noMnSIIOmei!: cpene npH MaJtbiX yrnax 0 aopManbHaSI nonnnepoacxaSI "i8CTOTa 

CMemaeTCSl B o6naCTb 8HOMSnbHOil: nHcnepCHH, rae ll0K838Tenb npenoMneHHSl 

aeaaa"iHTenhHO npeBbiillaeT enHHHUY HnH name M.eHbllle ee, TaK ~To f3n(CtJ)rosO<l. 

Cn9mHaSI aaBHCHMOCTb n OT CtJ B peanbHOi!: Cpene npHBOnHT H K TOMy, 

'iTO ypaaHeHHe .llonnnepa npH aanaHHbiX CtJ 0 () H /3 MOlKeT HMeTh aec­

xonbKO peUieHHii• TaKHM o6paaoM, B naHHOM aanpaaneHHH MOlKeT Hany"iHTbCSI 

caeT, .conepmamHil: .ite onHy, a 6onblllee "iRcno nonnnepOBCKHX."iaCTOT. Taxoil: 

cnomHbiil:. acJ>cl>eKT . Uonnnepa o6SiaaTenhHO HMeeT MeCTO npH aHoManbHOM acJ>­

cJ>exTe ·".nonnnepa /1 l, ao oa aoa~omeH H nnSI aopManhHbiX nonnnepoBCKHX 

"i8CTOT. ·noaTOMY aacnylKHBaeT BHHM8HHSl HCCnenoBaHHe noaeneHHSl HOpManh­

HbiX nonnnepOBCKHX "i8CTOT, oco6eHHO B o6nacTH KOpOTKHX nnHH BOnH, Jlns:t 

KOTopoil: paaee He npoaonHnocb neTanbHOI'O aHanHaa. 

TionOlKHM OOK838Tenb npenoMneHHSl nnSI BbiCOKHX "i8CTOT paBHbiM 

rne (L) 
p 

n(CtJ) = 1-
(i)2 

,, 
(i) > (i) (3) 

p 

4rrNe2 Y, ~ 
- nnaaMeHH8Sl HnH neHI'MIOpOBCK8Sl "i8CTOT8 W =(. ) • 3necb 

P m• 

N. - "iHCno aneKTpOHOB B enHHHUe cpenbi H m - Macca amixTpoHa. TipH aTOM 

Mbi orpaHH"iHMCs:t o6naCTbiO "i8CTOT, B KOTopoi!: aTa cJ>opMyna .aaaenoMo HMeeT 

cJ>ilaH"ieCKHil: CMbicn, T.e. 6yneM npennonaraTb, 'iTO CtJ > CtJ • -Torna, noncTaB~ 
p 

nSISI n( w) H3 (3) B ypaBHeHHe (2) '· nns:t HOpManbHoro acJ>t}leKTa .llonnnepa. 

HMSeM: 

wo 
(L) = -~--:---...::..-..,....---

1 -/3 ros 0 + -;.;. ros 0 
2c.l 

·CtJ·> (L) 
p 

(4) 

YpaaHeHHe (4) oTnH"iaeTcSI oT ypaaHeHHSI .nonnnepa B aaxyyMe HanH"iHeM 

Tp9Tb9I'O qneHa B 3HaMeHaTene. STO KBanpaTHOe ypaBH9HHe OTHOCHTenbHO 

w H,pemaSI ero, nonyqaeM 

4 



(<) = 
"'2 

0 

(<) > (<) 
p 

{5) 

Ecnii o5e 'IaCTOTbl 1 COOTBeTCTBY!Ollliie 3HaKy nniOC II MIIHyC nepea KOp­

HeM f5), 5onbllle 'C<.lp ' TO nonytiaeM cnmKHhlii scjJcjJeKT nonnnepa. Dpii STOM 

ypaBHeHIIe (4), · otieBIIt:IHO, MO*eT onpeaenHTb nonnnepoBqKne tiac­

TOThi TOnbKO llpH ycnOBHH 1 'ITO llO.rl KOpHeM KBaJlpaTHblM (5) CTOHT nonO*H­

TenbHaH BenH'iiiHa HJIII HOnb, CneaoBaTenbHO, JlOn*HO 5biTb 

w 2cu 2 

___ o,;;.__ ~ _ ___:P:__f3 cos (J • 

1- {3 cos (J (6) 

fleBaH 'ia~Tb HepaBeHCTBa (6) 1 0'19BHJ:IH0 1 paBHa aonnnepoBCKOii 'IaCTOTe 

B BaKyyMe npH TeX *9 {3 H ·. (J 1 Ha BenH'IHHY KOTOpOii B ( 6) HaKnat:~hiBaeT­

CH1 TaKIIM o5pa30M1 onpeaerieHHOe ycnOBHe, Ecnii HepaBeHCTBO CTaHOBIITCH . . ' 

. pa~eHCTBOM 1 . TO o5e JlOnnnepOBCKHe 'IaCTOTbi 1 COOTB9TCTBY!OlllH9 ypaBH9HII!O 

( 5) 1 COBilat:~aiOT II onpeaenst!OT nopOI'OBY!O 'laCTOTy CnO~~OI'O scjJcjJeKTa ,llonrtne­

pa B o5nacTH ·npiiMeHIIMOCTH ypaBHeHIIH ( 4). Bonpoc o5 STOM nopore 5y:aeT 

el!le paccMoTpeH B nocneayrol!leM TeKcTe. 

,Ung 5onee aeTanhnoro paccMoTpeHHH noBeaeHIIH aonnnepoBCKIIX qacToT 

npeacTaBHM ypaBHeHne (2) B BIIt:~e 1 B KOTopoM .ero yao5no nccneaoBaTb 

f ( (.<) ' v cos (J ) = k ( (.<) ) -

2 
1 C<.lp 

k{cu)=-(cu--) 
c 2cu 

. cu -cu 
0 =0; 

v cosO 

cu >cu • 
p 

n( cu ) cu 
(7) 

c 

(8) 

YpaBHeHne (7) TO*t:leCTBeHHO c (2) 1 a npii k(cu), paBHOM (8) 1 TO*­

aecTBeHHO ( 4) • 0TM9THM1 'ITO ypaBH9HHe (7) npaBHnbUO H t:~nH aHOManbHOI'? 

scjJcjJeKTa ,Uonnnepa1 ecnn H3MeUHTb B HeM snaK nepen wo na o5paTHhiii, 

a' TaK*e. anst .H3nyqenHH BaBnnoBa-qepeHKOBa {cu0 =0) • Ha· pnc. 1 o5a 'lne­

Ha ypaBHeHHH (7) npeacTaBneHhi rpacjJII'IeCKH. KpuBoii nponcTaBnHeTCH k(w), 
npH'I9M B o5naCTH CU 1 MHOI'O 6onblllHX cup 1 k ( cu } il0t:I'IIIHH9TCH ypaBUeUH!O 

(8) II HMe'eT aCHMllTOTH'I9CKY!O 3aBHCHMOCTb. k{w) ,; W (nyHKTHpHaH c 
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npRMaR a 0 = ~ (pac. 1)). B o6nacTH onTH'IeCKHX 'laCTOT, oqeaaauo; ·n ( w )> 1 

H k(w) 
(L) 

HlleT BbiWe npRMOli a 0 = c . ITpa 9TOM B peanbHOH cpene npa 

B03MOlliHo, 'ITO k ( w) >0 aonpeKH ypaBHeHHIO ( 8). ITpm.ibie a. 
1 

, a 
2

, 

·w -w 0 

v cos() 
9TO a v cos e • 0'1eBHltH01 'ITO: 

nepece'leHHR npRMhiX a 1 ••• a 4 c Kpaaolt k( w ) naroT pemeHHR ypaaHeHHR 

(7), T.e. B9JlH'IUHbl w 1 ~.UOBJl9TBOpRIOIUHe (2), a B TeX ·c~y'laRX, KO~.Ua 
-~HH nemaT B o6riaCTH ~ > W . , TO (4) H (5) (TaKOA rpa~Hqe~KHfi MeTon 

p 

HaXo:lK.UeHHR .nonnnepOBCKHX 'laC TOT yllie HCnOJtb30BaJtCR B pa6oTaX / 1 •2.;3/) • 

ITpn au,anH3e noneaeHHR aonnnepoBCKHX 'laCTOT cneayeT pa3nH'IaTb ana cny-

'laR B 3aBHCHMOCTH OT B9JlH'IHHbl OTHOWeHHR 
Cll 0 

LlonyCTHM 1 'ITO w 0 = w I ;> W P 1 T.e. C06CTBeHHaR 'laCTOTa JtelliHT B 

o6naCTH npHi-WHHMOCTH. (3). ITpeanonolliHM1 'ITO 8> ; , T.e. cosO < 0. 
. wo-w 

Ha pac. 1 aToMy cooTBeTcTayeT npRMaR a
2

= , nceraa nepeceKaiO-
. · · · · lvcosOI 
lUaR KpHBYIO k(w) , OTOT pe3yJtbTaT1 KOH!'!'IH01 He 3aBHCHT OT BeJtH'IHHbl 

w0 1 KOTOpaR. MOllieT 6b!Tb KaK 6onbiUOH 1 TaK If Manofi If 9THM onpeaenReT­

CR '.Toni:.Ko, n KaKoli o6nacTH cneKTpa . ne)I{HT aonnneponcKaR qacToTa. EcnH 

() > ; 1 TO nO A KOpHeM ( 5) CTOHT noJtO)I{HTeJtbll8.11 BeJlH'IHHa\ IT OSTOMY 

BCei'A~ HMeeTCR peiUeHHe (5) 1 COO.TBeTCTBYIOIUee 3HaKy nJtiOC nepeA KOp¥eM 

, (peiUeHI'!e CO. 3HaKOM MHHyC He HMeeT !fJH3H'IeCKOI'O CMbiCJta, TaK K8K W 

npH 9TOM OTpHUaTeJtbHa); flpH 9TOM H3 (5) BHAH01 'ITO 3aBeAOMC) w >wp , 

ecnH 

>w (l+f3iros8!). p 

BenH'IHHe e < ...!!_ T.e. R. cos()> 0 
2 ' t-' H WO = w l COOTBeTCTByeT npR­

nepeCeKaeT KpHBYIO k( W) '1 TaK KaK MaR a 1 1 KOTOpaR TaKllie 06R3aTeJtbHO 

da 1 1 
HSKJIOH npm.toil: ------­

'dw - vcos() 
1 

6onbwe, •IeM -
c 1 K KOTOpOMy CTpeMHTCR 

dk (w) 
(lc;;- • ITpH aToM aonnneponcKaR qacToTa, KaK H cnenyeT OlliHttaTb, CMe-

IUeHa •B CTOpOHy KOpOTKHX AJIHH BOJlH no CpaBHeHHIO C w 0 = w I • 3TO'I' )l{e 

pe3yJtbTaT cpa3y BHneH H H3 (5). B caMOM aene, MaKCHManbHOe 3Ha'leHHe· 

{3 cos() ( 1- {3 cos() ) . AOCTHraeTCR npH {3 cos e ,;, t If paalio -t . TaKHM 

o6pa30M 1 MHHHMaJtbHOe .3Ha'leHHe BeJlH'IHHbi 1 CTORlUeH ITOA 3HaKOM KOpUR (5)
1 

.P8BHO 1 
wP2 

--~- • ORo nceraa nono)I{HTeJtbHO, ecnn w 0 > wP 
2w ~ ' a 

7 



' cneAOBaTenbH0
1 

y (5) HMOOTCSI peweHH0 1 onpeAenstiOIUee AnSI cu AeitCTBH-

TOJibHYIO BenH'IHHY, 4>H3H'IOCKHJ:i CMbiCJl HMOOT peweHHO CO 3HaKOM nniOC nepeA 

KOpHeM (5),, T,e;cu>cuo, l.J:TO KacaeTCSI peweHHSI C0.3HaKOM MHHYC nepeA 

' cu 
KOpHOM

1
. TO . eMy COOTBOTCTByeT CU < __ P 1 AnSI KOTOpOI"0 1 'COI"naCHO . (8) 1 

' ' ~ 
ktcu) -OTpHUaTOJibHO \BTOpOe nepece'IOHHO a I C 1\lCU) (eM, plic, l) MOlKOT 

nelKaTb TOJlbKO HHlKO OCH a6CUHCC 1 T,e, npH k ( cu) < 0) . 
.llonycTHM, 'ITO ·BTopolt qneH noA KOpHeM KBnApaTHhiM B (5) Man no 

cu 
cpaBHOHHIO c eAHHHUelt, npH _,£..__ < 1 STOMY ycJIOBHlO JIOI"KO YAOBJlOTBo­

CUo 

pliTb, eCJIH ~ << 1 HJIH f3 cos 0 « 1 • Toi"Aa AJISI 3HaKa nniOC nepeA KOpHeM 

cuo 
nonvqaeM B (5) 

2 
cu0 cuP 

cu = -------- {3ros0. (9) 
1-{3 cosO 2cu 0 

EcnH {3 ros 0 « 1 ,· TO JlOnnnepOBCKHJ:i CBJlHI" 1 KaK H CJIOJlOBano OlKHJlaTb 1 

Man H OTJIH'IaOTCSI OT JlOnnnepOBCKOI"O CJlBHI"a B BaKyyMe HanH'IHOM BTOpOI"O 

'IJlOHa B (9),CnyqaJ:i' ( 1- {3 cosO)« 1 1 npH KOTOpOM BTOpOJ:i 'IJIOH nOll 

KOpHOM (5) TaKlKO MOlKOT 6hiTb Man, Tpe6yeT C,neuHaJibHOI"O paCCMOTpeHHSI1 

I ) , , • , 

KOTOpoe 6yJleT. npOBOJlOHO HHlKO, · 
I 
' T~~-~~~- o6pa30M, npH cuo =CUI> cup nonyqaeM, 'ITO )lnst Ka~JlOI"O 0 

KaK npaBHJ10
1 

HMOOT MOCTO TOJlbKO OJlHa 'laCTOTa 1 YJlOBJIOTBOpSIIOIUaSI ypaBHO­

HiilO (2), H, TaKHM o6paaoM; aopManbHbiJ:i .llonnnep-s!jl!jleKT ·a' STOM cny•1ae 
' 

He SIBJlSIOTCSI CJIOlKHiiM, I1HOO nOJIO:lKOHHO B03MOlKIIOo ecnH cu 0 < CUP 1 T,e, 

nelKHT B onTH'IOCKOH o6nac~~ 'laCTOT, 

Jlonyc;rHM, 'ITO CU o = CU 2 < cup 

,a 
3 

· COOTBOTCTByiOIUast cu 0 = CU 2 

HeTpyJlHO y6eJlHTbCst 1 'ITO npsrMast 

Ha pHC, 1, BCOI"Jla nepeceKaeT KpHBylO. 

{3 H 0 HMOOTCSl JIOpMaJlbHast JlOnnne-
k ( cu) , T,e, npH n1060M n(cu) 

poscKast 
qacToTa, YJlOBJIOTBOpSIIOWaSI (2). npH MaJIOM naKJIOHe npstMOJ:i 

a a. 

( 1 
. v cosO 

JlOCTaTO'IHO 6nH3KOM K - 1 ) )lOnnnepOBCKast qaCTQTa CMeiUaeTCSl c ' ' ' ' ' 
JlHCnepcHH ( qa~ToTa cu ' na nepece'leHHH . npsrMolt . 

(pHC,l)) 
1 

npH'IOM s!jl!jleKT Jlonnnepa MO:lKOT. CTaTb 
B o6naCTb aHOMaJibHOH 

a 3 C KpliBOH ktcu) 

cno:JKHbiM 1i B )lOnOJIHOHHO K CU MOI"yT nOstBHTbCSI 'laCTOTbl cu li cu 

ne:JKaiUHO "B o6naCTH cu > cu P ( CM, pHC, 1) , Jlnst nosrsneHHSI TaKHX 'laC TOT, 

tlOJl:lKHO 6biTb BbinOnHeHO HepaseHCTBO ( 6) 1 a ycJIOBHOM nopOI"a, O'IOBHJlJI0 1 

8 



SIBnSieTCSI cnyqait 1 KOI'lla npu yMe.Hblll9HUU ( 1 -{3 COS 8) ypaB.He.HUe (fl) · CTa­

HOBUTC.SI p~Be.HCTBOM (rpa4JuqeCKH 9TO 03H8"'ae:r K8C8HHe np.SIMOit a 4 

KpUBOfi k( (i) ) B TO"'K9 (i) ( CM, puc, 1 ) ) • 
nap. 

JlonyCTHM C.Ha"'ana, 'ITO (i)O .He 3aBHCUT HnH cna6o 3aBUCHT OT 

9Hepi'HH "'aCTHUbi npH penSITHBHCTCKHX CKOpOCTSfX. 3TO ll9603M0)10l0, ec;:nR· 

(i) o - C06CTB9.H.Ha.SI "'aCTOT8 CHCT9Mbl 1 T,K, (i) O"' (i) ~ ~, ~ d~ . . 
2 . ~ 

( 3Aecb E"' me 
2 

- uonaaSI saeprust uany"'aTensr) • 0A.HaKo (i)o MO)KeT 

,11-fJ 
6b!Tb "'aCTOTOfi" :abmy)Kll9HHbiX KOne6a.HHfi 3apst)K9HHOfi "'aCTHUbi 1 llBH)KylUeiiCSI 

B .cpeae ,_B03HI_{KaiOlUHX nOll .aeiiCTBHeM sneKTpOMai'.HHTHOit BOn.Hbl • 

'Opu paccesiauu cseTa (i) 0 "' f! 0 , rae I 4! 

( 10) 

npH STOM (i) ~ - "'aCTOTa HCXOllHOI'O CB9Ta 1 n 0- IIOKa3aTenb npenOM­

ne.HHSI ansr aee, a e 0 - yron Me*llY k 0 , 11 CKopocTbro qacTUUbi, Opu aaMeHe 

(i)O Ha 00 4JopMynbi (2) 11 (1) (T,e, ypaBHSHUSI Jlonnnepa) aaroT "'aCTO-

Tbl (i) CBSTa, paccestH.HOI'O I!Oll yrnOM 8 K CKOpOCTH "'aCTHUbi,· 

Ecnu {3 6nH3KO K 9llHHHUe, a {3n 0 cos8 o 38MeTUO OTnuqaeTCSI OT 

9llHHHUb11 TO, K8K BHllHO 113 ( 10), 0 O 

"'8CTHUbi, 

npaKTH"'eCKH He 3aBHCHT OT S.Hepi'HH •• 

TOI'll8 B .aepaBe.HCTBe (6) ( npn (i) 0 = n 0) neBaSI "'8CTb B03pacTaeT 

( 1 {3 ) 
• . . 2(i); 

·npn yMeHbllleHHH - cosO , a npaBa.SI CTpeMHTCst. K npeAeny ---, no w 
COOTBeTCTByrorueMy.' {3 cos e = 1 • O"'eBHllHO, 'ITO an.SI ~ > 1 - .HaiiaeTCSI' 

0 
1 

_T8KOe llOCTa TO"'HO Malroe ( 1- f3 cosO) c nap , npH KOTOpOM ( 6) CTaH~T. pa-

Be.HCTBOM (ycnOBRe nOSIBne.HHSI B pacce.SIH.HOM CBeTe nopOI'OBOii "'aCTOTbl 

(i) no), a npu aanbHeiirueM yMeHbrueimu (1-{3cos8) .aepaBe.HCTBO (6) 
p . 

6yaeT BblriOn.He.HO ( T.e, B paCCeSIHHOM CBeTe IIOSIBS!TCSI "'aCTOTbl (i)" 11 (i)"' ) , 

OpupaBHHBaSI neByro qacTb ypaB.He.HHSI ( 6.) npasofi 11 peruaSI KilaapaT-

.aoe ypaBHe.Hue, .aaxoanM 

(1-:/3 cos e> "' ~ -+v 1- (11) 
nop 

9 . 



BbiOOp 3HaKa nepeJl KOpHeM onpeJleJlHeTCSI TeM 1 'ITO Hac HHTepecyeT 

TOnhK•O . Manoe ( 1- {3 COS () ) • 

n 
LlnSI --

0-« 1 BenH'l:HHa ( 11 ) npHonumeHHO paBHa 
<llp 

n~ 
( 1- {3 CoS () ) = --

2 
• 

rrop, 2w P. 

ilpHHHM8SI BO BHHM8HHe (11) unu (12), H3 ypaBHeHHSI (5) HaXOJlHM! 

w 
nop 

2(1....:{3cos()) 1-y 1-
2 

(<)I? 

w2 
p --. 

(12) 

( 13) 

Ecnu ( 1-{3 cosO ) MeHhllie ( 1- {3 _cosO ) nop , 

OTMe'l:anOCh 1 HMeeT JlBa pemeHI:ISI ( '18CTOTbl 

TO ypaBHeHI:Ie (5) 1 K8K yme 

1:1 .w"' ) , ilp1:1 3TOM Be-

.flH'l:HHa ( 1- {3 COS()) nop MO)I{eT Ob!Th H8CTOJlbKO Mana, 'ITO BTOpOH 'lneH IIO.ll 

KOPHeM (5) CTaHeT MHOro MeHhllie e.lli:IHI:!Uhl, 
2 no '2 wp 

---->> 
1 - {3cos() no 

Tor.ua us ypaBHeHHSI.(5) HaXO.llHM 

cu ,, , 

1- {3 ros () 

w2 • p 

2"!1·' 
0 

T.e. 

(14) 

. ( i5) 

{16) 

PaccMaTpuaaSI ypaaHeHHSI (15) 1:1 (16), Mbi BH.llHM, 'ITO ecnu 'l:acToTa 

cv" nMeeT npe!lenhaoe aaat~eHHe, B .naa paaa MeHblllee noporoaofi (eM, 12) • 

TO W Be,lleT CeOSI KaK JlOnnnepOBCKaSI '18CTOT8 B BaKyyMe (npH ~HKCHpo­

B8HHOM 1} o ) 1 OTJlH'i8SICh OT Hee nonpaBKOH 1 OTHOCHTenhHaSI BeJlH'l:UHa 

KOTOpOH Mana (eM, 14), 

MaKCHManhHaSI aenu'IHHa qacTOThi pacceSIHHoro caeTa· w .llOCTUraeT-

CSI, O'leBHJlHO, npH ();, 0 . Llmi ()= 0 llOJlCTaBJlSISI ~e.nH'l:HHy 
2 2E 2 

{32 (mc2)2' 
( 10) H npHHHMaSI BO BHUMaHHe, 'ITO - 1-·--

1-{3 -

no H3 

E 
ecnH ---2 >> 1 , nony'l:aeM 

me 

10 



. 2 

w "' = 2 w 'o I f3 n o ros e o- 1 I ( ~ > 
me 

w 

w2 
p 

2 
w 

p 

( 17) 

(is) 

tiaCTOTa w OTnH'!aeTCSI OT '18CTOTbl CBeTa, pacceHHHOI'O 'laCTHUefi B 

BaKyyMe npH TOM :>Ke {3 H (J · TeM, ·'ITO CO,tlep:>KHT MHO:lKiiTenb 1(3n
0
ros8

0
-1l 

BMeCTO ( 1:- {3 ros 80 ) H HanH'!HeM M8llOI'O nonpaBO'lHOI'O ttne!Ja. TaK KaK. 

OCHOBHOfi. ttn~H, onpeAenHIOUlHil: W "' , pacTeT C SHeprueil: KaK E 2 
t TO 

OTHOCHTenbH8SI ponb nonpaBKH yMeHbWaeTCSI, HanOMHHM, 'ITO B cpeAe cneKTp 

pacceHHHOI'O CBeTa pacna,tl~eTCSI Ha ,tlBa - HOpManbHblil: H aHOManbHhlfi l4l, 

f1pH STOM. B K8:lK,tlOM. H3 HHX npH A8HHOM (J MOI'yT llOSIBnHTbCSI cpaay HeC­

KOnbKO ttacToT, T,e, cneKTP paccesmH·st MO:>KeT 6biTb cno:>KHbiM, B paccMaT­

PHBaeMOM cnyttae STO W" H W, , KpOMe KOTOpblX HMeeTCSI H W'. 

BepHeMCSI Tenepb K cnyttaiO, KOI'Aa W - C06CTBeHH8SI '18CTOT8 CHC-
0 

TeMbi, T,e, ~ 
0 
=w~ y1 -{3 2 

, EcnH aaMeHH'I'b B (5) w 0 Ha 
I 

w ~ y1- {3 2 . , TO (5) nepenHWeTCSI TaK: 

W;= 

wc;Y1- {32 

2( 1- {3 ros e ) 
[1+ 

· .2w! {3 ros 8(1-{3ros8) 

w 'o 2( 1-{32) 
] ; w >w 

p 
(19) 

p aCCMOTpHM BenH'lHHy BTOpOI'O ttneHa llOA KOpHeM ypaBHeHHSI ( 19), .IlnH· pe-

nHTHBHCTCKOil: '18CTHUhl H 8= 0 OH, O'leBHAHO, paaeH 
'l 2 2 

2wp {3(1- {3) 2w {3 w 
__ P _ p ___ , --. 

w'~(1-{3 2 ) 
, 2 1+{3 w, 2 (20) w 
0 0 

TaKHM o6paaoM, sTa aenH'IHHa MO:>KeT ·6biTb MeHbwe enHHHUbi, a, cne­

noaaTenbHo, ( 19) MO:>KeT HMeTb AeficTBHTenbHhie ·peweHHH TOnbKO npH ycno-

BHH W; > W . •· f1pH (J f= 0 Tpe60B8HHSI CT8HOBSITCSI ewe 6onee :>KeCTKHMH, 
. p 0 

T,K. {3 ros 8 ( 1- tJ ros (J ) B03pacTaeT. npH yBenHtteHHH e no Tex nop, 

noKa {3 ros. 8 > j- . 

11 



Mor npnxo.ttnM, cneaoaaTenbHO, ~ BhiBo.tty, 'ITO ecnn cu 0 <cuP H npn 

aToM . cur{ <cuP , To .neao3MO)KHO rrosranenne aonnnepoacxnx 'lac ToT, ne)Ka­

mnx a o6nacTn, npeaorwaromeil: cuP • B caMoM aene, ansr Tpanc<jJopMaunn 

CU ~ < CUP B CU >CUP He06XO.ttHM 3H8'IHTenbHbiil: ,[lOllnnepOBCKHil: C.[lBHI't T,e, 

H3ny'IaTenb 38I.)e.tlOMO .[lOn)KeH HMeTb pensrTHBI:ICTCKYIO CKOpOCTb, 11 ( 1-{Jros(J) 
111' . cuP. 

aomKHO 6hiTh ManhiM, Onaaxo a aTOM.cnyqae np1:1 --.-> 1 nonxopenaoe BhrpalKeHne cuo .. 

( 19) .oTpnuaTenhHO, Ha pnc.l a To oaaaqaeT cneayroruee: npsrMaSI a , npoxonsrruasr 

qepe~ cu = cu 2 , I:! MeeT aaxnoH no OTHO!Ue_!IHIO · K rop1:130HTanhHoil: ocn 6onhiUI:Iil:, "!eM 
. -. 

a 4 • npn yaenn'IeHHH anepi'HH "18CTHUhi MHHHMairbHbiil: .HaKnOH ,liJ>.SIMOil: a ···I 
CTBHOBHTCSI MeHbWe, HO CU= cu 2 y6hraaeT, H HH)KHSJSI 'IaC,:b npsrMOH a 

cMemaeTcsr aneao. B peaynbTaTe ona nepecexaeT xpnayro k(cu) TOnbKO a 

o6nac~H 81IOManhHOil: .ttl:l'cnepCHH (n6nH31:1 cu pi:IC, 1) H He MOlKeT KOCHYTh-

CSI Kpi:IBOil: k( CU) B o6naCTH CU > CU p , TaKHM o6pa30M, KSK 6hi HH BemrKa 

1 TO HanH"!HeM 

cpe.tthr nenbasr npeHe6peraTb n aonnnepoacxasr 'IaCTOTa ae MO)KeT BbiilTH aa 

npeaenhr cu > cu P , rae npi:IMeHI:IMO ( 3) x/. 

O.ttaax·o, ecn1:1 ·cu ~ > cu 
0 

, HO aa c"!eT pensrTI:IBHCTcxoro caanra cu 0 

=cur{ ry1-{3 
2 

<cuP, TO ypaaae~1:1e {5) MOlKeT I:IMeTb aaa peweHI:IH, .ttaro-

mne .tteii:CTBI:ITenbHhie BenH"'I:IHhl w" 1:1 'w"' , .nnsr penHTI:IBI:ICTCKHX CKOp_oc-

. . z. _13_ -- .L 
Teil: MOlKHO nonolKI:ITb 1:1 f3= ·1 , a nnsr ManhiX yrnoa !10lKHO aa-

1 +13 2 

MeHI:ITb CXJS () Ha 1- ~
2 

, TOI'.tta 1:13 .(19) nony"'aCM 

cu
0

' y 1- 13 2 
1 w ~ () ~ 

CU=-----(-(l+yl--, (1+ ) )J 
() 2 2 -- wo2 1-{32 

(1-/3+-) 
2 

w > w 
p 

(21) 

0TCIO.tta BH.tlHO, "'TO o6naCTb yrnoa, nnsr KOTOpOil: non KOpHeM (21) CTOI:IT 
, 

nono)KHTenb.Hasr aeni:I"'I:IHa, TeM ylKe, "!eM 6onowe aHeprl:lsr qacTI:IUbi, npn aToM 

.ttonnnep~BCKaSI "18CTOTa OTnl:l"'aeTCH OT .ttonnnepOBCKOfi "'aCTOTbi B BaKyyMe 

(xo~opast npn (}=. 0 aoapacTaeT nponopu~:~onanbHO E ) ·_ MH<?~<HTeneM,aax-
x/ 

803RI:IKaeT BOnpoc, 'ITO oyneT .B paapenKeRROH cpene, fiOyKOnhKY yMeRbWe- : ·:, 
Rile ~e nnorRocr1:1 paaRoc.HnbRo nepexony· K cnyqaro aaKyyMa. 3necb. ReT 
nporHaope'lHH co cKaaaRRhiM, · raK KaK · w 2 · · aoapacraer oopaTH·o npcim)p-

P , . 
uuoRanhRo nnorRocrn cpeAhi, 
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mo'ieHHbiM B KBallpaTHbie cKooKH. EcnH 0= 0 , TO BenH'iHHa aToro MHO*HTe­

n.H npH E >> m c 2 IIOCTO.SlHHa. npH 3TOM nony'iaeM JlBe llOIIOnHHTenbHbie K (JJ 

llOIIrrnepoBCKHe 'i8CTOTbl (JJ H' (JJ • B03paCT8IOII!He npono~UHOHanbH~ E 
nocne)lHee 38Me'iaHHe 1 KOTOpoe. cneJlyeT C)lenaTb 1 KaCaeTCSI nopora IIOSIB.:. 

neHHSI 'iaCTOT w" H w"' ( CM, pH c. 1). Kak H llOn*HO obiTb, a ToT nopor 

CB5l38H c BenH'iHHOii rpynrrOBOll CKOpOCTH W( (JJ) 
12 ,3 I.' n opory.. KaK Y*e 

OTMe'ianOCb 1 COOTBeTCTByeT K8C8HHe IlpSIMOfi a 4 KpHBOfi k(w) (pHCt 1 ), 

0TCIDila 

[ v oos (} 

dk( (JJ) 

dw W=W 

(22) 

rrop 
W(w ) 

rrop 

K TOMY *e pe3ynbTaTy nerKo IIPHilTH n c rroMOII!biO ypaBaenHSI (7). B 

caMoM Ilene, a To. ypaBnenne f ( w , v oos (} ) = 0 onpellensteT nerrpepbiBHYIO 3aBH~ 

CHMOCTb v cos (} oT w • n oporosaSI senH•nma [ v cos () ] rrop SIBnSieTcsl ttaH6onb­

. lliHM 11n11 118HMellblliHM 3118'ieHHeM V COS (}, COOTBeTCTBYIOII!HM . W nop• T,e, 

HMeeTCSI 3KCTpeMyM rrpH W = W nop• 0TCIOila IIpH W = W rrop 

d(voosO) __ .3!_; af = o: 
d w a w ac vcos o ) 

113 ( 7) B o6meM cny'iae HMeeM 

d( v oos (}) 

dw 

2 
( v oosO) [ ~ ___ 1_]. 

w-w dw v cos(} 
0 

(23) 

(24) 

. __ Oopall!e!IHe STOll IlpOH3BOilHOit B Hynb 1 O'i9BHilH01 3KBHBaneHTHO. (22) • .lJ.n.H 

KOHKP9THOI"O· BHil8 k ( w ) ( 8) rrony'iaeM 

d(vcose) 

dw 

2 

[.L(t+-+)- ]. 
·c · 2w vcosO (25) 

B caMOM Ilene, B TO'iKe rropora (25) o6pamaeTCSI B aynb; B 'ieM nerKo y6ellHTbCSI1 

IIOilCT8BHB Cl01l8 (~oos(}) H3 (11) H 
llOp 

Clf!op H3 ( 13). 
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