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§ I. BB e ~ e H He 

B TIOCJle,JtHHe rO,Jtl:l 3cp<peKT BaBHJIOBa-qepeHKOBa mHpOKO HCTIOJlt,3yeTCJI B HCCJle,JtoBaHHJIX no SI,JtepHO!it 

~H3HKe H oco6eHHO TIO ~H3HKe qaCTHU Bl:lCOKOtt 3HeprHH •. B HaCTOJimee BpeMH Ha OTil:lTe Ha6JID,JtaDT JIH6o 
. . . 

H3JlyqeHHe OT,JteJII,Hl:lX 3apJIJB:eHH~X qacTHit, ,ltBHJB:YmHXCJI B npeJIOMmrnmen cpe,1te, JIH60 CYMMapHoe !leKorepeHT-

HOe MeJB:,JtY co6on H3J1yqe11He, C03,JtaaaeMoe MHOrHMH 3apri,JtaMH, ,ltBHJB:ymHMHCH He3aBHCHMO ,1tpyr OT ,1tpyra. 0,Jt

HaKO yxe cettqac B03HHKaeT BOnpoc 06 H3JlyqeHHH ,ltBHll:ymenc~ CHCT8Ml:l q~cTHUx). CHCTeMa qaCTHit MOl!CeT. 

HMeTI, C06CTBeHHl:le qacTOTU KOJle6aHHtl. TI03TOMY paCCMOTpeHHe OC06eHHOCTett ,JtBHJB:ymerOCH B cpe,1te H3Jlyqa

TeJISI, HMeDmero npOH3BOJll,HYIJ C06CTB8HHYD qacToTy KOJ1e6aH
0

Htl, MOXeT HMen He TOJ!l,KO npHHUHTIHaJlbHl:llit, 

HOH npaKTHqecKHlit HHTepec. 

Tipe,JtMeToM'cTaTI,H HBJISieTCH Bl:lSICHeHHe POJIH rpynnoaon CKOPOCTH CBeTa B H3JlyqeHHH TaKoro HCToq

llHKa, P3,BHOMep110 ,ltBHJeymerocH B npeJIOMJIHDmen H30TpOTIHOtt cpe,1te, npo3paqHOlit ,JtJIH H3Jlyqaeuoro-cBeTa. 

KaK H3BeCTHO, H3JlyqeHHe ,ltBKXymerocH HCToqHHKa CBeTa cymecTBeHHO 3aBHCHT OT COOTHomeHHH Mel!CAY 

CKOpocnD H3JlyqaTeJIH H ~30B01t CKOpocnD CBeTa ,JtJIH H3Jlyqaeuolit qacTOTl:l. TaK ,JtJIH
0 

qacTHUl:l, C03,JtaD

men TIOCTOJIHHOe BO BpeueHH 3JleKTpOMarHHTHOe TIOJ!e (3JleKTpHqecKH!it 3apH.1t, TIOCTOHHHUtt Mar~HTHI:ltl ,ltHTIOJll, 

H T.,Jt.), T.e. npH C06CTBeHHOtt qacTOTe, paBHOtt HYJID, B03HHKaeT 3qxpeKT BaBHJIOBa-qepeHKOBa, KOr,Jta , 

CKOpocn ,ltBHJB:eHHH ,ltOCTHraeT H HaqHHaeT n.peBHman BeJ114q1rny ~30B01t CKOpOCTH cBeTa. TipH 3TOM CBH31, 

ueQy HarrpaBJleHH8M H3JlyqeHHH CBeTa H H3JlyqaeMott qacTOTOtt We onpe,1teJIH8TCSI OTHomeHHeM CKOpOCTH 

,ltBHJ:eHHH 1J K ~30B01t CKOpocn: CBeTa LI:. _(c) ,ltJISI 3TO!it qacTOTU, a HMe!lHO n c.;e 

veo~e =t n(w )- c 
o/n(wg) . 9 - 1JC0~0 (I.I) 

ECJIH qacTHUa (HJIH CHCTeMa qaCTHU) npH ,ltBHJB:eHHH B cpe,1te C03,Jta~T nepeMeHHOe BO BpeMeHH TIOJ!e 

qacTOTl:,I w: (qacrora· w~ B CHCTeMe KOOp,ltHHaT H3JlyqareJIH), TO H3JlyqaeMUe qacTOTl:l no,JtqH!lHDTCH 
, - ' . 

YCJIOBHD .nonnJ1epa. TaK lite, KaK H ,ltJIH 3qxpeKTa BaBHJIOBa-tiepeHKOBa, ,ltOTITIJ1epOBCKaH tlaCTOTa. HBJIHeTCH 

~YHKUHelit OTHomemrn tr/4fwg) = ~ n (we) • .nencTBHTeJlbHO ll3JlyqaeMue ,ltOTITIJlepoBCKHe tlaCTOTU Y.ltOB-

JleTBOpHDT O,ltHOMY H3 COOTHOmeHH!it 

W9 =-
c.Jo pn(CJ0)(o')G < 1 (I.2) 

f -} n(We)~ 9 1 

Wo 
. pn(CJe)~G 

(I .'.3) 
CJo= ~ n (c.Je 1 eo1a-1 ) >1 

3~ec1, (Jo = c.;; ~ qacTOTa C06CTB8HHUX KOJle6aHHlit, 113MepeHHaJ1 B CHCTel!e KOOp,ltHHaT'. B KOTopon 

cpe,Jta TIOKOHTCH. 

TiepBoe H3 ypaBHeHHtl COOTBeTCTByeT CJ!yqan, KOr,Jta npoeKUHSI CKOpOCTH H3J1yt1aTeJ1H. Ha HanpaBJleHHe 

Jlyqa . '\[ Co:'l 0 MeH1,me ~30B01t. CKOpOCTH CBeTa Li = _C___ ,JtJIH ,ltOTITIJlepOBCKOlit tlaCTOTl:l (,JtOTITIJle-n (Wg) 

X) TaKaH ·nocTaHOBKa BOTipOCa B03HHire:eT, B tlaCTHOCTH, .B CBH3H C T.H. KorepeHTHUM MeTO,ltOM 
ycKopeHHH 3apHllteHHUX qacTHU, npe;uroxeHHUM B.H.BeKCJlepou. 
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poBCKHe qacToTu o6uqnoro THna). BTopaSI ipOpMyJia COOTBeTCTByeT "c~epxcBeTOBOMY" 3!p!peKTY ~onnJiepa, 

1J Co1 0 > n(:,g) 
.:r .e. 

rpynnoBaR CKOpOCTb CBeTa B paCCMOTpenuue Bume COOTHomeHHS! B S!BHOM BH,Ite He BXO,ItHT. HsBeCTHO, 

O)(Haita,_ qTo_ HMeHHO rpynnoBaSI .CKOpOCTb CBeTa onpe.neJISieT CKOPOCTI, pacnpocTpanemrn B cpe.ne H3Jiyqe11-

HOIL :me prim• EcTeCTBel!HUM npe.ncTaBJI.HeTCR Il03TOMY BOnpoc O TOM, He B03HHKaJOT JIH B .HBJieHH.flX 

H3JiyqeHHS! KaKHe-JIH60 oco6e11HOCTH, ecJIH CKOpOCTb ,ItBUllteHH:I npeB11maeT rpynnoByJO CKOpocn, T.e., eCJIH 

:visnytiaTeJib o6rousreT :visJiyqaeMyD HM cBeTOBYBJ :rnepr:viBJ. Hs .naJibnenmero· 6y.neT m1.nuo, qTo no .nencTBH

TeJibHO TaK: paBeHCTBO CKOPOCTH )tBHllteHH.fl H3J1yqaTeJI.fl B8JIHq:vine rpynnoBon CKOPOCTH CB8Ta RBJIS!8TCS! 

neo6xo.nmmu (XOTR H ne.nocTaToquw) ycJIOBHeM IlOS!BJl8HHS! HOBUX KOMilOH8HT H3J1yqenHSI~ 

.ltJI.H 3!p!peKTa BaBHJIOBa-1:Jepel!KOBa 3TOT pesyJibTaT 3J1eMeHTapeH. B cal.lOM ,IteJie na:viuenbma.H CKOpOCTb, 

npH KOTOpon B03HHKaeT H3JiyqeHH8 BaB11AOBa-qepeHKOBa no.n yrnoM 8 corJiaCHO (I.I), paBHa 

'lf. co~ e .,,_c_ 
MUH,. nMCl.lCC:· (I.4) 

r.ne n Ma~C- - Ml3:KCHl.!aJlbHOe 3Haqem1e, KOTopoe MOllCeT npHHHMaTb noKa3aTeJ1b npeJIOUJieHH.fl B · .nannon 

cpe.ne (coOTBElTCTBYB:lntYJO eMy qacTOTY 06osnaq11M CJ ipoH, ). TaK KaK B8JIHqHna rpynnoBon CKopocTH W 

onpe.neJI.H8TCSI, COOTFOW8HH8M 

~: 

: . . ' . . 

J..:. _ j_ _d_(c.Jn)=J_(n +CJ dn). 
W - C dW C · dW (I.5) 

,· 

V. )tJISI MaKCHMyLm IlOKa.3aTena npeJIOL_IJl8HliR [ dn] = o · , TO 
dw e+J= c.Jipo.,;. _ 

C 
W( W-z.pcu,) = n MO."'· 

(I.6) 

CpaBHHBa.fl c (I.4), noJiyqaeM, qTO 
V CD~ 9 

W(Wip,,..) -

TaKHM o6pa30M,. YCJIOBH8M nopora S!BJl.fl8TCR paB8HCTlh) .1f (Oj 0 
. . ·.' .. ' 

(I.7) 

B8JIHqHne rpyrrnoBon CKOpOCTH CB8Ta,,ItJIS! 

7qacTOTU, nepiion noaBJI.flKllll8nc.H B cneKTpe H3JiyqeHHS! DaBHJIOBa-tiepeHKOBa. HH~MH CJIOBaMH rropor onpe.ne-

JIS!8TCS! Bb1Il0JIH8HH8M YCJIOBHll (I.I) H (I. 7) .n.na O,ItHHaKOBOll B 060:vix CJiyqanx qacTOTbl We -:: CJz.pa11. • 

Co0Tnomen11e (L 7) ocTaJIOCb 
" 

nesaueqennw, no-B:11,1un.muy, B CBSI3H c Teu, qTo np:vi onpe.neJieHHH 

rropora Hsnyqe1rnn o6uqno HHat-te ipopuyJIHpyeT sa.naqy. 0611qno cqHTaeT qacToTy 1rnJiyqen11n sa.nannon, na

np:viMep, Jiel!tanten B onT:viqecKon o6JiaCTH crreKTpa, :vi, .3Haa IlOKa.3aT8Jlb rrpeJIOMJl8HHS! )tJIR 3TOll qacTOTH, 

orrpe.nennDT noporOBYKl CKOpOCTb. 

YCJIOBH8 THila (I. 7) HMeeT 3Haqe1rne H )tJIS! ,1tpyrHX BH,ItOB _ H3Jiyqemrn B cpe,Ite • ]JIS! BHHCll8HHS! ST Oro 

neo6xO,ItHMO o6paTHTbCS! K pacCMOTpeHHIO Borrpoca O pacnterrneHHH ii3JIYtme1mx qacTOT, K T.H. "cJIOlltHUM" 

3(p(peKTaM H3JiyqemUII • 

H3_ (I.I) - (I.3) BH,Il;HO, qTO B CJiyqae cpe.nhl, 06Jia,ItaKlnten ,ItHcnepcnen, 3TH ypaBH8HHS! ne S!BJIS!KlTCSl 

JIHHe!l11w'vi OTHOCHTeJibHO We , IlOCKOJlbKY IlOKa3aT8Jlb npeJIOMJl8HHSl. r) (";'e )_.. MOllteT 3aBHC8Tb OT qac-ro-

Tl:l CJIOlltHblM o6pa30M. B pesyJibTaTe ){JIH 3a,Il;al!Hb!X C.J~ . , 'V H 0 -• B03MOlltHO ll8CKOJ!bKO ttaCTOT We , 

y,Il;OBJieTBOpS!B:llllHX ycJIOBlfB:l l{onnJiepa I_ ( CJ!Oll:111:lll 3!p!p8KT .JtorrrrJiepa). Bne~mle JI.H.MaH,11;8JlbmTa.M B CBOHX · 

JieKnHRX ·yKa3aJI, qTQ B03HHKHOB8HH8 CJIOlltHOro 3!p!p8KTa ]onnnepa CBH3aHO C B8JIHqHHOll_rpynnoBOtt CKOpOCTH 
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CBera2 x) • .nellCTBHT8J[bHO Otta3aJioc1,, ttTO paHee IlOJiytteHHoe, YCJIOBHe B03HHKHOB8HHSI CJIOlltHOro 3ql<p8KTa · 

.nonn;repa1 3KBHBaJieHTHO YTBepx.neHHD, ttTO B8JIH'QHHa OTHomeHHSI tr Co? 0 K. B8JIHttHHe rpynnoBon CKO

pOCTH ·cBera_.nJISI o,nHon H3 . .nonn;repOBCKHX ttaCTOT npeBumaer·e,!1.HHH~y3 ~ 

YCJIOBHeM ,11.JISI nopora B03HHKHOB8HHSI CJIOlltHOro 3ql<p8KTa H3JiytteHHSI, a 3HattHT H ~opora ,11.JISI IlOSIBJie

HHSI HOBHX KOMilOH8HT B cnexrpe' BO Bcex CJiyttaSIX .IIBJISl8TCSI ycJIOBHe (I. 7). 

PaCCMOTpemrn 3Toro Kpyra SIBJie1rnn Il03B0JISl8T c,11.eJian Ta:&xe H ,npyr~rn BHBO,nbl. TaK MOltHO YTBep- . 

x,nar1,, ttTO 6blCTpO ,nBHJcymHllCH H3JlyttaT8Jili, HM8D~Hll npOH3BOJiliHYIJ C06CTB8HHYD ttaCTOTY npH JID60tl 

CKOpOCTH )tBHXeHHH H B JID6on npeJIOMJlS!Dmen cpe.ne, He M0llt8T IlOJIHOCTl,D o6rOHHTl, H3JiyttaeMyD HM caero

BYD :rneprHD. 

§ 2. ·YCJIOBl!H B03HHKHOBemm CJIOlitHOro COCTaBa H3Jiyttemrn 

]JIH 6onee .neraJil,HOro, paCCMOTpeHHH Bonpoca O cneKrpe H3JiyttaeMHX ttaCTOT BOCilOJili3Y8MCH rpa~H

tteCKMM uero.nou, uecKOJil.KO H3MeHHB ero no cp~BHeHHD c Hcnon1,30BaHHeM· ,nJin aron xe ~eim pa11ee I. 
. 1 

HairameM ypaBH8HHH (~-2), (I.3) H (I.I) JI TaKOM BH,11.e, 'QT06H CJieBa CTOHJla B8JIHttHHa c:CJen(We) 

(B ypaBH8HHH (I.I) ,11.JIH 3TOll ~eJIH JieByri H npaByD ttaCTH YMHOX:HM Ha We ) 

. (2.I) 

(2.2) 

(2.3) 

3TH ypaBH8HHH HM8DT npocron ~H3Htt8CKHll CMUC~. OHM SIBJIHDTCH CJI8,nCTBH8M 3aKOHa coxpaHeHHH 

HMilYJil.Ca npH H3JiytteHHH ~TOHa. 3ro cpa3y CTaHeT OtteBH)tHW, eCJIH Yl(HOltHTl, npaBYIJ H JieByD ttaCTH 
+_ e · · . n CiJe • Cl 

BCex paBeHCTB Ha B8JIH'QHHY . n co-:, • Tor.na CJieBa BO Bcex paBeHCTBaX IlOJIYttH~ '/n Co1 o 

r.e. npoeK~HD B8KTOpa•HMilYJil.Ca H3JlytteHHOro ~OTOHa Ha Hanpa.BJ18HH8 ,nBHX8HHH H3JlyttaTeJIH. qro xacaer

CH B8JIH'QHHU, CTOH~en cripaBa, ro, Kalt Herpy,nHo. y6e,nHTliCH, Olla paBHa B8JIM'QHHe HMilYJil.Ca, repS!eMoro 

,nBmry~encn cHcreuon Ha H3Jlyttemrn • .nencrBHTen1,ao, BO Bcex cnyttanx ::no BeJIHttHHa · :rne·prHH .1E 

3aHMCTBOBaHHaSI Ha H3JIYtt!3HHe H3 KHHeTHtteCKOlt 3HeprHH )tBHX8HHH, ;o;eJieHHaSI Ha B8Jllll'QHHY cxopoc·n V • 
hws - hwo · . · · 

HanpHMep; B (2.I) cnpaBa HMeeu · V r.a. ,1teJ1eHHYD Ha JI pa3HOCTl, 3HeprHlt H3JIY'll!HHOro 

~OTOHa H 3HeprHH nepexo.na H3 B036YlJC.n8HHOro COCTOS!HHH. OtteBH,11.HO, ttTO BeJIHttHHa 3TOll pa3HOCTH IlOKPH

Baercx 3a ctter KHHeruttecxon 3HeprHH. qro Kacaercx ypaBHeHHH (2.2), ro oco6eHHOCTL cBepxcneroBoro 

x) B ony6JIHKOBaHHOM reKCTe3JleK~Hn n.K.MaH.nex1,mraua2 06 3TOM CKa3aHO KpaTKO H ue.nocrarottHO 
ortteTJIHBO. CM. raxxe B • 
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:Jcf)?e:rcra J\OrIIlJ!epa COCTOHT B TOM, tJTO H31IytJe1me q>OTOHa conpOBOllt,ItaercSI B036y:11t,neH1'.!eM CHCTelAhl 3 • IT0-

no1.iy H3 KUHeTHtJecion 31!eprmt 3aHMCTByeTCSI BeJIHtJHHa, paBHaSI CYMJ,le h We + 1, Wo 

Il~fl qacu. ypaBHeHHSI (2 .3) ()tJeBH,ItHa 11 rIOSICHE"'V!l ue :i:pedyer. 

M3!.WI!eirne BOJIHtJHHl:l HMnym,ca npn Hec5om,moM H3MeHeHHH ltHHeTHtteCKOi1 3HeprHH, :rtaK H3BOCTHO, Y.ItOB-

,lleTDOp!!OT COOTHOWeHHD .· ·• Ll E 
'. fl p =- --;:,-

(2~4) 

TaKHM o6pa3oM, ypaBHeHHSI (2 .I) - (2 .3) ,nei1CTBHTeJII,HO BUTe:rcaDT. H3 aaKOHOB coxpaHOIIHSI_. 3HeprHH H 
. . 

HMny111,ca, npHtJOM (I.I) - (I.3) 1.mryr pacctiaTpHBaThCfl KaK HX CJIO,ItCTBHSI. 

OTMeTHM TaKxe, tJTO ypa.BHOHHe (2.j) SIB1!/IeTCII_ tJaCTHUM CJiytJaeM ypaBHOHHll (2.I) H (2.2)_. 0110 

COOTB~TCTByer, KaK H CJie,ltOBaJIO OlltH,ItaTl>, CJiytJaD cra~HOHapHoro BO BpeMeHH rIOJISI H31IytJaTeJISI, r.e. 

(Jo: 0 • Otten11,n110, t!TO .(2.I) H (2.2) npH (Jo = 0 Moryr 61:lTI, Y.ItOBJieTBOpeHl:l TOJll,KO np.i: 3aMe-
. 1 

He nepaBeHCTBa, CTOSI!Itero cnpaBa, paBOl!CTBOM._Pa31IHtJHe (2.I) H (2.2) Mellt,ny codon TaKllte He SIBJISieTCSI 

ripHH~HrIHa1I1>HmA, OHH rIOJiytJalOTCSI O,ItHO Im ,npyroro H3MeHeH:l!eM 3HaKa IlpH CJ0 HJIH W9 , t!TO C 

TOtJKH spelmSI BOJIHonon 03HatJaei JIHWl, nepeMeHy 3Halt8. H3UeHemm qa31:l KOJiec5am1n. TaKHM o6pa30M, ypaB-:.

HeimSI (2.-I) .. (2.3) uoryr. pacc~a~pHBaUCSI Ita.K pa31!Ht!Hlie c11ytta.H O)tHOro H Toro llte COOTHOme1faa. 

II011e modoro paBHOMepno .ItBHlltY!lleroca B cpe.ne H31Iyttare1111 Moxer 61:lu pas11ollteHo B cne:rcrp no 

codCTBeHHI:W ttaCTOTaM w; : ~ . Il03TOMY CJIO,ItCTBHSI, Bl:lTOKaJ:JIItHO 113 ypaBHOHHlt (2.I)-(2.3) 
1- fl7 I I 

coxpaHSIDIItHe CBOe 3HatJeHHe )tJISI npOH3BOJil,HOro CJo ' npaBHJll,Hl:l H )tJISI JID6oro cne:rcrpa tJaCTOT Wo ' 

T .e • OXBaT!iBaDT OdIItHlt CJiytiall l13JIYtJOHHII npn paBHOMepHOM .ItBHllteHHH B cpe,ne X) • 

Ha p11c.I npe.ncran11ena rpaq>UtJOCKH BeJIHttHHa BOJIHOBOro BOKTOpa 

~(w)=fw-n(w) 

KaK cpyHK~HSI W • KpHBaSI k (W) ,It61IHT (npH YCJIOBHH, tJTO n (W) > 0 

(2.5) 

) ttaCTI, n11o'cKOCTH, 

orpaHHttOHHOit rI01IOlmT61Il>HID.!H no11yocS1MH KOOp,ltHHaT Ha )tBO odJiaCTH. 06JiaCT1, I, JielltalJlYD HHlltO KpHBOll 

i<(w), Pi 0611acu II, 1!6llialltYD nume 11ee. 

Ha TOU :re pHCYHKe npone.neHl:l npm,rne, Y.ItOBJIOTBOpSIDIItHO ypaBHOHHSIM: 

CJ - Wo 
a1:: --e v.eo-:, 

Q _ W -r We 
i.- V'Co-:,0 

a - w · - v~e 

(2.6) 

(2.7) 

(2.8) 

IIepecetJeHHSI 3THX nplIMl,IX c Kpirnon I-< ( w) ,ItaDT OtJOBH)tHO BOJIHtJHHl:l W9 , Y.ItOBJieTBOpSIDIItHO 

COOTBOTC:XBeHHO (2.I), (2~2) H (2.3), i.e. '.ItalOIItHe ij paccuarpirnaeuon cpe.ii;e B81!Ht!HHl:l .nonn11epoBCKHX 

x) B qacTHOCTH nyr1,, Ha KOTOpOM npoHCXO,ItHT H31IytteHHe, MOllteT 61:lTl, orpaHHtJ~HHID.!. 3TO COOTBOT
CTByer TaKOMY cneKTPY ttacror, np11 KOTOpOM no11e_ odpaIItaOTCSI B Hy111, BHe 3a)taHHOro HHTepna11a 
BpeMeHH. . 
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liaCTOT )J,11SI )J,aHIIOro WO , .lf H 0 H tiaCTOTY H31lytieHlUI Ba.BH1lOBa-'l!epeHKOBa )J,1!SI ,naHHhlX 1f 

H 8 

n11SI y_nodCTBa paCCllOTpeHHSI BO BCeX Tpex c11yqa~x Ha pHc.I B3SIThl O)J,HHaKOBhle 1J H 0 

II(03TOMY Bee TPH npSIMble ~apa1111e11LHbl H ~eDT HaK1!0H K OCH W , pa.BHhll1 ol:. .trf : If~~ El . 

Ha p1tc .I npe,ncTaB11eH c11yttasr o ~ e. ~ T , T .e. Cc:) 61 > o ) • ITpsrMasr a cw) npoxo~HT 

qepe3 Ha1Ia110 KOOP.ltltIIaT,a npSIMhle 0, (W) H Oz(c,.J) C)J,BHftYThl OTHOCHTe1!LHO Hee BBepx H BHH3 Be11H-
(,,J~ -

lIHHY :!: 'll'CD~ e. Be11HtIHHa napaueTpOB BhldpaHa TaK,. lIT-0 Kallt,ll;aSI H3 npSIMhlX HMeeT HeCK011LKO nepece-

l!8l!Hf! C l<(W) T.e. Bee scW>eKThl C110ll.HHe. 

xapaitTep nepecetieHHSI npSIMhlX a C KPHBOf! I< ( W) MOllteT dhlTL pa31!HtieH. Ec11H .ltBHraTLCSI 

B,no111, npSiuon B uanpaB11eHHH yBe.11Httemrn w 
I 

H3 od11acTH I B od11acTI, II, ec11H HaK1!0H KaCaTe11LHOfl 

, TO B. TOlIKe nepecetieHHSI npSIMaH MOllteT nepeXO)J,HTI, .. k 
K_KpHBOt! l<(W), T.e. dw MeHLme, qe:u 

o(- 1 . . · die l - v~e HaodopoT, ec1111 dw > VC'.O? 8 , TO B TOtIKe nepecetieHHSI npo11cxo.n~T nepexo.n H3 II B I. 

· ·HaKoHerc~--d 1< = -· ··-1 
- cooTBeTCTBYDT otieBH)J,Ho c11y1IaD KacaHHSI (c BHyTpeHHelt 111111 BHemHell cTop· ow\ · ' dw \f(c;)e ">' 

'HaK1!0H KacaTe11LHO!t K KpHBOt! k(W) .paBeH, ·KaK 3TO 01I8BH)J,HO 113 (2.5), odpaTHOV. Be1!HlIHlte 

rpynnOBOt! CKOPOCTH CBeTa .lt11SI ttacTOThl W 

_L l<(W) = J_ _d_ wn (wJ = - 1 -
dw . c dw · · W(w) (2.9) 

TaKHM odpa30M, HMeeM TpH cJiyttasr: 

v eo-; e < 1 nepexo,n H3 I B II 
W(We) 

(2.IO) 
- ,-<.,..·~---··· 

vco-;e > 1 W(we) 
nepexo.it ns II B I • (2.II) 

VCo?0 = 1 
W(OJ9) 

KaCaHHe (2.I2) 

IIepexo,n H3 I B II HIDI H3 II B I MOllteT o_cy1IteCTBJISITLCSI H B TOtIKe KaCaHHSI (KaCaHHe . B TOttKe nepe

rHda). IIo3TOMY B ypaBH8HHSIX (2.IO) H (2.II) B. npHHnHne B03:MOllteH TaKxe.H 3HaK paBeHCTBa. B ;te!1CTBH

TeJILHOCTH, O)J,HaKo, yroJI e. BCer;ta 3a)J,aH C TOttHOCTLD .ltO HeKo:ropon B03MOlltHO HedOJILmon, HO Bcer,na 

· KOHettHOli Be11Ht!HHH · ~ 0 , BH)J,e1ISID1Itet! HeKOTOpun HHTepBaJI tiacTOT. AW ~ )tJISI KOToporo H onpe,lte-

JISieTCSI Be1!HlIHHa W • Ec11H KacaHHe npOHCXO)J,HT B TOttKe neperHda, TO B TOttKax,.coce,nHHX C Helt 

KaK cnpaBa, TaK H CJieBa, BeJIHttHHa W Y.ItOB1!eTBOpSieT TOMY 3HaKy HepaBeHCTBa, KOTOpun xapaKtepeH 

)J,JISI CO()TBeTCTBYIODtero nepecetteHHSI. Ta.KHU odpa30M, B cpe)J,H8M no HHTepBaJiy yrJIOB A 0 uepaBeHCTBO 

ma:eeT onpe)J,8118HHUli 3HaK H 3HaK paB8HCTBa MOllt8T dUT~ OTdpomeH. 

YpaBH8HH8 (2.I2) npe.I(IIOJiaraeT no 3?011 :a:e npHttiuie, ttTO KaCaHHe IlPOJICXO)J,HT de3 nepeceqe~HSI. , 

B 3TOM cnyttae npH nepexo,ne"qepes TOttKy KaCaHHSI HepaBeHCTBO M8HSI8T CBOt! 3HaK H, C118)J,OBaTeJILHO, 

MH MOX8M CttHTaTL BhlIIOJIHeHHHM paBeHCTBO. 

Ha pHC .I H Ha aHaJIOrHttirn:u: PHC .2 ttacn KpH:eon I< ( w) noita3aHa nyHJtTHpo:u:. B 3TOt! odnacTH 

qacTOT OTOX)J,8CTB118HH8 npOH3BO)J,HOt! K KpHBO!t l<(W) C odpaTHOlt B8JIHttHHO!t rpynnoBOll CKOpOCTH 

SIBJISI8TCSI He3aKOHHIDI. 3TO CBSI3aHO C TeM, tITO B peaJILHOM cnyttae cpeiu, odJia)J,aDDtelt )J,HCnepcHelt, 
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HeJU,3S! npeHedperaTI, HaJIRtmeM nor JI0l!leHRS! CBeTa B IIeK0Topux :l'IHTepBaJiax tJaCT0T. _3T0 Blt)J.HO· :1'13 

CJie,1ty101qero. Ilp:1'1 MaJIUX W BeJIRtrnIIa h(W) > 1 :1'1 3IlatJ:l'IT Kpl1BaSI k(W) = i Wn (W) 

Jie:!n!T Bl,!We npsrnon t w (Ha PRC.I l1 2 na npm.iaSI Il0Ka3aHa nyHKT~!)OM) • .ItJISI )J.0CTaT0t!H0 

60JI1,m11x w ;, n ( w J < 1 11, cne)J.oBaTeJILH0, k ( w) 

lltYT0tIH0ll. 06JiaCTl1 HaKJI~/~ K I<pl1B0U, ecJIH ero CtJHTaTi, paBHm! 

• j 

JielmT Il0)J. npSIM0ll C w 
1 

• B npoMe-
1 

w ' )J.0JI:m:eH MeHLme c 
; 

T.e. W > C , tJT0 HeB03M0lIH0. 

Hec0MHeHH0, ttT0 na 06JiaCTI,, a Tai:m:e :l'I odJiaCTI, 0Tpm,taTeJII,HUX W (eCJI:1'1 0Ha :l'IMeeTCSI), 

COOTB8TCTByet l1HTepBaJiy tlaCT0T, B K0T0P0M norJI0Jll8H:l'leM CBeTa npeHedperan HeJII,3SI. B 3T0M CJiyttae, . 
KaK 11snecTHo, BeJI:l'ltt:l'IHe (I.5) iie Mo:m:eT dunnp:l'ln:l'lcaH cMucJI-rpynnoBotl cKopocTH cBeTa • 

CKa3aHJIOe 0TH0C:l'ITCS! T0JII,K0 K qJ:1'13:l'ltteCK0My' ctmcny np0:1'13B0)J.H0ll - I< c_wJ j tITo KacaeTCS! cauon 

Kp:l'IB0l1, TO 0Ha coxpaHSieT CB0e 3HaqeHne BO Been odJiaCTH.:1'13MeHeH:l'IS! w. , ~CJI:l'I no.it n 

noH:l'luan ee .iteilcTBHTeni,Hyn qacn n ee nepecettemrn c npm.tmi:l'I o )taIDT 3Haqemrn :1'13Jiyt1aeuux

qacToT • Mu He dy,IteM :l'ICKJIJ)qan H3 paCCM0TpeHRS! H odnacn 0TPHitaTeJII,HUX W , Tait ItaK B 

np:l'IHitHne 0HH B03M0llCHU, X0TS! B 0)J.H0p0)J.H0il npeJI0MJIS!IDtqell cpe)J.e 3T0T cJiyttall He ocy1qeCTBHM BHe odnacTH 

CUJII,H0ro norJI0llteHRSI. 

-PacCM0TpHM CJie)J.CTBHS!, "mi1TeKaID!llH8 H3 paCCM0TpeHHS! pHC". I H ypaBH8HHil (2 .IO )-(2 .I2). Ilpn 

)J.0CTaTotJH0 donLWHX c,J BeJIHtJHHa n ( w) npHdnmmeTC.fl K e.it:l'IH:l'lrte :l'I, cne,1toBaTen1,Ho, HaKJI0H 

KpHB0ll ~(W);_zWn(W) paBeH [~1w+oa=-z--<v~e )J.JI.fl0~~ . 
Ilonouy npH )J.0Cl'aT0"l!H0 d0JII,WHX W Bee Tpl1 npSIMUe O 0Ka3UBaIDTCS! B odJiaCTH Il • IlpS!l.!aSI a, 

nepecetJeHne K0Topoll c I< (W) onpe,Ii;eJISieT "l!acToTu odu"l!Horo scpcpeKTa .I(onnnepa (ypaBHeHHSI (I :2) ), 

npn W= Wo nepecemeT 0CI, adcrtncc H, CJie)J.0BaTeJII,H0, Jiell!:HT B odJiaCTH I. Il03T0MY )J.JIS! npSIMOll a, 

odSI3aTen1,110 )J.0JilltH0 duTL xoTSI du 0,ll;H0 nepecetieH:l'le c nepexo,1tou H3 odnacTR I B odnacTL II (HanpH-

uep, -T0tma fl, HJIH c, p11c.I). 3T0 IlpaBHJII,H0 He T0JII,K0 ,JJ;JI.fl cnytJaSI C.0-:, 0 ~ 0 , T.e. 

e. f i , npe,D;cTaBnem1oro Ha pHc~I, Ho n _ .itnn n10doro O ,; e ~ JT • IIpH yBenntieHnn s 
- I I II f 

OT O )J.O IT HaKJI0H npSIM0il 'a, MeHSieTCS! B npe,Itenax 01' d. = + tr ,JJ;0 d. = - ti 

(cM.pnc.2 nyHKTnp). II3 pnc.2 B:l'l)J.Ho, t1T0 n )J.JISI Co:)0 < o npSIMa.fl a, o6SI3aTeJILH0 nepecemeT 

!tpHBYID I< ( W) 

TaKHM odpa30M, npH JI!Odoll C!t0p0CTH V )J.JISI JilOdoro yrna 0 H codCTBeHH0ll ttaCT0Te Wo 

,ltOJilltHa 6uu He. MeHee, t1eM o.n;Ha .nom1JiepOBCKM "llaCTOTa, y,noBJieTB0pSIJOnta.fl_ (I.2), npHtteM Taitas:~tlTO 

.nnSI H~e ·BunoJIH.fleTcSI ycJIOBHe (2.IO). 

3cpcpeKT )lonnnepa MOllteT dun npn 3_T0M CJI0:S:Hlilli!, TaK Kalt K non "l!aCTOTe MoryT ,JJ;OdaBJIS!TI,CS! ente 
I I . 

HeCKOJII,KO .ttaCT0T (nepecet1em!.fl B, H c, p1tc.I UJIH B a c . p1tc.2). t!HCJIO TaKRX 

.nonoJIHHTeJILHllX "llaCT0T odSI3aTeJibHO tteTH0e, TaK KaK 0HH ,ItOJllltHll duTi Od.flsauu paBHOMY "l!HCJIY nepexo

)(OB H3 odiiacTH I B II H H3 n B I(B npe,1teJILHOM cJiyt1ae mcamrn 01111 uo~yT CJIHBaucSI Mellt,JJ;Y codon). 

TaKHM odpa30M, 3aBe,lt0M0 HMeeT MeCTO_ CJIOllCHUtl 3cpcpeKT .nonnJiepa, ecim ID488TCS! XOT.fl du O,ll;HH nepexo.n 

ll3 Il B I UJIH, no Kpa:ltHett uepe, KacaHHe npm10n O KPHB0il I< (W) H3BH8 HJIH H3HYTPH~ OTCll-

)J.a noJiyttaeM, tJT0 YCJI0BU8M B03HHKHOB8HHS! CJIOllCHOro 3cpcpeKTa .nonnnepa S!BJIS:8TCS! HaJIHtlHe )J.OnnnepOB

CK0ll ttacT0Tll, )J.Jl.fl KOT0poll corJiaCHO (2.II) HJIH (2.I2) 
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(2.I'.3) 

H3 paCCMOTpeHlilI pac.2 MOltHO npH,ItTH K BUBO.ItY, qro BCe CKa3aHHOe OTHOCHTClI HK cJiyqaJO Tynux 

yrJIOB 8 • ~JllI B03HHKHOB8HHSI CJIOltHOro aqxpeKTa nonnnepa H B 3TOM cnyqae Heo6XO,ItHMO BllllOJIHeHHe 
JT 

(2.D). TaK KaK npH e > y I ~ 0 .::: 0 ' TO 3TO B03MOlltHO JIHmL ,ItJllI OTpHl.ta,TeJILHOll rpynnoBon CKO-

pocrH no a6connr~on BennqHHe, ueHLmell qeu / v C,oj 8 / 

TO 6om,ma.R H3 Hl1X Y.ItOBJieTBOp.ReT HepaBel!CTBY (2 .IO). 

• Il~H 3TOM, ecnH qacroTa pacmenJIHercSI, 

CJIOJ:Hllll sqxpeKT nonnnepa MOllteT B03HHKHYTL H 3a cqeT IlOSIBJieHHSI CBepxcBeTOBUX ,ItonnnepoBCKHX 

KOMilOHeHT. TipSIMaSI .at , onpe,IteJI.f!DlltaSI 3TH qacTOTbt npn MaJIHX W , TaK xe, KaK H npH 6oJILmHX 

W ·, Jielltl1T B odnac;n ITH ll03TOMY OHa MOllteT BOo6me He HMeTL nepeceqeHHll C KPHBOll K(W) • 3ro 

11 IlOH.f!THo, TaK_,KaK B OTJIHqne OT 06HQHHX qacTOT, KOTopue HMeDTCSI BCer,Ita, CBepxcBeTOBHe ,ItOnnne

poBCKHe qacTOTH B03Hl1KaDT ,ItOllOJIHHreJILHO H TOJILKO npH onpe,IteJieHHHX ycJIOBl1SIX H npnqeM, pa3yi~eeTcSI, 

mimL ,ItJISI ocrpux yrJIOB" 8 • 0,ItHaKo, ecJIH nepeceqeH11SI Oz. C l<(W} HMelOTCSI, TO HX He MeHee 

· .ItBYX (B 0611te1r cny1.iae qerHoe qncJio), TaK KaK nocJie KaX,Itoro nepexo,Ita npm1oll a z. H3 rr B I np11 

60JILmHX qacTOTax npoHCXO,ItHT nepexo,It H3 I Brr. !JISI nepBHX nepeXO,ItOB npaBHJIJ,HO (2.II), a ,ItJISI nepe

XO,Ita, COOTBeTCTBYIOlllero 6on1,men qacTore, BHllOJIHeHO (2.IO). B npe,IteJILHOll CJiyqae BMeCTO nepeceqeHl1SI 

npOHCXO,Itl1T KaCaHne, T.e. napa T8.Kl1X qacror CXHBaercn BMecre~ TaKHM o6pa3oM, noporoM ,ItJI.fl B03Hl1KHO

BeHl1SI CBepxcBeTOBOrO 3qxpeKT~ !onnJiepa SIBJISieTCSI (I.7). !JI.fl Kallt,Itoro ,ItaHHpro 8 CBepXCBeTOBOll 

3qxpeKT nonnnepa BCer,Ita CJIOlltHHll, npnqeu HMeeTCSI KOMllOHeHra, Y.ItOBJieTBOpSIDlllaSI (2.I3) •. 

OTCIO,Ita Cj1e,Ityer' QTO BblllOJIHeH11e YCJIOBl1SI (2 .D) ,ItJISI KaKOll~JIH60. ,ItOllnJiepoBCKOll qacTOTU- SIBJISieTCSI 

Heo_6XO,ItHWM H ,ItOCTaToqmni: ycJIOBl1elt roro, QTO HMeer MeCTO CJIOlltHHtt 3qxpeKT nonnnepa. 3ro H ecn B' 

HeCKOJILKO 6oJiee o6men cpopMe 1paHee'noJiyqeHHOe YCJIOBHe B03HHKHOBeHH.fl CJIOlltHOro 3qxpeKTa nonnnepa I, 3 • 

CKa3aHHOe JierKO 060611tl1TJ, Ha cJiyqall l13JiyqeHHH BaBHJIOBa~qepeHKOBa. IlpHMa.fl a , KaK yxe·yKa3H

BaJIOCJ, np11 60JILmHX w ' JieltHT B o6JiaCTH rr. IIpH MaJIHX w (ecJIH HCKJIDqHTL 113 paccuorpeHH.fl.' 

roqKy W = 0 ) , . Olla MOllteT JiexaTL KaK Hms:e, TaK H BHme KPHBOlt k' ( W) • B nepBOM CJiyttae 3aBe,ItOMO 

,ItOJilltHO HMen uecTO nepecetteHHe C nepexo,ItciM 113 I B II, r.e. H3JiyttaTLCH B uanpaBJI8Hl1l1 8 CBeT C 

' ttaCTOTotl, ,ItJIH KOTOpoll mieeT uecTO ycJIOBl1e (2.IO). Kpoue 3TOll qa,croru B npHH~Hne B03MOJ:HO ,ItOllOJI

HHTeJILHO ellle tternoe qHCJIO qacror, onpe,IteJIHeuoe paBHlIM qHCJIOU nepeXO,ItOB 113. I B II H II B I• 

· Bo BTOpOM cJiyqae nepeceqeann MOllteT B0061!le He 6HTL, r.e. yCJIOBHe·,ItJISI B03HHKHOBeHH.fl 3qxpeKTa 

Ba'BHJIOBa-qepeHKOBa ,ItJISI ,ItaHHOro 8 He BllllOJIHSieTCH HH O,ItHOtl H3 tUicror. EcJIH xe nepecetteHHSI 

Hue10rc11, ro HX ,ItBa (B o61!leM c11yttae qeraoe q11cJio), np11qeu nocJie Kallt,ll;oro nepexo,Ita H3 II BI 60JI1>m11x 

0 npOUCXO,Itl1T nepeXO,It 113 I B II. '. 
IIoporou B03Hl1KHOBeHHSI 3qxpeKTa BaBl1JIOBa-qepeHKOBa HJIH noporou IlOSIBJieHHSI HOBbtX ,ItOllOJIHHTeJILHHX 

KOMllOHeHT l13JiytteHHSI .f!BJISiercn otteBH~HO KacaHHe npSiuon a KpHBOll, k(wJ ., r.e. (2.I2) HJil1 

qro TO ze (I.7). CJIOltHbtll 3qxpeKT 3aBe,ItOMO HMeer uecro, ecJil1 HMeercn KOMllOHeHra, ,ItJISI KOTOpoll 

BHllOJIHeHo YCJIOBHe (2.II). B npe,IteJILHOM cnyqae, KOr,Ita HepaBeHCTBO nepexo,Itl1T B paBeBCTBO (2.I2), 

3TH KOMllOHenru CJIHBalOTCSI B ,ItBOllHyJO qacrory. 
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Oxuenni1, 'llTO Ha OllhtTe 06ht'tlHO Ha6JIJO,D;aeTCSI ItaK pa3 CJiy'llall CJI0:11moro 3qxpeKTa BaBl'IJIOBa-t.JepP,HKOBa. 

•lellcTBHTeJILHO 3qxpeKT BaBl'IJIOBa-t.JepeHKOBa rrpaKTH'lleCKl'I Bcer.u:a ua6JIJO,D;a!OT B Bi,D;llMOll l'IJIH 6JIH3KOll YJILTpa-

qJI'!OJieTOBOll o6JiaCTH CIIeKTpa. 3TO 06JiaCTL HOp}tP,JILHOl1 A;icnepcnn, B KOTOpon 'vJ(W) <. ~ , l'I_ TaK KaK 

corJiaCHO (I .I) ,D;JIR H3y'lleHI'lR Ba.BHJIOBa-t.JepeHKOBa .f. = V Co~ 0 , TO, CJie,D;OBaTeJILHO, ,D;JIR H3JIY-. n 
'llaeMoll 'llacTOTH W(W) < VCCr.> 0 • 3TO 3Ha'tlHT , 'llTO B 06hl'llHh!X YCJIOBHRX 3qi<peKT BaBHJIOBa-t.JepeH-

KOBa .HBJIReTCR CJIOlltHHM. ITapHHe K Ha6JID,D;aeuw 'llaCTOTaM JieJ!CaT B YJILTpa~IrnJieTOBOll 'llaCTl'I cneupa, B 

odJiaCTU aHOl!aJILHOll )!,HCIIepcnn l'I He HadJIRJ)!,aIOTC.11 BBH.U:Y HX CHJILHOro IIOrJIO!lleHH.fl B pa,D;l'IaTope HJIH Ha rryu 

K perHcTpnpyD!lleMy cnex ycTpollcTBY. 

TaKI'!M odpa30M, paccMOTP~HHh!e nume COOTHomeEH.11 Mellt,ll;y BeJIH'llHHOll rpyIIIIOBOll CKOpOCTH H CKO~OCTLIO 

,D;BnxeHnn HBHRJO?c.a Odll!Hlll'I ,D;JIR H3Jiy'llaTeJia, JE.BHOMepHo ,D;BH::ity!llerocn B cpe.u:e. ITpn axou ne cJie.u:yex 3a6u

Ban, 'llTO 3TH COOTHOmeHH.H ID!e!OT CMHCJI JIHmL B TOM CJiyqae, Kor.u:a rpyIIIIOBa.11 CKOpOCTL OTHOCHTCR K 

'llaCTOTe, Y.U:OBJieTBOpSIIO!llell COOTB8TCTBYIOl!l8My YCJIOBHIO lOIIIIJiepa (I.2) - (I.3) HJIH YCJIOBHIO (I.I) )!,JIR 

3qxpeKTa BaBHJIOBa-lJepeHKOBa. 

CKa.3aHH08 II03BOJIReT C,D;eJiaTL HeKOTOpHe Bh!BO)!,hl: 

a) EcJIH CHCTeua, paBHOMepHO ,ll;B~::ityl!laRCR B cpe.u:e, l'I3JIY'llaeT CBeT TIO)!, yrJIOM 0 K HaIIpaBJieHHIO. 

CBoero )!,BHXeHI'I.11 l'I yroJI 8 He SIBJI.lleTC.11 noporOBIDL, TO B crreKTpe H3Jiy'tleHHR Bcer.u:a rrpHCYTCTByeT 

BOJIHa, ,D;JIR KOTOpOll BhlIIOJIHeHO YCJIOBHe _ ----1f-C,oj-0----------· 
. - -----· -- <. 1 

W(w)· 

r.u:e veo~e rrpoexqHSI CKOpOCTH CHCT8Mhl Ha HaIIpaBJieHHe H3Jiy'tleHHR, a W 

.U:JIH H3Jiy'tlaeuon 'llacroTu. 

rpynIIOBaH CKOpOCTL cBeTa 

6) IToporoM )!,JISI B03HHKHOBeHH.11 H3JIY'll8HHSI HJIH HOBh!X KOMJIOHeHT H3JIY'll8HH.II RBJISieTCR yCJIOBHe 

W(We) = VCo:, e 
npnqeu w orrpe.u:eJI.11erc.11 rpyrrnon BOJIH, pacrrpocTpaHHDlllHXC.11 B HHTepBaJie yrJioB LI e · , qacToxa · 

KOTOpHX yioBJieTBOpReT ·o.u:HoMy H3 ycJIOBHll (2.I) - (2.3). IlpH H3MeHeHHH 8 HJIH V B dOJILmyJO 

HJIH M8HLmyJO CTOpOHhl no CpaBHeHHIO C noporoBIDA 'llaCTOTa H3Jiy'tleHHSI pacrra.u:aeTC.11 Ha H8CKOJILKO KOMIIOHeHT. 

ITpH 3TOM, ecJIH KaKa..ll-JIH60 co6cTBeHHaSI 'llaCTOTa KOJiedamdt w: (B TOM 'llHCJie H (,J; = 0.) Bhl3h!BaeT 

IIOHBJI8HHe B HaIIpaBJieHHH BOJIHH C 'tlaCTOTOll 
ii 

Wo_· 

v ecr., e 
W(W9) . > J 

' )!,JI.II KOTOpon 

TO COCTaB'H3JIY'll8HHSI oda3aT8JILHO CJIOlmhlll, Tax KaK corJiaCHO B Heu HMeDTC.11 KOMIIOHeHThl HJIH ROMIIOH8HTa, 

_)tJISI KOTOpon U' COj e 
W(Wg) 

< 1 

IIpn 3TOM, no KpallHen uepe, O)tHa H3 TaKHX .. KOMIIOHeHT pacJIOJIO:EeHa co CTOpOHll 60JILmHX 'llaCTOT·, TaK 
. . . . . I U 

.KaK 3a nepeXO)!,OM IIPRMOll H3 II B_ I od.113aT8JILHO CJI8,D;yeT rrepexo.u: H3 I B II. T.e. We ,> We • 
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§ 3. HnTerpaJII:>Hasi 3amrc:r, ycJIOBHSI · ,nonnJicpa 

Bh!BO,lthl, noJiytteHHI.le B npe,Jth!,JtYllleM pa3,JteJie, JierKO MoryT d!lTI:> 3armcaHI,I B aHaJinTntteCKOM BU,Jte • 

0,JtHaKO, npellt).te ttel! 3TO ,IteJiaTl>, OdpaTliMCSI K paccyllt,lteHUSIM, C llOMOl!II:>10 KOTOpUX llOJiyttael'ClI qJOpMyJia 

J(orrnJiepa. OrpaHlitlliMCSI l'OJll,KO CJiyqaeM OCl'pUX yrJIOB · 8 , l' .e. Co? 0 > O • . ]JIS! llOSICHeHUlI CYll!HOCl'lt 
- ' . ; . . 

3qxpeKra .nonmiepa paccuarpliBaIOl' BOJIHiiI, llCllYl!leHHLte U3 llOCJie,ItOBareJII:>IIOCl'H l'OtteK, paCCl'OSIHlie Meit,Jty 

Ko:ropmm li3Jiytraren:i, npoxo.itnr_ 3a Bpe1,m O,JtHoro KOJiedamrn. 

B cnyttae oduqaoro 3qxpeKra ,nonnJiepa. BOJIHa, 11c11ycKaeuasi 113 Kax,n;on-c~e,1ty10men 113 TaK11x roqeK, 

,ltOJ!lltHa.OTCTaBal'l> or. rtpe,JtI,I,JtYl!len KaK pa3 Ha ,ltJ!ltHY BOJIHI,I (B cJiyqae CBepxcBeTOBOro 3qxpeKTa 11:Meercsi 

He orcraBa1me, a onepexen11e). Ha p11c.3 11pe,1tcTaBJieHa na Kapr11!{a ,JtJISI odutrnoro 3qxpeKTa .non~nepa 

11 ocrporo yrJia 8 • ·IlocrpollM KOHYC C Bepmnnon, COBlla,Jtal01!18ll C MrHOB8HHIDl llOJ!Olt8HHeM·H3JiyqaTeJ!lI 

(roqKa On p11c.3) n c odpa3yDl!IHMH, nepnen.itHKYJistpmn.m paccuarpnBaeuouy nanpaBJiemu> R3Jiyqemrn: 

(0,JtHa H3 .lWYX odpa3YIOl!IRX, Jie:mmu B llJIOCKOCTH pncymta, llo An llOKa.3aHa Ha pnc.3). QqeBH,ltHO, 'l!TO 

(ll8.3a_Bcex BOJIH Ha llOBepxHOCTH 3Toro "BOJIHOBoro KOHyca" O,ltHHS.KOBa H COBlla,Jtaer·c ~rnoneHnon (ll8.30ll 

KOJiedaHHll . ll3JiytJal'eJISI. Kax,n;asz ll3 TOtteK . ero llOBepXHOCTH ,ltBl1llt8TCSI B,ltOJII, Jiytta co CKOpOCTl,ID VC.0? 9 • 

HanpHMep, ,ltJ!llHa Oo /1 o paBHa R(t) "'Vt CO:) 0 

ecJIH B l'OtJKe Oo H3JiyttareJII:> HaXO,ltHJICSI B MOM8HT 

Orc10,n;a cne,nyer, ttro ,ItJilI BOJIHiiI, H3Jiyttaeuon H3 0 0 

,ItOJIXHa dur:r, paBHa w0 t , r.e. 

· , a cpa.3a KOJiedaHHSI B TO'l!Ke Ao 
1 

(.J':' t · 
t = 0 H Ha'llaJII:>IIaSI cpa.3a KOJiedaHHtt' lf = 6 • 

I 
C qacTOTOit We , qia.3a B ' Ro B MOM8Hl' t 

(3.I) 

3HaK llJIIOC HJIH MHHYC onpe,n;eJISI8l'CSI TeM, CTOHT Jill CJieBa B CKOdKaX llOJIOlltl1T8Jll,HalI HJIH OTpll~areJil>HalI 

B8J!HtIHHa. YpaBII8HHe (3.I) .itencTBHl'eJII:>HO paBHOCHJ!l>HO YCJIOBHIO .nonnJiepa • .nonycrnM Tenep:r,, tITO 

I U ) 
HM810TClI ,JtBe ,lt01111JI8pOBCKHe 'llaCTOTI,I eJ9 l1 We • Tor,Jta ,ItJllI Kallt).tOit H3 HUX BUllOJ!HlI8TClI (~.I , 

r.e. ,(· n(w~)tr~e)·- "t(·n(w~)Veo-10) 
(,.)et 1 - C - We 1 - C -

(3.2) 

3,1tec:r, npe,n;noJiaraeTcn, ttTo 

rtpOTHBHOM CJiyttae B O,ItHOll H3 

Otl8BH,ltHO COCTORT B 'rou, tITO 

I II 
We H We O,ltHOro Tltrta, r.e. odUtIHUe HJIH "cBepxcB8TOBll8 11

; B 

CTOpOH paBeHCTBa ,ltOJIXeH dun l13M8H8H 3HaK Ha odpaT1rnn •. CMLICJI (3.2) 

V ~ 0 8CT1, CKOpOCTl,,. C KOTOpoll pacrtpOCTpaHlI8TClI O,Itl-1HaKOBa.!I ,ItJllI 

odeHX BOJIH (ll8.3a •. OtteBH,ItHO, tITO 3TO 3KBHBaJl8HTHO H8KOTOpOit cpe,n;mill rpyrtrtOBon CKOpOCTH, TOX)l;8CTB8H-

HOit C HCTltHHOll rpyrtllOBOit CKOPOCTLD npn. cc5JIHllt8HHH w~ H (.J~ • }lettCTBRTeJII:>HO H3 (3.2) 

cJie,n;yeT 

(3.3) 
• I // 

rro 011pe,1teheHn10, ecJin naTepBaJI uex,n;y w0 n w0 

CKOpOcTI,, r.e. B 3TOM CJiytJae W(CJe) "'v Co? 8 

crpeMRTClI K HYJID, TO CJieBa CTOHT rpynrtOBa.!I 
. I II 

• ]JISI KOH8tJHOro HHTepBaJia C,.Je - c..Je 

qJOpMyJiy (3.3) O'll8BH,ltHO MOlltHO 3amteaTI, TaK. · 
_· W9 
(~) = w9~CJ0 J 

II 
w1wJ dCJ = _v_c.a_

1 -~~e 
(3.4) 

We 
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HJIH • (J~. 

( ( ir Co:) 8 t" W ( <.iJ > - i ) d GJ = o 
e 

(3.5) 

TaKHMoc!pasoM, ecJIH nsnyqaerc.!I HecKOJII>KO qacror O,ItHoro rnna, ro cpe,1tH.1ISI BeJIH'IIHHa ~ . 

no HHTepBa.Jiy MeQy JIDc!Otl n~poll raKHX 'llacTOT paBHa - 1-
9 

• QTMeTHM, 'IITO 3TH ypaBHeHHSI He CO,Itep-
• . V-C.01 . 

%8.T CJ 0 H, CJie,ItOBareJILHO, npaBHJILHU KaK jJI.!I 3cpcpeKTa !onnJiepa, raK H ,Il;nSI H3JiytieHHSI BaBHJIOBa-
. . 

llepeHKOBa. I!pu 3TOJJ CKopocn l/' UY.> e ecn CKOPOCTl>, ·C KOTOpoll ,ItBHl!CeT6H B,ItOJIL Jiyqa oc!pa3YillitaSI 

BOJIHODOro KOHyca, pOJII, KOTOporo ococ!eHHO OtieBH,ItHa ,ItJISI H3JiytieHHH BaBHJIOBa..tiepeHKOBa. 

// I 
ECJIH H3BeCTHa o;i;Ha H3 H3Jiy'llaeMUX tiaCTOT, HanpHMep, We , ro, C'IIHTaSI We B llHTerpaJILHOM 

ypaBHemm (3.4) lIJIH (3.5), nepeueHHoif B np1rnr:ume MOJICHO onpe;i;e11Hn Bee· ocraJII>Hue Hs11yqae:i.me qacro

. ru (;i;am1,oro rnna). 

Herpy,ItHO raKl!Ce .nomsaTL npaBHJILHOCTI, YTBepl!C,Il;eHHll, BUCKa3aHHUX B KOHUS§ 2. nencrBllTeJII>HO ;i;ony 
. " .• . .lfCo:>0 

crm.i, 'IITO ,ItJISI w" We nO,ItHHTerpaJILHaSI B8JIH'IIHHa B (3.5) noJIOJmTeJII>Ha, T.e. W(W) > 1 , 
nonycrzu, 'IITO npH BospacraHHH BepxHero npe,1teJia nHrerpnpoBaHHSI HHTerpaJI BnepBue npon;i;er qepes 

. ' "' . 
HyJieBoe 3HatieHue npu HeKoropou CJ= We H. CTaHeT OTpHUaTeJILHUM, T .e • B H8KOTOpOM HHTepBaJie 'llaCTOT 

I LlW . I LIQ 
or Gue - -?-- .1to We + T B8JIH'IIHHa ltHrerpaJia yc!uBaeT • OTCD,IJ;a CJie;i;yeT, qro no;i;nurerpaJII>HaSI 

I 

BeJIH'IIHHa ,IJ;OJil!CHa c!UTI, OKOJIO TO'IIKH 
. veo1S 

We B cpe;i;HeM no Ll CJ OTPHUaTeJILHOtt. OTCD,Ita B cocrJiaCliH 

co cKasaHHHM ( , ) < 
VJ We 

• I!pH 3TOM raKoe pemeHHe saBe;i;ouo nueercsr, TaK KaK npn ,1tocraroqHo 

c!OJILmnx W B8JlllqHHa 
W(w)-+-C > U-Co:)0 

YpaBHeHHSI (3.4) HJIH (3.5) HMeDT pememm TOJII>KO npH HaJIH'IIHH HeCKOJILKllX qacTOT H3Jiyqemrn •. 

I!OJIL3YSICI, (3.I) llJlll (I.I) - (I.3), HX JierKO oc!oc!11tl1TI, ua npOH3BOJII,HUll CJiytiall. Tor,Ita nonyq11u 

. _ .. - - _1_. - c,i - T We We( j . ) J W(W) v-CD?6 d - - tr(o:)9 (3.6) 
0 

• (3HaK MHHYC COOTBeTCTByeT oc!uqHoMy 3cpcpeKry nonnnepy' 3HaK IIJIDC CBepxcBeTOBOMY ll Wo = 0 . . 

3cpcp8KTY BamrnoBa-llepeHK~Ba). 3TO ypaBHeHne 3KBHBaJieHTHO oqeBH,IJ;HO cpopuyJiaM (I.I)-(I .3) H (3 .4) 11 

(3.5) .!IDJI.!IeTCSI llX CJie,ll;CTBHeM. 

OqeBM;i;Ho, qro c,1teJiaHHoe B . HaqaJie aroro pas;i;eJia orpaHHqeHHe cnyqae:u u:,:) e > o . He cy11tecrBeH

Ho )!;JI.II ypaBHeHllSI (3 .6) • E,1tllHCTB,eHHOe rtpe,ll;IIOJIOllC8HH8, KOTOpoe ,ll;8JiaeTCSI, COCTOHT B TOM, qro B pac

CMaTpUBaeMOM llHTepBaJie qacror BeJIHqHHa t HMeer CMUCJI H HHTerp:n:poBamie no Hell B03MOJICHO • Ta 

llte orOBOpKa HeOc!XO,IUIMa H ,IJ;JISI ypaBHeHHlt (3·.4) H (J.5) 11 HX npmeHHUOCTH ,Il;JISI C".o:) 0 < 0 • 3ror CJIY-

qall paimoc1rneH ;n:ony11teH11D, 'IITO W < 0 HMeer <pll3Hq~cKHll CUUCJI. 

§ 4. 0 CBJJ3H Meyy c:icopocnD Hs11yqareJisr 11 rpynnoBott 

CKOpOCTI,D CBera .. 

Ha ocH0BaH1111 cKasaHHoro ocraercst .B • sHaq11reJILHOll uepe HeHcmm, noqeuy noizyqeHHue coorHome-

HHJJ CBSI3UBaDT ·BeJIHqHHY .W HMeHHO C npoeKu:n:ett CKOpOCTll ll3JiyqareJISI Ha HanpaBJI8HHe Jiyqa_. 3TO 

MOJICHO IIOSICHllTl'> CJI8.ItYDlltllll o6pa30M. QqeBH,IJ;HO, 'IITO cneKrp H3Jiyqaeuux B HanpaBJieHHll 9 qacror 
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3a.ItaeTCH Bemil!HHOtt Wo H llpOH3Be.ItemrnJ.L · VCo~ 0 • Mbi IIOJIYl!HM TOT llte cneKTp l!aCTOT rtpH CKO..; 
I • 

pOCTH V = VCD:> 0 li TOM. llte u>0 • (C06CTBeHHasI l!aCTC>Ta CHCTeMl1 rtpl'l 3TOM ,I(OJilltHa 61,1TI, ll3MeHe-

Ha, TaK ltaK Wo = C,J~~i-p" ). OH 6y.IteT COOTBeTC~BOBaTI, l'l3JIYl!eHHIO B!Iepe;i:, ecJ!l'l 1/'
1
>· 0 

T.e. ~ 9 > 0 l'!Jll'l Ha3a,I(, ecJm V 
1 

< 0 ~ T. e. ~ 0 OTPl'!Ua~eJieH. ECJ!l'l OT6poc_HTI, CJiyl!all, KOr,I(a 

yroJI 0 611J1 rpaHl'll!HblM ,I(JISI B03llHKllOBemrn H3Jiytiemrn, TO H3 Toro, l!TO Bcer,1ta HMeeTCSI KOMrtOlleHTa, 

y,1tOBJieTBopsr10ntaH (2 .IO)' IIOJiytrnM, tJTO B cneKTpe R3JiytJemrn .ItOJI:ima 6UTI, 1IaCTOTa, ,I(JIH KO TO poll 

VI 

W(W') < i (4.I) 

TiyCTI, V
I 

rtOJIOl!tl'!TeJ!l,llO • 3TO 3Ha'l!l'!T, 'lJTO Brtepe,It ,ItOJilteH R3JiytJa'l'LCSI CBeT C tJaCTOTOll, ,ItJIH KOTOpoif 

rpy!IIIOBaSI CKOpO CTI, 60JILme, 'l!eM CKOpOCTI, ,I(BRllteHRSI • TaKHM O 6pa30M, rtpli l'l3JIY1IeHHll Bllepe.It ll3JiytJae:MaH 

3lleprHSI o6sr3aTe~LHO onepexaeT .ItBllllteHne l'lCTO'lJHHKa. 3'1'0 MOlltlIO l'lJIJIIOCTpl'lpOBaTL C rtOMOntLIO pHc.4. IlycTL 

cHcTeua, .ItmintYIItasrcsr co cxopOcTI,JO V , npoXO.I(HT 3a O.ItHY cexyH.I(y .nyTL AB • Ilono:m:eHH~ rpyn11_11B01IH 

MO:EeT 6!1TL Hall,zteHO, eCJIH .OTJIODTI, B HartpaBJieHHl'l 0 B·eJil'l'lJRllY W • TOr.I(a 8 D SIBJISie'l'CSI o6pa.-

3Y!Ontell KOHyca rpynnu. OH onpe.I(ensreT MrHOBeHHOe IIOJIOllteHHe rpynrtl1 BOJIH, pacnpocTpaHSilOntl'lXCH B Ha-
/ 

IIpaBJieHl'!R 8 • CBeT, RCIIYllteHHhlll Ha IIYT_l'l OT fl ,ItO , B , ,ltOC'l'HraeT COOTBe'l'CTBeHHO 'l'O'lJeK KO-

Hyca Mellt,lty D ll 8 • l{onycTHM TertepL, .'lJTO CKOpOCTI, y611BaeT, a Wo OCTaeTCH IIOCTOHHHOll (CM. 

npaBYIO tJaCTL pHc.4). BeJIHl!HHa w IIPll 3TOM IIOCTOSIHHa,.Tait Kalt w He MeHSieTCSI R KOHyc rpynIIH 
I I · I 

ClltHMaeTCSI K Ha!IpaBJiemrn V' • Ilpli 3TOM CBeT, RCrtY1IteHH!1ll ll3 Ji , ,I(OCTl'lrHeT TOtJKR D , 06or1IaB 

mrnytJaTeJIL Ha paccTosrH11e 8D' , TeM 60JI1,mee, tJeM paHLme OH HcrtyllleH (tJeM 6oJILme fl' B' ·). 
I 

PaccMOTpHM BTOpon CJIYtJall, a HMeHHO, KOr,I(a V', OTPHUaTeJILHO. YcJIOBRe (4.I) BHIIOJIHeHo npn 

3TOM ,I(J!SI JII06oro. w > 0 • TaKl'!M o6pa30M, Ha BeJIHtJllHY rpylIIIOBOlt CKOpOCTll CBeTa, H3JiytJaeuoro Ha3a,!t, 
't 

He HaitJia,It~~l:leTCSI HHKa.KllX orpaHH'lJeHHll. 

CJie.ItCTBllSI H3 Hepa.BeHCTBa (4.I} MOlltHO pacnpocTpaHHTI, l'l Ha CJiy-qall OTPHitaTeJILHOll rpyrtIIOBOll 

·c1topocTR. 3TOT CJiytJatt 3aCJIYlJtHBaeT CIIe!.UfaJILHOro pacCMOTpeHRH ll II03TOMY 3,IteCL O HeM. 6y.IteT Cita3aHO. 

Jll'l!lll, -~K~Tuex) • IlpH O'l'pmtaTeJil,HOll rpynno~olt CKOPOCTll uanpaBJieHHH cpa.30BOll ll rpyrtlIOBOlt CKOpOCTR ... 

npOTRBOIIOJ!OlltHH. ECJIR HMeeT MeCTO ll3Jiyl!eHne, T.e. rtpOHCXO.ItRT YHOC 3HeprRR, TO rpynnoBaH CKOPOCTL 

,ItOJ!lltHa 6UTLlB!IpaB1!eHa B,ItOJIL JIYl!a OT R3JIY1IaTeJIJI, a, CJie,ItOBaTeJILHO, cpa.30BaSI CKOPOCTL .ItOJ!lltHa 6eTL 

llartpaBJieHa K H3Jiy1IaTeJI10. Ha pRc.5 npe,!tCTaBJieHa KapTHHa, IIOJIYllaIOntaHCH llplt W ~ 0 ,I(J!H OCTporo 

yrJia 0 (no-npe:m:Heuy, yroJI 0 ecn yroJI ueQy imnpaBJieirneu cpa.3oBolt c1topocTR u R cxopocu10 

R3Jiyl!aTeJIH 1J ). H3 pRc.5-a Bll.ItHO, 1ITO ll3JiytJaeMaH 3HeprRH YXO,ItRT B 3TOM CJiy-qae !IO.It TYIIHM yrJIOll 
' . ' . ~ 

(JT- 8) K HaIIpaBJieHHIO CKOPOCTR. Ha pRc.5:,_6 llpe,ztCTaBJieH CJiyl!all 0 = E)_, >·z • B 3TOM CJIY-

qae 3HeprHH Ol!eBR,ItHO YHOCHTCII IIO,It OCTpmc YX:JIOM ( JT ._ e, ) K HanpaBJiemrn ,ItBRllt8HHH • 

06paTHMCSI TenepL It CJie.ItCTBHHM H3 HepaBeHCTBa (4.I) IIPH OTPRuaTeJILHOM w • Yrny e <. 1 ' 
I 

COOTBeTCTByeT IIOJIOlltHTeJILHOe · 1( • HepaBeHCTBO (4.I) 6y.I(eT IIPR 3TOM BHIIOJIHeHo ,I(JIH JII06oro OTpR-

uaT8JILHOro W • B 3TOM CJiytJae 3HeprRH YHOCRTirn, Ka.It MU BR,IteJIR, Ha3a,It ll Ha CltOpOCTL ee yHoca, 

x) He1t0Top11e oco6e1rnocT11, CBH3allHHe C OTPHUaTeJILHOlt rpynn6Bot1 CKO!)OCTLD ,ItJIH 3cfxpe1tTa 
BaBHJIOBa-~epeHKOBa B,KpKCTaJIJiaX, o6cy:E,JtaIOTCH B .ItllccepTaURR B.E.IIa~OMOBa. . 



' 
- I4 -

no-npe:11meuy, ne naKJia,1t1rnaeTcSI HHKaKRX ycJIOBHit. 
• . I 

BeJIH'IHHa W UOlltST c5HT1> OTPHI~aTeJU,Ha H IIPH tf ( 0 · 

B 3TOM CJiytiae ycJI0BHe (4 .I} BHIIOJIHSHO ,"T0JI!>KO ecJIH W 

COOTBeTCTBYDlltSMY e,· >.; 
no ac5cOJIIDTHOit BSJIH'IHHe c50Jibme \( 

TaK KaK 3HeprHfl YHOCHTCSI IIPH 3TOM Bnepe,It, TO 3TO 3HatIHT, 'ITO H 3,It8Cb ocymecTBJISISTCSI cJiytiait, 

K0r,Ita CKOPOCTb pacnpocTpaHeHHSI 3HeprHH onepemeT CKOpOCTb H3JiyqaTeJISI. 

I 

B npoBe,IteHH0M pacmioTpeHHH J.IH nepeXO,ItHJIH OT H3JiyqeHHSI TIO.It yrJIOM . 8 K nanpanJieHHD 

CKOpOCTH K li3JiyqemnJ TOit lite qacTOTbl, HaII:p8.BJieHHOMY Bnepe,It, T .e • lt 8 = 0 • QqeBH,ItHO B03MOllCeH 

H oc5paTHHit nepexo,It. EcJIH c5u ,ItJISI H3JiytieHHSI, ·11anpaBJieHHoro nnepe,It, OTCYTCTBOBaJin KOMIIOHSHTH, 
, I 

oc5rOHSll!llltiie H3JiyqaTeJib, TO ,ItJISI Toro lite Wo H vc.o~ 8 = 1f MH IIOJiyqHJIH c5bl, l!TO OTCYTCTByeT KOM-

IIOHSHTa; Y.ItOBJieTBOPSIDlltaSI.(2.IO), qTo, Kalt :MH BH,IteJIH, HeB03MOlltHO. 

CJIOlltHHe 3ql(p8KTH H3JIYqeHHH COIIpOBOllt,ItaDTCSI IIOHBJieHHeM- ltOMIIOHSHT HJIH KOMIIOHSHTH, Y.ItOBJieTBOpSID

lltlfX (2 .II). Hapn.rcy c Taltoit miouaJibnon lto:r.moHeHTnon oc5n3aTeJibHO n:ueeTcSI nopuaJibHaH, y,1toBJieTBOpSID-

1ItaSI (2.IO) H IIPHTOM.HMSDlltaH c50Jibmyn qac!OTy. TaltHM oc5pa30M HOpMaJibHaSI· ltOMIIOHSHTa, oc5rOHHDlltM H3-

JiyqaTeJib, HeceT B e.rcHHlfqHoM HHTepBaJie qacTOTH c50JibmyD 3Hepran, qeM aHOMaJibHaSI. 

COOTHomeHHH Mellt,Ity BeJIH'IHHOit V (oj 0 H rpynnoBoit CltOPOCTDI) SIBJISieTCH Henocpe.rccTBSHHb!M c11e.rc

CTBHeM Toro, 'ITO H3JiyqaTeJib He MOllteT TIOJIHOCTl>D oc5rOHSITl, CB_eTOBOfi cnrHaJI, H3Jiyqae:uun HU B nanpaB

JISHHH CBOero ,ItBHl!t8HHH. 

YcJioBne 

,ItJISI e '= o 
(2.12), cooTBeTCTBYDl!lee nopory noSIBJieHHSI HJIH Hcqesnonemrn qacroT, 03HallaeT 

, qTo rpynna •B0JIH .ICBHxeTca c Tott xe cKopoc?bn, Kalt H H3JiyqaTeJib. QqeBH.ItHO, qTo-

B 3TOM cJiyqae H3JiyqeHHe oTcyrcTnyeT n npoHCXO.ItHT npocTo nepeHoc noJISI BMecre c H3JiyqareJieM. To, 

qTo 3TOT CJiyqatt SIBJISieTCSI noporOBIDI IIpH 8' = 0 _, noqrlf Oll8BH,IteH. 

B npone.rceH-~OM paCCMOTpeHHH He c5HJI0 HaJIOllCSH0 KaKHX-Jm6o yciioBHil Ha BeJIHllHHY Wo H COOT-

BSTCTBYPJIIlYIO en Ha~aJibHY qiasy KOJie6aHHil. TaKHM oc5pa3mJ' CII
0

8KTP (iJ 0 npOH3BOJieH H, CJIS,lCOBareJibHO, 

Bee CKa3aHnoe 3,It8Cb O pomI rpynnonon CKOp0CTH npaBHJibHO H ,lCJISI JID6oro paBH0Uepno ,lCBHJICYl!lSrOCSI 

B npeJI0MJISIIOl!len cpe.rce HCTOl!HHKa cneTa. 
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