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n epeXOAHOe 1i3Jiy'I9Hii9 B031iHKaeT rrpH nepeCe'i9HHI! 38pSVK9H.fOH 'laCTH

U9H rpaHHUbl pa3AeJia /.lBYX cpeA C pa3JIH'IHbiMH 011TH'I9CKHMH rrapaMeTpaMH. 

B reopuu nepeXOJlHoro H3Jiy'leHIHI rrnoTHOCTb sHeprua o5bi'I1!0 Bbipax{aercsr 

qepe3 /.lH3Jl9K TpH'19CKYJO ITOCTOHHHYJO cpeAhl 

_ (n ') 2 = ( n 2 
- k 2 

) + 2 in k (1) 

f'/.19 n - Jl9MCTBHT9JlbHaH, a k - MHHMaH 1HiCTH KOMITJI9KCHOf'O ITOKa3aT9JIH 

rrpel!OMJI9HHH n 

n'=n+ik (2) 

( 3f18Cb n H k npHHSITbi rror.oMHTenbHJ.[MH). B sneMeHT renecHoro yrna dO 

f!OLI yrllCM () OTHOCHT91lbHO IIOpMa.'lli K !'paHHUe pa3Jl91la 1i JllHI JJ,JIHHhl BOJ!Hhl 

A B HHTepnane /.lllliH BOIIU dA llllOTHOCTb 3HeprHH pasHa 

dW = 
2 c 2 v 2 

TT c2 A 2 
A(c,O)dAdU, (3) 

1'/.19 P- CKOpOCTb CB9Ta B B8KYYM9 1 V - CKOpOCTb 'laCTHilhl 1 e - 38pHLl 

'l8CTHI.lhl 1 a 

(- l 
A(c,O)=J J 

2 sin 2 0 cos 2 0 (4) 

f cos 0 + V £ - sin 2 0 

011p9JJ.9ll5!9T 38BHCHMOCTb SHeprHH rrepeXO/.lHOf'O H3llY'I9Hii5! OT K0MIIll9KCIIOH 

Jll13llBKTpH'l9CKOA ITOCTOHHIIOM £ If HanpaBil9HIHt li3JIY'!I?HHH. 3anHCHMOCTH 

\ OT n, k H 0 r: ( 4) 1 B006lllG f'OBOpS!, J],0[l0llb!IO CJ!OliO!hi, II OSTOMY pac-
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eMOTpeHHe HX 6y.QeT IIpOBO.QHTbeSI KaK Ha OeHOBe Herroepe.QeTBeHHOI'O aHaJIH3a 

4JopMyJihl ( 4), TaK H e HeiTOJlb30BaHH9M pe3yJihTaTOB 'IHeJieHHhiX pae'I~TOB 

aenH'IHH A , rrpHse.QeHHbiX a pa6oTe/1 I. 

DpH aa.QaHHbiX 3Ha'leHHSlX n H k yrnoaoe paenpeAeneHHe eo aeex 

eny'laSIX rrpe.QeTaBJISl9TeSI B Blf./:19 KpHBOH e 0./:IHHM MaKeH\.1YMOM (pRe, 1 ), 

8 Ta6n, 1 rrpHBe.QeHbi 3Ha'I9HHSl yrna (B rpa.Qyeax), Ha KOTOpblH rrpHXO

AHTeSI MaKeHMYM senH'IHHbi A rrpH aa.QaHHbiX n H k • HeTpy.QHO y6e

AHTheSI, 'ITO B IIIHpOKOM HHTepsane 3Ha'leHHH n H k ITOJ10lK9HHe MaKeHMyMa 

Mano qyseTBHT9JlhHO K B9J1H'IHHaM n H k .TaK, .QJISl 0,9::::n 'S_5 ~lpH k ::::5, 

a TaK)K9 .QJISl 1,2 :::: k 'S_ 5 rrpH D < 0,9 B9J1H'IHHa (} MfiKe Jl9)KHT B npe.QeJiaX 

OT 50° no 65°, I1eKJIIO'I9HH9 eoeTaBJISl9T TOJihKO enyqai% D = l rrpH k < 0,1, 

OAHaKO 8TO He eymeeTBeHHO, ITOeKOJihKY rrepeXO.QHOe H3Jiy'leHHe IIpH 8TOM 

IIO'ITH OTeyTeTByeT (eM, Ta6n, 2), Cne.QOBaT9J1bHO, ITOJIOLK9HH9 MaKeHMyMa 

.QaJieKO He BO Beex eny'IaSIX MOLKHO HeiiOJlh30Ba'rb .(IJISl orrpeaeneHHSl OIITH'Ie

eKHX KOHeTaHT BemeeTBa, Bee LKe, KaK BH.QHO H3 Ta6n, 1, eM9lll9HHe (}MaKe 

B o6naeTh yrnos, 6oJ1biiiHX 65u, oaHa'IaeT, 'ITO n > 5 HJIH k > 5. KpoMe Toro, 

HaXOLKA9lllf9 MaKeHMyMa rrepeXO.QHOl~O H3Jiy'IeHHSl II pH yrnax (}MaKe < ffi0 
1 KaK 

BH.QHO H3 TaOJI. 1, 03Ha'la9T 0 'ITO KaK D t TaK H k M9Hhlll9 1, 

Bonee eHJihHy!O aasHeHMOeTh oT n H k HMe!OT A MaKe, eooTBeTeTByiO-

lllHe (} 1 KOTOpb19 rrpHB9./:19Hbl B Ta6n,2 (eM, TaKLKe pRe. 1), VIa TaOJIHUbi 
.,... MaKe 

BHAfiO, 'ITO AJISI o6naeTefi n < 1 H n > 1 aaaHeHMoeTH A MaKe oT n H k 

Ka'IeeTaeHHO pa3JIH'IHbi. DpeLK.Qe aeero o aenH'IHHe A npa n = 1. EenH n = 1 

H rrpHTOM k = 0, TO rpaHHUa pa3.QeJ1a He'leaaeT, llefieTBHT9J1hHO, B9JIH'IHHa A 

B ( 4) rrpH nd TOLK.QeeTB9HHO paBHa HyJIIO, DpH n = 1 H k ,/0 rrepeXO.:lHOe 

HanyqeHHe HMeeT MeeTo, H aenH'IHlla A TeM 6onbllle, 'leM 6oJibllle k 

Eena Teneph npoeneAHTh aasHeHMOeTh A MaKe OT n llpH cpHKCHpOBaH-

HOM k, TO BHAHO, 'ITO eenH k ::::0,2,seJIH'IHHa AMaKC HMeeT HaHM9Hhlllee 3Ha

'I9HH9 llpH n = 1 t OT.Q9JISlSl T9M eaMbiM o6naeTH B9JIH'IHH D < 1 H D > 1 • 

DpH 6onh1IIHX k MHHHMyM B aasaeaMoeTH A MaKe OT n eTaHOBHTCSI ena6o 

BbipaLKeHHbiM H eMemaeTeSI B o6naeTb n > 1 

06naeTb n > 1 xapaKTepHa TeM, 'ITO .QJISI n = const senH'IHHa AMaKe 

nnaBHO soapaeTaeT e ysenH'IeHHeM k . B o6naeTH )1(9 n < 1 e yseJIH'IeHHeM k 

A eHa'Iana y6hiBaeT, a aaTeM ToLKe aa'IHHaeT aoapacTaTb. Dpa'leM 
MaKe 

MHHHMYM HaOJIIO.QaeTeSI J].JISl MaJibiX D IIpH k = 1 H eMemaeTeSI K M9HhlllHM 

k rrpH yBeJIH'I9HHH n OT 0 .(10 1. 

4 

CyllleeTBOB8HHe TaKHX peaKHX aasaeHMOeTefi A H MaKe 

H k OTKph!BaeT IIpHHUHIIH8JlhHYIO B03MO)KHOeTh orrpe.QeJISITh OIITH 

MeTpbi, H3MepSISl e J].OeTaTO'IHOH ererreHhlO TO'IHOeTH HHTeHeHBH 

JKeHHe ivJaKeHMyMa 
B yrnOBOM paerrpe.QeJiei!HH rrepeXOJJ.IIOI'O H3J1y· 

npose.QeHHbiH Bbllll9 aHaJIH3 ITOKa3biB89T, 'ITO aeiTOJib30B8HH9 ~ 

orpaHH'IHBaeTeSI o6rJaeThiO n < 1 H k < 1 , TaK KaK B APYI'HX 

eTBHT9JlbHOeTb ero yM9HbUiaeTeSI. 

3asHeHMOeTh A oT n H k TO)Ke HMeeT pSin xapaKTe 

aocTeii. B o6rraeTH n > 1 A nnaBiiO soapaeraeT e ysenH'IeHHe 

6oM 8 (eM, pRe. 2,3, a TaKLKe Ta6JIHJlbi pa6oTbi/1/). EenH 

aaBIICHMOCTb A oT n rrpH cjJHKeHposaHHOM k , MO)KHO saME 

nH'IHHa A soapacTaeT H c ysenH'IeHHeM n , eena k Mano. 

k 3aBHeliMOCTh A OT n ena6aSI H He MOHOTOHHaSl H B03pae· 

HOBHTCSl 3aMeTHblM TOJlbKO IIpH nocTaTO'IHO OOJibiiiHX D 

B o6naeTH n < 1 nnSI yrnos 8 > 40 ° xapaKTepHO yME 

pOCTOM n , 3Ta JKe 3aBHeHMOCTh HaOniOnaeTeSl nnSI BeeX yrm 

nnSI (} < 40 ° c yMeHh1U9HHeM k OT 0,1 no 0 A pe3KO soap. 

UJISl KalKilOI'O (} seJIH'IHHbl A OCOOeHHO B9JIHKH ITpH BIIOJ1H9 OITJ 

HarrpHMep, a cnyqae, rrpe.QcTasneHHOM Ha pRe. 4, npH 8= 2 

seJIH'IHHbi A ne)KHT HenaneKO oT n = 0,4. PaccMaTpHBaSI Ta6n 

HO y6enHTbeSI, 'ITO B03paeTaHHIO n OT HyJISI .(10 e.QHHH4hl (ITJ 

k ·, rrpHB9./:19HHOM B TaOJIHUe, T,e, k = 0,001 ) COOTB9TC 

TaHHe 8 MaKe oT 0 no 84°. BrronHe eeTeeTaeHHO norryeTHT 

MaKeHM8J1hHbiX A MaKe rrpH k = 0 H n < 1 

OT 0 rrpaKTH'IeeKH no 90° IIpH yBeJIH'I9HHH n 

HapSIAY e aoapac 

oT 0 no 1 orrpe 

B rrepeXO.QHOM H3Jiy'leHHH ITOJIHOI'O BHyTpeHH9I'O OTpaLKeHHSlo 

.QJISl ITOJIHOI'O BHyTpeHH9I'O OTpa)KeHHSl H900XO.QifMO k = 0, IT~ 
orrpe.QeJISI9TCSl B9J1H'IHHOH 

arc sin n (} 
n 

B Ta6n, 3 yron 8 n H3 (5) eorroeTaanSieTeSI e 8 MaKe npH 

BH.QHO, 8TH B9JIH'lHHbl rrpaKTH'IeeKH He pa3JIH'IaiOTeSI. 
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CymeeTaoaaHHe TaKHX pe3KHX saaHeHMOeTefi 1\ H 8 oT n 
MaKe MaKe 

H k OTKpb!B88T rrpHHUHUH8JlbHYJO B03M0)KHOeTb 0!1p8Jl8JlHTb 0!1TH'leeKH8 rrapa-

MeTpbi, H3Mepgg e goeTaTO'IHOM CT8!18Hb!O TO'IHOCTH HHTeHeHBHOeTb H !10li0-

)K8HH8 MaKCHMyMa a yrnoaoM paerrpeJleneHHH rrepexouuoro H3ny'leHHH, OrtHaKo 

rrpOB8Jl8HHhlll Bhllll8 8H8liH3 IIOK83hlB88T, 'ITO HC!IOllb30B8HH8 8TOI'O M8T0Jl8 

OI'paHH'IHB8eTeH o6riaeTbiO R < 1 H k < 1 , T8K K8K B JlPYI'HX cny'laHX 'lyB

CTBHT8llbHOCTb ero YM8Hbi1188TeH, 

3aBHCHMoeTb A oT n H k TO)Ke HMeeT pHJl xapaKTepHbiX oeo6eH-

HOcTefi. B o6,1aCTH n > 1 A nnaaao aospaeTaeT e yaenH'leHHeM k rrpH nJ0-

6oM 8 (eM. pH e. 2 ,3, a TaK)Ke Ta6JIHJlbi pa6oTbii1 I). EcnH paecMoTpeTb 

3aBucuMoeTb A oT n rrpH <jmKeHpoaaHHOM k , MO)KHO aaMeTHTb, 'ITO ae

Jlli'IHHa A aospacTaeT H c yaeJIH'leHHeM n ... eenH k Mano. DpH f.5oJibiilHX 

k 38BiieHMOeTb A OT n enaf.5ag H He MOHOTOIIH8H H B03paeTaHH8 A eTa

HOBiiTeH 38M8THhlM TOJlbKO IIpH )lOeTaTO'IHO 60JiblllHX R 

B o6naeTH n < 1 JlJIH yrnoa 8 > 40 ° xapaKTepHo yMeHbllleHHe A e 

pOCTOM n , 3Ta )1<8 38BHeHMOCTb H86JIJOJl88TeH JlJlH aeeX yrJIOB !IpH k :: 0,1 , 

Llng e < 40 ° e yM8HblU811H8M k OT 0,1 JlO 0 A pe3KO B03paeTaeT, rrpH'I8M 

ami KB)KJloro 8 aenH'IHHbi A oco6eHHO aenHKH rrpli arronae orrpeJleneHHOM n • 

HarrpHMep, a enyqae, rrpeJleTaaneHHOM Ha p!ie. 4, rrpH 8= 25 ° MaKeHMYM 

aenH'IHHbi A ne)KHT HeJlaJieKo OT n = 0,4. PaeeMaTpHBaH Ta6nHUY 1, HeTpyJl

HO y6eJlHTbeH, 'ITO B03paeT8HHJO n OT HyJig JlO 8JlHHHUbl (rrpH H8HM8Hblll8M 

k , !IpHB8Jl8HHOM B T86JIHU8, T,e, k = 0,001 ) eOOTB8TeTByeT B03pae-

T8HH8 8 MaKe oT 0 JlO 84°. Brronae eeTeeTeeHHO JlOrryeTHTb, 'ITO aanH'IRe 

MaKeHManbHbiX A MaKe rrpH k = 0 H n < 1 aapHJlY e aospaeTaHHeM 8 MaKe 

OT 0 rrpaKTH'l8eKH JlO 90° rrpH YB8Jlli'l8HHH n OT 0 JlO 1 OIIpe)lensmTeH pOJibJO 

a rrepexoJlHOM H3JIY'l8HHH rronaoro aHyTpeaaero oTpa)KeHHH. B eaMOM JleJie, 

JlJlH IIOJIHOI'O BHyTpeHH8f'O 0Tp8)K8HHH H806XOJlHMO k = 0, rrpH'I8M yf'OJl 8f'O 

OIIp8Jl8JlH8TCH B8J1H'IHHOM 

arcsin n e 
n 

(5) 

B Ta6n. 3 yron en 1i3 (5) eorroeTaBJIHeTCH c (} MaKe rrpH k 10-3H, K8K 

BHJlHO, STH B8JlH'IHHhl rrp8KTH'l8CKH He pa3JIH'l8JOTCH. 
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I 

llng 6onee aeTSnbHOf'O 8H8liH38 06paTHMCH K TeOpHH nepexoaHOf'O H3-

liy'leHHH. <t>opMyny (3) MO)!(HO 38IIHC8Tb qepe3 KOa<jl<jlHUHeHTbl 4>peHeliH r -

anSI OTpa)!(eHHOll: BOliHbl H f - anH npeliOMJ16HHOH BOliHbi: 

dW = 
1 2 

1 + r- -- f I sin 2 0 dAd n v-(- (6) 
2 77 c 2 A 2 

npu aToM nepBbie ABa qnena noa saaKOM KBaapara MoaynH, r.e. l + r 

06H38Hbl IIOniO '18CTHUbl IIpH aBH)!(6HHH ee B B8KYYM6 1 a _ _!_ f aBH-

F 
)!(6HHJO ee B cpeae. Me)j(ay Koa<jl<jluuueHTaMH <t>peaeng r H f (ang BOliHbl 

~ 

C BeKTOpOM E B IIliOCKOCTH naaeHHH) HMeeTCH H3B6CTHOe COOTHOlll6HHe 

2 f cos e 
= y;· f • (7) I+ r 

f cos e + v ( - sin 2 e 

oTcJOaa nonyqaeM (B cornacuu c (4)) 

dW 
2 2 I 2~ dAdO 

2 2 
77 e A 

2 2 
£cosO sine l2l 1 __ 1_l 2 = ~"2B2 C2 dAd0. (B) 

£ 77 c 2 A 

3aecb B 
2 

cK'troKe. 

H 

f cos e + v f- sin 2 e 

C 2 " " - BeliH'IHHbl KB8ilp8TOB MOilYliH, paBHble nepBOH H BTOpOH 

QqeBHaHO, OTJ1H'IHe OT 1 BeJ1H'IHHbl C 2 
B (8) aaeT OTHOCHTOJ1bHbii'i 

BKnaa IIOJ1Sl '18CTHU bl1 

npH STOM cpasy BHaHhl 

CBH3aHHoro c ee TpaeKropneli B cpene. 

ABa xapaKTepHhlX sna'leHHH BOJ1H'IHHhl C 2 
• Dpn 

f= l 8MIIJ1HTyahi IIOJ1fl B cpeae H B BaKyyMe panJH,J 110 BOl111'1HHe H 11pOTI1-

(
, 2 

nonono)!(Hbi no s.IaKy, n, n caMOM .nene, " , KaK cne.nonano O)!(HaaTb, panao 

uyn10. Hao6opoT, B HaeanbHDM rrponoaHUKe cneayeT nono)!(HTb t->"" • B aToM npe

aenbHOM cnyqae cpeaa nonaocTbJO 8KpatnipyeT none ABH)!(YIIletkH n uet!: l.Jac-

THUbi H C 2 ~I • 4To KacaeTcSI B 2 
, To rrpH £~"" 

B 2 
.... sin 2 e M, cne.nonaTOJibHO, MaKCHM8llbHOe sHal.JeHne 

, Ol.J6BHJlH0 1 

82 ae 
npent.nuaeT ( e 6JH!3KO K 

17 

2 
). PeanbHfHI cpena nonce ue o6HsarenbHO 

COOTBeTCTByeT cny'ia!O, llpOMe)!(yTO'IHOMy 

aene, Hcnonbsyg ( 1), nonyqaeM 

Me)!(.oy aTHMH anyM51. B caMoM 

l ( :.1 2) 
C 2 = II __ 1_

1 
2 = 1 + -2 n -k 

(n2 + k 2 ) :1 

(9) 
E 

6 

l1s (9) nHaao, 'ITO ecnn 

k 2_n2 +_I_. >0 
2 • 

2 
TO C > l, T.e. 60l1bllle 1 'ieM JlliH H,[lealibHOf'O rrpOBO.OHHKa. 3TOT 

peannsyeTCH B MeTannax, TaK KaK .nnH HHX k > n • O.nHaKo np 

Ha,[l e.OHHHUefi, K8K rrpaBHllO, HeBellHKO: OT HeCKOllbKifX IIpOUeHT< 

KHX .necHTKOB npouearon. Herpyauo y6e.nHTbCH npn aTOM, 'ITO 1 

110 H IIliOTHOCTb nepeXOilliOf'O H3lly'ieHiiH, 11pOIIOpUHOH8J1bH8H 

6biTb 6onbU.Ie, 'ieM AliH K.neanbHoro nponoaHKKa. Bhillle, npn 

Ta6n. 2, OTMO'i8J18Ch OC06eHHO 60llblli8R HHTeHCHBHOCTb nepe: 

'ieHHH .nnH npospa•mow cpe.Uhi c n < I . 06pal'IIMCH B CBH3H < 

CMOTpeHHIO rrepexoaHOf'O ii3lly'leHHSI 11p11 yCllOBIIH IIDllHOrO BH; 
2 

p8)!(0HHH. llnH STOI'O IIOJIO)!(HM k = 0, Tor.na .UliSI C H3 ({ 

C2=( l-n
2 

)2 

n 2 

npn'ieM, o'ieBnaao, C 
2 
>I , ecnn 

n 2 < _l_ , r.e. n <0, 7 
2 

H C 2 CTpeMHTCSI K 6eCKOHe'iHOCTH IIpH CTpeMJ16HHH n K HYliiO 

ne saBHCHT oT yrna 0 l n, cneaoBaTelibHO, npn n 
2 

<0,5 sa C'i 

'i8CTHUbl B cpe.ne npoHCXO.OHT yBeliH'i6HHe HHTeHCHBHOCTH nep1 

'ieHHH no.u n106biM yrnoM. O.uaaKo BeliH'iHHa B 
2 

o'ieHb CHlib 

yrna. EcnH yron Ha6nJO.neHHH paBeH yrny nonaoro BHyTpeaaero 

sin 2 0
0

= n 2 = £ ,H 1 K8K BH.OHO H3 (8), 

B 2 ( 0 n ) = sin 2 en = n 
2 

7 



H3 (9) BHAH0 1 qTo eCDH 

k 2_n 2 +_I_. > 0 
2 I 

(10) 

2 
TO C > 1, T,e, 60Dbllle, qeM ADS! HA98DbHOrO ripOBOAHHKa, 3TOT CDyqaJI: 06biqHo 

peaDH3yeTCSI B MeTaDDaX, TaK KaK ADS! HHX k > n • 0AH8KO npeBbllli9HHe C 
2 

118/l 9AHHHUefi
1 

K8K rip8BIID0 1 HeBeDI1KO! OT HeCKODbKHX llpOUeHTOB /lO HeCKODb-
2 

KHX !leCSITKOB npoueHTOB, Herpy/lHO y6e!lHTbCSI npH 9TOM, qro He ronhKO C , 

no H nnoTHOCTb nepexoAnoro H3nyqeHHSI 1 nponopuHoaanhHa51 B 
2 

C 
2

, MO)I(eT 

6biTb 6onhllle, 'ieM AD51 H/leanbaoro npOBOJJ.HHKa. 8hiille 1 npH paccMoTpeHHH 

Ta6n, 2
1 

OTM9'i81I8Cb oco6eHHO 60DL>UJ8H 11HTeHCIIBHOCTh nepeXOAHOrO H3Dy

'i9HHSI JJ.D51 11p03p81IHOll cpeAbl C n < J • 06paTIIMCS! B CB513H C 9THM K pac

CMOTpeHH!O nepeXO/lHOrO H3DY'i9HHSI Hpll yCDOBHH llODHOrO BHyTpeHHero OT-
2 

p8)1(9HHSI, llns:r 9TOI'O ITOJJO)I(HM k = 0, TOI'/l8 /lDSI C 113 (9) nonyT.JHM 

C2=( 1-n
2 

)2 
n 2 

rrpiPieM, oqeBH!lHO, C 
2 

> 1 1 ecDH 

n 2 <-l-, T,e, n<0,7 
2 

( 11 ) 

(12) 

H C 2 CTpeMHTCSI K 6eCKOHeqHOCTH llpH CTp9M.Tt9JIHH n K Hymo, 8e.TtH'IHH8 C
2 

He 38BHCHT OT yrna () l 11, CD9/lOB8T91IhHO, npH n 
2 <0,5 38 C'l~T BK.Tt8/l8 ITO.Tt51 

1I8CTHUbl B cpeAe npoHCXOAIIT yaeDH'IGHHe HHT9HCHBHOCTH nepeXO/lHOrO H3Dy

'19Hif51 no.a mo6hiM yrnoM, O.aaaKo aenH'IHHa 8
2 

o'leHh cunhHO saaHCHT oT 

yrna. Ecnu yron aa6nJO.aeHH51 paaeH yrny nonaoro BHyTpeaaero oTpa)l(eHHSI, TO 

sin 2 ()n = n 2 = ( t H, K8K BH,llHO H3 ( 8) t 

B 2 ( () n ) = sin 2 () n = n 2 (13) 

7 



I 

TaKIIM o5pa30M, 8 2 
TaKOe )Ke K8K AnSI IIAeanbHOI'O npoBOAHHKa, a C2 > 1 

AenaeT IIHTeHCIIBHOCTb 113ny"leHIISI 5onbWeii, "!eM t:lnSI Hero (npH n <0,7 ) , 

f10CKOnbKY, OAH8K0 1 C 2 TeM 5onbwe, 'I eM MeHbWe n 2 , a COOTBeTCTBeHHO 

B 2 
= sin 

2 en npH 8TOM y5biBaeT, TO MO)KHO AYM8Tb, 'ITO nonHaSI I:IHTeH-

CHBHOCTb nepexOAHoro 113ny"leHIISI 5yAeT HeBeniiKa, 0AH8KO aTo He TaK, B ca

MOM Aene, AnSI yrna nonHoro BHyTpeHHero oTpa)KeHHSI 

A B 2C 2 _ ( I- n 2 2 - ----) 
n 

O'IeBIIAHO, paCTeT C yMeHbWeHIIeM n • f1p11 8TOM 

O-n2 )2 
----- > 1 , ecnH n < 0,62 , 

n 2 

( 14) 

( 15) 

T.e. 6onbwe M8KCHManbHoro 3Ha"leHHSI A AnSI HAeanbHoro npoBoAHHKa 

npH (:l = --
77 

2 

KaK BIIAHO 113 Ta5n, 3, nono)KeHHe MaKCHMyMa Aa*e npH k , He paBHOM 

Hynro, 5nHsKo K yrny nonHoro BHyTpeHHero oTpa)KeHHSI, 'ITo )Ke KacaeTCSI 

a5coniDTHOM BenH"liiHbl M8KCHMyMa, TO oTnll"llle k OT HynSI np11 M8nbiX n 

npHBOAIIT K pe3KOMY ero CHH;>KeHHIO, 3TO DHAHO 113 Ta5n, 4, B KOTOpOii Benii

'N(.H8 A 113 (14) conocTaBnSieTCSI c Benii'IIIHOii A MaKe AnSI k , cooTBeT

cTBeHHo paBHOI'O 10-3. 10-2 II 1 o-1. VIs Ta5nHUbl BIIAHO, 'ITO A8)Ke npH Ha-

nii'IHH nornoweHIISI ( k = 10-a, Benii'IHH8 A MaKe 5onbwe eAIIHHUhi, ecn11 n <Oti. 

CHnbHOe BniiSIHHe k HeTpyAHO TIOHSITb, eCnH npoaHanll311pOB8Tb 38BIICHMOCTb 

B 2 ' " OT MHHM0!-1 'IRCTH n • llnSI 8TOI'O H8AO H811TII BenH'IIIHY 

n ' cos e ' = v ( - sin 2 e = u + i t • ( 18) 

3AeCb COS (:l ' - KOCHHYC KOMTineKCHOI'O yrna MC)KAY BOnHOBb!M BeKTOpOM 

B cpeAe 11 HopManbro K rpaH11ue. Ecn11 AnSI BonHoBoro neKTopa, HanpaBneH

Horo ITO HOpManll K I'p8HHUe ( (:l =0) , Mbl TipHHSinll n II k TIOnO;>KIITenbHbiMH, 

TO TO )Ke C8MOe AOn)KHO 6biTb BbliTOnHeHo II AnSI U 11 , T.e. u>O 

II t > 0 

8 
r 

f1onb3ySICb 8TIIM 1 nei'KO OTipCJ.lCniiTb u ll I , TIOACT8' 

113 ( 1 ) • 

B pcsynbTaTe nonyqaeM 

u = .y_I_ y ( n 2 + k 2 ) 2 + sin 2 8 [sin 2 8- 2 ( n 2
- k 2 

) 1 + -
1- ( n 2

- k 2 

2 2 

t= v-1-y(~2;k 2_)_2;~~-e[sin 2 e-- 2(n~<-k ~1- .. ..L(n 2 -k 2 -
2 2 

f1p11 9TOM npH H3Bne'IeHIIII KOpHSI 113 ABYX ero 3H8'IeHHll K8;>KA 

nono;>KIITenbHoe, 'IT05bi o5ecne"l11Tb u ;:: 0 H t;:: 0. BenH'IHHa 

nonb30B8TbCSI ( 1) II ( 16) 1 38TIHWeTCSI T8K! 

2 
( n 2 + k 2 ) 2 cos2 e sin 2 e 

n =------------------------------------
(n 2 +k 2 )

2
('0F1 2 (:l+2u (n 2-k 2 ) COS(:l+ u 2 + t 2 + 4nktCOS 

2 2 
f1DACT3HOBK8 U 113 (19) H C 113 (9) B (8) A8eT 38TIIICb I 

XOAI!Of'O 113ny"!eHIISI B 8H8niiTH'ICCK0!1 ljlOpMe, KOTOpaSI, K8K II 

A8Tb 1 AOBOnbHO cnO)KH8, ecn11 TipiiHSITb BO BHHM8HHe, 'ITO 

3Ha'IeHIISI (17) 11 (18). HeTpyAHO y5eAIITbCSI, 'ITO ecnH k <· 

Henb3SI npeHe5pe"lb MHIIMol-1 "!8CTbiD rroKasaTenSI npenoMm 

k<<n.B caMOM Aene, nepBbil-1 "!neH B 3HaMeHarene (19), paBH 

MO;>KeT CT8Tb CpaBHIIMbiM C U Hnll npH n » k. TipoAet 

AnSI cny"!aSI, 5nH3Koro K cny"!aro nonHoro BHyrpeHHero oTpa~ 

'ITO n <I 11 k << 1. Tiono)KHM 

sin
2 e = n 

2 
- k 

2 
' 

'ITO npH n >> k Mano MeHSieT ycnoBHe yrna nonHoro BHyrpe 

B 9TOM cny'Iae 113 (17) 11 (18) HMeeM 

u = V ~k II t = y-;;-k, 

i n I 
I 



r 

,:1! 

Oonbay~cb 3THM, nerKo onpenenHTb u H 1 , noncTaBn~g B (16) l 

H3 ( 1). 
B pcaynbTaTe nony~aeM 

-
u = y 1 /( n 2 + k 2 ) 2 + sin 2 8 [sin 2 8- 2 ( n 2 - k 2 

) ] + T ( n 
2

- k 
2 

-sin 
2
8) , ( 17 ) 

·-------------------
-------------- l 

t= y-1- y(n 2 + k 2 ) 2 + sin 2 8[sin 2 8- 2(n 2 -k 2)]- --- (n
2

- k 
2
-sin

2 
8) . (18) 

2 2 

OpH 3TOM npH H3BJie~eHHH KOPH~ H3 JlBYX ero 3HaqeaaA Ka*nwA pa3 6epeTCH 

nono*HTenbHOe, ~To6hi o6ecne'IHTb u ?_ 0 H t ?_ 0. BenH'IHHa B ~, ecnH BOC-

nonb30BaTbC~ ( 1) H ( 16), 38TIH!ll8TC~ T8K! 

( n 2 + k 2 ) 2 cos2 8 sin 2 8 

ll2 = --------------------------------------· 
. (19) 

( n 2 + k 2 ) 2 co>~ 2 8 + 2 u ( n 2 - k 2 ) cos 8 + u 
2 + t 

2 
+ 4 n k t cos 8 

2 2 
0oJlCTGHOBK8 U H3 (19) H C H3 (9) B (8) naeT 38TIHCb TIJIOTHOCTH nepe-

XOJlHOf'O H3Jiy~eHH~ B 8H8JIHTH~SCKOft !jlopMe 1 KOTOpaH, KaK H CJ18Jl0B8J10 O*H

Jl8Tb, JlOBOJibHO CJIO*H8 1 SCJIH npHH~Tb BO BHHM8HH8 1 'ITO U H t HMSlOT 

3Ha~eHH~ ( 17) H (18). HeTpynao y6enHTbC~, ~To ecna k << l , TO aapaHee 

HBJib3~ npeHe6pe'lb MHHMOA '18CTblO IlOKa3aTeJI~ npeJIOMJISHH~ Jl8)K9 SCJIH 

k «n .B caMOM nene, nepBbiA ~neH B 3HaMeHaTene ( 19), paBHbiA (n 
2 + k

2 
)
2

cos
2 

8, 

MO*BT CT8Tb CpaBHHMb!M C U HJIH npH n >> k. OponeMOHCTpapyeM 3TO 

JlJIH cny'la~, 6JIH3KOrO K CJiy~alO TIOJIHOrO BHyTpeHHerO OTpa*eHHH, llonycTHM 1 

~TO n < l H k << l.OOJIO*HM 

sin2 8 = n 
2 

- k 
2 (20) 

~To np11 n >> k Mano MeHHeT ycnoBHe yrna nonHoro BHyrpeHHero oTpa*eHI!H. 

B 3TOM cny~ae H3 (17) 11 ( 1 8) I! Me eM 

U = V ;k H t = y-;;-k. (21) 

n 
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