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PacnpocTpanenne H Bos6y~enne Bonn BHyTpH H cnapyMH 

6ecKone~noro Kpyrnoro BonnoBona 

a) PacnpocTpanenHe aona npH v ,fo o. 

OpH OTCyTCTBHH Bli91IIHHX HCTOqHIIKOB fiOnH BHyTpH II BHe. BOnHOBOaa 

Bos?y~aaroTCH TOnhKO TOK8MH liB CT9liK8X BOnliOBOU8
1 

TO 9CTb 

[r,b9 l=-i[r,a] .Fs ,[r,b¢l=[r,a']F¢ 

fpanHqlibie ycnoBHR npH · v .fo o npHoopeTaroT BHn: 

'[a,a]F..;:J (va)H (va)F~=O, 
<=> p p --=-

[ a ', a ' ] F ¢ = J ~ ( v a) H 'P ( v a) F ¢ = 0 • 

3TH· ypaaneaHn nonycKaroT cnenyronme neayneBbie peii!eRH.n: 

J(va):O, F~O, 
p 

nnH aonRbi sneKTpHqecKoro THna H 

3 

(2-1) 

(2-2) 

(2-3) 

(2-4) 



J' (va)=O, 
p 

F¢ .j, 0, F = 0 a 
( 2-5) 

nnsr. aonHbi M8I'liMTliOI'O- TMll8o <f>yliKUMM H p ( v a) M H~(va) o6pamaThcsr. 

B Hynh He MoryT, 

IlpM r > a 6yneT BbmonHsr.Tbcsr. ycnoane 

[ r ; a ] F 
9 

= [r', a] F 
9 

= [ r , a ' ] F ¢ = [ r ',a' ] F ¢ = 0 e ( 2-6) 

<t>nanqecKM 9TO oalJaqaeT, qTo ace aonllhl 9neKTpnqecKoro n MarHnT

Horo TMllOB. D8CllOOi:T08liSIIOillMeCSI llPM V f. 0 • COCPerJOTOt:reHhl 1\H'VTD'fl 1\0JTH'O

BOIJ.Bo BHe BOnHOBOJJ.8 T8KHe BOnHhl pacnpoCTpaHSIThCSI He MOI'yT, 
(~ ) 

0603HaqHM 6yKB8MH Jl 1 KOpHH ypaBHeHHSI J p (p. = 0 

V l(p) - KOpHH ypaBHeHMSI J'(v)=O, 
p 

H 6yKB8MH 

Bonlibi aneKTpnqecKoro Tnna pacnpocTpansr.roTcsr. npn ycnoBMH 

(p) 
p. I 

v= ----, 
a 

(p) 

w=±f3t 

(p) (p) 2 

f3, =vk 2 -<...f:....!....). 
a rne 

Bonnbi MarnnTHoro THna pacnpocTpaHsr.roTcsr. npn ycnoBHH 

(p) 
v 

v = ~-'-
a ' 

w 
(p) 

=+ a ' - -1 4 

rne 
(p) 

a 
_, 2 v'p) 2 

V k - ( I --) 
a 

( 2-7) 

(2-8) 

Bbrpa>KeHnsr. nnii. nonefi nonyqaroTcsr. noncTaHoBKofi B !f>opMynbi ( 1-43) 

M (1-44) Bbipa>KeHHH (2-1), 
YCnOBHe pacnpoCTpaHeHHSI HaKn8JJ.hlB8eTCSI He H8 k H w no oTnenb-

HOCTH, a H8 MX !flyHKUHIO v 

k2~w2=v2 
( 2-9) 
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IToaToMy npii Q.llHOM II TOM *e v MO)I{eT cyrueCTBOBaTb HeCKOJlbKO 

pa3HOBHllHOCTeit BOnH •. 3Ha'!eHIISI v llnSI BOnH aneKTpH'IeCKOrO H MarHIITHOrO 

TIInOB BHyTpH BOJlHOBO.lla nony'!anHCb .rteitCTBHTenbHbiMH. 8To npiiBO.llHT K 

cne.nyromeMy: 

BonHhi ci .neitcTBnTenbHhrMn k H V', TO eCTb 06biKHOBeHHbie 6ery

IUHe BOnHhi1 MoryT ;pacnpoCTpaHSITbCSI BHyTpH BonHoBo.na npu k 2 > v 2. 

Ha.npaBneHIIe pacnpocTpaHeHnSI TaKnx BonH onpe.nensreTcsr no sHaKy f10ToKa 

aHepruu .s z • BonHhr 1 ttnSI KoTophrX k w > 0, . paciipocTpaHSIIOTCSI B nono

)I{HTenbHOM HanpaBneHHII OCH z ( HanpaBO); BOnHhi1 . .llnSI KOTOpbiX k W < 0 ·,

B o6paTHOM HarrpaBneHlm. TaK K8K llnSI onpeJleneHIISI HarrpaBneHIISI BOnHhl B\).lK-

• 
HO. 3H8Tb 3H8K k w , a He SHaKII k II W no OTJlenbHOCTH1 Mbl B .ll8nb-

1IeitrueM 6y.neM c'!aTaTb, 'ITO nu6o 

pocTb TaKIIX BOnH paBHa 
k c-. 
w 

k >O , nu6o Re k> 0. 

rpynnoBaSI CKOpO~Tb 

2 2 
flpii k < v npoeKUHSI BOnHOBOro BeKTOpa Ha OCb ~ , TO eCTb w, 

6y.rteT 'IHCTO MHHMOit H IlOJlSI T8KHX BOJlH 6y.nyT y6biB8Tb B.llOJlb OCH z KaK 

-1 zyv2 -k2 
e 

Mbl rrony'IIIM BOnHbl W = 0 • flong T8KHX BOnH He 6yllyT 

88BHCeTb OT Z , II noTOK 9Hepruu s 
z )lJlSI HHX 6y.rteT paBHblM Hynro. 

B H)leanbHOM BOnHOBOlle MoryT 'UiK)I{e cyrueCTBOB8Tb BOnHhl C KOMITneKc-

HhiMII 8Ha'!9HHSIMII k II W , T8KIIMII1 'ITO.; v 2 
OCTaeTCSI .neitCTBHTenbHhlMe 

PaccMoTpiiM cny'lait, Kor.na k, w Mano oTmi'!aiOTCSI oT .neitcTBIITenbHhrx 

sHa'!eHnit k 0 , w 0 . BOnHbr, pacnpocTpaasrrorueitcsr HanpaBo. B aToM cny'!ae 

C TO'IHOCTbiO .llO M8JlblX BTOporo nopSI.llK8 k ll W HMeiOT .Bll.ll 

w = w 0 + ik 0 8. 

rne 8 - Manasr BenH'!HHa. ITonsr aaBHCSIT oT z ll K8K 

e ( 2-11) 
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ITpn 8>.0 nonyqaroTcSI nonSI, y6biBaromne BJlOnh z n B03pacTaromne 

co BpeMeHeM, npn 8 < 0 - B03pacTaromne no z n y6biBaromne no t .npyrnx 

coqe:raHnil: Bo3pacTaHMSI n y6biBaHHSI no z M JlnSI M)leanbHoro aonHo-

BOlla He .cymecTByeT. 

Ho Ha caMoM )lene M)leanbHbiil: BonHoBOJl - npenen!>HhiH cnyqafi peanbHO-

ro BOnHOBO)l8 0 M B HeM JlOmKHbl cymecTBOB8Tb BOnHbl 0 He MeHSI:IOIIIMe aMnnH

TYJl.bj CO BpeMeHeM :II y6biB8IOIII:IIe no Z • 3TO 03H8'l:aeT, 'ITO Mbl JlOmKHbl JlO-

nyCTMTb y v cymeCTBOB8HMe 6eCKOHe'l:HO Manoil: MHMMOH OTp:IIUaTenbHOH 

qacTn. 

Jm v < 0. 
(2-12) 

ITpn w = o n k = v ycnoBne ( 2-12) npnBOJlMT K y6biBaHnro noneil: 

BO BpeMe.liMo Cne)lyeT OTMeTMTb 0 'ITO ycnOBMe {'2-)2) He npOTMBopeqnT 

ycnoBnro, Hcnonh3yeMoMy B ¢opMyne ( 1-5). KaK B:IIJlHO )lanhllle, 3Ha'l:ellHSI v 

)lnSI BOnHOBOJlHbiX BOnH COBna)laiOT C nonrocaMn !f>ypbe-KOMnoHeHT noneil:. <l>op

Myna ( 2-12) OTHOCIITCSI K nonom eauro nonrocoB npu ycnoBun,. 'ITO KOHTyp 

nHTerpnpoBaHMSI B ¢opMyne (2-6) n Bo Bcex ¢opMynax nepexoJla oT ¢ypbe

KoMnoaeaT noneil: K KOOpJlUHaT.llbiM Bbipa:>Ke.liUSIM npoXOJliiT npu Jm v = 0 •· 

YcnoBue B ¢opMyne (.1-.5) noKa3hiBaeT HanpaBneHHe o6xo)la nonrocoB noJlHH,.

TerpanbHbiX · Bbipa>KeHHil:, ecnn JlnSI nonrocoB Jm v -= 0 • B3aHMHoe IIono>KeHHe 

nonroCOB_i!_KOHTypa MHTerpHpOB8H:IISI B 060MX cnyqagx OJlHO II TO >Ke. llanbllle 

ucnonh3yeTcSI ¢opMyna (2-12). 

6) PacnpocTpaaeaue Bona npu v =0 

fpaHM'l:Hbie ycnOBMSI ( 2-2) M- ( 2-3) cnpaBe)lniiBbl TOnbKO JlnSI · v ,fo 0, 

ITpu v=O ncnonh3yeM ycnoB:IISI ( 1-60) n ¢opMynbi ( 1-33). YpaBHeHJJSI JlnSI 

TOKOB Ha CTeHKaX 

npn p ;,.o 

npH p = 1 

BOnHOBOJla: 
k 

E rp.,-;- F rp"'O, E., 0 
z 

w k w 
E ,.~_ "'- - F -- fn v a F..~-= 0, E =..,. -F ,.~_ = 0 ; 

'I' ITkil z IT 'I' z ITka 'I' 

6 

( 2-13) 

( 2-14) 
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npn p>T E--_;::_F 
¢- TTka z 

0+k2a2 -p2) 
L -'------- F 0 - ¢ == • 
1T 

Dpn p == .:'o nomKeH 6brTh paaea aymo F ¢ , a TOK F z 

llpOH3BOnb!lbiM. Domii 3TOrO TOK8 HMeiOT BHJl 

E ~10 
. 1 

TTkr 
F == 0. z 

( 2-15) 

MomeT 6brTh 

( 2-16) 

Bepxmm cTpoqKa B- CK06Kax 6epeTC.II npn r <a • HHmH.II.II- npn: r > a • 

l1TaK 1 cymecTByeT BonHa 1 pacnpocTpaHnroma.IIC.II npn: v == 0 n p == 0 caapy-

mn BOnHOBOJl8• 

Onpenenn:Temr CHCTeM ypaBHeHn:il: ( 2-14) H ( 2-15) OTnHqHbi OT. Hyn.II 

( OHH o6a p8BHbi 
2 . 2 

1T a 
) 1 II 3TH ypaBHeHH.II He JlOllyCK8IOT HeHyneBbiX 

pemeHn:il:. BonH C p .f= 0 H v = 0 He cymecTByeT HH BHyTpH 1 HH CHapymH 

BOnHOBOJl8o 

KoopJlHH8THbre BbrpameHH.II 1 cooTBeTCTByromne tilopMynaM ( 2-16) 1 nonyqa-

IOTC.II H3 3THX tiJopMyn yMHOmeHHeM 1!8 e I w ( z ;._ ot) rne 

w = +k • ( 2-17) 

a) PemeHne 38Jlaqn o Boa6ymaeann BonHoBoaa B ¢ypbe-

npeacTaBneHH.IIX 

DpH H8nnqnn BHelllHHX HCToqHHKOB CyMM8pHbie non.II HCToqHHKOB H TOKOB 

1!8 CTeHK8X BOnHOBOJl8 H8XOA.IITC.II npH v ~ 0 C llOMOUlbiO BbipameHHH 

7 



s 
[r , b c/>] =[r ,a']F,~- +[r ,b']j,~- + ~[r,b]j • 

't' . 't' 'vb r ( 2-19) 

rpaHII'IHbi9 ycnOBIIH Ha CT9HKaX: 

B 
(2-20') [a ,b 3 ] = 0, 

[a',bc/>t =0· (2-21) 

nocne rroncTaHoBKII Bhipa:lKeHHfi ( 2-18,19) B cj>opMynhi ( 2-20,21) rronyqa

IDTCH ypaBH9HHH JlnH H8XO:lKJl9HHH F 3 II F cp • noJlCT8BHB H8llJl9HHbi9 H3 

3THX ypaBH9HHll F 
3 

H F cp B Bb!p8:lK9HHH ( 2-18) H ( 2-19) 1 IIpHJl9M K T8KHM 

p8B9HCTB8M.: 

[r,b3 ]
8
= -il[r,b]- [r,a][a,b] 

· [a, a] 

[r,aHa,b ] 
J j - ..!!.I [ r, b '] - [ ] l i • ( 2-22) 

3 k a,a r 

B 

[r, b cf>] 
[ '][ 'b'] [ '][ , ] 

I [ '] r , a a , j· ip I [ ] r, a a , b J . 
= r,b - l +- r,b - J 

[a',a,] c/>" vb [a',a '] r 
( 2-23) 

Bbipa:lKeHHH ( 2-22,23) rronyqeRbi ResaBIICHMO Jlpyr ox npyra • 

. p aCKpb!B Bb!p8:lK9HHH ( 2-22) •II ( 2-23) 1 Mbl rrony'IUM 1 'ITO II pH r > a > .b 

H IIpH r <a < b 

[ r , b a ] 
8 

= [ r , be/>] 
8 

= 0 • ( 2-24) 

8 
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<l>U31PI9CKII 8TO 03H8"189T0 'ITO IICTO"'H.HKII 0 paonono:lKeHHbie C O.UHOH 

CTOpOHbi CT9HKH BOnHOBOJla, He MOI'YT B036yJl.HTb nonefi C Jlpyrofi c;opoHblo 

3aJl8"18 0 B036y:lKJl9HUII BOnHOBOJl8 )lenUTCSI H8 JlB9 38Jl8"'H: BHyTpeHHJOJO 

H BHeiiiHJOJOo BBe)leM o6oaHa"!eHnSI: 

(a , b) 

(O,b) =Jp (vb), 

( , ) a a ,b =---(a,b), a va 
(a,b')= _a_(a,b), 

a vb 

( 2-25) 

( 2-26) 

a a a 
(a ',,b ') = -----(a,b) , (O,b ') = ---(O,b) ,(a'; oo)=.,....!!-{a, oo), 

ava avb avb ava 

PaBeHCTBo nyn10 (O,b) - aTo ycnoBn:e pacnpocTpaneHnSI Bonn aneKTpn:qecKoro 

THIT8 BHyTpH BOnHOBO.U8 llpH 0 < r < b, paBeHCTBO Hymo (a , b) ycnoBne 

pacnpOCTpaHeHHSI BOnH T8KOI'O IKe THITa M91KJlY CT9HK8MU K08KCII8nhHOll nHHHH 

npn a< r < b , paBeHCTBO HynJO BenH"'HHbl (a, oo) - ycnoBHe pacnpOCTpaHe-

HHSI BOnH aneKTpU"l8CKOI'O 'I'UITa ~JlOnh OCH Z BHe BOnHOBO)la llpH a< r < .oo • 

(llnSI uac cefiqac neBaiKHO, 'ITO nocneunee ycnoBn:e HHKorua ne BbrnonHSieTCSI). 

DnSI BonH Mai'H.HTHoro T.Hna . TaKyro :lKe ponh .HrparoT tPYHKU.HH 

(O,b '), (a',b '), (a', oo ). 

BBe)leHHe ~yHKUUfi (o6nacTefi) noaBonnT ynpocTHTh u cuenaTh eJlHHO

o6pasuofi 38ITHCb BCeX Jl8nhH9HIIIHX ~OpMYno 

KpoMe Toro. noneaHhi TaK.He o6oaHa"!eH.HSI: 

(a 1'rHb,c) npn: a < r < b < c 

[a I r , b I c ) .b { (2-27) 

(a , b) ( r ,c) npn a < b < r < c 

9 



[a'lr ,blcl= _a_[alr,blcl 
ava 

R Tollo (2-28) 

B STHX 0603H8'l9HHSIX IIOnSI HCTO'IH.HKOB, pacnonmKeHHbiX BHyTpH BOnHOBQ-

ll8 0 381l8IOTCSI Bblp8}!{9HRSIMH! . 

- (0 !r,b'la']j +..:L[olr,bla']j 
s ¢ vb r 

[r,b¢] (2-29) 
(O,a') 

... 

8 

[r,ba ] 
- i [ 0 I r , b I a ] j a - .:._ [ 0 I r , b ' I a] j 

k . r 
( 2-30) 

(0, a) 

BMeCTO Bblp8}!{9HHSI ( 2-30} Mbl MQ}K9M IICIIOnb30B8Tb cneny10mee: 

8 [O lr,b Ia] <Wcp-kjz 
[r,ba] 

v (O,a) 

r) Bos6y)KJl9HHe Bona BHyTpH BonHoBoaa npn v f. 0 

BHyTpH BonaoBo..ua cjJypbe-KOMIIOHSHThi nonefi BbipalKaiOTCSI qepea 

KOMIIOHSHTbl TOKOB cjlopMynaMH Blill8 

rne P ( w ) n Q ( v) 

P(w) 
E{w)=---j(w), 

Q(v) 

- KOH9'1Hhl9 aHanHTH'19CKH9 cjJyHKUHR OT w 

10 
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ITepefilUI K if>yHKUHH Koop.llHHaT E ( z ) oT Bbipa>KeHHSI E ( w ) 1 H Bhip83HB 

j · ( w) :qepea j ( z), Mbi rrony'!HM: 

zmax 
1 

E(z) =-J dz
1 217 z ' 

min 

00 !w(z -z 1 ) 

j(z 1 )Jdw e 
P(w) ( 2-33) 

Q(;}' 

I'.lle z min H z =- rpaHHUbl HCTO'IHHK8 IIO OCH z • 
max nanhllie Mbl if>opManb-

HO H8'!HeM IIHC8Tb BMeCTO z min H z max BenHtiiiHbi - 00 

0KOH'l8TenbHOe Bb!pa>KeHHe .llnSI E ( z ) I!pHMeT BH.ll: 

00 

E(zl=- I 
id> 

z 

J 
"""" 

vI ------e 
w 
" 

lw
1
+(z-z 1 ) 

iP(w 1_) VI lw 1_<z-z 1 ) 

--e 
Q '(v 

1 
) w 1_ 

3.lleCb v i - HynH 3HaMeHaTensr Q (v) ' 

WI+ Jm WI+ >O, w ==-w 
I+ 1-

+ 

( 2-34) 

( 2-35) 

ITepBoe cnaraeMoe B if>opMyne ( 2-34) - &To Boa6y>K.lleHHbie BOnHbi• pac

npocTpaHSIJOIIIHec.sr ( IlpH .llel!:CTBHTenbHb!X w ,j HnH 38TYX8101liHe (II pH MHHMblX 1+. 

BI!p8BO OT HCTO'IHHK8• BTOpoe - BOn~bl• pacrrpoCTp8HSI!OIIIHeCSI HnH 

38TYX81011IHe HaneBO OT Hero. 

0TMeTHMt 'ITO IIpH z > z 

z 

f 
-oo 

max 
HHTerpan 

dz
1 

j(z 
1 

)e 

11 
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nepecTaeT ~aBnceTb oT z H IIOIISI TllKOft BOJUibl 3aBHCSIT OT r H. Z . KaK 

" . 
cP (w ) e 

I+ 

lw z 
l+ 

8TO 03H8'18eT', •'ITO Bbipa:H<eHHR JliiSI noneil: CB060JlHblX BOIIH 

( 2.36) 

MO:lKHO 

nony'IHTb H3 Bbipa:H<eHHil: JliiSI rroneii: B036y:H<JleHHbiX BonH, BonHhi1 pacrrpocTpa

HSIIOIIIHeCSI BHyTpH BOIIHOB0Jl8 1 H8HJleHhl 1 II COOTHOIIIeHHeM ( 2-36) BOCI101Ib3y

eMCSI llpll pa~CMOTpeHHH JlpyrHX CHCTeM, 

DpnMeHHB pa3o6paHHYIO MeTOJlHKy K Bbipa:H<eHiiSIM JliiSI rroneii: BHyTpH 

'BOIIHOBOJl8
1 

Mbl IIOIIY'IHM1 'ITO IIOIISI B B036y:H<JleHHOll BOIIHe 1 H811pHMep1 Mar

HHTHOI'O THI18
1 

pacrrpocTpaHSIIOIUeil:CSI Hill! 38TYX810IUeii:. H8Ilp8B0 1 HMelOT Bl!Jl 1 

38Jl8BaeMblll tiJopMynaM II ( 1-44) 1 B KOTOpbte H8Jl0 110/lCTaBHTb 

rJle 

z -iwz1 

[r,bcp] =-f dz 1 e 

v = 

(p) 

VI 

a 

(~[0\r,b'\a'\i,~..(z )--pb[O\r,b\a']j (z1 )) 
w ~ 1 w r ( 2-37) 

,w= 

a(O,a)(-p-
2
-- 1) 

(p) 

.a 
l 

v2 a 2 

.I 2 v (p) 

vk -(-~
a 

2 

AHBIIOI'H'IHO H8XOJlSITCSI Bb!pa:H<eHHSI JliiSI Mai'HHTHbiX BOIIH1 pacllpOCTpaHSI

lOIIIHXCSI B o6paTHOM H811p8BileHHR 1 II JliiSI BOIIH aneKTpH'leCKOI'O THila, 

n) Pe3oHaHCHbie SIBneHHSI BHYTPH 6ecKoHe'IHoro --.. ···-----·-
BOIIHOBOJl8 

B !f>opMyne ( 2-37) Mbi rrony<Jnnn BeiiH'IHHy w B 3HaMeHaTene, f1oaToMy 

B036y:H<JleHne BOIIH c w= 0 HBJlO paccMoTpeTb oco6o, 

KaK Mbl y:H<e 3H8eM 1 lf>ypbe-·KOMIIOHeHTbl IIOIIeii: TOKOB BHyTpH BOIIHOBOJl8 

6yJlyT HMeTb BHJl ( Mbl IIHIIIeM 110Jlpo6Hee): 

12 



P(w,w) 
E( w, w ) ----j(w,w ). 

Q ( v ) 
( 2-38) 

B oKpecTHOCTn TO'IKll v 
0 

, Q ( v 
0 

l = 0 tMbl MO)I{eM nonO)I{llTb 

Q(vl=-Q '(v)(w-w )~. 
0 v 

ITycTb ToK saBncnT oT z n t cnenyromnM o6pasoM: 

· -lw t 

j(z,tl=j(zle 
0 ( 2-39) 

Ecnn )!{~ ··{J) 
0 

= k c , TO w 
0 

= 0 n cpypbe-KoMnoHe!ITa nomt npnMeT 

Bnn 

P(w, w lv 
E(w, w )==- -----:::--y'"i; j (w) o (w -vc). 

Q'(v)w 2 

ITepell:neM K· KoopnnaaT!IOMy BpeMeaaoMy npencTaBnemno: 

E(z,tl== .;__ 
411 

P(O,v c) -lvc t 
ite j(zl. 

( 2-40) 

( 2-41) 

Bnnao, 'ITO aMnnnTyna nang BospacTaeT nnaell:ao co BpeMeaeM. ¢nsn

ttecKn aTo osaaqaeT, ttTo npn w == vo0 c Ha6monaeTcg pesoaaacHoe ycnne

ane Kone6aHnll: ncTo_qanKa, 6ecKoHe'Illbiil: BonaoBo'n BeneT ce6g nono6ao sa-

KpbiToMy pesoaaTopy. 
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KpoMe TOI"0 1 Mbl BRi:UiM 1 'ITO none BoapacTaeT TOnbKO IIpR Z, JlnH 

KOTOpbiX OTn:II'IeH OT HynH TOK j ( z ) • TO eCTb npn: W = v o c none He pac-

jlpOCTpaHHeTCH B HanpaBneHim OCR Zc • 

06a aTR a¢¢eK'ra o6ycnoeneHbi TeM, 'ITO np~ w = 0 noTOK. 8Heprn:n: 

eonHhi B HanpaeneHn:n: z o5pamaeTCH B Hynh H BOJJHOBOJl CT8HOBIITCH sanep-

Tb!Mo 

Bcnli KOne6aJIIIH IICTO'l:HIIKa Jia'l:ann:Cb B MOMeJIT t = t 0 • TO B tj:>opMy-

ne (2-41) cneAyeT aaMeHIITb na t -t 
o· 

IlpOAenaB P,_8306paHHYIO npoueJlypy H8Jl KOHKpeTHb!MH Bb!pa2KeHHHMII tj:>ypbe

KOMIIOHeHT none:ll: BHyTpli BOnHOBO)l8 1 Mbl nony'l:HM1 'ITO _IIOJJH 38Jl8IOTCH <f>op

MynaMR ( 1-43_~ R ( 1-44) 1 B KOTOpbie H8Jl0 nO)lCT8BRTJ:?,: 

[r, b8 ] 
ct [O!r,h!a'] 

----
(O,a') 

j ( z ) • 
z 477 a 

. [Ojr,b'ja'li-~.(z)+~[Ojr,bja']j (z) 
lCt 'f' V b P 

[r,brp]=-- . 
A17 a p2 

(O,aH----1) 
v 2a 2 

( 2-42) 

( 2-43) 

. . ' . 
e) Boa6y)KJleHne BHYTPR aonnoBolla Bonn c v=O 

Ilpe:lKAe ecero cneAyeT CK838TI;> 1 'ITO pas T8KRe BOnHhl He MOI"YT 

pacrrpocTpaJIHThCH 1 ana'l:RT, He 6yAeT n .nx noa6y:lKAenn~ Ho AnH Aanhne:ll:

mero naM 5yAeT Heo6xoARMo anaTh 1 KaK BeAyT ·ce6H cnaraeMHe anexTpn:'l:ec

Koro R Mai"llRTllOI"O TRIIOB B6nR3R TO'l:KR V := 0 • Ananua IIOK83blBaeT: 

1. • Ilpli P =0 Bb!pa2KeHn:H JlJJH <f>ypbe-KOMnOJieJIT none:li 8JJeKTpli'l:eCKOI"O II 

M8I"HRTHOI"O TRIIOB KOHe'l:Hbi ( npR V = 0 ) Jla:lKe no OTJleJJbHOCTiit 

2. Ilpii p f= 0 Bblpa2KeHHH Jl.IIH <f>ypbe-KOMIIOJieHT none:li aneKTPH'IeCKOI"O H 

M8I"HHTHOI"O TRIIOB RMeJOT nonroCbl npn: v 4 0, B38RMHO YHR'l:T02K8IO!IlRe llPYI" 

npyra B nonHhiX Bbipa:lKeHRHX AnH rrone:ll: 
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E,.~. =- ~P,....k __ (l - } j + i{ + .. } . ] J 
't' - ..1. - l r TT V. h r 't' 

E 
ik p 

rrv
2 b r 

w 

+ 
[{ + }j¢ + i{ + 

w 
H ¢ = TEr ' H =- "l<E¢ , 

nn!i! noneA Mar.HHTHoro THna 

E =0 
z 

kp [I - l + l J. E,.~. =-:r- j +i{ 
't' TTV br - ch - r 

], 

E 
r 

ikp 
---..---- [{ + 
TTV br 

+ 
j¢ +i{ + li,l. 

w 
H,.~. =-E , 

't' k r 

3Jlecb BBeJle.Hbi cneJlyroume o6os.Ha'IeHHH: 

P b P a P (-·-) [<-> ( ) 
a a - b 

l =I· 
+ b P P a P <-> [(..:...) t<-> ] 

a a r 

l ' 

15 
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(2-44) 

( 2-45) 



"1" 

l =I 
+ 

( 
r P 
-) r <~> p -~-- c~ > p 1 

b . a a .. 

l. 

c.!.> p [<~>p +<.!.. >p 
a a r 

t 2-46) 

113 nony'JeHHbiX <jlopM_yn CJieAyeT1 'ITO MQ)I{HQ nony'JHTb BHyTpH BOJIHOBO

Aa BOJIHbl CO CB9TOBOl!: CKOpOCTbl01 9CJIH cyMeeM H3M9HHTb COOTHOIII9HHe MelK-

. JJ.y BOJIH8MH 9JI9KTpii'J9CKOI'O II Mai'HIITHOI'O TIIITOB ITpii P f=. 0 • flpH p = 0 

Mbl He CMQ)I{9M ITOJIY'JHTb BOJIH CO CB9TOBOl!: CKOpOCTbiO A8lK9 T8KHM CITOCOOOM. 

lK) Boa6ylKA9H119 BOJIH CHapylKII BOJIHOBOAa BA8JIII. 

OT ero ITOB9PXHOCTII 

BBeJJ.eM cnenyromHe o6oaHa'Jeausr: 

(a ,b ¢>=<a ,b ') i..~.. + 2Lca ,b) j 
. 'I' v b 

( 2-47) 

(a,ba )=-i(a,b)j -~(a,b')j 
9 k 

( 2-48) 

HJIII 

(a,b9 >=Ha,b) (wcp-kiz) (2-49} 
v 

To'JHO TaK )1{9 BBOASITCSI (a , , b cp ) , ( b a a ) II T.A. 

KpoMe Taro, BBeAeM TaKIIe o6oaHa'JeHHsr: 

(a,rHb9,c) npH 

fa lr.b9 lc]·= f 

a<r<b<c 

'( 2-50) 

(a,b9Hr,cl npK a< b < r < c 

TO'JHO TaK JKe BBOASITCSI [ a ' 11\.~h 9 I c ] • H T.A. '·. 
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B 9TMX o603H8~eHMHX IIOnH MCTO~HMKOB, pacrrono~eHHbiX BHe BOnHOBona, 

38ll810TCH Bbipa~eHMHMII 

s 
[r,ba] 

[aJr,baJoo] B (a'Jr,bif>Joo] 
[r,b¢] (2-51) 

(a , oo ) (a', oo ) 

llpH ll0CT8TO~HO 6onblliHX r Bee IIOnH, B036y~neliHbie HCTO~HHKOM1 

H8XOllHlliHMCH BHe BOnHOBOll8 (ecnH 9TOT HCTO~HMK KOHe~eH IIO r 

ll810TCH Bbipa~eHHHMH . 

s 

[ r , ba ] 
(a,b9 ) s 

= (r' , oo ) -- , [ r , b ¢] 
(a, oo) 

= ( r, oo ) 
(a',b ¢l 

(a ', oo ) 

), 38-

(2-52) 

3aBHCMMOCTb Bcex rronefi OT pannyca 3anaeTCH nn:6o MHO~HTeneM (r, oo ), 

nn6o MHO~HTeneM (r ', oo ) • llpn 6onblliHX r B CHCTeMe KOopnn:HaT R , (} 

H cP KOMIIOHeHTbl IIonefi 6ynyT HMeTb BUn ( IIOnH paCIIPOCTP8HHIOTCH Bnonb 

pannyca R CO CBeTOBOH CKOpOCTbiO): 

y!;_ p (a', b ¢) l(kR-p rr/2> 

E --::'!! --- e 
R 1T -R sin (} (a 

, 
' 00 ) 

2 p . 1 (a,ba ) l(kR -p rr/2) 
H v- --;;-rr e 

R " R sin -{) (a,oo) 

- ( ) ( , bA.) . l(kR-prr/2) 
_ 1 2 k a • b9 P cos (} a • 'f' 

E =v-1----+~ ----le 
(} 1T R ( a, oo ) R si~ 2(} ( a ', oo ) 
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_,2 pease {a,ba) k {a',brp) 
Erp=v-1- -----

I( kR -p 77/2) 

} e 
17 R 

2 
sin 

2
(} { a , oo ) R { a ', oo) 

( 2-53) 

He=-E¢ •. 

B 8T-IIX <J>opMynax B Bnrpa:>:KeHIISJ {a, ba) II {a ',bcp) 

v =·k sin (} , w = k cos (} • 
H8/l0 IIO/lCT8BIITb 

ITnoTHOCTb IIOTOK8 8Hepriiii B Haiip8Bli9HHII p8/liiYC8 H 

BOliH IIM99T K BII/l: 

k
2 2 

c p 
SR = -{- + --) 

477 2 R2 R 4 

X 

{ a , b a ){ a , ba ) 

X 
{a,oo){a,oo) 

+ 
{a ',b¢ Ha ',b ¢) 

X 

{a', oo Ha ', oo )x 

/lliSI T8KHX 

] . (2-54) 

BOliHbi 8li9KTpH'I9CKOI'O H M8I'HHTHOI'O THIIOB He HHTep<J>epn:pyroT /lpyr 

c apyroM. 

<l>opMylihi BH/l8 ( 2-53) /lliSI OTKpbiTOI'O IIpOCTp8HCTB8 BbiBO/lSITCSI T8KHM 

:>:Ke nyTeM H IIOliY'I8IOTCSI II3 <J>opMyli (2-53) II (2-54) 38MeHofi: 

{a,b,l))-+ {O,b8 ), 

{a • oo ) 
{a',brp) -+{O,brp). 

{a ', oo ) 

( 2-55) 

.Bonanr aneKTpn:qecKoro THrra rronsrpn:aoBaHni B rrnocKocTn r, z • BonHhi Mar-

HHTHoro THIIa IlOliSipH30B8Hb! rreprreH/lHKynsrpao IlliOCKOCTH r , z • 
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3) Bo36ylKJl9HHe BOnHOBOJl8 JlBHlKYIIIHMCSI HCTO'IHHKOM 

KaK 6:bmo JloKaaano B qacTn Jl8HHOil: pa60Tbl1 B CHCTeMe KOOpJlHH8T1 

CBSI38HHOil: C HCTO'IHHKOM1 JlBH~YIIIHMC~ BJlOnb OCR BonnoBoaa 1 ITOnH.HM9IDT 

TOT lK9 BHJl1 'ITO H anH neiTOJlBH~noro HCTO'InHKa B nerroaBH~Oil: CHCTeMe 

KOOpJlHnaT. · 

HennBapnanTnbie BenH'IHnbi B cncTeMe ncTo'lnHKa noMeqenbi IIITpnxoM. 

HanpnMep, z ' , t ' , k ' H w '. 

B CHCTeMe BOnHOBoaa o6oana'leHHH OCT8BHM IIpe~nHMH. 

CKopocTb HCTO'InHKa o6oana'IHM f3 c • 

IlpH 38JlannbiX k , H V BenH'lHna ·w HMeeT BHJl 

w' =t.,·f3' k' 
rp 

' 2 

{3 , =·'1-(~) 
rp v k' 

( 2-56) 

3Jl9Cb H Jl8nb1Ile IlniOC OTnOCHTCH K Bonne, JlBH~ymeil:CH ,HaiipaBo/ OTno

CHTenbnO HCTO'InHK~ 1 MHnyc - K BOnne,. aBH~ymeil:CH naneBO OTnOCHTenbnO 

HCTO'IHHK8 • c f3;p - rpyiiiiOB8H CKOpOCTb 3THX BOnH OTHOCHTenbHO HCTO'IHH~ 

Ka. 

IlOTOK H IInOTnOCTb 3THX BOnn B CHCTeMe KOOpanna~ HCTO'InHK8 HMeroT 

s , 
z 

k'2 X 

W' =--1 [r ,br/>Hr,brp] + [r,b3 Hr ,ba 
811 

J 2.-57) 

X 

l . 

0TnOIIIenne s , 
z K 

w , 
paBnO - rpyiiiTOBOil: CKOpOCTH Bonn. 

B CHcTeMe KoopannaT BonnoBoaa 

w= w 'y <{3 ±f3' ) 
.rp 

k ~k ''(1 {3, {3' ± rp > y • 
(2--58) 
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5 =C 
z 

{3 

<{3 tf3;p )( 1tf:3f3;p 

1- f3 2 

2 

w {3 2- {31'~ 
k= 

1 ± f3 f3ip 

k'2 X ' X 

-l[r,b¢Hr,b¢] +[r,bs Hr,bs] I, 
Brr 

w = 

2 
(1 +f3Wrp l 

1-- {3 

k' X X 

- ![ r , b ¢ ][ r , b ¢ ] + [ r , bS ][ r . , b 9 ] I . 
817 . 

( 2-59). 

(2-60) 

( 2-61} 

fpynnoeag CKOpOCTb BOflHbl B CllCTeMe BOflHOBOlla ~aBHa penRTllBllCTCKOH 

cyMMe rpynnoBOH CKOpOCTll 970H BOflHbl OTHOCHTenbHO HCTO'IHHKa ll CKOpOCTll 

llCTO'IHllKBo 

1. Ilpn {3 < f3 -f.p BOflHbl llBll:H<:yTcg OTHOCHTenbHO BOflHOBOlla B TOM 

:H<:e HanpaBneHllll 0 'ITO ll OTHOCHTenbHO llCTO'IHHKa. 

2. Ilpn {3 ~ {3 ;p ooe BOflHbl 0 llCITyiUeHHbie HCTO'IHllKOM 0 llBH:m:yTCR B TOM 

:H<:e HanpaBneHHll 0 'ITO ll llCTO'IHHKo 

3. Ilpn f3 = {3 'rp Bonna, ncnymeHHag Haaaa, npeepamaeTCR B Hepac-

npocTpaHRromyrocg BonHy c 

IlnoTHOCTb sneprnn 

w = 0 ll s = o. z 

B TBKOH BOnHe OYlleT paBHa 

V 2 X X 

W=--l[r,bcp](r,b¢] +[r,b9][r,bs] 1. 
Brr 

( 2·-62) 

4. Ilpn k.' = v f3rp=o n B cncTeMe KoopanHaT crycTK·a 6yaeT naoma-

aaTbcg peaonaHc. Ilpn peaoHaHce B cncTeMe KoopannaT eonnoeoaa 

w =Y" {3 ' k = yv ' f3rp ·= f3 s t 2-63) 
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z 

2 
c{3 V [ , X X 

---::'l!--{ r,bcpHr,bcp] +[r,b9 Hr,b 9 ], l. 
1-{3 817 ( 2-64) s 

w 
1 V 2 X X 

---:::- --{ [ r ,b cp][r,b cp] +[ r, b9 Hr, b9] '}, 
1-{3 2 

817 
( 2-65) 

.LJ.BHI'8SI HCTO"'HHK C k '=v, Mbl MOlliSM II01IY"'HTb B011Hbl C 38.ll8HliOij 

rpyiTITOBOfi CKOpOCTbiDo 

¢opMy1lbi (2-63-65) MOlliHO HHTepnpexn:poBaTb no-.upyroMy. 

HcTO"'HHK1 .llBHlliylliHHCSI CO CKOpOCTbiD0 KOTOpaSI COBII8.ll89T C rpyiTITOBOfi 

CKOpOCTbiD .llOITyCTHMOfi B B01IHOBO.ll9 . B011Hbl0 H HMSIDlliHH B CHCTeMe KOOp.llH

HaT B01IHOBOaa onn:HaKOByiD C Hefi "!8CTOTy 0 B036Ylli.ll8eT TaKyiD B01IHY pe30H8HC

HbiM o6pa30Mo 

8TOT 9~~eKT MOlliHO HCII01lb30B8Tb .ll1ISI OT6opa Bb!COKO"'8CTOTHOH 8Heprml 

~ HCTO"'HHKOB0 HMSIDlliHX CTporo onpe.oeneHHyiD C06CTBSHHYID "!aCTOTy. 

5. PacpMoTpHM rronSI BHe BonHoBo.oa B6nH3H ero rroBepxHOCTH. B aTofi 

o6naCTH MOI'YT CYlliSCTBOB8Tb T01lbKO B011Hbl C 

II01IHSIIDTCSI COOTHOlliSHHSI 

v =0' .ll1ISI KOTOpbiX Bbl-

( 2-66) 

flO.llCT8BHB 9TH COOTHOlliSHHSI B ~OpMy1lbl ( 1-37) 1 Mbl II01IY"'HM0 "'TO IlpH 

V = 0 rrpeo6pa30B8HH9 nopeHua HMeeT BH.ll 

... ... 
H =H 'y0t..f3). ( 2 -67) 
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Bee nonSI yMH0)1{8JOTCSl Ha OJlHH H TOT )Ke MHO)KUTenb, l.JaCTOTbi H 

BOnHOBbie ·BeKTOpbi npeo6pa3y!OTCSI no 38KOHY 

w = w ' y {1 :ttl ) ' k=±W 
( 2 -68) 

6, 4>opMynbi )lnSI nopeHUeBCKHXIIpeo6pa30B8HHH noneii B)lanH OT BOnHOBO

Jl8. HMeiOT 6onee CnO)I{HbiH BHJl H H8M B Jl8nhHeHUieM He noTpe6yJOTCSI, 

H) BaaHMoneiicTBHe llBYX HCTO'IHHKOB BHyTpH 

BOnHOBO/l8 H CHapy)KH B6nH3H OT IIOBepxHOCTH BOnHOBO/l8 

HcTo'IHHKH ( nnH crycTKH nnasMbi .c sapSIJlaMH H ToKaMH) BaaHMoneii

CTBYJOT npyr C JlpyrOM nocpeJlCTBOM noneii, BOS6y)KJleHHbiX HMH, 

Tipu Jl0CT8TO'IHO 6onhlliHX paCCTOSIHHSIX Me)I{Jly HCTO'IHHK8MH Mhi MO-

)KeM B Bbipa)KeHHSIX )lnSI noneii OCT8BHTb TOnhKO paciipOCTpaHSIIOUIHeCSI BOnHbi, 

BenH'IHHbi, OTHOCSIUIHeCSI K nepBOMy HCTO'IHHKYt Mbi 6yJleM IIOMe'IaTh UH/leK

COM "1 "t KO BTOpOMy - HHJleKCOM "2" .·"' 

CHnbit neiiCTBYIOUIHe Ha 1-ii HCTO'IHUK, H8XO/lSITCSI no cf>opMynaM, Bbi

BeneHHbiM B 'I8CTH I HaCTOSIIIIeii_ pa60Tbi , 

. 1 X 

c F = - Re iw ( [ r cp , b cp ] + [ r 9 x , b 9 ] ) , 
z1 2 1 2 . 1 2 

( 2--69) 

3necb 

X X B ip X B 

[r,¢1 ,bcp ]=j (rl[r',hcp2 ]- --i (rl[r,hcp 2 ], 
2 ¢

1 
v r •1 ( 2-70) 

[ 
X ] i X X [ ]B 

. r 9 , b 9 
2 

=--I w c p1 ( r ) - k j ( r) l r , b 9 2 , 
1 v z 1 

X X X X 
j A.. ( r), j (r) , j (r ), p ( r) - BenH'IHHbit KOMnneKCHO COIIpSI)KeHHbie 

'1'1 •r . zl 1 
. B S 

ljlypbe-KOMIIOHeHTaM 38pSI/lOB H TOKOB 1 -ro HCTO'IHHK8, [r, h cp 2 ) H [r, h9 2) 

-22 



orrpeJlen.IHOT IIOn.ll BTOpOI'O IICTO'IHIIK8 II Bbl'lliCn.IUOTCSI rrpn: IIOMOlllli !flopMyJI 

(2-37). Ha 5onbmn:x paccTOSIHIISIX OT n:cTo'IHIIKa 

[Ojr,b¢
2 

ja'l iv 

p2 
a(O,a)( -

2
-

2
--l)w 

v a 

s [O\r,b~2\la] 
[r,b a

2
l ""+y2ii ___ ..;;...;;. __ 

a(O,a')w 
i v .. 

( 2-71) 

BepXHIIfi- 3H8K OTHQCIITCSI K BOJIHe, IIIlYlllefi HarrpaBo' OT ~TO'IHIIKa, Hli)KHJtfi -

K BOJIHe, IIIlYlllefi HaneBO OT Hero. 

ITollCTaBIIB lflopMyJibi ( 2-70) n: ( 2-71) B 4JopMyny ( 2-69), Mbi nony

'IHM BeJIH'IIIHy CHJlblt JlefiCTBYl01119fi Ha rrepBbifi IICTO'IHIIK CO CTOpOHbl BTOporo 

nocpeJlCTBOM B035y:IK.IleHHOfi liM BOJIHbi. 

llnSI BOJIHbl M8I'HIITHOI'O TIIII8 

p2 . 
a (0 , a H-- - 1) 

v2 a2 

llnSI BOJIHbl aneKTpn:'leCKOI'O TIIII8 

Re [ 0 I r ¢ 
1
x , b ¢ 

2 
I a' ]. 

cF == +V,!!_ ____ v ___ Re [ 0 I r:f
1

, b a
2

.1 a] • 
zr - 2 a(O,a') 

( 2 -72) 

( 2-73) 

ITnroc 6epeTcR, ecnn: nepBbiA iicTo'IHIIK HaxoJln:TcSI cnpaaa. ·oT BToporo, 

Mn:Hyc - ecnn: cneaa. 3necb BBeneHbi cneJlyromn:e o5oaHa'leHn:SI: 
X 

[ o1 r ¢; ,b ¢
2 

I a' l == I 
(O,r¢ 

1
) (h¢2 ,a! ) npn: O<r <b<a , 

(2·-74) 

npn: O<b<r<a 
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X 

>t 
[ 0 .1 r 9 1 

, b9 
2 

I a J = 

(0 , r 9 1 ) · ( b 3.1• a 
IIDII 0 < r < b < a , 

(2-75) 
X 

( 0, b 9 2 ) ( r 9 1 , a rrpll 0 < b < r < a • 

li/2 
(2rr) a a 

B cpopMynax ( 2-72-73) no.opa3yMeBaeTC.H i 
2 

f r d r f b d b 
c 0 0 

B ( 0 , r cp I ) ( r., cp I , a ') ( O,r 9 1 ) , ( r 9 1 a ) BX0Jl5IT !jlypbe-KOMIIOHeHTbl TOKOB 

nepBOI'O liCTO'IHHKa, B (0, b cp
2 

)(b cp
2 

a }(O, b 9 2 }( b 9 2 a ) BXOJl5IT cpypbe-

KOMIIOHeHTbl TOKOB. BTOpOI'O liCTO'IHHKa, .B35ITbJe C TeMn: )Ke k n: w • 

cf>opMyllbl ( 2-72-73) IIpliM8HiiMbl He TOllbKO K HeiiOJlBii)KHbiM liC TO'IHHKaM, 

.110 1i K JlBii)KYIIIHMCSI, 

B cn:ny n:aBapn:aHT.aocTn: nonefi B cn:cTeMe n:cTo'IHHKa Mhi MO)KeM cqn:-

TaTb BTopoii n:cTo'l.lfHK .aenonBH)K.IfbiM. CKop~cTb nepsoro n:cTo'l.lfn:Ka Mbi 

. o6o3.1fa'IHM f3 1 c 

W li k rrepBOI'O li BTOpOI'O liCTO'IHiiKOB JlOll)K.Ifhl YllOBlleTBOpSITb pa-

Be.IICTB8M 

w 
I 

2 2 2 2 2 
y(w -{3k ), k =y(k -{3w ); k-w =k -w =v 

2 2 I 2 2 II 2 2 
(2-76) 

Cunbi B3aiiMo.oeficTBHSI n:cTO'I.IfHKOB B.ae sonHoBona n: BHyTpn: KOaKcn:anhHOH 

llliHiili H8XOJlSITCSI 8H8llOI'Ii'IHbiM o6pa3QM, 

B bi B 01:( bi 

}, Pa3)leneHn:e BC8X- B8llli'IIi.lf Ha 9ll8KTpli'I8CKii8 li M8I'HIIT.Ifbi8 HMeeT 

YHHBepcallb.lfbiif cpli31i'I8CKHif CMbiCll, flpn: paCCMOTp8.1IIili 

a) Bo36y)Kne.an:SI n: pacnpocTpa.aeHn:H nonefi, 

6) 'IIOTOKOB R- IlllOT.IfOCTii 9Heprn:n: IIOll8H 1i Clillbi B381iMOJl8HCTBHH Me)KJly 

CI'YCTKaMII '18CTHU 0 

B) rpaHH'IHblX YCllOBiifi 

IIOllSI II TOKii 9ll8KTpli'18CKOI'O li M8I'HHTHOI'O TliiiOB He BllliSIIDT npyr·Ha Jlpyra, 
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2. ITpoBeneHHoe B paooTe pa36nenne BennqnH Ha aneKTpnqecKne n Mar

HHTHbie HHBapnaHTHO OTHOCHTenbHO IIpeoopa30B8HllSI JlopeHua IIpll JlBll:H<9Hllll 

llCToqHUKOB rrepeMeHHbiX IIOneft C IIOCTOSIHHOft CKOpOCTbiDe 

3. ITpnBeneHHhlfi 3Jl8Cb arrrrapaT pa?qeTa II03BOnHeT perunTb rronnym ne

onnoponnym 38)laqy 0 B030Y~Jl8Hllll BOnHOBOJlHhlX ycTpOftCTB CTOpOHHRMR RC

TQqHRK8MH (B qaCTHOCTllt cryCTK8Mll qacTnu) IIpll Hannqnn COOCTBeHHhlX 

BOnHOBOJlHbiX IIoneft. 

4. PacqeT pe30H8HCHbiX HBneHRM B KpyrnhiX BOnHOBOJlHbiX nRHRSIX IIpKa-

3an B03MO~HOCTb aKKyMynHUllll 9Heprnn B 38Jl8HHOM yqacTKe BOnHOBOJlHqft 

CRCT8Mbl IIOJlOOHO H8KOIIneHRID 9Heprnn B pe30H8Tope. TaKne IIpOU8CCbl ocy

lli8CTBnHIDTCH IIpll B~aoy~neHRll IIoneft H8IIO)lBll~HbiMR llCTQqHRK8MR. 

ABTophi 6naronapSIT yqacTHRKOB ceMnHapa OHMY 1Ia6opaTopnn BbiCOKRX 

aneprnft 3a cTnMynnpymmne o6cy~neHnSI n ueHHhre GaMeqaHnH. 

PyKonHCh nocTynHna B HsnaTenbCKHfi oTnen 

12 ~eBpanH 1969 rona, 

.. 

25 


