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IH3EAEIIHE 

OCHOBHOA 3 a~ a4e A Te Op MM $ Op MMp OBaH MA naMMHa p H~X /B 4 a CTHOC
TM, 6pMnn~3HO B C KM X/ n OTOKOB 3 a pA~eHH~X 4aC T M~ /l 1 RBn Re TCA n o 
CTp Oe HMC p eWe HMA y p a BHe HMA nO TO Ka n p OCTp a HCTBe HHOrO 3apA~a , 

Y~O Bne T B OpA IOUlI1X o n pen ene u a a a y cno BMRM Ha 3 MMTTe p e 11 0 6 n a Aa lOUlMX 
~ena e Mbll~M c Bo Ac TBa MM /Ha nPMMep, OTCy Tc TBMe M nyn b ca~MA/ Ha y~ a

n eHI1M 01' He r O. n p M 3TOM MMeeTCA c B060~ a Ka K B Bbl60 p e CYUle CTBe H

HblX x a p a KTc pMCTMK nOTOKa, Ta K M B cno c 06e e r o On l1Ca HMR , n 0 3 BO
n RIOUlaR Ha ATI1 a Ae KBa THblA no~ xoA B pa 3nM4H~x KOHKpeT H~ x c MTy a 

4MRX. 
CYUle CT BYIO T 3 l)x1J e KTI1 BHble Me T o~bl p a c4e Ta He p e n RTI1 BMCTCKI1 X ABy 

Me p H~X nOTOKOB / 2 •3 / • KO To pble c Bo ARTc n K H a xO~Ae H I1IO 0 pT o r o Ha n bHo A 
CMCTCMbl KOOPAI1 Ha T , CBR3aHHoA C Tp a e KTOpl1RMM 4a C TI1 ~ / l1nl1 T py6Ka 
MM TOKa / 11 nO Be p xH oCT blO 3MM1'T e p a . r e OMeTp l13 a 4 11 R y p a BHe HI1 A nOTO
xa B oG Ule M p enRTI1BI1CT CKOM c n y -rae I1ccneAo BaH a D.A . Cblp OBbIM 14/ . 

B 4 a CTHOC1'M, MM n OKa3aHO , 41'0 reOMeTp M30 Ba HHoe On l1 Ca Hl1e p enA1'M
BM CTCKMX oc eC MMMeT p I1 4 H ~X Te4e HM A 1'pe 6yeT / n p l1 Hy n e BoH CKOpOC 1'M 

CTap 1'a 4 aC 1' M~ C 3 MI1TTepa/ BBeA e HMR HeopT o r OHa nb Ho A CMC1'eMbl KO
op~ I1 H a T, 4 1'0 RBn Ae Tc n 04eB I1 ll HblM ycno ~He HM eM 3 a Aa 4 11 . 

B HaC TOAUl e A p a GoT e pa3BI1 T He r eO MeT p I1 3 0 Ba HH~H n OAXOA , l1~cA H O 

BOC XO~ Rll\ M H K " c a Mo c o rnaC OBaHH OH 3neKT p OAMHaMI1 Ke" O. 6y HeMa Ha 1f, I 

11 npMMCHMMblH B c n y4 a e naMMHapHW X noTOKOB C Hy n e Bo A ~M pK yn R ~ McH 

060611~e H Horo I1Mnyn b c a. EAI1 HCTBe liHblM CYll\e CT Be HHblM Tpe Go Ba HMe M, 

np eAbRBnReM~M K CMCT eMe KOOPAM HaT. RBn n e 1'CA COBn a Ae HMe n OBe p x 
HOCTM 3 MI1 1'Te p a C KaKOH- nI160 M3 KOa PAI1 Ha THblX n OBc p XHOCTe H , 4 1' 
n 0 3 BonRe T OGo ATM TPYAHOCTM / 6/ , CBA3 a HHble C He pe r y n Rp Ho c T blO x a 
p a KTe p MCTMK n OTO Ka Ha 3 MMTTepe . 

1. YPAB IIEH HR PEflRH1BHCT CKOr O nAMHHAPHOr O nOTOKA 

An n a p a T pI1Ma HOBO ~ r eO Me Tp l1l1. Hal1 6 0 n ee eC Te CT Be HHblH AnR o n l1c a 
HM A n OTOKa B Kp MBo n MHe Cl HblX Koo PAMH a Ta x, n 0 3 Bo n ACT CAMHblM o 6 pa

30M paCCMOTp eT b 11 He C 1' a ~ MOH ap H~A c n Y4 a A . B Aa HHOM pa3Acnc , MMeR 
B BM AY B03MO~ HOC Tb n p MMCHe HI1 R e r o pe3yn b Ta To B AnR MccnC AOUa HI1 R 

BonH npOCTpaHCT BeHH o r o 3apAAa , MW n p e An o n a r a e M TonbKO naMMHa p 
HOCT b nOTOKa M paBeHCT BO Hy n lO e r o o60 6 ll\e HHOr O BHXpR . 

BBeAe M B 4 e Tblp e XMe p HOM npOCTp a HCTBe - Bp eMe HI1 cMcTeMy KOOP~M 

Ha l' x i • i =0 , 1, 2, 3 , C MeTp M4e CKM M Te H3 0 p OM J.\l k • onpc~e fle H H blM 
TaK, 41'0 g oo> 0, g ii <0 , i = 1, 2 , 3 . HHTe pBaJl 0 3 TOM cnyvae 

e Aa e TCA COOTHow e HMe M 

, 1Ch ~ · ... n ~ 
U t :.. :: ..; ~ :(~ 

• 



ds 2 = g d x i d x k • / 1/i k 

Yp a BHe HHe A BH~eHHR 4a CTH4 W C 3a pRAOM e H Ma cco A nOKOR m
 
B 3ne KTpOMarHHTHOM none, x a p a KTe pH3 y e Mo M TCH30 pOM F i k .HM CCT
 

/ 7 1BHA 

d u j i k f e if
 
- - + f'kf u U =-- 1" lI f . /2


ds mc2 

r Ae 

ag
i 1 im mk rJ g mf iJ gk~_ )- kf'1tt ="2 g --- e + -~ - axmax ax 

- CI-1M BOn KPHCTo 4J4JenR , ui = d x l I ds = (y . ii ) - 4 -C KOPOCT b 4acTH4 bl ,
 
Bpe MeHHa R KOMnOHeH Ta KOTOPO~ eCT b * penR THBH cTC KH~ 4Ja KTo p Mac c w
 
Y , a npocT p a Hc TBe HHwe KOMn OHe HTW CBR3 a HW c Be KTo po M HMnyn bc a:
 
ij=p / mc , c - CKOpOCTb CBe Ta 8 Ba Ky y Me . 1-1 3 / 1/ cnenye r H3 Be CT

Ho e COOTHo we HHe
 

i k k 2 .•.) 
g i k U U ~ u kU = y - 71 ~ = 1 . /3/ 

n a MHHap Ho cTb nOTOKa nOAp a 3YMeB aeT p a Be Hc TBO 4- CKOPOCTH 4aC TH
4W B AaH Ho ~ MHpOBOA T0 4Ke rH APo AHHa MH4e cKo A 4 - CKOPOCTH, RsnR~~e~ 

CR 4JYHK4HeA Ko o PAHHa T x i. n0 3 TOMY y p a BHe HH8 AnR r HAPOAHHa MH 4e CKo A 
4- CKOPOCTH / AnR KO TO PO~ MW cox p a HHM TO me 0 6 0 3Ha 4eHHe / nony 4a e T
CR 1-13 / 2/ n pOCTO 3 a MeHoi1 d / ds .• uk ()Iax k H npHBoA HTCR K BHAY 

k i e if 
u (1I: I-: - mc2 ~ kf F ) = 0 • / 4/ 

rAe 
. " i u ' _ (J U i f 
: 1-: - ----aXK + I" kf U 

- KO BapH a HTHa R n poH3B o AHa H no x k • 

OnpeAe n HM o606~eH HY~ 4 - CKOPOCT b COOTHOWC HHe M 

U. = u . + _ e_ A , • 
1 1 mc 2 I / 5/ 

rn e Ai - 4 - nOTe H4Han 3 n eKTp(:lMarHHTHo ro nOIlR 2 A k : - A : ) .(Fi k t 1 k
To r na , y4H Tbis aR pa aeucr a o U· U l ; k = 0 1.1 3 / 4/ He TPYAHO Bws e CTH 
y p a sH e HHe 

Uk CUi : k - Uk ;i ) =0 . / 6 

'" B n OKaJ1b JIO-raJ1l1Jle e BOH c a c-resre OT C1..ie T a . 
2 

R BIlR~~ eeCR 06~e KoB a pHaHTHoA 4Jo p Mo A Ta K Ha3w s a e Mo r o y p a s He HH R 
o60 6~e H Ho ro SHXPR I S' . 3TO ypa s He HHe 6 YAe T YAosn e TBo p e HO TO* Ae CT
BeH HO , eCIlH o 6 06~e H HaR 4 - CKOPOCT b n peACTaB HMa B BHAe r paAHeHT a 

cKanA pHo ~ 4JYH K4HH 

U _ as 7/i - - T ' ax 
4T O MW H GYAe M n peAno naraTb B AaIl b He~weM . n p H HYIleBo ~ CKOp OCTH 
CTa pTa 4a CTH4 AIlR 3 To r o Hco6 x OAHMO paSCHCTSO H YIl~ HopMaIl bHo A 
KOMnOHeHTW Ma r HMT HO~ HHAYK4HH H Ta HreH4 H3 Ilb Horo 3Ile KTp H4eCKo ro 
no nA Ha no s e pXHOCTM 3 MHTTe p a . 

COOTHoweH HA / 5/ , / 7/ n0 3 B OIlR~T Bbl p u 3 HTb Te H3 0 p 3IleK TpOMa r HHT
Ho r o nonA 4 e p e 3 4 - CKOPOCT b no TOKa : 

e 
--2 F . = u U 8/

me i k i ;k - k;i 

n p e ACTa BHM nn OTHOCTb 4 -TOKa S 8HAe 

4 " e j i = /( 2 111 • /9 /
 
mc:l
 

r ne BeIl H4HHa 

4" 1e ] r -'j
t< 2 =--- -- V J J /1 0/ 

me:l 1 

n ponOP4HOHa n b Ha CKaIlA pH O~ nIlOTHOCTH 3 ap AAa . 
[)n a r OAa p A COOTHOWeH I1 AM / 8/, / 9/ ypa BHe HHR 3 n e KTp OMarH HTHo r o 

nOIlR / 7 / 

r i k ~ _ ~ : I / 11/ 
. k c J 

, ~o rY T pa c c x a r p a e a r s c a Ka K y paB He HI1A An R 4 - CKOPOCTll no r o x a 

kf i i k f 2 , i 
g ll ' k ; £ - g U :k ; f "' -1( I, • / 12/ 

KOTop~e fl8nA~TCA 06~eK0 8 apH a H THO ~ 3an l1 C b~ ypa 8 He HH~ c aMOCO, Il aco 
Ba H HO~ 3ne KTPOAI1 HaMHKH / GI 11 BMe CTe C YCIl0 811e M / 3/ COC Ta 8nA~T 
non HY~ c Hc Te My Y 9aBHe HH~ , AOC T a T04HY ~ , B n pl1HQHne , An R o np e Ae n e 
HHA xapaKTe p HCTHK nOT OKa . B nce SAOe tiKIlHAOBOM npOCTp a HCTBe -Bpe Me 
HH , nona r aa goo= I, ~ o ' = 0 , i = 1, 2 , 3, XO = CI, 3 Ty C!-1C Te My 
MomHO npe ACTa 8 11 Tb 8 npdcT o~ Be KT opHo~ ~opMe'" 

• llbl1l0A COOT BeTcTnylOIJUlX ypaBHeHllli AJIH c r aunou ap aor-o CJI Y1..i a H 
MO_ HO Ba ATH B 1 91 
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2-+
 
-+ 1 a 7) 1 a 2-+
 

rot rot 7J T - -- T - - grad y '" - K 11 • 
e2 at2 e a t 

A 1 a . -+ 2
L\Y + - -- dt V 7) = Ky . 

C at 
y 2 = 1 + ~ 2 . /1 3/ 

C y~ecTBeHH~ M He Ao CTa TKOM AaHHO~ C~CTeM~ RBn ReT CR OTCY TCT B ~ e 

ypaBH eH ~ R, RBHO onpeAenR~~ero C K anR pH Y~ nnOTHOCTb ,, 2, 4T O 3aT p YA
HReT KaK 4~cneH H oe ~HTerp~pOBaH~e 3TO~ C ~C T e M ~ , Ta K ~ e e aHanH
T~ 4eC K oe ~ccneAoBaHHe . 

nepeXOAR K B ~ B OA Y ypaBHeH~ R AnR c KanRp HoH nnOTHoCT~ , n p e~A e 

Bcero 3aMeT~M , 4TO ~3 ypaB HeH~R Hen pe p~ B HoC T~ j~~ = 0 MO~ H O HaH-
HI A~ B epreHLl~I:J 4 - CKOPOCTH: ; 

f e aIn ,, 2 
\I. ' =-u - --- 14 , axe 

r Ae y 4 Te Ho, 4T O KO B a p ~ a HT H a R npo ~ 3 B oA HaR OT c K anR p Ho~ BenH 4H H ~ 

eC Tb 4a CTHa R npo H3BoAH aR no cooT B eT cT By~~e ~ Koo PA~ HaT e . nOHa Ao 
'" i i _
uHT CR r a rose paaeacr ao \I i u ;k ;P '" - \l i ; r u; k • nony va e no e ABOHHblM 
AM$tl epeH Ll ~ pO Ba H HeM / 3/ . t1eH HR rene ps ,BO BTo POM cfar aeM~ M /1 2 
nopano x A ~$¢ep eH Ll lo1 poB aH~R no npa a a ny ' 7/ \I; k ; P = U; f ;k T U Rkf • 
rne Rkf - TeH30p P 1144~ , ~ C B opa 4~ B aR / 12/ C \I i • nonY4 ~ M ~CKOMoe 

ypaBHeH~e 

I-: a f a ., 2 kP i kf 
U --1-:-' ( U ' - -,- In " "') +" = g u . n u ' + \I \I R kf • 15 

iJ x (J it l , r. ,k 

Ypa BHe HIo1 R / 12/ , /15/ 06pa3Y~T nonHY~ CIo1CT e MY y p aB He HIo1 H An R 
HaXO)f(DeH~R 4 -CKOPOCT~ \Ii ~ CKa n Rp HOH nnOTHO CT ~ nOTOKa ,,2 , p a BeH
CTBO / 3/ Hanara e T CBR3b Ha Ha4anb H~e 3 Ha 4e HIo1R KOMnOHe HT 4 - CKO
POCT~ 101 MOlKe T paCCMaTpMBaT bCR KaK Io1 HTe r p a n 3TOH C Io1 CTe M~ " 

2 . 3AM 4A KOWll AIlS! OCECl1MMET PI1 4HOrO CTAL.\110HI\PHOr O nOTOKA 

Orpa HM 4 ~M Aan bHe~wee p a CCMOTpeH lo1 e cny 4 a eM c Ta Ll Ho Ha p Ho r o oc e 
C~ MMe T p~4Horo nOTOKa B e BKll lo1 AOBOM n pOCTp aH CTBe H BBCAeM opT o r o-
Ha ll b HY~ ( g ' k = _ h2 

1) I-: ) C~ C T eMY KOOPAIo1Ha T q. ", x l , i = 1, 2 , 3, 
I I \ . I 

B KOTOPOH noaepx uocr b q 1 = 0 COBn a Aa e T c nOBe p XHOCT blO 3 MIH Te p a , 
a Koo PA~HaTa qa RBn Re TCR a 3 101 MYTOM, Ta K 4 TO DnR Bcex $M3~ 4eC K ~X 

Ben~4~H a/ aq3 '" O. Tpe6oB aH~R eB Knlo1AO BOCTH npOCTo a HCTBa 101 OPTO
r OHanbHOCT M KOOPAIo1HaTHOH ce TKM CBOARTCR K M 3 B eCTH~M COOTHo we HMRM 
An R K03$$Io1Lllo1 eHTOB lla Me / a / 

4 

(J 1 ah2 (J 1 ah I 
-- (- - - )+ -- (- - -l= O . / 16/ 

cJ q l h i a q l d q2 h2 i) q2 

c 1 (Jh3 2 1 ah3 2 
( V h3 ) '" ( - -- ) + (- - - ) = 1 • / 17/ 

h I aq l h2 aq2 

ko r opue '~ b1 GYAe M n p-+e Ano n araT ~ BblnOJlHCHHblMlo1 , 
e I a 8 2 a

13 $op MYll e / 17/ V=- - - . - + - - - - - A BYMe p H b l ~ on e pa r o p r aMMll b
_ hi d q l h 2 i) q2 

TOHa , e l ,2 - eA~ H 101 4H ble a e x r opu , ka c a r ens uu e K cooTBeT cT By tO~HM 

Ko o PAMHa THblM JlMH MRM. 
n p e AcT a BIo1 M ypa BHe HIo1R / 13/ B pa 3 Be pHyTo M BIo1A e , BBOAR <!JYHKLl Io1 IO 

TOKa I!J ( q} . q2 ). c BR3aH HY~ C a 3 I1 MYT an b H~M Ma rH~ TH bIM noneu "
 
I/J = eh 3 3 2mc 2 M pa BHY ~ OTHe ceHHo My K 10 =- me 3 / e (I 10 I = 17 KA
a 
AJlR 3 n eK TpoH o B ) nOJlHOMY TOKY 4e p C3 n OBepXHo CTb , or p a HIo1 4e HHy lO 

KOHTYPOM q I '" cans t . q2 =- COIl ;; t : 

2 JI/1 2 _ _ 2 iJl/J 
" 2111 - --- " 11 2 - /1 8/ 

h2 h3 rJq2 h1 h aq l 

h 3 [ a h2 Jtb . J h i eJl/J 
- - -- ( - - )+ - - (-- - --)1 =1/1 19 

h lh2 aql h h ,, 2 JQ1 aQ2 h II ,, 2 aq., • 
1 3 2 S ~ 

1 a h2 rJ hS T/3 a h i cJ ha113 2- - [ - - (- - h-- (-- ) ] = 11 3 
/ 20/ 

h 1h2 CJ QI h l hs CJ QI a q2 h2 h3 u 42 

1 a J y rJ h Ihs CJ y 2 - -- r-.- (-h-2hs --)+ -.- ( - - -- - - )1=" Y . /2 1/
hi 112 li s d QI hi il Q1 i/ q2 h2 a q2 

Ypa B~eH l1 e /1 5/ B p a CCMaTplo1Ba eMOM c n y 4a e n p Mo 6 p raer BHA 
2
 

-J 2 2 2 2 2 11 3 -J . 2
 
( 1/ V) lnx" +" = - ( Vy) + ( V 113) + -- + (11 V In hs) ·1 

' 11
3 
2 

(h I I '/ 2 cJ h 1 2 1 i) ' I I 112 rJ h 2 2 
• -0 (-- T ----) + ~- (-- - -- --- l + 22/ 

hi: J q l 112 a ~ h2 ,J Q2 hi uql 

1 a~ II I rJ h I 2 1 a7J 2 1) I J 11" 2 
+ - 0- ( - - - _ . --) + -9-( --- + -- ---~- ) 

h~ ,Jq l h2 a~ h2 aq2 h i a q l 

* l.Io 11 36eJIW IIH C u eg o p a3YHellHH 3A eCb H narre e H CI\On b 3 V IOTCH r on axo 

lpH 3 J1'l e CK J1C x o x none rrr u Be KTopOH . 

5 



- --

B XOAR~Y I') B npaBYIO 4aCTb 3 TOr O ypaBHe HI-IR ( 4 e p e a aT/ 2 I aq 1) BTOPYIO r Ae 
np o ~ aBOA HYIO OT ~ n e rKO ~ CKnI04~Tb C nOMO~ blO /19 / , Ta K 4 TO CI-ICTe  4 a ~ 2 /S 1 e8 2 2 2~ 2 

O( Q2) =( ._ ) , K2(~)= - [( 2 ) + (- ) J.
Ma /19/ - /22/ RBn Re TCfl HopMan bHo~ CI-ICTeMOH ypa B H eH~H SToporo 1I 1h2h3 aq2 5 me hs 
nop RAKa 1-1 Aony cKaeT HenocpeA CTse HHo e n o wa r OBo e ~ H T e rp~ pOB a H l-l e . / 26/ 
He TDYAHo y6eA~ T b c R , 4T O ycno aa a r eop exa Koura - Koeane ec xoa AnR 2 a a 

Ks ( q2) = - - Ko ( q2) ( 11 - - In h2h s + 5 -,- In h i ) • 
3TOH CI-ICTeM~ , Bo06~e r OBo pR , He B~nonHeH bl, Ta K 4T O 4~ cno Hea a  45 aql a q l 

BI-I CI1 MblX r pa H~ 4H blX Y CJ10B~H , aaAalO~~X	 ee peuieuae , AOlllKHO y CTa Ha B

nl1B aTbCR cne ~ ~anbHO . B n lO60M CIlY4 a e	 OHO He np eBocXOA~ T WeCT I-I 

n p l1 3 a Aa HHbi X 3H a 4 eH~ flX <PYHK~~H ~ . 71	 • Y ~ ~X Ho p Ma llbHblX npo aa 
ace Bell 11411 H ~ / a a ~ C KnI04eHHeM v / B np a aux 4 a CTRX p a Be HCTB /2 51,BOAH~X Senl1 4 11 Hbi K 11 a KI (i q l Mo r y T ~T b Ha HAe Hbl 11 3 paaeuc r a a 12.6/ 6 e p YTCR n pa q l = O. HaY4eHH e nocn eAY IO~ I1 X 4ne HOB p a a ll 0lKeH HH 

/ 3 / H ero np 0 I1 3 BOAHO~ n o Q C I1cnon b3 0 Ba HI1eM COOTHOWeHI1H / 18
1	 /25/ B~R Bll ReT Tp H Ba lK H~X 0 6 CTORTellb CTBa : 1/ a Ha 4 e HI1 R Ha OCI1/1 9/ . 

ac ex n p0l13 BOAHbiX <PY HK~H H Jlaae , xo 'r o pu e BXOART B K03$lPH ~l1 e HT
B pelK ~Me Orpa H11 4eH~R n p OC T paH CTBeHH~M 3 a PRAo M / 8 , Ha n OBe p x 

am p RAa , onpeAellR IO~erO lPO p My 3 MMTTe p a B ~ Hll I1 HAPH 4 ec KHx KO OPAI1
HOCTI1 3 MI1TTe p a 71 3 = O . y = 1 , ayl aql = 0 • H3 nep au x ABy X p a 

2m BeH CTB " Tpe6oBaHI1R KOHe 4 HOCT~ ~ 11 ypa B He HI1 ~ /3/, /18/,/19/,/2 1 Ha Ta x ( 1.== l arnr ) . n ORBll RIOTCR B Bbip a lKe HHRX A Il R Kn ( 0 ) • Ha4HHa R 
m= 1 C He06xoA~MO CTb lV cne n ye r (irl/ l (i q l lq = 0 = O , T . e . , c o r n a cH o / 13 / , p a 

C n =6m - 3 ; 2 / aH a4eHI1e n pol1 aBO AHOH	 lm"' lrJ q~ rn lql =Q2 = 0 anep Be HCTBO Hy nlO TaH reH~~an b Hor, coc T a BhRIO~eH nnO THOCT~ TOKa Ha r B~ e BCT pe 4 a e TCR B I<03 lPlPH~ H e H Te ( 0) ; 3 / B K03 lPQJ I1 Lt l1e HTa X 
3MHTTe p e. Ca Ma <PY H KU~R ~ CSRa a Ha C nnOTHOCT b~ TOKa 3 11 MCCI1 11	 

K6 m- 6 
p a a ll 0lKeHHR n p OAOll b HOr C Mar HI1 THOr O nOll R Ha OCI1 / n ponop~ l1 o H a n b Hoq2	 (2 17 r o ~3 / a q2 Iq2 = 0 / n p 0 l13 BOAHa R a 2m+ 1B2 / a q 2In+ ll q = qo = O ,' p l1

~ Iq = o = -I- r j3h2h3 l!Q2 •	 /23/ Cy TcT By e T , Ha411 Ha A C K03$l1J I1 ~ l1 e H Ta np u v 6 11l + 9 . 1 ~ 1 0 o 
~ Ao n lKHa 6 b1 Tb 3 a Aa Ha .13 C ~1nY C BR 3 ~ a~ / a q l l q = 0 = e h l B2 /me2lq = 0 • 

_ _ _ , 1	 1 
BTOp OH 3aAa Ba e M0 l1 BeJ1 11 4 I1 HOM RBn Re TCR KOMnO He HTa 8 2 Ma rH I1 T HOr O PR A~ / 25/ n0 3 BOll RIO T Ha4aTb 411 Cll e HHOe I1 H Ter p~ pO B a H l1 e CI1CTe M~ 

nonR. Ta K~M 0 6 p a 3 0 M, B p e lK l1Me Or paHI14eH MR npOCT pa H C T B eH H~M 3 a / 18- 2 2/ , oTc Tyn l1B OT 3 MHTTepa, rAe K I1Me e T oco Ge HHocT b . B~4 I1 C

p Rn OM DeWe Hl1e BHYTp eH He H 3 a Aa 411 onpe Ae n ReT CR / n pM B~6paH HO~ lll1Tell b Ha R Hey cT o~4H BOC Tb , CBA3aHHaR C He Kop p eKT HocT b~ 3 aA a 4 H 

<po p Me 3 M~TTe pa / ASy Mfl npO~3BOnb HblM I-I ClJYH K~ MR M I1 , 3aAa HH blMI1 u a Ko wl1 All R 3nll ~ nT114 eCKI1X ypa s HeH I1 ~ , n p e OAOll e Bae TCR C nOMO~ b~ Tex 
e r o nOBepXHOCTI1 - nIlOT H OCTb~ TOKa 3M I-I CC~~ ~ cocT a BIlR IO~ eH 8 2 HI1 KH a Ha n l1TI1 4 e CKOr o np OA Oll~e H I1R '3/ . n p l1 n o cT p o e HHo M p e We HI1H 
Ma r HI1 THOH ~HAY K~ I-II1 . B HYT pe H He ~ a a Aa411 Aa ll bHe HWI1 H C ~ H Te a I1 CT04HI1K a n po l1CXOAI1 T co r ll a c 

B6n~3 ~ 3MI-IT Te p a p e We Hl1e y pa s He HI1 H /1 8 - 2 2 / MOlK e T 6~ T b Ha HAe Ho HO Kll a C C~ 4ec KoH cxexe 181 - no ll HH~11 TOKa ~ = const eu peaae r c a 
pa 3 n OmeHI1e M B PRA n o CTe n e HRM BeIl 11 4~H~	 I1H Te pecy~~aR 4aCT b n OTOKa , 11 3 He npe p~BHOCT I1 nOTeH ~ l1 all0 B 11 no 

lleH Ha rpa H~4 e c n e AYIO T Ha 4all b H~e YCll0BI1R All A BHeWHe H 3 a Aa411 
v = (~Q )11 3 

2 1 •	 /2 4/ KOWH, n pl14 e M o n p e Ae ll e Hl11O nOAnelKHT He TOll b KO 3 n eKT p11 4 e CKOe , HO 
11 Ma r HI1 THOe nOll e BHe nY4Ka . 

/TaK Ha a blBa e Mo e la HT ~na pa KC l1 aIl b HOe" np~6nl1 lt( e H ~ e I1 01/ . B CIl Y4ae P aCCMOT p eHH ~H an r Opl1TM HI1 Ka K He BKIl 104a e T T p e60B aHH~ K ny 4 Ky 
cnIlOW Ho r o n y 4 Ka , aH a J1l-1 a OM KOToporo MbI 11 Or p a HI-I 4 HM Aa n bHeHwe e Ha B~ xoA e I1C T0 4 HI1 Ka - 06~ 4HO 3 TO Tp e 6 0 Ba HI1 e OTCy TCTBHR n y n bca 
paCC MO T peH~e , 3TI1 pa3ll0lKe H~R ~MeIOT BI-I A 4~H ny4 Ka Ha GOll bWOM YAaneH11 11 OT 3MI1 TTe p a , ' TO e CT b Tpe60 Ba HI1 e 

2 4 a CI1MnT OTI1 4 e CKOr o npl16n l1~e HHR peweH~R C I1 C T eM~ / 18/-/22/ K B~6 paHh i v 2 e 2 a 3 
y = 1 + - - - - [K o + - K 2 v - 2 ( K + - ln h 2 h ) v + ... 1 .	 HOMy pewe H~ 1O AllR OAHOMe p Horo 6 PHllll103 HOBCKoro nOToKa · " OAHaKo s Ko-- s2 9 • 3 aQ

I	 3aTpYAHHTe ll bHO clPo PMYll l1p OBa T b KaK l1e-n H60 06~ l1 e Kp HTe p 11 11 p e ry
llRpHOCTI1 pewe H~R Aa HHo A CH C TeM~ B n p~ oceBOH 0 6lla CTH , ~ Te M 6 0 

h2 h2 
hi hs1 4 [ t	 llee HaH T~ YCll0 BI1R e r o B~xOA a Ha 6Pl11lll103 HOBCKI1 H pe ~~M . B CBR3 11

1/J "= r/J + ~- Ko V + - r/J K2 a (h2 v'I<c; )l v 6 + •••• /25/6 9 30h K o ~ I	 C 3THM 4eneco 0 6 p a 3 Ho n p HMe He Hl1e n apa KCl-l a ll b HOH Te Op 11 11 AllA npeABa 
2 

p l1Tellb HOrO npl16nl1 lKe HHOr o pew eH~ R 3 a Aa411 . 

2eh 1 8 2 a 4v 3 a hi h~ 4 
T/ = v (1 + -- - - In + - - K v + ... 

3 3me2 9 aq l h2 h3 14 o 

*,Haa uon ee oema e p e tne n ae o n a oxe puoa a aaa x u Ha flA e Ho B . H. ~aHH
K 2 = _1_ ( K + K V 2+ K v3 + ... ) • 

2v2 o 2 s	 n OHblM 1 1 1~o6U1ltp llaR 6u6nllo rpa qIHR no AilllHOMY aonpocy c on epxa-rcsr B 1 12/. 
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3.	 nAPAKCI1 AJlbHOE PA3JlOlKEHll E Aml cnnouuoro OCECHIIMETPI14HOr O 
nY4KA 

Corna CHO napa Kc~an b HOMY Me ToAy , BI Bce xapaK TepH C TH K~ nOTOKa 
npeACT a BnH~T CH B SH,Qe CT en e H H~ X PHAOB no s enH4HHe no ne pe 4 Horo 
CMe~eH~ H OTHOC~ T en bHO B~6 pa HH oH o nop HO~ T p ae KTopH ~ , 4TO n03 SO
n H€T CBeCT ~ 3 aAa 4Y K pewe H~~ 6 e CKOHe4Ho A 4e n04KH 06~K H6BeH H~X 

11 <!J¢JepeH4~an b H b I X ypas HeHHH AnA K0 3q,!1H14 He HTOB pa 3n OlKeHHA. np ~Me 

He HH e Aa HHoH n p0 4e AYPbl K HereoMelp~ 3 0s a HH~M ypas HeH~HM /1 8-22/ 
n pHs oAHT K HOSOH s epCHH n a p a Kc Ha n bHo A Te o pHH, n03 son H~~e A 3¢
$ e KTHSHO pew a Tb 3 a Aa 4Y C~HTe3a HCT0 4H~ KO S 6p~nn~3 H0 9cKHX no 
TOKOS . 

B c n y 4a e c nn OWHoro o c e CMMMeTpH4Ho r o nY4Ka S Ka 4e CTs e onop H o~ 

r pa e xr o pa a eC Te CTse HHO s bl6 pa Tb OCb ny -uca , n pa 3 TOM QJYH K4 H~ 1/1 , 
Y, 1)1 ' K , hI ' h2 pa c KnaAbl sa~T cH B PHA no 4eTHbiM CTe neH HM q2 : 

~ 2n t · 2 00 2n
 
1/;= - I/In ( ql) q 2 • Y = k Y' l (q l ) q<;> ....
 

n=O	 n = O 

a SeJ1H 4~Hb l 1)2 ' 1) ~ • h3 - no H e4e T H~M CTeneHHM: 

'" 2n -t 1
1)2 = """ 7/2n q 2 .... 

n = 0 

K ooPAHH a TH Y ~ c eT Ky nOCTpOHM Ta K, 4 T06~ h IO ( Ql ) = 1 To r Aa TOlK-
AeC TBa Jla Me / 16/, / 17/ 6YAYT YAo sne TsopeHbl, ecnH 

h 20 = hao = ,\ • h2 1 - 3h3 I =	 ; ,\,\ ,2 . h I I = - ~ ,\,\" . / 27/ 

r Ae WTpHX 03 Ha 4 aaT A~<!J¢Je pe H4H p os aH I1e no q1 . 
).\n R ne pau x K0 3 <!J¢J H4He HToB pa3n olKeHHA H3 /3/, / 18/ c n e AYIO T CO 

OlHowe H ~R 

I) 

},2 = 1 + 1] :0	 01/1	 = -
1 

1) ,\
2 

K C. 7/ - - -"'-1/1' / 28/ o 10 • o	 4 10 0 ' 20 - ,\ 2 ll ' 
/C o 

C nOMo~ b lO KOTOpblX H3 /22/ nonY4HM y pa s HeHHe, CBH3 blsalO~ee oceBble 
3 H a4eH~ R n pono n e a o r o VlI41 ly n bca , cKa n RpHo H nnOTHOCTI1 H Han p AlK eH 
HOCTH Ma r HHTHoro no nn b = 27/ 30 1 ,\ = - eD10 I mc2 

o
 
3 + 7/ 2
 
__~ ,2 = 2 ::! _ 11 2 _ 4	 2 . (_1_ ) ., 

K2 7/10 K O 0 7I10 O K • /29/ 
1+ 1]10 0 

npeHe6pe r aH Ba p I1 a4 He H nn OTHOCT I1 3apRAa H n po Ao n bHOH CKOpOCTH 
no c e 4eHHIO nY41<a , MO»<HO non osorr e 

K 2	 '" 41 • /30/ 
o 1 7/ R 2 

0 10 
r ne l o ~ me3 /e, 1 - TOK B ny-uce , R - ero paAH Yc. Ilon c r a uo e xa 
/30 / B y pa sHeHHe / 29/ npHsOAHT K H3 s eC THOMY y pa s He H~ ~ orH6a lO~eA 

nY4Ka / 13 1 penRTHBHCTCKo r o naMHH a pHoro _ nOA4e p KHeM, 4TO y pasHeH~ e 

8 

29/ Rs n He TCR T04H~M , S TO spe MR Ka K npHMe HHMOCTb ypasHeHHR o r ~ 
6 a~~eH o r pa HH4e Ha np H6n~»< e HHbl M x apaKTepOM COOTHo we HHH /30/. 

C4~ TaR ne p Sble K03~$~4HeHTbl pa3no»<e HHA H3 s e CTHbl MH, H3 /18-21/ 
Ha HAe M 

1 [ , 2 2 (,2 , ' ] 
Y1 = 4 Yo " /(0 - " y o ) • 

~ ' 21/1 1 h 7/
1)11 "' - 7I 10 hll + lb o - ( -}- ) ' , ~o + 

,\ 
3 1 t- - -- 31/ -r-- = 2 r 2 1 + h 11 

71 10 "o 
_ 1 [ , 2 2 .. ] 1	 - hh3 1 1)3 1 - -8 71 30 " K O - '\ (,\ 71 0) --1] ( h + 21 )

3 2::10 11 • 

r Ae o 6 0 3 Ha 4e Ho r = 1< 1 / 1< 0 . 11 3 /22/ c ne Ay e T AH~~epeH 4 H anb Hoe ypa s 

HeHl1 e AnA r:
 

7/ ~0/(~ 1/I ~ ( ; 2 )'tKJ [l - 7I ~O l/lo ( : )'l r = 
/(0 1/1 0	 /(01/10 

2 y 2
 
( ' , h) 1 1 [ 2 ,2 2 ,2 . 2 b ( , 2 ' ) ' J
 

O y - Y - - 2- + - bo" /(0 + " b 0 - 0 " bo +1	 0 11 ,\ 8 

+ 71 10 ( 1)I I - 7/10 hi 1 ) [ 2 K 0 ( ~O ) ..+ a )( 1+ 1] ~ 0 a ( h; I -)( 11 1 I ) t 

32/
3 , ( ' , I h) 2 ( 1 " , ) 2 

+"21)10 TIll - 71 10 111 - 7/10 11 )( +)f 1]11+ 4711 0 " " )( t

+ ~ ( 1) 1 v v > 2 
2 11 + -4 1) " " )( -1/1 ),\ 10 0 

r qe )( = 1/1 ~ 11/1 0 I a = /( ~ I 1<0' B npHH4Hne 4eno 4 KY y pa s HeHHI1 AnR na
pa Kc~ an b HblX K0 3¢ ¢ H4 He HTo s MO»<HO npoA onm~ Tb, OAHa KO npa K T H 4 e CK~ 

3 TO s PHA n H BBHAY ysenH4eH I1 R no pRAKa npoH3 Bo AHblX, 4e n e c o 0 6 pa3 Ho 
S XOA H~ H X S y pa s He HHH AnA Kn , 4TO np~ SOA~ T K p e 3 KOMY CHH »<e~H IO 
T0 4 HOCTI1 np~ 4HcneHHo M oaC 4e Te B S~CWH X nOH6 n Hme HHAX. 

anA nOCTpo e HHA pew eH~A SHYTp e HH eH 3aAa 4H He 0 6 xoAHMO KO HKpe 
TH3 HpOBa Tb SHA ASy X H3 Tpex BxoA A ~HX S y pa sHe HHe / 29/ ¢YHK4HH, 
OnTI1Man bHblA nOAXOA nonc xaauaaer c a -ta Ij>o pMa ypasHe HHH /29 
OTHoc~Tenb HO 1' 10 3 TO AHljxpepe H4HanbHoe ypa s He HHe ne pa o r o no pan xa ,
 
n03 TOMY, e c n a ¢Y HK4HH "O( q \ ) I bO( q l ) 0 6 e cne 4Hs a lO T He oTpH4 a

Te n bHOCT b n p a s OH 4a CTH /2 91 n pa a cex ql 11 CTp eMHTCA np~ q l " cc
 

K nOC TOR HH~M 3Ha 4e HHRM /C" r = I bor II J"F, TO 71 10 S blXOA ~T Ha co r n e 

COBa HHoe KOH e4Hoe 3 Ha4eHHe He Hc nblTblBa A O CUHJUl R ~H A .
 

BHA $Y HK4HA /(o (q l) ' bo(q l) He RBnHe TCA cosepWCHHO npO~3 S0n b -
HblM. Ka K c n e n y e r ~3 /25/ I ycnoaaa Ha 3 MHTTe p e ij= 0 , ~ =~ =0 

ri q l a q l 
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lKe CTKO perIl a MeHH1PYlOT 3 Ha lle HHR He KOTOpblX K0 3<!>epHUl-1 e HTOB B pa anc 
lK eHI-1RX 3TI-1 X epy HKU HA no CTe neHRM na paMeTpa Y , OAHa KO Benl-1 ll l-1 H~ 

KSm ( 0) H K03 lj><!>HU HeHTbl npa y 6 rn+ S B pa 3IlOlKeHI1 1-1 ho MO lK HO a a p s u po 
BaTb. B COOTBeTCT BHH C OTMe ll3 BWI1 MI1 CR c Bo AcTBaMH a HTl-1na pa KC l-1 a n b
H~X K0 3<!><!> I-1 Ul1 e HT OB Bbl60p K6m- S ( 0 ) <!>HKc HpyeT 3Ha lle HHe K0 3<!><!>HUl-1 e H
Ta <l>OPMbl 3 MHTTe pa am, Bbl60 p K6mt o) o n pen eri ae r np o l-1 3 BOAHYlO 

_02m. ) / _0 2m 
u	 J

3
t ~ u q 2 Iq2 = 0 nI10 THOCTI-1 TOKc:J 3M I-1 CCI-1 I-1, a Cne u l-1 ¢ HKa UHfl CBO

60AHbiX K0 3 <!><pH Ul-1 e HTOB B pa 3IlOlKe HH I-1 bo aanae r pa c noe nen e ua e KOMno 
He HTbl B2 ( q2 ) Mar HHT HOH I-1 HAY KUHH Ha 3 MHTTe pe . 

AC I1MnTOTHlleC Ko e nOBe AeHHe bo H KO npH 6 0Ilb WI1 X ql MOlKHO BblR C
HHTb , 3a MeTI-1 B, llTO nOCIle BXOAa ny llKa B a ne pTYPY nOTe HUl-1 aIlh HOr o 
3Ile KTpoAa e ro 3 Hep r HA 6~ C TP O Ao CTHr aeT KOHe llHoro 3Halle HI-1 A Yor 
/ KOTo poe 6 YAe M CllHTa Th 3 aAaH H~M / . COOTBe TCTBe HHO <!>YH KUHH bo 1-1 KO 
AOIllK Hbl YAoBIleTl30pATb y paB HeHl-11O 129/ C paBHo i1 HYIltO ne aosi 4aCTb tO, 
Ta K -rro 3aAa B OAHy H3 HHX I Ha npHMep , ho 1 101 no r pe fio a as BblnOJlHeHI-1 A 
YCIlOBH i'i co r nacoeaaa a K o f = 1bur 1/ V2. K ~ r = 0 , Ile r KO HaATIo1 APY
r y lO . nIla sHocT b c o n pRlKe HIo1 R a HTl-1 na pa KCl1a11bHblX pa3IlOlKe HI1 A c aCI1 Mn
TOTH4e cKo H <!>opMoA ¢ YHKU I-1 H bo ' K O .~ OC Tl1rc:J e TC A HaAIle lKa ll\ l1M Bbl6opOM 
c Bo6oA HblX K03~<I>I1Ul1 e H ToB . 

n pl-1 nOCTpo e HHOM pe We HI1H B ne pBOM nopAAKe n a pa KCl-1 a n bHOH Te Op1-1101 
pewe HHA B BblCWHX no pRAKax onpe Ae11eHbl 0AH03 ha llHO . B aCHMnTOTI-1 Ke 
OHH AB11AtO TCR ¢YHKUIo1 AMH, OC U HIlIl H py tO~Io1MH OTHOCHTen bHO paBHOBe CHbl X 
6 Pl-111Ilt03Ho BC KI-1 X 3Ha lle HIo1H . nepHoA KOIle6 aHIo1 A <!>YHK4101 1-1 r pa BeH 
2 " 1)lo r I Kor ' e e c p e nue e 3 Hall eHI-1 C - K ~ r A~ /8 . nOIlb3YJlCb 1-1 3BeCT
HO I1 cBo6 oAOi1 npu ncc r poeaua y npaa naoumx ¢ YH K4HH KO ( q l)' bo l q l) ' 
MOlK HO Ao611TbCR MaIlOCH l a MnnHTYAbl 3T I-1 X K011e6a Hlo1 i1_ 

Cnocof nOCT poe HHR peWe HI-1 R B ne pBOM napa xc aan s uou npH6IlHlf<e HHI-1 
C nOA60po M OAHo r o c Bo6 o AHoro K03 <1>$HUHC HT3 • K 6 t O) n pH a aAa HHOM 
np ooane Ha r HIo1 THo r o n011R H <!>HK clo1po aa HHoi:j KPH B~13 He 3HHTTe pa Ae Ta n b
HO o5 c ymAa11cR B / 11 ' . fia pHcyHKe n pMBe AcH n pHMep a~nOIlHeHH o ro 3 TIo1 M 
cnocofiox pa C4CTa 11CTO'l HI-1Ka one xr pouuo r o nyvx a C na paMe TpaMH 
I = 5 0 0 A, Yor = 2 , npH KOHe4HOM 3Hc:J 4e HHH Ma rHH T HO~ HHAYKUI-1H
 

= 12.4 fC ' H, H paAHycc KPI1t3H3 Hbl K03 TOAa , pa BHOM we CTH
BlO • R c 
e r o paAHy caM Re• ~o pMa 3Il eKTpOAOH 1-1 r pa HH 4a nY4 Ka np eAC T a BnCH~ 

Ha pHc yHKe , Kplo1 BaA I lia n pa BOM r pa~H K e nOKa 3~Ba eT pac n pe AenCHI-1 C 
HOpMHpoBa HHoro nOTe HUHa 11 a (Yo - 1) Ha OCH nYllKa, KpHBaR 2 - B~6pa H 

HyiO 3a BHGllMOCTb Ma r HIo1 THoro nona hO( z ). t h or = 1,5 ), KpH BaJl 3 -
OT H OCHT eIl b HY~ no r.paBKy BToporo nop AAKa r q2 K Be 11lo1llHHe K Ha 

" b 
r pauaue ny -uca ( q2 ~ Q2~ ). ~1 3 c paB He Hl1A C pe 3yn bTa Ta MIo1 pa C4CTOB 
A11A nn OCKo ro KdToAa / l / c 11 eAy e T, 4TO Aa~ e He 3Ha llHTen bHa R KpHBI-13
Ha 3MHTTep a 3aMeT HO o CIla 611Ae T orpa HHlle HHe Ha TOK ny4 Ka. CBR3 aH
Hoe C B03MomHOCTbtO e r a nona AaHHR Ha 3 11e K T pOA ~, TaK llTO OC HOBHyiO 
P011 b HrpaeT Tpe Go BaHHe Ma nOCTH OTKIlOHe HIo1 A a T napaK Clo1a11bHOCTH. 

·BaP Ha l.l,lUl K o ( O) CBO,!l.liTCH B n e paox n Op R,D,K C K npeaGp a 30B<lHIUO 

n O,D,06Ha. 
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AH aIll-13 pHcy HKa nOKa3~Ba eT , llTO BcneAc TBHe 6 011 bwo A BeIllo1llHHbl 
Tpe T b e ~ npoH3 BoAHO~ B TOllKe nepe r H6 a $YHKUHH Yo ( z) npo Hc xOAHT 
YAa pHo e B036Ylf<Ae HHe Kone6a ~H ~ Be11HllHHbl r /A11R Aa HHoro BapHaHTa 
a MnIlHTYAHo e 3 Ha lle HHe r q ;h ~ 1,5 Ha ABa nopRAKa np eBOCXOAHT 
paBHo BeC Hoe 6 pH11n t03 Ho BC Ko e 3HalleHlo1 e / . ~n R YMeHbweHHR Henapa K
CHan bHo CTH cn e Ay e T Hc noIlb 30Ba Tb 60nbwee llHcn o CBo 6oAHbl X K03$$H
UHe HTOB np H nOCTpo e HHH pe we HHR a nep BOM npH 611H~eHHH . 

4.	 3AKnJ04 E H ~ E 

CHCTe Ma y pa BHe HIo1 H c a Mo c o r n a c o Ba HHo i1 311eKTpoAHHaMHKH, BK11tOllaiO
lI\aR ypaBHe HHe A11R c Ka 11RpHo A n110THOCTH 3apRAa, np lo1 r OAHa A11R p ewe 
HHR WHpOKoro Kpyra 3aAa4, C BR 3 a HH ~X C Bonpoca MH $opMHpo aaHHA H 
YCTOHllHBOCTI-1 IlaMIo1H a pH~X nOTOKOB 3a pJl lf<eHH~X 4a CTH U. Pa 3BHTa R Ha 
ee OCHOBe na pa KC lo1 an bHaR TeopHR Aa e T 3$~eKT H BH~H Me TOA CHHTe 3a 
HC TOllHIo1KOB c nIlOW HblX 6 pH11n t03 HOBCKH X nOTOKOB, Aon y c KatOlI\HA 060611\e 
HHC H Ha cIlY4a H nonwx penATHBIo1CTCKH X ny 4KOB. 

ABTOP r 11y6 o KO 611 a r oAape H 3. A . n epeIl bwTe~ HY H B.A. CWPOBOMY 
3 a c THMyn l-1 pYiOlI\ l-1 e o6cYlf<AeHHR. 
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nena YIHlBIIIIIIII '!M 11Jl 11 Cl\ ,Ul ll l l IIoi\ IIJWTHOC'rH 3apJI,JJ,a. Cq.OPMYJIHpOBaH 
HCr eOMI1Tl l1 l ' l lI 1I II 11UJJl IIOl l X()A K aanax e lPopMHpOBaHHR ocecHMMeT
pH411L1X (\pIUUIIO I IIUIIC l\ IIX UO'I'uKOU. UCnOJIb3YR napaxcaarrsuoe paa
n cxenue , )) l1 ' I II I1 T NC ' I ' I)~l CII llTe 3a HCT04HHKOB CnJIOWHhlX 6PHJ1JlJ03HOB

KIIX ny' II\"" . IIPII IJCACII npiu-tep pacxe'ra B nepaox napaKCHaJIbHOM 
npIlI5JIHlll· ll ll l l . 

l' ;luoTa ULIllOJIlIeHa B OT,JJ,eJle 1I0BblX MeTOAOB YCKop eHHR 0H5111 

npenpHHT O&heAHHeHHOro HHCTHTYT4 Rnep~ HccnenoB8HHA. nY~Ha 1985 

llepeBOA O.C.BHHorpap,oBoH 

Alexahin Yu. I- P9-85-271 
On t h e Relativisti c Theory of Forming 
the Sp ac e Charge Laminar Flow 

Tho 8~ 1 oJ l eq u a t i on s of O.Buneman's "self-consistent 
eIuc t, r udyuumi "tI " wll i c h d escribes the non-vortical laminar 
f l ow , iH llllIlJl(I' L~'d w i ll i .rn e q ua t i.on for the charge s c a l a 
de n s i t y . A n on W' ull~'l r i t' ,d .. pp r oach to the problem o f fo rmi n g 
the a x ia l l y uy "nlll t r I I III I I I .. u ill f l ow is formulated. Ba s ed o n 
paraxi a l ex p an .. 1(1II, .1 My 'H lh1l1 i " Illl'lhud [ o r the d e s i g n o f so
lid Brilloui n flow H H l n:I ' I' i. d t· v ,· l ope d . An example of c om
p u t a t i on in t h e fir 'll Ih ll'llxi" l iIPl' rox i l1l;, t i_on i s g i v en . 

The invest i ga t i o n h it .·.·11 I,,' rl unor·.! n t the Dupu r t.men t 
of New Accelerati on MeLhud I INH 

Prepran l of the Joi nt Inllitu	 Iq85 


