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I-lpocrpaHcrBeHo nore Ha cr{opocrr4re,
r4HAyUr4paHn or Br,rxpoB oTpfl3bK,[poH3-
BOJTHO OpHeHrHpaH B npocrpaHcrBoro

feopeu l.laauoe

B se,nrauefisara reopnfl Ha Hoceurure noBbpxHocu e yAo6-
HO B r{aqecrBoro Ha ocHoBeH Br{xpoB eneMeHT Aa ce paSfnexAa rrpaBonHHeeH
BHxpoB orpssbx, npougBoJlHo opueHrrrpaH B flpocrpaHcrBoro. !.a pasr.ne4aue
BHxpoB orpnsbK c AcJrlrr,rHa lo z 4upryls[Hfl F1, rrpouoBonHo opneHrupaH or-
HocHo KoopAnHarHara clrcreMa Oxyz (Qnr. l),

Hera upee A osHaq[Nr HaqaJroro Ha BHxpoBHs orpss'bK, a qpes B - xpaa.
Toqrure A u B HMar cJreAHHre KoopAr.rHarn: A(x1, !t, zr) u B(xr, !2, zz),

3a y.lo6crno BbBexAaMe cJleAHHTe 6espaeuepnr.r 
-seru,rnHr.r 

:

ll^:*. L^:--:r'"o'"0

Er:#, \t:!f, (r:1f, E -#, \z:#, 6:?,
KbAero & e xaparrepeu JrHHeeH pasMep.

Ctraacno c rfur. 1. osHaqaBaMe c a pascroqHnero AM, c c - MB, c
lz - nepneHAllxyJrflpa or roqra M xtu AB, c lo ooHaqaBaMe AtnxnHara Ha
BHXpOBHf Orpfl3bK.

Cropocrra, HH4yrrrfpaHa or yKagaHr4fl tsHxpoB orpflobK n r. M(xe, !o, zo),
c'brnacHo c Sopvyaata sa Euo - Canap e

(2) W: #i(cos or1-cos oo),

I(bAero ft e pascronn;le MexAy roqKaTa, B KoflTo onpeA'erflMe cKopocrra r.r

BHXpoBIas orpqocK; oi H ol-6rAH M9)KAy npHCbeAr{HeHBfl Br.rxap H orceqKHre,
cbeArnHflB4ulH paarnel(AaHara roqra C xpanuara My.

flpoerqnure Ha cMyreHara cropocr nd oc4re Ox; Oy, Oz ca'

U(r:W cosFt,

Wy-lVcosFz,

Vl":Wcos's.

(1) r:# i e:+' n:*' E:*'Eo:#'

(3)

BO



(x, yy z)

@ur. l. I4gqucnqsaue na
orprr3'bl( AB, npousno,rno
CTBOTO

cKopocTt4,r,e oT BLrXpOBl4fl
opueHTr.rpaH B rrpocTpaH_

^ - ^Pl,"t" 
0r, 0l n B3 ca 'rr.rr'1, Kouro cKJrroqBa HopManara K6M nnocKocrraADrvr c ocHTe Ha KOOpAHHaTHaTa CrrcreMa. I-Ioaoxuteruroro HalpaBJreHHe HaHopManara ce crrJracyBa c [oJroxHreJrHoro ianpaBJreHrde ua f... Tia6ea Aa ;;HaMeptr BeJIHIIHHHTe,__"11-:11" j (2) n (3). 3taeM KoopAHHarHre Ha BbpxoBereHa rpr{brbJrnrzra. ctrlacHo c Qr.lr. 

'1 yfanuennara Ha rpHre crpaHH Ha rpH.b-rtnHHKa ca

(4)

(5)

KbAero

. - br.nnre aL w u? ca brJr' Ha npec'rraHe Ha npaBr{re AM n BM c nDaBaraAt'' a BeJrlrrlr{Hara l, e pa3croflHHe or roqxara M ,u,o npaeara AB. cneao_
BATCJIHO:

cos01 - ,

COS O,2 :

6 Aepoxocurzuecrr.r r.rsc,reABaHua r Ernraplrt, I I
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,lMT@#._BM:c,
,l;ry;iFTM:AB,

3a onpeAelaHe Ha
Ko crra ABM eauucealae

(6)

Toraea

(10)

Torana,

(1 l)

(t2)

,lW
HanpaBJrflBaulHre KocaHycI{ Ha

ypaBHeHHeTo Ha nJIocKocTTa:

Ax*By*Cz*D:Q. .'

HOpManaTa KtM IIJIOC-

cosB'= 
#tr+ar+c-i

(7) -'cospe: +:^ .-,- I 42 +82+Cz

cosBr:Llw+ryp

Heo6xoAnuo e Aa ce HaMepsr.roefi,rqraeHTure A, B n C.3aqe.n'ra cepa3'
rne)r(Aa ypaBHeHnero Ha nnggyocrra AijM, MHHaBaIIIa npe3 rorlKure A, B n M:

'| *-*, !-!r z-zr I ^(B) 
| 
*o-*t !o-! t zo-zt 

l:0.
I x2-x1 )tz- lt 22-21 |

heno.neyeafiru (6) a (B), ce ronyrlaBa

A:(yr- yr)(zr- zo)-@r- z)( Yr-!r),
(9) B: (zr-zr)(xr- x)-(x2-x'.)(zr-zo),

Q - (xn- x 1)( y, --yo) - ( y z- y )(xt- x).
BreexAah{e 6eepasuePna cKopocr

v:E*.
cr,rJracHo (2) ra nslo.rreyeafiru (l) noayuanaue

,:!ico, cr,l+cos crs), E :+ ,

2h'
,1

Ilpogxrlnr.rte Ha.6esp4euepHara cKopocr Ha KoopAI'IHarHI{re ocl4 qa

*-: j(cos u1* cos u2) cos B1,

.r:f,U{"os 01+cos un) cos Bn,

u":L(cosur+cos cl2) cos P3.

flpeunuanatte KbM 6eapa3rr.repun KoopAIrHarL H BbBeXAaMe cneAHI{Te 03-

HAqCHHg :
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(13)

at:(Et_,E)(€r-€J+(nr r1Xr1-nJ+(6r-(r)((r-(o), i
az : (Ez- E )(€r - €J + (qr - n J(n r - n o) + ((r -( J((, - (J.

Torasa sopuyrnre sa rrpoe*rlur{re 'Ha 6eepaeuepnr,rre- cKopocrrc !e rpeA-
CTABST BbB BH.[A

dnt -, 
0,5a0 lat , az\wx-;{f,i|l{ [; *;]'

(14)

flpn ^h-0 cKopocrHre Ha Br.xpoB'q orprs'K ce crpeMf,r rua 6esrparisocrllpu h-0, cae4sa:-

(15) ,il1x,y,zy:O.

Or (15) u (7) caeana, ue npu h-0
(16) a3+b3+c3:0.

CaeAosareaHo, aKo B npoqeca Ha r{srrgcJreHr4sra ce qoqBu paBeHcrBoro (16),
TO CJIeABa, lQ 7!.)116,y,r1:0,

llpn peruanas6 sa crarIHoHapHH sa/raliu e yAo6no Aa ce ronsyBa AbJrxH_
Hara.Ila. BHxpoBHfl oJpflBbK lo n neroaure HanpaBnflBauln xoc"nyc'r, cos(1, x),
cos(/, y), cos(/, z). Oi panenirBa or rura

cos (1, x) :*"i*t,

cos (1, D :n#,
coc(1, 4 :"#,

HMAMC:

Ez:Er*lo cos (1, x),

(17) nr:nr* locos(l,y),

Ez:Era locos (1, z),

K.l'Aero lo:llb BHXpoBHT orpr3br(.
t, 3a Hauupa TH sHaqeHnflm wa ftr-f),\92-Lr) saMecr crc (17). flo.lyuaaarile

(qr-nr),

B3



ao:Tocos (1, y)((r-6r) -1, cos (1, z)(r11-r1o).

bo-icos(1. z)(Er-ft)-7ocos0, "X(i-h). 
i

,o : lo cos (1, x)(qr- no) - I, cos (1, -yX€r - €o),

;:/m6-IJq
i:,1

at: (- hcos (1, x))((r-€J+(-1. cos (1, y)Xtt*no)+1-lo cos (t, z)) ((t - 6o),

dt: hcos (1, x) (Er-60 + l, cos (1, x)) + lo cos (1, y)Xnr- qo *4 cos (1, y))

1lo cos (1, z) (h-h + ro cos (1, z)).

flo.lyveHnte sHaqeHzff r4snonsBaMe nru Qopr'ayln (14) ea npoeKqr.rl4re Ha 6es-
pasMepHHTe cKopocrr4.
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Spatial field of the velocities induced by a

vortex piece arbitrarily oriented in space

Georgi luanoa

(Summary)

h a s b e en c on s i d e r e d,f ,' i"jJ iff 3l t # :\"ilt''T : 

" 

fi '"t iTil{" ;;l'i; :*,}'"i oo u:
ring surfaces. The formulae for the nondimensional velocities caused by a

vortex piece with length lo and circulation l'* have been derived.
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