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AHAITHYHMI OnKe pyXy Tina no MOBEPXHI BHKJIHKAE TPyAHOLL, MOB’ 13aii 3i
CKNAJeHHSIM TH(epeHUIHHUX PiBHHE TaKOr0 PyXy. ¥ Garathox BHmagkax tino po-
SHIANAIOTE K YACTHHKY, 110 MPH3BOANTS 10 CHPOLUCHHA An(pepeHuiiinux piBHsHE,
NpOTE NpH LLOMY HE BPAXOBYETHCSH B3AEMOJIIS YACTHHOK Mizk cof0i0 mig vac pyxy
TEXHOMOriuHOr0 MaTepiay. [pononyetses posrssny T BHINAJI0K, KOIM MK qac-
THHKAMM ICHYE NEBHMIT B3a€MO3B’ 430K, a4 caMe: BOHH (popmytots aGeonroTio rHY Y-
Ky HECTHCKYBaHy CMYTY TIPAMOKYTHOTO nepepizy 2 poamipamu a Ta b.

Y rakomy Bunaniy 3ycHiuis I' € CyMoto 3yCHilb KOIKHOTO ENIEMEHTa CMYTI'H, TOOTO
3a0a4a 3BOMNTECH JI0 IHTErpyBaHHS C/IEMEHTAPHUX 3YCHIIb 11O NOBKHHI IyTH 5 Misk
TOuKamMH A Ta B. 3ycunna 7' BuzHauMMO came Ui i€l AinaHkn Oes YpaxyBaHHs
CMYTH Ta AIFOYHX HA HeT CHIT 32 MEXKaMH TOHOK A Ta B.
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Puc. 1. Pyx ruyukoi emyru no UHTiHApHYHiii moBepxui: a) dopma emyrn Ta i
PO3TALIYBAHHS HA NOBEPXHi; 6) CIEMENTADHA AISHKA CMYTH A0BKUHOIO ds;
B) €JIEMEHT CMYI'H Ta Jil0Yi HA HbOT'O CHJIN Y Pyxomiii cucremi KoopauHaT

Y LeHTpi enemenTapHoi qinsukn CMYT'H POSTAILIOBAHO CYNPOBIOHUIT TPHIPAHHHK
KpHBOI (puc. 1, B), Ha OPTH IKOrO HEOBXiTHO CHPOEUIFOBATH YCi CHAM, SKi OiFoTh Ha
O iNAHKY. PosrnsiHeMo ui crm.

Cuna Baru dO, CIIPAMOBAHA OHU3Y, BU3HAYAETHCA nobytkoM 00’eMy a-h-ds na
WinbHiCTs MaTepiamy CMYTH ¢ Ta CTalny NPUCKOPEHHS BiLHOTO MamiHH: g2=981
mc dQ=ab-q-g-ds. Pozknagemo 1o CHITY Ha OPTH TPHUTPAHHHKA:

dQ, =abggsin cds ma 49, =abqg cosads (1)

Buacninok pyxy enementa no KPHBOJIiHIiHIH TpaekTopii BHuMKkae BiZlleHTpoRa

CHna df, CipsAMOBaHa NPOTHIEKHO opty . Lla cuna sanexnts Bill Macu m=a-b-q
ds enementa, wBuaKocTi V fioro PYXY Ta KPUBUHHM K Y MOTOUHIH TOUIL:

dl, = abgkV*ds )

3a paxyHok Baru cMyru Ta it 3ruHanus B3JIOR HOPMAJIi MOMYTHO BiAIEHTPOBiii
CHJII BUHMKAE cuna dP,. 3 Npaeoro 60Ky Ha elleMeHT CMYTH flie cuna F, ska B kinui
CIEMEHTA 3pocTae Ha df 3a paxyHok pisHuui BUCOT dlh (puc. 1, B). Lliero cunorwo
F+dF mpiBHOBaXyeThCH enement CMYTH Ta BUHMKAE PesysIbTyroua cuna dP,. s
BU3HAYEHH ii BeIMUHHH PO3rIAHEMO pHCYHOK 2, 6.

Puc. 2. Buznavenns eJIEMEHTAPHOI clin dP,: a) npuKIageni 10 exemenTa CMYIH
CTHCKAIOYI 3yCHILIS TA &1emMenTapHa cuia dP,; 6) cxema posTalyBaHHS ci
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Ilpu rpannunomy 3uauenni, komm AOBIKHHA eNeMEHTa CMYIH HabIMIKAETHCS 10
HYJIS, CTHCKAKOMI CHUMM 3J1iBA | CrpaBa CTalOTh PiBHUMH £ Cuny dP, suaxomnmo
BEKTOPHOIO cymoto cuut /. Biinoeiano no pucynka 2, 6 MOKHA 3anHCATH;

dP. =2 F coj 900_d_a :2!’*"5;in£'g
2 2 - (3)
[Tpuiimatoun 1o ysaru e, wo MPHPICT KyTa da myse Manuil, MosHa 3anMcaTu:
sin(da/2)=ca/2. ITincTaHoBKOIO LBOTO BHpasy B (4), oTpUMaeMo:

3i 3miHOI0 KyTa o cunta P, Oyne 30inblyRaTHCE Ha npupicr dP,=ab-q-dh. Jlns
enemMenTa emyru: dF =a-bq-g-dh. I3 pUcyHKa 1, B Maemo: dh=sinads. [Touarkosa
CHJ1a CTHCKAHHA [y B TOUL A BH3HAYAETHCS iHTerpyBaHHAM BHpazy:

S
F, =abgg I sinads
; . (5)
oy
3anexuicts a=a(fs) y BUPasi (5) BusHa4aeThes 3 PIBHAHHA KPUBOI MONEpeqHoro
nepepisy umiinapa. MoxkHa 3uaiiTH 3AICIKHICTE 3MIHH CTHCKAIOUOIo 3yCHILIA
F"=F{s), axe Gyne smenmysatucs sin £y B TouUi A 10 Hyna y Touwi B.
Cuny (4) HeoBXiaHO A0AATH 10 THIMX CJIEMeHTapHuX cunl (1) i (2), Tomy npuse-
AEMO il B 3aNEKHICTh Bijl CLILHOT 3MIHHOT § (AOBIKMHK JIyrH KPUBOT nepepizy uu-
JliHapa):

do:dg

" s

dP, = Fda = F

de ]
de T a8 KPHBHMHA TPAEKTOPIT. 3 ypaxyBaHHIM LBOrO BUpa3 (4) npuiimace Bu-
raA;

dP, = Fkds. (6)

Honaemo enemenrapni cunu (1), (2), (4), nanpasneni B3noRc HOpMaJi:
dF, :(abqgcosa+abqu2 +Fk)ds. (7)
Cuna dF, BPIBHOBAKYETHCS peakiieio noBepxHi dR=dF), (puc. 1, B). Hopmansha
PeaKuis B3Ok OpTa T NPOTHICKHO WIBHAKOCT PYXy BUKIHKAE €NEMEHTapHY CH-

ny reprs dfFy;:

dF :demf(abqgcosa+abqu2+Fk):is, - (8)
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Je f— koediuieHT Tepts.

Llst cuna TepTa BHKJIMKAE JIOOATKOBE CTHCKANOYe 3ycuns T, K MOKa3aHO Ha pH-
CYHKY 2, a (B sxocTi cumu F' puctynae cuna 7). Bunnkae pipHomiroua dP,,, fKy
3HAXOAMMO 3 BHpa3y (3). ¥ pesynbrari BiamoBinHo 10 (6) oTpuMyeMO:

dP,, = Tkds

Llst cina cTROproe fonatkosy cuny Tepra dfp:
dF,, = fdP,, = fTkds, ©)

Taxum umHom, MoBHUIT TPUPICT 3ycuiuia d7T, AKe NepecyBae eNeMenT CMYyTH, J10-
PIBHIOE CyMi €NeMeHTapHMX CHJI OMopy. 3 ypaXyBaHHAM 3HaiineHux Bupazie (1),
(8) i (9) zammemo:

dTl' = abggsin ar ds + f(abqgcosa +abgkV? + Fk)ds + fThkds
Y pesyneTati oTpUMYEMO JU(EepeHLIiiiHe piBHAHHA:

< abqg sin a -+ _f(abqg cosa+abqV  k+ Fk + Tk)'
ds

(10)

Y BUMANKY, AKWIi pO3NIANAETHCA, KPUBOIO MONEPEYHOro Nepepisy muninapa e
noyra koma pagaiyca r (k=1/r=const). 13 3anexnocti do/ds=k 3Haxonumo: cx:/k-.';:.m'.
[louarkoBe s4 Ta KiHUEBE Sz 3HAYEHHS MYIH § 3aNMIIYTHCH: Sy o/k=cqr;
Sp-o'k=ayr. 3a hopmynoio (5) 3HAXOAUMO 3YCHILTA CTHCKAHHA [7) B MOYATKY CMY-
TH, HiCIs YOro HOro iHTErpyBaHHAM 3HAXOAMMO 3yCHIUIA F, BPAXORYIOUH, M0 TIPH
§=84 F=Fn'.

F=F — abqgr(cos g, —co5 ks)= abqgr(cos Ks—cosa, ) (11)

[Tincranorkoro Bupasy (11) B audepenuiiine piBHﬂﬁ_Hﬂ (10) 3 ypaxysanmsm To-
ro, wo k=1/r, nicns enpouieHk oTpuMyeMo audepeHtliitne piBHAHHS, AKE Mae Ha-
CTYITHUIH PO3R’A30K:

S ; Ay s
T=Cgr —abq|:(1’2 —gVCOSQB)Jr]_;_g}Z [(l+2f2)COS;—me r]:!, (12)

ne C — crana iHTerpyBaHHs. [1 BE/IMUMHY 3HAXOUMO 3 YMOBM, IO MPH §=Sp=cyF
cuna 7T (12) nopiBHIOE HYITIO:
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= —f%y | 17 Jfg”‘ y 2
C =abge™ l:tl.kw(fcosa#—fsmah)}. (13)

Flpuﬁ_lmaioqu J10 YBaru, o s/7'=a, Ta NigcTaHoBKow C i3 (13) y (12), orpumaemo
3ANEKHICTb 3yCHIUL WTOBXaHHS =1 {(a):

(e" e I)V2 + greosa, +

I' = aby i abqgi

———1+le(fsin o+ fe'“"( f cosar, —sin aH)—(]+2_f2)cosg) - (14)

o6 susHauwtn 3ycumia T s IHTORXAHH: CMYI'H, HeoOXimHO 3a (opmy-
71010 (14) 3HaiiTH 3HAYSHHA NPH a=0y | a=0,4 Ta 3HATTH 1X Pi3HMLIIO,

Talmrv:_ HHHOM, NP CKJIAZICHHI AN(EpEeHLiitHOro piBHsHHS pyXy CMYIH Bpaxoradi
CHIIH, AKI IOTE Ha §i AUIAHKY eleMCHTAPHOI JOBIKIHH. Otpumani dopmysm 1ai0Th
3MOry po3paxyBaTH HEOOXiAHY MOTYKHICTH Jis 3abe3nedyeHs 3afaHoi WBMIKOCT]
nepecyBaHHA cMyrH. JUnsi bOro 4OCTATHBO MOMHOMKUTH 3ycuiuia 1" Ha WRHIKICTE I,
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‘ Manufacturing of aluminum waveguides is very complicated, especially on fin-
ishing operations due the high requirements to the quality of the internal channel.
The waveguide is a non-detachable welded construction of a thin-walled tube of
rectangular cross section and two flanges, which having an arbitrary spatial ar-
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rangement. U-turns of the waveguide channel are mainly performed by manual
welding of sections of a rectangular tube, after which they are straightened (and
polished in stages. This is done due to the inaccessibility of the docking places of
the channel sections on the final product. Since the depth of penetration of the high-
frequency current into the walls of the waveguide is 1.1...1.9 pm, therefore, the in-
ternal channel must be made with a roughness of 0.8...1.6 um [1]. It is allowed to
reduce it to Ra3.2 in places of transitions and turns; this toleration is explained with
difficulty at processing. Deformations and surface defects oceur in the welding are-
as of the segments, which are eliminated by finishing processing (burnishing,
straightening, polishing, etc.). An analysis of the quality of waveguides at the facto-
ry [2] according to the basic technology showed that in manual welding, depending
on the qualifications of the welder, the seams can have significant instability of ge-
ometric dimensions, convexity or concavity of the inner surface, and other defects.
Straightening and burnishing of the waveguide channel eliminates the instability of
the form, but it often leads to the appearance of new scribe marks and scratches
with a depth of up to 0.05 mm. Finishing processing is necessary to eliminate them.
The production volume, the versatility of the method, the production cost of pro-
cessing, and the achieved quality of roughness should be taken into account during
choosing a finishing method. The quality of the current-conductive surface of the
waveguides is a complex of properties of its surface layer, which are formed as a
result of exposure to the surface of one or more sequentially applied finishing
methods of processing.

The magnitude of the active losses in the waveguide substantially depends on the
roughness of the inner surface and the instability of the form. Losses of microwave
power increase by about 1.2 times when a roughness value equals to half of the
penetration depth; when a roughness equals to the depth of penetration it increases
about 1.6 times; when a roughness value is twice that of the penetration depth —
about 1.8 times [3]. On the other hand, an unreasonable increase in the require-
ments for the quality of such surfaces in excess of the calculated values leads to an
increase in cost price.

Analysis of the existing finishing technologies of processing the internal channel
of the waveguides of the radar industry showed that labor-intensive methods are
mainly used that require complex expensive equipment: anode-abrasive vibration
honing, electrochemical polishing, grinding, abrasive-extrusion processing, pneu-
matic-, turbo-, magneto-abrasive methods, etc. Oftentimes 2-3 methods are used
sequentially, for example, mechanical and chemical ones when the quality of the
internal channel must be high. However, basically these methods are intended to be
used for processing rectilinear waveguides and they cannot help achieve high quali-
ty of surface in hard-to-reach areas of channels having transitions and bends. Only
a few methods from a wide range are suitable for processing thin-walled and com-
plex-profile waveguides at welding places under conditions of small scales of pro-
duction. The most practical finishing method in small-scale production of wave-
guides is processing by means of small-scale mechanization, which has the follow-
ing advantages:

1) low cost of consumables;
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