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METOA IMTPOPH/THPOBAHHHA /IOINMTATOK PABOYHX
KO/IEC PEBEPCHBHBIX HEIIOBOPOTHO-/IOIACTHbBIX
BEHTH/IATOPOB

PaspabotaH MeToa peliieHHs 3a4a4l a3pOAHHAMHUECKOrO MPOEKTHPOBaHHA CABO@HHBIX
S-06pasHbIx /10MacTert paboyero Ko/eca peBepCHBHOIO OCEBOrO BeHTH/IATOpa Mallok
motiHocTtH. [ IpousBeaeH NpeaBapUTe/IbHBIE pacdeT reOMeTPUYeCKHX MapaMeTpoB pe-
meTku paboyero Ko/zeca peBepCHBHOIO 0CeBoro BeHTu/sTopa adamerpoM 1000 mm.
KroueBble c/ioBa: peBepCHBHBIF OCEBOH BeHTH/IATOP, CABOEHHble S-o6pasHbie /I01acTH
pabouero Koseca, pacyeT reOMeTpHYECKHX [apaMeTPOB pellleTKH pabodero Koseca.

A Hasm3 3pPeKTUBHOCTU CIIOCOBOB PEryMpOBaHUs OCEBBIX BEHTU/ISTOPOB
Mariort MomHocTH (a0 250 kBT) nokasas, 4To BBINOAHATE padourie Kozeca
(PK) BeHTUAATOPOB Masiolt MOIIHOCTH C TTOBOPOTHBIMU Ha XO/y /I0TIaTKaMH Hellerieco-
0OpasHO M3-3a MX BBICOKOM CTOMMOCTH. B 3TOM CBA3M Ans cos3faHus pabourx Koec
PeBEepPCHBHBIX M Pery/MpyeMbIx Ha XOay BEeHTW/ISTOPOB MasloM MOIIHOCTH HeoOXOau-
MO paccMaTpUBaTh CIOCOD MX Pery/mMpoBaHis U PeBepCHpPOBaHUs M3MEeHeHeM COOT-
BETCTBEHHO YaCTOThl M Harpas/ieHus BpaiueHus. Mccnenosanusamu B. T'. Kapamxkuy,
I0.I". Mockoeko, VM.B. Bpycunosckoro [1] ¥ aAp. ycTaHOB/IGHO, UTO AOCTAaTOUHBIE pe-
BEpPCHUBHBIC a3pOAVHAMHUECKUE XAPAKTEPUCTHKU HEIMOBOPOTHO-/IONACTHBIX Pabouux
Korec 06ecrieurBaioTCs MPU MCTIOMB30BAaHUU /IOTMIATOK S-06pasHoit hopmbl. OaHaKo
MEeTO/Ibl pacyeTa reOMeTPHM TaKHX /I0TIAaTOK HelIOCTaTOUHO Pa3pabOTaHbl.

B Hacrosmer paboTe paccMaTpyBaercs 3adada OOTeKaHWsl CABOEHHBIX S-
0o6pa3HbIX /10MacTel pabouero Koseca 0CceBoro BeHTunsTopa (puc. 1).

H.E. 2KykoBckuil BriepBble Mpearonoxkus, YTo OOTeKaHHe 3aMKHYTOM KO/IbLICBOH
pelieTky Mpodu/er, pacronoKeHHON Ha TMOBEePXHOCTH LIWAWHAPA, LW/IMHApUYe-
CKHM TOTOKOM TPOUCXOAMUT TaK Ke, KaK OOTeKaHHe COOTBETCTBYIOIIEeH el 6ecKo-
HEYHOW T/IOCKOM pelleTKH M/IOCKOMapa/l/ie/lbHbIM [OTOKOM. JTa THIOTe3a XOPOLIO
rnoATBePKAaEeTCA OITbITOM.

Takum 06pasoM, H3yueHre OOTeKaHUsl /I0MTaTOYHBIX BEHIIOB OCEBOTO BEHTH/ISTO-
pa B OCHOBe CBOEM CBOAMTCH K PACcCMOTPEHMIO TVIOCKHX peleTok. Byaem cuvtath
MIOTIATKU TOHKUMH. DTO MPearonoKeHye MO3BOMUT YIIPOCTUTh 3a7ady, pacCMaTpH-
Basi MPOQU/IMN KO/BLICBOM PeIIeTKH Kak pa3pesbl Ha KOMITICKCHOM I/I0OCKOCTH.

B 1710CKOCTH KOMITIGKCHOTO TIePEMEHHOr0 Z=X+iy pacCMOTPHM Ge30TphIBHOE 0OTe-
KaHWe IBOMHOM PEIIETKH TOHKUX CIaOOM30THYTBIX S-0OpasHbIX /10IacTel MOTeHLIMa/Tb-
HBIM TIOTOKOM W/Iea/IbHOM HeCKMMaeMol KUAKOCTH. Ha GeckoHeyHOM yrasieHnu repen
elIeTKOM CKOPOCTh MKUAKOCTH CUMTaeM TOCTOSHHOM. [TOCKOMBKY MPOHn peleTky
TOHKHE — 3aMeHseM HX I7IaIKUMU KPUBBIMU, KOTOPbIE MPeACTaBASgIOT COO0M pa3pesbl
Ha KOMIVIEKCHOM I7I0CKOCTH (puc. 1, a).

134



»~

WA

n=

n=0 Ji i

v
=
I‘.‘
>

v
\ 4

n=-

a) 0)

Puc. 1. K BbIBOAYy HHTerpaabHbIX YpaBHEHHH: N — HOMeD Maphl npodusiert B peuetke, h —
mar peuetky, f1, f; — BennumHel nporu6os rpoduast, b — A1KMHA XOPABI, X, — PACCTOSHHE OT Tle-
penHel KPOMKH MPOU/s 10 TOUKH Ieperyba

B cuny mnoTeHUMasbHOCTH TeUeHHs HeCKMMaeMOM MKUAKOCTH KOMILVIEKCHO-
COMpsiKeHHass CKOPOCTh V(z) siBAsieTcss aHamMTHMUEecKoM (PyHKLIMEN BCioay BHE MpPo-
Juneir peretku. OHa AOMKHA YAOBICTBOPSATh C/ICAYIONINM YC/TOBUSM:

1) Ha 6eCKOHEUHOCTH Tepe/l PelleTKOM
V(eo)=V  =|V_[e™®

—Q0

e
rae 0 — yros Mexay Hartpae/IeHreM MoToka U ockio OX;

2) YCnoBUIO MeproOaNYHOCTH V(zk +inh)= V(Zk ), roe k =1,2 — ykasblBaeT Ha

MepBbIA U BTOPO# MPOQH/Ib COOTBETCTBEHHO, h — War pemeTky, N — HoMep Taphbl
npodpusiert B pelieTke.

3) YC/IOBHIO HEIMPOTEKaHMsT KUAKOCTH Ha NMpodpnrisix petietki V(z¥) = V(s“)e"'“‘sk’ ;Tae s
—KOOpAVHaTa Mpodu/d, OTCUUTHIBaeMasl OT onleon KpOMKH; of s¥) — yron, obpa-
3yeMBIit KacaTeanom K NpoH/mo B TOUKe z(s\) M MOMOKUTe/IbHBIM HalpaB/ieHeM
ocu OX; v(s¥) - MO/1Y/1b OTHOCHTE/TBHOM CKOPOCTU XKHUAKOCTH;

4) A0MmKHO ObITh BBINOMHEHO YycrnoBre KYKOBCKoro-YarvibiriHa O KOHEUHOCTH
CKOPOCTU Ha BbIXOAHOM KPOMKe.

[To dopmyre Ko nMeet MecTo npeacTaBieHye:

Vet PO
mLf z

k

rae L — mo6ovt KOHTYP, KOTOPBIH MOKeT ObITb CTAHYT B MPOU3BO/IBHYIO TOURY Z; & —
repeMeHHas MHTeIPUPOBaHUA B/IO/Ib 3TOTO KOHTYPaA.

Dopmyny Komu MokHO mepenucath, YUUTHIBasg TO, UTO pa3pesbl MPOXOAAT ABa-
Kb
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rae L'- pacumpsiomuiica B 6ecCKOHeUHOCTh KOHTYp, FV, =const mo Teopeme

[TnyBunns.

[anee, OCHOBBLIBAACh Ha TMAPOAMHAMHUYECKOM TeOpUH PelleTokK [2], ¢ MCrorb3oBa-
HMEeM MaTeMaTHUeCKOro armapara Teopur (YHKLIMI KOMIVIEKCHOTO IepPeMeHHOro
MOXKHO TIPUMTH K CUCTeMe CHHIV/IAPHBIX MHTerpPa/lbHbIX YpPaBHEHHM OTHOCHUTE/ILHO

byHKLIM % (&):

- 2
tmde! | LS T (&) Nethn(zy &)+ DA, +Ver =0 (1)
]—le

[lorionHuUTebHBIE YC/IOBUS, HaK/aAblBaeMble Ha pacCMaTpUBaeMoe TedeHue, MO-
YT ObITb CCHOPMYIMPOBaHBI OTHOCUTE/IBHO (PYHKLIMHU 7 (&). OOHUM U3 HUX AB/AETCH
OTCYTCTBUE paava/ibHOM COCTAB/SAIONICH CKOPOCTH TEUeHHs XKHAKOCTH B MeXK/IoTa-
TOUYHOM KaHazie. [ IpubaReHHO OHO CBOAWTCH K BBIMO/HEHHIO COOTHOIICHUS

I'r) = j yl(fl)dé +  [yy(&,)déE, = const , 2)
L(r) L")

rae r — TeRylnd paauyc cedyenus. [laHHOe BbIpaxeHHe O3HauaeT, YTO CYMMapHas
LIMPKY/IALIMA  CKOPOCTH TMOTOKa BOKPYT pelieTky I (r) aomkHa ObiTh [IOCTOSHHOMN /1715
BCexX LIW/IMHAPUYECKUX CeUeHUI.

[pyrum ycnoBueM sBnseTcs 6e3yaapHOCTb BXOAa ITIOTOKa B pelleTKy, T.e. paBeH-
CTBO KacaTe/IbHbIX CKOPOCTeH KUAKOCTH Y MepeaHel! KPOMKU M CHU3Y TPOQUIs.
OHo Takxke popMynrpyeTcs ¢ MOMOIbIO OYHKLNU % (&) B BUae

7},(5},)—)0 pH stj—>0,j=1,2 (3)

3azaya COCTOUT B OIpeie/leHNy IeOMEeTPUUYECKUX [apaMeTPOB PeIleTKH, TPy
KOTOpPBIX (pYHKLIMM ¥ (&) u3 (1) ynoBnerBopsann 6vl ycnoBuam (2) u (3).
[eoMeTpus TOHKUX, CTaGOM3OTHYTLIX /IOTNACTe 3a4aeTCsl B BUAE KPUBOIM:

!)(——~O._|\)( I

J Zni

Puc. 2. Cxema pacnonoeHHs BHXpeiH H KOHTPO/IBHBIX TOYEK: Z — KOHTPO/bHAasA TOUKA, Ok —
BUXPb
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X
ki -x+ky x> +kq-xt: 0<x<=¢,
1 2 3 )

ky - cos[ks - x + kg ; %Sxﬁxc,
re b+x
k; -coslkg - x + ko1 X, <x< 5 <,
b+x

€ <x<b,

kl() +k11-x+k12‘x2; )

rae K = {k,.(f1,f2,xc,b)‘i :ﬁ}— COOTBeTCTBYIONMMe KO3ppHLIMeHThl, f1, fo — Bemu-

YMHBI TTPOrMOOB MpodK/id, b — AMMHA XOPAbl, X, — PACCTOSHUE OT [epeaHei KpoM-
KM /IOTIACTH ZI0 TOUKU neperuba (puc. 1, 6).

B sToM criyyae reomerprs pelieTku OyaeT MOMHOCTBIO OIpeaensThCs MHOXKEeCT-
BOM P, coCTOSIIIMM 13 ABEeHa/ILATH HE3aBUCHUMBIX Ge3pasMepHBIX ITapaMeTpoB:

p= {bj’ﬁj’flj’f2j’xj01yj0},j =1,2. (@)

[ns pelieHUs] MOMYUEHHOM CUCTEMbl CHUHIYASAPHBIX YpaBHEHHE HCIOIb30Ba/ICH
MeTO/ «IMCKPETHBIX BHUXpei», rhaes KOTOPOro COCTOMT B creayiomieM. Herpepbis-
HBIM BHXPEeBOM C/I0M, MOAEMVPYIOIMNH HeCYILIYIO ITOBePXHOCTb U C/1e 3a Helo, 3aMe-
HfeTCA CHUCTeMOUW [MCKpeTHhIX BHxped. Ha Hecymell noBepxHOCTH BbIOGHpaloTCA
TOYKH, Ha3blBaeMble KOHTPO/IBHBIMH (DacyeTHBIMH), B KOTOPBIX BBITO/THAETCS YC/10-
BUe HelMpoTeKaHus. 3asaua HaXOXK/IACHWsl HeM3BeCTHBIX LIMPKY/IALIMI AMCKPETHBIX
BHXpelt CBOANUTCS K CHCTeMe /IMHEeHHBIX asireOpanyeckux YpaBHEHHIA.

[licKpeTHble BUXPU Ha Mpodpri/ie ¥ KOHTPO/IbHbBIE TOUKH, B KOTOPBIX BBITO/HSET-
c TpaHWUHOE YC/IOBHME O HeIMpOTeKaHWH, pa3MellaioTCs CAeayionM OOPasoM.
[Ipodunb 3ameHsieM S-06pasHOM KPUBOi, KOTOPYIO pa3trBaeM Ha KOHEUHOE UHC/IO
oTpe3koB. Ha KaxaoM oTpeske Ha j OT ero Hauasa roMellaeM BUXPb, @ Ha S — KOH-
TponbHYIO TOURY (prc. 2). Kak nokasanu uncieHHble pacyerts [3], Takoe pasbreHue
obecrieyrBaeT BhINO/HEeHME YC/IOBUM Ha KPOMKax, TO eCThb IPH YBe/IMUeHHH YMC/Ia
pa3bHreHHI LIMPKY/IALIMY BUXPer Ha NepeaHel KpOMKe CTPeMATCH K GeCKOHeUHOCTH,
a Ha 3aHer — K HY/IO0.

['lo Teopeme 1.3.2 us [4] cneayer, uto

b t )l
jotde 3 0t g4 ) iom

a =ty k=1t 7ty

A
rae Benvunta 6(f j) <o(l "), I=(ba)n+1), 0< A <1. T.e. B cucreMe cuHryzsp-

HBIX YpaBHeHuE (1) MHTerpasibl MOryT GbITh 3aMeHeHb! TIPUO/THKEHHBIMH CYMMaMH.
B pesyabTrate nonyunM crcteMy ypaBHEHWH C/IeVIOLero BUa:

2
J:
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rage F j = {yé j }— BEKTOP, KOMITOHEHTaMH KOTOPOI'O AB/AIOTCA AWMCKPETHbIe BUXPU

npodcpuned, Bi— BEKTOP M3 HOPMa/IbHbIX COCTaB/SIONIMX CKOPOCTH Haberarolero

MOTOKa B KOHTPO/TbHBIX TOUKaX Mpoduner,

1 .
Ssin (270, =16, )

k. )=— :
wy(ng,k ;) ch(27r(xnl. _gkj ))—cos(27r(yni — Mk, )
1
W, (np k) = - 2™, "o, ) s
D= i 2at, — 8 D -eos2aty, —n, )2
Z”i = x”i + iy”i — KOHTpPO/IbHAs TOUKa, O'kj = §kj +1i 77kj — BUXPb, 0y — yroi, o6-

pa3yeMblii KacaTe/IbHOM K MPOMUII0 B KOHTPO/IBHOM TOUKE U TO/IOKUTE/IbHBIM Ha-
npaBrneHreM ocu OX.

Yenous (2) v (3) 3anminyTcs B BUae:

M | N, 5

Sy +d P =1, 6)

n=l n=1

yM =0, y¥ =0, (7)
1

rne [’ = Eh”V/t_ TpebyeMast LINPKY/ISALIMS, }/1(1), }/1(2)— VMHTEHCHBHOCTU AMCKPET-

HBIX BHUXpel Ha TNepeaHux KPoMKax Mpodurert.

[TonyueHHas cucteMa AMHEMHBIX anrebpanyeckUx YpaBHEHHH pellaeTcs YMC/eH-
HO MetozoM [aycca ¢ BHIGOPOM MaKCHManbHOIO 37eMeHTa. B peaynbrate nomyuvm
3HaueHre CYMMapHOW LIMPKY/IALIMU BOKPYr NMpodu/ier peleTKU B KakOM CeueHHH
7TOTAaTKH:

I'; = Z y(é ),1'=1..m,
= D

rae m — KO/TM4eCTBO BbI6paHHbIX CeyeHUH.

, Tae i - HoMmep ceuenus. [1pu

[azee BBOAMM Lief1eBYIO (PYHKLIMIO: f; = ‘]" 1
3TOM f;— (PYHKLMSA OT MapaMeTpoB, OMpee/IsiONNX FeOMETPHIO PeLIeTKH.
[anbHeias 3aa4a CBOAMTCA K HAXOK/ICHHIO MHHHUMYMA Lie/1eBOH (hyHKLMH f; .

[ns peltledys 3TOM 3aga4v HEOOXOANUMO HMCIO/IL30BAaTh OAUH U3 METOIOB OINTHMU3a-
LMK (PYHKLIMIT MHOTHX TIePEeMeHHbIX, MToAPOBHO OMUCaHHBIX B pabdoTtax [5, 6).
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Puc. 3. BzaumHoe pacnionoxeHHe cABOeHHbIX 1onacrel pabounx Koaec: h — mar peletsu
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Puc. 4. PesyapraT pacdeTa reoMeTpHH /AONAaTOK pabo4yero Ko/deca AHaMeTPoOM
1000 mm: a — nipodpr/IK N0TIATOK B PacueTHOM cedeH U, 6 — /1oraTka paboyero Koneca

KonuuectBo BapbUpyeMbIX MapaMeTpoB MOXKHO COKPAaTUTh, UCTIONB3Ys AOTIONHU-
TenbHble YycnoBuA. OAHUM U3 TaKHUX YC/IOBHM SIB/ISETCA B3aWMHOE PacIio/okeHHe
aomnacTeil B peuletke. V3 unc/ieHHOro aHaziv3a OTHOCHTE/BHBIX 3MMOP CKOPOCTEi
B/IO/Ib TIOBEPXHOCTeH Ipodu/iel creayer, uto Haubosiee IMO/MHO COOTBETCTBYET 3a-
MaHHBIM TpeGoBaHuAM [7] pacrionoxeHye nomacTed, nokasaHHoe Ha puc. 3. [lpu
TaKOM B3aMMHOM TO/I0KeHHH Mpodou/ier MeeT MecTo Hanbonee 3(ppeKTHBHBIN A/
PelIeTOK TOHKUX Mpodpurelt pexuM «6esyaapHoro» o6TeKaHusl.

Taknm 06pa3oM, B pesynbTaTe pellleHHs AaHHOM 3aJauyd MOXKHO IO/IYYHUTb OITH-
Ma/ZIbHYI0 TeOMETPHIO DelIeTKU, KoTopas Obl obecrieunsa: «GesyaapHbii» U 6e30T-
PBIBHOM pexuM oOTeKaHUs MpH 3a7aHHOM 3HauyeHHU CKOPOCTH Ha BXOZe B PelIeTKY
C aroM h ¥ LHUPKYASLHIO CKOPOCTU [ ; BOKPYT MPOGOU/Is PelleTKH.

B kauecTBe mprMepa BhITIO/HEH pacyeT reOMeTPUUYeCKUX MapaMeTpPOB pPelleTKU
paboyero Ko/eca pPeBepPCHBHOTO OCeBOro BeHTHsTOpa adamMetpoM 1000 wmm.
['eoMetpusa nomaTok 6blla paccuuTaHa Ha CAeAYIONIME MapaMeTpbl: MPOU3BOAU-

139



Te/BHOCTb B pacueTHoM Touke Q=15 M>/cek, cTaTHueckoe [aB/IeHue B pacueTHOM
touke Ps=2000 [la, yacrora Bpamuierus n0=1500 06/mun. Ha puc. 4, a npuse-
[IeHbl FeOMeTpHUeCKHe TMapaMeTphl pelleTKH B PacyeTHOM CeUEHHH, IO/TyYeHHbIe
MyTeM pacueTa PacCMOTPEHHBIM BhIIE METOAOM TIPU 3aJaHHOM LIMPKYIALMH U
BBITMO/THEHNN YCIOBUI 6e3 YyAapHOCTU BXO[a M B3aHMHOTO PACIIO/OXKEHHUs /10T1a-
crert B pemetke. Ha puc. 4, 6 nokasaHa TpexmepHasi reOMeTpusi TOHKOM CABOEH-
HOW /IOTIaTKHU.
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