Z;=7,/x. (7

1.2. IlpocTble TuiaHeTapHble MeXaHU3MbI Thma 1.
Bripaxxenus ams uncen 3yObeB IaHeTapHOro Mexann3ma Il HaxomsT Takxe
KaK ¥ U1 MEXaHn3Ma AA, UCTIONB3Ys YCIIOBHE IEPEIaTOYHOTO OTHOIIEHHS, COOC-
HOCTH # cOOpKH [2]:
P-0Ox

Zy=k—7g—; (8)
LH
aw
(4
l_ll(H) a’w2
Z,=2, dw, 3 5 )
_dw3
Z;=27,/x; (10)
1-i%
Z,=27,—1. (11
X

2. Obmactu cymiecTBOBaHMA IUTaHeTapHBIX MexaHm3MoB AA, 11, Al ¢ koco3y-
ObIMHU KOJIECAMU Y YPAaBHOBEIICHHBIMU OCEBBIMHU CHJIAMH.

HcxonubMu U1 omnpeAeneHus obsacTell CyIecTBOBaHHUS SIBIISTIOTCS ypaBHe-
HHUE MEepeaTOYHOTO OTHOIIEHUS, ypaBHEHHE COOCHOCTH U YCIOBHE COCEJCTBA Ca-
tennutoB. [IpudyeM nocneanee ycinoBue NPUHUMAETCS B COOTBETCTBUU C PEKOMEH-
nanueii [2] B Toit hopme, 4TO U TS IPSIMO3YOBIX HYJIEBBIX KOJIEC.

CucreMbl HEpPaBEHCTB, ONPEAENAIOIUX 00NacTh CyLIECTBOBAHUS HCCIEIye-
MBIX MEXaHU3MOB, IMEIOT BHUI:

Tabmura 1
Cxema MeXaHmMa xx <1 xx>1
1= 4wy 19wy
AA 1+ ) dw dws ) Dy
» 1H dw T dw x dw
3 1-—Zsin = | - —2sin — 3
Wi k Wi
— d& 1- de
i — CALE T WP L2 T B VL SO ) IS L
1+%sin; dws W3 1+ sin —
3
y 1+ fl& 1+ D
dwy 1—-=—Zsin = dws 1—sin —
W3
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AHani3 HEpaBEeHCTB MOKA3bIBACT HA BO3MOMKHOCTh 00Pa30BaHUS HYJIEBBIX U
CMEIICHHBIX 3aLeIICHNH IaHeTapHbIX MexaHn3MoB AA u Il mna dw, /dw; #1 n

At MexanusMoB Al ¢ dw, /dw; <1 u dw,/dw; 21 1pu pa3HbIX yriax HakJIOHa
3yObeB 1 KO3 (DUITMEHTAX CMETICHHUS.

BeiBoabl. PaccMOTpeH cHUHTE3 MPOCTHIX MIAHETAPHBIX MEXAHU3MOB C KOCO-
3yObIMU TMIIMHApHYecknME Konécamu Ttria AA, II, Al oceBble chilbl KOTOPBIX
ypaBHOBEIICHEI. [IprBeaeHs! reHepanbHble ypaBHEHHS T IT0A00pa Yrcell 3yObeB
KOJIEC W HEPaBEHCTBA, ONPEACIIIONINE 00JacTh CYNIECTBOBAHHMS MEXaHHU3MOB.
[IpennaraeMpre MEXaHN3MBI C KOCO3YOBIMH KOJIECAMH TI03BOJISIIOT ITE€PEIaBaTh 3Ha-
YUTEIHHO OOJbIIE MOLIHOCTH, YeM C HPSMO3YOBIMH IPH BBICOKOH IIIaBHOCTH
JBIKEHUS U OJJMHAKOBBIX rabapurax.

Cnucok autepatypol: 1. Knaodosa O.FO., Canpwikun B.H., Ille6anos U.I". K cuHTE3y ONTUMAIbHBIX
IUTaHETapHBIX MeXaHU3MOB Tuma Al ¢ koco3yObiMu unmnmmHapuueckumu konécamu // Becthuxk HTY
"XITN": CO. HayuH. TpyznoB. Tem. Bbin. "IIpoGiembl MexaHudeckoro mpuozaa". — Xapbkos, 2009. —
Nel9. — C.90-95. 2. Tkauenxo B.A. Ilnanerapublie MexaHu3Mbl. (ONTHMalbHOE NPOEKTUPOBAHHUE).
Xapbkos, "XAHN", 2003. — 445c.
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JUHAMUYECKASA MOJEJIb PEAYKTOPHOI'O TIPUBOJA
C UBMEHSIEMOM CTPYKTYPOM BBICOKOCKOPOCTHOT' O
IMPOBOJIOYHOI'O MTPOKATHOT O BJIOKA

BukoHaHO JOCIIKEHHS AUHAMIKH BUCOKOIIBUIKICHOTO JAPOTOBOTO PEAyKIIHHO-KaTiOpYHOYOro CTaHy.
Po3po0eHo iarHOCTHYHY MOZENb JIiHIT MPHUBOAY GJIOKY 31 3MIHHOKO CTPYKTYPOIO Ha OCHOBI Iepesar-
HUX (yHKIiH. BUKOHaHO aHami3 aMILTITYAHUX i (Pa30BUX YaCTOTHUX XapaKTEPHCTHK MPUBOAY. Po3pod-
JIeHO HporpamHe 3a0e3ledeHHs! sl aBTOMAaTH30BaHUX PO3PAXyHKIB y peallbHOMY 4aci 00epTalbHHX
KOJIUBaHb Y JIiHIT IpUBOAY.

It has been carried out a research of dynamics of the high speed wire reduction-sizing mill (RSM). Di-
agnostic model is developed of the multi-ratio drive train on the basis of transfer functions. The ampli-
tude and phase-frequency characteristics of drive are analyzed. Software is developed for on-line calcu-
lations of the torsional oscillations in the drive train.

Bgenenne. [leiictByromue Ha ceromusimmanid qeds B CHIT mpoBomowHbIe pokart-
HBIE CTaHBI IIOCTABJICHBI N3BECTHBIMH MIPOU3BOUTEISIMU ITPOKATHOTO 000PYOBAHNS —
¢upmamu Crxer u CMC (I'epmanwmst), Mopran (CLLA), Januenu (Mranust). Panee co-
TpyAHUKaMU UM 6BU'H/I BBITTOJIHECHBI OKCTICPUMEHTAIIBHBIC 1 TCOPETHICCKHUE HUCCIIC-
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JIOBaHMS! IMHAMAYECKUX TIPOIIECCOB (BUOpAIiH, KPYTHIIEHBIX MOMEHTOB) B IPOKATHBIX
onokax benopenkoro (BMK) u Yepemnosenkoro (UepMK) meTamryprudaeckiux KoMOu-
HaToB, a Takxke bemopycckoro (bM3) u Mommasckoro (MonaM3) MeTauTypruuecKux
3aBoJIoB [1]. BbIIO ycTaHOBIEHO, YTO B MEPEXOMHBIX PSKUMaX HATPY30K TPHU 3aXBaTe
MeTaJljla BaJIKaMHd B JIMHUSIX TIPUBOJIA OJIOKOB CYINECTBEHHBIX TMHAMHUYECKHX SBICHHH
He HaOmomaercs. Ha crane 150 BMK B Haubosnee quHaMuuHbIX Kiietsx Nel6-21 cpen-
HUE 3Ha4YeHHs] KOO(PQUIMEHTOB TEperpy3Ku Mo MOMEHTy cocTaBisimn Kn=2.4...3.4,
KOTOpBIE ¢ BeposITHOCTBIO 0,95 He 3aBUCAT 0T cKOpocTH Npokatku [2-4]. B uccnenosa-
HIsIX (GupMBI Moprad [5] oTMedeHa Takasi ske 3aKOHOMEPHOCTh MaJION TMHAMUKH TIPU
3axBaTax Meraynia Bamkamu. HecMotps Ha 310, Ha crane 150 BMK ¢ukcupoBammch
JIOCTaTOYHO YACTHIE TTOJIOMKH 000pYIOBaHMS (3yOUaThIX Iepenad), OCHOBHOM HPHIH-
HOH KOTOPBIX OMpPEAENCHBI MOBBIIIEHHBIE CTATHIECKHE HATrPy3KH 33 CYET HATSDKEHUS
packarta MesKIy KIETsIMH, KOTOPbIE MOTYT JocTraTh 30 H/MM’ (OlieHKa BBITIONHEHA 1O
KpPYTHJIbHBIM MOMEHTaM B MOMEHT 3axBaTa MeTajula Baikamu). IIpemnoxeHbsl pexo-
MEHJIAINH 110 KOPPEKTUPOBKE PEKUMOB pabOThI OJI0Ka.

I[ocranoBka mpodiaemsl. B Hacrosimiee BpeMss Ha MHOTHX TPEANIPUATHAX,
TIPOM3BOAIINX COPTOBOM TPOKAT ¥ IPOBOJIOKY, CTOHWT MPOOJIeMa MOBBIIICHHBIX
BHOpanyii peayKTOPHBIX TPHBOJOB BBICOKOCKOPOCTHBIX MPOKATHBIX OJIOKOB, KOTO-
pas no xoHma He pemeHa kak B CHI, Tak u B mampHeM 3apyOexxse. HapammiBanue
ckopoctu cBbiie 110-115 M/c orpaHHYEHO BBICOKOW BEpOSTHOCTHIO "3a0ypuBaHus'
packaTa m3-3a ero KojeOaHui B MEXXKICTHEBBIX IPOMEKYTKaX OJIOKOB U MOCIEAYIO-
IIel TIOTePH MPOAOJIBHON YCTOHYMBOCTH JTHOO OOpHIBA B 3aBUCUMOCTH OT JAHAMETPa,
(dopMbI ceueHust (KpyT, OBall) M MpPEABAPUTEIBHON HACTPOWKH KIIETEH, KOTOpHIC B
npoliecce MPOKAaTKH He perynupyroTcs. [Ipupona 3Toi HECTaOMIIBHOCTH 10 CUX TIOP
OJTHO3HAYHO HE YCTAaHOBJICHA, HAOJIIO/ICHNE 3a MPOLECCOM B IMOJHOCTHIO 3aKPBITHIX
BO BpeMsl TPOKATKH KOpITycaX OJIOKOB 3aTPYAHEHO WM HEBO3MOXKHO, UTO TPeOyeT
MIPOBEJICHUS YTIYOJNCHHBIX AHATUTUYCCKUX WCCICIOBAaHUN ITUHAMUKH TIPHBOJIOB
6mokoB. [Ipobrema Takke 3aKIIFO9aeTCs B TOM, YTO MCCICAYEMBI B JaHHOH paboTe
MIPOKATHBIN CTaH MPOM3BOACTBAa (pupMbl MopraHs, B OTIIMYHE OT BCEX paHee UCCIeO-
BaHHEIX B CHI" 0110K0B, MMeeT M3MEHIEMYI0 CTPYKTYpPy IPHBO/A, 32 CIET Yero J0C-
TUTAIOTCS OIIPEAeTIeHHbIE TEXHOJIOTHYECKHE MPEHMYIIECTBa MPU MPOKATKE KaTaHKH
Pa3IMYHOTO COPTaMEHTa, HO YCIOXKHSACTCS NUHAMHYECKMH aHalIW3 M TUArHOCTHKA
00opyaoBaHusA. DT0 TpeOyeT aBTOMATH3AIMH MpoIecca pacyera COOCTBEHHBIX Yac-
TOT KPYTHIBHBIX KOJEOAHMI U KHHEMATHUECKIX YacTOT 3y0UaThIX 3alleTUICHUH C I1e-
JIBEO TMATHOCTHKH PEAYKTOPHOTO MPHBOJIA.

AHanu3 nmyoaukanuii . V3BecTHBI 3apyOeKHBIC HCCIEIOBAHMUS, BBHITIOIHEH-
HBIC Ha 8-KJIEThEBOM MPOKATHOM OJI0Ke [6, 7]. BBIJIO yCTaHOBICHO, YTO MIPU TIOCTO-
SITHHOM CKOPOCTH NPOKATKH, COBIA/ICHHE KMHEMATHYECKUX YacTOT 3y0UaThIX 3alle-
IUIEHUH PEAYKTOpa ¥ YacTOT COOCTBEHHBIX KPYTHIILHBIX KOJEOaHUH JIMHUI MTPHUBO-
Jla MOKET TIPUBECTU K aMIUIUTY/IaM, COTIOCTABHMBIM TI0 YPOBHIO WJIH TPEBBIIIAO-
IIUX B HECKOJIFKO Pa3 TEXHOJOTHUECKUI MOMEHT MPOKATKH Ha Balkax. Pa3zpaboTaHbl
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MaTeMaTUIeCKNe MOJENH U ONTHMHU3AINK KOHCTPYKIMH NPOKATHBIX OJOKOB 3a
CYeT YCTpaHEHHs] KHHEMAaTHYEeCKIX BO3MYIIEHHUI B paboyMX JMara3oHax CKOpocTen
npokarku. [Ipryem, B kadecTBe HanOOJIEe ONACHBIX PACCMATPUBAIOTCS 8 HAUBBICIINX
cOOCTBEHHBIX YacToT U hopM Konebanuii n3 50, CyIecTBYIOIMX sl OJIoKa C rpyI-
MTOBBIM TIPUBOJIOM, YTO HE XapaKTEPHO YIS JAPYTHUX THIIOB MPOKATHBIX CTAHOB, TAE,
00BIYHO, paccMaTpUBalOTCs 1-3 HM3IIME Y4acTOTHl. B KadecTBe cpencTB ycTpaHEeHHs
JIMHAMHYECKUX SIBJICHUH 32 CYET OTCTPOWKH OT PE30HAHCHBIX IHMATIA30HOB YacTOT
MIPUMCHSUIACH: YIpyrue MyQTHl (M3MEHEHHE KPYTHWIBHON JKECTKOCTH); M3MCHCHHE
KoIIM4ecTBa 3yObeB (M3MECHEHHE JKECTKOCTH Tepenad); M3MEHEHHE Macc Bpalaro-
omxcs JAeTalied (MOMEHTOB WHEpIH). YTpYyrue My(QTHl JHIIb HE3HAYUTEIHEHO
YMEHBIIAIOT MOMEHTHI HAarpy3KH B pa3IaTodHOM peaykrope. bonee addexTrnBHbIM
SIBIISIETCSI M3MEHEHUE KOJIMYeCTBa 3yOheB B Iepefavax (IMpH TeX XKe MepeliaTOuHBIX
OTHOIIIEHUSX), T.K. OCHOBHOW TIPUYIMHON BO3HUKHOBEHUS KOJEOAHWA SBISIETCS Tie-
pHOIMYECKOE N3MEHEHHE JKECTKOCTH 3alleIJICHHs B pelyKTopax U My(dTax. AMIUIN-
TyZa KoJeOaHui )KECTKOCTH 3alleTUICHUSI 3aBUCUT OT KOI(D(DUILIMEHTA & TIEPEKPBITHS
3yObeB. PaccMOTpeHHBIN B HMCCIIEOBaHUSAX AMAIA30H €ro M3MeHeHus &=2.5...4.1
TI03BOJISIET CHU3UTH JMHAMUKY B JIMHHUH TIPUBOJA 110 TIPHEMIIEMBIX BelMuiH. OCHOB-
HBIMH TMOAXO/IAaMH K PEIICHHIO 33/1a4¥l TTOBBINICHHUSI CKOPOCTH TPOKATKH SIBIISIOTCS
JIMarHOCTUKA COCTOSTHHSI 000PYIOBaHMUS M KOHTPOJIb HATSHKEHHS packara.

Juaraoctika o0opymoBaHus O70KOB. [Ipy yBelmdeHHH CKOpOCTEH TPOKATKH
Ha TIPOBOJIOYHEIX OJIOKaX OOJBIIOE 3HAUEHHE MPHOOpEeTaroT NeeKThl MpUBOIa: IKC-
LEHTPUCUTETHI Pab0oYMX BaJKOB (IIaii0); HEypaBHOBEUIIEHHOCTD JIeTaeH PHUBOIHON
JIMHUM; TIEPEKOCHI BaJIOB NPH MU3HOCE OMOp; Ae(eKTaX MOHTaXKa M COEUHUTENBHBIX
MyQT; U3HOC 3yOUaThIX IMepenad, MOJOMKH 3yObeB; Ae(eKThl TOAIUITHUKOBBIX y3-
noB. Kpome aBapuiiHBIX OTKa30B, OHH BBI3BIBAIOT KHMHEMATHYECKHE BO3MYILECHUS,
BIIMSIIOLIVE Ha TOYHOCTh KaTaHKH. J[J1s BBIIBIICHUS 1€EKTOB HCIIOIB3YIOTCS CHUCTE-
MBI JIMATHOCTHKY TIPOKATHBIX OJIOKOB [8, 9]. M3BecTeH cnocod oOHapyKeHUS HAJHU-
MIAHWS MeTalla B KaTMOpaX BAIKOB MPOBOJIOYHOTO OJOKA, BKIFOUYAIOIIUHA TIEPHO/IN-
yeckne mmMepennss AUX u cpaBHeHUe uX ¢ dTanoHHBIMH QyHKIwsMu [10]. Hcce-
noBarust TYM 10 TarHOCTHKE TIPOKATHEIX OJIOKOB BBITOJTHSIIMCH OJTHOBPEMEHHO C
M3MEPEHUSME KPYTIIBHBIX KOJICOaHWH MOMEHTOB B JIMHHAX TPHUBOA W OTITUMH3a-
[HeH PEKUMOB MTPOKATKA HA pa3sMuuHbIX ctaHax [11]. TIpemroskeHbl cucTeMbl anar-
HOCTHKH POJIMKOBBIX TPOBOJOK Ha OCHOBE KOHTPOISI CKOPOCTH WX BpamieHws [12,
13]. 3a pybexom amst nemnpupoBaHus KoJieOaHW! packaTa MPH MOBBIIIEHHBIX CKO-
poctsx (6onee 100 M/C) IPUMEHSFOT CrIeIHaIbHBIC pOTHKH [14].

KonTtpoap ycnamii HaTskeHusi. [Ipy MOBBIIIEHHBIX BUOpPAIMSX YHCTOBBIX
6JIOKOB B TIpOIIeCCce BHICOKOCKOPOCTHOM IMPOKATKU KaTaHKH JUTSl BBHITIOJTHEHHS TOITyC-
KOB IT0 TEOMETPUH HEOOXOIMMO MOIEPKaHIE MHHIMAIILHOTO YCHIINS HATSHKEHUS U
noamnopa [15]. BBuay orcyTcTBuUS NPSMBIX METOJIOB U3MEPEHUS HATSXKEHHSI KATaHKH,
B Ka4eCTBE IapaMETPOB MPEIUTOKEHO HCIIONB30BaTh €r0 MPOTHO, a TAKKEe YacTOTy U
aMIDIATYy TOTNEPEYHbIX KOJeOaHWM MeTamia Mexny KieTsMmu [16], aro moka He
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peaTM30BaHO B YKMCTOBBIX OJIOKAaX C TPYIIIOBBIM IMPUBOJOM BAJIKOB. 3a pyOekoM
MIPUMEHSIIOTCS TIPOrPAMMHBIC TIPOAYKTHI [UIS pacueTa pexuma o0kaTHil packara Imo
KpPHUTEpUSIM KaK BHYTPEHHHUX CBOWCTB M CTPYKTYPHI MeTajlla, TaK M TOYHOCTH €ro
TEOMETPUYCCKUX pa3MepoB. [Ipu 3TOM JMHAMUYECKHE MPOIIECCHI, IPOUCXOIAIIUC B
JIUHUSX TPUBOJIA IIPOKATHEIX OJIOKOB, B PACUETaX HE YUUTHIBAIOTCS.

Heas uccnenoBanus. Llenpio maHHBIX HCCIENOBAHUN SBISETCS pa3padoTka
TUHAMAYECKON MOJIEN PeIyKTOPHOTO MPUBOJA BHICOKOCKOPOCTHOTO OJIOKa KOH-
cTpykuMu Mopran ¢ u3MeHsieMoil cTpykTypoil. Ha ocHoBe Mopenu KpyTUIBbHOM
CHUCTEMBI HEOOXOIMMO YCTAaHOBHUTH BO3MOXKHBIC TPUYHMHBI BO30YXKIEHHs Koieba-
HUH packaTa MpU Pa3TUIHON CKOPOCTH MPOKATKU U YCTAHOBUTH PEKUMBI, OKa3bI-
BalOlIMe HaUMEHbIIee BIMSIHWE HAa pa3Mepbl CEUEHHs MPOKaThIBAEMOI0 MeTala,
KOTOpbIe orpanndens! gomyckamu 0.10-0.15mm.

MeToas! penieHus 3aaa4m. B otimune ot 3apyOeXHBIX HUCCIIEIOBaHUN TPoO-
KaTHBIX OJIOKOB, IJIe pacdyeTbl B OCHOBHOM BBITIOJNHINCH METOIOM YHCICHHOTO
MOZEIUPOBAHNUS, B TaHHOH paboTe aHAJMTHYSCKHH aHaNIN3 KPYTWIBHBIX Koieda-
HUHI B penyKuuoHHO-Kanuopytomiem Onoke (PKB) BemmonmHseTcs Ha OCHOBE Tiepe-
natouHblx GyHkmmid. YactoTHbie XapakrepucTuku (AUX, ®UX) Hapsay ¢ ocTalb-
HBIMH OCHOBHBIMH (DYHKIMSAMHM: IEPEXOJHOH (OTKIMK Ha CTYIEHYaToe BO3IEHCT-
BH€); UMILYJILCHOHM (OTKJIMK Ha €IMHUYHBIH HMITYJIbC) MTOJHOCTBIO ONUCHIBAIOT I10-
Be/ICHHE JIMHAMUYECKOW CHCTEMBI M B3aWMOCBSI3aHbI MEXIY COOOW M3BECTHBIMH
COOTHOUICHUSIMH, MTOJTY4E€HHBIMHU B pe3yJibTare npeodpazoBanust Oypbe.

JAunaMuyeckuii aHaaIu3 MPOKATHOrO 0Ji0Ka. B maHHOW cTaThe paccMaTpu-
BaeTCs HanOoJee CIOKHBINA B KnHeMaTndeckoM otHomeHnu npuBoa PKB Benopyc-
CKOTO METaILTypriHuecKoro 3aBoja . Ha OCHOBE OIepaIHOHHOr0 METO[a HEemoCpe]i-
CTBEHHO CTPOATCS IepefaToyHble (PyHKIMU MO M3BECTHBIM AnQQepeHIanbHbIM
YpaBHEHUSIM CHCTEMBI, KaK OTHOIIEHHE M300pa)KCHUs! BBIXOAHOW BEIMYMHBI (OT-
KIIMK) K W300paKEHUI0 BXOJHOTO BO3ACUCTBHSI (BO3MYIICHHE). AMIUINTYIHbBIE H
(ha3oBbie yacToTHBIE XapakTepucTuku (AUX, ®UX) MoryT OBITH OCTPOEHHI B JIIO-
00M MecTe JIMHUM TPUBOAA 110 BXOAHBIM BO3MYIIAIOIINM BO3/ICHCTBUSM B BHIC
KoJIeOaHWH HATSDKEHUs, YCWIMS TPOKATKH, NedekToB 3yOuaThIX 3alleIuleHHH |
nucOananca BaoB mpuBoja. OCHOBHBIE NPENMYIIIECTBA YaCTOTHBIX METOJIOB aHa-
JIM3a 3aKJI0YAIOTCS B CIICAYIOIIEM:

1. BO3MOKHOCTB HETIOCPEICTBEHHOT'O BBHIYMCIICHUS! COOCTBEHHBIX YacTOT, aM-
IUIITYA U a3 1Mo Kaxao0i u3 GopM KosredaHui st CHCTEM C TIPOU3BOIBHON CTPYK-
Typoii. 3BectHriit MeTonq M. Tosure (OCTaTOYHBIX CyMM) IPHUMEHSIETCS B OCHOB-
HOM Ut pSITHBIX cucteM, a Meton B.I1. Tepckux (memHBIX apobeit) TpedyeT rpo-
MO3AKHUX TaOJIMYHBIX BBIYMCIIEHUHN.

2. OGecrieunBaeTcsl y4eT B aHATUTHYECKOM BHE MapaMeTpoB AeMIdupoBa-

*
Pabota BrmonHseTCs pu y4acTuu coTpyaaukos PYII "BM3"
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HUS W aHAJIU3 YCTOMYMBOCTU BCEH CHCTEMBI, BKJIIOYAIOLIEH 3JIEKTPOIBUIATENH C
peryssiTopaMy 1 MEXaHUYECKHE 3JIEMEHTHI 000PY/I0BaHUsL.

3. Pacyer cneKTpoB BBIXOJHBIX CUTHAJIOB B MHOT'OMACCHBIX CHCTEMaX C MHO-
JKECTBEHHBIMH CBSI3SIMH, XapaKTEPHBIMH Ul TPOKATHBIX CTAaHOB, BBITIOJIHSETCS
MAaTPUYHBIMHA METOJaMH ¢ TIPUMCHEHUEM CTaHIAPTHBIX MPOIEIYp W Hanboiee co-
OTBETCTBYET 3a/la4aM MOHUTOPHHTA B PEaIbHOM MaciiTabe BpeMeHH.

4. BEITIONTHSICTCSI ONTHMHU3AIUS TTApaMEeTPOB U YIIPOIIAeTCs TPOBECHUE CTa-
TACTHYECKUX PACUCTOB CIIyYaHHBIX HATPy30K NMPY HATHYNH aHATUTHICCKUX BEIpa-
JKCHHUH JIJIS CIIEKTPOB BXOJHBIX BO3ICHCTBUN (MOMEHTOB ITPOKATKH).

K HemocTaTkaM MeTonma MOKHO OTHECTH CIOKHOCTH aHAJIUTHIECKOTO HCCITe-
JIOBaHMSI CHCTEM C HEJIMHEHHOCTSIMU M MEPEMEHHBIMH MapamMeTpaMHu, TpeOyromire
TIPUMEHEHHSI IPYTUX MeTo10B [17].

B pab6ore H.H. [Ipyxununa [18] u apyrux paboTax, KacaroIIUXCS CHCTEM
yIIpaBJICHUS IPOKATHBIMKU CTaHaMH, KpPOME TIepeaTOYHbIX (PyHKUIMI UCTIONB30BaH
TEpMHH '"miepenaTouHblii Kod(GUIUEHT", IO KOTOPBIM HOHUMAIOT KOA((GHUIUEHT,
TIOJTY4YEHHBIH MPH Pa3ioKeHNH (QYHKIUH, HAPUMEp, YCWINS MTPOKATKH B PSJ] PU
JUHEAPHU3AIHUY 110 YaCTHBIM MTPOU3BOIHBIM OT TEXHOJOTHUYECKUX ITapaMeTpoB IIpo-
KaTKh. B JAMHAMHYECKUX pacyerax STHM XK€ TEPMHHOM OIIPEHCISICTCS 3HAUCHHE
mepeaToyHo (YHKIWK TIPU HYJIEBOM dYacToTe I OMUCAHUS CTaTHYCCKUX
CBOWMCTB CHCTEMBL. Pe3ynbTaThl MPUMEHEHHS YacTOTHOTO METOHIa Ui aHalln3a
MHOTOMACCHBIX KJIETeH IJIMCTOBBIX IIPOKATHBIX CTAHOB IIPHBEICHBEI B paboTe
0. . XKenesnosa u ap. [19]. 3meck O6butn monyueHsl AUX mo kaHantam "OueHue
BAJIKOB — TOJIIIIMHA Ha BBIXoAe", "TOMIMHA [ToJKaTa — TOJIIMHA Ha Beixoae". Pac-
CMaTPHUBAIUCH KojeOaHusi B HU3KOYacTOTHOW oOmactu (mo 10 I'm) mpu OmeHMSIX
BQJIKOB, BIMSIOIIMX HAa PaObOTy CHUCTEMBI PETYJIMPOBAHMUS TOJIIUHBI U HATSDKEHUH.
B padore B.I'. lykmacoBa u ap. [20] MeToxn nepenaTouHbx (GyHKIHH UCTIONB30BaH
JUISL aHATM3a TOYHOCTH TPOKATKH B KJIETSX YO M KBapTO C YYETOM BS3KOTO U KH-
HEMaTHYECKOTO IeMII(UPOBAHUS 3a CUET CHJI TPEHUS MEXKIY MOYIITKAMH BaJKOB H
craruHOM kietn. B padorte P.I1I. Anamun [21] mepeaarounsie GyHKIAN UCIIOB30-
BaHBI TIPY ONTHMHU3AIUN KOHCTPYKTUBHBIX IMApaMETPOB JIMHUN MPHUBOJA MPOKAT-
HBIX CTAHOB.

B uccnenopanusix UYM paccmaTpuBanuch NepeNaTOYHbIE OTHOLIEHHS 110
CKOpOCTH B (YHKIOWHM yIiia TOBOPOTa IUIOCKMX MEXaHH3MOB B paboTte
C.H. KoxepunkoBa [22]. YacTOTHbIEC MepenaTOYHbIC PYHKIIHK ITOJIyUYEHBI B paboTe
B.W. JlomkapeBa [23] i 2JIEKTPOMEXaHUYECKUX CHUCTEM TPEXMACCHBIX IJTUHHUHI
npuBoaa. B pabore I1.41. Ckuuko, B.B. Bepenesa u np. [24] Obla mosrydena nepe-
JnatoyHast GYHKIHST OJJHOMACCHOM CUCTEMBI TPOKATHON KIIETH C Y4E€TOM JKECTKOCTH
TIOJIOCHI, HO JIETAbHBIN aHaJIU3 YaCTOTHBIX CBOWCTB CHCTEMBI "MpOKaTHas KJIETh -
JMHUS puBoja" He mpoBojawics. Hanbosiee MONHO YacTOTHBIE METOMBI aHAIM3a
npumMeHsuich B padote E.S. [TonkoBeipuna [25] 11 uccnenoBaHus MEXaHHUECKUX
CHCTEM TPUBOJIOB MPOKATHBIX OJIOKOB, KaK CIOXHBIX B KHHEMATHIECKOM OTHOIIIE-
HuM arperatoB. Ha ocHoBe AUX 1m0 KpYTHIIEHOMY MOMEHTY OBUIH HCCIIEOBAHBI
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6soxn ynctoBbix kieteit BMK, UepMK, MonaM3, BM3 u pekoMeH10BaHbI Juana-
30HBI PabOYMX CKOpOCTEHl B KieTsX. BiusiHue hopm KpyTHIbHBIX KojieOaHui, T.e.
OUX, Ha TEXHOJOIMYECKUI NMPOLECC BBICOKOCKOPOCTHOW IMPOKATKU KaTaHKH HE
paccMaTpUBaioCh.

Pa3pa6oTka Mogenu pelyKIHOHHO-KaJIMOpyo1Iero 6Jioka.

Paboune Banmku (BankoBble maitOsr) kieteir PKb mpuBogarcs ot 3nexTpoIBu-
rarenst MomHOCTEI0 3200kBT ¢ wacroroit Bpamenus 850...170000/mMuH gepes Ko-
HUYECKHE U Koco3yOble mepeaaun (cM. pucyHOK 1). BankoBbie maiObl pacmiosoxe-
HBI 107 yTIIoM 45° K Topm30HTY 1 90° MEeXIy CMEXHBIMHU KIeTaMA. B Oioke ycra-
HOBJIEHBI [IBE TEPBbIC PEAyKIMOHHBIC KJIETH C BAJKOBBIMH IlaiibamMu JuaMeTpom
230+205MM © OBe TOCTeNHNE KATHOPYIONINE KISTH ¢ BaIIKOBBIMU IaifbaMu ana-
MetpoM 156+142mm. KommdecTBo kanmmOpoB Ha maiide coctapmser 2 win 4 (Ha
BAJIKOBBIX Imaiibax kieren Ne32-34 nns katanku quamerpom 5,0-9,0mm). Ha Bamax
paboumx KieTed yCTaHOBJICHBI HOAILIMITHUKH CKOJBKEHMS, TPEXCIOWHBIC THIIA
Mopran. MakcuMasbHas I0IycKaeMasi CKOPOCTh HPOKAaTKu cocTaBisieT 120M/c B
nocnenneit knetu. [lepen PKB u mocne Hero yctaHOBIEHO YCTPOUCTBO ISl HETIpe-
PBIBHOTO OECKOHTAKTHOTO KOHTPOJISI FTEOMETPUYECKHIX Pa3MepoB IpoKara.

Jluaus npuBoga PKB cocTouT M3 4eThIpeXCTyNMeHYaTol KOPOOKH mepenad ¢
JEBIATHI0 My(QTaMH W CHCTEMOW YIpaBIEHHS ISl TEPEKIIOYCHUS TepeaaTOYHbIX
OTHOIIIEHWH Ha OCHOBE cepBojBHraresieii ¢ mHrepdeiicom B TIaBHOHM cucreme
ympasieHus: craHoM. My Tsr M1...M3 KOHTpOIHPYIOT IIepeJaTOIHOE OTHOIICHUE
crynean "A"; Mmypter M4, M5 - crymern "B"; mydTer M6, M7 - ctynern "C" u
MypTer M8, M9 - crymenu "D". 3amareHTtoBaHHass MopraH [26] KOHCTPYKIHA
mydT (M1-M3 — nBe nmo3uruu, M4-M9 — Tpu MO3UIIMK) B 3aBUCUMOCTH OT MPOKa-
THIBAEMOT0 COpPTaMEHTa OOECHEYMBAET MHOXECTBO KOMOWHAIMN IepeJaTOuHbIX
otHomeHui (Bcero 128). IlepexmouenneM Mypt Mexay 3yO0uaThIMU IIECTEPHIMHU
(G1-G6) xaxaou CTymeHH 00eCIeunBaeTCsl pa3yHasl CXeMa CHIIOBBIX ITOTOKOB H,
COOTBETCTBEHHO, MEPENATOUYHBIX OTHOIMIEHUH (CM. PUCYHOK 2), YTO MCHOJIB3YETCs
IIPY HACTPOWKe CKOpocTel (00KaThil) B CMEXHBIX KIETsX OJoKa MpH pa3HbIX JHa-
MeTpax BaJKOBBIX a0 1 copTamMeHTe.

OnHUM U3 OCHOBHBIX BOIIPOCOB B pacyeTaXx MHOTOMACCHBIX CHCTEM SIBIISICTCS
CO3/laHre ONTHUMAJIBLHOW MO Pa3MEpPHOCTH CTPYKTYpPHl AMHAMHUYecKoW moxenu. B
pabote [27] ompeneneHb TOTPEITHOCTH MEpeXoa OT KPYyTUIHHOM CHCTEMBI C pac-
MIPEAEIEHHBIMI TTapaMeTpaMy, Kak HanOoJiee TOYHOW, K YNPOIIEHHOW MOAETH C
JMCKPETHBIMHU MaccaMH. s maTh Macc omuOKa (B BHJE OTHOIIEHHS YacTOT) CO-
craBmna: ot 10% - ms nepsoit popmsl, 10 60% - s nsitoit. B pabore [28] onru-
MaJIbHBIA JIMana3oH cOOCTBEHHBIX YaCTOT CHCTEMBI, OIEHUBACTCS MO0 OTHOIICHHUIO
aMIUIATY MaKCUMaJIbHOH ¥ MHHUMAaJIBHOW FapMOHHMKH, KOTOPBIH JTOJDKEH COCTaB-
JIATh He Ooubiie necsiti. B pabote [29] BBECHO MOHSATHE CIEKTPAIHLHOIO YHUCIA
00YCITOBJICHHOCTH, KaK OTHOIIICHUE HAWOOJBINCH W HaMMEHBIICH COOCTBCHHOM
gacToThl. Eciti 3T0 umcio BenmKo, TO 3a7ava onpeaesieHnsi COOCTBEHHBIX YacTOT U
¢dopM TIOXO 00yCNOBIE€HA. DTOT KPUTEPUIl TECHO CBSA3aH C BO3MOXKHOCTBIO CO-
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KpaleHus: Macc AnHaMu4deckor Mozaenu. [Ipy MHOTO MEHbBIIEM eAWHUIIB OTHOIIIE-
HUU MaKCHUMaJIbHONH COOCTBEHHOW YacTOTHI K MapIMabHON YacTOTE HEKOTOPOM
MAacCChl, €€ MOXXHO UCKITIOYHTh.

Cxema Mogene Adawmie [padren

® [aryukd BUSpaLMM
O BRNOYEHHBIE MUpTEI

Pucynok 1 — CtpykTypHas cxeMa JIMHHAM MPHBOJIA B cucTeMe Monenuposanus PKb

Gz Gz b G) Gy Gz Gy Gz Gz G Gy Ga G,
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oe, l 5;_;\‘2 e = & o] ws . G4 a2, | 42
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Pucynok 2 — CxeMa cHIIOBBIX IOTOKOB MPH NEPEKIIIOYeHUH My (PT cTyrneHn D

IMepBasi coOcTBeHHas 4acToTa KpyTHJIBHOW cuctemsl npuBoaa PKbB, npuse-
neHHast pupMoii-pazpaboTurikoM MopraH (Bxozasiiel Terepb B cOCTaB Siemens
VAI), cocrasmusier 19.6I'n1. Y3en cucTeMs! (ITO3HIUSI MAKCUMAJILHOT'O MOMEHTA) TIPU
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TaKOW YacTOTe KOJIeOaHWH pacroiaraeTcs MexXay My(pToi aBUTaTeNs U MeCcTepeH-
YaThIM MEPEXOAHUKOM, YTO XapaKTEPHO W Ui APYTHX THIIOB MPOKATHBIX CTAHOB,
T.K. TIPUBECHHBIA MOMEHT MHEPIMU ABUTraTeNsl, KaK MPaBUJIO, SIBJIIETCS MaKCHU-
MaJIbHBIM M3 BCEX JJIEMEHTOB IpuBoja. YacToTa OCHOBHOHW ()OPMBI OKa3bIBAETCS
JIOCTaTOYHO HU3KOM U MONAJaceT B JUANa30H PEryyisaTopa CKOPOCTH, HOITOMY JUIS
ee HEeHTpaM3aluy NPeyCMOTPEH Y3KOIOJIOCHBIH PEXEKTOPHBIH (QHIBTP C pery-
JIMPOBKOM LEHTpaJbHOW 4acToThl B nuanasone 15...25T . Ilpu ocnabnenun neH-
TpaTbHON Y9acTOTHI MHHUMYM B 4 pa3a (12dB), ¢buipTp nomkeH cBOAWTH K MUHU-
MyMy Jr000€ CTpeMIIEHHE CHCTEMbI K KOJeOaHWIO Ha OCHOBHOHM uactore. M3-3a
6orbIoro pa3dpoca MOMEHTOB nHepIuu B kKopobOke nepenad PKB, perymsarop cko-
pPOCTH IBUTaTelsl HACTPOEH Ha MUHUMAaJIbHOE 3HAaU€HHE U3 4-X Pa3IN4HbIX Tepena-
TOYHBIX OTHOILIEHUH CTyIIeHEH.

Pacuetnas cxema nmuanm npuoja PKbB mpencrarnena Ha pucynke 3, rme B
Ka4yecTBE COCPEIOTOUYEHHBIX MAacc NMPHUHATHL: ABUrarensd (Q;), CTYyHeHU peayKTopa
A, B, C, D (Q,-Qs) u BankoBsie y37bl kietedt 31...34 (Q4-Qy). B xauecTBe ynpyrux
cBsA3el NMpUHATHL: MOTOPHBIHN Ban (C,;), MepexoaHble MEeCTEPHU MEKIY CTYNEHIMU
(C23, C34, C35) W HITHHACIIA (C46> C47, C58, ng).

i 1 | 1
1

' i i IMepexonurie Kners 31 i
: MoTopHEIi BaT ! 1 mmecrepuu Q !
1 [ (:3 |
l Cis Ll G G G Crpmem: ¢ :
i B o ‘
: P Kiers 32 |!
i i ‘ HInHHpe ™ & i
] TIpueox Crymems A |1 /) | Crymess B i
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] 1) & ) ; Cr iy it '
: P o Krers 33 | |
i . O :
' i . Crynens D i
1 o 1
! 3 & Kiem 34 | !
i P! e :
i : : :
|_ _____________________________ ! N T e e b e e e e e Mt s e !

Bepxuaf 4acTh peayKTopa HHRHAS TacTh PeLyKTopa Bamcorsie y3ant

Pucynok 3 — PacueTHast cxema quHaMudeckoi Mojenu Jinauu npusoja PKb

B kauecTBe BHEIIHMX BO3JIEHCTBUH 3a1al0TCS MOMEHT 3JIEKTponpuBoaa M u
YeThIpe MOMEHTA IPOKATKH B KIETAX Omoka Ms...My. JIMHUM IPpUBOAA BEPXHUX H
HWKHUX BAJIKOB B MOJENIM PAacCMAaTPUBAIOTCS COBMECTHO, 3aMKHYTBIE HA MPOKAThI-
BAaE€MbII MeTaJll. YIIPyTHUe CBOMCTBA packaTa MEXy KIETSIMH OKa3blBalOT HECYIIE-
CTBEHHOE BIIMSIHHE Ha COOCTBEHHBIE YACTOTHI KPYTHUJIIBHBIX KOHe6aHHﬁ, MMO2TOMY
[Ip¥ MOJAAJIbHOM aHaju3e He yunThiBatoTCs. CucTeMbl U QEepeHINATbHBIX ypaB-
uenuii mozienu PKB cocraBiieHsl B aOCONIOTHBIX yIiTax KOJICOAHUH COCPENOTOUCH-
HBIX MacC MU OTHOCHUTENbHBIX YIJIaX 3aKpy4YWMBaHUsS BaJOB, KOTOPHIE MPEICTABICHbI
BEIpakeHusM (1) u (2), tae O; — MOMCHTHI HHEPITUH COCPEIOTOYCHHBIX Macc; @; -
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abCOJIIOTHBIE YIUIbI IOBOPOTA MAcC; (;; — OTHOCUTENBHBIE YIJIbl 3aKPYYUBAHHUS YII-
pyrux cmsizeit (BajioB); M| — 3JEKTPOMAarHUTHBIH MOMEHT aBurarens; Ms...My —
MOMEHTHI Harpy3ku Ha Bankax; M;=C;(¢—¢;) — MOMEHTBI CUJI yIIPYTOCTH.

Q¢ =M, -Mpy;

=M, =M,,)/ O —(M, —My3)/ O;
Oy = Myy—Mys: 2} 1\ —M,)/0 12~ M)/ &

O = Myy— My~ Mg Pr3 = (M, = My3)/ O = (M3 — M3y — M35)/ O;
Py =My —Mzy—Mss;,
Oy 0, = Myy— Mg — M Pyg = (M3 =Msy = My5)] Qs = (Mg = Mys = My7)/ Oy
y = Mg —Mye—My7;
Pys = (M3 =My —M;s)/ O —(Mss — Msg — M)/ Os;

< = Mys—Msg—Msy; (1 2
Q¢ = Mss=Msy = Msy; (1) Pag = (Mg —Mys—My7)] Oy —(Mys— M)/ Og; @

@ =My —Mg;
377-2:]\;6—]\/16' a7 = (Mg —Mys—My7)/ Oy —(My7 —M7)/ Oy
Oty = Moy s = (Mg~ My~ M)/ Oy ~ (Mg~ My) Q.
Q).%_Mss _Mg’ Psg = (My5—Msg — Msq)/ O5 —(Msg — M)/ O,
= Msg— M.

Kaxmoe ypaBHeHue B cucteme (1) COOTBETCTBYET YITIOBBIM ABWXKCHHUSIM OI-
HOHM U3 Macc, a B cucteMe (2) — OJJHOW YIPYTo# CBSI3H U OMKCHIBACT IBYXMAaCCHYIO
MaplUUaNbHYI0 CHCTEMY JIMHHU MPUBOJAA (IBE Macchl HA OIHOM JKECTKOCTH). Mar-
pHIIa IPaBBIX YacTel cucTeMbl upGepeHInaIbHEIX YpaBHeHnUi (1) ucmonb3yercs
IUTA pacdeTa COOCTBEHHBIX 9acTOT U (JopM KosieOaHuH, a cuCTeMEI (2) - I pacue-
Ta MepeJaTOYHbIX (PYHKIMH M YaCTOTHBIX XapaKTEPUCTHK.

MopanbHblil aHAIU3 PeAyKTOPHOro mpuBoaa. IlomydeHHble B pe3ynbTaTe
pacyera 3HaueHHS COOCTBEHHBIX YacTOT KPYTHIBHBIX KOJIEOAHWH COCTaBIISIOT:
20.1(19.6), 22.7(22.2), 25.2(27.6), 31.8(34.3), 45.6, 62.8, 102.0, 156.0 I't. B cko6-
Kax JaHbl 3HA4YeHWs YEThIpeX HU3IMINX 4YacTOT, MPHBOAUMEIE (QHUPMON-
npousBoauTeneM PKB, OTKIOHEHUS! OT KOTOPBIX PACUETHBIX YAaCTOT HE IPEBBIIIa-
10T 10%. MccnenoBansl yacToTHBIE XapakTepucTuku auHuM npusoaa PKb mo kpy-
TWJIBHBIM MOMEHTaM. B kadecTBe nmprmMepa (cM. puCYHOK 4) TIPUBEICHBI PacUeTHBIC
(hyHKIHM TI0 KaHAIy "BaJIKA - BaJl JIEKTPONIPUBOIA" TIPH BXOJTHOM BO3ICHCTBUH Ha
paboune Banku B kieTsx Ne32-33. IMo rpaduxam AUX n @YX MOXHO OIIEHHUBATH
BIIMSHUE AeMI(HUPOBAHNA, HAIIPUMED MIPH UCIIONB30BaHUHU DJIACTHYHBIX My(DT, ma-
paMeTpbl KOTOPBIX MOTYT OBITh YUTEHBI B 3aBUCUMOCTH OT MPEAIIOIaraéMoro Mec-
Ta UX YCTaHOBKHU.

ITo AYX BUIHO, 4TO COOCTBEHHBIE YacCTOTBHI CUCTEMBI HPOSBISIIOT ceds Imo-
pasHomy. [losiBIeHne MHHUMYMOB Ha HEKOTOPBIX YacToTax (22.71') 00ycioBieHo
TEM, YTO COBNAJM HYJH (KOPHM YaCTOTHOTO ITOJIMHOMA YHCIIHTENS)) W TTOJOCHI
(KOpHUM TIOJIMHOMa 3HaMEHATENIs) COOTBETCTBYIOIIEH nepenaroynoi Gpynkunu. ITo-
3TOMY Ha 3THX YacTOTaX MPOMCXOAUT ocilabIeHHe aMIUIUTY 16 KoJleOaHWH MOMEH-
Ta B JAaHHOW yNpyTroi CBs3U.

ITo @YX omnpenensrorcst popmer konebanmii BankoB B kiersx PKb, pacuer-
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HBbIE 3HAUEHMS KOTOPBIX B OTHOCHTENBHBIX €JWHHUIAX NPHUBEICHBI B Tabmuue 1.
Bospacranue aMiummTyabl KojieOaHUH yCUIIMH HATSHXKSHUS CIIEAYeT OXKUAATh B TEX
MEXKJIETBEBBIX MTPOMEKYTKAX M Ha TEX 4acTOTax, IIe HaOJIIatoTcsl MpoTUBO(has-
HBbIE KPYTWIIbHBIE KOJeOaHusi BalkoB. Takue coderaHus: (a3 KoneOaHWi BalKOB
BBIJIENICHBI B TaOnune 1, 4TO COOTBETCTBYET y3/1aM KoJIeOaHWH, T.€. MEeCTaM Iepe-
X0Jla aMIUIUTYAb! uepe3 Honb. Ha wacrorax 22.7 u 62.8T'1 cnenyer oxxunars ycu-
JIeHus KoJieOaHuil HaTsDKeHus B nape kiereit Ne32-33, na wacrore 25.2I'1 — B mape
kiereit Ne33-34, a na yacrore 31.8 I'l — B mape Ne31-32.

AYX knetn Ne32 @YX Knetu Ne32
=50 T 180 T T

I.& . 90 —
g g
& B
£ -100 § 0 -
] o
g &
a 90 -1

=150 =180

0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
YactoTta, Ny, YactoTa, Ny
AMX knetu Ne33 MX knetn Ne33
=50 T - 180 T T

I'Et | g aor n
g ~100 . 8§
g, L =
: '] 8 °
g -150 8
< =90

=200 - —180

0 20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 190 200
YactoTta, My YactoTa, My
a) 0)

Pucynok 4 — AUX (a) u ®UX (0) knereit 32 u 33 PKb

ITockonmbKy mepBbIE YETHIPE YaCTOTHI MMEIOT OJM3KHE 3HAUCHMS, TO BECh Ana-
ma3oH 22...32 ' cnexyeT cauTaTh HEOMArONPHUATHBIM C TOYKH 3PEHUS THHAMUKH.
Kpome Toro, oH nepecekaeTcsi ¢ JUAa30HOM BO3MOXKHBIX OOOPOTHBIX 4acTOT ABHU-
rarens 14.2...28.3 I'u. Ha gacrorax 20.1, 45.6, 102 u 156 I't] xosreOaHusT BaaKkoB
MPOUCXOMAT BO BCEX KIIETAX CHH(]a3HO.

OTKJIOHEHHS! CYMMapHBIX IE€PEAAaTOYHBIX OTHOIICHWH JIBUTaTeb/BaloK B
muamazonax 0.1572...1.2173 (Bxomnas xieth) u 0.0778...0.5330 (BbIXOmHAs
KJIETh) TIPH TIEPEKIIIOUEeHHH KOPOOKH Tepenad U3MeHsoT MoMeHT uHepuun PKB,
NPUBEICHHBI K Baly ABHraTens, B IMPOKHX mpexenax 316...2195 kr-m?. Coor-
BETCTBEHHO, TIPH MTPOKATKE Pa3HOTO CopTaMeHTa OyAyT M3MEHSThCS COOCTBEHHBIE
4acTOTHl M (POPMBI KoJieOaHWH KPYTHIILHOM CHCTEMBI, a TakKe pe30HAHCHBIE JIHa-
MTa30HBI CKOPOCTH, Ha KOTOPBIX BO3MOXHO YCHJIEHHE KOJIeOaHNI HATSHKEHHUS W He-
CTaOWIBHBIA TIporiecc Tpokatku. [lodToMy mpuBeneHHBIE (UPMOH-TIPON3BOANTE-
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JIeM 3HAYEHUS TIEPBBIX YETHIPEX COOCTBEHHBIX YACTOT MOXKHO CUMTATh WX CPEIHU-
MU BEJIMUYMHAMU 110 BCEH COBOKYITHOCTH 3HAYECHUI.

Tabmuma 1 — @opmMbl cOOCTBEHHBIX KosieOanuit muHuE puBoja PKb
CobcTBeHHbIE YacTOThI cucTembl (I'n)

MACCRE 0.1 | 227 | 252 | 31.8 | 45.6 | 62.8 | 102.0 | 156.0
Q1 | -0324] 0.073] 0001] 0.001] -0.09] -0.001] -0.059] 0.015
Q2 0.130] 0.017] 0.001] 0.001] 0187 0.003] 0.854] -0.530
Q3 0.073] -0.040] 0.001] 0.001] 0406] 0.005| 0452] 0.835
Q4 0.167| -0.232] 0.001] 0.001] 0.346] -0.653] -0.147| -0.089
Q5 0205 0.090] 0.001] 0.001] 0575 0.662| -0.204] -0.120

Q6(31)| 0278 -0473] 0.001 -0.707] -0328] 0.226] 0.016] 0.004

Q72| 0278 0473 0.001] 0.707] -0328 0226] 0.016] 0.004

Q8(33)| 0.569) 0.491} -0.7074 0.001] -0.252) -0.127§ 0.013] 0.003
Q94| 0569 04918 0.707] 0.001] -0.252] -0.127] 0.013] 0.003

MopneaupoBanne KPyTHIbHBIX K0J1e0aHUH B JUHUU MPUBOAA. YUHUTHIBAS
IDIOTHBIN crieKTp cobcTBeHHBIX wacToT mpuBoga PKbB (18, 22, 25, 26, 41, 63, 102,
156I'm) B muamazone po 601 MOXKHO OKHAATH TOBBHIMICHHOTO BIUSHUS KPYTHIb-
HBIX KOJICOAHMI Yepe3 HATSHKEHUS ¢ TMepHOJaMU aMILIUTYIHOW MoLy siiun 3-51'1
3a c4eT OMeHMi B BETBSIX IPUBOJIA.

BrimonHeHo MoenupoBaHHe UMITYJILCHOTO BO3MyIeHUs: Ha BXojae B PKb B
BUJIC MPSIMOYTOJBHOTO CKauyka MOMEHTA HArpy3KH Ha Bayikax B kietd 31. Jlmu-
TEeNFHOCTh UMITyJIbca 3aaaBanack B auamnazone 0.001...0.01 ¢, yTo cooTBeTCTBYET
BpPEMEHU MPOXOXKACHUS Ae(ekTa Ha MOBEPXHOCTH KaTaHKU WITH TPOKATHOM MIaiiObI
npu 4gacrorax Bpamenus 120-220I'm Ha ckopoctu 110 m/c. TpaHcropTupoBanue
MeTaia MeXIy KIEeTIMH MPOUCXOAUT ¢ 3amasasiBanusiMu nopsaka 0.003...0.01 c.
VY CTaHOBIIEHO, YTO KapTHHA JHHAMUYECKHX IPOIIECCOB B OJOKE MOXKET KauyeCTBEH-
HO M3MEHATHCS. [Ipu OONBIION MIUTETHPHOCTH BO3MYIICHUH, B T.U. CTYIIEHYATHIX,
nBe Oornee BBICOKHE cOOCTBeHHBIE YacTOTHI (okomo 100 u 150I'm) ceOs mpakTide-
CKU HE TIPOSIBILIIOT. B TO ke BpeMs IPH MOBBIIICHUN YaCTOTHI IMITYJIECHOTO BO3-
MyIeHusT (YMEHBIIEHHH €ro IJIMTEIbHOCTH), (hOPMBI KOJICOAHUH, CBA3aHHBIC C
STHMH COOCTBEHHBIMH YacTOTaMHU W JIOKaau30BaHHBIC B cryreHsx "C" u "D" pe-
JIYKTOpa CTAHOBATCSI 3aMETHBIMH B TEPEXOIHBIX MpOIleccax MPH aMIUIMTYJE BO3-
MmyteHus 1% OT CTaTHYeCKOro MOMEHTA MPOKATKH.

IIporpamMHoe o0ecneyeHue s AUHAMHYECKMX pacuyeToB. [[ns yuera
BCEX M3MECHEHHH MEPENaTOYHBIX OTHOMIEHUH N KO3()(UIMEHTOB NIPUBEACHUS B TIe-
peKiroYaeMbIX 3y0daThIX Iepemadax pa3padaThIBaeTcsl MporpaMMHOE obecrede-
HHUE, KOTOPOE MO3BOJISIET B PEATHHOM MacIiTabe BPEMEHH CTPOHUTH YacCTOTHBIE Xa-
paktepuctukn PKB n momyware anama3oHbI CKOPOCTH, IPH KOTOPBIX BO3MOKHO
yCUJIEHHE BHOpAILlK BAJIKOB IPH NMPOKAaTKe KOHKPETHOTO Ipoduiepasmepa copra-
MEHTa. Y CTaHOBJICHHBIC napamMeTpbl COXpPaHAOTCA U MOTYT OBITH aBTOMATHYECKHU
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BBI3BaHBI [IPH BBIOOPE IEPEIaTOYHBIX OTHOIICHHUI U HACTPOeK oOaruid. JleicTBus
nporpaMmMbl  aHAJIOTUYHBL pa60Te aBTOMaTH‘ieCKOﬁ CHUCTEMbI YIHpaBJICHUA TI€pE-
kiatroueHueM mMy(dt. Ilo BEIOpaHHOMY ITOJIb30BaTEIEM B TaOJIHIlE COPTAMEHTY (KO-
HEYHOMY pa3Mepy packaTta) mporpamMMa B COOTBETCTBHE C 3aJI0)KCHHBIM aJrOpHUT-
MOM TICPEKITFOUCHHS YCTaHABIMBACT B AKTHBHOE COCTOSTHHE HEOOXOIUMBIC MY(TEHI,
W3MEHSS TEM CaMbIM CTPYKTYpy IWMHAMHUYECKOW Mmojenu. B kadecTBe mpumepa
MIpPHUBEJICHA IUArpaMMa 4acToT (CM. PUCYHOK 5), TJie BEPTUKAIBHBIC JIUHHHA COOT-
BETCTBYIOT COOCTBEHHBIM YacTOTaM, TOPU30HTAJIBHEIE — CKOPOCTH MPHUBOJA, a Ha-
KIIOHHBIC — KMHEMATHISCKUM YacTOTaM BO3MYIICHHH B BHIOPAHHBIX IOJH30BATE-
JIeM 3yOUaThIX 3alleTICHISIX OJI0Ka.
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Pucynok 5 — JluarpaMma KHHEMaTHYECKUX U coOcTBeHHBIX yacTtoT PKB

INonp3oBaTenp MporpaMMbl, Kak U ONEpaTop CTaHa, YCTaHABIHMBAas pabOvyro
CKOPOCTh MPUBO/IA, MOTyYaeT KAPTUHY THHAMUYECKUX MPOLECCOB, MPOUCXOASAIINX
BHYTpH OJIOKa B BHJIC ITUarpaMM KHHEMAaTHYECKUX M COOCTBEHHBIX 4YacTOT (3aBHU-
CAMUX OT KOHHUTypaluy BKIIOYEHHBIX My(dT). s kaxmoro mpodmiepazMepa
COPTaMEHTa TOYKH COBIAJACHHS KHHEMATHYECKUX M COOCTBEHHBIX YacTOT OIpesie-
JSIOT JOITyCKaeMBble AUANa30Hbl CKOPOCTH NMpHBoza. LlereHanpaBieHHbBIM H3MEHe-
HHUEM CKOPOCTH MOYKHO CHIDKATh KOJICOaHUS B T€X YNPYTUX CBA35X (3allCIUICHUsX ),
KOTOpbIC B HAUOOJIBILIEH CTENEHH BIUSIOT Ha CTAaOWIILHOCTD Mpoliecca MPOKaTKH U
yCcHuiieHHe BUOparu Ooka.

JAuarnocTuxka npusBoaa. Vccienyemblil cTaH OCHAIIEH MOJYCTallMOHAPHON
CHUCTEMOM BUOPOIMATHOCTHKH, T.€. JATYUKU ITOCTOSHHO YCTAHOBJICHEI Ha OITOpax
BaJIOB, a cOOp JaHHBIX OCYIIECTBIACTCS MEPEHOCHBIMU NpuOopamu. Beero B pas-
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JIMIHBIX MECTaX YCTaHOBIEHO 42 maryuka BuOpanwu (cM. pucyHok 1). TlosBrsercs
BO3MOKHOCTb C TIOMOILBIO ITPOrPaMMHOT0 00ECIIEYSHUS IPOBOINTH JIOCTOBEPHYIO
JIMarHOCTHKY 3yO4aThIX 3aueruieHui u noquunuukoB PKB npu namenenuun crpyk-
TYpBI IPUBOJIA 32 CUET TEKYILEH, BHIOPaHHOI Ha MOMEHT U3MEPEHUi, KOHpHTYypa-
LUK BKJIIOYEHHBIX My(]T, KOTOpBIE BIMSIOT HAa YaCTOTHYIO KapTHHY 10 Bcemy OJ10-
Ky. Hapsiny ¢ BuOpanueii nienecoodpa3Ho peasn3oBaTh KOHTPOIb KPYTHIBHBIX KO-
neGaHni MOPOBBIMH TEIEMETPUIECKUMH N3MEPUTEISIMU C OECKOHTAKTHBIM MUTA-
HHUeM, pazpabotaHHbIME B MTUM, NO3BOJNSIONIMMHI MOITyYaTh CHTHANI C TEH30MET-
PHUYECKHX [AaTYMKOB, YCTAaHOBJICHHBIX HAa BPAINAIONIMXCS Bajax. OJTO ITO3BOJHT
pacuIMpuTh JUATHOCTHYECKHE BO3MOXKHOCTH CHCTEMBI M OCYIIECTBIISITH MOHHUTO-
PUHT KPYTHUJIBHBIX KOJIeOaHHH B OJI0KE HA OCHOBE TUHAMHYECKOH MOJIEIH.

BruIiBoabI M MepcneKTHBBI MccIe10BaHui. [IpoBeIeHHbIN aHAIN3 U3BECTHBIX
WCCIIeIOBaHUH TUHAMHYECKHX TIPOIIECCOB B TIPOKATHBIX OJIOKax IOKa3all, YTO BBICO-
KOCKOPOCTHO COPTOBOH IPOKaTKe MPHCYIIN KPYTHIEHBIE KOJIeOaH!s IIPUBO/IA TaXKe
Ha TIOCTOSTHHBIX CKOPOCTSIX IPUBO/IA, KOTOPHIE OKa3bIBAIOT HETATHBHOE BIIMSHHE HA
CTaOMIIFHOCTB TEXHOJIOTMYECKOTO ITpoLiecca M TOYHOCTh Pa3MepOB KaTaHKH.

Hccnenyemslit 9icTOBON penyKIMOHHO-KATHOPYIOMINA OJIOK ¢ KHHEMaTH4e-
CKOM CXeMOU MepeMEeHHON CTPYKTYPHI Ha OCHOBE YETBIPEXCTYNECHUYATON KOPOOKH
nepesiad ¢ ynpaBisieMbIMH CEpBOMY(TaMH 0OyCIOBINBAET HEOOXOANMOCTD ydeTa
W3MEHEHUH NPHUBEIEHHBIX YNPYTro-MacCHBIX IapaMeTpoOB M COOCTBEHHBIX YacTOT
KPYTHJIBHOM CHCTEMBI JJIsl KaXI0TO COPTAMEHTa OT/IENBHO.

Ienecoobpa3Ho MpUMEHEHUE TIepeAaTOUHBIX (DYHKIMH, Kak Hauboee oo1e-
ro METOJa UCCIICOBAHMSI JIMHEWHBIX IMHAMUYECKUX CHCTEM C JeMII(pUPOBaHUEM.
Pazpaborana nmuarnocrtuueckas mozaens PKDB, koropas mozBomsier ompenensith
BIIMSIHUE TEXHWYECKOTO COCTOSIHHUS 3yOUaThiX 3aueruieHnii (oOmuii u3Hoc, nedex-
TBI) HA TUHAMHYECKHE ITPOIIECCHI B 30HE pab0OYMX BaJIKOB.

[TporpammHoe oOecriedeHne, pa3padaTsiBaeMoe Ul JMHAMUYECKUX PACUETOB
KPYTHIIBHBIX KOJIEOaHUH KiieTel OJ0Ka, MO3BOJISIET B peaslbHOM MacIITadbe BpeMEeH!
OTIPEZETISITh YaCTOTHBIE XaPAKTEPUCTUKHU B 3aBUCHMOCTH OT TEKYIIEH CTPYKTYPHI.
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PA3MEPI:!O-¢YHKHHOHAJILHLIP1 AHAJIN3 OCHOBHBIX
JAETAJIEW BOTHOBBIX IIEPEJIAY C TEJIAMA KAYEHUS A
BbBIBOP TPEBYEMOU TOYHOCTH X N3I'OTOBJIEHUSA

BukonaHuit po3mipHO-(YHKIIOHAIEHUN aHaJi3 OCHOBHOTO By3J1a MEXaHi3My — IepelaBajIbHOTO BY3JIa,
1110 BKJIFOYAE BXiJHUI BaJl, JUCKH, IIPELECYI0YE, PYXJIHBE | HEpyXoMe Kojieca. BcTaHOBIICHO 3B'SI3KH MiX
po3MipaMu BCiX JieTaneil MexaHi3My 1 CKJIaJlaHHsI 3arajlbHOrO PO3MIPHOTO JIAHIIIOra XBHIILOBOI Iepenadi
3 IPOMDKHHMHU TiTaMH KOYEHHS.

The size-functional analysis of basic knot of mechanism is executed — transmitter knot, plugging in itself
an entrance billow, disks, precessing, mobile and immobile wheels. Connections between the sizes of all
details of mechanism and drafting of frame-clamping size chain of wave transmission are set with the in-
termediate bodies of wobbling.

BosmHoBas nmepenava ¢ mpomexxyTouHbiMu Tenamu kadeHus (BIIIITK) ssiser-
csl YHUKQJIBHOM pa3paOOTKOH B 001aCTH CHIIOBBIX 3alleIUICHHH, Tak Kak obecredn-
BaeT BO3MOXKHOCTh TOJYYCHHUS MEpeaaTouHbIX urcen B uHTepBane ~10...40000 u
6ornee, obmanaer BeicokuM KIIJ[, BcnencTBue n3MeHEHHs KOHCTPYKIMH Tepeiaro-
IIET0 y3ja B CpaBHEHUHU ¢ m3BecTHhIMU aHaimoramu BIITITK [1], u obecnieunBaet
nepeiady BEICOKHMX BPAIIAIOIINX MOMEHTOB.

ITpn paszpaboTke MOOOr0 MEPEAaTOYHOTO MEXaHM3Ma HEOOXOAUM €ro pas-
MepHO-(QYHKIIMOHAIBHBIN aHalHu3 C 1IeJIbI0 MUHUMH3ALUH Ce0ECTONMOCTH €ro U3-
roToBieHus. Pa3mepHo-¢yHkimoHanpHe ananu3 BIIIITK mnosBossier: ompexe-
JIUTh TOYHOCTH JeTalied MeXxaHu3Ma, HeOOXOIUMYIO U JIOCTATOYHYIO JUIs €r0 Tpa-
BIJIBHOTO (D)YHKIIMOHHPOBAHUS, © MUHUMH3HPOBATh NX C€0ECTOMMOCTH M3TOTOBJIE-
Hust. OH BKITIOYAeT:

® pa3MepHO-(QyHKIMOHAJIBHBIA aHAJIM3 OCHOBHOTO y3J1a MEXaHH3Ma — Iiepe-
JIAfOIIEr0 y37a, BKIIOYAIOMIET0 B ce0s BXOAHOW Ball, AWCKH, NPELECCHPYIOLIEE,
TIOJBIDKHOE 1 HETIOABIKHOE KOJIeca.

® YCTaHOBJIEHHE CBA3M MEXKAY pa3MepaMy BCEX AETalled MeXaHW3Ma U CO-
cTaBieHne coopounoit pasmeproit nenu BIIIITK.

Haubonee orsercrBenHoit yacteio BIIIITK sBnsercs mepematommii y3em (cm.
pucyHok 1), coctosimuii u3 BxomHoro Bana (1), auckos (2, 3), mpeneccupyromero (4),
TIO/IBMKHOTO (5) M HEMOJBIIKHOTO KoJtec (6), KOHTaKT MKy KOTOPBIMU OCYIIIECTB-
JsIeTCsl uepe3 MpOMEKYTOYHbIe Tella KadueHusl — mapuku (7, 8). OueHb BakHO mpa-
BUJILHO TIPOU3BECTH TOYHOCTHOM pacyeT JaHHOTO Y3I1a C IENbI0 HCKITIOUeHNs edex-
TOB BOJIHOBOM 3alICTUICHUH TEJ KaYeHHs ¥ 3Ur3aroo0pa3Hoi TOPOXKKH KauyeHHS.

B kadecTBe 3aMBIKaIOIIEro 3BE€HA MPHU pacueTe cOOPOYHOM pasMepHOW Ienu
BIITITK npuaMMaeTcs 3a30p MEXIy TellaMH KadeHHs (IMIapuKaMH) U TTOBEPXHO-
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