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TEXHOJIOI'MYECKASA JTUHAMHUKA
INOAPE3KU CIIVIOHNIHBIX U ITPEPBIBUCTBIX TOPIIOB

VY crarri BuBYeHa BiOpOYCTIHUHMBICTH IIpoLleCy TOHKOTO TOYIHHS NPH IiJpi3yBaHHI TOPLIB 3
MEPEepHBYACTOI0 1 CYL[JIBHOK MOBEPXHAMHU. PO3pOOICHO METOAMKY PO3PaxXyHKY TPaHHYHOI IIMPHHH
3pi3y pi3LeM - JIOMATO MPHU 3MiHi KOPCTKOCTI MiACHCTEMHU [ETalb - IPUCTOCYBAHHS, MTOJaYi, & TAKOK
3MIHH MaTepially 3aroTOBOK. BHKOHAHO 3iCTaBIEHHS PO3PAXYHKOBUX 1 EKCIEPUMEHTATbHHUX
pe3yinbTaTiB. BuBUeHO mapaMeTpHuHy CTIHKICTh CHCTEMH IPH MiJpi3yBaHHI IePEPHBYACTHX TOPIIB.
To6ynoBaHo 06acTi mapaMeTpUYHOI CTIHKOCTI, 8 TAKOXK OCLIMIIOTPAMH KOJIHBAHb.

Karouosi c;10Ba: BiOpOyCTiiiInBiCTh, MPOLIEC TOHKOTO TOYIiHHS, CTIHKICTh CHCTEMH

B cratee mn3yueHa BHOPOYCTOWYMBOCTH IpoIlecca TOHKOTO TOYEHHS IIPU IOApe3Ke TOPLOB ¢
NIPEPBIBUCTON M CIUIONIHOIM NMOBEPXHOCTSAMH. PaszpaboTaHa MeTonuka pacdera IpenesbHON MIMPUHBI
cpesa pe3LoM - JIONATO IPU W3MEHEHUH KECTKOCTH TTOACUCTEMBI IeTalb - IPHCIIOCOOICHUE, 0JauH, a
Taloke  W3MEHCHWsS  MaTepuaja  3aroTOBOK.  BBIIONHEHO — COIOCTAaBICHHE  PAcUeTHBIX |
JKCIIEPUMEHTAIIBHBIX Pe3ybTaToB. M3ydeHa mapameTpHyeckasl yCTOHYMBOCTh CHCTEMBI TIPH IIOJpe3Ke
NPEepbIBUCTBIX  TOpuOB. IlocTpoeHsl 00MacTM  HapaMeTpu4ecKod  YCTOWYMBOCTH, a  TaKXe
OCIIMJIIOrPaMMBI KOJIEOaHHI.

KuroueBsle ci10Ba: BUOPOYCTOHYHBOCTB, MPOIIECC TOHKOTO TOYEHHS, YCTOHYNBOCTD CHCTEMBI

The paper studied the process of fine turning vibration when facing intermittent and continuous surfaces.
The method of calculating the width of the marginal cut-off cutter - a shovel when the rigidity changing
part subsystem - device, feeding and changing pieces of material. The comparison of the calculated and
experimental results. Studied the stability of parametric system for trimming broken ends. Constructed
area of parametric stability and oscillation waveform.

Keywords: vibration, fine turning, stability of parametric system

TexHoNmOrHsT COBMELICHMS ONEpanuii Ha OTIEIOYHO-PACTOYHBIX CTaHKaX
(OPC) mpemycmaTpuBaeT J1Ba MPUHIUMIHAIBLHO PA3HMYHBIX METO/]A BBIMOJHEHUS
oTepanyy NOJPEe3KH TOPLOB: METOA PAAHAIbHON MOJAaYH M METOJ OCEBOH MOJauu.
Bonee npou3BoAUTENBHBIM U MPOCTHIM SBISETCS METOJ OCEBOM Mojauu (Moapeska
IIUPOKO JIE3BUHHBIM PE3LOM-HOXOM), BO3MOXXHOCTH KOTOPOTO €IIe€ HW3y4EeHBI
HEJIOCTaTOYHO. B mccrenoBaHy MEHSIIMCh MaTepuaibl 00pasioB: (cTalb, YyryH,
OpoH3a 1 aJTIOMUHMN); THaMeTpBl oApe3aeMbIX TopuoB oT 60 1o 150 mm, a Takxke
ux mupuHa 10 10 mm. Pexxum peszanns npu o6padorke cranu V = 50-+100 m / mu;

it uyryHa V =80—200 m/ mun, npu o6padotke 6poussl V =120+270m/ mun
ITogaua w3mensmack B mpedenax S =0,02—0,03mm/06. KonmuectBo

npepsiBaHui 3a 00opot: 2, 4, 10. 3HaueHHe MaKCHUMaJIbHO JOIyCTUMOM LIMPHHBI
TopLa npu pe3aHuu CYyLIECTBEHHO 3aBHCUT oT KECTKOCTH
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NpUCIocoOJIeHHs, B KOTOPOM 3aKperuieHa JeTanb (MHCTPYMEHT), a Takke OT
KOJIM4eCTBa NpepriBanuii [ 1,2].

Cxema »HKcHepMMeHTa TmpuBeAeHa Ha puc. 1. bopmranra 2, Hecymas
MIUPOKKAN ToApe3HoH peserr 1, Oblla yCTaHOBIICHAa HAa MIMHHACIHHON TOJOBKE 3.
ObpabaTsiBacMast eTainb 4, TOper KOTOPO MEHbBINE IIHPUHBI PEXYIIETo JIe3BU,
KpeIIach B MPUCIOCOOICHUH 5, PacTIOI0KEHHOM Ha MOJBIXHOM CTOJIE CTaHKA.
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Pucynok 1 — Cxema sxcriepuMeHTa

Konebanns BOZHUKAIONIME B ITPOIIECCE PE3aHMs], OPHEHTHPYIOTCSI B OCHOBHOM
M0 HOpMaJM K 00pabaThIBaeMOil MOBEPXHOCTH M OIPEAEISIOTCS KOOPAWHATON X,
10 KOTOPOH AEHCTBYET cuna pezanus P, .

Konebanus pazBuBarorcsi B 2-X nojcucremax: [ — "nerans-nipucrnocodiexue”;
II — "mmuanens-6opmranra”. Yactota coOCTBEHHBIX KOJIEOAHUH MIMHHJEIBHOTO
y3j1a B HAMpaBJICHUH €ro OCH Mpubau3uTeapbHo pasHa 350 - 400 [y, a ®KeCTKOCTh
n3MeHseTcs (B 3aBUCUMOCTH OT THUIIOpa3Mepa IIIMUH/ENbHON TOJIOBKH) B peaeiax
200 — 600 w/mxm. B mpUBEOEHHBIX SKCIEPUMEHTAX JKECTKOCTh MPHUCIIOCOOICHUN
n3MeHnsiach ot 60 10 130 n/mrm, a yacToTa CBOOOIHBIX KOJeOaHUI COCTaBsIa OT
100 mo 200 [y. 3aryxaHume KkojeOaHMH, XapakTepu3yeMmoe Jorapu(pMUUECKHM
JIEKPEMEHTOM, B 00€HX IMoJICCTEMaX COCTaBIIsLIo nmpuMepHo 0,1.

UzeectHo [3], 4TO BHOpPOYCTOMYHMBOCTH 3aBHUCHT OT MapaMETPOB 0OOCHX
MMOJICUCTEM, eciIn OJIM3KH uX CcOOCTBEHHBIE YJaCTOTHI KOJIe0aHU.
[Ipn cymecTBEHHOM pa3NWYMKM YacTOT BHOPOYCTOHYHMBOCTD CHIDKAeTCsS, B
OCHOBHOM, BCJICJICTBHE KOJEOaHWH JWINb TOW IOJICUCTEMBI, KOTOpas oOiamaer
Oonee HH3KOH COOCTBEHHOM 4YacTOTOH M MaJol >KecTKoCThio. CpaBHHBas
JUHAMUYECKHE TapaMeTpbl o00enx MOJCHCTEM, MOXHO 3aKII0YHTh, YTO B
pacueTHOM MOJeN MOXHO YYHTHIBAThH JIUIIB KOJIEOAaHUS MMOJCUCTEMBI "AeTans -
npucrocoGnenue”.

Crnenys B. A. KymunoBy [3] mpu mnpoBeqeHHHM IHHAMHYECKOTO pacyera,
HalpaBjIeHHOTO Ha  OIpeieieHHe BHOPOYCTOMYMBOCTH M HaxOXXAEHHUE
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3aBHCUMOCTEH MeXIy NapaMeTpaMHu YIpPYyrol CHCTEMBl U Ipoliecca pe3aHHus,
paccMaTpuBacM OJHOKOHTYPHYIO CHCTEMY, COCTOAIIYI0 M3 IBYX O3JIEMEHTOB:
SKBUBAJIECHTHOM yIPyroi CUCTEMBI U IIPOLIECCA PE3AHMUSL.
st pazpaboTkn 000CHOBAHHOW PacYETHON CXEMBI SKBUBAJIICHTHOU yIIPYTOi

CHCTEMBI CIEIyeT H3Y4YHTh CTaTHUECKHE W IMHAMHUYECKHE XapaKTCPUCTHKH, a
Tatoke (opmbl KonmeOaHWH IIpUW pe3aHuH. B cilydae BBIIOJHEHHS TOHKOTO
pactaunBaHus KoneOaHus B ympyroi cucteme OPC mpm morepe ycTOHYIMBOCTH
00YCIIOBIICHBI MaJIOH JKECTKOCTBIO MOJICUCTEMBI LINUHJIENbHBIA y3e/-0opIuTanra 1
COOTBETCTBYIOT M3THOHOH (opme konebanuil. [Ipu npoBeaeHUN MoIpe3Ku TOPLOB,
XOTSI KECTKOCTh OOpIUTaHT'M MMeEeT IPUMEPHO T€ JKe 3HaueHws, Qopma
BO3HHKAOIINX KoJieOaHui CYIIECTBEHHO U3MCHICTCA. Bennunna u HaIpaBJICHUEC
,Z[eﬁCTBH)I CUJI pe3aHusd IMpU NOAPE3aHMU TOpLAa HMHLIC, YEM IPU pacTauWBaHUU:
CHJIa pE3aHusl yBEIWYMBACTCS, OCOOCHHO CHIBHO BO3pACTaET KOMIOHEHTa P, .

YBeMM4IHBArOTCSA HE TOJIBKO CTATHIECKHUE OT)KUMEI B CHCTEME, BO3PACTAIOT MPH TEX
JKE YCIIOBHSX M OUHAMHYECKHE MepeMemeHHA. BO3HHKHOBEHHE KOleOaHWN B
3HAYUTEIbHOM Mepe ONpenensercss JKEeCTKOCThIO TIOACHCTEMBI JeTalb —
npucrocobuenue [4, 6].

Cocrapnsironie  CWJIbl  pe3aHusl TpH  TOJApe3ke CcBOOOJHOro  Topla
HampaBieHbl: P, — 1o ocu BpamieHus (HampaBieHue mnojgaun) u P, — mo

KacaTellbHOM K OKPY)KHOCTH, JIeKalled B IUIOCKOCTH pe3aHus. B ycrmoBusx
JNEWCTBHS TaKMX CHJI MOTYT BO3HUKaTh KoJeOaHWS YIPYIHX MOACHUCTEM IIO
KOOpJMHATE X M KPYTHJbHBIE KojeOaHus. B naHHOI paboTe paccMaTpuBaeM JIHIIb
KoJIeOaHUSI 10 KOOpIMHATE X, KOTOPBIE ONPENeNsioT UYUCTOTy o0paboTaHHON
TMOBEPXHOCTHU U BBINIOJJTHUMOCTD OII€paAllU NOAPE3KHU TOPIIOB.

VpaBHEHUsI ABWKEHUS YIIPYToil CUCTEMbI UMeeT BuI MX+hX+cx =P, .

[TapameTpsl, XapakTepu3ymOLIHe 3Ty CHCTEMY JOJDKHBI COOTBETCTBOBAThH
napaMeTpaM HOACHUCTEMBI JEeTalb-TIPUCIOCOOJICHNE MIPU KOJIEOAHUSIX 10 HHU3IIEeH
¢dopme B HampaeieHun ocu X (m - mpUBEIEHHAs Macca MOACHCTEMBI NeTallb-
npucrocobnenne”, b - koaddunment nemnduponanus, C - KECTKOCTb CHCTEMBI
" ieTanb-npucnocoodaeHue”).

IMpomecc  pezanuss B  pacdyerax BHOpPOYCTOHYMBOCTH  OIMCHIBAEM
OUHAMUYECKON  XapakTepucTukod, momydeHHoii B.A. KymuHoBemM  [3].
XapaKkTepucTHKa YCTAHABIMBACT CBSA3b MEX/I1y BUOPALMOHHBIMHU MEPEMELICHUSIMU
M COOTBETCTBYIOLIMMH WM HM3MEHEHUSIMA CWIbl pe3aHus. JuHamuueckas
XapaKTepUCTHKA OTPaKaeT MHEPLHOHHBIE CBOMCTBA MpOIiecca, NPOSBISIONINECS B
(a3oBbIX caBUrax (OTCTaBaHUM) CHIbl P, OT nepeMeleHus.

[pocreiimas gpopma JMHAMHYIECKON XapaKTEPUCTHKH B ONEpaTOpHOI dopme
3aIIMChIBAaCTCs B BUJIC:
K
Tp-p+1
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rue: Kp - -K03(GULUEHT pe3aHHs, PaBHBIHA Kp =15-04-&,'b; o, -

BPEMCHHOC COIIPOTUBJICHUC 06pa6aTI)IBaeMOFO Marepualia; go -yCagKa CTPYKH;

b - mwupuna cpesa; Tp - TIOCTOSIHHAs BPEMEHH CTPYKKOOOpa3oBaHHMs

(Tp =1, 5_a0v;§0); a-TOJIIINHA cpe3a; V' -CKOPOCTb Pe3aHusl.

3aMKHyTaH CUCTEMA ONUCHIBACTCS YPABHCHUSIMMU:

T2 X+Tp Xt x=k-Py, "
Tp'PZ"rPZ :—kp'x,

rae: lezm; T2 :h; k=£.
c c c
VYuursiBad, uto npubmmwxeHHo Py =u-P;, roe p - xoaddunuent tpenus
CTPY>KKH O TICPEIHIOIO TPaHb, 3aITUIIIEM CHCTEMY B OKOHYATEIIFHOM BH/IE:
T2 %+Tp X+ x=k-u-Py, o
Tp-P;+P=—kp-x

PaccMoTpuM ycioBHS YCTOMUMBOCTH CHCTeMbl (2). XapakTepucTUdecKoe
YpaBHEHHE CUCTEMBI UMEET BHI:

T2p2 +pTp +1 —ku|_o
kp Tp p+
PackphiBas ONpeEIUTENb, HOJTy4aeM:
(le-p2+T2~p+1)(Tp~p+1)+kp-k-y:0. @A)

Koapunnentsl  XapakTepuCTHYECKOTO  ypaBHEHHS 110  yOBIBAIOIIUM
CTENEHAM P paBHBL
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p3 —QQ =T12Tp;
p2 —>a :le +12Tp;
pl —ap =Ty +Tp;
pO —ag =1+kpku

Cucrema ycToN4MBa, €CIIU MONOKHUTEIIbHBI KOOQPUUMCHTE! @, 8y, @y, A3 U

onpenenutens ['ypBuna, UMEOLUN BUA:

&
A S S alaz - aoa3 .
a3 @

Ilepoe ycnoBHMe BBIIOJHSAETCS Beerga. Bropoe yciosue (A ) 0)
BEHIIIONHAETCS TIPH ONPENECIECHHBIX 3HAYCHUAX MapaMeTpoB YHPYrol CHCTEMBI H
npouecca pe3anus. [ aHaInu3a yCTOMYMBOCTH PacKpOEM 3HAYCHHUE ONPEICTHTENLS
I'ypBuna:

12 2 2 2
3anuchIBasg 3TO yCIOBHE B IIAPAMETPAX IPOLIECCA PE3aHUS U IEPEXOMS K

NpeaACIIbHOMY 3HAUYCHHUIO ITMPUHEBI CPE3a b HaxXoaum

np’

2 2

by = . @

[TomyyeHHOE BBIpaKEHHE IIO3BOJIAET PACUETHBIM ITyTeM ONPEACIHUThH IS
3aJ]aHHOTO  NPUCHOCOONEHUS pa3Mephsl MPEIeNbHO  JOMYCTHUMOM  IIHUPHHBI
obpabareiBaemoro Topia. OHAKO, KaK YKa3bIBaJOCh BBIIE, PACUET OCHOBBIBAETCS
Ha 1IeJOM psAe YHpOWAIoMuX JomymeHud. I[IpaBOMEpHOCTh NPHHATHIX
JIONYIIEHUH MOXKET OBITh NMPOBEPEHA IPH CONOCTABICHUH PE3YJIBTATOB pacyera ¢
OIIBITHBIMU JIaHHBIMH. [IpMeHeHHass METOAMKa HCCIIeOBaHMS INpEIyCMaTpUBaeT
NPOBEZIEHHE TAaKOTO pOJa COIOCTAaBJICHMS. DKCIEPHUMEHT M COOTBETCTBYIOUIMH
pacyeT TPOBOJSATCS C MHCIOJIB30BAHMEM CIEIMAIBHOTO MPUCIIOCOONEHHUsS C
M3MEHSIEMbIMHU TTapaMeTpaMu.

B pacderax ycTOWIMBOCTH NPHHATHL: 00pabaThIBaeMbIil MaTepHal - cTajb 45,

og =10 xl"/ M2 , ckopocth pesanus V =100 am/ mun=167 '103 mm [ cex , mogaua
§=0,02 mm/ 06 (TommuHa cpe3a ag =0,02 mu), ycamka crpyxkn & =5.
Kosddunment tpenns crpyxku o pesen 1 =0,8.

Kosdpdunuenr pesanus paBeH:
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kp =15-70-5-b~525-b KT | and?.
IocTosTHHAS CTPY/KKOOOpa30BaHUs PaBHa:

0,02-5

1,67-10°
PesynbTaThl pacyeToB YCTOHYMBOCTH IPH U3MEHEHHH KECTKOCTH
MPHUCTIOCOOICHNUS IPUBEICHBI B Ta0JI.

Tp=15 -0,9-107% cex.

Ta6ymia 1 — Pe3ynbpTaTsl pacueToB MpeelibHOM MIMPUHBI TOPIIOB IS pa3HBIX
TTOJIATIIMBOCTEH CUCTEMBI "JIeTalIb - MPUCTIOCOOIeHNE"

K, pml k2 T12 , cex? Ty, cex’? by, M
0,1-10° 0,633-10°® 0,43-10* 11,6
0,12:10°% 0,323-10°° 0,344-10™ 7.8
0,19-10% 0,157-10°® 0,266-10™ 39
0,24-10 0,125-10°® 0,258-10™ 31
0,29-10° 0,115-10° 0,27-10* 2,7
0,34-10 0,110-10°® 0,264-10™ 2,2
0,40-10°° 0,115-10° 0,292-10™ 2,1
0,47-10 0,137-10°® 0,33-10* 2,0
0,54-10°° 0,175-10° 0,36-10™ 1,8

XapakTep 3aBUCHUMOCTH IPEAEIbHOM HIMPUHBL Cpe3a bnp IIpY U3MEHEHUHU

MOJATIMBOCTH U TOAa4YU WUTIOCTPUpPYyeTCs rpadukamu (puc. 2).

Psim BakHBIX i1 TPAKTHUECKOH  ONEHKM  BUOPOYCTOMYHUBOCTH
3aKOHOMEPHOCTEHN 0OHApYKEH B SKCIIEpUMEHTax (puc. 3).

[Ipu moapeske TOPLIOB MaOro auameTpa (0Koio 15 mm) ¢ mpubmbKeHueM K
TpaHMIle YCTOHYMBOCTH pAa3BUBAIOTCS KOJNEOAHHMA C YacCTOTOM, ONM3KOH K

COOCTBEHHOW 4acTOTE YNPYTrol CHCTEMBI fl’ IIpUYeM YpOBEHb 3TH KoJieOaHUI B

npesienax oJHOro 00OpOTa MOYTH HE U3MEHSIETCs, a cJieibl BUOpAaLNii paBHOMEPHO
pacnpenensoTes mo obOpaboTaHHOW moBepxHOCTH. [Ipm 00paboTke B TexX xke
yclnoBHuAX TOpHOB jauamerpom 40 mm u Oojee HaOMIOJAIOTCS KOJIeOaHHS
MEPEMEHHOTO0 ypOBHA. Ha COOTBETCTBYIOIIMX ydYacTKax o0OpabOTaHHOTO TopIla
00HApYKUBAIOTCSI U 3HAYUTEIHHO OOJiee WHTCHCUBHBIC ciensl BUOpammii. Kpome
TOTO, TIPU 00pabOTKE TOPIIOB OOJBIIOTO JHAMETPa Pa3BHBAIOTCS HU3KOYACTOTHBIC

KoJiebaHusl C 4YacTOTOM f@p BpallCHUs HINHUHACIA, pa3sMax KOTOPBIX BOJIM3HU

TpaHUIIbl YCTONUMBOCTH He npeBbimaet 0,3 mxm.
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Pucynok 2 — 3aBucumocTu cpezaeMoii IUpPUHBI TOpLA
OT NOJATIMBOCTH MOJICUCTEMBI U NT01a4U
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Pucynok 3 — Konebanus Moenu mpucIiocoOIeHus
TIPH XOJIOCTOM X0[e (),
MIPY HAZISKHO yCTOHYMBOM pe3anuu (0)
¥ BOJM3M TPaHULIB] YCTOMYMBOCTH (B)
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Ilpn noxapeske crajpHBIX o0O0pasnoB auamerpom 40 mm Ha Mozaenu
IPUCIOCOONEHHS 1O 3HAYECHMSAM 4acToThl BpamieHus f{ =137y u coOcTBEHHOH

gactote ynpyroit cucremsl f{ )300 /'y BbemmciaseM Oe3pa3MEpHYIO UacTOTY
napamerpuicckoro Bosmymenus v = fg, /) (0,05. Tlpu Takux sHasenmsx o

HENb3sl OXKUAATh IIOABJICHUS IapaMETPUYECKOH HEYCTOHYMBOCTH, TakK Kak
HapaMeTPUUICCKHE PE30HAHCHI BBICOKUX TTOPSAAKOB HE BO30YKIAIOTCSL.

ITpu noapeske MpephIBUCTHIX TOPLOB MEPUOANIECKH TTOBTOPSIOTCS MPOLECCH
Bpe3aHWA W BBIXOAAa HHCTPYMEHTAa, HApyIas CTalMOHAPHOCTh IMHAMHUYECKOH
CHCTEMBI CTaHKAa ¥ BBI3bIBas MOSIBJICHWE WHTCHCHBHBIX BHEITHWX BO3ACHCTBUI Ha
npouecc pesanus. [lepron 3Tux Bo3aeHCTBUI 3a1a€TCsl YACTOTOM BXOJa M BBIXO/A
POXKYIINX JIe3BUH. DTU BO3/AEHCTBUS BO30YXKIAIOT KOJEOAHUS CTaHKA, YPOBEHb
KOTOPBIX 3HAYUTENbHO OOJIBIIE, YeM NMpH 00pabOTKe CIUIOUIHBIX ITOBEPXHOCTEH B
AQHAJIOTHYHBIX YCIOBHAX [5].

CuctemMa ypaBHEHMH IBI)KEHHS pacCMaTpUBAaeTCs, KaK CHCTeMa C OIHOI
CTEIEeHbI0 CBOOOBI, 3AMKHYTasl Ha IIPOLIECC PE3aHUsL:

mX + hx +cx = uP, (1),

TP, +P, =| K 9 KW |t ©)
pPz +Pz =] - pX—ﬂaJr p (t),

rae [ - ompeneneHo sKcIepuMeHTanbHO, kak dP; /dZ B 3aBECHMOCTH OT
ckopoctH pe3anust ; W — npuBeIeHHbIC 3HAYEHNUSI TOJIIMHEI CPE3aEMOT0 CIIOS;
®(t)- ¢ynkumsa BpemeHu, mnepuoma T, =(a,+8;)/V, omnuceBaromas
4yepenoBaHue 3aMKHYTBIX (D(t)=1) wu HesamkHyTEIX (P(t) =0) cocTosHMI
JMHAMUYECKOM CHCTEMBI. DTa (QYHKIHS ONPEIEIIISTCsl COOTHOLICHHUIMH
0 mpu iTg<t<(i+g)T,

*M) = 1 npu (i+g)Iz <t<(i+DTg ©)

IIpy 3anucu ypaBHEHMI YYTEHO BIMSHHUE «IAJAlOLICH» XapaKTepUCTUKU
cunbl pesanus. Koadduiment £ ompenenen skcrepumenrtansHo kak dP; /dz B
3aBUCUMOCTH OT CKOPOCTH pe3aHusl. 3aKOHOMEPHOCTH HW3MEHEHHs YpPOBHS
KOJIeOaHUH TMOKA3bIBAIOT, YTO MPH OOPabOTKH TMPEPBIBUCTBIX MOBEPXHOCTEH
HUCTOYHHUKAMH KOJI€OaHUI SABJIAIOTCS BHEIIHUE BO3JCUCTBHS HA MPOILECC PE3aHUs
(K pW(D(t)) W TapaMeTPUYECKHE BO3MYILEHHS, MPHYEM IOCIAETHUE SBIAIOTCS

CYHIECTBEHHBIMH JIMIIb IPU MajbIX 3HAYEHUSIX Pa lw (Pa - Kpyros,as
COOCTBEHHas] YacTOTa CHCTEMBI C Y4eToM JeMmndupoBaHus, ) - dYacroTa
BpAILEHNUS).
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VYcnoBue mnapaMeTpudeckoll yCTOWYMBOCTH MOJyYUM AN OJHOPOJHOIO
YpaBHEHHUS

m)'('+h)'(+[c+,quCD(t)]y=O. @)
BrinonHuB nocTaHOBKY Ditniepa

(—U .¢-ht/2m @®)

nonyyuMm st pyskoun U(t) ypaBHeHne Xuiia ¢ KYCOYHO - MOCTOSHHBIM
napaMeTpUUECKUM BO3MYILCHHEM

U + P21+ 2vay (H)]U =0, )
rac
szc/m+pr/2m+h2/4m%

2V:lUKp/2(C+IUKp),

2
P ) - KpyroBas cOOCTBEHHAs 4aCTOTA € yYETOM JeMI(PUPOBAHHUS

1 npu iT,<t<(i+g)T,
oy =1-20@ =] P Te<r<trel
-1 npu (i+g)T, <t<(i+1)T,

O6o3Hauas pynknuio U HHIEKCaMH, COOTBETCTBYIOIIUMHU @, 3anumem

YCJI0BUA CHIMBAHUA U IEPUOJUNIHOCTHU peI_HCHI/Iﬁ

U1(9Tg) =U_1(gTy), U_1(T,) = SU1(0),
U1(9Tg) =U_1(gTy), U_1(T,) = SU1(0)

BenuuunHa S, onuchIBarOIIast K3MEHEHUS PEIICHNH ypaBHEHUS (9)
YAOBIETBOPSET YPABHEHHUIO

(10)

52 L 2SN +1=0,
rac

N = cos(g - Py T+ 2v -cos| (1-9)- Py Teva—2v |-
sin(g - Py - Ty «/1+ 2v -sin [(1— g)-P-T, «/1—2v} (11)

1-4v
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ITapametp N:|1| oIpeneNnseT rpaHully YCTOMYMBBIX PpEIICHUH , a Ipu |N| >1

pemnieHust OyayT HapacTaTh M CHCTEMA MOTEPSAET MapaMEeTPHUIECKYIO YCTOHIHBOCTb.
Ha pucynke 4 mpuBeIcHBI 30HBI YCTOWMYMBBIX W HEYCTOHYMBBIX PEIICHUH I
pa3HBIX KOAPPHUIUEHTOB MapaMeTpuaeckoro Bo30oyxnenus 2V u 9=0,5 u 0,1. 3Has
mapaMeTphl 3aMKHYTOH JHHAMHYECKOH CHCTEMBI, OTHOIICHHWE 4YacTOT py /@, a

TaKOKe MapaMeTpuIecKuil Ko3huurueHT Bo30y IeHUS 2V, ONpeessieM I0JI0KEHUE
paboueil TOUYKM Ha Auarpamme NapameTpuyueckoil yctoitumBoctu (puc. 4). Takum
00pa3oM, y)K€ Ha CTaJuM MPOCKTUPOBAHHUS TEXHOJOTHUYECKOTO IPOIECcca MOXKHO
Ha3HAYUTh MapaMETPhl TEXHOJIOTHYECKOH CHCTEMBI M PEKHMa PE3aHusl.

2V

09 25

a8
a7
a6
a5
a4

a3
a2z

ar
a

2v
aq9

a8
a7
g6
a5
a4
a3
gz
ar
a

a5 25 3 P/w
PucyHok 4 — O6nacTu napaMeTpH4ecKoil yCTOHYHMBOCTH
TIPY TIOJIPE3KE MPEPHIBUCTHIX TOPLIOB
(3amTpUXOBaHBI 00JIACTH HEYCTOHYUBOCTH),

a)' g:OYl: 6)' 92015-

Ha puc. 5 npuBeneHpl THIUYHBIC OCIHIJUIOTPAMMBI KOJICOaHUI MPH MOApe3Ke
MPEPBIBUCTBIX TOPIOB. UETKO BUIHBI YBEIMYCHUS AMIUIMTY]l KOJCOaHWil mpu
MPUONMKCHHN K TapaMeTPUYecKOMY pE30HAHCY, a TakKe BO3MYILAIOIIHNE
TapMOHHUKH.
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/"‘J \’/'\““'h‘w }wf[\\/“’v [\/““’\/\’/T\NW

e L R L e R R e e e R e e T e e FE EE T EEE R T EHE R T
0 3w

a) 1 ma3, N=300 06/ mun

e N i AT PNV,

R e e TR e F e e e EE R e T e e e EEE E
Samon e s s s PABQTAGHCTERT (136 153320 e npaumn ) A0

6) 2 ma3, N =300 06/ mun

B) 4 ma3, n =300 06/ mun

I) cieKTpaibHbIi ananus 4 naza, N =300 06 [ mun

Pucynok 5 — OcuusiorpaMmsl Koje0aHHi TPpU MPEPhIBUCTOM pEe3aHUN
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BriBoabI

1. BBIMOTHEHB! 3KCIEPUMEHTHI IO IIOAPE3KE MPEPHIBUCTBIX TOPIOB IS
W3Y9ICHUs JUHAMHYIECKUX IPOIECCOB, ONPEACIAIOINX KaueCTBO 00padaTsiBacMOn
MOBEPXHOCTH U IIMPHHY CPE3aEMOTO0 TOPLA.

2. Pazpabotana MeToI¥Ka U BBIIOJIHEHBI pacdeTbl BHOpoycToitunBoctn OPC
IPH MTOJPE3Ke IIAAKUX U MPEPHIBUCTHIX TOPIIOB.

3. BhImoMHEHBI pacueTsl MapaMeTpUIecKOl YCTOHYNBOCTH TEXHOIOTHIECKOM
CHCTEMBI IIPU IPEPHIBUCTOM PE3aHUU.

4. IIpuBeaeHbl OCHUIIIOTPaMMBI AKCIIEPUMEHTAIBHBIX UCCIIEOBAHUI.

5. U3y4eHsl TeXHOJIOTUUECKHE OCOOEHHOCTH TIpoliecca TOHKOTO TOUYEHHS MPH
HOJAPE3KE TOPLIOB.
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