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MOLE/TIMPOBAHNME PECYPCA MNOALUNTIMHUNKA CKOJIb>XXEHUA
ArapkoBa B.E., CasibHukoB B.B. (Kadepgpa MM, Tynl'Y, r. Tyna, Poccus)

dopmanmzayms npouecca aKcnayatauum B pamkax asiropuTMusaumy XU3HEHHOro
umkna (OKLL) nagennii TpebyeT co3paHUs MaTeMaTUUeCKMX MoAeneid, Hanbonee NpUGIMKEH-
HbIX K peannsaumy Ha M3OBM. V3BeCTHO, YTO B mpoLecce aKcnayartaumm ansa 60nbLWMHCTBA
MalUWH M MeXaHM3MOB Hambosee pacnpocTpaHeHHbIM BULOM OTKasa SBNSETCS WU3HOCOBBIN.
OCc06eHHO 3TO XapaKTepHO /18 ONOP CKOMbXEHUS.

Pecypc L nocnegHux BOOGLLE M MOALIMMHUKA CKOJILXXEHUA B YaCTHOCTM NPU HEus-
MEHHbIX (AETEPMUHUCTMUYECKNX) 3HAYEHMSX OMpeaenstowmX ero napaMeTpoB onpenenseTcs
N3BECTHbIM YpaBHEHNEM
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(In, Sy +3p,S2)n ’

rae & - NPeaenbHO AOMYCTUMBbIA M3HOC UMK NPeAenbHO A0NYCTMMOe CMeLLeHMe LIeHTPa Bana
B HanpaBfeHUN AeWCTBMS Harpyskn (MG NpeaenbHO AONYCTUMOe YBeNMYeHue 3a-
30pa);
€& - Haya/ibHbIIi pagnanbHbIii 3a30p B COUNeHeHUn & = 2(r, —r, ),
I, - paguyc Bana;

r, - paguyc BTYNIKK;
Jp, s Jp, - IHTEHCVMBHOCTb U3HALLIMBAHWS MaTepMasoB Baa W BTY/IKW B YCNOBUSX PaboTbl
MOALUNMHUKA;
S;, S, - NYTb TPEHUS CKONbXEHWS Basia U BTY/IKM 3a OAMH 060pOT MOABUXHOIO 3/1eMeH-
Ta (0OAMH UMK paboTbl Y3/1a MPU HENO/THONOBOPOTHOM paboyeM Xofe);

N - YacToTa BpaLLeHMs (KOMMYECTBO paboumX XOAO0B B €AMHULY BPEMEHM).
NHTEHCVMBHOCTb U3HALLIMBAHWS B Hanbonee 06LLEM BUe ONpeaensieTcsl 3aBUCUMOCTbIO

pmlj:n

roe f - KO3(hULMEHT TpeHus,

p — LaB/leHVe B KOHTaKTe,

H —npuBesfeHHas TBEPLOCTb MaTEPUaIOB COMPSXKEHNS.

Ecnm ncxoguts 13 TOro, YTO BCE BblLLENEePeYnCIeHHbIe NapameTpbl HOCAT CyYaiHbIi
XapakTep, pelleHne 3agayn 3HauMTeNIbHO YCMOXHSAETCH BCMEACTBME HENMHENHOCTU (YHK-
umoHana. MonbITKN MHeapm3auun 3a4a4mn nyTeM pasfioXkeHve B psg Teiniopa NpuBOAAT, BO-
nepBbIX, K 3HAUYUTENbHBIM MOrPeLLHOCTAM, @, BO-BTOPbIX, K HEOAHO3HAYHOCTY PeLLeHns, Tak
KaK B TPaguLMOHHbIX MeTodax pas3foXeHue NpoBOAUTCA B TOUKE MATEMATUYECKOrO OXMAa-
HWS, a pelleHmne NeXNT B 06/1aCTU «XBOCTOB» pacnpefeneHnii. Bce nepeyncneHHoe NpuBeno
K Heo6X0AMMOCTU UCMOMb30BaHUA A1 PeLleHns 3aayM MeToja CTaTUCTUYECKOro Mogenu-
poBaHMA.
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Basoii NOCTPoeHMs aropuTmMa MOAENMPOBaHKS BblbpaHbl CyyaliHble Ynicna X;, pac-

npeaeneHHble Mo 3a4aHHOMY 3aKOHY. DTU Yncna NPeACTaBNsOT cO60l peanmsaumm cnydaii-
HOW BeNMUMHbI X . Mpy JOCTATOYHO 6O/LLIOM 06beME BbIGOPKM 3TUX YMCEN pacrpefeneHne

4aCTOT UX CBOAMTCS K 3a/JaHHOMY pacnpejeneHnto BeposiTHocTeld F, . K cydaiiHbiM Benm-

YMHaM X; NpeabsBNseTcs 0fHO TpeboBaHWe - NOCNeA0BaTENbHOCTb X; AO/MKHA BbITh CTOXAC-
TWYECKN He3aBUCUMON. [Ns peLueHus reHepupyeTcs Habop CryyaiHbIX YMCEN X, X ..., Xp,

(M - yncno nNepemMeHHbIX 3afayn, B paccMaTpyvBaeMoM c/iydae m=6 ), KOTopble MOACTaBNA-
tOTCA B UCXOAHYIO 3aBMCUMOCTb A/11 NOMYHEHUS OAHOMO 3HAYEHWs CNy4aiHOro YmMcna UCKO-
MO Cny4aiiHON BenuMuMHbl Z . Tlpouecc MPOAO/HKaeTCA A0 MNOMyYeHUs [0CTaTOYHOM
BbIOOPKM Z , KOTOpas 06pabaTbiBaeTcs Mo NpasuiaM MaTeMaTUYeCcKol CTaTUCTUKMN.
MpUMEHNTENIBHO K paccMaTpyvBaemMoi 3agade (POPMUPOBAHUA anropuTMa peLLeHb
cnepyrowme npobnemsl. 1) AdatuMk uyucen. B umcno ctaHgapTHbIX nporpamm ang MNoBM
BXOLAT reHepatopbl (4aTyMKM) NCeBAOCAYHaHbIX YMCES, HO UX MUCMOMb30BaHMe CBA3AHO C
BO3MOXXHOCTbIO MOSAB/IEHNS OLUMOOK M3-3a TakK Ha3blBaEMOro “BbIpOXAeHWUs anroputma”. Mo-
3TOMY OblN BBEAEH AOMNONHUTE/NbHBIN 610K TpaHCHopMMPOBaHUS BbipabaTbiBaeMbIX reHepa-
TOPOM paBHOMEPHO pacrnpefenéHHbIX MCeBAOCYYalHbIX YACEeN B aHA/IOrMYHOe pacnpegene-
Hue Ha wHTepsane [0,1]. 2) KoOHTposb 3aKOHa pacnpegeneHns  MnosyyYeHHbIX

rncegocnyyaliHbiXx umcen. OCHOBHbIM KOHTPOMMPYEMbIM NapaMeTpoM Ans KBasvMpaBHOMEp-
HOrO 3aKOHa pacnpefeneHus SBNSETCA BEPOSATHOCTL P; TOrO, YTO BbIGPaHHOE Hayaauy cny-

YaliHoe uMcno x paBHO X;. 3) Mpeobpa3oBaHWe PaBHOMEPHO pacnpefenéHHbIX CayvaliHbIX

yAcen r; B WCKOMble X;. BBugy MHOroo6pasvsi 3akOHOB pacrpefeneHus OMOPHbIX

napaMeTpoB  npefycMaTpuvBaeTcsd  TpW  BapuaHTa  npeobpa3oBaHUs  PaBHOMEPHOr0
pacnpefeneHns B pacnpefefieHve, npvHagexallee KOHKpeTHOMY napameTpy. [Mpexae
BCEro, UCMosnb3yeTcs MeTog 06paTHON (yHKUMK. CYLHOCTb €ro NPUMEHUTENIbHO K paccMaT-
pUBaeMoN 3afadve CBOAUTCA K TOMY, YTO U3 HENPEPbLIBHOW CNy4ainHON BeNMYMHBLI R, pacnpe-
[EeNEHHOW C MOCTOAHHOM MAOTHOCTbIO Ha MHTepBane [0,1] NyTém (hyHKLMOHAILHOrO Npeo6-

pazoBaHua X = ¢(R) nonyumnacb crnydyariHas BeiMUMHa C 3afaHHOM PYHKUMeER pacnpegene-
Hua G(X). [nda aToro cnydyariHas BenMumMHa R nopsepraeTcs hyHKLMOHaIbHOMY npeobpa-
30BaHMI0 X =G Y(R), rae GX(r) - dyHKUMA, obpaTHas TpebyeMoii thyHKLMN pacripeaene-
Hna G(X).

OfHaKo ANA HEeCKONbKUX LUMPOKO PacrnpoCTpaHeHHbIX 3aKOHOB pacrpefeneHns (B
4aCTHOCTW, HOPMabHOIO 3aKoHa) obpaTHas (YHKUMA He MOXeT ObiTb MNOoMy4YeHa B
3aMKHyTO opme. B 3TOM cnyyae npegycmaTpvBa/iCd BapuaHT, OCHOBaHHbIA Ha
LIeHTPaNbHON NpefenibHON Teopeme Teopuu BEPOSITHOCTEN, KOTOPbIA B paccMaTpyBaeMol
cUTyauum fAaeT BO3MOXHOCTb MOMYYUTb KOHEYHbIM pe3ynbTaT npowe u  ObICTpee.
MpaKTyeckn 1Ucnonb3oBasacb Cymma 12 paBHOMepPHO pacnpegeneHHbIX Ha uHTepsane [0,1]
CNyYaliHbIX uncen. B oTAenbHbIX Cnyvasx ANns CHUXXEHMS YMCna UCMbITaHUA MCMOMb30BaHbI
CNyyaliHble Npeobpa3oBaHus. Kak nokasaHo B psge paboT Ans ynyudlleHWUs acuMNTOTUYECKOW
HOPMaNbHOCTM  CAyYalHbIX  ynucen  3)eKTMBHO  BOCMO/Mb30BAaTbCA  CNAEAYHOLMM
npeo6pasoBaHNEM

12
X=3%r-6
1=1

ec/in 1 - HOPMUPOBAHHas CyMMa, TO
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CNyYailHbIX BEAWYMH V;, UMeloLMX pPaBHOMEPHOe pacrpefeneHue B uHTepBane (—h,+h),

NMPUBOAUT K 3HAYEHWIO BENIMUYUNHBI
_ 1 2
X =N 20N (Bn-n°),

MMetoLLel pacnpefeneHve, LOCTaTO4YHO 61M3Koe K HopmasbHOMY npv N CywecTBeHHO
MEeHbLUMX, YeM 3TO TpebyeTca AN MPUBEAEHHOrO Bbille BbipaXeHus. 4) dopmupoBaHue
pesynbTata. B KaXaom LUMKNe NPUHMMAETCA MO OLHOMY 3Ha4yeHUID  MNMEepeMeHHbLIX B
COOTBETCTBUW C 3aKOHOM pacnpegeneHus. MNMpoBoas ONMCaHHYH Bbllle NOCnefoBaTe/IbHOCTb
BbIYMC/IEHWIA, NONYYMM 3HaueHWe Z . [anee UWKA MNOBTOPAETCA HEOAHOKPATHO, 4TO
MO3BOJISIET MOMYYNUTb BbIOOPKY HYXKHbIX pa3MepoB. OObIYHBbIMW MeTo4aMu CTaTUCTUKU
nposoauTCs 06paboTKa BbIGOPKU. B pe3ynbTaTe 06paboTKM B 3aBUCMMOCTU OT NOCTaB/IEHHOM
3a7ja4y MOXXHO MOyYnTb NapaMeTpbl PYHKLMUM LONTOBEYHOCTU, NMOCTPOUTL 3TY PYHKUMIO, a
TaKXxe nofobpatsb B c/lyvae HeOOXOAMMOCTI CTaHAAPTHbIM 3aKOH pacrpegeneHus.

MpeacTaBneHHasa Mofeflb peann3oBaHa B BUAE BbIMMCAUTENbHOIO KomnnekTa. OH co-
CTOUT M3 psafa CBA3aHHbLIX MeXAy CO60i MporpaMm, Kaxgas M3 KOTOpPbIX aBTOMAaTUYeCKU
NOLK/OYAETCS B 3aBUCMMOCTI OT NOCTaB/IEHHOM LieNN.

B KayecTBe npumepa paccMOTPEH MOALUMMHUK CKOMbXEHUA CO  Chnefytowmmm
napameTpamu. Harpyska F pacnpegeneHa no HopmaibHOMY 3aKOHY C napameTpamu: maTo-
XugaHune F =4kH , cpefHeKBaapaTMyeckoe oTKNoHeHne 1kH . MpeaenbHoe 3HaueHue 3a30-
pa €. =0,05mM. Onametp Bania 100 Mm. 3aKOH pacripefeneHns gUameTpoB Basia U BTYNKU
MPUHAT HOPMa/IbHbIM. NapameTpbl pacnpegeneHns onpeaensaroTcsa Mo rpaHUYHbLIM 3HaYeHUAM
pgonyckos Bana t, = =70 MKM, , € = +20 MKM, , U BTYyNIKK tz =+ 70 MKM.. Ban 1 BTynKa CTaslb-

Hble, TBepPAOCTb MaTepuana Baia HB = 250 , matepuana BTynkn HB =350. CkopocTb 2,1¢™.
Ha pucyHKe npefcTaBnieHa pacneyaTka pesynbTaToB MOAENNPOBaHUS.

11" BenoqTHOCTE Be30TKazHoil paboTy

N

3 AN
1.266 2.531 3.7969 5.863
HapaBorka (Bpemst B.u)

PesynbTaTbl MOJENIMPOBaHMS PaboTbl MOALLMMHMKA

Mo pesynbTatam MoaenupoBaHus 95 %-ii pecypc MOALWIMMHUKA ANS paccMaTpuBae-
MbIX YC/TIOBUIA 3Kcnnyataumm coctasun 3790 vac.
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OVNHAMIKA EJTIEKTPOIMNPUBOAA CIEUIAIBHNX COPTOBUX HOXXNLUb
(B YMOBAX OAO MMK ,,IJTNIYHA”)

Koxkem’sikiH O.B., BopuceHko B.I1. (kad. EAMY, JoHHTY, [loHeubK, YKpaiHa)
MenbHuK A.A. (Kath. EMITOE, [JoHHTY, [loHeubK, YKpaiHa)

MexaHi3M COPTOBMX HOXULLb € OAHUM 3 OCHOBHMX B MiHIT MiATOTOBKN METU3HUMX 3ar0-
TOBOK. 3ara/ibHui1 BUf, 610Ky HOXMLb Ta 4ONOMIDKHMX MeXaHi3MiB NpeAcTaBneHnin Ha puc. 1.
Hoxuui npu3HayeHi 4ns nopisy 3aroToBoK Ha MipHi A0BXWUHW. KinbKiCTb po60o4mx XofiB 3a
XBUAMHY MOXe cknagatn 16 abo 20. Y nepiomy pasi yac Uukny cknagae 3,75 ¢y pyromy -
t, =3 C. 3a el yac BiAOYBaETbCA i3 i BIHOBNEHHS YacTOTI 06EPTaHHS ABUTYHA HA PiBHI

LWBMAKOCTI XONOCTOrO XOAY - @, .

Puc. 1. 3aranbHuii BUrNS4 KOMMINEKCY MeXaHi3MiB HOXMLb

3aroTtoBKa B HOXMLi MOAAETHCA 3@ LOMNOMOrOK CreliaNbHOro pobraHry, SkKui npu-
BOAUTBCA Yy  PyX 3a [JOMOMOroK [ABOXLIBMAKICHOrO acMHXPOHHOIO [ABUryHa 4epes
YepB’suHMiA pefyKTOp. Yac pi3y 3aroToBKW 3HaXOANUTLCS Y Mexax t, =0,08. Haknpa HaBaH-

TaKEeHHS Y NPoLECi pi3y BifbYyBaETbCA MPAKTUYHO, MUTTEBO, TOMY Ha HaBaHTaXyBa/IbHIN fia-
rpami Le npeacraBnseTbCA NPAMOKYTHUKOM. MOMEHT [ABUTYHa 3MIHUTUCA CTPUOKOM He MO-
)Ke, BIH 3MIHIOETLCA (3POCTAE) 3rifHO EKCMOHEHL|ia/IbHOr0 3aKOHY. XapakKTep HaBaHTaXKeHHS
NpYBOLY MOXKe 6YTW iNKCTPOBaHNI puUc.2.
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Puc. 2. dparMeHT HaBaHTaXyBa/lbHOI fliarpaMu eNeKTPONpUBOAY NP HaKW/i HaBaHTaXKEHHS

MpuitmemMo [0 yBaru, L0 MOMEHT ABUIYyHa Y KiHLi pi3y He NOBUHEH MepeBuLLyBaTH
2My i pi3 NOBUHEH 3iACHIOBATUCS He TiNIbKM 3a paXyHOK ABWUTYHa, afe i 3a paxyHOK KiHeTu-
YHOT eHepril 3ape3epBoBaHOi obepTatounmMmcs Macamn [1]. Akwo pi3 6yae BigdysBaTuca npu
po6OTI ABMIYHa Ha NPUPOAHI MeXaHIYHIN XapaKTepucTuLi, TO 3MiHa YaCcTOTN 0bepTaHHA 3a
nepiog pi3y 6yge He3Ha4YHO i yCce HaBaHTaKeHHS, B OCHOBHOMY, NpuiiMe Ha cebe ABUTYH.
LLlo6 uboro He BigbyBanoch Ta ABUIyH OyB BMOpaHWUIA MEHLLOT NMOTYXXHOCTI, HEO6XiAHO Me-
peabaynT 3HMKEHHS YacTOTK 06epTaHHA npu pisi, Hanpuknag Ha 20%. B uboMy pasi KoB-
3aHHSA NPV HOMIH&/IbHOMY HaBaHTa&XEHHI MOBMHHO GyTW B paioHi 10% i obepTatodi macu
BigfanyTh A0 35% 3ape3epBOBaHOI eHeprii. 3 ypaxyBaHHAM LbOro i BUGMPAETLCA BENMUMHA
CYMapHOro MOMeHTY iHepuii cucTemu. Moro 3HaxoaaTh Ha 6asi hopmynm (1) Ans KOHKpEeTHO-
ro ABUryHa 3 ypaxyBaHHSAM MepeBaHTaXyBa/lbHOI 34aTHOCTI (2).

t

T = : (1)
In Mep =My
TM
J, —=——H 2
CUCT C()O [SH ( )

Haii6inbll iHTEpeCHUMMU pexxuMamy poboTn 419 HOXMLb € MYCK Ta HaKui HaBaHTa-
XeHHs (pi3). JoCnifpKeHHS AMHAMIKK eNeKTPOMEXaHiYHOT CUCTEMM HOXMLb 6YN10 NPOBEAEHO
MeTOoZamy MaTeMaTUUYHOrO MOAENOBaHHA. A1 Lpboro 6yB CKafeHnidi MateMaTUUYHWIA ONnc
npoLeciB, AKI MatOTb MiCLe B aCUHXPOHHOMY ABUrYHI, 3 ypaxXyBaHHAM efIeKTPOMarHiTHUX
ABULLY,. PiweHHs Liel 3aga4i 6yn10 BUKOHAHO 3 BUKOPUCTaHHAM NakeTa MpUKIagHUX nporpam
Matlab Simulink, mogentoBaHHS XxapaKTepy HaBaHTaXXeHHS 6YN0 BUKOHAHO 3rifgHo [2].

3a fonoMoroto Wiei mogeni 6ynu oTpuMaHi JUHaMiYHI XapaKTepUCTUKM ABUTYHA Mpu
MYCKY Ha NPUPOAHIi Ta WTY4HIA MexaHiuHii xapakTepucTukax (R,, =0, R, =0,068 Owm)
Ha ubomy pucyHKy (pwmc.3) fobpe BUAHO BMMB eNeKTPOMArHiTHUX ABULL, Y ABUTYHI Ha BeNu-
YMHY Ta XapakTep 3MiHW MOMeHTY. [ns JOCNiIKEHHA 6YyNM NPUAHATI HACTYMHI 3HaYeHHS

MOMEHTY oropy npu pi3i M "¢ =3,5,7 . JocnigpkeHHs 6ynu NposeaeHi napanensHo Ans igea-
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NbHOTO | peaslbHOro xapakTepis MOMEHTY OMopy Npwv pisi. Pe3ynbtati ub0ro fOCNiAXKeHHSs
npuBeeHi Ha puc. 4.
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Puc. 3. LUTy4Ha | NpupoaHa AMHAMIYHI MeXaHIYHI XapaKTepUCTUKN [BUTYHA
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Puc. 4. [liarpamu pi3y 3aroTOBOK 3 Pi3HNUMMW MeXaHiYHUMW BNAaCTUBOCTSAMM: &) peasibHii xapa-
KTep HaBaHTaXXeHHS; 6) ifea/lbHNIA XapaKTep HaBaHTAXKEHHS.

AHanisytoun Ui pesynbTaT¥ MOXHa KOHCTaTyBaTK, L0 CMCTeMa Mae [0CTaTHIl 3anac

CTIKOCTI A0 MiKOBMX HaBaHTaXeHb Ta LUBMAKO Bi[JHOB/OE YaCTOTY 06epTaHHSA ABUrYyHa nic-
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na pi3y. Bnnue enekTpoMarHiTHUX SBULL, Y ABUTYHI MOXKe A06pe npocnifKyBaTuncs Ha AunHa-
MiYHUX XapaKTepucTukax. Lie 0co61Bo NOMITHO NP Nepexogi Bif HaBaHTaeHHs M ¢ =3
fo M ¢ =7.
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Puc. 5. HaMiuHi XapakTepucTUKI NPu HaKnfax HaBaHTaxkeHHss M ¢ =35,7.

Y AKOCTI BUCHOBKIB MOXe OYTW BICMOB/IEHE MPUMYLLEHHS, L0 BpaxyBaHHSA UM HeBpa-
XYBaHHA efIeKTPOMArHiTH1UX nepexifHnX NPoLecis y ABUMYHI Npy Manx, BIAHOCHO, HaKMaax
HaBaHTaXeHHA He nepesuLLyounx (3—4)M,, € MOXIMBICTb BUKOPUCTATW BiZIOMI METOAUKM

PO3paxyHKY HaBaHTaXXYBa/IbHUX Aiarpam npuBoAy ABWUMYHI Ha 6asi CTaTUUYHMX MeXaHiYHMX
XapaKTepUCTUK ABUryHa. Mpu GinblUnX BENMYMHAX HaKUZy MOMEHTY onopy Tpeba BpaxoBy-
BaTW e/IEKTPOMArHiTHI nepexigHi npouecu.

[N KOHKPETHOrO MexaHi3my 6yno 6 LjikaBO OTPUMATK 3a/IEXKHOCTI eNeKTPOMarHiTHoO-
ro MOMEHTY ABUryHa Y KiHUi pi3a B PYHKUIT CyMapHOT BEIMYNUHU MOMEHTY IHepLii CUCTEMMU.
[na uboro Tpeba 3a4atuca AeKiibKoMa 3HaYeHHAMY MOXK/IMBOrO MOMEHTY iHepuii cuctemu
Ta po3paxyBaTy MOMEHT ABUTYyHa B (PYHKLT MOMEHTY ONOpY, AKUM HaBaHTAXXEHO CUCTEMY. 3
apyroro 60Ky Tpeba MPOBECTU OLIHKY BUKOPWUCTaHHSI KIHETUYHOI eHepril, 3ape3epBOBaHOl
obepTarouMMmcs Macamy y TOMY XK [iana3oHi 3MiHW CyMapHOT BE/IMUYUHN MOMEHTY iHepLii
CUCTEMMN.

PesynbTati i€l ouiHK/ 6yno 6 gobpe npeAcTaBUTU y cucTeMi koopamHat XYZ —
NPOCTOPOBIi CUCTEMI. Y AaHOMY BMNaAKy AOLINbHO PO3rNSAHYTU Taki Be/IMYMHU SIK YacToTa
obepTaHHA ABUIyHa Y KiHLi pi3y, KIHETUYHA eHepris, ska 6yna BigaaHa nif vac pisy Ta cyma-
PHUIA MOMEHT iHepLiT CUCTEMM Y MOX/IMBOMY [iana3oHi noro amiHW. Ona nobyaosu pesysb-
TYHOUOI 3a/1eXKHOCTI

2_ 2
B304 = 21 — )

33/1aMocs f1iana3oHoM 3MiHWM MOMeHTY iHepujii — (1-20) Kr-M?, AianasoH 3MiHi 4acToTu o6ep-
TaHHA [BUrYHa Mif Yac pisy npuiimaemo Bif 0 O @, , Maloumn Ha yBa3i MaKCMMasibHe BUKOPU-

CTaHHA 3ape3epBOBAHOI KIHETUYHOI eHeprii, W0 Mae Micle npyu 3ynuHLi ABUTYHA MO 3aKiH-
YeHHI pi3a. Mo3HaumBLLK BICi K @, , J, AW i BUKOHaBLUN PO3PaxyHKW ANA NPUAHATOrO

MacuBY AaHWX, OTPUMAEMO HACTYMHWIA BUTNISA 3a71eXKHOCTEN, prC.6.
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Puc. 6. YHiBepcanbHi 3anexHocti AW (J,w,.,,) 418 BUOOPY CyMapHOro MOMEHTY iHepLii cuc-

KiH

TeMU B PYHKLIT 3HVXKEHHSA 4acTOTM 06epTaHHA Npu pisi

OTpumaHi 3a1eXXHOCTI MOXYTb OYTU BUKOPUCTaHI A/ 3HAaXOLXKEHHS BeJIMYMHUN KiHe-
TUYHOT eHeprii ska 6ye BiggaHa CUCTEMOIO NPK POBOTI Ha LWTYYHUX MeXaHIYHMX XapaKTepu-
CTMKax MNPUBOAHOrO ABuryHa. [ns uboro tpeba oTpMMaTV BEMYUHY 3HUMDKEHHS KYTOBOT
LUBWAKOCTI ABUIYHa MpY HaKWAI HABAHTaXXEHHSA A/ 33[aHOro oropy poTopa Npu KOHKpPeT-
HOMY 3Ha4YeHHI MOMEHTY iHepLiT eneKTpoMexaHiyHOI cuctemn. BennunHa AW 6yae 3Haxo-
AUTUCH Ha MOBEPXHI YHIBEPCA/IbHUX 3a/1EXXHOCTEN.

Takuii MeTof OLHKM NOBEAIHKM eNeKTPOMEXaHIYHOI CMCTEMI NP CTPUOKONOAIBHOMY HaKu-
A HaBaHTaXKeHHS € MPOCTUM i J03BOJISE BUKOHATM ONTUMa/IbHUIA BUOIP MaxoBMX Mac cucTe-
MW MPY LUMPOKOMY fiiana3oHi 3MiHW BENIMYKH, L0 AOCIIKYOTb.

Cnucok nutepatypsbl: 1. Yunuknd M.T., Knwoues B.U., CaHpnep A.C. Teopus aB-
TOMaTU3MPOBaAHHOIO 3neKTponpueoda. - M.: OHeprud, 1979. - 619 c. 2. bopuceHko B.®, Me-
NbHUK A.A. OCOBEHHOCTM MOZENMPOBaHUA MOMEHTA COMPOTMB/IEHMS, 3aBUCALLEro OT yrna
NnoBOpOTa WCMOMHUTENBHOTO opraHa. r. [oHeuk. WHxeHep: CTyfeHYeCKUA Hay4yHo-
TeXHUYeCKniA XypHan, oHHTY, 2003. Ne4.-161 ¢.130-133.

MOJE/VPOBAHUE ®AKTUUYECKOW MPON3BOAVNTE/IBHOCTA
POTOPHbIX BYHKEPHbIX 3AIrPY304HbIX YCTPOVCTB
C BPALLAOLUMMWNCA BOPOHKAMI
Bouaposa W.B. (kad. MM, Tynl'Y, r. Tyna, Poccus)

dakTnyeckas NPon3BOAMTENBHOCTL POTOPHOIO OYHKEPHOMO 3arpy304HOro YCTPOMCT-
Ba (b3Y) c 3axBaTbIBaKOLMMM OpraHaMu B BUJE BpaLLatoLLMXCs BOPOHOK [1]

rl(p =WCpaxWoN (1)
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rhe W — 41cno 3axBaTbIBaOLLMX OpPraHoB (pabourx No3uLmiA) poTopHOro b3Y; C . -
MaKCMMaibHOe YMCo NpeaMeToB 06paboTKM, KOTOPOE MOXET ObITb 3aXBa4eHO BOPOHKOM 3a
OfIH KMHEMaTUYeCKNi LMK, W, — 4acToTa BPalLEeHUs BOPOHKMA, MUH™; N - KO3(duLmMeHT
Bblfaum B3Y.

[ns potopHoro B3Y ¢ BpalwjatoLeiics BOPOHKOW pa3paboTaHa maTtemaTmyeckas mo-

[eNb, ONMCbIBaOLLAs KOIPMULMEHT Bblgaun Kak Npou3BeaeHne ABYX KO3((PULMEHTOB, UMe-
tOLLIMX BEPOSTHOCTHBI CMbICH:

n= kh ku , (2)
roe k, — croxactuyeckuii KOap@uLMeHT Npeobpa3oBaHuUs Lara 1aeansHOro noToka
npeaMeToB 06paboTKM; Kk, — CTOXaCTMYECKMA KOa(hduLUMeHT npeobpa3oBaHns CKOPOCTU

nLeanbHOro NoToKa NpeAMeToB.
CToXaCTMyecKUin  KOappuLMeHT  npeobpa3oBaHWs  Lara  ONpeAenstoT  Kak
Npoun3BefeHNe TPex YCNOBHbIX BEPOSTHOCTEN:

Kn = P12 pa’ 3)

e p, — BEpPOSTHOCTL Mepesoja npeameTa U3 YCTOWUMBOTO MONOXKEHWs Monepek
BbIXOJHOrO OTBEPCTMSI BOPOHKM B MOMOXEHWE BAOMb 06pasytoLLeli MPUeMHOro KOHyca
BOPOHKWN, 6ﬂar0|_|p|/|F|THoe Ona  3axBarta, p2 — BEPOATHOCTb 3anagaHnA B BbIXOAHOE
OTBEPCTWE BOPOHKW TMNpeaMeTa, HaxoAAullerocsa B 6I'|ar0|'|p|/|$|THOM MOSTIOXKEHUWN; p3 —

BEPOSITHOCTb TOTO, YTO 3axXBaTy MPeAMETa He NMOMELLAET UX B3aUMHasi CLIEN/INeMOCTb.

PacCMOTPMM  HeKOTOpble  NOAXOAbl K  MOCTPOEHWO  6Gonee  KOPPEKTHO
MaTeMaTUUecKoli MOAENN NPON3BOAMTENBHOCTI POTOPHOr0 B3Y Ha npumMepe YCTpoiicTBa s
3axBaTa pPaBHOPA3MEPHbIX MpPeaMeTOB 06PaGOTKM C OTHOLUEHMEM rabapUTHbLIX Pa3MepoB
12<1/d<15.

B KayecTBe 3aBMCMMOCTMW, OMUCHIBAIOLLEN BEPOSITHOCTb P;, PacCCMOTPUM (BYHKLMIO

B2 y=1-a*, MMEoLy0 TOPU3OHTa/IbHYD acuMMTOTY Y =1 npu X — o, a npu
x =0,y =0, uto obecneymBaeT KOPPeKTHOCTb (PU3NYECKOrO CMbICNa BEPOATHOCTU. Mepol X
BEPOATHOCTM  MOXET  C/MY>XWUTb  BblpaXKeHue, npegnoxeHHoe M.B. Megsugem  [2]:
X=1+ 212 —zg, roe z,=1/d; z,=D/d — 6e3pa3MepHble TeOMETPUYECKME MapaMeTpbl.
OcCHOBbIBaACb HA MHOTOUYUC/IEHHBIX IKCNEePUMEHTa/IbHbLIX UCCNef0BaHUAX, NOOXUM, YTO NpK
z,=2,(x=1),07< p, <08, T.e. a=02-073. Torja BeposTHOCTb

o, =108+ ) @)

B kauecTBe (hyHKLMM, ONICbIBAIOLLIE BEPOSTHOCTb Pa, LIeNeco06pasHo MCMo/b30BaTb
TaK HasblBaeMble KpUBbIE «TVGENM-Pa3MHOXEHUS», UMEIOLLME [BE Napa/iefibHble acuMNTo-

Tbl, HANpUMep, PyHKUM0 Fomnepua y =g , roe b, k — HekoTopble NOCTOAHHBIE KO3((K-
UMeHTbI. Vicnonb3oBaHme [aHHOW (hYHKLMM MO3BOJSIET 06eCneunTb KOPPEKTHOCTb u3nye-
CKOr0 CMbIC/1a BEPOATHOCTW, NMOCKO/bKY MPU /IOObIX BO3MOXHbLIX U3MEHEHUAX aprymMeHTa X
3HaYeHusa (yHKuMKM Fomnepua He ByayT BbIXOAUTb 3a Npefesibl 3HaveHui [0; 1].

B kayecTBe mMepbl X BEpOATHOCTM p, 3anafjaHus B BbIXOAHOE OTBEPCTME BOPOHKM
npegveTa 06paboTKM, HaxoAALLerocs B 61aronpuaTHOM MOMOXEHWUWN, UCNOMb3YeM KPUTEpPUIA
K,\,Icp CpeAHEro BpallaTenbHOro MOMeHTa CUfl, IeNCTBYHOLWMX Ha npeameT 06paboTku [3]
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1 izl(MZ)i
K, = mg(D+DB)>< N ®)
2

rae N — uncno pacyeTHbIX MOMOXEHWIA NpeaMeTa 06paboTKM Ha BCEM NPOTSHXKEHUN eé
BO3MOXHOIO MepeMeLLEHMsT Mo 06pasytollieli NPUEMHOM 4YacTy BOPOHKM U3 HayaibHOro
MONOXEHNS B KOHEYHOE; (Mz)i - CyMMa BpallaTe/lbHbIX MOMEHTOB CW/, AEACTBYIOLMX Ha
npeaMeT B KaX/0M M3 PacUeTHbIX i-X MOMOXKEHWIA.

Torfa BeposiTHOCTb P, MOXET ObITb NpeAcTaB/eHa B BUAE

-61Kwm
_ —46e cp
p, =€ - (6)
BepoATHOCTb CLENIEHNs paBHOPa3MePHOro npeaMeTa OnpefensieTcs no W3BEeCTHOM
3aBNCMOCTI.

0 _1_P 9,9+1,4z1 %
3 m 1+2z

rfe p=arctgu.

CTOXaCTUYeCKMiA KO3((ULIMEHT Mpeobpa3oBaHNs CKOPOCTW WEabHOrO MOTOKa
npeAMeToB 06paboTKM Ha Bbixoge B3Y onpefensioT Kak MpOW3BefeHWe Tpex YCMOBHbIX
BEPOATHOCTEWN:

Ky = P4 Ps pe, (8)

rie p, — YCNOBHaA BEPOATHOCTL TOFO, YTO MPOLIECC 3aXBaTa NpeAMeTa Npon3oiiaeT B
TE4YeHne OAHOro KmMHemaTm4yecKoro Luunkra pa60TbI 3aXBdTbIBalOWEro opraHa; pg,Pg —

YCNOBHbIE BEPOSITHOCTM NPeobpa3oBaHMs CKOPOCTM NOTOKa NpeaMeToB 06paboTKM Ha BbIX0/e
B3Y C y4eTOM HeraTMBHOrO AEWCTBMSI LEHTPOOEXKHbIX CWU/T UHEPLUMUWN, BO3HUKAKOLIMX OT
BpaLLeHNs COOTBETCTBEHHO BOPOHKM U poTopHoi CA3.

BeposaTHOCTL p, onpefenM U3BeCTHON (DYHKLMeN

1

= , 9)

Py . 0,637a,/2,2,

J(siny — pcosy) + z; (cosy + psiny)a,
roe &, @, — HeKOoTopble MOMpaBoYHbIE KO3MMULMEHTLI, YUYUTbIBAOLLME
+

MPUONMKEHHBIA  XapaKTep [JaHHOr0 BblPaXKEHWUS; y:¥; B, — Yyron HaknoHa

. . wyd Q%R
obpasytoLlelt 30Hbl 3axBaTa, Z, = 2q zS—T - 6e3pasMepHble  AMHAMUYecKume
napameTpbl; Q — yacToTa BpalleHuMs poTopHoii CA3; R, - HauasbHbIl paguyc

pacnonoXXeHna 3axBaTbiBalOLLMX opraHoB b3Y.

KMcxoas u3 obLuero onpeaeneHns CToxacTUHecKoro KoagduumeHTa npeobpasoBaHus
CKOPOCTW N COCTaBNAKOWMX €ro YCNOBHbIX BEPOATHOCTEN, 3amnuLieM BbIPOKEHWUS AN
YCNOBHbIX BEPOATHOCTEN

Ps =y1-2,(2, ~Luay; Ps =1~ ZsHay, (10)

rae as;a, — HEKOTOpbIe NMoMnpaBoYHbIE KOIPPULINEHTDI.
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Taknm 06pa3om, MaTemaTuyeckasi MOAENb MPOM3BOANTENBLHOCTM POTOpPHOro B3Y ¢
BPALLAIOLLMMICS BOPOHKAMM MpeAcTaB/eHa COBOKYMHOCTbIO paBeHCTB (1)-(10). Pe3ynbTaThi
MOZENMPOBaHNSA NpeACcTaBNeHbl Ha PUCYHKe.

HJ mm’{uuu
- 300

=
P

200

Ao

L ——
L\ 2,1
0 200 _:1,-[;[-].-__-"‘_ _..-.-..-.t_______..-—_,ﬁ-,:"'
s 600 800 =i 0,7 F4
m.,ﬂ - 1000 0

Pe3ynbTaTbl MOEMPOBaHUSA (PaKTNUECKOW NPON3BOANTENILHOCTM
0JHOMNO3MLUMOHHOI0 POTOPHOro b3Y ¢ BpalyaroLLeinca BOPOHKOM

Pe3ynbTaTbl MOAENMPOBAHNSA OTPAXKAKOT 3aBUCUMOCTb TEOPETUYECKUX 3HAYEHUI (hak-
TUYeCKoi nponssoauTenbHOCTH (1) 0AHOMO3ULMOHHOIO PpoTopHOoro b3Y (u = 1) oT YacToThl

BpalLieH1s 3aXBaTbIBAOLLEro OpraHa w, W AWHaMUYECKOro napamerpa Zg A8 paBHOpas3mep-
HOro npegmeTa 06paboTKM TMNa cTakaHa ¢ napametpamu: | =94mm; d =81mm; |/ d =116;
K = 0,2. Ana npeameta 06paboTKM C YKa3aHHbIMW NnapaMeTpami pacyeTHbIe napameTpbl BO-
POHKM (CM. puc. 1) pasHbl: D =9mm; D, =12mm; D, =22mm; a=70"; B=30°; e=1mm.
KoaththmumeHnTsl B MaTemaTUyeckom  Mogenu  MpOn3BOAUTENIbHOCTU: =2;
a=19; a,=24;a;,=01;a,=24.

ConocTaerneHve pesynbTaToB MOAENMPOBAHUA NMPOU3BOAUTENILHOCTU C UMEHOLLMMUCS
3KCNEepUMEHTa/IbHbIMW  [JaHHBIMW MOKa3ano, YTO MNpeAsioXKeHHas MaTemarunyeckas MOAeNb

NpPoV3BOANTENBHOCTM POTOPHOro B3Y ¢ BpallatoLLEeincs BOPOHKON 06n1aaaeT 60/bLUein aaek-
BaTHOCTbHO 11 KOPPEKTHOCTHHO MO CPABHEHWS C paHee M3BECTHbIMI MOAENSMU.

Cmax

Cnucok nutepatypsbl: 1. MNpeiic B.B. Matematnyeckas Moaenb QyHKLVOHUPOBaHNS
POTOPHbLIX OYHKEPHbIX 3arpy304HbIX YCTPOMCTB MOLITYYHO-HeNpepbIBHOro 3axeata //
Ky3HeyHo-lITamMmnoBoyHoe npomssofctso. Ne 12, 1989. C. 25-27. 2. Mepsugs M.B.
ABTOMATMYECKME OPUEHTUPYIOLLME 3arpy304Hble YCTpoKcTBa.- M.: Mawrus, 1963.- 299 c.
3. Mpelic B.B. ByHKepHble 3arpy3oyHble YCTPOMCTBA C BpaLAlOLMMUCA BOPOHKaMW
KpnBonuHeiHoro npodgwmns / B.B. Mpeiic, M.K. lanoHcka / Mop pea. B.B. Mpeiica. - Tyna:
N3p-Bo Tynl'y, 2004.- 128 c.
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OMNPEAENEHNE PALIMOHAJIbHBIX CXEM 3AKPENJIEHVA U PEXKIMOB
PE3AHUA TPV ®PESEPOBAHNW KOPTYCHOW AETAJINN HA OCHOBE
NCCNEAOBAHNA AEDPOPMALIMOHHOW KAPTVHBI NP OBPABEOTKE

MopbaHoB A.H., Kanadatosa /1.M1., OneitHuk C.HO.
(QOHHTY, r. loHeuK, YKpaunHa; A MA, r.KpamaTopck, YKpanHa)

Llenbio paboTbl SBAAETCA ONpefesieHne BAUAHWUA TEOMETPUM U PacrosioXeHus
3/1eMEHTOB KOHCTPYKLIMN KOPNYCHbIX AeTanel, a TaK »e crnocoba nx 3akpenseHus B npouecce
MeXaH14ecKol 06paboTKM Ha >XeCTKOCTb MOBEPXHOCTEN Mpu (pe3epoBaHUN. TMony4YeHHbIe
pe3y/ibTaTbl NMOMOrYT BbISIBUTb 3/1EMEHTbI KOHCTPYKLMUW, KOTOPbIE CHUXKAKOT XXECTKOCTb, a
CNefioBate/lbHO U TOYHOCTb MO/Ty4aeMbIX pa3MepoB, a TaKKe Hanbosee paLoHaIbHbIe CXeMbI
3aKperieHns 3aroToBOK npu 06paboTKe.

ATy 334a4y BO3MOXHO peLlnTb, cocTaBuB nporpammy B cpege ANSYS u onpegenvns
JethopmaLn 1 HanpskeHWs B aleMeHTax JeTasei.

B KayecTBe MCXOAHbIX JaHHbIX AJ19 PeLleHns 3afadv ABAAOTCA YepTeXun 3aroToBOK,
CXeMbl  3aKperieHns Mpyv  MexaHW4yeckoin 06paboTKe, CW/bl  pe3aHus, CBOWCTBA
obpabaTbiBaeMOro marepuana, KOTOpPbIM B paccMaTpuBaeMOM Ciyyae SABNSETCA CTalb C
napameTpamMu:

- moaynb ynpyroctu 2-10* Ma;
- Ko3(hduumeHT MNyacoHa paBHbIn 0,3.

[ns npoBeAeHUs nccnefoBaHUin 6b11M B3ATbI TPU BapyaHTa KOHCTPYKLMIA KOPNYCHbIX
Jetanein, npmeeieHHbIX Ha puc. 1.

PN
| /// o W
VJ} e =
P BN < 5 - /'// e TN -
i PRl q//ﬁ I,a//" = x_\\ g
,I«"V - \E'\}/) :> f\“::-\; \:\ ,\”. = /}\
S i 22 AR i S o
iy R~ ~ ;1?' 3 o i /!E.L‘-/_g/
Q\'\ /’:‘H /‘)1/ g 4 > \'\\‘Q\D/ ::I['I
e S ‘».'_]V g4 i ~1
{/, N ’_% 77 é\\/g\é’\\\t// [;.;
L L
Pl L D AW
o ): -, ¢7’/ \.,\ \
a) 6) B)

Puc. 1. CxeMbl (hpe3epoBaHus pasfinyHbIX BapraHTOB KOPMYCHbIX AeTaei
a) | cxema; 6) Il cxema; B) Il cxema

Ha puc. 1(a — B) nokasaHbl 06pabaTbiBaeMble MOBEPXHOCTM AnMHON 1=140 MM, a TaK e
pasmep b, KOTOpbIA HEO6XOAMMO BbiepXaTb Mpu 06paboTKe. B KauyecTBe WHCTPYMeHTa
NPUHATa KOHLUEeBas (pesa 13 GbicTpopexyLlei ctann PEM5 guametpom D=25 MM, C ynciom
3ybbeB Z=6[1]. CocTaBnsilolimMe CU/Ibl pe3aHns npu  (pes3epoBaHUN ONpefesieHbl U3
3aBucumocTei [2]:
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P _loc, ®s) B"(Z
Z_ EH

[)q

roe P, — TaHreHunanbHas coctasnsiollad cunbl pesaHud, C,=62,8; x=0,86; y=0,72; u=1,;
q=0,86 — Ko3a(hpUUMeHTbI, t=3 MM — rnybuHa pesaHuns, S,=0,12 mm/3y6 — nogaya Ha 3y6,
B=20 MM — Wwm1pwuHa (hpe3epoBaHms.
PafmanbHas cuna no pekoMmeHgaumsam [2] onpefeneHa Kak nosoBMHA OT TaHreHuuasb-
HOIA:
P, =P, 05.

Mo pacueTam nonyyeHbl cnegyroLme sHavyeHna P,=2664 H, Py=1332 H.

Ha ocHOBe BbIlWeNpYBEAEHHbIX [AaHHbIX OblIM  CO34aHbl  MOAENM  MPOLLECCOB
BO3AENCTBUA CU/T pe3aHWUs Ha KOPMYCHble [eTanu, OLEHeHa BenuyvHa HanpsXXKeHuid u
JethopmaLyii, BO3HMKAOLLMX NpU (hpe3epoBaHnn.

B pe3ynbTate pelleHns KOHeYHO-31EMEHTHBIX 3a4a4 No onpeseneHnto HanpsaXeHHoro
COCTOSIHMSA 1 AechopMalmii KOpNyCHbIX AeTanein npu gpeseposaHun B cpege ANSY'S 6binu
Nony4YeHbl pe3ynbTaThbl, NPUBEAEHHbIE HA PUCYHKAX HUXKE.

[JeTanb 3aKkpennsnacb No HUMXHeM NNOCKOCTM U, Kak BUAHO U3 puc. 2, aechopmaLm Ha
3TOM y4yacCTKe MWHUMabHbl. Hanbonblune nepemMeLleHns, Kak BUAHO U3 rpadmka (puc. 3),
MoMyYeHbl Ha CPefHEM YYacTKe feTau, r4e OHa XapaKTepmn3yeTcs NOHUKEHHOMN XEeCTKOCTbHO.

JSAEHD7
AZ29E+08
O38EH08
J2EE+H0S
JGEE+QS
Z207E+09

o

J179E-04
356E-04
S36E-04
J15E-04
B94E-04
JO7E-OE
J2EE-03
J43E-03
JA61E-03

BOCOOO0 N
HO00000 N

ZTIE+09

a) 6)
Puc. 2. Pe3ynbTaTbl pacyeTa MOAENM NEPBOro BapnaHTa KOPNYCHON aeTanm
a) gepopmanmm B M; 6) Hanps>keHHoe cocTosiHMe B Ma

A, MM 02457
22753
Q289+
{205+
3877 +
21797
Okag T
Quzs -+
auor
auFr +
bt

Q0975+

20805

Qo587 ¥ — j
R B, B B (R B/ B

Puc. 3. 'padmkn pacnpefeneHns geopmaumnii A Bons obpabatbiBaeMoro topua | getanei
NPV pasfiMyHbIX BapraHTax 06paboTKu
1-1cxema; 2-1lcxema; 3-Illcxema

I, Mm
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Hanb6onbLume HanpshkeHUs 0TMeYeHbl Ha KPOMKax M yriax o6pabaTbiBaeMoro ycTyna,
TaK KaK OHW SIBASKOTCSH KOHLEHTpaTopaMmn HampshKeHuid. Takke BeCcbMa YyBCTBUTENbHOM K
nepeMeLLeHNsaM OKa3anacb NepeaHss CTeHKa Kopryca M3-3a He60/bLUON €€ TOMLLMHBI, N03TOo-
MY 3[€Cb TaKXXe BO3HMK/O0 MOBbILIEHHOE HaNPSHKEHHOE COCTOSIHNE.

Mpn MoaenvpoBaHMK NpoLecca (ppe3epoBaHMst BTOPOro BapuaHTa Kopryca (CM. puc
1.6.) NpMMeHsNOCh 3aKpenaeHne No ero 60KoBbIM cTopoHam. Kak cneayeT u3 puc. 4 gedop-
MaLMK Ha 3TUX y4acTKax MUHMManbHbI. Kak BAHO 13 rpaguka (cMm. puc. 3, Kpus. 2) aetop-
Mauumn paBHOMEPHO pacnpefeneHbl No BCei AMHe 0bpabaTbiBaemMoro Ttopua, pesko yBenu-
UMBasCb NMLLbL B KOHLe 06pabaTbiBaeMOro yyactka. BospacTaHue getopmauuii K KOHLY 06-
pabaTblBaeMOli NOBEPXHOCTM CBSA3aHO C TEM, YTO 3TO Yr/I0BOA YYacTOK, SBASHLLMIACA KOH-
LIEHTPaTOPOM HamnpsHKEeHNIA.

12734

e -256E-05 N E26E408
F13E-05 TO5EL09

B3 5egE-05 B csRi00
B 4038 04 Bl Si0E100
B8 155F 04 Bl SeiEi09
L1 9EaF-04 I 5{fe1ga
L 17904 OO eeriia
mm  205E-04 S 20E+03
Z31E-04 ATIEH0S

a) 0)

Puc. 4. Pe3ynbTaTbl pacyeTa MO BTOPOro BapuaHTa KOpryCcHOW AeTanu
a) gehopmauum B M; 6) HanpsXKeHHOe cocTosHKe B [Ma

B TpeTbeM BapuaHTe MOLeMpoBaHMs 06paboTKM Kopryca (CM. puc. 1. B.) MakCUMasib-
Hble gehopMaLmMm NosyyeHbl B CaMO TOHKOM CTeHKe Kopriyca (puc. 5 u puc. 3, kpus. 3). Op-
HaKO HanpsbkeHWsi B 3TON 4aCTU He3HAYMTE/bHblEe, MaKCUMabHbIE HaMPSXKEHUS OTMEeYeHbI B
MeCTe 3aKpernseHus, Tak Kak [eTa/lb B 3TOM MecTe UMeeT (hopMy TabneTKn 1 3aKpenseHune
MPOUCXOAMT NO TOYKAM BbIMYK/ON NOBEPXHOCTU (CM. pUc. 5).

0 592673
BT WY (B
B C0E-0d B 5oor 00
1 -530E- =
B 796E-04 B 432m409
1DEE-03 B 575EH09
=] A33E-03 (-] T19E+09
= A5R9E-03 = GHIE+HID
B -1B6E-03 = 10IE+10
212803 — NI

$355_05 358410

a)
Puc. 5. PeaynbTaTbl pacyeTa MoAeNn TPETbErO BapaHTa KOPMYCHOM AeTanu
a) gechopmauum B M; 6) HanpsXkeHHOe cocTosHKe B [Ma

BbiBog. Ana ymeHblueHMs  gedopMaumii (MOBbILLEHUS TOYHOCTU) U CHUDKEHWUS
HanpsKeHWI, BO3HUKAIOLWMX B X04e 06paboTKM, 0CNabfeHHbIM YacTAM KOPMYCHbIX AeTasnei
cnepyet npugasatb 6OMbLUYHO XXECTKOCTb MOCPEACTBOM YTOJLLEHWUS CTEHOK, [06aBneHus
pas/IMyHbIX BapuaHTOB pebep >KECTKOCTM (KOCBIHOK), a Takke MPUMEHATb palMOHa/IbHbIE
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CXeMbl 6a3vpPOBaHUs 1 3aKpenieHns. Takxke A1 YMeHbLUeHUs AedopMalyn 1 HanpsXKeHWi
Ha yrnax v Kpomkax aetaneli Heo6xoaumo NPUTYNATL UX UK CHUMATb (PACcKM .

Cnucok nutepatypsbl: 1. O6paboTka MeTa//10B pe3aHneM: CrnpaBoOYHUK TexHonora /
AA. MaHos, B.B. AHukuH, H.I'. Boiim u gp.; Mop obuw,. Pes. AA. TMaHoBa. — M.:
MawnHocTpoeHme. — 1988. — 736¢. 2. CrnpaBoYHMK TEXHOMNOra-mMalimHoctTpouTtens. B 2-x T.
T2 /Mop pea. A.I'. Kocunosoii n P.K. MeluepsikoBa — M.: MalunHocTpoeHue, 1985.- 496 c.

EKCMNEPVIMEHTA/IbHE BUSHAUEHHSA TEM/TIOBOI MEPEXIAHOT
XAPAKTEPUCTUKN INAPOCTATUYHOI O MIAWNTITHNKA

Mopaees O.P., 3axapos N.0., NonnHKesn4 P.M., TuuweHko B.B.
(kap. KMNBTM, IATY, M. Jlyubk, YKpaiHa)

The method of forecasting of thermal transient in the hydrostatic bearing of a spindle is con-
sidered on the basis of identification of the transitive characteristic with use of integral of
convolution.

1. Bctyn. MakcvmarnbHa LWBUAKOXIAHICTb LWNUHAENbHUX TiAPOCTaTUYHUX NiALWMMHA-
KiB (FCIT) 06MeXyeTbCAa B OCHOBHOMY MPUNYCTUMUMMK BTpaTaMu MOTYXXHOCTI Ha TepTs Ta
MaKCMMa/IbHOK TeMMepaTyporo Harpisy mactuna. Mpu LbOMy YacoM MoBeiHKa LOCNigKYBa-
Horo F'CI npu oro po6oTi Ha rpaHUYHKX peXKMMax NPOrHo3yeTbCs /INLLE Ha PiBHI rinoTesw,
a BMXif 06’eKTa i3 nafy TArHe 3a CO600 3HaYHI 3aTpaTy Yacy i KOLITIB Ha 1A0ro BiAHOBMEHHS.
MpUpOAHOIO B LbOMY BMNAAKY € CTpaTeris eKCrnepuMeHTa/IbHUX AOCHiAKeHb, KON BUXij B
KPUTUYHY 06n1acTb (DYHKLIIOHYBaHHS 00’€KTa 3[iNCHIOETLCA MOCTYNOBO MPU HAaKOMUYEHHI
HaBYa/IbHOT iH(hopMaLiT Npo noro noseAiHKy. CTpaTteria nnaHyBaHHS EKCNEPUMEHTIB, TakuM
YMHOM, NONArae B MOCTYNOBOMY BMKOHAHHI TakUX LMKAIYHUX eTanis: 1) 34iiiCHeHHA HaBYa-
FOUMX EKCMEPUMEHTIB Y AOKPUTUYHOT 30HI (PYHKLIOHYBaHHS 06’€KTa 3 METOK HaKOMUYeHHS
iHthopMmauii Npo oro nosefiHKy; 2) 06pobka uiel iHpopmaL,ii 3 METOO OTPUMaHHSA MaTema-
TUYHOT MOfeni, AKa Bifobpaxkae Likasi BMacCTUBOCTI 00°eKTa; 3) eKCTpanonsuis noBefiHKu
06’eKTa Npw 1AOro ynpaeniHHI, Ka BeAe Yy KPUTUUHY 30HY (DYHKLIOHYBaHHS, Ta OLiHKa Fun-
OMHW UbOro ynpas/iHHA; 4) NpoBeAeHHSs 6e3MeYHOro eKCNepUMEHTY B KPUTUYHIN 30Hi. Taka
cTparteris 403BO/ISiE 3BECTU [0 MiHIMYMY PU3VNK BUHUKHEHHSI HEGE3MeUYHMX i aBapiiHUX CUTY-
auin.

2. OCHOBHWMIA 3MICT i pe3ynibTaTtn poboTn. 'CI1 Beae cebe SIK AMHaMIYHMIA 06’€EKT,
Ha BXifJ KOTPOro noAaeTbca yactoTa n(t) obepTaHHs WNUHAENS, SKa 3MIHIOETLCS 3 YacoM t, a
BUXIAHUM CUTHa/IOM € Temnepatypa ©O(t) macTuna Ha 31uBi. TepMogMHaMiIYHI BNacTMBOCTI
FCI MOXYTb 3MIHIOBATUCA B 3a/1€XKHOCTI Bif BEMUYUHWN N, HAMpUKAag nNpu nepexoai Tedii
macTuna B 3a3opax [CI B Typ6yneHTHWIA pexxum. BuuepnHoi xapaktepucTtukoro CI, sk
[MHaMiYHOro 06°eKTY, € MOro nepexifHa xapakTepucTuka, To6To O[n-1(t)] — peakuis Ha CTy-
neHeBui BNAMB. MNpakTnUyHa peanisauis Takoro snavey 1(t), dyHKuii Ldipaka, He MOX/IuBa.
ToMy X ycTaBka N MoBWMHHA BIANOBIAATM NPU LbOMY TI FPaHUYHOMY PEeXUMY, L0 He € Ge3re-
YHUM. B cnny 3Ha4HOI iHepLiAiHOCTI TePMOLMHAMIYHOMO MPOLLECY HE € MOX/IMBUMM I 4acTo-
THi meToam [1]. Tomy B faHOT pobOTi 3anponoHoBaHa MeTOAMKaA, sika 3aCHOBaHa Ha BUKOpPWUC-
TaHHi iHTerpana 3ropTku ([toamens).

Hexain i-Ta peanisauis npouecy Fi(t) BU3Ha4aeTbCA BigNOBIAHUM i-TUM YNpaBAiHHAM
(BnnmBom) fi(t). CykynHicTb i=1,1 peanisauiin Fi(t) Ta ynpaeniHb fi(t) Ha3BeMO HaB4al4OO
cutyauieto. Peanisayis ®(t) i ynpasniHHs u(t) — BigNoBiAHO NPOrHO30BaHWMIA Npouec Ta npo-
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rHO30BaHe ynpas/iHHA. MpuiiMeMo 0 TOro X psg NPUNYLLEHb, XapakKTePHUX 415 KIACUYHO-
ro perpecuBHOro aHanisy [2].

OCHOBHOIO 33fa4eto, KOTpy Tpeba po3B’aA3aTy Npu peanisauii 06paHoi cTpaterii nnaHy-
BaHHS eKCrepuMeHTa/IbHUX LOCNI[KEHb, € 3HAXOMKEHHA MaTeMaTUYHOI MOAeNI, fAKa Xapak-
Tepusye B IMOBIPHICHOMY 3HAYEHHI MepexifHy XapakTepUCTUKY, AKa MoB’A3ye 3afaHe yrnpas-
NiHHA 3 peasni3auieto npouecy. 3a Taky MOAe/b 3pYYHO B3ATW MepexifHy XapakTepuctuky
h(t), a B poni (yHKLiT 38°3KYy ynpasiHHa fi(t), peanisauii Fi(t) Ta nepexigHol xapakTepncTu-
Kun h(t) — iHTerpan 3ropTtku (abo iHTerpan Atoamens) surnsaagy [3]:

F(t) = f ()h(0) +i f (0)h(t - 7)dz. 1)

[pyroto 3agaveto € BUGIp ynpaeniHHA u(t), AKe 3abe3neyye 3 MiHIMaIbHUMU PU3MKaMK
AOCATHEHHA NOTPIGHOTO PiBHA P(t) Y KPUTUUHIN 30HT D(t) = Py .
TpeTbOro 3afavero € BU3HAYEHHS PO3MIpY AOCTaTHbLOI MiHIMa/IbHOT cepii | HaBYaKumnx
ynpasAiHb fi(t), i=11.
P03B’shkemMo 3aga4y B AUCKPeTHOMY BUrnagi. Po3i6’emo yacosuii iHTepsan (0,T) Ha oa-
HaKoBi iHTepBann At i 6yaeMo BBaXaT, L0 YrPaBSHOUYNA CUTHAN 3MIHIOETLCS CTPUOKOM Y
MOMEHT Yacy t=jAt, ge j=0,1,...J. Tpu LbOMy iHTerpyBaHHs B (1) 3aMiHUTLCA AO4ABAHHAM:

F.(t,) = 1,(t,) (h(0) + Z £(r,) h(t, - 7,). @

Mo3HaumMmMo noxigHy fi’( j) NIBOKO KIHLIEBOKO Pi3HULEID:

f(c) = fi(rj);tfi(r,._l) _ fi(jAt)—zt[(j —1)At]. )

Migcrasnatoum (3) B (2) i 3amiHolOuUM G=jAt, 0AePXXMMO B NO3HAYEHHAX ANd peLliTya-
CTUX OYHKLIM:

. . k . .
FeAt = fih, + Z (f/ = fLhe ;. (4)
J:

3miHtooum k Big 1 go K i BBaxaroum =0, 04ep>XnMo CUCTEMY NiHINHMX PIBHAHb Bif-
HOCHO h;, j=0,K -1:

%ff - foi 0 0 0 B Oh, O EF;B
i i i i O, U i
st' - £ f) - fi o 2f - fi 0 Bx Shz g= EE; El
D_-_ _ : _ _ : _ : E _D D:DD{D
Efkl - fkl—l fkl—l - fkl—z fkl—z - fkl—l 2fll - fOIE H‘HE HZKIE
ab0o B MaTpuyHOT hopmi: i i
f ' )

pe f-marpuus posmipHocTi Kx K;  htaF - Bektopu posmipHocTi K.
Po3B’sa3kom (5) 6yae BeKTOp: i i
h=@"H* I, ©)
KOMMOHEHTaMN AKOr0 € AUCKPETHI 3HauYeHHA h(t)) y MOMEHT Yacy tj nepexifHoi XxapakTepumc-
TVUKW 06°€KTa Ha OANHUYHWIA BNAKB f(t;).
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Hexai € M peanizauii Fi(t) npu i-tomy ynpasniHHi fi(t). Micng oTpumaHHA AUCKPETHUX
3HaueHb BCiX M peanisauii npw i-TOMy ynpasniHHi 06UYMCNIOETLCA B KOXKHOI j — Of TOYL t;

. —\2
4acoBOI OCi cepeiHs peanisauis Fj' Ta ouiHka gvcnepcii (S;) :

M —\2 Mafji_':mi(tj)é
= Fut): (5] & VR — )

ne Fni (tj) - 3HaueHHA peakLiii 06’eKTy B T. tj=jAt npu m — oi peanisaLii i i - oMy ynpas/ieHHi

fitt) B j—oiTougity Mm=LM ;i =11 © ] =1,
[ani 34icHI0ETbCS NepeBipka BI,U,TBOp}OBaHOCTi peanisauii npu i-ToMy ynpaeniHHi 3a
KpuTepiem KoxpeHa [2]:

o)
G =—L 1 <G (M-1J). 8

E)

Mpn BUKOHaHHI ymoBK (6.36), TO6TO Amcnepcii 04HOPIAHI, Aucnepcia BiATBOPHOBaHOC-
Ti peanizauivi npy i-ToMy ynpasniHHi:

N2 12 /—)\2
(s) =73 (s) ©)
J &
TakvIM Y/HOM, 34iAICHMBLLK | eKcnepuMeHTiB No M cepiil, OTPUMaEMO 3HaUeHHS nepe-
XifIHOT XapakTepucTukm h'y Burnsagi | Bektopis po3mipHicTio K.

Ona noganswnx obuncneHb h(t) HeobXigHO MepeBipUTK TiNOTe3y MPO OAHOPIAHICTb
BMOBIPKOBUX AMCMEPCII BiLTBOPEHHSA NPY OKPEMMUX i-TUX YNpaBaiHHSX:

Ho :(51)2 :(52)2 :"-=(S‘)2 :...:(Su)Z’
Ae (s') o opmyni (9).

Mpy 0HaKOBIN KiNbKOCTI cepii M B KOXXHOMY AOCHIAI MOXHa TaKOX CKOpUCTYyBaTuCA
CTaTUCTUKOK KoxpeHa:
C_max(s')
G, =——=<G; (I -1, M). (10)

p [

>(s)

Mpn BMKopuCTaHHI ymMoBY (10) cepefHe 3HaYeHHSA NepexifHOi XapaKTepucTuKy obumc-

JTIOETBCA
O
: hi 0 (11)
J I £ DJ Z J|:|
3 AMCMEepCieto BifITBOPIHOBAHOCTI NPOrHO30BaHOrO CUTHAY:
I .
g2 _1 (3')2_ (12)

| &£

3afiaHe ynpasniHHA U(t) NpeACTaBAsETLCS Y AUCKPETHIN thopmi uj, | = 1,J
Bukopuctosyroun (3), 3anuLiemo:
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J
CDk:ukho+Z(uk—uk_l)Ehk_j, k=1K;j=1J. (13)
=

OcTaHHi BMpa3 [03BOMSE OTPMMATU NPOrHO30BaHy peanisauito “B cepegHbomy”. Mpu
BiZOMIi1 oLiiHKM aucnepcii $% (12) HecKnagHo 3aiicHUTY iHTepBaNbHY oLiHKy P(t) Ha nigcTa-
Bi NMPUMYLLEHHSA NP0 HOPMa/IbHUIA 3aKOH po3noginy ®y, NpaBoOMIpHICTb AKOro 06ymMoBNeHa

LIeHTPa/IbHOKO rPaHNYHOKO Teopemoto [2].
O6pobKa eKcrnepMMeHTaIbHNX faHWX 33 OMNMCaHOK METOAMKOK BUKOHYETLCS 3acoba-
MW eNeKTPOHHMX Tabnmup Excel-2000. B xofi eKcrnepyMeHTY BUKOHYETHCA 3HIMaHHS YacTo-
T 06epTaHHA WnuHaens ws (t), Aka Bigobpaxaetbes y Burnagi rpagiky “f(t)” (puc. 1), i rem-
nepaTypa Mactuna TO(t), fka Bifo6paxaeTbecs y BUrAAi rpadiky ‘F(t)’, npu LboMy Bifo6pa-
XaeTbCA nepexigHa xapakTepucTuka Yy BikHi h(t). B npaBoi KOMOHLiI BMBOAATLCA AWCKPETHI
3HayYeHHA nepexifHOI XapakTepucTukm hj(t) BignosigHO pilleHHto (6). Mporpama po3paxosa-
Ha Ha MPOBEJEHHS M’ATW Cepili eKCNepUMEHTIB Mo 5 peanisallili B KOXHOT, TO6TO m =1, M ;

i =11, ANA AKUX NPOBOAUTLCA CTATUCTUYHA 06PO6KaA. AN PO3MILLEHHS JaHWX B OfHIET Tab-

nnui napametpu F(t) i f(t) nonepeiHb0 HOPMYHOTHCA MO MaKCUMa/IbHOMY TX 3HayeHH. Ha
rpacikax (puc. 1) asa Tvna HaBaHTakeHHs [TCI1 yacToToo 06epTaHHs winuHgens n(t): 1) f(t)
— WBMUAKWIA picT n(t) Ao mocTiiiHoro sHaueHHs 3000 xB™; 2) u(t) NoBinbHe 3pocTaHHs N(t) Ta-
Ko o 3000 xgt3 nocnigytounm BiAKIKOYEHHAM NpYBOAY WNUHAeNsA. Yacosa Bicb t CKiafae
50 c. 3a HaBaHTaXXeHHAM 1) BUMIPIOETLCA TemnepaTypa F(t), No AKOT po3paxoByeTLCA cepes-
HA nepexigHa xapaktepuctuka h(t). BoHa BUKOPUCTOBYETLCA MpK po3paxyHkax P(t) no gop-
myni (13).

] e -
D ==

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
—m—N(t) —O—F() —t—F(t) = = =P(t) —5—u(t)

=
1=

Puc. 1. Pe3ynbTaTi eKCNepuMeHTIB 3 BUKOPUCTAHHAM METOAMKM BU3HAYEHHS
nepexigHoi xapakrtepuctukuy h(t) FCI no temneparypi HarpiBy mactunia

BucHoBku. 1) Po3pobneHa MeTOAMKA € 3pYYHOK B BUKOPUCTaHHI. 2) MeTofuka 3a-
6e3neyye HeobXigHY TOYHICTb OUIHKM MNepexigHOi XapakKTePUCTUKN AUHAMIYHOro 06’eKTy
eKCnepuMeHTasIbHUX focnifikeHb. 3) lNpoBefeHi TemnepaTypHi eKcrnepuMeHTaslbHI [0Chi-
[DKEHHS LWnuHAenbHoro MCI nokaszanu Ti HagiHICTb.
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Cnucok nitepatypu: 1. bywyes B. B. 'mgpocratnyeckas cMaska B CTaHKax. - M.:
MatumHocTpoeHue, 1994, - 196 c. 2. KoHCOH H., J/lnoH @. Ctatuctnka 1 nnaHMpoBaHus
3KCMepPUMEHTa B TEXHUKE M Hayke. MeTog 06paboTkM faHHbIX. [epeBog C aHrIMIACKOro./
Mog pen. 9.K. Jleukoro. M.: “Mwup”, 1980. 3. Epwosa B.B. VmnynbCHble (yHKUWN.
®PYHKUMM  KOMMNEKCHOM nepeMeHHOW. OnepaunoHHoe wucuncneHve. [Mog pea. B.W.
A3amaToBOi. MUHCK, «BbILWaiLw. wkonax», 1976. — 255 c.

METOAVKA PACHETA U NPOEKTPOBAHNA MEXAHNYECKOIO
ONCKOBOI'O BYHKEPHOI'O 3AIPY304YHOIO YCTPOVCTBA
ONA WTYUHbIX SATOTOBOK

[asblgoBa E.B. (kad. MM, Tynl'yY, r. Tyna, Poccus)

ByHKepHble 3arpy3ouHble ycTpoictBa (B3Y) Mcnonb3yloTca B pasHbIX OTpacnsx
NPOMBILLNIEHHOCTU N8 3arpy3KM LUTYYHbIX 3arOoTOBOK B TEXHONOrMYecKme MalunHbI-
aBTOMaTbl M aBTOMaTUyeckue nuHUKU. B3Y obecneumBatoT M3BMEYEHWEe U3 HaBasa (3axsar),
npueefeHve B  YMOPSAOYEHHOE MOMIOXKEHWE W Bblgadyy 3aroTOBOK C  3afaHHOM
Npou3BOANTENBHOCTBIO [1].

VicxofHbIMW  flaHHbIMW  ANA MPOeKTUpoBaHMsA  B3Y  aABnAloTCA:  3aroToBka
(reomeTpuyeckme 1 (PU3MKO-MEXaHMYeCKMe CBOICTBA); TpebyemMoe OpUEHTMPOBAHHOE
nosfoXeHve; Tpebyemas NPoV3BOANTENbHOCTb TEXHOTOMMYECKON MaLLMWHBI.

PaccMoTpuM 3Tanbl NPOEKTUPOBaHUA AMCKOBbIX B3Y Ha npuvmMepe KapmaH4MKOBOro
BepTMKasibHOro b3Y and Konnaykos. VIcxofHble faHHble A4/19 NPOEKTUPOBaHUA: 3aroToBka —
kKonma4ok ¢ d=003m; 1=002m; r=0,003m; maccon 0,02 «kr. Tpebyemas

Npou3BOANTENbHOCTb MaLLnHbI M4y, =150WT./ MuH.

1. KoHCTpympoBaHMe 3axBaTHbIX OpPraHOB 3aK/IHYaeTca B ONpeaeneHun ux
KOH(mrypauum u pasmepos. lNMpu pacyeTe 3axBaTHbIX OpraHoOB HEO6X0AMMO 06ecrneynTb
MaKCHMasibHYt0 BEPOATHOCTb 3axBaTa. PasMepbl U (popma KapMaHOB [O0/KHbI 06ecneynTb
nonajaHve B HUX MpaBu/ibHO OPUEHTUPOBAHHbIX 3ar0TOBOK C HanMb0/bLUeli BEPOSATHOCTLIO U
NCKNMIOUYNTL  BO3MOXHOCTb MonajaHua B KapMaHbl HenpasBW/IbHO  OPUEHTUPOBAHHBIX
3aroTOBOK.

Pa3mepbl KapmaHa (puc. 1) onpegenstotca no qopmynam: b, =d +Ab; 1, =1+Al;
r,= r+(1+3)AI, roe b, 1., r, — wmpuHa, gvHa, paguyc Kapmada, m; Ab, Al - 3a3op no
LUMPWHE 1 NO A/IMHE 3aroTOBKW, M. 3a30p MO AJ/INHe 3aroTOBKY CNefyeT onpesennTb U3 ycno-
BWA HernonagaHusa B KapMaH HerpaBW/IbHO OPWEHTMPOBAHHbLIX 3aroToBok. Mpu r < 0,5d

npuHumaoT Al <r;npu r=05d —r, 2 r+ Al ;npu r >0,5d —-r, = r+(1+3)AI .B
JaHHOM cnyyae, r < 0,5d , Torga Al =0,002 m; I, =0,022 m; b, =0,032 M; r, =0,005 ™.
b

=—=1
F/;( 1

VAl ol

Puc. 1. 'eomeTpuryecKkme pa3mepbl KapmaHa

2. PacyeT Luara 3axBaTHbIX OpraHoB ONpeenstoT no dopmyne:
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t=d+Ab+5,,m,
roe o, — TO/MLMHA NeperopofKn Mexay KapMaHamu, yCTaHaBnMBaemasi KOHCTPYKTMBHO, M.
(06blyHO &, = 0,004 +0,012 m). MNMpuHKUMaa o, = 0,01 m, nonyyaem t = 0,042 m.
3. [ns Bbl6Opa CKOPOCTU ABUXEHMS 3aXBaTHbIX OpraHoB HE06X04UMO OnpeaennTb
npegeNibHyH CKOPOCTb 3aXBaTHbIX OpPraHoB [U]max = f(Ab), npn KoTOpOIA 3aroToBKa ycneeT

3anacTb B KapmaH. [na paccMmaTtpmaemoro b3Y 6biia nonyyeHa 3aBUCUMOCTb:

— g _ Ab
[V]max —E%+Ab§/;—%+7§/gid, m/c.

lNocne NoACTaHOBKM BCEX BEMIMYMH, MONYYMIN [v]max =0,307 m/c.
3aTeM Heo6XOAMMO CpaBHWTL MO/yYEHHOE 3HAYeHKe MpeaeNibHON CKOpOCTY [U]max

MPOEKTUPYEMOI KOHCTPYKLMU B3Y €O 3HAYEHUAMU U, W U, @HANOTMYHOrO YCTpOiicTBa

peK
(puc. 2.), rae Uy, =(08+0,9) ng‘i [inA panbHelflero pacueta CKOPOCTb 3aXBaTHbIX
&

OpraHoB MNPUHUMAKOT W3 YC/IOBUA upacqsﬂu]max,umax,upe,(]. Mo rpaduky (cm. puc. 2)

OMPeAeMnMM,  UYT0 Uy, =0534M/c, vy, <(0,427+0,481)m/c.  MpuHUMaem
Upacy =03 M/

0,4 400 Mo,

n 03 .\n[ﬁ\ 300LUT./MMH 7 = 0,55 _1,604
pd \\\
02 //ndp DN Vo = 0,534 M/C
01 - 100
01 02 03 04 05 06 07 Upex S (01427 - 01481) m/c
v, m/c

Puc. 2. Mpon3BoanTeNbHOCTb U KO3MULMEHT Bblgaum B3Y npu n3aMeHeHUM CKOPOCTH
3axBaTHbIX opraHoB (R =0,120 m; k =30; a =1; geTa/lb — KONMNavoK

| =0,012 m;d =0,017 m)

4. PacyeT npounssogmTensHocTn B3Y 1 HakonuTens. NpoussoanTensHoCcTL b3Y:

60
[rl B3Y ]pacq

L
_ pacy
=—" 0,
roe 7 — KoOa(h(uMuMeHT Bblgaun B3Y, onpefensemblii  3KcrnepuMeHTasbHO.  Ecin

t
3KCNEPUMEHTA/IbHO  KO3(W(DMLMEHT BblJauM ONpefeIMTb HEBO3MOXHO WM3-3a OTCYTCTBMS
OnbITHOro o6pasua b3y, T0 1 NPUHUMAIOT MO aHasIOrMK C YCTPONCTBOM puC. 2.

Mocne BbIYNCNEHNS MNOMYyYaeM [I'I,53y]pacq =230 WT./MUH U CpaBHMBaeM €ero ¢
TpebyeMon NpPOU3BOANTENIbHOCTLIO [I‘I53y]Tp66. Ans Toro 4To6bl NpU BEPOATHOCTHbIX

KonebaHusax npousBoguTenbHoCcTM B3Y ob6ecneuvBanocs nuTaHue 060pyfoBaHUS 6e3
nponyckoB,  HeobXOAMMO  4TOObl  MPOM3BOAUTENLHOCTL  B3Y  Obina  Bbllwe

NMPOU3BOANTENILHOCTM MalUVHBbI: [I'I53y]Tpeﬁ =My, T4 M — KO3(PULUMEHT nepenosHeHNs
(m=105+125); npn 3tom, 4eM O60MbLle KO3((MUMEHT Bbigaun B3Y, Tem MeHbLlUe



MHXXEHEP, No7, 2006 87

BblOMpalOT 3HayeHWe m. B gaHHOM cnyyae, Tak kak 7 =0,537, npuHuMaem m=12 u

nosnyyaem [FI |53y]Tpe6 =180 WT./ MuH.

Ecrm [I‘I53y]pacq=[l'l53y]me6, TO HeoBXOAMMO Cfenatb HECKOMbKO BapyaHTOB

pacyeToB, NOC/MefOBaTeNlbHO 3afaBascb 3HavyeHWsMu Ah, h, o n pobuBascb paBeHCTBa
3alaHHOro 3Ha4eHus Npou3BOANTENILHOCTU b3y c pacyeTHbIM. Ecnu
[I‘I 53y]pacq << [I‘I E3y]Tpeﬁ, TO BbIGUpalOT Apyroi Tun B3Y nnn ycTaHaBNMBalOT PSAAOM ABa U

bonee napannenbHO paboTatowmx B3Y, NPoM3BOANTENILHOCTL KXKAOr0 M3 KOTOPbIX PaBHa
nonosmHe n 6onee [I‘I53y]Tpe6. Ecnm [I‘I53y]mchI >[I‘I53y]Tp66, TO MO puC. 2. HaXOAAT TaKyto

CKOPOCTb BpaLLleHNs 3axBaTHbIX OpPraHoB, Mpu KOTOpoW OyaeT obecneumsaTbCsi Tpebyemas
MPON3BOANTENBHOCTD.
Tak Kak [I‘I53y]pacq>[I'I53y]Tpeﬁ, TO MO puC. 2. HAxXOAWM CKOPOCTb BpaLLeHWs

3axBaTHbIX OPraHoB, Mpu KOTOPOiA [I‘I Esy] =180 WT./ MuH . Monyyaem vy, = 0,23 m/c.

Tpeb

>KenaTtenbHO eMKOCTb HakonuTena N Bbl6|/|paTb HaMMeHbLueVI, YTO CHU3UT CTONMOCTb
NOALEMHMUKOB W TPaHCMNOPTHbLIX CPEACTB. |_|pl/l HeAOCTaTO4YHbIX 3Ha4Y€HUAX EMKOCTU
HakKonutena wu KOS(*)(*)I/ILI,VIEHT& nepenosiHeHNa m  YBENMYUTCA BEPOATHOCTb HeNoAayun
3aroTOBOK B TEXHO/IOMMYECKYHO MallMHY, YTO CHMXXaET NMPON3BOANTENBHOCTb 060py,£I|OBaHI/IFI.
|_|pVI YBEMMYEHNN M MPONCXOANT W3HOC ,EI,ETBJ'IGVI n yBeENNYEHNE 6paKa Mo BHELLHeN
NOBEPXHOCTN 3aroToOBOK. 3Has n W 3afaBasaACb BE/IMHNUHAMU M, N, onpepenaroT BEPOATHOCTb

Henojaynm 3aroTOBOK K TEXHOSOrMYecKon MawimHe U U BePOATHOCTb MepenosiHeHUs
Hakonutensa Q:

u=—"1 o=— "1 I
-1 m 1_77 m
_l 1_
-n -n
MpuHnmas N = 20, nonyyaem U =0,09, 1 Q =0,09.

5. KoHcTpyupoBaHue OyHKepa M 3axBaTHOro MexaHusMma. Pabounii 06bem
OyHKepa, 0becrneymBatoLLMii HENPepPbIBHOCTL PaboThbl B3Y B TeueHe HazHa4YeHHOro BPEMEHU:

1
V==, G-, M
k, ° 60 ™
roe  k =V &, /V' -  Koath(uuMeHT  3anonHeHWs  BGyHKepa,  OnpegensemMblil

3KCMEPUMEHTa/IbHO, 3aro/iIHNB A0BEpPXY OMbITHbIA 06bemM V' 3aroToBKamm B KOMMYECTBE
Kaar 3 Vo — 06bEM OZIHO 3aroTOBKY, me; toas — BPEMS PABOTLI OyHKepa Ge3 3arpysku, C.

19 TIPOEKTUPYEMOI O npun =1 M7 K; =0, nt,= C 0O0beEM
il B3Y Vo =140107° M% Kk, =075 u t, =600¢ 06

6yHKepa 6yaeT paseH V = 0,038 m°.
PagMyc pacrioNoKeHmsi 3axBaTHbIX OPraHoB 0BbIYHO MPUHUMAIOT: R, > (10+15)l,

YUMTbIBasA, YTO €r0 Masible 3HAYEHMS NPUBEAYT K YMEHbLLEHUIO YMCNA 3ar0TOBOK B GYHKEpE,
YTO YXYAWWT YCNOBUS MOArOTOBKM 3arOTOBOK K 3axBaTy, W MPUBEAET K CHUXEHWIO
npov3BoanTeNnbHOCTM B3Y. BonbLuoii pagnyc NpuBEAET K YBENMYEHMIO YMCNa 3ar0TOBOK B
6YHKepe, YXYALIEHNIO NX BOPOLLEHUS, AediOPMMPOBAHNIO 3ar0TOBOK, YBE/IMUEHNIO Pa3MEepOB
B3Y.



