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CTPYKTYPOOBPA3OBAHHUE B TBEPJIBIX
CILTABAX HA IBOWHOM KAPBHUAHOM OCHOBE

Boaposa JL.I., Kpamap .M. (Tepuononscruii eocydapemeenHaotil
mexruueckuil ynugepcumem um. H.Ilyaon, Tepronons, Ypauna)

Berynnenne

Mmuorue rojis! cnnasbl Ha OCHOBE kapOuaa TuTana Grarogaps BhICOKOI
TBEPIOCTH, H3HOCOCTOHKOCTH H XapOCTOHKOCTH HAaXOAATCS B cepe MOBbILICH-
HOPO BHAMAHHA yHMEHBIX M CICLMATHCTOB MHOTUX OTpacneil TexHuku [1-4]. Mx
MOTEHUHANBHEIC BOIMOXHOCTH PacKpBITE JIANIEKO He NONHOCTHIO [35, 6]. Co-
BCPUICHCTBOBAHHE TEXHOJIOTHM M YTOYHCHHE COCTABA CIIIABOB, BBEJEHHE Crie-
UHANBHEIX H06ABOK, aKTHBHPYIOIMX NPOIECC CIEKAHHS U cnocobeTryomHx
H3MEIIbHEHHIO 3¢PHA, MO3BOJIMIO SOCTHYb JOCTATOUHO BHICOKHX MEXaHHIEeCKIX
M 3KCIUIYATAlMOHHBIX XAPaKTEPHCTHK.

Hcenenosanus nocnefHux net B 0671aCTH CO3AAHUS HOBBIX MAapox cruia-
BOB BEJIHCH C YCTKO BHIPAXEHHOR TEHACHUHCH JICrHpOBaHKsS KapOHIHON OCHO-
BbI Kapbunamu VC, NbC, TaC, ZrC, Mo,C # MeTamIHIecKoil CBI3KH MeTasa-
MH TPYTIIIbI XeJie3a, XPOMOM, DYTEHHEM , AMIOMUHNEM, MeJIbIO i Ap. [7-10].

Bansinne cocrasa ciuiasos Ha xapakTep MMKPOCTPYKTYPBI H MeXaHiyec-
IIC XApaKTepUCTHKH, H3y4eHHOE B pabotax [11-13], mossommno yrayouts
TMPE/ICTaBICHUS O MPOLECccax GOPMUPOBAHNA CTPYKTYDHI B ATh HEKOTOPBIE De-
KOMCHAAIMK TeXHOIOTHYECKOT0 XapakTepa. B Hacrosinee spems Takue crass:
HallIK IPUMEHEHHE TIPU H3rOTOBIEHHN PEXYILEr0 HHCTPYMEHTA, H3HOCOCTOM-
KHX ¥ Qoproobpasylomux AeTaneil ¥ yCneuHo KOHKYPHPYIOT CO CTaHIaPTHBI-
Mit WC-Co critaBami Ha MHOTHX omepanusx MeTannoobpodorku [14-18].

M3pecTHO, yTO BBECHIHE HEBONBINNX NOBABOK ATIOMUHNS NOMOXUTEALHO
BIMACT Ha NPOLECC CMEeKaHHs CINABOB M CIIOCOOCTBYET MOBBIICHUIO MX DKC-
ITyaTauuoHHEIX CBOHACTB [19]. B nacTosweil paGore mpuseseHs! HEKOTOpbIe
PE3YNLTATBL M3YyYSHHS MHKPOCTPYKTYDLI CII2aBOB Ha ABOBHON THTAHOBO-
BaHaIHeBOH KapOHAHOH OCHOBE C HUKETh-XPOMOBOI UEMEHTHUDPYFOLUCH CRAZKOMR
i nodaskamu Fe u AIN.

Marepuaast B MeTOHBI

Uccneposanu cruassl Ha ochose xap6uaa tirama ¢ 5% (mo macce) kxap-
Ouna BaHaNKUA ¢ HUKEIb-XPOMOBOI LEMEHTHPYIOLEH CBA3K0# u toGaskoit AIN.
XAMHYICCKHN COCTaB HCXOMHBIX MaTepHaloB npejacTasneHsl B Tabn. 1. Bo Bcex
CIUIaBaX NPUCYTCTBOBANO HEGOMbIIOE KONHYECTBO Keresa (menee 1% (no mac-
Ce)), BBEJIEHHOE B CILIAB TEXHOMOIMYECKHM TIYTEM BO BPEMsi MOKPOTO Pa3sMoJIa.

Hist HecneNOBaHUs MUKPOCTPYKTYpb! CILTABOB HCIONB30BAMH METANTO-

rpadudeckuil, peHTreHOBCKHH (asoBblil ¥ MHKPOPEHTEHOCTIEKTPAILHBIN METO-
JBI aHATIH30B.



Tabnuua 1 — XuMHyecKnit cocran MCXOHBIX NOPOLIKOB

Marepuan KuMHueCKUit cocran % (110 macce) | Crexuom e'rp-ﬁ“-" )
| TP Me | Copu | Ca | N | O S| ueckas popuyna
TiC 79.8 19.5 0.2 - 0.31 <0.003 TiCy g
VC 81.5 17.2 0.9 - 0.25 <0.003 VCyss
AIN 65.1 - - 33.0 - <0.003 AlNg gy
Ni 99.8 0.05 - - - | <0.003 -
Cr 99.8 0.05 - “ - <0.003 -

MeTannorpaduseckne HCCeJOBAHUA NPOBOAMANCE NO CTAHAAPTHEIM Me-
TORWKAM Ha Metamtorpaduueckom Mukpockore “Neofot-17 B oTpaxenoM cae-
Te MpH yBenndeHuax 1o 1600 pas na oGpasnax, MpoTpaBIeHHBIX Ha THTaH U Me-
Tannbl CBA3KH. TpaBleHHe Ha THTaH H METAXTb! CBA3KH IPOBOAMIH cMechio HF
1 HNOs3, a Ha kapOuner — pacteopom NaOH + K;Fe(CN)g.

MHKpPOPEHTIeHOCHEKTPANBHEIH aHAMH3 [IPOBOAMIH HA 3JIEKTPOHHOM
mukpockorie "Camscan 4DV", KauecTenHblit XxuMudeckuit ananius mo nuHuu
MPOBO/IHIIM C [IOMOLIBIO CHCTEMBI 3HEPTETHHECKOr0 PEHTIEHOBCKOI'O AHANK3E
“Link-860". JlokansHoCTe 30H1a cocTaBnsia npuMepHo 1 mxM. Penrrenosekuit
da3oBpIi aHantu3 npoRoaMnM Ha mudpaktomerpe “Jlpon-3” B CuKa - uzmyue-
auM ¢ Ni QueTpom.

VccnenoBanus NPOBOIMIH Ha
ofpasiax JBYX THIIOB, TEPBOM - C

Ni-Cr | MENKO3EpPHUCTOM CTPYyKTYpo#, BTO-

! oy Pl;cin pom — co cncunanfuoﬁ KPYTHO3€ep-
Lo B 30 P ® miias i uucTOH CTpyKTypo#. Obpasusl nep-
(o T8 - o BOI'C THITa C pasMepoM 3epHa OKoJo |
0 | MKM TIOAy4and TpaguilHOHHBIM TeX-

Bl e HOJIOTHYECKHM METOZIOM, KOTOPBIH

¢ BKIHOYAST ONepallud MOKPOIQ pas-

TiC Ve MOJJa TOPOILIKOB B 3THJIOBOM CIIHPTE,

|
! XOAOAHOIO NpeccoBalivig W CIICKaHHA
: T B BakyyMme, M MCTIONB30BATHA JUIS TIPO-
Puc.1. Ctpoenne MoaensHOTO 06pasa  pojenpg MeTannorpagHyecKux Ko
clefoBaHHHR.

Jlnsg recnenoBaHKs Xapaxktepa pacipeasieHus KOMIIOHEHTOB MUKPOPEHT-
FEHOCHCKTPAALHLIM METOIOM, YYMUTBHIBAL JIOKANBHOCTh 30HIA, FOTOBHIJIH MO-
NeibHBIR 00pasell U3 KpyIHO3epHUCTBIX Gpakumit nopomwkos. [na ero nonyde-
Hug npu temreparype 1450°C cnekanu geyxciaonneiit (TiC - VC) xapkac, ko-
topelf mponuThiBaE NiCr cpgsxoii npu 1500°C na nporsxenuu 40 muH
(puc.1).

Pe3yabTaThl HCCAEXOBAHAH
PesynbTaThl HCCAEROBAHHS MHKPOCTPYKTYPEI CIiIaBa Ha OCHOBE Kapbuia

THTaHa ¢ 5% (o Macce) kapbuzga saunaaus, 18% (mo Macce) HHKeNb-XPOMOBOLH
ceaski (cootnomrenue Ni:Cr = 3:1) u 2% (no macce) AIN NPeACTaBIennt Ha
puc.2a (TpaBJieHo Ha THTaH) H puc.26 (TpaBIeHo Ha KapOunsi).

Puc.2. Mukpoctpyktypa cnnasos Ha ocrose TiC ¢ 5% (n;) ia:;
TPABIIEHO Ha TUTaH (a) u Ha Kapbuns! (6).

B crpykType 4eTko HabionaeTcs 30Ha IIPOMEXYTOUYHOTO JUDDVIHOHHO-
TO CiioA 10 mepuepuy KapGuAHBIX 3epeH. PeHTreHOBCKuMil daszoBBIA aHagHu3
CIPYKTYPLI MOKa3an HAJWYHME CHOXKHOTO TBepaoro pactsopa (Ti,V)C ¢ nepwo-
HBMH pCIICTKH, KOTOPBIC H3MEHSIOTCA B 3aBUCHMOCTH OT TEMNEpPaTYpHI Criexa-
Hus. DaszoBbili COCTAB CITAROB, CHEYEHHBIX IPH pasixyHBIX TeMIIepatypax
fipencTasney B Tabn. 2.

Bunwo, uto dazorknit coctan CraBa, CHEeYEHHOro NpH 1000°C NMpeACTaB-
JiseT cOB0H CMECh MCXOMHBIX KOMIOHEHTOB U COZEPIKUT HeBONBIIKE KOMUYECT-
Ba KapOUHOH (daspl, T.e. Mpolece CHCKAHNMS HAXOMUTCS B HAYATLHON CTaHH.
JanpHeliiee ropeimenue TEMUCPATYPhl CHCKAHNA NPUBOUT K 00pa3zoBanuio
OCHOBHOI (a3pl cnnaBa — THTAHO- BAHAUEBOTO Kapbumga (T,V)C. Dro nox-
TBEPHKIALTCS TeM, YTO NapAMETPh! KpUCTALTHYECKHX petnetox TiC w VC coot-
BeTcTBenio PABHEL aric= 0,4324 1M, ayc=0,4182 1M, 4TO GOTbIIE U MEHBINE MO-
JIyHCHHBIX napamMeTpoB OCHOBHOM (assl. Kpome Toro, B TIPOLIECCE PEHTTEHOB-
CKOIo aHaj43a He HabMIOANM pacIUeNIeH s MBI OTPaXKeHHUs xapbumos TiC
u VC. '

Benuunurl 11apaMeTpoB pemeTky THTAHO-BAHATHEBOrO Kapbuga ue no-
CTOAHHEI, T.e. POTEKAIOT MPOLECCH TBEPAO- U KUAKODAZHOTO BIAUMOLCHCT-
BAS. YMEHbIIEHHE NepHOAOB PCIUEeTKH npu temneparype 1300°C ouesuamo
CBA33HO ¢ pacTBOPUMOCTBIO XPOMa W JICIHPMPOBAHHEM MM KapbunHo# (Qazer
[1]. Hauunas ¢ TeMuepaTypsl crexanus 1450°C u BbILITE, (TAPAMETPLI PeIleTKy
(assl MOCTOAHHEL, 4TO CBLAETENLCTBYET 00 00pasoBaHyH CTabHIBHON KapOu/i-
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HOH a3kl C MOCTOSHHBIM CTEXHOMETPUYCCKHM COCTABOM (&(rivic=0.4293 1m).

Tabnuua 2 ~ Pa3oBbiil COCTAB CMNIABOB B 32BMCHMOCTH OT TEMIEPaTYPbi
CNECKaHUs

Temmepartypa Tlepuosn pemcTKy
___gggicaup}{ﬂ: &}C S cort ("II",i,V)Cp, a, HM
1000 TiC,VC,Ni, cieari Cr, FesC, Ni;C, Cry3Cq 0.4307
1100 (Ti,V)C, Ni, cneast CrysCq 0.4297
1200 (Ti,V)C, Ni, ciezsl FeiC, CryCy 0.4297
1300 (Ti,V)C, Ni, cneast Fe;C, Crp3Cq 0.4255
1350 (T1,V)C, Ni, cneant FesC, Cra3C, NizC 0.4263
1400 (Ti,V)C, Ni, cieast Fe;C. CryaCg, NigC 0.4300
1450 (Ti,V)C, Ni, caeint FeyC, CrysCy 0.4293 -
1500 (Ti,V)C, Ni, caenst Fe;C, CrCy, Ni;C 0.4293
1550 (TL,V)C, Ni, ciienst FesC, CryCs 0.4293 !

Kpome 0CHOBHOM (ha3pl — CIOKHOIO THTaHO-BaHAAWEBOro KapOuaa, Ha-
63110,1[8.5[14 HeOOoNbIIHE KOTUIECTBA APYrux KapﬁHI[HBIX (})33. ,[{aHiIMB KOju4ecT-
BCHHOI'O aHanu3a OCHOBHBIX (1)213 HCCAENOBaHHBIX CIINIABOB IIPHBEASHEL B Tabn.3.

Tabsmua 3 — [laHHBIC KOJIHYECTBCHHOrO aHATH3a OCHOBHBIX (a3 ucclie-
JIOBaHHOTO Crizasa (06pazel mepBoro THIIA)
; PDasa 3 LV Ni I Cr Te Al

Kapbuanas dasa

’ 9244 | 529 1.08 0.79 0.21 0.19
_(cepinesuna 3epna)
Juddysuonnsi ‘ |
| crol (mepudepus | 83.90 | 6.03 | 475 %97 1.76 0.29
' 3epia) i .
| Ceaxa 1967 | 220 | 8173 | 226 1.09 3.05 |

Ana usydeHHs Xapakrepa B3aHMOACHCTBHS COCTABISIOINKX CNNABOB M
nepepacnpesielleHusl KOMIIOHCHTOB B IMpollecce CTPYKTypoobpa3zopayms uccne-
A0Bany MOIenbHBIH oOpasen, cogepxaiuci o8Bl pasgena TiC-VC, TiC-NiCr,
VC-NiCr.

Ha puc. 3. npeacrasnens GparMeHTh Ka4eCTBEHHOTO U3YYEHHS MHKDO-
CTPYKTYPBI C IIOMOILIBK) CKAHMPYIOIIETO 3/1eKTPOHHOIO MHKPOCKOMA B pa3ini-
HBIX 30HaX Hecnaeayemoro obpasua. ['pannusl pazaena TiC — NiCr u VC — NiCr
roKasanbl Ha puc.3a u 3r. 3epHa KapObuza Turana (puc.36) u kapbuna BaHaans
(puc.3n) umeroT pasnuuuyio Gopmy U pazMepst.

Puc. 3. Muxpopenrrenocrex-
TpAJIbHBIH aHanu3 (pParMenNToB Mo-
zAenproro ofpazua:

a) rpauuua pasgena TiC-NiCr;

6) ctpykTypa B ofNacti kapGuna THTaHa;
B) AupysHOHHas 30HA HA Y9aCTKE KOHI-
JOMEpara KpYITHEIX 3epeH TiC;

r) rpaauua pasaena VC-NiCr;

1) 3epHa Kap6uaa sanagus B 3oue NiCr;

e) anddy3MOHHAd 30Ha BOKpYI 3epeH VC
B 30HC NiCr;

x) crpykrypa (Ti, V) C s6ausu rpamumm
pasaena TiC-VC



Ha rpanuue TiC - NiCr ofHapyskenst 60biune KapOHaHbIe 28pHAa C YeTKO
BRIPAKEHHON KOAKCHaNLHOM CTpyKTYpoil (puc.3B): cepiueBMHa NpelcTapiaseT
coGoii xapOun TuTaHa, a nepudepus — TBepabiit pacteop (Ti,V,Cr) C. B He-
OoNBUIKMX 3epHaX NPOLECe 3aKaHYMBaeTCs 00Pa30oBaHNEM MOMOFEHHOIO PACTBO-
pa (Ti, V )C. ARanornvyHas rpaMCHTHAs CTPYKTYpa XapaKTepHa Takxke I 3e-
pen kapbuna sasanus (puc.3e), rae Ti u Cr obHapyKeHb! B cOCTaBE MPOMEKY-
TO4HOTO cnos. [IpH Heenenoranuy qaisHAX 1 OMMxHEX yuacTkoB Ni —Cr 30HB,
sepua VC oOHapy®xeHbpl IPaKTHYECKH Be3he, a 3epHa TiC Tonpko BGnu3u rpa-
aunpbl. Ha rpanune TiC — VC — NiCr (puc.3:x) 6pins obnapyKeHb! 3epHa, B KO-
TOPBIX CepANEBHHA — 3TO THTaHO-BaHAJUEBHIH KapOul, a nepuepus — THTAHO-
BaHaJHEBO-XPOMOBRIM Kaplua. OOpazopaHhe TakoH CTPYKTYpHl obHapyxeHO
Taroxe Ha obpasiax nepBoro THIA.

Ha puc.4 npexcraBneHo pacnpejieNele KOMIOHEHTOB 10 rpaHHLe pas-
nena ¢az xapbunHoe 3¢pHO-CBA3KA, a HA PUC.S - JaHHBIE KA4eCTBEHHOIO aHau-
3a.

B

.

Puc. 4. Toyeuroe pacipeieiicHAe KOMIIOHEHTOB B crtaBe Ha ocHoBe TiC-
5% (mo macce) VC ¢ 18% (no macce) NiCr ceasku 1 2% (o macce) AIN.

Huxens Opi1 00Hapy eH B CBSI3Ke B TOMOTEHHOM TBEPAOM PacTBOPE M Ha
neprdepuu 3epeH, Kak ckomleHus Ni;C. 3amMerHOrc pacTBOpeHHS HHKEIA B
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kapOu/IHBIX 3epHax He nabmonann. Oamnaxo, Geina obHapyKeHa 3HAURTEIbHAS
BCTpeyHas mupdysns (10 9,67%) Turana B cesazky. Xpom obHapyxeu B repu-
depuiinom cioe B coctase TpolHoro KkapSusa (Ti,V,Cr)C, B cocTaBe CBI3KH U B
BHAE OTAENbLHBIX KapOuAoB. MeTtamiucckas cBaska peacTasiseT cobol romMo-
reHHbIA TBepAbi#t pactrop Ni, Cr, Ti u npumeceit Fe co CTPYKTYPOH FpaHeleH-
TPHPOBaHHOM KyGuueckoli pemertku. Kpome 3toro, kakx Bumso m3 Tabn.2, He-
BosbIlINe KONHYECTBA XKENEe3a NPUCYTCTBOBATH B susie Fey;C. AmoMunuii o6ua-
PYXKEH B 30HE METALTHYECKOH CBA3KHU (pHC. 4r).

;.Ir,rain}u‘indcr grain _bindﬁ: _binder  grain grain binder
7
Ti
3 pm
: Cr /
Fe \\
a Y

r Nj ~Ki

Pnc_:. 5. Pacnipenenenue snementor Ha rpanuue 3epHO-CBA3KA CIUIABOB Ha
ocHose TiC (a) 1 na ocrose TiC ¢ 5% (o Mmacce) VC(6).

[ b

Ho6apkyu HHUTPHAE ATFOMHHAS OKA3BIBAIOT BnarompusTHOC BO3EHCTBNE
KaK Ha NpOLECC CTPYKTYPOOGPa3OBanus CIIABOB BO BPeMs CTIEKaHMs, T4K U Ha
HX MEXAHUYECKHE XapaKTePHCTHKH. 3ameueHo, uTo BBemeHMe no6aox AIN B
KOJIYECTBE OKO1O 2% (10 MacCe) CrioCO6CTBYeT YMEHBIISHHIO OCTATOYHOH [O-
pucrtocty 1o 0,5%. -
Mceneniopanie CruiaBoB ¢ paznuumbin COACPKaHUEM HHTPHUIA ATFOMUHNS
(2, 10, 15% (1o macce)) NOKa3all, YTO MHUKPOCTIPYKTYpa cniaBos ¢ 2% (mo
macce) AIN XapaKTepusyeTcsd naamyueM “Konpuesoi CTPYKTYPBL KapOuiHoit
dassl (puc. 6a). [ToBsimenue KonyuecTra HUTpHAA M}OMH;IHSI 1o 10% (mo mac-
) NPUBOMIUT K HCYE3HOBEHMIO TAKOM CTPYXTYpbI, IPHYEM HA OTAENBHBIX yYa-
CTKax HabMONACTCs CKOMNEHHEe KpYMHBIX nop (puc. 6B). Cnenoratensso, B
fipouecce cnekanust yactuue! AIN, pacnonarasce no rpaiuiaM 3epes Kapﬁl;lﬂ-
HOH gaam, ﬂpe[EﬂTCTBy}OT npoueccy nupdysuu xpoma B (Ti, V)C u obpazosa-
HHE “KOJBLEBOH CTPYKTYPHI” 3atpynusercs. Eme Gonee Bbicokoe copepxanye
AIN B crinase 3HaunTeNBHO Pa3BHBACT NOPUCTOCTH 00PA3LIOB H PE3KO M3IMEHAEeT
XapaKTep MUKpOCTPYKTypbl. [Ipy 3ToM HabmoxaeTcs KOAryIsALKMs ¥ CKOIUIEHHE
HHTPHHHOﬁ }a3pl Ha OTAENBHEIX yyacTKax (puc. 6n). BeposTHo, uto, 0bpazye-
MBIH IIPH YacTHYHOM pacnane HHTpHIA AIHOMHHHA, a30T HaKaHJI;IBaETCH B
KPYNHBIX HOJOCTSX A0 OnpeieneHHoro ofreMa 4 3aTeM BBIACIAETCH W3 obpas-
2. Kpome sroro, xoarynsims HUTPUIHOH (Ha3el NPUBOAUT K HEpPaBHOMEPHOMY
9



paclIpeeCHHI0 TBEPAOCTH NO CeYeHHIO H, B LEJIOM, K ee 3aMETHOMY CHHIKE-

(s

2

. f ﬁ ‘4_'9 -2
= .»-. e = 4..."“#. ﬁ P "
Puc.6. MuKpocTpyKTypa CIIaBOB Ha 0CHOBE KapOHAOB TUTAHA W BaHAIHA
¢ conepxanueM 2% (a, 6), 10(s, r) 1 15% (o macce) (a, ¢) HUTPHAA ATIOMEHHA.

Tpasneno na xapouasl, x2000 (a, B, 4) u Ha cBs3ky x 1250 (6, T, e).

MosKHO NpeAnonok)uTe, 4T0 B npouecce crnekanus AIN paznaraercs u
obpaszyeT cBOGOAHEIN AMOMUHKE, KOTOPHIA AKdDYHAHpYET B CBA3KY. B cBsisKe,
umeromel cocrae Ni — Cr — Ti — V — Al (y dasa), yactuuuo obpasyercs v’ dasa
Ni3;Al, koropas nerupyercs THTaHOM. B NpUCYTCTBHH XpOMa BHIIENEHHE Ipa-
HELIEHTPUPOBAaHHOH KybuueckoH ¢assl Y’ Ha ocHose Niz;Al npoucxoaut npu
MeHBIlleM KojiudecTse Al B cBA3Ke, T.e. ¥’ obiacTh Ha AWarpaMme COCTOHHMS
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Al — Ni casuraercs nipaso [20]. B ¢ase Nis;Al xkeneso, B orauane or XpoMa H
THTaNa, He PACTBOPAETCS. DTO COINACYSTCs ¢ Pe3yIhTaTaAMH pabotrl [21],

Ipy oxnaxieHuy MOCHC CreKaH!s MPOMCXOAUT JIHCIIEPCHOHHOE ynpoy-
HeHuC CBs3KH coenunennem NiAl(Ti), uro npenstersyer pPocTyY KapbGuiuHmix
3CpEeH, I103TOMY B PE3yJibTaTe CIeKaHMN pa3Mep KapOuHoii dassl He MeseTes.

Taxum obpasom, Gnarogaps mpoleccy pacTBOpeHus u o6pazoBauus uu-
tepmerannnia NiAl(Ti), BBeacHHe HHTPHR aMIOMHHNS B KONHYCCTBE He Goee
2% (110 macce) cnoco6CTBYET HOPMHPOBAHHIO CIIIABOB ¢ BbICOKOI MIIOTHOCTEIO
U MEJIKO3CPHUCTOH CTPYKTYPOIA.

XapaxTep NonyyeHHON CTPYKTYDB! ISl CIIABOB CUCTEMEI TiC-VC-NiCr
AHANIOTHYHBIH TaKOBOMY MJISl CIUIABOB CHCTEM TiC-Mo,C- Ni, TiC-VC-NiMo,
OIHCAHHOM B paboTax [22, 23]. B OTHOWICHUH BNUSHUS nepudepuiiHoro cios
KapOHAHOro sepHa (T, V,Cr)C Ha Mexauuygeckue CBOMCTBA CITABOB HET CAMHO-
ro muenusi. Cornacuo IMunsnkesndy [22] crinasbi ¢ Taxoi CTPYKTYPOI HMEroT
HHU3KYIO MpOYHOCTe, oaHako Suzuki [23] yreepscpaer, uto 3To CIIpaBeANHRO
TOJBKO JUIsl KDYHHO3EPHUCTBIX CTPYKTYP.

B ciydae MenkoszepuucThIix CTpYKTyp (pa3mep 3epeH Meree 3 MKM) ¢
POCTOM TOMIMHEI EPHMEPUIHOTO €105 NPOYHOCTS CIIABOB yBenHuuBaeTcs. B
HallleM CIyHae, uccnelys oOpasubl ¢ MEIKO3EepHUCTO CTPYKTYpoii (pa3mep 3e-
PeH Menee 1 Mkm), o6HapyXuiH, uTo npesen NPOYHOCTH NPK H3rube CriiaBos
6e3 nepudepuiinoro cnos cocrasmser 950 MITa, ripesen npoyHOCTH MpH Cika-
THH — 2460 MTIa, TBepnocTs no Poxsemny — 89 HRA. Tpu Hanuuwmu Taxoro
CJI03L [IpEien OpOUHOCTH Mpy n3rube — 1100 MITa, npezen NPO4YHOCTH MPH CHKa-
THH — 2850 MTIla, TBepi0OCTS O Poxsemny — 91,5 HRA.

Bhizogn

TIpoBenenuble HCCne0BaHHS ToKazanu, 4To crnassl cuctemsl TiC-VC-
NiCr no xapakrepy dazoBbix NPEBPAILCHNH aHATOTHYHEl CIUIABAM CUCTEMbI
TiC-Mo,C -~ Ni. Jins nmx XapakTepHO o00pa3oBaHWe TBEPLOro pacTBOpPA
(Ti,V,)C B cepatieune KapOuAHBIX 3epeH (T1,V,Cr)C, pacmonararomerocs 1o
HEPprepHB. XpOM, BBEJCHHBIH B cocrtape CBA3KM, YaCTHYHO PacTBOpseTCs B
OCHOBHELIX Kapbusiax ¢ o6pa3oBanuem nepudepuiinoro cios, opasyer ¢ Huke-
“IEM TBEPABIH PaCTBOP M YacTHYIIO B3aUMOACHCTBYET CO CBOGOAHBIM yrIepoaoM
¢ obpasosanuem cobeTBeHHbIX KapOunoB, npenMymectseHHo Cry;Cy. Ipemo-
KEH MCXaHU3M NelCTBHs aucneprupyroiei nodasku AIN.

Cnucox sinteparyprr: 1. Kugdep P., Benesosckuii ®. Tsepaste mare-
puaisl Iep. ¢ Hem. - M.: Merannyprus, 1968, — 384 c. 2. Kieffer, R & Meyer,
R. Materiaux durs et carbures metalliques / Rev. de Metallurgie. — 1977. - Nov.
-P.637-647. 3, Binder, F. Titancarbid - Ein Technischer Hartstoff // Chem. Ing.
Tech. -1979. — 51, Ne 5. P, 391-397. 4. Ettmayer, P. Hardmetals and cermets //
Ann. Rev. Mater. Sci . Palo Alto (Calif.). - 1989. - 19, ~ P. 145-164. 5. Kalish,
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QOsamu, J., Kiyohito, M., Tomio, N. & Hirotoshi,M. The effect of niobium car-
bide to titanium carbide base cermets // Nippon Tungsten Rev.- 1973. = 6. - P.
74-79. 9. Suzuki, H., Hayashi, K. & Terada, O. Mechanismus of surrounding
structure formation in sintered TiC-Mo,C-Ni alloys // J. Jap. Inst. Met., 1971. -
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Cmames nocmynuna ¢ pedaxyuio 21.10.2002 2.

AHAJN3 KOMITIEKCA MEXAHUYECKHUX XAPAKTEPUCTHUK
MNPUIIOBEPXHOCTHBIX CJACEB HEOAHOPOJHLIX NETAJIENR

Bosk JLIL (T'oprosckuil asmomoGuasroiii uncmumym JlonHTY, 2. I opRosxa,
Yrpauna)

In this work the problems of definition of a complex of mechanical performances
of a piston finger as inhomogeneous elastic-plastic body working in contact with
the piston and the head of the rod are considered. The finite-element realization
of the selected scheme of calculation permitting authentically to calculate fields
of contact stresses for a surface of the finger is developed '

Hnst onpefienenus GU3MKO-MeXaHHYECKUX CBOMCTB TBEPBIX TEJ CYIIECT-
BYCT PsJ pasi4HBIX METONOB ¥ METOAUK. Cpesiu HUX BBITENUM METOJ YAAPHO-
O BIABIKBaHUA WHIEHTOpa [1-4] u ynsTpaspykosyro meTomuky [5,6]. O6e me-
TOIRMKH MO3BOIAIOT HCCIENORATE KAK JIMHEHHBIE, TaK U HenHHeliunle CBOlicTRa
[PHTIIOBCPXHOCTHAIX CIOEB KOHCTPYKLMOHHBIX MaTepuanos. EcrecTrenHo, cie-
AYET OTMETHTE, YTO CBOJCTBA Tl B 00BEME U Ha NOBEPXHOCTH MOTYT OTITH-
HaThCs. BMecTe ¢ Tem I1pUIIOBEpXHOCTHBIE CIIOH HCMBITEIBAIOT HAHOOMBIIHE Ha-
[PsDXCHUA OT BHEIHHMX HAIPY30K (1P OCHOBHBIX BH/AX HAIIPAKEHHOIO COCTOS-
Hitd, HECYT KOHCTPYKTHBHBIC H TEXHONOTMYECKHE KOHIEHTPATOPHI HAIPAKEHH’IE,
TIOABEPXEHBI BIMAHHMIO TEXHONOIMYECKMX 00paboTOK M [0ITOMY OKA3bIBAIOT
CYUICCTBEHHOE, A aile BCero ONpelensrollee BAUsHIE Ha IPOYHOCTHBIE Xapak-
TEPUCTHKH.

g Oupenesienne koMIIeKca MeXaHHYECKHX XapaKTEePUCTHK K MOCHEAYH)-
T PacYeT HEOAHOPOMHBIX AeTalleil MOKaXeM Ha IpUMepe [OPIIHEBOI'O N1allb-
Ua NBHTaTeneidl BHYTpeHHero cropanus. Bo Bpems paGoTsl nasibiisr MoJIBepra-
tOTCA BO3/ACHCTBHIO NEPEMEHHBIX 10 BEIMYHHE U HANPABICHUIO JHHAMUUCCKHUX
HArpy30K, uMeroIumx Gonbured yacTbio yAapHblil xapakTep. Bricokue TeMIepa-
TYPBL M KOHTAaKTHEIe faBnedus B GOOBIIKAX NOPIIHSA IPUBOJIAT K TOMY, YTO Ma-
JIEIl paboTaeT B yCTOBUSX MOMYKMAKOCTHOIO TPEHHA. DTO yXYIIIAeT YCIOBHS
paboTEl u YBCIHYUBAET H3HOC TpYiluXcs nap. [lopluHessIC Hagsllbl H3roTaBIH-
BAlOT H3 yrIepoAucTOi WAl HU3KONETHPOBAHHOM CTATH H [O/ABEPTaioT LeMeH-
Taumu Ha rybuny ot 0,5 MM 10 2 MM. ["my6uHa 3akaiky joctTuraer 2 MM C
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TBepaocTeo 58 - 65 HRC.

Jlns onpeAcieHHS KOMIIEKCa MEXaHMUYECKHX XapaKTepHCTHK HEOUHO-
podibix Marepuanos B pabotax [l,2]npeanaraics MeTON YAApiloro sjias/iiBa-
Hus ungedTopa. CyInHOCTE METOJa 3aKMI0YaeTCes B YAaPHOM BAABIHBAIIHE KO-
HHUYECKOTO WHAEHTOpa ¢ yriaoM 90° B npeABAPUTENSHO OTULIH(OBAHHYIO MO-
BEPXHOCTb MOPLIKEBOrO NANbLA C TOPLA Ha pasiyuHON r1ylOuiic 1 perucrpauynn
XapaKTePUCTHK HOTPYIKEHHA HHIACHTOPA NPH yAape.

Wicnionb3yeM COOTHOILCHUS TEOPHH aKyCTOYIPYTOCTH /g MPOBEPKH fo-
NYYCHHBIX paHee pe3yabTaTOB H IMOJIYYHHM IIPH X NOMOIIH BEJIHMHHUEI YIDYIHX
AOCTOAHHLIX BTOpOTO # Tperhero nopagka. Oce X5 Hampasusm BOOIL OCH

nopixesoro nansua. Ocs X | Hanpasiena sepTuxanso. [IycTs meTasis 3arpy-
xeHa B nanpapiennax OX; u OX;, T.e. 0y),0%; # 0. VIHIEKC «Hyab» yKasbi-

BAaeT Ha HavalpHOe Ae(OpPMUPOBAHHOE COCTONME. XapaKTepUCTHUECKHE YpaB-
HeHMs! UIA HAXOWICHHA CKOPOCTH pacipocTpaHeHus BONH Pajes Oesz yyera
H3MEHEeHHS PasMepoB Tejla KMeIoT BUA [7]

F, =68 - 46} + B8} -C; =0, )
rae A;, B;,C; —ko3QOULIMEHTEL, 3aBUCAIIME OT HANPSKEHUN ¥ YNPYIrHX CBOACTS
Matepuana; §; — Oe3pasMepHbIil mapameTp, paBHhIA OTHOLUICHUIO CKOPOCTH BOIH
Panes Cp;, PacHpOCTPaHAXLMXCS B TMONOKUTEILHOM HanpaBicHHH oceil
OX; (i =1,3), K HavaneHO! cKoppocTH 0bbeMHOM BonHbl Cgo = \s";}—b_ (g
MOJYJIb CABHWIa, p — I[LIOTHOCTEMarepuaia). B nuHeiHom npuOivKeHun Ans
dazoBeIX CKOpocTel BonH Pones Moxto 3amucarts [6]

Oy =8¢ + Ky + K333 85 =8 + Kyyy + Kyyrs, )
rae 8y =Cgro/Csy> Crg —CKOpOCTs BONK Ponest B Tene Oe3 HaNpsHKCHUH;
K, K5 — k03 QULHEHTE NPONOPHACHANLHOCTH, sl ONPEfSNeHus KOTOpbiX
HCMoNB3yIoTCs ypasuenus (1),

Y=gl (A=13) ©)
Bce npuBeseHHbBIE BhIIe COOTHOLUICHMS 3arUCaHbl ld YIPYroro HoTes-
uyMana MpPOW3BONBHOrO BHAA. JUIS MONy4CHHS YMCIEHHBIX Pe3ylIbTaToOR yHYTEM.,

4YTO pacnpoCTpaHCcHME YIPYTruxX BOJH B TéRaX C HAYaNLHILIMH HaNpAXKCHHAMH
Hanbonee MOJIHO OMMCHIBAETCA B PaMKaX NMOTeHunana THIIa Myprarasa [5]

! 3 |
f1>=;/'.Af+yA2+§A1’+bAFA2+§A3, )

rae A, u — KOHCTAaHTBI yUpYTOCTH BTOPOre mopsiaxa (kosdduuuents: Jlame);
a,b, ¢ — KOHCTAHTEl YIPYFOCTH TPETBEro IOpsiKa; A; —anrebpanyeckue WHBa-
puaHThl TeHzopa Jiedopmaunit ['puna (7 =1,2,3).

KoHcranta a, Kak moOKasald paHee NpOBeIeHHbIe Hccaeposauus [7],
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¢1ab0 BIMACT HA BEJMUHMHY CKOPOCTH PaclpOCTPaHeHHs BoJHbl Panes, sbrumc-
JsieMoil 1o xapakrepucTuyeckoMmy ypaeHenuio(l). Ilostomy B panbreftnnx
pacueTax ero npexedperaem.

VuwnteiBas BeipaxkeHHus (4) u (2),(3), MoxHo ualiTié CBS3b koshdunmen-
ToB nponopuuoHansHoctn K, Ky ¢ napamerpamu b,c, KoTOpas OLEHUBANACH

npd y, =3 = 0. Iocrynas apanoruyno [6,7] u npunepxusascsh 0603HaYSHUH,
NPHHATBIX B 9THX paboTax, NMOCHe HEKOTOPhIX MPeobpasoBaHUi MOMyIHM

a5, a8,
K, =§¥',_2 = Royy + bRy +cRy 13 K 284;13_ = Rz + bRy + cRy5. (5)

3aeck KOIPOUUUEHTEL Ry y,..., Ryy3 3aBHCAT TONBKO OT KO3 duIliteHTOB
Jlame. BEIpaXeHHs U1 HUX NpuBoasTcs B paborax [6,7]. M3 dopmyn (5) nony-
HYaeM BBIDAMKCHHA IJIA BRIYHCICHHA YOPYIHX KOHCTAHT TPeThEro nopagxa
Rcl E(KB Iy R{JIS) _Rc:l3(K] 5 ROII) L

Ryj3R 1 — Ry R j

cl3
o= Bors(K = Royy) = Ryyy (K5 — Ry )
RpizRers = Ry Reys
Taxum o0pasoM, A BRIYHCIEHUS KOHCTaHT YIPYTOCTH TPETREro Io-
PAfKa B NPHIOBEPXHOCTHEIX CHOSX HeobxomumMo 3Hath xoa(duiuents Jlame
A, ft, KO3pDUUMEHTE! TiponopuuoHansiocT K, K, a Takke OTHOWeHUE 8-

Kosppuunenter K; v K; moxHo HaiiTh M3 Gopmyn (2), 3amucaHHbIM
AJI €Ty 983 OAHOOCHOIO HaNIPsOKEHHOTO COCTOSHUS (033 =y = ()
6 =38y + Kyy; 03 =0 + Kyy,. (7N
Teneps, yaureisag (3), umeeMm
Ko #Cri = Chpo) = H(Cprs — Cpy)

Sro). g —Cro) g
O-I]'\/au;!o % O'“\/I/U/)O ( )

Cornacro BEIpaxenam (6) u (8) anst BBINHCICHNUS YIOPYTHX KOHCTaHT
TPETLEro NOpsAAKa , KPOME MOCTOAHHBIX JlamMe u OTHOILEHMS O, HEOOXOTHMO

TAKKC H3MEPSTH CKOPOCTH PACNPOCTPAHEHUA PAIICEBCKHUX BOJIH B (BYX B3aUMHO
NEPICHANKYIAPHBIX HANPaBACHUAX 110/ BO3NEHCTBHEM DHKCHPOBAHHBIX CTATH-
HeCkuX HanpmxeHui. Jlng s3Tux nenelt npuMensnach METOHKA, ONHCAHHAS B
paborax [6,7]. ITo pesynbratam 3KCIICPUMEHTOB U3 Bs,ipaxcemzﬁ (6) BeruMCHA-
JIHCh YTIIPYIHE KOHCTAHTEL b U ¢, -
Hcenen0Banocs Takke BAMSHUE BETMUHEL] HCXOLHOM ILIACTHIECKOR fle-
(opmanyy Ha 3uAYEHHA KOHCTAHT BTOPOrO W TPEThEro MOPSIKOB. 3aiaHHble
YPOBHH fe(opMalvy co3aBanuch Ha MOPLIHEBHIX NAIbLAX, He GLIBIIMX B IKC-
Iiyatauud. OHM H3rOTOBICHB! W3 HU3KOJCIMPOBAHHBIX cTane Pasiu4HOK
MApKHPOBKH M MONBEPKEHBI TIPEABAPHTENbHOM LemenTamuu. Ha kaXIoM ypos-

e
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He AeOpMAaIHH U3MEPAINCH MOAYIbL YIPYTOCTH
[NEPeCHHTLIBANCH napaMelp A IO L'l)OpM}";TE‘.
A= ,{_:(2_;1_—%2 (9)
E-3u

PeayaeTatel uaMepenuit mokasanu, 4o napametpsl JlaMe npakruucckn
He 3aBUCST OT BETHUHHBI UCXOAHOW AedOpMallti, YTO NOATBEPKIAET BBIBOJLL
paborel [7]. TloaToMy uX u3McHeHMe NpPH pacderax YNPYIMX MNOCTOSHHBIX
TPETHEro NOPsAKa HEe YUHTHIBANOCh., IIpH KaAOM YpOBHE miacTHdeckoil je-
(popmanuy B 00pa3suax Co3/aBanuchk YOpYTue AehopMmaumu s U3MepeHus
PHPAICHUH CKOPOCTEHl paclipocTpaHeHus BoNe P3led W BLIYHCICHHS KOH-
crauT b ¥ ¢. llpu 3TOM YCTAHOBJEHO, YTO OCHOBHOE M3MEHEHHe 3THX KOH-
CTAlT NPOMCXOANUT TOMBKO MPH HU3KUX YPOBHSX MiacTHuecKoH nedopmanuu
(1o 2%,).

Pe3ynbTaTsl SKCIIEPHMEHTOB CBE/IEHBI B TaOMMILY, MAC HAPALY C paccuu-
TAHHBIMH TI0 METOJaM aKyCTOYNPYTOCTH YNPYIMMH [MapamMeTpaMH NMpPHBEACIb]
3HAYCHHUA TapaMeTpoB /L,;I-,l'lOJ!)"-iEHHbIE npy TOMOIIH METoHa ¥YINapHOTO

E ¥ MOAYINE CHBHIA, & 3aTeM

BAaBAMBaHMA MHAeHTopa [1,4].

Tabauna 1. Yrpyrue XapakTepUCTHKH IPHIIOBEPXHOCTHBIX CIOER pSAa
IIOPUIHEBBIX MNAaNBISB, U3rOTOB/ICIHBIX M3 PA3iIMYHBIX KOHCTPYKIHOHHEBIX MaTe-
pHANIOB

.-
Mapka A A 1 e b & ar |
cranu | 10'MIla | 10°MITa | 10*MITa | 10°MIla | 10°MIla | 10*MITa | 10°MITa
Cr3TV 11,91 11,54 8,94 8,70 -30,5 -70,8 | 0,130
Cr.85 12,02 | 12,23 | 842 | 864 | -351 | -101,6 | 0,159 !
40X 11,56 | 11,90 8,57 8,32 -29.5 -692 | 0,150
40XC. 11,68 | 11,78 8,40 8,29 | -37.1 -724 | 0,156
35XI'CA | 12.58 | 12.24 851 | 842 | --414 | -785 | 0,161
09I2Cd | 10,34 | 10,54 7,75 7.93 -288 | -69,5 | 0,153
30X [ 11,19 ] 11,33 783 | 7,96 31,7 1 -725 | 0,149

TTOCKONBLKY BCAMYMHHBL  As, fs, 07, PACCUKHTAHHBIE METOJOM YIAPHOIO
BI2BIMBAHH HHAeHTOpa [],4], H3MEHAIOTCS [0 IyOUHE NOBEPXHOCTHOIO Clog
IIOPLUHEBOIC ManbLa, TO B Tabiluue NMpUBeAeHbl UX 3HAYEHUS, COOTBETCTRBYHO-
uipe rnybune 1mm. [Ipu aTom cnenyeT y4HTBIBATD, YTO BHELUIHAA MOBEPXHOCTH
MOPIIHEBOTO Dalblia HMECT Camblé BBICOKHE 3HAaY€HHA TBEPHOCTH, IIPEHENIoB
TEKYYeCTH M MPOYHOCTH M CaMOe HH3KOE 3HaueHWe 3HaueHHe IUIaCTHYHOCTH
(oTHOCHTENBHOS yANUHEHHe noche paspeiBa). Jlanee mo mepe pocra rioyGuHs!
OPOYHOCTHBIE XapaKTEPHCTHKM MAafaioT, a MOKa3aTeay IUIAaCTHUYHOCTH pacTyT.
Taxoe u3MeHeHHEe XapaKTePUCTHK HAONIOAAeTCs 10 CepeiMHbl CTEHKH MaJbLA,
TO ecTh A0 rnyBuHb! 2MM [1].

16

Takum 00pa3oM, TOYHLIA YUET TOHKHX 2(h(PEeKTOB KOHTAKTHOIO B3&HMO-
nAeficTBHs TpeOyeT MPHMEHCHWA COBPEMCHHBIX METONOB KOHTPOIS MexaHHYe-
CKHX XapaKTepUCTHK HEOJHODO/HBIX jeTaliell H pacuera HanpsKeHHO-
Ne(OpPMUPOBAHHOTO COCTOSIHUSA € NMOAPOGIILIM AHAIMIOM BIMIHUS HelHHeHHOo-
CTCH pPasiiMuHOro poaa, YTO NO3BOIHT TOYHO OUpPENeNuTh Haubomee HanpsKeH-
HbIe 001acTi OOKOBOH NOBEPXHOCTH AETATH H TEM CAMBIM YBEJAMYMTH CPDOKH ee
3KCTUTyaTalMH.

Cnacox amtepatypei: 1. Boex JLIL HcenezoBanue BUGpauuoHHBIX
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Ne3.-C.19-21. 2. Benensknii JI.M., Beckonsumbupiii A.H. H3mepenue sexropa
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MATEMATHYECK OE MOAEJUPOBAHUE F'A30BBIX IIOTOKOB
B PABOYEW KAMEPE 'A30AHAJIM3ATOPA

T'enxun B.W. (CTH BHY , 2. Cegepoooneyx, Vipauna)

With the help of the modified Chaplygin's method the mathematical model of in-
teraction of gas flows in the working chamber of the magneto-pneumatic gas-
analyzer is developed. The parities Jor stream functions and the equation of free
border of the merged jet and its width are received. The developed mathematical

mac;'el is used for definition of optimum parameters of the working chamber gas-
analyzer.
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OaHuM U3 MEepCleKTHBHBIX MCTOJXOB Ta30BOTO aHAIN32 SBINCTCA MarHu-
TonueBMaTHYeCKHH MeToa [1], ocHOBaHHBIH Ha CPAaBHEHHH MArHMTHBIX CBOHCTE
aHanusupyeMoit rasosoit emecu (AI'C) u cpasuurenshoro rasa (CI') u usmepe-
HUH Nepernana AaBleHus, BOSHUKAIONIEro npy B3aumoueicTsun notokos ACT u
CT” B HEOAHOPOAHOM MarHHTHOM nojc. MeTpolorn4ecKkue u TeXHUYeck1e Xa-
PaKTepUCTHKH MAarHHTOINHEBMATH4YeCKHX Ta30aHAIM3ATOPOR B 3HAYMTC/IBHOMN
CTCNICHM OMpENeNAIOTCs B3aUMOJIeCTBYEM [a30BBIX MOTOKOB B paboveH Kame-
pe, OCYUIECTBIISIONIEH CMELICHHE AI'C u CT'. TpaaniinoHHBIE CIIOCOOB! MaTeMa-
TMHECKOTQ MOAEIUPOBaHUA B3auMOIeCTBHS Ia30BbIX IIOTOKOB, CCHOBaHHbIS Ha
HenMHEHHBIX YPAaBHEHKAX ra30B0H NHHAMWKH, HE MTO3BONSIOT NONY4HTh aHaAlM-
THUYECKUX PEHICHHH, YTO 3aTpyAuscT ONTHMH2ALMIO I1apaMeTpos pabounx Ka-
Mep raszoaHanu3aTopoB. [1o3TOMy aKTyaldbHOH 3ajauel SBNAETCS NOojyYeHwue
AHANUTHHECKHX COOTHOIUNEHMH, NMO3BONAIOUIMX PELUATh 3aJa4Yd ONTHMH3ALUH
PEOMETPUHECKUX XapaKTePUCTHK paboynx Kamep razoanain3aTopos, olpenese-
HHS ONTHUManbHOTe cooTHomeHus pacxofoB AI'C u CI' v ApyTHX Xapakrepu-
CTHK JaHHBIX IPUOOPOB.

Ha puc. 1 mpejcTasiicHa cXeMa CAMSHUA ra30BBIX TOTOKOB. AHanu3supye-
Masi ra30Bas CMECh ABMXKCTCH B U3MEpHTENbHON kamepe | wmpunoit 2H. Cpas-
HUTENBHEIN ra3 nmojaercs B pabouyro KaMepy [0 JBYM CHMMETPHYHO pacriofio-
JKEHHBIM Kananam 2 wuprHo# A. [IpoBeieHHRBIE 3KCIIEPHMEHTAbHBIE KeCeno-
BaHHs [OKAa3aIM, 4YTO BO3MYLUEHWE, BO3HHKAIOLNee B MecTe CIAHAHMA TIOTOKOE,
sABJIseTCA OCHOBHOR NMpHYMHOM ecTabuneHOCTH NoKasanuH nprbopa. [loatomy
HEOOXOMMMO HMCCHEI0BATEH BO3MYIIEHHE OCHOBHOIO MOTOKAa B MajoH obnacty
ciasaua ACI u CT. BenencTsie CHMMETPHH KOHCTPYKIHH KaMephl HOCTATOY-
HO PACCMOTPETH HOTOBUHY TeUeHus, Hanpumep obracts y = 0.

Y

arc 7

Puc. 1, Cxema crnusHHs ra30BBIX MOTOKOB B pab0o4eHt KaMepe razoaHanuzaropa
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PaccMOTPHM [UIOCKOE TEYEHHE HeBA3KOTO rasa, MOAYWHEHHOro aauabarTH-
YECKOMY 3aKOHY, B TUIOCKOCTH rojorpada cxopoctd. Bocnonssyemes sunomz-
MeHeHHbIM ypapHennem Yaruipirnya [2]:

d’y d’y

> +K(o)—5=0, (1)
do do

rie (o, 6) — GyHKIUs TOKa; 0 , € — BUOOH3IMEeHeHHble nepemMeHHbie Yalibirita

[2]; K(o , O) — dyuxuua Yanasirdra [2]. Bocnones3zoBaBuikcs METOMKON, U3-
JiokeHHoM B pabore [2], noayuyum obiuee peuwicHue ypapHeHu (1) B BHjie

W(o,0)= Ay+ B0+ 54,2, (0)+ B.L, (o-)}sfn(ﬁ 6+, ] @
[#4

n=/

rJie IOCTOAHHBIE A;, B;, J; OTIPEAENAIOTCA H3 TPAaHUHHEIX YCIIOBHIA;

210052 Eulo)+ "2 20 x, )57 6o

a p; a
o=t by =?K(S)in~2(5}d3 ; Fa 3?(0'—3)[{(5)}72;-2(3)‘13 ;
0 a

Go=0 : Gy, =§K(S}sz—z(5)d3 0 Gy = ?(6" = $)K(8)Gs;_5(s)ds;
0

oo 2‘ 1
60)=E(Z) 6a(0)s x,r0)=1+ 220 ilea),

=0\ & nwr W, (fg)
Pk » Po — COOTBETCTBEHHO, 3HAYEHME IUIOTHOCTH Ha CBOOOAHON MOBEPXHOCTH
CTPYH ¥ NJIOTHOCTH TOPMOXKEHHS; Ty = (Vy/ Viay)® ~ 3HAUESHHE rnepemesHoi HYa-
TIBITHHA Ha CBOGOAHON NOBEPXHOCTH CTPYH; Vy, Vjax — COOTBETCTBEHHO, CKO-
POCTE raza Ha cBOGOAHOM TOBEPXHOCTH U npcnéﬂ BHAf CKOPOCTS B raze; W (1)) —
rHfepreoMeTpudeckuil pag [2].

IIpimem CpeaHIO JIMHMIO OCHOBHOTO TIOTOKA 3a JIMHMIO ToKa = (. Ha-

TIpaBHM BAOJEL 3TOH JIMHKH 0Ch Ox , KaK MOKa3aHO Ha PHC. 1, ¥ paceMoTpHM 06-
J1acTh 3HaYeHMH y 2 0 . OnpenenuM MaccoBble pacXofbl ra3a, OTHECEHHbIE K

TONIIHHE KaHala 4 K IJIOTHOCTH TOpMO)KeH H g B CAUBNICHCH crpye:
e
0 =hEly, ; 0,=nf2y, . g=nfey, 3)
Po Po Po

3aeck O, — pacxon CTI (B xanane 1), O, — nonoBuHa pacxona ACT (B xanaie 2);

Q - nonosuHa o61Iero pacxoaa B CAMBIEHCS cTpye. COCTABMM ypaBHeHMe He-
Pa3pLIBHOCTH:

h-piVy+H-pyV,=d-pl,. 4)

Iyets o) , 0, — 3Ha4enys nepeMeHHo o, COOTBETCTBYIOILHME CKOPOCTAM

Vi, Va.
Pacemotpum ciayuait: V, >V, (o; <o)
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PazofbeM MNOCKOCTR rosorpada

3 AC CKOpOCTH Ha Tpu o0sacTH, Kak Noka-
0z 3aHO Ha puc. 2. OnpejenuM TrpaHHy-
HBle YCAOBHUS NS HYHKLMM TOKA:
2 .
» - w=0Q npuf=-a; 0<06<s;;
' w=0; npud=0; o0;S0=w;
I y» Ww=0; npub=-a; 0<o<o;;(5)
5 0 g v=0 npué=0; 050<0;;
w=0 npu—a < G<0; o=0.

Puc.2. ITnockocts rogorpada CKOPOCTH
Aorpag P Obo3HaYMM 4Yepes ; PYHKIUIO

TOKa ans i - B nogobnactu nuockocTu rogorpadga. Toraa ycnoBus aHanutuye-
CKOTO NPOJO/IKEHUS NPUMYT BHI:

5, 15, 3] d .
V=V mW;:____“Wz NpH g =0, Wy =3/ _ﬂWz'_ﬂ_jﬁ npuoc=oy.  (6)
Jo Jo oo do

Pewenns ypasuenus (1), yHOBIeTBOpSIonIHe ycinoBusaM (5), Oynem wc-
KaTh B BUJE

v (o,0)= _QE"‘ i[A,,Z,,(U)+ B¢, (D‘)]SI'HEQ;
& gy o

v2(0.6)=-0;~ £y i_[cnzn(oh D¢, (cr)]ss‘n%é*; (7

VIJ(G' 9) Q2 5 Z‘En ”(o-}sz‘ngf-ﬁ,
24

n=/
rae 4., B, C., D, . E, — IpOU3BONLHLIC [IOCTOSHHEIE.
VY gornetsopss yenosnuaMm (5), (6), nomydnM ypasHeHus

—-Q-E—}--k ZA:: SI’HHFO=Q;

_Q-_+ Y[A Z”(G';)'FB C'"(O'_,)]S‘IP‘I-—(Q-
a  p=)

._Q7_+ Z[Cn PI(J;')‘I_D”;”(O'I)]SEHEI—Q;
n=] o (8)
Z [A"‘z:l (C}—-’) 53 B?Ié’;.' (O_f )] in" :? (O_J’ )+ Dn‘/;;? (CF; )}Siﬂ n;r %) 5

n=i

6 = : W
- QE ; + Z[ann(o'B)-"' Dng'n(o-ft' )]SIP‘I E—?{U - Q2 N EIEH

)

z, (o, )sin i) 2
o

Z[C zi(o,)+ Do, ]sm-—ﬁ ZE.,,Z,,(O‘;_,)MHWG

n=/ n=]
YMHOKHAM ypaprenus (8) Ha sin(nnf/a) ¥ TpOUHTErpUpPYeM HOJIY4YHB-
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LiKecs cooTHoEHNs no @ B npejenax ot (— &) Ao 0. Mcnonssys csBolcTBO Op-
TOTOHaNBHOCTH (GyHKuMK Sin(azf/a), HaWjeM TPOM3ROILHBIE NOCTOAHHBIE H
HONYYHM CIIEAYIONHE BhIDAXKEHUs T QyHKLMH ToKa:

=0l 2% 1{Q-zn(o)+ in~
y,(c.0) Qa: ;r,,é:;n +[Q;(_[1)n—l z'{o,)-0,z, O‘]zk (U)J 5
_ o8 22tlloro o) |, n,
v2(0.9) Qza EEJ"{ZH(U) 0,7,(0,)- gn(g)} 0, 4

22 H0+0,1)". 7
e S MR
T p=1 ‘é‘n(of)_ngn(ob) @
Ilpu V; < ¥, BEIpaKeHWs AN W; U W, OCTAIOTCS HEU3MEHHBIMHU, a Bblpa-
JKEHME IUIS > NPHHUMAET BU:

2] [Q ngn(‘-’z)] (o) . nx
ekl +Q‘?"¥3—:m{-g,(-zr ’z;(a;)-cf,(cr)} i

Habinem Bbipaxcenns wis cBOGOMHOM TpaHUUBl CHUBILENHCS cTpyu. s
5TOrO BOCHONE3yeMCs GOpmyIlamy epexofia K Gusnueckol rnockoct [2];
cos0(d ' é
P _“(_m) i dy=_£‘.ﬁ{‘_"ﬂJ o
Vs W oo o5y Vo \ 8o
C nomonisio (9), (11) nonyuum

(11)

2Qcos0 & g (mr )d _2Qsiné s‘mé’
dr=— > Eng QUo; dy= 17
Tl e h & T e [ 6’Jd0 (2)
roe =
&n =20+ S5 (01)- L (o), (3)
DyHK UM x(ﬁ) Y(6) DOIKHBI yAOBIETBOPSATS TPAHHYHBIM YCIOBHAM:
x=h-sina; y=H+h-cosa npu 6=—¢. (14)

IponsTerpiposas (12) upy rpasuunBxX yeaosusx (14), monyuum ypas-
HeH¥s CBOOOLHOH rpaHuum

x(6) = hsmo:+——— Zg”{fm(g) I,(-a)l;

Vo7& n=1 n _
2 : N =l )
W(0)=H +h-cosa + < = E;n [7,,(0)-1,,(-2)],

rje Vz"?zz;f;a(&% (COS(V“—”)a C"S(V f A

+1 e
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_ [sin(v+1)-6 sin(v-1)-0).
Ji'2;:(9)'_ LT_}_! == SV _}:\

XapakTepucTHK paBoucit kameps! M ApYr¥x napameTpos npubopa Ha dopmy!
cBOGOIHON TpaHulL! ciauBuiedica cTpyu. Ha puc. 3 npuBsejeHsl rpaQuKH, Onu-;

ganos CI',

10
¥ a = 30°
MM g §
a=45°
9 £
851 o = 60°
. ] !
73
0 1 - 2 3

X, MM

Puc. 3. ®opmet cBoGOgHOH IPpaHRIB

[TpoBeaeHHbIE SKCIEPUMEHTHI [10KA3AH, YTO (POpMa CBODOIHON Ipanulib L
CYHIECTBEHHO BIHAST HA METpOJIOrHYecKHe XapakTepucTuku npubopa. B
OKPECTHOCTH TOYKH CIUSHHS IOTOKOB 3a JMHMEH TOKa y; obpasycTcs 30HA
paspeXeHus, KOTopas MPHBOIMT K 06pasopanuio TypOyIeHTHOCTH, XOTA YHCIO
PeifHonb/ica JUTA  PACCMATPUBAEMBIX NOTOKOB HA  TOPSIOK  MEHBIIE
KPUTHUECKOTO. DTOT BHIBOJ MOATBEPXKAAETCS TAXKE TeM (AKTOM, 4TO MpHI
3akpbTAH Kaganop CI” Tewenve raza B pabouell Kamepe ABNSETCS JIAMHHAPHBIM.
KoMIbptoTepHOS MOASNHPOBAHUE B3aMMOJICHCTBHA Ta30BBIX ITOTOKOB HA.
ocHoBe pa3paboTaHHOH MaTeMaTUHCCKOH MOJENH TO3BOJIAET OITHMU3HPOBATH.
dbopmy u pazMeps! paboueii Kameps! ra30aHATH3ATOPA, HAKTH HAKITYYILIHH yrojt
o nogayu CI', nomobpath ontTuManbhoe cooTHoweHue pacxogos AI'C u CI' ¢f
TOYKH 3PeHHS YCTOHMHBOCTH M MAKCHMANBHON TOYHOCTH NOKasaHu# npudopa. i

Crucok auteparypsi: 1. Amarnazapos A., laprononsckuit AWM. Me=
TOIBI ¥ NIPHBOPHI IS OTpeNeNen s KicaIopoa (ra3oBblii aHanu3): CnpapounuK:
M.: Xumusi, 1988. — 144 c. 2. Tomunos E.JI. Crpyitisie [038YKOBBIE [IOCKHE

aBWKeHus rasza. — Hosocubupek: Hayka, Cubupckoe otaenenue, 1980. — 247 ¢
Cmamna nocmynuna & pedaxywo 08.10.2002 &
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MTOBBIIUEHUE 3OPEKTUBHOCTH ACY TII
TEXHUYECKOH CHCTEMBI “NNPOKATHAS KJIETBH”

Caaguyx E.A. (JonI'VOT un. M Tyzan - Baparnosckozo, 2. Honeyx, Vipauna)

The circuit of modernization of a standard managment information system of
technical system " rolling mill" is given. The forecast of technological parame-
ters various rolling mills are given at transient. The forecast of geometrical pa-
rameters, parameters of a roughness and mechanical properties of hire are
given which can be supplied with the modernized managment information sys-
tem at transient.

ABTOMATH3MpPOBaHHAS CHCTEMa YAPaBNCHMS TEXHONOIMYECKHM Mpollec-
coM (ACY TII) - uHTerprpoBaHHas TEXHOJNOTHYECKAs Cpefia sl BEIpaboTKH U
peanu3aluy yIpapisiolero Bo3eHCcTBHA Ha 00BEKT yIpaBleHua B COOTBETCT-
BHM C NIPMHATHIMHM KpUTepHaMM ynpasienus [1]. B obmem Buze, 3agaua ACY
TTI Texsuyeckol cUCTEMB! “NIPOKaTHAs KIeTh” CBOAUTCH K HEMOCPEACTBEHHOMY
YIpPaBIeHHI0 TeXHOTOIHIeCKHMH NTapaMeTpaMy B poLecce MPOKATKH ¢ LENBIO
obecnedenus TpcOyeMbIX CTaHAaPTOM FE€OMETPHISCKHX MTapaMeTPOB W MEXaHHU-
YecKuX CBOHCTB npokata [2].

B obulem ciaydae (yHKUHOHHPOBAHHMS TEXHHUECKOH CHCTEMbI “NpOKaT-
Hasl KIeTh” MMEeT MECTO IIOCTOSHHOE M3MEHCHHe KDPAaeBBIX YCIOBHH B3aMMO-
ACHCTBHA “BasiOK — NpoKaThiBaeMbili Metan”. Kak pesy/ipTaT 9Toro - Bo30yx-
JACHHE NEPEXOAHOrOo fpolecca KonedarenbHOro xapakrepa. B 3Tux yciaoBHAX,
noneitku ACY TIT eripaGorarh U peanusosats ynpasigioniee Bo3feHCTRUC HA
MPOKATHIBAEMBIH METalll B DPEeXHME HEeNOCPEeACTBEHHOr0 ABTOMAaTHYECKOro
YAPaBACHHS NIPUBOANT K B3aMMHOMY HCKAXKCHMIO, KAK YTIPABIISIOLIEro Bo3Aek-
CTBHA, TaK ¥ KPACBEIX YCIOBUH B3auMOAeHCTBYs B LIENH “BaJIOK — NPOKaThiBae-
MBI MeTann” [3]. B cucacTeme uero umeer MecTo fambHedmui poct Komeda-
TCJBHEIX IIPOIIECCOB 10 aMIIUTYJC K 4acTOTe M, B KOHEHHOM MTOTe, OTKas OT
HENOCPE/ICTBEHHOIO ONEPaTHBHOIO aproMaTnyeckoro ynpasnenus ACY TIT no
MOMEHTA 3aTyXauus KonebarcisHpiX mpoueccos. TakuM o6pasom, CHIDKAIOTCA
Ka49ECTBCHHBIC ITOKA3aTeNlu NpoKaTa, CHIKaeTes K03 HLHEHT BBIX0a MOMHO-
FO lIpOKarta # pacTeT BEPOATHOCTL aBaPHHHBIX OTKA30B MEXaHH4YECKOTO 000pY-
AOBaHus IPOKATHOM KnetH [4].

HAnst ocylecTBienns 3OPEKTUBHOrO HEMOCPENCTBEHHOIO YMPaBIeHUA
TEXHHYECKOH CHCTEMOH “NpoKaTHAs KTeTh” B MEPEXORHOM Ipoliecce, HeoHxo-
AHMa MOLCpHH3ALMS CyiuecTRyromeH (cTanaapTHoii) ACY TTI ¢ uensio nmpnod-
PETCHUS afanTauMOHHEBIX BO3MoXHOcTeH [5,6]. ACY TII ¢ aganTalMOHHBEIMH
BOSMOXXHOCTAMHE (puc. 1) mpejcTaBnger coGoifi MOACPHU3HPOBAHHYIO 3aMKHY-
1y10 ACY TII Hernocpe/ICTBERHOr0 YIIpaBIeHus NPOLECCOM IPOKATKU ¢ AOOJ-
HHTCILHBIME BOSMOXHOCTSIMH ONEPaTHBHONO BO3AEHCTBHSA HA FEOMETPUUYECKHE
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[fapaMeTphl M MEXaHWHe-
CKHC CBOHCTBa mpokara
[7,8] . B miratHOM pexu-
Me, B COOTBETCTBHH C CY-
wecTByOWei Oazoi pau-
HeIX (1)  BeInogHAETCSH
aJanTUBHOE MOAEIMPOBa-
nue (2) ¢ uensl noayde-

Mpoucce npokatin

P

HBIX TapaMeTpoB M Mexa-
HHYECKHUX CBOMCTB IpOKa-
Ta (3), TexXHHYECKHX H
TEXHONOTHYECKHKX  Mapa-
METPOB  (PYHKUHOHHpOBa-
HHSL IIPOKATHOH Kietu (4).
HNonyuesnpie pe3ynnTaThl
tiepeaaroTes B 6ok cpas-
HeHus (5} U MOCTYHaloT B
cragmaptyio ACY TII (6). Cranmaptaas ACY TII peammsyer MX B BHJE
YIPaBJISIOUMX CHIHAIOB MPHBOAA MPOKaTHOH Kiety (7) M OCYLIeCTRIsIeT HENOo-
CPEICTBEHHBIH KOHTPOJbE KaYeCTBEHHBIX HapaMeTpoB npokarta (8) 1 Texnuye-

L}
i
13
'
i
i
i
]
'
i
1 -~ 5
1
i
i
i
1
i
i
I
I
i
I
|

e o  — — ——————— A s s e e e ——————

Puc. 1. TlpunimouaneHas cxema QyHKIHOHH-
posanus Moepuusupopandod ACY TIL

CKOTO COCTOSHUA NpoxaTHOH xietu (9). PesynbTaTshi HENOCPEICTBEHHOIO KOH- |

TpOJIA fiepejatoTes B 610K cpaBHenns (5). B Oioke cpaBnenus (5) 0BM cpaBHM-
BAKOTCH C Pe3yNLTaTaM¥ TIPOTHO3a M, MPH HeOoOXOAHMMOCTH, OCYLIECTBIAETCH
KOppeKTUpylouiee afanTupHoe Mojgenupopanue (2, 3, 4) ¥ KOppeKTHpOBKa §a3sl
nauneix (1). Oneparop B 10608 MOMEHT MOXET OCYILCCTBUTL BU3YANBHbLIA MO-

auropusr (10) dbyuxuuonuposanus ACY TIT Bo erewrarnolt curyaunu (01-

CYTCTBHEC HAUYaJbHEIX Napamerpos B 0ase aHHEIX, aBapuiiHas cUTyanus), one-
PaTOp OCYLIECTEBISET HErnOCPeICTBEHHOE YIIPABieHHE B PYUHYIO C MOMOILBIO
3amaroluero yerpoicrsa (11) u yerpolicTra pyuHoro yrpapacuus (12). B atom
cnygae ACY TII ¢ amanTaliWOHHBIMH BO3MOIKHOCTAMH (QYHEKIIMOHMPYET Kak
cragnaptHag ACY TII B pekuMe COBETHHKE, OCYLIESCTBIIAL KOPPEKTHPOBKY
AmMeroineiics 6a3bl JaHIBIX B COOTBETCTBHH C JCHCTBMSMH OIleparopa H Hemo-
CpeJICTBeHHBIA KOHTPOIb KAUCCTBEHHBIX MapaMeTpoB npokata (8) v TexHHue-
CKOr0 COCTOSIRMSA TpokaTHOW kiety (9). Tlo xkenanuto oneparopa (10), moaep-
nuzupopanHas ACY TTI 8 nro6o# MOMEHT MOKET OBITh TIEPEBENeHa B IUTATHBIH
pexXUM (PYHKIINOHKPOBAHHUS.

CpaBueHue pe3yisTaToB GYHKIMOHMpOBaHus cranmapTHod ACY TII
npokatHo# wieryd 2000 ¥ NpOMBILIEHHOrO 3KCHEPHMEHTa JANo CleAyIolHe
pesyabTaThl (CMOTpW Tabnmily): BelMuMHA OIIMOKM B [IpOLECCE OKaszaHusl
YIPaBISIOEr0 BO3AEHCTBHS B NCPEXOHOM NTPOLIECCE 110 MOMEHTY TEXHONOIH-
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HHS TIPOTrHO3d Ka4eCTBEeH-

4eCKOH Harpy3Ku CHH3MIIACh B 1,9 pasa, no CKOPOCTH NPOKaTKH — B 4,3 ..
BpEeMCHH 3&1‘yXaHflﬁ lepexonnoro nponecca - 2,2...3,9 pasa.
JOCTHTHYTa YCTOMYHBOCTE YIIpaBisiomero pozaedicrsns AC
KieTH B NEPEXOJHOM fIpollecce.

5,3, no
Taxum oGpazom,
Y TIT npokatHoii

Tabnuua — CpasHUTCABHBIH aHamH3 $yHKunonuposanus ACY TIT B nepexoi-
HOM Tpoiecce

ACY TI1 OU.IPIGK&, %
Mmax Vrnin v, onm & tVomn
cTanaapTHas* 48,8 11,7 11,7 37,5 50,0 |
MOZEpHU~
3HpOBaHHas 25,0 2,7 2,2 16,7 16,7

* - BO3MOXHA TOJIBKO PErUCTPaLAs NapaMeTpoB B BHAS JOMONHMTENBEHOTO MPOo-
TOKO7A B CYHAE UCTIONE30BAHHA JOMONIHUTEILHOTO ANMAPATHOTO 00CCIeYeHUs.

Pacumipenue ynpasmsiomux Bosmoxnocteit ACY TIT NPOKATHOM KIIETH
MO3BOMACT AaTh OOOCHOBAHHBIA TMPOTHO3 TEXHONOTHYECKUX napaMeTpoB Ipo-
ecca MpOKATKH, TeXHUIECKONO COCTOAHMS NIPOKATHOM KIIeTH, FeOMETPUYECKHX
T1apaMETPOB H MEXaHH4ECKHX CBOMCT NPOKATa B [1EPEX0

AHOM rnpouecce a1g pa-
3MHYHBIX THIIOB NIPOKATHBIX KICTEH.

Ha puc. 2 npuBenens! pesynstaTsl nporuosa NapaMeTpoB MEPEXOAHOr0
npouecea Uls NPpOKAaTHRIX KIeTeH cTaHa Xonoauoi mpokatku 1700 AO3T MK
uM. Mineuua (Ykpausa), HenpephaisHoro IIHPOKONONOCHOTO CTaHa ropsyei npo-
xatku 2000 AO3T HIIMK, Toncronucrossix cramos 3600 AO3T MK “Asos-
cranp”(Yxpaura) 1 3000 AO3T MK um. Wisuua (Yxpanua),

1,61 1,60 1,36 1,38 0,91 0,54 0,81 0,74 1,0 0,8 09 09

1 4 -
A . 3 4 7 ] £2
112 x Sk 4
a ] : B
- Puc. 2. Ilporsos napamerpos NEePEXOHOro Mpoiiecca B IPOKaTHOH Kie-
M Vo i
R mAX = Pmin oo 3 4
78 ;6 v . : ; 1 —xners 1700, nonoca 2x1030 s w3 cranu
onm

08 xm; 2 — xners 2000, monoca 8x1680 My u3 cranu 171°C; 3 — xuets 3600, no-

joca 8,0 : . 2
508 091_’\2;25500 ma w3 BCT 3 CIL, 4 - KIiIeTh JOOO, rmoJjioca 16,8)(2190 MM W3 CTa-



110 pesylibTaTam NporHo3a MOXHO 3axnio4uThb, 410 ACY TII ¢ anantanu-
OHHBIMH BO3MOMXHOCTAMH B IIEPEXOHOM Mpollecce MoxeT obecneunTs nocra-
TOYHO BBICOKYIO cTaOMIBHOCTE MO BPCMEHM 3aTyXaHUs [epeXONHOro npolecca
i [TO KMHEMAaTHYECKWM MapaMeTpaM MMPOKATKY, @ 110 MOMEHTY TeXHOAOrH4CCKOH
Harpy3ku obecriedusaer rpueMaemsiid pesynbrat. OTHOUIEHUC BPEMEHH 3aTy-
XaHHUs NEPEXOAHOrO Mpollecca ¢, K BpeMeHW CTa0HIM3aunun CKOPOCTH fy,,, CO-
crapnget 0.9...1,0, 2 OTHOUICHHE MUHHMANBHON CKOPOCTH B NMEPEXQ/HOM 11pO-
uecce V. K 3anaHHOHR ckopocth V,,,, cocrasiser 0,74...0,91. Bonee nu3kyio
cTaGHIBHOCTh KHHEMaTH4YeCKHX mapameTpoB Uit Kietd 2000 moxHO 0O0bsc-
HHTb BJAMSHHEM MEPEIHEero HATSOKeHHs, Tak Kak Ha craHe 2000 metanin rpoka-
THIBACTCSI OJJHOBPEMEHHO B HECKONbKMX KieTaX. OrTHomenue HanOOMBIIEro
MOMEHTA TEXHOJOTHYECKOH HArpy3KU B NEpexoiHoM Ipouecce M., K cpen-
uemy M, cocrasnser 1,36...1,61.

Ha pmc. 3 mpuBezaeHbI pe3ynbTaThl [IPOrHO3a FEOMETPHYECKHX TTapaMeT-
pOB TPOKAaTa NPH MEPeXOAHOM TMpoLecce IS XOIOAHOKATAalHOH IONoCk!

2x1030 mm n3 cTtanu 08 K1, W ropsyexkaragHpix nonsoc 8x1680 mm n3 cranu
170°C, 8,0x2500 aem u3 cranu BCT 3cn, 16,8%2190 4t uz cranu 09T 2DB.

6505 0,02 0,04 0,07 0,06 15 3,0 40 45
2 7 |3 2
1 1 4 0 3 4
3 4
-5,5 -6,0
a o] B

Puc. 3. TIporro3 reoMeTpruyecKHX apamMeTpoB IIPOKaTa NPy MepexonHoM
npouecce:;

a — KpMBH3Ha packara p,107 m~'; 6 — npojtonBlas PasHOTOMIIMHHOCTE OH, MM

B — MIOCKOCTHOCTL A‘;‘:.,.%H'M-I; 1 — xkiets 1700, nonoca 2x1030 awm uz
ctanu 08 xm; 2 — knets 2000, monoca 8x1680 amm w3z cranu 171C; 3 — xnets
3600, momoca 8,0x2500 mm w3 cramu BCrt 3cm; 4 — ety 3000, monoca

16,8%2190 aa u3z cranu 091 200,

ITo pe3ynbTaTaM NpPOrHO3a MOXHO 3aKMO4KTs, yto ACY TII ¢ aganTaun-
OHHBIMH BO3MOYKHOCTSMH B NIEPEXOAHOM TNPOLIECCE MOXKET 00CCHeYHTh ynyd-
{lleHHe [POAOTLHON PA3HOTONIMHHOCTH SAM IIOCKOCTHOCTH A-A MpoKata.
BenuyrHa npoaonsHol pasHoronuwmHHocTH cocrasngeT 0,02...0,007 ( no
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TpeboBanysm cranaapta e xyxc 0,010...0,012 swm), a mnockotHoct 1,5...4.5
Bvioae . (1o TpeGOBaHMSM CTaHIapTa ue XyXe 5...7 am-m~'). [Iporuos
KPMBU3HEL IPOKATA 110Ka3zan ctabuipHoe JibDKeoOpasoBaHue npu NpoKaTke no-
noc 2x1030 mac 13 cranu 08 it 1 8x1680 s 13 cranu 171°C. OteyTersue nbi-
ykeoOpasoBanysi NPOTHO3HPOBAIOCH PH NpoKaTKe nonoc 8,0x2500 aa 13 cra-
au BCt 3cn w1 16,8%2190 s w3 crany 091 2MB, uro obbacHseTes 0Co6EHHO-
CTAMH KOHCTPYKUMH KJIETEH TONCTONUCTOBBIX CTAHOB W OCOBEHHOCTAMH TEXHO-
JIOCHM NTPOKATKH TOJCTBIX ITONOC.

Ha puc. 4 npuBefeHs! pe3yjibTaTsl NPOTHO3a MEXAHUYECKUX CBOHCTB
NapaMeTpoB IEPOXOBATOCTH LIPOKATZ ITPU IEPEXOJHOM TMPOIIECCe AN XONO/I-
HOKaTaHHOH mojiocet 2x1030 s u3 crann 08 ki, ¥ ropsyYekaTaHHBIX TOJOC

8x1680 aen u3 cranu 170°C, 8,0x2500 am u3 cramu BCr 3cm, 16,8x2190 mu us3
cramu 091205,

2626 27 27 1,213 1,6 1,6 0,8 1,6 3,2 3.2

a 6 B
Puc. 4. Ilpornos mexannueckux CBOUCTE ¥ NapaMeTpPOB LIEPOXOBATOCTH
Hpoxara npH NEPEXOIHOM npouecce:
a — QTHOCHUTC % Mo
nbHOE yIIHHeHue 0,%; 6 — yiapuas Basxocts KCV, " B —
sz
lepoxosarocts R, ,mam-107"; 1 — xners 1700, nonoca 2x103C s w3 crany
08 km; 2 — knets 2000, nonoca 8x1680 mm u3 cramt 170C; 3 — xneTs 3600, mo-

Joca 8,0x2500 awm u3 BCt 3cn; 4 — kiers 3000, nonoca 16,8x2190 ywm 13 cranu
09I2dE.

ITo pesyspTaTamM MPOrHo3a MOKHO 3aK1I04YHTL, yTo ACY TII ¢ anautauu-
OHHBIMHM BO3MOMXKHOCTSMH B IIEPeX0iHOM Ipolecce MOXKeT crabuibro obecre-
AHTb yiyulleHHe MEeXaHHYECKUX CBOUCTB M I1apaMeTPOB [IEPOXOBATOCTH MPO-
Kata. Bemunna oTHOCHTENRHOIO & cocraBaser 26..27 % ( mo tpeGoBanusM

Crannapra ne mexee 12...18 %), yaapuoi sazkocta KCV 1,2...1.,6 -WM' (no

.
M

TpeboBanuam ctanaapra 0,8...1,0 ——— ), LIEPOXOBATOCTH IIOBEPXHOCTH R,
M

—3 3
0.8... 3,2 am-10~° ( no TpeGosanuam craHzapTa He Xyxe 2,5 mar-1077 ans
XOROAHOKaTaHHoro ¥ 12,5 mm 107> mns ropa4eKaTaHHOIO NpOKaTa).
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Brisoa: nposefeHHbie Bblllle Pe3yNbTATH NPOrHO3a MapaMeTpoB nepe-
XOAHOTO MpoLgcca ANA PA/la MPOKATHBIX KJICTCH NTOAOCOBBIX CTAHOB XONOLHOMH
W ropsiyeil NPOKaTKu, reOMEeTPUYECKHX MapaMeTpoB, MeXaHHYEeCKUX CBOMCTB H
apaMeTpoB LUICPOXOBATOCTH MPH MEPEXOJHOM NpoLecce AN XOJI0AHOKaTaH-
HOTO M Fopsg4eKaThaHHOTO TOJIOCOBOI0 NPOKaTa NOKas3allid peanbHOe Hanpasiie-
HUe paciMpeHus ynpasstotero Bozjeficteis ACY TIT TeXHHUeCKOH CUCTEMB
“mpoxarHas KJIeThb  3a CHET HCII0JL30BaHUs aJallTALMOHHLIX BO3MOXKHOCTEH.

ACY TII ¢ aganTalMOHHBIMUA BO3MOJKHOCTAME B DEKHUME HEITOCPEACT-
BEHHOIO aBTOMATHYECKOrO YIPaBICHUS TEeXHHUeCKOH cHcTemolt “mpokartHas
KJIeTE” MOKET OBITh PEaNM30Bana B yCAOBHAX ACHCTBYIONIETO IPOM3BOACTEA 32

CYET MOMEPHU3ALMH YXKe CYIecTBYomuX crasaaptHeix ACY TIT npoxaTHBIX
Kieredi.

Crucor nureparypsi: 1. maguyk E.A. Pacuvpenue ynpasnsiouigx
BosMoxrocteit ACY TIT npokarsoro craua//BCE. 2002. - Ne 2(24) .- C. 62 -
65. 2. I'naguyk E.A. OcHoBB! rpaduyecKkoro aHaim3a dNEeKTPOMEXaHHYECKOH
CHCTeMBI KJIETH [IPOKATHOIO CTaHa ¢ GPUKHMOHHON CBA3BIO Yepe3 HpPOKaThIBae-
Melif Metaint// Merannsl M mathé Yipaunsl. — 2000.- Ne 1-2. - C. 43-45. 3.
Imaguyk E.A. OCHOBB! OIEPATHEHONO YIPABIEHMS UHIMBHAYAILHBIM HPUBO-
JIOM BaJKOB NpOKaTHOH KiaeTy B obleM caydae npouecca npoxarky// MeTanisl
1 auTeé Vikpaussl. — 2000. - Ne 7-8. — C. 52 - 54, 4. T'napuyk E.A. Bo3mox-
HOCTH YIIPaBAEHHs FeoMeTpuedl ¥ MeXaHUYeCKHMH CBOMCTBAMH TOJCTOTO pac-
kata B 00mieM ciydae mpouecca npokatkd// MeTamabl B JUTLE YKpanHbl. —
2001.- Ne 1-2. — C. 35-38 .5, I'mamuyk E.A., Jepkau A.B. [IporuozupopanHuc
TapameTpoB ofimero ciayvas QYHKIHOHHPOBAHUS TeXHWYECKOH CHCTeMbl MPO-
KaTHast KNeTh// Meramisl ¥ nuThé YKpauHsl. — 2001.- Ne 10-11. = C. 44- 47. 6.
Inamayk E.A. ACVY TII texunuueckol cucTeMEb! Ha IpUMepe KIeTeil NPOKaTHOTO
crafa. B. ¢6. [TporpeccHBHLIC TCXHONOTHH ¥ CHCTEMbI MALIMHOCTPOCHHUA: Me-
KAayHapoausld ¢b. HayuyHslx Tpyaoe. — Joueux: oul'TV, 2002. Bent. 19. - C.
43 — 50. 7. I'maguyk E.A. TeopeTugecKkue OCHOBBI CO3ZAHHA MHOTOYpPOBHEBOH
ACY TIT mpokarnoro ctana. B. ¢6. IIporpeccHBHBIE TEXHOTOTHH H CUCTEMbI
MalHHOCTpOoeHus: MexayHapoasiii ¢6. nayyHerx Tpyaos. — Jlouweux: Jonl-
TV, 2002. Beim. 22. — C. 3 — 7. 8. 'naguyk E.A. AHan43 BO3MOXKHOCTCH HEMO-
CPCACTBEHHOTO ABTOMATHYECKOTO YIPABIEHHS TEXHUHECKOH cucTemol “mpo-
Kargpifi ctan”. B. ¢6. [IporpeccuBHble TEXHONOIHM H CHCTEMBl MallMHOCTPOC-
HuA: Mexxayuaponusiit ¢6. HayuHsix Tpynos. — Jonenk: Houl TV, 2002. Beir.
20.-C. 96 — 100.
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K BOITPOCY ONIPEJEJIEHHUA YIJIOB NEPEKOCA
1 CKPEIMBAHHA OCEH OTBEPCTHH B KOPIIYCHbBIX
JETAJAX 3VBYATBIX MEXAHU3MOR

Topeuxuit I'.B. (Kpacnoapmetickuii grunuan /lonHTY,
2.Kpacnoapmetick, Ypauna).

In the present work the design of the device for definition of comers of a skew
and crossing of axes of apertures in case details of gear mechanisms is de-
scribed.

HenapannensHOCTh U 1EpeKoc ocell OTBEPCTHH MoA NMOMINUNHUKY B
KOpIyCe PEAYKTOpa B 3HAYUTEILHOH CTENMEeHM OTPAXAXTCA Ha NpHIEraHHH
3yopen. [Ipuuem nepexoc oceil cka3biBaeTCs HAa NONHOTE KOHTAKTA COMPAYKEH-
HBIX GoxoBbiX nopepxuocTell 3y6nes B Gonbuiell crenenu, ueM Hemapamiens-
HOCTh oceid. IlpuvnHamu nepexkoca W HeNapalienbHOCTH ocelf OTBCpCTHH B
KOPIOYCE PeAYKTOpa ABASIOTCS CASAYIOUIHE TPUYHHEL
HETOYHOCTH YCTAHOBKH BOpIlTaHTrH;

TIOTPEIIHOCTH CTAHKA; :

Aedopmaliny Kopiyca NP KPeriIeHu  ero K CTONY CTanka;

KOpOONCHUE KOPITYCHBIX JIeTalel pejlyKTopa;

HCTOYHOCTH PACTOMKH OTBEPCTUH B KOPITYCe 110 AMaMeTpy;

OcTaTO4uHpBIE eopMauny KOPIyCHBIX AeTanei 107 Bo3geiicTBHEM pabo-
YHX HATPY30K, 0COOEHHO 3TO KacaeTcs BCTPOEHHBIX PeAyKTOPOB MAILIMH.

IlpaBuisHOCTS yCTaHOBKY OOpINTAHIM NPOBEPAETCS TPH MOMOIIMA Ki-
AMKaTOPOB B FOPH3OHTANBHON M BepTHKanbHON mnockocrsx. Cornacso [1] o1-
KIIOHEHHs YCTaHOBKH GOpLITanIy B 00euX MIOCKOCTSX HOINYyCKaioTes He Holee
25 mxm Ha gmuse 600 MM. Takoit cnocoG ycTaHOBKYM NpHeMIeM B cilyyae, eciiu
HanpapJIsiOLIMe CTONA CTaHKA FapaHTHPOBAHO MPABUILHEL.

IIpu okoHYaHWH PacTOUKK B THE3/[a 3aKIa/bIBAIOT anbiBalis! 1 npose-
PAIOT pacCTOSHNE MEXAY HUMM (HeNapanielbROCTE) NPH IIOMOIIM CIeLHAIBHO-

C ro mraxmMaca ¥ Habopa

mymos. llepekoc oceit
|
I

.

e

OMpENEensiOT WHAMKATO-
PoM 1o pansiusanam (1o
CHATHA KOpIlyca ¢ pac-
TOYHOTO  cTaHka |[6].
CymectByromuit cnocod
; U3MEPeHHS TPOMO3MI0K U
HCTOYeH, TaK Kak I[pH
U3MEPEHHUH TIPHUXONUTCS
TMO/B30BATBCS  BCIIOMO-

29

Puc. 1. CneumanbHplif mtvxmac Ui H3MEPEHHUS
HEeMapaiebHOCTH OCel B KOPIyce pefyKTopa.



raTeabHBIMH OazaMu.

B HCKOTOpBIX Cly4asx
IS M3MEPEHMA FepeKoca ocel
Ha TNPUAMBAX TIOMUIHITHUKOBEIX
ruesyn, 6azupysch Ha MIOCKOCThH
pazheMa KphILUKH KOpIiyca, dpe-

3epyIOT ABICKH. B 3TOM cnydvac
MEPEKOC OCEH OMpeneNsorT e~
pe3 HU3MCpEeHHE TOJIUMHBL TENa
NpHAKBA MEXKIY OTBEPCTHEM H
JBICKOH € JBYX CTOPOH KOpIIyca.
HenapannenpHOCTE 0CeH MOXKHO
OnpenenuTh IOCPEACTBOM H3ME-
peHdsl HaMMEHBIUero paccTos-
HUsi MEXJY BHYTPCHHHMH I0-
BEPXHOCTSHMH IOAIIHITHUKOBLIX THE3/| ¢ 00eHX CTOPOH KOopIyca.

JlonyckaeMbie Mepexoc U HemapamiebHOCTh 0CeH B KOPIIyCe COITIacHO
[1] pexoMeHayeTCH HA3HAYATHL B 3aBHCHMOCTH OT OKDPY)XHOH CKOPOCTH COTJIACHO
Tabnuue 1:

Puc.2. ba3osas nuomazgka ans onpejene-
HUA [IEPEKoca oceil OTBepCTHH B Kopryce.

Tabnuma 1 — Jlomyckaembiif HEPeKOC H HeNapaniensHOCTh Ocell pacTo-
YeHHEIX OTBEPCTHI B KOPITyce peflyKTopa.

Oxpy»Has CKOPOCTE Jonyckaemsilt nepexoc | Jlomyckacmas  meniapan-
(M/cex) oced (MKM) AeNLHOCTE Ocel (MKM)

L L
3 2d, — 0,4d, —
V>15 0,2d,, b 5
L L
=3 = 0,6d,, —
J=3-15 0,34, 5 :
L L
=0,5- = L0d, =
y=0,5-3 0.5dy oy
L
V=<0,5 1,0d,, = 2,0d,, —
b b

3neck L — paccTosHHe Mex1y EHTpaMu Ofiop Baios, b — paboyas wiK-
pusa 3y6uatex xonec. IIpu nposefieHHU NPUTHPKY 3y0UaThIX KOTEC NPUBEASH-
HBIE B TAOAMIE 3HANCHUS MOKHO YIBOHTS.

B psae cayyaes, HANpUMEp, IPH ONpejie/ieHy KOHUSHTPALMH HAarpy3Ki
10 HMpuHe 3y0UaThIX KOAEC MK A/ ONPE/ICISHIS [IPHUITYCKOB Ha CTOPOHY 3¥-
6a np¥ NpoBeleHMM NPOCTPAHCTBEHHOH MomuduKanmMu 3yOUaThIX KoOIeC BO
BpeMS BRIMIOJHEHHS PEMOHTHO-BOCCTAHOBHTENbHBIX paboT 3y64aThiX MEXaHW3-
MoOB [2] cyliecTByeT HeOOXOAMMOCTE B OIpEAENeHUH ACHCTBUTENBHBIX 3HAYC-
30

HUi YTJIOB NEPEKOCA ¥ CKPEIHUBaHUA OCeH OTBEPCTHIE B KOPIIYCHBIX JETallsX.

B TO e Bpems ONBITHBIX AAHHBIX MO ONpeAeieHnio Aedopmauuii Kop-
myca mouTy Het. “TexXHONOrnYecKue” yribl nepekoca oceil 06bIMHO He Y4HTHI-
paiorcsi. CUHTAeTCs, YTO yKa3aHHbIC NOrPENINOCTH yCTPAHSIOTCA NpH cOOpKe
myTeM JOBOJAOYHBIX onepauui [3].

B [5] oTMeuaetcs, YTo Yrisl yIpyroro mepekoca 3MeMEHTOB [epefadn
[OA JEHCTBHEM HArpy3KH COMOCTABMMEL 110 BEJIMYWHE C YIVIAMH TEXHONOTHYE-
CKOTO N€PEKOCa, CCJIH TAKOBOH He YCTpaHeH MpH H3TOTOBIESHHH.

CornacHo [4] nepexoc oceli KOpIyca BCISACTBHE HATPY3OYHBIX Aedop-
Marmi yBEJMYHBaeT yroji mepekoca oT AedopMauuH MOAMMNHHKOB ¥, MpPH-
MEpHO Ha 25 %:

1 .

\o ]:0

:"mp i 0’25?’.« $
Cornacuo [1] Bausuue aedop-
MAlMH  MOMCHO KOMIEHCU- DOBaTh
-~ lpeAHaMEpPeHHLIMH HETOYHOCTAMH B
HanpasneHHu 3yOheB WM ke B pacrio-
noxeHuH 3y0uateix Komec (nipu cBop-
Ke), HO MPaKTHYECKH 3TO OCYIECTBUTH
3TO O4eHb TPYIHO, TaK KaK YKa3zaHHbIE
nedopmanuy 00LIMHO HE TPEBBLIIAKT
10-20 Mmxm.
Cxema npezuiaraeMoro yeTpoi-
CTBa [Jiss M3MEpPeHMs Iepekoca H

_ CKpelluBaHus ocelt OTBepCTHH
KOPNyCHO! = jeTanu 3yfuaToro
MEXaHH3Ma T[oxazaHa Ha  puc.l.

Kpouure#id yerpoiictsa | ¢ TOMOUILIO
CCIrMEHTHBIX yHopoB ( Ha pUCYHKE He
MOKA3aHET) COBMEIAeTCs ¢  OCEIO
ofHOro oTBeperui kKopmyca O-O. Ha
CTEPKHE 2, KOTOPEIH MOXeT To-
BOP2YMBATLCS BMECTE ¢ KPOHIUTEHHOM
ortHocHTenbHO ocuO-0, 3aKkperuieHs!
OCH YCT2HOBKHM KOTOPLIX MEPeKpeLiiBaKTBai MM KAPapa-NayoRos0 Qima Barkd;
TOpoit YCTaHOBJICHEl MHIAMKATOPEI, MOXKET CKOJB2UTE BAOAE Kpoiirrtedsa 1 u
KPCIUTECS K HEMY B OMpPEIENICHHOM TONOKEeH!H, YeM JIOCTHIAETCS MpPeRApHU-
TENBHBIA HATAT MBI HHAMKATOPA 3.

Ilpamensemslii B ycTpolcTBe METOX H3MEPEHHA — CPaBHEHUE C MEPOi.
B kauectpe 6azosoit Mephl NPUHYMAETCS pa3Mep MEXAY OCSIMM OTBEPCTHH ¢
OLHOH CTOPOHBI KOpryca peaykropa. [Ipu usmepenuu KpoHiTein ycTpoicTsa

Puc.3. Cxema yctpoiicTpa
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YCTaHaBIKBAETCA MO OCH 0-0 OTBEPCTHA U KECTKO KPEIIHMTCHE B HEM. l'lepeme-
WCHHEM OCH KpPCITIeHHA MHAUKATOPOB 110 KpOHﬂ_l'i‘CﬁH}" noﬁnaaemcs npenBapy-
TENBRHOTO HATATra UTJEl HHAHKATOPA 3u 3aKpenifeM OCh HEIMKaTOpOB Ha KpOH-
LiTeHHe.

IToBoporoM KpoHiuTe#Ha | 100KBaIOTCS MAKCHMATBHOTO 3HAYCHUA TO-
KdaszaHus HHAHKATOpa 3; IpH OTOM [TOKa3alMK YCTAHABIHBAEM UIKAMbI HHIMKa-
TopoB 3 ¥ 4 Ha Hynesyio ormeTky. [Tocne atoro kpoumtedn 1 yCcrpofcTsa yc-
TaHaBIKBAIOT B TOM XK€ OTBEPCTHH C APYroi cTOpoHsl Kopnyca. [lokaunBaHHeM
Kponwredna 1 nobuBaeMcs MONOKEHNSA, MPH KOTOPOM IOKasaHUA HHIWKATOPA
3 MIPHHUMAOT MaKCHMaNneHOC 3HAYCHHE. B atoMm cliy4yae WHAIUKATOp 3 mokaxer
BENWYMHY Mepekoca ocell f,. Kopmyca, a RHAUKATOP 4 — BEJIHIHHY CKPeUlBa-

Hus (HenapajneiasHocTh) ocell f,, Kopriyca. OTHeCs NONyUYCHIIbIe OTKAOHEHHA

K pasMepy L, MBI IOIy9uM 3HadeHHs YIVIOB CKPEUiMBaHUs B Mepexoca ocel o1-
BepPCTHH B KOpIyCe.

Cornacuo [1] mocTuxkeHue [HOBEPXHOCTH INEHCTBUTENBHOIO KOHTAKTA
3y6peB g0 70-75%, 4ro sBnserTcs HOPMANBHBIM JUIS CPELHECKODOCTHBIX pelyK-
TOPOB, NpH OOBIMHBIX TOYHOCTH Hape3aHMs 3yObeB M PacTOYKe OTBEPCTHH B
Kopryce HeBo3MokHO. s ofccredenus HEOOXOAMMOT0 3HAYSHHMS [TOKa3aTeNs
KoHTaKTa 3yOneB HeobXoauMo MPUMEHHTH TOT WAM HHOH METOA MPOCTPaHCT-
BexHON Moguduranuu 3yOeer. B ycnoBuax eIMEAYHOTO TDOM3BOICTBA CHEXYCT
NPUMEHNTE MEeTOJ| MPHTOHKK. B KadecTse KOMIT@HCHPYIOWEro 3BCHa BhIOHpa-
10T1cs 3y6yaThle Koneca, Ha KOTOpBI€ HA3HA4aroTCs NPHNYCKH. BeluyrHa npu-
IIyCKOR OTIPEIENSIETCA C MOMOLILIO PA3MEepPIbIX LEleH, B KOTOPsIX COCTaBIsO-
MM 3BEHOM ABAAIOTCS YLl TIEPEKOCa W HEMapasiebHOCTH OceH OTBepCTUi
Kopuyca. YKasaHHbIE IPHIYCKH CHHMAIOTCS B NPOLECCe NPOCTPaHCTBEHHOM
MoaudHKauNy [IeBHHTORaHNEM 3yOBEB, MpHU 3TOM OCh UIeBepa JO/KHa ObiTh
HAMNpaBIeHa C YUeTOM YIJIOB HenapanicasHoCTH B nepexoca pabounx oced Ko-
nec. B aToM ciyudae oTnanaeT HeoOXOAMMOCTE JKECTKHX HOIMYCKOB IIPH Hapes3a-
HHU 3yOBEB U pacTo4Ke OTBEPCTHil B KODILycCe.

Jlnst yBenuuenus noBepxHOCTH AEHCTBUTENBHOrO KOHTAKTa 3yOhes ciie-
AYET IIPHMEHHUTD HpﬂpaGOTK}’ NapHBIX 3)’6‘131‘]:[)( KoJnec mocje HX MOHTa}xa B
Kopryce. JOCTOHICTBO MPupaboTKA 3aKIIOYaeTcs B TOM, 9TO TpeOdyeMbid po-
UEHT KOHTaKTa paboduX MOBEPXHOCTEH 3y0heB JOCTUIAETCH NPH 3TOH TEXHOMO-
ruueckoil onepanuy JoBoNsHO ObICTpO.

Crucok autepatypsi: 1. IMerpycesuu A, Cabypos M.3. O6paboTtka
3y0yYaThIX KONEC U penyKTopoB.- M.: [ 1aBHOE Hay4HO-TEXHMYECKOe H3IaTelb-
CTBO MALIXHOCTPOUTENbHOM JUTEPATYphl, 1946.— 324¢. 2. Onpenenenue npH-
MYyCKOB A/ OTHAENOYHON ONEpalny IMIMHIpHYEcKuX npamo3ybnix konec ¢
YHMETOM MOrpenIHocTel H3roToBeHus 1 cOOpKy metane# 3yGuaroil nepeaa4u /
Muxaitnos A.H., lNopeukuit I'.B.- [IporpeccuBHble TEXHONOTHH M CHCTEMB! Ma-
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WIAHOCTPOEHUS: MexayHaponueiit cGOpHHK HayuHBIX Tpyaos.- [oneix: Jou-
HTY, 2002, Buin.20, ¢.213-219. 3. Yacosuukos JL.II. [Nepenaun zanennennem.-
M.: MawntocTpoenre, 1969. - 486¢. 4. 'onour B.®. O KoHUeHTpauy Harpy-
30K B MAMO3y00# KoHM4ecKkoH tiepenave // Becruuk Mammgocrpoenns.- 1969.-
Nel. 5. I'poman M.B. KonuenTtpauus uarpys3ks ro iuupuse 3yGuarsix Konec.
Coopauk crateil “Pacyer u koHCTpyupoBaHue merasneil mamun” . -M.: Mawrus,
1956, ¢.78-115. 6. CnipaBOYHHK TEXHOIOra-MALIHHOCTPOUTENS. B ABYX TOMax.

W3zn.3-e nepepabor. Tom 1. Iloa pen. A.I'.Kocunoroit u P.K.Mewuepskosa. M.:
Mauusnoctpoenue, 1972.- 694c¢.

Cmamosa nocmynuaa 6 pedaxyuo 14.10.2002 2.

NOBBIINERME HECYIEHA CIOCOBHOCTH
NMOJIINTIHNKA CKOJILXEHUA VAYYHIEHUEM
TEIJIOBOT'O BAJTAHCA PABO4YHUX 30H

Fopxywa A.E., Moauauos A/, Crebasuxe B.I.
(UonHTY, Jonl'V3IT, 2. Honeyk, Yxpauna)

The theoretical mode! of parameters of a filling slot bearing in a working area
is investigated. It is established theoretically and it is confirmed experimentally,
that the lubricating circulating groove in a working area of a bearing improves
thermal operational conditions.

Fuaponuuamuyeckas TCOpUS CMA3KHM HE yYMTBIBaeT Ae(OPMALIMIO CHC-
TEMbl UIMI-MIOAUIMITHEK 11pH UPHIOKEHHIC K HeMY Harpysku. OCHOBHOE A0ny-
WEHUE O TOM, YTO TPUGOCHCTEMA WMN-TIOAIUHIHAK SBIACTCA KBA3HTBEPAOH,
opya 1 pazmeph! KOTOPOit COXPAHAIOTCA, OTIPOBEPTHYTH OnbiTamy [1].

JUis ruApONHHAMHYECKHIX TIOAWIMITHUKOB, PAGOTAIONINX B PEXUME XU/
KOCTHOro TpeH®s, 3HaYeHHWE OTHOCHTENBHOTO AKCLUCHTPUCHUTETA HAXOIMTCH B

npeaeitax X=0,98...0,995 (X =9_—2;m, A - AMaMeTpalbHbIi 3a30p, k2 min —

MHHHMaIbHas TONIMHA CMa304HOro CI0s).

Kpyrnas uwinunapuyeckas Gopma BHYTpCHHe MOBEPXHOCTH BKIALLIUIA,
COMIACHO rUAPOAMHAMHUYECKOH TEOpUN cMa3ku, 6e3 yueTa nedopmaLuu cucte-
MBI WHII-NOAIIKMITHMK 1aeT GOpMyITy pauuaibHOil HeCyiei criocoGHOCTH Nof-
WkRnHKa [2]:

R = Crdluw!y?, )]
e Cp — GespazmepHblii K0 HHUUMEHT FPy30NOABEMHOCTH,
4] - nuamerp u ATVHA ONLMIHAKA.
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/L - BA3KOCTh,

@ - OKpPYXKHag CKOPOCTh,

¥ - OTHOCHTENLHBIN AHAMETPATBHBIH 3a3op.

Cornacso dopmyne (1) MOIIHBIM CPeACTBOM HOBLIICHSA HECYMIeH cIio-
COOHOCTH MOANIANHUKA THAPOJMHAMUYCCKOO TEPHUA MOTIIO ABUTHCS yMEHb-
enye 3a30pa. OAHAKO MOMEHT CHJI CONPOTUBACHHUA IBHKEHHIO oGpaTHo nipo-
TIOpLHOHANICH 3330y M C YMCGHBLICHHEM 3a30pa TakXKe pacréT Ternioo6pasosa-
HHE B NOJIUHMNHHKE, BLI3EIBAA OBBIHISHUC Temnepa'rypm, 4YTO CHOCUﬁCTB}"CT
Pe3KOMY MajeHHIO BA3KOCTH CMa304HOIo MaTepHaia H NaAeHWIO Hecviliel cro-
COOHOCTH NOMIIHITHUKA.

Ha puc. 1 npusesieHa ocummiorpamma paclpeseneHus THAPOIMHAMHYe-
CKMX NaBJieHHH H MPOMHIA 3a30pa B OJHOKIMHOBOM MOALIMITHUKE THIPOIUHA-
MHYECKOTO TpeHHs ¢ 6ab0uTOBOMH 3anuBKo# moa Harpyskoi R. M3 puc. 1 cre-
AYET, 9T0 B OAHOKIMHOBOM NOAUIMUITHHKE , TPU NPUIOKEHHH K HEMY HArpysku
pabouas 30Ha NeOPMHUPYETCH U MPEACTABNsCT cobOH YIACTOK MUHUMANBHOMO
3a30pa yBeAHYCHHOH NpoTmKeHHocTH. O0béM CMa3KH, NPOKAYMBAEMBIH uepes

1 ; ;
3TOT 3a30p paBeH Q= -z-w'kmm, (v - ckopocth, [ — mmuna, h min — MuLEu-

MalibHas TONIMHA CMA30YHOr0 MaTepHana), T.6. B AECATKH ¥ COTHM pPa3 MeHb-
mre, qem Ges yuéra medpopmauin. Takum o6pasom, paboyas 30Ha, SBASIOLAACS
OCHOBHO#M 30HOM Ter1000pa30BaHus, IPAKTHYECKH HE OXJTAKIALTCH,

Satxnt

Pmax =14.4Mla
/ﬂasﬂeﬁue 3azop [

1 / : i
/7

. Pmin

1207

Jo6.=360° bl o
Puc.1. Ocuuanorpamma pacnpeaenesus AaBieHus npoduie 3a30pa B
0ab6UTOBOM MOAIUMNHHKE CKOMBKEHUS.

Hexonnpie gaunbie: D = 100 s, [ = 70 mm, = 0,0015, v = 4m/e, Pep= 4 Mlla

.
R =

CnejlopatenbHo, MOBBILIEHHC HecyeH CHOCOGHOCTH MOALIMITHUKA
BO3MOXKHO TOMBKO 3a CHET YBEJHICHHA LUHMPKYIALUHMH CMa3ku B paboyeil 30He 1
CHHXEHHS €r0 TEMNEPATYpPhl.

Taxoe pewenne Bonpoca BO3MOXHO OCYUIECTBUTL OTHHM U3 CHEAYIOLMX
TIPHEMOB:
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Puc. 2. 3mopa pacnpenene-
HUA THAPOAMHAMUYSCKHX
JIaBieHuH B NOAIMIMIHHKE CO-
rJacHo Teopuu. 1 — 6es ka-
HaBOK; 2 — Npy HANMYHH Ka-
HaBOK; a ¢ — NPOTIKEHHOCTh
paboueii 30151

Puc. 3. Bniopa pacnpene-
JIEHHUA THAPOAMHAMUHECKHX
daBncHui B aedopmupye-
MOM MOAWMIHUKE OPH Ha-
u4ny 2-x kanaBok [3]. 1 -
pacmpenencuue naeieHuit
UPH HaMYHK KaHABOK; 2 ~
Pacnipenenene paeneHui

B nommunauke 6He3 xaHa-
BOK.

= BBIMMOJINCHHEM MHKDOKAHABOK, HAHECEHHRIX
Ha pabouyio MOBEPXHOCTH BKAANbILIA;

- Hauecenuwe Ha pabouei NOBEPXHOCTH MaKpo
¥ MUKPOKaHAJIOB, BLUTHEHHBIX BHOPOOOKAT-
KOi;

- YBENWYEHHEM AUAMETPAIbHOTO 3230Pa;

- IOIOAHUTEABHOH aedopmaurell BIamsilia
3a CHeT BBINONIHEHHs Ha HAPYXHOU HOBEpX-
HOCTH BKnajpia B pabouelt some noanyr-
peHHuii;

- [PUMCHEHMEM B KAYeCTBE CMAa30YHOro Ma-
Tepuana maceit ¢ Gosnee BBICOKOH BA3KO-
CTBIO, ObecreunBaromyX GONBIUYIO TONUH-
Hy CMa304qHOTI'O CIIos;

- BHIOOPOM copra CMa30YHOTO MaTepuana,
0beceqnBaOIIerocs JYYIMUM IPHTHITAHAM
K MTOBEPXHOCTAM LAN(QB! U BKIAALIIIA;

- BbINOJHCHMeM Ha pabodelf nosepxHoCTH
BKaablla IHPKYIALMOHHBIX Maclopacrpe-
JCHTRABHLIX KaHABOK.

M3 rugpoarHaMH4ecKO TEOpHMHM CMazKu
M3BCCTHO, YTO KaHaBKH B paboyeii 30He cHHXKa-
10T HECYLUYIO CHOCOOHOCTH MOAMMNHNMKA. Tak,
NpYU HAIMYMH JIBYX KAHABOK U HDHIOKEHHH K
LIMITy HAarpy3kH R, 310pa I'UAPOMHAMHYSCKUX
NABJICHKH OyleT MMCTE BHJ NPUBENCHHSHIN HA
puc. 2 [3]. U3 pucynxa crefyeT, 9T0 KaHaBKH B

paboueil 3ome PE3KO CHMXKAET HECYLLYIO cho-

COOHOCTE M IMIOPa rHAPORHAMHYCCKHX JIaBiic-
HUA JUIA 17IaJIKOr0 ToAuMnHEMKa (Kpusasg 1)
npyobperaer Apyryio Qopmy (kpusas 2) ua
yJacTkax paboueii 30Hbl NPOTKEHHOCTEIO a 8.
OnsTaMy yCTaHOBIEHO [3], uro B nox-
IMNHMKAX  HAPOAWHAMUYECKOro  TpeHus,
BCIE/ICTBUE NeOPMUPYEMOCTH CHCTEMBI LIUIT
NOAUIMITHAK MaJCHHE [aBJCHMH NPOMCXOOUT
HEMOCPEACTBEHHO Hal IPaHAMM KaHABOK (pHC.
2)[3]
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YMeHblueHuHe niowmaas padouell 30HBI 3a cueT nanuuMs Ha e€ NOBEPXHO-

CTH KaHaBOK IPHBOAMT K Paclpe/leNicHHIO JaBnelni Ha yqacTke a g, 0e3 u3Me-
HeHMs ¢€ IPAHUIl M [OBBILICHUIO NaBNCHUE (KpHBas 2) NPONOPHHOHANBHOE
nnouaam ka#apox (Puc. 3)

TennoBolt pacuyer TOAWIMITHUKA C kaHaBkoil B pabouel 30He
BLITOJNHAETCSA HA OCHOBE PellieHHs YPaBHEHUA TCNN0BOro HanaHca,

A=CrON e ~1a) (1)

rae C,y - COOTBETCTBCHHO TEILIOEMKOCTS U [IOTHOCTL CMa3KH,

A — MOIHOCTh CHII TPSHHUS,

fox Y Loy — TEMIICPATYPA CMA3KH HA BXOJE W BBIXOJE.

Hanvyue cmasownoH KanaBkyd Ha pabouell NOBEpXHOCTH BKJIAABIIIa
JEeNUT ero Ha JBa y4acrka, puc. 4.

J
Puc. 4,CxeMa NOJIUMIIHKKE C KAHABKOH B HAIpyXeHHOM 30He, TIe @y - Yron,

OHpeAeNAOMUE NOTOKEAUE THHIH LEHTPOB OTHOCUTEIBHO Harpy3ku R, ¢ —
YTONl MeXKJy IUIOCKOCTBIO pazbéma X H HayalioM oOpasoBaHUS CMA30YHOTO
CHOsi, Q3 - YroJa MeXIy JAHHWH IeHTPa U IIONOKEHHEM KaHaBKH; @ - Yron
MeXIly KaHaBKOH M KOIILoM paboyel 30HbI BTOPOTO Y4acTKa.

Tenmoroii pacyeT NMPOBOAYM Ha KAXIAOM YYACTKE pasfeiblo, TaK Kak
TeMIepatypa BXoJa IS STHX YUacTKOB pasjinyHas.
MOLIHOCTE CHJI, 3aTpaurBaeMas Ha TPCHHUE, OnpeelaeTca 1o GopMyIIe
A=Mo=M % @)
)
rae M — MOMEHT CHII TPEHHS, PaBHbIH
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M=r? J‘rdga

rae T - KacaTC/ibHOE HalIPSM(EHUL, QnIpe/ieneHoe no tbopmy:lc

o LK./ 3
'uh 2r do ©)
MOIHOCTE CUM TPEHHS OIIPEHCAAETCS U3 BEIPAKEHHS
v h\dp
A=Vr || u=+—|=
= I(y A 2r] de )
Torpaa paGota cun Tpenus Gynet s LENLHOTO yyacTka paboueii 30Hb
)
v h dp
A=V¥ —+——)d
¢Il Gt smidin (5)
Ipn HanmMuuu KaHABKH paboTa CUJT TPeHUs Ha MEpBOM ydacTke Gyaer
N v hodp
4, = VFE (#1 E+§E¢;}i¢ (6)
dp
TlpoysBonHyio 2, SAMCHACM ee 3HaueHneM
@
8.5
d@" ;!-2 HS
M nocne noacTanosky B hopMyity (6), nonyyaem i HepBOro yuacTka
vdo  pvir e (6 C
A = 2 bort =4 s LT s
1 P’:V"'K h+252 Eht}—lz*bzs 4 (7)
Orciona nepexonis k Ge3pasMepHBIM NepeMeHHEIM, HaXOAHM
25 -
wvr) ede wde  C mde
A= =3 =0+ 20
ra it 8)
Ilpeobpasys ypabHenue (8) OKOHYATENLHO NONyyaeM IS [EPBOrO
yHacTka ]
) ' |
Hyrl ede G pyde
s llj’lh zﬁﬂ ©)

AHIOTHYHOE BBIPAKEHUE NOMYIHTCH Aist pabOTh! CHUJI TEPHUS HA BTOPOM
yHacTKe

+
o h 2
Pacxoz cMasku Yyepes MOAWMIHIK ONPENENACTCS BhIPAKEHHEM
Vh K dp

2 12urde
s mepBoro yyactka no dopmyne (11) ¢ yuérom (2)

2 "
Hvr do C{ udo
Ay = 4@}—-_“ La g’;-—gz (10)

(11)



Ve Ve 4
Oy == hy -2 (12)
2 7 12wrde
3aMeHsA NPOU3BOLIYIO gfi Ha e& 3payeHue U3 hopmyns (7) Haxoaum
©
V&ac,
= 1
2 (13)
Pacxox O, ana BTOPOro y4acTKa ONpeAenuM o hopmye
Vh, dp
0, =—", npn YFNOBHH, 410 25 =0
B Ge3pa3zmepHbIX nepeMelHbIX
s
0, ==k, (14)
CpenHsis TeMIIepaTypa HECYIIEro Cost ONpenenseTcst H3 COOTHOEeHUs
{ = fi‘_':‘:‘-'—_._{?i ( 15)
¥ 2
W3 ypaBHeHus TenIoBoro 6ananca Haxoaum
A,
R e (16)
T 20v0)

rie j — HoMep y4acTka (] wid 2).
3aBUCUMOCTE BA3KOCTH OT TEMIICPATyPE! ONpeaeseTcs N0 Gopmye

50 at
H, F"Sﬂso "'r_ ]

L€ 4 - BA3KOCTB NpH Temueparype £ C;

¢~ Toxe mipu £ = 50%

m - ONBITHEIM MOKasarens crenend m=1,8-2,0 npu xosadduumenre
KuHeMaTH4yecKoli Bazkoctu v< 20cCm; m=2,5-30 ais cpeaHMX M THKENBIX
mMacen npu vse> 30-150 ¢Cm.

TennoBoil pacyer NOAIMIHMKA ¢ KAHABKON NPOBOAMTCS B CIEAYIOIEM
nopsyike. B Havane, 3a4aBIIMCE CcpejHed Temmepatrypod  OAUIMITHHKA,
HAXOAMTCH BAIKOCTL. 3aTeM Ha OCHOBAHWM pElEHHsS YPABHEHHS TEIUTOBOro
Ganarca, HOBOE 3HaYeHHe TemiepaTypbl. IIposepsiem ycnosre Ti-Tey.

Ecnu ycnosume ne Oymer cobmoaarses, TO pacyeTs! Toxa He Oymer
BEIMIONHATECS yenosue 13-Ti < (X — 3aaaHHas MOrPeUIHOCTE ).

JUist cpaBHeHHs TEOPETHYCCKUX U DKCIIEPUMEHTANBHEIX HCCIeX0BAHNI e
BIMANMIO KaHaBK¥ Ha TenyoBod Oanauc paboueit 30HB OGBIMM NpoOBeneHBl Ha
CTCHAE HUCIILITAHHA MOANIMIIHKKOB, paspaboranueim B JouHTY [5].

OfwexToM HccnenoBaHuA GBUTM KpyIJIOLMIMHADUYECKUE NOAUIMITHHKY
auameTpoM 100 mm # pmuHOM L=70MM. Bryaku 3anusanuce 6a66utom B-83 u
obpabaTeIBaTHCh 0 WEPOXoBaTocTH Ra=0,63 MKM, a IOBEPXHOCTL Bana o Ra=
0,32 mxm. Ha BHYTpeHHeH TOBEpXHOCTH BKJIAAKIIIA KaHaBKa MUPUHOU 6=6MM,
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rIyOHHOH 3 MM B IBYX BApMaHTAX: ¢ BHIXOAOM B TOpLB! U IlyXas 0e3 BeIXoja B
TOPUEL.

Ha puc.5 npusenensi Kpusele pacnpegenchus TEMIEPaTYPEl B

HOANIHITHUKE C BEIXOJAOM B TOPL(BL.
34 Rl

Puc. 5 pacnipenenenue remneparyps no OKPYKHOCTH IONIIHWNHHKA B
CPEIHEM CEeYeHHH NOAMMNHKKA ¢ 6a66UTOBON 3aiuBKOi ;-8 apH p.,=6,5
Mila v=10 m/c, ¥=0,00153

| — kanaBKa ¢ BEIXOZOM B TOPLBI;

2 - xanaBka 6e3 BBIXO/4 B TOPUEL

Kak Bunso, oxmawmaromuii 3 PEeKT KaHaBKH MPOABIACTCH TONBKO B
TMOUIHITHUKE CO CKBO3HOM KaHABKOM (kpuBas 1), B Toxe Bpems B IMlyXo#
Kanaske (xpuBas 2) Takoro s¢dexra ne Habmomaercs.

Takum obpasom, usMenss l1apaMeTpbl KaHaBKY, BBIMOANEHHOH Ha
Paboueli NoBepXxHOCTH BKIAABIIIA MOKHO YAYHHINTS TETUIOBOH pexuM paboTs!
M TOBBICUTE HECYIIYIO CTIOCOGHOCTS MOUIMIHUKA CKOTBKCHU.

Chncok nuteparypor: 1.9eprasckuii C.A. [ToAMUHIHUKH CKONbKEHNS. —
M. THTUMJL. 1963.240 C. 2.1sanos M.H.. Jlerann mMamus . — M.: Beicu,
k., 1991, 383 C. 3.Cuerosckumit ®JIL Pacyer- u KOHCTPYHpOBaHiie
MONmMnHENKOB cKONMBKerusd. — K.: Texuixi, 1974. — 100C. 4.Cuerosckuii @ 11,
Topkyma AE. Bausune CMa3OYHBIX  KaHaBOK Ha  pacnpesiefienue
THApoMuaMuueckux IaBleHHH B NONLIMNHHKAX CKoankeHus. B KH.: Hetanu
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mamuH. K.@ Texwika, 1974, Ne 19, C. 48-51. 5. CHeroBcKuii D.I1., Topkynig
A.E., Tyns A.IL, Manskoscku#i .51, TIpunena B.T. — Creny ana uenpitaing

NOAWHIHHUKOB. — BeCTHHK MalmHHOCTpoerus, Ne 9, 1980, ¢.17-19.
Cmames nocmynuia ¢ pedaxywso 14.10.2002 »

UCCRENOBAHUE PACHIPEAEJEHUAS 3A30POB MEXIY ~
3YBBAMH MY®T C NPOCTPAHCTBEHHOM MOJHNPUKALUEHN

Ipy6xa P.M. (JouHTY, 2. Joneyx, Vipauna)

Method of calculation of clearance between tooth of clutch couplings with spa-
tial modification. The research of distribution of clearance is conducted. The
minimum clearance are determined. The graph of distribution of clearance on
an altitude of dens are constructed.

3ybuatsie MyQTBI 3a4aCTYIO MCTIONB3YIOTCS IS COSMMICHNS HECOOCHBIX
BajoB  pasiMYHBIX arperaroB M mamwH. TlpuMenenwe 3y0uarteix MydT
00YCIIOBNCHO PSOM PAKTOPOB, TAKHX KaK: CHOCOBHOCTD KOMIIEHCHPOBATh, Kak
MOHT@&KHLIC, Tak M TEXHONOTHYECKWE IOrPellHOCTH; Majibie rabapuThi TpH
BEICOKOH HArpyKCHHOCTH H GBICTPOXOAHOCTH; IPOCTOTA KOHCTPYKLMH,
OKCOIyaTallHd M TeXHHYECKoro obcnmyxHBanus. B CBI3H ¢ 3THM juis
TMOBLIIICHNS ()PEKTUBHOCTH HCTIONB30BAHHS 3yGUaThIX MY(T, CHIKEHHA X
MCTAJIOBMKOCTH M KaK CleACTBHE Tra0apHTHBIX PpasMepoB, CHHXEHHC
TpyAoeMKocTH 06paboTkh aKTyanbHBIM ABISETCS pellCHHE 3a4a4 1o Bosee
TOYHOMY ONPCHENeHHIo HMX ychaosuil oskcennyaranmu. K Takum  3amagan
OTHOCATCA 3a/la4M MO ONPEISNICHHIO MHHAMANBHBIX 3a30POB MEXIy 3yObsnMHy,
OUpEACIeHe  3a30pOB  MEXAY aKTHBHEIMH  GOKOBBIMH  TOBEPXHOCTAMHY
KOHTaKTHPYIOUINX 3y0neB.

XapakTep pacTipefelleHHs 3a30POB MKy 3yObsIMH 3aBHCUT OT LIEJIOTO
psila $axTOpOB, TaKUX KaK KOHCTPYKTHBHBIC OCOGEHHOCTH COCAMHEHWN W cO-
CTABIAIOIMX MMOTPELIHOCTeH mnepefaqn. Pacnpejenenye 3a30poB OKasblBacT
HCMOCPEACTBeHHOE BAHAHUE HA PACIpEAeNieHHe HAIPy3KH MEXIy 3yGbsamMu, a
3HAUUT W HA OKCIUIYaTaUHOHHBIC BO3MOXKHOCTH 3ybuaTslXx MydT. Bompocss
HCCACNOBAHMS PACNPEACTICHHS 3a30POB H Harpy3KH MEKIY 3yObIMH OITUCAHE] B
paborax [ 1, 2, 3 ]. Ho Bce onm Kacaiorcs mHG0 3y6beB ¢ npsAMONMHeHoH 06pa-
3yroinedt, 6o 3yGbeB ¢ GoukooGpasHoit MoanbHKaLMei 1 He YYHTBIBAOT OCO-
GenHOCTEH B3aMMOEHCTBHA NPOCTPAHCTBEHHO MOAM(HUMPOBAHHBIX 3yOBEB
3y0uaTerx MydT.

Jnst onpenenenys 3uaueHns 3a30pOB MY 3yObAMH HEOBXOAMMO pac-
CMaTpuUBaTh KOOPAWHATE! HOKOBOH NOBEPXHOCTH BTYNKM U 0GOMMBI B OAHOM
abcomoTHON CHCTeMe KoOpauHAT xyz. Toraa Kax [o 3Toro KOOPJIHHATBl TO4EK
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Ha DOKOBO# IIOBEPXHOCTH 3yObeB BTYIKH H 060HAMBI paccMaTpUBanuch B CHeTe-
Max KOOPAMHAT X;y,z; (CHCTeMa KOOpAUHAT 000#MEI) U X152, (CHCTEMa OpAHHAT
BTYJIKH).

Omnpefiesinym 3Ha4EHHE 3a30pa MEXy TIPOU3BONBLHON TOYKOI GOKOBOI MO~
BEPXHOCTH 3y0a BTY/IKM M COOTBETCTBYIOMIEH el TOYKONH O6OIMBL Ilpu aTom
SHAHCHHE 3330pa PaBHO JUIMHC AYT'H OKPYXXKHOCTH, C PAAHYCOM PaBHbLIM [IPOEK-
UMM pajuyca BEKTOpAa NPOW3BONBHOH TOYKH GOKOBOM IIOBEPXHOCTHM 3yObeB
BTYJIKH Ha [10CKOCTS xOy, B a6CONOTHOM CHCTEME KOOPAMHAT, TaK KaK MbI pac-
CMaTPHBAEM LEHTpUpPYyeMbie 3y6uaTeie MyTEL

. psm -
J""Rr.'p "= Jmins (D
rhe R;)' - MPOEKUHMS panuyca BEKTOPA MPOUIBOMBHON TOUKH GOKOBOM NOBEPX-

HOCTH 3yObEB BTVIKH Ha MIOCKOCTL xOy;

G- LUCHTPANBILIH YTON MEX/y HPOW3BONBLHON TOYKOH BOKOBOIL nosepx-
HOCTH 3y0a BTYIKH H COOTBETCTBYIOLIEH eH Touxoi GOKOBOWH NOBEPXHOCTH
OBOWMEI (IIpY 3TOM Yy HHX DABHBI NMPOEKUMH pagmyca BEKTOpa Ha TUIOCKOCTE
x0y);

Jmin- MUHHMAJIBHBIH 3330p MeXTY 3yOBAMY HAXOAAIUIMMHCSH B KOHTAKTE.

Ipoexuus paanyca BekTopa NPOM3BONLHOMN TOYKH GOKOBO NOBEPXHOCTH
3y0BEB BTYNKH Ha M10CKOCTh xOy OTIPEAEIIAETCH 1O 3aBHCHMOCTH

R =¥+ Gn (2)
xﬂ’m

THE X5, Vg, — KOOPAMHATEI GOKOBO TOBEPXHOCTH 3y6a BTYJIKH IIOCJE IIPHBE-

ACHUS WX B aOCOMOTHYIO CHCTEMY KOOPAMHAT U COBEPLIEHUS MMU COOTBETCT-
BYIOIIMX OTHOCHTENBHbIX OBHKCHUM OpUCYIMX 3yGbsiM BTYIKH 3yOuaToi myd-
TEL

Lenrpanensiit yron MEHIY NPON3BOILHOMN TOUKOH HOKOBOI MOBEPXHOCTH
3y6a BTynku u COOTBETCTBYIOIIEH €l TOYKON GOKOBOH MOBEPXHOCTH O6OHAMBEI
OIpPENeiseTca Mo 3aBUCHMOCTH

Fxsm

X
a=arctgiﬁ—arctg%, {(3)
Yoo ygp

TA® X s, y,s; — KOOPAMHATH 6OKOBOMH MOBEpXHOCTH 3y6a 06oiimbl B abcoaror-

HOH crcteme KOOPAMHAT COOTBETCTBYIOLIHME HCKOMOH TOYKe GOKOBOH moBepx-
HOCTH 3y6a BTynKkwy.

M5t onpenenenus MoNOXeHHS TOUKH GOKOBOI NOBEPXHOCTH 3y0a BTYIKH
B abconotHoil cucTeme KOOpAHHAT, HaliJileM yribl OJHnepa, onperensronye
NoNoenue cucrems: KOOPAMHAT BTYJIKH OTHOCHTENBHO a0CONIOTHON CUCTEMBbI
KOopaumar, 5 zarncumocTu ot yrjla MEpeKoca COSAMHEHKsA M yIjla IOBOpOTa
KOHTakTUpyIomeit napsel 3yObeB.
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Bribepem Tpu TOYKM mexallue Ha OCAX KOOPAWHAT aGCONIOTHON CHCTe-
MBI, ¢ KoopauHatamu A(7,0,0), B(0,1,0) ,C(0,0.1) u NPHAAAHM HM OTHOCHTE b~
HBI® ABIKEHUSA TIpHCYILMe 3yObam 3yOuathix MydT B nipouecce ux pabotsl. s
3TOro nposejiemM pacyeTs o gopmytam pabotst [4, 5]. B pesynsrare pacueros
MOJIYYHM KOODAMHATHI OIpEJeNsioute MONOKeHHE OCeH CHCTEMB! KOODIHHAT
BTYJIKW OTHOCUTEINIBHO 0Ceit abCOMOTHOM CHCTEeMb! KOOPIMHAT.

Onpegenum kocurychl yrnoB Ditnepa no 3asucumoctsm [6, 7, 8], ¢ yye-
TOM YCJIOBHH peniagMoii 3aqayu:

cosf = T s Z¢ 3 =
Vixc ) + ()’c: ) +(zc )
CoSPp=——— N _ 4

\*fl(x;v )2 +(yy )2 ’

X Xy +Y4
cosy = v Y s Mt 7, G AN

TAE X¢, Yo Zc - KOOpAMHaTel ToukH C nexameii Ha ocu Oz; ¢ y4€TOM OTHOCH-
TEIBHBIX ABHIKEeHH 3y0bLeB;

X4 Vi, Z4 - KOODAMHATEL TOYKH A jiexkanieil Ha ocu Ox; ¢ yYeTOM OTHOCH-
TeJBHBIX ABHXEeHHUH 3y0LeE;

X¥, Yy - KOOPIAMHATH TOYKH, JICXKAILEH Ha NMPsAMOIl nepeceyedus MIOCKO-
creit yOx u y;0x; , npuuem npsmas ON , ocu Oz u Oz, obpasyior TPO#KY TOH
JKe OpHEeHTallM¥ KaK U KoopauHatuele ocu Ox, Oy ,0z.

3HaueHue KOOPAMHAT Xy H Yy OIpeNelseTcst KaK BEKTOPHOE MPOH3Bee-
nue Bektopos OC n OC,. [Tocie HOACTAHOBKM 3HAYESHUH U BLIIONHEHHAS Npeol-
P230BaHHii 3HAYEHUS KOOPAMHAT COCTABAT: Xy = —Ve, Yy = Xc-

3Has KoCHMHyChl YIiioB DJilnepa, onpeaenum CHHYChI 3THX € YIJIOB.
[ony4ennoe 3naueHne KOCHHYCOB M CHHYCOB yrnos Jiinepa HoActaBnseM B
3aBHCHMOCTH JUIsi ONpEJIENEHUs HANPABAAIOUMX KocuHycon [ 7, & ]:
Gy =cosy cos @ —siny cos@sin @,
G =sinly cos @ + cosy cosPsing,
a3 =sinfsin @,

a,, =—cosysing —siny cosfcos @,
a,; =—sinysing + cosy cosfcosp, (5)
ay; =sindcos @,

ay, =singsiné,
a3y =—cosysind,
asy =cosé.
Toraa 3nayenue KOOpPAUHAT TOYKH GOKOROH MMOBEPXHOCTH 3y6a BTYIKHU B
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aOCOMOTHON CHCTCME KOOPAUHAT OTIPEJIE/MTCA U3 CHCTEMBI YPaBHEHHIA:
am

Xep = A1 Xz ¥ A1pY2 T 413225
J’f;' =Xy FApyy T dr3Zy; (6)

z:;' =day Xy +aypy, +dasz;.
Koopaunater Touku GokoBoil MOBepXHOCTH 3y6a 0BOWMBI COOTBETCT-
ByIOLIHE MCKOMOH TO4KH DOKOBOH 1OBEepXHOCTH 3y6a BTYJKM ONpENensTCs U3

YCHIOBHA PABEHCTBA POSKLUMIT pajuyca BeKTOpa Ha nnockocTs X0y Ry =R 5:

( R F

6p

Ver ™
a

3ateM NOACTABNSIEM MOJyHEHHOE 3HAYCHHE yINa ¢ B BhIpaKeHHE paGoThi
[4] u monyuaem koopauHaTel GOKOBOM IIOBEPXHOCTH OGOHMEI COOTBETCTBYIO-
LIHe HCKOMOH TOYKE Ha MOBEPXHOCTH BTY/AKH.

JUis HaxOX/IeHUs. pacipeieieHis 3a30POB MEXLY HOKOBBIMU NOBEPXHO-
cramy 3y6a BTYsKM 1 3y6a 0boliMbl HEOOXOMMMO ONpPEAETUTE KOOpAUHATE! 50-
KOBOJi TIOBEPXHOCTH 3yOBEB BTYJIKH B aGCOMOTHON CHCTEME KOODAHHAT 1O 3a-
BHCUMOCTAM (6). 3aTeM MOACTABUTL NOJNYYEHHBIE 3HAYESHKS B 3aBUCHMOCTD (2)
TS ONIpeJIC/ICHUs 3HAaYEHHUs NIPOCKLMK PAMyca BEKTOpa Ha fuIockocth xOy, a
II0CTIe Yero B 3aBUCHMOCTH (7) ANs onpejeNcHUs [apaMeTpoB TOYkHM GoKoBoii
TOBEPXHOCTH 0OONMEI COOTBETCTBYFOIIEH HCKOMOH TOYKe GOKOBOM MOBEPXHO-
CTH BYYJIKH. [1ocne 4ero rno 3aBHCHMOCTH (3) MOXHO ONPENENHTE LEHTPAIbHBII
YTOJ ¥ IOJICTABUB 3Ha4eHuA U3 Gopmyn (2) u (3) B 3aBucUMOCTb (1) TIPH J =0
ONPEAENHTDH 3HAYEHHE 3a30pa MeXAY DOKOBEIMH TIOBEPXHOCTAMH 3y0a BTYIKH U
oboiimpr. ITponenas Bce BHILIC NEPEYHCACHHOE A BCeX KOHTAKTHBIX TOYCK H
U3MEHSS 3HA4YEHHA YTJIa OBOPOTA COCAMHCHMA I, MOXKHO ONpeAeiuTh pac-
TPEIeneHHe 3a30POB MEXK/IY OBEPXHOCTAMH BCeX 3y0BeB BTYIKH H 000iiMEl B
Tpejieiax KOHTaKTHOM 30Hbl. M3 monmyuennpx JaHHBIX HalTH 3HAYEHUE [, =k U
BBIYECTE 3TO 3HAYECHHE H3 Beex 3430POB PacCYMTAHHLIX paHee. TakuM obpasom
MBI [ionyuum 3y0bs HAXOAAIMHUECT B KOHTAKTE U PealbHOE PaclipeCieHUe 3a30-
POB niocne Bpidopa modra.

IMposenem pacyer 3a30poB JUis HOMKHANEHbIX 3HAYCHM} YIVIOB Mepexoca
@,=2,4°n ,=3,2° A Tax e [pu U3MEHEHUH yI/a nepexoca (OTKIOHEHUH ero
OT HOMHHANBHOTO 3HAUEHHM ). JIn% yero 3HaueHHe KOOpaUHAT 6OK0BOIl HoBEpX-
HOCTH 3y6a BTYJIKK HaliieM MCXOAa H3 YCIOBHA @,=const , a 3HAYESHUA 33a30P0OB
OyleM HCKaTh TIPH YCAOBHMY U3MEHEHHS PEealbHOTo yriia nepexoca 3y0beB @,.
Hpu s1om peansusiii yron nepexoca npHHUMaer 3Hadenusn: 2,4; 2,6, 2,8; 3,0;
3,2. Jins ynpoiteHus pacyeToB COCTABHM MPOTPAMMY B MATEMATHYECKOM TTaKe-
Te MathCAD 2000. [TonyuerHbie pe3yabTaThl pacyeToB cBeAeM B Tadi. 1.

)
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Tabnuua 1 — 3Hauenne MUHHMATBHBIX 3330POB MEXKAY KOHTAKTHPYHOLIH-

MH 3yOLAMH B IpefieiaX KOHTaKTHON 30Hb1, 10 M.

- 3HaueH e YIIA W, A1 Taph! KOHTAKTUPYIOUIAX 3y05eH, |
Ne | w,, | w, pa
| TRaR | TP T 0005 [ 0419 | 0628 | 0.838
11241 24 0 0 0 0 0
2124126 0 6,25 16,12 " 1887 | 21,50
3 24 | 28 0 6,90 27,36 35,50 41,27
4 2430 0 584 | 27,99 | 51,89 | 59,40
5124 t 33 0 551 28.45 64,92 75,80
6 3.2 2,4 7.18 2,89 1,33 1,80
7 32 2.6 7.63 2,84 1,34 1,74
8 3,2 2.8 6,03 2,87 0,87 1,23
9 3,2 3,0 4,59 2,15 0,42 0,65
10 3.2 3,2 0 0 0
0 625
16,12
18,87
e 21,50
ek 2 i
K
215 o
!13?37 JEt0; e
16,12
6.25 0
5.84
27.99
51.89
i 59,40
S
7 6) r)
b
$9.40 .
51,89 -*“ . 64,92
27.99 J-10%mm 28.45
5.84 551 o

Puc. 1. Dmiopa pacnpenenenus 3a30poB NpH @,<a,:a - NpH @,=2,4°%

{

6 - npu @=2,6° B-1pH @=2,8r - npu @,=3,0°

G

Kax Bupno u3 tabi.l. mis cayyas @,=a), pacupeiesieHne 3a30p0B HOCHT
PaBHOMEPHEIN XapakTep. 3230pbl MEXAY NapaMH HaXOMAIIMMHCA B Npeenax
KOHTaKTHOH 30Hb! paBHbl 0.Ha puc. I a - T MOKa3aHs! 3MOPbH! pacTpeaeneHus
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HArpysKyd A8 Ciyudas @,<a), . Kak BUiHO U3 JMIOP NMPOUCXOAUT YBCIHUEHUe
MHHHMAJTBHBIX 3a30POB MEX Y KOHTAKTHPYIOWMMK [apaMH 3y0Les B npegenax
KOHT2KTHOH 30HEI C YBENHYEHHCM YTNia @), . Yl DpH YpOBHE MOAATIHBOCTY 3ie-
MeHToB My Thl 10 0,01 MM B KOHTaKTe GyHeT HAXOAUTHCH JBE JHaMeTpaisHO
NPOTHBONOJIOXKHEIE Naps! 3y6seB. KOHTaKT 3yOheB HOCHT NPH 3TOM TOYEYHbIH
xapakTep. [IpiueM KOHTaKTHPOBAHHE OCYUIECTBASETCA Y HOXKH 3y6a BTYIKH.
- T. e. skciyaTauMoHHEe
P L YCIOBMS JUIS NAHHOM Ipo-
.J— 174 CTPaHCTBEHHOH TreoMeTpuH
7 HEY/10BICTBOPUTENEHEIE.
Ha puc. 2. (a - r) no-
- KazaHel SIIOPEl pachpese-

5 2.89 133 0

7.1

B '/ TICHUS HATPY3KH A cliyyas

J10 e @.>, . Ilpu 310M HaG1IO-

134354 704 naercs xapruna Gonee pas-
6) HOMEPHOro pacnpeneneHusn

MHHUMAIBHBIX 3230pOB
00‘65 MEXIY KOHTAKTUDYIOUIMMH
3y0bsiMU B TIpefenax KO-
TakTHOH 30HBL. C yMens-
IUCHHEM @), TPOMCXOIUT
YBejHYEeHHe 3HAYECHUH

123 310 m 0.65 107hm MHHHManbHLIX 3a30poB. B
0.47 5 g7 603 Ooaa 573 459 3TOM Cliy4ae Mol Harpy3Koi
% M C YYE€TOM NOJATIUBOCTH

B) r)

3TEMEHTOB My(THI BCe 3y-

Pyc. 2. Dmiopa pacnipenenenns 3asopos ObA HAXOAATCA B KOHTAKTe.

s Ho xapakrep KOHTaKTUDO-
p¥ @)= @p: a - IpH @),=2,4°,6 - pu @,=2,6%, P P EXup
BaHHUSA HOCHT TaKKe Toueu-

B-1pH @,=2,8°, T -1 =3,0% J
Bra =285 1pH ,=3,0 HBIH XapakTep, NpHYeM B
2TOM cirydae 30Ha KOHTaKTa nepemelnaercs 6uxe K roioBxe 3y6a BTYIKH.
PaccMOTpuM u3MmeneHue BenuumHbI 3a30pa no BricoTe 3yba mis cnyyas

B> @,. T1o manHbIM MONy4eHHBIM B pe3yIbTaTe pacyera CTpouM rpaduky 3aBu-

CHMOCTH M3MEHEHHS 3a30DOB 11O BhICOTE 3y6a j=/(() , JVIsi KOHTAKTHBIX MUHHI
Ha KOTOphIX BBIOpaHa TOUKA ¢ MUHMMANLHBIM 3a30POM /IS JAHHOH KOHTAKTH-
PYWuIeH napei 3yobes.

Kax Bunno n3 rpadukos puc. 3 XapakTep KOHTaKTUPOBAHKA HOCUT TakKe
TO4euHplt xapakrep. [IpHueM MATHO KOHTAKTa TOKATHIOBAHO Y HOXKu 3y0a
BIYIKM # WMCET HE3HAYMTENbHYIO JHHY. A MpH yrie MoBOPOTa COSNUHEHUS
¥=0,838 pao koHTaKkTHas NUHUS BBIPOKIAETCA B TOUKY M 3a30Dbl PaBHbl MUHH-
MAJIbHOMY 3Ha4eHMIO NI JaHHOTO yria. [TosToMy mausbie YCIOBUS 3KCITyaTa-
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UHH

Takum 06pa30M pa:spaﬁo"raimaﬁ METOQJIMKa pPacyUeTOB 3a30p0oB MCWIAY
3}*61:5{!\1!4 TMO3BOMACT MCCNEN0BaTL XapakTep B3auMMOAeHC TS 3)’6};68 3y6qan,1x
mypt ¢ moboit  dopmoi  momudukaumu 3yObes, B TOM UMCHE K
NPOCTPaHCTBEHHOH.

Brinmoanus ananus MPOBCACHHEIX HCCIEA0BaHHH MOKHO CHENaTh BBIBOA ©
TOM, 4TO FEOMETpHs H3l0KeHHas B pabortax [4,5] JOMKHa 3KCIUIyaTHPOBATHCS
npu yrae nepexoca @, [Ipy OTKIOHEHUM OT HOMMHANBHOIO yrjia Iepekoca
AaHHas reoMeTpHs TEpsAeT CBOH OCHOBHBIC NPEHMYILECTBA, TAKHE KaK JIMHCH-
HBIM KOHTAKT U PaBHOMEPHOE pacrpeaeneHue 3a30pPOB MeXAy B3auMoneHcr-
ByioiiMH 3yOnsamMu. [lodtoMy HCOOXOAMMOCTH CO3/8HKHA HOBBIX IE€OMETPHH
3y0OBeB CTOCOOHBIX KOMIEHCHPOBATH NOrPELIHOCTH NEpeiadyi B ONpeNe/IeHHOM
unTeppane 3Havennit. Co3aHue HOBBIX reoMerpuil 3yObeB HeuzGewmuo BlIeYeT
3a coDOH pa3sBHTHE CYIIECTBYIOLUMX TEXHOMOTMHECKHX CHOCOO0B IOIyHEHHs

i MM i
} J- MM

. i
\ m @, =24 \ i ®,=2.4 °
e A== ®,=2.6" === sl (TR
\ |t 02N N TR P Sl
: SaEg ®,=2,8 — g Y
0,02 \\ —] e 0,=2§
\ | ] @,=3,0° SN — —10°
0.01 \\. Moy -1 0.01 \"'\‘_ " _,_,_ﬂ'_'ﬂ_
L g —— iﬁ“"— -.\‘ § l__—
o 01 02 03 04 035 9pa 0 01 02 03 04 05 P.paa
a) 6)
I MM Jomnt T ©,=24"°
g =2 6%
H__,_q._ﬂ ! // w,=2.6"°
6,015 e e o ®,-2.8° 0,010 t ]
S ) 2 ? ] | 0,728°
e — | P2,
| i 0, =2 4 N / ____..-'/__'_"_
0.010 & \ - S \\</ L ®,=3,0°
‘\\- ~ | ] 0,005 ] = p =
\\<—-ﬂ" it M1 < R
\ :. - | 1 [ ——— [
0.005 =SS S
%:_“:Ez 0 01 02 03 04 05 9 pan
0 01 02 03 04 05 Popa
B) r)

Puc. 3. — I'padmxy pacrmipefieneHns Harpy3Ku IO BEICOTE 3yDa B HpO-
CTPaHCTBEHHOM 3aleUieHun: a - Ipu W=0pad, 6 - npu w=0,209pad, B -
npu y=0,4/9pad; r - npu y=0,628pao0.
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3yObEB, COBEPLICHCTBOBAHKE 060PYXOBAHNS, OCHACTKH H HHCTPYMEHTA.
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161. 6. Viibuu B.A. Aranatuyeckas reomeTpus, - M.: Hayka, - 1988r. — 223c.
Cmanba nocmymuia ¢ pedarxyo 18.10.2002 2.

AHATTUTHYECKUN MMOAXON K KOHCTPYUPOBAHUIO
I'OJIOBOK IIPOLECCA 3KCTPY3UH NOJIMMEPOB

Asinuaes B.B. (BHY umenu Bradumupa Jann, Jfyzanck, Yxpauna)

Method of analytical approach is stated to construction heads of conversion of
polymeric material. The way allows to produce on given geometric parameters
of head to define the pressure melt. However, primary task of approach Is
making the designs of heads with least value of losses of pressure.

B nocnennee Bpems Bce Gonbliiee 3HaYCHUE B MUPE 3aHUMAFOT NPOBNCMbS
Sarpsa3HeHUs OKpyxawmei cpensl. M B mepByio odepeap 370 Kacaetcs yTUIH-
3allK 0TX0/10B B chepe notpebaenns. [Tpobiema yrunnsauun oTxoNoB B cdhepe
HOTpeOeHNs yCyTyOnseTcs B OCHORHOM IIOTOMY, YTO 6ONbINast YaCTh TOBAPOB
ObpedeHa Ha OYeHb KPATKOBPEMEHHYIO C'Iy)KGy uenoBeKy. OHM KyNNeHB], TIo-
Tpebnenrl n BHIOpOILEHs] 63 AOMKHOTO OTHOUICHHS K MX OCTATOYHOH LEHHO-
CTH. [TopaxkaloT KONMYECTBO DHEPTHH M 3aTPaThi HA BOCCTAHOBNCHHE OKpPY-
XKaloluelt cpe/isl IPH TaKOH CTPYKTYpe NOTpebIeHus.

CaMbIMH paspyMTeNbHBIME C 3KOJIOMMYECKO# TOYKH 3PCHUS SBIAIOTCS
HoNuMepHbie 0TX05L. OHAKO IIOJIMMEPBI — CaMble IePCHeKTHBHbIE MaTepHaibl
AJI% TIPOM3BOJCTEA Pa3/MYHbIX W3/lenuil. [TonumepHsie MaTep1anbl JIErko Noj-
A3IOTCH 00paboTKe, OTHOCUTENBHO JEIIEBE], HM MOXHO IPUAATH MH06YI0 GopMY
H1ieet. [ToaToMy NpOM3BOACTBO MJIACTMACC B MUpE C KaKJBIM I'0JI0M PAcTeT.
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Bonee nepciiekTUBHbIM CIOCOOOM YTUAH3ALMH 110/IHMEPHBIX OTXOLOB 5B~
AsieTCs WX BTOpH4Has nepepabotka. B nauwbonee TUNHYHOM BHUAE BTOPHYHas
nepepaboTka BKIIOYALT Clleylonue dTanst: ¢Oop 0TX0A0B H TPaHCIIOPTHPOBKA;
COPTHpPOBKA M uaenTHdUKauMa; pereHepauus. K KakaoMmy M3 3THX 3Tanos
NpebARIAIOTCS OTpe/lefeHHbIe TeXHHUeCcKue TpedoBaHks, Ho Haubonee Tpy0-
E€MKHM M3 HUX ABNAETCS COPTUPOBKA U HACHTHHKAIWS.

/3 W3107eRHOTO CleyeT, YTO BTOPHUHas nepepaboTka MOJTUMEPHBIX OT-
XOHOB fABIAETCS HCKIFOUUTENLHO BXXHEIM MIPOLECCOM ¢ PKOHOMHYSCKON U KO-
7OruYecKol Touky 3penus. Tem He MeHee, CYILECTBYIOLIHE METOML nepepabor-
KH OTXOJOB MOJUMEPOB He MOTYT obecrieunTsh TPebyeMy O NPOK3BOUTENLHOCTE
nepepaloTKy U ce0eCTOMMOCTh TOTOBBIX M3AeNUH U3 OTXONOB, KOTOpas B HEKO-
TOPBIX CIIydasX OKa3pIBACTCH JaXKe BhILIE, YeM cedeCTOMMOCThL M3AeNHH, cle-
JIaHHBIX U3 NepBUYHBLIX MarepuanoB. He pazpaborana yHuBepcanbHas TeXHONO-
rus mepepaboTku MroOBIX BHAOB BIOPUYHBIX NOMUMEPHBIX MaTepHANoOB, BKIIO-
4as KOMIIO3HIIHOHHBIX.

IToaromy mnpencTaBnsiercs 1enecooGpasHbIM MPEANOKHTL YHHBEPCANb-
HBIe TEXHOJOTHIO H TEXHOIOrHHecKoe 060pyiosaHue, MO3BONAIONIEE METOLOM
COKCTPY3HM TepepadarbiBaTh OTXOAb! MOMMMEPHBIX MAaTCPHAllOB, CO3jlaBas
MHOTOCIOHHYIO CTPYKYYPY, OCYLIECTEBIISAL Ka4eCTBEHHOE aire3HOHHOe Coerpe-
HUE CMECH B IPOLECCE ce IPUIOTOBIEHNUS M YMEHbLIAA pacxol Hauboeree jopo-
FOCTOAIIEIO BSXKYLIETO NEPBHYHOTO IONHMEPHOrO Marepyana B 3aBHCHMOCTH
OT pealbHOI0 Pacxoia OCTasbHbIX KOMIIOHEHTOB, 00eCcHeuHBas Nnpu 3TOM Tpe-
OyeMble peONOTMYECKHe XapaKTePHCTUKU CMECH M IIPOYHOCTH TOTOBOTO M3je-
bEs

Ananus CyIECTBYIOIYX TEXHOJIOTHYCCKHX CXeM NepepaboTKi OTXOROE
TIONMHAMEPOB ¥ KOHCTPYKLHH IKCTpY3nOoHHOTC 000pyA0Baiys Ha KOMIUIEKCax I1o
nepepaboTKe OTXO0B IIONUMEPHBIX MATEPHANIOB TI0Ka3aJl, YTO NEPCIEKTHBHBIM
HalpaBieHUeM sBISETCS CO3JaHUE YEThIPEXCEKIIMOHHAIX IIHEKOB AR IKCTPY-
AepoB, CnocoOHBIX nepepabaTeiBaTh MHOOBIE CMECH OTXOAOB NONHMEPHBIX Ma-
TEPUANOB H aRTOMATH3HPOBAHHOH CHCTEMbI YIIPABICHHA IIPOLUECCOM ITPHIOTOB-
fieHUs MOTMMEPHOHR CMeCH, KaK COCTaBHON uYacTH eIMHOI'0 MHTerpHpOBAaHHOIO
TIPOM3BOJCTBA CO3KCTPY3MOHHEIX u3fgenmuil. [lpexnoxeHust o6oGiuaionmit
noaxoa x noctpoenunto ACY TII npuroTosiienysi MHOIOKOMITOHCHTHON CMECH,
npedycMaTprBaeT HCIOJb30BaHHWE 3TAJIOHHBIX MOJCIEH CMECH, YTO CyLIecT-
BEHHO YTIPOIAeT [IOCTPOEHHE MaTeMATHUECKOH MOASTH TEeXHOJOIMYEeCKOro
TPOIIECCa H NPAaKTHUECKYIO PEAIM3aLUIO CHCTEMEL

MeToa CO3KCTPY3HH TONMMEPOB Y4€PE3 MIOCKOILENEBYIO TOOBKY HIHPOKO
IPUMERUM IS IPOM3BOACTBE NPOGHUIBHEIX H31CIHA U3 [OJIMMEPHBIX MaTepHa-
noB. DTUM METOJOM IIPOM3BOIATCS TPYObI, JIMCThI, CTEP/KHU M PaslHyHble 1O-
JuMepHsle npoduiM. BaxHelmell cocrapigromiel 3TOro mnpoilecca sBISeTCs
IKCTPY3MOHHAS rOI0BKa.
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Benuuuny o6LeMHOr0 pacxofia paciliaBa, BhiTeKAIOIEero U3 rofoBKy Mok
JAaBICHHEM D, MOKHO PacCuHTaTh, HCIHCNL3YS M3BECTHOE YPAaBHCHHE, ONUCHI-
BANOILEE TEHEHHE HBIOTOHOBCKUX KHAKOCTEH !

il (1)
y7,
pge p — nepenaj NaplieHHs B FOJIOBKE.
3uaueHue k ans Haubonee MPOCTHIX TEOMETPUYCCKUX HOPM CeYeHUs ro-

JIOBKH OTIPCACIIACTSS U3 CAeAYIOUINX YpaBHeHNMI:

7.’.'R4
KpyIJIoe OTBEpCTHE k= S—L , )
e R — paguyc OTBEepCTHA;
L — nnuHa oTBEepCTHS;
Wh
ek b=, 3
125 )
rae W — mdpuna wenu;
h — TonmIMHA UIeny;
L — nnuna weny;
KOMBLIO k= 7Ry + g4 ){-RO ~ k) : 4)

12L
R; — BHYTpeHHUH paiuyC KOJbua;
Ry — HapyxHBii paguyc KoAbLa;
L — nnvna xonpua.

Ilpu pacuere no 3T0# yIpOLIEHHON cXeMe cle/lyeT NOACTARASTh B Ypas-
Henue (1) Benmuuny 3dQeKTHBHON BA3KOCTH, onpe,uéneHHof& Ip¥ COOTBETCT-
BYIOIIEM 3HA4EHHMH IPaJHCHTA CKOPOCTH ¥ COOTBETCTBYIOIIEH TeMIepaType.

OTuMH HOPMYIAMH MOXHO TOJIB30BATECS HE TOABKO NPH NPOCKTHPOBA-
HUY HOBBIX TOMOBOK, HO TAKXKE M IIPH aHaNu3e XapakTepHCTHK YXKE CYIlecTt-
BYIOWIMX TOJIOBOK. AHAIM3UPYA PaboTy roloBOK Rae ¢ CPaBHHUTEIBHO CHOK-
HOM (OpMO# MPOTOYMHON YAaCTH, MOXKHO, 3Hag CYMMapHYIO BEJIMYHHY NOTEPb
JaBieHus, npeacTaBuTh cebe, KaK 3THU MOTEPU pacNpeleNeHsl 10 PA3NUYHEIM
y4actkam ronosku. IIpy 3TOM rpaiueRT CKOPOCTH PACCYMTHIBAETCS ATS KAKAO0-
IO y4acTKa OTACHIbHO K IO HeMYy ONpejenseTcs BenuunHa >GQeKTHBHOH BA3KO-
CTH, COOTBETCTBYIOLIAA PeXXMMY TedeHus Ha 3ToM yyactke. ITo 1onyuyeHHBIM
HAHHEIM PacCYUTHIBAETCS BEIMYMHA noTeps gasnenus. CymMMa moTeph JaBne-
HUS, onpejenenHas TaKiuM 00pa3soM IS BCEX YHACTKOB, AOJDKHA OBITh MpUMEp-
HO paBHa (aKTHYECKOMY J@BICHHKO B IOAOBKE.

Ilpy npoexTHpOBaHHUHM CIIOXKHOM FONOBKH CNEAyeT HAYMHATH ¢ IIpe/IBapH-
TENBHOro BEIGOpa reOMETPHYECKHX PA3MEPOR FOJIOBKHM, KOTOPBIE B AanbHeiuieM

49



PAcCHHTHIBAIOTCS TaK, K&K 9T0 Ob10 onucano Beie. Ecnu BRIOpaHHBIE TeOMET-
PHYECKHE PasMephl OKa3BIBAIOTCA HENOAXOAALIMMH K BEJIHYHHA NOTEPL Nasiie-
HHA 4YPE3MEPHO BENHKa, KOHCTPYKLHIO IOJIOBKH HECKONBKO M3MEHSIOT. Tlocae
[IPOBEPKM PHJA [OCAENOBATENBHO YIYUINAIOMIMXCS BApHANTOB YIACTCa Moy-
YUTh [OJIOBKY C YIOBJIETBOPHTEABLHOH xapakTepucTHioi. ['onosky ana wnpu-
HeBaHMsa U3AeNHi CO CIOMKHLIM TONEpeYHbIM CEeHSHHEM HE MO/ IIarTCA 3TOMY
METOJlY PacyeTa, ¥ X NPUXOJUTCS AOBOAMTE, NOCTeneHHo noabupas KOHGHUry-
PaLHo NPOQUIHPYIOWMX NEMEHTOB MOJIOBKH.

B xavecTBe 11pHMepa HCIIONB30BaHHA H3NIOKEIIION BbIlIe METOAHKH pac-
CMOTPHM JTHCTOBAIbHYIO TONOBKY. OTa TOJ0BKa NpeacTapiser cofolt no cyiie-
CTBY LUMAHHAPHYECKYIO TPyOy, B CTEHKE KOTOPOH PACIOIOKEH 143, HAlIPABICH-
HEIH BRois 0Gpasytonied HuIuHIpa.

BuyTpu TpyGHI rpajesT ckopocTu paseH 4g/7R’° ; B ryBxax IeiaH rpaji-
eHT CKOpOCTH pasen 6g/wh’ | rae R — pamuyc Tpy6bl, oM; h — HIMPHHA ey
(paccTosHME MEXIY TYOKaMHU), CM; W — JUIMHA LIENIH, CM; § — PacXof, cM/ceK.

[lockonpKy B OONBIIMHCTBE ClywaeB MaTepHal, BEITeKas M3 TONOBKH,
OKa3pIBaeTCA NPH OOLIYHOM aTMOC(EepHOM JaBieHuH, BeNHIHHA ITaJieHHs Aas-
feHUs B TOJIOBKE paBHa NOKa3aHMIo AaTYHKA AABACHUS, YCTAHOBIEHHOIO B Io-
noske. Ilpu onpenenennn 3QHEXTUBHON BA3KOCTH PACIIaBa UCIIONB3YETCH HO-
MOI'paMMa 3aBUCUMOCTH 3(Q(MSKTUBHON BR3KOCTH PACCMATPUBAEMOI0 MaTepua-
71a OT IPaiHEHTa CKOPOCTH NpH BRIOpaHHOH TemnepaType.

Ipumewm, sto g =32,4; R=3,8; w=61,0; = 0,102. [ToTox ¢ Takum 00%5-
EMHBIM PACXOHOM NOCTYIAET B TOJIOBKY M Te€HeT BAOJDb HEE, OLHOBPCMCHHO BhI-
AaBAMBACTCS Yepe3 DOXOBYIO INENb TaK, UTO BeCh MATCpUasl BEIXOJUT HEPe3 Hee
npexae, 4eM TOCTHIHET KOHLA MojIoBKK. CHUTAEM, YTO ReNHYHHA CPeIHe CKo-
POCTH MOXKET ORITH LIPHHsTA paBHOH IONOBHHE 00BeMHOro pacxoxa. Torupa
TPalHEHT CKOPOCTH COCTABHT:

4-32,4

~=0,38cex”" .
27 -3,8
M3 HoMorpaMMbl claenyer, YTo NPy 3TOM 3HAUEHMH IPANYeHTa CKOPOCTH
>ddexTuBnas Baskocts papngercs 0,32 kI cex/om’.
I'paaneHT CKOPOCTH B NIOTOKE MEXIY I'yOKamMu ronoBku GyeT pasen:
6:32,4

61-(0,102)?

=312cex".

[Ipu 3TOM rpajgweHTe cKopoctH 3(QeKTHBHAsS BI3KOCTh OKa3hIBACTCH
s -2 - 7 ar
papHo#t 1,3-107 kI™cex/cM’, cocraBnss meHee 1/25 3 PEKTUBHON BAIKOCTH
pacinapa B LeHTPanbHOM KaHaje FOl0BKH.
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ITo 3THM A@HHBIM PAaCCUHUTLIBAEM BENHYMHY NABAEHHA B I'OJIOBKE.
U3 ypasHenuid (1) u (2) creyer, 4ro cpeiHsis BENMYHMHA NOTEPS AaBlie-
Hust B LEHTPATBHOM KaHalle TOJIOBKM MOJKeT OLITh Onpeie/ieHa U3 BhIPAKEHUs !

_8antmw
i aR*
ABaIOTHYHO W3 ypasueHui (1) u (3) onpejenurcs BenuurHa NOTeph AaBICHUS
B rybKax wwenn py:
12g;14L

wh’

IToxcraiisis IpUBE/ICHHbIC BbIlIe 3HAYEHUS B 3TH YPABHCHUS U IIPUHK-
Mast, 4To JuinHa rybok wenu L = 0,508 cm, paccunTaeM moTepu no yqacTKam:

; .0.32-
el 82 032 61 61:4‘0KFIIC_M2

3.14-3.94°
12:32.4:13:107%.0.508

61(0.102)°

m

o = 40.5xI" [ cm®

IJTOT pacyeT MOKa3bIBAeT, YTO BENUYMHA MOTEPh NABTEHMS B LECHTPANb-
HOM KaHaje TOJIOBKY COCTaBIsET okono 10% moTeps AaBieHns B ry6Kax meim.
OueBuano, YTO U3 ONOBKM TAKOrO THNA OYfeT MIMPHIEBATHCS JIUCT, TOMIIMHA
KOTOPOI'o CO CTOPOHbI, PACITONOKEHHOH ¥ BXO/Ia B TONOBKY, HAMHOTO [IPEBBICHT
TONIHRY NPYTOTO, YHANEHHOTO OT BX0oAa kpad. s Toro 4yTodsl WsbexaTs mo-
AYHCHUA JUCTA C HEMOCTOSHHON TOJIMAHOH, caeyer duG0 yBEMHUHTL paauyc
HEHTPANbHOro XaHaa, Jio0 yBEeNHYUTS ANMHY I'yOOoK Ieu, T1u0 oCyIecTBUTE
ONHOBPpEMEHHO W TO M JApyroe. Ilpu yBenuueHny JUIHHEL Iy0OK IeAu ONHOBpe-
MEHHO YBeNMYHMTECH M Nepeniaj gaBneHui. CyMMapHOC NajeHue AaRieHUs He-
BEJIMKO U COCTaBNSET ToNbKO 44,5 kI/enm’. 3BecTHO, YTO BO MHOTHX cayyasx
MOMNHO qomycTHTh 3HauuTeNbHO Gonbulee nasienue. Ecin Texauueckue ycrno-
BHA Ha THCT JOMYCKAOT YMEHbLICHNE CTENEHH IIPOJIONIBHOMN BEITIXKHM, TO YBe-
JIHNCHUS 10Teph RABNEHHS MOXHO NOOHTBCS, YMEHBLIAS PACCTOSHHC MEXAIY
TybKkamu mesmn. OAHOBpeMEHHO HEOGXOMMMO YMEHBLIUTS CTeNeHb BLITSKKH Ha
lpHemuOM ycrpoiicTse. Crefiyer TakKe NPUHATH BO BHUMaHHUE, YTO YBeTHYe-
HUE CONpOTUBNEHUSA FOJIOBKH MOXET CONPOBOKAATLCS YMEHBIICHUEM TPOU3BO-
AUTENEHOCTA 3KCTPYAepa. it Toro 4Tobhl BCe 3TO yHecTsb, HEOGXOAUMO BHH-
MATENLHO MpoaHaM3UPOBaTh Pabouylo XapakTepUCTHKY KCTPYAEpa.

Hecmotps na BechMa npubmimkenHbli XapakTep, Jake Takoi TpPOCTON
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PacHeT 1MO3BOJIHA BBIABHTH C)‘]JiBCTBBHHb{l:"I .&ed)eKT B KOHCTPYKIIMM TOJIOBKH K
NPEnOXHTE PAJL MEP ANA €ro YCTPaHeHHS.
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must, 1988, — 240 c. 2. Bepuxapar 2. IlepepaboTka TepMONNACTHYHBIX MaTe-
puanos. — M.: Xumua, 1965. — 747 c. 3. baprenes E.H. PenakcanuoHasie croii-
cTBa monuMepoB.- M.:Xumug, 1992. - 384 c. 4. I'yus B, E., Kynesues B. H.
CtpykTypa M MexaHHHYeCKMe CBOMCTBA NOAMMEpoB. M., «Dpiciuas wmkonan,
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Cmamba nocmynuaa ¢ pedarywo 07.10.2002 &

HCHIOJB30BAHME MATEMATUYECKOIO MOJEJMPOBAHWSA
M CAIIP ITPH PASPABOTKE YCTPOUCTBA
AJIs1 OTCEYKYU KOHBEPTEPHOI'O HIJIAKA

Eporrko C.IL., Ouwosckan E.B., Kucenes B.B., IToscucxas ¥0.I.,
Konefixo A.B. (JonHTY, 2. Joneyx, Yxpauna)

The design elaboration of manipulator for converter slag cutting is described in
the article. The analytical solution of four link mechanism synthesis problem is
given. This mechanism is the main unit of proposed manipulator and provides

the assign motion law of pole held cutting element. The 3D solid model of

elaborated manipulator is shown. The model is made using the automated de-
sign system Autodesk Inventor.

IlpenoTepamienne nonaganus OONBIIOTO KONMHYECTBA OKHCRHTENBHOL0
IUTaKa B pa3iMBOYHLIA KOBII BO BpeMsl CTHBA CTANH M3 KMCIOPOAHOTO KOHBEP-
Tepa ABAAETCH BAXHON TEXHONOrHYECKo 3aagqeH, OT YCHeHOr0 PEieH:Hs KO-
TOPOH BO MHOTOM 3aBHMCHT 3QQCKTHBHOCTh MEPONIPUATHH, CBA3AHHBIX C padH-
HUPOBaHUEM METaJINa H ero JOBOIKOH 1o XuMuueckoMy coctany [1, 2].

Hns obecrieuenus HecLinakoBOro BHILYCKa CTANM U3 KHCIOPOAHBIX KOH-
BCPTEPOB B HACTOALICE BPeMs MCIIO/IB3YETCs HECKONBKO TEXHUYECKHUX PELICHMH,
MPEANOYTHTENBHBIM U3 KOTOPBIX ABISETCA BADHAHT OTCEUKH LUIAKA C IIPHMEHE-
HHEM OTCESYHbIX JNIEMEHTOB MONIARKOBOTO THNA, CHAO/KEHHBIX HATPaBASIOTIHM
crepxHeM [3-5].

Crenuduxa paboTs! MAaHHIYAATOPOB, OCYINECTBIMIOUIHX [1OAATy OTCEY-
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HBIX INEMEHTOB BHYTPE KOHBEPTEPA, oﬁycnoaneua HE TOIBKO IKCTPEMAJIbHBIM K
YEHOBHAMH HX SKCILIIyaTaLlit} (BBICOKHME TEMIICPATYPBI, 3HAYHTENBHBIE HATPY3KU
‘| 3anbUICHHOCTE OKPYXAIOLIEro NPOCTPAHCTBa), HO H HeoBX0AuMOCTRO obec-
[eyeHHsl BhICOKOH TOUHOCTH ITO3HLHOHHPOBaHUA paboYero opraHa  KOMITAKT-
HOCTH pa3M<:u{éHHs{ KOHCTPYKIIMK B HepaOoueMm nonoxesuu. YKa3anuwe 0co-
:G_eliHOCTH SKCIUTyaTalluH TIPEULARISIOT BbICOKHE TpeboBamua K KOHCTPYKUHMH
MaHHITYJIATOPA, KOTOPhIe JOMKHbI YYUTHIBATLCSA Ha CTAJHH €ro Co3JaHus. Bo-
HPOCH! CHHTE33 KUHEMATHYCCKON CXeMbl MEXaHH3Ma, 06eCcleunBatomero Tpe-
:ﬁ}f__emyio TOUHOCTE ITO3WLHOHHUPOBAHHAA OTCEYHOTO 3/IEMEHTA OTHOCHTENBHO Bbi-
IYCKHOTO KaHajla KOHBEPTEPA, ¥ ONTHMU3ALUMH KOHCTPYKTUBHOIO HCHIOMHEHHS
MEXaHUYECKOH CHCTEMBI B L[eJ10M TPeSYIOT MpH peiieHHH KOMIIEKCHOrO MO~
xofa. B oaTOM cnyuyac 4 MONMyuYeHMS MCXOIHBIX AaHHBIX LEeecoodpasHo He-
TO/IB30BATh METON MaTeMaTH4ecKoro Moenuposanus 1 CATTP, noasonsromux
HMHTHPOBATE paboTy MaHHMOYJIATOPA B PasNHYHBIX PEXHMax W ONpemeisTsh
HYXHOE COOTHOIUCHHE JIMHEHHBIX H YITIOBBIX Pa3MEPOB ero CTPYKTYDPHBIX 316
MEHTOB.

Iipu pazpaboTke KOHCTPYKIHM HOBOrO MAHKITY ANTOPA CTABMIACH 3aa1a
obecriedenus BO3MOKHOCTH ee CKNaALIBaHMA, YTO MO3BOASNO OBl e CO37aBaTh
HOMEXH paboTatoluM Ha TUIOLIAAKE BO3/Ie KOHBEPTEPA JPYTHM MALIMHAM, Bbi-
AONHSIOIMM pabOTEl 10 PEMOHTY (TOPKPETUPOBAHHMIO) U JIOMKE OTCYKHBLUCH
YCTAHOBJIEHHBIM CPOK OTHEYNOPHOH (yTepoBKK MIABHIBHOIO arperata. [ae-
HBIM y3JIOM TpeanaraeMof KOHCTPYKUMH MaHHnynsTopa ABIAETCS ABYXKOPO-
MBICIIOBBIH YeTBIPEX3BEHHBIN MeXaHuaMm (puc.1), obecreunBaromuii 3anaHybIi
33KOH IBIKEHMS LITAHTH, Hecyel oTceuHol anemenT (crornop).

1 — kopontrico; 2 — watys; 3 — kopoMeicno; 4 — crofixa: 5 — wrranra
Puc.1,Cxema ICTHIPEX3BEHHOrO PRIYAKHOTO MEXaHW3Ma MaHHILy 19TOpa
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3apjata CHHTE3A JAHHOI0 PhIMAXHOr0 MEXaHH3Ma B COOTBETCTBUM C KJlac-
cudukauueil, npusegeHHoit B pabore [6], cocTour B ONPEACNEHUN ITMHBL KO-
poMmbiciia ¢ | pacniojoxenus wapHupa C.

Jlewxenue mapHupa B, npuuapnexaniero matysy (38eHo 2), IPOHCXo-
AMT 110 OKPYKHOCTH, ONKUCLIBACMON YpaBHeHHeM:

(Jc—c:-'-c:t:lsqf))2 +(y—a-sin;o)2 =b2,
rae ¢ — yroj rnosopora kopomsicna a, @ =0 ... 180°.

ITpu nosopote kopomsicia 1 Ha 180° waryu 2 NOMKEH PacmONOKHUTCS
TIEpHEeHIMKYAPHO eMY, NpH 3TOM TO4Ka B nepemecturcs B TOUKY B, a Touka
A~ B TOuky A.. YpaBHEHHE OKPYXHOCTH, npoxojsuieii yepes Touku B u B,,
HMeeT BHA:

(1)

(x-0.55) +(y - 0.55) =0.25|2a +b) +57]. @)
LleHTp OKpYXHOCTH — TOYKAa S — PacloJaraeTcs B CCpPeHHE OTPE3Ka
BB,, paanyc OKpyXHOCTH paBeH MoJIOBHHE oTpeska BB, R=0,5BB,.
Yrobe!l mpuHATE TOYKY S B KauecTBE TOUKM MOBOPOTa Kopombicia 3
(puc. 1), HeoOXoUMO NPOBEPUTh OTCYTCTBHE 33a30p0B (Pa3phiBOB) MEXKAY Tpa-
eKTOpHAMHU ABMIKeHHA luapHupa B 1o okpyxHocTsam (1) u (2) mpu BpalueHuu
Kopomeicia 1 (puc. 2).

- 1\ .').'

ol i
R RS P A}\'t
73 R 18

Puc.2.0Onpenenesne pa3pelBa MEXIY TPASKTOPHAMH TOHCK

Koopnuuatsl To4ky | mepecedeHus JIyda ¢ OKPYXHOCTHEO (1) HaxomaTcsd
KaK pelieHHe CHCTEMB] YPaBHEeHHMH H BRIYUCISIOTCS IO GopMyTam:
x, ={a+b)-cosp , y =(a+b)-sing. (2)
Koopaunnars: ToukH 2 nepecedeHus Iyda ¢ OKPYXHOCTHIO (2) onpeaens-
FOTCA 11O BBIPAKEHHAM!
_b-cosp(cosg +sing)+ D

xz E

2

)

Y2 =055 ++0.25|2a + bY + b2 |~ (x— 0.56) ,
e D — MMCKPUMHHAHT KBaAPATHOIO YPaBHEHM:
D =bcos® p(cosg +sing)’ +4ala+b)cos’ .
Paccrosgme Mexay Toukamu 1 1 2 Beraucnsercs no hbopmyie

I=y&i =%} + (5 -y, F . 5)

Kak Buano u3 dopmyn (3){4) pacnonoxenne Todek | u 2, a 3Ha4uT, ¥

paccTOAHHME MEXY HMMH 3a8BHCHT OT YIJia OBOPOTA KOPOMBICHA @. Pa3peis B

TPAeKTOPHAX ABWXKEHUs WapHupa B mo okpyxuocTam (1) u (2) 6yaer Habio-

JaThes B CIIy4ae, KOrza opJiHHata TO4KHM | OyAeT MeHpuie OpPAXWHATH TOYKH 2,
.. IPH BBITIOJTHEHUH YCIIOBHS

y=2<0. (6)

Ha ocnosanuu seipaxenuit (3)5) Gbuia cocTasneHa nporpamMma B cpe-

e MathCAD 7.0 ans pacyera KOOpAMHAT Touek | M 2 M paccTOSHUS MEXIY
HHMH [IDH H3MEHESHMH YTJ1a I0BOpoTa KopoMsicaa ¢ =0 ... 180°

Honoxenue nentpa okpyxHoctu (touka C) u ce paauyca r, KOTOPBIH

ABJIACTCA LTMHOH KOPOMBICHA ¢, ONPEAEINIAETCA KaK PellleHUe CHCTEMBI ypaBHe-

HAH:
(x, "xc')2 +(» "JJC)Z =rt,
(x> “xr?)z +(y; *yc)2 =,
(x5 _xc)2 +(ys3 —J’c)2 =r*
H3 KOTOPOJi 110C/Te COOTBETCTBYIOLIMX NPe0Bpa3oBanHii MONYYCHb! BHIPAKEHIS:
_ =)o +v3)- (3 £ v ) s o )d 4 92)- (6 4 52
2[(3’2 ~y‘.)(x3—x2)—(ys ~y2 Xx2 —Ki)] ;
03+ v3)- (63 + vE)- 203, -y

Xe =

()

2(’{2 = "‘1)— ) &)

et (x; —xc P +(y, —yc )
HosyueHHble ananuTHyecKHe 3aBHCHMOCTH HO3BOTIAOT PH MHEAMAIh-
HBIX BDEMEHHBIX 3aTpaTax BBIOIHMTH HEOOXOAMMbIE PACYEThI M ITOCTPOSHHA
KHHEMartigeckoii cxeMbl pa3spaboTaHHON KOHCTPYKIUMH MaHHMYJISTOPa, B-HAU-
Gonbmeit Mepe  OTBeYalolleli  YCIOBHAM  KOHKPETHOrO  KHCJIOPOAHO-
KOHBEpTEpHOro Lexa M reOMETPHYECCKUM MapaMeTpaM MpUMEHAEMOTO B HeM
CTajlennaBuIbHOIO arperara.
- C Lenbio coKpalieHNs NPOAOIKHTENBHOCTH IPOSKTHAIX padoT npH co3-
AQHHH HOBOTO MAHHMYIATOPA NPHMEHCH JIMUEH3MPOBaHHBIA IPOrpaMMHEBLI
HPonykr Autodesk Inventor, O3BOMISIONIMIA BBITONHUTD C MTOMOIUBIO KOMITBHO-
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Tepa YCPTEXHU OTHENBHBIX ACTalell MPOeKTHPYeMOTro yCTpOHCTBa, ero cbopKy ¢
H3006paKeHHEM OCHOBHBIX BHIOB ¥ CeueHHH, a TAaKXe NPCACTABICHUE B AKCO-
HOMETPHH C BpallieHnem B ripocTpaucTse. Ha prc.3 noxasan 0AuH 13 BapUanTon
00BEMHOTO IPEJICTABIEHHS CIPOSKTAPOBAHHOTO MaHHMIYJIATOPA.

1 — omopHas nnuta; 2 — 3yGuartoe Koneco; 3 ~KOMOHHA; 4 - BepXHAf HENOJBMKHANA ONOPA; 5 —
KOHCONG; 6 —TATa; 7 — MEXaHHM3M HaKIOHa WLTaHrH, 8 — kpoHmTeiin; & — MoAAs WTAHTA; 10 -
OTCCYNOH 3[IEMEHRT

Puc.3. TpexMepiast MOZeNb CIIPOEKTHPOBARHOTO MAHUITYIATOPA

BHejpeHne NMpeaiaracMoi yCTAHOBKHM TPEANoIaracTes B 2003 ronpy ©
xouseprepHoM Lexe OAQ «EHAKHEBCKHH METATYPrueCKyi 3aBOIY.

Cuucox Jurepatypsi: 1. Duxep b., ITactep A., [lsensbeprep 1. Hosas
CTONOpHAs CHCTEMa IS 1LIlaka KMCIOPOJAHO-KOHBEPTEPHOro MpOM3BOACTEA
cramu // MeTanayprudeckoe TPOM3BOCTEO ¥ TEXHONOrHA METAITYPrHYCCKHIX
iporeccoB.—2002.~C.12-20, 2. Hopoe ofopyaosaiie s OTCEUKM UUTAKa IpH
BBIMycKe cTamu M3 ruasuibHbiX arperatos / C.IL Eposeko, A.H. CMmupHOB,
J.I1L Kyxy# u ap. // Merann u nuTse Vkpannbt—-2002.-Nel1-12.-C.35-38. 3.
CoBepiieHCTBOBaHKE CM0CO0a OTCEYKH KOHBEPTCPHOTO WUIAKA C NOMOLIB
nnaBalomx mapoBeix cromopop / AT bosmmapenko, I0.M. Hepesux,
H.A. Macnos ¥ fap. / Merannypruyeckas ¥ ropHOpYIHas UPOMBILINIEHHOCTh.~
1992 —Ne2 — C.8-9. 4. Bstkuu I0.®., llop B.M. OTtaenenie Metana oT Lulaka
TPy NpOM3BOACTBE KouseprepHod cramn // bron. LHUWYM.—1985 —Ne22 -
C.29-35. 5. CHuxeHMe KOJMYeCcTBa LiaKa B KOBILC IPH BBIIYCKE IUIABKH i3
xonseprepa / JIM. Yuutens, W.H. 3urano, E.H. Tlycrosoit u ap.//Craib.—
1991 ~No 4.— C.27-28. 6. Teiicax 3.E., Hectepor B.A. CucTtema npoekTUpoRa-

HUS TUIOCKHX PBIHaKHBIX Mexaiin3mMoB.~M.: MalusocTpoeHHe, 1988.- 232 c.
Cmamea nocmynuaa 6 pedaxyuo 02.10.2002 &
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"
O CTPATEI'UMSIX TEXHHUYECKOTO OBCIIYKUBAHUA HA A3C

3eneustit O.B. (THTI] APE 2. Kuees, Yxpauna)

The present work affects one of aspects of technical operation, in particular,
maintenarnce service on NPPs, which specificity is connected with directive by
the established porosity of realization of scheduled preventive maintenarce,
functional tests and approbation, high reliability of the equipment, censored
observed samples. The article wears statement character.
g OcuoBHBIM OTn#YHeM skcnnyatamin ADC sBnsercs obs3arenbHOe
ofecriesienne 3alaHHOTO BEICOKOTO ypoBHSA O€30MacHOCTH u YCTaHOBIAEHHOH
HOMEHKIATYDbI ¥ 3HauYeHui nokasarerneit qaneskHocTu [1]. DT ycTanoBky 00y-
CHOBUIIH (OMKMO [IPOHEro) MHOTOUHCTEHHbIE IMPEKTHBHbIE YKA3aHUA OTHOCH-
TeJBHO CPOKOB NPOBEJICHHMS MUIAHOBO-TpeAyNpeanTensHblx pemottos (ITTIP)
WIH (QYHKUHOHATBHBIX HCIBITAHKY K onpoboBanHks (GHO). Joxymentsl [2,3]
IPeAYCMATPUBAIOT Pa3NuUyHbIe CPOKK NPOBEHCHUSA TIITP, ob1uM SBISIETCA TO,
YTO 2TH CPOKH JCTEPMUHHDOBAHO HA3HAYAIOTCHA B JIaThl, KPaTHBIE KBapTanaM
roga. D10 HakKNaxeIBaeT CBOH OTIEYATOK Ha pacyeThl ONPENCNCHHs ONTHMAaNb-
BB cpokos [TTP: paccMOTPEHHEO TOANIEKAT CPOKH: 3,6, 9, 12 mecsuies.
Jlpyroit 0cobGeHHOCTHIO SBAKETCH BHICOKAR HAAEKHOCTL 0OOPYAOBANKS
ADC: HabmogaeMble NOTOKH OTKa30B NPEACTaBAIOT "criabblit" cTaTMcTHYe-
CKUM MaTepuall, 3a4acTyio He Mo3BOJIOLKH (0e3 MpUBIEHEHNS JOTIOIHHTEIb-
HOM HH(DOpPMAIINH) OLEHATH NOKa3aTenu 6¢30TKa3HOCTH, H PEMOHTONPHTIOLHO-
cri [4] ¢ yuerom TpeGyemoit OCTOBEpHOCTH K TousocTH. [t GonblIMHCTBA
METONIOB ONIPENECHHA ONTHMAIBHON CTpaTeriy TeXHU4ECKOTO 06CyKHBaHHUS
(TO) [5] HeoOXOOMMO B KayecTBe HCXOLHbIX JAHHBIX MMETh ONPEACIICHHYIO
dyHKIMIO pacnpe/eneHns HapaboTKH Ha OTKa3 HCCIeyeMoro 00opyAoBaHus U
€e mapameTph! JUisi MCIIONB30BAHMS NAPAMEMPUYECKUX MemOod06 UaK XOTA OLl
IMIMPHUECKYIO OYHKIHIO PACHpPENENeHU WIS Henapamempuyeckux memooos
[6]. Kpome Toro, Habmomaemeie NOTOKH OTKa30B ABIAIOTCA [0 CYTH UCH3YPHU-
poBaHHEIMH BeIGOpKamu [7,8].

TMoMumo citenuduky NPEUIIOCHITOK aAMUHKHCTPATUBHOTO XapaKkTepa H
HCXONIHBIX AaHHbLIX CHEUH(QHUYHBIME ABASIOTCA U ocobbie TpeOoBaHHA K IKC-
IUIyaTauuu oTaeNLHEIX 6nokos (Haipumep, [9,10]).

TlpH TOCTPOESHHM CTpaTervil TEXHHYECKOro OOCIyKUBAHWS CHEAyeT
YH€CTB, YTO IPHOPUTETHBIMU ABJITIOTCA NOKA3ATENH 6e3011aCHOCTH ¥ HAIIPAMYIO
CBA3aHHpIe C HEIO MOKa3aTe/ll HaAEKHOCTH (TTH). JIroGoit npocTo#i: 1o pUYH-
HaM HEOGX0/1MMOCTH BOCCTAHOBJICHNE OCHOBHOIO o6opyIoBaBnE WK A% PO~
BeieHNs yHKUMOHATBHBIX McnbiTanuit u onpobopanus (PUO), 6ioka ADBC
BEIBOBeT Gonpimme yoriTkr. Ocobo otmetum, ut0 A ADC HaubonpimHe 9Ko-
HOMHYecKue NOTEPH TPY BBHIONHEHHH PETaMeHTHBIX PaboT NPOMCXOAAT
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HMEHHO M3-34 (l)a[(Ta NpOoCTOd OT HEeNOo a4H f)ﬂCKTpH‘l&CKOH DHICPIHM HAPOAHOMY
X03sHCTBY: NpoCTol B Teuenue cyrox oasoro Gioxka BBOP — 1000 obxoputes
~ 1,5 mun. rpu (3arparhl Ha PeMOHT, oneparusHslit nepconan, 3UI — ua no-
DSIKH HIOKE ).

ITosToMy BO3HHKAET 3aflaya: npu 00A3aTeNIbHOM COXPAHCHHH 3aXaHHOro
ypoeHs [TH cucreMsl cienath NPOcTod MUHMMANBHRIMH. T0 €CTh BO3HMKAET 3a-
fAaya "6e30MacHoOCTh - HANEKHOCTD - 3ddexTHrHOCTL". B cBolO ouepensb pele-
HHe 5TOH 3a/add CcO3fdacT MnpeAltOChLIKK AllA pelleHWA 33184 ONTHMH3ALMY
"HaNIeWHOCTE — 3(PPEKTUBHOCTS" .

Hoctrub yMEHBIICHUS 3aTPAT Ha IIPOCTOH BO3MOYKHO 3@ CHET NOBBILUCHHA
YPOBHA HaJEXKHOCTH CHCTEMBI MTPHUMEHEHHEM Gonee HaaexHbIX 3JICMEHTOB (TO-
IJia IPOCTOM, BEI3BAHHBIE OTKa3aMH, OYIyT CHHXKEHB!), WM 32 CUET YMEHbIle-
HUsL CYMMApHOro BpeMeHH, KoTopoe pacxoayertcs Ha GUO.

Peienne obueit nupobnemsr TO ¢Bs13aHO ¢ PAAOM CaMOCTOSTENBHEIX 3a-
gay [11,12]:

(popmupoBanne 6a3sl JaHHBIX [10 DOXAa3aTC/AM HaJAEKHOCTH;

. MOCTPOSHHUE MATEMATHUYCCKHX MO)ICJ'Iei'I;

. BBIﬁOp 3anacHoOro KOMINCKTA 3JIEMEHTOB,

. PacHeT YUCNIeHHOro coctaea 06CH}’}I(HBBPDLHEFD flepcoxana;

. OpraHM3alMs KOHTPO/S MAPaMETPOB CHUCTEM B IPOLIECCe JKCTUIyaTalwy W
npu PHO;

. TIpOBe/IeHKe aHaN3a, [NAHMPOBAHUS H YNPABJIEHHA POTECCOM BOCCTAHOB-
SICHHA

He paccmatpusag 3amad 3-S5, TONBKO [ANIA pellieHHd 3aladil OueHKH (-

GeXTHBHOCTH M onpeaenerus crpaterdi TO caenyeT:

— TOJYSHTH KH(POPMALIMIO O [TOTOKE OTKAa30B M BOCCTAHOBJISHHIH;

— [OCTPOUTH MOJIETs QYHKIMOHHPOBAHUS CHCTEMBI (B 3aBUCUMOCTH OT JKECT-
KOCTH IIPEEHGHO}KEHHﬁ — MapKOBCKYIO HilH r[mlymapmﬁcxyto);

-~ NpeicTaBHTh BPEMCHHBIC JMarpaMMsl JHHAMHMKH Pa3BUTHHA BO3MOXKHLIX Ba-
PHAHTOB COOLITHH;

— TOCTPOMTE Tpafd) COOTBETCTBYIOLHX K MPUHATOR MOAEIH COCTOAHUI;

— ompeenuTh (MM NONy4YHTh) QYHKIMY pacTIpeeieHHs BEePOSTHOCTEH repe-

XO/I0B C OJHOIO COCTOANNA K APYTOMY;

— OTMpeIeNHTh HAKOTUIEHHOE BpeMs npe0bIBaHHA B COCTOAHUNX HIH BEPOATHO-
CTH NPEOBHIBAHMS B COCTOSHUAX.

EctecTeenio, obuiero noaxoaa k TO ana 6noxa ueaukoMm OLITh He MO-
JKEeT: jaxe And OTACHABHBIX CHCTEM HasHaYcHHE ONTHMAaBHOH CTpaTeruu A~
€TCsA 0CTaTOYHO CIIOKHOM 3azadei. Ha nmpuMepe cucTtem yIrpaBieHHst U 3auid-
ot (CY3) nokaxem TONLKO oAuH (QparMeHT u3 oOueit 3agadyu — MOCTPOCHHE
rpada cocTosnuil.

Beenem Takue COCTOSHHSA IUIA MOAENUpOBaHus QyHKUUOoHUpoBanus CY3:

Lh o b —

font
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_i".O.", 81, "1g0", "2", "240", "3","35¢", "4", "4gp", "5", "5g0", "6", "6,", "65", "61.9¢",

6590 COCTOSHYSA OTBEUAOT TAKUM CHTYALHAM:

— "0" — 0€30TKa3HOC COCTOAHHE JIEMCHTA (HANOMHUM, YTO HMEIOT MECTO OTKa-
za ABYX THNOB: "HennoTHocTh" (HIT) 1 "HEeBO3MOMXHOCTh BBIMONHCHMS HYHK-
uuit Oesonacuoctu" (HB)). Dddextusnocts 100%. Vet MexxoHTpoNsHOE
Bpems (MeX1y periaMeHTHbIMU HCTBITAHUAMM );

— "1" — opuu orka3 tuna "HB" wnaer MeXKOHTPOJILHOC BpeMs (Bpems MexXay

nenpliTankamu). Sddexrusrocts 100%. 10T oTKa3 GyxeT BLISBISH NPH per-

HaMEHTHLIX UCTIBITAHUAX;

— "lgp" - omuH ortka3z Tuna "HB". Dddexrusnocts 90%; %. Unger mexkos-
TPONBHOE BpeMs. DTOT OTKa3 OyeT BBIAB/ICH MPH PEIJIAMEHTHBIX UCTIBITAHH-
AXS

— "2" - mBa otkasza tuna "HB". Dddextusnocts 100%. %. Mi@er MexXKoH-

TpoJibHOE BpeMs. Bropoli oTkas 6yet BHIIBICH PU periaMeHTHBIX UCHbITA-
HUsX (DEMOHT HAUMHACTCS CPa3y NOC/e OKOHYANMS NPOLEYPsl UCTHITAHHH);
— "2¢" - nBa ortkasa tama "HB". Dddextustocts 90%. %. Mmer Menkon-
TpOJbHOe Bpems BTopoit oTka3s Gyaer BIABIEH MPH pPeTIAMEHTHBIX UCMbLITA-
- HusX (peMOHT THNA "4" HaYMHACTCs Cpasy NOCIe 'OKOHYAHHS NPOUEAYPE! He-
 BITAaduMit);
— “3" - oTxa3 tuma "HII". Dddexrusrocts 100% (pemonT THNA "5" HaunHaeT-
_ Cs cpasy I1ocie BBIABIEHUS 3TOTO OTKa3a);
= "390" - oTka3 Tuna "HIT". Dddextunrocts 90% (peMonT THMa "S" HauuHAST-
~ Cs cpa3sy Iocie BRISBIEHUS STOTO OTKAa3a);
= "4" -yctpanenue nsyx oTKa3os Tuna "HB". Oddexrurnocts 100%;
= "dgo" -ycTpancsue AByX 0TKa308 Tuna "HB". Dddexrunnocts 90%;
= "5" - yerpanenne orkaza tuna "HIIT". DpdexruHocts 100%;
= "Sgy" - ycTpanenue otkasa tuma "HIT'. Dddexturrocts 90%;
"6" - pernamenTHpIe ucnbTanns. O1ka30B HeT. Dddexturrocts 100% ;
"0," - pernamenTHsie HenbiTanus. OauE oTkas Tuna "HB". DddexTurHOCTL
100% ;
= "6," - permamentueie ucnbiTanus. JlBa oTkaza Thma "HB".
100% ;
"61.90" - pernamenTHeIe MenbiTanus. OnHa oTkasz Tana "HB". DddekTuBHOCTS
90% ; :
- "6?_9()':
90%.
Ha puc 1. Tlpusoautcs cooTBeTcTBYy OHM rpad cOCTOAHHIA.
IIaHHBIH IPHEMEP CBHIOETENBECTBYET O TOM, 4YTO, C onHOH CTOPOHBI, pele-
HHIO nocrannes ol 321241 [IpeNIeCTBYeT TEXHONOTHYECKHUH aHATH3 MPOUCXO-
)Iﬂll-mx cobpITuit. C apyro#, TO YTO YHCHO COCTOSHHIA (M, COOTBETCTBEHHO, YHC-
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OddexTuBHOCT

- periaMeHTHEBIE HenbiTanus. [lsa otkasa tTuna "HB". DddexrisHocTs



Puc.1. I'pady cocroanmii
N0 MEepexofioB) — BeNMKO. BhicoKas pa3sMepHOCTh cHCTEMB! TPeGYeT AOIIONHM-
TENBHOTO AHAIN3A, YIUTEIBAIOUIEr0 KOHKPETHBIC 3HAYCHHUS BEPOATHOCTEH npe-
ObiBaHHA B COCTOSHHMAX M MEPEXOAOB, /% NPHHWMAEMOHM ajanTalupy MOAeNH
BBIYMCITHTEIBHEIM BO3MOMKHOCTSM.

OtMeTHM, 4TO ONpeNeNieHne HCKOMBIX 3HA4YeHHH BEPOSTHOCTEH B yCio-
BHAX ATOMHO¥ 3HEPreTHKH YCIONKHEHO MAJIBIM YHCIOM HaBII0NaeMBIX COBBLITH
(0TKa30B) K LICH3YPUPOBAHHOCTHIO BEIGOPOK. B HEKOTOPHIX ClIy4asx HA NOMOLLID
IPUXOJMT allltapat 6aiecoBckoro ouenupanms [13] HopMuposanHas npoueaypa
ofpaluenns ¢ yceueHHbIMH BRIGOpKamH [6,7].

Kak Buaum, npobnema onpepenenus crpaterdd ontuMalisaoro TO s
ADC B HacTosiIlee Bpems IPOJOIKACT OBITh aKTyaTbHOMN, 0COBEHHO, B YCIOBH-
AX HX CnelHuKH,

Cnucox murepatypsr: 1. TOCT 26291-84 (CT C2B 4334-83). Hanex-
Hocts ADC u ux obopyaosanus. OSuiMe NONOKEHUS U HOMEHKNIATYpa [10Ka3a-
Tenedt. 2. P/ 53.025.002-86. [Ipasuna opranusauni TeXHHYECKOI'O obemyxKu-
BalMs ¥ PCMOHTA OGODYAOBAHHS aTOMHBIX 37€KTPOCTanLKi, MUEATOMHEpro
CCCP. 3. PJT 53.025.010-89 PykoBomsumit noxyMeHT. CHCTEMA TEXHHIECKOrO
00CyKHBaHHA X PEMOHTA aTOMHBIX 3JIeKTpocTanuil. HopMatushbie IOKYMEH-
11 TO 1 r1aHoBOTO peMonTa 06opynoBanus. Munatomssepro CCCP. 4. JICTY
2860-94 . HanijigicTy TexHiku. Tepminu Ta BusHauemus. 5. FTOCT 25866-83.
Skcnnyatauss TeXHUKH. TepMmuns! i onpenenenns, 6. [CTY 3004-95. Hanex-
HOCTh B TEXHUKe. MeTO/Ibl OLIeHKH ToKazareNell HaJeXKHOCTH NO IKCHEPUMEH-
TaneHbIM AaHHbiM, Kuer, 1995, 7. TOCT 27.504-84. HazexHOCTE B TEXHHKE.
MeTo/ip! OLIEHKH MOKa3aTened HaeKHOCTH NO LEH3yPUPOBAHHBIM BLIGOPKaM.
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8. CxpunHuK B.M., Hasun A.E, Ilpuxonsko IO.T., Bnarosemeuckuii 1O.H.
AHaIN3 HANEXHOCTH TEXHHUECKHX CHCTEM 10 UCHRYPHPOBAHHBLIM BoIOOpKaM. —
'ﬁs_’_:,_panuo u cBA3b, 1988. — 184 ¢. 9. Texnonornyeckuii persiavenT 6e3zonacHoi

akcnyarauuu sueprobiaoka Ne 1 FOV ABC ¢ peakropom BB3P-1000 (B-

302)1.14-086113.. 10. PerniaMeHT NpoBepoK M MCTIBITAHUH cHeTeM PY BaXHBIX
Juts GesonacHocTy 6nioxos "manolt cepun” (Nel,2) KOV ADC, FOKHOYKpauHck,
1999. 11. Haxe)HOCTh X 2>GGeKTHBHOCTD B TEXHUKE: Cnpasounuk. B 10 1.T. §8:
Dxcryatauus # pemont/ Ifoxa pen. B. U. Kysnenosa u E. 1O. Bapsunosuua -
1987, — 320 c.. 12. Bapsunosny E.JO. Mogenu Texuuueckoro obctyuBaHuUs
CHOXKHBIX CHCTeM.—M.: Beicwias mkona, 1982.— 231 c. 13. Martz H.F., Waller
RA. Bayesian reliability analysis. Krieger Publishing Company. Malabar,
Florida. 1991. - 745 p
55 Cmamos nocmynuna ¢ pedaxyuio 10.10.2002 2.

NPUHMEHEHUE CHEIUAJBHBIX BECKOJLIEKTOPHBIX
ABUI'ATEJIEU IJISA IPUBOJA NETJEXEPKATEJEN
HINPOKOIIOIOCHDBIX CTAHOB I'OPSTYEM IMIPOKATKH

HMeanos B.C. (40 «HKM3», 2. Kpamamopck, Yrpauna)

Presented has been the concept of optimum operation of the looper with the
drive from a special-purpose commutatorless motor in the process of tension
control in the finishing train of the wide-strip hot mill. Compared have been the
technical characteristics of the said motor with the same of the commutator low
speed (torque) motors. Substantiated has been the expediency of the use of the
commutatorless motor for operation in the static and dynamic modes as applied
10 the wide-strip hot mills.

. locrosuHoe coBepiieHCTBOBAHME TEXHOTOIHYECKOTO npoiecca Ipous-
Béﬂcha TFOpAIEKATaAHOTO JIACTOBOTO MPOKATa SBJACTCA BAXKHEHIIMM YCIOBHEM
TOBBIIEHMS KAYeCTBA OTOBOTO npokara. OnHOM 3 3azau, PELIeHHE KOTOpOi
O0ecrieuusaet yCTOMYNBOCTS IIpoLIeCCa IPOKATKH, ABAETCA CO3JaHHE CUIOBOM
HETIH MeTanna B MeXKASTeRbIX NPOMEXYTKAX HeNPEPLIBHOK YHCTOBOH IPynmsl
{HHPOKOLIONOCHOIO CTAHA TOPAYEH NPOKATKH M PETYNUPOBAHNE HATSIKEHUS B
npouecce [IPOKATKH.

_ VisBecTHB! cuHCTEMBI aBTOMATHHECKOTO pETYIMPOBAHMS HATKEHHS
(CAPH), smmonnensrie ma ocmose neTNeilepKaTeNe ¢ TUAPABIMYECKUM,

HHEBMaTiyeckum 6o SJIEKTPHYECKUM MpPHBOAaMH. JIOCTOMHCTBA ¥ HexocTaT-
K STuX THnOB CAPH npoanaiusupoBansl B pabore [7]. C Touku 3penus Hau-
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Gonee MoAHOro yaosieTsopcHus TPeGOBAHMUAM TEXHOMOIMYECKOro fpoLecca,
rMOKOCTH VIpaBjieHys [MPOLECCOM U HAEXHOCTH 000pYA0BAHHS B HACTOALILCe
BpPEMsI camMoe IIHPOKOE PacTipoCTpaHeHHe NONYUHIN De3peyKTOPHEIE JMEKTPO-
MEXaHHHECKHE NeTnenepxaTenu.

OnrtumansHoe oBocHoBaHHE BEIGOpa CNELUANLHOrO GECKONITEKTOPHOro
ABUraTens JUisa upusoga neTnefepxareid, OleHKa €ro CTaTUUeCKHX H JHHaMH-
HECKHX BO3MOJKHOCTEH, a TakXe MPHHATHE TEXHHUIECKOTO pEeLieHUs, O3B0~
nAowero obecneduTs Tpebyemoe HRICTpOASiicTBIE NMPHBO/IA TETIeAepIKaTE)s,
npeacraslisgoT coboit BaxHy0 3a1a4y, TPeOYIOyI0 U3y HSHHUA.

WssectHo [1, 3], uTo npouecc nMpoxaTky B HENPePHIBHOH YUCTOBOH Ipyi-
li¢ LIMPOKOMOIOCHOTO CTaHa XapakTepusyeTca TeM, 4T Ae(PopMupyeMbiii 00n-
€KT (f10710Ca) OAHOBPEMEHHO HAXOMUTCA BO BCeX YMCTOBBIX KneTsx. Kaxaas v
OTAENBHOCTH B3ATas KJEeTh B3aUMOCBA3aHA C OCTANBHBIMU KIETAMU Uepe3 mpo-
KaTelBaCMYIO NnoJI0cy. 310 COOTBETCTBYCT VCIOBHIO MOCTOSHCTBA CEKYHIHOIC
00BEMA 10 KaxA0M KIAeTH:

Vj'h]r = V;'hz = ey V‘h; . (1)
rae: V;...V; — cKOpOCTE IPOKATKH B i-H KIETH;
h;...h; — TOMLIMHA DONOCK Ha BHIXOAE i-H KIeTH.

HecooreercTBre cKopocTel CMeXHBIX KieTel BleddT 3a coboM Kak HaKo-
nnenue u30BITKA CcBOBOAHON NETNH B MEXKISTEBOM MPOMEXYTKE, TaK U 4pei-
MEPHYIO YTAKKY (YMEHBIISHHE HIUPKHBL) MONOCK, 1€ HOMIAILIYICT KOPPek-
TUPOBKE JIPDYTUMHY CHCTeMaMy vipasneuus. B mepsoM cnygae (u3-3a motepu
CBSI3M MEXIY CMEeXHBIMM KJeTsMH) He MCKIIOHaeTcs NoNajJaHue B MOCIeay-
ULYIO KIT€Th MEXKIETEBOTO NPOMEKYTKA MOJOCHL C yABOCHIION MM YTPOEHHOH
TONTMHOM, BCNEJCTBHC YEr0 BO3MOXKHA MOJOMKA BATKOB, BO BTOPOM — BO3-
MOXKeH 00pLIB 1mosockl. TIpu 3ToM mpouece MpOKATKKM CTAHOBUTCA HEYCTOHYM-
BBEIM, YTO MOXKET [IOBACYbL NAHTEIbHBIS NMpOCTOU CTaHAa.

Vi3 BBINEH3IOKCHHOrO clieayeT, 4TO TpebyeTcs KOHTPOAb BENUYHHLI
HCTAH B MEXKKIETeBOM IIpoMexcyTke, obecrneuyBaeMbiii Iy TEM CO3JaHUA HE3HA-
YHTEJIABHOTO (HCKJ}O‘{&EOHI&TO YTHAHKY I'IO.TICICBI) HaTaAMCHNuA, & B CAYYaax Hapy-
LICHWS BENMHYUHEBI HATSDKEHHS BCICACTBHC BOSMYLIEHHH — BOCCTaHOBIEHHE
3TOro napamerpa 0 TpedyeMoro sHaueHHUs BO3ACHCTBHEM Ha PETyNATOPhl CKO-
POCTEH INIaBHBIX TPHBONOB CMEKHEIX KileTed. Ilpu sroM HeoOXoguMo moamep-
KHBATH JIBYXCTOPOHHIOI CBS3b C APYTHMH CHCTeMaMM, 00ecTevuuBaloL{HMH
TpefyeMoe KauecTBO FOTOBOTO NPOKATA.

VisBectHo {3], uto nng obpasosanus CUIOBOM IETIH TONOCH B TpOMe-
KYTKaxX MEKOY KIeTAMH IPpHMEHAOTCA ClelHanbHbIS BJIC‘,KTPOMEXG.HH‘{GCKHC
yCTpo#cTBa — nemneaepxareni. C Toukyu 3perust OBICTPOASHCTBUA NETNEACH"
Karens B AUHaMHU4ecKuX (MepexouHeix) rpoueccax (B YacTHOCTH: MOIABEM,
omyckaHue) Tpebyerca MMHHUMYM 3aTpaT speMens (0T 0,5 10 1 ¢) Ha BBIONHE-
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ﬁe 9THX HPOLECCOB, [TOCKONIBLKY B MOCHENHEM MEKKICTEBOM MPOMEXKYTKE 1IPH
@pocm o 20 m/c 3a 1 cekyuay npoxaraeTCﬂ oxoiio 20 a nonocs 6e3 Hats-

B oﬁluew ciyyae ObICTpoOsielicTBHE NIOBOr0 HCMOMHHUTENHHOTO OpraHa

eSeTCA BpeMeHEeM MEPEXORHOro [IpoIecca, KOTOpoe, B CBOK OYepeb,
asncu-r OT KOHCTPYKTHBHBIX Pa3sMEpoOB, OMpefeNsIolMX MOMEHT WHEPLHH
@EBOI[& H CTATHYECKHH MOMEHT CONIPOTUBIIEHMA MEXaHHU3IMa, HpHMeHH"lLJ‘IhHO
K NeTJEeIepXkAaTeo B MEPEeXOJHLIX NMPOLECccaX YYUTHIBACTCA TONLKO COCTAB-
JIAI0INAd CTATHYECKOTO MOMEHTA OT HeYPaBHOBEIISHHBIX YacTel.
: Cpeasi OCHOBHBIX I[ADaMETPOB, XapaKTEPH3YIOLIMX IETIeAepKaTelb,
fosiee BaXKHBIMU SBIAIOTCS YroN HOXbEMA NETIEAEPNKATENS U [ITHHA PhIya-
' BBIOOp ONTHMANbHBIX 3HAYCHHH 3THX BENMYMH NPOM3BOJMTCS, WCXONA H3
JIOBHA MHHMMH3ALWK KaK MOMEHTa UHEPLIHK NETICAEPIKATENS, TAK H MOMEH-
0T HEYPABHOBEILIEHHBIX YacTell netnenepxaress.
- Tlocne npunstis HauGonee ONTUMANEHOM KOHCTPYKLUMH [TeTIeAepKaTeNs
1 KOMIIOHOBKH €ro npueoja (0eapeayKTopHEIi, OIHOABHIATENLHEIT) B KauecTse
'ﬁﬁsosmx IapaMeTpoB YCTAHOBIEHBI CIACAYIONIHE:

. — [UHMHa pelyara neraeaepikarens, my — 600
~— Yron moBOPOTA pamMbl NETIeAEPIKATENA B IONOKEHUAK,

HCXOOHOM 5

. pabourx:

v MUHMMATLHOE 20...30
: MaxkcHMalbHOe 45

W pH [ePeBaiKe BATKOB 60.

¥ B HacTodilee BpEMA CO3JaH PA TMIIOB CTIEIHalIbHBIX MOMEHTHEIX JABHIa-
TEACH NMOCTOAHHOrO TOKa. TeXHWYeCKMe XapaKTepUCTHKH JTHX ABMWTaTelel
HpeAcTaBiensl B Tabn. 1. Tam xe npejictasinen n 6eCKOJIICKTOPHBIA JABUTATENb
Tuna MJT-2500 (na Gonee panneii cTanuu co3nanus — DIM-25 00).

. AHanms nokasaTe.ei, MpeicTasie HHIX B Tabl. 1, MOoKa3bIBaeT, uro ABU-
rarens M/I-2500 pveeT MeHbIIVIO MacCy B CPABHEHUH C APYI'MMY TUIIAMU IBU-
rareseii. Dro 00YCIOBIEHO OTCYTCTBHEM MAacCHBHOTO MEIHOTO KOMMEKTOpa M
I€royHoro anmnapara, a8 TOKONOJABO/ BEINOIHEH Yepes rubkue nposoaa. Oarum
OCHOBHBIX TOCTOMHCTB ABHUraTens MJI-2500 SBIgeTCS HaMMEHBIIHHA MOMEHT

HHEPIUY [O CpaBHECHHMIO C APYTHMH aHaJIOTaMH. IIpu 3ToM, KaK U Bce ApyrHe
ABHATeny, nBUraTens MJ-2500 BbIMOJHEH B 3aMMINEHHOM HCMOMHEHHH C
BQQMU}KHOCTHO NPUHYANTENBHON BeHTHNAUMK. COOMONe e YKa3aHHOTro Tpe-

s
-
Ve
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(bnavuessx Mydr. PekoMenpycMas IUCKPETHOCTE CHBHXKH — 5 YIioBbix
TPajycos.

B ucxonHom Mosoxenun peivar neTiefepKaTens NOAHST HA S rpanycos
Haj FOPU3CHTANBIO, @ OTCUET yIJia C/ABHIKKH Bana SKOPA ABUIATENS BRIIIOJIHSET-
€A OT FOPH3IOHTAIBHOI'D MMOJOKEHHA B CTOPOHY moabEMa meTieaepxartens. B
CBA3H C 3THM CABWKKA YTJIOBBIX MOJIOXEHHH Basna AKOPS ABHraress H Bana nert-
JICAePIKATENs YMEHBIUIACTCS Ha 5 rPafycos.

HAuanason 3nauennit yraoB NOBOPOTA AKOPS ABWIATENA OT Gy AO Oy
(puc. 2) npencrasisier coboit 30HY peryJHpOBaHHUs YIVIOBBIX MOJOKEHUH fer-
TeoepXKaTess.

IIpu aHaTHTUYECKOM ONUCAHUK ABTOMATHYECKHX CHCTEM PEryNHpPOBaHHUS
MEKKJIETEBLIX HATAKEHMIA, a TAKKe B NPOULCCe IKCIUIyaTalud 0GopyI0BaHus
BeCbMa 4acTo [2] nOAB3yIOTCS BEIUYHHAMY HE TIOAHBIX, 8 YASIBHAIX MEXKIIETe-
BEIX HATKCHHH. DTO CBA3aHO C TEM, 4TO MX MPUXOAUTCH COMOCTABIATH ¢ pe-
QTRHBIMM 3HaYEHWAMH NOpelelia TekydecTH obOpabaTeiBaeMoro marephana. B
obiiem crydae BelMYMHA YAENBHOTO HATSKEHWA HE JOJDKHA IIPEBOCXOMWMTL
npejen TeKy4YeCTH [IPH IaHHOM COCTOSHMH MeTalta (Temueparypa, yipouHeHue
(unu HaKNEN), TONUMHA ¥ IUPHHA TOT0CH]).

Benanynua yaenpHOro HaTSKEHHs ONpefeNfercs AByMs IPaHMYHBIMu
axropamu: yTOKKOH NOJOCH U DPEAENbHON YCTOHYMBOCTLIO 11010CHL.

Ilpy mpoxaTke TOHKMX MOAOC B NOCACHHMX KIETAX YHCTOBOM IpPYMNbI
IpeNenbHOe 10 HepaBHOMEPHOCTH AedOopMalMy COCTOSHHIE HPOLecea Olpee-
JIeTCA YCHOBHAMMU: NOTCpeH NpefensHoH yeTOHYHBOCTH HONOCK!, C OAHOH CTo-
POHBI, ¥ IPOYHOCTHIO HONOCH HA PasphiB — ¢ APYTOH.

B 3aBuCHMOCTH OT KOHKPETHOTO TpodHiiepa3Mepa, MapKH CTalH, TeMIe-
PaTypsl NPOKAaTKH, TOJNIUMHBL MMOJOCE H HOMCPA MEKKIETEBOIO MPOMEXYTKA
00wu ANATIA30H JOTYCTHMBIX YAENBHBLX HATSKEHUH OrpaHUYEH 3HAYSHHAMH
ot 2,374 H/unm® no 20,336 H/wusm’ (DpuMeHuTeIbHO K coprameHTy crana 1680
AQ «3amopoxcransy).

B obuem crydae, mo Mepe yBenwweHNWs HOMEPA MEXKKJIETEBOIO MPOME-
KYTKa, BEJJHMMHA YIEIbHOTO HaTMKCHHA yBenmuuBaeTcs [4]. Ilpu oTom yMeHs-
iaeTCs TONUHHA (M, COOTBETCTREHHO, IIOMaNh TONePedHoro CeyeHus) Mojo-
CBI, @ BeAHYHHA ITONIOI0 HATSKEHHSA NONOCH ¢ 00EHX CTOPOH KIeTH NOKHE
GBITH paBHO3HAYHOH.

Pe3ynpTaTe! pacuéTOB MOMEHTOB MHEPIIHH CHCTEMBI «IBHIATCIL — MeT-
negepkarTeas» (NPHUBEACHHBIX K Baly MOBHraTeis) NpPeJCTABIAIOTCH ARYMA
OKOHYATENbHBIMH [OKA3ATEISIMMU:

MOMEHT uHepiuu cobetBerHo apurarens (MJ-2500): Jy, = 120 xz-a;

CYMMAapHBI MOMEHT MHEPLHH CHCTeMbL: J = 540,754 ka'a’

[IpuMenuTensHO K 9NEKTPOMEXaHHYECKOMY NeTIefepikarenio ¢ Gespe-
MYKTOPHBIM NPHUBOAOM: TIOCTE BXOMKAEHHS PONUKA METIEACPIKATEIIN B KOHTAKT €
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1OCOH, MOMEHT, Pa3BUBACMBIH 3NCKTPOIBUraTENEM, YPABHOBELUHBAET CYMMY
eAYIOLIHX COCTABMMOIMX CTATHIECKOro MOMEHTA {5]-
ok M‘fﬂﬂ' + M, wse T ﬁf{;m\p + M, +
%e, Mg — MOMEHT OT HATSIKEHUS TOJIOCHL;

i MOMCHT OT NIACTHUYECKOTO H3ruba nonocsl OTHOCHTEILHO pONuKa;

(2)

I"l'ip ’

~ M,;, — MOMEHT OT HCypPaBHOBEIICHHEBIX YacTell MeTenepkKaTes;

‘,,.. Mn__

MOMECHT OT MAacCChI MTOJOCLL B MEKKIETEBOM MPOMENXYTKE,

R - M), — MOMEHT OT CHJI TPEHHS (3HAK «+» COOTBETCTBYET IIpOUECCY NogsEMa
‘{leme;[epxawuﬂ 3HAK «—» — MPOLECCY OIyCKaHuA).
3aBHCHMOCTH VISl pacyéTa BENMYHH COCTABJSIOUMX CTATHYECKOTO MO-

|MEHTa NPeJICTaBIIeHb! B [5]. Mannble no mapxam cTaneil, HeoOX0AUMBIC 17151 BBI-
HHCHEHUA COCTABITIOWEH MOMEHT2 OT MAACTHHYECKOTO M3rH0a MOI0CH, HCTOTB-
30BaHBI U3 [6, 8]. 3HaYeHMS YHERLHBIX HATKEHHH ANA BBHIYMCIEHHS COCTAB-
JrOLICH M, o, BBIUCIISUIACE TIO PEKOMEHAAUMSIM, PSACTABIACHHAIM B [4].

.~ JUna OLeHKHM CTATMYECKHX BOIMOXKHOCTEH HIBUraTeNs GbilH BHITOTHEHLI
pacqé'm BEJIMHHHBI CYMMapHOTO CTaT#4YeCcKoro MomenTa (M.,,) o naTu Hanbo-

JIee SHEProEMKIM NpoduiepasMepam U3 TPYAHOIEDOPMUPYEMBIX MapoK CTalu.
CoriacEo pe3ysbTaTaM 3THX PacyETOB: VIS NPEOLONeHHS CYMMAapEOro cTarH-

HECKOro MOMEHTA B JIOOOM H3 MEKKIETEBBIX IPOMEXYTKOB TpeGyeTes mpespa-

o li

24,50 — o

Thae, rpax

300

Bepspamn

Do rpaz.

. .'.'
al "!:' fe =285 A

Gy e Seas

PHC 3. TloBeINIeHKE BENMYMHEI MOMEH-
T4, paBUBAEMOTO JBHUrATENeM BM-
2300, m3MeHeHMeM BeNMUMHBI HAUANE-
HOTO YrIIOROrG NONOKEHHS Baja AKOpA

Gy,

/s
3

PHTENBHOE YITIOBOE CMellleHue Bana
AKOps ABuMratens (B CTOPOHY NOIBE-
Ma MeTNIICHepXKaTeNs) Teped COoelu-
HEHHEM €r0 C BalioM MeTNelepKaTe-
as.

Npeasapurensioe YrIoBoe
CMCILCHHE Baja SKOPSA COOTBETCTBYET
CMCIICHHIO 3aBucHMOCTH M = fla)
(puc. 3, a) Bieso (puc. 3, 6). B sTom
Cliyuae HaYalbHBIH MOMEHT, pa3Bu-
BaeMbI [BUraTeneM, gBaseTcs IOC-
TAaTOYHBIM IS NPEOAOJEHHS CTaTH-
HYECKOI0 MOMEHTa ITPH COBEpLIEHHH
noxbéMa NeTiefepxatels U3 WCXoj-
HOro nojoxenus B pabouce (1.e. Mo-
MEHTa OT HEYpaBHOBEIUEHHEIX 4Yac-
Tel).

3Ha4YeHHe BENWHYMHBI Havalhb-
HOI'O YIJI0BOTO NOJOXEHHS Balla KO-
pst ABHrartels ... OTBevaiouied 1no-
BBIIICHHBIM 0 AOCTATOYHOrO YPOBHA
CTATHYECKHM BO3MOMKHOCTAM JBHTa-

67



e MJ-2500, npuusito papHeiM 207, 2 OTHOCHTENBEHO HCXOAHOIO YIiOBOro
nonosxenus (pasHoro 5°) sana netraenepxarens — 15°. [Ipu 3TOM TOK AKOps
nsurarens (I, = 285 A) He 2aBHCHUT OT YIVIOBOTO NOAOKEHUA Balla IKOPA JIBUTa-

Tens (puc. 3, 8). E o of
Ha puc. 4 rpabuyeckd NpeacTaBIEHbl XapakTePUCTHKH NBHTATENS i :E §"§%§ g

CYMMApHOTO CTATHYECKOTO MOMEHTA 110 MEKK/IeTeBBIM NPOMEXYTKaM MpHMe- S3T85° _— ;

HUTENBHO K I10J0ce cevenueM 3,7x1250 mm u3 cranu 30XI'CA (kpupasd u3Me- 2 g;; § g g§§ A

HEHMs CYMMAapHOI'0 CTATHYECKOIO MOMEHTa B YETBEPTOM MEKKIETEBOM IIpoO- % Xk g% E :-:;E <

MEKYTKE NPAKTHYSCKHM AASKBAaTHA KPMBOH JUISL NSTOrO MPOMEXYTKA H MOITOMY g = ¢ g8 p =x3 i

Ha JAaHHOM PUCYHKe He iokasana). Cnefyer OTMeTHTh, YTO 6€3 npefBapHTeNnD- E 2SR aXk ikt ;
4 E= 553 88 ;

HOTO YI7IOBOrO CMEHISHMs Bala SKops ABurarels (3aBucuMocts My, = f (@) no-
cresHuH pa3BUBAST Hayanbublil MOMeHT nopaaka 3000 H - m, B TO BpeMs, Kak e
NPOTHBOACHCTBYIONMY eMy CYMMapHBbiii CTaTHUeCKMit MOMEHT (Hampumep, s
MATOM TIPOMEXYTKe) cocTapiser ripuMepHo 8600 H - m . CmelneHueM Ha 15 r
YITIOBBIX TpamycoB (B CTOpOHY noAaséma mneTielepXkartens) Bajia AKOpA
ABMraTeNs OTHOCMTENBHO MCXOAHOTO MONOXKeHUs meTmeicpxkaTens (5°)
JOCTUTHYTO TOBBIIEHHE BEIMYHHBI HAYanbHOI'0  MOMEHTa, Da3BHBAEMOIo
nsurarenem, no 12500 H - m (r.e. My, = f(a + 15°) Tenepb HaXOAUTCS BBIILIC / '\[

|

|

X

n"e

3

Puc. 4. Onenxa cratuyeckux BosMoxeocTei gpurarens JAM-2500 ua

RN

oy

KPHBRIX CYMMApHOTO CTATHYECKOrO MOMEHTA B JIFOOOM YIIIOBOM TOJIOXKEHMH
netneAepKaTeNs B npeaenax padouero). B kaxIoM MEXKIICTEBOM NMPOMEKYTKE —
CYMMApHBI CTATHYIECKHH MOMEHT MOXKET NPECOICBATECA OAHKM JIBHTATEIEM. o

AHanoOru4Hele DPE3YNBTATEL, MOATBEPKANOLINE JOCTATOUHOCTE OMHOTC
JABUraTels B KaX/0M NPOMEXYTKE, UMEIOT MeCTO U 110 YeTBIpEM APYTHM Hau-
Bosnce aneproémkum npodunepasMepam.

Jlns OLEHKM NMHAMKKY IPHBOIA B npolecce noabéMa neTneaepxares
Y4HTLIBAETCA MOMEHT OT HEYPABHOBEIIEHHBIX YacTed MeTilefepiKaress, olpe-
JensteMbl 3aBHCHMOCTbIO:

My =M'pp-cosa, H-m (3}
re: My, — MOMEHT OT HEYPaBHOBRIUISHHBIX HACTEH MPH TOPH3OHTANLHOM
TTOIOKEHWH METeAepKaTellsd.

W3 3asucumoctH (3) crenyer, 4TO M., ABAACTCS [EPEMEHHONH BENHHH-
Hoit (byHxuumeil yraa noasEmMa netiiefiepiKaTens).

KoopasHaTel LEHTPOB Mace KXo/l H3 HeypaBHOBEIICHHBIX YacTel net-
renepkarens (1A CTy4as FOPU3OHTAIBHOTO HONOXEHUS PhlYArOB ero) onpesc-

i)

JSIOTCS 3aBUCHMOCTAMH! —- | N
XC=Z_§:_£&; ycz%@_ ¢l SEREEE BN | N
mi ; I T e e e T T
; TR N R N

PacuéThl BeIMUHH MOMEHTA OT HEYPaBHOBCIIEHHBIX HACTEH NETISACPHKE
Tenas BHIIOJHEHB! 7S AWana30oHa YIJIOB MOBOPOTA pblyara MeTneaepareis
=0-60° ¢ aMCKpeTHOCTBIO 5°. PesynspTaThi 3TMX pacyETOB NPEACTaBICHB 3

Tabmu. 2. . .
68 . 3

nogoce ceyenuem 3,7x1250 M u3 cranu 30XICCA.



Tabymua 2 )
|, 2pad 0 5 10 15 20 25 30
Mo, H2e | 6207 6183 6113 5996 5833 5625 | 5375 |
@, gpad 35 40 45 50 55 60 i
Myesp, H3e | 5084 4755 4389 3990 3560 | 3104

Hpnnnmas BO BHHMaHHE, 4TO MOMEHT, pa3susaemblifi ABHATATCIIEM, M CTa-
TUYECKHH MOMEHT {OT HeypaBHOBCIUCHHBIX HacTel NeTieepxareils) — BelH-
YHMHBl NIepeMeHHble B OYHKUMH yrjla [oBOpOTa, OLEHKY JAWHAMHKHK TIDHUBOJIA
IPOM3BOAKM C HCMOJLE30BaHHEM rpad)o-aHaluTHYECKOTO METOa B Clemyromwed
MTOCEA0BaTEeIBHOCTH:

1. Mcxonueie yenoBus

1.1. YrnoBeie monoxeiius neTnefepxarcls, OIpCeOSdolute IPaHullb
npolecca nMogbéMa nerienepxkarens (HCXojHoe nonoxkenue — 5°; pabouee —
45%),

1.2. BBoaures yCnoBue, 4TO B MEXKKIIETEBOM IIPOMEKYTKEe HMeeTCs A0c-
TATOYHBIH 3amac cBODOMHOH meTiH W3 MPOKATHIBAGMOIO MeTania, obecmeuu-
BAIOLIMK NOXBEM MeTyeflepikaTens C IPeoONeHHEM TOJNLKO COCTaBISIOLICH
CTaTHIECKOTO MOMEHTA OT HeyPaBHOBCLISHHBIX HacTeH, T. €.

Mr.:m % Mne_;-p

1.3. B momeHT Havamma noapéMa neTnegepxareis BeIKYHHa QOPCHPOBKY
(eperpy3Ku 1o TOKY AKOpS ABWIaTeN) npuHUMaeTcs pasHoit 1,57, .

1.4, YeranasnnpaeMas BenuuiHa GOPCUPOBKH YUUTHIBACTCA 0 MOMEHTA
JNOCTHXEHHA NeTNefiepKaTeneM MEHHUManLaoro pabovero yraa (20°).

1.5. Ilpu 3HavyeHMaX YTIOB MOAkEMa NMeTaenepxatens donee 20° — Tok
5IKOpA He NpeBslulaeT HOMUHANBHOS 3HaYeHue (285 4) .

2. Onpeaenenye napaMeTpos NIPHBOJA

2.1. TIpencrasnaroTes MeXaHHYECKUe XapaKTepuCTHKy genuratens (M, =
@), ¢ ya&rom nonyropakpatHO# GOPCHPOBKK Ha HAYANBHOM ydacTke B 15°)
netnejnepxarens (M, = f{a) o Tabn. 2) Bo BTopoM kBanpanTe rpadpuxa (puc.
5). Ilpx 3TOM 3HaueHHS MOMENTOB OTKJIANBIBAIOTCS BIEBO B CTOPOHY yBEIHYe-
HHsl, @ 3HAYEHHs yrila II0BOPOTA NeTnejepxareNns 0. — II0 OCH OPJIHHAT C He-
MPABJIICHHEM YBEIH4YEHHS BBEPX.

TlpousBosuTCea COBMENIEHHE ABYX NOCTPOEHHBIX XapaKTepHCTHK, B pe-
3YNIBTATE KOTOPOTO OTIpe/ieifieTcs KpHBas pe3ynhTUPYIOILEro (ABHAMIYECcKOoro)
MOMEHTE:

A!drm = Mc]s 2 Mcm . (S‘I

[romans, OrpasuYeHHAs KPUBOH Pe3yNBETUPYIOLICTO MOMEHTa K OCBIO
BBIXOHOM KOOpAHHATH! (0, rPaj.), pasfensercs Ha psajl y4acTKos (mioluanei),
Ha Ka)KA0M H3 KOTOPhIX MOMEHT NPEANoaraeTcs nocTOAHHBIM H pasHeIM cpej-
HEMY 3Ha4EHHH).

2.2. Bpems pa3roHa B o0mieM ciydae:
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‘!g{, ® — YIJIOBas CKOPOCTE ABHTATENs.

3. B PaccMaTpUBAEMOM MPHBOJE BEIXOMHOR perynupyeMol xoopausa-

i ABJAETCS He CKOPOCTE (@), @ yriosoe nonoxenue (o). IToaromy npousso-
mﬁ'cn Tiepexo] OT rapaMeTpa O K MapaMerpy o .
M3 nocieRHEro ypaBHeHusI:

:Mdmf'! -1 7
@ —“—J » € > 7

B pesynsraTe MHTEIPHpPOBAHHAS 3aBHCHMOCTH @ = f{f) 10 BpeMeHH ! B
npe)xenax ot 0 mo, IIOJI)"HaB‘I‘CSE 3aBHCHMOCTh Yriia nosopoTa (o) oT BpeMeHH f:

a= fa) dr—jM"“"tdr A{fm? ®)
oTKyza: t= %}ﬁ ,c ©)
et Suw

2.4. BpeMsa pasroHa IBWTATENT HA xoaxpemou 3IeMEHTapHOM ydacTKe
7 yrnosoro nepememenﬂa (Aa):
J 2-J-Aa _ | 2-J-Aa
At = = = s €
Mo~ Mem ‘JMn-Mueyp M oun
Ige: da = 5" = /36 pad — Ben{4UHA [ANMHBI YEMEHTAPHOTO yYacTKa (Iuc-
KPETHOCTB OTCYETA) YIIIOBOIO NEPEMEIEHIA.
~ 2.5. CymmapHOe BpeMs MOABEMA METIEAEPKATENs OT HCXOHOTO OO~
Kennsa (5°) 10 MaKCHMATBHOTO paﬁoqem (45%) COLJIACHO PHC. 53

= Z&tp; , 6 (11)

2.6. Yrnopas CKOPOCTH IPHBOJA HA 3MEMEHTADHOM YYaCTKE YIIOBOTO
nepeuemeuﬂx

2-J-Aa (10)

Aa 5
2E | 2 g
.= _ 360 230 & i (12)
Aty Afpi - 36 Aty

2.7. Cpenusia yriaoBas CKOPOCTS NPUBOJIA 33 CYMMApHOE BpeMst MOxbEMa
ﬂe'menepmarem OT HCXOAHOTI'O MOJNIOKEHH A0 MAKCHMa/IbEOro paboyero: -
27
(a max . pafi. ao) 3 66
Ip

- Pesynpratsr pacgéToB NapaMeTpoB, OTPXKAIOIHX TPOLECC Pa3roHa NpH-

- BOZa remsiesiepikaTeNsl OT €r0 HCXOXHOTO MONONKeH!s (5°) 10 MaKCHMAbHOrO
'PﬁﬁO‘{em (45°) npencraBnes! rpadidecky Ha puc. 5.

@ep= e (13)
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ONY4EHHBIC Pe3y/IbTaThl CBHACTE/ILCTBYIOT O TOM, YTO NeTIeNepKaTesib
aTpuUBaeMbIM NPUBO/OM 06NiafaeT AOCTATOYHO BEICOKMM ObicTpopencr-
yMMapHoe Bpems nojnéMa netaenepxarens cocraenser 0,598 c). Tle-
pifl TIpOIicCC, COOTBETCTBYIOLHH NOABEMY MeTieaepxaTeis, OpojomKa-
pmnqecm HOCTO%HHO?! CKOPOCTRIO B TCH_CHHC BCEIro CyMMapHOTO Bpe-
onbéma (0,598 c).

OCTHTCHYTOH BEJIWYMHE Cpe/iHei ymosoa ckopocTH (@ = 1,167 ')
ByeT 4acTOTa BPAILEHMS:

30 30
AR e 3

1,167~ 11,15 mun™ (14)
T

e 1680 ropsaueit npoxarku AO «3anopoxcransy. B npoexre npusosos
epkaTelsell HCMOIB30BaHO MO OAHOMY ABHUIATENO B KAXIOM MEKKIETe-

OMEXKYTKE, HTO ofecrieynBaeT NMOBLILICHHE YPOBHA yHUDHUKALUH, B3aH-
SEMOCTH U CLHKEHHe pe3epBHOro Gbonia ycTaHaBIuBaEMOro ofopyio-

BecKO/LIEKTOPHbBIE ABUraTeNH Lenecoo0pasHo UCHONb30BaTh s PUBO-
lefiepkarenell 1 Ha APYTUX WHPOKOIONOCHBIX CTaHaX ropsyel NpoKar-

nucok gureparypei: 1. @unaros A.C., 3aiien AL, Cmupros A.A.
MATHIECKHE CHCTEMBI CTaOHIM3aIUHM TOMUWKMHEL NpH npokaTtke. — M.: Me-
prus, 1982. — C. 61-73. 2. Beipun B.H. JluHamMuKa NPOKaTHEIX CTaHOB.
JIBDBCK: Merannypruspar, 1960. — C. 187. 3. Credanosud B.JI. ABTo-
M HENIPEPHIBHBIX U MOTYHEIPePsIBHbIX IIHPOKOTONOCHSIX CTAHOB IO~
poxaTku. — M.: Metannyprusg, 1975. — C. 124-150. 4. [Toropxenbckui
Baiixoe M.A., I'yapko B.A. 1 j1p. DKCIepUMEHTANLHOE OTpeeNieHHe Ha-
#i Ha crane 2000 ropsyeii npokarkn//Crans, M. — 1979. — Ne6. — C. 430—
®omun I'.T., Jdybeiikosckuit A.B., I'punuyk I1.C. Mexanuszauus v as-
3al|s [MMPOKOMONOCHBIX CTAHOB ropsuyel npoxatku. M.: Merannypruas,

leHHE TOYHOCTH MPOKaTky nuctoB ¥ nonoc. K.: Texwika, 1987. — C. 32—
Kapersnkos B.®., Iluctpak M.SL. //3nekTputeckas NPOMBIILITEHHOCTD.
— 1975. — Ne6. 8. MapouHHMK cTaneit u cruiaos. — M.: LIHMMTMAILIL, 1971.

Cmambs nocmynuaa 6 pedaryio 18.10.2002 2.
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BEPOATHOCTHBIE HPEANIOCHIJIKHA FHEKOTIO
BIODKETHPOBAHMS B MAIUHOCTPOEHUY

Kupunsesa JLA., Ctagunk O.A.
(XI'YIIT, THTL] APE 2. Xapvkos, 2. Kues, Yrpauna)

Changeable market opportunities, purchasing capacity of consumer, customer }

possibilities caused necessity of flexible budget for enterprises of small- ang
middle-scale business. This, in turn, required calculation of the main economie

indicators. This is prospective enacting clause which describes probabilistic

prerequisites of prediction.

B Vxpaune B nociennee BpemMs, 0COo0CHHO B MAIIHHOCTPOSHHH, HabIo-
HaeTcs majacHWe peHTabenbHOCTH NpeNpPHATHH NOCHe HOCTHIKeHUS onpeme-
JICHHOrO ypOBHS NpousBoAcTsa. [l fankHeliuero pocta HEOGXOMMM Lenbli
KOMIUIEXC Mep, BKIFOYAIOIMX MOJAEPHH3ALMIO OBOPYIOBAHMUS, MOBBIEHMe
KBTHQUKALHN YepcoHana, BHeApenue HHGOPMALMOHHBIX TEXHONOMAH g
aBTOMATH3aLUMKH  NPOM3BOJCTBEHHBIX TPOLECCOB M IoxyMeHTO0B0pOTA.
Boneuryio posn, ocobenno mus NPEATIPpUATHI MaJoro M CpeAHero Gusneca,
MrpaioT  BONPOCH  OIOMKeTHPOBaHHS. CoBpeMeHHBIE IIPOM3BOICTBEHHbIE
B3aHMOOTHOLIEHHS NPEANONAraioT NPAMYIO 3aBHCHMOCTE 3apaboTHOM NUTATH o1
peann3oBanHOHi NpoAyKuuu. I[ToatoMy B mociemHee Bpems 0c0d0e BHHMaHMe
npuBnexaer rubkoe OrojukeTHposanue. OHO e, HApAAY C MEHEIKMCHTOM,
KOHTPOJIIHHIOM H MapKeTHHIOM, ABISIETCS ONHON M3 BAXEEMIIUX KOMMIOHEHT
yIipaBiaeHHs npeanpusatiem [1,2].

OT™METUM, 4TO B OT/IHYHE OT CTATHYHOIO 6ro/xeTa, KOTAa UHQPE! HAX0-
AATCA BHE 3aBUCHMOCTH OT 00BEMOB IIPOM3BOACTBA, IIPH COCTARIEHUH THOKOI0
bioeTa PacXo/(bl CTBATCH B 3aBHCHMOCTS OT HEKOEro napameTpa, Kak npagu-
710, XapaKTepU3YIOIero 00bem NPOM3BOICTBA MM NPOAAX. 3a4acTyio npes-
HPHATHA BEAYT YHET TOBPOB [3] B IpoAaxHEIX LeHaX. B 3Toif cssy, yueHuras
TIPOAYKIUHIO 10 CTOMMOCTH HUKC LEHB! IPHOGPETEHHA (MM KOMITIEKTYIONIHX),
HpeNIpuATHE onpeseneHnbiM 06pasomM puckyer [4]. TTostoMy B yernosusx rub-
KOTO GIOIKeTHPOBAHHS BIIONHE MOHSTHA POL MPOTHO3HPOBAHHS HKOHOMHHE-
CKMX MOKa3aTenei.

Bonpocsl nporHo3uposanns, MOMHMO HCCHETOBAHMN SKOHOMUYECKOTO
xapaxrepa (5], B HayqHO# IHTEpATYpe 1, 0COBEHHO, B HOPMATHBHOM BHIE 10C-
TaTOMHO MOJHO OCBEUIEHBI B HCTOYHHKAX, CBA3AHHAIX C HAAEKHOCTHIO [6, 7 ¢
np.], Mo3TOMY MbI OyIeM Ha HHX CCBUIATBCS.

H3BecTHO, 4TO NporHo3upoBanke N0GOro NpoLecca BLITOMHICTCS Ha OC-
HOBaHMY HAGIIONCHUH 3a 3THM NpoLeccoM (IOTOKOM coSbiTHl) Ha npoTsKeHNH
HiekoTopore Bpemeny. [lpu 3TOM ATHTEABHOCTS OMBITA NPENNPHATHS urpaeT
CYUICCTBEHHYIO POJIb B BOIPOC aX TOYHOCTH H JAOCTOBEPHOCTH pe3yabpTaTOB
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. DOrHO3MPOBAHMS.

. Ha npumepe BBIycka MacisbIX QUABTPOB PacCMOTPHM BO3MOKHOCTE
rHO3a peanu3aluy (Mpojaxu) 1ol IOPOAYKLHU Ha HexkoTopoe Bpems. Cy-
TBYIOT COBPEMEHHbIE MPOrPaMMbl, TO3BOMIIOIHE BBINOJIHATE IPOTHO3HPO-
i€, B TOM HHCIE, U SKOHOMHYeCKUX nokasateneif [8,9]. Oanaxo ati npo-
MBIl BO-TIEPBBIX HOCST 3aKpBITbIH XapakTep (T.e. NOJB30BaTENs "AONyCKaeT-
a YPOBCHB 00O0JI04KH), U HE IPHBONATCA KaKHE-THG0 000CHOBAHMS BHITOJ-
BIM NPOrHO3aM. Bo-BTOPEIX, HabMoneH s BEINONHAIOTCS, KaK NPaBuJIo, He

{ IepBOil peasn3anuu NPONYKUHH, NIOITOMY ABJISIOTCH LEH3YPHPOBAHHEI-
(yceuernubiMu) [7] u TpeGyioT 0coboii 06PaBOTKH CTATHCTHYECKOrO MaTe-
1a [l 0].

IprsenieM o6uLy10 CTPYKTYPY NpOTHO3MPOBAHHA, YCT2HOBASHHYIO Jleli-
IOLMMH HOPMaTHBHBIMH NOKYMEHTAMH YKDaHHBI C yKa3aHHEM HCTOYHH-
- TEOPETHIECKHY ODGCHOBBIBAIOIIAX KAKAYIO H3 npouenyp Ionyuaembie
150 MOTYT pacCMaTpUBaTBECH KaK Cly4aiiHbie BeTHYMHBI WU KAK clyyai-
1€ IIPOLIECCHI:

1. Vccnenosanue peanusaiuy Kak chy4alfHol BenudHHLl

CPBHYIHASA CTATHCTHYECKast 00paboTka nanubix [6,7,11,12],

Iocrpoenue BapuaoHHbIX pagoB 131,

-3 LlocTpoerye auarpaMmer peanusanuu,

-4 Hoctpoenne rucrorpavMmel, 3MOHpUYECKOi GynkuMKM  pacnpenenenus
- [6,11,13],

PHHATHE rHIOTE3B! O BuAe QYHKUMHM pacnipesencuus [6,14],

JUCHKA TOUEIHBIX 3HAYCHHI IapaMeTPOB NIOTOKA PEANH3aLKy U OLEHKA WH~
CPBANLHEIX 3HA4EHUH napameTpos [6,13],

{'POBEPKA HENPOTHBOPEYHUBOCTEH IKCNEPHMEHTAILHbIX (HabmonaeMbix)
HAAHHEIX TIPUHATOM runorese [6,14],

2. UccnenoBanue MOTOKa peann3aumy Kax cayHdaiHoro npouccca [16,20]
Hccnenosanne notoka peanusaumu [6,13]

Hoarerosurenprpie sramsr [5],

Ouenka cpenueit nureHcHBHOCTH peald3aiHy Ha IPOMEXYTKE NPOrHO3M-
. poBamus

- Bribop, o6ocuosanue n ananns MozenH (OLEHKA COOTBETCTBHS OTOBOpEH-
 HBIM TIoKa3aTe M OCTOBEPHOCTH | TouHoCTH) [5,15],

- Onpenenenue Tenaenimy x usmenenuo peanusaluy (Ka4ecTBeNHas OLeH-
Tpornosnposanue unrencusrocTH NOTOKA peanuzauuu [18)

- Hoctpoenne perpeccronnsix Mogerneii [5, 19].

HoHATHO, YTO CHMCOK NpPHBEAEHHBIX HCTOYHUKOR ABJACTCSA JaNeKko He

MePNBIBAIOIIHM.
~ Bromonuenue YKa3aHHBIX MPOLEAYP NO3BOAET NPOU3BECTH NPOTHO3 pea-

75




JIH3alHH TOBdpa BO BpeMeHH. Bor kak BBIFJIAAHT BBINOJAHECHHOC NIpOTHO3MPOR]-
Hue B nporpamme Exel. OTmeTum, 4T0 pe3ynbTaThl MPOrHOSUPOBAHHUS, B 001ey
Cydac, MOIyT COBNAaNaTh C MOJAY4EeHHBIMH MPH HCMONB30BAHUM Ilporpammy
STATISTICA [8,9], onnaxo BeINOAHEHHE MPHBEACHHBIX BBILLIS MPOLEAYP Jlaet
BO3MOJKHOCTD IIPH HCTIONIHEHHH KaXXIOro 3Tana ObiTh YBEPEHHBIM B TIONYYae-
MBIX pe3ynsTaTax.

PaccmartpuiBas peanusainuio TOBapa Kak ciayuaiiHeilf npouece, Npeacta-
BuM B BHNC Tabmuis! (cM. Tabn.1) Habmojenus 3a peanusauueii GUIBTPOB Kak
TOYSYHBIX 3HAYEHUH Clydaiinoil rocaenoBaresHOCTH. [ AOBEPUTENLHOM Be-
positHOCTH 0,9 IPHUBEASHBI HIDKHSAS K BEPXHSAA 10BEPHUTENBHBIE IPAHULIbI.

Tabnuua 1. Habmonaemas u npordosupyemas peann3alys ToBapa

y Peannzauns wzgenuit (teic. mrr) O
Hwrepsan na- —
Sonenrs Hingass gosepu- Toueunoe | Bepxuss xosepH-
i TCJbHas IpaHuLa 3Ha4eHWe | TeabHad rpaHuua
[ Arvapb 0,05 1,0 4,75 ]
K beppans 0 0.0 2,99 i
= Mapt 0,35 2,0 6,29 ]
g Anpess 1,97 5.0 10,51
& Mait 0,81 3,0 7,75
g Virons 0,35 2.0 6,29
R Hions 0,35 2,0 6,29
= Asrycr 0,05 1,0 4,75
‘g Cenrabps 0,05 1,0 4,75 N
e Oxrabps 0,35 2,0 6,29 4|
g Hosadps 0,81 3,0 e lal3 2
= JHexabps 0,81 3,0 7,75 ]
o SAunapb 1,95 5.0 T 10.51 | u
2003 ront @eppans 2,76 8,0 18.26 !
[y (35 Mapr 5,025 12,0 22,86 &

Ha puc.] npusesenn! ganmsie 1abnuusl. 31ech ke NoKa3ain pe3ynpTaTsl |
AMMPOKCUMAUHK MNOIHHOMOM TPETCH CTENeHH 3aBHCHMOCTH pealM3alluu OT |
Bpemern. Kak BuamM, co BpeMeneM NporHosupyeMble JOBEpHTENbHbIe HHTED- |
Bajiel "pacnonzarorcs”. D10, IpeXae BCero rOBOPUT 06 OrPaHMYEHHON OIHUM
rofoM oObeMe CTATHCTHKH. DTO 0COGEHHO XapaKTepHo IS HeJJABHO OPraHu30-
BaHHBIX NPEANPUATAN ¢ HE3HAUMUTEIBHEIM OIbITOM Habmogenuit. B srom cny- |
4ac NpUMEHAIOT MOAXON TPUBJIEYEHHs JONONHUTENbHON HHODOPDMAI|H, OCHO- |
BaHHOM Ha GaltecoBckoM onenusanuy [21]. OqHoBpeMeHHO 3T noaTBEPX)AAET
TO, 4TO TIPHHATHE PETPECCHOHHON MOJEJM MOAUTCS JIMIIL U KPATKOCPOUHBIX
[POrHO30B. !

HoaTeepxaenreM MenecoobpasHOCTH MO3TANHON NPOUETYphl ABIAETCS |
npumMep: 1Mo m.2.4 Opila MOCTPOeHa JONOJHUTENBHO PErpecCHOHHAs MoJelb
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12345678
Mecsum!

abmuua 1. Ilporrozu

uc. 1. Habmonaemsie 1 nporuoss

Peanusaunn

5]

Tlporsos oGbesa peamoainiii

0,507 £29%1x - 23333 f-
[

9 101112

T —

123456789 1011121314

15

én

-l e —E

DyeMasn peajiisaliig ToBapa

Mecaimst

pyeMbie TIoKasaTen peann3alua

20 NOpANKa (AIIPOKCHMALMA TOTO K€ NPOLECca MOJMHOMOM BTODOi
i, cM. puc.2). Hanuuo ymeusinenne "kopuiopa" I0OBEpUTEABHBIX rpa-
focneiHue cTpoky Tabn. 1 BeirIAaaT HHave (oM. Tabm.2).

s Susaps 0,35 2,0 6,29
e Derpais 2,76 8,0 14,75
Mapt 4,41 10,0 18,29

Kax Buanm, nomygaemsie ¢

Moneas aToporo nopaaka

= 0.0033x1-1.0039x + 37165 _

—

12 3 4 567 8910

—

Mecauu

11 12 13 14 15

ic. 2. Mopens BTOpOro mopsjka

yuera.

MO3BOJIMT

TIOMOLUBIO MTPOrHO3MPOBAHKS TAHHEIE MOIYT
CIIY’)KHTh OPHEHTHPOM TIPH MIAHKPO-
BaHHH IKOHOMHYCCKUX ITOKA3aTelieH,
.| B TOM 4YucJie, JUIf LeNell cocTasie-
— | Hud rubkux Gopxeros. Crates npu-
BOJMT pAn "HeTpaXuUHOHHBIX" 1is
2KOHOMHCTOB HCTOYHHKOB. JTO, Ha
B3[JI4)i aBTOpOB,
HOBOMY B3IVIAHYTH Ha pCILEHHE H3-
BECTHBIX 3alla4 TIPOTHO3UPOBAHUS B
cepe IKOHOMUKH K ByXranTepeKoro

Io-

Crnucox auteparypsi: 1. Aucodd 1. Crparernyeckoe yIpaBAcHUeE.
~JKonomuka, 1989.-240c. 2. Basunesuy JLA., Cokonos J1.B., ®panesa JLK.

I ¥ METOJBI PAUMOHANM3AIMK H NPOEKTHPOBAHHA OPraHW3ALHOHHDIX
P ynpasnenus. JL: JIOOU, 1991.-125¢. 3. Korenko JLH., T'purbko
Suyesa JLH. Vuer TOBapOB Ha NPEANPUATHIX TOPrOBIH | NuTaHusd. — K.;

ac. 2001. 180 c. 4. Jixait K. Hluwm, Txoiin I'. Curen. OcHoBss! KOMMeEpye-
 6iokeTHpoBakus. CII6.: A3Oyka, busHec-muxpo, 2001. 5. Alaszsu
Erioxos M.C., Memankun JILJ. Tlpuknapnas cratuctika: QCHOBLEL MOAe-
BaHus U nepBHYHas obpaboTka maHHbIX, —M.: OUHAHCH ¥ CTATHCTUKA,
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1983.— 472 ¢. 6. ICTY 3004-95. HanexHOCTh B TEXHUKE. MeToasl OLIEHKH Mo.
Ka3aTrened HaAcKHOCTH MO OKCIMEepUMEeHTATEHLIM jgaHHbIM, Kues, 1995, 7
'OCT 27.504-84. HanexHocTs B TeXHHKe. MeTONb! OLEHKH OKazaTenel Ha-
ACKHOCTH TIO 1IeH3YpUpoBaHiibiM BeibopkaM. 8. Boposuxos B.IT. Msuenko B.Y.
IIpornosupoeasnue s cmcreme STATISTICA 8 cpeae WINDOWS. . — M.: "Ou.
HaHCEl W cratuctuka”, 2000.-656 c. 9. Boposukos B.IL., Boposuxor M.IT.

STATISTICA® - Cratucruueckuil ananus u obpaboTka JaHHBIX B Cpeme |
Windows. "®unun", 1998. — 608 c. 10. Cxpunauk B.M., Hasun A.E., Ilpu. |
xoapko YO.I'., Brnaroseuenckuii FO.H. AHaN13 HaNEKHOCTH TEXHHYECKUX cHe- |

TCM 1O LICH3YPHPOBaHHbIM BeiOoOpKaM. — M.: Panuo u csase, [988. — 184 ¢. 11
Bentuens E.C. Teopus BepostrocTeit. M.: ®usmarrus, 1969, — 576 ¢. 12. Xuu.
4di A. S1. PaGoTsl M0 MareMaTWYeCKOi TEOPHMM MACCOBOTO 0BCTYXUBAHMUs. —
M.: Dusmatrus, 1963.~236 c. 13. HaneXHOCTE TeXHHYECKHX CHCTEM. Cripasou-
Huk. Ilox pen. Ymakosa A.W. —M.: Paguo u cBsisb, 1985. — 606 c. 14. CT C3B
1190-78. Mprxnanuas cratuctuka. [Ipaskina [POBEPKH COrNiacha OMBITHOIO
pacnipenenenus ¢ Teoperuyeckum. 15. Benmar k., Iupcon A. Ilpuknanno#
aHANH3 CAy4YaHHBIX janubiX: M.: Mup, 1989. 540 c. 16. Xummens6ray ]I,
AHaIH3 IPOUECCOB CTATHCTHYECKUMH METOAZMH Iep. ¢ anri. —M.: Mup, 1973.
=957 ¢. 17. THenenko B.B., benses 0.K., Conopren A.Jl. MaremaTuueckue me-
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HENIHOW POTOPHBIN AE3UHTEI PATOP-CMECHTEJID
AJI TOMOTEHU3AITAA ATJIOMEPAIIMOHHBIX WUXT

Kasrun I'.C., Pocroseknii B.H., Hounomapesa $1.¥0., Kpasuenxo A.B.
(douHTY, 2. Honeyr, Yrpauna)

The scheme of the chain rotary desintegrating-blending machine for homogeni-
zation multicomponent agglomeration charge, a technique of a choice of its
main parameters, and also results of its trial tests in conditions sintering plants,
designed in DonNTU is shown.

Ha GoabmuHCTBE MeTaLTyprudeckux NPEANPUSTAR YKpauHsl yTHIH3E
MR 3aCK/IAJUPOBaHHbIX ITAMOB M JPYTHX JKENE30COMEPIKAIMX OTXOIOB B ar-
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[IPOHU3BOACTBE 3aTpYIHCHA H3-3a OTCYTCTBHA Hajaexaulel ux NOAIOTOBKH.
OJiBSOBalIHE IMOBBILNICHHOIO KOJIMYeCcTBa 3aCKNaTUpOBaHHBIX LINaMOB pH-
T K TOMY, YTO B MHOTOKOMITOHEHTHRIX ArnoMCpallHONHBIX MIHXTax 06]321-
OTCS MTPOHHEIS CAMMIUUECS KOMKH HINaMoB (a 3uMoii - u CMEp3LIHECs), KOTO-
Q NMPOXOJs BECH TPaKT IIOATOTOBKH IIIHXTH K CIIEKaAHHMIO He pPa3pyuiaroTes.
BKJIOUEHHA B CNOE arJIOMMXTHI INIOXO CNEKAIOTCHA U SBASIOTCH HEHTPaMH
YUICHHS arjloMepara, YTO NPUBOAMT K CHYIKEHHIO MPOM3BOAUTENBHOCTH
OMAlIMH U YXyIIIEHUIO KayecTBa arjioMepara.
Jlns nonydeHUs KayecTBEHHOTO ariomMepara U obecreyeHus BHICOKOMH
APOM3BOJNTEBHOCTH arfIOMAIUKH, HEOGXOANUMO arfOMKUXTY TIIATENBHO FOMO-
TEHH3HPOBATE 110 KPYIHOCTH, XHMUYECKOMY COCTaBy H BJIKHOCTH, YTO Ha Cy-
CTByIOLIeM 0GopyaoBanuy arno(abpHK NPaKTHYECKH He JOCTHIAGTCs. Kpo-
'ME 9TOTO, CYILECTBEHHON NPOONEMOH ABASETCS PAlMOHAILHOE MCHOMb30BANME
B arJIONpOK3BOACTBE U3BeCTH. [103TOMY Heo6Xomuma paspaboTtka coorBercer-
: “_""‘_mero obopynosanus s 3GOEKTUBHON MOArOTOBKY MHOFOKOMITOHCHTHBIX
aRIOMHXT C NOBBIIIEHHBIM COAEPXKAHUEM U3BECTH U JKENE30COAEPIKAIIUX OTKO-
3 TEKYLIETO NPOH3BOACTBA K sacma)mposaﬂﬂmx B [INIaMOHaKOIIHUTENIX mac-
PAsHEIX LTAMOB, KOTOPLIE TIPH MOACYLUKE Ha CKIafaX oOpasyloT IpouHkie

. OcHoBHBIMH TpeGoBaHMAME 175 OpraHH3aLKHY T'OMOTEHU3ALUH ArTOIIIHX-
M paspabOTKH COOTBETCTBYIOLIErO arperara ABISIOTCS cnepyromue daxro-

U] BHOE MepeMeliuBatme 1 PRIXIICHHE IIWUXTOBBIX MaTEPHAIOB; HCHPEPRIB-
HOCTH paGOTBI arperara ¢ MaKCHMANbHO BOIMOXKHON ero [IPOM3BOIUTEBEHO-
CTBIO, COOTBETCTBYFOIECH TTPOU3BOJIMTENBPHOCTH WHWXTOBOTO TpaKTa; cBofoaHoe
HPOXO3X/ICHYE MATEPHANIOB YEPE3 ArPEeraT MPH X0 OCTAHOBKE.

- Ha xatenpe pyaHoTepMHYECKHX MPOLECCOB U MATOOTXOMHBIX TEXHONO-
it JouHTY paspaborasa u ocsoena KOHCTPYKIIHA HEMHOIO POTOPHOro fe-
'3@i‘erparopa«cmecmmm, CXeMa KOTOpOro npueesAena Ha puc. 1 [1].

- Cwmecwrens mpescTaBnserT coboff TOPHIOHTATBHBI IEUTHHAPUYECK Ui
_'?Qpnyc (3), B xoTOpoM pasmerteH potop (2) ¢ orpeskamu 1enet (/). Kopnyc
SOflepxcuT sarpysounsiii (4) u pasrpysounsIii (5) natpybku. Potop npusoautcs
B ABmierie aneKTpoasuraresieM (6). Ha porope ¢ parHbIM waroM ycTaHoEBITe-
HBI ucky (7), MEXAY KOTOPBIMH NOCPEACTBOM WITHPTOB (&) co wimaTamu (9)
'%emenm OTPe3KH uene#. PoTop ycraHoBeH B KOPITyCe B MOMIIMITHHKOBbIX
'ﬁfﬁ?pax (10). 3arpy3ounsiit marpy6ox PacrioNoKeH Ha UHIHHIPHYECKOM KOpPIy-
€ Takum 06pasom, 4TO OaHa €ro rpanb ABATETCS BEPTUKAIBHON M KacaTelbHOMH
Uinunipryeckomy Koprycy. TToTok MaTEePUAIOB JABMIKETCA B KOpIyce Kaca-

Ch BHYTPEHHUX €r0 CTEHOK H obpabaTeiBaeTca neprudEPUIAHBIMU yYacTKaMu

=
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¢
uenei. s noBBILCHNA 3PPCKTHBHOCTH paspyleHus KYCKOB M KOMKOB MaTe. |
pHanza KOpIyC MO BHYTPEHHEH NOBEPXHOCTH APMHUPOBaH METASIHYECKHMy

npyTamu (/7). 3azop Mekay KOHLAMH uenei u BHYTPEHHCH IOBEPXHOCThE
rapHHca)ka MUHUMACH.

Ha ykazaHHyIO KOHCTPYKIHMIO ObiH pa3paboTausl paboyne YepTekH Ne-
3UHTETPATOPa-CMECHTENS NPOU3BOAHTENBHOCTEIO 0 400 m/4 B HECKOMBKHX Ba-
pHaHTax.

Je3unterpaTop-cMecuTeb arJiOMepavoOHHON IMXTH, IPMHATBLIH Jlg
OPOMBILIIEHHON BKCIUIyaTaltun B YCIOBHAX arnopabpuK MeTalryprayeckux
xoMbuHaros uM. Mibrya 1 uM. JI3epIKUHCKOTO COAEPKAT POTOP C 3aKPEMeH-
HBIMM Ha HEM OTpe3KamH Iienei. Ha puc. 2 u3obpaxeHa cxemMa pacioiokeHs
OTPE3KOB LeNe# Ha MOBEPXHOCTH poropa (passeprka). Otpesku uencii (1) na
poTope (2) pacmoNoXKeHb! B CEYSHHAX a-a, b-b, c-c, e-¢, {-f, g-g paBHOMEpIO
BAOMH pOTOpA C MEPEKphiTHEM P MO LUMpHHEE LEeMH B 00e CTOPOHBI OT LEH-
TpaibHoro cedenusd d-d. [1o OXpYXHOCTH TOYKH KpenneHus uemeit B Kakiom
TIOCHICAYIOIIEM CEYEHHH POTOpa c-C, e-e 3aTeM b-b, f-f u T.4. mo oTHOWIEHUO X
HX PacroIOKEHHIO B MPEABIAYIIEM CEUEHHH B 00€ CTOPOHKL OT LEHTPAIBHOT0
ceucHust d-d OTCTOAT B HaNpaB/IeHHH Bpaiuesns (crpenka b, puc. 1) ma yron [2]

o =360°/(m- n),
rae m — KOJMYECTBO CEYeHHHM, B KOTOPBIX 3aKpEIUIeHBl LIEMX Ha ITOMOBMUHC
AJIMHBI pOTOpa, BKII0Yas LEHTPaIbHOE CeYeHue;
A — KOTTHYIECTBO LeleH B KaKI0M CEeYeHHH.

70 obecrieunBaeT pacnooXeHue Uened B uae wespona MON. Komi-
HECTBO MICBPOHOB Ha POTOPE COOTBETCTBYET 3HAYEHHUIO M. IIpH n > 2 rapanTi-
pyeTcs CTaTh4decKas W AHHaMuyYecKas OanaHcupoBka poropa. CyMMapHbIi 2(¢-
heKT CHIOBOrO BOSACHCTBUA LieTIel ONpeAenseTcs pe3yIbTHPYIOWMMH CHIAMH

i s ARTOMEpAUUGHH IR
LUXMS
F—e  \ !
Kowaaliep
Z

Fomoseid

Puc. 1. Cxema ne3unTerpaTopa-cMecHTens
F, mepnenaukyapHbiMu nususM OM u ON. OceBbie u TadreHNHaNbubIe CO-
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crasnsioutne G u H nepemeniu-
BatoT obpabareiBaeMelli MaTepuan
B IPOJCIBHOM H 1IONIEPEYHOM fa-
HpaBlieHHIX 11OTOKA.

B namem cayuae m=S, n=2.
AKTHBHAs JUIMHA OTPE3KOB Liercit
HC  MPEBLINIAET MUMHMMAaJILHBIH
MOMNepeynblif pasmMep cedeHHs 3a-
rpy20uHOro mnatpybka, pacriono-
KEHHOro BepTexaneHo. OpHa H3
CTEHOK 3arpy304Horo mnarpybxa
kacatejlbHa K LHMITHHADY KOpayca.
Porop npuBoamtes BOo Bpamienue

c‘V d 91(4 MQ

: Puc. 2. Cxema pacrnionoxenus oTpe3-
KOB LEMCH Ha MOBEPXHOCTH POTODA az- %
"y P POTIpR, (e SAEKTPOJBUIaTEeNIEM, KOTOPBIH co-

ma) COHHeH ¢ poropom q4epes manblie-
ByI0 MydTy Oes peaykropa. Bee yerpoiictso Basupyercs Ha paMe U3 LBelTe-
POB. JUIst OUBITHO-IIPOMBILIIEHHBIX ArperaToR B KauecTse paGouyux opramon
BBibpaHa sikopras uens no 'OCT 228-79 (OTpe3K# 10 YeTIpe 3BeHa ANHHOM 10
504 xm).

s paspylreHust KpYIHBIX KOMBES LIHXThI BPAIUAKOIAACA Lelb MOIDKHA
HMETh OCTATOYHO GOMLIIYIO maccy. Ho ¢ apyroit croponst, pasmeps! wemu or-
PAHUYUBAIOTCE NPOYHOCTHIO y37a KperieHus M 3BeHBEB 1enu. B nponecce
BPAaWIEHHs POTOPA OTPE3OK HerHU 3aHUMaeT pazHalbHOe IIONOXKEHHE 101 AeifCT-
BHEM LEHTPOGEXHOM CHITLI:

ok F=ma’R H,
TAC 7 — Macca Bpamalouerocs OTpe3Ka ey, K,
@ yriosas CKOPOCTE BPAlEHMS], c";
R - panmyc uenrpa TsokecTy, M.
~ Jas namero cryuas npu yerst PeX 3BeHBIX HerH:
F=my o’ (R; + R, + R; +R,) H,
THe my — macca 38eHa ey, KT,
RIS, Ry, Ry — PainyChl BpAICHHs LEHTPOB TAKECTH COOTBETCTRYIOLINMX
3BEHEEB.
o Bribpana nens sxopuas ¢ marom P=112 MM, U3 NPYTKa JHaMeTpoM
28 mm, Hnpynoi 3gena 101 mm. Brytpenuuii paxuyc 3seHa R=18 am, 94T0 mo-

SBONACT HaswaunTe AUAMETp ocH YACPKHBAIOUIEro 1HapHHUPa paBHBIM 30 M.

==€d 3BCHa m,=1,85 k2, R/=0,177 m, R,=0,289 m, R3=0,401 ¢, R,=0,513 at.
~ Tlpu #=1450 sus' yrrosas cxopocts cocrapur:

W a)=ﬂ-n=;r-l‘i5—0—=150 e}
o 30 30

Torna
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F=1,85-150%- (0,177 + 0,289 + 0,401 +0,513) = 57442 = 57,4 kH.
Ockb y3ma kpenieHus oTpe3KoB Lemeit npu auamvetpe 30 mm uMeeT pac.
ueTHyio Anuuy 92 mm. Hanpsoxenue cpesa cocrabur:
2- =
g 11"?2 2:57442- 120——407Mﬁa
w-d 70,03

Hanpsoxenue usruba B cpesiemM cevenun Gyner paBHbIM:

—EMH(:
w

rae W — MOMENT COTPOTHBNCHHS CeHeHUs, M ;
M — usrubarnommi MoMenT, H-u.

. 2 . 2
L AL RO |
32 32 y
M:Ei:.s.??f‘mz]sz]ﬁ.,“ '

4 =

. _6 f
Al 10_5 RO :
0,264-10 i

C y4eToM BOMOKHOCTH NEPEHOCOB OCH, HANPDKEHUs HU3ruba OIH3KY K '
npenenLyo pornycTuMeM Juis ctanu 40X. TlosTomy ¢ ToYkM 3peHHs HAAEKHO-
CTH HAMH PEKOMEHI0BAHO yCTAHOBHTS pabo4yI0 CKOPOCTh BPALLIEHHS POTOPA Hie
Gosee 1000 aa’’. Tlpu srom HeHTpobexHas culla M HaupKeHHS B OMACHLIX
cedeHHAX coctaBAT: F=25530 »; 1=18,1 Mlla; 0=222,2 Mila. Takum obpazom
rpebyemMas NPOYHOCTh 06ecreynBaeTcs.

B npouecce X0n0CThIX HCTIBITAHMH Ae3HHTErPATOPA-CMECHTES, CMOHTH-
POBAHHOI'0 HA OJTHOM U3 KOHBCHepoB arsiobadbpuky MerkombuHara uM. Mipuas,
a TaKxe Mpu paboTe 1O HarpysKoi npu nonaqe arJIOIMXTH! HacTOTY Bpallle-
HEA POTOpA PeryaupoBaid ot 75 no 835 sun’ wamenenvem HAMPSOKeHUs Ha
0OMOTKaX paboyero ABUTaTeNs ¢ NOMOLBIO CISUHANBHO yCTaHOBAEHHOM TP¥II-
T5l "redepatop-aBurarens”. YacTOTY BpAlLEHHS U3MEPSIM TAXOMETpPOM. 3aBi-
CHMOCTE HacTOThl BpallleHUsl POTOpa OT HAINPHKEHHs Ha 3NEeKTPOJABAraTeIe -
SHHTETPATOPa IPH XONOCTOM X0Je (MOLuHOCTE ABUraTens N=32 xBm) npuseie-
Ha B Tabmuue 1. [Ipy 9T0M TOK JABHraTe/is KOHTPOIHPOBAICS AMIEPMETPOM.

Tadnuna 1 — Yacrora BpaiteHus poTopa P Pa3THIHBIX HANPDKEHUAX

Hanpsoxeuue Ha aBuraresne mo- 40 60 80 100 120 150
CTOAHHOIO TOKa, B :
323?” PPAUICHHA  poTOPa, { 45 165 | 400 | 470 | 600 | 835 |}

XO0J0CThle UCTIBITAHKS Ha arnodabprke MeTkoMGMHaTa WM. [[3eP>KMHCKO" |

1

o 1oKasany aHanaOrH4yHble pPe3y/ILTaThl. 06a AE3HHTErpaTopa Ha X0J0CTOM XO-
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OKa3aJId YCTOHYHBOEC paauanbyoe HOROKEHHE LeIeH HpH BPAIieHUH pOTO-
auanasone cxopocteit 600-1000 mun™' 6e3 3naunTensHoOM Bubpannn. Brb-
samepsinace npubopom HMBC-5, npeaHasHaueHHOM Ans onpenencius
HEKBa/IPATHUECKHX MMITYALCHBIX 3HaYeHUM BUOpOyCKOpeHHs ¥ BHOPOCKO-
eii. Jlnanason u3MepsieMbIx BUOpockopocTeit 1-120 mm/c, a nuanason uz-
eMEIX BHOPOYCKOpeHHH 5-1200 mm/c’.

HIHTEHCUBHOCTS Konebankii Kopryca Ae3MHTerpaTopa B pailoHe Mo IIUII-
BBIX Y3/10B cocTapiana 1,0-4,1 mm/c, JIOCTHI‘aH MakCUMaJlbHbBIX 3HAYEeHHH
qac-ro—re BpaweHns potopa 165-250 mun™. TTpu wactoTax BpaweHus 750-
S MUH = MHTeHCHBHOCTH KONeGaHMi cocTamsa | ,8-2,2 mm/e. OT0 sABAgeTCH

MMM [TOKa3aTesieM Ui CPeAHWX MalIHH B COOTBETCTBUM C OTEYECTBEHHBIM
{ CKAYRapONHbIM CTAHNAPTAMH. BubpoycxopeHHe IpU 3TOM COCTABJISIO OKO-
5 MM/C’, YTO COOTBETCTBYET HIDKHEMY [TOpOTY YyBCTBHTEILHOCTH mpubopa.
| HArpy3Ko#l BeIMYMHA BHOPOCKopocTel U BUOPOYCKOPEHHH NMOAIUITHHKO-
Y3708 yMeHplaioTes Ha 40-60 %.

Hpu pacxome muxtsl 3501/9 ma artodaGpuke MerkoMGuHaTa
Mubnya nesuurerparop paGotan crnokoiHo u addextusno. [omsrrku yse-
¥ TNPOH3BOAMTENBHOCTL 10 MAaKCHMalIbHO IOTpeGnseMolf BENUYMHBI
00 T/9) yepes BepXHIOW HAMPABAAIOLIYIO TeUKy ceueHneM 940x400 My pu-
JIH K OCTaHOBKE JBHTaTeNd Tak Kak cpabaTeiBana TeruioBas 3amura. [lpu
[oM TOK focturan 300 A.

PaGouue ncnbitanus W fanpHelnas IKCIUTyaTalHs JE3MHTErpaTopa-
UTens Ha arnogabpuke meTkoMOuHaTa uM. JI3epKUHCKOTO TOKA3AMNM, YTO

yampyemoii ckopocTsio 600-1500 mun™' arperar paGoraer YCTOHYHBO ¢ Ipo-
AUTEAbHOCTRIO 220-300 1/, TTpu sTOM CHla TOKA B 06MOTKaX AKOpS JBU-
eI cocTaBnana 140 A. ObpaboranHas aroMXTa OTIMYANACH FOMOICHHO-
0, OBLTa XOpOMIO Pa3phiXAeHa U UMEna KPYITHOCTb 0 10 MM 32 HCKITIOYeHHU-
HEAPOGHMBIX MaTEPHAIOB. DTO CIIOCOGCTBOBANO YITYUINEHHIO KAYecTBa ar-
€paTa IIpH HCTIONL30BAHMH 32CKIAAMPOBAHHEIX LITAMOB.
Ha npoexTupyemuie Oe3MHTErpaTopsl MPOM3BOXHTENbHOCTEI 1200 T/Y
OMCHyeTCs yCTaHaBIUBATE 3NeKTpoABHraTens 132 kBr.

PaspaGorarHas KOHCTPYKIMA Ne3HHTErpaTOPa-CMECHTENS MOIBOIHT cy-
BEHHO YBENUYMTh PACXOJ B arONIMXTC XKeNe30COAePKAIMX OTXOI0R 6e3
YAUICHHS KagecTBa aIvlOMEpaTa M CHUKEHMS NPOM3BOAKTENBHOCTH arioMa-
[3]. Kpome Toro mosBuTCs BO3MOXHOCTE 60jIee NOMHOr0 HCHONLIOBAHUS
ANMpOBaHHBIX IiamoB. M3 70 MAH.T 3aCKJIaAMPOBAHHBIX HA MeETHpe/-
HAX YKpauHbl MINAMOB BO3MOXHO HCIIONB30BATH 0KONO 25 MAH.T [4], Ko-
PEIE COKOHOMAT TaKoe Ke KONMW4ECTBO NPUPOJHBIX IIHXTOBBIX MaTEPHANIOB,
MEHSJEMBIX B arjonpu3BOLCTBE,

. Coucox murepatypsei: 1. YerpoiicTso Ans CMEIIMBAHHS U n3bmparens-
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Mertann ¥ nuThe YKpauusl, 1993, Ne 3, ¢, 22-24, :
Cmambs nocmynuna 6 pedaxyuio 03.10.2002

[ToatOMY B BBIPAKEHHH BEIXOAHOTO MOMeHTa UM [2]

: Moy =Ky - X 7 2if(1 + 1)), (4)
rre: @ =2nm,eq®’x”, Ky = a(l+q), Xy =aq - b, cnenaem CHEAYIONIe 3aMCHbI:
Moz =1 = X.

[Tocne npeobpazosanus ypasHenns (4), ¢ yuetom sames, [ONY9HM:
+Q20X, - K, e+ y - K, = 0. (5)
B spipaxenue (5), B coorsercrBuH ¢ Qopmymort (1), BxomsT
x0dQUUMCHTE!, KOTODBIE HMEIOT 3HAYeHHs: A =05 B= 0.5; C=0;
D = 0.5Q®X; - Kn); E = 0.5; F = -0y ’
C yuerom 3HaueHui xosbdunuenros 4, B, C, D, E, F ausapuantser (2),(3)

Ans ypaBHeH#HS (4) HMEIOT CelyfOLIHE BRIPAKEeHUS:

A=0.50X,. (6)
=-0.25. (7)
MnBapuauTy A MOXKHO BBIPA3HTh Yepes Napamerpsl UMM cneayrommm
obpasom: A =0.5QX ; = nm,,eq(aq — by z.

AHAJIN3 CBOMCTB KAHOHWYECKOH XAPAKTEPUCTUKH
MHEPIIHOHHO-UMITY JIbCHBIX MEXAHHU3MOB :
NMOCPEACTBOM AHAJIMTHYECKOU FrEOMETPHU

Kyuuua A.B. (AJH4 HonHTY, 2. I'opnosxa, Yrpauna)

Developed for long period methods of analytic geometry allow to produg
analysis of characteristics of canonical feature inertia-pulsed mechanisms.
I'maBHoe TpeboBaHWE K IPpUMBOAY MalIMH — aABTOMAaTH49EC e
feccTymeH4aToe peryilMpoBaHHE CKOPOCTH M Bpallaowero MOMeHTa F
pabounx opraHax, FlaeanbHbIM CUHTaeTCsA TOT IPHBOA, B KOTOPOM 3
perynMpoBaHMe OCYINECTBARETCA IO runepboiautueckoll 3apucumocth [
[Ipeo6pasyromue CBOMCTBA HHEPLUOHHO-UMITY/TCHBIX Mexanu3mos (M) |
He W3yHeHbl B 001ueM BHJE. '
Ilens paboThl — MOCPEACTBOM METOIOB AHAIUTHYECKOH reome
CTPOro U B 00HIeM BUAE [0Ka3aTh, yTo MMM sBiasOTCs BaealbHbIM NPUBOAON
Buipaxenus M, = @K, — X; 2i/(1+i)] OLHUCHBAIOT BBIXOX
moment MM Xo66ca, Jlesuna u obobwensoro [l], padorarommx K
WHepLMOHHBIM TpaHcdopMmaTop Bpamatomero Momenra (MTBM) 1 ponal
pexxuMe npsmoro xoaa (PIIX), u sBisOTCS HaCTBIO MX KaHOHHYCCKE
xapakrepuctuk [2]. Ecnm 3TH Belpaxenus SBIAIOTCS TuliepGonyeCKH]
3aBHCUMOCTSIMH, 3T0 3HaYUT, uto MMM camu o cebe, T.e. 1o CBOeH IPHPOA
ABAIOTCA HACATLHEIMU aBTOMaTHYeCKMME Gecerynendarsiv MTBM.
O6iuee ypaBHeHUE KPUBBEX BTOPOTO HOpsAKa UMeeT Brj [3]:

Ax* +2Bxy + Cy? +2Dx + 2Ey + F =0.
MnBapuanTs! KpUBOH BTOpOro nopsiaka [3]:

3HayeHHe HHBAPUAHTHL A
VITIO T )
PABHO HYJTIO TOJIEKO B TOM Criy4ae, ecii ag—b = 0. B cayuyae, ecnu ag—b =0,
aOHK B 2]
rpaduk ypasuenus (4), npu sHaveHum 5< 0, HpeBpalaeTest B mapy
HepeceKaroIImXes mpaMbIX [3]. 310 aBHBIM 06pazom YKa3bIBaeT Ha TO, YTO B
,ga:mom ciyyae MMM  He ofmamaer cBoiicTBamm  aBTOMATHYECKODO
ECCTYNEHYATOr0 TPaHCHOPMHUPOBAHHS CUNOBRIX W CKOPOCTHBIX (aKTOpoB
UCTounyka suepruu. [losTomy npw npoextupopanmm WWM HY)XKHO Bcerga
BRUICDXKHBATL HEPABEHCTBO ag # b. O6HapyxuTs Takoe YCIOBME HHBIMH
MCTOaMH, KpOME METOJOB  aHamu
A THYCCKON  reoMeTpuu, OYEBHIHO
HEBO3MOIKHO. i S
Crenoparensro, B muccneayeMbix MM, NPH YCNOBHH BBINOJHEHHS
b - & ;
;epanencwa ag # b, MIBapHaHTH! Beeraa OyNyT umeTs suayenus 5= 0. 5< 0. a
¢ 0 > k]
» T.K. B BbipaxeHnH (6) Bce BENHYHHBI NOTOKHUTEIBHbIE U GOABLIC HVIS.
A Oto saBHBIM 06pa3soM yKasbiBaeT HaM ua TO, 4YTO BbIpake:nue
297 = @[K’ n—Xpg 21+ ;)] ONPEACIACT COOOH UEHTPANLHYIO KPHBYIO 2-I'0
fOpsinka, a umenno runepGony [31

5] Brinonuue Heobxomumeie peobpa3’oBakus B COOTBETCTRMM C PaGOTO
» Oy 4N KAHOHHYECKOE ypaBHEHUE THIIEPGONEI:
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0.5x% —0.5y% - 20X, =0. (8)
c LeNbH BLIABIIEHWH xapamepnc*mx H napamc*rpoa 3NEeMEHTOB JaHHOj
rutiepboiibl npeobpasyem ypasienue () kK kaHoHuyeckomy Buny [3]:

)

3aech a’ u b* pasHpl 4PX;, 6. a=b= 2 ®X ;. ':

2
; B, et
Toraa dokanbHbIi NapameTp runepGOALI paBeH: p = o = 2\/ DX ;.
HedcTeutenshas och runepGonbl paBHa 2a =4./@X; , a MHMMas Och
TaKKe pasna 2b = 4,/@X ; .
Pasmep ¢, onpenensromui DACCTeSIHAE  MEXKILY dokycamu F; u F,

runep6onL, onpenenum Kak ¢ = va® + b7 = 2«/205X -
= \/5 >1, n

OKCLICHTPHCHTETA NBHBIM 0OpasoM elle pa3s ybexjaeT, 4TO BBIp@KCHHe
Mg —_-@[K” - X521+ ;)] ABAseTes rUunepGoNoit.

DkcueHTpucuTeT  napabosl e=S 3TO  3HAuEHHe
a

Jupexrtpuca rumepbons! d = 2 \,J' 20X 7 .
e

b
YpaBHEHHE aCHMIITOT y = *—x = X, T.€. ACHMITTOTH PACIOIOMKEHbI MO
a

yriaom 457 kK ocsiM KOOpOHUHAT. i
YpapHenue (9) MOXKHO npuMBeCTH K BuAy x’-y'=a’u 310 ByjerT |
FOBOPHTE O TOM, YTO 3TO PaBHOOOYHAs Tumepbona, acMMITOTHL KOTOPOil |
fepecexatoTes Mesky coboio ol yriiom 90” . Eciu NpHHATE 3TH aCHMIITOTHL 38 |
OCH KOOPJHHAT, TOT A 3Ty I'HIIepOOITy MOIKHO ONMCATh YPABHCHUEM xy = 0.5% 4
Bcee aneMeHTsI runep6oITbl MOXKHO PEeCTaBUTh Yepe3 rapamerphi UMM. |
Torna neiicreutensuas 2a u Mmumas 2b ocH ¥ QOKaTBHBIE napamerp P

runepOosbl  PABHBL 4@@% =4¥/§r;éé;_e(aq—b)92fc_‘, a Ko3(pPuuMenTh!

KalOHHYECK : =b= X, =2 7 325

oro  ypaHenus a=b=2\/OX =2 [2nm, e(ag-b)@ 7 .
g

Paccrosmune ¢ wmexmy Qokycamu F, u F, runepbonsl pasHo

o= 220X ;; =2 [4nm_,e(ag - )0z |

Hy)KHO OTMETHTH, YTO TapaMeTpsl 3MEMEHTOB runepboIb, nonyyaemsie |
Ha OCHOBE NPWBEACHHBIX BHIUIC 3aBHCHMOCTEH, Bpojfie 651 He uMeloT
PasMEpHOCTH ANHHEL. DTC MPOH3OLII0 IO CHEAYIOLIEH IpHHHHE.

C 1ensio SICHOCTH H3JI0XKEHHS TEOPETHYECKOTO MaTepuana (sicHo 511 Bp110
86

0 C TOUKW 3pEHHUs UHATateNs AaHHONW CTAaThH, - 3TO €Ile BOMPOC) U
OUCHHA BOSHHUKAIONICTO HeIopasyMeHus ceifuac npouece s3amenst Myop =y
= x B ypaBHeHuHM (4) HYXHO ObUIO NPOU3BOAMTL B COOTBETCTBHM ¢
[eCCOM NPAKTHYECKOro MOCTPOEHMA 3aBHcMMOCTH (4) M runepGonsl. B
jecce  MPaKTHYECKOrO TIOCTPOCHHS —HCMOAB3YIOTCS TAaKHe 3aMeHEI:
=p,y M i=mux. 3A0eCh u, W u, COOTBETCTBEHHO MacuTabHble

DOHLMEHTE MOMEHTA ¥ MNepPeAaToyHOro oTHoueHus. Koadduumenrts

Hae -

COOTBETCTBEHHO Pa3MEpPHOCTH: — H —. ClleXoBaTeNbHO, ypaBHeHUe
M, M

Hae

O/DKHO OBUTO OBl HMeTh OOUMH MHOKHTEH -,
M

C pasMEPHOCTEHIO
ﬂ,w’ -ur

UMETH BHI:

: [x+ (20X ~OKp Jx+y-PK ] =0. (10)
| '.'v;_' Har My

. B10T MHOXUTENb HC OKa3bIBAST BAMSHMA HA IPOLECC HMCCIEJOBAHUS
HeHHA (5), HO MnO3BOJSET MOHATH TOT (aKkT, YTO napamerp a,

; r pregrany v
CACNACMBIN MO 3aBUCHMOCTH a = 2./@X ; , B HCHCTBHTENLHOCTH HYWKHO

o [2X

.\r}uM)ux

110 3aBHCHMOCTH JTa 3aBHCHUMOCTh M Jaer

eeNATE

z;Me'rpy a pasmepHocTs: [a] Hu
al P P : | Hw

'\r —_—

J o d
MHYECKOMY Ipa(u4ecKOMY TTOCTPOSHHIO rUunepOoisl.
Ypasuenue Mysp = q)[f{” -Xg 25/(1 + ;)] MOIHO [PeACTaBUTE B BUJE:
0.5%a® = Mysp *i=0.5%a® = 20X ; = 4nm ,e(ag-b)@*n~".
- 3Hauenue NapaMeTPOB 3MEMEHTOB rurepbomsl MOIYT GBITH CaMBIMU
000pa3HBIMH B 3aBUCHMOCTH OT napamerpos UMM, u npu obiem ananuse
UMCIIEHHbIE 3Ha9eHHs, HeoOXouMBle JUIS NMPOEKTHPOBaHKA, TeM Oolee He
B YCIIOBHSA 3KCIULyaTaliny, OAHO3HAYHO He ONPeAeIUTE. '
Heobxoaumo oTMeTHTE TOT (GAKT, YTO BCe BLIPAKEHHS, C ITOMOLIBIO
PLIX ONPEAENTAIOTCA [apaMerpsl 3NEMEHTOB rHnepOONEl, COASPKAT
OsinHbIe napameTpbl UVIM. HckiroyeHne COCTABASET YaCTOTA BPALIEHHA ©
9HHKa  9HEpruH, KoTopas B  3aBHCHMOCTH OT  IapaMeTpoB
XHOJIOTHYECKOr0 MpOHecca MOXKEeT H3MEeHATHCS MOBOJIBHO B  LIMPOKUX
enax. Onnako, KakoBbl OBl HU ObIIM 3TH NHANA30HLl U3MCHCHMS YaCTOTHI

= [\fm_z ] =[u], uro coorsercrayer

UeHHA OHCTOYHMKa OJHEpru#, Bee pasio WM 6ymer uMetsh
IEPOOMUYECKYIO  3aBUCMMOCTE  M3MEHEHMS  BBLIXOJHOTO  MOMEHTa
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2nm,!,eaq2€")2/?‘£ min UMM Xobbea n @X, =2nm_eqlag-b)0° /=

MM JleBuna u o6o6uiennoro, no3monsior TONY4HTL psifl runepGon no
HOMY PACHONAraiomuXes OTHOCUTENBHO Ocel JeKapTOBBIX KOOP/IHHAT.
 06pa3oM, MOXHO BHMATh Ha KAaHOHMYECKHE Xapakrepuctiky UMM ¢
0 HAaWIyqIIero HX COMJIaCOBaHHA CO CTATMYECKMMH MEXaHMYCCKUMMU
pUCTHKaMH MO 1 ¢ mana3oHoM u3MmeHeHHs MoMenTa (cun) nonesuoro
HBJICHHS TEXHOJOTHYECKOro nporecca npueMHuka sgepruu (I113).
- IosepHyTas na 180° BOKpyr OcH mepefaToYHOro OTHOMIEHN S | (aberuce)
: 2Xg i
1+i
TaBIATE - o000 HeoBxommmyio THTEPOONHYECKYI0  3aBHCHMOCTH
CHUS BPALIAIOLIEro MoMeHTa VD, KOTOpas NPOXOAMT TaKKe Yepes Havalo

)PAHHAT, HO pacnonoxena YVHC B IIEPBOM KBajpaHTe ﬂeKaproaoﬁ CHCTCMBI
JHHAT.

Mysn .—_q.‘s[f{n - X, 2/ +,r')], T.K. aHANMTHYECKOS BBIpaXeHHE Mysn op
3TOTO) HE W3MCHHTCH.
Bbuicunm, Kakol xe KpuBo# onuckipaercs Ha PITX uameHenue Bxonuorg
momenta MMM no eripaxenuo [2]:
2X” e I‘

M5 :_Mza;f'f:“d)(Kn_T;“J’f- (1)

Brinosinus saMeny My, =y, i=X H COOTBETCTBYIOIHE [ipcodpazoBatius,
Gynem uMeTh ypasHeHue (10) B Buae: =
OQX; -Kp)-yx—®Kx—y=0. (1288

B coorserctaum ¢ dopmynoit (1) B BeIpaxerue (11) BxOumr
KOI(QPULHEHTEI, KOTOpBIe HMeroT 3HadeHus: 4 = O(2X, — Kp); B= - 0.5 $
C=0;D=-050Kp, E=-05,F=0. -
C yuerom 3uauenuii kosdduuuentos 4, B, C, D, E, F HHBapuaHTe! (2),(3 F

Ans ypasHenus (10) umeroT cnepyrolre BrIpakKeHHs:
A=-0.50X,. (13);

F=-025; (14)

Wusapuanta 4=-0.50X, = —nm,eq(aq - »e*zt. paBHa  HYIo

TOABKO B TOM Cily4ae, eciii ag-b=0. B a1om cnyyae rpadux ypasaenus (10) 1
npw 3HaveHnH § < () npespauaeTcs B napy nepecekaloluuxcs npamMsix [3]. 310 :
ABHBIM 00pa3soM yKa3BIBacT Ha TO, 4TO B AaHHOM ciydae MM me onamaer
CBOHCTBAMH  aBTOMATHYECKOTO  GeccTymeHdYaroro  TpaHCHOPMUPOBAHH.
CHIOBBIX M CKOPOCTHBIX (DAKTOpOB MCTOUHMKa 3Hepruu. [losTomy npi
npoextuposanuy UM HyxsHo BCeria BhAEPUBAThH HEPABEHCTRO ag # b.
CrenoBatensho, B mccienyembix WM, ecid BBLACPKAHO YCHOBHE o
ag # b, HHBApHaHTHl Beeraa OyIayT uMeTh 3HAYCHUS & #0, 5<0,aA=0, r.x. 58
BrIpaykeHuH (12) Bce BEARYMHBL TONOKUTENBHEIE 1 HOABIIE HYJsL. _
Oro sBHbiM 0OpasoM yKasbBaeT HaM HA 71O, YTO BBIPAKCHHS,

M., =—®{Kn —2TX'!-}’:]‘-;‘ onpesiendeT cobOM HEHTPANBHYIO KpuUBYR 2-T0
+1

nopsiAka, a uMenno runepbony [3 .
Moxne cHoBa, Kak 9To0  ciemaHo paHee  [Jis  ypaBHeHME

M,y = qD[_F( n —Xp2if(1+i)]. onpemenuTe  TmapameTpsl  3JeMeHTOB

OoJla, Onpenensemas Terepb YpaBHeHuem M —— LD[K i J-:‘, Synmet

BBIBOIG! -

L. SakoH perynmuposanus BIxofHOro Momenta 5 WM OIMCHIBAIOTCH

pOonHYeckoil 3aBHCHMOCTHIO, T.e. MMM ABNAIOTCH WACANIBHBIM IIPHBOHOM.

2. MICTOYHHK 3HEPTHH JODKEH HMeTh runepboNHYecKyIo 3aBUCUMOCTS

CHHA MOMEHTa Ha €ro CTAaTHYECKOH MeXaHHYeCKOii XapaKTepUCTHKE,
HE/ICHHBIM 00pa3soM COOTBETCTBYIOUIYIO THIepOOANYECKOH 3aBHCHMOCTH

20 5 v,

{0I'0 MOMEHTa M, = —d)[i{ 7

HecoorBercteue ykazanunx rUnepboInYecKux 3asucumMocTeii UM u
MEXLYy COGOH MONET NPHBOAMTE K HEXCTATENBHBIM HeAHHOHHLIM
I, ¥ B urore MMM ne 6ygmet o6najarh cBoicTBamMmu HeanbHOro
AHanu3 KaHOHMYECKHX Xapakrepuctuk MMM nocpeacTsom Meromos
CCKOH I'€OMETPHU Pa3BHBAET TEOPHIO UX OYHKUMOHUPOBAHHSL.

Ha npaxruke, T.e. B nmpouecce NPOEKTUPOBANKA M KOHCTPYHPOBAHHUA
, UTBM, 310 mossosser ONMpefendTh HEOOXONHMBIE CBOMCTBA W
TPhi  KAHOHUYECKOk Xapakrepuctukn MMM u cooTHomienns mexmy
tpavMu MMM, UD u 1D, HMCHONB3YA JHAS 3TOTO AABHO W3BECTHBIE B
HCCKOH reoMeTpHM 32BUCHMOCTH Me Ly I1apaMeTpaMu runepHosIsl.

HCOK qiTepaTypel. 1. JleoHoB A.U. UnepuuonHsle aBToMaTHYecKie
PopMaTopr: Bpawtaromero momenTa. — M.: MawmHocTpoenne, 1978. —
2. Kynuua A.B. Kanoruueckas xapakTepuctika MTBM npsamoro xona //
£P. V Mexynap. Hayuno-TexH. KoH®. “MainHoctpoenue u TexHochepa
“ke XXI Bexa“. — Cepacronons, 8 — 11 cearabpa 1998 r. — Jlonenx,

. 2X5-1) ;o
rumepOoNbl, OTpakaeMoOH  ypaBHeHHEM M., =~ K, - wrr L

YUHTBIBas, YTO NOAOOHOE yiKe CHeNlaHo, He OyaeM MoBTOpATECS.
KoHkpeTHbie pasnuyHBIe YHCHEHHBIE 3HAYEHUS uHBapuaHT Q. A,

NOAYHYECHHbIE MOCPEACTBOM H3MeHeHHA BemnunH DK, = 2nm ;peaq(l +g)0 /™
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1998. — C. 126 — 129. 3. Bponwreitn ML.H., Cemcunses K.A. CrpaBounux 1y
maremarike. — M3a.8—e, crepeotun. M.:@uzmarrus, 1959. — 608c.
Cmames nocmynuna é pedasywo 18.10.2007 ,

ABEPCATIBIbL, TO PEIERHe [JOCTABIEHHOMN 3a/iadi BOIMOXKHO IYTeM u3yde-
onpoca 10 HaHECCHHIO Ilf&kpﬂ’[‘lflfr‘i Ha nocajouvuHyio HOBBPXHOC’I‘L COlTpS[—
x jeraie.

. M3BeCTHO CHMXKEHHE NpOsiBJICHUST (PEeTTHHra [yTeM HCHONB30BAHUS
KUX CMa30K, a JUIs MpPEeJOTBPAIUCHUS 3TOro Ipouecca, B psie Clyyaes, -
fEHEHHEM Pa3NMYHBIX MCTAUIMYECKUX MOKPHITHH (UMHK, HHUKENb, Mejlb,
v). IIpH 5TOM pealu3yioTCs KaK HeMEeTaUIHIecKue NOKprITHs (pocdatupo-
>, CyIbQUAM3AIMA ¥ aHOAUPOBAHHE ITOBEPXHOCTEH), TaKk U JAHOPY3UOH-
TlposBnenue npouecca GpeTTHHra MOKeT OBITH YMCHBLICHO U NMOABOPOM
OpOJIHBIX MAaTEPUANOB, HAXOMAIIUXCA B KonTakTe. Tak, HanpuMep, € UeNLo
KeHHUs YKa3aHHOTO sIBNeHus Oblia pazpaboTaHa M peaju30BaHa KOHCTPYK-
COCTABHOTO BAJTKa C NPOMEKYTOYHOH rUIb30H [1].

Wznoxennslit B [2] Meton coemumenus SaHaaxeld ¢ OCAMH COCTABHBIX
THEIX BATKOB ¢ Benuuunol Hatsara 0,5/1000 Dygean (Duocan - AMAMETP 1TO-
DUHOH IMOBEPXHOCTH OCH Bajika) IyTeM HANeCeHUS Ha CONpPATAcMYH [10-
(HOCTH CBA3YIOLIETO BEINECTBA, COASPKALIEro YaCTHUEL, ABASETCS OJIHUM K3
Hanparieuuit B pellleHUu 3a/1a49¥ [TOBLIIIEHUs HANEKHOCTH PACCMATPH-
piX Aeraneil. ApTopamu [2] yxasnipaercs Ha cosgaHue 3G derTa «pacKiu-
qps», MO3BOJSIOLIETO 00eCHeYHTh COOTHOLUIEHHE YICHBHLIX CpPe3arouiinx
MHH K HOPMaNbHbLIM Y/ICIbHEIM AaBACHHSM OJIM3Koe K enuuHLe. DTO M03B0-
TIpeJUTh OCTAaTOMHLIH NPOrud OCH BasiKa M MPOCKANL3LIBAHYUS DaHIa%a no
Balka B OCEBOM M TaHIEHLMAIBHOM HalpaBleHuax.

OBBIIICHNAE TNPOYHOCTH COEAHHEHMS C HATAroM OOOCHOBHIBaeTCH [2]

OBECIIEYEHME HAAEKHOCTH U JOJTOBEYHOCTH
KPYITHBIX JETAJIEMN, COEAUHEHHBIX HATSICOM

Jedenn B.T. (40 « HKM3», 2. Kpamamopck, Yxpauna)

Research and realization of the use of the coating technology by manufactured.
corundum of the landing surface of large — sized composite roll arbors are pre..
sented in the article
Bonpoc MoBhINEHHS HaJie)KHOCTH COCTABHBIX JeTanei, B HacTHOCTH, .
KpynHOrabapuTHBEIX NPOKAaTHBIX BAJKOB ABASETCS AKTYalbHOM 3amauei, Tpe
Gyroliell MOCTOSHHBIX H3BICKAHKIE (HAPAAY ¢ MOHOBNOYHBIMU) B COBEPIICHCT |
BOB2HHMH KaK TEXHOMOIMYECKHX, TAK ¥ KOHCTPYKTOPCKUX peLIeHUH. i
M3BeCTHO, YTO COCTaBHbIE MPOKATHBIE BAIKH, TpeCTaBisoLme coboil
COCOMHEHHE «BTYNKA — OCh BajlKa» MO ropAdell 0CajKe ¢ HATAIOM, HMEIOT Clie-
AyHHiie npeuMyLiecTsa:
= TIO2IEMEHTHOS H3rOTOBIICHHE JeTalleH BTYIKH U OCH;
- TIPHMEHESHME PA3UYHBIX COUeTAHUH MapoK cTanei;
- CHEXCHHE MacChl HCXOAHOMH 3aroToBKY (CINTKE) KAXA0R jJeTanu;
- PealK3ailng PasIutHLIX POLECCOE TepMHYecKod o6paboTky ocu Bankad
anpmana; - !
- PeMOHT (BOCCTAHOB/ICHUE) 3MEMEHTOR neraﬂei’i COCTABHBIX M3JieNUH. }
Bocopunnmaemeie COCTABHBIMK BAJIKAMU B NPONECCE [POKATKH YCHIIHS
BICKYT HapYLISHHC IPOYHOCTH NPECCOBOTO COCQMHCHHS H, KaK Cle/CTBHE, HE
PETIaMEHTHPYEMBIH HX BBIBOA M3 TEXHOJOIHYECKOIO MPOLECcca W3-3a 0CTE’ roq-t '
HOTo nporuba usfenus, cMeuleHus (Win paspyilleHus) Bryaok (Gangaxeit). a'
TaKXe YCTaNOCTHOTO pa3pyiieHus oceit BAKOB. ;
OTO NOATBEPXKAACTCA NPH aHATU3e NOBPEKISHWH U BEHIBOLOB H3 IKC
IiyaTalMK COCTABHBIX MPOKATHBIX BANKOB, KOTOPbIH MOKA3BIBACT, YTO OBECHe:
uenue TpeGyemolt paboTocmocoBHOCTH NIPECCOBOTO COeNMHEHUs OCH Basika i
Bannaxa MyTem NMOBRUUCHHA HaASKHOCTH ABASETCS aKTyajbHOH 3aajiei.
[TosTomy co3fasne yHHKaNBHBIX COCTABHBIX HeTaneil maccoii 70-120
TOHH H DoJiee, BOCTIPUHUMAIOUINX 3HAYUTEbHBIE HArPY3KH, TpebyeT KoMrieKed
MEPONPHATUH HAMPABNEHHBIX HA MOBAIICHUE POYHOCTH IIPECCOBOTO COEAHHE
HHA «OCE — BTYJIKa». OaHako, HOCKONBKY, B psiae ciydaes, TPaIMUHOHHbBIE KOH
CTPYKTOPCKME M TCXHOJIOTMYECKHE PEIICHHA, He OGECHeYdBAIOT HOKHON
NPOYHOCTH MPECCOBOTO COCAMHEHHUS M TPH PasIUYHbIX YCTOBUAX HarpykeH#s

S0

€T CHH3HTH BEIHYUHY HATAra B COSAMHCHUH H, CICOBATENBHO, KOHLIEH-
[MFO HANPSDKEHHH [IPH TI0CaIKe. .

TlosToMy Ans yBENUUYEHHS MPOYHOCTIA COCTABHBIX BANKOB OB/ PACCMOT-
Bl, HCCIIEIOBAHBI ¥ PCATU30BAHb! TEXHONOTHYECKUE METONB, OCHOBaHHBIE Ha
PLITHY [10CaJ0YHON MMOBEPXHOCTH MaTepHaiaMU, YBEIUYUBAIOLIAMH CLen-
e OaHnaka ¥ OcH BaiKa. BenuvnHa ko3 uUNCHTA TPEHHUs TaKOTO MOKPhI-
cocrasnser 0,30 ... 0,32, TOraa Kak y aHaNOTHYHBIX JeTaisX 6€3 MOKPBITHS
_ a3on ot 0,10 10 0,15,
ITpoBesennble Ha leTansgx Mojenell BaJKOB WCCIECJ0BaHHA, CBA3AHHBIE C
HHeM TIOKpBITHH Ha MocanouHnie nosepxHocTH Bo BHMMMETMAILIe
ectHo ¢ AQ «HKM3» [3], roxasanu, 4to yMeHbLIEHHE 0BJaCTH NPOCKaIb-
5 103BONAET YBEAHINTH JKECTKOCTD, GPETTHHT YCTANOCTRYIO NIPOYHOCTE
CHU3HTS BEIMYMHB! PPETTHHI-U3HOCA M OCTATOYHOIO IPOrKOa COCTaBHbIX
THBIX BAJTKOB.
B kagectse Mozesnelt COCTABHLIX MPOKATHIX BAIKOB GBI UCHIONB30BALb]
Usl CO ChneAyIoIMMHK OCHOBHBIMH pasmepamu 110 x W80 mm (puc. 1).
' COOTHONIEHHE I'eOMETPUYECKHX MapaMeTpoB K PaccMaTpHBaEMBIM KOHCT-

o1



PYKUMAM COCTABHBIX Banxos cocrasasno 1:10 ... 1:20, 4To mo3soiuno TIPOBG.

. b "-. OfaacTs conmecTiol Achopmatmn GaHAIKA € 0CHIO BRAKA //5
AWTH JIOCTAaTOuYHO KOPPEKTHLIC ﬂaﬁopaT(}thIe HCCIeR0BaHHuA,

: — — e
Tt Il.._\;_\h\‘ \__\ N X \\\\\ iy F.\ N r_,_.:,_____}__,_

R 7]

OBA2CTE [POCKANLILIRANKA

Puc. 1. Mojenk cocrasnoro Banka

Hccnenosanus nokasareneit CTONKOCTH K WCTHPAHHIO TIOKPBITHS Obi
TIPOBE/ICHE! B JJAOOPATOPHBIX YCIOBHAX HA MOAGNAX COCTABHBIX LMIHHADMYe-
CKHX ICTIAX, HCHBITEIBASMBIX B KJIETH NPOKATHOTO CTaHa OTAENa MPOYHOCTH
BHUMMETMALILI [4]. sy usy4eHss COTpsAraeMble IIOBEPXHOCTH ,E[L'MOHTHpO—L
BaHHEIX BTYNOK U OCEH MOJEIICH COCTABHOIO MPOKATHOTO BanKa €3 MOKPHITYS
nocae 3 x 10° nuknos Harpyxenus [5]. 1o HasHaYeHMIO ¥ COCTOAHHMIO ITHX [I0-
BCPXHOCTEH YCNOBHO OHH OBUIM Pa3srpaHUUeHs! Ha ABe OBIACTH: nepBas — 065[
TaCTs cOBMECTHOH NedopMallky OCH Bamka ¥ GaHAAK2, XAPAKTCPU3YIOMIANCE
OTCYTCTBUCM NpPOCKANB3BIBAHUA; BTOPAs (O 00e CTOPOHBI OT Hee) — oBmacts:
TIPOCKAsIB3bIBAHAS, UMEIOIAs 2aJIHPEl, HEPOBHOCTH U KOPPOIMOHHBIE «A3BHLY
CBOHCTBeHHBIC IPOLIECCY PPETTHHT-KOPPO3HH.

Tipu 3TOM B 0ONACTH NpOCKANB3LIBAHUS MOCaIOYHBIX TIOBEpXHOCTEll
GaHnaka 1, COOTBETCTBEHHO, OCH BaJIKa OTMEYAtOTCS TPH XapakTepHBIX y4acT-
Ka: OT Kpas [10CafovHOH NOBEPXHOCTH (¢, ¢') GpeTTHHr-KOPPO3UA NPOABIAETC
B BUJIC M3MEHEHHs 1BeTa MeTallna MOBePXHOCTH OCH, KOTOPBI HMEeT KOpHt-
HEBBIH OTTEHOK, Ha CieAyIOLIEM yyacTke (d, d') oTMedaroTesa 3aTHPBI H KOPPO
SHOHHBIS «A3BBI», BOZHUKAIOUIME B PE3YNLTATE «CXBATHIBAHHA» METANTa KOH:
TaKTHPYIOWIX MOBEPXHOCTEH; Gilvke K cpeareil yacTu Banka (¢, e') HabmMOA
€TCs HadaybHas CTafus QPETTHHT — KOPpO3uH. BbIUCONUCAHHOE COCTOAHNS
YKA3aHHBIX NOBEPXHOCTEH B [S] NOATBEpkjaeTcss U pe3ynbTaTaMu Hccne;{eBﬁ-f
Hui 301 ¢, d, e Ha Gannaxax (puc. 2, a) ¥, COOTBETCTBEHHO, ¢', d', &' Ha 0.
BaJIKOB (pHC. 2, 6) KpynHOraGapHTHLIX u3nenuii B yenosusx AO «HKM3». HEL
PANIE PasIMYHbIX THTIOPA3MEPOB COCTABHBIX BATKOB OBLIO YCTAHOBICHO anasoy
THIHOE COCTOAHME MOCAA0YHBIX IOBEPXHOCTEH JEMOHTHPOBAHHBIX GaHaaxeil f"if
oceft Banko, koTopeie oTpaGoTanu pecype Ha yposae (4,4 ...5,6) x 10° muxn108]
Harpy»XeHUA.

Tepen Ganamxa

c' d e Obnacts corMecTHOA asdopuannm oon
sanxa ¢ Ganpmsor

6
~ Puc. 2. Cocrosuue nocagounsix nosepxuocten 6anaaxa (a) u ocu (6) co-
HOro sanka maccoii 90 T, otpa6otasmero pecype (N > 4,4 x 10° umioioB

Brmonxenusie sxcnepuMenTanibueie HCCAENOBaHUS Mokazanu (puc. 3),
' HPoru® y Moaenu COCTaBHOTO BaIKa C MOKPBITHEM OCH NTPH MaKCHMaJIbHOH
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Harpyske 1o 300 xH (3KkBHBaSICHTHOM Npefenthoit Harpyske aist paboueil Kox.
CTPYKUUHU KpyNHOradapuTHOIO BajlKa) MeHblie mpornba aHanoTHYHO| MoJiey
Ge3 nokpeiTha. [loaTBepIKAAETCS, UTO OCTATOYHBIIN nporu6 f... A8 Monenu .
NOKPBITHEM 110CaA04HOM MOBEPXHOCTH OCH Banka zo 18 ... 44 % » MEHBILIE, Yey
Y QHAJIOTUYHOM ~ Ge3 MOKPLITHS (puc. 4). BenencTere yBeanueHs Ko3dduny.
CHTa TPCHUA Ha NOCaXOTHBIX NOBEPXHOCTAX «OCh — GAHAANKY» MOBBILIACTCH e
CTKOCTb 3THX COCTAaBHBIX ACTANEH, YTO CHOCOGCTBYET YMEHBUICHHIO UX OCTA.
TOYHOro nporuba u CHIKEHHUIO YPOBHSA HaNpsxeHuil Ha Topuax GaHpgaxa.

Kiccnepopanmne HKECTKOCTH M OCTATOYHOTO Mporuba B MOmENsX BAITKOg
MPK UX IUKAMHECKOM HAIPYXCHHH OKa3aM0 3GdEKTHEHOCTS NpUMeHELUs Tio-
KPBLITUH NOCaA04HO0H MOBEPXHOCTH MaTepHanaMM ¢ BRICOKHUM Koad)(imu}{em'o.-.{
Tperua. Ocrarounsiii IPOTHO Takux Moaeneil okasancs A0 ABYX pa3 MeHbuIe, z
HKECTKOCTE fo 18 % Boiuie, YeM y metaneii, 6¢3 nanecenus NOKPBITHA Ha yhc
3aHHBIE TIOBEPXHOCTH.

¥, MKM
B0 s

P, kH
Puc. 3. IIporu6(y) Moaenel COCTaBHEIX BANKOB OTHOCHTENIBHO OIop

- TpanurnmonHad NOCANIOIHAS NOBEPXHOCTS Ges HAHCCCHHA LOKPBITHA;
2- 1IpH HAHCCCHUH 3MEKIPOKOPYHIA Ha TOCANOTHYIO [IOBEPXHOCTE OCH BaiKa

Uccneposanue [4] koapduuuerra Tpenus PasNHYHBIX NOKPBLITUET 110Ka32-
N0, 9TO HauGonsiee 3HAYCHHS | NPH KOHTAKTHBIX aapienmsx P — 30 ... 40
MJla gocturaercs MOKpHITHEM JETAMH HHHKOM (L=190,36 ... 0,39), snekrpoko-
PYHAOM ¢ pasmepoM 3epHa Nopowka Ay = 100 ... 125 mrMm g Ao = 50 Mrm (1 =
0,36 1 p = 0,42), a TaxKe BAABIHBaHUEM JJICKTPOKOPYHAa Ag = 50 MK (p=
0,30 ... 0,32). Ipu ToM YCTAHOBNEHO, YTO MpH CTaTUIECKOM HarpyXEHHH MO-
AENH COCTaBHOIQ BWJIKA ITPOHCXOAHT ﬁ€06p3THMoe CMEIIeHHe Kpas BTYIKH OT-
HOCHTEIBLHO OCH BaJsKa, 4TO MNPHBOIMT K [IPOSBACHUIO OCTATOYHOTO nporuba u
94
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 YBENHUICHHIO NOMHOTO Nporuba MOAIENH MO CPAaBHEHHUIO C AHANOMHYHBIMH MOHO-
GIOYHBIMY BanKamu 10 60 %.
?‘ . focr., MKm

¢ 60 -

B

200

Puc. 4. Ocrarounsiit nporu6 (foem) MoOmeneii coOCTaBHBIX BAJIKOB
1 - TpamMIMOHHAEA MOCANOYHAS TOBEPXHOCTE €3 HallCCeHUs IOKPLITHH;
2  -IpH HaHECEeHHH 3TEKTPOKUPYH/A HA NOCATOYHON OBEPXHOCTH OCH BAIKA

Vcnbitanus mopenedl Bankos ¢ pasiuyHBIMH NOKphITHSMM [4] mocne
N =3x10° nuxnos Harpy)XeHus MoKasajiy, 4T0 HOKPHITHE TOCAA0YHON TTOBEpX-
'HOCTH OCH LMHKOM yMEHbIUaeT X Mporu6 xo 16 %, OCTaTouHbIi NPOrkd 1o
:‘ﬁ-Byx Pas, a BAaBNTMBAHHE 3JICKTPOKOPYHAA B TENO OCHM MOJENM BajlKa ¢ YMEHb-
‘HleHHBIM HaTsroM (8 = 0,00075 Diocan) 0OecnieunBano cemxenue nporuba na 6
;3,%, OCTaTo4HOro nporuba va 40 % 1o cpaBHEHUIO ¢ MOAENAMYU 0C3 NOKPHITAS H
“EMeromumy Hatar 8 = 0,001 Do,

# INepsonayanbHo, C LENbIO MOBBILEHHA PAGOTOCHOCOGHOCTH OMOPHBIX
BAJIKOB MpOKATHBIX cTanax 650, 1000, 1340 3aBona «Cepn ¥ MOJOT» Ha npea-
Tpusitiy  «DnekTpoctansTskmany BHUMMETMAILlem 651 onpo6oBatbi
'KOHCTpyKTOpCKHE M TeXHOJNOrHYecKHe peuleHis u3noxeHHsie B [3]. Paccmar-
.@ﬁmaCB KOHCTPYKIMS BajIKa C NPOMEKYTO4YHOM IMPOCIOAKOH Mexay OaHAa-
KOM U OCBIO BATKA, COCTOSIIEH U3 BAABICHHOTO B OCh BAIKA TBEPAOTO OPOLL-

anextpokopynaa (Al O;).

3 BrimonHeHHbe BRINIEYKa3aHHBIC UCCIIEOBAHHA Ha MOJENAX BalKoB M
EPHHTHO-npommuneHHme paboTh! Ha Bajiikax JUIA cTaHOB 3aBoja «Cepn U MO-
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not» nossonus BHUMMETMALLLy 1 AO «HKM3» nopoiits K npoueccy pea-
TA3ALMHK TTIOKPLITHS OCeHl BAlKOB Ha OIBITHO-IIPOMBILIIEHHOH MMAPTHH COCTOS-
1e#l U3 TPeX KpynHOradapUTHBIX COCTABHBIX BatkaxX Maccor jo 90 TouH. [Tpu
STOM MNpejeNibHbIe BeNMYMHBl HATAra Ha MOCagO4YHON [TOBEPXHOCTH OCHM Bajka
COOTBCTCTBOBA/IM peKOMeHAauHIM [6].

OcHoBHbIE Tanbl MaplIpyTHOH TEXHOJOTHHA GBLTH CBEAECHB! K CIEAYIo-
wemy. Ilepen Hanecennem M3HOCOCTOMKOTO MOKPBITHS OCH COCTABHOrO Balka
YCTaHaBNHMBANaCh B LIEHTPBEI TOKapuoro craHxa. [Tocne ycTaHoBKHM OCHM Baika
HAHOCHJICH TOHKHI ClOH BEPETCHHOrC Macia ¢ I[MOCHSIYIOUIMM HalOblIeHHEM
3NEKTPOKOPYHAa (pasMeps! 3epra 0,05 ... 0,1 mm). IIpy 9TOM K HAOBUICHHO
NOBEPXHOCTH Bpamatomeﬁcx OCH BaliKa HNOABOAMICA POJHK HaxKaTHMKa, yCTa-
HOBICHHBIA Ha CynnopTe cTaHKa. Ilpouece BKAaThIBAHMS SJIEKTPOKOPYHIA OCy-
HIECTBIANCH mpu l'IpO)J,OJIBHOﬁ noga4e CymnuopTa IIyTEM BAaBIHBAHMA NOPOLIK:A
B OCh Banka poiukoM (npu auamerpe 6onee 100 MM), HMeOIerocs ATUHY Ho-
POXKH KOHTaKkTa He MeHee 5 MM. YCHIIHe MPHKaTHSA POJIMKA YCTaHaBIHBAIOCH
Ha yposHe 10 ... 20 xH. [To OKOHYaHHMIO NpPOLECCca BIABIMBAHMS TIOBEPXHOCTS
OCH mojniexana oGe3KMpHBaHHIO. JWanazoH NpPOM3BOJMTENBHOCTH CO3IAHMsA
H3HOCOCTOMKOTO MOKPBITHS HAXOMUNCA Ha ypoBHe 2,3 ... 2,8 M*/4ac.

BrimonseHABIH KoMiuleke paboT, CBS3aHHbi ¢ MOYTANHOR OTpadoTKO
TEXHOJIOTMH HAHECEHMA [IOKPHITHH, IPOBSJCHHON IePBOHAYAIEHO HAa MOJENsX
COCTaBHbIX BAIKOB, H4 BTOPOM 3TAlle — HAa COCTABHLIX IPOKATHREIX BaJIKAX MAc-
colt o 18T B ycnoBHAX «DAEKTPOCTANBTAKMAID H HA 3aKIIOUUTE/ILHOM JTaine
B yenosuax AOQ «HKM3» - na Bankax maccoit g0 90 T., mo3sonun otpaboTaTs
OCHOBHBIE PEIIEHUS YKA3aHHOT'O TEXHONOTHYECKOro MPorecca. ITO HO3BONsET ¢
YIETOM pe3yNbTaTOB, MOJYYeHHEIX Ha NPOKATHRIX BalKax Maccoi xo 25t [2],
PaciuMpHiTh 0OBeEMEL OPOH3BOACTEA YKa3aHHbLIX M3JICNUA C© KCOO/Jb30BaHHEM
BHILICH3NOKEHHON TEXHOJIOIHH.

Cnucox mureparyper: 1. Ilatent 2048937 (P®) CoctasHoii npokaTHsiii
sanok /M.A. bobyx, B.T. JleGenp, B.M. Tlonomapes u ap. — Omy6i. B 6rom. Ne
33 07 27.11.95r. 2. Iatent 3718956 (CHIA). Built-up sleeve roll for rolling and
method of making the same/Yasuhiro Sekimoto, Itsuo Korenaga both of Kita-
kyushu — Ony6a. 06.03.1973. 3. A.c. 1189213 (CCCP) Cocrasuoit NIPOKATHBb!
BaJIOK M CHOCOO H3rOTOBJIEHHA COCTABHOIO NPOKATHOTO Bajika / B.T. (I)Hpcoﬁ
B.A. Moposos, A.C. I'aspuuiko, B.M. laapun i ap. ~ 6Gion. Ne 40, 1985.
JICTL. 4. @upcos B.T. TeopeTndeckne 0CHOBBI pacyeTa u obecneueme paboto-
CII0COGHOCTH prnr—mx ACTANEH, COSIMHCHHBIX HATATOM. ABTOped. auc. ..cTer!.
A-pa TexH. HayK. - M., 1990. — 32 ¢. 5. Hccnegosanue u BHEJpeHue crocoba.
o6ecnetualomem noammeﬂue CTOHKOCTH COCTAaBHBIX NpOKATHBIX BANKOB
/B.T. ®upcos, C.A. banyes, T.H. ITobexumora, .M. I'peuyiikun - Taxernoe
mainusoctpoerue 1991, Ne 5, ¢.24-25 6. Tlatent 2020007 (P®) Cocrasmoil
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OLEHKA PHCKA OT IKCILIYATAIIMH ADC
B YCJIOBHAX OTPAHMYEHHOU UHOOPMAILIUU

HMeuepuna A.B. ('HTI] APK 2. Kues, Yxpauna)

The approach for implementation of NPP safety assessment in case if the rele-
vant primary date is not enough is presented in the article along with the re-
quirements to methodologies being applied within the mentioned approach.
' Ouenka pucka ot HapymeHHit B paGote ASC Yxpauusi (Hanpumep, [1]),
B TOM 4HCI€, BCPOATHOCTHLIH aHanx3 OesonacHocT (BAB) BechMa 3arpyame-
CHBI: C OZIHOH CTOPOHBI, CHCTEMBI, KoMmiexkTyiomue 0noku ADC ABIIOTCA Bbl-
COKOHAJICKHBIM 000pY10BaHHEM, @ ¢ APYroi,— ONBIT HKCIUTYaTalUU B CPaBHE-
HHE C Ha3HaYeHHLIMH MOKa3aTe/IsIMU HANEeXHOCTY (0coBeHHO, B YacTH AONro-
'BEYHOCTH) HE BeNMK. DTO OGYCNOBNMBAET CKYAHOCTh MH(OPMALMH, HHTEpe-
‘cyromeﬁ HCCeloBaTENs HAASXKHOCTH (M HANPAMYIO CBA3aHHOM ¢ Hew Gezomac-
HOCTH) T.K. TIOTOK OTKA30B NpejCTaBlIeH peKUMH COBBITHAMH. YKazanHoe 06-
CTOSTENLCTBO YCyrybiisieTcst TeM, 4To BeIGOpkH (HabmrogaeMble COBBITHS) SB-
HHOTCH M0 CYTH HEeH3YPHPOBAHHBIMH, TTOCKOJIBKY HaﬁHIO,HeHHH 3a MHTEPECYIO-
!II,'H'MI{ COOBITUAMH TIPOBOAATCA HE OT Ha4dajla 3KCONyaTaliu KCCHeIVEMBIX o065~
extoB [2, 3]. B cydae oTKasa sneMeHTa B NPOMEKYTKE SKCIUTyaTallHi MEKIY
peMOHTami OTPE30K BPEMEHH I10Ciie BOCCTAHOBICHHS 10 OMEPEAHOT0 PEMOHTA
SBIIACTCS! CTy4aifHON BeJMYMHON U ONHIM H3 NOKasaTenei IIEH3Y PHPOBAHUSL.
i OnHK¥M H3 OCHOBHBIX JOXYMEHTOB, I/I€ OCBELIEHE! PA3TMYHBIE ACNEeKThl,
CBA3aHHBIC CO cOOpOM M 00paloTKOH AaHHBIX IO HANEKHOCTH O0OPYHOBAHUA U
HaCTOTaM MCXOMHBIX COBLITUI asapuit (MCA) nmna neneii BAB, ssngercs pyko-
Boacteo MAI'ATD [4]. Oror JOKYMEHT IIpebsBIsET OnpeneneHHsle Tpeboba-
HUA, Cpe/lM IPOYHX, K TIPOLEIype oBpaGoTKy U TIPHOPUTETHOCTH HCIIONB30BA-
HHS HCXOHOH HHPOPMALIHH.
: B T0 xe Bpems oTcyTcTBHE MONHON UH(GOPMALMM O KOHKPETHOMY HC-
Cieayenomy 6noky ADC 3a4acTYIO NPHBOAUT MO0 K HEKOPPEKTHOMY HCHONb-
30BaHHIO JOMONHUTENBHEIX JaHHBIX THO0 [IPHHYMAIOTCH JaHHbIe, HE COOTRET-
CIByIonMe perymupyomyuM TpeGOBaHUAM M UMEIOLEHCS MEx/IyHapOaHOMH
TpakTuke.
3 ’_ OIHHUM U3 H3BECTHBIX H IIMPOKO NPHMEHSAEMBIX METO/OB IOIy4eHHs Be-
RH‘mH HEOOXOMMMBIX A1 TPOBEICHHs PHCK-OPHEHTHPOBaHHBIX [1,4,5] aHanu-
30B 6e30nacn0cm ADC, aenserca merof baiieca [6]. Onrako, ero xoppekTHOe
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npuMeHenue ¢ yu€Tom cneundrky AaHEbIX 06 skcrnyatauus ADC, umeroulesi-
Ci ua CerodHAHNR OeHb B YKpanHe, TpeOyeT NpoBeAeHNA AONOAMMTCIbIIbIX
HCCneA0BaHuil.

Henocpeacteenuble OIEHKY PHCKA BBITNIONHAIOTCS 10 HHPOPMALMHU O Be- |

POATHOCTAX HE3aBHCUMBIX OTKAz0B JMIEMEHTOB cHCTeM (BeposTHOCTEH Gasme.
HbIX MCXOAHBIX coObITHIT). DTH 3HaucHHsS BepoaTHocTell (BADB, ananus Hapy-
meHUH ¢ NpUMeHeHHeM MeTOIUKHU coObITHi-rpealecTBeHHIKOB [1]) onpeje-
JAOTCS ¢ moMoLLbIo u3secTHoro nakera IRRAS (Integrated Risk and Reliability
Assessment System) [7,8]. OnHako Tonbko HanUyHe MOTHOM H ZOCTOREPHOH
MCXOJHO MH(POPMAIUH JeNlaeT BO3MOKHLIM HCLIOCPCACTBEHHOE UCIIONb30BaHkte
ykazaHHoro npoaykra. [Ipu 5Tom pacyeT BeposTHOCTEH OTKa3a HEBOCCTAHABNH-

BAaEMbIX BIEMEHTORB BBIMOJHACTCH I[IpH HPEANONOXKCHHMH 3KCIOHCHUIHATBHOIO |

3aKOHa paclpejienenya HapaboTok Ao wHccmenyemslx OGasuchHbeIX COOBITHEL.
Ipenmonoxexue, ucnonbiyemoe Npu pacuérax Ha IRRAS, OTHOCHTENBHO I1y-
ACCOHOBCKOIO MIOTOKA OTKA30B, KOTOPOE MO3BOMSET HCII0NH30BATH IKCIIOHEHIIH-
2JbHBIH 3aKOH paclpelelleHHs BpemeHd HapaOoTKH Ha oTkKa3 (WIf HeBOCCT:-

HaBJIMBAEMBIX M37eHHH — 10 OoTKasza [9]), MOXHO CYHTATh JAKILUb TEPBEIM ITPH- |

OMIDKEeHHEeM.

Ilpu pa3paboTke METOAOJIOTHYECKHX OCHOB HWHIKEHEPHEBIX METOMUK JIf |

A3C momxHBI GBITE YYTCHBI CEIYIOUME TPEOOBaHMs, C OAHOMH CTOPOHBI, Iipe-
IXycMaTpuBatoine cneunduxy cbopa u 06paboTkn HHGOPMaUHMK B YKpanHe, ¢

ILp_V]‘Dﬁ, - n30apneHHbie OT pasa noIry IEHHH K npe)monomeﬂﬁﬁ, HMEHOILIHX Me- ‘

c1o B makete IRRAS:

— HOJKHA BBINOMHATHCH HASHTHQHKAIKS 3aKOHA pacupeeneHns BpeMeHH! Ha-
paloTKK HA OTKAa3 T.e. BOZHMKHOBeHHe GasucHOro coOwITHA (BanpuMmep, ¢ no-
MOILBIO BBLABMIKECHUSI M MPOBEPKM T'HIOTE3) ¢ OAHUM M3 PEKOMEHIIOBaHHLIX

[10]. 3to HeoGxoamuMo i M30EKAMHMS NOrPEIHOCTH O0A3ATENLHOTO MOCTY k- |

POBAaHHA IKCTIOHEHIHAILHOI0 3aK0HA;

- obpabarrisaemas uHGOpPMANNS AOMKHA BEIIOIHATECS C YYETOM LEH3YpUpo-
sarHocTH [ 1] Be1GOpOK;

~ HCIOJNb30BaHHe 0000UIEHH0H HHOOPMAUNH JO/DKHO BBIIONHATECS C YYETOM
CTencHH Aoeepus K Helf. QuepeNHOCTL UCIONB30BAHUA JaHHLIX NO Mepe "yna-
aenus" 00BeKTa-aHaNora nocief0OBaTeNbHO YMEHBIIACT 3ajaBaeMble JOBEpH-

TelbHble BEPOATHOCTH. EcTecTBEHHO, 3T0 AOMKHO OBITH YYTEHO B Ipepsiarac:

MOM MOAXOZE.
[IpomeneHue ananusa UCXOMHBIX JAHHBIX TpebyeT BHINONHeHus psid
npoueayp, npeaycMoTpesrsix [ 10] . D10 nocTpoeHke SMIMPHYECKUX PyHKLIHE

pacripeie/IeH s, TONMBITKA WACHTH(OUKALNH TTONYHeHHOH QYHKUMH C OJHOMA ©3 |
STH U3BECTHBIX, OTIPEIENeH e TapaMeTpoB HACHTUPULMPOBAHHOrO pacnpeie: |

nenus. B ciayuae He NOATBEPKAEHUS FHIIOTE35! O COOTBETCTBHH IMIIUPUYECKOH
QyHKIMHK pacTIpefie/ieHHs ¢ OJHON W3 3a/laHHbIX HEOOXOAMMO NMpUMeHeHue all-
98

paTa HCapaMeTPHYECKHX METOLOB UCCEIOBAHMIL.

~ Taxue TpeGOBaHUS BRI3RIBAIOT HEOOXOAHMOCTE CYLICCTBEHHO BO/bILEro
BEMa MHAOPMALKH, HEM TOT, YTO MMEETCS B HACTOANIEE BpeMs. IT0 00bsc-
eT MHTepeC K npumeHenuio Oaklecosckoro noaxona [6,12,13,14]. Ha puc.i
peficTaBiieHa oblas cxemMa UCMONb30BAHNA J2HHBIX O HAMEXKHOCTH W YacTo-
M VICA 1ip BRITIONHEHUM OLEHKM PHCKA OT 3KcIUyaTauuu ADC.

| Arami H oT00D HEXQEHLX j

Thapamverpiriecse MeTos!

Tloncxk vammnniyve BEOPAHHOH NHRIHT DoTeph

i

Tpotzeypa onenKu prcka

Puc.1

chmmme AauHbie NPC/CTABIAOTCA B BH/C BEPOATHOCTEH HazucHEIX
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Jlnst oUelKH HEOMPeaeIEHHOCTH HCTTONB3YIOTCS NapaMeTPHYECKHE H He-
napamerpuyeckue metonnl. K napamempuveckum otnocutcs Meron Moute-
Kapno [16].0tMetum, 4TO [/ UCTIONK30BAHMS 3TOFO METOA2 HEOBXOuMa He
TONBKO HACHTH(QMKAUKA HCCACHYeMOH QYHKUMHM paclpeleneHns ¢ OfHOH u3
u3BECTRBIX [10], He TONBKO ONpeneneHne NapaMeTPOB NPENNAraEMOTO B Kaye-
CTBE MMOOTE3bI PACNpEUCeHUs, HO U ONpeeieHHe NOBEPHTENLHOM BEpOSTHO-
CTH UACHTHQUKALNK. DTo HeoBXONUMC AN OLSHKH JOCTOBEPHOCTH TOyH4eH-
HBIX Pe3yNbTaTOB.

B IRRAS ana amanusa HeonpeieneHHOCTH MCIONB3YETCs MeTOA “fa-
THHCKOTO THiepkyba". Meroa "naruHckoro rumepky6a" mnozsonser LIHPOXO
NPpUMEHATEL Henapamempuseckue mMemodsl A% ONUCAHUs pacnpese/eH s Bepo-
ATHOCTEH OTKa3a B BHAE, PH KOTOPOM TUIOTHOCTH pacnpeeeHni 3aaloTes B
BHJIE FHCTOTPAMM. -

Baltecosckue merozp oGbe/IHHEHUs aNPHOPHOX uHDOPMaLUK H IKChe-
PHMCHT&IIBHBIX AaHHBIX IIPH OLEHKE HAaJeXKHOCTH HEBOCCTAHABIHBAEMBIX ¥
BOCCTaHaBIMBACMbIX OOBEKTOB CBA3aHbI C PEIICHUEM MpPex OCHOSHBIX GONPOCOS
[17]:

1) BeiGOpa cemeiicTBa BEPOSTHOCTHEIX MED;
2) BpIGOpa aNPHOPHOTO pacnpeseTeH s,
3) BbIOOpa PYHKUMK MTOTEPS.

HarHpie f1s BRIOOpa anpHOPHOrO pacnpefiefeHus U ONMpeeleHUs ero
NapaMeTPOB ABISOTCA Pe3yILTATOM TCXHONTOTHYECKOIO aHAIH3a IKCITyaTalny
SJMIEMEHTOB /11 YCTAQHOBNEHHA CTAaTHCTHYECKOTO MOA0OMsA. YKaspIBAIOTCH
OPHEHTHPOBOYHEIE 3HAYCHHUS BEPOATHOCTEH 6€30TKa3HOMH paBoThl MM rpaHuilL:,
B KOTOPBIX OHH Haxoasres [17].

Obwas cxema {(cM. puc.]) 1 Pa3SHOBHAHOCTH 3324 6aHECOBCKOIO OLEHH-
BaHuA NMOKasaTenen HaaexHocTy [12,17] cocToNT 13 Tpex 3Tanos.

1. CocraBnienne QyHKUMM NMPaBROMOAOGHS; HAS 3TOTO MCIONLIYIOTCH pe-
3yABTATHl HCTIBITAHYI, ONYYEHHEIC NO ONPE/IE/ICHHOMY IIaHy, W pacTpe/esic-
HHE OCHOBHOH CIIy4alHOH BEIHYHHEL

2. IlocTpoesye anocTepHOPHOro PACTpeeleH s I ITOTO HCIONb3YeTcs
dopmyna Baiieca [6].

3. Iomyyenue 6afeCOBCKUX OIICHOK.

bafiecoBckas npouenypa [17] uMeeT psi pazHoBHOHOCTEH:

- napamempuveckoe Oauecosckoe OyeHusanue, NPU KOTOPOM 3aAaHO napa-
METPHYECKOE CEMEHCTBO U1 PACHIPC/ICIICHUS OCHOBHOM Cly4alHOH BeIMYMHEL;
— Henapamempuyeckoe 6ailecosckoe OyeHusanue, pU KOTOPOM paclipejere-
HHE OCHOBHOW CIyyaiHOH BENTWIHMHEI CYHTACTCS HEM3BECTHBIM, B HEKOTOPBIX
CIy4asxX MOKHO CYMTATh, UTO OHO NPHHA/UIEKHT HEKOTOPOMY KITAcCy paciipe-
IeNeHuH;

— NONHAA GRPUOPHA ONpedeneHHOoCMb, KOTAa INIOTHOCTE 4MpHOpHOTO pacrpe-
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) i""e'_,l'l.eﬂlflﬂ 3aaHa NOJTHOCTBHO,

% __H(.IC??TM'-:‘H(JR anpuopHan onpede,rzeﬁuocmh, KOrda 3ajaHo JHIIF KOHEe4YHOe KO-

JIMHECTBO OTPaHUYCHHi, HAKNAJbIBAeMBIX HA (YHKUHOHANBI OT arpUOpHOH

[IOTHOCTH;

g; amnupudeckoe bavecosckoe oyenusarue, TIPU KOTOPOM anipHOPHOE pacrpe-

JiENIeHHe MTONHOCTBIO HEH3BECTHO.

- bBaitecorckue ouenku BepostnocTH 6e30TKazHOW paboThl Ains GHHOMU-

UILHOM cxeMsl u3noxens! B [6,12,14,17], a criocobst nonydenus 11apamMeTpoB

appHopHOro GeTa-pacnpeaenenus - B [17].

- DajiecoBckue oleHKM ana pacnpejgeneHus IlyaccoHa H3NONCHBI B

@3,14,17].

- B [6,12,13,17] onucansl OLeHKH B YCIOBHAX YaCTHYHON alpHOpHOli He-

OHPENENCHHOCTH.

~ Ouenka BepoATHOCTH Ge3oTKaznoll pa6oTsl ¢ ydueToM NOrPELHOCTH

__sgpema Bynet onmumanvHoll ¢ MOYKU 3PEHUR MUHUMYMA 6bI6PAHHON YHKYUU

nomeps [12,17]. B sinepHO# SHEPreTHKE, Ile OTKa3 00BEKTa CRA3AH C UeNoBeYe-

'CKMMH KePTBAMH WM TOTepeil AOpOrocTosAIero ofopyIoBaHUs, IS OLCHKH

HaJIOXHOCTH 3TOro 00bekTa Crelyer HCoNB30BaTh HAUGONeE NECCUMHUCTHYE-

Flcy'lo OLIEHKY. 3T0 COOTBETCTBYET (PYHKIHH NMOTEPhb, MMEIOIIeH CBOHCTRO - 3a-
ICHUE XYKe, HeM 3aHIKSHHE.

CkazanHoe BBIIlle B HACTOALICE BpemMs He uMeeT Kax obumel (B3auMOoCBs-
Olf IO MOKa3aTeNsIM aHANW3a HeONpeIeNeHHOCTH U NMpUMeHerus baliecos-
Or0O OLICHHBAHUA) METOAONOIHH, TAK ¥ PEATH3ALHH B BU/IC HEKCHEPHBIX Mc-
ToauK. [Toaromy Tpebyercs HeoOXOZMMOCTH B pa3spaborke MCTOAOB K Mpo-
PAMMHBIX CPE/CTB, PELIAIONIAX TY BAXHYIO 3a/[ayy.

.~ Cnucok aureparypst: 1. ITesepuna A.B. PesynbsraTs! IpHMeHEHNA Me-
"TORWKK COOBITHHA-NpeIIeCTBEHHUKOB S aHanu3a HapymeHuil B padore ABC
KpawHel. finepHas u pagganuoxHas OesonacHocts, 2001, Bein.1, 1.4, ¢. 29-35.
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'POK Ha mazexHocth / Ilox pen. A.M. lllupokosa. Mu.: Hayka u TexHmuKa,
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'%télAEA,. Vienna, 1992, - 175 p. 5. Ileuepuua A.B., Umomes B.B. Xapakrepu-
"%g':mca HCTOYHHKOB HaHHBIX MO medexram obopyaopanHus M apmatyper A3C.
2lllepHas ¥ paavalMoHHas 6e30MacHOCTb, TOM 2, BRIMYCK 1, 1999, ¢ 13-24. 6.
Martz HF., Waller R.A. Bayesian reliability analysis. Krieger Publishing Com-

ly. Malabar, Florida. 1991. - 745 p 7. Russell K.D., Kvarfordt K.J., Skinner

.L., Wood S.T., Rasmuson D.M. Systems Analysis Programs for Hands — on
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Time: Basic Analysis of Poisson Data, EGG-RAAM-11088. 14. Atwood, Cor-

vin L., 1994, Hits per Trial: Basic Analysis of Binomial Data, EGG-RAAM.-
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HPAKTHYECKOE HCITOJI530BAHUE BAMECOBCKHX MOJEJIEH
AJI OLIEHOK PHCKA OT DKCILIYATALIAY ASC YKPARHEI

Ieuyepuua A.B., Baxenun O.H. (I'HTI] APF 2. Kues, Vxpousa)

Studies on accuracy and validity of risk assessments Jrom Ukrainian NPPs op-
eration require confirmation of proper application of generic data Jor Bayesian
models. Article consists of description of some Bayesian models, which could be
applied for estimation of failure-free operation for binomial testing scheme. Be-
sides, the modern approach for relevant tasks solution is described here. This
approach allows to apply available reference data (nomograms, tables, draw-
ings) as well as software with standard procedures for percentage dots and
probability integrals.

BBEAEHHE

OneIT BEINONHERHUS OLEHKKM PHCKA OT HADYLIEHHiT B pabore ADC VYxpau-
HB, & TAIOKE pe3yJILTaThl IPOBEICHUS IOCYNAPCTBEHHOMN SKCIIEPTH3LI BEPOSITHO-
CTHOro aHanusa 6esonacHoctit (BAB) runoTHEIX 9HEProbJIOKOB, CBUNETENLCT-
BYIOT O TOM, YTO HHQOPMALWS 06 HCTOPUM SKCTIIYATAIHHU OTesecTBerHbIxX ADC

HE BCerza AocTynua ik 3GGexTHBHO KCTIOAb3YETCA NPH BBIMONHEHHK VKazaH- |

HeIX paboT [1,2]). OxHOl W3 OCHOBHEIX IPHYMH 3TONO ABILETCH TOT ¢akr, uro

HHTEpecylomue cobbITus ABA0TCs peakumu. K ToMy ke nabmonenus pOBC-
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;;n'rcﬂ CO CPaBHMTCILHO HEJABHErO BDEMEHH U HE BCErjia OPraHU3OBaHLI KOp-
‘DEeKTHO.

. Vmeiorca MeToauMuecKHe NpoSAEMBI C HCTIONB30BAHKEM AOMNOTHUTENBHOMN
;;}qupmaums NPH BLIMONHEHHH olleHKH OesonacHoctu ADC Ykpauusl BEpOAT-
HOCTHBIMH MeTOAaMU. Kak u3BecTHO, B CYNIECTBYIOLICH OTe4ecTBEHHOMN HOpMa-
TUBHOW JIOKYMEHTAUMM He PEraMEHTUPYIOT HCNONB30BAHNE BANECOBCKUX Me-
TOAOB B TCOPHHU H NPAKTHUKE HAZEKHOCTH. ;

; Briepsiie B oTeuecTBEeHHOM CIPaBOYHOM auTeparype B [3] wupoko npea-
CTAaBJICHEl COBPEMEHHBIC METOAL! O0beAHHEHHA PE3YNbTATOB MCHBITAHUE I10-

JIOOHBIX 00BEKTOB, a Takxe BailecoBckue MeToan! 06BeIUHCHHS anpuopHoi
UHPOPMAIIMH U 3KCIEPHMMEHTANBHBIX AaHHbIX MpH OLEHKEe Hae)KHOCTH HEeBOC-
'giﬁaﬂanmsacmmx 1 BOCCTaHABIHBaEMbIX 06HEKTOB.
 OcHoBI BaiiecOBCKOrO OLeHHBAHHS u3noxeHs! B [4-11]. B [6,7] noapo6-
HO H3/IOXEHa TeOpHs DBaHEeCOBCKMX MeTOMOB, KOTOpble NPHMEHSIOTCS IpH
OHEHKE HANEKHOCTH TEXHHECKUX 0GBEKTOB, IPUBOAATCS NPUMEPHI WX HCIIOMb-
3oBanns. Mmeiomniics B [6,7] noctatouno Gonpioi Habop pemieHuit Moaens-
HBIX 33]1249 C HEOOXOIMMBIMH CCBUTKAMH Ha MHOTOYMCHEHHbIE TIySNHMKalHK Mo
BOMpocaM, MO3BOAET CO3/aTh HAa MX OCHOBE HEOOXOAUMYIO 6asy 3uanuit
AL PCIICHHUA TPAKTHYSCKUX 3aJiad UM Pa3spabOTKu MHKEHEDHBIX METORHK,

. JIns crienuanusupoBaHHOTO MAaTEMaTUYeCKOro nporpamMMuoro obecre-
HEHHs! HeOGXOAMMO UCTIONE30BaTH [9-1 7], TAie MMEIOTCS He TOMBKO CTaTHCTHYe-
\CKHE TabnuLpl, HO ¥ IPUBEACHBI AJITOPHTMBI BBIYHCICHHAS ITPOIIEHTHBIX TOYEK
'BEPOATHOCTHBEIX HHTEPBANOB C TapaHTHPOBAHHON TouHOCTRIO. OcobeHHo cre-
JAyer orveruts [10], rae kpome Tabmuy u (GOopMmyT MpUBEJIEHB! NOTHEIE OIHCa-
HHS 21IMOPHTMOR  TEKCTHI IIPOrPamMM. -

" Craunapruile UPOTPaMMBl, HCMONB3YEMBIE AaXKE B H3BECTHBIX IIPO-
TPAMMHBIX TPOALYKTAX, Hanpumep, B [18,19], onucaksl 6e3 ykazaHus peKBH3H-
OB TOYHOCTH, ¥ eCITH TpeByeTcs TapaHTHPOBAHHAA TOMHOCTh, HEOGXOAMMO Bhi-
TONHUT JOTIONHUTENBHOE TECTUPOBAHUE 110 W3BECTHBIM TAGIHYHEIM AaHHEIM,
Hanpumep [11, 16], nnst nosnydenus MeTPOTOTHYECKUX OUEHOK pe3ynbTaTOB
Pacyeros.
~ OcroBuas 0coBEHHOCTS 387124 OLeHKHU pHCKa OT HapylueHu# B pabore
A3C COCTOHT B TOM, 4YTO WX NPUXOJUTCS PEINATh B YCHOBUAX OTPAHHYECHHOCTH
SKCTIEePUMEHTATBHBIX AAHHBIX (MITH AAHHBIX HabnroeH#i), 9T BRIHYKIAET HC-
;ﬁbﬂBBOBaTL AONONHATENbHbBIE faHKEIe. [l HCII0NB30BaHAS B pacyeTax A0mol-
HUTENLHEIX 060611IeHHbIX JaHHBIX 0 dedekrax anemMentoB ADC Heobxodum ye-
AWY6nenuii mexHonOUecKuli GHATU3 IAeMenmos u Cucmem OnA YCmanHoeneHUA
Cmamucmuveckozo nodobuA, 9TO TOIBOTUT B JaNBHEHIIEM YHHMTBIBATL 9TH
ﬁ_ﬁn'ﬂme B Ka4yecTBe anpHOPHOH HHPOpMAIIHH.

- BAMECOBCKME MOJEJH
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O6mian  OGallecoBckasn [4] wmeer Gonbiuoe
PasHOBHAHOCTE i:

- napamempuveckoe bailecoeckoe oyenusunue, [IPA KOTOPOM 3aJaHO Mapa-
METpHYECKoe CEMEHCTBO A pacpeliefeHns OCHOBHOM cayyaliHOH BeNUUHHEL
— Henapamemputieckoe badecosckoe oyerusanue, NP KOTOPOM pacnpenele-
BHE OCHOBHOH CNyvyafHO¥ BENHYUHB! CYMTASTCA HEH3BECTHBIM, B HEKOTOPHIX
CHy4as® MOXHO CYHTATh, YTO OHO IPUHAIEKHT HEKOTOPOMY KIIaccy pacipe-
JeneHuii;

- NOTHAR ANPUOPHAR ONPEOeaeHHOCMb, KOTAA MIOTHOCTE AIPHOPHOTO pacrpe-
AENEeHNS 3alaHa TONHOCTRIO;

~ MACHUHHAR anPUOpPHAA onpedaﬂe;mocmb, KOTJa 3a4aHo JYIUb KOHEYHOE KO-
TMHYECTBO OrPaHMYCHMH, HAKJIAAbIBAEMbIX Ha (YHKUWOHANB OT aripHOPHOH
MJIOTHOCTH,

— aMrupuecKkoe 6anecoeckoe oyenusanue, NP KOTOPOM anpHOPHOE paciipe-
fieNeHHe MONHOCTRIO HEH3BECTHO.

B [3,6,16] onucansl criocodsr onenkn BBP (BeposithocTi Ge30TKa3HOM
paboThl) B YCHOBHAX YaCTHHHON aNpHOpHON HeompeneneHHocTH. VHorna uo-
NOTHUTENbHBIC JaHHLIC 103BOJIAIOT BbIGpaTh BHUJ alPHOPHOTO paclpeaeiesus i
OECHMTBH €T0 ITAPAMETPEI, 2 HHOTAA MTO3BOJAKOT TONBKO YKa3aTh OPHEHTHPOBOY-
Hoe 3Ha4eHne BBP unu rpaBuipl, 8 KOTOPBIX OHA HAXOIHUTCH.

YuuThisas GosbuIoe YHCIIO PasHOBHAHOCTEH GaliecoBcKuX poueayp [4),
Afs MCCNEIOBAHNA TOHHOCTH M JOCTOBEPHOCTH OLIEHOK PHCKA OT 3KCHiyaTalyH
ADC reobxoauMo 060CHOBaHNE 6b160pa KOHKpemHo20 BallecoBCKOTO MEeTO/1a,
KOTOPBIH HCINONb3yeTCs JUIA OLUEHKH BEPOSTHOCTH 0e30TKasHoi paboThl, ero
TOJHOE OIMCAaHHE CO CChUIKAMH Ha HCIONb3yeMmbie HayuHbie MyOIUKalHH; ©
obocHoBaHEeM BpIGOpA BHJN@ anmpHOPHOIO PAacHpefeNieHHs W HCTIONb3yeMoil
(YHKILHH TTOTeps.

Hcnons3osaHue TlapaMeTpUYecKuX OLEHOK, KOTOPhIE M3I0KeHE! B [4-10],
paccMOTpuM Ha mpumepe balecoBCKux OLEHOK BepOsSTHOCTH Ge30TKa3HOM pa-
60T A1 OUIIOMHANBHOM CXEMBI.

PaccmoTpen ciyyai, Korga M3BeCTHbl NapameTphl anpHOPHOIro Hema-
pacnpeenenus o 4 B, W MycTh UCHbiTaHUS (HAGMIOAEHUA) 32 TEXHHYECKUM
00BEKTOM MPOBOARTCS O CXeMe HE3ABHCHMBIX NCTIBITAHHH, 4 Pe3yIbTaThl GUK-
CHPYIOTCA B BHJE "yCIeX-0TKa3"; BCero npoBemeHsl N ucnbitanuil (Habroge-
HHH) ¥ 3adukcupoBanbl d 0TKa30B. Kak ussectHo [4-10] B TakoM ciayuae amo-
CTepHOpHOC pacrpefieiienue ByfeT Toxe Hema-pacnpesiesieHHneM ¢ napamer-
pamu a=a+N—d, b=pg+d.

Hna ouexok Beibpana KeagpaTtiuHas QYHKIMS IOTEPb, BCASACTBHE Yero
TOYEYHas OLEHKa ONPEENAeTCA KaK aroCcTepHOpHOe cpefiHee (MaTeMaTHYecKoe

npoueaypa HHCIIO

OKHIaH¥EC) BEPOATHOCTH Ge30TkasHOM pabothl P’ . B KauecTBe XapaKTepUCTHK |
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mquocm HCHIONL3YETCA anlOCTEPHOPHOE CPeJitice KBAIPATHYECKOE OTKIOHEHE
ep-P 1 HIKHAS NOBEpUTENLHAs IPaHuLa P, /1% BEPOATHOCTH g.

Huxe npusesens: BBID@XXCHHUA AN anpHOPHOM TIIOTHOCTH h{ p) oueHoK

BEPOATHOCTH Ge30TKa3nON paboThl g Citydast allpuopHEIX Gema, obobmenHo-
bema pacnipenenenus [3].

{9 Ass anpuoproro Gema-pacnpesencus:

(P)—ﬁﬂj(l o), 0<p<k a20; #20 1
s $ps<k a20; g2 (1)
S p_@tN-d :___ (@+N-d)B+d) 5
a+B+N’ (@+f+N) (a+,8+N+I) @
. 5 B+d 2

"ﬁ E‘f —'{I‘ + am % F;-q_:[ﬂ&d}j(a;!f—d] - (3)

s arnpuopHOro obob1erHOTO bema-pacnpeaenenus:

‘b(p) 1 p i p \ia t( p p g

\:.\\ . = M I LW TS o 5

> B@.fXps = P)\Ps~Pu) ' Py-p, ) (4)
0$p,,SpSp3$l,a20;ﬁ2(}

. L :V"'d 2 Nv'_‘d d

B =py +(py~ ) s 0% =(p, — p, ) — s
L a+f+N’ g2 (a+ﬂ+N)z(a+ﬁ+N+l)’(3)
+d i

!f.' By=p, +(Ps~ D) (1 e ko, | (6)

+N - d
v, ~100a % Touka F PaCOpeNieients ¢ v, U v, CTCHeHAMHU CBOBO-

!vq;!(ﬁ'd);z(a+:\'~d}_’
I’.IIe Fa,vu,, 0,

o
L 7

Hns onpeﬂeneuna HHOKHCH J0BEPHTEIRHON rpaHuLbl P o [TPH [IPOBEIeH UK
Pactctos na OBM B [3] pexomerayeTcs yncennoe peilleHue ypaBaeHus

j{u +N—-| l( —-f)ﬁ d-,
P

=qB(a‘+N-d,,3,+a’). (7)

Iomp3ysacs 3amenoit [EpeMCHHBIX a=@ , + N-d. b= + N, x= P, u

eBOf{CTBaMH HenonHoH Gera—(ynxuuu [ (a,b) [11-14], ypaBHenue (7)
HPUBO THTCA K CTaHJJapTHOMY BHJLY

E I(ab)-—l—q, (8)
I%e I (a,b)=

Bla b)ot“' (1—2)""dt,B(a,b) = p“(} =) = F(a)F(b)

Iég@:)_- 2amma-Gynxuus Diinepa, I'(z) = _[t"‘]e"a’t ;

B(3] npeanaratorcs Takue crnoco6s: [ONyYEHMs TapaMeTPOB AIIPHOPHOTO
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bema-pacnpeeneHus.
Ecnu usBecTHB anpuopHbie 3navenys BEPOATHOCTH Oe30TKasHON paboTy
13 W CPEAHEKBANIPATHYECKOE OTKAOHEHHE &, , TO NIapamMeTpsl AIIPHOPHOTO Heina-
pacnpesieNieHus ONPEAeOTCS 110 GOopMynam:
]

=P {f:,u—z %)
(1]
OTCYTCTBYIOT, TO MOIYT OLITE HalJCHBI MX CTa-
THCTHYCCKME OUSHKH. U1 3TOrO Clie/lyeT MpOaHANTH3UPOBATh Pe3y/IbTaThi M-
MBITAHUH U 3KCIUIYaTaluH 06BeKTOB-aHANOr0B DU BBIMOTHEHHHY YCHOBH# CTa-
GunBHOCTH (OAMHAKOBEIX YCIIOBHMI IKCIUTyaTalHH, OAUHAKOBOrO KayecTsa pe-
MOHTA M TEXHHYECKOro 00CIyKHBaHHS U T. 11.).
ITycts uMeeTca » THIIOB O6BEKTOB-aHANONOB H IS i-1'0 THTIA NIPOBE e HE
N, HCIpITanmH (HaOmoAeuuii) npy d, oTkasax. Toraa onesxu P, 4 6, ompene-
NS0TCA 110 opMyiaM

" 1 & d
Bwie iy
0 #?;N‘. (10)

Korna anpuopuoe pacnpeznesenne 3anano xax PaBHOMEDHOE YCE4YeHHOE ¢
TTOTHOCTEIO

~l]; ﬁ=(1-%}[%(]%p°‘2~

Ecnu snavenus 2, u o,

L]

v =2
» 0y

) (e S
Ps— Py
BBIPKCHUA /I OUCHOK BEPOATHOCTH BE30TKa3HOM paboThl /i GUHOMHAILHOI
CXEMBI, eCili IPOBeNeHsl N ucneitanuii (Habroneuuit) u 3aduxcuposansl d o1-
Ka30B, HMEIOT chneayrowmit sug [7]:

(11)

po_d+l [, (@+2N-d+)~1 (d+2,N-d+1]) i)
N+2| 1, (d+LN-d+D)—1 (d+LN—-d+1) -
02=(£g+2) (d+1) } 1, (d+3,N-d+1)~I (d+3,N—d+1)
(N +3)(N+2) 1, @+LN-d+1)~1, (d+ N—-d+1) |
@+ [1,@+2N-d+1)-1, (d+2,N-d+1)]’ -
(N+2)' [ 1, (d+L,N-d+1)=1, (d+LN-d+1)| j12]

4

YrcneHHOE 3HAYEHHE P, HafIeTCA U3 PENICHUS ypaBHEHUS:
I,(d+LN-d+)=(1-¢)I, (d LN -d+1)+ (), (d+L,N-d +1). (14)

BAUECOBCKHUE OIXEHKY B YCJIOBHUSX YACTHYHOMI
ATIPHOPHOM HEOIIPEAEJEHHOCTH
HaHupi#i THII OneHOK HCTIONB3YCTCA B T€X CHUTYaUMsiX, Korma arpHOPHOE
pacnpe,aeneHHe HE€ 3a7aHO, a M3BECTHERI JIMLUE HeKOTOpI:-Ie OI‘paHH‘quHﬂ, HaKna-
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.

_;:'Ij;HBaCMBIE Ha aripMOpPHBIE YUCI0BLIE XapPaKTCPHCTHKH NOKa3aTeNs Ha e HOCTH.
Haubornee pacrpoCTpaHeHHBIM ABIACTCS ciy4da#l, KOrja 3a7aHO B BHAE KOH-
KpeTHOTO HHCHNA aNnpHOPHOE 3HA4YEHWE mokasaTens Hajeknoctu. CylHOCTb
%noccﬁos ITOJIy4eHHs allOCTEPUOPHEIX GalteCOBCKMX OLEHOK 3aKiNouaeTCd B HC-

i

HOMB30BAHUN TAKHX ANPUOPHEIX pACTpefeNeHHH, KOTOpble MaKCUMHU3UPYIOT
DYHKLMIO anOCTEPHOPHOTO GaleCOBCKONO PHCKA, T. €. B KAYCCTBE arpUOPHOTO
pacmpe/ieTicHust BhIOMpaeTCs HauXyAIee pacnpeienente, JJis KOTOPOro Bbi-
HOJNIHAIOTCA YIOMSHYThIE OTpaHuyeHus. Hinke npuBoasTcs GafiecoBekue oLeH-
K BEPOSTHOCTH Ge30TKa3HoM pabotsl A5 GuHoMHMaNbHOM cXemsl [3,4].

3 Has GuHOMHANTEHON CXeMBl pPe3yibTaThl HCIILITAHHIN {HabmroeHui)
[PECTABNICHE! B BHE ABYX Yucen: 0BMIEro KOMHYECTsa Hembrranuii N 1 Koiu-

YecTBa OTKa30B d,
MsBecTHO anpuopHoe 3Ha4Yenue OLEHHBAEMO BEPOATHOCTH O€30TKazHOH

.i;_;étﬁorm Ps.
~ Pacuer onenok nokasatens HaIeXXHOCTH MPOBOAWTCA 1O dopMynam:
. a , +N-d
5 T L (15)
< a.,+p +N
.h.. (7%.: (a*‘i‘N—d)(ﬁ*"f'd) g (16)
P @, +B N B N+
) -1
& [ B, +d
Bl g el ol ) a7

3 .
" 3nuavenus MapaMeTpoB « ¥/ OIPEACHAOTCH C IIOMOUIBK CHCHyIOme

BEY
pouenypsl. Heobxommmo npunars a , =4

B

= npu BLIMOJHEHHH YCIOBHUIL:

N
<g, ecau ds7

4

HITH

(18)
1_-iDQ-ag, eciu d>£

P 2

B ' . e
Theg = _d [(d+))(N~-d)+ 2(N a’)j ! :
(N—d) (N -d+1)(N -2d)-24d?%]
‘ Ecmu yenosus (12) He BBINOMHAIOTCH, TO € IOMOLIBIO CTaHIapTHBIX
CPeICTS HEOOXOAMMO PElIATE KyGuyecKoe ypaBHeHHe

¥

> z3+A22+Bz+C=O, (19)
T A=_ZCR/R-D. o sGs+2R-1. . 2° s s=N(1-Py)—d.
Po(1-Fy) Py(1-Fy) F(-Fy)
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ATo ypaBHeHHE UMEeT eIMHCTReHHbIN KOpeHs z. B obmact z > N .
C MOMOIIBIO BEIHYUHBI z, HAlgeM a K Uf :
~N)Py; B ,=(z - N)1-B). 0)

Jns nonyueHus NpubImKeHHoH oueHkn P MOXeT ObITh HCIIONB30BaHa

a :(Zd- =(Zi

cieayrouias npubniKerHHas popmyna
1~

P,~(1~q); (c=~ : 2n
Py=(~q)"; (c 5 )

Hns onmpenenenus ouenxu P xpome Qopmyn (17,21) pexomenayercs

[3,6] ypaBHeHue
£ +d-1

Bla ,+N-d, +d)p,

Ypaerenue (22) B oTAeNBHLIX Cliy4asx (koraa 2a , u 2, UeAbIE YHUCIA)

1 | & +N-d-1
Jt

() dx=gq.

MOXHO TIPOCTO peuuTs (ananoruyso (17)) ¢ uenonszosanueM oBbMHBIX Tab-
muu F-pacnipenenenuit [12,13], a B oCTAIBHEIX CIyYasx HEOOXOAMMEI CIIELH-
anpHble Tabiuuel F-pacnpenenennii [11] unu Tabnuiier Juis YHCIOBBIX PACUETOR
nokazaTenei Hanexyocty [15,16].

Bonee "panuoHanbHBI" criocod penrenus ypaeHeHu# (7) u (22) sto npe-
o6pa3soBaHKe uX K Buay (8) u ucnons3osanue 06paTHON GYHKIMH K HHTETPaib-

HOMl (DYHKLHMH OeTa—pacnpeleneHus, KOTOpas UMEETCs B COBPCMEHHbIX CTaTH- |

cruueckux nakerax, uanpumep, [18,19]. Tak npu ucnonwzopanuu Microsoft
Excel [18]. B pazgene "CratucThdeckue OyHKUMK" HeoOxonmmo BhIOpaTs
(BETAOBP), xoropas BosBpamaer o0parHyl0 QYHKOMIO K HHTErpajibHON
dynxupn GeTa—pacnpeseneH s, )

CranpgapTHoe ofpallleHHe K 3TOH (DVHKILHK UMeeT cneayrouuit Bunl19]
=bETAOBLP(eeposmrocmy, anstha, bema, A; B); rae eepoamuocms —3HadeHue
yHTerpanbHOi (YHKUHM paclnpelenenus; arbga ¥ bema-napamerpbl Oe-
ta—pacnpefieierns; A u B neobA3arenbHble HIKHSA U BEPXHAS TPAHKMILI HH-
TEepBaia X.

Ipu ucnonsiosanuu nakera STATISTICA [18], cranzapruoe obGpauie-
HHe K 9Tol YHKLUMH HMeeT CIAeAyrolumid BUA: VBeta(x,v,®), TAe X—3Ha4yeHHE
UHTETPAIBbHOH  QYHKUMM  pacnpeNeNeHHs;V M O  —napaMerpht  Oe-
Ta—pacrpeleNeHns.

BBIBOJBI

JIoCTOBEPHOCTE M TOYHOCTh OLICHHBAHHA PHUCKa OT aKcmulyatammu ADC
YKpauHsI B YCIIOBHAX OrPaHHYEHHOH MCXOMHOM MHGbOpMAaLK HaNPAMYIO CB-
34Ha C BOSMOYKHOCTERIO HCIIONL30BaHHSA JONONHMTENbHON uudopmaiun.

[Ipennaraercst Hcnonb3oBaHKE balieCOBCKMX OLIEHOK BEposTHOCTH Ge3oT-
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¢
_ﬁguon paboTLl, MONYUYEHHBIX M0 OHHOMMANBHON CXeMe MCIBITAHHH ¢ MCHOTE-
30BaHHMCM PasiuYHON anpuopHoi MHGOpMaLHH.

‘q TlonyyeHHble 3HAYEHHS [APAMETPOB &MNOCTCPHOPHOH NIOTHOCTH BHe-
:ﬁa..pacnpenenenm HCMOJB3YIOTCH NIPH AHANH3E HYBCTBHTENBHOCTH OUEHOK

Cka OT SKCILTyaTAllHK METOOM CTATHCTHHECKOTO MOACTHPOBAHHA.

3 Touednple ouUCHKH Bupoamocrn 6e30rKazHol paboTh P , CpelHero
_mparﬂqecxoe OTKJIOHEHHE o-_.a HIKHEH JoBepUTesbHAN rpaHuia P, Moryt

5}.115 HCIIOTIb30BaHbl JUIA aHa/M3a YyBCTBHTENBHOCTH aHATHUTHYECKUMH METO-
y Cnucox nureparypsei: LIleyepuna A.B. PesynpTatsl npuMeHenus me-
TOAWKH COGBITHI-NIPE/ILIECTBEHHIKOB IS aHATH3a HapyweHnu# B pabore ADC
i"{': auHEL SlnepHas n pajuanronHas 6esonacHocts, 2001, Bein.1, T.4, ¢. 29-35.
2 [leuepunia A.B., Uuromes B.B. XapakTepucTHKa HCTOYHHKOB JAHHBIX 11O
gedexTam oﬁopyz{osanusr # apmatypbl ADC. SneprHas u pagmanuonuast 6e3o-
HAcHOCTH, TOM 2, BhIyck 1, 1999, 13-24. 3. HageskHocTs abdexTuBHOCTS B
pexuuke: Copasounuk: B 10 1. T. 4: Meroas nmopobus ® HagexuHoCTH/TTon
taﬁm pex. B.A. Mensnukosa, H.A. Cesepuera. — M.: MamunocTtpoenue, 1987.
@5280 ¢. 4. CripaBovHHK [0 NpHKNanHoit cratuctuke. B 2-x 1. T.2: Ilep. ¢ anrn./
gon pex. 3 Jlnoiima. —M.: ®unaHCcH U cratrcTHKa, 1990, —526 c. 5. Koke J1.,
égnmam HA. Teopernyeckas craructuka. — M.: Mup. 1970. —560 c. 6. Capuyk
. Baltecosckue METOAB! CTATHCTHYECKOrO OLUeHUBanuA: Hale:KHOCTD TeXHu-
eckux o6bekTos. — M.: Hayka, 1989. —~ 328 c. 7. Martz HF., Waller R.A.
Bayesian reliability analysis. Krieger Publishing Company. Malabar, Florida.
L. — 745 p 8. Kanyp K., Jlambepcon JI. HamekHOCTs ¥ NMpoeKTHpOBaHHe
gctem. —M.: Mup. 1980. —606 ¢ 9. Engelhardt M. E., 1994, Events in Time:
gasw Analysis of Poisson Data, EGG-RAAM-11088. 10. Atwood, Corvin L.,
1994, Hits per Trial: Basic Analysis of Binomial Data, EGG-RAAM-11041. 11.
Mapsua 1., 3empoy I1. Tabmuuer F-pacnpenenenuil u pacnpeneneHui, cossan-
HBIX ¢ mevm. —M.: Hayka, 1984. ~256 c. 12. CnpaBovHMK 1O CHELHATBHbIM
YHKUMSM ¢ (GopMynamu rpadHKaMu M MaTeMaTuueckumu Tabmumamu / [lon
___'J.‘l. M. A6pamosuia n W. Cruran. -M.: Hayka, 1979. ~ 832 c. 13. Boasuios
JL — M.: Hayka,

JLH., Cmupros H.B. Tabmuibl MaTeMaTHueckoil CTATHCTHKH.
@83 — 416 c. 14. Bentuens E.C. Teopus BeposTHocTel. —M.: ®usmarrus,
,L 69. —576 c. 15. HaneskHOCTh U 3 heKTHBHOCTD B TEXHHKE: CrpaBounuk: B
lfﬂ'r :T. 6: Dxcnepumentanbras oTpaboTka u ucaeitanus/ [lox o6m. pex. P.C.
Cynakosa, O.1. Teckuna — M.: MammunocTpoenue, 1989.- 376 ¢. 16. Ctatueru-
H€Ckue 3anaun OTPAGOTKH CHCTEM U TAaGJMIB! A YHCNOBBIX PACYETOB [T0KA3a-
Teneli nanexuocry / Ilox pex. P.C. Cynakosa. — M.: Beicuias wkona, 1975, —
@4 ¢. 17. Cynaxos P. C. Hcnpltanus cucteMm: BoIGOp 00beMOB U NPOMOIKH-
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TesbuocTH. M.: MammHocTpoenne, 1988. — 445 c. 18. BopoBukos B,

STATISTICA: uckyccTBO aHANH3a JAHHBIX 114 KoMrsiotepe. Jlns npodeccuo. |

Hanos. — CTI6.: ITurep, 2001.- 656 c. 19. Bnarxep [Tarpuxk, Yispux Jlopu, u np,
Hcnonssosanue Microsoft Excel 2000. Crenunansnoe usnanue.: Ilep. ¢ animn.:

Yu. noc. — M.: Mspatensckuit nom "Bunssmc”, 2000.-1024 c.

Cmambs nocmynuna 6 pedaxywo 24.10.2002 » |
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AOJTOBEYHOCTb 3YBUATBIX MY®T

IToanuenxo B.B., Borycnaseknii B.A., Kanaoxun A.A. |
(HowHTY, 2. Jloneyx, Yxpauna)

The methods of increase of durability of products of mechanical engineering are
considered at designing, manufacturing and operation. The recommendations
Jor increase of durability gear coupling by results of theoretical and
experimental researches are given.

PasBuTHe TeXHUKHA ¥ MALIHHOCTPOGHHS B YaCTHOCTH npuaano npobieme
NOBBIILEHNS JOJITOBEYHOCTH OONBIIYIO 3HAYHMOCTD C TOUKH 3PEHMS SKOHOMUH
MaTepHabHBIX PECypcoB H pabotei CHilbl i NPHOBLIMIO K 2TOH npobieme Lui-
POKHI KPYI KOHCTPYKTOPOB, T€XHONOTOB, SKCINTYATALHOHHHMKOB H HCCIIEHOBA-
Teledl pPasIMYHBIX CHeLHATLHOCTEH. DTO MO3BOAMIO pa3paboTaTe KOHCTPYK-
THBHBIC H TCXHOJIOTHYECKHE MEPONPUSATHA MO MOBBILEHHIO CPOKa CIyKObI Ma-
UIHH U CO3AaTh PallHOHANBHEIC METOIBI YXOIA 33 HUMH.

Hankreiimee pasBUTHE MAIIUHOCTPOEHHS NPOUCKXOANT B COOTBETCTBHH C
OCHOBHBIMH HAaNpaBICHUAMY Pa3sBHTHs MAlIMH: KOHIEHTpauueil MoOIIHOCTeH,
vHTeHcHpHuKauuelt pabounx npoueccos, aBromarusanmeil. Ilosbiuaiores mapa-
METPEL JeTalel MalllMH, Pa3pabaTsIBaloTCs AETalH 0C000 BICOKHX HapaMeTpos,
Hanpumep, 3yOuarsie nepejayu, pabortamouue co ckopoctamu 10... 150 m/c 1
[IEPeAAIoMMe MOLIHOCTE B THICSYH KMIIOBATT, MONUIHTHHKY IS TAKUX JKE CKO-
pocTeil ¥ aas YacTot BpaiesHs 10 0,5 Mnu. B MHUHYTY.

TIpu Takux napametpax Gonbias yacTs BeIpabarbiBaeMo MexaHu4yecKoil

JHEPrvM 3aTpayuBacTcs Ha TpEHHE B MAUIHHAX H TEXHOMOTHYECKHX IpoLeccax.
Tonsxo MCXaHHYECKas 3HepPrud, HCIIOJiB3YEMan nocie IIpEBPALICHHSA €€ B 3JIeK-

TPUHCCKYIO HA HarpeB ¥ OCBEIICHMe, pacXomyercs 6e3 cBaA3u ¢ TpeHueM. Bo |

MHOTHX MallliHax SHEPrud, pacXolyemas Ha TPeHWe B MeXaHH3MaX, TIPeBaiTy-
PYET Haj Heprue# pabouux Mpoueccos. DT0 B NMEPBYIO O4epes OTHOCHTCS K
TPAHCIIOPTHBIM MallMHAM, MallMHAM TEKCTHIBHOM M Jerkoif MpOMBINIICHHO-
CTH, CTaHKaM Ha OTHCNOYHBIX onepauusx. B pabounx npomeccax smeprus 3
CBOIO OHepe/lb PacXojyeTcsi B GOMbIleH 4acTy Ha BHElIHee U BHyTpEHHEe Tpe-
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TpeHue o6BYHO CONPOBONKAACTCT H3HOCOM LCTaNEH H HHCTpyMeHTa. 80-
e : AcTanedl MaluKWH BRIOPAKOBBIBAETCA M0 H3HOCY H OCHOBHAY YACTh 3aTpaT Ha
CCTAHOBJICHHE PaboTOCNOCOGHOCTH MaLKH CBA3aHa ¢ ux u3HOcoM. Ilpouece
EHHA CONPOBOXIASTCS CIOXKHBIM KOMILIEKCOM SBJICHHHN: B3auMomelcTBHEM
.mx'mpy!omux TIOBEPXHOCTEH,  (DUIUKO-XUMUHUECKUM H3MEHeHHeM noBepx-
IBIX CIIOCB TPYIUHXCS Tap, paspylleHyeM (M3HAMIHBAHNEM ) 1I0BEPXHOCTEIl.
%&cmu C CYWECTBEHHOH NHCKPETHOCTBIO (PUKIMONHOIO KOHTAKTa, PasiHyi-
TEMIIEPATYPHOIO 1 HaNpPsMEHHOIO COCTOSHHUI B OTENBHBIX TOUKAX KOHTAK-
Ta, HEPABHOMEPHOCTHIO Pa3pyLICHHS KOHTAKTA BCE HA3BAHHEIE BBILIC SBJICHUS
AMEIOT CTaTHCTHYECKYIO TIPUPOLY.

CroxHbIll KOMIEKC B3aUMOCBA3AHHBIX (U3MKO-XUMHUIECKHX SIBIICHHH,
MCXONALMX Ha MOBEPXHOCTAX KOHTAKTUPYIOIIMX Tel (B MHKPO- M MaKpo-
_ HITa0ax) W NPHBOAAINX K H3MEHEHHIO (GH3MKO-MEXaHHIECKHX CBOJCTE Ma-
TepUaNoB B MATHAX HaKTHHECKOTO KOHTAKTA, AeHCTBUN TEM NepaTypPHBIX I'pajin-
OB, CTOXaCTHYECKHH XapaKTep paspymieHHs MHKPOOOBEMOB 3aTpyIHSIOT
;_‘nyqeﬂﬂe TIOJIHOrO  MAaTeMaTHYecKoro ONMCaHHs OCHOBHBIX NPOLECCOB,
HAOUIMX Ha HOPMHPOBAHHE CWILI TPCHUS, OTBETCTREHHBIX 33 MEXAHU3M H
TEHCHBHOCTH MPOLECCa H3HAMIUBAHAS MATEPUAIIOB.

Onuako Teopus H HEKCHEpPHaA NPAKTHKA MOBBIEHUS M3HOCOCTORKOCTH
aNeXKHOCTH PabOTEl TPYIIHXCA ACTaNeH pacnonaraeT GoNbIINM KOMTHIECTBOM
KHBIX Ka4eCTBEHHBIX 3aBHCHMOCTeEH, pesyabTaToB 9KCTICPHUMEHTANbHBIX MC-
NOBaHUI U HabMIOICHMIA, HCNONB30BaHMe KOTOPbIX IMO3BOSET CYILECTBEHHO
DBBICHTE CPOKH CITy 651 Manmus [1, 2].

e HQHCHD&BHOCTK arperaToB ¥ MailuH 334acTYHY CBA3AHE] C HapyuUIeHACM
paborocriocobHOCTH 3y04athix MydrT. [TIpu 5TOM 6OTBUMECTBO OTKA30B CBA3AHO
CH3HOCOM 3y0ben 3y0UaThiX My(T, HX MOJOMKOM HIH YBENHISHHEM Bbillle JO-
TyCTrmore npenena BUOPAlUif MalIAHbI, BEI3BAHHBIX YBEJIMYEHHBIMY 3230paMu
anenneHts My®Tel (puc. 1). ITo pesymbratam MacmopTH3aLMM AOATOBEY-

OCTB 3y69aTeiX My(T B 3aBUCHMOCTH OT ycnosui paboTel M AKCIUIYATAIHH CO-
ﬁéﬂnﬁe'f ot 400 no 6000 yacos, 4TO BO MHOTHX Cayyasx He YZOBIETBOPSET

IpeboBanmsam npaktukn. C 3TOM TouKH 3peHHs npolyieMa HOBBILLICHNA HOAr0-
BeYHOCTH 3y6uaThix MyQT aKTyatbHa H TpeGyeT pelleHus Ha CTaANsAX IPOCKTH-
BaHUs, H3TOTOBACHHUS M SKCIITyaTalMH.
~ Heasio paboTsl ABNACTCA HCCICIOBAHUE KOHCTPYKTOPCKHX, TEXHOIOIH-

KUX W DKCTIYaTAUHOHHBIX MEPONpPUATHH, ¢nocoGCTRYIOMNX MOBBIMICHHUIO
JIFOBEYHOCTH 3y64aTEIX MYQT.

Baxueimum B BOMPOCE NOBEIMICHUS JOJITOBEYHOCTH 3y04aTeix My QT B~
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JIAETCS YCTAaHOBACHWE BHIOB pPaspylie.
HUA 3yOBeB. Jind 3TOrO Mo cneiansig
paspaboranHoll MeToaMKe HCCIeNOBa.
JIOCh COCTOSHHME MOBEPXHOCTHOIO Clog
3yObeB My(OTHI 1OCTE H3rOTOBAEHHS y
3KCIUTyaTailu¥ B TIPOM3BOJACTBCHHBIX g
nabopaTOpHEIX YCIOBHSX TPH pasiiy.
HBIX pexnMax pabotel Mydpt. ITo uzme.
HCHHMIM XapaKTepa M BEIUUYMHbLI LIEDo-.
XOBATOCTH, BONHHUCTOCTH TOBEPXHOCTH,

TPyWeHCS MOBEPXHOCTH, BHENIHEMY Bi-
Iy TOBEPXHOCTH AENaNcH BBIBOJX O BH/g
M3HOCA, Dpa3spylleHHUs [I0BEPXHOCTEH
3y0Obes.

Ha ocuoBanuu uccnenosanuit pu-
OB paspyllCHUsS M YCIOBHH MX BO3HMK-
HOBeHHs paspaboTaHa kmaccrduranus
OCHOBHBIX BHJIOB H3HOCa 3y0beB 3y6ua-
TBIX My(T, KOTOpas Ha CTAIMH MPOCKTH-
POBaHMSA, MOCTE YCTAHOB/ICHHSA OCHOB-
HEIX MapaMeTpOB 3KCIUIyaTallld omnpe-
ACNseT BCAYMIMH BUJ M3HOCA H IIpeiy-
CMaTpHUBaCT MEPOMPHATHS IO €ro Mu-
HuMU3anuu [3].

Honroseunocts 3y6uaTtoii MY(TEL OyAET 3aBHCETH OT H3HOCA 3yOpeB. [n
3y0uaTeiX MyQT yzobHee moNB30BaThCS NHMHEHHOM WHTEHCHBHOCT bIO, TMpeji-
CTaBASIOIIEeH COBOH TONUMEY CAOS H3HOWICHHOTO maTepuana 3vba k Ha eaunn-
Uy myTH TpeHus L. Jlas ciydas nnacTMueckoro xoHtakta M.B. Kpareanckum
[TOJTy4eHa 3aBHCUMOCTD JUTS JIMHEHHON MHTEHCHBHOCTH Ha OCHOBE MOJIEKYIAP-
HO-MEXaHHW4eCKOH TeOpHH Tpeuus [4].

Onnaxo x 3y64yathiM Mydram HEMOCPE/ICTBEHHO NPUMEHHUTE yKa3auHyio
3aBHCHMOCTB HE NPEACTABINETCA BOIMOXHBIM, IIOTOMY YTO OHA NOIydeHa Juid
YCIOBHH ORHOHAUPABNEHHOTO TPEHHS CKOMBNKEHHS, NPH KOTOPOM HHTEHCHB-
HOCTE HM3HOCA HHXKE, YeM IPH BO3BPATHO-TIOCTYNATENBHOM CKONBKEHHH, UTO
HMEET MECTO B 3y6uaThix My(QTax. YUUTLIBAY IEpeMEHHOCT Harpys3ku Ha 3y0e-
X My(QThI B Npefienax KOHTAKTHOM 30HE! ¥ BO3BPATHO-TIOCTYMATE/ILHOE CKOJIB-
KCHHE, JTHHEHHBIH H3HOC 3y0a 3a OZMH 060pOT MY(DTE MOXHO ONpPEAENUTS 110
112

Puc. 1. MisHomeHusie 3y0bs 3y6ua-
TOH BTYITKH

|

MEXaHHYEeCKHX M (U3MYECKHX CBOHCTS |

saucumocty [4], npeobpazosanHoi k BuRY
.« Pk

~ h=2 Ky .{ ar( :) ((‘9:)0'40”

L HE” &
I:ge Pei— Aapienue, 3aBycslilee OT yriia NnoioxeHus 3yba; HB — TsepaocTs Ma-
TepHana 3yba; K, — SKCIIEpHMCHTANBHBIN KOI(QOULMEHT, YIHTHIBAIOLIMAA MUK-
PoreOMETpHEO KOHTaKTHPYIOILKX TEN, YCAOBUS CMa3Ku, HATIPSOHKEHHOE COCTOS -
HHE MAaTEpUaNa; Y - TOKa3aTeNk CTENEHH 3aBHCHMOCTH H3HOCA OT JaBJICHHS H
?gpnocm 3yObeB; @ - Yron 30HsI KOHTAKTa 3YObeB; (; — YTON (OJ0KEHUs 3y-

.

B pesynsrate anannsa pacrpefie/eHus Harpy3Ku Mexy 3yObSMH ycCTa-
HOB/IEHO, HTO MaBNCHHE Ha 3yObsX B 3HAYMTENBHON Mepe 3aBHCHT OT HedopMa-
;mﬁ H3ruGa, KOHTAKTHOIO CHXAaTHS H NepeMeleus, o6yCIoBIeHHOro yIpyrok
ng;opMauycu npuneratouiel x 3ydy uactn oboza [5].
- Ha cocrasmaionmme cymmapHoro nepemerenus, 06ycnoBNCHEbIE nedop-
MANUAME U3ruba ¥ KOHTAKTHOTO CXKATHS BO3eHCTROBATE, B CMBIC/E HX YBENH-
SEHHS, HE PE/(CTABIACTCS BO3MOKHBIM Ge3 CHUKEHUS W3THOHOH H KOHTAKTHOM
HPO4HOCTH 3yGhen. IlepeMelleHUsMH, BBI3BAHHBIMH YIPYroh Aedopmanueit
qpyneraromeﬁ X 3yDy 4acTu 00042 MOXHO YNPaBIATh ONTHMATBHON KOHCTPYK-
mgen CTYTHLIB!, CHWXKasl IPY 3TOM JIaBJieHHe Ha 3yObiX K MOBbILIAS JIONTOBEY-
HOCTL MyQTEL

. OKCIIeDHMEHT N0 MCCIICNOBAHMIO PACTIpeeneH s Harpy3Ke MEHTY 3y05-
AMH My T, HMEIOMUX Pa3IHYHYI0 KOHDUTYPAUMIO NOKA3AT, 9TO M3MEHEHHEM
- gcrxocm obona (pHC.2) MOXHO YBEIUHHMTH YHCIO 3y0beB, NEpeJatoIuX Ha-
l?;’:ucy Ha 40%, Ge3 CHHXCHKA H3THOHOHM IIPOYHOCTH.

BraronpusTHoe pacnpesienenre HarpysKd MeXIy 3yObaMH My(Tsi, Mo-

KET OBITH NOCTUTHYTO TaK)Ke YMCHBUICHHEM HIMPHHBI 3y6a BTYNKM 1 yBeande-
HHCM DacCTORHYS MeXy 3y6UaTLIMMA BEHIAMH BTYJIOK. ITpu 3TOM HEOOXOUUMO
Y‘ﬂmﬂ BaTh Apyrue (akTophl, OrPAHUYHBAIOLIME PA3MEPE! HA3BAHHLIX [1apaMeT-
PDB. B sacTHOCTH, yBeluyente PaCCTOSHNA MEXIY 3y0YaThIMK BCHLIAMH BTY-
3@: NPUBOLNT K YBEIHHCHHMIO rabapuTor My(Thl, XOTS IPU ITOM BO3PACcTaeT
KOMnechpy}oman criocobHOCTs MyTHLB npoleccax H3HaUMBaHMS BRXKHYIO
PONL yirpaloT COCTOSHHME H CBOMACTEA TOHKOTO [IOBEPXHOCTHOTO Clos Aetalei
IMH, OT KOTOPEIX 32BHCHT XapaKTep 06pa3oBaHUS 1 pa3pylUeHUs BTOPHIHLIX

eﬁ)}’i(‘ryp IToBepxHOCTHEIH CO# HOpMUPYeTCs PH OKOHYATENBHOM 00paboTKe
Rfe’l’aneﬁ MamuH. B HacTosliee BpeMsa B MAIMHOCTPOEHUY NpHMEHSAETCS GOJb-
Moe uicii0 crrocobos dhopMHpPOEBaHHS TIOBEPXHOCTHOTO clion Aetaneil. K ocHoB-
‘!BIM MeTojaM, 06ecrie HBalOLIMM HOBBILEHUE HAMSKHOCTH U AOArOBE4HOCTH

1i3



AeTajle MAIIHH, OTHOCATCA: YNPOYHEHHE MIAacTHYECKHM NeQOpPMHUDOBAHMey,
TepMooOpaboTKa, HannaBKa W HANbUICHHE M3HOCOCTOMKOrO Marepuana Ha pa.
Goune NMOBEPXHOCTH AETallel, BMEKTPONHTHUECKHE W XHMHHYECKHE ITOKpPBITHS,
3JIEKTPOUCKPOBOE YIPOYHCHUE, IIOKPBITHE MOMUMEPHBIMU MATCPHATIAMU U .1,
OTH METOJBl JAIOT BO3MOKHOCTH TIONYYaTh NOBEPXHOCTHLIE CIOH ¢ HYKHBIMy
3KCILIYATAIHOHHEIMK CBOHCTBaMH.
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Puc. 2. DxcneprMeHTalbHbIE KONCTPYKUMHA 00012 3y04aTOR BTYJIKH

W3 niepeyrcieHHBIX METOOB HanboNee TEXHONOTHYHELIM Ui 3y6bes 3y0-
4aThIX MYT MOXKET OBITh APOOECTPYHHBIH HAKIIE.

OKCHEpUMEHT 0 HCCEIOBAHUIO BIMSHUS PeXHMMOB 06paboTKKH Ha cO- |

CTOSIHHE MOBEPXHOCTHOTO CJI0s OBLTH POBEAEHH! Ha 00pasuax 3yo4arsix MydT,
H3rOTOBACHHBIX W3 cTand 45. JIpobecTpyiHplif HakIEN MOBIIAET TBEPHOCTP
[OBEPXHOCTHOTIO ciios 3ybpeB Ha 20... 30%. M3MeHneHneM Bpemenu mpobect-
py#iol o6paboTku MOKHO YIIPaBIATh LIEPOXORATOCTHEIO 06pabaThiBaeMoii o
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HOCTH M focTHraTh Ra 3,2...6,3 MxM. Micxomnas miepoxoBaTocTs TIpY 3TOM
;Kowia'ren BHYIO HE BIHSCT.

YHpPOYHEHHE NOBEPXHOCTHOIO Clios 3y6nes MydTh ApoBecTpyiHbIM Ha-
[IOM CIIOCOOCTBYCT NOBBILIEHHIO H3HOCOCTOMKOCTH paboumnx TIOBCPXHOCTEIH,
BHBIM 0OPasoM 3a cdeT nHaknena. [1OBBITEHHE TBEPAOCTH, NIPOYHOCTH U aK-
salmy NIOBEPXHOCTHOTO CiIOK MpH HAKiIene CrnocoOCcTBYeT ycTaHOBACHME
[HAMUIECKOTO PaBHOBECHS pPa3pYIIEHHS M BOCCTAHOBICHHA BTOPHYHBIX
YKTYP- A 3TO OKa3bIBAET CYIIECTBEHHOE BIMSHUE Ha PACIIHPEHHE JHANA30Ha
'HATPY30K, NPH KOTOPBIX MPOMCXOJUT HOPMANLHbINA OKHCIHTENbHBIH M3uoc, Ha
obpaslax 3y0dYaThix BTYIIOK, NpeABapHTENbHO 00paboTaHHbIX NpoOBIO, npu
HHY B Cpe/ic CMa3KH HHAYyCTpHanbHoe 30, naXke NPH BHICOKUX AABIECHAIX (10
&%@ Mria) He passuBaeTcs cxpathiBanue | pofia ¥ cTabMIBHO COXpaHseTcs HOP-

QHUBMHECKMM W XUMUYECKUM CBOMCTBAM COOTBETCTBYIOUHX YCIOBHSM paboTh:
%ﬁaﬁrx My$T. [TapameTpsl Tperus MeXAY 3yObsMH My(DTh! He 00eCiieMHBalOT
CO3MIAHMS YCTOMUUBOrO MACAHOTO KIIHHA. [TosTomy st cHMKeHUs W3HOCA B
TpOlECCce TPeHHS IOTKHBI HETIPEPHIBHO CO3AABATECS PA3/IeTUTETBHEIE BTOpHY-
ﬁg{e CTPYKTYPBI, SKPAaHHPYIOILHE HEMOCPENICTBEHHOE B3aUMOEHCTBHE TREPHBIX

MaxcnmanpHbIH 3(hexT GyHKUHOHATEHOTO Ha3HAYCHUSA CMa30UHOT cpe-
fﬁ.’%ﬁ'non}{raeq‘cx TIpH TIPUMEHEHUH Macen ¢ Nipucajgxami. [Ipn 9ToM BO3HHKaeT
BO3MOXKHOCTS YNPABISHHs MPOLECCaMy TPEHHA U3HOCA, CO3aHHE YCTORYMBOTO
IpOTeKan s [IPOLIECCOB.

Iposenenible dKCIEPUMEHTE! MOKa3amy, 4To npucyrcrsue I[1AB B cma-
3 * O¥f Cpenle CHMXKAeT U3HOC 3yObeB. XOpOIiMe MPOTHROW3HOCHEIE CBOMCTBA
HOKasan npucanké ¢ cepod. CepHble MPHCAAKW CO3LAIOT HA TPYIIMXCH MO-
BEPXHOCTSAX METafioB MICHKH CyTbQUIAOB, ISt KOTOPHIX XapakTepHa BBICOKas
Th¢ PAIOCTB, IPOYHOCTE U TeMnepatypa niasneHud. Cyashuasl 06pasyiotcs npu
TeMIiepatype nopsiaka 200°C, mostomy QHTH3/MPHLIH 3QperT STHX IpucaaoK
ﬁ‘me‘r NPOSIBIATECS TONBKO IPH BBICOKKX TeMmeparypax. Tak Kak Temmneparypa
E}?ﬁlle TpeHus 3yOreB He nopeimiaercs Bolne 150°C, TO MOTHOCTBIO MPOTHBO3a-
AHpHEte cBolicTBa CEPHBIX NPHCALOK He NPOABIAIOTCA.

- Camsle xopouse NpOTHBO3aAMPHbIE U NIPOTHBOWIHOCHbIE CBOMCTRA [OKa-
%JIH NPUCANKK ¢ XNOPOM. XJIOpHbIe TPHCAAKK 00pasyloT Ha TPYIMXCH MO-
BEPXHOCTAX METAIOB TIIEHKYU xnopunoB. Ouu Taxke 00pazyloTcs NMPHU BLICO-
KHX TemmiepaTypax, HO HIKE HeMm CynbOUIBL, 8 MMEHHO NPH TeMNepaType NpH-
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MepHO 150°C, 4TO COOTBETCTBYET TEMMEpaType Ha MUIOI@AKe KOHTAaKTa 3y6hes,
[lneHkn XITOPHIOB JKENE3a XapakTEPH3YIOTCH MNAaCTHHYATON CTPYKTYPOH, uYTo
obecrieunBaeT Maioe CONpOTHBIEHHE CABHIA H HU3KU Ko3QOULHEHT TpeHus,

Ha ocHoBauuu NPOBEACHHEBIX HCCHCI{OB&HHﬁ clenaHbel BBIBOALI:

- Ha CTaJMH NPOEKTHPOBAHMA 3Y0YaTBIX MY(DT CO31aBATH KOHCTPYKLMY
3y0uaThiX BTYNOK, KOTOpEle OGECHeYMBAIOT Mepenady KpyTAHIErO MOMEHTa
MaKCHMallbHO BO3MOMKHBIM YHCIOM 3yYOLeB;

- TP MU3TOTOBNEHHHM 3yOHaTBIX MY(T HCHONB30BATH TEXHOJNOTHUECKHE-
fIPOLIECCHI, CO3MAIOUINe MOBEPXHOCTHBIN ¢/I0H 3y06eB, KOTOPLIH ofnanaer no-
BBILUICHHONW HM3HOCOCTOHKOCTRIO (HalpHMeEP, ITOBEPXHOCTHO-INIACTHYECKOE fe-
dopmuposanue);

- Ha CTaJIuH 3KCIUTyaTauuy 3yGUaThiX My(T MPHMEHATH CMa30YHBIE CPEE]
¢ mpHcanKamH, obecrednBaiolMe 0OpasoBaHHe BTOPUYHBIX CTPYKTYD, IIOBhI-
LIAIOMIMX U3HOCOCTOHKOCTE TPYUIMXCS MOBEPXHOCTEH,

Cnucox anreparypsl: 1. Kauecrso mawmn: Cnpasounux. B 2 1. T 1/
A.X. Cycnos, D.11. Bpays, H.A. Butkesuu u ap.-M.: MammsocTpoeHue, 1995 .-
256 c. 2. A.H. Muxaiinos, A.B. Jlykides. Pa3paboTka paunoHaIbHOH reomet-
puu 3y0beB 3y6uateix My, obecnednBaomuX yBenuyeHre UX CpOKa CIyKOBL/
Second international congres. Mechanical engineering technologie' 99.
September 16-18. 1999.Sofia, Bulgaria. 3. ITonsuenko B.B., Muxaiinos A.H.
W3noc B 3y6uateix Mydrax. // [IporpeccuBHbie TEXHOMOTHY M CHCTEMbl MALll}i-
HOCTpoeHus: ¢6. HayyHbIX TpyHoB. - Joneux: HouI TV, 1997. B 4 - ¢. 131-
135. 4. Kpareneckuit M1.B. Tpenue u usnoc.- M.: Maumnocrpoense, 1968. 5.
Honpuenxo B.B., Conoseit AB. Pacnpenenenne Harpysku Mexiay 3yOpsams
3y64aToil MyQTEIl. // IIpOrpeccHBHEIE TEXHONOTHH H CHCTEMBI MALIMHOCTPOE-
HUs: MexnyHaponHbli ¢6. HayuHBIX Tpy#oB. - Jlonenk: JouI TV, 1998. Brin. 5
-¢. 177-181.
Cmamues nocmynuia ¢ pedarywo 04.10.2002 .

TAPMOHUYECKUM AHAJIM3 I'JIABHOM JTHHUAU
ITIPOKATHOI'O CTAHA C MHIMBU/IY AJIbHBIM IIPHBOJIOM

Pyrenxo B.W., Huwuux H.B. (JonHTY, 2 [loneyx, Ypauna)

Analysis harmonic of rolling mil traction mechanism with individual drive is
carried out. Own frequencies spectrum is determinate.

B npuBogax MpoKaTHBIX CTAaHOB JUIS MEPEAAYN BHICOKHMX KPYTSLIHX MO-
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'MEHTOB K paboyuuM BanKaMm Halll¥ WHPOKOE IPUMEHEHHE LUMHHIEIH CKOMbKE-
1. KOHCTPYKTHBHBIE 0COBEHHOCTH LINMHMHACACH CKOMLKEHHS MPOKATHBIX CTa-
B NPUBOIUIT K TOMY, YTO OHH #BASIOTCH HCTOUHMKOM KOJICOaHU FTaBHOMN M1-
Fl MPOKaTHOTC CTana. llomepeunvic W KPyTUNBHEIC KoneGaHWs IUMHHIENeH
YoKaT MPH4HHOH YCTaNOCTHBIX PaspyLICHHH /IeMEHTOB IITTMHAENd, POCTa JIH-
aMHYIECKHX Harpy30K Ha MeXaHU3Mbl MIABHOM JIMHMK NPOKATHONO CTaHa.
YcoBepLIeHCTBOBaHHE IUAUHACTBHOIO Y3712, IOBBIICHHE €10 IPOYHOCTH H
; BCHHOCTH — BaXKHad 3aj1aya, KoTopas TpebyeT He TONLKO H3MEHeHUs KOH-
PYKIMH YCTPOHCTBA, NIOMCKa JYHLIEro MaTepHana, crocoba cMa3biBaHus ¥3-
J1a, HO ¥ aHATHTHYECKOr0 HCCHEIOBAHMS PEKHMOB HATPYKEHHS U JHHAMHYC-
CKEX SBIICHUI B INABHON JHHMH IIyTEM TIpUMEHEHHA Hanbonee TOYHBIX METO-
OB pacteTa. B paGore BIiepBhIe paccMaTpHRACTCS IABHAS JHHUS [IPOKAaTHOTO
;;%ﬁﬂa C HHAMBHIYQJIBHBIM HPUBOJIOM BEpXHEro paboyero panka, Kak CHCTEMA C
HPEIENCHHBIMY TTApAMETPAMH, C LeABI0 YCTAHOBNEHHS NUHAMHYCCKNX CO-
ﬁ;marmomnx KPYTALICro MOMEHTA Ha JIEMEHThI WIHHACNAS CKonbxenus [1].
Ha ocnoBauuu BRICOKOH KpyTHABHOM XeCTKOCTH 60ouKu MPOKaTHOTO BaJi-
a, €r0 MOXHO paccMaTpHBaTh Kak COCPCIOTOUEHHYIO MACCY € MOMEHTOM
HEpIMY J,, KOTOPBIA MOXHO NPUBECTH K DpOAOJBHOH ocH minmunaens. B pe-

JIBTATE TIONYYHM CYMMApHBIH OCeBOH MOMEHT MHEpLMM NPOKATHONO BAIKa,
PUECACHHOTO K WAPHHPY MNMHANS ¥ [APHADPA CO CTOPOHE BaKa J.. ;

Jy=Jg+J 080

~ IaeJy - Ocepolf MOMCRT HHEpLHH MIAPHUPA IINKHACNH, & - YTOJl HAKIOHa
JCH IINHHACHA K OCH Bajla NPHBOJA.

 Pacuernas cxema ryiaBHOW NHHHH MPOKATHOrO ¢TaHa ¢ WHAKUBUIYANLHLIM
ABOJIOM NpeJicTaBfeT CoGOMH TPy COCpenoTOYeHHbIe BPANAIONAEcS MACCHL,

CAMHEHHEIE MEXLy COGOM MOCPEACTBOM YNPyrix BaIOB C PacupeseieHHbIMMA

CBLIMH MOMEHTaMK HHepUXH (PHUC. 1), KOTOpbie ANS BalOB KPYITIOTo CeYCHHUS

IPENCNSIOTCS Mo hopmyne:
_ le=y ps
SF]

TAC ¥ - ynensHbIHA Bec MaTepuana Baia, J, — MIONAPHBIA MOMEHT MHEpHHUH Tfole-
3 d*
H0T0 CeueHHA Bama, onpenensemMstii no popmyie J ="—.

B rnapHON THHUH MPOKATHOTO CTaHa BO3HMKAIOT KpYTHIbHbIE KoseGaHus.

CHCTEMBI C PacnpeieNeHHbIMK NTapaMeTpaMyi COGCTBEHHBIE KDYTHIIBHEIS

€DaH¥s OMHUCHIBAIOTCA BONHOBBIM OJJHODOJHBIM YpaBHenuem [2]:

2 2

Polut) _ 2 ol 1
i iy 203 M

ot Ox

- QYHKUMSE YIVOB 3aKPYYHBAHHS [MONEPEYHBIX CEYCHMUIA BaNoB,
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C= JEI:,W— (a3oBas CKOPOCTH KPYTHIBHBIX KOjeOaHHi. oun

M
“m (x) @0 n €08 kum nX+ & S ——sink,

mﬂﬂ

Vi3BecTHO peuicuye BOAHOBOTO ypasHeHus (1), npeacrasiennoe B Gpopme
MeTO/Ia Ha4anbHbIX MapamMeTpos [1]:

wen =" pun
e Mo, - MOMEHT B HavaJie YYacTKa, [IPY OTCYTCTBUH BHEIIHEH HATDY3KU u

M HYHK COC] i 9
i PEIOTOYEHHON Maccel, OH OYZ€T paBer MOMEHTY CWiI MHEepLHH
t+ 2 g
plx,1)= Z} P cosk,x+-— K GJ sink,x Jsin(@,f + 4,), (2) atowielcs Maccsr:
n= p
' iy - --nm
©, Mﬂ.n‘Mu,n_ (0) J}“&) (QOniqueTOM kmnn"w /Cum’
rae k, —BOJIHOBOE YHCIIO, paBHOE K, :F; ®, - UAKIHYECKas YacTOTa i
e puin ” :
% ) =] ., MOKHO 3anucath QYHKLUUIO 114 A~
coOcTRenunX KonebaHuii, onpeaenaemas B&Ipameﬂuem. un /m o ynxumio 112 #-# rapMounky
GJ 2
m k \/_‘_ N (x): @0 cos%. + Mﬂsin% = ¢D cos m”x + sz”¢0)”c“‘” sin wﬂx e
W =®0,n —=
. o (x 0) Cwn @nGmen Cmﬂ Cum CC’RGJ pun Cum
- )
1 - HauapHad dasa cOOCTReHHbIX Konebanuil: 1gu = mfo ) cos 22% 4 Js®,Cop . @,x
] P 0
N GJleﬂ Cum

M, -KPYTSIUMH MOMEHT B HAUAJIE Y4acTKa CHCTCMBI,
*

Ha ocHoBaHMM 3TOr0 (yHKUMS KPYTALErO MOMCHTA Ha BaNy IMHHISAS

G=8 : 10" Ila - MOIyNIb YIPYTOCTH DK CABHTE. MeT BUA:

% do"x 0, . 0,x Jsol
- M (x)= Gy =2 = G 00 | = —2-sin % 4 2200 oo On*
Yt o N G GJ
4 i Lk piun win
. MowmenT HHEpUyH IIAPHHPA CKOMBLKEHHS CO CTOPOHb ABUTATEN:

M =T )= T 7070, ), T

W f Jso C o,/
e (p”([m)z%m[cos noun y VX0 zwn o, Ontun y & KpyTALWH MOMEHT Ha
; \ Cum Gqum uin v

HUPE CKOJBXKEHUS:

s (fm)=<pa,n(~ GJ

Puc. 1. Pacyernas cxema IJIaBHOH JHHHH IIPOKaTHOTO cTaHa ¢ HHAMBUIY-
ATBHBIM ITPUBOAOM: IJ€ Js, — OCEBOM MOMEHT MHEPIHM pOTOpa ABHIaTens, is -
MOTOHHBIA OCEBOI MOMEHT HMHEPLMH Bald HPHBOJA, Iy, — IIOPOHHBEIH ocenoil
MOMCHT MHEpIIMH Basla NNMHAeNs, [, — JMHA Bajla JIBHraress, lun — UTWHE Ban2
LIMHHASTS.

Dy wn!um 2 O,/

S —(—:—Sm_——— +J5m;, cos—-%
wn uen wen

mnlum ¥ szncmn o mn"wn

i
s Gl G

Iycts 4(o, )= cos

3 B(CD”) = _G‘Ipum ((;)

wn un i
: Pn (I’“”) A QG;HA(mn )’ aM,” (Iwn) = (Po.nB(‘Dn )
- Hauanenemvu napamerpamu a4 Basa GyayT SBASTbCS

qsﬁ‘;z 5 (DO,HA(mn) H
Mo, = (M:m (lun)+ M, )cos o =0,,8(,)+ Jnmi(PU,”A(ﬂ)" Jeosa =
= %,»(B(‘ﬂn) + J,,(ﬂiA(m,,))cosa,

1 B . m,l ®,/
5 clyuas OTCYTCTBHS HAYajbHOM CKOPOCTH A =— ypaBHeHue (2) 3@ B_sin—fMR 4 J 2 cos M 1orna
Y 7 Z%n C

IHILETCH B BHAE!

= Mon
olx,)= Y| @, cosk,x + >—sink,x |cos@,f.

PaccMOTpuM /=10 TapMOHHUKY COOCTBEHHEIX KOIeOaH i WnuHACHS:
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Ha ocHOBaHHH 3TOIC MOXHO 3&IIKCaTh AJI4 Basia JBUTaTens

M,,C :
0% (x) =9, , cos Dol 2000 g Ok
! Ce 0,0/, C
»,x Blo, )+ J,0, 4o
= (po,nA(CDn)COS Ca 4 Do, ( )UJ,,GJPQ ( )

O X
C, cosasin—+ =
g
2
0,5 , Blog)+J,034(0,)
C, ®,GS
DyHKIMS MOMEHTOB JIJI Bajla ABUrATE IS 3AMUIIETCS B BUJE:

= cpc,,,,(A{m,, )cos C, cosasin %’é]
g

doéx
Me(x)=GJ,, 2 = 0., G e X

2
g -—A(m,,)g)-is’nm x+B( )+J”m”'4(®")m”xcosacosw”x 1
Ce C GJ, C C.

g

puen [ &

. O, W,
0 2 [ G, a2+ 222 (0, 1020, oo 2

L & n g
C y4qeroM J,, WMeeM
8 5o 21 8 o
M, (Ia ) - _Jés(pn (za ) T ‘;()am::(pn(‘r )
2
o,l, Blo,)+Jo,dle o,/
=J93(03,(P0,,A(CDH)COS n's 4 ( n) 1%n ( ”)COS(}LCOSﬁ
’ GJ
Cs @, ptun 8
OTKYJa Jerko MOJXY4HTh TPAHCUEHACHTHOE YPaBHEHHUE /IS ONPENeAeHNUs Crex-
Tpa coBCTBEHHBIX YaCTOT rAaBHOM JIMHIK MPOKATKA!

cos
s o (B0, 770340, )= 0, 4(0,)
€, G B(o,)+J 0% 4(0,
©EE ) PAn. ) e )

ps

CriekTp COOCTBEHHBIX YacTOT BBIYMCICH /Ul BEPXHETo padouero Basixa
craga 950 JloHeHKoro MeTaIypr¥4eckoro 3apojia no cieaylollMM XapaKTeph-
CTHKAaM: JMaMeTpsl IIPOKATHOrO BalKa, IapHHpa LINWHIENs, Baja IIITHHAe!S
COOTBETCTBEHHO paBHbl d,, =0.95Mm, d,,,, =085m, dg, =0.42m; annwa
paja UIHHAeNs M Bana gguratens [, =10m, [, =06m; a=7"
Jp=2804-10° ke m?;  J,, =1.482-10%kz-a*; Jy =1.372 -10% k2,
fyn =230.523 k2-m . i; =960.112 k2 - m

»

Jlns onpelleNeHUs KOPHEH TpPaHCUEHIEHTHOTO YDPaBHEHUS MUCHONL3YeM
120

_ _m iennLii Meton JlesenGepra-Maxkapara. C uenbio yCTAHOBACHUS HAYaEHO-

MpUBNHKENUs JULSE MeTona paccMoTpUM OyHKIHIO
e (B(m")+JnmiA(mn))— Jpe0, Alw,)
; )=tgco,,fs _0,C, .
4 C, Gy Blo,)+Jpoidle,)
A o
c (@,)+ s - oI, coso

HIOTCA KOPHAMH TPaHCUSHACHTHOIO YPaBHEHHA.

-

Puc. 2. CriexTp cOOCTBEHHBIX 9aCTOT

- CrieKTp cOGCTBEHHBIX YACTOT NPHBEACH B TabiHIE.

Ta6nuua. Crnekrp coGCTBEHHBIX YaCTOT

1 2 3 4 5 6 7 8 9 10 11

8491244214056 | 5672|6466 7290| 8908 | 9702 {10527]12145] 12937

BeiBogbl. BrepsBrie npoBefieH rapMOHWYECKHH aHANW3 [NiaBHOM JIMHUM
KaTHOTO CTAHA C MHIWBMIAYANBHBIM MPHBOJOM KakK CHCTeMbI C paclpeje-

IMY [apaMeTpaMy, B PE3YJIbTaTe KOTOPOro OINPEHNCIICH CICKTD cobereen-

. HacCToT. I{J’Iﬂ HCcneNOBaHHA OHHAMHYECKHX MPOIECCOB I'JTAaBHOH JIMHHH

KaTHOI'O CTaHa HeobxoaumMo paccMOTPeTh BBIHYKINCHHBIE KPYTHIIbHbIE KO-
dAHH .

- Cnucox aureparypsi: 1. Ulesuenko ®.JL Jlunamuka ynpyriax crepxHe-
crcteM.- Jouenx: OO0 «Jlebeap»,1999.- 268 ¢. 2. [linamiuni 3amadi crep-
oByx cucteM / @.J1.IUesvenko, I'.M.Viurun.- K.:ICHO, 1995.- 100 c.

Cmamea nocmynuna 6 pedaxywo 11.10.2002 2.
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HCCIENOBAHHUE B3AUMOJAENCTBHA PACKATA
C BEPTUKAJIBHBIMY POJIUKAMHA 3A TATUUKA
METAJLJIA B BAJIKH IPOKATHOM KJIETH

Pyuxo B.H., Pynenxo B.H. (JJonH TV, Jloneyx, Yxpauna)

| ATOp  3aXKMMaeT ero  MeXAay JHHelkamil MaHH“)’ﬂﬁz??as “?"‘
XOAHMOCTH{ [POM3BOXS  NpPaBKy. _Po:mrm 3anaTduKa  BRTHONar bfi
yBPEMEHHO ¢ PaGodmM ponsranrom 1. Packat pasroHseTCs U ¢ yCKOPEHHER!
FETC O BpaulaiouiHecs rnpoxkarHele ranku. IIpy 31oM B MeCTax KOHTaKTa
ara C BaIKaMd 0OpasyroTCs IIOLIAIKH CMsATHs, ODNervaioLlide 3axsaT
BaJIKaMH [9].

Interaction of vertical rollers of the device specifying metal in is investigateq
are shaky the rolling mill, with a peal of metal. Dependence jfor definition of ef
Jort of pressing of a vertical roller to a peal is deduced. The formula for defini
tion of the coefficient of rolling friction between a vertical roller and a peal of
metal is received. The device is intended for increase of productivity of the roll.
ing mill.

Cpenx MeTonoB moBLiEHNS POU3BOAUTENBHOCTH TIPDOKATHBIX CTaHOB,
HapAly ¢ ONTHMM3ALMEH NpoLecca NPOKaTky [1], BEIRENAIOTCA TAKKE METOm
KOHCTPYKTHBHOTO COBEPUICHCTBOBAHHA CYIIECTBYIOLIEr0 M Pa3pabOTKH HOBOT) |
0BopynoBaHus, 00ECHeYHBAIONIHE NPHUHYAUTENBLHYIO 3aKauy MeTansa B Bajiky,
HanGonee nepcnexrueHbiM, sBisercs passurwe KOHCTPYKTOPCKHMX PpeLIeHuH,
TOSBONSIOUIMX BHEAPHTE B TEXHONOTHYECKYIO MHHHIO NPOKATHONO CTaHA .
CTIELMATEHOrO YCTPOHCTBA, CHOCOGHOTO 3ajaBarTh packaT B pabodme BamKn.
MPOKATHOH KIETH C ONPEfeNeHHBIM YCKOPEHHEM. JaHHBIA MOAXON MO3BOJHUT
YBCIHYHTE BETHYMHY 00XKATHA B NPONYCKE, 4TO 06ecrneyuT YMEHBIICHHE THKIA
NIPOKATKH, U TIOBBICHT NPOH3BOANTENBHOCTS MPOKATHOTO CTAHA.

Kak usBectro [2], Makcumanbsoe YCKOPCHHE Qy1x, KOTOPOE MOXKeT GuiTh
AOCTHTHYTO H2 paboYenM ponbramre, IpH 3ajade METANIA B BAIKH, He npeBoc-
XOIMT /g, 4TO NpH KodpuuHenTe TpeHHs packaTa o PONUKYH ponbranra f= 0,3,
COCTaBNSET dyyy = 2,94 M/c’. Peansho xe JaHHBIE 3HAYCHNA Slle MeHbIlie, U Co-
CTaBNAIOT A7IS PA3HBIX CTaHOB: @ = 0,65 — 1,55 m/c? [3].

VI3BECTHO HECKONBKO KOHCTPYKLIHA MEXaHU3MOB VISl NPUHYIUTENbHOI
3alavn MeTajlia B BaJlKH, IPUMEHHTENEHO K Pa3/IMYHEIM MPOKATHEIM cTanaMm [4-
9]. Henocratkom GonbuiMHCTBa U3 HUX [4-7], sBnsercs cnoxkHOCTS BHEApeHNA B
TEXHONOrHIECKYI0 NUHMIO NPOKATHOTO cTama. Jpyrme i e, HUCIHOIH30BATICH
U B KayecTBe NabopaTopHOTo yCTpoHCTBa Wi NPOBEAEHHUS SKCIePHMEHTOB
[9]. Hambonee BOSMOKHBIM SBAAETCHA MCTIONB3OBAHHE YCTpOiicTBa, COBMENIEH:
HOTO ¢ MaHHMIYIATOPOM MPOKaTHOToO cTana [8] (Puc.1).

Mexauusm WIS NpHHYAMTENBHON 3a7ayM MeTamia B BalKH {3amarTduf
MeTajia B BalKH) COCTOMT M3 IPYII BEPTHKANBHEIX POIKMKOB 2, BCTPOESHHEIX B
MHHEHKM  MaHHmymsitopa 3.  Ponmkyu TIPHBOOATCA  OT  (haHueBbN
anexTpoasurarenelt 5. C UENBIO NpemoxpaHeHus POJIHKOB OT MONOMKH npi
NpaBKe packaTa JNMHEHKAMM, DONUKM BBIONHEHB! YTAMIHBACMBIMU B TC/0
nuHEHKH 1 CHabkeHb! amopTuzatopamu 4. Ilocre Brixoxa packaTa K3 BajkOB
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Puc. 1. MagunynaTop ¢ MEXauu3MOM VI 3a/1a494 MeTauia B BaJIKH

PaccMOTpUM packaT B MOMEHT 3aTANKMBaHHA €r0 B NPOKATHHIE BANKH
(Puc. 2), u onpenenum ycuue MPUXATHA PACKATa PONMKAMY 3aaTYHKa.




M PacKaToM;
paanyc ponuka paGouero posnsranra;

N vk
Fz_’;‘uq = —'—"ZR-Z_Z-') (4)

— KOIQQUIHEHT TPEHHS KAuCHUS MEXy POJIMKAMH 3aJaT9MKa M packa-
TOM;
Panuyc poiyKa 3aaTuMKa.
Ompenenim Cu1y TpeHHS CKONBXEHHS MEXJIYy PACKATOM M, COOTBETCT-
, POTUKaMu paboyero posIbTaHra ¥ PONUKaMH 3a[aTIHKa:
G
ot _ Ypackar

Ey teewr =Py _rpen = *—‘Z—'ﬁ_rpﬁﬁ , 5)

PEH = KOIQOUUMEHT TPEHUS CKOJNBKEHHS MeXAy poNMKamy pabodero
POJIbraHra U pacKaToM;

Fy _teen =Ny 2 1pew » (6)

1PEH — KOOQDUUMEHT TPEHHS CKOJBKEHUS MKy POINKAMH 3a0aTUUKA 1

packaromM;

~ IMocie noacTanoBKy 3HaUEHMIA CUI, IIONYYEHHBIX U3 BeIpaxenui (3)-(6),

uKeHue (2), nomyuum GopMyIty Ans ONpeneneHus HeobXoauMOoro ycunus
Usl PONIMKA 33/IaTYHKA K PacKaTy:

Puc. 2. Cxema cun, meicteyiomux na packaT B MOMEHT 33134l B BAIKY

Sanuniem OCHOBHOE€ ypaBHEHHE JHHAMHKH TIPHMEHHTENBHO K packary:

Moackar * 2 packam =ZFY (1) . Gpacx_ang i £F. G £ +§E‘:““’"-§ -R :
3anayy packata B Baiku paboyeit wieru, c YCKOPCHHEM  Gpgewam: ) g PEROR X AR T SRACKAT L TEEH R 3 0
0fecneunBaoT pouKH paboyero poabranra Y YeThIpE BEpPTHKANBHEIX POJIUK =" ] :
P P P PR Bep e 4 fo_reen-Ry~4-ky

3aJlaT9¥Ka, 10 JIBa C ABYX CTOPOH packara (BepTHKANBHEBIE PONUKY 3a/aTyuKa).
B 10T MOMEHT Ha packar OEHCTBYIOT CHIIBI, HAallpaBIeHHEe TIDOTHB ABHXEHNA:
F34744 — cHIa conpoTuBiIeHus co CTOPOHEL BAIIKOB MPOKATHOH KACTH; Fiypppy —
CHUNla MHEPUMH packaTa, Iy gy, Fo joqq — COOTBETCTBEHHO, CUJIBI CONMPOTHBICH HS
OT KaY€HHA DPOSHKOB POBTAHTA ¥ 334aTYHKa 110 packary; Iy rpgy, Fo rpgy —
COOTBETCTBEHHO, CHJIBl CONPOTHBASHHS OT TPEHHA pPONHKOB pabouero
pOTbranra M 3ajaTyMKa No packarty; Gpycxar — BeC packata, P — peakius co
CTOPOHBI POJIMKOB DOTbraHra Ha BeC pacKara, N, — ycumue npmxatus co
CTOPOHEI PONKKOB 3a/[aTHHKA.
Toraa, ocHoBHOE ypasHenwe gunamuxy NpUMET CleaYIOUMH BUA:
"M pacxam™ Apackam = 4* Fémt:.&r =i 2 _F3WT+2'ETPEH =2 'Fimw @
Onpenenum cuny conporuBnenus or Ka4qCHUA pacKata Mo pojuKaM pa-

60'-531"0 POJEraHra u 3a,r(a1"mlca, COOTBETCTBESHHO:
Proky _ G opackar -k, (3)

F = L— 1,
| _ K44 R, 2-R,

Honyckaemoe ycunue NpIKATHA PONHMKA 3akaT4MKa K packaty [N;],
O ONpEeACTNUTh, HCXOAK M3 YCHOBHA YNpyroi zedopmanum packara, BOC-
OBaBIIMCE (opmynoi [epia [10, c. 395, dopmyna (7.25)].

* BripasuM ycmine TIpHXaTHA POJIMKA 3ajaTyMka K packaty N, 1ojsep-
IOr0 yNpyro# AedopMauuu, Yepes npeen TeKyyecTH MaTepHalia packaTa or

ABEICHHEIN MOZY/Ib YIIPYrOCTH MaTepHATIOB POUKa 3aaaTuuka Ky, 1 pac-
L, TTONYIHM:

[N2]=0'72-1-)222-(E|+Eg_)! ®)
0300 2 .9 ek

— OpejieNl TEKY4EeCTH MaTepHalia packara;

JUTHHA POJIUKAE 331aTUYHKa;

£, — Monysu ynpyroctd, MaTepHasoB pOIHKa 33/JaTIHKa ¥ packala.

Jlna onpepencsus kospuuUMEHTa TpeHus KadeHus k, BOCIONb3yeMmcs

AYJIO¥ [1st ONIPENieNIeHHs TapaMETPOB 30H KOHTAKTa ABYX Tell (LMIMHAPA ¥
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riockoetu) [11}]:

| 2 5 2
g F13 o j 0008 Lo ful  dopey (9)
¥ l E, £,
FAC f, 2 — KOSpuimenTsr ITyaccona MaTepHAIOB POHKA 3aTUHKA H Packa.
Ta.

oxcTasnss seipaxcenue (8) B BeIpaxkenue (9), noayumnm:
k= 2T Ry (o] [(E+E,)
E;-E; 2
rae [ox] ~ NOMycKaeMOe KOHTAaKTHOE HaNpsHKeHVe MaTepuana packara [4]:
[oxl=2-07.

‘[Ez'(l‘ﬂl)z + E, '(]—ﬂz)zf'(m)

(n
Taxum obpasom, nonyvena saBucHMOCTs ANS onpe/eneH s A0MyCKaeMOoro ycu-
A TIPHOXKATHA PONMKa 3aRaTymKa K packary [N,] u koadduument Tperus Kaue-
HHS ka, MEXY POTHKOM 3a7aTunKa | packaroM, ¢ Lebi0 ONpeNeneHUs MOMeH-
Ta CONPOTHBJICHUS 4 MOLLHOCTH ABHIaTeNs /I NPHBOJR POHKA 3/ TUHKA.

Croucok nureparypsi: 1. Cxopoxozos A.H., Honyxuu TT.W., Mrrokosiy
BM u gp. Onrumuszauus NPOKAaTHOTO NMpPOW3BOACTBA. — M.: «Metamryprisy,
1983. — 432 ¢. 2. Kopones A.A. KOHCTpYKIINS ¥ pacyeT MAIMH U MEXaHHU3MOR
TIPOKaTHBIX CTaHOB. — M.: «Metasnyprus», 1969. — 464 ¢. 3. O.K. Hpanuesnko,
ITH. Honyxus, M.A. Teinkun, B.JL Honyxun. «unaMuKa 1 APOYHOCTH 1po-
KaTHOTO 06opyxoBanus». - M. : «Mertaiutyprus», 1970, - 487 c. 4. A.c. CCCP A
969347 «YcrpoiteTBo ans 3amaun npoxara», 1982. 5. A.c. CCCP Ne 820953
«3aKarolee YCTPOHCTBO K TIPOKATHBIM cradam», 1981. 6. A.c. CCCP Ne 551069
«YCTPOHCTBO ISt 06XATHS KOHIIOB 3aFOTOBOK nepei npokartkoiin, 1977. 7. A.c.
CCCP Ne 519240 «YCTPONUCTBO ANS 3aJa4H 3arOTOBKY B pabouyio Kets mpo-
KaTHOTO cTaHaw, 1976. 8. A.c. CCCP Ne 452382 «MaHunyagrop-kaHToBareb
ODKUMHOTO CTaHa», 1974, 9. Yexmapes AT, ®upcos [1.B. [punypurenpusit
JaXBaT MeTaiia Bankami npu npokatke. C6. crat. O6paGoTka MeTaInoR qasic-
ruem. Ilox pen. x.T.u. ['pomosa H.IL, Beim. 4. - M.: «Metannyprus», 1956. -
236 c. 10. Ipangenko ®.K., I'pebennx B.M., lupses B.I. PospaxyHok Maiuut i
MEXaHi3MiB NPOKAaTHHX IexiB.: - K.: «Burma wKoxa», 1995, - 455 c. 11. TTuca-
penko I.C., Slkosnes A.TT., Matsees B.B. CrpaBouHUK 110 CONPOTUBIEHUIO MA-
Tepuaios. — Kues.: «Hayxoea mymxay, 1988. — 736 c.
Cmamos nocmynuna ¢ pedaxywio 31.10.2002 2.
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JUATHOCTHPOBAHUE METAJLJIYPITHUYECKOI'O
OBOPYAOBAHUS

i B.SL., Cuno pos B.A., Omosckan E.B. (JonHTY, 2. Joneyx, Ykpauna)

sequence of diagnostic problems solution with provision of specifics of
ting a metallurgical equipment is considered in the article. The nesseserity
ndard or manage document elaboration is determined. This documents
pecify the realization of diagnostical works of equipment and set require-
s which ensure the turning of metallurgical enterprises repair services on
air strategy by technical state
Ilepexon Ha MpOBeJeHHE PEMOHTOB 10 COCTOAHMIO CTi B HACTOSLIEE
A METaNYPTHUECKHX — NpPEeANpUATHH  akTyajdbHOM  3amaveil.
IMYIIECTBO JAHHOW CTPAaTerHK 3aKNI0YaeTCs B MCKIIOUCHHHM BHELIAHOBHIX
0SB H YCTKOM OIIPeJe/IeHHH 00BEMOB M CPOKOB IIPOBOJUMBIX PEMOHTOB.
THE PACCMOTPCHBI BOMPOCH! AHArHOCTHPOBAHHS H OPranu3ailiMu PCMOHTOR
COCTOAHHIO C Y4YeTOM cheudpuKkH paloTel METANNypruveckoro
YIOBaHHUS.
Havansueiit atan pemienus 3a4a4s olpeaene s TeXHHIeCKoro COCTOs -
GOpyAOBaHHS NpPE/INO/IaraeT H3y4eHHe OCOOEHHOCTEH KOHCTPYKIIUH, SKC-
ALK MAWHHBL K GOPMHUPOBAHKE AWATHOCTHYECKOR MomenH. OGBIYHO Au-
THYCCKasd MOJENb IIPEACTABIACTCA MAaTpHLeH HeMCIIpaBHOCTEH, onpese-
el CBA3E MEXIy BBIODAHHBIMY IHATHOCTHYECKHMH [1apaMeTpaMH U TeX-
KHMH COCTOSHMAMY (JMarHo3amu) uccieayemoii cacremsl. Texuamueckoe
OCTHPOBaHAE MEXaHMYECKOTO 00OpYHOBaHMs METALTYPIrHYECKHX Hpei-
WA NpeanonaraeT NpeNoYTHTEebHEIN KOHTPONb BHODALMH M TEOPHIO
HaBaHUA 00PA308, NPHMEHHUTENEHO K U3MEPEHHBIM YPOBHAM MapaMeTpOB
tny. COBpeMEHHEBIE CPEAICTBA M METO/b AUArHOCTHPOBAHHUS, HATIPUMED,
PAILHEIN aHaNN3 BUOpaLKH, NO3BOIAIOT ONPEASHHTD 0 |2 BHIOB NOBpe-
H momwHinHUKOB. [IpaKTHYeCKH HEOOXOAMMEIM SBAACICA OrpaHHYEHUE
AHAarHo30B 70 3...4, npearnonaras COOTBETCTBYIOIIEE PEMOKTHOE BO3AEH-
Ka)KioMy M3 MOCTaBJICHHbBIX AHArHo308. YHCIO BO3MOKHBIX PEMOHTHBIX
SHCTBHM B YCIOBHAX NIPOMBILICHHOTO [1€Xa OTPaHM4YeHO W BKIIFOYAeT: pe-
POBKY WM HalalKy, M3MEHEHHE PeXHMa CMa3biBaHHs, 3aTSHKKY pe3bOOBBIX
€HHH, 3aMeHy ObICTPOM3HAINMBAIOIIMXCS HeTanel, BOCCTaHOBIEHHe a-
. mosepxuocteit neraneil. IIpaBunsHeiil BHI6OP BUAA PEMOHTHOTO BO3ZIEH-
X CBOGBPEMCHHOCTB €ro MPOBECHHA 00ECHeuHBaOT He TONBKO 6e307-
b 000pYAOBaHHUS, HO ¥ BIMAIOT HAa SKOHOMHYECKHUE NOKa3aTelny paboThl
O CITyk0bl U NPEANPHUITUS B LEJIOM.
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OBBIX KPAHOB, WICCTEPEHHBIX KNCTeH MNU NOJOOHBIX MEXaHHU3MORB. Tpya-
b 3aKIOYACTCA B NIPUOOPHOH PErHCTpaLMK GBICTPONPOTEKAFOLLIMX BUOpa-
bIX IIPOIECCOB.

OCHOBOH Njis MPUHATHS MOBOro MarHo3a CIIY’KHT peluaroiliee IpaBu-

SHAICHHC JHArHOCTHYECKOTO MMapaMeTpa, ONpefeNisioniee IPaMIbl pasii-
TEXHUHECKHX COCTOSHHH. M3BeCTHbIE METOABI TIO3BOJIAOT OLEHUTE TCX-
SKO€ COCTOSTHHE ITYTeM B3aHMHOTO, OTHOCHTENBLHOTO H a6COMIOTHOTO cpas-
5 AMATHOCTHYCCKUX llapamMerpoB. BaauMuas oLieHKa [POBOANTCA B Cyyae
UM HECKOABKMX MAllHH OAHOTO BUJIa, UTO HE BCEra peaiu3yeMo H3-3a
BUAYATbHOCTH METa/Typrudeckoro obopymosanus. Ilpy oTHocUTeNBHOMN
H3MEPSAETCs BUOPAUMA OHHOrO MEXAHM3MA U MPOBOXMTCS BPCMEHHOE
HME TOMyeHHBIX 3HAYeHHH, YTO HE BCEra IIPHEMIIEMO, YHUTHIBAS IIH-
CPOK CIIYxObI METANTYPIrHYCCKUX MalIHl. AGCOMOTHAS OlleHKa 1pe-
[ATACT CDABHEHME MSMEPEHHBIX 3HAaYEHUH C PeKOMEHJANMAMH CTaHAAPTa 1
JgeTcs Hanbonee yIOOHBIM U OTIEPaTHRHBIM METOJIOM.
~ MiByyeume pernamentupyromux BuGpaimio cranpapros, UCO 2372,
2056, DIN 45655, ICO 10816-1-97 mokasbiBaer, 4To OHH GazupyIOTCs Ha
OSHHOM OTHOLUEHHHM MOUIHOCTH JOILYCTHMOH BHOpALMH K HOMHHAILHON
'_ OCTH IBUI'ATENIL ¥ BIOJHE MOTYT HCIONB30BATEC IS MalMH paboraro-
B JUIMTCIBLHOM pexkuMe. B tabiaune npuBeleHs! pe3yibTaTel pacyeToB Ha
Mepe TPeX(ha3sHBIX KOPOTKO3AMKHYTBIX HABUIaTeneif cepur 4A MOHIHOCTLIO
0 kBr. TTony4cHHble natiupie TOKA3RIBAIOT, YTO cTanaapToM (BUKCUpYyeTcs
erre 0,05% OT HOMMHANBHON MOIHOCTH KAK JOMYCTHMBIH ypOBEHDL BO3-
omux BuOpauumii. [Uis Mamun [UIHTENBHOrO pexuma paGoTel (Hacochl,
IPECCOPEI, BEHTHIATOPbI, ABIMOCOCHT) MACCa HCTIOMHMATENLHOTO MEXAHH3MA
Pasa [ipesbiLIacT Maccy OBHIATEs.
TeNLHOW OCOGEHHOCTHIO METAUIYPIHYECKHX MAIlIHH sBisercs Gosee
KOC OTHOILIEHHE MAacChl MEXAHM3MA K MACCe JIBULATCIS. Hanpuwmep, macca
OJIUKOBOM CEKUMH posibradTa 06 KIMHOTO 1iexa cocTariaser 28506 kr npu
Asprarens 900 xr; macca ckuroro neGenxu (6e3 yuera npucoeuHes-
‘Macc xaHaTOB M ckumoB) - 72380...125450 xr npm macce gsuratencii
--48000 xr; npokatHas K/IeTh C IPHBOAOM MMmeeT Maccy 120000 kr, a mac-
Burarenst — 7800 xr. CooTmeTcTBEHHO, A5 TOCO, YTOOLI TakHe MallMHb]
Uy BUOpaluy [0 HOpMaM CTaHAApTOB, HEOOXOAMUMa HA TOPSAOK G0NE-
MOIIHOCTE, BEIZBIBAIOlNas BHOpauMio mexannsma., Hopmuposauue Bubpa-
METAmTyPru4CCKMX MaNIHH JOIDKHO MMETh HHIHUBHAYANBHEIH [OAXO0A,
bIBast e AMHHYHOCTE H3rOTOBIEHHS U HOCUTh 000CHOBaHHEBIH XapaKTep.

q’OpMHpOB&HHe TEXHHYECKOTC COCTOAHHS MCTAJLTYPTHYECKHX MaLUHl-];
HMeeT paj cnieuuduyeckux ocobeHroCTel 1 oIipefienseTcy: KOHCTPYKTHBHy |
COBEPHICHCTBOM MEXaHH3M4, Ka4€CTBOM M3rOTOBACHHS M TEXHHMYCCKONO 06
CIyXHBaHUs, KAUECTBOM CMa3bIBAHUSA H paboTOl creTeM obecneuenus paborg.
CNOCOGHOCTH, TEXHONOTHYCCKUMHE HATPY3KAMH H NPOU3BOIACTREHHON NPorpay.
MO#. ByibpanHble AHArHOCTHYECKHE NAPAMETPEI AOMKHE! OXBATEIBATS KOHTpOsy
YKa3aHHBIX (PAKTOPOB ¥ BEISBIATL MPHYHHEI BOIHUKHOBCHYS HOBpEeXASHUH. |
OCOGeHHOCTH MeTalTypriuyeckoro 000pYI0BaHHA 3aKIIOYAIOTCH e
TOIBKO B KOHCTPYKUMAX, Macce, rabapuTHBIX pasMepax, THKeIbix YCHOBuUsy
OKCILTyaTaUuy, HO ¥ B pasHOOGPa3HOM XapaKTepe Bo3jelcTBus JMHAMUEYECKy
Harpy3sox. Ilpunumas ykasaumbli (akrop 3a OCHOBY KJiacCHOUKAUMK HMeey
CACAYIOUHE IPYNNbl MEXaHM3MOB: MEXaHH3MBI, HCIBITHIBAIOLIME JMHAMUe.
CKHE HarpysKi Npw 3anycke U TOPMOKERHH M paGOTaIoLie B ATHTEILHOM pe-
wuMe (KonBeleps!, HaCOCH!, BCHTHIIATOPEI M APYIHE); MAIHHEL, paboTaromue g
TIOBTOPHO-KPATKOBPEMEHHOM PeXHMe ¥ INOCTOSHHO MCIIBITBIBAIONIME JHHAMI.
HECKHE Harpysku (CKUIOBEIC NeGeiKH, MCXaHU3MBI MOCTOBBIX KPaHOB, 3apa- .
JIOHHBIC MAUIMHEL, IPOKATHBIC KJICTH, HOXHULbI ropsuell pesky, [HJIBL, POk-
TaHTH),

Mexanusmbl, paboraromme s HTENbHOM pexume, Haubonee yaofum
AL AMarHOCTHPOBaHHA. OLEHKA HX TEXHHYECKOTO COCTOSMHHS HE BEI3LIBACT 3.
TPYXHEHHI M OOBIYHO BKIIOYACT: KOHTPONE O6LIEro YpOBHS BHOPAIIMHU; KOH-
TPOJIb NapamMeTpoOB BUOPALUH, OTPAKAIOIIMX COCTOSHYUE STEMEHTOB MEXAHM3MA.
YTouHEeHHE BH/A IOBPEXIEHMA BOIMOKHO TIPU KCTIONE30BaHHH arfapaTa criek-
TpanbHOro aHaK3a. MauiHue! NOBTOPHO-KPATKOBPEMEHHOTO pexuma padoranT
MON HArPY3KOH M HA XONOCTOM Xozy. ITOBPEKACHHS, BOSHUKAOLINE B MEXaHi-
YECKOM YacTH, NPOABIAIOTCH Ha XOIOCTOM XOLY H YBEIHUHBAIOT BUGpaLuio Me-
XaHU3Ma 1ol Harpyskok. [Ipu paGore nox narpyskoii MOTYT NpPOABIATHECH A0~
HOMHHTENbHbIE OTKIOHEHHS TEXHOJOIHYECKOro npoiecca. OTCIONa BLITEKAST
HeOOXOMUMOCTh U3MepeHus MapaMeTpoB BUOpauHH Kak Ha XONOCTOM XOxy, Tak
# IIOJ Harpy3KOH, ¥ y4eTa MX COOTHOIICHHS IIPH aHATH3e Pe3yneTaTOR. bElt-
TPONPOTEKAOLIMEe TIPOUECCHl ¢ MepeMEHHbBIMU YCKOPEHUSIMH TPYAHO AHario-
CTHPOBATk, TaK KaK NPOLECC U3MEPEHHs TpebyeT ONPENESICHHOTO IPOMEKY TKE
BPEMEHH, B TEYCHHE KOTOPOIO U3MEPAEMBIH NapaMerp OCTACTCH [OCTONHHbIN.
B sTom citywae nenecoo6pasno nposoguts PETHCTPALMIO HE CPEAHHX, a MIHO-
BEHHLIX 3Ha4eHHH BUOPALIMH U HCCIENOBATH BPeMEHHYIO PeaTH3aLMI0 CHIHATA:
UzgectHO, yTO nepexomusie Tpoueccer HecyT GoNbilyl0 WHpOPMaLMI O cO-
CTOAHNH 0BOPYNIOBAHNS MO CPABHEHHIO CO CTallMOHAPHBIMH. 3T0 JONKHO CTATE
OCHOBHBIM HaNpaBNeHHEM HCCIE/IOBAHUMH npH AHATHOCTHPOBAHNUN MEXaHH3MOB
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Tadnuua — PeaynpTaTsl pacueroB K UCCICAOBAHHIO pernaMeHTHPYIOWHX BUE.
PalHIo CTaHIapPTOB

Houyc- Cpennce |
Kiideo 'i'Hf‘laS{ Moui- | Macea nx:;}j;ii;ﬁ Ol::;lc' D‘]“JHOIIICv |
wexa. |BHOPa Tun HOCTh  |aBHraTe- BHGpanmy = HHE
uMs | mBurarens N, ns B Ng }a-s | N
asiciziad £ S Br | Mg, &r Ng=My-g2- (N Jm [_3]10 *
! K 0 -5 1
MM/ C “Vaonr 107, kBt 8. Ny
Jlpura- 4A80A4V3 | 1)1 18,3 82,35 74,8 ]
Tenu 4A90L4V3 | 22 30,0 135,0 61,4 ,
Momo- | o [4AI00L4Y3 | 40 | 428 192,6 482 P |
CTBIO O | 7 [4A13284Y3 | 7.5 82,0 369,0 492 ’
15 xBr 4A132M4Y3| 11,0 | 97,0 436,5 39,7
4A16084Y3 | 150 | 1350 607,5 40,5
Jlsura- 4A160M4Y3| 185 | 160,0 1136,0 61,4 ]
Tenu 4A180M4V3| 30,0 | 200,0 1420,0 47,3
moumo- | _ . | 4A20014Y3| 450 | 3150 2236.5 49,7 -
CTBIO 1 4A25084v3 | 750 | 5050 3585,5 478 -
15...150 4A28084V3 | 1100 | 780,0 5538,0 50,3
«Br 4A280M4Y3| 132,0 | 830,0 5893.0 44,6 R

Onpesnenuts 3uaueHue AMArHOCTHYECKOTO NApaMeTPa, COOTBETCTEYIO-
mee NpeAedbHOMY COCTOAHHIO, BO3MOMKHO JMIIL IIyTEM MAaTeMaTHYeCKOTo Mo-
nenvupoBanus. I1pu 5ToM OCHOBHBIM KpUTEpHEM MOAENMPOBAHES MOIYT BHICTY-
[aTbh 3TO HapyIICHHE HapamMeTpoB paboTocrnocoGHOCTH (pas3phblB MacnsHON
MUICHKH B NIONUIMITHUKE, NpEBLILICHHE JOyCTHMBIX 3HAUCHUH KOHTAKTHEIX H&-
NpsKeHKH) KM NapaMeTpoB (yHKIMOHHMpOBaHuUs (IIPOBOpAYMBAHME KOIEl
NMTOAIIHITHUKOB, NPUBOASIIEE K H3HOCY 6a30BEIX MOBepXHOCTEH). DTOT MyThH 4B-
TSIETCE CAUHCTBEHHO BO3MOXHBIM, MPOBEACHHWE 3KCIEPHMEHTOB Ha paboTaio-
IIEM MCTANTYPrHYecKoM O0OpYIOBaHMHM TO YCTAHOBIEHMIO MpPENeILHOro Co-
CTOSHMA NPAKTHYECKH HE PeaTu3yemo.

IIpHHATAIO OKOHYATENBHOTO PElleHNs O PEMOHTE MAIIMH JODKEH 0%
3aTeMBHO IIPEAISCTBOBATE BU3YANIbHbIH OCMOTP 000pYHOBAHUSA. DTY BOZMOK-
HOCTE HCOBXO/TIIMO NPEyCMOTPETS Elife Ha 3Tale NIPOSKTHPOBAHKS.

KonTtpoins 3a mamenenuem cocrosnus 060pDYNOBaHHS MO3BONAET NP0~
HO3UPOBATE CPOK ero CiyOsl. JloarocpoyHsli porHos BO3MOMKEH Ha OCHOBa"
HAM HM3YYEHHA TCHICHIMHA IMAarHOCTHYECKHX [MapaMeTpoB, aHANM3a 3aKOHOB
PasBUTHSA IOBPEXJICHUH B MEXaHU3ME H y4yeTa OTKJIOHeHHH QakTopos, obecre
YHBAIOLIMX paboTOCIIOCO0HOE COCTOsHUE MeXaHH3Ma. TIpu MOCTpoeH Y MaTe:
MATHYCCKUX NPOTHO3HBIX MOAENEH CNeAyeT YyUMTEIBATh BBICOKHM YPOBEHb B33-
MMHOTO BJIHAHHS Y3JI0B METANNYPrHuecKHX MaUlMH U Ka4yecTBa TeXHHUYEeCKOr?
obcayxuBanus. 3HaHHE MPOM3BOACTBEHHON MPOrpamMmel obecneunBaeT niani-
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He BO3MOXHOCTH BEINONHEHHS 3aKa30B M NEPEXOA HA CTPATEIUIO ONpas-
HOT'O PHCKA.
Wcnoneszosanue CpencTe TeXHHYECKOH JAHArHOCTHKH CYIUECTBEHHO MEHA-
PAaTErHI0 PEMOHTHBIX CNYX0, OPMEHTHDYSA €e He TOJNBKO Ha CBOeBpeMeH-
3aMEeHY, a Ha npeobJianaHue Ka4eCTBEHHOTO TEXHHYECKOTO OBCTY XX UBAHUS.
1I03BOJISET CHOPMYTHPOBATS LENEBYIO by HKLHIO JESTEHOCTH PEeMOHTHOR
KOBI KaK CTaOMJIH3aLHIO TEXHHYECKOTO COCTOSHKS 000pYI0BaHHSL.
TIpuMepoM MOXET CHYXHTh CTATUCTHKA 2aMeH MOALIMITHUKOB POJIBraH-
JIOBHOM YacTH 0G)KMMHOIO Liexa MOCHe Hepexoaa Ha PEMOHTHI 110 COCTOs-
 (cM. puc). Haubonsinee gucno 3amed — 11 — cpenu 150 01HOTHIHEBIX TOA-
[HUKOB DOJIMKOB ponbranros B 1997 r. notpebosano nonyyeHus 1ocTosH-
HHOOPMALHMK O COCTOSHHHM MOALIAIHUKOB. VICTIONB30BaHUe AMArHOCTHYE-
{ JAHHBIX TIPY TIPOBEACHAN PEMOHTHEIX PabOoT MO3BOIUIO PE3KO COKPATHTE
€CTBO OTKa30B MOAUIHIIHUKOB, YTO OCTABANOCH XApAKTEPHBIM H IUIS IIO-
[yIOIIMX STamoB. B Toxe Bpems uucao 3ameH B 1999-2001 rr. HECKOTBKO
0C/O U CT2OMIH3UPOBANOCH HA OTMETKE 2-3 3aMEHB! B FOJ, YTO SBIAETCH
ICTBHEM ECTECTBEHHOTO H3HOCA. DPGEeKTUBHOCTE B JAHHOM CIIy4ac Olpeae-
IChb MCKJIIOYEHMEM BHEIUIAHOBBIX IPOCTOEB 01aroaaps CBOEBPEMEHHOMY
E/ICHHTO YTIPEIKIAI0OIIETO TEXHHICCKOTO 00CIy KHBaH S,
Ha ocHoBanuM MH(GODMAINY O TEXHUYECKOM COCTOSHUM PEIlAarTCs 3a-
1 OnpelelieHHe pauuoHATbHbIX CPOKOB H OGBEMOB PEMOHTA; BBISBICHHE
H3Ma ¢ HaUXy/NIHMH TapaMeTpaMu, Tpebyiommero HeMe IIeHHOH 3aMeHbl;
a Ka4ecTsa IIPOBEJACHHOI0 PEMOHTA; OLCHKA COCTOAHMA M KauyecTBa MOH-
HOBOro obopynopanus. JloxasarenbcTBoM 3hdEKTHBHOCTH HCMONb30Ba-
Pe3yNIbTaTOB TEXHUYECKOTO AHArHOCTUPOBAHUA MOTYT CIIY)KUTH PabOThI 1O
" ONTHMH3aLKH 00BEMOB PEMOH-
- ToB 0DOpYyJAOBaHUS METalIyp-
rudeckux 3asopos Jonbacca,
NPOBOAMMBIC  COTPYAHHKAMH
xadeapsi "Mexanuueckoe obo-
PYHAOBaHWE 3aBOJOB UEPHOH
metanayprug”.  [lonyueHHs#
OIBIT MO3BONSET YTBEPKAATE O
HeOOXOMMMOCTH  pa3paboTku
cTanjiapta nH60 pyKoBOAAUIErO
JOKYMEHTa, pernaMeHTHpYIo-
mero paboTsl MO AUArHOCTHPO-
BaHHIO ODOPYHOBaHHA H Ompe-
nensioutero rpebopanus, odec-

FE R R

1998 1889 2000 2001 Mo

UcC. I"Hcror‘pamma 3aMCH TOLIIHIIHH-
OJIMKOB POJIBIAHIOB
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CUHBAIOLIHE IEPEXOA PEMOHTHBIX Ci1yd METaJLTy PrutieCKuX NpeAnpUsTHii ua §

N 33 1 Gasbi AaHHBIX YCJIOBHH SKCIUIYATALMY, cOOP ¥ CTATHCTHYECKas 06patoT-
CTPATCIHIO PEMOHTOB 110 COCTOSHMIO '3 . Sy 2 J

SKCICPHMEHTANBHEIX JaHHBIX; Pealu3aluA W TPOBEpPKa MaTeMaTHYecKol
MOJETIH.

 TlockonbKy, nepBoHayanbHbie 320a4i COCTOSH B pa3paboTKe i MpoBepKe
EMATUYECKOro anmnapara, TO B KaYeCcTBC MHCTPYMEHTApHs HCMOAL30BATCH
et MathCad, anextpouseie Tabmuubl Access H cpeia BU3YANILHOIG MPO-
muposaxus Delphi. B nanereiturem, nossunack HeoGX0AMMOCT B paspa-
€ COOCTBCHHOTO CIIELHANU3UPOBAHHOIO OOECTIeueHH A,

B mepsyio ouepens 510 06yCHaBIMBAOCs HEOOXOAMMOCTHIO OIMCAHMS

JBIIOTO KOJNHUYECTBA BADHAHTOB HCXOAHBIX AAHHBIX — THIOpasMepnl DPD u
I, BApMAHTBI UX 3aKPEIUIEHHA B YCTPOMCTBAX U MHOKECTBO BapHAHTOB HX
MIOHOBKH, YTO TIPHBEJIO K NOTPeOHOCTH peaNu3aluy CrelHaH3uPOBARHOTO
PUYECKOro peflakTopa, BHIMONHAIOIIETO 33/[ady aBTOMAaTHIUPOBAHHOW KOM-
HOBKM TO3 M (QOpMHpOBaHHA €ro MCXOMHOTO MAaTEeMAaTHYECKOro OTTHUCAHUS
s IOCTPOEHMs Mojenu (puc. 1).
OcHoBHON BRIYHCAMTENSHEIH MOLYJIL NPOU3BOAKI PacyeT MOCHH ¢ [e-
O MOJy4eHHs aMIUINTY/{HO-4aCTOTHBIX XapaKTepHCTHK, (OpM Konebauui u
BAOpOMEXaHMYECKHX XapaKTEPHUCTHK W MX OTOOpaXEHHs B HATTISAHOMN
pudeckoit gopme (puc. 2). D10 NO3BOMWIO CPABHUBATE MOJNyYeHHbIE pac-
bie © JaHHBIE C YCTaHOBJCHHBIMH CTaHZAPTaMH MM  NPEACHbHO-
CTUMBIMH 3HaAYCHHSIMH Ha M30ENHH U JenaTk BRIBOJABI O COOTBETCTBHH pas-
TKH HCXOJHEIM TPEOOBaHUAM 10 BUOPOMEXaHHIECKHM CBOHCTBam O3 noj-
OTOBKH H M3rOTOBAEHMA QUIHYECKOrO MaKeTa U3Iemus.

~ Kpowme aToro, 1aHHOe nporpaMMHOE 0BecriedeHue COAepKano H BCIIOMO-
IbHbIE CPENCTBA i PopmHupoBanus 6a3bl HaHHEIX XapaKTEPUCTHK dieK-
opasuoanementos (B OPD), HeoOXoaUMBIX NpH NPOBEASHHH MOAEIHPYIO-
pPacucToB.
~ Ha >toM 3Tane onpeaeaHIuch nH(pOpMaLHOHHAA CTPYKTYPa B CTPYKTYpa
TOb3yeMblX 023 aHHBIX, OCHOBHBIE 3ajfaui, KOTOPHIE MOJDKHBL PelUaThCs
KOMIUIEKCOM IPOrpaMMHBIX cpefcrs. IIpy 3TOM cTano BO3MOKHBIM BbI-
H"TB JACKOMITO3HUHMK) CHCTEMEB! ¢ LHENBH pasfieneHus MNOJB30BATC/ILCKHX 3a-
1, HCXOZA U3 TOrO, YTO KOHEYHOMY IOAB30BATENO ~ HHKEHEPY-KOHCTPYKTOPY
KEHEPY-TEXHOIIOTY HIIH HIDKEHEPY T0 TeXHOJOTHYeCKOH MOAroTOBKE Mpo-
AICTBA), HE HY/KHO MCCle10BaTh, COOUpars u 06pabarsisaTh HaHHbIe 0 BUO-
CXaHWYECKAX CBOMCTBAX OTAENbLHBLIX KOMIIOHEHTOB CXeMbl. Yalie BCero, y
M HET TaKo# BO3MOXHOCTH. Ero mHTepecyeT TOMBKO KOMIOHOBKA 3JIeMeH-

Cmamss nocmymuna & pesaxyuo 28.10.2002 2

H.POFPA!YIMHOE OLECNEYEHME JIJIsI MOJEJHPOBAHMUS
BUEPOMEXAHUYECKUX CBOMCTB THIIOBBIX
JIEMEHTOB 3AMEHBI

Cmoanii B.B., Cmonxii B.H. (CTH BHY, 2.Cesepodoneyx, Yxpauna)

The PrObfems Of SOffWa’!‘e structure and fnrerface oreanization fo.r w'b;-a“‘(m
processes simulation in standard units of replacement gre described.
Tpoussoxcrso newarusix nnar NPEACTaBNseT cOBOH CPABHATENLHO /-
TCABHLIA HTCPAUMOKHLIH MPOLIeCe, LETBIO KOTOPOTo ABNAETCS TIONyYeHNe H3fe-
fIHA, OTBEHAIOUIETO OMpee/leHHbIM I0TTE30BATENECKHM napametpam. Ilpu 310y
HEKOTOPEIE H3 HUX He MOTyT GbITh B ABHOM BUJIE YYTEHBI HA CTAIHU nonrm'oai
% MAxeTa WiM OmbITHOro o6pasua. OnHuUM w3 TaKux [apaMETPOB ABMLETCE
obecriedente sananKrix BuGpomexanieckix CBOMCTB THIOBOTO 3JEMEHTA 3a-
MeHsl (T33). Kax fipaBunio, subpomexanudeckue csoifcTBa H3AeIHS MOIYT
OBITh MCCAENOBAKBI TONBKO TOCTE H3TOTOB/IEHMS MaKeTa Ha CIeLHANBHOM 000-
Ffosanan b, CCMH, OHHM OKaXyTCs HEYNOBNETROPHTENLHBIMH, TO TpebyeTc:
PRITIOHEHUC HOBOK HTCPALMH KOHCTPYKTODCKHMX U TEXHOTOTHUECKHX pa6or,
PE3YIBTAT KOTODEIX 3apanee He u3BeCTeH, TIOCKONBKY OH B OOABUIEH CTEIICHH
3aBHCHT OT HHTYMLIMK NpoekTUpoBLIHKa, B YCIOBHAX OIpaHHYEHHOI'O BpeMetH,
OTBO/IUMOI'0 Ha TIOArOTOBKY KOMMEPYECKHX paspaboToK, Takas CUTyaLus Cla-
HOBUTCS OJIHUM U3 (PaKTOPOR NOBBILIEHHOTO FKOHOMHEUECKOro pucka.
Honcui]';rzi[ Mﬁnaﬁgmonrcnmmx CAITP cywectsyer pag KOMITOHEHTOB
ACMPOBAHKA TIPOYHOCTHHIX XapaKTCPHCTHK u3aeinl,
OAHAKO B 00MACTH NpoeKTUpOBatHs usrotosnenus T33 Takux cucrem Het. B
CBSI3H ¢ 3TUM, Opiny HpOBEACHBI HcCneoBanusA [1, 2] ¥ moMydeHp! pe3ynTaTs
0 COSMAHWIO W  nOCTpOeHWIO MaTeMaTHuecKuX MOzenel  noBe/eHNs
3MEKTPOPaaHO3IEMEHTOR (BP3), neuarupix miat (TTT) u THIOBEIX 37eMeHTOB
saMensl (T33) nox soszelicteuem pasmiusix BHOPALMOHHBIX BO3MYILEHE,
UC/IBIO KOTOPBIX sBNgeTcS cosmamue MHCTPYMEHTANBHOIO IIPOrpaMMHON0
'?S:;gigi:sg AUV OTpEAeieHHtsl UX BUOPOMEXAHMYECKHX CBOHCTB Ha craiil
e -
B coo;;?;;;::fims 1:;1;1:;53 H;Bgﬁzma. i _ B KayecTBe pe3ysipTaTa — BHOpoMexaHH4YeCKHe [TapaMeTPBI A 3TOH KOM-
SBOMOMHY S ——————— POBEACHMS Hcme,aoaamnbcxux pabor, HOBKIA.
CKOJIbKO 3TamoB — (bOPMHpOB]:;H : :g:;l)oro obecretenna MOXKHO BBIETHTE 9 . Tak Kkax nepBbIf BapuasT GbUT OPUEHTHPOBAH B MEPBYIO OYEPEb HA NPO-
MOBKH H yCTaHOBKY na 1], G Pl ABHHEIX 110 IPD, Bapraiitam ux (op €HHE HCCNeN0BATENLCKMX PaboT, TO OpraHM3amys ero HaTepdeiica nanexa
» V@3Bl JaHHbIx 1o I 1 BapuauTaM HX KperuieHus B COBepIIeHCTRBA ¥ TPEOYET 3HAYHTENBHOrO yCOBEPLIEHCTBOBAHHSA W Hiepepa-
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GOTKK C opueHTauueldl Ha NOTPCOHOCTH M 0COBEHHOCTH paboThl KOHEYHOrg
nonk3osatess. Hanpumep, onxum u3 naubolee BaXHRIX HanpaBieHHH paGory
ABJIACTCS pealH3auys BO3ZMOMXKHOCTH MMIIOPTA AN ONMCAHWA Tomonoruy 1733
CTaHAAPTHRIX (aANOB CHCTEM NPOSKTHPOBaHMs (Hanpumep, Gopmar *.pch
PCAD).

FITY] = 5 : ot
Hacremams N[+ =] Of &| 0] _ : 5
Oane Macmmad [ | Corma -5 [E]D B ]

o o — =i s b it < Wy

 sadiziraa

Puc. 2. I'paduveckoe npeacras-
Puc. 1. Penaxtop xomnonosku T3 JIEHWE Pe3yNbTaTOB

Takum oBpaszom, 13 oiLero YucTa pearu3yeMpix 3a0a4 MOKHO BBIACIHTS
OCHOBHBIC (peliaembie TOTPeOUTENIEM) M BCTIOMOTATENbHEIE, ONPEIEIAIOLINe
dyHKuEn compoBoxaeHus. OCHOBHAs IOTPeOHTENbCKAs 3a/aua, KaK OTMeHa-
7I0Ck pakee, - 3TO BBINOJHEHHE KOMITOHOBKY TO3 B COOTBETCTBHM C perjiamet-
THPOBAHHBIMK TpeGoBaHMAMHU. Beriomorarenshbie — GopmupoBanue 6ase! nas-
HBIX 37IEMEHTOB H HHQOPMALIHOHHOE 00eCliCYeHNE TIONL30BATENS.
Crietunduxoii peuienns faHHOM 3a7a4H ABNSETCH, B YaCTHOCTH, TOT (aKT, 41O ¢
OIHOH CTOPOHBI HOMEHKIATYpa H3NINH H MAaTepHAIOB, BHOCHMSBIX B Gasy Jak-
HBIX, IOJKHA HapauuBaThes, obecrevnBas noTpeOHOCTH GONBIIOr0 KOMHYECT-
Ba TIOJIE30BaTENeH, a ¢ APYroHi CTOPOHE], KOHKPETHbIH NOAB30BaTeNb Yalle Bee-
O MCMOB3YET OrpaHut4eHHyI0 Homenknatypy 3P0, Il u yuubuummposanHsie
BapHaHTBI HX COeJMHEHNA. JIaHHbIH GaKTOp OnpefesiseT CleayIoune BO3MOK-
HBIC [IYTH PEIICHHA 3842491 HHPOPMAIMOHHOro 00ecneyeHus KOHETHOro 110jlk
30BaTens:
focTaBKa «3akasHoro» kommiekra BJI 3P3, nokpsisaroweii ¢ro notpedHo-
CTH, 4TO B ODIUEM CiyHae MOXKeT 3aMeAnuTh npouecc paspaborkn T3 B
ciaydae nepexoxa notpeburened Ha HOBYW 3/IeMEHTHYIO 6asy Ha BpeMd
(opMHpoBanus  NIepeavy eMy HOBOro nakera bJ] DP3; )
nocraBka nosnHoro naxkera b/l OPD B ofwem ciyuae obnamaer Gonpniod
UH(OPMALMOHHON K3GHITOYHOCTEIO ¥ HEOOXOAMMOCTBIO TIOCTOSHHOro 00-
HOB/CHHMA HH(pOopMauuy B BI] 715l €e 1ONONHEH!s HOBBIMM 3JIEMEHTAMM;
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| OpraHM3anMs yAANCHHOrO nocryna k BJ] OP3;

. Oopran{3auMs NaKeTHOro KITHCHT-CEPBEPHOTrO pexxumMa 06paboTku 110Ab308a-

. TeNBCKOI uHpopManum.

~ Jlocnenmuuit BapuaHT sBnsercs HauGoICce MpUBJCKATENLHBIM KaK st
AB30BATENA TaK M Ul Pa3pabOTUMKOR JAHHOIO cepercHoro I1O. Tpu takom
[aHTe peANM3ANAN KIMEHTCKAS YacTh OCYLIECTBASEY TOMBKO (QYHKIMUH
el KoMIoHOBKu T33, dopmMuposanus ero onucanus B HEKOTOpoM (hopMmaTe

edeHb OP3, BapuaHToB (JOPMOBKHM HMX BLIBONOB H yeTtaHoBku Ha [1I],
puanios 1 reometpun I, yenosuit skcrayataunn T3 mmoc HeKoTopasd
MOTarciibHas WHQOPMauMs, B TOM uHCie Mo BhIOODY MOgenH anA
e/IeHHs PAaCYeTOB) U MepeadYy ONUCAHUS Ha cepsep Ans o6paboTku (pHc.
€PBEPHA 9acThb PELIAeT TAKUE 3a4a4H, KaK pHUeM onmucanus Mozenu 1733,
pobaHHe MaTeMaTH4ecKol moneau T3 ua ocHose onucanus u 5/ DP2
» Pacuer TONyYeHHOH MoIend, (OPMHPOBANME DPE3YNETUPYIOMX
ePUCTHK B rpaduueckoit Gopme u nepenaua ux KIHEHTY.

N0 Kamewra
Ceppep
TI'pader ecranii e
-
peaaxzop |\ e
Pacxer womans T35
Cere
(Hr epreer) ¥npammesee B 3P3
Cerenrre
HacTp ofEw
Pesym Tipy -
Hupie xap aw—
P d B 3P3
T e PHC TRER
T33

Puc. 3. Obobmennas crpyxrypa ITO

~ HeCOMHEHHBIMH JOCTOMHCTBAMH TaKoik crpyktypsl 1O senmores cne-
e (haKTOpLI:

MHUHUManbHBIC TpeGOBaHUA K aNmapaTHOMy W MPOrpaMMHOMY obecriede-
HIO KITHEHTA;

MUHUMaNbHEI 065eM HH(OpMAIIH, TIepeaBaeMblil MO KaHANaM CBSI3H;
3MOXHOCTb AMHAMUYECKOro HEHTpanM30BalHoro yrnpasiaenus BJI DP3
CTOpOHE CepBepa;

MOXHOCTB HCITOTB30BAHNS CTaHAAPTHEIX ceprrcoB MuTepHeTa;
ITCYTCTBHE HeOoOXOAUMOCTH ofecneyerus CneuHalbHbIX Mep MO 3aluuTe
TOPCKHX 1paB pa3paboTHUKOB, [IOCKONBKY HEABTOPM3OBAHHBIE 110530~
- BaTenu He CMOTYT BOCIIONbL30BATHCS AAHHBIM CEPBHCOM.

Cocrosue paspaborku u nepcriexktyBel. Ha ceronms B peanmzaimu
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AAHHOrO HANPABACHUS BBINC/IOTCA H PELIAIOTCS CIAEAYIOLIHE 33/laul — pa3pa-
0aTeIBAIOTCA CTPYKTYPBl JaHHBIX AfA (palina onucanua KoHGUrypauuu 133
PELIAIOTCS BOMPOCH MPOSKTHPOBAHUA NPOTOKONR OOMEHa NaHHBIMHM MEXIy
KITHEHTCKO# M cepeepHoil yacTamu [10, Bonpocs npoeKTUpOBAHUS CELHaNu-
3HPOBAHHOrO CepBepa Ul PeIleHHUs [OCTaBlIeHHOM OobIuel 3axatn; MpoH3Ro-
JMTCA OlICHKA Pa3IHYHBIX HHCTPYMEHTANBHBIX CPEACTB A4 PealM3aluy AaHHO-
ro 3Tana MpoeKTa, B YaCTHOCTH, MPOM3BOAMTCA BRIGOD CPEJICTB YNpaBieHus 5]
2P3 ¥ A35IKOB NpPOrpaMMHPOBAHUS, OIpPEJENieTCs CTPYKTYPa M0b30BaTe k-
ckoro unrepgeiica,

HauGonee nepcrieKTHBHEIM, B JAHHOM IUIaHe, senseTcs A3kl Java. Do
06YyCNaBNUBaeTCs KaK MONHOM MONNSPIKKOM MEPEYHUCIEHHBIX Bhillle BO3MOXKHO-
creil ¥ ocoleHHocTel paspabarpiBaemoro IO Tak ¥ cBOOCHHOH NEPEHOCHMO-
CTBKO FOTOBOrO MPOAYKTa C OJHON mnaTdopMbl Ha JIPYIyiO WM BCTPaMBaHue
koaa B MnrepHeT-Gpoyzeph! B B¢ amuieToB. B HacTosmee BPEMs, paccmal-
pusaemoc [1O OpHEHTHPOBAHO TOJIBKO Ha HCHOJNB30BaHME MOA CEMEHCTBOM
oriepallMOHHBIX cucTeM Windows.

ution lengthwise teeth, minimizes energy losses in a toothing of undular
mission.

Tlpy uccaenoBanuy B3auMOACHCTBUA 3yOLCB B 3aleiVICHHM BOJHOBOH
cJaul UCTIONB3YETCH MPHRINT CYNEPIO3HUMH CUJI, NO3BONAIONTN MOJIenn-
aTh COIPAYKCHUE JIOKANM3OBAHHBIX YacTel 3yDa xecTkoro koneca (puc. 1) c
pOKEHHEBIM 3yOoM rubkoro xoseca. MHCTpyMeHTapueM UCCIENOBAHHS Ac-
Mallii 3yObeB CILY)KHT TEH3OMETpHs, 00afaloias BLICOKOH JOCTOBEPHO-
O Pe3yJIbTaTOB 3a CYET ONEPATHBHOIO BU3YUILHOTO U YHCICHHOT'O KOHTPOJIA
ecce H3MepeHud (TapupoBKa U AyOnupoBaHue u3mepenuii) u 06paborku
JIbTATOB H3MepeHHH. Ha ecTkoMm Kojece BbIIEIACTCHS KOHTPONBHBIW 3y0
. 2) 6 1ipoaonbHEIME NazaMu 7, rryGuHa KOTOPEIX 00yCcIoBIeHa pasMepamMu
ope3ucTopos 1, 2, 3, 4, 5 (puc. 3). Kontponpuuiif 3y6 o anuHe pasgenéd

BHBIN 3y0 € 7iByX CTOPOH, ¢ OIHOH CTOPOHEI pabouue, a ¢ APYrolfl KOMIeH-
onHEE [1].

TTocne paciuMPOBKK OCLMANOrPaMM Je(popMallii MOAC/IBHEIX 00pa3los
HTPOBLHOIO 3y6a, yCTaHaBIKBAETCS YHCO Nap 3yOheB B 3aleMIEHHH M onpe-
OTCS CHIOBbIC XapPaKTepHCTHKK B3auMoeiicTsus 3yOpen. M3 ananusa ne-
SIEHUIT 3JIEMEHTOB KOHTPOJIBHOTO 3y0a ONpenelseTcs 3aBUCHMOCTE HOp-
bHOM CHJIBL B 3alIeIUIEHHH, JeHCTBYIONEH B rpejenax BbLASNEHHOro 3ie-
OT HarpyzouHoro momenrta M; u dassl BpallieHMs TeHepaTopa BoJH. [la-
‘OnpefieNnsieTcs 3aBUCHMOCTh BEHYHHBI HOPMAaNbHBIX CHIl Ha 3y0 OT dassi
€HMS IeHepaTopa BOJH IIPH Pa3IHYHbBIX 3Ha9eHHSX HArpy304Horo MOMEH-
1. Y4acTOK OCLMJUIOrpaMMBL, TPUBEICHHDIA Ha PUC. 4, COOTBETCTBYLT OIHOMY
reHeparopa BOJIH.

Yucno nap 3y0heB B 3aliCMICHHH s, ONPEASAANOCh TEHIOMETPHPOBAHHEM
OPOCTHOM KHHOCheMKoH, O6paboTka MaTEpHaToB CKOPOCTHOH KHHOCHEMKH
5 — 7) mo3BONKNA YCTAaHOBHTH 3aBMCUMOCTD WHCTNA Nap 3yOheB B 3auere-

T Harpy3o4yHoro momenta M, (puc. 8).

~ Uncno map 3yObeB B 3alEIUICHAH ONMPEENAeTCs NPOAOIIKAUTENBHOCTHIO
eIJICHHA KOHTpOABHOro 3y0a B Te4YeHMe NOJHOro ofopoTa reHepaTopa

Cnacox nureparypsi: 1. Cvonwuit B.H., lenxun B.M. Tunusauus mare-
MAaTHYECKHX MOjienell 2eMeHTHOM 6a3sl DA npy BHOpaUHOHHBIX BO3JEHCTBH-
ax/{ 36ipHpK HaykoBuX npailb CXiHOYKPaTHCBKOTO JEpKaBHOTO yHIBEPCUTETY
(marepianu MiKHapOAHOI HAYKOBO-NPaKTHYHOI KOH(QEpeHLil “YHIBEPCHTET Ta
perion” 29-30 nucronmaza 1999 p.): V2. CryneHeBa HiroToBka paxisilis B yHi-
BEPCUTETI Ta HOBI TexHooril HaBYaHHA, HayKoBe 3a0e3MeueHH s pilueHHs peri-
OHa&IbHKX Tpo0O/IeM, eKOHOMIYHI mpobiemy. 3a 3ar. pea. B.A.Cnawosa. — Jiy-
rafcek: Bua-so CxigHoykp. aepx. yH-ty, 2000p., C. 68-70. 2. CMmonuii B.H.
MeromuKa onpeaeieHysi BUOPAIMOHHEBIX CBOHCTB 1eMeHTHOMH 6a3p! 2AeKTpOH-
Ho¥ armapatypsl// Bicaux CY Y. - 2000. — Ne3(25). - C. 236-240.

Cmamps nocmynuna 6 pedaxyuio 28.10.2002 2

HCCHENOBAHHME CHJIOBBIX XAPAKTEPHCTHK
AE®OPMHUPOBAHHOI'O 3YBUYATOI'O 3ALENVIEHWAS

BOJIHOBOH NEPERAYH X N
a+a
e —Zp - 100%,
Crpeasuuxos B.H. (40 «HKM3», 2. Kpamamopck, Yipauna) _ 2 ST
' + @ — NPOJOMKHTENILHOCTD 3alieNICHNA KOHTPOILHOIO 3yba B Teue-

TIOJTHOTO 000POT reHepaTopa BOMH, BLIDaXKEHHAs B PaAHaHaX.
~ Yucno ofHOBpEMEHHO 3aleIUIMIONMXCcs nap 3y0res U XapakTep pacmpe-
ASienya Harpysku Mo AnuHe 3yObeB SBIMIOTCA HEKOTOPHIMH QYHKIMSAMM HA-

The study of power performances of a deformed toothing of undular transmis-
sion is made experimentally, method of strain-gaging. Is established, that the
part teeth, approached to a back, up to 40 % of their length, is least weighted
and can be deleted. It will lower a distortion teeth of a flexible sprocket lengti-
wise, will diminish a level of an interference teeth, irregularity of a weight dis-
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Puc. 1. JKécTkoe xojieco BOMHOBOH 3yOuaToil mepeaaqy peaykropa npi-
BOJIa HaknoHa MHAKcepa MIT-600AC

rpy3outoro MoMmeuTa. J{ns o6BeKTUBHOM OUCHKH QYHKIMOHAIBHAIX 3aBUCH
MocTel AeopMallMi TOKANM30BAHHBIX 3JCMECHTOB KOHTPOJILHOTO 3y6a ot yI-
fa NMOBOPOTZ BXOJHONO Bajia, OCHMINOTPAMMb! [TOKa3aHHH Tt’:l[30p63HC’[0p0lB
CHMMAIKCE U ABeHa ATy 060POTOB renepaTopa BOJIH NPU 3aJaHHBIX Harpy
souynBIX MOMeHTax: M, = (0,5; 1,0; 2,0; 3,0; 4,0; 5,0)-10° Hm. Ywcno uap
3yObeB B 3alCIUICHUY U1 3a[IaHHBIX HarPY30UHBIX MOMEHTOB M, 011pe;leﬂﬁe‘r-.
cs HoCiIe PaclIM(POBKM OCLMLIONPaMM i MaTeMATHYECKOH 0OpaboTKy HaHHEX
IKCTIEPUMCHTA. .

Pocrt gncna 2y0beB B 3alleIUIEHUH 10 MOMEHTa M, = (,5-10" Hm npoucxo-
IUT 33 cUeT BHIGOPKH 3230pOB M ynpyro# nedopmauuu rubKOro Koieca. B
AanbHellieM HHTEHCHBHOCTS POCTA HHUC/A 3yObeB B 3alleTIeHuu CHUKaeTcd, 4
npu M,=3-1 0°Hm crabunusupyercs (puc. 8). THOKOe K01eCOo IPUHANO0 nep.\ia:
HEHTHO YCTOMUYMBYIO JOPMY M TIPH YBCAWYECHHN HArPy304HOIO MOMEHTa H3ME
HACTCS HESHAYMTENBHO.
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Puc. 2. Jloxanusaims 21eMEHTOB KOHTPONBHOIO 23y6a Ha %ECTKOM Kofece
Opa IpuBoaa HakiioHa mMuxcepa MIT — 600AC
Z3

4 oTE. 11 :
A Y
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Prc. 3. Cxema pacIionoxeH s TeH30pPE3UCTOPOB Ha JKECTKOM Kojece:
2, 3, 4, 5 — TCH30DPE3NCTOPh; 6 — KOHTPOJIbHBII 3y0; 7 — ckBO3HO#R

OIONBH I na3; 8 —paauanbHbIA pa3aenuTelbHbIH na3




COCTOSIHHU BONHOBOH nepejavu YCHIus
Ha 3}'6‘&3 HE3lauyHTeNnblibl, 4YTO He I10-
3BOIACT MONYUHTH }’CTOFI"IHB}!IO KOau-
YCCTBCHHYHO XapaxKTepUCcTHKRY HX
B3auMO{eHCTBHA. Onuaxo é
npunokeHueMm xots Owbl HeBoneioro
Harpysousoro momenta (M, = 0,5-10°
Hwm), pesyneraThl TeH3OMETPHHM H
CKOPOCTHOH KHHOCBEMKH Maloe
oTIHvYaoTCHs  Apyr oT  gpyra. B
3aBHCHMOCTH or BEJIHYKHBI
HArpy304YHoTO MOMeHTa M,, B 3auemc-
HuM  Haxopures 40% + 55% 3yObes.
Pacxoxenue pe3ynbTaroB CKOPOCTHOM
KHHOCHEMKH M TEH3OMETPMM HEe Tpe-
Boiuratblp?t Homowm naTu BeIAENEHHEIX
3NEeMEHTOB KOHTpolbHoro 3yba, mome-
; lﬁi“\ N 11pOBaNOCh PACIIPE/iencHHe Harpy3KH
B OKPYKHOM H OCEBOM HalpaBIeHHSX
BOMHOBOIO 3)(6'—18.‘1‘01“0 3alCILeHAA.
Tlpu onpegeneHuu Harpy3ku Ha 3y6
IPWHATO TeOMETPHHYECKoe rojgobue
Bofia. Haknoda mukcepa MIT-600 yoneneit KOHTpOJBHOro 3y6a, s Ko-
TOPBIX BBUIOMHAETCH TOXKIACCTBEHHOCTH
ypaBHEHUH craTtHdecKod 3ajaiyM Teo-
YIPYTOCTH, & TaKxe NoJo0He HavalbHbIX U MPAHHYHBIX YCIOBUEA. DTO 4B~
€A JOCTATOYHBIM YCIOBHEM CYINECTBOBAHHS MOAOOMS HCCICIHYEMBIX sBie-
[2].
I'paduueckue 32BUCHMOCTH PacnpefieNeHHs HOPMANLHLIX CUI 10 JUTHHE
AEACTBYIOUIMX Ha €ro JIOKAIM30BaHHBIX y4acTkaxX B AedGopMHUpOBAHHOM
EIICHHH, OT BEJIHYMHbB! HarPY304YHOro MoMeilta M, ¥ yraa nosopoTa reHe-
Opa BOMH O, peayKTopa IPUBOJA HAK/IOHA MEPENBHKHOrO MHKcepa MII-
AC, npusepens Ha (puc. 9 — 14), rae 1, 2,3 4, 5 — HOMepa JTOKaIu30-
HBIX 3JIEMEHTOB 3)’63 JKECTKOro KoJecad OTHOCHTEHEBHO AEpENHEero Topua
HaTOro BEHIIA.
. Tlocye pacuimppoBKE OCLMIIONPaMM ¥ ONpeNeeHNS HOPMATbHBIX YCH-
Ha OTJIENBHBIX YYACTKaxX KOHTPOIJBHOrO 3y0a XKeCTKOro Kojieca B BOIIHOBOM
JICHHH, YCTaHABIHBACTCS 3aBHCHMOCTE BEMHYMHBI HOPMaNbHOH cHmbl Ny
ByIOLiei Ha 3y0, oT hassl 3auennesud. [lonHas HopMalbHad HAIPY3Ka Ha
BOJIHOBOH MepeaYyy, B 32BUCHMOCTH OT yIfla OBOPOTA FeHepaTopa BOJH
A Pa3IMYHEIX HATPY304YHBIX MOMEHTOB M,, onipegensercd myTeM CyMMHPOBa-
141
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Puc. 4. OcumnnorpamMma sedopManmy  KOHTPONBHOrO 3y6a %KecTKOro Ko-
feca MpH Harpy304HOM MomeHTe M, = 3-10° HM 1 wacToTe BpalLeHMs BXOIH0-
ro Bana ®;=1,667¢™'; 1,2,3,4,5— OCLMILIOrpaMMEL 1eOPMalHHE JTOKANKH3GEaH-
HbIX SJIEMEHTOB KOHTPOJILHOrO y6.

¢. 7. ®parMeHT CKOPOCTHOM KH-
MKH MOMEHTa MOJIHOIO BbIXO/a
€B u3 3aUelIeHHs peayKTopa

Puc. 5. ®@parmMeHT cKOpOCTHON Ki- Puc. 6. @parmeHT ckopocTHO#
HOCBLEMKH MOMEHTa CONMMIKEHHMSI U BXO- KHHOCHEMKM MOMEHTA MOIHOINo BX0-
Aa 3yOpes B 3auenyieHHe peayKTopa maa 3yObeB B 3alelUieHue penykTopa
TIpHBOJA HAKIOHA MHKcepa MIT-600 NpHBOJA HAKITOHa Muxcepa MIT-600

Ipu orcyTcTBAY Harpysku (M, = 0), o pesynbTaTaM CKOPOCTHOI KHHO-
CBEMKH B 3aUENAeHNH Haxoautes A0 30% nap 3y0hes, a 110 JaHHBIM TeH30MET”

PHH CHIIOBOE B3aMMOJCHCTBIE 3y6beB He perucTpupyercs. B HenarpyskeHHOM
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HYA OpJMHAT KpUBLIX | - 5 11py ONMHAKOBRIX YIJIaX NOBOPOTA MEHEPATOPA BONiy
o Ha rpadukax (puc. 9 — 14)
?‘n-r
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o 05 M 15 20 25 38 35 40 MilowHw
Pac. 8. 3asacumocts yricna nap 3y6heB B 3a1EMITEHNN OT KPYTHILEro MOMEHTa:
1- pesynpTaTe OCHMIIOrPadHPOBAKKS; 2 - PE3YIIBTATEl CKOPOCTH. KHHOCHEMKY
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Puc. 9. Pacnipenenenust HOpMansHEIX Cut O UmMHe 3y6a, npu M, = 0,5-10° Hy
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Puc. 10. Pacipeserenus HOpManbHBIX CUl 1O JuinHe 3y6a, nipu M, = 1,0-10° Ha

142

Puc. 11. Pacnipesiciie s HOPMAaTBHBIX
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CHN IO [UTHHE 3y6a, npu M, = 2,0-10° Hwm
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CHII o jutnne 3y6a, npu Ms = 3,0-10° Hum
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2 - 13. Pacnipenenenus HOpMaTbHBIX CHII IO [UTHHE 3y6a, npu M, = 4,0-10° Hm
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. Prc. 15. 3aBuckmocts Benuumnpr HOPM&IbHOM culbl Ha 3y6 OT yruia mo-
OpoT2 reneparopa Bonu [PH pasliM4HBIX HArPY304YHBIX MoOMeHTax M>: | -

5
0,5:10° Hi; 2 - 1,0-10° Hom; 3 ~ 2,0-10° How; 4 - 3-10° Howt: 5 - 4-10° Hos: 6 -
5-10° Hum £ '

5
Ny = E] [N ki ]a=constant
Pesynsratsr cymmmposanna opmusar xprsbix 1 - 5 MPENCTaBIeHB! IPa-
brreecku (puc. 15). Makcumansioe snauerne HOPMAaNbHOH Harpy3ku Ha 3y6 oT

e
1134 :H‘IHHBI KpYTSILEro MOMCHTA Ha BBIXOJHOM Baly BOJIHOBOIO pellyKkropa IpH-

[IOBOPOTA MCPEABMKHOIO MHKcepa MIT 600AC nonyueHo 3xcnepuMeH-
go (puc. 16). Tlpu narpysounom momente M=5-10° Hum, Makcumanshoe
€H{E HOPMAIBHOU Cusbl Ha 3y6 cocrasinser 6500H. [lanurie sxcriepumen-
TIpeACNsIONHE MaKCHMaIBHEIE 3HAUCHUS HOPMANLHOR CHIEBL, JielcTByiO-
Ha 3y6bsS B 32BUCHMOCTH OT BEJIMYHHEL HArpy304HOTO MOMEHTA, MOJKHO
OKCHMMPOBATEH NPAMOH NMPONOPLHHOHANBHOH 32BHCHMOCTRIO. PACXOXKIEHHS
MHTaTOB 3KCIIEPHMEHTa ¢ JIMHEHHOH XapaKTepHCTHKOH HE IPeBBLIILAIOT
. OHy BBI3BaHbI PA3NTUYHBIM YHCIOM Tap 3yObeB B OJJHOBPSMEHHOM 3auien-
¥, TIPH PasHbIX HATPY30YHBIX MOMEHTAX, AedopManuet THOKOro IeMenTa,
MEHHBIM XapPaKTePOM pacnpeieNieHs Harpy3ku Mexay 3yossamu. C npu-
€HHEM Harpy3O4dHOrO MOMEHTa M; K MaKCHMATBHOMY 3H&YCHHIO
,5-10° Hm, HabmogaeTes 3aMeTHbIH POCT MakCHMAaJbHOH Harpy3KH Ha 3y-
. DTO CBA3aHO C POCTOM UHTepHEPEHIMH 3y0beB NPH NOBBILEHHLIX HArpy3-
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16. 3aBHCHMOCTE BeM4YHHBI MAKCHMAIBHOM CHIIBI Ha 3y0 OT BEJIHYHHE] Ha-
HHOTO MOMEHTA Mp: 1 — KpHUBas MONy4YeHa JKCIEPUMEHTANLHO; 2 — JH-

as anlpoKcuMalug 3aBHcCHMocCTH 1

£
45 M,¥10 Hu

Harpy3ka nHa 3y0ps He CUMMeETpHYHA OTHOCHTENLHO GONBLIIONH OCH reHe-
Pa BOJIH, OHa CMeUIEHa B HalPaBJICHUH WX BXoja B 3aueruieHde. C Mossl-
eM MOMeHTa M, Bo3pacTaer HepaBHOMEPHOCTh PacipeieIeHus Harpy3Ku B
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3aLeTUIeHHH. JTO Bbi3BaHo Gonbummu aedpopmanusmu rudkoro xoneca. C ng.
BRILUCHHEM MOMeHTa M, BO3pacraetr HHTepQepecHUUs 3yObeB MO MepeiHey
10ply 3y0yaToro BeHIa Ha BXOJE B 3alICINEHHUE, YTO OBBILIACT HH’I“SHCHBHO(;Ti
Harpy3ky Ha 3yObsi. IIpu MOBBILIEHHBIX HAIPY304HLIX MOMEHTAX, B 3TOM 30me
BO3HMKAET 3aKIMHHBAHKE ¥ ITPOCKOK 3yOpeB. 30Ha BXoja 3y0beB B 3aLieMiCHune

OKa3BIBACT OTPHLATENBHOE BIMSHUE Ha HATPY304HYIO CNOCOBHOCTD, AOATOBeY. |
HocTh ¥ KITJ] KpynHBIX BOJHOBKIX Tepenad. B aToii o6nactu HABMON2eTCS Mo- |

BBILIEHHBIN H3HOC 3y0beB.

B BonHoBOM 3yG4aTOM peayKTOpe NpHBOma rmosopoTa MEpeABHIKHOMY
mukcepa MII - 600AC, HaubonbInyr0 HHTEHCHBHOCTE HOPMANbHAS HATDY3Ka Ha
3yObst nyeeT BOIM3M NepeHero Topua 3yG4aToro sera Ha BXOJIE B 3alleTUICH e

(puc. 14, xpueag 1, a = -37°). 3necs MUKOBBIE Harpy3Kd IIPEBBIIIAIOT MaKCh- |

ManbHble sHadenus Ha 30 + 40%. Tlpu ynanenun or nepeaHero TopLa MHTCH-
CHBHOCTh Harpy3ku najgaeT HepaBHOMEPHOCTb pacrnipeneneHHs Harpys3kd mo
nnve 3yGpes, ob6ycnopieHa BEICOKON NMOAATIHBOCTHIO MHOKOr0 Koneca. Chu-
KEHHe Harpy3ku Ha 3yBps BOIM3M nepennero Topia 3y04aToro BeHua, Npu yaa-
feHHH OT BXoja 3yObeB B 3aueruienue (puc. 14, xpuspas 1, o < [-37° ... -22°

ih

MPOHMCXOANT M3 — 33 BBIXOJA KOHTPONBHOTO 3y02a u3 30HE! uHTepdepeHIH H '

nepepacrpeene ! Harpy3kyu Mexay 3y0baMu.

Hacts 3yObeE, NpHeraloas X 3aIHemMy Topiy, Ao 40% ux JUIMHbL, Ha- |

MeHee HarpyxeHa (puc. 9 - 14) u MoxeT ObITh yxanena. TO CHU3HT MEPEKoC
3y0beB ruGKOro Kozeca 1o JIMHE, YMEHBLIHT YPOBeHs HHTEphEpeHIHH 3y0bes,
HEPaBHOMEPHOCTH pacrpeseNeHnst Harpy3Ku 10 jJauHe 3y6beB, MAHUMUBUPYCT
SHEPreTHYECKHE [10TEPH B 3y09aTOM 3aLeTIeHHy BONHOBOI ITepeayH.

Honyqcnusle pesymsTaThl NpPEACTABAMIOT aKTYalbHOCTh U KPYTHIX
BOJIHOBBIX 3y0UaTHIX PEAYKTOPOR C IMPOKMMH 3y6uaThIMM BEHIIAMH, rae Mac-
1rrabupli GakToOp YCHIIHBACT HETATHBHOE BIUSHIe OTKIOHEHMIL

Cnucox nureparypsi: 1. CrpensHukos B H., ITauxos B.A., Cesoctbs-
#os C.B. Mojenupopanue CHIOBOTO B3aHMOAEHCTBHS 3yObeB B BONHOBOM 3%
uericaun//Bectaux XITIY. - Xapskos, 1999. — Bin. 50. = C. 42 — 53. 2. Ce-

,;{2183 JLM. Merozsl nopotus 1 pasMepHOCTH B Mexanuke. - M.: Hayxka, 1975. -
c.
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IHOABOP ®YHKIUU AJI1 ONHCAHUA
TEXHUYECKOTO COCTOsIHUSI OBOPYIOBAHUS

Cyaeiimanor C.JL., Omosckan E.B., Hcaenxo B.B.
(HonHTY, 2. Honeyx, Yxpauna)

analysis results of the approaches used for fitting of analytical dependences
art’s techical state variation are introduced. The approximating way of
techical state variation on the basis of growth curves usage is proposed.

KomnnuecTso 3aMacHbIX 9acTei, HeoOXOMMMOe [N HOPMAaibHON paboTsi
nyprideckoro oS6opyIOBaHHA, 3aBUCAT OT TOYHOCTH IPOTHO3MPOBaHMU
0B OTKasa jeraseif. [IpH aHATHTHYECKOM NPOTHO3UPOBAUHK [NaBHBIM 3Ta-
pellieHys 3a/laun ABNAETCS MOADOP 3aBUCHMOCTH (annpoxcuMaums) u3me-
us Texauueckoro coctosuus (TC) nerant BO BpeMeHH, KOTOpoe rpaduye-
pelCTaBnsieTc B BUJe KPHBOH. K MareMaTH4eCKuM 3aBACHMOCTAM, HC-
p3yeMBIM JUIsL aIpoKcHMAaImy Kpusbix 1TC, NPEABABIAIOTCA CACAYIOLIME
JoBanus: TouHOe onmcanue uaMenenus TC obbekTa Ha nepuosie HabmroAC-
; HENpPEepHIBHOCTb, T.€. BO3MOXHOCTE ONpENENeHus TC B nrofoi MOMEHT
MEHH; HEJONYCTUMOCTh CTPHUATENBHbIX 3HAYEHUH Mapamerpa, XapaKkTepH-
mrero TC. CymecTsyioT pa3iuuHble METOJHKH TMOCTPOSHMA MaTeMarHye-
moxeneit mavenenns TC o6bekTa [1-3]. Ouerka uX 3pQeKTHBHOCTH Npu-
eHHs 114 PellieHHs PacCMaTpHBaeMOi 32/(@4n BEINONHAIACE Ha OCHOBE JaH-
. 06 u3MeHeHWH u3HOCa, xapakrepusyiourero TC BKIajBILICH LITHHACIS
a 2500 ropsueit npokatku [4].

M3BecTHLIM TIOAXO0/10M sIBIfeTca onucanue mamenenus TC aerany mo-
OMHATEHEIME 3aBucuMocTaME [1]. Ha pucynke 1 mokazan pesyapTar HpH-
€HKA MOJHHOMHAIBHON MOJIENH [EeCTOH CTeNEeHM:
~0,00245 +0,0843¢% —1,1565¢* +7,65081> ~24,935¢% + 38,1711 ~ 19,818,
rae Y(i) — napamerp TC Bkia-
Ablla; § — BpeMSs IKCILTyaTaliH.

Tounocts nopbopa an-
npoxkcumupyiowei  QyHKUHH
OIEHKUBANACK TI0 KO3 PHUUIHEHTY
KOppeNALIH, 3HAYEHHE KOTOPO-
ro cocrasuno 0,9987. Jans-
Heliipe MCC/ICAOBAHMS [10Ka3a-
JIH, 4TO HECMOTPS Ha BBICOKHE
3HAYCHHA KoaQQHUMEHTa KOp-

P

2 40 60 80 100 oy
1. IMonunomuansHas QYHKUMS H3MeHe-

TC
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pensunn (6nuskue x 1), nonMHOMHaNBHEIE 3aBHCHMOCTH 00NIaJ1a10T CYliecy.
BCHHBIM HENOCTATKOM, OIPAHUYMBAIOLUIMM HX NPHMEHEHHE, ~ HA OTACMbligy
YHacTKaX BpeMEHU BO3MOXKHO YMEHBICHHE NapameTpa Y(t). A 3T0 HE COOTBey.
CTBYCT QH3M4ECKOMY CMBICTY npouecca usMenenus TC, T.K. u3BectHo,
liponecce paborsl geraneit ux TC moxer nubo YXyAWarbes (Hanpumep,
ICHHE H3HOCA BKagsimei ot 0 go 18 MM),
STHHBIM.

JlpyruM NoIXoA0M K annpoKCHManuu H3MeHeHus TC neraneii saBnsercy
ucnonb3oBanue PyHKuuil S-06pasHbIX KpUBBIX (Tlepna unu Tomriepira) [2] :

Y(r):é— ln(a)—ln[%—l) w Y(t):—i- !n(b)—ln(ln(LD ;

HTO g

1H00 OBITH KPATKOBPEMEHHO TI0CTG.

t
riie I — npaBerif npenen nepemeHnoit £; a, b, k — xosdduuuentsr, olipeaense-
MBIC METOAOM HAUMEHBIIKX KBaApaTos [S5].

Ha pucyske 2 npencrasmen NpUMEpP anmpoOKCHMALKH H3MeHeHHs T(
BKnajeiua S-06pasHbIMH KPHBBIMH, [IPOAHATHIUPOBAB KOTOPBIN, MOXKHO OTMe-
THTb CNeAyOUIMe HEAOCTATKH JAHHOTO MOAXOMA: HH3KHE 3HAYCHMUS ko3t driny-
€HTa KOPPEIALUY H3-32 ABHOM CHMMETPHYHOCTH, CBOWCTBEHHOH S-06pasiibiv
KPUBLIM; HajlM4He BEPTUKATBHBIX 4CHMIITOT, HEMO3BOMTIOMMX HIMEHSTE yron
HAKJIOHA fNPOKCHMUPYIOMEH KpuBoit. Hostomy npumMenennue storo momxona
TaKxe HeMpHeMIEMO,

Yopr—— T —r—
| - ToukM Tpensa omeITHOMN KpHBOH
15] n3MeHenus TC;
}[ 2 - rpadmk npeoBpazoBauHON S-
b B ] 00pazHOi KpUBOH
£ e Puc. 2. Anmpoxcumauus ¢ momo-
2B 1m0 TIPeodpasoBaHHEIX 8-
o1 JER s ' : ;

’ 00pazHBIX KPHBL
1] 0.5 1 Loyt p Kp *

15 z 25 3

Ormedenunie HENOCTATKH PACCMOTPeHHBIX MO/{X0H0B CBHAETEJIbCTBYIOT
O CHOMHOCTH MCIONB30BAHMA OJHOI ANNPOKCUMUPYIOIEH OYHKLUNU A1a ollH-
Cannd msmeHeHus TC neranu. Ing ux HCKIOUYeHus BO3MOKHQ TNpHMeHeHHE
noaxona [3], ocHoBBIBAIOWIErOCS Ha ONHCAHHH KaXAOr0 U3 TPeX Yy4acTKOB KPH-

BOH msmerenus TC geranu oTaensoi byskuui :
Y(t)=k-t",n<1- s y4acTKa npupaboTKu;
)=k 1-

Y(t)=a-(e* -1), npu k>0,
Y(t)=a-(1-e*)

k-t-nng Y4acTKa HOpMafibHOI0 H3HAI HBaHug,

> IPH & < 0 - T4 y4acTKa yCKOPEHHOro H3HAUIHBAHHA,
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yBeim-

2 k, 1, a — xosbduuseHTs perpeccu.
VccnenoBanus mokasany, yto B JaHHOM chy4ae, onpeacneHue IIWTels-
CTEA YYaCTKOB U COMPsyKeHue aNNPOKCHMUPYIOIUUX QYHKIMH Ha TpaHHuax
ICTICOB ABIIAIOTCA BECHMA CHONHBIMH 4 TPYAHO GOPMANU3YEMBIMH TIPOLELY-
» TIOSTOMY CYHICCTBYST GONblIAZ BEPOATHOCTh TOrO, YTO AMIPOKCHMU-
e ypaBHeHHs OY1yT HeafleKBaTHb! OMBITHEIM AHHEIM.
. ABropamu [5, 6] nperaraercs METOIUKA ONMHCANUS KPHBOH MHBTEHCHB-
usMerenus TC neTami ¢ noMols KpUBBIX pocTa. ITpu 3TOM KpuBas u3-
enust TC pasGusaercs ua 1pa yHactka TouxoH E, npunapnexaiueii yuactky
HOPMAILHOIO H3HamMBanus, MUnrencusrocts n3Mercuus TC Ha 3TUX Y4acTKax
pRpEAENAETCS 110 hopMyam:
ot
I"=(Yp~Y)-W, KV 4
T
P =(Y-Yp) W, K7 1,

min ?

e W,, W, — Cpessss CKOPOCTE U3MeHeHHS IIEPBOH NPOHU3BONHOM Ha ydacTke
PabOTKH H YCKODCHHOTO H3HOCa cooTBeTcTBeHHO; K, K, — K03ddHIUCHTE]
BU3HB! QYHKLUMHK JUIs Y9acTKa IpupaboTKH ¥ yCKOPEHHOTO H3HOCA COOTBET-
enno; Y, Ve, ¥y, ¥, — 3HaueHHe napamerpa TC Texymuee, B Touke E, nayans-
H NPENIENBHOE; /nip —~ MHHMMAIIBHOE 3HAYEHHE WHTEHCHBHOCTH.

. Torna, annpoxcrmanmio kpuBoil usmenenns TC feTanu TakKe MOKHO
TONHATE ABYMS QYHKLHAMHE:
Y,=kt",

g

IpH to <t<tg,

-, IpM tg St<t,
a+b-t*+¢-¢’ e

k, n, a, b, ¢ — napameTpsr GyHKLMiL,
Anst onpeaenenus napamerpos & u paccMaTpHBaeTCs CUCTEMa ypaBHe-

?_,Q_k"gmn
" ¥e-X; ol
(YE"k'tmm:)'Wn'Kn g +Imin_[anm,
okt

n fg-—.i’_

(}'E ~k-r,,_.)-Wﬁ JELET T
Lonms Lonm — BHAYCHHA MOMEHTA BPEMEHH H MHTECHCHBHOCTH H3MeHeHus TC
TOYKM KPUBOH, B KOTOPOH KO3(Qduument KOPPENAIMA  HanOONbUIHH,

min }min

<t
m—tf.
I'Ipeoﬁpasosanm MO3BONAIOT NONIYYHUTh YpaBHEeHHC 1A OlIpencieHus
€Tpa i
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Jlauuoe ypaBHeHUe peulaerca MOObIM YUCACHHBIM METOLOM, HalpHMep,

MetogoMm nuxotomun [5]. Iocae onpeaenenus napaMeTpa # HaXOQUTCA Hapa-
MeTp k:

E

Ir

HCHHUI:

LG g
" a+bfb+csz
1 Yop—Ye
2 P =Yg 'Wy'Ky : *Igin = iy
la+tb-tg+c-et
! —
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- — =Yg |-W, K, K4 g =
a+b-t,, +c-e™
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Peuienue HaHHbIX YpaBHEHHI MOXKHO BRITIONHUTS METOA0M 3eiaens [S].

Ha pucyske 3 mpeacTaBiey npuMep WCIONB30BAHUS IPETATAEMOr0 Chio-
coba rosfopa aHATHTHYECKOIl 3aBHCUMOCTH H3Menenus TC aeTany, KoTopsil
HAMIAOHO MIBOCTPUPYET BBICO-
KYI® TOYHOCTb aNIIpOKCHMalid
ONBITHLIX JAHHEbIX.

L

"= 1 T T T

Puc. 3. Annpoxcumanus KpHBOH H3MeHe-

Hust TC ¢ Hermonp30BaHueM MOJECIIH pocCcTa PEHIBIX ITOOXOM0B, OHH TaK
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Taxum ob6pasoM, npemid
raeMbill crocod nopdopa QyHK
Ui, ONUCHLIBAKOIIMX H3MEHeHHC
TC peranu, senserca Haubonee
TIPUCMIEMBIM, T.K. 06ecrieunBact
BBICOKYKO TOYHOCTh ammpoKCH
Mmamuu. Opnmako, uecmorps HE
HEOCTaTKH ApYyruX paccMo™

oryT ObITh MiCTIONB30Baubl. Jlis BLGopa ciocoba i Buia annpoKCHMHUPYIOLIEH
HKLHH IJ,CJ[CCOOGPBBHO COnOCTaBMATL CTCIICHL COrNacoBaHHOCTH pPacHeTHBIX
MIBITHBIX AHIBIX 110 KOD(OULHEHTY KOPPENsLHH.

Croucox auteparypei: 1. Ycnonssosanue HnoJMHOMMATBHBEIX MoAc/e
obpaboTtke Gostbuinx Maccupos uugopmanny / [.B. Corumxur, AE. Ce-
B.M. Hcaenko, B.A. Cuaopos // DKOHOMHKA ¥ MaTeMaTHYECKHE METObL.
V. —1989. —c. 1129-1132. 2. Mapruno Jx. TexHHUECKOe HPOrHO3UpO-
ue: [lep. ¢ anra—M.: ITporpecc, 1977. — 592 c. 3. Octpeiikosckuit B.A. ®u-
(0-CTATHCTHYECKUC MOJENM HALeXKHOCTH 3eMeHToB Y. — M.: Duepro-
Muzaat, 1986. — 200 c. 4. IIporso3upoBanue KOMIIEKCHOH HaZexXHOCTH
OpyROBaHHA IO KpuTepuaM otkasa /KoxosaioB JI.B., JlynskoBa C.M.
b. - 1996. Ne3. - C. 29-34. 5. Jlpsixoros B.I1. CripaBounik no aaropur-
U nporpamMaM Ha s3bike Oeficuk Juia nepconamsHeXx DBM. — M.: Hayxka,
— 240 c. 6. MonenupoaHue TeXHHYECCKOTO COCTOAHYSA JeTaned ¢ Ucromb-
Huem BulyHCnaMTENbHON Texuuku / HLA. Yennos, C.JI. Cyneitmanoz, B.B.
aenko // Umxenep Ne3.-2002—C. 78-80. 7. Yernuor H.A., Cyaefimanos C.J1L.,
o B.H. Mcnone3oBanue MOZENH POCTA AN annpoOKCHMAIIMH CKOPOCTH H3-
*a JleTaneidi Metaypradeckoro obopynosanus// IlporpeccusHbie TEXHOIO-
r U cucTeMbl MaluumHocTpoeHua: C6. uayy. TpymoB. - Jomeuk: Houl TV,
999. Bem 7. — C. 241.
: Cmames nocmynuada ¢ pedaxyuio 29.10.2002 2.

BJUSTHUE KUHEMATHYECKHX USMEHEHI
CKOPOCTH IIOJJAYHY U TJIVEHHEI 3APYBKH B MACCHB
HCIIOJHATEJBHOI'O OPTAHA HA DOOEKTUBHOCTS
PABOTHI ITPOXOAYECKOTO KOMBAWHA

Xuuenxo H.B. (JonHTY, 2. /loneyx, Ykpauna)

influence of kinematic changes of axis velocity and cutting depth of the cut-
heads on the road-header performance and driving gear loading is ana-
Sed. It is proved that this influence is neglible.

. IIpoGaema noBsILIeHHs TEXHUYECKOTO yPOBHS MPOXOAHCCKUX KOMOaitHOB
SLICTCS aKTyalbHOH, €€ peleHde ODecrnevdT TOBBIMICHHE KOHKYpPEHTOCIIO-
OHOCTH OTCYECTBEHHBIX FOPHBIX MAILKH H Y)HEXTUBHOCTH FOPHOrO IPOU3-
0cTBa. OfHO U3 HAnpaBleHHH pelleHus 3Toi npobreMbt — 060CHOBAHKE Bbi-
CTPYKTYPb! H 11apaMeTpOB CHCTEMBT TTOa4H pexyluero opraua [1]. Haga-
PI€ aBTOPOM HCCIEN0BaHNA OTHOCATCH K BRIOOPY PaLMOHATBHEIX IO KPATEPHIO
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NPON3BOAUTCILHOCTH cHocoba i [apaMeTpoB PeryIMPOBaHus CKOPOCTH NTO/lauy
aKcHanbHOH KOpoHKM. B padoTe [2] mpuBOAMTCS METOLHKA BRIDOPa CKOPOCTEi{
nonavy 1pH MX CTYHNEHYATOM PEryidpOBaHMH, OSGCHE'-IHBa}O].Llaﬁ MaKCHMMansh-
HOE UCIONB30BAHNE YCTAHOBISHHON MOLMHOCTH NPUBOAHEIX ABMrateneil. 1B 1o
Xe BpeMA u3secTHo [3], 4T0 nojgada peXyILUEero opraHa HE paBHOMCEPHE B pas-
JIMYHBIX TOYKAX ceyenus BHIPACOTKH BCIEACTBHE KMHEMATHYECKAX OCODEH:0-
cTelt CHCTEMSBI TTOJBRECKH CTpessl KoMOakiHa, HTO MOXET NOBMUSTH Ha Harpy-
KEeHHOCTh npuBoAa. Metoanka [2] aT0T (pakT He yuuThiRaeT. Takum obpazom,
HQOSXO,HHM AHaTHU3 BIHUAHWA KHHEMATHKH CHCTEMbI NMOABECKM CTPENbl HA ila-
IPYMEHHOCTE NPUBOAA W MpouzBoAuTenbHOCTE Kombalina. Iens uccienora-
HHS — BBIABHTH 3aBHCHMOCTH OT TIONIOMEHHS PEXYIIEro oprana B 3aboe cre-
AYFOUIHX BeIHUYKH:
- CKOpOCTEH MOAayy KOPOHOK: BIEBO M BIPABO (Ve M Vypa), BBEPX U BHM3
(Vaod B Vou);
- Tiy6uHb! 3apyOKH KOPOHOK B
- TEOpeTHUYECKO MPOM3BOAKTENLHOCTH KOMOaltHa 1 MOLIHOCTH, Pa3BHBaeMOi
TIPUBOZOM HCTIONHHTENRHOTO Oprana.

Kunemaruueckas cxeMa CHCTEMBI NOOBECKH CTPE/IBl COBPEMEHHBIX KOM-
Baiinos (1110, KITJ1, KCI132) noxazaua #a puc. 1. [loropoThas pama | wiap-
HHPHO COe/IMHEHa C KOPIycoM KoM0aifHa ¢ BO3MOXKHOCTBIO TIOBOPOTA THAPOLK-
nuHapaMu 2. Crpena 3 wiapHMpHO coeJuHEeHa C NOBOPOTHOH pamoi 1 ¢ BO3-
MOKHOCTBIO OghemMa ruapouunuuapamu 4. B npouecce obpaborku 3abost 13-
MEHAIOTCH IUICYH MHAPONMIMEAPOB H PACCTOAHME OT KOHIIA CTPesl A0 OCH I10-
BOPOTA, YTO IIPHBOAHUT K H3MEHEHHIO CKOPOCTH I0Jjavi KOPOHOK IIPU HEH3MEH-
HOU rojaue paboyell MUAKOCTH B THAPOIHAMHADEL

CkopocTy momady KOpOHOK:

v QL tLye0s0,), QL +1,0050,),
aes T * Vapas = 4
hE, +hF, My +mFy,

oL ., .20

T T

rae O — nojava Hacoca; L; — PacCTOSHME MEXKIY OCSIMHM HOBOPOTA M MOABCME
(cM. puc. 1); L; — paccTosiue MeXAy OChKO BPaUIEHHS KOPOHOK K OCBIO TIOMTHE"
M} Progs Pros — YIVIBI MOABEMA W TOBOPOTA CTPENLL; Ay, b, by — nineun ruApous-
AUHAPOB; F oy, Fup, I, Fuz — GKTHBHBIE TINOUEAH TIOPIIHEBHIX M IITOKOBEIX 110
JIOCTEH LIMMUHIPOB MOBOPOTA H NOJBEMA COOTBETCTBEHHO.

TTneuu ruApOLTHHIPOB:

by = :—B[(xw = X141)€08(W + @, ) + (15 = V1,4) SO + @, )b
2)

b
hy = DE [(ng = X3} €08(6 = @,9) + (Vo — ¥2p)sin(0 "%oa)],

a, b — KOHCTpYKTUBHBIE pasmepsl; AB, DE — INUHBI THAPOIMIAHAPOB; X 14,
X1 Y16 X20. Y20, X25 YVor — KOOpAUHATH Touck A, B u D, E B cucremax xo-
aurar O1x,y12) U O2X2¥22,; i, 6 — KOBCTPYKTHBHbIE YITIEL

- PacyeTHbie BeNMYHHBL B 3aBUCHMOCTSX (2):

i Puc. 1. K onpeseneHmio XWHEMATHUECKUX XapaKTEPHCTUK
| PeXUMOB [IOBOPOTR, TIOXHEMA H ONYCKAHUS CTPenl

(1)
Vigs =
Xipg = —asin(y +@,..); vip =acos(¥ + @00 )3
X2 = be0s(0,00 = 0); yoi = bsin(p,,, —0);

AB = \/(xm ‘xm)2 +(np ‘}’1,4)?'; (3)

DE = \!(Iza ~%p)* + 2z = y2p)’s
- ITnevo h; BeIuHBCHsETCS 110 3aBUCHMOCTAM (2, 3) nast h;, B KOTOPBIX @,,,,
THAMAETCS ¢ MPOTHBOMOIOKHEIM 3HAKOM.
AHaJIi3 NPOBOMANCS [7isi IPOXOAYecKoro kombaitua 111110, s yaober-
84 aHani3a BeMUHHBL NPHUBOAMINCH K GespasmepHoMy BHAY (kKoadduimeHTs!
MEHEHNM ), 6a3aMy IPUBEACHHSA IPUHAMANHCH HX SHAYCHHUS OPH @rop=0r0s=0.
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Ha puc. 2a npeacrapiera 3aBHCHMOCTh KO3GOHUMEHTA U3MEHEHHS Cko.
POCTH NOJAYH KOPOHOK BHPABO Kynpos OT @ros M Puoe MIS HPOXOMUCCKOTO KO-
Gaitia 111110. Ha pucyrxe noxasanbi KOHTYpB! o6acTeit 3HaYeHHH @, U Dros
npu o6paboTke 3a60€B MAKCHMAILHOTO (25 M) H MHHMMAJILHOTO (7 M%) ceue.
HUH BbipaboTOK apouHolt Qopmbl. Ilpu ysenHuenun MOAyaAs yrjia NoBoporg
CKOPOCTH MOAAYM pacteT BBHAY YMCHBIICHHS IUIed THAPOIMIMHAPOB. YBesy.
UCHUE MOMYNA YTJIa 1I0AbEMA, HANPOTHB, NMPUBOAUT K YMEHBIIEHHIO CKOPOCTy
TOZa4K 3a CHeT YMEHBIUCHHUS PACCTOSAHHS OT OCH IIOBOPOTa A0 OCH KOPOTOK.
Cpennee snauenye KodQQuIUHEHTa H3MEHEHUS CKOPOCTH MOAAYM BIIPABO Bo
BCeM jyanasoHe obpabareiBaeMpiX KomGaiiHom ceuennii pasxo 1,00. 3aruicu-
MOCTb Kypeg OT Proo B Pos - 36PKATHHOE OTPAKEHHE ITOKA3AHHON Ha pHC. 2a.

a) 40 Makcumansioe
@noss ceqj:fn:rle
reagy MHHEMATH-

: 0.9 B
L 20 0 20 Pnos:
1§ BCFT = NG 1 rpat

-20 0 20

@roas TPAR
Puc. 2. 3aBucuMocTd KoahOUIMEHTa H3MeHCHUS CKOPOCTH 110AauH
KOPOHOK BHPABO Kipae OT @uos U @y, (3) M KOIPOUUMEHTA HIMEHEHTA
CKOPOCTH BEPTHKATBHON NOAR4H KOPOHOK Kygunp OT @poa (0)

Ha pric. 26 noxasana 3aBucHMOCTE KO3(DOULIHCHTA H3MEHEHHS CKOpOCTH
BEPTUKAIBHOHN 1O/1a4# KOPOHOK Ky, OT YIIIA HOABEMA cTpeNbl. C yBenuyeHH-
€M MOIyld yrna TiOfbeMa CTpelibl CKOPOCTh NOJAYM pacTeT BCie/ICTBHE
YMCHBUICHUSA TI7IeY THAPOUMIHHIPOB.

IIpu nosopote cTpens rry6una 3apy6kyn xopoHoK B Taioke Gyzer nave-
HATBCS (eciit LUK 06paboTku 3a60s NPOH3BOAUTCS C HOBOH YCTAHOBKH KOPTY-
ca xombakna). [yOuna 3apyGku Anst CHCTEMBI MOJBECKH CTDENHI, B KOTOPOI
COBMAaZaloT OCH MOABEMA U TTOBOPOTA, OTPENENSETCS 3aBUCHMOCTLIO!

B =B,cosp,,, cos@, ,+ L, — \/[% —Bj(1-cos” g, cos’ @, ), (4
rae By — rnyOuHa 3apyOKH IPH HYJEBEIX (00 K Grroq.
3aBHCHMOCTE KOG dHIHeHTa N3MeHeH s [1yOuHbI 3apyOKM KOpPOHOK K8
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T YDIOB NIO/beMa U TOBOPOTa CTpenbl noxasaua Ha puc. 3. Ouesuaro, npu ob-
oTke 3a00s BBIPAGOTKH MAaKCHMANBHOIO CeYeHMA HAMMEHBIICE 3HAYCHME

yHBI 3apyOKu cocrasiser 0,8558,.

40 : Maxcumansuoe
i 5 8 08—\ ceneune
PR / : MuHuMaTBHOE
cYeHue
20 =
0
-15 S :

-20 0 20 @uos, TPad
Puc. 3. 3asucmmocrs xoddpduumenta HsMenenus riyGuHbI

' 3apy6K# KOPOHOK kj OT YI1IOB TIOABEMA H IOBOPOTA CTPEIEI

Teope'mqecxaz [POH3BOAHTE/ILHOCTE IIPONOPLHOHANILHA CKOpPOCTH Hoja-

1 11yGuee 3apy6xi KOpOKOK, kK03 durinenT ec u3MeHeRNS kp,, paBeH Mpo-
NeHuio k, M kg (B ClyHae MOCTOSHHOTO 1ara gpesepoBarus no ayre). Eciu

ATh, YTO YJIE/BHbBIE SHEPro3aTPATh! IPOLECCa PA3PYIIEHUS OPOXE! KOPOH-

=: 0.65 Maxcumamroe
— <07 : ceuenme
A 0.75 e PE MuHuManbIoe

0.8

X ceuenue

e 6) &

ik

5 S

{ 0.95f

¢

i : 9 ' :

= 09 2 0 20 ®Pnoo
T T T ; rpax
-20 0 20 B noas TPAL

Puc. 4. 3apucumoctn xo3dduurenToB kom ¥ ky oT yrios
Pacs Y Pnop TIPU PE3E BNPABO (&) U OT @,,,p IPH pese Bepx (6)
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KaM# MOCTOANNBI B PACCMATPUBAEMOM AWAIA30HE H3MEHEHHS HX PEeKMMHBy
MapaMeTPOB, TO KO3DOUUHEHT ky M3MEHEHHS MOILHOCTH, PA3sBUBAEMON Tpy.
BOAHBIM IBUIATENIEM, pPaBeH kg, (puc. 4).

B pexume GOKOBOTO pe3a ¢ NOCTOSHHBIM TIO JIyre maroM ¢gpesepoBaig
TEOPETHYCCKAs MPOU3BOUUTENBHOCTD U Pa3BUBaeMas MPUBOLOM KOPOHOK MO
HOCTh C YBE/MYCHUEM MOJYJIsl yIIIa MObeMa CTPesibl YMEHBINAIOTCS (puc. 4a),
MsbexaTe 9TOr0 MOXHO 33 cuer yBenmweHus mara gpesepopanns. C yderoy
3TOTO M aHA/IM3a 3aBUCUMOCTEH Ha PUC. 4 MOXKHO 3aKJIIOUMTh, YTO U3MEHEHUS ky
u ko, coctasasior go 0,05.

Brrsomsi:

1. Vi3MeHeHMs Harpy3Kd Ha ABHTaTeNb IPUBOJA KOPOHOK M TEOPETHYCCKO
NPOH3BOAUTENEHOCTH TIPOXOAYECKOro kombabtua tuna I1110, BRI3BaHHBIE XKi-
HEMATHKOH CHCTEMBI MOABECKM CTPENb, He3HAYMTEAbHE! (10 5%). 3T0 065sc-
HSCTCS KOMIICHCALMEeH YBEeIHYEHNA CKOPOCTH TIOJIaul KOPOHOK C POCTOM MO1y-

JICH yrimoB TIOBOPOTA M NO/BEMA CTPENIBl YMEHbIIEHHEM Fay6HHEL UX 3apy6Ky B
MacCHUB.

2. Tlpwn BeGope cnocofa ¥ napamMeTpoB perynMpoBaHHsS CKOPOCTH MOJAaYH KO-

ponok Kombahua Tuna I1110 Heo6X0AMMO yUUTHIBATE KMHEMATHYECKHE U3Me-
HEHHA CKOPOCTH MOJa4u ¥ rayOunsl 3apyOKH KOPOHOK B MACCHB.

Cruncor aurepartypsi: 1. Cemenuenko AK., Xunenko H.B. Axtyans-
HOCTE NPUMEHEHUS PEryIMpYeMOH CUCTEMBI TTOJIa9M UCTIONHHWTENBHOTO Oprafa
npoxojyeckoro Kombaina/ CO6. Hay4dH. TPYJOB, IOCBALICHHBIH 435-meTHn
OIMH — Anuesck: JITMU, 2002. — C. 180-185. 2. Cemenuenko A.K., Xuienko
H.B. Bri60p pausonansHeIX napamMeTpoB CTYNEHYaTOro PeryiMpoBaHys CKopo-
CTH noja4yd KOPOHKH IpoXojdeckoro kombaitna // Haykosi nmpauni How/ITV.
Cepis ripanyo-enekTpoMexanivna, sun. 42. — Jowensk: JouITY, 2002. - C.
207-2)2. 3. Xpanos IO.I". Vccnenosanne pexkuvoB pabOThl M yCTAHOBIIGHHE
NapaMeTpOB CTPENOBHAHOIO MCHOJHHUTEABHOIO OpTaHa MPOXOJYECKOTO KOM-
Gaiina 1A 10pO KpenocThio 10 f=6. Arroped. fuc. ... KaHI, TeXH. nayx. - M,
1975 -21 c.

Cmamus nocmynuia ¢ pedaxywo 17.10.2002 2

XAPAKTEPUCTHMKHY NOPOIIKOBBIX MATEPHAJIOB,
COAEPKAIIAX MEJBEHHBIE YACTHUIIbI
METAJUIOB M HEMETAJUIOB

Wiapudos 3.3. (437V, Baxy, Asepbaiioxcan)

In the given work we consider formation of the characteristics of materials re-
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geived on the basis of iron containing coppering of a particle of various time of

intering of process of sintering in environment endothermic of gas.
B paborax (1-3) nogpobGHO OmMECaHB! COCTABEI H METOAMKH MONyHeHHUs
POLJKOBBIX MAaTCPHANOB Ha OCHOBE JKeJle3a, CONEPKALIMX MeJHEHHBIE YacTH-
B xauecTBe BapHAaHTOB IUHXT MPEMIOKEHBI: NMOPOILOK XKejneza +(5-15)%
OLIOK MEIUIEHHOI0 KOKCa; [MOPOLIOK XKeje3a + MOPOHIOK MEIHEHIIOTO Kelie-
COOTHOWICHHH 1:1 ¢ nobGasnenuem (5-15)% nopoiika MEAHEHHOTO KOKCA;
OIIIOK >Kene3a + [OpOLIOK YYryHa B cooTHoweHHH l:1 ¢ poBasnenuem
5)% 110pOLIKA MEAHEHHOrC KOKCa. [jisl M3rOTOBNCHAS U3 3TUX WHXT 06pas-
M M3ACNMHA MPUMEHAIM TPaAWLHOHHYIO TEXHOJOTHIO ITOPOLUKOBOM MeTal-
DFHH XOQJIOAHOIO [1PECCOBAHMS B CIICKAHHA.

B nanuoit paborte paccMmaTpuBaeM (GOPMHPOBAHHE XapaKTEPHCTHK 3THX
PHATIOB IIPH Pas/iktHbIX BEIACPIKKAX MPOLECCa CNEKAHHA B Cpelle SHI0TEp-
€CKOro rasa.

Ha puc.] noxasana 3aBMCHMOCTE IUIOTHOCTH H HOPHCTOCTH MAaTEpHAIOB
IPOO/DKUTENBHOCTH CIIEKaHMA B TEYEHHE OO 3-X 4acOB, U3 KOTOPOH BHAHO,
YBEITAYCHHE NPONOKUTEIBHOCTH CIIEKAHMA OT 1-ro ZO 2-X 4acOB NPHUBO-
T K HeGONBIIOMY YHANOTHEHHIO MaTepHana "JKeNe3o ¢ MeJHeHHBIM KOKCoM",
JIbHCHILEE YBENHYCHUE NIPONOIDKATENBHOCTH A0 3 HacOB, HA00OPOT CMocod-
BYIOT K HEKOTOPOMY PazyliOTHEHMIO, YTO CBA3aHO ¢ Aubdy3MOHHOH mopuc-
eTh10 110 3ddexty Kupkenmamia.
JApyrue xe KOMIOSMIMH C YBEIUYEeHHEM IIPOAO/IKUTENBHOCTH ClIeKaHHs
-I'C 0O 3-X YacOB pasymIOTHSIOTCS, OHAKO 3bdEKT pa3yniIoTHEHNs, CHIlb-
BIDAXKEH MCXAY MPOAOKHTENELHOCTHIO 1 ¥ 2 4acoB, Torja Kak TNpu Jaib-
IIeM MOBBILUEHHH BPEMEHHM [0 3-X HacOB PA3yILIOTHEHHE MaTEPHATIOB CHITb-
€ nposBiseTcs. Takoe CHIbHOE Pa’yIUIOTHEHME 3THX KOMIO3ULMH ¢ yBe-
HUEM NPOJOIDKHUTENBHOCTY crieKkaHusd oOwsicuaercs Gonmee 3(pdexTUBHEIM
endeM nudPy3HOHHOHM nopucTocTi. BMECTE © TeM B 3THX KOMIIO3HUHAX
OMCXOIMT BOCCTAHOB/IEHME, OUYMIICHWE KOHTAKTHBLIX MOBEPXHOCTEH M CBs-
O€ C 3TUM [OMONHUTEIbHOE 00PA30BaAHNE MENYACTHHHBIX IPOAOITOBATHIX
P H HECIUIOLIHOCTEH.
~ TBepaocTe W NMPOYHOCTb NMPH PACTSIKEHMH ITHX 0Opa3lioB HEOMHO3ZHAYHO

HSIOTCA B 3aBUCHUMOCTH OT MPOAOIDKHTETLHOCTH criekanus (puc.2). Tax,
I TREPAOCTH ¥ IPOYHOCTE MPH PACTSKEHMH KOMIOSHIMA "Kene3o ¢ Mel-
M KOKCOM" MOHayany CHIKACTCS C YBENHYEHHEeM MPOAOIKHTENLHOCTH Me-
g 0T 1-ro 10 2-X 4acoB, a 3aTeM CHOBA MOBLIIIASTCS OT 2-X [0 3-X YacoB,
A APYTHX 00pasuoB 310 NPOMCXOAUT HECKONBKO MO-APYTOMY. ITH KOMIIO-
H C YBEJIMYEHUEM MPOJIOJUKHTENEHOCTH COEKaHUs B HHTepBase o1 1-ro A0
4acoB 00HAPYKUBAIOT pasylpodHeHue. Bee Marepuaibl MaKCUMYM 3HaYe-
MU TBEPXOCTH U NPOYHOCTH HMEIOT TIPH CIIEKaHHMH B TedeHHue | -ro vaca.

- VI3BecTHO [4], YTO YCIIOBUS CTIEKaHHs BIMAIOT HA POCT 3epeH, COBepILeH-
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CTBC KOHTaKTOB MEXJY 3€pHaMu U 00l1y10 MPOYHOCTE MaTepHaa, 01y g,
pucrocTh. [TepeMeHHBIMY [IAPAMETPaMH B ITON ONepaluu MOIYT ObiTh TeMye,
patypa, Bpems CIEKaHWs, COCTAB Ia30BOH CpPeJIbl, CKOPOCTE OXJIaXACHHS ¥ Ha.
rpesa, BENMYHHA MpUKIajsiBaeMoro Aasnenus. OaHako cpeau 3TUX Napamer.
poB Haubolee 3HAUMMBIMH ABIAIOTCA: TEMNeEparypa H MPOAOIKHTENLHOCT,
CIIEKAHHUH.

L%, p. riewt HRE ‘,;I_m

|

3). Koadduupent Tpenus Beex MAaTCpHAIOB ¢ YBEJIHYEHHUEM NPOIOIIKH-
OCTH CHEKaHH# OT 1-T0 10 3-X 4acoB HEyKIOHHO BO3pacTtaer. MuTtencus-
b M3HAIUMBaHKs 00pa3loB H3MEHSAETCS MPUMEPHO TAKIKE, HO C HeOOMBILUM
oHeHHeM. Tax, Harnpumep HHTEeHCHBIOCTh W3HAUIMBAHHS JKEjle3a ¢ Mej-
JHBIM KOKCOM (pHc.3, KpHBas 2) C yBeJIMYEHHEM NPOAOIKUTENLHOCTH Crie-

1 [TOHAYaay CHHIKACTCd, & 3aTeM Pe3KO0 BO3pacTaeT.
1, MEMKM f "

sl se0f

80 400 4 0.4

70 300 0,3

[
7 200 | 0,2

o

Puc. 1. 3aBucnmocts mopuctocts  Puc. 2. 3aBucumocts TeeproctH (1, 2, 3)u
(1, 2, 3) u wiorsocty (1°, 2’, 3') npounoctu npu pactxenun (1, 2/, 3
00pa3soB OT NPOJOHKUTENIPHOCTH  00pa3sUOB OT NPOJOJIKHUTENLHOCTH CNICKE:
cniekanus. Copepxcaune MemHeH- Hua. CozepkaHue MEIHEHHOrO KOKCE —
Horo xokca — 10%; 1,1' - xenezo  10%; 1,1' - ’xenme30 ¢ MeTHEHHBIM KOKCO!
C MEeAHEHHBIM KOKcoM; 2, 2’ - xe- 2, 2' - Kene3o+MeAHCHHOE JKeNe30 ¢ Mel-
Ne30+MeHEHHOE KeNiE30 C MeJ- HeHHBIM KOKCOM; 3, 3 - JKelne30uylryH ¢
HEHHBIM KOKCOM; 3, 3’ - Xene3o- MeJHCeHLIM KOKCOM
YYTyH C MCAHEHBIM KOKCOM

IMocaenuuif MapaMeTp OKa3bIBAeT 3HAYHTENLHOE BIMAHHE HA CBOUCTE
CTPYKTYPY ¥ 0COOEHHO Ha M3MEHCHHH pasMepoB M3ME/Mil B lpolecce crekd
HHA.

B To ke BpeMs yBeJIM4eH e IIPOLOIKHTENBHOCTH CIIeKaHUsA HekenaTenbil
C 3KOHOMMYECKON TOYKH 3peHus, Kotopoe Tpelyer Gonbiue TpyZa, 3JCKTPO
SHepruu u u3goca obopynopanus. Kak MoKasbBaloT pe3ynbTaTsl HAMIUX MCCAE
AOBaHMH, 113 pa3pabaThIBaeMBIX KOMIIO3HIHHA OTragaeT HeoOXoauMocTh YBE
NHYEHHS TPOAOKUTENLHOCTH CIIEKaHHs, TaK KaK IpH 3Tom Habmogaercd, B
000pPOT CHHKEHHE (PU3UMKO-MEXaHWYECKHX CBOHCTE.

B 3aBucuMOCTH OT TIPOJOIKUTEABHOCTH clieKaHus 0bpa3iios Habmoae
AHANOTHYHOE MH3MEHEHHE TPUOOTEXHUHYECKUX XapAKTePHUCTUK Marepnai®®
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Puc 3. 3aBncumocts xoadduumenta Tpenus (1, 2, 3) ¥ HHTEHCUBHOCTH
maBanug (1', 2', 3') ot npopomwkuTensHocTH criekanud. ComepX)anue Me-
oro kokca — 10%; 1,1' - xene3zo ¢ MemHEHHBIM KOKcOM; 2, 2' - xeie-

€HEHHOE KETE30 C MeIHEHHBIM KOKCOM; 3, 3’ - )KEene304yIyH ¢ MeAHEHBIM
OM

Takum obpasoMm, cumxeHHe (UIUKO-MEXAHHYECKHX CBOMCTB 06pPasiics B
HMOCTH OT YBEJIMYeHUS IPOJOIKUTENLHOCTH CIIEKAHHS CKA3BIBAGTCS U Ha
I00TEXHUYECKUX XapaKTePHCTHKAX.

Jnst oObsCHEHUS] STHX M3MEHEHMil, PACCMOTPHM MPOLECChl 06pPa30OBaHHs
TYHOH CTPYKTYpBl BCEX MaTCpHaioB NpH Tpenud. Kak oTMededo B paae
[3], xapakTepucTHKa y3na TPEHHS BO MHOCOM OIIPEAENAeTcs CMa3Koil.
PaboTel B 0COGBIX, IKCTPEMANBHBIX YCAOBUIX (TpeHUE 6e3 KUAKOH CMa3Ku
AYIIHOH Cpelie ¥ BaKyyMe, NPH KPUOTEHHBIX, HU3KMX U BBLICOKHX TemIiepa-
X, B KOPPO3HOHUBIX Cpejax, NP PajMal¥d W T. .) TPAAMLIHOKHbIE CMa-
HEle MaTepuanbl HeNpHMEHHMBL. B 3THX COydasX HpUMroaHbl T€ M3 HHX,
Pa KOTOPHIX IIO3BOJIAET B MpOIEcce IKCIUIyaTauuM oOpa3oBbiBaTh Ha
MXCSl NOBEPXHOCTAX IUICHKH, BBIMOTHIIOIIME POb cMa3ky u obecrieun-
IHe TeM CaMbIM PaGoTOCnOCOGHOCTh y3na TpeHus. B cBA3M ¢ 3TuM npejt-
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CTaBJSET OCOOBII HHTEPEC U3YUUTh MeXaHH3M 00pasOBaHMs BTOPHYHBIX CTPyK-
TYP Ha TOBEPXHOCTEH TPEHHH MATEPUAIOB, COMEPKANIMX TBEPUYIO (KOKC, I'pa-
(GuT) n MeTanaMyeckyro cmasky. OOpasiisl HCHBITBHIBATH B PEKMMAX: TPEHHE cy-
Xoe, CKOpOCTh CKOMbxkeHus | M/c, Harpyska 2 MITa. 3a xapaxtepom Gopmupo.
BaHUS BTOPHYHBIX CTPYKTYD HA NOBCPXHOCTAX TPEHHA B 32BUCHMOCTH OT npo-
AOMKATEARHOCTH KCIIBITAHHE HaﬁHIOI{aI[H Ha MC’I’&J‘U‘IOFPE!(I)H‘{CCKOM MHKPOCKO-
nie "Heodot-21" (npoussoactso I'JIP).

AH&JIH3 MHKPOCTPYKTYPhl 00pasiioB NOKa3bIBAET, YTO OOpa30BAHHE BTo-
PHYHOH CTPYKTYPBI [UIA K&XAOTO COCTaBa MPOMCXOAMT No-pasHomy. Tak, wa-
TIpUMeEp, 4Yepe3 ofnpefeNeHHOe BPEMs Ha MOBEPXHOCTAX TpeHus o6pasiios, co-
Jepamux 5% MeHEeHHOro Kokca, 00pa3yroTcst BRIpbIBbI M IIy6OKHe MBI, 4To
CBH32HO ¢ HEMOCTATOYHOCTRIO MeTAILTMYeCKOH (MeNb) M TBepaoH (KOKC) cMasok.

Yepes onpejeneHHOE BpeMs HA MOBEPXHOCTAX TPeHHS 06PasLOB, Conep-
wauumx 10% MeHEHHOTO KOKCa, NOABNKETCA CTabuIbHas, HEM3MEHHON TOM k-
HbI IUI€HKa (3TOT fIEPHOM MOXHO CYHTATH BPEMeHeMm NpupaboTKH). B ocroge
Mexanu3ma 00pa3soBaHHsA IUICHKH JISKHT TPOLECC BBIACICHHS TBEPIOro cCMa-
304HOIC BELIECTBA Ha IMOBEPXHOCTH TPEHHA, O0YCIOBICHHLIH pazHULIEH B TeM-
NepaTypHbiX KoagduumeHTax o6seMHOro pacunpenus ¢as.

ITo mepe dopMHPOBAHUS BTOPHYHBIX CTPYKTYp Ko3ddUIMEHT Tpeuus

CHUDKaeTes, a ¢ 06pa3oBaHUCM HA [TOBEPXHOCTH CTAOMNBLHON MeJIHO-KOKCOBOH

I[LICHKH €1'0 3HaYeHHEe CTAHOBHTHCS, KaK IPaBUJIO, OCTOSHHBIM.
PesynnraTe! aHANOTHYHLIX UCHIBITAHAH TTOKA3LIBAIOT, YTO MEXaHM3M 00pa-

30BaHHA CMa304HBIX MJCHOK HE CBA3aH ¢ ACHCTBHEM BHEWHNX (PaKTOPOB, KOTO-

pbie HHTEHCHPHUMPYIOT H3HOC (Harpyska, CKOPOCTE, TemnepaTypa). Mx usme-

HCHHE CKa3bpIBaeTCA Ha WHTEHCUBHOCTH NPOXOIALUMX IPOLIECCOS. Hanpmiep,

Npy MalsIX Harpyskax Y CKOPOCTSX Ails o6pasosaHud CTabUIBHON rieHKY Ha
[OBEPXHOCTH TPeHUs noTpebyercs 3nHAuUTeNbHO Gonbine Bpemenu. B anti-
PUKIMOHHBIX MaTepHalIaX TaKOIo KNACca H3HOC UMEET YCTaNOCTHYIO IIPHPOLY.
C yBenuyeHUCM CKOPOCTH TPEHHS BO3DACTAET YMCNO ASHCTBYIOLIMX LIHKIOB
HaNpsUKeHHs ¥ HE NPEBBIUAIOT Npcaena ynpyrocTH HCIBITYEMBIX MaTepHallos,
HTO B CBOKO O4Yepe/ib, MHTEHCH(ULUHPYeT u3HOC. [TOBRILICHHE HATPY3KH /10 P
Aena ynpyrocTH MaTepuala He3HaYMTeJBHO U3MEeHseT Xapakrep u3Hoca. lIpA
Gonmbiunx Harpy3kax (BBIILC Npefela yIpyrocTi) OCHOBA MaTepHaila faacTHye:
CKH JedopMupyeTes, U ofpa3opapiuascs [IeHKa paspymaetcs. B stux ciayyasX
yxe He cpabarbiBaeT yCTANOCTHBIH MEXaHU3M H3HOCA ¥ MEXKJLY TPYUIMMHCS 110
BEPXHOCTAMY HAYMHAIOT ACHCTBOBATh MEXMOMECKYIAPHBIE H MEKATOMHBIC CE'
7Bl, IPOTEKaOT AudQy3HOHHbIC NpoLeccs U MaTepHain TepseT pabotocnocod:
HOCTS [6].

AHaIM3 MUKPOCTPYKTYPBI MOBEPXHOCTEN TpeHHs 00pasuoB w3 xefesd #

MEOHEHHOrO JKejie3a ¢ MEJHEHHBIM KOKCOM, [I0KashIBaeT, YTO Haubosee €T

OunpHas BTOpHYHAA CTPYKTYpa oOpasyeTcd Ha NOBEPXHOCTH Marepuana, ¢0°
160

Ha

4. DIIeMeHTbI CHCTEMEL Teflo - MTeHKa

aepxawero 5% MeIHeHHOro KOK-
ca. Ouesuano Gonbluce, YeMm ofl-
TAMaNBHOE, KOJHYECTBO MEeTalllu-
HECKOH U TBEPAOH CMa30K B CTPYK-
Type MaTeépuana He yayullaeT Tpu-
GoTexuuyeckne  XapaKTepUCTHKM
y3na TpeHMs, MNOBBHIEHWE KO3()-
buLMeHTa TPEHHS ¥ H3HOCA MOXKHO
OOBACHUTE aATe3HOHHBIMM ¥ aj-
COPOLHMOHHBIMH TPOLIECCAMH MeX-
Ay TINEHKOH U OCHOBOM MaTepuana.
M3BectHO, 4TO nOTEeHUMAmbHAs
SHeprus ancopOMpOBAHHBIX Mole-
KyJi BIHSET TONBKO HA CHIbI, B3aH-
MOJICHCTBYIOUMIME Ha OMpejeneH-
HOM DACCTOSIHMM, TO eCTh obecrie-
4nBaeT o0paszoBaHMe NIEHKH Olpe-

IeHHOH Tomuuusl. OcTansHoe KOAMYeCTBo METAIIAYECKOH U TBEPUOH cMa-
. MEXKITY TPYUIAMHECH TOBCPXHOCTAMU HI'DPACT PONE AOMOJNHUTENLHOIO Npo-
(T2 M3HOCA, B KaKOHU-TO CTENEHH Melas YCTaHOBHBIUEMYCH MpPOLIECCY Tpe-

- HurepecnHsiv npepcrasisercs ofpasopanue BTOPHYHO CTPYKTYpPHI Ha

DIEHCS. MOBCPXHOCTH MaTepuana "Kene3ouyryd" ¢ MEAHeHHLIM KOKCOM.
10T MaTepuan uMeeT TpexdasHoe crpoeHue (TBEpaBIF pacTROp yrmepona B
€, KapOH/Ibl, IEMEHTHT ¥ MeTaLTHYeCKas TBepHas cMazka). IJoatomy Ha
YEMOH IIOBEpXHOCTH 3THX 00pasLOB NOUTH COXPAaHAETCS HCXOIHAS

Pa, MMEIIas pPasHOYPEBHEBYIO TI'€TEPOTeHHOCTH, XOTS obpaszosanne
PHYHOH CTPYKTYPbI IPOMCXOOUT C TEUCHUEM BpeMeHM Mcnbitanug. Crneso-
SIbHO, MPU MAJIOM COLEPXatnMH TBCPABIX CMAa3BIBAIOMINX BEIIECTB MNeHKA

ACTCA He Ha BeeH pabouelt moBepxHocTu. DTO, OAHAKO, HE HCKMOYAeT
OXXHOCTH OOpasOBaHHs Ha TPYIMXCA TIOBEPXHOCTAX 30H AUG(Y3HOHHBIX

OB,

ycranoske JXA-5 ouenusanu tommupsy BTOPHYHOH CTPYKTYpHI. YcTa-

€HO, 4T0 He 3aBMCHMO OT KOJHYECTBa nneHKooOpasyroweif Gasel B MaTe-

HBIMH J2HHBIMH paboTsL

TOJIOMHA IUICHKM BTOPHYHOH cocTaBister 0,4-0,45 MM, Conepixanue
HYECKOW M TBEpAOH CMa3bIBAIOLIEH (hasbl BIHSET AUIIL HA COCTOSHME
Y NOKPBITOH 1 cBOBOAHOM IOBEpXHOCTAMY 06pa3ia, uTo NOATBepKAaeTcs

Onpestensts xuMuYeckuii COCTAB BTOPHYHBIX CTPYKTYpP NPHHATHIMH METO-
aHanuza (peHTreHodasubiM, MUKPOPEHTICHOCNIEKTPAILHBIM, 3IEKTPOHO-
HECKHM U T.J.) HaM He Y/Ianoch: W3-3a MO TOMLIMNHE! TUICHKH TOJTy4eH-
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Ilpy aunamMuyeckux pacyeTax pasmHyHbIX KOHCTPYKUHH OYEHb BaKHBIM
OCOM ABJIACTCA BHMHCNIEHHME CHEKTPa YacToT coBCTBeHULIX KoJeOGaHHMil
KHEH ¢ ydetom cobcTBeHHOM maccsl. Haubonee oGimm cily4aeM TaKHX
efi, MCTIFITHIBAIOIMX TIOlepeUHble KoneGanus, 6yAeT cucTema ¢ pacrnpe-
HHBIMH TIapaMeTpamMy MPH HANMYUM PACTATMBAIOILEr0 MAH CHKUMAIOEro
1. OGLIYHO NPH 9TOM He YYHTHIBAeTCS BIMAHHE CIBHIA TIONEPEYHEIX Ce-
M HHEpLUA Bpailenus cedenuit. Kax 31u (akTopsl BNHAIOT HA 3HAYSHHS
CHHBIX HacTOT u3yucHo C.I1. TuMmoluerko, 0HaKo 3TOT BOMPOC H Ha Ce-
5 ABISETCH aKTYaNbHBIM,

Juodepernuuanstoe ypasHenne u3ornyToli ocu NIpH NIOTIEPEYHBIX KOJie-
iX CTCPIKHA C y4eTOM CABMIa M WHEPLMH BPAIICHHS [OTIEPEYHbIX CCYEHHMI
gero C.I1. Tumomerxko & Buze [1]

Has UHQOpMalins Oosbilicil 4acThO OTHOCUIAChE K OCHOBAM Marepuanos. [y
ITOM NpHYKHE OBUIO NPOBENEHO CPABHUTENEHOE UCCIEN0BAHUE C 00PAZLAMY (i3
Kejlesa), He CopepKaluMK cMassiBaroiieii daspl. Kak okazanocs, Ha 110BEPXHg.
CTAX TPEHUA TAKHX MATEPHANOB BTOPHUHBIC CTPYKTYPHI He 0oBpa3yoTes, Bhing.
JIEHBI UG Cllefbl Audiy3MOHHBIX NpoleccoB. He 0OHapy)KeHO TaKXKe CHMxe.
HHE KOQQUUMCHTA TPeHHA | ero cTabHan3aius ¢ TeHeRHEM BPCMEHH HCITbITa-
HUH.

PaccmoTpeHHbIE TIPOUECCHI, MPOTEKAOUME Ha TPYUIMXCS MOBEPXHOCTSX,
MOJHO paccMaTpHBaTh KaK KOHTaKTHYIO 3aady B XOHe TPEHHS M M3HOCA CHe- .
TEeMBl TEIO - cnoi cmazbiBaromiedt (asel (B HameM ciydyae MeXHO-KOKCOBag
CMech) Opy ACHCTBHH CHNIBI P, UMerolel NOCTOSHHYO CKOpOCTh Fo (puc.d).
MarteMaTHUeCKH e¢ MOXXHO ONHCATh Yepe3 rPaHHYHEIE YCIOBUS:

29® a2y ® oYty T LB s Ry
(A +ﬂk) P +#kAme = Pk '—“atz = (1) E“rar:; et a2 F 1[1+k G ) oo +k F GF a5 0. (D)
*) J B EJ u GF - xectkocTs CTEPXHA 1py u3rude U CABWMIe COOTBETCTBEHHO,
o6 0,0)= p3(x30)  (k=1,2), i DOFOHHAS Macca CTEPKHsL.
1—5’;)( X 50,8) = pi(x,351)  (i=1,2,3), ) . Koapouument HepaBHOMEpHOCTH KacaTeqbHbIX HanpsKeHu# npu usrube

¥000r0 NpodHIIs NONepPeYHOTO CeYeHHS MOKHO HANTH IO dopmyrne [2]

b F 87
p=L S0y, @)
: JEF dy)
' S(y)- cratudeckuil MOMEHT OTHOCHTEIBHO HEHTpanbHOK OCH YacTH IUIO-

HOTICPEUHOro CedeHus, B3ATON BhILIE MPOU3BONBHOIO YPOBHS Ha pac-
HH y OT HeHTpanbHOH ocH; d(y) - mmpyna 6aiKy Ha 5ToM YpOBHe.
bBes yuera cipura u unepuuu spamenns cevenuii [pH NONePEYHBIX Kojie-
HAX CTCP)KHSA, HCTBITBIBAIOIIETO PACTKEHHe-CRATHE CHITOl T , Tuddepen-
O€ yPaBHEHHE W3BECTHO B BHJIe
4 2 ~2
BIEDR Y Lo 3)
" L

JUist pacemarpuBaemoit 3aaqu k ypasneuuo (1) u3 ypasuenus (3) HyxHo
HMTP CllaraéMoe, YYUTHIBAIOIEe IPOAOIBHOE YCHIMe, BCIEACTBHE HEro [10-

Crnucok aureparypsl. 1. [apudos 3.3. YHuBepcarbHOE YCTPOHCTBO
NSl MEINHEHHMS M METAIMYECKMX HEeMeTalMYeCKHX MOopomKoB. Marepuans
mexct. "Hayd. koud. T.3. Acrpaxans., Pocceng, 2001, 2. lapudor 3.3. AHT{i:
(GPUKIMOHHEIC CBOMCTBA U KOPPO3HOHHAS CTOAKOCTS CIIEYEHHBIX KOMITO3HL,
[IPONMTaHHbIX WHrHOMpoBaHHBIM MacioM. COopHHK Tpyuos VIII Mexa. Hayd.
xoud. T.2. Cepacronons., Yxpauna 2001. 3, apudos 3.3. Kopposnormocmﬁ-i
KOe JIETHPOBAaHHE MOPHCTLIX MaTepuanoB. MoHorpadus, H3-Bo «TexXHONomue),
Honeuk., Ykpauna 2002. 4. Puctiy M.M., Xarop JI. Tlpouecc criexasns H§
coBpemenHoMm atare. B ku. Tepust u rexuonorus. «Haykosa Jymxay, k., 19746
5-10. 8. Toasuep I'., Maiicceprep @. OHOBBI TPEHUS K U3HALIMBAHUA. M'LMaf
wxHOCTpoeHue 1984, 263 c. 6. OcHoBHBic npobnems! Teopuu (hu3nvecKol a&
copbuuu, M., Hayka, 1970, 475 c. -

Cmames nocmynuna e pedaxyuio 28.10.20022

MONEPEYHBIE KOJIEBAHUS PACTSHYTO-CKATBIX
CTEPKHEA C YYETOM C/ABAT'A 1 HHEPIIVU
BPAIIEHHA NEPEYHLIX CEYEHUU

2 4 2 A4 2
J E ; = ,
Bl _J182y2 e o R
| Glax*o®  FGF &' &
- Ipencrasnas pewerne s1oro YPaBHCHHUS B BHJIC FapMOHUYECKOH (yHK-

Ilesuenxo ®.JL. ([JonHTY, 2. Joneyx, Vipauna) P(xyt) = Celrran )

: y L TIOJTyYHM XapaKTepUCTHYECKO. YpaBHeH e
The lateral vibrations of powerful rods with the count of shift and rotary inert®
of cross sections are consider.
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SFLEED D R 3 o=k [E . (14)
rae o6osHagexo [1]: d £  JOTIONHUTENIBHOC BAUAHKE TNPOLONBHOTO ycunus T Ha CHEKTP 4acToT
3 KO OLIEHHTE 11a ocHoBanuu (11) oTkyna
bz=£[l+k’éj Pup ZEHT
7 Gr F GF @) A (15)
Kopru xapaxkrepHcTHYeCcKOro ypapHenus:

_.'. Orciona BHOHO, YTO C yBEJHYEHHEM nopsnxa obepToHa BAUSHUE PO~
' 2

ko= 1 S
s IbHOTO YCHAMS yMeHbiuaercs, a npu 1" = K*EJ = —2—E} yacTota KonebaHui
! /

e Wt 1) + aEmaP - o)t 1)

ga HYJIIO, T.€. CTepXKeHb TEPAeT YCTOHYHBOCTD.

- it OLleHKHM BIMAHHS HHEPLUH BpaUIeHUs CeYSHHH paccMaTpHBaIOT BTO-
TPEThe crlaraeMble B MCXOAHOM AuddepexunansHoM ypasHenun (1).
€ cliaraeMoe my TpPEJCTABISNET CHITY MHEPLHMH Macchl Dalké OT BEpTH-

= :
kygq =i J — 'J /[ B w’F T)' + 4Efmw2(l = czwz) (mbzmz F T):iK:‘,
NPUBOJAT K pelieH IO AU depeHInanbHOr0 ypasHenus (4) B suae
y(x,t}=3. (A,,chK,,x + B,shK,x + C, cosk,x + D, sink, x)sin(w, t + ) (9)
n=l
aQ

A neyxonoproi Gainku us yenosui  y(0) = M(0) = Ona ocHobauns | UHepis Macch 6ankn ot NOBOPOTa CeueHHit g =~} MOMEHT CHII MHEpUHHK

(9) maxomum A=B=0, a u3 ycnosuif y()=M(l)=0 nomygaem uactorHoe

ypaBHenme [3] IOBOpOTe  ceveHMH mHa yronm 0O  pasen M=J40, a

(* + K2 pnsin, sina=0, 2=k, k, = nr /i,

BOJIHOBRIE YHMCIIa KOTOPOTO £, IIO3BONIAIOT HANTH CIIEKTP COBCTBEHHBIX 4ACTOT.
Ecmu T = 0, TO K2 (8) monyuum:

; 30ecek J, = Fi? y =i’m - MOMeHT cHI HHePIHU NpH

OTE CCUCHHH OTHOCHTENBHO HEHTPATBHHOR OCH CeUeHHs], i - panuyc uHep-

'{;” wz 5% Ericipte? J;z-mz ‘I b E/]-cle? OIAH MOMEPEHHOTO CCUCHUS CTEPIKHS , ¥ - TNIOTHOCTL MaTepHana.
k= = a —,)— + ‘/ e --~—2———- = \! T \'\‘] Pl e r — (10 - Taxum o6pasom, 10NONHATENBHOE CATaEMOE OT BpAlIeHMs CeueHHMI co-
& m (0] m @ '

izmmzkzy(x) ¥ TI0 CPaBHEHMIO ¢ CHUIIOH HHEPUMH mo* y(x) maer no-

bBe3 ydera caBura u MHEpLMH BpALleRUs CEUCHMUH, 1O C Y4ETOM T 11010-
KHUB B (8) b=c =0, nonyyum:

T T s I TR e
= ‘[—- VT2 4EImo? —-T), K= ;i(\!rz +4EJmo? + :r) (11
EJ YEJ
Ecimn EJ — 0, To cornacno (11)
T? +4EJmo* -T> | 4me?® /mmz

P2k =212 (A —cobcTBeHHbIe UKHCHA TPAHCHCHACHTHOIO YPaBHCHMUS,
BYXOIIOpHOH Ganku A =nn). OTCIOKA BHAHO, YTO B KOPOTKHX 6ankax
IHHE BpallleHUs CeYeHM MOXKET ORITE CYLECTBEHHBIM.
- W3 hopmyn (10) MoxkHO HalfiTH YacToTh cOBCTBEHHEBIX KoneGauuii Ganku
HETOM MHEPLUH BPAILCHUA CeYeHHUMH 1 capura npu T =0

12|

= == . , _szﬁ 1 (16)
y zw(\/r +4Emo’ -1) 17 er) VT 5 Vim k22 1
OTKYJa [IOY4HM YaCTOThI KOJleOanuif THOKO#M HHTH - Ecyu B a1y dopMysTy NOACTaBHTS 3HaueHNe Kostbcpnuﬂeﬂra b%Ge3 yuera
s [ T (13) |5 juﬁn BPAIlICHHA CEUCHHUH, T.€. B Qopmyrne KoapduuuesTa b npenebpeys
Pl ot MHMHULEl, TO MOMYYHM 4YaCTOTHI Ge3 y4eTa HHEpPUMM BpalIeHHs CeYeHWMH, oM.
Ecmu  EJ — oo, To cornacho (11) ¢ yuerom k =K, MOIYHUM. "‘:‘ i ) 3
1 - Ecau ucki04uTs COBHT, T.€. NONOXKHTs k' =0, TO us (14) naitnem
K2+ K% =—T? + 4EJme? 4 g2 BT 1 2 J (17)
i N e UTF
4TO MPHBOAKT K YacToTaM KojleOaHuit Becomoii Ganku % 165
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Tabauua 1 — [syrasp Ne20, k=2,53, IFlm

3In

57

| nm T i 97 [ ¥id ff}n
wy | 4233,6 | 38102,3 | 105839 | 207445 | 342920 | 512264 715476
| _uuepu | 4097,2 | 300383 | 64512 | 99858 | 134703 | 165004 2028937
casur | 3568,6 | 18361,1 | 33703 | 48719 | 63538 | 78224 92849
Touno | 3484,7 | 17056,8 | 30728 | 44085 | 57282 | 70335 83458
norp% | 249 | 1234 | 2444 | 3706 | 4986 | 627.7 7573

Brrancnennsie no (10), (14), ( 15) wactoTs!l Ans cTanwioit Ganku us By
TaBpa Ne20 anumow /=1 M ¢ yyerom MHEPLKH NIOBOPOTA MM C/IBHIA, & Takye
TOUHBIC ¥ NPHOMKEHHBIE 3HAYEHUS 03 Y9eTa MOTONHUTENBHEIX haxropoy.
NpUBeNeHs! B Tabnune 1. ‘

Ecmn yyects monesuyio Harpysky ma Ganke HHTEHCHUBHOCTBIO 717,=148(
KI7M, Oy 4EHHYIO 13 yCIIOBUS CTATHYECKOM HPOYHOCTH, TO BO BTOPOM Clarae.
MoM auddepenyuanbHOrO ypasHennu (1) HyxHO noromsyro maccy Gajky n
SAMCHHTE Ha CYMMAapHYIO Macey mo+ m U B pac4eTHOM dbopmyre (16) x eannmge
HYXHO 106aBUThH OTHOWEHHE Mace my /m=T74, T.e. -

n '\m prTiicl:

=
VEB? 414 my Im ~ 2
a KOYpOUUMEHTE b, ¢ BRINKHCIATE MO NpexHIM Gopmyiam (7). PesynsTars! Ta-

KOro pacycTa npusejeHs! B Tabn. 2, 0TKyaa BHIHO, UTo TIOrPEIHOCTE IPHOH-
PKEHHOTO BRINHMCICHUS CIEKTPA COOCTBERHBIX 4acToT 6¢3 yueTa cusura 1 uHep-

(18)

UMM BpaIllCHHs CeIeHHH 115 OaNKy peanbHOM ATHHEE! (4 M) He3HAYUTEbHA.

Tabnuua 2 - [Msytapp Ne20 my=1480 Kr/m, mg/m=74,

I M

b 3n Sn n 91 1in 137
1 488.8 43997 12221,3 | 23953,8 | 395977 59151,2 | 82616,1
4872 42752 113353 | 20893.4 321924 | 446292 57774.4
2 122,1 10993 3055,3 5988.5 9899.3 14787.8 | 206540
1221 1091.8 2994 4 5761,7 9304.4 135221 18313,2 |
4 30,639 274,97 763,83 1497.1 2474.8 3696.9 5163.5
30,639 274.5 759.9 14882 24346 36084 49935 |
% 0 0,18 0,51 0,60 1,65 2,45 34 |

Ipy nammany va Ganke cocpenoTouenHoM Maces: M nocepe/iuue npoieTd

Ha OCHOBaHMHM ypaBHenus (9) u3 ycnoruit y(0) = M(0)=0 uaxomum A=C=0,2
U3 yenoBuit y'(1/2)=0, O(1/2)=-My(l/2) T1I0JTy4aeM YaCTOTHOS YpaBHeH e
277 (19
Mo

e
M3 310l dopmyss Ges yueta casura u HHEPUUH BPaUieHHs ceyenuil, KO-

ria k=K nerxo noxy4uTsh 4acToTHOE YPaBHeHUe NpubIHXEHHOTO pacyeTa

166

tgl:%t}m+k(k2 +K?)

2 M
teh=thAy—, E=—, 20
g ) g — (20)

ja CTIEKTP 4acTOT BeIYHcaseTca no Gopmyae (14)

U3 TPAUCUCHACHTHOrO ypaBHeHus (19), npuiss 3a Ha4anpHOC 3HAYEHUE
HXCHHOE 3HAYEHMC YacTOTHl KonebaHuil, MOKHO HaiiTH coBCTREHHLIE

ia A=kl/2 w BonHOBLIE Yvcna k =2A/], a 3aTeM W3 OTHOWEHHS BOJHO-

@ 2.9

. gucen (10) onpexenuts K = };VI —¢"®" H CHOBA IEPECUUTATH YACTOTY

1 cobcTennsie unena (19). Tak crnocofoM Noc/e 0BaTeNbHEIX npubnuxe-
i MOXHO HailfTy CTEKTP COOCTBEHHBIX 4aCTOT 6ajlk ¢ pachpeaeeHnoil cob-
eHHOM Maccol m u COCPENOTOYEHHON Maccoii M ¢ yyeToM CABUra U MHED-
| BpallleHus ceyenut, (M. tabm. 3).

Smma 3 ~ Jlpyrasp Ne 20, /=4 w, £7 =3,68 10° Hu %, m =20 xc/vt, M= 1480 xr

: 1 2 3 E 5 6 7

1 0,62842 | 3,93997 | 7,07606 | 10,21537 13,35575 | 16,49658 | 19,6378

| 42,350 | 1664,7 | 53695 11190,7 | 19128,69 [ 291835 | 413550

| 42,331 1557,5 | 43703 7753,3 11315,70 | 14908,9 | 18486,0
0,04 6,86 22,8 44,3 69,0 95,7 123,7

M3 tabmuanel 3 BuAHO, uTO NpM HanUUHM COCpEeNOTOYSHHOM MacChl To-
SHIHOCTE TIPUOIMIKEHHOTO BEIYHCTCHUS BHICOKHX 00epTOHOB COBCTBEHHBIX
1e6aKuii CTAHOBHTCS CYIECTREHHO.

: BBIBO/IbI:
° YBEJIHYCHHEM [UTHHB! GalIKi TOTPENIHOCTS NPUGIMKEHHOTO pacyeTa 4acToT
KoneGanuit manaer;
Oalkax peanmbHON IUIMHBI TPUOTIKEHHEIE 3HAYEHMS HACTOT MONHO -
HEPLIHS I0BOPOTA CeHeHHil Buser MEHbili€, YEM CABHT;
AHEPLIMA [I0BOPOTA CCUCHKH BIHMAET MEHbUIE, YeM CABUT,
FUET BIIMSHUS CIIBAIA B SHAYHTENLHON CTENeHH 3aBHCHT OT npoduns danky -
UL TOHKOCTCHHBIX NPOQHAIeH OHO 3HAUUTEIBHO BBINIE, YEM JUTS CILIOLIHBIX
CeMEHUH, I103TOMY BaKHO NMPABUALHO ONPENENUTh ko3hduumnenT Hepaso-
MCPHOCTH KacaTeNbHbIX HANPSHKEHU;
yBENHYCHHE MAcChl GalIku 3a CUET HATPY3KH 3HAYMTENHHO CHHKAST norpei-
HOCTE, OCOGEHHO B AMHHHBIX GaTKax;
[PH COCPENOTOYEHHEIX Maccax MOrpeiiHoOCTh HPUBAMKEHHOrO BLIYHCHCHHS
aCTO yBEIUYHABACTCS. ;

- Cuncox nurepatypst: 1. Tumowesnko C.JI Kone6anus & HHKEHEPHOM
te. — M.: Hayka, 1985. — 267 c¢. 2. Benses H.M. Conporusienne MaTcpuanos.
M.: Hayka, 1956. — 865 c. 3. Illepuesxo DI BynisenrHa mexawika.
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STRUCTURAL MODIFICATION OF VIBRATION
BAR-SYSTEMS BY MEANS THE DISTRIBUTION
OF CHARACTERISTIC INTO PARTIAL FRACTION

Buchacz A. (Silesian University of Technology, Gliwice, Poland)

The dynamical flexibility of continuous free systems with definite frequency
spectrum and with branched structure has the alternating: pole, zero, pole,
zero, erc. The frequency with the zero value is always a pole. On the other hand
in the case of systems with branched structure but fixed at one side, the dynami-
cal flexibility has the alternating: zero, pole, zero, pole, etc. respectively. The
frequency with the zero value is always a zero. In this paper the method
distribution of characteristics into partial fraction represented by graphs was
applied in order to structural modification of the vibrating mechanical system
with branched structure.
1. Introduction

In the practical application of the results of design of vibrating continuous

bar systems with definite frequency spectrum, the same or similar requirements

may be fulfilled, both as far as free and fixed systems with cascade or branched
structure are concerned. The solution of such task entails modifying the re-
quirements laid down for the dynamical characteristic, which implies that an-
other characteristic should be subjected to synthesis, by first and foremost, alter-

nating frequency £, =0, from the pole to zero, in the case of replacing the char-

acteristic of free systems to the fixed ones, or from zero to a pole, in the case of
replacing the characteristic of the fixed systems to the free system characteristic:

ethod consists in the task of the synthesis of the dynamica! characteristic by
s of its distribution into partial fractions. The computer-aided structural
dification of the synthesis with given frequency spectrum has been illustrated
th the printed screens created by the software.

Basing on the computer-aided design of continuous free systems with
finite frequency spectrum, with cascade structure as well as branched struc-
comp. [3-5]), the dynamical flexibility of such systems has the alternating:
e, Z€r0, pole, zero, etc. Nevertheless, the frequency with the zero value is al-
s a pole. On the other hand, in the case of systems with cascade or branched
structure but fixed at one side, the dynamical flexibility has the alternating: zero,
e, Zero, pole, ete. respectively. The frequency with the zero value is always a
Exemplary courses of characteristics of free systems as well as of systems
at one side, composed of seven elements with constant cross-section are
sented in Fig. 1 and 2.

e

1. Diagram of dynamical flexibil- Fig. 2. Diagram of dynamical flexibil-
of free system ; ity of clamped system on its end

. Using notion of graph and of hypergraph [1] and their connections with
Situctural numbers {2, 3, 12] and system of notation [3, 4, 12], the method of
Bodification of mechanical systems represented by graphs and their mobility
iictions has been presented.

" Using the symbols introduced in papers [4-11,14-15], a following couple

Y

The implications of such modification are further variations, resulting from the X=( X X) (1)
fulfillment of the conditions of accomplishing the modified physical characteris- S called AR ol :{ g Y it T e
tic. The variations involve adding or deducting a zero (pole) with different fre- e BIARE I BIER e SU B AR iR et f I “ILHTIOSELI 0 P
quency values. {2 Xp, 3%y, ..., 5%, -family of edges, being two-element subsets of vertices,
1. ESSENCE OF STRUCTURE MODIFICATION P o of o5, =(1x, x,) =01, .. n) (of. B)).

The scope of the paper is to discuss the computer-aided method facilitat The couple )
ing the structural modification of the synthesized continuous mechanical system { kX =(. XX ) )

as a task of the synthesis of dynamical characteristics, vibrating torsionaliy b#

systems with given frequency spectrum and a branched structure. The discussed
168

called a hypergraph, where: | X is the set as in (1), and ; X= (iXm/i € N),
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2+l
(k=2,3, ... €N) is a family of subsets of set ,x ; the family §X is called a hyper l sd,H(tths + r;,,,.)
graph over | X as well, and :X={;X(”, ;Xm, ,:X‘"’)} is a set of edges 3] Z(s)= ——- e (9)

called hyperedges or blocks, if Y(s) C&H(thzrs TE 12:)

=1
~ After transformations (6-7) the immobility has been obtained as
- Using the transformation [3,4,10,11] the mobility ¥(s) is obtained in form

2an+1

d,n(thzl"s - rﬁ.ﬂ)
() P R
V(S) C*H(chI"S +r§f)

§=l

s X#D(ieN), Q)
L X=X, I cN). @)

Using notion of graph and of hypergraph and their connections with strye.
tural numbers [2,4,5,14-15] and system of notation [14,17], methods of modifi.
cation of transforming vibration system as task of the synthesis of dynamica|
characteristic — an immobility has been presented.

A characteristic - dynamical rigidity is given in form

(10)

' _ After Richards' transformation »=¢4Is [3,4,10,11] the mobility F{r) is
sy dth’Ts in form
Z{s)moo e o = 5 2ntl
Y(S) ic th_,r‘rs ( ) 1 d-’I__[(rz-"‘rZzhl)
j=0 f U(r)=‘;‘;(‘3= “';: o (1]‘)
Using the transformation 3 all (’” "+, zzf)
1 i=l -
U(s)=-2(s) (6) When /—k =1 and k is an even natural number, then the synthesis of
s ) i
r=thl’s, ) ansformed inverse function to the mobility ¥(»), that means U (r):-l-/—--- 3
the immobility U(s) is obtained in form ' Al )
by salled immobility, and when the number of elements being synthesized is even,
;dﬂ' akes the form of
U(r)=—— (6-8) m,
y y Ereriy 3 .
chjr} U(}’) s :rl:b[( ) I)_ d-‘ (?‘2 Trlz)(rz + ?‘32)_(}“2 +_f‘2?rg-wl) (4_12)
o E - = '
[ @ g ﬁ(r2 +r2) G b e )67 )bt )
whereic,, ¢, y,...00,d,,d, ..., d, are any real numbers, I"= ..\;'-g!L = .‘Ifg(_J—Lﬂ, yin 4
¥ Gy 5
c
p-mass density, G-Kirchhoff’s modulus , L=7"- length of basic element, lere: H="%
- - I"‘H_ L) 4 :
=/ J=N=l, Gy Gy €y d .. dy-real numbers, i,j.k1 - natura At first function (4) is distributed into partial fraction. Consequently
numbers, k-/=1. Ur) bisotia 2By
2. Structural medification of the dynamical systems represented by graph ey ¥ ] + ' (5-13)

by means the distribution of characteristic into partial fraction
In this paper the method of distribution of characteristic into partial frac-
tion represented by graphs was applied in order to modification of dynamical
system as a task of synthesis of the dynamical characteristic of the longitudi-
nally or torsionally vibrating mechanical characterized by a branched structure.

The dynamical rigidity Z(s) of vibrating mechanical continuous bar
system is given in form

roAOr—=jry, amrejn,

ere: b, by, B,, By, .., By,_,,By - values of residuum pole suitably equal oo,
'P 2 'j”z £t 3 j?‘u 2 7 jr?k »

- The residua can be calculated as follow
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ghere: J:™,J(",J*" - are polar moments of inertia of cross-section of the syn-

hesized bars, ¢[”,c!"",¢® - are constants of the springs.

Finally the formula (10) is taken in form

ue)

b, =lim ==~ b, =limr U(r),
r—w e r—{}

B, = lim(r - jr)U(r), B, = lim (r + jr,)U(r),
r— iy I=3-jry

(6-14) ) ). i
; gg_):sz}r+c_r_+z = _1_1_ 21 (13-21)
; ; ; ; E =
By = i (- Jr JU(), By = lim (r+ jr,, U(r). SR A

Out of the equations (5) and (6) it is seen that B,, B,, ..., B, » By, are con-
Jugate number but analysing the qualities of real positive rational function it ig
obvious that all residua on the imaginary axis are real and positive i.e.

B, =B, =b,, B, = B, =by .. By =By, =by, . (7-15)

The form (13) corresponds with immobility function of the polar graph X
2] which is shown in Fig. 1 ([5-9] as well).

S0
B, b B,  2b,r

rjr, r+_j;2 . r1+r; '

B, B, 2b,r

R G Rt St S © i L. R

< ?“J""a ."+jf'4 r2+r42 - (8 16)

)
S

pe

Bo B, 2by 7
-+ = _
r iy Ty "2""':2»
Applying the results of (9), the equation (6) can be written as
U_(r), = bmr-{- b_a + Z _.3b2i’rz ,
r e
where: b, >0, 5,>0,5,, >0,k=12,.. n

It is easily seen that separate components eq. (6) correspondents with fol-

Fig. 1. Graphical illustration of equation (14)
Structural modification of dynamical characteristic of synthesized
hanical system is possible when /—k =1 and k is an even natural number
d immobility function U(#), as a second case, takes form

2n
Uuir) H(r = rzf) s d; r(r? +r22)(r2 +r42 )---(rz +r22,,)

(9-17)

. ; =L = : e . 14-22)
lowing expressions H ﬁ(’"z gt ) c, (r3 + rﬁ)(rz +r} ) (r2 + r;fm) (
b r=U (r)=J 7, that means b, = J, 3 R b
e A Cﬂ that means b, =c® (10-18) _ Finally the immobility function (14), after operations (5) to (12), is given
o r 1] r " o
¥ ¥
The immobilities which are the components of series %E-”-‘lrz— correspond i ?(;2 =D , e (15-23)
: reAr, = LTI TN
the connections in series of the clastic and inertial elements which give elr Ny _
2byr U ()= HEET . (11-19) . The form (15) corresponds with immobility function (14) of subgraph of
- 5 g dlar graph X (Fig. 1) without edges, with attributed immobilities:
It ]
J:zk) ’ c(m
from this ) =~ and U (r)=Jr.
] ¥
V= =2, | JO=g @0 - 2bye s (e=1,...n), (12-20) ~ When /-k=-], the method of modification, that means synthesis of
‘ i fimobility function U(r), with changed requirements, is presented here, as well,
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assun_ling the odd natural elements. Then U(r), as third case of s
function of mechanical system, is given in the following form

Uer) H(rz"'-"zzf)
S

2z 2 2
- _:d_,._r(r_-#rz_)(rz+rf)...(,‘~+,.22n)
T T TN W e
H(’2+"2') S \r '”'u)(r iy )(*" ""'zf.-:)
\ 25-1
=l

(16-24)

After transformations (5) to (12) the immobility function (16) takes form
U(r) ) = 1
L

k=l !"_ + - !_
2% i
B,

(17-25)

The Eq. (16) represents the immobility function of dynamical structure ip
form of poi{ao_r graph (Fig. 1), but without edges, with the attributed immobiljsy
el -

Uy ==
.

T'he strucrurz?l modification of dynamical characteristic - U(r), of
synthesized mechanical system is possible when k is an natural number, as well,

and ! —k =1 and then immobility U(r), as the fourth case, of the transformed
function of bar system is given in form

2442
fif(;_):lf_;—ifﬁ r2) d (4 r2) e 4r2) 502 ) A

2 = { 2 ﬁ(T _2')' ] 2_) *
H(rz'i'rzi') ¢, rir + 1 JiF i el T e o
7= .

: Finally the immobility function (17), after operations (6) to (13), takes
orm

U(r) _c LY 1

H ¥

-27)
k= P ! o

" gan,

The form (19) corresponds with mobility fun-ction (18) of the subgraph of
polar  graph 6\; (Fig. 1) without edges, with attributed
U (r)= gy,

3. Conc]usivon
The formulas (1+18) and formulas defined in [3,4] are a base for the

modification synthesized vibrating bar-systems as the task of synthesis of

transfo'rmed immobility functions by the method of distribution of the
dynamical characteristics into partial fraction.
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SYNTESIS OF ACTIVE MECHANICAL SYSTEMS
Buchacz A., Zurek K. (Silesian University of Technology, Gliwice, Poland)

In the thesis there are presented basic methods of reverse task of active me.
chanical systems realization. The principal aim of the research taken is to Work

out a method of structure and parameters searching i.e. structural and paramet. |

ric synthesis of discrete model of active mechanical system on the base of de-
sired requirements. The requirements refer to dynamic Jeatures of the system,
particularly their frequency spectrum.

1. Introduction

Strong relation between effectiveness and frequency of vibrations as well as
great sensitivity to parameters changes are noticeable in passive methods of vi-
bration reduction. That is why the usage of new methods of vibration active re-
duction is getting more and more necessary. Vibration compensation by vibra-
tion from additional sources is characteristic feature of active vibration reduc-
tion methods. The active vibroisolation systems are controiled by input function,
Signal change may be fluent or step one. In the executive systems there are the
following elements used: mechanical, pneumatic, hydraulic, electromagnetic

and electrodynamic. Active methods introducing additional energy sources into
the appliance solve the problems of contradictory requests regarding effective- |

ness of vibration reduction within low frequencies. Passive systems used up to

today are able only to disperse energy or store it periodically. The active Sys-

tems can deliver or absorb energy in determined way from any place in the 2p-
pliance. Vibration active reduction methods are based on control or regulation of
mechanical vibration processes. One can tell about object movement ccntn?l
when an outer control signal is introduced into the system, where the signal is
not dependent on current values of this object state. The signal is dependent on
an earlier worked out program. The second method, which is vibration reduc-
tion, is based on object movement adjustment. In this case the contro] signal is
dependent on current value of object’s state, Within movement regulation the
introduction of additional elements is necessary, elements such as: output sen-
sors, regulator and executive appliance. [16,17,18,19,20).

Nowadays the passive vibration reduction is replaced with active vibration |

reduction. It results not only from low effectiveness of passive systems within
low frequency of input function. The passive systems are also low effective at
vibration activity with broad frequency band, as well as in case of appliance ac-
tivity conditions changeable in wide range. Low frequency character of vibra-
tion existing in building industry, car industry etc. is a reason that passive VI’
broisolation does not secure effective vibration reduction, sometimes causing
increase of vibrations.
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- Usage of active methods of vibration elimination allows to overcome the limi-
fations existing in passive systems. The active methods are used for reduction of
vibration level in machines, appliances, installations, power lines, buildings,
neans of transport etc.
The problem of electric and electronic systems synthesis using unclassical
od i.e. by means of graphs and structural numbers has been recognized
well. [1,2]. This method was used also for synthesis of passive vibrating
hanical systems. [3,4]. However there is no research about usage of un-
assical method for the analysis and synthesis of active vibrating mechanical
ystems. In mechanical active systems there are analogies to electronic active
stems. One should however remember that we cannot uncritically assign the
sults gained in analysis and synthesis of electronic systems to analysis and
thesis of mechanical systems,
nclassical method of polar graphs and their relationship with algebra of
ctural numbers thanks to modeling formalism allows algorithmization of
ulations at calculation of the system dynamic characteristics. This method
ables also analysis without limitations depending on kind and number of
ments of complex mechanical system using electronic calculation
hnique.[1,5 +14,21].
Methods syntesis of active mechanical systems
The synthesis of active systems enables passage from assigned frequency
acteristic to physical objects which realize these characteristics. The reverse
k understood in such a way enables to design mechanical systems on the basis
ot requested dynamic features and frequency spectrum.
The principal difference between designing and synthesis relies on the fact
tin the process of synthesis one achieves the system exactly meeting the as-
d form of characteristic function. The synthesis result in not only one solu-
0. There are possible many systems i.e. structures where various component
sments (passive and active) of mechanical systems exist. The possibility of
Chieving various structures in synthesis facilitates the optimalisation of the
YStems i.e. selection from many models the best one meeting the additional re-
jiirements.
The characteristic function of the active system which undergoes the synthe-
S should be presented in the form showed below:
i 7(s)= as"+a_ s"" +..tas+a

bs"+b |SH +..+bs+b,
n =

(1
3

i
[Tk

real numbers
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$= jow
In the synthesis of active systems the foilowing basic methods are used:
- cascade method, 1
- method of multiloop feedback,

- method of developing the characteristic function 7'(s) into continu K
fraction. A = ¢

Th'e ca.scade method is based on the possibility of presenting the characteristjg K x| |
function in a form of product of real rational functions with grade lower or equy] 1 |

two. The method of multiloop feedback is based on comprising the second E
blocks, which are mutually isolated in cascade method, by one or more loops of - _J | | | | !
3 b i ] ! Ao ? i
; 2 gT () ;T () = T'(s) ‘ r r(S)i
~ Fig.2. Synthesis realization by means of multiloop feedback

non-local feedback.[2]. :
The synthesis realization by cascade method can be presented by means of the.
o '
N re il

diagram (fig.1).
|
. § Y L. s 2 { P
“T7)~ 2 AT ST T ) =T (—

ical systems. Realization of this method has been illustrated (fig.2,
s well as in simplifier version - fig.4.).

We e LS A Wj)

i

Fig.1. The synthesis realization by cascade method

Fig.3. Synthesis realization by means of multiloop feedback

;- J X E )- __l. “;— : s } W
2Te-re | re--P

In the cascade method the characteristic function 7(s) is presented in a form
of product of real rational functions with grade lower or equal two.
N(s) N,(s)

T(s)="" =TT (s)= 17~

D(s) " ¢ "( ) a5 (s)

where:

stNE (s) < Ska (s)s 2
Before beginning the synthesis of mechanical systems by cascade method the

characteristic function T(s) should be transposed from the form(1) into the

form (2). Still the function in such a form can undergo the synthesis.
The characteristic function can T(s) also be presented by means of the rela-

oy iuk] 33 y |
Fig.4. Synthesis realization with feedback

he figure 3 shows simplifier mode! with one feedback loop. The characteris-
ction of this system is:

tion (3): § : ( T( ) 1:[?:(5) s
Za Sk H S—z Sl= ——.
T(s)= 40— = H - z’Lna(s) o =510

vhere:
where: j;‘(s) “ldop gain
H — stable coefficient,
z; (i=0,1,2,...m) — zero function T(s)
sk (4=0,1,2,...n) - function polars T(s) -
Multiloop feedback is the second principal method of reverse task of active

structure of mechanical active system may also be achieved by means of
ing the characteristic function 7'(s) into continued fraction.
aracteristic function with a foliowing form is considered:
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where:
m — grade of numerator
n — grade of denominator
Assuming that coefficients a; i b; meet the condition of function T(s) devel-
opment ability (5) into continued fraction the relation may be presented in one
of the foliowing forms(6,7,8,9):

1
B}S+___' = b I
4y + .
st+ R ]d_
.'.+ 1'"
B s+ —
n
1
T(s): Ag +- g o (7N
BIS+ l =
Ai + = 1 :
Bys+ A, + T
g -
B,s+ 4,
1
T(s)= A, + 8)
()= 4, B, 1 (8)
Sk 1
: A+ et
B, 1
s A,
T(s)= 4, + 2 1 2 ©)
a8 [T S R SN UL S
5 2 1
+ A+
s 1
P OV
Bﬂ
=+ A
5

As a result of function development into continued fraction the values of in-
dividual passive and active elements of mechanical system are determined.
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_'I'he algorithm of development the characteristic function 7(s) into continued
fraction is one of the simplest synthesis methods. This method can be used re-
rdless of the characteristic function grade,

he presented methods of active mechanical systems synthesis are the basic
ethods of reverse task realization of such class systems. However one should
te that they are not the only methods which could serve for searching the
ture and parameters of active mechanical systems.

3. Podsumowanie

" In the thesis there are prescnted the basic methods of active mechanical sys-
ns synthesis. The synthesis realization aims to achieving the optimum me-
anical system meeting the basic and additional assumptions.

After results achieving in the process of reverse task one receives, after con-
ering the adequate assumptions, the polar graph on base of which the me-
ical system model is received.

The received mathematic model as a result of synthesis allows to select me-
anical system parameters for it to possess required dynamic features. The
lem showed in such a way requires usage of synthesis methods, defined in

ategorics adequate to the active systems class being considered.
This work has been conducted as a part of the research project No. 5 TO7C 029 23 sup-
] ported by the Committee of Scientific Research in 2002-2005
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ASPECTS REGARDING THE OPTIMIZATION OF TRAJ ECTORIES
IN AERO-REACTIVE PROPULSION SYSTEMS

Coman A., Chereches T.
(Military Technical Academy, Bucharest. Romania)

ue to the functional and construction principles of aero-reactive propulsion
stems, which take the necessary oxidant from the athmosphere air captured
during the flight and then dynamically compressed, the thrust parameters of
such systems depend on their velocity and flight altitude. Moreover, the drag
force depends upon velocity and Slight altitude, since the air density is also de-
pendent on the altitude.

On the other hand, the propulsion system’s thrust force and the drag force de-
lermine the flight velocity.

This paper analyzes different ways to optimize the trajectories of aircraft
equipped with aero-reactive propulsion systems, from the launching point to
-.:} re they encounter the target, so that the flight velocity be maximum (or the
flight duration be minumum,).

~ NOTATIONS

¥ - flight velocity on the march section of the trajectory; 6V =v - flight velocity
deviation from the nominal value; » - lateral G-load; &n- lateral G-load devia-
tion from the nominal value; P - aero-reactive engine thrust; X - drag force; m-
r raft mass; H - flight altitude; 6- trajectory slope angle; g- gravitational ac-
Eeleration; /3 - fuel consumption program; ¢ - time;

GENERAL CONSIDERATIONS

. Due to the construction & functional principle of the aero-reactive propul-
sion systems, which take from atmosphere the oxidant they need for fuel burn-
ing, dynamically compressing the air in the air intake, their thrust parameters
epend on flight velocity and altitude. The drag force is also determined by the
alues of flight velocity and altitude, by means of air density variation with alti-

: On the other hand, the thrust and drag forces determine the flight velocity -
of the aircraft. It is therefore easy to understand that, for an aircraft with given
bass, aerodynamic and energetic characteristics, trajectory deviations from the
lominal one, will cause changes in flight velocity regime.

. In the following, we shall analyze the motion of an aircraft on the march
Sction of the trajectory, where thrust is provided by the aero-reactive engine,
eginning from some point “1” up to a final point “2”. We shall consider that in
*1” the aircraft flies with a known velocity 7, and time and horizontal distance
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will be measured starting from zero at that point.

Choosing different trajectories between the two points, different regimeg
will be obtained for flight velocity variation, due to different flight altitudes, i
such a way that the final velocity value ¥V, will also be different from one vari.
ant to another. In order to simplify the analysis, it is also considered that the lat-
eral G-load is constant and does not depend on the trajectory shape.

In these conditions, the trajectory optimization problem consists i
choosing the optimum trajectory, which should provide a maximum value for
the final velocity , for given (imposed) flight time between “1” and “2”. The op-
timization problem is similar if we impose the final value of ¥, and try 1o
minimize the flight time between the two points.

Taking into account the fact that:

v dv el ; :
-—=—-—d—H—:-VVsm8, EZ:V ; E{{=Vsmt9, (1)
de  dH df dH dr
the equation of motion of the aircraft becomes:
P-X-mlg+V'V)sing=0 @
But: £ =Vsin@, from which results: dfr=——"— or, integrating
ds Vsind
from ¢ =0at/ and from H = H,at H :
H
il ®
g, Vsind
Extracting sin6 from relation (1) and introducing in relation (3), we ob-
tain:
" '
t= | m—’—?ﬁ--—+—m—y—df{ 4
mlYP-Xx) P-x

Taking into account the fact that, on the march section of the trajectory,
aircraft mass changes in an insignificant amount (the mass of the fuel consumed
by the aero-reactive engine is small by comparison to aircraft mass) and also
that the variation of this mass is linear (considering a constant thrust in march,
and therefore fucl consumption is constant) we can consider that m is constant
and equal to its average value on this section of the trajectory, so the relation (4)
becomes:

£ e (9)

H Al
=m [\¥ +V ©HH | ;D .
‘ mh{( i )iH V(P-X) P-X

The expression (5) gives the necessary time to climb from altitude /4 p 10
altitude A during the aero-reactive engine functioning period. Finding the op-
timal trajectory to climb from K 1to H,, which should ensure the maximum

184

where: W =

jalue of flight velocity ¥, at the end of this period, means in fact finding the

minimum of the functional (5), where H = H,. In mathematical terms, we are

illed (according to the Euler principle) if: L(V,H)=-

dealing with a variational problem without supplementary conditions.
. THE OPTIMAL TRAJECTORY TO CLIMB FROM H, TO H,,

WHEN THE HORIZONTAL DISTANCE IS N OT IMPOSED
~ In the case when optimal climb trajectory is requested, from altitude #,

o altitude /,, without imposing the value of the horizontal distance flown dur-
ng this climbing, the condition of minimum for the functional (5) will be ful-

3_'4’_@=0 (6)
oV oH

The partial derivatives from (6) will be obtained as derivatives by ¥V, re-

tively by H, of Wand @ obtained from (5), resulting:

For

the

OY, owoisg p_X+V(§f__?£)
o yz(}:v _ X)2 oV or -
g 1=l [?ﬁ - E{J
oH (p-x) LoH oH J
Introducing the partial derivatives (7) in relation (6), we obtain:
2
L[Qf"——f]w[ﬁa-a_ﬂw_xzo ®)
g |0H ©6H oV oV

The drag force in the case 04/8V =8B/8V =0 is given by expression

Bm?

X=4V3a+—, ©)
V<A
which offers the following expressions for the its partial derivatives:
X 2Bm?*
67 = 214 Vﬂ ™ 3
V3A 2 (10)
ai:_}/AyzA.l.y?.E_
oH V2A
0X /0H was used the expression:

(H)=e" = d%j‘" =7 =,

In the case of an ideal aero-reactive engine, the thrust is expressed by (21

P

y
P=Zlﬂmy(1"y_) (11)

the following partial derivatives:
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oV

% _y
OH J

By introducing the expressions (9)...(12) in the equation (8) and adequate
arrangement, we obtain the following 2™ degree equation in A

14 v?
Z!IBmV[Z_3_V“] m2 1"'_7,

iafi':):lﬁm[ldiJ
(12)

A it )y B g (13)
p2 Avt . v?
AV 34y L o
g g

From equation (13) we obtain the value of air density A (which ensures
the minimum condition L, =0 ) as a function of flight velocity ¥ and, consider-

; 1
ing also the relation: # =——InA, we can trace

the diagram H = H(V) according to the condition
L,(H,V)=0 (fig. 1).
In the general case, the curve L; =0 doss

not reach the initial point 1 and the final point 2.
If the initial point 1 is located on the right
side of the curve L, =0, in order to bring this

point on the curve, the flight velocity should be
reduced. This can be realized by an initial climb

on a vertical trajectory (6 =90%). By introducing
& =90° in relation (2), we obtain:

1 7 veg e B1
Fig. 1 The optimum solu- ¥ = aAE Ve (P-X -mg)
tion  in  coordinates (14)

H -V for climbing from

: Introducing in relation (14) the expressions
altitude 7/; to altitude A,

of thrust P and drag force X given by relation

(11) and, respectively, relation (9), we obtain:
/4

v 1 14 5. Bm?
—=—| B 1-— |- 4V2A-2Z_ (15)
dH Vm{)'/]ﬁ [ VJ v2A

Since the variables A and V' cannot be separated, the curve 1-M in fig. |
can be obtained only by numeric integration of equation (15).

We can calculate the flight time on the section 1-M with the relation (3),
in which we introduce sin@ =1, resulting:
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1

Lm = HMd—H = EM TH,
H; v Vm

where: Vm - average velocity on section 1-M;
Hy - altitude corresponding to point M.

Let’s analyze the trajectory section corresponding to arch MN in fig. 1.

(16)

: d )
From relation; —J— =Vsin@, results:
I

dH  dHdv v

_ 4V dr dt
voov.wy

sin6=£
v
(17)

Assuming that the flight trajectory corresponding to this section is a

straight line (6 = 6, = const. ) results then, from relation 17):

1 AH
O, = arcsin — —— 18
| 5 - (18)
where: AH =H, - Hy, - altitude increase on section MN;

At=ty =ty - motion time on section MN.

The At=t\ which appears in expression (18) can be determined with

ion (4), considering the expression under the integral as an average value:

i Vs Via
Vm (P m X m )
On the trajectory section corresponding to arch N-2, because the aircraft

il = AH (19)

horizontally ( # =const. ), we can consider that P and X are constant and

to theirs respective average values, which makes the motion to be uni-

: - y accelerated, and the final velocity will be:

By-X
Va=Wy +—nl‘m—m"[f2 -t + v )] (20)

References: 1. Orlov, B.V., et. al. - "Osnovi proiectirovaniia raketno-
otocinth dvigatelei”, [The basics of direct flux rocket engines / in Rus-

an| Masinostroienie, Moskva, 1977; 2. Coman, A. -"Procese termogazodi-
Mice specifice sistemelor de propulsie combinate de tip stato-rachetd", [Spe-
i¢ thermal and gas-dynamics processes in combined ramjet-rocket propulsion
Stems / in Romanian] Editura Academiei Tehnice Militare, Bucuresti, 2001,
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SYNTHESIS OF DISCRETE VIBRATING SYSTEMS FIXED
WITH DAMPING IN VIEW OF THE THEORY OF GRAPHS

Dymarek A. (Silesian University of Technology, Gliwice, Poland)

This paper concerns formulating and solving the problem of synthesis of vibrat-
ing discrete mechanical systems with two — terminal damper. In this paper q
method of synthesis to determination of structure and inertial, elastical, damp-
ing parameters has been presented. Such task may be classified as a diverse
problem dynamics of vibration subsystems.

1. Introduction

Modem machines must comply with increased requirements, concerning, not
only their production capability, durability, energy — efficiency and safety, but
also quiet and even operation run. These problems should be addressed at the
design stage, as they may hinder the performance of the machines, which in
turn, may lead to considerable worsening of the working conditions of their
operators.

A process of researching the structure of a system, meeting certain conditions,
is inverse to the process of analysing it. In other words, it’s a synthesis. We
should emphasize that the considered problem varies from other issues met in
classic mechanics or control theory. The research has been undertaken on the
basis of topological methods, developed in scholar environment of Gliwice, and
on the basis of algebraical methods closely related to these topological ones -
that is, methods of graphs and structural numbers.

Aim of paper is elaboration of new methods of synthesis vibrating discrete
mechanical systems with damping represented by graphs and structural num-

bers. This paper concerns formulating and solving the problem of synthesis of

vibrating discrete mechanical systems with damping. Such specified problem
required of new methods of synthesis. Weighted pole graphs and structural
numbers have been used for this purpose. The problem of the synthesis of longi-
tudinally vibrating discrete mechanical systems with damper has been discussed.

The synthesis methods have been illustrated with graphs, assuming various
characteristics. It has been provided, that characteristic can be treated as mobil-

ity or immobility. The results of all synthesis samples have been compared.
2. The synthesis method of mechanical system with damping

The synthesis of mechanical system with damping to elastic parameters is:
b =2ic , (N
where: b,- damping parametr, ¢,-elastic parametr, A- proportionality factor-

Value of parametr % has to be determination with:
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A= :':-:‘»hn: SR (2)
shere: A, - parameter answering for damping of system, having dimension of
ffequency , @, ,@;,,...,®,, - resonance frequencies (n =123... .,k).

. Having regard to the considered class of discrete systems with periodic
movement (discrete vibrating systems with damping) it is necessary to
determine the value of proportionality factor which should be selected from the

Fad e, (3)
@

_ n
where: @, #0 - max value of resonance frequencies or anti-resonance
quencies. :

the base of the relation (1+3) it is possible to precise requested dynamic fea-
ures which the searched system should meet.

1. To take values of resonant and anti-resonant frequencies in case of undamped
vibration, i.e.:

{ @ 4y @ 4ype @ 5, - TesONance frequencies, 4
3 @ @ ..., @ ,—anti - resonance frequencies. &)
2. The value of proportionality factor A has to be determination of Eq.3. The
- parametr A has to be determination of Eq.2:
s Aoy,

h, =
2

®)

3. The synthesis of mechanical system with damping of proportional fo

~ elastic parameters
These requirements it is possible to create the immobility function in

dis' +d, s +...+d, ©)
st v s e

ere: /-odd or even numerator order with /-k=1], k- denominator order, A- any
€al positive number.

The assumed requirements of the desired system structure are:

rad rad g
o, = 20— ,@; = 33— resonance frequencies,
s s

U(s)=H

d
@, = i RONES 26—md anti-resonance frequencies,
s s
d
A=0059, k=102, f=tGoT08 1} 7995709
s s s
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These requirements facilitate the creation of a mobility function in a Cca-
nonical form:

T . 5(52+%h2§+w:2) i
H (3“ +2h,s+m,'Is’ +2h3.5'+a)3']
_1 sls* +33.85 + 26%) s* +33.85% +676

H (s* +205+20°[s? +54.455+337) " 5* + 74.455° + 257857 + 435605 + 435600

In the next step, the function subjected to the synthesis is immobility in
the following form:

(s +20%)s? +332)  s* +148952 + 435600
s =4 3 : (8)
s(s? +267) s +676s
Furthermore, it is assumed that the synthesised system is fixed at both
sides, with n=2, which means that the numerator and denominator of character-
istics (8) should be multiplied by operator s to create a binary zero, which would
signify fixing of the system
5° +1489s® +435600s
Uls)=H s + 67652 ®
Thus inversion of mobility (10) is a starting point to the synthesis of a
double-sided fixed system. A precondition of performing the immobility func-
tion is that the value of the determined elastic element is in the range

U(s)=H

5
(0, H 436';3600)' For the next step of the discussion it was assumed that ¢ =H

644. Applying the algorithm discussed in [5), immobilityU,(s) is derived from
(9) which may be now synthesised by means of the continued fraction distribu-
tion method described in [2+6]:

U(s) = Haso(s® + 6?)@;) , HIs® +14895 + 4356005 )~ 1 (6445 + 4353445)

sls* +676s sls® + 676s) (10)
HA430  Hsls* +8455% +256)
Tilcldn S ) S0 )
5 s(s’+676.s) 5
where:
4 2
Ul(s)sz +J_F18453 +H256_' | an

3
s +676s
Finally, as a result of the above synthesis, immobility (9) is represented in
the form of a continued fraction as:

644 1
Ue)=22% 1 b s o e
5 5 1 5 s
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It follows from (12) that:
N N N
¢, =H644— ¢, = H169 ¢, = H0.379— m, = Hkg,m, = H4kg,
a m m i
fhe values of two-terminal networks of damping type are determined on the
se of Eq.1, which respectively amount to:
_ bi=RE",
The mobility in the form of (7) is consistent with the mobility designated on the
asis of a polar graph [1,7] presented in Fig. 1.

Ufls)

Fig.1. Polar graph as a proposal of performing the inversion of mobility in

.

The discrete mechanical system, the graph of which is presented in Fig.1. has
ae form presented in Fig.2.

G

b,
Fig.2. Synthesised mechanical system.

4. Analysis of synthesised system by means the method graphs and struc-
. tural numbers

lhe programme of analysis of mechanical systems has been created on the base

f graphs method and them connections with structural numbers [1+7]. Results

f analysis are presented in Fig.3 and Fig.4.

detﬁé—
Yl= f[l]=—m2.co2+.c2+c3 (13)
deztA o*A-w*B+C
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where: 5. Coenclusion

As a result of damped systems synthesis, when damping is proportional to
ess, in case of slowliness synthesis, systems with cascade and branched
ture are received. Received as a result of the synthesis inertial, elastic and
ped parameters of the model are not the only ones which meet the assumed
irements referring to resonant frequencies — polars and zeros. Development
ynthesis methods gives the possibilities of designing more and more
plex mechanical systems with regard to requested dynamic features.

work has been conducted of the research project No. 7 TG7C 029 23 supported by the
) Comumittee of Scientific Research in years 2002 — 2045.

A=mmy,B=c,(m, +m)+c,m, +c,m,,
C=Ci(¢2 +cs)+czc3.

det —

25{]} —-w? +(b, +b)r @ +c,+e,
¥2= (14)
dgtA - ' D—i-0°E - 0 F+i-w G+ H

where:
D=mpm,, E = b,(m, +m)+bm, +bm,,
F=g, (m'2 +.rn|)+ci.r'rf2 +cymy +byby + b,b, + byb,,

References: 1. Berge C., Graphs and hypergraphs. Amsterdam-London:
G=b,(c, +c;)+by(c, +c,)+ by(c, +¢,), H=c,(c, +¢,)+¢50,.

orth Holland Publishing Co, American Elsevier Publishing Co, Inc., New
ork, 1973. 2. Buchacz A., Dymarek A., Dzitkowski T: Synthesis of discrete,
ntinuous and discrete-continuous vibrating systems represented by graphs.
xth International Scientific and Engineering Conference - Machine-Building
d Technosphere on the Border of the XXI Century, Donetsk 1999,Vol. 3, p.
3-245. 3. Buchacz A., Modelling, Synthesis and Analysis of Bar Systems
araterized by a Cascade Structure Represented by Graphs. Mech. Mach. The-
ry Vol.30, No 7, pp.969+-986, Pergamon, 1995. 4. Buchacz A., red.: Computer
gided synthesis and analysis of mechanical subsystems modeiled with graphs
id structural numbers. ZN Politech. Sla_skle}, MECHANIKA 127, Gliwice,
997 (in Polish). 5. Dymarek A.: The reverse task of vibrating mechanical sys-
ems with damping represented by graphs and structural numbers. PhD disserta-
‘ fion, Gliwice 2000 (in Polish). 6. Dzitkowski T., The reverse task of dynamics
fiscrete-continuous mechanical systems represented graphs and structural num-
ers. PhD dissertation, Gliwice 2001 (in Polish) 7. Wojnarowski J., Graphs and
[ Structural numbers as models of mechanical systems, PTMTS, Gllwwe 1977 (in

Fig.3 Diagram of dynamical receptans of synthesized clamped systems
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COMPUTER AIDED ANALYSIS OF CONTINUOUS
MECHANICAL SYSTEMS WITH DAMPING

Dzitkowski T. (Silesian University of Technology, Gliwice, Poland)

2 the paper determination of recurrent formulas, which are used to check re-
\WSults of structural and parametrical synthesis of continuous mechanical systems

as been presented. This effect is achieved by an algebraization of the hyper-
W8raphs method of modeling vibrating mechanical systems with the method of

Fig.d4 Diagram of dynamical recepzans of synthesized t:iamped systems
with damping
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structural numbers.
1. Introduction

The presented work concerns building and researching of complex con.
tinuous mechanical systems with the aid of graphs and structural numbers [1=
11]. Model of mechanical systems, described in this way, is treated as the basjg
for proceeding determination of dynamic characteristic (with special regard 1o
the determination of dynamical flexibility). In spite of the fact that problems of
this kind are common in dynamics of vibrating mechanical systems, applying
graphs and structural numbers in their solution allows to strike some new hints
and helps to meet modern methods of algebraical analysis. It may be helpful in
developing further generalization in the research of vibrating, complex me-
chanical systems, too.

Yet the most important feature of this mathematical interpretation is, that
applying a hypergraph aggregation enables us to generate in a simple way
a recurrent formula of dynamical flexibility for any regular structures (like
a branched structure of a bar). This work is dealing of continuous systems. The
character of presented description and algebraisation of it, carried out with the
method of structural numbers (in particular applying the determinant function
designated on structural numbers), allows to analyse complex, continuous me-
chanical systems without any need to limit number and variety of their elements
while working with electronical technics of calculation.

2. Determination of dynamical flexibility by means of hypergraphs and
structural numbers

We have taken consideration a model of longitudinally vibrating beam system.
The scheme of the structure has been presented in the Fig. 1.

) J e
5o =15

Fig. 2. The weighted second category graph

)
5o

Limi 5 s 154 Fig. 3. Aggregation of the second category graph to a third category graph
: a) 153 - b)) - deieniSs A
e T S, O R R e e e s e ' ’
EF, EF, EF, 7

Fig. 1. A model of longitudinally vibrating beam system

For the discussed systems, 3 subsystems of the vertices set in the continu-
ous systems were designated which entails hyper — edge families. The graph of
the model has been shown in Fig.2.

The simplify the calculation procedures, the second category graph of the
bar system presented in Fig.I is reduced to a third category graph by aggrega-
tion (see Fig.3).

The graph after the aggregation [4 + 7] has been shown in Fig.4.

) 13',; > . o
Fig. 4. The weighted third category graph and its skeleton
194 i . :
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The edge B, is shown a dynamical flexibility of model in [3].
The structural complementary number of the skeleton is equal to

‘ ere: Y;, is dynamic flexibility bar of longitudinally vibrating system

d - In the some way, after “sum” next section bar, the accounts are identical
4 =[B, B]. (1 ith previous. The dynamics flexibility are equal to
The structural number * 4 of graph (Fig.2) is equal to: it
7 W KV TR ) Y, = v, 1Y, (12)
3A=[A: ]‘L 2‘42 =43 4, | @ inally, is obtained:
24, A Az ' ¥y Y;@_& :
The structural number of graph , which have designate a dynamical flexibility in By Yip +Yp (13)
cross — section to coordinate | s, represented by Y i
24, 5 Bs 7, Y, +%.° (14)
3143, =[BZ]J’[3A]= P | ' Ys ¥y
“43 Vo, = fy +Te (i5)
0 0) (0
P=1 o} P, =|1|, “) 7, th)s
0.1 1 ) Y & Y(nt)e (16)
The tables P j;id g are T‘ot :d;lntlcall columns and structural completed numbers vhere: Y, — dynamic flexibility system to i — coordinate number, ¥,,,, - dy-
e the values
Appeaiign santlg, oy i namic flexibility next sum to bar system
A = ol (g sy + syl ©)
= Ayl posty g ©) Lomputer — aided analysis of continuous systems characterized by a cas-

The determinants D and Dy, of structural numbers (5) and (6) respectively, are
assigned using the following patterns:

ade structure

D=D, (D23D3+D2D38)' )

Dy =D,Dyy Dy, @)
Next we divide the resulting equations by the product D,D,D; we get following
expressions:

D \D, (D niiBp, N
Y= b .0, D(L)zsb3+D D] fas +Bss, ®)
Ll g etpl
repm-lenn, '

The dynamical flexibility ¥, in bar, which is the oblong axis measure generali-
zation coordinate | s; can be expressed as:
D YTy
5 —E_g:“ysa_, | an
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Fig. 5. Structure of the bar system analysis programm
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Theoretical details of this method are presented in Sec. 2 and [4 + 1]}
this paper, numerical examples of analysis systems with constant segment i
section for » = 4 and a cascade structure are provided, by the applicatio
analysis program (Fig 5). Results of analysis are presented in Fig.6.
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Fig. 6. Diagram of dynamical ﬂexibility of bar system with dampihg 1

4. Conclusions ;

The method of determining the dynamic characteristic presented in
paper forms a basis for the verification of proposed by means of the electro
digital technique and at the same time it can be used to examine more co
cated models of the bar systems. This possible because of the structural modifi
cations of the system. '

This work has been conducted of the research project No. 7 TO7C 029 23 supported by
Comimittee of Scientific Research in years 2002 — 2005, s
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RESEARCHES AND EXPERIMENTAL STUDIES CONCERNING
ACTIVE ELEMENTS’ HARDENING USED FOR DIES AND MOULDS

Doru B. (University POLITEHNICA of Bucharest, Romania)

The life enhancement of the dies active elements, as well as of all tools used in
manufacturing processes, represents an up to date issue for the researches in
this field The paper presents the results and the experimental researches ob-
tained by applying one of the life enhancement methods, namely active elements’
hardening through making CMS layers on the working area of the dies active
elements. The material of these elements is the G40 type of sintered metallic
carbides. The experimental results allow underlying some thus regarding the
working parameters in order 1o obtain controlled characteristics of the layer.

1. Introduction

Carbides are metal alloys, witch contain wolfram and titan carbide in a
cobalt bond. The characteristics of these materials recommend them for cutting
works (P, M, K quality by ISO) as well as for cold plastic deformation (G qual-
ity by ISO). Some physical-mechanic properties that make them useful for cold
plastic deformation are shown in table 1.

Applying on the surface of the active elements made up of G40 an extra-
hard layer of another metal carbide will greatly enhance the life expectancy of
these parts.

The hardening method through electrical spark represents one of the non-
conventional hardening methods with favorable effects regarding both im-
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provement of physical-mechanic properties as well as manufacture costs ness (HV) and thickness of the formed layer ().

these kinds of materials.

Table 2
Table 1 B Process parameters
Physical-mechanic properties . Variables Constants
Metal Micro : & Ti n v !
L Dens Melt po Exp. 1 2 3 4 7
carbide tough ived 2 e - & 3 [uF] { [us] | [rpm] | [mm/s] | [A]
HV0.05 | [Nmm’] | [g/em’] | [KN/mm’] [oC] [ 1[A] [ 32 | 64 | 96 | 128|166 | 022 [ 5 | 2000 | 07 -
WwWC 1300-2000 550 15.7 696 2775 | C[uF] [ 0.10 | 022 | 047 | 0.69 | 1.00 - 5 | 2000 0.7 6.4
TiC ~3000 240 4.93 451 3070 | Tifps] | 2 5 8 12 | 20 | 022 | - | 2000 0.7 6.4
1200 | 160 =
el oo o o | T e
Electrical sparks hardening is based on the effect of electrical eros - : - - - - 2000 - -.

which consists in a controlled transfer of material from the tool-electrode
to the part-electrode (EP).
Using one generator of commended electrical impulses ensures the

orsing of one controlled electrical arc that leads to the emergense of plasma
crowaves . This is how it is achieved the controlled transfer of the extra-hard

material (synterred carbide) from the tool-electrode to the part-tool . The extra: able:3
hard material is being applied while keeping a constant distance (h interstitial Group Variable Measured value
between TE and PE. 3 Ra [pum]
The tool-electrode moves along with its port-electrode head having a ! 1[A] 0.32 0.42 0.50 0.57 0.60
stant speed “v” and at the same time it spins around its own axis with speed j 2 C [uF] 0.46 0.51 0.54 0.58 0.60
“n” in order to achieve an uniform added layer. i 3 Ti [us] 0.45 0.48 0.52 0.56 0.61
3. Experimental results 4 n [rpm] 0.34 0.46 0.53 0.60 0.67
Experimental researches were carried on a hardening through elect: 5 v [mm/s] 0.54 0.48 0.44 0.45 0.48
sparks machine type ELFA 541 made in Bulgaria, using as a tool-electrode i Group Variable | uHV
carbide VK20 (cylindrical form ¢1x40), and as part-clectrodes 25 pieces . 1 [[A] 1450 1485 1525 1490 1280
synterred metal carbides, quality G40. During researches the following parame 2 C [uF] 1415 1450 1280 1450 1215
R Eiﬁcm | 3 Ti[ps] | 1415 | 1420 | 1450 | 1485 | 1450
o 1[A] — the intensity of working power; . i VHIE_:}:_;?g] }Z%g }jgg }‘;gg ijgg ig?g
o C [uF] - the capacity of condenser battery; “”“G ; : -
|_Group Variable S[um]
e Temporal 1 TTA] - =5 e w =
o Ti [us] — impulse time; = - ; £ : > '
e Technological — [uF] 3.9 49 6.1 6.9
o n[rpm] — electrode speed; 3 Ti [ps] 3.6 4 4.5 B 5.2
o v [mm/s] — the deposition speed. i E 4 n [rpm] 3.6 4 4.1 4.5 4.9
The experimental program, presented in table 2, consisted in successiVes § . &) v [mm/s] 6 5.5 5 4.6 3.9

variation of these 5 parameters, while maintaining constant the others.

It surveyed the influence of these parameters over roughness (Ra),
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The values of the roughness, the toug!mt;:ss and the thickness of the

. formed layer, represented in table 3, were measured with the roughness meter

TALYSURF 4, the micro toughness meter, and the optical microscope
NEOFOT.

 Based on these measurements of roughness, toughness and the thickness
of the formed layer, there could be drawn the dependent graphics between these
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functions and the measured variables (see pictures 2, 3, 4, 5, 6).
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4. Conclusions

. The study of the variation mode of roughness, toughness and thickness of
e formed layer leads to the following conclusions:

" The roughness varies ascending monotonous, after a semi-logarithmic curve,
~ corresponding to the growth of the I, C, Ti, n parameters and presents a
minimum (~0.45 pm) for deposition speeds between (0.7-0.8 mnv/s);

The toughness presents a similar variation to that of roughness with ascend-
- ing parameters /, C, 7i, n and it decreases almost linear with the increase of
. deposition speed;

. The thickness of the formed layer varies parabolic with the parameters’
' variation showing maximal values due to the growth of Z, C, 7%, n parameters
and minimum values due to the variation of the electrode speed.

. Taking into account the purpose of this hardening method, the working
larameters can be adequately chosen. For the G40 material on which the
'K 20carbide was applied, it can be considered that the optimal working regime
f the hardening installation is characterized by the following parameters:
=(6.4+12.8)A;  C=(0.25:0.75)uF;  Ti=(8-10)us;  n=(1200+1600)rpm;
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v=(0.6+0.8)min/s.

References: 1. Bardac D. — Influenta parametrilor regimului f.ie aschi.ere
asupra calitatii suprafetelor durificate la otelul C120 cu carburi metalice,
TEHNOMUS, Suceava 1987. 2. Bardac D. - Cresterea durabilitatii sculelor
prin depuneri de carburi metalice sinterizate cu plasma, TEHN(.)MU.S, S.uceava
1987. 3. Bardac D. — Tehnologii de durificare a sculelor, Ed. Didactica si Peda-
gogica Bucuresti, 1997, INCDT COMOTI

Cmamos nocmynuna & pedarywo 15.10.2002

STUDIES AND EXPERIMENTAL RESEARCHES CONCERNING
THE HARDENING OF TOOL STEEL TYPE OSC8
ON ELFA 541 INSTALLATIONS

Doru B. (University POLITEHNICA of Bucharest, Romania)

The life enhancement of the tools’ active elements represents an up to date issafz
for the researches in this field. The paper presents the results and the experi-
mental researches obtained by applying one of the life eni?ancemenr methods of
hardening the tool steel type OSC8 on ELFA 541 installations.

1. Introduction ‘ B,

High costs of tool materials and the costs imphed b?f the ma.shmfn‘g re;
quired to produce them have lead to the necesity of increasing the durability ¢
Cumngr;?eoilsse of modern technologies (such as electro-plating, ultrasounds and

esents the key to achieving this purpose .
lasers}???:;ng the cutting edges withgmin layers of ext?a—hard materials ensprc;
not only the lengthening of tool life but also the quality of the parts mashine
with that tool. ' . ; 4

Worldwide there has been developed a wide range of installations use
for hard materials plating. Among them: TUKADUR - Germany, KARBiDL_;'R
— Switzerland, ELFA — Bulgaria, ELITRON — C.I.S. and ARGIDUR —Roman 1a.

The material that has been used in our tests was the tool carbon steel OSC
8 (STAS 1700-80). Normally, tools constructed fr_orn this material can operate
ata cutting speeds of max. 20 m/min and at a working temperature of maximum
250 °C.

2.  Research method .

The electric spark hardening method is based on the elecmca_i nature
erosion effect. Following this emerges the controlled transfer of material from
the tool-electrode to the part-electrode.
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The emergense of discharges in the shape of plasma microchannels re-
quires the existence of an electric field generated by a commended impulse gen-
erator.

The tool-electrode will never come in contact with the part-electrode.
Between them exists a working space “h” in which the hard-material
transfer occurs.

The contour that needs hardening will be followed by the tool-electrode
and its trajectory needs to be carefully controlled. At the same time the working
space needs to be preserved at its optimum value in order to ensure that the
process of forming the plasma channels takes place smoothly.

3. Experimental researches

To ensure the quality of the process the following parameters need to be
carefully determined and controlled:

3.1. Electrical - the capacity of the condenser battery C [uF)

- the intensity of the working power | [A]
3.2. Temporal - duration of impulse Ti [us]
3.3. Technological - speed of the tool-electrode nfrpm]

- speed of the applying process v [mm/sec]

Tests will be carried on previously cleaned surfaces. This is done to en-

sure the lack of any apparent cracks.

The experiments took place while maintaining constant the electrode

sower (U=98V) and the filling coefficient. 2 passes were realized.

The tool-electrode that has been used was of VK20 type, cylindrical

Shape, 40 mm length.

| 25 pieces of OSC 8 grounded blanks were used and hard material was ap-
plied on them at different working parameters. The 25 blanks were divided in$

[WBroups, 1 parameter being changed at every group while the others were main-

ained constant.

Following the measuring of roughness and thickness of applied layer

tharts have been drawn according to each parameter.

The first 5 blanks were mashined at the following parameters:

I=32A/64A/96A/128A/16A .

C=0,22 yF , Ti=5us , n=2000 rpm , v=0,7 mm/sec.

For the next 5 blanks the capacity of the condenser battery was varied:

C=0,1 pF, C=0,22 uF, C= 0,47 uF, C= 0,68 uF, C=1 uF.

=64 A, Ti=5us , n=2000 pm , v=0,7 mm/sec.

The 11...15 blanks were hardened varying the duration of impulse Ti:

Ti=3us , Ti=5Sps , Ti=8us, Ti=12ps, Ti=20ps.

C=0,22 pF,I= 6,4 A , n=2000 rpm , v=0,7 mm/sec .
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The blanks 16...20 were hardened varying the rpm “n”:

n=1200 rpm , n=1600 rpm , n=2000 rpm , n=2400 rpm , n=2800 rpm .

Ti=5ps , C=0,22 pF, = 6,4 A, v=0,7 ram/sec.

The blanks 16...20 were hardened varying the speed of the tool-electrode

v=0,5 mm/sec, v=0,6 mm/sec, v=0,7 mm/sec, v=0,8 mm/sec, v=0,9
mm/sec

n=2000 rpm, Ti=5us , C=0,22 uF,[= 6,4 A.

The thickness of the added layer was determined with an optic micro-
scope (500%).

The following charts show the influence of the 5 parameters over the
roughness and the thickness of the added layer.

4. Conclusions

The results obtained following extensive testing lead to these optimised
working parameters:

U=98V

I=6,4-9,6 A

C=0,15-0,3 uF

n= 1700-1900 rpm

Ti=4-6 ps

v=0,5-0,7 mm/s

References: 1. Bardac D. — “The influence of working parameters over
the quality of hardened surfaces at Ci20 steel with synterred carbides”,
TEHNOMUS , Suceava, 1987. 2. Bardac D. - “Increasing the tool life of cutting
tools by depositing metal carbides synterred with plasma “, TEHNOMUS,
Suceava, 1987. 3. Bardac D. — “Tehnologii de durificare a sculelor”, Ed.

Didactica si Pedagogica Bucuresti, 1997, INCDT COMOTI
Cinames necmynuna ¢ pedaxywo 04.10.2002 2.

STUDIES AND RESEARCHES REGARDING
THE TECHNOLOGICAL ASPECTS DURING
THE MANUFACTURING OF INNER THREADS BY FORMING

Doru B. (University POLITEHNICA of Bucharest, Romania)

There were shown the influence on the inner threading process by cold forming
of several technological factors like: the type of lubrication in use, the method of
cooling (inner and outer), the manufacturing conditions etc. There were
watched the following process parameters: the heat given off during the process

and the couple needed for threading.
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1. Introduction A
Both from the specialized literature and from the previous experieng

we could see that during the forming of inner threads it is very important to e
a continuous film of lubricant between the taper’s edges and the new edge
the material.
It comes out that together with the breaking of the lubricant film app
the gripping of the taper, that that can had even to the taper’s breaking,.
why, for a good threading, the technical aspects of method should be stuched- ,
2. Experimental conditions 9
The experiments were made in respect with the following conditions
o the device used for the experiments is the one shown in the detail
per [3] -
¢ the tested tool was a taper P7/8” having the following characteristics S,
o d=30,57-8,07 mm E

o d;=28,69-8,04 mm

o d;=27,61-8,12 mm
o p=2,54 (10 steps/inch)
The tool was made of high speed steel for tools Rp3 STAS 738:
having the following characteristics: -

o chemical composition

Table 1
Mn : Mo ‘ Ni
£ max. Si Cr max. » Y %o max.
07...08| 0,45 [0,2...0,4 | 36+44 0,6 17,5+19,5 1 1,0+1,4 - 0,40
o ‘hardness

®= 63 HRC for the active zone
= 38 HRC for the tail
e the material which was threaded was cut at several lengths (40, 50
mm) from a brass round bar STAS 291-88 having the diameter o
mm with the following characteristics:
o chemical composition
Table 2

Mark Cu Zn Pb Fe Mn Al Sn

CuZn,O | 79+81 Rest 0,05 0,1 0,05 0,02 0.05
o 6,33 daN/mm?; A=60%; HB=65 daN/mm”
e the cooling-lubrication liquid —~ P4C] oil STAS 10362-89 having
following characteristics: 3%
o density at 15°C 0,91 g/em®
o kinematic viscosity at 50° C 12,0 cSt
o conventional viscosity at 50°C 1,8 °E

o inflammability point
o sulphum content

140 °C
1.8 %

© maximum charge without welding 700 daN
The method of cooling-lubrication: through the tool, directly into the
working area.
e the dimensions of the parts to be threaded

o)

28,8 -8,05

36

["\.

s the forming parameters
o number of rotations for the part: 100; 160 and 200 r.p.m.
o forming speed: 9,58; 15,33 and 19,16 m/min

3. Experimental results

Fig.1

H=40;50;60;70 mm
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Table 3
L=40mm L=50mm L=60mm L=70mm
| Forming &€ ] &5 o & s
speed 2 52 g g2 2 53 : g3
| wmin<| & |Cg@ g gD |8 toga| B | g
5o ek b e 5 e 5 ‘ e g
9,58 128 50,4 130 66,1 138 71,5 149 75,3
1533 130 57,7 135 70,2 142 74,1 152 76,2
L 19,16 135 60.6 138 73, 144 76,2 154 82
1 Table 4 ) _
V=958 m/min V=15,33 m/min V=19,16 m/min
g g 2
| Thread 2 £ g gs 2 g%
Clegh | i : i £ =
i = £ & fad E® = g
o
= = =
20 128 50,4 130 57.7 135 60.6
_ 50 130 66,1 135 70,2 128 73.8
60 138 715 142 74,1 144 762
70 149 753 152 76,2 154 78,2
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Fig. 3
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Fig. 4

Tables 3 and 4 show the experimental results, fig. 2 and 3 show their
graphical representation and fig. 4 shows the torque variation with the taper
length penetration in the part to be threaded.

4. Conclusions

The conclusions are the following:

¢ the working speed does not affect, but only a little, the torque value

needed for threading

e the working speed affects the temperature of the tool. As in fig. 2, 3

the growing speed, the growing temperature

* in fig. 4 A=the starting point of threading, when the first spiral of the

taper starts working. B is the moment when the whole forming part is
in the threaded hole and D is the moment of the last spiral getting out
the hole. On the graphic we can see that the torque continues to grow
when the taper is fully the threaded hole (BC zone).

References: 1. Popescu Iulian — Threading 2. Andreicikov C. — Resbi
Roskatnikov, Maginostroienie 1984 3. Bardac D.. Musat C. — Studies and ex-
perimental researches regarding inner threads manufacturing by cold forming,
CNMU °94, UPB 4. Bardac D. — Tehnologii de fabricare a filetelor prin
deformare plastica la rece, Ed. Universitaria Craiova 2000
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RESEARCHES ON SURFACE’'S ROUGHNESS
OF A THERMAL SPRAYED ALUMINIUM ALLOY

liiescu M., Turdeanu E. (U.P.B., IM.S.T., Bucuresti, Romania)

The metallizing process is an excellent means of protecting iron and steel frop
corrosion to almost any desired degree. Heavy coatings of aluminium can be
applied to meet the most severe conditions and give 15 to 50 years life without
any further maintenance. So, it is worth to determine the best cutting conditions
Jfor having a small surface roughness. This study refers to romanian rherméz
sprayed materials, AI-Ol (Ol is SIOMn1Ni2), which are submitted to exterior ¢y~
lindrical finishing turning. The roughness functions are determined as mu_}f’},{i‘
variable regression process functions. The independent variables com‘z’derfr
were: cutling parameters (v, s, t), nose radius of cutting tool, v, wear of cutrm§
tool, VB. E‘

1. Introduction #

In metallizing process pure or alloved metal is melted in a flame and and
atomized by a blast of compressed air into a fine spray which builds up ontg
surface that was previously prepared. i

In turning the thermal sprayed coatings, specially those used for corrosior
protection, it is important to know all the factors that influence surface’s rou
ness, because the smaller the roughness the better protection.

2. Research method

A cutting process taking place in a certain technological system is deﬁrigl:,_@
by variables connected through relations such as: -

V=X, X0 X i X)) (1)
called process functions, where X; ,j =1, 2, ..., k , are independent process
variables; Y is dependent process variable; and I is the type of dependence rela-
tion.

Independent process variables: material being studied (MP) — aluminium
alloy Al-Ol (where Ol is S10Mn1Ni2), which initially wire, was thermal sprayed
with electric arc on the cylindrical external surface of the samples, the thickness
of the obtained layer being 2,5 + 3 mm; machining procedure — external cylin-
drical turning with constant cutting speed and feed; cutting tool (SA) — tools
with changeable cutting plates, romanian made by metallic carbides, conven-
tionally called K10; cutting parameters — there were considered: speed v, feed s
and depth t; machine-tool — is SN 500 x 1500 lathe, with device for counting the
main spindle’s rotations; cooling fluid — not used.
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Dependent process variables: surface roughness - evaluated by R, pa-
ram.eter, which is determinated related to the medium line parallel to feed’s di-
rection.

. Process functions: - will be determined as multivariable regression func-
tions:

Ra=Ro(MP, S4, v, 5,1, U) [rm] (2)
and the structure of the experimental programs used is presented in [1].

3. Experimental research methodology

The experimental stand
for roughness’ measurement, is
presented in figure 1, where one
can notice the Rugomas appara-
tus whose measuring field is 0,1
+ 30 pm,.

The calculus programs
used for determining the regres-
sion functions were: Regs —
program for determining poly-
nomial multivariable regression
functions; CurvePlots — program
which plots 3D curves obtained
by defining the mathematical re-

e e ; 2 :
Fig.1. Experimental stand for roughness’
measurement
lation and the variation field of variables.
4. Process functions related to surface’s roughness
Experimental data

The experimental program used is presented in table 1 and an example of
experimental data in table 2.

Table 1 — Experimental program

v [m/min] | s [mm/rot] t [mm] r [mm] VB [mm]
=0
i £
E = = sl A ] — -~ oy
o = = it — —_— _— -
T[T |T|E|E|Z]lelelFlele| &
=l
= | . P ) (NG S o |
‘_?m‘—’%q—.—“ﬂw”l-”n“ﬂoﬁﬁ
- I R RS T AP= cloclo | |e o |~ S |o P2
P3
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Table 2 — Experimental data

R a Dl 1 ™
1 4,33 16 3,92
4 735 18 455
6 5,02 R 20 4.13

Al-O1 8 7,44 Al-0l 22 3,08
10 2,95 74 3,38
12 3,85 26 3,95
14 2,1 28 4,07

Surface’s roughness functions

It is called surface’s roughness function any dependence relation betwe
the surface’s roughness and the influencing factors MP, SA etc. _
With Regs program and experimental P2.1 and P2 programs, there we

determined functions, for U= VB =0, as:
R, =4y v 5% " .45

and

With Regs program and experimental P3 programs, there were

& k=1 k k 5
Roy=ap+Y a;iz+2, X ayz;z;+ a;Z

mined functions as:

=i

i=1 j=i+! i=l

Table 3 — Expressions of durability functions and g; indicators

q; , indicator
= qu q;: 4 =
£ : G ) e s
e ‘(b“} [x_,%] (=] | g, =ty | gpeliy=
[;:t kvmin sm;'n
= [1}] 1,210 | 1,422 | 0,960 0,548 £
= [z} L1o1 | 1,391 | 1,001 0,565 1,344
R = gh¥i5 0206  0.508 fa,ojo_(a 472)r
R, 22005 B89 0476 L0002 (9, 490);- ” (2' 87 5)!*3
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Ry =Ay v s%2 4% . 47 4V, (5)

for U=VB % 0.

Expressions of the obtained functions and the q; indicators are presented
in table 3.

5. Conclusions

For evaluating surface’s roughness it was studied the R, parameter.

All functions R, are adequate (R* < 1).

The independent variables studied have decreasing influence on surface’s
roughness so: r, s, VB, v; but depth parameter, t, has no influence.

For the second order model, see (4), there is decreasing influence on sur-
face’ roughness of the first order terms: r, 8, v, t; but the second order terms have

decreasing influence: r?, £, s?, v, v-s and all the other terms have insignificant
influence.

References: 1. Iliescu M., Researches on quality and machinability of
thermal sprayed coatings, 2000, “POLITEHNICA” University of Bucharest 2.
Ingham H.S., Shepard A.P., METCO Metallizing Handbook, 1951, Metallizing
Engineering Co. 3. Ingham H.S., Shepard A.P.. METCO Flame Spray Hand-
book, 1969, vol. I, II, Il Metco Inc.
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TECHNOLOGY OF EDM FINISHING AIDED BY ULTRASONICS
FOR EXTENDED SURFACES '

Marinescu N.I., Ghiculescu D., Bardac D. (U.P.B., Bucharest, Romania)

The paper deals with a technology of electrodischarge machining finishing
aided by ultrasonic longitudinal vibrations of electrode-tool (EDM+US) dedi-
cated to extended surfaces. This implies that cross dimensions of electrode-tool
necessary to machine such surfaces are greater that /4, where A is the
wavelength of ultrasonics corresponding to ultrasonic speed in electrode
material.

I. Introduction: In our previous researches, we studied the technological
potential of EDM+US combined technology using both commanded [1] and re-
laxation pulses [2]. The dimensions of the cross section of the electrode were

- reduced (¢ 30 mm), lower than A/4, where ) is the ultrasonic wave length

corresponding to ultrasonic speed in electrode material, so the vibrations of
electrode could be considered longitudinal [3]. There are some fields like
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injection molds that require large surfaces, which could be finished using
clectrodes with greater dimensions. Therefore the present finishing technolg
was carried on with tools of 80 mm diamecters (greater than A/4) and as a res
the fransversal ultrasonic vibrations appeared with specific consequences
presented below,

2. Experimental technique: The equipment comprised a Charmilles D4
machine (fig.1) machining with commanded and relaxation (dependent) pulses,
The ultrasonics (US) generator had a consumed power (P.,:s) up to 400 W and a
vibration frequency (f;) of 19...21 kHz. It was used a piezo-electric (PZT)
sandwich transducer and a stepped acoustic horn of half wavelength. _

The workpieces were of C120 steel and the material of the electrode-too]
was Cu 99.5 (fig. 1). The initial roughness of the surfaces to be machined was e
= 0.6 um and of the frontal surface of the electrode tools, R, = 0.5 um. In order
to facilitate the roughness measurements, the shape of the electrode was simple
cylindrical.

The dielectric liquid was P3 oil, the most used in Romania for EDM,
which has a density p=840 kg/m” and a kinematic viscosity 2.2 to 310" m?/s at
3787C. .

Dielectric flushing was side type with a pressure p; = 0.04 MPa (fig. 1).
Taking account of the great frontal surface of the electrode and of very small
working gap, this kind of machining can be considered without flushing for
some machined zones. :

The input technological parameters were selected to satisfy six
optimization conditions [4]: (a) the condition of EDM process stability; (b) the
condition of maximizing the size of the interelectrode gap (the servo parameter
S, at minimum value); (c) the condition of cavitation; (d) the condition of
resonance; (e) the condition of minimizing the discharge energy; (f) the
condition of maximizing the number of discharges within an ultrasonic
oscillation period Tys (at commanded pulses).

3. Results and discussion: As we already mentioned, working with such
cross dimensions of tool determines transversal ultrasonic vibrations with the
following effects of this mixed vibration mode:

a) the energy assigned for longitudinal vibrations is reduced as a result of
additional transversal ones, which led us to raise the supply power of the acous-
tic head in order to produce cavitation;

b) the cavitation phenomena occur also in the side gap due to transversal
vibrations, contributing to evacuation improving of EDM products in case of
deeper machinings;

¢) the side gap is increased because of the transversal oscillations;

d) the low energy of the longitudinal vibration is compensated by the
increased number or the cavitation nuclei in the frontal gap because of the
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extended surface of
the electrode [4].

e) another sec-
. ondary effect appear-
' ing in these working
conditions is the con-
denser effect specific
in case of relaxation
puises; this phenome-
non limits the surface
size to be finished be-
cause of the cumulated
energy from the con-
denser created by the
frontal surfaces of the
electrode and work-
piece, which could
damage the roughness
of machined surface

51

(Charmilles D4
portelectrode plate

§ acoustic chain

After some suc-
cessive adjustments, it
- was found the opti-
s mized value P, s = 35
W for the machining

- ; R o S with relaxation pulses
Fig. 1. Equipment for extended surfaces machining a5 a minimum to over-

pass the cavitation threshold in P3 dielectric in our working conditions.

§ _clectrode |

3 .

S8 workpiece

) [ Pau5=50W. I=O,B A
0_1%EDM+US: y = 0,024Ln(x) - 0,0089]

0.09 R?=0,9777 i AN S
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Fig. 2. Machining rate variation curves versus pulse time
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Fig. 3. Volumetric relative wear curves versus pulse time

Comparing this value with the homologous one, P,;s = 5 W, obtainee
the tests with reduced surface of the electrode (=30 mm) [1], (2], it is appat
that in case of extended surface of the electrode, it is necessary an inc
value to produce cavitation because of the outflows through transversal oscil
tions. We also noticed that in case of commanded pulses, it was needed a gr
active ultrasonic power, P,ys = 50 W because of specific craters shapes [4].

[EDM: y = 0,0845Ln(x) + 0,962

3 P.us=50W, . =08 A . R? = 0,0451 |
1,2 + - —r— '_-_:_ [ ; .

E o8y 15 0 E
= s —EDM+US: y = 0,06Ln(x) + 0.7595] — &
o oid 1t i & yz_ 1 n()(} i [_'___ SR 7 s ,
' ; R? = 0,9932 i g
0.2 {I— = : | . i e EDM | p

o7 : : T 8 EDVIELS |

0 10 20 30 40 50 Y e v

Fig. 4. Roughness variation curves versus pulse time

Due to the limited space, in fig.3, 4, 5, it is presented the variation curves:
of main output technological parameters only for commanded pulses machining
comparatively, in case of EDM and EDM+US finishing in the same working
conditions.

4, Conclusions:

1. Working with cross dimensions of electrode tool greater than A/4
creates supplementary transversal oscillations and consequently specific
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secondary effects, which affect the optimized values of working parameters.

2. The key parameter necessary to minimize the value of surface
roughness, the main goal in this case, is the actuating power of the acoustic
chain (P,ys). As it is expected, at extended surfaces machining, it was necessary
a greater value of P,ys than in case of reduced surfaces in order to compensate
the outflows due to additional transversal vibrations.

3. More over, at finishing with relaxations pulses a lower P,s value is
needed than at commanded pulses working. In the first case, the characteristic
margins of the craters are more sensitive at the shearing forces produced by the
cumulative microjets at the end of an ultrasonic oscillation period of electrode.

4. Due to the very Jow working gap, specific to EDM finishing (smaller
than 10 pm), the cumulative microjets are oriented parallel to machined surface,
having a high influence on the removal mechanism at EDM+US finishings and
chiefly on the machined surface roughness.

5. The aiding of extended surfaces machining with ultrasonic vibrations of
the electrode tool is able to considerably reduce the instability of EDM process
due to the inefficient flushing through improving the evacuation of EDM
products from the working gap and even decreasing the machined surface
roughness,

6. Based upon the optimization conditions of working parameters,
EDM+US technology improves the main output parameters comparatively with
classic EDM in the same working conditions as it follows: the increasing of
machining rate was greater than 500%, the volumetric relative wear and also the
machined surface roughness were lower with up to 50%.

References: 1. Ghiculescu, D., Vlase, A. Technological Performances
Obtained through Ultrasonics Aided EDM Finishing with Commanded Pulses,
1998, ICMAS ‘98, Editura Tehnica, Bucuresti. 2. Ghiculescu, D., Dimitriu, N.
Researches Concerning the Improvement of the Technological Performances
through Ultrasonics Aided of the EDM Finishing with Relaxation Pulses, 1998,
TMCM 98, lasi. 3. Frederick, J. R. Ultrasonics Engineering, p. 101 1965, New
York, Academic Press. 4. Ghiculescu, D. Contributions Concerning Finishing
through Nonconventional Methods of Active Surfaces of the Molds, Doctoral
Thesis, Polytechnic University of Bucharest 1999. 5. Ghiculescu, D., Mari-
nescu, N. I. Attenuation of Condenser Effect at EDM Finishing with Relaxation
Generators through Ultrasonic Aiding of Machining, International Conference
“New Technologies and Products in Machines Building — TEHNOMUS XI” p.
433-436, Suceava, 2001.
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RESEARCH OF INFLUENCE OF POWDER-LIKE ADDITIVES
OF LUBRICANT MATERIAL ON THE BASIS
OF CAPROLACTAM ON ANTIWEAR PROPERTIES
OF PLASTIC AND TECHNOLOGICAL GREASINGS

Moraru V. E. (T. U M, Chisinau, Moldova) ; ,

A new type of lubricant technological is proposed on the basis of caprolactam
and copper oxide hydrate. It is shown that antiwear and antifriction propertz_‘eg
of greases can be improved with using this solid lubricant as an additive. PLM
“M” realizes the phenomena of SC in zone of frictional contact. _
By the number of researches {1, 2] it is established, that introduction of
various connections of copper and its powder in lubricant materials or
contacting samples brings to increase of reliability and durability of rubbigé'
surfaces of details of machines. It is explained by realization of the phenoméi_'_ig"
of selective carry (SC) in zone of frictional contact. It is shown [3, 4], thé;
introduction of copper or its compounds in lubricant compositions allows
essentially to reduce the coefficient of friction and wear process withe%"‘
greasing, that also promotes manifestation of realization of SC. The majority of
above mentioned works, as well as publications [3, 6] are devoted to research-iﬁ‘ :
influence of oxide of copper — copper oxide (I) - on antiwear, antis coring agii
antifriction properties of plastic greasing and their compositions. Till now there
are no data on the proved choice of optimum concentration of extender to plastic
greasing. : 4
In the given work are shown the results of researches of the influence of
concentration of the additive of powder-like lubricant material (PLM) which
represents a powder-like fine-dispersive product of interaction of caprolactag}
with hydrate of copper oxide [7], on antiwear, antis coring and antifriction
properties of plastic greasing “LIUATHUM-201" (GOST 6267-74), “LINATHAM-
221” (GOST 9433-60), “Jiuron-24" (GOST 21150-75), “npecc conmpon €
(GOST 4366-76) [8]. The researching MeTannennakHpyioLHe greasing were
prepared by intermixing of the mentioned above plastic greasing with a powder
of the product of interaction of caprolactam and hydrate of copper oxide [7];
with dimension of particles — with dispersive ness 9...10 microns for 80...90 %-
s' solutions till the reception of homogeneous mass. The greasing was kept under
temperature 293...295 °K during 24 hours, and then was put on trail.
Laboratory, spectral, X-ray, antiwear and antiscoring researches of
PLM. The approximate structure of the product of interaction of caprolactam
with hydrate of copper oxide, was determined by the method of is moleculat
series [9] by the parameter pH, with the help of pH-meter 121 (for water
solutions CuCl, and caprolactam CgH;;NO, with concentration 0, 01 and 0, 1
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pier /). For water solutions with concentration 0, 1 pier /1, the approximate
structure of the product of interaction may be represented by formula Cu
{(C(,H|;NO) 6] (OH) 1, and for solutions with concentration 0, 1 pier /1 - Cu
[(CeH;1NO) o] (OH) .

The presence of chemical interaction between components PLM - hydrate
of copper oxide Cu (OH), and caprolactam CgH;;NO — was also confirmed with
the help of spectrum-photometric analysis of the product of interaction on
spectrometer “Specord-75-IR” conducted by special method “HK”. “UK>
spectrums were read in domain of 400...4000 sm™ from initial ingredients -
hydrate of copper oxide and caprolactam, as well as product of their interaction
~_ The X-ray research of PLM [7] was carried out with the help of instal latior-l
“YPC-60" on samples as a powder at molybdenum radiation duri ng 2 hours. The
analy_sis of received nebaerpammer has shown, that the compound does not
contain copper (I), and contains copper oxide (II) as hydroxide, that proves to
;oe true by eleven quantities of interplanar distances. The presence of some other
interplane distances indicates the formation of new compound.

The interaction of caprolactam with hydrate of copper oxide is carried out
at the expense of donor-acceptor tie because of electro-donor properties of
nitrogen incoming in the mixture of caprolactam. Coordination connection of
?walent cooper formed as a result of the mentioned interaction is shown in the
figure.

The estimation of antiwear and antifriction properties of PLM was carried
out on “UIIIM” of friction (GOST 9490-60) by one-minute technique at axial
loadings from 700 up to 3000 N. Spheres were used by diameter 12,7 10° m
from steel of mark “IX15” (GOST 801-74), hardness 60...62 HRC. Speed ot”
sliding of the top sphere made 0, 26 m /s. At the end of each one-minute testing
was measured the quantity of force of friction, emergent on the bottom spheres
which then under formula was recalculated in quantity of coefficient of kinetic
Iriction. The measurement of force of friction was carried out by tens metric
dynamometer, booster “TA-5” and micro ampere meter “M266M”. The
quantities of diameters of the wear process’ spots, formed on the bottom
spheres, were measured with the help of microscope “MBC-2" with observance
of recommendations of GOST 9490-60. During testing of PLM, named by us
conditionally as “M”, containing in its structure the product of interaction
between caprolactam and hydrate of copper oxide, it was established, that it
allows to realize the process of SC, and the intensity of isolation of copper
depends on quantity of the axial force put to unit of friction of “UlIIM” which
increases with the growth of axial loading. During one-minute test the copper
film is besieged not only on surfaces of spots of wear process, but also in the
neighborhood with them both on the bottom spheres, and on the top sphere. The
sports of wear process turned out to be of the correct geometrical form of a
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circle, without traces of grip and jamming. By results of testing on “ULIIM®» of
friction PLM “M” a little bit concedes to disulfide of molybdenum “Muxp{g;_
deitn” (GDR) [10]. ,
With the purpose of studying of films of copper, besieged on spheres ﬁ-om
steel “l1IX-157, the following experiment was carried out. The wear process of
spheres was carried out on “YILIM” of friction during 3 hours with axial loadinig_
1000 N at the presence of lubricant material - the paste consisting of 50 weights
% of Vaseline oils and 50 weights % of PLM “M”. Then surfaces of the wear
processes’ spots preliminary prepared, were studied with t‘he help of e.lectxtonié_
microscopy and the electron beam microanalysis on scanning eiectroplc micro-
scope “Stereoscan-4”, supplied with the system of x-ray spectral without dis-
perse microanalysis of element structure of the samples of “Jlunex 860 KX”
type. The system allows carrying out the analysis of basic ‘e.lefner_jfgg
(simultaneously up to 12 elements) on the surfaces of friction with sensitivity till
10" gr. under the given program on the micro-computer with exactness 0, 01
%. The area of surface on which the analysis was carried out, is cqual
approximately 0, 25...0, S mm’. The thickness of beam is less than 1 micro ’
The reliable zone of the analysis is in a dot 1 micron. Tf
b) B
GHy— CHp—CHy

NH

CHy—CHp—

0 19

Nl
—
i
n=5 0

Fig. 1. Coordination combination of hydrate of oxide of copper with
caprolactam (a); structural formula of caprolactamy (b)

The analysis was carried out on the surfaces of wear process’ spots formed
on the bottom spheres, and on the surface of the ring trace of wear process
formed on the top sphere. In addition, on wear processes’ spots were depos;t'eq
three dots: to the right of the centre of wear process - the area enriched with
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iron, the distribution of elements is following: Cu - 1165; Fe - 53470; Cr- 1134,
and to the left of the centre of wear process - the area enriched with copper: Cu -
13667, Fe - 6385; Cr - 127. For an average part the distribution of elements is:
Fe- 1685; Cu-245;Cr- 50, and for bank - Fe - 1265; Cu - 191; Cr - 82. For the
ring trace of wear process on the top sphere there were taken three dots: the
centre, the average part and the bank. Results of the analysis show, that in the
average part allocation of copper is the greatest (Cu - 6667; Fe - 19452; Cr -
363), less copper is allocated in the part of ring trace closer to the centre of
sphere (Cu - 3666; Fe - 48562; Cr - 780) and the least allocation of copper is
observed at the edge (Cu - 399; Fe - 1663; Cr - 63).

Hence, the carried out experiments enable to draw a conclusion that
developed of PLM “M” allows to realize the phenomenon of SC in zone of
frictional contact.

References: 1. Garkunov D. N., Kragel’skij I. V., Polakov A. A.
Izbirartel’nyj perenos v uzlah trenid. — M.: Transport, 1969. — 104 s. 2.
Povysenie iznosostojkosti na osnove izbiratel’nogo perenosa / Pod red. D. N.
Garkunova. — M.: Masinostroenie, 1977, S. 88-90, 105-107, 120-127. 3. Belyj
V. A., Sviridénok A. N., Petrokovec M. I, Savkin V. G. Trenie i iznos
materialov na osnove polimerov. — Minsk: Nauka i tehnika, 1976. — 432 s. 4.
Belyj V. A., Mihnevi¢ A. S., Pincuk L. S. K voprosu o konstruirovanii uzlov
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mehanizma trenia mednoftoroplastovogo kompozita // Trenie i iznos, 1980, t. 1,
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Opubl. 07. 04. 81. Bal. Nr. 13. 8. Sinicyn V. V. Plasti¢nye smazki v SSSR.
Assortiment. — M.: Himia, 1979, S. 267. 9. Bulatov M. I, Kalinkin I. P.
PraktiCeskoe rukovodstvo po fotokailorimetriceskim i spekirofotometri¢eskim
metodam analiza. - M.; Himia, 1972, S. 190. 10. Kradun A. T., Zobov E. V.,
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BLOCK DIAGRAMS METHOD OF ANALYSING
OF VIBRATING MECHANICAL SYSTEMS

Swider J., Wszolek G. (Silesian University of Technology, Gliwice, Poland)

In the article a new analysing method of 3-dimensional, complex mechanical

systems with linear couplings, structurally and geometrically heterogeneous and
subjected to polar and flow sets of functions at the same time has been
introduced. The method is connected with a matrix hybrid graph - with
combined features of both flow and polar - (mhg) transformation into the matrix
block diagram. Those graphs are isomorphic with the structure of a discrete
model of the mentioned mechanical system. '
1. Introduction -
The hybrid graphs method has been worked out in the work [2] and fully de-
veloped to the matrix hybrid graphs method in work [3]. It gives the possibility:
to test 3-dimensional, multi-input and multi-output dynamical systems, which
are heterogeneous, due to the configuration of mechanical variables, and to the
characteristic distribution of the parameters of elements making up the model.
However, that method does not give the possibility to test non-linear mechanical
systems or to generate their time responses. The solution of this problem is to
make transformation of matrix hybrid graphs to block diagrams [4,5,6,7,9] an&
prepare comprehensive analysis, using an available and professional comqu@f“g’{
software intended for block diagrams analysis — MATLAB-SIMULINK [1].
2. The algorithm of a transformation of matrix hybrid graphs into block
diagrams 3
¢ Projection resulting from the cyclomathic principle of a matrix hybrid graph
(mhg): : -
(1) [uS i8S 1‘18}[:}!:: :._‘,Iq:?u é :‘] =0
Meanings of the symbols of equation (1):
(i8], - an active generalised co-ordinates matrix, [,,S].
co-ordinates matrix,
[s8}.: - an elastic-damping element dislocation matrix, [,,S].,. - dynamical
excitation dislocation matrix, ,,B,,, ;,B,;, ,xB, - submatrices of the coupled
contours matrix ,B [3] of an mhg, ,B,, =—,,B,," and B, =,B,," - submatrices
of the coupled cuts matrix ,B [1] of an mhg.
ZBBZI F

- passive generalised

35k

After transformation form (1) to a form:

: . r
(2) [I:«S]; nS: le:.v&]+|2s{'}3.ra:s‘-u : lmy.\u]}[
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it can be directly converted to in

4 puts, functional blocks and out
diagram sum node (fig. 1). output of a block

lL,SJ

b1l

[:s o] 2% [MB,, LsS]
zo“B‘-uj A

Fig. 1. Part of a block diagram obtained from equation (2)

¢ Projection resulting from the vertex principle of a matrix hybrid graph (mhg):
1 : T
3) [,,s e RCL us]l‘.l_.___i._t_)..:;_.“_’_Bil B =04 ;
Lo 3 l : anu : n Islnekime)
Meanings of the symbols of equation (3):
118}, - generalised inertia forces of an inertial clements matrix, [,,S] .. - gen-
eralised forces of a kinematical excitation elements matrix, {,,S}.._- generalised

forces of an elastic-damping elements matrix, [,S] .- generalised forces of a
dynamical excitation elements matrix,
After transformation form (3) to a form:
[2:S : zzsl:
4)

:'_[z-as][mBJ:*T ﬂsn.x.m] _[.Lislllxjur [ZGBIIT mler]"[nszLJﬂw [ﬁaBnT B T]v

2021
where: [;S,].,.., - generalised forces of a damping elements matrix, [,8,],. -
generalised forces of an elastic elements matrix, it can be directly converted to a

part of a block diagram (fig. 2).

[oS

[:5).,
————

- [:lsl-m i :Smd ]___

| GsaLan

T T
- P

Fig. 2. Part of a block diagram obtained from equation (4)

¢ Projection resulting from the polar equation of a matrix hybrid graph, which
after transformation, can be represented by three matrix equations:

7 -1 :
®) [IIS 03.«] =[:1S : HS]{'“.(’?} 4 Gj"”"’.‘f‘.-l .
0sisen : 03Mx3.d—_,

»
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(6) {1351}2 [ssS] [_!W'.(P)] s

(7) [zlsz]:[lss][.‘“':a(f’)] *
Meanings of the symbols of equation (6) and (7): [[W.(p)],unru- a damping
elements stiffness matrix, [,W,(p)],.....- an elastic elements stiffness matrix.

Elements of equation (5) can be directly converted to an input, a valye
and an output of a functional block of the block diagram (fig. 3), while parts of

the block diagram represented by equations (6) and (7) are shown in the fig, 4
(2) and (b). '

{usim om]
me——— -

[58us. i uS ’ 5
w8100 uSiaa] {_.WL?);_.’,.W i ]

‘}3.‘&&30? 0_\1(\1;{-

Fig. 3. Part of a block diagram obtained from equation (5)
a) b)

IHSL‘“‘ 25 Rudaw 3 .
—me' [3w| (P)Lm‘)m [v e 1 . I”bl"”" {nbxl.;

{ !wz{P}];m,!w [

Fig. 4. Parts of a block diagram obtained from equations: a) (6), b) (7)

According to the given algorithm, a mhg of a discrete mechanical system

Eﬂ;f_ith 1ineal couplings has been projected into a corresponding block diagram
1g. 3).

Ls]d" 2] [‘B"'.z_.x.- nan,‘__.‘*} __[:M [;“’E(P}Lm [ISS.!-J- E—»Bui i

LeBaugeaan

[bu”“.“m gl_"‘m] R TR AR v i b.‘vlﬂu g 1;.;:;4] =

b ibSaas = 85a]

[0 o] [ 0Ly

oy |i‘ E“‘!l Ii

L

- LBN:.,,_,_‘ : :3::",._&] (}Jsilum [;“']{P}I,M, [us].\,.. ‘ . |

Fig. 5. Block diagram, which represents to a discrete model of a complex dy-
namical system

The formulated method of the analysis of dynamical systems has been

programmed and the program GRAFSIM has been implemented in the
226

MATLAB software environment. In that case a model of 3-dimensional
mechanical system with lineal couplings, after its transformation through a
matrix hybrid graph into a block diagram, can be further tested in that program.
Example windows are shown in the figure 6.

TERCTERZCHS TRIT GG
ATAM

T amman
m WO 90
My Hononw
L T ]

checteohil o RE

Fig. 6. Examplc of windows of the computer program GRAFSIM imple-
mented in the MATLAB-SIMULINK environment :

The block diagram used in the program GRAFSIM has a form as in the
fig. 7.
The shape of the block diagram from fig. 7 is similar to the block diagram

from the given transformation algorithm through a matrix hybrid graph into a

block diagram. Modifications of kinematical excitations signal inputs are con-
ected with necessity of taking these excitations into consideration as the func-
tion of displacement, velocity and acceleration.
Signal outputs of the inertial elements in the block diagram are:

inertia forces and moments of inertia forces,

linear and angular accelerations of inertial elements,

linear and angular velocities of inertial elements,

linear and angular dislocations of inertial elements,

forces and moments in damping elements reduced to the mass centres of

‘inertial elements,

forces and moments in elastic elements reduced to the mass centres of in-

ertial elements,
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@ forces and moments in damping-elastic elements reduced to the mass cen-
tres of inertial elements.

Fig. 7. Block diagram, representing a discrete model of a complex dy-
namical system in the GRAFSIM program in the MATLAB-SIMULINK soft-
ware environment

Signal inputs in the block diagram are:

dynamical excitations,

kinematical excitations defined as the functions of displacements,

kinematical excitations defined as the functions of velocities,

kinematical excitations defined as the functions of accelerations.

The outputs of damping-elastic elements in the block diagram are:

forces and moments in damping-elastic elements,

forces and moments in elastic elements,

forces and moments in damping elements,

linear and angular velocities of dislocations of damping-elastic elements,

linear and angular dislocations of damping-elastic elements, _

There are also forces and moments in the coincidence points of damping-
elastic elements and kinematical excitations [17) and linear and angular disloca-
tions in the coincidence points of inertial elements and dynamical excitations
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. ments are called Mux, which gives possibility to insert individual signal in the

Input signals (dynamical and kinematical excitations) in the diagram ele-

right place of the dynamical matrix of excitations [.:5].... as well as the kinema-
tical matrix of excitations [,$].,. Output signals however are in the diagram
elements called Demux and let to extract any needed signal.

The block diagram from fig. 7 has a form that lets to generate time re-

.~ sponses in the environment of SIMULINK, but it is necessary to change block

diagram from fig. 7 into the simpler form shown in fig. 8 when frequency and
phase responses are needed. It can be done by connecting suitable functional

-~ blocks of the block diagram from fig. 7 in accordance to the rules shown in the
: fig. 9 (a) and (b).

The goal of presented modification is to receive a form of block diagram,
where the outputs of its functional blocks have dimensions similar to quantity of
active and passive generalisc co-ordinates 1x 3s(n +k) of the mechanical Sys-

tem. The block diagram from fig, 7 gives no possibility in MATLAB-

- SIMULINK software environment to determine correctly matrixes of state equa-

tions. It is connected with the appearance of the matrix outputs with different

dimensions.

Fig. 8. Block diagram, which represents a discrete model of a complex
ynamical system in the case of generating frequency and phase responses

The GRAFSIM programme lets to generate time responses on individual
ynamical and kinematical excitations, to show zeroes and poles of characteris-
ic equations on the complex surface and in a tabular form, and to generate state
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ma;" s' % equati;ms ofa descrete model of the mechanical system.
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Fig. 9. The way of connecting suitable functional blocks of the block dia-
gram from fig. 7

3. CONCLUSIONS

systernleozii;alf;ams are rarc!y used for modfalling and‘ analysi‘ng of me(fhanical
movcmém e of necessity of generating 9f differential equations of
it e cons{;mr? the case of complex mechanical systems, can be d1ttﬁcu1t
L WhI_ng. .The paper shows the algonthm‘ of' the mentioned
el yeecsig l’ex ich is _the base of the computer appllqatlon, prejpz_nied to
e blgck dmechanzcal systems [4]. The r:neihod gives possibility to
) lagram of dynamical systems without generating differential
equations of movement, =
diagmz}lio‘:i?gtilc expres.sions of tra_nsformation of a mhg info a _biock
Vibratis miie ]!he basis for applying the method to test dynamics of
generau; besides d‘:a systems with nimjlmear _elc‘ments and give possibility to
: ynamical characteristics, their time responses.

This tork has been conducted as a part of the research project No. § T07C 02923
upported by the Committee of Scientific Research in years 2002-2005
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VIBRATION ANALYSIS OF THE EXCAVATOR
MODEL IN GRAFSIM PROGRAM
ON THE BASIS OF A BLOCK DIAGRAM METHOD

Wszolek G. (Silesian University of Technology, Gliwice, Poland)

. In the article a numerical vibration analysis of the excavator model is presented.
This model with a discrete distribution of the parameters, shown in three work-
ing positions, is attracted to kinematic and dynamic excitations. The analysis is
made in GRAFSIM program, which was intended and prepared for projecting
and analysing 2D and 3D mechanical systems with linear couplings. The pro-
gram works on the basis that the algorithm fransforms matrix hybrid graph
model structures into block diagrams structures [2,3,4,5,7]. The time and fre-
quency responses from the examined mechanical system are presented.

1. Introduction :

The progress of computer science gives way for new possibilities in a range
of projects and analyses of mechanical systems. There are many professional
programs that are used by engineers in this area. By using proper engineering
software one can make a virtual model of an examined system in the computer
software environment, which results in virtual prototyping of mechanical sys-
tems. This practical approach solves complex problems and has the ability to
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make various types of changes in parameters of a model during a simulation. It

can also measure, for example, dynamic parameters of each model’s individual
elements.

For projects and analysis of mechanical systems many professional com-
puter applications have been implemented. One of these programs is GRAFSIM,
which was implemented in the MATLAB-SIMULINK software environment. It
illustrates how the algorithm transforms matrix hybrid graph of the mechanical
system into a block diagram structure, which was described in details in works
[5,7]. This program makes it possible to test 2D and 3D complex systems con-
taining linear couplings attracted to kinematic and dynamic excitations. This
model of the excavator adapted to numerical analysis provides us with an exam-
ple of the technical adaptation of the mentioned transformation method in
GRAFSIM program.

1. MODEL

The excavator is produced in the “Warynski” factory in Warsaw (Poland).
Main dimensions of the excavator model are presented on fig. 1 and workspace
on fig. 2.

Through the excavator idealisation we get a 2D phenomenological discrete
model (fig. 3, 4). Inertial elements, in the shape of the main excavator body
with the engine (1), the jib (2), the arms (3, 4), the bucket (5) as well as the op-
erator’s seat along with the operator (6) have been determined. Hydraulic actua-
tors move the excavator’s arms and are modelled by elastic-dumping elements
(9,11,12,14).

Masses of inertial elements are concentrated in their centres of weight.

8410

1385 . 2020

Fig. 1. Excavator with main dimensions
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The local co-ordinate systems
of the inertial and elastic-dumping
elements and kinematic and dy-
namic excitations were defined
(Fig. 3). Co-ordinates of elastic-
dumping element attachments
were qualified in local co-ordinate
systems of inertial elements. An-
gles were also qualified among
suitable co-ordinate, local element
systems.

There are constraints in the ex-
cavator joints, which, in an ac-
cepted excavator model, are repre-
sented by dumping — elastic ¢le-
ments (10,13,15,19), characterised

Ao

LA

S wa O by stiffness, linear and angular
b o0 i suppression. Suspension and tyres
b . ooqms i of the excavator model were mod-

Fig. 2. Excavator workspace elled by dumping — elastic ele-
ments (16,17), that represent their
linear stiffness and suppression. In the excavator model kinematic excitations
(7,8) were considered. They come from ground trembling, where the excavator
is situated and from the work of different devices in the area. Dynamic excita-
tion (20) occurs from the strength change when the excavator cuts into the soil.
In order to reduce vibrations that occur in the excavator during its work, the pas-

sive vibro - isolation system has been introduced to the operator's seat.

| i Fig. 3. Discrete phe-
st 3sr+ ] nomenological model
'~¢-’-,._;"~~l |.  of the excavator un-
der the kinematic and
dynamic excitations
influence with the lo-
cal elements co-
ordinates systems

e sy

B £,
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Fig. 4. Discrete phe-
nomenological model
of the excavator with
the points of coinci-
dence distances from
the mass centres of
the inertial elements

ik

Two ?;i-(;sitions of the excavator equipment were additionally accepted for
numerical analysis (Fig. 5 and 6).
[-T}% 8

e g bus
13 El’a it X _9‘_

Fig. 5. Discrete phe-
nomenological model
of the excavator In
the second position
of its equipment

. = Ry = -‘\\\\
I ,"‘--”' & = 3 \:\m o 5 8_ 7
Y 5

Fig. 6. Discrete phe-
nomenological modfel
of the excavator 10

its equipment

s
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the third position of

2. NUMERICAL ANALYSIS RESULTS

The amplitude of the accepted kinematic excitations in the shape of sinusoi-
dal functions is 2:107 [m], frequency 5 [Hz], with zero angle of phase displace-
ment for the excitation (7) and 90" for the excitation (8). Dynamic excitation,
accepted in the GRAFSIM program, that in analysed case constitute the pro-
grammable steering was considered as harmonic function about amplitude 700
[N], frequency 3.3 [Hz] and with zero angle of phase displacement. After deter-
mining geometrical and physical structure of the excavator model its analysis
was performed and results were obtained in three working positions of the exca-
vator’s equipment. These results have been presented at the shareable graphs.

Change of inertia forces [N] and linear acceleration [-’3:-] in the y axis di-
§

rection of the operator and his seat in time, as response on kinematic and dy-
namic excitations has been presented on fig. 7.
Sily | mementy sit bezwhadnoici

e / ) J— zfaolr.z;rq«
oA A I' e Fig. 7. Change of in-
1 ,! : I ﬁ i k i ertia forces [N] in the
sf 1 ! f.". ! i M ;"‘ﬁ. y y axis direction of the
b} fJ1=é { IR J H‘"\; i E; ] operator and his seat
o “,‘ ‘ i E’ ! " | l'fl i }? i in time, as response
o 1 i i g \\ [+ b !Ill . on kinematic and dy-
I ‘s Ry By \;. namic excitations in
-1 ‘11/! |1_|; f E [j" 1_ . i
Ui Vi \‘i ! ! three working posi-
o ¥ R K \E"] tions of the excava-
i W ) 4 : i
Y R\ o tor’s equipment
30 L. i N il
¢5 g 1.5
Czas [3]
Preyspies.enia inisws | kjowe Sroda masy
e A Fig. 8. Change of lin-
b A WA & ¥ IRERD | ear acceleration
AL A T AU S O (il o 9i53,8
¥ O R U S N ;,,\ | l—z in the y axis di-
E ‘f\i i 1. J.I.'*.t: “F |' } ;\‘- I'\; F
L% A i '“ Py [ ] rection of the opera-
g it ]'[\ B { bWyt ! it tor and his seat in
o °J' f Wi i i I‘l fnikir el g {1 time, as response on
qipld i o \;il Wi L L It | kinematic and dy—
L'i \J; : , J B'& i i V ﬂ namic excitations in
oz} V \ L o vy H three working posi-
K b ¥ 4t ; I tions of the excava-
i o v tor’s equipment
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Fig. 9 contains decibel amplitude-frequency characteristics of the excaVagoéuj

model in three working positions showing a relative inertia forces of the opera-
tor with his seat in the function of dynamical excitation acting on the excaya-
tor’s equipment in dumped system while fig. 10 in non-dumped system.

b D e Fig. 9. Decibe]
characteristics of the
excavator model in
three working posi-
tions showing a rela-
tive inertia forces of
the operator with his
seat in the function of
dynamical excitation
acting on the excava-
tor’s equipment in
dumped system

‘Wamocrienie [dB)

Faza|rad

Fig. 10. Decibel am-
plitude-frequency

excavator model in
three working posi-
tions showing a rela-

Wanecrrenia [dB)

the operator with his
seat in the function of
dynamical excitation
acting on the excava-
tor’s equipment in
non-dumped system

Faza(rad)

Czestost [radis)

3. CONCLUSIONS

A vast analysis of the presented excavator model was carried out in work [1]
and the series of dynamical and time response characteristics were there pre-
sented. The main reason of performed analysis was to show all the GRAFSIM
program possibilities, with utilisation of transformation method introduced in
work [5,7]. Physical and geometrical data, especially the elastic-dumping pa-
rameters of the excavator model have been estimated, without carrying out ex-
pensive identification process of these parameters. 3

The system that has been tested is regarded to be multidimensional, multiin-
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characteristics of the

tive inertia forces of

put and multioutput dynamical system that is heterogeneous, due to the configu-
ration of mechanical variables and to the characteristic distribution of the pa-
rameters of elements making up the model.
This work has been conducted as a part of the researck project No. 5 T07C 02923
supported by the Committee of Scientific Research in Yyears 2002-2005
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IPABHJIA

MPEACTABJICHHS PYKONHKCEH B MEXKAYHAPOAHDIH COOPHHK HAYIHLIX TPYAOR
HoHenKoro rocyAapeTYseHHOT0 TEXHHYECKOT0 YHHBEPCHTET
«IIporpeccHBubIe TEXHOMOTHH U CHCTEMbI MAIHHOCTPOCHHUS

Coneprxanue pyxonuceil JOJKHO OTPakaTh HOBbIE HOCTHIKEHUS HayKH 1
TEXHWKH B OONACTH MAalUMHOCTDOCHHSA, WX MPAKTHYECKOE 3Ha4YeHue,
COOTBETCTBOBATH TEXHMWYCCKOH HAIIPABNEHHOCTH COOPHMKA M MPeaCTABNATH
HHTepec A1 ITUPOKOro KPyra CHelHantcToB.

B pYKOMHCH NO0/IKHO BbITh KPATKO H3MOXKEHO TO HOBOE M OPHIHHANBHOE,
410 pa3spaboTaHO aBTOPaMHM, MOKA3aHO NPEMMYIIECTBO mepen aHanoramu
npeafaraeMsiX pa3spaboTok, OnMcaHbl HX OCOGEHHOCTH W TIpaKTHYECKas
3HaYHMOCTB. Pe3yibrarsl paGoTs! He ZOJOKHBI HPEeACTABIATLCS B BHE TE3HCOB.

SI3BIKHM MPEACTABIICHUs! PyKOTIUCEH: YKPAHHCKHI, PYCCKHIf, aHITHHCKHIA H
HEMEUKHH.

COOpHHK HayYHBIX TPYJOB ABIACTCA CHELMALHBIM H3TAHKUEM B KOTOpOM
MOTYT  fyONHKOBAaThCS PE3YJNLTAThl HUCCEPTALMOHMBIX paboT, TaK KaK OH
BKTIO4eH B nepedens BAK Vipannsr (ITepesik Ne 1 HaykoBHX (axoBHX BHHaHb
Yxpaiuy, B SKHX MOXYTb IyONHKyBaTHCS PE3yAbTATH nucepTaliHHuX pobit Ha
3M00YTTs HAayKOBUX CTYNEHIB [AOKTOpa i KaumuaaTa Hayk. JOgaTok 1o
nocranoBu npesuilii BAK Ykpainu Biz 9 uepsns 1999 p. Ne 1 —05/7).

OCHOBHAS TEMATHUKA CEBOPHUKA

I. TlpakTuKa W NEpPCrIeKTHBBl CO3J@HHA U TNIPUMEHEHHSA NIPOTPECCHBHBIX
TEXHOJOTHIA. -

2. Uudopmauuonnsie TexHomorun (CAD/CAM/CAE). Mexauuszauus #
ABTOMATH3ALMA [TPOU3BOACTBEHHRBIX N1POLleccoB. [TpobieMBl MeXaTpOHUKH U
MEXATPOHHEBIE TCXHONOIHH.

3. IIpobiembl MPOSKTUPOBAHHS U IIPHMEHEHUA HHCTPYMEHTOB, NPOIPECCHBHEIE
BHCTPYMEHTAJIBHBIC MaTepHalsl # ux obpaboTka.

4. ABTOMaTH3aUMS KOHCTPYKTODCKOM M TEXHOTOTHYECKOH MOATOTOBKU
[IPOM3BOJICTRA, TIPOTPECCHBHOE 06OPY AOBAHHE.

5. VYnpaBieHHe Ka4eCTBOM, METPOJIOrus, CepTU(HKALINA, AHArHOCTHKE,
HAASWHOCTE Y IKCIAYaTallud TEXHOJOTHYSCKHX CHCTEM.

6. CnenuanbHble H HETPAAMIHOHHbIE TEXHOJIOTHH, IKOHOMUYECKHE npoGaeMel
MaLIHHOCTPOCHHS.

7. Bonpockl MOAENHPOBAHHUS H PACYETOR CIOKHEIX TEXHHICCKHX CHCTEM.

8. DproHoMHYECKHE H 3KOIOTHHYECKUE POGIeMBI MaIIHHOCTPOSHHUS.

B pamMKkax cOopHHKa MOXHO NPEACTABNATE PeKNaMy NPORYKIHH, KoTOpas
Oyner nomeleHa nocie pyKonuceit crareii.
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NPEACTABJEHUE MATEPUAJIOB

Ang npuHsTHA pelieHHs O BKMIOYEHWM pykomucu Bameif crateu s
COOPHHK HEOBXONHUMO BHICIATE B a[Pec PEAAKIKOHHOMN KOMNETHH crenyoiee:
@ 3a8BKY M CBEIEHHA 00 aBTOpax CTAThH;
¢ PYKONMCh CTaThH B ABYX 3K3eMIUISApaX (BTOPOH 3K3EMIUIAP CTATBU JIOMKey

OBITH IOANHCAH BCEMU aBTOPAMH);
® aKT IKCIEPTH3H (0AWH 3K3EMIUISp);
® [HCKeTY 3,5 arofiMa ¢ 3amHChlo TeKCTa CTaThH.
IMyGnukauus crarteli B nanHoM cOOpHHKE TIIaTHAS.

TPEBOBAHMA K O®OPMEHMIO

1. Teker pyxomucu cratsh oT 5 10 10 ctpanuu Ha Genoit Gymare hopmara Ad
(210x297 mm) ¢ nonsMu: BepxHee u HIDKHee 30 MM, JieBoe u npagoe 25 MM.
Crpanuup: He HyMEpOBaTh (HYMEPAIIO BBINOMHMTS KAPAHJALIOM B HUKeEM
NpaBoM yriy). Pykonmuch craThd OQOPMHTH C IIPHMEHEHHEM DENAKTOpa
WinWord (ne muxe Bepcun 6,0) mprdrom Times New Roman pasmMepom
14, pacnesarath B IBYX 9K3eMILIAPAX ¢ BRICOKMM Ka4eCTBOM II€4aTH.

2. Tlopsmox odopmienns. MaTepuansl HOMKHBL OTBEYATH cliefyioneit
CTPDYKTYpHOH cxeme: HazBanue, OGaMUITHM H  AHALYATH aBTOpPOB,
COKpalICHHOC Ha3BaHHe OpraHusalui, ropola, CTpadbl, aHHOTALUMS Ha
AHITIHACKOM $3BIKe, OCHOBHOM TEKCT, BBIBOABI, CITHCOK JIUTEpPaTyDHL
Haspauue neqaraTh HpONHCHLIMU(KHPHBIMM) GyKBaMH, He OTCTymas OT
BEDXHETro noss, 0e3 mnepeHocos, ueHTpuposars. Uepes 1,5 wunTepsata
CTPOYHBIMH OyKBamM — baMUIMA W WHHUHMAALI aBTOPOB (KHPHEIMH), B
KPYIMIBIX CKOOKaX KYpCHBOM — COKDAlUeHHOEe Ha3BaHWe opeanusayuil,
Ha3BaHME 20p0dos, cmpan  (Yepes 3anATyio, LeHTpHposath). Yepes 1.5
HHTEpBana — Marepuanbl CTaThy (SA3BIK U3NOKEHHS — II0 BbIOOPY aBTOPOB,
MEXKCTPOUHEIH uHTepBan 1). Cu. o6pazen odopMiIeHus MaTEpHATIOB.

3. T'padmueckuit MaTepyan (PHCYHKH, rpadUKy, CXeMbi) CIIEAYET BLINONHATL B
dopmare “bmp, “.gif, “.pcx, “.dwg pasmepamu me Memee 60x60 M
BHEJPeHHBIMH O0BeKTaMH (0 XOAy MarepuanoB). Bce MO3MIH,
0003HaYEHHbIe HA PHCYHKE, JO/DKHBI GBITh 0OBACHEHE! B Tekcre. I103Muun
Ha PHCYHKE JIOJDKiibl PAacriojiaraThCs MO YacoBOM CTpenke. 110 KaabiM
PHCYHKOM YKa3BIBAETCA €r0 HOMED H HassaHue, Hampumep: Puc. 3. Cxema
ycrpotictsa. KaIblii puCYHOK HOJMKeH MMETh OJAMH MHTepBan CBEpXy
CHU3Y.

4. DopMyiBl U MATEMATHYCCKUE 3HAKH HOSMKHBI OITh MOHATHEL Jokasarens,
CTENEHH M HUHACKCH JO/KHBI OBITE MEHBIIE OCHOBHBIX 3HAKOB H
BLINONHATECA B COOTBETCTBHM C pefakropoM Qopmyn Microsoft Equation.
®opmynsl HomepylOTes (CnpaBa B KpPYIJIBIX CKOOKax, He OTCTymas oOT
NpaBoro IONs), TOJNLKO B TOM Cilydae, €CIM HA HHX B TEKCTE MMETCH
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cehIIKH. Mexay KpainuMH 3HakaMd  QOPMYABl W TEKCTOM JQJDKeH
BBITIOAHATECS OJIHH UHTepBal. POpMYIibl BEITOAHAIOTCA KYPCHBOM.
Paimep dopmyan aas Microsoft Equation

Full (0BBIMHBII) . ..ot it et et ern e 14 pt
Subscript/Superscript (KPYIHBIR HHAEKC). ... ouviviniiiiariniencneiaianiins 10 pt
Sub—Subscript/Superscript (MENKKBR HHABKC). ....uvrvurrrinraraennrnaaennnn 8 pt
Symbol (kpynHsti cuMBON)......... e A SR S A A 16 pt
Sub-Symbol (MenKHH CHMBOM). .teovuiiirriirninrenninianeinaeeans R 12 pt

5. Bce Tabnuupl JOMKHBI WMETh Ha3BanHe M NOPAJKOBBIE HOMEp H
PACHOJIaraThCs MOCHe YINOMHHAHHS [0 TeKCTy, Hampumep: Tabauua 2.
Knaccuduranus mydt. Kaxpas tabnuua jnomxsa uMeTh OJUH HHTepBal
CBEPXY H CHU3Y.

6. Chnucox JuTepaTypbi NOKeH OpiTe NpHBENEH B KOHIE CTarThd B
COOTBETCTBHM ¢ 06pazuom. [lepeyeHs cChUIOK JOMKEH OBIThH COCTABACH B
ropsiake yNoMuHaHHA B TexcTe, CCBIIKH Ha JIATEpaTypy 3axlioyaeTcsi B
KBaJpaTHbIe CKOOKM. .

7. TekcT PYKONMCH CTarbH TpeOyeTcs 3amucaTh Ha JHCKETY 3,5 AiokMa,
KOTOPYIO HYKHO NOZAMNHCATE CICAYIOIHM 00pasom: GaMUIiK ¥ HHHLKAIDI
aBTOPOB, H23BaHHE CTATHH.

8. Marepuans! pykonucu npejcrasisstores 6es usrubos.

9. Marepuansl, He OTBEHalOIMe [EPEYHCISHHBIM TPEOOBAaHHAM M TEMaTHKe
JaHHoro cOOpHMKa, a TaKkKe MOCTYNHUBIIHE B PENaKUMOHHYIO KOJUIETHIO C
OTI03/1aHKeM, onybiMKoBaHkl He Oy AyT.

Obpusey ohopMACH U MAMEPUATI0E:

OCHOBBLI CTPYKTYPHOI'O CHUHTE3A CBOPOUYHBIX CUCTEM

Wisanuos W.W., erpon ILIL (JonI TV, BITY, 2. [Joneyx, 2. bpauck,
Vxpauna, Poccus)

The efficient design of assembly machinery is vitally important .........as noun
description of functions of presented in the paper

CBopouHple  CUCTEMBI  SBASIOTCS  CIOMKHBIMH  HEPAPXUYECKHUMHU
cucremamu. OnHEM H3 ycaopuit [1] moBbieHHS NPOU3BOIMTEIBHOCTH
cOOpOYHBIX TEXHOIOMHYECKUX CHCTeM (puc. 5).

Cnucex aureparypst: 1. Knm W.IL Hcenenopanue aQ@exTHBHOCTH

poTophbix Mawui. — K.: KITM, 1985. — 123 ¢. 2. Ycmoros A.B. HajgexHocTs
TexHonorHueckux Malms. — Joneux: Houl TV, 1998. - 425 ¢.
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