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[oBeiieHNEe KayecTBa, HAAEKHOCTH M JIOJITOBEYHOCTH TEXHUYECKHX
CHCTEM M TEXHOJIOTHYECKHX TporieccoB: COOPHUK TPYIOB MEXKTYHAPOIHOMH
Hay4YHO-TEXHWYECKOH KoHpepenmmu, 2 — 9 nekabps 2007 1. —
Xwmenpaunkuii: XHY, 2007. —205 c.

B cOOpHUK BKJITIOUEHBI MaTEepHaIbl MEXTYHAPOIHON KOH(EpEHIINU
«[loBBIlIICHUE KAYeCTBA, HAJCKHOCTH M JIOJTOBECYHOCTH TEXHUYCCKHUX
CUCTEM M TEXHOJIOTHYECKUX TIPOIECCOB», NPOBENcHHONH B FErumnre B
nekabpe 2007 r. B 1. Xyprana.

Paccmorpenst P OOJIEMBI TTOBBIIIICHUS KaJyecTBa u
MPOU3BOMUTCIBHOCTH  TEXHHYECKUX  CHCTEM M TEXHOJIOTHMYCCKHX
MIPOLIECCOB, MPEACTABIICHBl OKJIAAbl 110 KOHTPOJIO, OUATHOCTHUKE U
MPOTHO3UPOBAHUIO COCTOSHHSI JTUX CHCTEM, OCBEIICHBI HEKOTOPHIC
MpoOJIEeMBl BHOPAlIMOHHOW TEXHWKH JWHAMUYECKOW W  CTaTHYECKOU
MIPOYHOCTH, a TAK)KE MPABOBBIC M SKOHOMHYCCKHE aCIIEKThI IIPOOJIEM.

COOpHHMK pacCUYMTaH HAa HAYYHBIX U WHKCHEPHBIX DPaOOTHHKOB,
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HAJCKHOCTA U JIOJTOBEYHOCTH TEXHUYECKUX CHCTEM M TEXHOJIOTHMYCCKHX
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YBA’KAEMBIE YYACTHUKH KOH®EPEHIIHU!

Mbui paowr 6 4-ii pasz npugemcmeaosamsv 8cex HAWUX CMAPBIX U HOBLIX
opysell U3 pasHblX CMpaH Mupd, MACMUMbIX U MOAOOLIX VHEHbIX U UHIICEHEPOs,
Komopble, HecMOmps Ha npoldorxcaowuecs 6 cmpauax oOvieueeo CCCP
@unancosvie mpyonocmu 6 Hayke u 06pazo8anul, 6ce Jce Cymenu npeoooiems ux u
npuexamv Ha Hauiy ouepeonyio Komgpepenyuro 6 Ecunem — cmpany OpegHetiwierl
yueunusayuu, k menaomy Kpacrnomy mopro!

Iepsas ecunemckas Kongepenyus noo Hazeanuem «JuHamura pomopHuix
cucmem u ubpayuoruvix npoyeccosy npowna 12-19 oexabps 2004z. ¢ 2. Xypeaoe,
20e nocie 0012020 nepepuvisd, 3aNoIHEHH020 HeONpPedeleHHOCMbIO NEPecmpoeyHo20
nepuooa mawiell JHCu3HU, KaK cmapvie Opy3bs nocie 00120U paziyKu 6CMpPemuiucy
yuenvle u3 Ovisuwux cmpan CCCP — axademuxu u uieHvl-KOppecnoHOeHmbl,
dokmopa Hayk u npogheccopa, uzgecmuvle CReYuanucmvl U Moaooblie yyeHvle u3
PA3IUYHBIX ompacieil HapOOHO2O XO3AUCMBA, U K HUM NPUCOCOUHUTUCH KONIe2U U3
Hzpauns, CLIA, Pymoinuu, [lonvwu.

Mbui npoodondicaem eepums, umo nocie nepuooa ynaoka u paspyxu
HApOOHO2O XO3AUCMBA, KAK NOCAe GOUHbI, HACMYndem nepuoo 80CCHAHOBNEHUS,
KOmopblil nepetioem 8 nepuod npoyeemaHusi HAWUxX Cmpax, u moaoa cHoéa 6yoym
YeHUmobcsi mpyo U 3HAHUA UHIICEHEPO8 U YYEHbIX, NPeKpamsamcs @QuHaHCo8ble
MpYOHOCMU U, Mbl KAK U npedicoe Oyoem umemvb WUPOKUE BO3MONCHOCHU O
ecmped, 0 00CYHCOEHUS AKMYAIbHBIX HAYYHO-MEXHULEeCKUX NPOOIeM.

U, noocanyii, ceudemenbcmeom HA4ana CEEPULEHUS — HAWUX HAOEICO
aensiemcss mom pakm, umo Hawiu esunemckue @Qopymvl, ¢ KaxicObiM 2000M
cmanosames 6cé bonee npedcmasumenbHbIMU U PACUUPIEeMCs KOTUYeCmeo CMpaH,
HAnpaeisiowux COUX YUeHbIX HA MU KOHGepeHyuu, U, 4mo OHU NPOXOOam 60 6ce
bonee Kompopmuwix yciosusx, ede unmepechHas paboma coyemaemcs ¢ He meHee
UHMeEpecHbIMU IKCKYPCUAMU U OmoblxoM. B smom 200y mul padwr enepgvie
npusemcmeogams 30ecs yuenvix uz benopyccuu u Ipysuu.

Besycnosro, kasicowiti uz Bac ceoeil pabomoil, ceoell npedaHHOCHbIO
HayKe 3acCaydCcUun HeoenbHyl0 padocmbv OOWeHUs CO C8OUMU KOMNe2AMU 8 IMOM
npekpacHom mecme. Mol bipadicaeM UCKPEHHIOW  O1A200APHOCMb  HAWUM
cnoncopam u npexcoe 6ce2o gupme « Humypucm-XmenvHuykuily u pykogoocmey
XMmenvHuykoeo HAYUOHANbHO2O YHUSEPCUmMema, KOmopbie ¢ NOHUMAHUEM OMHECAUCh
K Hawum npobremam u 61a200apsi KOMOPbIM pAcxodbl YYACMHUKA 3MOU
KOHGhepeHyuu 6 HecKONbKO paz Hudice pacxo0o8 HA NOOOOHBIX KOHMEPEeHYUsX,
NPOBOOUMBIX 3APYOENHCHBIMU OPLAHUSAYUAMU.

Lenv Hacmoswyeti KoHpeperyuu, Kax u npedbloyuux, cOCmoum 6 mom,
umodbl 06cyOUmMs AKMyanbHble 8ONPOCHl NOBbIUECHUS KAYeCmed, HAOeICHOCTU U
0071208€4HOCIU MAWUH, MEXAHUZMOB, NPUOOPOE U3 CAMBIX PA3IUYHLIX OMpAaciel
HAPOOHO20  XO3AUCMEA, CMPOUMENbHbIX  KOHCMPYKYUL, Opyeux MeXHU4ecKux
cucmem U MEXHONO2U UX NPOU3BOOCHBA, B80300HOBUMb U 3AKPENUMb HAYYHOE
compyoHuyecmeo yuyenvix uz cmpar ovisuieco CCCP, pacwupums e2o 3a pamxu
2MUX CMPaH, 00beOUHUMb YCUTUA YYEHBIX PA3TUYHLIX CMPAH MUPA HA peuleHu
aKmyanbHuix npooiem HapoOHO20 X03AUCMEa.
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B cenmsabpe 2007 200a na uspaunvckom xypopme Hemarnus mwvl npoeenu
Mesicoynapoonyro kongepenyuro na memy “Coepemennbvle OOCMUNCEHUS. 8 HAYKE U
obpazoeanuu’’, 8 Komopoi npunsiau yuacmue okono 100 yuenvix u3z pazuvlx cmpau u
KOMOpasi npouuia ¢ HeMeHvum ycnexom, yem Ecunemcxue.

THocne ee OKOHUGHUSL Mbl NOAYYUNU MHO20 OM3bIBOE U HONCEIAHUL O
npogederuu emopou Mzpaunvckoul kougpepenyuu 6 cenmabpe 2008 e, u
OpeKOMUmMem, KOHEUHO dice, PACCMOMPUN 8O3MONCHOCHb NPOBEOEHUs MAK020
¢opyma.

Hawu xongepenyuu 3a0ymanvl Kak omkpbimvle 0Jisi YYEHbIX U UHICEHEPOS
6cex cmpan opymvl, NPU3BAHHBIE CKOOPOUHUPOBAMb U OO0BEOUHUNb YCULUSL
CHEYUanucmos Ha peweHuy OOWUxX MexXHUYeCKuUx npoobiemM He3aA8UcCUMo om
NOIUMUYECKUX NPOYECCO8, NPOUCXOOSUUX 8 MUPE U OMOETbHBIX CIMPAHAX.

B osmom cbopHuke Kpamkxo npedcmasieHvl OOKIAObL YYACMHUKOS
KoHghepenyuu. OHu 6e3 Npasok OnyoOnuUKOB8aHvl 6 MAKOM Gude, 8 KaKom Obliu
npeocmasnenvl agmopamu. IIpu dcenanuu asmopos pAcUWUpeHHble Cmamvll no
Mmamepuanam 00KIA008 Mo2ym Ovlmb OnyoOnuUKo8anvl 6 JicypHane «Bichuk
XMenbHUYK020 HAYUOHATLHO2O YHUBEPCUMEMA.

Opexomumem Hadeemcs, 4mo 3ma KoHgpepenyus npoudem He Xyoice
npeovloywux, u 6 Xxode OoQuUYUATLHO20, 4, 2la8HOoe — HeOPUYUATLHOZO
B0COMUOHEBHO20 — OOWeHUsi  Mbl  OOMEHAeMCA  HOBbIMU  UOesIMU,  HANAOUM
COmpPYOHUYECMBO U 00bEOUHUM YCUNUSL HA PEULEHUU CILOJCHBIX HAYYHO-MEXHUYECKUX
npobnem Ha 61a20 HAWUX CIPAH.

JKenaem 6cem padocmu mEOpYecKo20 O00uwjeHus U  NI0OOMBOPHOU
pabomvl, UHMEPECHbIX IKCKYPCULL U Meno2o mops!

Jlobpo noscanosams, dopocue opy3vs, ¢ Xypeaoy !

COHpCIICCIIaTCJ'II/IZ

ﬂ 7 ILT.H., pod. g) —— I.T.H., 1pod.
TAL ey Cwmn P Tnay Poiisman B.IL

-

[Ipe3naent Hanponansuoro [Ipencenarens XMenpHUIKON
CoBera YKpauHbI obmactHoi opranm3ammy Coro3a
1o MaIMHOBEICHUIO HAYYHBIX ¥ WHKEHEPHBIX

00bCTUHEHUI Y KpanHbI

r. Xyprana, nexadps 2007 .



MOJEJMPOBAHUE TPAHCIIOPTHOM CUCTEMBI
I'OK C UCITIOJIb30BAHWEM HEUYETKHNX CETEA
HHETPH

0. m. H., npoh. Kopcyn B.U., 0. m. n., npogh. Muxanes A.U., Jlemuenro /[.A.
Hayuonanenas memaniypeuueckas akademusi Ykpautvl

8(056) 374-81-25 canc@dmeti.dp.ua

[Mpennaraercs MonmenmupoBaTh padOTy OCHOBHBIX  arperatoB
Tpa"cnopTHoi cucreMsl I'OK ¢ ncnonp3oBaHueM anmnapaTa HEUETKUX ceTel
[Terpu.

TpaHCIIOpPTHBIE CHCTEMBI T'OPHO-00OTaTHUTENBHBIX KOMOMHATOB TPH
OTKPBITOM CrIoco0e 100bIUH TOJIE3HBIX UCKOMAeMbIX TPH INTyOWHE KapbepoB
6onee 200 M co3malOTCS Ha OCHOBE HCIOJIB30BaHMS KOMOMHHPOBAaHHOTO
aBTOMOOWIJIEHO-)KEJIE3HOAOPOXKHOTO ¥ KOHBEHEPHO-KEIEe3HOIOPOKHOTO
TpaHcnopTa. J{7s CHIKEHMS BIMSHUS HEPUTMHUYHOCTH IPY30IOTOKOB Ha
Pa3HBIX 3Tamax TPAHCHOPTUPOBKH, MPUBOAIIMX K MPOCTOSM TEXHUKH, Ha
MIeperpy304HBIX ITYHKTaX 000pYyIYyIOT pyIHbIE CKJIa/abl. BaxXHBIM BOIpocoM
TIPY 3TOM SIBJISIETCSI TpeOyeMBbIii 00bEM CKIaa.

TpamumMoHHO A7 pelleHdus 3TOW  3aJaud  HUCIOJIb3YeTcs
MaTeMaTH4eCKHil armapar TEOpUH MaccoBOI'0 OOCIyKMBaHUs. B pamkax
aToro moxxozxa B [1] ObUIM MOIYYEHBI TEOPETHYECKHUE W NPEIUIOKEHBI
WH)KEHEpHbIE METOAMKM pacueTa eMKOCTH OyHKepa TIpH 3aJlaHHOMN
Ha/IS)KHOCTH 0E30TKa3HOro OOCIIYy)KUBAaHUS, OCHOBAHHBIE Ha YTBEPKICHUU
0 ITyaCCOHOBCKOM BXOJSIIIEM U 3PJIaHTOBOM HCXOJAIIEM MO OTHOLICHUIO K
MePerpy304HOMY MYHKTY I'Py30IOTOKAX.

OpHaKO COBpPEMEHHOE pPAa3BUTHE TEXHOJIOTH JOOBIYM IOJNE3HBIX
HCKOIIAaeMBIX CTaBHUT TpeOOBaHUE O HEOOXOIUMOCTH YYUTHIBATH PA3IMYHbIC
TpynHO(pOpMaIu3yeMble TpaBHia W OrPaHUYEHHs, KOIMYECTBO KOTOPHIX
MOXET H3MEHSATHCS BO BpeMsi paboThl cHCTeMBl. B wacTtHocTH, 3TH
W3MEHEHHs MOTyT BO3HUKATh B IEPHUOJ BBIXOAA Kapbepa Ha INPOEKTHYIO
MOIIHOCTb, BCIECTBHE U3MEHEHNUS €r0 MapKIIEeHIepCKUX apaMeTpoB, pU
BBOA€ M BBIBOJE M3 CTPOsl TPAHCHOPTHOM TEXHUKU Ppa3IN4HOU
IPy30M0JbEMHOCTH, MAaHEBPEHHOCTH U HA/I€KHOCTH, BCIEACTBUE CE30HHBIX
KoJieOaHHH MOTOJIHBIX YCIOBHUM U IIp.

Jlna pemieHust 3amauyd 0 BBIOOpE ONTHMANBHOTO 00bEMa PYAHOTO
CKJIaJla, KOTOPBI MOXKET OBITH pacCMOTpPEH Kak AMHAMHUYecKas CHCTeMa
mpueMa-nepeadu NpoAyKTa, Mpeantaraercs MpUd MOAEITHPOBAHUHM BCETrO
Ipolecca TPAHCHOPTUPOBKM TOPHOM MacChl MCHOIB30BaTh —ammapar
HeueTkux  cerer  Ilerpm  [2,3]. @DyHKIMM  NPUHAUIEKHOCTH,
aCCOIMMPOBAHHBIE C MO3ULUSAMHU U MEPEXOJaMH CETH, MO3BOJIAIOT y4ECTh
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3HAHWS U OINBIT CIIEIHAINCTOB-JUCIIETYEPOB, NPEICTABICHHBIE B HEYETKOM
(HedopManEHOM) BUJIE.

[MapamMeTpoM  ONTHMMH3AalMU  BBICTYyMaeT  0o0beM  OyHKepa,
OIpaHMYEHHBIA ¢ 00EMX CTOPOH TEXHOJIOTMYECKHMH IapamerpaMu Ooprta
Kapbepa. B kauecTBe KpUTEpHsI ONTUMHU3ALNHK TIPEJIAraeTCsl UCIIOJIb30BATh
MHTErpajJbHbId KOd(PQHUIMEHT HCToNb30BaHUs OOOPYNOBAHUS C YYETOM
mrpadoB 3a OTKa3 B OOCIY)KMBAHMM W HCIOJNB30BAHWE BHEIIHHX
mrpadHbIX  ¢GyHKImHA [4]. B KkauectBe MeToja IOHMCKAa ONTHMYyMa
MpejiaraeTcsi UCMoJb30BaTh CIy4alHbIN MOUCK ¢ TMHEHHOW U HEJTMHEHHOM
TaKTUKOM [5], 00Jaaronuii CBOMCTBOM II100aTHOCTH.

MopnenupoBaHue y4dacTka TPAaHCIOPTHOM CHCTEMBI  ITO3BOJIUT
paccunTaTh ONTHUMAIBHBINA 00bEM HAKOIUTENBHOIO OYHKepa, YTO MO3BOJIHT
CHHM3UTh CTOMMOCTh BHYTPHKApPHEPHOW TPAHCIOPTHUPOBKH, KOTOpas B
HACTOSIIMI MOMEHT cocTaBiseT 10 60% cromMocTH OOBIYM MOJIE3HOTO
HCKOIIaeMOoro.

Jlumepamypa

1. Jpwxenko A.JO., Maprtunenko B.I1., Cumonenko B.W. u mp..
Bekpeitie Timy6okux ropu3oHToB KapbepoB // Ilom pen. Ilpod.. A.FO.
Hpwxenxo.- M.: «Henpay, 1994r.

2.ITurepcon k. Teopus cereit [letpu u MojenupoBaHue cucrem //
Mocksa, «Mupy, 1984r

3.boxsuckuit E.B., Kyuepenko E.U., Muxanes A.W. Heiipo-da33u
ceru Ilerpm B 3agayax MOJENHMPOBAHMS  CIOXKHBIX  cucTeM  //
Juenponerposck, «CucreMHble TeXHOIOrum», 2005T.

4. Moucees H.H., Hpanmmo IO.I1., Cromspoa E.M., Meromast
ontumuzanuu — M., Hayka, 1978r.

5.Ctponrun P.I'. Tlouck rnobanpHOro ontuMmyma, — M.: 3HaHue,
1990.

YUCJIEHHOE MOJAEJIMPOBAHUE TEYHEHUA
®UBPOBETOHHBIX CMECEN

Kononosa Onvea Bradumuposna
Puosiccruit Texnuueckuil ynusepcumem, dsepmanac 6, Puea LV-1006, Jlamesus,
+371 29346073, olga.kononova@gmail.com

B mHacrosmee Bpemst ans  (GuOpoBOro apMupoBaHUs OETOHOB
Haubosiee IMUPOKO NPUMEHSIOTCS CTajbHble BoJIOKHA. ®ubpoberoH
BBITOZIHO OTJIMYAETCS OT TPAJULMOHHOTO O0ETOHa, MMes B HECKOJNBKO pa3
Oonee BBICOKME IO CPaBHEHHIO C HUM: YAApHYIO U YCTaJOCTHYIO
MIPOYHOCTh, TPEUIMHOCTONKOCTh M BSI3KOCTH paspymieHus. [lo mokazaremnto
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pabotsI paspymeHus GudpodeToH MoxeT B 15-20 pa3 mpeBOCXOUTh OCTOH.
DOxoHoMmuueckasi 3(p(eKTHBHOCTh cTaneuOPOOETOHHBIX KOHCTPYKIUH IO
CPaBHEHHUIO C JKEIe300€TOHHBIMH OO0YCIIaBIMBAETCS 3a CYET: OOJBIIOro
CHIDKEHUSI TPYIOEMKOCTH, CHIDKEHHUS] MaTepHajJOeMKOCTH, ITOBBIIICHUS
JIONTOBEYHOCTH.

B pamkax BemomHeHuss mnpoekta «Hecymme —KOHCTpyKumMu
MOA3eMHON MH(QPACTPYKTYPH» OBUIM HCIONB30BaHbl CTaJbHBIE BOJIOKHA
qmuHOH ot 6 ;mo 50 mm, muamerpoM ot 0,16 mo 1 mm. OcHOBHas Lenb
JITAHHOT'O MPOEKTa - pa3paboTKa perentypsl GpuoOpodeToHa st JOCTHXKEHHS
HEoOXOAMMON TPOYHOCTH M TpEmMHOCTOMKOocTH. Kpome Toro, Hy>KHO
obecreuuTsb XOpOIIYIO

yI000yKIIaIbIBAEMOCTh
¢ubpoberona, TaKk Kak OH
NPEyCMOTPEH Uil 3aJIUBKH B
Y3KH€E TpaHIIeu, NTyOUHOH oT 3 10
50 MeTpoB ISl CTPOUTEIb-CTBA
TyHHEJIEH M APYIHX MOA3EMHBIX
coopyxeHnuil. Ha puc.1. nokazana
cxeMa 3anuBKH  (puOpoOeToHa:
MaIliHa 1 TIPOKJIa/IbIBAET
TpaHIIEI0 M OJHOBPEMEH-HO U3
OyHKepa 2 1o TpyOe, OmyIIeHHOU
B TPAHIICIO, MTOCTYyNaeT GUOPOOETOH, MpudeM OYHKep 2 NBUKETCS BCIEH 3a
MamuHo| 1. J[MHa TpaHIIen MOXeT JOCTUTATh HECKOJIIBKUX COTEH METPOB.
Takum o0Opasom, 3ajgada, KOTOpOW IIOCBSIIEHA [JaHHAS CTaThsl —
OIlpe/ieJIeHHe  BO3MOXKHOCTH ~ 3aKauMBaHUS JKUIKOCTH C  BBICOKOH
IUIOTHOCTBIO M BSI3KOCTBIO Yepe3 JBWXKYLIYIOCS TpyOy CpaBHHUTEIBHO
HeOOJIBIIOro qruaMerpa. B kauecTBe TECTOBOTO MpUMepa B3sTa EMKOCTb IS
3aKayMBaHUs KUAKOCTH C pa3MEpaMu: BBICOTA 5 M, MIMPHHA 2 M, AUAMETP
TpyObl 20 CM, CKOpOCTh MOTOKAa JXHAKOCTH 88 CM/CEK, TOpU30HTAJIhHAS
CKOpOCTh  TpyObI 2 cM/CEK, IUIOTHOCTH  kuakoctu 2400 Kr/mS,
nuHamMudeckuit koadgurment Bszkocta 500 a-cek.

JIJ11 UMCIIeHHOTO MOJIETMPOBAHKS TEUSHUs] ObUIN PAacCMOTpPEHBI JIBE
mozaenu: xuakocth Hetorona u bunrama. [na sxkuakoctu HbproToHa
KacaTeJbHOe HapSDKEHHUE T ONPeAesIsIeTCsI:

T=ny (1)

TJIe 7 - AMHaMU4YeCcKuil KO3 HUIMEHT BA3KOCTH,

¥ - cKopocThb Aedopmanun.

Puc.1. Cxema 3aimuBku GpubpodeTona

Jns mozmenu BuHrama kacaTenbHOE HANpPSHKEHHE T ONPEeIIIeTcs
CJIEIYIOIM 00pa3oM:
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T=To+Ny eciu 72T, @
y=0 ecmu v <1,

IZie 7o — MOPOrOBOE KacaTeJIbHOE HAaMpsDKEHHE TP JIOCTH)KEHHH,
KOTOpPOTO JKHJIKOCTh MepecraeT ceds BecTh ceds Kak TBepJoe TeJo,
70 =500I1a.

JIisl YUCTIEHHOTO MOJIETUPOBAHUS TEUCHHS BSI3KOM KUIKOCTH ObLIa
WCIIONIb30BaHa  Iporpamma
FLOWSD, pe3yabTaTHI
MOJICTTUPOBAHUS TTOKAa3a-HbI
st monenu HbrooToHa Ha
puc.2, nast mopenu bunrama
Ha puc.3.

Taxum obpazom,
ObLTa MIPOJIEMOHCTPHUPO-
BaHa BO3MOXXHOCTh
3aKAUUBAHUS JKHIKOCTH C
BBICOKOH TUIOTHOCTBIO |
BS3KOCTBIO Yepe3 ABHXKY-
IIyICs TPYOy HEOOMBII-0ro
JMaMerpa, a TaKxe
OITpeIeeHbI OCHOBHBIC
JIMHAMHUYECKHE MapaMeT-pbl

Puc.2. Mogens Puc.3. Mogens
Hprorona bunrama IIOTOKa KUIKOCTHU u

OIITUMAJIBHBIC
COOTHOIICHUA CKOpOCTeﬁ MOTOKA KUJAKOCTU U T'OPHU3OHTAJILHOT'O ABUIKCHU

TpYOBI.

ONITUMM3 AL IEPEXOJHBIX PEXKUMOB
TEXHOJOTHYECKHX YCTAHOBOK
HEITPEPBIBHOT'O IEMCTBUA

Jluswuy M.FO.
Camapckuii 20¢y0apcmeeH bl MeXHUYeCKull yHusepcumen,
Vi.Monooozeapoeiickas, 244, Camapa, 443100, Poccus, men.(846)3321106, E-mail:
entcom@samgtu.ru

VY CTaHOBUBIIMICS PpPEXUM pabOThl YCTAaHOBOK HENPEPHIBHOTO |
MOJYHENPEPHIBHOTO JEHCTBUS MPEAYCMAaTPUBAET MOBTOPSIOIIUICS PEXUM
00paboTKM /IS KXKJOHM JieTau, HaXOIINiCs B ycTaHoBKe. [lepexonHblit
PeKUM pPabOTHI CBSI3aH C JOCTH)KEHHEM YCTAaHOBHMBIIETOCS PEXHMa W3
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COCTOSIHHMSI TIPOCTOSI, IIEPBOHAYAILHOTO 3alycka W JpPYrHX IOJOOHBIX
COCTOSIHHH, KOTOpBIE MOXXHO XapaKTEepU30BaTh KaK TITyOOKHE BO3MYIIEHUS
YCTaHOBMBILETOCS PEKUMA.

B sTOM cityuae BBIBOJ TEXHOIOTMYECKOM 1IETIOUKU Ha CTAllMOHAPHBIN
PeKHUM MOXET 3aHMMaThb HECKOIbKO paboynx CcMeH u TpeboBaTh
HETPUBHAJIBHBIX TEXHUYECKHX pEIIECHUM, Hampumep, HCHOIb30BAHUSA
"1oxHBIX" 3aroToBOK [1-5].

B nepexomHbIX pexUMax KpUTEpUH ONTHMAJIbHOCTU YIPABICHUS
TAaKUMH YCTaHOBKAaMH MOXET OBITh ITpezcTaBieH B Buze: [1,2,7]

M,
Iy = aiz
r=1

THE T ryy Ty U Z COOTBETCTBEHHO TEMII BbIJIAUM, KOHCYHBEIH MOMEHT

AR %%HZ (p.zw )-2°(p) + agﬁir —>min, (1)
r=1 r=1

o =0
1 BEKTOP COCTOAHHUU B IEPEXOAHOM IIPOLECCE, TO, Z (p) - TCMII BblJJa4u U

pe3yJ'IBTPIpyIOLLIPII>i BCKTOp COCTOSIHUH B OINTHMalbHOM CTallUOHApHOM
pPEeKUME pa6OTI>I TEXHOJIOTUYECKON LOCIIOYKH, 33, - COOTBCTCTBYIOIIAsA 4aCTh
OKCIUTYaTallUOHHBIX 3aTpaT Ha OCYHICCTBJICHHUE MCPEXOAHOI0 PpeKUMaA,

M, <M - obuwee uncno aeraneil B paccMaTpuBaeMoii napTuu u3 Beeii

MIPOrpaMMbl M , a1, dy, a3 - BECOBBIC KOA((DUIMCHTHI.

[lepBoe cnmaraemoe B (1) y4WTBIBaET CyMMAapHYIO ITOTEpIO TeMIla
BBIIAYU U3JENUN TEXHOJOIMYECKOW IIEMOYKH B MEPEXOIAHOM PEKHUME,;
BTOPOE - TMPEICTaBISCT COOOH COOTBETCTBYIONIYIO HOPMY JUIS OIICHKU

OTKJIOHGHHSI BEKTOpAa COCTOSHHH ), , HAIpUMep paclpeiesieHne I10
koopauHaTe | W BpeMeHH T OTHOCHTEIBHOM TeMnepaTypHQ(LT) B

=0
NepexoqHOM PpECKUME OT C€ro OnNTUMAJIbHOIO 3HA4YCHUSA Z (p) B

CTalUOHAPHOM PECKUME; a TPEThE CJIaracMo€ XapaKTCpu3yeT 4YacCTb
OKCIUTYaTallUOHHBIX 3aTpaT Ha BO3MEUICHUC MEPEXOAHOI0 peiKrUMa.
B kauectBe NpeACIbHbIX YaCTHBIX BAPUAHTOB BO3MOKHO YCJIIOBUC

BblIJa4uHn B NEPEXOaHOM pPEeKUME BCCX M 1 3aroToBOK C

YIOBJIETBOPUTENbHBIMY KOHIUIMSAMUA TIpU CTOUMOCTH MOTEpPh TEMIa
3HAYNTEIBHO TPEBBIMIAIONINX OCTaJIbHBIE 3aTpathl dp,=as=0 [1,2,7]. Ilpn
9TOM IMOJy4YaeM 3aJadyy Ha MHMHUMYM CyYMMapHOH ©oTepu Temma B
MepexXoJHbIX pexuMmax. Takas 3ajada XapakTepHa Uit 00pabOTKH
OTBETCTBEHHBIX JOPOTOCTOSIIMX AeTanel [7]. B caydasx, koraa n3MeHeHus
Temrna paboThl 00OPYIOBaHUSI HEBO3MOXKHO MIIM HelenecoobpasHo a;=0,
a3=0, ap#0, 3amaya CBOAMTCS K ONTUMM3ALMM B IEPEXOMHBIX PEXHMaX
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OTKJIOHEHHH BBIXOIHBIX KOHIMIIUA 3aroTOBOK OT ONTHMAaJBHBIX, 4TO,
€CTECTBEHHO, IIPUBOJUT K HEKOTOPOMY HX YXYAUICHWIO Ha BpeMs
nepexomgHoro pexknMma ("mokHele" WK "OayiacTHBIE! 3arOTOBKH B
WHIYKIMOHHBIX HarpeBaTesiX HeNpephIBHOrO JeicTBus). Bo3moxkHbIe
KOMITPOMHUCCHBIE petieHust npu a1#0, a#0, as=0 paccmarpuBaroTcs npu
KOHKPETHOM  T€XHUKO-DKOHOMHMYECKOM aHAJW3€ IPOU3BOACTBEHHOIO
ydacTka.

Pemena 3amava oNTUMH3AIMKM TIEPEXOJHBIX PEXHMOB PaOOTHI
YHVMH B ycioBusix 3ampera Ha BbAady M3 BXOJHOM  CEKIUHU
HEKOHJIMIIMOHHBIX 3arOTOBOK, YTO MOXET OBITh pPEAIN30BAHO ITyTEM

U3MEHEHHs TeMIIa BBLIAYd 3aroToBok AT i ] =12,..., N ornocurensno

Temna AT B YCTaHOBHBIIEMCsI peKUMe. B 3ToM ciiydae kauecTBo paboTh
YHUH c auckpeTHOH BblIadell 3aroTOBOK XapaKTEpPHU3YeTCs CyMMapHOU
notepeid Temna aus Bced maptuu u3 N 3aroroBok ax=az=0. Kpurepuit
kadectsa (1) mpu 5TOM NMpUHUMAET BUJI:

Ju:i‘A%}—?* @
i=1

B ycnoBusx BBIOOpa MOIIHOCTH BXOJHOW CEKIMM U3 YCIOBHUS
aBTOMATHUYECKOI0 BBIMOJHEHUST OTrPaHUYEHUSI MO TEPMOHANPSKEHUSIM
COCTOSIHAE HArPEBAEMbIX B HHAYKIIMOHHOW TICUYHM 3aroTOBOK YJIOOHO
ONMHUCBHIBATE HE OOMICTIPUHATONW CpPEIHEUHTEIPATbHON TEMIICpaTypoi, a

TEMIIEPATYPOU TTOBEPXHOCTH 9(1,1‘ ), KOTOpasi JIETKO KOHTPOJIHPYETCS.

[Ipu 3TOM CcTaOHIH3AIHS 9(1,‘[ ) B JIOITYCTUMOW O0JIACTH, YCTaHOBJICHHOM
COOTBETCTBYIONIMMH OTPAHUICHUSMU, 00CCIICUUBACT YIOBICTBOPUTEIHHYIO
TOYHOCTh &, HAarpeBa 3aroTOBOK BO BXOJHOM CEKIMH, YTO MO3BOJIAET

YIIOBIIETBOPUTENFHO ~ OTpabaTbiBaTh (PUHMIIHYIO YacTb  IPOrPaMMEI
ONTUMAJIBHOTO YIIPaBJIeHUs B BBIXOAHOH cexunu Y HHUH.

[IpeneOperass BpeMeHEM II€pEMEUICHUs] 3aroTOBOK IOJYYUM W3
pelIeHusl  COOTBETCTBYIOLIEH  KyCOYHO-TIOCTOSHHOM  aNMpOKCHUMAI|H
JJIEKTPOTEIUIOBOH MOJIENIM HMHIYKIMOHHOTO HarpeBa (eppoMarHUTHON
cramu  [2,3,4] 3aBucuMocCTb  JUIS OTHOCHUTENIBHOW  TeMIIepaTyphl

~%

0 (l, T )HOBerHOCTI/I KaXJIOU | -ii HarpeBaeMoil 3aroTOBKH B MOMEHT T ki

OKOHYaHUA k -0ro TakTa MpOABUKCHU 3arOTOBKHU

0,07) = [0, (1,17, ~F K, (1 —117, —e)di*+ [K, (7 — 7, (D)7, 1=1 ©)
) J

Ty
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B oaToit Momenmu ypoBeHb MOTPEONITIEMON 3arpy3Kodl MOIIHOCTH
3aBHCHT OT ee TemmeparypHoro cocrosHus  [2.3.4].  3nech

0=123 ;]=212,..,N;,...,N - nomep 3arorosku, cuuras or BhIx0/A

u3 cexuuy; O i (I,7)-pacripenenenue TemnepaTypel B 3aroToBKe K Havaiy |-
ro mara nepememenns; Ky (1,7),K;(l,7)- coorsercraytomue

HUMITYIbCHBIE NIEPEXOJHBIE  XAPAKTEPUCTUKU MO0 HAYAJIBHBIM YCIOBUSAM U
BHYTPEHHUM TEIIOUCTOYHUKAM — (pyHKUuH [ prHa;

. 0,Yj=12,..N,

THj =93~ ,. . - MOMEHT HayaJja HarpeBa j-oii 3arOTOBKH;
T (J =N, Vi > N,
* J _~
Ty + D AT, Vi=12..,N,
Tkj — m=1 i MOMEHT OKOHYaHUs Harpesa ]-0171 3aroTOBKH.
Ty+ AT, V>N,
m=j-N;+1
IMocTaBuM 3azady ONTUMAJIBHOI'O YIPABJICHUS IE€PEXOAHBIMH
pexxumamu pabotsl BxogHoi cexnmeit YHUH, npencrasmnstomeii coboi
OJTHOCEKIIMOHHBIH HarpeBaTeb HEIPEPbIBHOIO ICHCTBUSL.

on (=
3anaua. Heobxoanmo otbickats anroput™ U, (T) ynpasienus oGbekToM

—_—k
(3) U MOMEHTHI OKOHYAHHUS HarpeBa Tyis 00€CIIeUNBAONINE B YCIOBHUSIX

OrpaHMYEHU MUHUMAaJbHOE 3HaueHWe (QyHKIHMOHana (2) mpu mepeBoje
00bEeKTa YIpaBIeHHUS U3 MPOU3BOJILHOIO HAYAJILHOTO COCTOSTHUS:

0,(L0)=0,, Vj=12..,N (4)
B 3a/laHHOE KOHEYHOE COCTOSTHHE!
0,1,7)=0,, Vi=12..N. (5)
B kauectBe 91*7 B (5) ecTeCTBEHHO BBIOpPATh COOTBETCTBYIOIIYIO
TeMIepaTypy 0 { )Ll MTOBEPXHOCTH 3arOTOBKH B YCTAHOBUBIIEMCS

pexxume paboTh BeIxoaHOM ceknmu Y HUH. Pemenne 3anaun omupaercs Ha
MpoIeTypy TPUHIUIIA MaKCUMyMa B (opMe, TMPEeIIoKEeHHOH B paboTax
[1,2].

Jlumepamypa
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METOJA OITUMHU3ALIUU ITAPAMETPOB _
TPAHCIIOPTHBIX CPEJCTB B /IBYXMOJAJIBHOU
CUCTEME JOCTABKU I'PY3A

Iocman Muxaun Hxosnesuy, Cmopodices Braoumup Barenmunosuy
Odecckuil HAYUOHATLHBIN MOPCKOU YHUGEPCUMEN
Vrpauna 65029 2. Odecca, yn. Meunuxoea 34 Ten. 8-0482-34-49-63, mo6. 8-050-390-17-21
e-mail;_roman@osmu.odessa.ua

[Ipy  NpoeKTHPOBaHWUHM  TPAHCHOPTHO-JIOTHCTHYECKUX  CHCTEM
JIOCTaBKH TPY30B OJHOM W3 OCHOBHBIX 3a7ad SBISETCS BBIOOP
ONITHUMAJBHBIX TUNOB TpaHcnopTHeIX cpeactB (TC), T.e. MX TeXHHKO-
9KCILTYaTallMOHHBIX TapaMeTpOB: T'PY30IOIBEMHOCTH, CKOPOCTH W Jp. B
MIPWIOKEHUSX JIOTUCTUKU TaKKe BaXKHYIO pPOJIb WIPAarOT SKOHOMHUKO-
MaTeMaTU4eCKHe MOJENH 3aJad TPaHCHOPTHOro Tuma. [lockonbky
TUTAHUPOBAHHUE ITEPEBO30K MEX/y OCTABIIMKAaMHK (CKIIalaMH, TAe XPaHUTCS
NpOAYKIMs)) M TOTpeOuTeNnssMu (MyHKTaMH Ha3Ha4yeHHs) U BBIOOp
ontuMaibHoro Ttuma TC JOMKHBI pemaTbcsi COBMECTHO, TO BO3HHKAET
HEOOXOAMMOCTh B TOCTAHOBKE CIIEIMAJIBHOIO THIA ONTHMH3AIMOHHBIX
rapamMeTpUYecKuX 3ajJad TPAHCIOPTHOIO THMNA, NpPUYEM B KadecTBe
MapaMeTpOB BBICTYNAIOT TEXHUKO-IKCILTyaTal[MOHHBIE Xapakrepuctuku TC
[1,2]. OOBIYHO TPAHCIOPTHO-JIOTHCTHYECKHE LENH JIOCTABKH TIPY30B
BKIIIOYAIOT HECKOJBKO BHIOB TPAHCIIOPTa M HECKOIBKO IEPEBAJIOK IPy3a,
T.€. MPEANOIaraloT CMeIaHHble (WU MYJIbTUMOIAIEHBIE) TIEPEBO3KH.
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B noknage npuBoauTCs MOMAENH ONTHUMH3ALUU TPY30MOTOKOB H
napamerpoB TC B JIBYXMOJAJbHOW TpPAaHCHOPTHOW IENMH JIOCTaBKU
OITHOPOJHOTO Trpy3a. PaccMoTpuM (hopMalibHYIO TTOCTAHOBKY 3a/Ia4H.

Nmeercss MHOKeCTBO TMyHKTOB ornpaBienus A = {A;, Ay, An} u
MHO)KECTBO KOHEYHBIX MyHKTOB JOCTaBKU rpy3a B = {Bi, B, Bn}. Bech
TPy3, KOTOPBIN JOKEH OBITh BHIBE3CH U3 ITYHKTOB MHOXECTBA A B ITYyHKTHI
MHOXecTBa B, mepeBanuBaercs B MHOXecTBe IyHKTOB D = { D4, Dy, D,} ¢
OJTHOTO BHJIAa TpaHCHOpTa Ha Apyrod. B myHkTax BbIBO3a A3, A2, A, Ipy3
HAXOMUTCSI B KOJIMYECCTBAX 3, dp, dn COOTBETCTBEHHO, U MOTPEOHOCTH B
rpy3e B yHKTax Bj, By, By paBHBI COOTBETCTBEHHO 81, 82, 6m.

OO6mmas BMECTUMOCTb CKJIazioB B IyHKTax D,, Dy, D, pasHa dy, d, d,
coorBercTBeHHO. CumTaeM, 4To Ha cxeme mepeBosku A; — D, paGoraer
onno TC mepBoro Bujaa TpchnopTa C YUCTOH TPY30I0beMHOCTHIO G Dy
KoMMepueckoit ckopoctsio Vi, a Ha cxeme mepesosku D, — B;— OI[HO TC
BTOPOTrO BHUJA TpaHCIOpTa c YUCTOH TIpy30moabeMHOCTEIO Gy @ y
KOMMEPUYECKON CKOPOCTBIO VKJ [Ipennonaraercs, uro TC oz[Horo BUJA
TpaHCIOpTa MO MEpe CBOEro BBICBO60)K)1€HI/IH HE TmepepacnpeaesoTcs
MEXIy CXeMaMH MEPEBO30K.

[Ipumewm, nanee, 4To pacxojpl Ha MEPEBO3KY |1 T rpy3a Ha cxemax A
— D n D, — Bj moryr ObITh npez[CTaBneHH B BHJE CIEIYIOIIMNX
[MO3MHOMOB OTHOCHUTEJILHO MEPEMEHHBIX Gm , GKJ(Z), V,K(l), Vi @

(l) (@) (@) (l) (l) ik @D \ Bixe
A (CRAVI = zcm ) (V)

)
(2) (2) (2) (2) (2) ke (2) \ %kir
GPG2 V2 )= ch,r (V2)%

TIE Gy Pikrs Vigr, Okjr — HEOTPULIATENbHbIE TAPAMETPBI, ONPEENIEMbIe
IMITUPUUECKUM nyTeM WA METOIaMU PErPECCHOHHOr0 aHaJIH3a;

c,c?
ikr 1 “kir - 3a/IaHHBIC BCJIMYUHBI.

Benuunnel (1) UMEIOT SKOHOMHYECKOE COJIEp)KaHHE M BBIPAXKAIOT
3aTpaThl HA IEPEBO3KY 1 T Ipy3a KaKIbIM BI/I):[OM TpaHCHOpTAa.

(l) X()

O603HaUNM qepes X = ki J HWCKOMBIN TIIaH NEPEBO30K U3

MHO)KECTBA ITYHKTOB BBIBO3a A B MHOXECTBO IIyHKTOB 3aB03a B, rne
D 2
3 X - KOIMYECTBO Tpy3a, KOTOPOE IUTAHUPYETCsl IIEPEBE3TH 110

cxemaMm A; — D, u D, — Bj coorBercTBeHHO. JI060i N0OMyCTUMBII MIaH
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epeBo30K  yzoBierBopsier yeinouo X € ', thme I' — Bbimykioe
MHOTOTPaHHOE MHOYKECTBO, OMPEACIAEMOE CICAYIONIUMU YCTIOBHAMH:

i)g‘lj) =a,i=12..,n

P
Yx7=b,j=12...m @

D ()
ik ’ij Zo’vi,k,j.

3agauya MapaMeTpUUEecKOro MPOrpaMMHUPOBAHUS  CBOJAUTCS K
HaxOXJCHUIO TAaKOro IUIaHA TEPEBO30K X €l'u takux 3nauenuii
1 2 1 2
rnapameTpoB GiK( ), GKJ-( ), V, ( ), VK-( ), KOTOpble MUHUMH3UPYIOT CYMMapHbIE
3aTpaThl HAa IEPEBO3KY:

n p m
— @ @ MYy ® (2 (2) \/(2))y(2)
5=3 3 Y ferE VK +CP G Vx| @
=1 k=l j=1
Anroput™m pemenus 3amaun (1) — (3) ocHOBaH Ha HIEsX

FeOMETPHUUYECKOro nporpamMmmupoBanus [3].
Jlumepamypa
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3.3anep K. I'eomerpuyeckoe mporpaMMHpOBaHHE M TEXHUYECKOE
npoexTuposanue. — M.: Mup, 1981. —180 c.
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MOJAEJIMPOBAHUME )KU3HEHHOTI'O IIUKJIA
TEXHUYECKUX CUCTEM

Llaxoe Anamonuii Barenmunosuu
Oodecckuil HayuUOHAILHLIL MOPCKOU yHusepcumem, Qdecca, yi.Meunukosa, 34.
Ten.(048)728-31-29, shakhov@osmu.odessa.ua

WHrencuBHOE pa3BuTHe nH(OpPMAIMOHHBIX TEXHOJIOTHH,
HaMETHBIIEECs B TOCIEIHUE JECATHICTHS, KOPEHHBIM 00pa3oM H3MEHHIIO
MpoLlecCC MOJETMPOBAaHMs TEeXHWYeCKMX wu3aenuid. Ha cmeny HaydHo-
TEXHHYECKOMY  TOAXOAY K  TIOCTPOGHHIO  MOAeNeld  IpuImen
COLMOTEXHUYECKHH TUIT MOJIEINH, 3aKJIIOYAIONINICS B TOM, YTO MCXOIHBIM
IIyHKTOM TaKOTO MOJISIMPOBAHKS SBJSIETCSl CHUTYallMsl YeJIOBEYECKHX
norpedHocTel. VHAMBUAYYMBI WIM COLMANBHBIE TPYIIBI HYXIAIOTCS B
TaKOM COCTOSIHUM OKpYXKalolled cpenbl, KOTOpoe He cyuiecTByer. s
JOCTIDKEHUS JKEJTaeMOro pe3ysibTaTa HEOOXOAUMO, MpPEXAE BCEro,
UCCIIEI0BAaTh CYIIECTBYIOIIEE COCTOSHHUE OKpYKaromlell cpeisl C TeM,
YTOOB! YCTAHOBUTD, KaKHe MMEHHO CBOMCTBA, ITPUCYIIHE ATOH CpeJie, MOTIIN
Obl TpaHC(OPMUPOBATHCS B XKedaeMoe Oynyiiee cocTosiHue. Tak BOSHUKAeT
3aja4a IPOEKTUPOBAHUS U NPOAyIMpoBaHus TexHudeckoi cucremsl (TC) -
COBOKYIIHOCTh TEXHHYECKHMX YCTPOHWCTB (9JIEMEHTOB) M B3aWMOCBS3EH
MEXIy HUMH, TpeJHAa3HAYEHHBIX JUIi BBIIOJIHEHHS! OIPE/IEICHHBIX
¢ynxmii. B nanpaelimem B nponecce Gpyakunonuposanus TC npoucxoant
npeoOpa3oBaHUE OKPYXKAIOIIEH Cpelbl B 3aIUIAHUPOBAHHOM HAIPaBIECHUHU,
Opyd 3TOM OHA caMa BBICTYNAeT B KAauyecTBE CPEICTBA, C IIOMOIIbIO
YIIpaBIIeHHUS] KOTOPHIM YEJIOBEK JOCTUraeT IIOCTABICHHYIO LEJb.

Jlns  KOMIUIEKCHOrO  pemieHust — mpoOmnembl 3¢ ¢EeKTUBHOTO
ucrionp3oBanuss TC HaMu mpeaaraercs BBECTH TEPMUH CTpaTerus
(YHKIIMOHUPOBAHUSI CHUCTEMBI, KakK IIOCIIE[OBATENILHOCTh IIEPUOJIOB €€
Oe3zormacHOro  (yHKUMOHHPOBAHMS, TEXHUYECKOrO OOCTY)XKMBAHUS |
pEMOHTa B TEYEHHE MPHUHATOTO CpOKa CIY)KObI, HalpaBlICHHYIO Ha
JIOCTI)KEHUE TIOTpeOUTENneM MaKCUMaJbHOIO cymMmapHoro sddekra. B
KayecTBe IIeNeBOM  (QYHKIMM ONTUMH3AalMK  BBICTYHAaeT  3(QeKT,
TIOTYYEHHBIN OT (PYHKIIMOHUPOBAHHMS CHCTEMBI.

Beenem cnenyromue 0003HaYEeHUS:

T - nepros GyHKUMOHMPOBAHUS CHCTEMBI;

Q, - nepBoHauabHAs CTOMMOCTb CHCTEMBI;
D j - TPHMBEICHHBIH J0XOJ, MPUHOCHMBIH CHCTEMOIl 3a j-it ron
SKCILTYaTalu! (3a BEIYETOM 3KCIUTyaTallMOHHBIX PACXOJI0B);

D, - cymmapHbiii npuBeseHHblii 10X0/ 3a BECh CPOK CILyKOBI;
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ZPJ- - 3aTpaThl HA pEMOHT CUCTEMBI B TOAY |,
ZPT - CYMMApHbIC 3aTpaThl HA PEMOHT CUCTEMBbI;

Sycr - OCTATOYHAs CTOMMOCTB K KOHILY j-TO T0Jia SKCILTyaTaly ¢
J

YUYCTOM YTUIN3AalIMOHHBIX 3aTpaT,

SOCTT - OCTaTOYHas CTOMMOCTb CHCTEMBI K KOHI[y Iepuoja
(YHKIIMOHUPOBAHUS;
E . - npuGbuts, nomydennas mnorpeGuTeneM OT SKCILTyaTaluM

i
CHCTEMBI 3a j-i TOI;

E; - Benmunna cymmaproro sapdexra.

Mexczly TCKyIIMMU W CYMMApPHbBIMU BCIWYWMHAMU BbIITOJTHAIOTCA

COOTHOLICHHUA:
T

T T
D,=>D,,Z,=>2,,E =) FE,.
j=1 j=1 j=1

BenmnunHa cymmapHoro sgdekra MOXeT OBITH omlpeaeieHa u3
BBIpa)KEHUS:

Er =Dr + SOCTT _ZPT -Q..

Ipu pacuere cymmapHoro 3d¢ekra 1eaecoodpasHO HUCIONB30BATh
Oe3pa3MepHbIe BEJIMYMHBI, OTHECEHHBIE K CTOMMOCTH HOBOW CHUCTEMBI Ha
MOMEHT €€ PHUOOPETEHUS:

B:D%gl; Z_P:Z%l;E:E%?ll

B aToMm ciryqae cymMapHBIi 3(h(EKT COCTaBUT:
— — S, _
E=D+ 07/ —Z, -1
Q
VYuuThIBast JUIMTENBHYIO NPOJODKUTENBHOCTD KM3HEHHOTO NWKIIA
TC, pacuer cymmapHoro »3¢dekra TPOU3BOAUTCS TPU  MOMOIIU
JIMCKOHTUPOBAHUSI — CrIoco0a MpUBEAEHHS OYIYIIUX J0XO0J0B (PacxoJoB) U
pa3MepoB KamuTaja JUisi COTOCTaBICHNS! C CyMMOH BIIOXKEHHOT'O KanuTaja B
OLIEHKE HAa MOMEHT BJIO>KEHUSI.
Hcnionp3yst 3J€MEHTHl TEOPHM YIPABIICHUS IMPOEKTaMH, TEOPHHU
«cTapeHus’», TeopuH TrpadoB, TEOPUM HEUYETKUX MHOXKECTB, TEOPUHU
YIIpaBJIeHUs 3aracaMy, TEOPUH MaccoBOro oOcmyxuBaHus, B Onecckom
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HAllMOHAJILHOM  MOPCKOM  YHUBEpPCHTETE€ pa3paboTaHa IpHKIagHas
nporpamma «MogenrpoBaHue U nporaosy». Ilporpamma «MozaenupoBaHue
W NPOTHO3» TpegHa3HaYeHa JJIsl MOAEIUPOBaHus xu3HeHHoro nukia TC B
peKMME peanbHOro BpeMeHW. VCXOAHBIMH JaHHBIMH Uil paboThI
MIPOrPaMMBI SIBJISIFOTCSL:

- cxema pasysnoBanus TC;

- Mepapxuyeckasi MMPUHaUIe)KHOCTh 3JIEMEHTOB K TOMY WIIM WHOMY
y31y;

- IJTAaHUPYEMBIE CPOKH CITY>KOBI Ka)JIOr0 3JIEMEHTa CUCTEMBI;

- IUTAaHUPYEMbIE CPOKH NPOBEACHHS PEMOHTOB M TEXHHUYECKOTO
00CITy>KUBAHUS,

- CTOMMOCTB Ka)KJJOTO JIEMEHTA;

- 3aKOH W OCHOBHBIE MapaMeTpbl paclpeleieHHs], 110 KOTOPOMY
N3MEHSIETCS] TEXHUUECKOE COCTOSTHUE 3JIEMEHTOB;

- TIPOJIOJDKUTEIBHOCTD YCTPaHEHUS TOW WM NHOM HEMCIPaBHOCTH;

- 3aTpaThl Ha PEMOHT PEMOHTA Ka)XI0O'O0 PEMOHTOIPUIOJHOTO
JJIEMEHTA;

- 3 deKT, TONTyUIEeHHBIH OT U3BJICYCHUS MOJIC3HBIX CBOMCTB u3 TC.

B pesynbrare paboThl MpOrpaMMbl MOXKHO TOJNYYHMTH CIIEAYIOLIHE
pe3yNIbTaThI:

- rpaduK W3MeHeHHs (DYHKIMOHAJIBHOTO COCTOSHUSI CHCTEMBI B
3aBHCHMOCTH OT BPEMEHH IKCILTYyaTalHy;

- rpaduK HM3MeHeHHs (YHKIMOHAJIBHOTO COCTOSIHUSI OTHEIBHO
B3SITOTO 2JIEMEHTA B 3aBUCHMOCTHU OT BPEMEHH IKCILTyaTalllu;

- CXeMYy pa3y3JIOBaHHsS CHUCTEMBI II0 OT/AEIBHBIM Y3JIaM H
JJIEMEHTaM;

- OTYET II0 3aTparaM Ha PEMOHTHbIE pPa0OTHl M TEXHUYECKOe
00CITy’)KMBaHHE 32 BECH IIEPUOJI IKCILTYaTalHH;

- cyMMapHbli  3¢QeKT, IMOIy4YeHHBIA 3a  BECh  IEPHOJ
(YHKIIMOHUPOBAHUS CUCTEMBI,

- COBOKYITHOCTb TI'pa()MKOB JIEMOHCTPUPYIOUMX 3(PQPEKTUBHOCTH
pabOTHI CUCTEMEL.

[IporpaMMHBIMH ~ CpeICTBaMH  TNPEAYCMOTPEHO  caMooOydeHHe
9KCTIepTHOM cucreMbl «MopenupoBaHue W TPOTHO3» B IIpolecce
skcruryaraimn  TC  Ha  OCHOBaHMM  pe3yabTaToB  Oe3pa3bopHOro
JIMarHOCTHUPOBAHMS, ONBITA IKCIUTYaTalluy, aHAJIM3a PEMOHTOB.

[MpennoxxeHHass  mporpamMMa  MOXET — HCIIONB30BAaThCS  Kak
OpraHHU3aLUsIMU, TIPOEKTUPYIOIINMH, CO3/IAI0IIMMH 1 IKCIUTYaTUP YIOLIUMHU
TEXHHMYECKHE CHCTEMBl, TaKk W B Y4eOHOM TIpolecce CTyJeHTaMH
TEXHUYECKHX CIEIHaTbHOCTEH.
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OBECIIEYEHME BE3OITACHOCTHU
KOPIIOPATUBHBIX CETEX MPEJNPAATUAN HA
OCHOBE UCIIOJIB30OBAHUSA CUCTEM
NCKYCCTBEHHOI'O UMMYHUTETA

A.U. Muxanes, 0-p mexn. nayk, npog., FO.O. Kambepoa acn.
Hayuonanenas memannypeuueckas akademusi Ykpaunwl,e. [{nenponemposck,

np. L'azapuna 4, Ykpauna mai @dmeti.dp.ua

B Hacrosiee BpeMs: IPaKTHIECKH BCE TEXHOIOTMYECKUE MPOIIECCHI
KOHTPOJIUPYIOTCS ~ KOMIIBIOTEPHBIMA ~ CHCTEMaMH, MO  YIPaBIICHUEM
MOIIHBIX CEPBEPOB, KOTOPHIE, KaK MPABUIIO, COSIAUHEHBI MEXIy COOOH B
JIOKQJIbHBIE WJIH KOPIOPATUBHBIE CETH MpeAnpustHit. s moBbImieHUs
HAJEKHOCTH U JIOJTOBEYHOCTH TAKOTO KJacca CIOXKHBIX TEXHUYECKHX
cUcTeM HeoOXOMMa 3alluTa CEPBEPOB KAaK OT BTOP)KEHUI U3 BHE, TAK U OT
OLIMOOK MOJIB30BATEIS.

CoBpeMeHHbIe TIPOrpaMMHBIE CPEICTBA OOecrieueHus 6e30MacHOCTH,
KOTOpBIE PEaM3yIOT METOJbl CUTHATYPHOI'O aHalii3a Ui BBISBICHUS
BTOPXKCHUH, WM METOAbl CTATUCTUYECKOrO aHaIM3a JUIS BBISBICHUS
aHOMAJTHii HE MOTYT 00€CIeYNTh TAPAHTUPOBAHHON HITH JIaXKe TPHEMIIEMOI
3aUTHl KHOEPHETHYECKOTO MPOCTPAHCTBA KOMITBIOTEPHBIX CHCTEM M CETei
OT HapAaCTaIoNIeH yrpo3bl BCE HOBBIX M Pa3HOOOPA3HBIX aTak CO CTOPOHBI
OBICTPO MPOrPECCUPYIOUIMNX CIIEIUATHCTOB.

BuumManue HCCIeI0BaTeNeH U pa3paboTYHKOB
CMEIUATM3UPOBAHHOTO  MPOrPaAMMHOIO  OOeCrieueHuss  JUIs  3al[UThl
KOMITBIOTEPHBIX CUCTEM U CETEH BCe yallle 00pamaercs K 3BPHCTHYECKUM
METO/aM, HEHPOCETEBBIX TEXHOJIOTMH U K JPYTHM 3BOJIOIMOHHBIM
MeXaHU3MaM, KOTOpPbI€ JOBETH CBOIO 3()(EKTHBHOCTh B OMOIOTHUECKHX
chcTeMax, o0ecredyrBas MX BBDKMBAHUE B CAMBIX CJIOXKHBIX YCIOBHSX
BHEIIHEH Cpejbl, KoTopas ObIcTpo wu3MeHsiercss. K HUM  OTHOCSTCS
TEHETUYECKHE  aJrOPUTMBI U COOTBETCTBYIONIHE  JBOJIOIMOHHBIE
MEXAHHU3MBI, CEJEKI[UH, CKPEIIMBAaHHE ¥ MYTAlUH, 3BOJIOIMOHHBIE

BBIUYHUCJICHUA, 9BOJIFOITMOHHOC MOACINPOBAHUC u MCXaHHU3MBI
HUCKYCCTBCHHOI'O UMMYHUTECTA.
Hepcn CKTHBHbBIM peaICHUEM IpeACTaBIISACTCA CO3/1aHUC

HCKYCCTBEHHOW MMMYHHOW CHCTeMbI Ui 3amuthl. [Ipenmonaraercs, 4To
TaKhe CHUCTEeMbI OYyIyT UMETh T€ € NPEUMYILNECTBA, YTO U HMMYHHAs
chUcTeMa 4YelloBeKa, a MMEHHO aJanTHBHOCTHP M CaMOOpraHW3alys,
YCTOHYMBOCTD K OIIMOKAM.

Hcxonst u3 ocobeHHOCTEH cepBUca WM MPOTOKOJNA, BHEIOMpAroTCs
HCXOMHbIC JaHHbIC A8 (HOPMUPOBAHUS TEHHON OUOIUOTEKH, KOTOpas
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3aTeM TOIMOJHSETCS B MNporecce OOHapyXEHUs aHOMaJbHOW aKTHBHOCTH
(T.€. PBOINIIOIMY TEHHOW OMOIMOTEKN).

Jns orGopa Hanbornee MMOAXOISIIMX JETEKTOPOB HCIIONIB3YETCs
KJIOHAJbHBIH ~ OTOOp. DopMaibHO KIOHAJIBHBIA  aNrOPUTM  MOXKHO
MpeICTaBUTh B cienyromeM Bue[1]:

CLONALG = (Ab, Ag,L,N,n, B, d, g),

rae:
AD — BbIXOIHAS TIOMYNSAIHS AHTUTEN-ACTEKTOPOB;
Ag — nonymsanust aHTUreHOB (OMONMOTEYHBIE INAOJIOHBI, KIlacc

KOTOPBIX 3apaHee U3BECTEH);

L — anuHa penentopa aHTUTENA;

N — KOTMUECTBO QaHTUTEIN B TIOMYJISLNY;

N — KOJIMYECTBO aHTHUTEN, KOTOPBIE OTOUPAIOTCS JUIsl KIIOHUPOBAHUS;

B - MHOXHTENBHBIA (PAaKTOp, PEryIMPYIOIIUA KOJIMYECTBO KIOHOB
OTOOpaHHBIX aHTHTEI;

d - KOJIMYECTBO AHTUTEN, MOJICKALINE 3aMEHE HOBBIMU;

€ - KpUTEPHU OCTAaHOBKH aJITOPUTMA.

B xauecTBe KpUTEpHST COOTBETCTBHS HCIOIB3YIOTCS:

Paccrosinue Epxinna

L

D=.>(ab -ag)*,

i=0
rac:

ab, - 3HAUYCHUC, CTOAIICC B i- TIO3UIUHA BEKTOpA ab,

ag; - 3HaueHue, CTOAIIEE B | - IO3UIMHU BEKTOpa ag,

L - muHA BekTOpa.
Paccrossnne Manxerrena

L
D=2 |ab -ag; |,
i=0

rac:

ab, - 3HAUYCHUC, CTOAIICC B i- TIO3UIUHA BEKTOpA ab,

ag; - 3HaueHHe, CTOAIIEE B | - IO3UIUHU BEKTOpa ag,

L - muHA BekTOpa.
Paccrosane XemMuHTa

rac:



5 = 1 ab #ag,
L 0 abi:agi

ab, - 3HAUYCHUC, CTOAIICC B i- TIO3UIIUHA BEKTOpA ab,

ag; - 3HaueHue, CTOAIIEE B | - IO3UIMHU BEKTOpa ag,

L - muHA BekTOpAa.

B cBOI0 oOuepesb, MEXAaHU3MBI KJIIOHAIBHOM CEJEKIUH ONEPUPYIOT
BEPOSTHOCTHBIMU XapaKTEPUCTUKAMH U BMECTO IOJHOIO COOTBETCTBHUS
napamMeTpoB JIOBOJBCTBYIOTCS YaCTHUYHBIM. V3MeHneHue Kkod(dunmenra
COOTBETCTBHSI HU3MEHSET KOJIMYECTBO JIOKHBIX CPabaThIBAHUN CHUCTEMBI.
IMpu 3TOM B KauecTBE 3aMEHbI OEJKY aHTHUICHOB BBICTYMAIOT CHCTEMHBIE
BBI30OBbI WJIM CETEBble MakeThl. J[Jis yMEHBIIECHUS KOJIHUYECTBA AHTHTEN
JIETEKTOPbI KOHKYPHUPYIOT MEXKIY COOO0M, MOA00HO TOMY, KaK JTUM(OIUTHI
KOHKYPUPYIOT TIPH CBSI3bIBAHUM WHOPOIHOTO AHTUIEHA, M TaKas CHCTEMa
OCTaBIIIET COOTBETCTBYIOIINE TOJIBKO HAMOOJEe YacTO MPOSIBIISONUMCS
sBiieHusiM. Kpome TOro, Takast CMCTEMa UMUTHPYET MEXaHU3M KIIOHAJIBHOM
CENICKIIUU, B PpE3yJbTaTe KOTOPOH TE€HEPUPYIOTCS paHee HEU3BECTHBIE
CHUTHATYPBhI, KOTOpbI€ B CBOIO OYEPEIb CPABHUBAIOTCS C HOPMATbHBIM
npoduiem. B urore Takas cucTeMa CO37a€T MHUHHMATBHO BO3MOYKHBIN
HA0Op JICTEKTOPOB, CIIOCOOHBIX OOHAPY)KHBATh MAaKCHMAJIBHOE YHCIIO
aHOMAJTUH.

Jlumepamypa

1. JlurBunenko B.M., ®edenos A.A., I'opasckuii C.II. O0beKTHO-
OpPHEHTHpPOBAaHHAS peajHu3allisi AIrOpUTMa KIOHAIBHOW —cenekuuu //
Panioenektponika. [Hhopmatuka. Ympasninas / 3amopixoxs, 2003 (9). —
¢.81-88.

2. D. Dasgupta and S. Forrest. Artificia Immune Systems in
Industrial Applications. In the proceedings of the Second International
Conference on Intelligent Processing and Manufacturing of Materials
(IPMM), Honolulu, July 10-15, 1999.

3. Muxane A.U., Kamubepna 10.0. IIpuMeHeHne MCKyCCTBEHHBIX
WMMYHHBIX CHCTEM JUIS BBISBJICHUS aHOMalWi B ceTeBoM Tpaduke //
MikHaposiHa HayKoBa KOH(EpeHLisl [HTeneKTyanbHi CHCTeMU NPUHHSTTS
pillieHs Ta OpUKIAAHI acrnekTd iHdopmamniiinux Texuonoriii (ISDMIT
2006) 2006 (2) - ¢.215-217.
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NCCIEJOBAHUE XAOTHYECKOI'O IOBEJAEHUSA
TEXHUYECKUX CUCTEM C HEJbIO ITOBBIIIEHUA
NX HAJAEKHOCTHU

Uepessnko A.U., Esmywenko A.B.
Hayuonanvnas memannypeuveckas akaoemus Yxpaunel, 2./Jnenponemposck, np. I'azapuna, 4

XaoTH4eckoe MoBeACHNE TUHAMHYECKUX CUCTEM OOHApyXHBAaeTcs B
npoleccax, NPOTEKAIOMINX B Pa3IMYHBIX TEXHUYECKHX CUCTEMax, U MOXET
NPUBECTH K HAPYIICHUIO UX (QYHKIMOHUPOBAHHS WIM pPa3pyLICHHIO.
OnpeneneHne MOMEHT2 BO3HUKHOBEHMS XaOTHYECKOTO IIOBEACHUS, C
LENbI0 YIPaBJICHUS WM, SIBISIETCS BA)KHOM 3ajadeldl NpH TOBBILICHUU
Ha/ISKHOCTHU U JIOJITOBEYHOCTH TEXHUUECKUX CHUCTEM.

B  pabore paccmoTpeHa 3amada  ONpeAENEeHHS  MOMEHTa
BO3HMKHOBEHHSI XAOTHYECKOTO MOBEICHHS B JUHAMHYECKHX CHCTEMax MO
pe3ynbTaTaM SKCIepUMEHTATLHOTO HaOIFOIeHUSI.

Heo0xonnmbIM yclioBHEM CYIIECTBOBAHHUS XaOTHYECKOTO MOBEICHHS
SIBIISIETCS TIOTEpsl TMHAMHYECKOH cucteMoll MH(opManumu O HadalbHBIX
cocrostHusIX. OTHAKO, B YCIOBUSIX ITACCHBHOI'O 3KCIIEPUMEHTA, KaK MPaBUIIO
HEBO3MOXKHO BapbHpOBaTh HadajbHbIe YycinoBus. [losTomy B paborte
paccMOTpeH DSl HENPSMBIX» METO/IOB MO3BOJISIONINX OIEHHUTH YCIIOBHUS
Xa0THYECKOrO  ITOBEAEHHS B  CHUCTEME II0 BpPEMEHHBIM  pslaM
9KCTIEPUMEHTAIBHBIX JIAaHHBIX.

[TpuMeHeHne 3THX METOIOB HANpPAaBIICHO Ha PElIeHHE JABYX 3a/1a4.

Bo-nepBbix, onpenenenne Gpakra XaOTHIECKOTO IIOBEICHHST CHUCTEMBI
U MOMEHTa €ro BO3HUKHOBeHUs (ceuenue Ilyankape (a3zoBoro
MPOCTPAHCTBa, CIEKTp MomHocTn Pypbe, mnokazartenu JlamyHoBa u
(dpakrasbHas pa3MepHOCTD).

Bo-BTOpEIX, OLIEHKa pa3MepHOCTH (a30BOr0 MPOCTPAHCTBA CHCTEMBI.

B kauectBe 00bekTa HCCIEIOBAaHHS PACCMOTPUM HEIMHEHHYIO
cucremy Peccnepa (1), omnmceiBaemyto Tpems auddepeHIraIbHBIMU
YpaBHEHHUSMH IIEPBOTO TOPSIKA.

X=-(y-2)
y=X+ay 1
Z=b+xz—-cz

JIBmkeHHE MOXHO IpejcTaBuTh B Buae Tpaekropuu F{X(t), y(t),
z(t)} B TpexMepHOM (a3oBoMm mpocTpaHcTBe. Torma oTOOpa)keHHE
IMyankape ecTh mociaenoBaTeabHOCTh ToueK {Xn(t), Yn(t), z:(t)} mrockoctu
riepecedeHHO| (ha30BOH TPAaeKTOPHEH B OTHOM U TOM )K€ HaIlpaBJICHUH, T. €.
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€CJ g(t) — eI[I/IHI/I‘IHHﬁ BEKTOD, KacaTellbHBI K TPAaCKTOpUHU, TO

CKaJIIPHOC NPOU3BECJICHNE §(tn) * ﬁ BCCrja A0JIKHO UMETh OAWH U TOT K€

3HaK. B cilydae XaoTWYecKOro TOBEIEHHs CHCTEMBl OTOOpaskeHHe
[Tyankape mMeer BHJ CKOIUIEHHS TOYEK B OrpaHWYEHHOH obOjacTtu. DTO
00YCIIOBJIEHO TE€M, YTO «(a30BBIH MOPTPET» TAaKOW CHUCTEMBI — CTPAaHHBIN
aTTPaKTop.

Jlpyroil mpu3HaK XaoTHYECKHX KOJIe0aHMH — CIUIOIIHOM CHEKTp
MomHocTH Pypbe. DTOT NMpPU3HAK Xaoca BAaXKEH, KOTJa CHUCTEMa HMEET
MaJlylo pa3MepHOCTb.

Jis cTpaHHBIX aTTPAaKTOPOB Ounvkaiime (a3oBble TPaeKTOPHH
pacxoaarcsa dKCIOHEHIManbHo. s ompeneneHus nokasaTeneil JlamyHosa
Npou3BONIbHAST Touka (azoBoli Tpaektopuu X(lp) npuHEMaeTcs 3a
HavyalbHYIO W MIIEeTCs cocenHss (Onmxkaiiiias) k Held Touka Z(fp) Ha npyroi
dba3oBoii Tpaekropuun. PaccrosHue Mexay atumu nByms Todkamu (Lo(to))
pu Xa0THYECKON JIMHAMUKE co BpeMeHEeM pacter
9KCIOHEHIMATBHO(PUCYHOK 1).

o A1)
! o @ " m‘p}ﬁ
Kty wtq) umgpﬂ&ﬂ m&!ﬂ‘x

Pucynox 1 — K omnpeznenennto skcrioHeHTs! JIsimyHOBa U3 3HaYEHUIT BpEMEHHOT0 psifa

Ecnu cnenyromee 3uauenue (Lo(t1))>(Lo(to)), To oHO oTOpackiBaercs
U uniercst HoBast Touka Z(t;), Ommkaiimas k X(t;) 4 Jexamas B TOM Ke
HaMpaBJICHUH, 4TO U Zo(ty).

T.x. mocnenoBatensHocTh Lj(f) ommchiBaeT moBexeHHE MAOro
BO3MYIIEHUS, OTH 3HAYEHHWs JIOJDKHO OBbITh  MajbiMH,  4YTOOBI
JIMHEAPU30BAHHAS BJOJb TPAEKTOPHH CHCTEMa XOpPOIIO OMMCHIBAJIA
sposormio. C Jpyroil CTOPOHBI OHA HE JOJDKHA OBITh HACTOJIBKO Maoi,
9TOGBI CTATh CPABHUMOM C YPOBHEM LIYMOB BBIYUCIICHHI HIIH H3MEPECHHUIA.

Eciu ycnoBust BBIIOIHAIOTCS, TO 9KCIIOHEHTa JIsmyHoBa
OIIPE/IENACTCS U3 BHIPAKEHUS:
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=i LI,
_‘11 = #Z]‘D z M
t,—t, Lit) @
rae (M-1)- guciao cMeH coceqHUX TpaeKTopuid. [TonoKHUTETbHBIH
nokazarenb JISmyHOBa yKa3blBaeT HA BO3MOXXHOCTH  XAOTHYECKOrO
TOBEJICHUSI CHCTEMBI.

@pakranbHas CTPYKTypa TpPAcKTOPHU JBWXXEHUS B  (ha3oBOM
MPOCTPAHCTBE YKA3BIBACT HA CTPaHHBINA aTTpakTop. CTpaHHBIE ATTPAKTOPBI
HEJIMHEHHBIX JIUHAMHYECKHX CHCTEM HMEIOT CaMOIOIOOHYI CTPYKTYPY,
MO3TOMY JUIsl HUX BO3MOXKHA HICHTHU(DHKAIUS CKEHIMHIOBBIX CBOWCTB,
KOTOpBIC OIICHUBAIOTCS C MOMOIIBIO (DPaKTANBHBIX Pa3MEPHOCTEH.

IMpu pelieHnn 33141 OLICHKH pa3MepHOCTH (a30BOro MPOCTPAHCTBA
CHCTEMbI TIPOU3BOIUTCS PENPOAYKIHS ATTPAKTOPA B PEKOHCTPYHPOBAHHOM
(ha30BOM MPOCTPAHCTBE, KOTOPOE BOCCTAHABIMBAETCS M3 BPEMEHHOrO PAa,
MPECTABISAIONIEro COOOW IMMOCIEA0BATEIBHOCT TUCKPETHBIX 3HAYCHUM
HabIro1aeMoil IepeMEHHO Ha BBIXOJIE CHCTEMBI.

B Meroge 3amepkek B M-MEPHOM MPOCTPAHCTBE CTPOHTCS
aTTPAaKTOp M3 3HAYCHUI OSKCICPUMEHTABHOIO BPEMEHHOrO psiaa X
(i=1,2,3,...N) cnenyromum 06pa3om:

Xi= (Xi, Xisey Xinag, Xitzgy Xirdeso o Xismng)  1=1,2,3,...N-(m-1)§ (3)

rae X; - M-MepHBI  BEKTOp aTTpakTopa NONYYeHHBIH W3 3HAYEHHH
9KCIIEPUMEHTAILHOTO BPEMEHHOT'0 psia X, U & 9TO 3aeprKKa.

PaccmotpeHnble  BbIIE  MeTOAbl OBUIM  MPOTECTUPOBAHBI  HA
MOJIETTBHOM BPEMEHHOM psiJie, MOMy4EeHHOM KaK pElIeHHE «TreHepaTtopay»
Pecciepa (1), aast KOTOPOro BBIOOpP yIpaBJsitonux mapamerpoB a=b=0.2,
C=5.7 obecreun1 3aBeOMO XaOTHIECKUI PEKUM CUCTEMBI.

Pe3ynbpraThl paccCMOTPEHHBIX TECTOBBIX HPUMEPOB (PHCYHOK 2)
XOPOIIIO COTJIACYIOTCS C PE3YIbTaTaMu, MPECTaBIICHHBIMA B pabote[2].
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a) arTpakTop Pecciiepa; 6) ceuenue [Tyankape; B) CIEKTp MOILIHOCTH;
T') OLIEHKA Pa3MEPHOCTH aTTPaKTOpa; 1) OLeHKa MaKCHMAaJIbHOH SKCIIOHEHTHI JIsmyHoBa.
Pucynok 2 — Pe3yibTaThl aHaJIN3a TECTOBOTO BPEMEHHOI'0O psijia.

Jlanee MeTonsl OBUIM WCIIONB30BaHBI JJISI OLEHKH BO3HUKHOBEHUS
XaOTHYECKHX  KoJe0aHWii  Ha  BPEMEHHOM  psiie  TOJy4YEeHHOM
OKCIIEPUMEHTAIBHBIM ~ MYTEM  C  YCTAaHOBKM  LUPKYJSLHMOHHOTO
BaKyyMHPOBAHUSI CTaJIH.

Kak moka3zanu TpoBelEHHBIE  HCCIEAOBAaHMS  COBOKYIHOCTD
paccMOTpeHHbIX Noka3atenell (ceuenue [Tyankape $hazoBoro npocTpaHcTsa,
cnektp MomHoctn @Dypre, mokazarenu JlamyHoBa W (hpakTanbHas
Pa3MEpHOCTH) TO3BOJISIOT OIEHUTH HAJIMYME XAOTHYECKOTO JBWKEHHS B
CHCTEME U SIBJISIIOTCSI MHCTPYMEHTOM B HCCIIEAOBAHUH PabOThI TEXHUIECKHX
CHCTEM B IEJISIX ITOBBIIIEHUS X HaJISKHOCTH M JIOJITOBEYHOCTH.

Jlumepamypa
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MATEMATHUYHA MOJEJIb JOCJIIJKEHHSA
THYYKOCTI TEPMOBY3JIA CEKTOPHOI KOHCTPYKIIIi
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B. I1. Poiisman, P.O. Bopsauok
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KoncTpyxkiris TOHKOIUTiIBKOBHX Ta CJICKTPOTITHIHUX
KoHJIeHcaTopiB (puc.l) mependayae HASBHICTH BY3JIa BOJIOTO3aXUCTY, SKUAU
repPMETH3YETHCSI KOMITAyHIOM.

1-BuBif, 2-KOMMayH]I, 3-KOpITyC, 4-MeperopoKa.
Puc. 1. KoHcTpyKIlis KoHEHCaTOpa

Sk mokasye NpakTUKa HAHOLIBII MOUIMPEHUM Ne(EeKTOM TaKhX
KOHJICHCATOPIB € PO3repMETH3Allis TAHOTO BY3JIa BHACTIIOK MEXaHIYHUX Ta
TEMIIepaTypHUX BIUIMBIB.

B [1] Oymu po3poOiieHi Ta MOCTiKEHI MaTeMaTH4YHI MOJeni
B3aeMO/Iii KOMIayHJa 3 BUBOJOM Ta OOOJOHKOIO B Pi3HMUX KOHCTPYKIIISIX
TePMOBY3JIiB TOHKOILTIBKOBMX Ta EJIEKTPOJITHYHMX KOHJeHcaropiB. Ha
OCHOBI TIPOBEIEHHX AOCIiIKEeHb, IS JIKBiAamil BkazaHoro nedekry, 0yino
3aIpONOHOBAHO 3HAYHO 30UTBIIMTH THYYKICTH OOOJOHKH, IO0 BOHA
"merme" cmigyBana 3a gedopmarismMu  kommayHma. OIHAK TUIAXIB
JIOCSITHEHHSI OO PO3TIISIHYTO HE OYII0.

B nmaHifi craTTi BUBYAEThCS CPEKTUBHICTH 30ITBIICHHS MiCIIEBOL
MOAATIIMBOCTI OOOJOHKM KOHJEHCaTopa IO MAOBXHHI, KOHTaKTylo4oi 3
KOMIIayHJIOM, 3allpONIOHOBAHOTO HAMH IIUIIXOM PO3pI3aHHS L€l YacTUHU
00OJIOHKH T10 TBIpHHUX Ha N-CEKTOpiB (puc.2).

/—\
P~

Puc. 2. CextopHa KOHCTPYKIIisi FepMOBY3J1a
Byz[eMo BBaxaTu, Mo YTBOpE€HAa TaKuUM YUHOM CCKTOpHa
KOHCprKHiH CKJIada€ThbCsa 3 II KOHCOJIbHUX 6anoq01<, 3allICMJICHUX B MICTI1
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pO3TallyBaHHS TEKCTOJITOBOI IEPETOPOIKH 1 HABAHTAXKECHOI KOHTAKTHUM
THUCKOM (| TIO JIOBXKHHI.

UuM Ha OLUTBIIE YUCIIO CEKTOPIB pO3pi3aHa 0OOJIOHKA, THM MEHIIIO)
Oyne JKOPCTKICTh KOXXHOI OaJloUKM OKpEeMO 1 THM OJIMKYe IONepedHui
niepepi3 Takoi Oanouku Oyne HaOIMKATUCH J0 MPSIMOKYTHOTO.

Otox, 6anKa TPAMOKYTHOTO MOMEPEYHOro mepepisy mupuHoo b i

Bucotoro N, 3amemsieHa Ha J1iBOMYy KiHIl, 3IMHA€ThCS PiBHOMIpHO
PO3IOIICHUM HaBaHTa)KeHHAM iHTeHCUBHOCTI (] (puc.3).

Po3Tamryemo Bici KOOpJMHAT TaKUM YHHOM: IOYaTOK KOOPJIMHAT
pPO3MICTUMO Ha JIIBOMY KiHII Oanku, Bick OZ HampaBHUMO IO BicCi Oajiku
BIIPABO, a BiCh Y - BHU3.

JudepeHuiline piBHAHHS IS 3IrHYTOI Bici OaJKy Ma€ BUTIIS
4 )
El, —2 =q(z ()
* dz*
ne E - wmomyns mpyxwocti martepiany; q(z)- posrmofisieHe

HAaBaHTaXCHHs, BBaxxaeMo (|(2)=0=const; y(z)- nporus Ganku; |-

MOMEHT iHeplil NoIepeuHoro nepepisy Oanku.
_bh?
12
PiBusHHS (1) MOXKHA TIEpENUCaTH Y BUTIISI:
dy _ g
dz*  El,
Jlns ongHO3HAa4YHOro BH3HAuYeHHS GYHKIII y(z) 3agaMo TpaHW4HI
YMOBH:

Ix

2

Yz=0= 0
dy 3
dz z-0

TOOTO, TPOTMH Ta KYT MOBOPOTY OalKd B MICTi 3allleMIICHHS
JIOPIBHIOE HYITIO,

d 2y _0

oy .

" @
=Y o

dZ Z:|2
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TOOTO, 3TMHAIOYMH MOMEHT Ta Nepepi3yroua cuila Ha BUIBHOMY TOpII
0aJKu JOpIBHIOE HYIIO. 3arajbHUN PO3B'A30K PIBHSAHHA (2) 3HAXOIUMO
METOJIOM TIOUEPIrOBOTO IHTETPYBaHHSL:

4 3 2
q |z z 22
y@)=—| ol o ©)
El, | 24 6 4

Pe3ysnpraTi po3paxyHKy NpOrvHY OajiKé JIOBKHHOIO 5 MM, IO piBHA
BIJICTaHI BiJl BITBHOTO TOPII OOOJOHKH JIO TIEPETOPOIKH, IIPEIACTABICHO Y
BiJTHOCHUX OJIMHHIISX:

y Burisiai rpadika Ha puc. 3,

. . Eh3
ne D - munisapudna sxoperkicts D = o
120

/

2\

. Eh 12(-u
B = a2
R‘D R?h
Y L2

N

10
20
30
40
50
60
70
80
90
100

dv

Puc. 3. Cxema HaBaHTa)XeHHs OaJIKH i 3aJISKHICTh IIPOTUHY BiJ JOBXKHUHHI
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[opiBHsHHA 1BOro rpadika 3 pe3ynbraraMu OTpUMaHUMH B [1]
mokazye OaratokpatHe (y 80 pasiB) 30iIbIICHHS MOAATIUBOCTI 00OJIOHKU
CEKTOPHOI KOHCTPYKIIi MO ii JOBXHHI, KOHTAKTYO4OI 3 KOMIIAyHJOM B
TOPiBHSHI 3  HEpo3pi3aHO 00ONOHKOI. EkcnepuMeHTH — moBenu
MIPaBUIIBHICTh TEOPETHYHNX PO3PAXYHKIB.

OueBUIHO, [0 TONATIMBICTH CEKTOPHOI KOHCTPYKIIi MOXIHMBO
JIOBECTH 710 Jy’K€ MaJUX 3HadyeHb. Ii MONATINBICTE MOXKIMBO PETY/IIOBATH
pO3pi3aHHSAM Ha TOTPIOHY KIUNBKICTH CEKTOPIB, 3aJal0udl TUM CaMHUM
YKOPCTKICTh YTBOPEHHX 0aJIOYOK.

Bucnoeku

OrpuMani B fJaHii cTaTTi pe3ynbTaTH JOBOASTH JOBOJSTH
MPUNYIEHHs MPO OiBITYy e(EKTUBHICTH 3aMPOMOHOBAHOI CEKTOPHOI
KOHCTPYKIIi{ BYy3JIa BOJIOT03aXHUCTY TOHKOILTIBKOBHX Ta
ENEKTPONITUYHUX  KOHAEHCATOPIB  HAJ  ICHYIOYOIO.  3aIlpollOHOBaHa
KOHCTPYKTHUBHA OCOOJIMBICTh MOKE OYTH 3aCTOCOBaHA HE TUTBKH B
KOHJICHCATOpax, aje i B 1HIIMX KOHCTPYKIISX T'€PMOBY3JIiB TOPIIOBUHHOTO
THITY, 1€ 32CTOCOBYETBCS T€PMETH3allisl eTOKCUIHIMU KOMIIayHIaMH.

Jlimepamypa

1. Po3poOka Ta JOCHIUKCHHS MaTEMAaTUYHUX MOJENIEH B3aeMOIii
KOMITayH/1a 3 BUBOJIOM Ta OOOJIOHKOIO B Pi3HUX KOHCTPYKIIISIX TEPMOBY3IIIB
TOHKOIUTIBKOBHX Ta EJICKTpONiTHYHHX KoHzaeHcatopiB / P.O. Bopsuox//
BumiproBanbHa Ta o04MCITIOBalIbHA TEXHIKA B TEXHOJOTIYHHX IpOIIecax. —
2006.— Ne2.— C. 80-84

STATISTICAL ANALYSISOF SHIP HULL
CORROSION DEFECTS

Andrusenko llja, Januteniene Jolanta, Mickeviciene Rima,
Klaipeda University, Marine Technical Faculty
Tel:00370 46 398692, jolanta.januteniene@gmail.com

The paper examines the corrosion wastage of 3 different plating lines
of six chemical tankers after 20 and 25 years of service. The dtatistical
andysis of the results of thickness measurements provides mean values and
standard deviations of corrosion depth. It is proved, that corrosion defects of
ship hull with 90 percent probability are spread by the low of the Normal
distribution. These statistical dependences can be used for the prediction of
the ship rdiability.

According to 1SO 8044, “corrosion is the interaction of a metal with
its environment which may cause changes to its properties and which
frequently may cause a degradation of the performance of the metal, of its
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environment or the system that comprises them” [1]. Corrosion is the most
important cause of wear of the ship hull metal that results the reduction in
thickness. The main factors that affect the rate of hull corrosion aretimein
ballast, water temperature, sdinity, liquid cargo type, protective coating
system, navigation routes, etc. [2, 3]. The chemical tanker of 25 year age
requires a big amount of hull and machinery repair works. According Class
Rules its docking has to be executed two times during 5 years and the gap
between docking have to be less than 36 month. During docking the survey
of hull structures has to be given and possible defects and damages have to
be determined according the Survey programme [4, 5].

Obvioudy, anaysis of the ship hull corrosion defects, causes of
corrosion, prediction of external forces are very important problems.
Experimental measurement of corrosion defects of the ship hull and its
dtatistical analysis are done in thiswork.

All measurements were made for six chemical tankers after 20 and
25 years of service according requirements of standard Rules of
Classification Society. The measuring scheme for ultrasonic hull control
when thicknessin 5 points is gauged on each plate of chosen section usually
is used. Precision ultrasonic equipment for ship hull thickness measurement
usually operates at frequencies between 500 KHz and 10 MHZ, using
piezoel ectric transducers to generate bursts of sound waves when excited by
electrical pulses. The size of damage is founded by comparing of
amplitudes.

The 6 chemical tankers were chosen as target of the investigation.
Main characteristics of chemical tanker: length - 170,53 m; breath — 25,32
m.; draught — 14,44 m.; deadweight — 27954 t; built date 1976 in Poland (=
1A1 Tanker for Chemicals ESP EQ).

The aim of this investigation is experimenta and analytical
determination of the degree of corrosion wastage of aged chemical tankers
and determination the distribution function for possible further prediction of
corrosion rate.

In this work the data of ship hull corrosion defects are taken when
ship was used for 20 years and for 25 years. The ship hull sheets are marked
by horizontal and named by letters from “A” till “N”. Results of measured
corrosion depth of all area of the ship hull are presented in fig 1.
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Fig. 1. 3D corrosion depth of the ship hull after 25 years of exploitation.

We separate 3 lines of the ship hull for the next investigation: , A"
line- bottom of the ship, ,,G"-water—air line and ,,N“- line on the top of ship
hull. Distribution of the data of corrosion depth on the bottom of the ship
hull (line“A”) ispresented in fig.2.

As we can see the tendency of corrosion depth are analogical when
the time of ship exploitation is 20 years and 25 years i.e. on the forebody
and stern of the ship corrosion depth values are bigger because of the
cavitation phenomenon.
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Fig. 2. Data of corrosion depth on the bottom of the ship hull line,, A“: a) after 20 years of
exploitation; b) after 25 years of exploitation.

In analysis of dtatistica data we need to determinate how well the
data fit an assumed distribution. The goodness of fit can be tested
dtatistically, to provide a level of significance that the null hypothesis is
rejected. We analyze the data of corrosion defects of ships exploited 20
years. We prove the null hypothesis Hy, that the depth of corrosion of ship
hull line -, A" (bottom) is spread by the law of Normal distribution.
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Fig.3. Histograms of corrosion depth on the bottom of the ship: &) after 20
years of exploitation; b) after 25 years of exploitation.
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We will prove this hypothesis by the criteria compatibility of
Pirsony?. The number of corrosion defects n=70, 0=0,01 and degree of
freedom k-1-1=3.

We calculate the center of intervals x*, the empirical average X and

empirica standard s. We get X = 0506 mm, s= 0174 mm.
We normalize values and calculate the end of intervals zi, zi+1. We
calculate the probabilities

p=¥@.1)-¥@) vi=Llk )
and theoretical rates n; =pn, Vi=1Kk.

Kk
The values of criteria 32 = zl— n )
iz Ni
We compare our values with Pirson’s function x? values: the

inequality y®=396< y%001:3=1134 is exact enough. Then we can say
that the hypothesis of X Normal distribution isright.

We verify accuracy of calculation when number of incidentsis n=70,
and we get the interval of averageis lg; =(0,506+0,041) mm.

Analogically we investigate digtribution of corrosion depth on the
next lines of the ship hull and we can say that the hypothesis of X Normal
distribution isright.

1. Corrosion depth of ship hull is measured in two cases: after 20
years of exploitation and after 25 years of exploitation. The mean of
corrosion rate are defined:  0,01-0,017 mm/years for the ship of 20 years
and 0,025-0,05 mm/years- for the ship of 25 years of exploitation.

2. By the results of measured corrosion depth the 3 general plating
lines of the ship hull for investigation were separated: ,A” line- bottom of
the ship, ,,G"-water—air line and ,N“- line on the top of ship hull. It is
proved that depth of corrosion are with 90 probability spread by the law of
Normal distribution.

3. Results of statistical analysis are needful for the various prediction
calculation of the ship reliability.

References
1.1SO 8044 Corrosion of Metals and Alloys - Basic Terms and Definitions.
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MOJAEJIN ®OPMHUPOBAHUA METAJUIOCTPYKTYP
KOHCTPYKIIMOHHbBIX MATEPUAJIOB
TEXHUYECKHNX CUCTEM HA OCHOBE 3D
MHNEPKOJISIHUOHHBIX KJTACTEPOB

o.m.n., npogh. A.1. Muxanes, acn. B.I'. I'op6, k.m.H., doy. B.B. [lomynes, 0.¢h.-m. H., npogp..
benosepos B.E.
Hayuonanvnas memannypeuueckas akademus: Yxpaunwi, 2. [{nenponemposck, np. I'acapuna 4,
Jnenponemposckuii Hayuonanehblil ynusepcumem np..I azapuna 72 mai@dmeti.dp.ua

B HacTosimee BpeMs OCTpPO CTOMT BONPOC O TIIOBBIIIEHUH
KOHCTPYKIIMOHHBIX CBOMCTB HAJIEXKHOCTH M JIOJITOBEYHOCTH METAIUTHIECKHX
MaTepHaJIoB, KadecTBa MaTeMaTH4eCKWX Mojeield (GopMuUpoBaHUS HX
CTPYKTYpHI [2].

B naHHOl paboTe MpEUIOKEH OJWH W3 IMOIXOIO0B MOICTHPOBAHUS
3D  cTpyKTypbl  METAIMYECKUX  MaTEepHaloB, OCHOBAaHHBIH  Ha
MIPOCTPAHCTBEHHBIX MEPKOJISIIIMOHHBIX KIaCTEpax.

Kak wu3BectHO, 11 momydeHust uHQOpMAIMU O CTPYKType
WCTIONIB3YIOT Pa3MYHbIE METOIBl M IOJAXOIbl OIMCAHUS BUIMMOH B
MHUKpockon (wim Ha Mukpodororpadun) kapTuHbl. B TOXE Bpewms,
WCTUHHBIA MHTEPEC MPENCTaBiIsieT MPOCTPAHCTBEHHOE CTPOEHME CILIaBa, a
HE IUIOCKOCTHAsl CTPYKTypa, Oojiee TOro HEOOXOAMMO MOJy4aTh CTPOTO
KOJIMYECTBEHHYIO OLIEHKY ero crpoeHus (ctpykrypsl) [1]. OqHako npsimbie
HAONIONEHUsT  BHYTPEHHETO CTPOEHHMS  METaUIMYeCKUX  MaTephajioB
HEBO3MOXXKHO. B 3TOH CBSI3M IPUXOOUTCS OrpaHUYMBATHCS H3YYECHHEM
JIByXMEPHOW KapTWUHBI, paccMaTpHBas IUIOCKOCTHYIO CTPYKTYpy HE Kak
CaMOCTOSITENIbHBIH OOBEKT OLEHKH, a JIMIIb KaK UCTOYHMK MH(popmanuu o
peaibHOM TPOCTPAHCTBEHHOM CTpoeHuu cruiaBa [3]. OmpaBaaHHOCTH
TIPE/ITIOKEHHOTO 110/1X0/1a 000CHOBAaHA CaMUM IPOLIECCOM 3aTBEpAEBaHMS,
TIPY KOTOPOM 00pa3yroTcst [iBa BIOYKEHHBIX JAPYT B JIpyra HePKOISIHOHHBIX
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KJlacTepa: OIUH, COCTOSIIUNA M3 YacTHI] KJIacTepa, ApYyrod - U3 MaTepHaia
cpelibl, OKpyXxarouieit knacrep [2].

B ocHOBe paboTHI JIeKAT CIIEAYIONINE TTOJIOKEHUSL:

® MEXaHUYECKHE U TEXHOJOIMYECKHE CBOWMCTBA OIpPEIEISIOTC
MHUKPOCTPYKTYpOii [2];

® MHUKpPOCTPYKTYpa B HE CTalliOHAPHOM COCTOSHUHM 0O0JiafaeT
(pakTaJbHBIMHA CBOHCTBAMU;

® IIPOCTPAHCTBEHHass  MOJENb  (TIEPKOJISILMOHHBIE  KJIACTEPHI)
SIBIIsieTCS (PPaKTAIBHOM.

Omnmpascs Ha Tpuany H.C. KypHakoBa cocTaB-CcTpyKTypa-CcBOMCTBa
[2], cBs3p MexaHMYECKHX CBOMCTB UM MHUKPOCTPYKTYPHl MOXHO 3aIMcaTh
Tak:

Prex = M[S]; (1)

rne S = {s}— crpykrypa wmarepuara, M — omepatop. § -
COOTBETCTBYIOIIAs CTPYKTYpa i-ro ceuenus (§ € S), i = 1..n.

IToaTOMY B TepMHHAX MPOCTPAHCTBEHHOM MEPKONISAIUOHHON MOJIETH
CTPYKTYpa MOXKET OBITh OITMCAHA TaK:

S= P[Df, Exp], 2

rJie TeOMEeTpus, a TOYHEE «U3PE3aHHOCTH», HEPAaBHOBECHOCTDH
XapakrepusyeTcs nmapamerpamu Monenu Df — (hpakranbHas pa3sMepHOCTb U
EXp — kputHyeckue 3KCIIOHEHTHI MEPKOJIAIMOHHBIX KJIACTEPOB, OoJiee TOro
9TH MapaMeTpbl XapaKTEpU3YIOT CIIOCO0 3alOJHEHUS MPOCTPAHCTBA
KJIaCTEPOM.

[Mpocreiimmii mpuMep NPOCTPAHCTBEHHOW mepkosiuuu 310 d-
MepHas KOpoOKa (pelieTka) B KOTOPYIO CIIy4aiiHbIM 00pa30M HaKHIaHBI JIBa
TUNIA IIAPOB: TPOBOMAAIIME W U3ONATOPHL. [IpM 3TOM  KITFOYEBHIM
MapaMeTPOM SIBIISICTCS BEIMYUHA, HA3bIBacMash KPUTUICCKUM OTHOIICHHEM
oowemoB (critical volume fraction).

IIpu 3TOM, Kak IMOKA3bIBAIOT WCCIICAOBAHUS, BEIUYMHA SIBISCTCS
FEOMETPUYECKUM HHBAapuUaHTOM. [[pyroil BaKHOW TIeOMEeTpUYECKOM
XapaKTEPUCTHUKOH SIBIICTCS KOPPEIAIMOHHAS JUTHHA:

I ~r(pc - p)’, 3)
re I — pa3Mep JIEMEHTOB (ITOJMU3JIPHI, IAPbI, JUIATICOUJBI), U -

KPUTHYCCKAasA SKCIIOHCHTA (l) € EXp), P - OTHOIICHHE YMClia IIPOBOASAIIUX
3JIEMECHTOB K HE IPOBOJAIIMUM, Pc - HOPOT HNECPKOJISILIUH.
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[pucyrcTBre cBsi3M MeXAY (paKkTAIbHBIMH XapaKTEPUCTHKAMHU U
TEOMETPUUECKUMH  XapaKTePUCTHUKAMM  IEPKONSIMOHHOIO  KjacTepa
00YCIIOBIIEHBI CIEAYIOLIIUM COOTHOLIEHHEM:

m-', (4)

roe m — wmacca kiacrtepa, | — koppensuuoHHas uuHA, | —
KpUTHYECKasi SKCIIOHEHTA, KOTOpas JUIsl ciiydas P=pPc Bcerma Mmenbine De.
bonee Toro, (Def) - 3T0 meduUT pasMEpPHOCTH WU COPA3MEPHOCTH
Xaycnopda, SBISIOMASACS —CBSA3BIBAIOIIAM 3BCHOM MEXKIY TeOpHen
(paKTaIoB U MEPKOJISIIMOHHBIMA KJIACTEPaAMU.

Mojens paccMaTpuBaeMyl0 B pabOTe MOXKHO TPEICTaBUTH TAKHM
obpazom:

Pmex = G[ EXp1 DfK'./l(lCm] H (5)

rne EXp — HaOOp KPUTHUYECKUX OKCIOHEHT IEPKOJISIUOHHON
cucrembl, Df .., - QpakTanbHast pa3sMepHOCTh MEPKOJISIIMOHHOrO KJIacTepa,
Pnpex - MexaHumdeckue cBoiictBa. [lpm 3tom, EXp — BeMMHCHSIOTCS

aHanmutuuecku, a Df ., CIyXKUT 171 POBEPKY aJ€KBATHOCTH MOJIEITH.

[Iporemypa MpOBEpKH aJCKBATHOCTH TPEOYET JIOMOJHUTEIHLHOTO
o0BsicHeHus. HecMoTpst Ha BO3MOXXHOCTH TeHepupoBaTh 3D 0OBeKkTHI Ha
OCHOBE TMEPKOJISLUOHHOIO IMpoliecca, MO MPEKHEMY OCTaeTcsl KpaiiHe
TPYAHOM  3amadell  CpaBHUTP WX ¢  cooTBercTByromuMm 3D
CTPYKTYpOOOpa30BaHMEM, TaK KaK «HU3BJICYB» €ro B YHCTOM BHUJIC
HEBO3MOXKHO.
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Pucynok 1 — CTpykTypa nepKoJISILMOHHBIX KJIacTepoB: A ¥ B — COOTBETCTBYIOILNE CEUEHMUS.

Takum o0Opa3oM, METOJOM MPOBEPKH HAa COOTBETCTBHUE SIBIISIETCS
CpPaBHEHHE SKCIEPUMEHTAJBHBIX CEUYEHHUH, KaK CXEMaTHYHO IMOKa3aHO Ha
pucyrke 1. Ilpu 3ToM 1 B MOJEIBHOW CTPYKTYpE, U B peaIbHOM OOBEKTE
nenarotcsi cedenus. Jlamee juia ceueHMd Moaend W NUTH(OB BBIYHCISAETCS

(bpakranbHas pa3sMepHOCTh, Dfyoy, Dfiey — cremens wux Onm3octd u
OIPEICNISCT CTEIICHb aJCKBATHOCTH MOJICIIH.
Dfmod - Dfred <e (6)
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rae € - HEKOTOopas IMMOrp€HIHOCTb MOACIH, KOTOpas IMOKa3bIBaACT
aJJ€KBATHOCTb MOACIIN.
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BIGPAIIIMHE OBJIAJTHAHHSA J1J14
I'TIPOKABITAININMHOI'O BIIVIUBY HA CKJIAZ TA
BJACTHUBOCTI BOIH

Cinin P.I., I'opoces A.1.
Xmenvnuyvkuil nayionanbruil ynigepcumem, Ykpaina

[ToBepHEHHSI OYMIEHOI BOIM Y EKOJOTIYHY CHUCTEMY IPHPOIU €
HalaKTyaJIbHIIIO 331a4€el0 JIIOJICTBA.

3anpornioHoBaHe 00JaHaHAHHS BiJJHOCUTHCS J0 BOAOIIOCTAYaHHS, a
came 10 MajorabapuTHUX MOOUTBHUX NPHCTPOIB, SIKI BUKOPHUCTOBYIOTHCS
JUIs  TIATOTOBKM CTIYHOI Ta TPOMHUCIOBOI BOAM ISl  ITOJANIBIIOTO
BUKOPHUCTAHHS.

Hocnimkenusmu [1,2] Oys0 BCTAaHOBIEHO, 1[0 3HAYHUM BIUIMB HA
3MiHYy BJIACTHBOCTEH Ta CKJIaJ BOIY, Mae€ TiJApOKaBiTalis, SKa BUHUKAE B
HacaJKy  BiOpamiiiHoro TrigpomyibcaTopa. ABTOpaMU 3alpOIIOHOBAHO
BiOpauiiiHe oOnagHaHHS Ui 3MiHHM BJIACTHUBOCTEW Ta ckiany Bomu [3,4].
CxeMu BiOpauiifHoro o0JyiaJiHaHHS 1MoKa3aHi Ha puc.1 Ta puc. 2.
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Puc.1 Puc.2

OO6nanHanus, 300paxeHe Ha puc.l [3] mpamtoe TakuM ynHOM. [Tpn
X0/l MeMOpaHH BBEpX piJMHA 3aTiKae B KOpIyc 2 yepe3 OTBip 3, B Iieil uac
yepes apocens 9, nuiar 8 Ta mrynep 7 BCMOKTYEThCS ropuis nosiTps. [Ipu
pyXy MeMOpaHHM BHU3 ra3opillMHHA CyMIIll BUIITOBXYeThCs y Oak 1. Jlami
LUKJI TOBTOPIOETHCS. 3aBISKM TEBHUM CITIBBIAHOUIEHHAM Jiamerpy D
kopmycy Ta aiamerpy d orBopy (D/d =12), Ta nepenany tuckis (P,=0,38P;),
y 6aky 1 i kopiryci 2 CTBOPIOETHCS KaBiTalliiiHa TOPOXKHIHA B OTBOpi 3.

3aBIsKM KaBiTalitHOMY e(eKTy MPOXOANTH MOAPIOHEHHS 3aBUCIIHX
YaCTOK Ta HACHMYEHHS DPIIUHM IyXHPHSMH TOBITPS. 3aBASKH TOMY IO
npocens 9 BCTaHOBJIIGHWH BUINE DIiBHS DPIIMHM Ta Majiil CTeNeHi Horo
BIIKPHUTTS, PiHA Yepe3 HbOTO HE BHXOJUTH. AHaIi3 BOIH, 00poOICHOT
npotsiroM 20 XBWIMH Ha 3alIPONIOHOBAHOMY MPUCTPOI, TIOKa3aB 3pPOCTaHHS
okucmoBaHocTi Boau 70 180%, 110 Jae 3HAYHE CKOPUEHHS 4acy OCBITICHHS
BOJIH.

Oo6nagHaHHs, 300paxkeHe Ha puc.2 [4] mpairoe TakuM unHOM. Boma
MOCTYMa€e CaMOTHOKOM Yy Kopmyc 1 y mpaBy Ta JIiBy €MHOCTI, Micis
BMUKaHHS JIBUTYHAa 5 MOpPIIHI 2 BUKOHYIOTH 3BOPOTHO—IIOCTYNAIBHAN PYX
BiJl KPMBOLIMIHO-IIATYHHOTO Bajia 3, piguHa 0araTopa3oBO NPOXOAUTH
Kpi3b OTBOpH y mopmiHsix 2. J[ns Toro mo0 Boga He po30pHU3KyBanach 3
€MHOCTI, BOHH 3aKpHUTH TYMOBHMH MeMOpaHamu 4. 3aBJsSKU 3yCTPIYHOMY
Ta NPOTWISKHOMY PYXy TOPIIHIB 2 3MEHIIYEThCS TUHAMIYHUNA BIUIUB Ha
BY3JIU TIPUCTPOIO.

Ilpn mnpoxomKeHHI PiIMHM Yepe3 OTBOPU Yy MOPLIHAX 2 BUHHUKAE
TiipokaBiTallis. 3aBJSKU IIEBHUM CITiBBIIHOMICHHAM giamerpa D, mopuras
2 no miamerpa otopy d (D,/d = 12), ammiiTyai Ta 4acToTi KOJWUBaHb, B
OTBOpI BUHUKA€ Ta 3HMKAE KaBiTalliiiHa TMOpPOXHUHA, SKa EHEPreTUYHO
BIUIMBAE Ha CTPYKTYPY BOJIH.

ITpoBeneni mocmigu Ha MOAENBHIN yCTaHOBII TOKa3aJld 3HM>KEHHS
BMICTY Kajbllif0o Ta MarHito Ha 22% , 3MeHIIeHHs OioJoriyHoi morpedu
KHCHIO y 2,2 pa3a, 110 HiABUIIYE MIBUIKICTH OpOAiHHS 010JIOTIYHUX YaCTOK.
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3anpornoHoBaHi KOHCTPYKINT BiOpaImiifHOro OOJMa HAHHS I KaBiTaIliifHOL
00pOOKHM BOMHM JIa€ MOXKJIHMBICTH OOpOOJISITH HEBENWKI 00’€MH BOAU 3
MaJIIMH €HEPrOoBUTpPAaTaMH 3aBISKH POOOTI NPUBOAY Y PE3OHAHCHOMY
PEXKHMI.

3amporioHOBaHa ~ TEXHOJOTisl Ta  OoOjagHaHHA  BiOpawidHOl
ripokaBiTamiiiHoi 00poOKM BoaM MoXe OyTH 3acTocoBaHa Ha
MANIPUEMCTBAX  CIIBCHKOTO TOCHOJAPCTBA JUIS MOMEPEIHBOI OYMCTKH Ta
3He3apaXeHHs1 (EeKaJbHUX BOJ, JJISI MPUCKOPEHHS IpPOLECiB OpOMiHHSA Y
BOJIOMMAaX — BIJICTIHUKAX.
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BUBPAIIUU CAMOJIETOB C TYPBOBUHTOBBIMU
JABUT'ATEJIAMMU N3-3A KOCOI'O OB1YBA

Poiisman B.I1.®, bozopow A. T.®
O Xverbruyruii nayuonansholi yuusepcumem, 11, Uncmumymckas yu., e. XmenoHuyxui,
29016, Ykpauna E-mail: roizman@mailhub.tup.km.ua
@ Hayuonansnwui yrugepcumem « Kuescxkuti norumexnuueckuii uncmumymy, 37, np. Ilo6edwi,
2. Kues-56, 03556, Ykpauna, E-mail: o_bogorosh@mon.gov.ua

[Ipu pabore TypOOBHHTOBOTO IBUTATENS HA CAMOJIETE OIHUM U3
TJIABHBIX UCTOYHUKOB KOJICOAHUI U NIyMa, IEPENAIONINXCS HA IBUTATEI U
Jlajiee Ha CaMoJIET, SIBJISIETCS. BO3/YIIHBIN TATOBBIM BUHT.

Bo30yxnaromias cria BO3HHKAET OT CTATHYCCKOMN, TMHAMUYICCKON U
a9POJMHAMHUUYECKON HeypaBHOBEIIEHHOCTEH JIONAacTel BUHTA.

[lepeuncieHHBIC BUABI HEYPAaBHOBEIICHHOCTH OOpa3ylOT CHIBI U
MOMEHTBI, BpalalOUIMecs C YacTOTOW BpallleHUS BO3AYIIHOIO BHUHTA B
HaIlpaBJIeHUHU, COBNAJAAIONINM C BpallleHUEM BUHTA U BBI3BIBAIOT JBUKECHHE
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M0 3aMKHYTOH KPHMBOW YCTaHOBKH JIBUTATEIb-MOTOTOHJOJA C YacTOTON
NEPBOI BUHTOBOI rapMOHUKHU.

Oto JIBIDKEHUE BOCIIPUHHMAETCs BHOpOAATYNKAMH,
YCTAQHOBIIEHHBIMH Ha KOpITyCcE JBUraTens Kak KOJeOaHUs C TaKkoh xe
4acToTOi. Bo3nmeicTBUS 3THX CHJI M MOMEHTOB MOTYT CKJIaJbIBATHCS, HO
MOT'YT OBITH CBEZIEHBI K MUHUMYMY ITPY TIOMOIIN OajlaHCUPOBKH.

Ho cymecrByer eme oOmHU BHA BO3OYXKIEHHS, ITOPOXJIAFOIIMNA
KoJeOaHus KOKAOM U3 JlomacTel ¢ 4acTOTOM MepBOM BHHTOBOM
TapMOHHKH. DTO BO30Y)XJEHHE BO3HHKAET MPU TaK HA3BIBAEMOM «KOCOM
00/1yBe BpallaloNIerocss BUHTA, KOT/ia BO3IYIIHBIN MIOTOK 00OTEKaeT caMoeT
B HaIpaBJICHUSIX, IEPIEHANKYIISIPHBIX POAOJIBLHOM OCH caMoIeTa.

Takoe B3aMMOAEHCTBHE BpAlLlAIOIIErOCsl TATOBOTO BHHTA C
BO3/IYLIHBIM ITOTOKOM MMEET MECTO IPH 3BOJIOIHIX CaMojeTa, OCOOEHHO
TIPY CKOJIbKEHNH, OONTaHKe, OTPBIBE OT 3€MJIM NPH B3JIETE U KaCaHWW MpHU
rocaike, Korja caMoJjIeT NMpOoceAaeT Ha IIACCH WM NMPU CHIIEHOM OOKOBOM
BETpE.

MexaHn3M BO3HHUKHOBEHHUS! TaKMX KoieOaHWH TMOKa3zaH Ha puc. |,
TJie BUHO, YTO 32 OJMH 000pOT JIONACTH BPAIIAIOUIErocs O CKOPOCTHIO ®

BaJia BO3JYIIHOTO BHHTA, 00yBaEMOro motokoM V , 9Ta Jomnacts NepByro
MOJIOBHHY 00OpoTa “y0OeraeT” OT TOTOKA, IMPU 3TOM BOJIOKHA, HA KOTOPBIX
HAaHECEHAa TOYKAa A pacTATUBAIOTCS MPH UW3rHOe Jomactd,, a B —
cokumarorcs. Bropyro monmoBuHy o0opora 3Ta JiomacTte «HaOeraer» Ha
MOTOK U Telepb BOJOKHA, HA KOTOPBIX HAHECEHA TOUKa A, CXKUMAOTCs, a B
— PaCTSITUBAIOTCS.
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Puc. 1. —Kocoii 061yB sonacreil BO3yIIHOTO BUHTA caMoJeTa

Takum oOpa3zoM, 3a ouH 000pPOT Baja BO3AYLIHOI'O BUHTA Ka)Ias
U3 €ro JomnacTel copeplIaeT OHO NMOIHOE U3THOHOE KolebaHue.

OTO SsBIIEHHE CTAaHOBHUTCS OCOOEHHO OITACHBIM IIpH OJU30CTH
COOCTBEHHOW 4YacTOThl KoiebaHWi JjomacTd (C y4eToM LEHTPOOEKHOro
HATSDKEHUS TIPU BPALICHWH) W YACTOTHI BPALICHUS BUHTA, M HA MPAKTHKE
UMENH MECTO cCiiydaw oOpbIBa JomacTeld B ToOJeTe W(WJIM) pa3pyLIeHUs
Jletaneil  pemykropa aBHaJBHIaTeNls. OKCIIEPUMEHTAJIbHO H3MEpEHHBIE
HAIPsDKEHUS B JIOMACTSIX, MTOABEP)KEHHBIX «KOCOMY» 00/IyBY Ha HEKOTOPBIX
camonerax, mocturanu 100MITA wu OGosnee, M SBISIOTCS OMACHBIMH IS
MaTepua’a JOnacTei.

EXPERIMENTAL INVESTIGATION OF VIBRATIONS
OF THE WAVEGUIDE

Arvydas Palevicius, Andrius Rinkevicius, Algimantas Bubulis, Justas Zdanavicius
Kaunas University of Technology, Lithuania e-mail: arvydas.palevicius@ktu.lt

Long ago mankind is familiar with the vibrations phenomenon, from
the vibrations caused by earth-quakes to the vibrating musical insgruments.
And al the time we try to investigate measure, evaluate and even control
vibrations of the bodies. But the real interest in measuring and controlling
vibrations arose with the complex industrial machinery. Step by step the
need for accurate measurement and analysis of mechanical vibration has
grown. The non-destructive method of holographic interferometry is found
to be the one of the most suitabl e techniques for measuring vibrations of the
micro order.

The aim of thisarticle is to provide methods that allow investigating
the vibrations of the stainless stee waveguide by combining non-contact
techniques with the gate-of-the-art multiphysics software. The vibrations of
the stainless steel waveguide, used in nowadays surgery, are examined by
the aids of the holographic interferometry technique, vibrometer based on
Doppler shift of backscattered laser light and the virtual model of the
waveguideis created by the Comsol Multiphysics software.

Over the last 15 or 20 years a whole new technology of vibration
measurement has been devel oped which is suitable for investigating modern
highly stressed, high speed machinery.

In practice it is very difficult to avoid vibration. It usually occurs
because of the dynamic effects of manufacturing tolerances, clearances,
rolling and rubbing contact between machine parts and out-of-balance
forces in rotating and reciprocating members. Often, small insgnificant
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vibrations can excite the resonant frequencies of some other structural parts
and be amplified into major vibration and noise sources.

Sometimes though, mechanical vibration performs a useful job. For
example, the vibrating waveguide is used in modern treatments for vascular
occlusive disease. The working principle of this waveguide is based on the
delivery of ultrasonic energy along the length of a small diameter wire,
similar in sizeto an interventional guide wire. The ultrasonic energy creates
cavitational streaming that is designed to rapidly dissolve thrombus, and
quickly restores blood flow without adversely damaging surrounding
structures [4].

A fundamental requirement in all vibration work, whether it isin the
design of machines which utilize its energies or in the creation and
maintenance of smoothly running mechanical products, is the ability to
obtain an accurate description of the vibration by measurement and analy-
sis.

The procedure of vibration measurement and analysis can be
demonstrated by the simple scheme, presented in Figure 1.

In the vibration measurement scheme, the motion (or dynamic force)
of the vibrating body is recorded by the non-contact measuring instruments,
such as holographic interferometers, or vibrometers based on Doppler shift
of backscattered laser light. The output from the signal conversion
instrument can be displayed on a display unit for visual inspection, recorded
by a recording unit or stored in a computer for later use. The data can be
anayzed to determine the desired vibration characteristics of the structure.

The experimental investigation of vibrations of the waveguide was
held in the Mechatronics Center in Kaunas University of Technol ogy.

The investigation using vibrometer based on Doppler shift of back
scattered laser light is demonstrated in Figure 2.

Vibrating Non- Signa Display Data

machine contact conversio unit, anaysis
or measuring n recorder, or

structure ingruments instrument computer

Fig.1 Vibration measurement scheme [3].
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Fig. 2 The scheme for the measurement of vibrations of waveguide by vibrometer.

Piezoshaker is fixed in the holders. The concentrator is attached to
the piezoshaker head in order to amplify and concentrate the vibrations
tranamitted to the waveguide. The waveguide is attached to the
concentrator. Piezoshaker and vibrometer are assembled on the isolation
table, in order to avoid externa vibrations, which can influence the final
results of the experiment.

The vibrations of the waveguide are anadyzed in the most
characteristic point. This point is at the conical end, where the whole mass
of the waveguide is concentrated, thus the vibrations are the most intensive.

The investigation of the waveguide using hol ographic interferometry
is performed according to the scheme, presented in Figure 3.

Holoaran

Fig. 3 The scheme for the measurement of vibrations of waveguide by holographic
interferometry.

Conclusions

In this article the non-contact techniques such holographic
interferometry and vibration measurement based on Doppler shift of
backscattered laser light were presented and described. These techniques
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were applied for the measurement of vibrations of waveguide, used in
modern surgery for treatments of vascular occlusive disease. The virtual
design of the object of investigation, described in this article, can be used
not only as independent investigation, but also as a supplementary method
for the experimental techniques.
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RELIABILITY OF ROTATING SYSTEM WITH GEARINGS
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The technical condition of heavy duty gear power transmisson with
roller bearings have been modeled, simulated and tested in situ. The
experimental and smulation results used for identification and elimination
of sources that caused bearings failures and gear teeth damages were
implemented in industry.

The heavy duty machine comprises two identical (right and left)
transmissions mechanically coupled by two driven low-speed gears
providing high torque (up to 440 000 Nm), Fig. 1: DC €eectric motor EE
with nominal rotation speed 850-1100 rpm, heavy duty gear driver. Rotation
speed of rotor 11 is4.474-5.67 rpm, of rotor 111 is 0.660-0.838 rpm.

45



E! [ L

Fig.1. Heavy duty gear power transmission

Experimental testing of driver in situ of 1l rotor shaft, were carried
out under variable load, 80% - 110% of rated load values. The aim was to
determine the displacement and vibration displacement of rotors Il shaft
point located near the antifriction bearing. Experimental research was

carried out with contact less sensors.

The vibration displacement of Il
rotor of the left side transmission is
high sp. =133 um (Fig.2) in
comparison qwith the right side
transmission s, ,r =060 pm.

These experimental results
were applied in the modeling to
simulate contact stresses in the
gears. The contact stresses versus
radial displacement of driving rotor
Il with gear zz were smulated in
static and dynamic mode.

B Rt
L]

2w

o
i

i 5
as 5 =48 51 T [w]

Fig. 2. The rotor Il with z radia
displacement plot, S,pr =133 pm value, full
rotation at 87’ s

The designed dynamic modd of whole rotating system is shown in
Fig. 3. Model consists of a five rotors supported by bearings, couplings and
electrical engine EE. The genera assumptions made are: the material of the
rotors and coupling is elagtic; shear forces are evaluated; the deflection of
the rotor is produced by the displacement of points of the center line; the
axial motion of the rotors is neglected; the semi couplings are treated as

rigid, teeth of gears are deformable.
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Fig. 3 The dynamic model of rotating system[1, 2]

The rotor dynamic is smulated by FEM. The first and second DOF
are displacements dong Y and Z axes and three DOF are rotation angles
about X, Y and Z axes. The{gr} - thennodal e ement displacement vector,

lr}= [VR1 WR1 2r1 Pri YRL VR2 WR2 @R2 PRz 7R2]r '
The eguations of motion of the rotor finite element are derived by
applying Lagrange equation of second order and written as

Mg Jar }+ (Cr]+ [Gr DR }+ [Kr Jar }= = t.ar.ara.a)j.
where [Mg] - composite mass matrix; [Cg] - damping matrix; [Gg] -
gyroscopic matrix; [Kg] - stiffness matrix; ‘FR (t,qR'qRq, q]} - is vector of
externa load and contact forces; {q} isvector of gear tooth displacement in

the local gear coordinate system.
The total system of equations of finite element of gear tooth is equal:

[M a]b}*‘ [Ca ]b }+ [Ka]{Q}: {F(t)}_ {:a (QvQ]}*‘ {Fcontact }’
where {Q} - displacement vector of gear, {Q}T = qu}Tx{Q}T ; [Md, [C4,
[K,] area mass, damping and stiffness matrices; {F(t)} - weight force;

£.(Q.Q)} - isvector of inertiaforces; {F, ., } i vector of contact forces.

The simulated maximum contact stress number at pitch point is
<300 MPa (haf pitch diameter 1.115 m). The s increased sufficiently
when meshing point reaches dedendum distance in z,. The gear's z,
simulated maximum tangential displacement value 100um initial meshing
moment and excited large dynamic forces acting on meshing teeth.
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Fig. 4 Teeth meshing model in FEM and s versus sy, plot

The contact stresses s, of meshing teeth was calculated by static
model usingh FEM [3]. The smulation was provided applying ANSYS.
After accepting the most unfavorable conditions for teeth meshing of gear
23, 23 and z, mathematical model were developed - with one pair of teeth in
contact, but changing rotors Il displacement value s,, = 0 -300 um, as
measured during experimental test.

The static model was developed with quadrilateral-shaped elements
(the dement is defined by eight nodes having three degrees of freedom at
each node: trandations in the nodal X, y, and z directions) and simulation
results are presented in Fig.4. Under ideal tooth meshing condition, when
vibration displacement amplitude of the rotor’s Il equals Oum, the
Maxi MUM Semax = 389 MPa. When rotor’s 11 radia displacement reaches
Sop=200 pm, the maximum Sra= 486 MPa at teeth pitch point, Fig. 4.

On the base of gearing design results by making several adjustments,
it was accepted that allowable contact stress numbers s,,=450 MPa. The
static model simulation results indicated - when rotor 11 radial displacement
exceeds 150 um, the contact stresses of the meshing teeth approached sy
value. This amplitude of vibration displacement is the main reason causing
damage of involute teeth.

Conclusions

1. Dynamic model of the whole rotating system of heavy duty power
transmission with gear driver was designed and smulated contact stress
numbers s. The static model of teeth meshing has high accuracy in
application and is simple and acceptable for smulation of gear driver.

2. Experimenta testing and simulation results approved that low
frequency rotor vibration displacement amplitude $,.,>150um is
unacceptable for long continuous mode of operation of gear driver.
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The Webster dictionary defines maintenance to be “the act thus
assures continuity”. But the purpose of maintenance corresponds to new
requirements: to deliver production capacities and quality by accomplish the
projected parameters. The maintenance of the equipment guaranties them
thereal functioning in plants.

In time the predictive and proactive concepts became more and more
accepted by the maintenance personnel and it became necessary to
understand the problems of the mechanical system and fixing. The lubricant
conditions monitoring is one of predictive technologies, that allowing a
quick and certain evaluation of the equipment condition.

In a plant the reliability & maintenance department have the
following causes control:

a.equipment adignment, b. equipment balancing, c. operation
temperatures, d. greasing situation, e. lubricant contamination.

The alignment and balancing program could decrease the damaging
phenomena, but quality control and contamination lubricant improving the
equipment and system reliability.
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Particles or water contamination could decrease reliability but this
issueisnot possible to identify by vibration analysis.

In Steel Nippon Company the bearing damaging decreasing with
50% by control contamination. In Alumax company —from South Caroline
give a report with 15.000 $ year/equipment until 500$ year/equipment
replacing cost decreasing.

Conclusion: the control contamination increasing the equipment
reliability.

Together with damaging causes control by proactive maintenance,
for a good reliability must be connection between damaging diagnoss,
maintenance action for fixing situation and good operation. Usual in the
plant the good reliability including vibration analysis, oil analysis and other
monitoring information.

For the industrial range usual is vibration analysis but step by step
corresponding a good change of mentaity which includes the oil analysis.

In the Nuclear Station from Palo Verde they realized amazing well
results using bearing damaging oil analysis. The specialist from Nuclear
Station discovers that the best monitoring program is a combination
between vibration and oil analysis (Fig. 1).

Vibration monitoring vs Oil monitoring

27%

33% " " P
@ Vibrations monitoring
m Oil monitoring
O Both system

40%

Figure 1. Results between vibration and oil analysis combination

This means that by oil analysis realized the 40% damaging
discovery, by vibration analysis 33% and 27% with both monitoring system.

For the damaging vibration analysis diagnosis must be respect it few
requirements:

) the acquisition of in time variations diagrams of the vibration
parameters (trend), but also of process characterigtic variations,

) the frequency analysis of the vibration promptly when the
vibration level achieved the warning level and the possibility to comparethe
resulted spectrum with the memorized spectrum of the machines vibration,
obtained in normal functioning condition;
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. the registration of all modifications and changing realized
during the maintenance and repair operation;

. The existence of

interpretation, conclusion and decisions.
The specialists discover that oil and vibration analysisis very tight in

alot of application and completion in others (Table 1).

qualified personnd for

the data

Tablel

Qil & Vibration program applicability

Application Oil program Vibration Program

Bearing greasing Well done(WD) WD
Axial bearing greasing WD Good
Unbalancing Unapplied WD

Water in oil present WD Unapplied
Rolling/Ball Bearing Good WD

greasing

Engine valves greasing Good Light
Shaft cracking Unapplied WD
Gear wear WD WD
Alignment Unapplied WD
Basic causes analyzing WD WD

Oil condition monitoring WD Unapplied
Resonance Unapplied WD

Also, by ail analysisis possibleto identify the wear subassembly and
main source. In Table 2 we have these details.

Table 2.
Qil element contamination and main source
. Chemical
Chemical element Source dement Source
S Dust B Cooling liquid, aditive
Na Cooaling liquid Li greasing
Cooling liquid Piston, cilinder, bearing,
K Al _ cooling sistem
pipes,dust, auxiliar
transmission
Ajustment ring; segment,
Cr P )
sling material
Mb Ajustment ring:segment, Ti paint, contam.
aditiv
cu Bearing, cc_>ol|ng sisem Mn Steel component
pipes
Pb Bearing \Y valves, Steel component,
Sn Bearing Ag Bearing
Ni Steel component, P Aditive
Compressor
Zn Aditive Ca Aditive

51




Today, is possible to identify the main causes, testing and maintain
the oil by mobile laboratory, the service packaging usua and very important
for plant which hasa biIity_LosoI theblems in real time (Fig 2).

Figure 2.The specia equipment for oil testing and maintain

Both methods can be used for main causes detection; Usual one of them
give ageneral information and other give therea confirmation; Oil analysis
is stronger on gears, hydraulic system and reciprocating Compressors,
Vibration analysis is stronger for damaging detection in bearings with high
RPM; Vibration analysis is done to identify the damaging point
identification; Qil analysis is stronger to identify the damaging wear
mechanism; Both methods is need it for real damaging causes
determination; The correlation between oil & vibration analysis is very
good; In the plant the trusting increase a lot when they using the both
methods.
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INOBBIINEHUE HAJTE)KHOCTHU U
JTOJATOBEYHOCTHU BUBPAIIMOHHOM TEXHUKH C
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HanexHocTh M JIONTOBEYHOCTH ~ BHOpAIMOHHOW — MAIIUHEI
OIpeIeNsieTCs HaAeKHOCTBIO M IOJITOBEYHOCTHIO CAMBIX OTBETCTBEHHBIX €€
neraneil. K HUIM OTHOCSATCSI TOAIIMITHUKOBBIE Y3JIBI M YIPYTHE 3JIEMEHTHI
noaBecku. [IpuHATO CuWTaTh, YTO MOMIIMIHMAKKA BHOPAIMOHHBIX MAIIWH
paborator B Haubonee HeOJIAronmpHATHBIX YyciuoBusix [1] mocTrosHHON
BHUOpanuy, YTO TPHBOIUT K COKPAILIEHHIO CPOKOB MX JKCIUTyaTaluuu. B
CBSI3M C OTHM OJHMM H3 OCHOBHBIX HEJIOCTATKOB MEXaHHYECKHX
BHOPOMAIIIHH SIBJISIETCS] UX HU3Kasl SKCILTyaTal[MOHHAs Ha/Ie)KHOCTb.

AHanmum3upyst ycioBHS pabOThl TOAUIMITHUKOB BHOpaIMOHHBIX
MallliH, aBTOPHl CIPaBOYHMKOB 10 mojmmmHukaMm [1,2]  ocobo
OrOBapyBAIOT CHEMU(HUKY MX IKCIUTyaTAIMOHHOTO PEXHMMa C YUETOM psizia
(axTopoB. B X ymcie: MHEPIMOHHBIE HArpy3KH, BBI3BaHHBIE KOJleOaHHEM
TIOALIUITHIKA BMECTE C MAIIMHOMW, BBICOKHE yJeIbHBIE Harpy3KH, BEICOKHE
YacTOTHI BpallEeHHs Baja, 3allbUIEHHOCTh M 3arpsi3HEHHOCTh OKpY)KalomieH
cpenbl, TPEpPBIBUCTBIA DMK paboThl, MOBBINIEHHAs TeMIleparypa Ha
koprycax. Tyr »e mnpuBOISTCS OpaKOBOUHBIE IPH3HAKK IIPU OTKa3e
MIOAUIMITHUKOB JISWCTBYIOIMX BHOpoMmammH. Ha mepBoM Mecte cTOUT
paspylleHue cemapaTopa. 3aTeM HAyT: a0pasuBHOE M3HAIMBAHUE
TIOBEPXHOCTEH Ka4yeHWs,, YCTAJIOCTHBIH W3HOC, HakKiIen W (pPEeTTHUHI-
KOppO3Hs OCAI0YHBIX [TOBEPXHOCTEH, TIEperpeBaHue u Jp.

WU HM oaMH aBTOp M3BECTHBIX CIIPABOYHHMKOB IO pacyery
TIOALITUITHUKOB HE YKa3bIBAET M HE aHAJM3UPYET OCHOBHYIO OCOOEHHOCTh MX
paboTsl B BHUOpPAIMOHHBIX [e0ajlaHCHBIX MaIlMHAX — IIepexoj] uepe3
HeperyJlIupyeMble TOMEXYTOUHbIE PE30HAHCHI IIPH ITYCKE W IIPH OCTAHOBE
MaluHbl. B TeXHWuYeckoil JUTEpaType OTCYTCTBYIOT CBEACHHS O
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CIICIMANTBHBIX UCCIIEOBAHUSX JMHAMHUKH TOJIIMITHAKOB B 3TUX YCIOBHSX.
Ilo HammMM OLEHKaM, MOJYYEHHBIM MOMYTHO M3 DKCIEPHUMEHTOB, HU3HOC
MOMIIUITHUKOB Je0alaHCHOTO BaJjia MO BETMYMHE PaJHaibHbIX 3a30POB MPH
OTHOM TIepexolc Yepe3 pe3oHaHC Tyma (Myck) W o0paTHO (OCTaHOB)
9KBHBAJCHTEH INPHUMEPHO CTa 4YacaM paboThl  MOALIMIHHKA B
YCTaHOBHUBIIEMCSI BHOPALIHOHHOM PEXUME.

OcobeHHOCTBIO JIe0alaHCHOrO BUOPOBO3OYAMUTENS SIBISIETCS TO, YTO
MOIIHOCTh MPUBOJHOIO JIBUTATENs OMPENCTIIeTCS YCIOBHSIMH IyCKa.
Benuuuna renepupyemoii  BhmHyxknaomeidt cunet O ompenmensercs
3aBUCUMOCTBIO

0=S-02, (1)

rae S — craTudeckuii MOMEHT Macchl Je0aIaHCoB;
() — yrJoBasi CKOPOCTh BpalleHus 1e0aTaHCHOrO Baja.

Jlerko BUIACTH, YTO OJHA U Ta KC CHJIa O MOXET OBITh nojyucHa

HpYU PA3IMYHOM COYETAHUU CTATUYECKOrO MOMEHTA S U YITIOBOM CKOPOCTH
®. Ecnu yrinoByro cKOpoCTh BpallleHUs Baja CHU3UTH B 1,5 pasa, To Ay

coxpanenus BenuuuHbl cuibl O HEOOXOMMMO YBENMYMTH CTATHUECKMi
MOMeHT jebanmaHcoB B 2,25 pasza. C TOYKM 3pEHUS HHTEHCHBHOCTH
BHOPAITMOHHOTO BO3JIEHCTBUSA [3], KOTOpOE OmpeaensieTcsl 3aBUCHMOCTEIO

E=A2 o3, @
JIy4Ille TPOU3BOAUTE BUOPOOOPaOOTKY ¢ OONbIIEH 4acTOTOW O U

MenbIIel ammutyaoii A xonebanuii pabouero oprasa. ITo Jerko MOKHO
MOKa3aTh C YYETOM PaBEHCTBA CHJI M YCKOPEHHH KoJeOutomerocs pabodero

opraHa ALOZ =CONst . Bmecre ¢ TeM myck BUOPOBO3OYAUTENS C OONBIINM
CTaTUYECKMM MOMEHTOM Macc JebajaHcoB IOTpeOyeT NPUBOIHOTO
nBuratess Oonplneid MomHOCcTH. [Ipu 3ToM, moTpebiisieMas MOIIHOCTH B
YCTaHOBUBIIEMCS pPEeXKHMe OyIeT CYIIECTBEHHO MEHbIIE YCTAaHOBOUHOI
MOIIIHOCTH ABUTraTels, a ko3 duiueHt Momuocty ( COSQ ) Oyner Oau30K K

CBOEMY 3HAa4€HUIO TIIPU XOJOCTOM XOJ€ JBHrartens. YMEHbIIEHHE
MOIIHOCTH  TPUBOAHOrO  JABUTaTeNsl 7100 He  o0ecneyur  IMycK
BUOpOBO3OYAMTENS, JHOO JBUraTenb HE CMOXKET BBIATH B DPEXUM H
"3aBUCHET" Ha  YacTOTe IPOMEXYTOYHOro pesoHaHca (3¢dexr
3ommepdenbaa). 1 B ToM U B OpyroMm ciydae ABHraTelb paboTaeT B
peXrMe TpaHchopMaTopa M 4epe3 HECKOIBKO MUHYT BBIXOAHT U3 CTPOSI.

B paccmarpuBaembIX ciydasx HaJEKHOCTb M JOJTOBEYHOCTH
BUOpAallMOHHOM  CHUCTEMBI  Ompenensercss Kak  HaJeKHOCTBIO U
JIONTOBEYHOCTBIO JIBUraTelIsl TNPHUBONA, 3aBUCALICH OT YCTaHOBJICHHOW
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MOIIHOCTH, TaK M YCIOBHSIMH PabOThl YIPYTHUX SJIEMEHTOB KOHCTPYKIIUH
MAIMHbI, MOABECOK M TMOJIIMIHUAKOB. Llenblif psa AMHAMHYECKUX H
9HEPreTHYECKHUX MApaMeTPOB MEPEeIUIeTHCh MEXAY COOOH U KaKeTcs, 4To
HaWTH BBIXOJ] U3 3TOTO 3aMKHYTOr'0 Kpyra HeBo3MoxHO. Ho BbIXO[ ecTb, U
OH OJHOBPEMCHHO pEIlaeT BCE BOHUKAIONME MPOOIEMBL. DTO CO3JaHHE
YIIpaBIIsieMbIX HA XOAY BO30ymuTeneil KoneOaHui.

Takue Bo30ymuTenn ObUIH pa3paboTaHbl U CO3JaHEI B cepeanne 80-x
TOIOB MpOHUIOro Beka B [lONTaBCKOM  HHKEHEPHO-CTPOUTEIHHOM
WHCTUTYTE W 3alMIICHHl MHOTUMH aBTOPCKUMH CBHICTEICTBAMH U
nateHTaMd. CyTh HMX COCTOMT B TOM, YTO TMYCK H OCTaHOB
BUOPOBO3OYAUTENS TMPOMCXOJAUT B JMHAMHYECKH yPaBHOBEHICHHOM
cocrostauH (puc. 1).

Puc. 1. Cxema ympasisieMoro 1e6alaHCHOro BUOPOBO30y IUTEIs

ITocne BbEIXOJa MIPpUBOAHOTO JABUTATECIIA Ha 4acCToTy
YCTaAaHOBUBUICTOCA  pCKHUMa  NOJABUKHBIC I[e6aJ'IaHCI>I C IIOMOMIBIO
MCXaHU3Ma YIPaBJICHUA TCPCABUTAIOTCA BIOJIb I[e6aJ'IaHCHOFO Baj1a OT
HCIIOABHIXXHOI'O u MMOBOpAYMNBAIOTCA OTHOCHUTECIIBHO HCIIOABHXKHOI'O
z[e6ancha. Cas13b IIOABHXKHBIX I[e6aJ'IaHCOB C I[e6aJ'IaHCHI)IM BajioM
OCYHICCTBJIACTCA C IIOMOIIBIO IIapoOBbIX IIITOHOK, KOTOpLIC
NEPCKAThIBAIOTCA 110 BUHTOBLIM KdaHABKAM Ha I[e6aJ'IaHCHOM pase. Eciu
HallpaBJICHUS KaHABOK Ha JICBOU U npaBof/i YacCTdX Bajia IPOTUBOIIOJIOXHBIC,
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TO TIO/IBW)KHBIE JIe0aNaHChl MOBOPAYMBAIOTCS B OJHOM HAalpaBJIeHUH Ha
yron © OTHOCHTENBHO HEMOABMKHOTO U TEHEPHPYETCH BUOPALMOHHOE
oJIe MOCTYIATENBHON CTPYKTYpHI (puc.l,a). CTaTUYIeCKUii MOMEHT MAacChl
JiebaiaHcOB U3MEHSIETCS 110 TAKOH 3aBUCUMOCTH
S=2mesi n% (3)
rae M — macca HemoABWXHOrO jaedajaHca, paBHas Macce IBYX
TIOZIBHKHBIX.

Ecnu »xe HanpaBieHHs BHHTOBBIX KaHABOK Ha O0EHMX YacTsIX Bajia
OJMHAKOBO, TO IIOJBIDKHBIE Je0ajaHchl IIepe/IBUTAsCh BIONL Baja,
TIOBOPAYMBAIOTCSI B ITPOTHUBOIIOJIOXKHBIX HAINPABJICHUSIX, TEHEPUPYS II0JIe
BUHTOBOM  cTpykTypbl  (puc.1,6). Cratmuecknii MomeHT S m
LEHTPOOEKHBIH MOMEHT Macc nebanancoB |gz Gyayr usMeHsTbes
COTJIaCHO 3aBUCHMOCTSIM:

S=2mesin2% @)
|OZ=n'E2L-;_ceS-ne, (5)

rae € — OKCHCHTPUCHUTET I[e6aJ'IaHCOB;

h — wiar BuHTOBBIX KaHABOK Ha Baly.

I[Ipu mycke BUOPOBO3OYIUTETS B YPaBHOBEIICHHOM COCTOSIHUU
MOIIIHOCTh MPUBOJIHOTO JBUTATENs B 2...4 pa3a MeHbIIE, YeM NpU MycKe B
HEypaBHOBEIIEHHOM. B 3ToM ciyuae mnepexoi depe3 HpPOMEKYTOUHBIE
PE30HAHCHI MPOUCXOJUT HEON[YTUMO Ui BUOpoBO3OymuTens. OcTaHOB B
YPaBHOBEUIEHHOM COCTOSHUM MCKITIOYAET PE3KHUM POCT U CPBIB aMIUIUTY/IbI
KoJleOaHui TpH mepexojie Yepe3 pe3oHaHChl. CyIIECTBEHHO (Ha TOPSIOK)
YMEHBIIAIOTCS AUHAMUYECKHE HATPY3KU Ha TOJUIMIIHUKYA Bajia U yIpyrue
9JIEMEHTHI  BHOpAallMOHHOW  MamMHBL.  Bo3pactaeT HAJeKHOCTh U
JIOJITOBEYHOCTH BUOPAIIMOHHOT'O YCTPOMCTBA.

W3 cka3aHHOro BHWJIHBI JUHAMUYECKHE M  DHEPreTHUYECKHE
MPEUMYIIECTBA YIPABISICMBIX BHOPAIMOHHBIX MAIUH II0 CPaBHEHUIO C
HeynpasisieMbiMi. Ho 3T0 He Bce. OCHOBHBIM CBOMCTBOM YIpaBJIsieMOM
BHOpPAITMOHHON  MAIIMHBI ~ SBJSETCA  BO3MOXHOCTH €€  paboThl B
HECTAIIMOHAPHOM pPEXHMME C TIEPEMEHHOM aMIUTUTYJ0M M YacTOTOM
koneOanuii. Kak TmoOka3piBaeT ONBIT OJKCIDIyaTalldd TaKUX MallldH,
WCTONB30BAaHUE  HECTAIMOHAPHBIX  PEXHMOB  pabOTBHl  MO3BOJISET
CYIIICCTBEHHO TMOBBICUTh KAa4eCTBO KOHEYHOTO MPOAYyKTa 00paboTKH,
COKpaTUTh BpeMsi 00paOOTKU, IOBBICUTH IPOU3BOJHUTEIBHOCTL TPYAA,
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YBEIMYUTh  KO3((UIMEHT  IONe3HOro  JAEHCTBUS ~ MAIIMHBI  TIPH
OJHOBPEMEHHOM CHIDKEHMM IIymMa W BHOpanmuu Ha paboueM Mecre
orepatopa. ClieoBaTeNIbHO, OJHOBPEMEHHO C pEHICHHEM TEXHUYECKHX
npobyieM  3aMETHO  YNyYINAloTCsi ~ SKOHOMHMYECKHE  IT0Ka3aTelln
BHOPAIMOHHOMN TEXHHUKH.

Bce 3T0 mo3BosnsieT yTBepKIaTh, YTO pa3paboTaHHbIE YIpaBIsIeMble
BUOpalMOHHBIE MAIMHBI SIBJISIOTCS KadeCTBEHHO HOBBIM ITOKOJICHHEM
BUOpalMOHHOM TeXHUWKH. VX BHelpeHWE B MPOM3BOJACTBO OyaAeT
CHOCOOCTBOBaTh TEXHMYECKOMY TIpOrpeccy BO MHOTHX — OTpacisix
MIPOMBIIIIEHHOCTH, CTPOUTENIHCTBA, CEIBCKOT0 X035HCTBA.
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JUHAMUNYECKASA MOJEJIb
IMPOCTPAHCTBEHHOTI'O JVIMHHOMEPHOI'O
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PACYETAX HA COITPOTUBJIEHHUE YCTAJIOCTH
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JlnuHHOMEpHBIE THOKHE THAPOTPAHCIOPTHBIE TPYOONPOBOEI
(IIJTaHTH) MIMPOKO MCIOJIB3YIOTCS B Pa3IUYHBIX 00JACTIX TEXHUKH. B
YAaCTHOCTH, OHU NPHUMEHSIOTCS B METALUIypruu, NpHU pa3paboTke
MOABOJHBIX MECTOPOXAEHUH TBEPJBIX ITOJIE3HBIX HMCKONAEMBIX U B
JIpyTUX oTpacisax MPOMBIIIJIEHHOCTH. OO0bIYHO yCIOBUSA
SKCIJIyaTallUd TaKOBBI, YTO IUIOTHOCTh MNEPEKAYMBAEMON MYJIbIBI
U3MEHSETCsl CcllydailHBIM 00pa3oM. OTO MPUBOAUT K CIyYailHBIM
kojeOaHUAM TpyOOIpPOBOJOB U, CIEN0BAaTEIbHO, K MOSBICHUIO
JIONMOJHUTEIbHBIX TUHAMHYECKUX YCUIIUH, KOTOPbIE MOTYT OKa3aThCs
BECbMa 3HAYUTEIbHBIMU. Y Ka3aHHOE OOCTOATENBCTBO CIIOCOOCTBYET
HAKOIJIEHUIO YCTAJIOCTHBIX MOBPEXKIECHUN U CHUKEHUIO HAJEKHOCTHU
THAPOTPAHCIIOPTHBIX TpyOOIpoBO0B [1].
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Pa3paborana MaremaTHyeckasi MO/IENb 3aKPEIIEHHOr0 32 00a KOHIA
MIPOCTPAHCTBEHHOI'O ~ THOKOTO  THJPOTPAHCIIOPTHOTO  TpyOOnpoBoja,
COBEpIIAIOIIEro BBIHYX/ICHHBIE rapaMeTpuiecKue KoJeOaHus
OTHOCHTEJIFHO  TIOJIO)KEHUS ~ PAaBHOBECHs, BBI3BAaHHBIE  CIyYailHBIMHU
W3MEHEHHUSIMH TUIOTHOCTH TepeKayrMBaeMOl ITyJblbl. 3ajada JIMHEHHON
CTaTUCTUUYECKOW IUHAMUKU pemieHa MeTtogoM Monte-Kapno. Monens
YUUTHIBAET [EHCTBHE BHENIHErO IOTOKa (BOJBI MM BO3JyXa), a TaKKe
COCpe/IOTOYEHHBIE CHJIBI M Macchl (00YCIIOBIIEHHBIE, HAIPUMEp, HAJIMYHEM
ToIUIaBKOB). MeTos onpeieNieHust 9acToT U OopM COOCTBEHHBIX KojieOaHHi
IIJIaHTa, KOTOpBbIE HEOOXOAMUMBI JUISi YHCIIEHHOTO PELIeHHUs! MMOCTaBJICHHON
3aj[a4u, MPUBEJICH B cTaThe [2].

B  kauectBe mpuMepa  pacCMOTPUM  THAPOTPAHCIIOPTHBIN
TpyOOITPOBO/, PACIIONIOKEHHBIH B IIOTOKE BOJBI, 110 KOTOPOMY JUTUTENBEHOE
BpeMsi IepekaunBaercs Imynsna. [JnmHa tpyOornpoBoaa 160 M, HapyKHbBIH
muamerp 0,435 M, moroHHas Macca InTaHra Oe3 mymbmbl 126,1 kr/m.
CKopocTh BHEUIHEro 1MoToKa Bozbl 0,5 M/c, a BHYTPEHHETO TMOTOKA ITYJIBIIBI
— 3 m/c. B nmpon3BoibHBI MOMEHT BPEMEHH IJIOTHOCTh MYJIBITBI Ha BXOJIE B
TpyOOIpoBOA — cirydaiiHasi BEJIMYMHA, pacIpeAe]eHHasi 10 HOPMaIbHOMY
3aKOHY CO CpeAHuM 3HadeHueM 1160 kr/m® u CPEIHEKBAAPATUIECKUM
otknoHenneM 36,7 kr/m>. Iloc/ie0BAaTEIBHOCTh MOMEHTOB BPEMEHH
CKa4yKOOOpa3HOr0 W3MEHEHHs IUIOTHOCTH MYNbIBl 00pasyeT IOTOK
[yaccoma c¢ mapamerpom 0,01 c¢*. JlpyrWe KOHCTPYKTHBHBIE U
9KCILTYaTal[MOHHBIE TApaMeTphl TPYOOIIPOBOAa NPUBEICHBI B [2].

Pe3ynpraThl  pemieHHMss  3aJadd  BBIHY)KIEHHBIX  CIIyYaiHBIX
KoJyieOaHMH HccieayeMoro TpyoonpoBosia MONYYeHBl B BUAE THCTOTPaMM
JUI €ro pPasiN4YHbIX CeUeHWH. BHEMmHW BHI THCTOrpaMM I03BOJISET
BBIJIBUHYTH THUIIOTE3Y O HOPMAaJIbHOCTH 3aKOHOB PaCIIpe/IeTICHUS CITyJaifHbIX
JMHAMHYECKUX cocTaBisIonmx. [IpoBepka mo KpuTepHro y~ mokasaia, 4To
JTaHHas TUTIOTe3a MOXKET OBITh MPHHATA C BEPOSTHOCTHIO He Hibke 0,95. Ha
puc. la mpuBeIEeHBI THUCTOrpaMMa M COOTBETCTBYIOIIAsl €l IUIOTHOCTH
HOpMasbHOro 3akoHa pacnpeneneHus f(AQp) ciydaiiHol AMHAMUYECKOUH
cocraistronel oceBoro ycmus AQ; (B 6e3pasMepHOM BHE) JUIS CEUSHMS,
PAacIlONOKEHHOI'0 Ha BBIXOJIE M3 TpyoOompoBona. Ha puc. 10 npuBenen
3aKOH paclpeeleHds MOoAyins Bektopa U COydalHOM JAMHAMMYECKOM
COCTaBJISFOLIEH MepeMEeNIeHUs [UIaHra OTHOCHUTEIBHO ITOJIOKEHHS
paBHOBECHS ISl CEUSHHMs, PACHOJIOKEHHOrO IOCPEIUHE TPYOOIpOBOJa.
MakcumainbHble 3Ha4Y€HUs! CIy9alHbIX JMHAMUYECKUX COCTABIISFOIIMX JUIS
BBIOpPaHHBIX CEUSHMH HIJIAaHTa MOTYT OBITH ONpEJeNIeHbl 0 MPaBHILY «Tpex
CHUTM.

58



fiaQy)

0 ol 1 B ey
-0,2 0 AQ,
a)
A0
Il )
50
M+
4
) J...(l{"
i i I n B
0,04 0 {1 |“|
6)

Pucynox 1 —3akoHbl pacupeieneHus CirydailHbIX JUHAMHYECKHX COCTABIISIFOLINX
THIPOTPAHCIIOPTHOTO TPyOOIpOBOIA

AHanu3 pe3yJabTaTOB MOJEIUPOBAHUS IIOKAa3aj, YTO BEIHYUHA
CIyJyallHOM JMHAMHYECKOM COCTaBJSIOUIEH OCEBOrO YCHWIHA MOXET
nmocturath moutd 30% IO OTHONICHHI0O K MaKCHUMalbHOMY (TI0 JIJTWHE
TpyOONPOBOJA) CTATHYECKOMY 3HAYCHHUIO OCEBOTO YCHIUSA, a MOAYJb
BEKTOpa CIIy4allHOH JMHAMUYECKOM COCTaBJISIIONIEH  MepeMelleHus
OTHOCHTEIIEHO COCTOSIHUSL PaBHOBeCHs — Topsiika 4% OT JUTHHBI [IUTAHTA.
CreoBaTenbHO, BEIMYUHBI CIYYalHBIX JIHHAMAYCCKAX COCTABJISFOIIIX
MOTYT OBITh BEChbMa 3HAYUTECIBHBIMH II0 CPABHCHHIO C BEIMYMHAMU
COOTBETCTBYIONIMX CTATHYECKUX COCTABIIIONIMX. B  3TOM  ciydae
HEO0XOIUMO TPOBOJIUTEH PACYETHI TUAPOTPAHCIIOPTHHIX TPYOOIPOBOIOB Ha
COTIPOTHUBJICHHUE YCTATIOCTH C UX YIETOM.
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AKTHUBHOE TAIIEHUE BUBPAIIAI
TEXHUYECKUX CUCTEM METOJAMUA
CEJIEKTUBHO-UHBAPUAHTHOI'O YIIPABJIEHUSA

Jhobuux JL.M., I'punbepe I'JI., Kocmiox O.B.
Hayuonaneneiii mexuuueckuti ynugepcumenm «Xapokogckuil NOIUMeXHUHeCKUtl UHCIUmymy

Vkpauna, 61002, Xapokos - 2, yr. @pynze 21 + 38 057 707 63 51, lyubchik@kpi.kharkov.ua

Haubonee pacnpocTpaHeHHBIE METObI CHHTE3a CHCTEM AKTUBHOTO
ranieHusl KoneOaHuii OCHOBAHBI HA WCIIOMb30BAHUH PA3IMYHBIX MOJENeH
BO3MYIIAIONIMX BO3JCHCTBUI, B TOM YHCIIE MOJENEH THIIA CTAIMOHAPHBIX
cry4aifiHpIX TporieccoB. sl aKTUBHBIX racHTeel, CHHTe3UPOBAHHBIX Ha
OCHOBE TEOPUH ONTHUMANBHBIX CTOXACTHYECKHUX PETYISATOPOB MO KPHUTEPHIO
MUHUMH3AIUH CPETHEKBAIPATHYECKOTO OTKIOHECHHS, JOCTHKUMAsl CTETEeHb
HO/IABIICHUS KOJIeOaHu, omnpenensemMast CHEKTPATIbHBIMH
XapaKTePUCTUKAMHU BO3MYIICHHUSI U TMHAMUYCCKAMH CBOWCTBAMH OOBEKTA,
MOXKET OKa3aThCsl HEYNOBJICTBOPUTEIBHOH, B  OCOOCHHOCTH IS
HHU3KOYAaCTOTHBIX BO3MYIIICHUI CPABHUTEIBHO OOJBIION aMILTHTY/IBL.

CyIIeCTBEHHOTO MOBBIIICHHS Ka4eCTBA TAIlleHUs KOeOaHul MOXKHO
JOCTHYb MyTeM pealTu3alid KOMOWHHUPOBAHHBIX CHCTEM YIPABJICHHS,
HCTIONB3YIOIUX B 3aKOHE yhpaBlieHUs HWHOOpPMAIUIO O (aKTHYECKUX
BO3MYIICHUSIX, HUMEIOIMX  JOCTATOYHO  CJIOXKHBIH  CTPYKTYpY
HEIePUOIIMIECKOro KoJeOaTeNHOro mporecca (Tak Ha3bIBaeMbIC BOJTHOBBIC
BO3MYyIleHHUs) . B HacTosimiel paboTe pelieHne 3a1a4d CHHTE3a aKTHBHOTO
racuTessl KoleGaHWil OCYIIECTBIISIETCSs Ha OCHOBE METOAA CEJEKTHUBHO-
WHBapUaHTHOro ynpasienus [3].

Pemienne 3ajauM  CHHTE3a aKTHBHOTO TacuTeNs KojeOaHuit
OCYII[ECTBIISICTCS] HA OCHOBE JIUCKPETHOH MOJENH 00bEeKTa yIpaBICHHUS:

el = AN+ Bl + Bowg,

N
Yk = CiX + Dt + Diow, Vi = CoXgc + DagUic + DopW .
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e X € RN _ BEKTOp COCTOSIHUSI OOBEKTa YIpaBlICHUS, Uy € Rnh- -

BEKTOp YNPaBIAIOIINX BO3ACHCTBHH, W € R™ — Bekrop BO3MYyIICHHMI,
2
y& eRY, Vi € R% _ pekTopa ynpapiseMbIX U H3MEPSIEMbIX MEPEMEHHBIX

COOTBETCTBEHHO, () =My, (o = My

Maremartruaeckas Mozielb 0ObEKTa YHPABICHUS CTPOUTCS Ha OCHOBE
CTPYKTYpHOI CXeMBl aKTHBHOH YIIPaBIIsieMOH IIOABECKH, IIpeCTaBICHHOM
Ha puc. 1.

Puc. 1 CtpykTypHas cxema ynpasiisieMOn I0ABECKH

CrpyKTypa aBTOMaTH4eCKOH CHCTEMBI CEJIEKTHBHO-MHBAapHUAHTHOTO
yIIpaBJeHUs TalleHHeM KojiebaHWi mpencraBieHa Ha puc. 2. B cocras
cHCTeMBI BXOJUT 00beKT ynpasieHus (OY), crabumusupyromuii perysisirop
(CP), obecrieurBaromuii yCTOHYUBOCTh M 33/IaHHOE KAYECTBO MEPEXOIHBIX
MIPOLIECCOB  3aMKHYTOH CHCTEMBI W KOMIIEHCUPYIOIIUH  pEeryisirop,

*
obecrieynBaOIMi  CEXEHWe 3a  3ajalomuM  BosjedcTBueM Y,
dbopMupyeMbIM  3TaNiOHHOW  Moxmenelo  (OM), W KOMIICHCAITUIO
BO3MyIIaomero Bosaeicreus W . Kommencamus B cBowo odepens
OCYIIECTBIISIETCS C UCIIOJIH30BAHUEM MPOrHO3MPOBAHHBIX 3HAUEHUI OL[EHOK
Bosmymernst Wiy p , bopmupyemMbIX mporHo3atopoM Bo3mymieHuid (I1B)

Ha OCHOBE TEKYIIMX OLEHOK, IMOJYYEHHBIX C IOMOIIbIO HaOIromaresns
Bo3mymienuii (HB).
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Puc. 2. CprKTypa CCJ'ICKTI/IBHO'I/IHBapI/IaHTHof/'I CUCTEMBI YIIPABJICHUS TAlICHUEM KosiebaHui
Onenka BeKTopa BO3MYyIIEHHH (OPMHPYETCSl Ha  OCHOBE

WHBApPUAHTHOTO HAONIONATENS BO3MYIICHHN, CHHTE3UPOBAHHOTO II0
Metoauke [4]. YpaBHEHUs HAOTIOAATENS UMEIOT BHJT;

Y22
_ 2 o :
Wi = S32(y 22 Yicsy 5 ~CoAT23 ~ > Sp1( Mty |

i=0
Xk41= (A—Gcz —(B2 —GD22 535 (y22 ICo AT 2 }k + @)
Y22
+ (B~ GD21 i — (B3 —GD22)52+2(Y22)_Z(:)321(i Wiy —i +
i=

+(B, —GD22)52+2(Y22)YE+Y22 +GyE,

rae G — HAaCTPOCUHLIC MMapaMETPhl, & OTHOCUTCIIbHBIC TOPAAKH 'Y”

A
obbexta ynpasienns onpenetores kak 0 <yjj <N, §; (Yi j,#0 na

OCHOBe MmapaMeTpoB Mapkosa cucremsl (1):
-1
Sij (ﬂy:o =Djj, S (ﬂwo =CiA"""Bj, 0<y<n (@

VYnpapneHrue, KOMIIEHCUPYIOLIEe BIUSHUE BHEIIHETO BO3MYIIECHUS U
obecrieunBaroliee ranieHle BBIHYKACHHBIX KojieOaHui, GopMHUpyeTcss Ha
OCHOBE H3BECTHOIO METOAA JIOKAJIbHO-ONTHMANIBHOIO YIPABIECHUS C
HCIOJIB30BaHUEM BCIIOMOTaTEIbHOIO KPUTEPUS BUA!
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2

* 2 .
I :Hyk”ll_yiﬂuu +ofjug [© — min. 4
Ilpy 3TOM  KOMIEHCHPYIOIIEE  VIPABIEHHE  OMpPEIEISETCS

bopmynamu:

* * R Y11 . i
U = G(@) Yicryy, —CLA Ry — 3 S OA Wy |
i=0

=
Glo)= ( m, O+ SlTl(Yll)Sll(Yll), Sti(r11) (5)

OKOHYATEIBHO ypaBHEHHE KOMITEHCaTopa BO3MYILEHUS
puoOpeTaeT BU:

. N ~ - Y22 )
ug = m G(G)S321)1G(G)IYL<+YH — AT~ S(yg — CoATZ R — 3 S (i )}
i1

T11 :
Skv)= _;0512 (A1 127S55 (122 ) ©)

[IporHo3upoBaHHbIE 3HAYEHHS BO3MYIIEHHS (OPMUPYIOTCS Ha
OCHOBE  QJIrOPUTMAa  MNPOTOHO3UPOBAHMSA  BOJHOBBIX  IPOLECCOB,
WCITIONIB3YIOMIEr0  HOBBIM ~ METOA  QJanTUBHOM  WAEHTU(UKAIUU
MHOTOYaCTOTHBIX KOJE0AHWH C HEM3BECTHBIMH M MEHSIOIUMHUCST BO
BPEMEHH aMILUTUTYAaMH U 9acTOTaMu [5].

[IpenyioskeHHBIM MOAXOJ HCCIENOBAaH METOAAMU HMHUTALUOHHOIO
MOJICTIMPOBAHMS U arnpoOMpPOBaH NPHU PEIICHUH psija MPAaKTHUECKUX 3a/1a4
AKTHBHOTO TallleHus1 KoneOaHu il TpaHCIIOPTHBIX CPEACTB [6].
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BO3HUKHOBEHHUE INTPOCTPAHCTBEHHBIX
IMAPA3SUTHBIX KOJIEBAHUI U UX BJIUSHUE HA
PABOYME IMPOLECCHI BUBPOMALIHWH

3suaoaypu Buxmop Cyxaeeuu, Tymanuweunu I'eopeuii Hocughosuu,
Hampuaweunu Tamasz Mamuesuu
Hnemumym Mexanuxu Mawun, ya. Canopo Dy ,8; 0186, Tounucu, I'pysus
Ten.32-11-65, 32-16-77,32-39-56; imm@posta.ge

W3 BO3MOXKHEIX HOI’peH.IHOCTefI M OTKIIOHEHUU W3rOTOBJICHUS U

MOHTaXa KOHCTPYKIIMOHHBIX 3JIEMEHTOB M Yy3JIOB MAaIllMHBI ONPEENIIOTCS
JIBa HAIPABJICHUS PE3YAbTUPYIOUIUX OTKIOHEHUH, C MOMOIIbI0 KOTOPBIX
CJIelyeT KOPPEKTUPOBATh pacyeTHas (TeopeTHdyeckas) MpOCTPaHCTBEHHAS
MOJIETTb  KOJIeOATeNIbHOM CHUCTEMBI; HMMH  SIBIISIIOTCA: 1) OTKIIOHEHUS
KOOPJMHATHBIX OCEH, HEMOJBIKHO CBS3aHHBIX C COOTBETCTBYIOIIMMU
MaccaM¥ (4acTsIMH CHCTEMBI) OT PacdeTHOrO IOJIOXKEHUs, 2) OTKIIOHEHHE
HaIpasJIeHus BO30Y)KAAIOIEeN CUIIBL.

Puc.1. KOHCTPYKI[MOHHBIE OTKJIOHEHHs] BHOPALMOHHOM MALIMHBI [IOCJIE €€ H3TOTOBJICHHH H
cOopku

Paccmorpem nBmxenne pabouero oprana (PO) BuOpomammsel c
TexHonornueckol  Harpyskod (TH) ¢ yderom  BhIIIeyKa3aHHBIX
morpemHocTel  (puc.l). KoopaunatHas cucrtema OXYZ cOOTBETCTBYET
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niealIbHOMY TIOJIOKEHHIO M HemoABWXKHO cBsizaHa ¢ PO. OXyz sBisercs
HETOJBIKHON (MHEpIHANbHOI) cucteMoild, ocbk OX KOTpoil coBmagaer ¢
HampaBJIeHUSIMU BO30ykaatomeit cibpl Q(f) u mpomosbHOM OChI0 yHpyrow
cucTeMbl BHOpoBO3OyauTens. 13-3a HETOYHOCTEH HM3TOTOBIICHHUS Y3JIOB
BUOpPOMAIIMHBl M €€ MOHTaXka, PEajbHONM TOYKOH NPWIIOKEHUS  CHJIBI
spnsiercst O ¢ SKCIEHTPUCHTETAMH €, €, €, OTHOocHTeNbHO O; peanbHoe
nonoxenne PO cooTBeTcTBYeT KoOpAMHATHON cucteme OXYZ,
otkinoHeHHoi ot OXYZ Ha yrnbsl 6, Wy, @y, KOTOpBIE B (hopMe SHIIEPOBBIX
YIJIOB  JaHbl Ha puc.l, 8, a B Tabmume | TOKa3aHBl HANpPaBISIOINE
KOCHHYCHI B yrimax O y, ¢ mocie JauHaMudeckoro cmemieHus PO
(O'X'Y Z') ¢ yueToM Ha4ambHBIX OTKIOHEHHUIA.

Tabnuna |
X Y A
X 1 —P —® Y+,
Py —@ -1 -0 -0,
Z -y -y, 0 +6, 1

VYKka3aHHbIE HETOYHOCTH  SIBISIOTCA  IPUYMHAMU  TOSIBICHUS
JIOTMOJTHUTENBHBIX COCTABISIONIMX Bo3Oyxkaaromend cuiabl  Q(t), mpoekuuu
KOTOpPBIX C YU4ETOM TaOiuIp! 1 IpUMyT BHI:

Q =Ql(y, +y)sina, +cosa,); Qy =Ql(p, +¢)cosa, + (6, +0)sina,];
Qz = Q[(l//o + l//) Ccosa, +Sina1] ' (1)

rie a, =a+ f , a - yron naknona PO, B -yron Bubpauuu; us 3a
MaJIOCTH YIIIOB Oy Wy, @9 IPH Pa3JIOKEHUH HANpPaBISIOMUX KOCHHYCOB B
PSZIBI, YYUTHIBAIOTCS TOJIBKO JIMHEHHBIE claraeMble (Taba.1).

[poekuuu  Momenta Bo3Oyxkmatomeir cumsl M =Q-€ o

KOOPJUHATHBIM  OCSM
OXYZ OynyT uMeTh BH;

M, =Qz-ey—Qy-eZ; M,=Q,-&-Q,-€;
MzzQy'ex_Qx'ey' (2)

YpaBHeHUA MIOCTYNATEIBEHOIO u BpalaTeIbHOT O
npocTpaHCcTBeHHOro nBWwxeHus PO B nuHeapu3oBaHHOH (opMe NpUMYT
BH;
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Md+qu+qu+K(;v=Q JV\;+CV\}+KVV+KV'q:Mq, ©)

q1
rre g u vl mpUHUMAKOT 3HAYEHUS XY,z u 6,y
coorBerctBeHHo; Cqy , C, — xoadduunentel nemndupoBaHus ynpyroi

L]
cucrembl BuGpoBo3Oynutens; Kq, K, - koadduiments ynpyrocru; K q°
K‘: - KO3((UIMEHTHI, CBS3BIBAIOIINE IONEPEYHO-TIOBOPOTHBIE U
TPOJIONBHO-KPYTUIIbHBIE KonebaHus; Q  m Q. ompeznenstorcst U3
Beipakenuit (1) u (2); M —macca PO (Bnustane maccsl TH Ha nprkenne
PO =e yuutsiBaercs).

VYpaBHenus newkeHus TH B Tpex MocTynaTeNbHBIX HalpaBlICHUSIX
B aHAJIIMTHYECKOH (opMe OyAyT OTIMYHBI OT M3BECTHHIX ypaBHeHWH [1,2]
YJIEHAMH, COJEpKalllMMK HadaJlbHBIE YIJIOBBIE HETOYHOCTH 6 Wy, @y W
JMHAMHYECKHE TTOBOPOTHL O W, ¢ W TIPUMYT BUJI:

X+003a1($k— Zy/) —-sin al(;(y/ + Z) + Zy}— S/g0+ 2y) Z+ng— gb— 2Y¢— ;(l//o sing, —
- iy/0003a1+ S/gao + Ax+ BY+ B, X = —-f(N, - Ny)sign()'()/M1 —gsinga;
Y+ y+ Cosal(ié’ - X(p) +sn al()u(H + Z(p) —Z0-20Z+2X ¢— 5(((/)0 cosa, —  (4)
-6,sina,) + 2(6, cosa, +¢,Sna,)+BY-C'Y = — fN_sign(Y)/ M ;

Z+ cosal(i+ 5(1//) +Sina1(5(— iy/) —0y+Y 0+ 21/)Y—2X y)— iylosinal +

+ Xy, C0saty — YO, + D, z+ Ex+ E'Z+CZ = - fN,sign(Z)/ M, - g cosa,

e A, B, B, C, D, E, E, C— K03(pPHUITUCHTHI, XapaKTePHU3YIOIIHE
TH w npuHnMMaromyie pasjindHble 3HAYEHUs B 3aBHCHMOCTH OT PEXHMa
pabotst PO (nBmxenue ¢ otpsiBoM u coBMectHO ¢ PO), M; - macca TH[3].

Beu1 mpoBeneH 1UQPOBBI AKCIIEPUMEHT COBMECTHOTO PEIICHHMS
ypaBHenus (3) m (4) ¢ yuerom (1) m (2) ans  BuHOpomHTaTenst c
9JIEKTPOMarHUTHBIM BHOpoBo3OyauTenemM ¢ Momuocthiol KBT u paboueit
yactotor 50 I'u. [3]. HekoTopbie pe3yapTaThl SKCIEPUMEHTA MIPUBEICHBI Ha
puc.2 a,6, rne V u Z - cpenHss CKOPOCTh M BEPTHKAIBHOE IepeMelleHHe
TH, z n wl]— napa3utHble KonebaHus 1o HanpasieHnto OX U BOKPYT OCH
oy .
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Puc.2. 3aBucuMocTy XapakTepucTuk ABuxkeHuss TH oT KOHCTPYKIIMOHHBIX HETOYHOCTEH
BUOPaMOHHON MaINHEI

B HOpMmanmbHOM pexuMe pa0oThl, KOTJa MapasHTHbIE YaCTOTHI
JIaJIeKH OT PE30HAHCHBIX, HETOUHOCTH B PaCCMOTPeHHbIX mpezenax 0 — 0,12
pan. u 0 — 0,006 M. He OKa3bIBAIOT 3aMETHOTO BIUSHUS Ha paboumid
MPOIECC BUOPOMAIINHBL; TO3TOMY, JJIS HATJISAHOCTH, MPH KCIIEPUMEHTE B
KaXJIOM W3  MPOCTPAHCTBEHHBIX  HampaBleHud  kojebanuii  (3),
BHOpOMAIIMHA BBOJUTCS B PE30HAHC U TOTJA YBEIUYCHHUE HETOYHOCTEH
BBI3bIBACT 3HAYMTEIILHOC YBEIHYCHHE MApa3sUTHBIX KOJICOaHWH, Hapyias
OpU 3TOM PabouYMii PEKUM U U3MEHEHsISI CKOPOCTh TPAHCIOPTHPOBAHHS
(puc.2a,0).

[poBeneHHbIe UCCISIOBAHMUS TOKA3AH, YTO MAPA3UTHBIC KOJICOAHMS
B OONBIIMHCTBE CIy4acB MPUBOAAT K  YXYOUICHHIO OCHOBHBIX
JUHAMHYECKUX M OKCIUIOATAIIMOHHBIX ~XApPaKTEPUCTHK BUOPOMAIIIMH,
OJIHAKO HMEIOTCS Clydad, KOrja CKOPOCTb  TPAHCIIOPTHPOBA-HHUS
COXpaHSETCs MOCTOSHHOW WITM UMEET TEHACHIIUIO K YBETHYCHHIO; 9TO JaeT
OCHOBAaHHE CYHMTATh, YTO B OTHACIBHBIX CIy4asX BMECTO TOrO, YTOOBI
YMEHBIIUTh JIOMYCKA HA IOTPENIHOCTh J0 MUHAMYMa (Y4TO SBIISETCS
TpyAHEH 3amadeii), 1enecoodpasHee CKOHCTPYHPOBATh BUHOPOBO30YAUTEIN
C YIpaBJIsieMbIMHU COCTABIISIFOLIMMH BO3MYIIAOIISH CHUIIBI 1 MOMEHTA.

Jlumepamypa

1. T'onuapesnu WN.®., ®ponoB K. B. Teopus BuOpanmoHHON
TeXHUKH U TexHojoruu. //M.: Hayka, 1981. 314 c.

67



2. bnexman LU, [Ixanemunze ['.1O. BubparmonHoe nepeMerieHue.
//M.:Hayxka,1964; 410 c.

3. 3Buagaypu B. C. [lunamuka BHOpPalMOHHBIX TpPAaHCIIOPTHO —
TEXHOJIOTUYecKuX MamuH. //Tounmucu: Merauepeba, 2001. 190 c.

BECKOHTAKTHASI JTMHAMOMETPHS
BPAIIIAIOIIINIXCSI POTOPOB (MATEMATHYECKAS
MO/IEJIb)

Cokon B.M., Hncmumym npocpeccusHbix uccied08anuil,
n.s. 5193, Apao 89151, Hspauns.
Ten.: +972 72 211 32 05; +972 776 56 58. E-mail: vmsokol @012.net.il

OnHAM W3 BaXHEHITNX 3JCMEHTOB W3MEPCHHUS TUHAMHYICCKHUX
MapaMeTPOB POTOPOB SIBIISETCS OMPENEIICHUE MX CHIOBBIX XapaKTCPUCTHK.
B psne cyuaeB (HampuMmep, BEICOKOCKOPOCTHBIE POTOPHI ¢ OECKOHTAKTHBIM
TIOZIBECOM) YCIIOBHUS DKCIUTyaTallid HE JOMYCKAaroT (PU3UUECKOr0 KOHTaKTa
poTOpa ¢ YYBCTBUTEIHHBIM 3JICMEHTOM H3MEPUTEIBHOM cucTeMbl. [1o 3Toi
MPUYMHE OKA3bIBAIOTCS HEBO3MOXKHBIMU HEMPEPBIBHAS JTHHAMOMETPUS
BpaIaromerocs poropa M, CIEeJOBATEIbHO, HCIIOIb30BAaHHE PE3YJIHTATOB
MUHAMOMETPHA B  CHCTEMaX JUATHOCTHKA W  TPOTHO3HPOBAHUS
HAJICKHOCTH.

IMokaxkemM, 4YTO HempepbIBHAas OCCKOHTAKTHAS JTUHAMOMETPHS
BpaIaroIerocs POTopa MOXKET OBITh OCYIIECTBJIEHA ITPH MUCCIEIOBAHUH €TI0
JMIUHAMHYECKOH KECTKOCTH (TIPU U3BECTHOM Macce M poTopa).

Bynem cuutath, 4TO POTOP COBEPIIACT TAPMOHUICCKHE KOJICOaHUSI

A=A snot (1
10/ AeHCTBIEM rapMOHIMYeCKOH BeIHy)kHaromei cuist F = snawt, (2

rae Ag — aMIUTUTYIa TaApMOHUYECKUX Konebanuit A, Fo - amruinryna
TapMOHUYECKOW BBIHYKIAIOIIeH citbl F, @ — yriioBast CKOpOCTh poTopa.

JluHaMudeckast KECTKOCTh, TPENCTABILSIIONIass COOOH OTHOIICHHE
aMIUIMTYIBl Fg rapMOHMYECKOW BBIHY)KIAIONICH CHWIBI K amimmTyae Ag
TapMOHMYECKUX KoneOanuii, umeet By [1]:

0= Fo e~ e ®
0
rme ) — coOcTBeHHasl IMKIWYECKass YacToTa poropa, U -

K03 GHUIMEHT 1eMIT(UPOBAHUSL.
U3 (3) cnemyer, 4TO aMIUINTyJa TapMOHHMYECKOW BBIHYKJAIOIIEH
cuitbl Fo MokeT OBITH Onpe/enieHa B BUIE:
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Fy = MA@ - 02 ) + 4p%0? @
B paborax [2] m [3] ommcaH MeTon OmpezeneHHs MIHOBEHHOT'O
TIOJIOKEHUSI W TIPOCTPAHCTBEHHOTO TIEPEMEIICHUS] OCH CUMMETPUH M OCH
BpallleHHs pPOTOpa NpH TOMOIIM TpeX MAAaTYMKOB (B KaXKIOW OIOPHOU
TUIOCKOCTH ), IPOCTPAHCTBEHHO OPUEHTHUPOBAHHBIX JIPYT OTHOCUTEIBHO JIpyra
1 U3MEPSIOIINX PACCTOSHUS IO MOBEPXHOCTH POTOpa U JIMHEHHBIE CKOPOCTH
Vij Touek MOBEPXHOCTH, NPOTHBOJEKAIIUX JaTdnKaM. MeTo Mo3BoseT
OTCNIEXMBATh (B HENPEPHIBHOM PEXUME) PaJUyC-BEKTODPBI Ijj YIOMSIHYTBIX
TOYEK U, CIIEI0BATEILHO, ONPE/ENATh B HEPEPHIBHOM PEKUME MTHOBEHHOE
3HA4YEHHE YIIIOBOH CKOPOCTH POTOpa
® :VI] / rij . (5)
HemnpepbiBHOE OTCNEKMBaHUE MPOCTPAHCTBEHHOTO TOJIOKEHUSI OCH
CUMMETPHHM M OCH BpalleHHs pPOTOpa IO3BOJISIET KOHTPOJIHPOBATH (B
HEMPEPbIBHOM PEXHMME) aMILIUTYAy A rapMOHHYECKHX KojebaHui poTopa.
Benencteue pesoHanca npu yenosuu @ = () ammmaryga A
TrapMOHMYECKUX KojeOaHui, ompenemsieMblx cwioi F, cranoBurcs
MaKCUMaJIbHOM, T. €., BBINONHSAETCS ycioBue [1]:

A, o= Ana- (6)

W3Mmepsisi B HENPEPHIBHOM PEXUME aMIUIUTYLy A rapMOHHYECKHX
KoyieOaHNuH, MOXXHO 3a(MKCUPOBAaTH MOMEHT BBINOJIHEHHSI ycioBus (6) H,
creoBaTeNnbHo, yenopus @ = £2. Tem caMbIM MOXET ObITh onpesiesiena (1
3adukcupoBaHa B TNAMATH H3MEPHUTENIFHON CHUCTEMBI) COOCTBEHHAs
IUKJIMYecKas yactora {Q poropa.

Koapounment nemnpupoBaHus y MOXET OBITH OIpeAeNeH MNpH
WCCIIEJIOBAaHUM  3aTyXalomuX CBOOOMHBIX KonebaHuid  portopa [4]
CIIETYIOIIM 00pa3oM.

MaxkcnManbHasi TIOTEHIMAIbHAsl DHEPrHs KoJIeOaHWA MOXET ObITh
IIPEZICTaBNIEHA B BUJIE!

DA;
0

"2 ‘7’

PaccesiHrie MOTEHIMANBHOW OSHEPrHUUd CBOOOMHBIX  3aTYXAIONIHUX
xoneGanuii 3a mepuon I, ® T (rae T — nepuo Hesaryxaromux KoneGaHuit)
OIpEJIEeNUM B BUJIE:

Al = [ F.dA’ (8)
0
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dA 21
rae F =2mu—— — CWia CONPOTHBICHNUS BPALICHHIO, T=— -
dt w
TIepHO/1 He3aTyXaloMuUX KojaeOaHni ¢ MKINIECKOH 4YacTOTOH .
C yuerom 3Hauenuii F. , T u Beipaxenus (1) Beipaxkenue (8)
npeoOpas3yeTcst K BUIY:
dA

;
— [2mu 22
A”{'“”dt

W3 coornomenust BenuuuH (9) u (7) onpexenum kodhdurmeHt

paccestHUs] SHEPTUH NP 3aTyXaHWH KoJieOaHHH:

Al Armue

IT D

MzBectHo [5], 4TO mepHOABI JBYX TOCIEAYIOIUX 3aTyXaloUMX

KonmeOaHUi OTIMYAIOTCS KpaiHe Majo (Tak, HamnpuMmep, IpHU YMEHBIICHUH

TIOCIIE/TYIOIIET0 pa3Maxa KojebaH!i BIBOE IEPHOT ITOCIEYIOIIEro Koneoanus

T,=1,024T;). VYuureBas kpaifHe Majlloe OTIUYHE MEPHOIOB  JBYX

TIOCIIE/TYIOIINX 3aTyXaloNMX KoneOaHHi, a TalkKe YIUTBIBAsH TUCCUTIATUBHYIO

¢yakmo Pares, MOXHO TpencTaBUTh KOX(D(MHIMEHT pacCesHUsl SHEPrHU
3aTyXalolyXx KojeOaHui B BULIE:

.
dA=2mu [ A%w® cos® etdt = 2rmu Aje 9)
0

(10)

v =20,, (12)
rae O, = |I‘li — norapu(MuYEcKHil IEKPEMEHT 3aTyXaHusl, & U
i+1
8+1 — Ppa3Maxu JBYX TIOCIEOBATEIbHBIX KOJEOAHUH, pa3/IelleHHBIX
epuoioM T.
CpasHuuBas oipaxxenus (10) u (11), HaxomuMm:
2rmuw
D= FTHE (12)
Sy
CpasnuBas Boipakenus (3) u (12), Haxoaum:
Zﬂua)—(Sk\/(Qz —a)zjZ +4u°0w* =0. (13)

Pemast ypaBuenue (13) OTHOCHTENBHO g, TOIYy4HM (hopmyiy,
TIO3BOJISIIOIIYIO ONPENETUTh (BBIYUCIUTE) KOI(MGHUIMEHT AeMIPHUPOBAHUS
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IoncraBnsist  Belpaxkenue (14) B (4), mnomyunm dopmyiy,
TIO3BOJISIIOIYIO  ONPEEINTh (BBIUUCINTH) AMIUIUTYAY TapMOHHYECKON
BBIHYXIAtomen cuitbl Fo:

2
F,=mAQ? - 0?) 1+ 2o . (15)
=0

W3 Beipakenmit (14) u (15) cimemyer, yTo 3amaya ONpEICICHUSL
ko3pdunment nemndupoBaHUS L W aMIUTUTYOel Fo TrapMmoHmuYeckoin
BBIHYXKIAIOIEH  CHJIBI  CBOAWTCS, 110 CYTH, K  OINpEIETICHUI0
jorapu()MUUYECKOro JIeKpeMeHTa 3aTyXxaHus & M IOCIeqyIomeMy
BBIYHMCIIEHHUIO BEJIWYHMH U U Fo Ipu n3MepsieMoll B HENMPEPHIBHOM PEXHME
BenmuuHe @ (5) U ompenenseMoii coryiacHo (6) BemuuuHe €.

Meroj oIpeseneHust JorapupMHUIECKOro JeKpEeMEHTa 3aTyXaHHs
MoKa3aH Ha pHC. |, TNPEACTAaBISIONIEM OCIMIIIOIPAMMY PpaJnalibHBIX
KoneOaHMH poTopa.

3|

Al

R i R e M=

iy

nl

|
|
\

~A
M\

s LA g da s A i
AN

<3

0

<~

—
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PECULARITIES OF CONDITION MONITORING IN
NEW ENTERPRISES DURING THE INITIAL PERIOD
OF EXPLOITATION
Algimantas BUBULIS, Remigijus JONUSAS, Wtautas JURENAS, Kestutis ZEBELYS,

Kaunas University of Technology, Kestucio 27, Kaunas, LT- 44025, Lithuania,
E-mail: remjon@ktu.lt, kzebelys@takas.lt,

Condition monitoring is the process of parameter of condition in
machinery, such that a significant changeis indicative of developing failure.
The use of condition monitoring allows maintenance to be schedulated, or
other actionsto be taken to avoid the consegquencies of failure. It istipically
much more cost effective than allowing machinery to fail. Serviceable
machinery include rotating machines and plant [1]. The benefits of
condition monitoring are recognized when results from the measurements
and analysis are actualy used to support the correct maintenance activity.
Condition monitoring isthe foundation for getting pre-warning time needed
to carry out the maintenance work at the schedulated stop and avoid stop in
—between [2]. The condition monitoring strategy can be easily established
right from the start —initial period of exploitation.

Someone can say that condition monitoring during initial period of
exploitation is not necessary as equipment and machinery in new
enterprises are new and failures will not be expected. Our experience
confirms the demand to introduce condition monitoring from first steps of
machinery run.

During last few years there were built and introduced some new
enterprises in Lithuania. Data from diagnostics and experience with
condition monitoring in companies; JSC “ORION GLOBAL PET” — PET
raw material factory and JSC “GIRIU BIZONAS” — wooden chipboards
factory were used for this article.

The most commonly used method for rotating machines is called
vibration analysis. This method was used not only to examine levels of
vibrations be compared with baseline values and standards and utilizing
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FFT to interpret information contained in a vibration signals[1]. Enterprises
employ various machines: pumps, fans, blowers, mills, gear boxes, etc. with
rolling and journal bearings, fast and low rotational speeds. During initial
diagnostics of machines we also used other factors and additional diagnostic
tools, such astime signal, SPM Method and others.

Initial analysis of vibrations enabled us to investigate machines
according their shaft misalignment (foundation deformations), unbalance,
rolling bearing condition-lubrication, features of construction — resonances,
belt tenson and alignment, overgrowth of temperatures, stiffness of
foundations and building ceilings, noise. Received initid data from
measurements was used not only like a base to eliminate errors of mounting
and construction but also as input data for Condition Monitoring System
implemented there,

Further production process with introduced condition monitoring
and diagnostics was concentrated on problems seeking to identify week
places in machinery when production level reached project figures and
also maximal possible.

Problems witch were identified during exploitation in JSC “ORION
GLOBAL PET” while initia stage: shaft misalignment, unbalance, poor
[ubrication of bearings of electric motors, resonances —stiffness of ceilings,
vibrations of product tanks and piping, large noise level of heating system
wesather inlet, cavitation of pumps. After 3 months of exploitation: rolling
bearing damages of e ectric motors, serious damage of cooling tower fan
gearx.

Fig.1. Damaged input shaft with pinion of cooling tower fan gearbox and vibration spectrum
when damage was identified. Vibration signal was measured on gearbox case, bearing
condition value, RMS value, with unit “g" achieved level 4,98 from 1,25. [JSC “OGP’]

Problems witch were identified during exploitation in JSC “GIRIU
BIZONAS' while initid stage: shaft misaignment, unbalance, poor
lubrication of bearings of eectric motors and other parts due to lubricant
hardening. During 6 months of exploitation: rolling bearing damages.

Fig.1. Damaged input shaft with pinion of cooling tower fan gearbox and
vibration spectrum when damage was identified. Vibration signad was
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measured on gearbox case, bearing condition value, RMS value, with unit
“g" achieved level 4,98 from 1,25. [JSC “OGP’]
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Fig.2. Bearing condition trend of bearing
No.2 (electric motor) of mill No. 2710.
Failure of lubrication due to restricted supply

F-ig.3. Bearing condition trend of l;earing

No.3 (pump of therma oil). Rolling bearing
damage. [JSC ,,GB“]

of lubricant via lubrication chanell. [JSC
,GB']

Conclusions

1.Condition monitoring and diagnostics during initial stage of
exploitation of equipment and machinery in new enterprises is very
important as it helps to eliminate mounting and construction errors, to take
needed remedies seeking to avoid resonances.

2. Collected data during initial period of exploitation create good
base for the Condition Monitoring System implementation.

3.Further condition monitoring and diagnostics after initial period of
exploitation tend towardsnormal process with all featureswhich are usud.
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XAOTHYECKHUE KOJIEBAHUSA B HEJIMHEWHBIX
JUHAMUNYECKNX CUCTEMAX: TUIIbI
XAOTHYECKHUX ATTPAKTOPOB, CHEHAPUHN
POXKJIEHUA U MHOI'OPEXKUMHOCTbD

Cmupnosa P.C., 3axpacescxuii M.B., L]yxun U.T., Escmuenees B.IO.
Pudiccruit mexnuueckuil ynugepcumem, yia. Kaavrio 1, Puca, Jlameus, LV-1658,
men. mo6.+371 26603220, E-mail: raja@politeh.lv

JlanHast pabota MOCBSIIEHA M3YYCHUIO XaOTHUYCCKHX KOJcOaHUN B
TUTIOBBIX JMHAMHUYECKUX CHUCTEMaX. Takoro pojia XaoTHYECKHe KOJIeOaHuUs

74




TIOPOXKAEHB! JIETEPMHUHUPOBAHHBIMH IIPAaBWJIAMH U IIMPOKO PaCIpocTpa-
HEHBI B IPUPOIE M TEXHHKE.

Xaoruyeckne KonebaHus U TUITI XaOTHIECKUX KOJIeOaHUH B JaHHOM
pabore wuccienyroTCs € NPUMEHEHHEM CHCTEeMaTHYeCKOro IoJXoJa Ha
OCHOBE METO/1a TOJIHBIX OM(ypKaMOHHBIX TPYIII, YTO ITIO3BOJISIET BEISCHUTH
TIPUPOIY 3apoXkIeHusi xaoca. Meron MONHBIX OM(YpPKaIMOHHBIX TPYIII
TIpe/Ioyaraer:

1.Tlouck mnepuoguueckux pexumMoB u Beex rpymn UPl ¢
OECKOHEYHBIM YHCIOM HEYCTOMYMBBIX MEPHONUYECKHX pEIIeHUH B
BBIOpaHHOW TOYKE IPOCTPAHCTBA ITAPAMETPOB.

2.0ueHKY YCTOHYMBOCTH BCEX HAaWICHHBIX MNEPUOANYECKHX
PEXHMOB C pacueTOM MYJIBTHIUINKATOPOB.

3.IIponomkeHne MO TNPOCTOMY WJIM KOMIUIEKCHOMY IIapaMeTpy
YCTOWYMBBIX M HEYCTOMYHMBBIX MEPHOAUYECKHX PEKUMOB C IMOCTPOCHUEM
Ou(ypKAIMOHHBIX THATPAMM.

4.TIpopomxeHue Mo mapamerpy (1Mo BETBU PEIIEHUs) YCTOMYUBBIX
HEYCTOWYMBBIX IEPHUOANYECKUX PEKHUMOB KaxIoH OH(YpKaIMOHHON
rpynmbl: ocHOBHOH 1T m cybrapmonuueckux NT; oroOpa)keHHE IOTHBIX
On(ypKaMOHHBIX TPYII HA OM(YPKAITUOHHBIX THarpaMMax.

B nmaHHOil pabore paccmarpuBaercs (opmupoBaHue Oudypka-
LIUOHHBIX TPYIIT M POXIEHHE XaOTHYECKUX KOJIeOaHMH B JAMCCHIATUBHBIX
KoJieOaTeNbHBIX CUCTEMax C BHEIIHWM MEPHOIUYECKHM Bo3neicTBreM. Ha
pUCYHKE | TPOMJUTIOCTPUPOBAH aHAIU3 PETYIIPHBIX W XAOTHYECKUX
BBIHYX/JIEHHBIX KosebaHuit Oonudypkanmonnsix rpynn 1T u 3T Ha ocHOBe
CHCTEMAaTHYECKOro mojaxo/a. Pacronoxkenne pa3nmuuHbIX OM(ypKanuoHHBIX
TPYNII B OJHOM M TOM JK€ JHana30He ITapaMeTpOB SBJSIETCS TUIMYHBIM JUIS
HEJTMHEHHBIX CUCTEM.

CranuoHapHble Xa0THYeCKHe KoJeOaH!s! — XaOTHYECKHE aTTPAKTOPBI
—  SBISIOTCS  TIOOAIBHBIMH ~ JIMOO  COCYHIECTBYIOT C  APYTUMH
MIEpUOIMYECKUMH  aTTpakTopaMH. B cilydae CHMMETPUYHBIX CHCTEM,
TUIAYHBIM  SIBJISIETCS  COCYILECTBOBAHHE JIByX B3aMMHO-CHMMETPUYHBIX
Xa0THYECKHX aTTPaKTOPOB.

OCo0EHHOCTBIO CHMMETPHYHBIX CHUCTEM SIBIISETCS MEepexo] K Xaocy
no crenaputo @eiirenbayma (kackaa Oudypkanuii yqBoeHUs repruoaa) ot
Ka)JIOTO M3 JIBYX B3aHMMHO-CUMMETPHYHBIX PEKUMOB, KOTOPBIE POXKIAIOTCS
B pe3yibraTe OudypKanuu IoTeps CHMMETpHH. TakuM o0pa3oMm, B
HCCIIeyeMOil  cucreMe, IPOMCXOMUT  POXKICHHWE JBYX  B3aUMHO-
CHMMETPHYHBIX XaOTHYECKUX aTTpakTtopoB (puc.l, hy = 4.5), a 3atem npu
W3MEHEHHH Ou(ypKalMOHHOrO Mapamerpa M TOMOKIMHHYECKOM KacaHHH
npoucxomut rinobanpHas Oudypkanus (puc.l, hy = 4.8) u poxnenue
rJ100aJIBHOT0 XA0THYECKOT0 aTTPAKTOPA.
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[Mpennaraercs  NPUMEHUTh  CHCTEMATWYECKHMH  TOAXOA K
UCCIIEIOBAaHUIO INPOTYOEpaHIEB U pEIKUX AaTTPaKTOpOB, a TaKKe
COITYTCTBYIOIIMX MM XaOTHYECKUX KonebaHWid. B aToMm ciyyae poxienue
PEIKOro aTTpakTopa CBSI3aHO C MOSBIEHHEM OU(YpKallMK THIIA CKIAIKH H
POXIEHNE XaOTHYECKUX KoIeOaHWi B pe3yibTaTe Kackaaa Oudypkanuii
YIBOEHUS TIeproja TNpH HM3MEHEHHH OH(ypKalMOHHOTO Mapamerpa,
TIpUYEM, YCTOHYMBBIE XAOTHYECKHE KOJNeOaHHs CYIIECTBYIOT B MAaJOM
JIMaIa30He U3MEHIEMOro apaMerpa.
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Puc. 1. budypxannonnas quarpamMma Iyt TPUIHHEHHON CHMMETPHYIHOM CHCTEMEI C
JIMHEHHBIM BA3KUM TPEHUEM IIPU U3MEHEHUH aMIUIUTY/bl BHELIHETO TAPMOHHYECKOT O
Bo3zeiicTBus. Ha nuarpammax otobpaxkens!l 6udypkanuonusie rpymms! 1T u 3T. ITokazansl
3HaveHHs IepeMeleHnst (a) u ckopocty (D) HemoABMXHBIX TOYEK YCTONYHMBBIX
HEYCTONUUBBIX MEPUOAUUECKUX PELIEHHUMH.

IMapametpst cucremsr: m=1, ¢;=1, ¢; =9, A=1, b=0.2, ®=1, h;=var.

OTO6pa)KeHI/Ie Xa0TUYCCKOI'0 aTTpaKTOpa Ha IUIOCKOCTH HyaHKape
SABJIACTCA CTATUCTHYCCKH HOZ[O6HI>IM u (l)paKTaJ'H)HI)IM. HpI/I YBCIIMYCHU A
quciia TOYECK OTO6pa)KeHI/Ie Xa0TUYCCKOro arTrpakTopa CTaHOBHUTCS Oonee
HACBIIICHHBIM, TOYKH CTYIIAIOTCA, YCTKO BBICBCUMBAA KAPTUHY aTTPAKTOpPA.
Ha PUCYHKEC 2 nIpeaACTaBJICHO OTO6pa)KeHI/Ie Xa0TUYECKOr'o aTrTpakTopa Ha
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mwiockoctu Ilyankape (puc.2.a) u ¢aszoBsiii noprper(puc.2.b) B obmactu
UPI 6udypkarmonnsix rpynm 1T u 3T.

a) N“"':‘:{:‘“-.
o)

Puc. 2. XaoTHuaeckuil aTTpakTop B 00JIACTH ¢ OECKOHEYHBIM YHCIIOM HEYCTOUYUBEIX PEXKUMOB
UPI 6udypkanmonnsix rpynm 1T u 3T Ha miockoctu [Tyankape 3a 50000 nepruo10B BHEIIHET O
Bo3zeiicTBus (a) 1 ero dasosslid moptpet (100 mepuonos, b). TpunmHeliHas CHMMeETpUYHAS
CHCTeMa ¢ TypOYJICHTHBIM TpeHUeM (KyOudeckast XapaKTepUCTHKA) IPU BHELTHEM
rapMOHUUYECKOM BO3JICHCTBUMU.

IMapameTpst cucremsr: m=1, ¢c;=1, ¢; =9, A =1, b;=0.007, ®=1, h,=7.0.

HpI/IMeHeHI/Ie CUCTEMATHYCCKOI0 noAaxonga MHOpu HCCICIOBAHUN
BBIHYKICHHbBIX KojebaHuii Ha OCHOBE METOAA ITOJHBIX 6I/I(l)ypKaHI/IOHHI>IX
rpyni, OHLCHKE YCTOfIQHBOCTH NEPpUOANICCKUX  PCIKUMOB, IIOUCKE
ATTPAKTOPOB W MNOCTPOCHUU HUX oOiacrei NPUTSKCHUS Ha TIUIOCKOCTHU
HyaHKape TO3BOJIIET B TOJIHOM MECpE€ U3YYUTHb XAOTUYCCKHUC KOJ'Ie6aHI/IH,
THUIIBI XaOTHYCCKUX ATTPAKTOPOB U CJIydaul MHOT'OPCKUMHOCTH.
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TpynoB  MexayHapomHoii HaydHoi  KoH(epeHimu “CoBpeMeHHBIE
JIOCTKEHUsT B Hayke W oOpasoBanuu’, . Haranms, Mzpamns, 2007, ctp.
184-191.

ITPO COBPEMEHHBIE OXJIA’KJIAEMBIE N
HEOXJIAZKKJTAEMBIE ®OKAJIbHBIE
MUKPOBOJIOMETPUYECKHUE U
IMUPOIJIEKTPUYECKHUE MATPUILbBI

1 1 1 2 3
Mypasos C., “Boponog C., “bozcopout A., “bByoynuc A., >Buwmnsxos H.

1 o o o o
Hayuonanvuviii mexuuueckuil ynueepcumem Yxkpaunvl « Kuesckuil nonumexuuveckuil
uncmumymy,

2 o .
Kaynaccxuii uncmumym nvezomexanuxu (JTumea),
3 . .
Bunvniocckuil mexuuueckuil ynugepcumem um.l eoumunaca (Jlumea)

AHanmu3 pa3pabOTOK TEIUIOBHU3MOHHBIX CHCTEM MOKa3bIBaeT, YTO
IJIaBHBIM  (DaKTOpPOM, OINpENENIIONIEM YCIEXH IPH CO3JaHHHM MAaTpHIL
TIOJTHOKAJIPOBBIX MHOTO3JIEMEHTHBIX TEIJIOBBIX CEHCOPOB M TEIUIOBH30pPOB
Ha MX OCHOBE, cTajo BHeaApenue MEMS (MicroElectroMechanical Systems)
- MHKpODJIEKTPOMEXAHWYECKOW  TEXHOJNOTHH,  KOTOpas  IIUPOKO
TIPUMEHSIETCS JUIsl CO3JIaHUs pa3HbIX MUKPOMHHUATIOPHBIX KOHCTPYKIHH B
KPEMHHEBBIX KpHCTalIaX.

OHa ocHOBaHAa Ha TJIyOOKOM TpaBJICHWH KPEMHHS  WIH
CHeLUaJbHOIO HAaHECeHHs Ha €ro IOBEPXHOCTh BCIIOMOTaTENbHOI0
3alIUTHOTO CJIOsl M3 noiuamamuia, (ochopocmnmkataoro crexkina (PSG-
Phosphor Silicate Glass) nim nonukpemaus. Ha puc. 1 npuBeneH KoMruiekc
TEXHOJIOTUIECKUX orieparui TTOJTy4YEHUS TEIUTON30JIMPOBAHHOM
noBepxHOcTd MEMS cTpyKTypB! 7151 HHTETpaIbHOIO TEIUIOBOTO CEHCOpA.

r/——\-%ﬂ#:ﬂ
e

a — HaHEeCEeHHUE 3alUTHOTO CJIOSI W3 MOJIMAMHIHOrO Jaka; b — hopMupoBaHue TOMOIOrHN
3aIUTHOTO CJI0S: (hOTOMUTOrpadust, peakMOHHOE HOHHOE TPaBJICHNE; C— HaHECEHHE U
(opmupoBanue Hecyero cios SigNys : Ma3ma- CTHMYJIHPOBaHHOE XHMHUYECKOE OCaXK/ICHHE
n3 maposoit ¢assl, Gporosmrorpadus; d—ocaxnenne mieHkn VO, n hopMmupoBanue
TOIIOJIOTHH: HaNbUICHNE, QOTOMUTOrpadusi; € — M3ATOTOBJIEHNE METaJUIHYECKHX dJIEKTPOJOB:

78




BaKyyMHOE HalbUICHHE, B3pbIBHAs (oTonurorpadus; f —ocaxkneHne u Gpopmupoanue
BepxHero ciost SigNy : m1a3MacTHMyIMpOBaHHOE XMMUYECKOE OCAXKICHHE U3 IapOBOi (asbl,
tdoTtomurorpadus; ¢ - yaaJeHHe IOJHMaMHIHOIO 3aIlUTHOrO cios, Tae 1- Au, 2 -
nommamu, 3 - SisNg, 4—Si, 5-VO,, 6 — MeTamuecKue 3IeKTpoIbl, 7 — MycToe
IIPOCTPAHCTBO.

Puc. 1. KoMmaexc TeXHOJIOTHYECKHX OIepalnil IIOIyIeH s TeIION30IMPOBAaHHOH
nosepxHocTd MEMS cTpyKTypbl 111 HHTETPaJIbHOTO TEIIOBOTO CEHCOpa:

C mnomompsto MEMS-texHonmoruii pa3paboTaHbl HEOXJIaKAaeMble
TEIUIOBBIE CEHCOPE HAa OCHOBE CTPYKTYphl KPEMHHEBas IJIEHKA-U30IATOP-
kpemHueBas "mnactuHa MoHokpuctamia" - SOl (Silicon-On-Insulator), B
KOTOpOH (OPMHPYIOT HECKOJIBKO MOCIIENOBATENBHO BKJIIOUEHHBIX [P-N
NePEXO/I0B. Taxoit mpuOOp MMeeT CHIKEHHBIH YpOBEHb IIIYMOB Yepe3
BBICOKYIO OJIHOPOJHOCTb CTPYKTYphl M3 JBYX KPEMHHUEBBIX CJIOEB
MOHOKPHUCTAJUIOB, PAa3/ENEHHbIX M30JIATOPOM M3 JABYOKHCH KPEMHUS.
JHerektupoBanne WK-usiaydeHus ocyIecTBiIseTCs IO TeMIepaTypHOU
3aBucHMOCTH TipsiMo cmettenHoro nuoaa (TKO mnopsiaka 7%/K). Beicokas
TETIOBAsT M3OJISAIUS (8,2-10'8 B1/K) mocruraercs 3a cyeT IpPUMCEHEHUS
MeTo/0B 00beMHOW TexHoiornu MEMS, koropas ynaiseT KpeMHHHA u3
YYBCTBUTEJIBHOW 00ONacTu ceHcopa. Ha puc. 2 mokasaHa KOHCTPYKIUS
MUPONPUEMHUKA HA OCHOBE IOCJIE0BATENIBHO BKJIIOUEHHBIX P-N-TIEPEX00B
n ooremMHoit MEMS-texHomoruu.

HK-wanyueHue
Mukcenb SO 'L ¢ J’ MemBpana

" (xema obpabotku (ROIS) HK-u3nyyenne

ﬂornomanman* '1‘ '1‘ MeMbpana
Nnon

=
LI}
| \JPOCTPAHCTRO
\ MNonknanka
Jlunua  Tnenka Si
CYMTHIBAHMA

KoHcTpyKums nukcenn SOI

Mukcenu 501

Puc. 2. CxemMa KOHCTPYKIMU MUPOIPUEMHIKA Ha OCHOBE MOCJICA0BATEILHO BKIFOUCHHBIX P-N-
nepexo/1oB U 00beMHoit MEMS-TexHomornm.
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BonpmyM npeuMyIecTBOM 3TOM KOHCTPYKIIMU SIBJISIETCS €€ MOJIHast
COBMECTHUMOCTb C TEXHOJIOTMYECKUMU MPOLECCAMH Ha KPEMHHUU.

Jpyras pas3paboTka, KOoTOpas TakKe€ OCHOBaHa Ha KpPEMHHEBOM
TEXHOJIOTUM, MMEIOTCI MATPUYHBIE CEHCOpPhl HA TEPMOIJIEKTPHUUECKOM
a¢dexte. Takas TeXHOIOTH cBsi3aHa ¢ pa3ButHeM MEMS-TexHOMOrHu.

KoHcTpyknus TemiaoBOro ceHcopa Ha TepMoONapax CXeMaTHUECKU
n3o0pakeHa Ha puc. 3.

HK-nanyuyeHme
MembpaHa

t
Fopsiune XononHue
oe.

Tepmonaph

Puc. 3. Cxema KOHCTPYKIHHU TEIJIOBOI'O0 CEHCOpPaA Ha T€pMOIapax.

Texnonorus ucnons3yer cranaaptaeii CMOS-niporiecc, B KOTOpoM
BBICOKOJICTUPOBAHHEIE O0JIACTH N- U p-TUTIA TIOJIUKPEMHHUS U3TOTOBJICHBI HA
MeMOpaHe W3 HUTpUAAa KpEeMHHS © OOBCIUHEHBI ATFOMHHUCBBIM
MIPOBOTHUKOM B TEPMOIIAPEI.

3aIuUTHEIM CII0eM CITYKUT (ochopocmwukataoe crexino (PSG) [1].
XonoaHbli cnail pacnonaraercs Ha KpeMHUEBOM moakiaake. Tepmuyeckas
m3omsAUsl  oboux cmaeB jgocruraercs MEMS-mporieccom,  KOTOpBIT
¢dopMupyeT TONOCTH TOJA MEMOpaHOW, BBITPABIEHHYIO C IOMOIIBIO
THIPAa3UBHOTO TPABJICHUS MOKIIATIKU N-KPEMHHUIO.

OCHOBHBIC XapaKTEPUCTHKH TEIUIOBBIX MHOTO3JICMCHTHBIX IPHUEMHUKOB
npuBeieHb! B Tabnuie 1.

Tab6muma 1
CriexTp. Tun dopmar Pa3mep NETD, Q,
JiiarnasoH, ceHcopa MaTpHIL 3JIEMEHTA, MK MKBT/K
MKM MKM
8.14 m/6omomerp (Si - 256764 47?247 50 0,07
2,5%/K)
8..14 VO (2,2%/K) 3207236 50750 <100 <0,03
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8..14 VO,(2%/K) 320?240 50?50 55 0,05

8...13 Mm/6omomerp (Si - 1607120 48?48 <100 0,03
2,8%/K)

8..12 SFB  (amop¢umii 3207240 40?40 <150 0,3..0,5
Si:N)

8..12 VOL(2%/K + 0,1%) 340?240 50?50 50 0,1

8..12 m/6onomerp UFPA 3207240 50?50 50 0,1

7.14 BST (12%/K) 320?236 48,5?48,5 40 <4

Buieoownt

VHTeHcuBHOE pa3BUTHE BBICOKMX TEXHOJOTHMH CTajl0 OCHOBOW JUIs
CO3JaHusl 1IeJI0r0 ceMelicTBa coBpeMeHHbIX mpudopoB MK-ananaszona. Ilo
OLIEHKAaM CIIEIMAJIMCTOB ITOCIeNyonne paboThl B 00JIacTH TEIUIOBHICHUS
OynyT TIIpPOBOAMTCS B  HAaNpaBIEHWHM  COBEPUICHCTBOBAHUS  yXKe
pa3paboraHHbIX TpuOOpoB. OcoOcHHOE BHHMAaHUE OyIET YACTSATHCS
TEIIOBM30paM Ha 0a3e OXJaJUTeNbHBIX (OKAIBHBIX MAaTpUIl Ha OCHOBE
TBEPJBIX PACTBOPOB TEIYPUIOB KaIMHS M PTYTH, AHTUMOHOHIY MHIUIO H
QWIP, a Takxe Ha OCHOBE HEOXJIAXKIAEMbBIX MHUKPOOOIOMETPUYECKHX M
MTUPODJIEKTPHYECKUX MATPHII.

3HaunTenbHOe BHUMaHue paspaborumkn HWK-cucrem  ynensror
MEMS HampaBieHHIO - MHHHATIOPHBIM [POMBIIUICHHBIM CHCTEMaM,
00BETUHEHHBIX C YHMIIAMH, SKCIUTyaTUPYEMBIX B YCJIOBHSAX aKyCTHUECKOH
OMHUCCHH 1 MEXaHMIECKOH BHOpAIIUH.

[Tybnukanmy TOCIENHUX JIET, MPEJIOCTaBISIOT BO3MOXXHOCTH
OLIEHUTh MOIIHOCTH 3TOr'0 HAIpaBJIEHUs B TeXHOJNOrHH. [IpocmarpuBaercs
M METOJIONOT sl IPOSKTUPOBAHMUsI HOBBIX NprbopoB UK-anamna3zona B renom
U YYBCTBUTENIHHBIX DJICMEHTOB B YACTHOCTH, PAabOTAIONIMX B PEATBHBIX
YCIIOBUSIX.

Jlumepamypa

1. McFwen R.K., Manning P.A. European uncooled thernal imaging
sensors// Proceedings of SPIE. - 1999. - V. 3698. - P. 256-263.
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Jlns  TIOBBIIEHWsSI KayecTBa, HAAEKHOCTH U JIOJITOBEYHOCTH
TEXHUYECKHUX CHCTEM BO BCEM MHUpE pacTeT MHTEpeC K HaHOHOMaTepuaam,
KOTOpBIE COCTOSAT M3 YaCTUIl C JIMHEWHBIMHU pa3zmepamu Menblie 100 HM,
YTO O3HAYaeT MpeojioieHne (PyHIaMeHTaIbHOrO (GU3NYecKoro O6apbepa, 3a
KOTOPBIM CTaHOBSTCSl aKTyaJbHBIMH KBAaHTOBO-pa3MepHbIe 3(pdeKxThl u Bce
CBOMCTBAa TBEPJAOrO Tela PE3KO W3MEeHdoTcs. B cBi3um ¢ atuMm
HAHOCTPYKTYPBl MMEIOT Ba)KHOE NMPEMMYIIECTBO HaJ MUKPOCTPYKTYpPaMH,
KOTOpasl CBS3aHAa C TEM, 4YTO HW3MEHsS TEeOMETPHYECKHE pasMepbl MU
KOHQUTYpanuilo  HaHOOOBEKTOB, MOXXHO  YIPaBIATH  CBOWCTBAMH
HaHOMAaTepHaJoB W W3AENMH W3 HUX. DBoO3HHMKaeT BO3MOXXHOCTh
KOHCTPYMPOBAHUSI BA)XKHBIX IapaMeTpOB CTPYKTYpPHl M TIPEXKJAE BCEro -
SHEPreTUYECKOro CIeKTpa HocHuTelnel 3apsia u (POHOHOB.

OpHUM M3 TAaKUX MEPCIIEKTHBHBIX HAIPaBJICHUH BHEJPEHUS HOBBIX
MOAXOAOB B KPEMHHEBYIO DJJIEKTPOHUKY SIBISETCS  HCIOJNB30BaHUE
CaMOMHAYKTHpyeMoro pocta (Ge HaHOOCTPOBKOB Ha Si IOJKIIAJKE,
(u3Myeckast CyTb KOTOPOTO 3aKJII0YAETCSl B yMEHBIICHUN YIIPYroi SHEpTUH
CHCTEMBI TpH TNEpexoAe OT JBYMEPHOI'O OIMTAKCHHHOTO pocra K
muddy3srnoHHOMY TpexmMepHOMY ¢ pacnpeneneHueM (Ge OCTPOBKOB IO
TOBEpXHOCTH 00pa3ua. [Ipn 3TOM HaHOOCTPOBKM MOT'YT HpPHOOpETaTh /BE
passeie ¢opmbl: mpamuasl (pyramid) u kymonma (dome). BokoBbIME
TpaHsIMHU MUPaMUJL SABISIOTCS TIockocTy Trma {105}, B To BpeMs Kak Juis
kymomoB — {113} {102}. CymecrBoBaHHe [ByX pas3HBIX (QOpM
HAaHOOCTPOBKOB MOXET OBITh OOBSCHEHO MABYMsS MojensMu. llepsas
JIOIYCKAaeT, YTO KaXJIOH OTHENbHOH (hopMe HANpsHKEHHBIX OCTPOBKOB
OTBEUaeT MHUHMMYM KOH(UIYPaMOHHOH YAENbHOW JSHEPTHH U MEXKAY
S9THMHU TOTEHIWAIBHBIMH SIMAMM, pa3JeJCHHBIMH 0apbepoM, MOXKET
MIPOUCXOJUTh  AKTHBHPOBaHHBIA mepexox. Mpes Bropoil  Monenu
3aKJI0YaeTcsi B TOM, YTO MMEET MECTO H3MEHEHHE XUMHYECKOro
TIOTEHIMajla OCTPOBKOB, NP M3MEHEHHUH CBOEH paBHOBECHOHW (hopMBI U3
MUpaMHIbl Ha KYyMOJI. DTO MPOMCXOIUT IMPU ONPEeIeHHOM KPUTHYECKOM
00beMe pacTyIIEro OCTPOBKA, KOI/Ia SHEPIUsl KYIojia CTaHOBUTCS MEHBIIE
SHEPrHY MUPAMUJIBI TAKOTO )K€ 00beMa.

O0BeKTOM HaAIMX HCCleAoBaHui OpuH rerepocucteMbr Ge/Si(001)
C HaHOOCTPOBKAMHM, TIONYYEHHBIMH TMPU Pa3HBIX TEXHOJOTHYECKUX
peXUMax, Tl KMHETHKa (POPMUPOBAHUSI HAHOOCTPOBKOB B cucreme Ge/Si
ocTaércd N0 KOHLA HESICHOM, HAauuHas OT OMNpPENENeHUs KPUTHYECKOU
TOJIIIMHBI HAHOCIIOSI, BUOPOAKYCTUKH, TEMITEPATYphI U Ip.

Lenbro MccnenoBaHuil sSBIsETCS, BBIIBICHHE (AKTOPOB BHEIIHETO
BO3/ICHCTBUSI HAa CHHTE3 CAaMOOPIaHM30BaHHBIX HAHOCTPYKTYp Ha
KPEMHHEBBIX MOAKIIAIKAX.
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Criektpockomust KkomOnHanmoHnHoro pacceuBanusi csera (KPC) n
aTOMHO-cHiioBasi Mukpockonus (ACM), KOTOpbIe MO3BOJISIOT H3Y4HUTh
MeXaHM3M camoopranu3anuu pocrta GeSi-HaHOOCTPOBKOB Ha KPEMHHEBOMH
MOAKIIAJKE, ONpENeNUTh WX  KOMIIOHEHTHBIA  COCTaB,  BEIWYMHBI
MEXaHWYECKHX HaNpsHKEHWH B 3aBHCUMOCTH OT BHENIHHX (DU3NYECKHX
BO3JIeHcTBUI U KonnuecTBa Ge SMUTAKCUATBHUX C10eB. [[J1s uccneaoBanus
(¢u3MUeCKNX MeXaHU3MOB ()OPMUPOBAHUSI HAaHOOCTPOBKOB, XapakTepa
nepopMaIMOHHBIX MoJel U mpoueccoB quddy3un KpeMHHST U3 MOAKIAIAKA
B CMauuBAaIOMMN CJIOH M HAHOOCTPOBKM mpuMeHeHsl Meroasl KPC,
BBICOKOpA3/IeJIbHO  PEHTreHOBCKOM  nudpaktomerpun  (BPPI) wu
ckanupyromeit ACM. Takoe codeTaHue MO3BOIMIO MOMYyYUTh MapaMeTphl
CTPYKTYp, CGHOPMHPOBAHHBIX IIPU PAa3HBIX (U3MYECKUX BO3ACHCTBHAX
(TemmepaTypol, aKycThdyeckod BUOpamuel), TakMe Kak yIpyrue
nedopmanyy, KOMIIOHEHTHBIM  COCTaB, IUIOTHOCTh  HAHOOCTPOBKOB,
pacripezieneHue ux 1o pasmMepam 1 1o gopme.

B pesymprate meromom KPC Obutn wmccnenoBaHbl  (DOHOHHEIE
(onTHueckue M aKyCTHUECKHE)  CHEeKTPhl  CaMOOPTaHHU30BAaHHBIX
HAHOCTPYKTYp, C(OPMHPOBAHHBIX B MpOIECCE MOJIEKYISPHO JIy4eBOH
snutakcun (MJID) Ge na kpemuueBble noakiankud. C momomsio ACM
OLIEHEH KOMIIOHEHTHBIH COCTaB M BEIMYMHBI YNPYrux jaedopManuid B
OCTPOBKAax IyTeM BapbHPOBAaHUS  TEMIIEPaTyphl OIUTAKCHH  TPH
OMHAKOBOM TONIIMHE ocaxgaeMoro ciosi Ge W myTeM BapbHUpOBAHHMS
tonuH (Ge cimos mpu  OOMHAKOBOM Temmeparype. Tak, ¢ pocrom
TEMIIepaTypbl SMHUTAKCHH YCHJIMBAJIHNCh Tpolecchl BHemHed nuddysun,
00YCITOBJICHHO! TOJIIMH HANpsDKEHUH Y OCHOB OCTPOBKOB, YTO TMPHBEIO K
(opmupoBanuio SIGE HaHOOCTPOBKOB CO 3HAYMTENHHOHN uyacThio Si (60%
opu 750°C) B OCTpOBKax, HUMeEIOIMUX (GOpMYy [UPAMHUIBI, YTO
0o0ycloBIMBaeT WX CTaOWIBHOCTH W TIpH OONBIIMX pa3Mepax 0e3
TpaHcdopManuy B KyrmosiooOpa3Hble OCTpOBKU. VccienoBaHus mokasainy,
YTO pacHoJIOKEHHEe W pa3Mepbl HAHOOCTPOBKOB II0 IOBEPXHOCTH
TIOAKIJIQJAKA HOCST CTaTUCTUYECKHH XapakTep M HMEIOT 3HAYNTEIbHBIN
pasbpoc.

Cpenu Apyrux crocoOOB YIyYIIEHUS OIHOPOIHOCTH pa3MepoB
OCTPOBKOB MOYXHO BBIJICJIMTH HCIIOJIB30BAaHHE KPEMHHEBBIX IMOJKIAIOK C
OTKJIIOHEHHEeM Ha Hekotopeld yron ot (100), mpumeneHne wmerona
CHHXPOHHOTO 3apOKJECHUsI OCTPOBKOB, YTO MOXKHO JIOCTHYb, HaIpHMep,
aKyCTHYECKOH BUOpaIUeH, B T.4. UMITYJIbCHBIM YJIBTPa3ByKOM.

Kpome akycTuueckoil BuOpaummu | TeMIlepaTypbl yIIpaBIsTh
CHHTE30M CaMOOpPraHM30BaHHBIX Si(Ge HAHOCTPYKTYp Ha KpPEMHHEBBIX
TIOAKIIIKaX MOXHO M3MeHsisi TonmuHy MoHocioeB Ge. Tax, Ha (puc. 1)
npuBeneHbl ACM-n300pakeHHst OCTPOBKOB, MTOTYYEHHBIX ITPH TPEX Pa3HBIX
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HOMUHAJTFHBIX TOJNIIMHAX TepMaHueBoro cios (6, 8 u 12 MC) wu
OJIMHAKOBOM Temreparype pocta (705°C).

a ML By Sl S
Puc. 1. ACM-u300paxxeHue (BHI CBEpXY U B IPOCTPAHCTBE) CAMOPraHH30BaHHBIX
HaHOOCTPOBKOB, KOTOPBIE OBLIHM BhIpaIIeHbI TpH TemnepaType 705°C, 22,4 kI, 18,6 KB1/M?,
HoMuHanbHas TONIMHA dMUTaKcHanbHoro ciost Ge cocrasisuia: (a) 6 MC; (b) 8 MC; (c) 12
MC.

Heobxonumo oTMeTHTH, YTO BO BCEX Ciy4asx (opMHpoBaHUS
OCTPOBKOB Ha4MHAJOCH IPH HOMHMHAJIBLHOW TOJIIMHE FepMaHHUEBOTO CIIOf,
kotopass He mpeBbimaia 3 MC. CHayana BO3HMKAQJIA OCTPOBKHU JIUIIb
nupamMuganbHod  Gopmbl. [Ipum  HommHampHOW TOMmmHe Ge 6 MC
KOJIMYECTBO KYIOJOB mpeoOiafaia Hajg NUpamMuiaMu. [IIoTHOCTH
HAaHOOCTPOBI[OB  yBEIWYMBANaCh, KOrjJa  TOJNIIMHA  OCAXJAeMOro
repMaHueBoro cios pocia ot 6 10 8 MC, HO 00beM TNHpaMHUI U KYIOJIOB B
9TOM Cilydae CYIIECTBEHHO HE M3MEHsUTHCh. [ oOpas3ioB, MoIydeHHBIX
NIpY TOJNIIMHE dnHUTaKchaigbHoro cinost Ge 12 MC, Hao60opoT — IIOTHOCTH
OCTPOBKOB ~ pacTeT Majo, OJHAKO WX CpeAHuil o0BbeM 3aMeTHO
YBEIMYMBAETCSI  3a  CYET  IOJNHOTO  KCYE3HOBEHUS  OCTPOBKOB
MUPaMHUIOUIAIBHOM  (OPMBI, YTO MOATBEPXKAAETCS HCCIIEOBAHUIMHU
JIPYTHX aBTOPOB.

VYropaBnseMblii  CHHTE3 HAHOOCTPOBIIOB OIHOM HOMMHAJIBHOM
TOJNIMHBI TIPH TOBBIIIEHAN TeMIepaTypsl of 660 1o 750 °C, wmm mpu
nocrosuHON Temmepatype (705 °C) HO myTeM yBenMUEHHS HOMHHAIHHOM
TOJIIIUHBI SMUTAKCHATBHOTO ciiost Ge ot 6 1o 12 MC, unTeHCcHUIUpyeTCs
MOCPENICTBOM aKyCTWYecKoi BuOparmu B mporecce MJID. Onna cepus
00pa3sIoB cOCTOSIIA U3 OCTPOBKOB, KOTOPBIE OBIIH IMOKPBITHl KPEMHUEBBIMU
MC, npyras cepusi 00pa3IoB coziepKajla HAaHOOCTPOBKY, CHHTE3UPOBAHHbBIE
IIPU TaKHX XKe PeXUMax, HO He MOKPBIThIX kpemHueM. [lapamerpsr MJID
UL BCeX 00pasloB OBUTM OMHAKOBEL Temieparypa ocaxaenus 660°C,
HOMUHAJIbHAs TOJNIIUHA ocamxkeHoro cios - 8 MII, ckopocts ocaxxaeHus
oxono 0,12A/c. OpnHako, MpH AOMOJHUTEIFHOM HMMITYJICHOM OONYy4eHHH
TIOSIBJISUIMCH TOTIOJTHUTEbHBIE HAHOOCTPOBKY (pHC. 2).

Tak, Ha puc. 2 mpuBeneHo ACM-uzoOpaxeHne (BUI CBEpPXY H B
MPOCTPAHCTBE) CaMOPraHU30BaHHBIX SiGE HAHOOCTPOBKOB, B TOM YHCIIE
TIOSIBJIGHHE HOBBIX OCTPOBKOB IOCIIE HMMITYIIBCHOT'O  aKyCTHYECKOTo
00IryyeHus1, rie He MoKa3aHsl y3i161 MJID ams HanbuieHusI.
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Puc. 2. ACM-n3o06paxenue (BU CBEPXY U B IPOCTPAHCTBE) caMOPraHn30BaHHbIX SIGe
HAHOOCTPOBKOB, B TOM UHCJIE IOSIBJICHHE HOBBIX HAHOOCTPOBKOB IOCJIE UMITYJIbCHOTO
aKyCTHYECKOro 00JIy4eHHH (MHTECUBHOCTIO 18,6 kB1/M? (1, 3),200 kB1/M? (2, 4), gactoroit
xonebanni 880 k' (1,2)122,4 k' (3,4).

Pesynomamot uccnedosanusn

1. TlokazaHO BIUSIHHME TeMIepaTypsl M BHOPOaKyCTHKH Ha
YCKOpeHHe caMOOpraHu3aIu SiGe m Ge HaHOOCTPOBKOB,
c(OpPMHUPOBAHHBIX B YCJIOBHUSX yIPaBISIEMOr0 CHHTE3A.

2. HapammBanue HaHOOCTPOBKOB KpPEMHHEM NPHBOIUT K DPOCTY
COJiepKaHUsl KPEMHHsS B HAHOOCTPOBKAX W YBEIHUCHHUIO B HUX BEIUYUH
MEXaHWYECKHX HalpspKeHUH, 4TO He0OXOANMO YUUTHIBATH IIPU pa3paboTke
pruOOPOB ONTO- U HAHORJIEKTPOHHKH.

3. BeIsiBIIEHO, YTO BapbHpOBAaHHE CKOPOCTH OcaxieHust aToMoB Ge B
rpannnax ot 0,12 A/c 1o 0,39 A/c npu OAMHAKOBBIX IPYrUX HapaMmeTrpax
(TemmepaTypa, BUOpaIys, UMITYJIbCHBIN YIBTPa3BYK, M3MEHEHHE TOJIIUH
MOHOCIIOST) IPUBOANT K U3MEHEHMIO MOBEPXHOCTHOH IJIOTHOCTH OCTPOBKOB
U UX pa3MepoB 0e3 M3MEHEHUH COCTaBa W BEJIMYHMH YNPYTHX AehopMariuit
OCTPOBKOB.

4. CoopmupoBannsie mpu  480...660°C HaHOOCTPOBKM HMEIOT
¢opMmy KkimacTepoB (KOHYCHI M THpaMHUIbl BbeICOTOM 10 20 HM) C
MTOBEPXHOCTHOM TUIOTHOCTBIO OT 1,2: 10" 10 8,4-10° em2

5. IokazaHo, 4TO KyIolI000pa3HbIe OCTPOBKHU JIETUE PENAKCYIOT 3a
cyeT OOJNBINOro COACpIKaHUS KPpEeMHHS OT BHeENHEH nupdy3uu u APyrux
(hakTopoB.

6. KauectBo wuccnenoBanuii Ha ACM 3aBUCHUT OT 4YETKOro
BBITIOJTHEHHSI MHCTPYKITHU TI0 DKCIUTYATAIlUH, & TAKXKE OT BIIMSHUS BHEITHUX
¢usnueckrx (HaKTOpOB U MEPECTPONKH OCTPHSI 30H .

POCT JE®EKTOB B KPEMHHUEBBIX ITOJAKJTAIKAX
HABUT'AIMOHHBIX IPUBOPOB

YBozopow AT, 2B(JpOHO@ CA., 3JIapKuH C.1O., *Mypasos C.A., *Buwnsros E.H.,  Menuxos
UB.
YSHTYY «KITHy, *Bumsniocckuii TY, *Mocrosckuii I'Y, +(38044) 241 68 65, E-
mail: fondfti @ntu-kpi.kiev.ua
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OOBEeKT  HCCNENOBaHMA  —  KpPEMHHEBBIE  TOAKIAJAKA B
TeTepOCTPYKTYpax,  IOJBEPralollfecs pa3pylIeHHI0 OT  BHEIIHHX
¢u3nveckux Bo3aeicTBUI (00pazoBaHue ae)eKTOB, HAHOTPEIIUH, ITOP).

Lens wccnenoBaHuii — WU3ydeHHE KHHETHKH pocTa Ae(EeKToB B
KPEMHHEBBIX  ITOJKIAJKaX XUMHYECKMM (MJIM  DIIEKTPOXMMHUYECKHM)
MIPOTPaBIMBaHUEM B aKyCTHUECKOM IOJI€ BO3JEHCTBUS, NPOrHO3MPOBAHUE
MOPQOIOTHYECKNX N3MEHEHHH 1 JIEKTPO(PU3NIECKUX CBOMCTB B IIOPUCTHIX
CTPYKTYypax, KOTOPbIE MOT'YT OBITH MOJYIIPOBOAHUKAMH.

Meroapl WCCIENOBaHMHA -  DIIEKTPOXMMHUYECKHE KHHETHYECKHUE
YpaBHEHHS U CKaHUPYIOIIAs 3JIEKTPOHHASI MUKPOCKOIIHSI.

Cpenu MHOTHX MPEAIOKEHHBIX MOJIEIeH pocTa IIOPUCTHIX e€(PEKTOB
[4] moxxHO BBLAENUTH 3 Ga30BBIE:

1) xBaHTOMEXaHHYeCKasi MOJENb (OpMHpPOBaHHS MOp (pa3MepHOe
KBaHTOBaHWE HOCHUTENEH 3apsja TNPUBOMUT K TOBBIIICHHIO IIUPUHBI
3arpelieHHol 30HBl M 00pa3oBaHUsl HHEPrETHYECKUX OapbepoB MEXKAY
KPEMHHEBOW TOJAKIAIKOW ¥ HAHOKPHCTAJUINTAMH, IPEISTCTBYIOIINX
MIepexoy ABIPOK M3 MOJKIAAKHA B 00JIACTH MEXAY MOPUCTHIMH CTEHKaMH,
KOTOpBIE 00/ THEHBI JBIPKaMH);

2) monenb IUPPY3MOHHOTO OrpaHWYEHUs! (ITOPHUCTHIE JE(EKTHI
pactyr 3a cyer UPQPY3UH IBIPOK CKBO3b 00JNacTh OOCHHEHUS 32
HalpaBJICHWEM AaKTHUBHBIX Y3JI0B IIOBEPXHOCTH KpPEMHHUS, TJE€ OHH
MIPUHAMAIOT Y4acTHE B PEAKIUH PACTBOPEHHSI KPEMHH);

3) Mozenb, B KOTOPOH XapaKTEPUCTHKH POCTA MOPHUCTHIX Ne(PEKTOB
OIIPEIEIISIOTCSl PACHpEIeIeHHEM DJIEKTPUUECKUX TOJNEeH W NpHIaraeMoro
HaNpsDKEHUSI MEXKIy ciioeM [enbMmronblia B 3JIEKTPOJIMTE U 00JaCThIO
npoctpaHcTBeHHoro 3apsima (OII3) B kpeMHHH, TO €CTh CBOMCTBaMU
nuHTepdeiica KPEeMHHUH-DIEKTPOIUT 0Oe3 pacCMOTPEHUS] TPAHCIIOPTHBIX
TIPOLIECCOB B JJIEKTPOIIUTE.

MeTooM  CKaHUPYIOUIEH 3JIEKTPOHHOW MHUKPOCKONUHU  OBUIO
MIOY4eHO MHUKpOdOTOrpaduio pajnuaibHOrO aHIUIU(a TeTepOCTPYKTYPHI
U3 JBYX CJIOEB: KPEMHUsSI TOCJIE ITOJIMPOBKH COEAMHEHHOI'O C KPEMHHUEM C
TIOPUCTBIMU JTepeKTaMH TIOCIIe PEXMMOB aHOJHOIO IIpoliecca B PacTBOpe
TUTABUKOBOW KUCIOTHI (puc.1).
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Puc. 1. IIpoduis nopucThix neeKToB B IPOTPaBISHHOM clioe kpeMHHs. Macmra6 1:100000.

Kak BunHO u3 dororpaduu, nopucrbie 1eeKTH UIMEIOT
HEO/IHOPO/IHYIO JACH/IPUTHYIO CTPYKTYPY, IPUYEM HOPHUCTOCTh
YMEHbIIAETCsI IPU  MPUOJIMKEHUH K TPaHUIIe pas/esa ¢ KpeMHHEBOH
MOJKIAAKOH. YUUTBIBas, YTO C POCTOM MOPUCTOCTH YBEINYUBAETCS
LIMPHUHA 3aMpeNeHHON 30HbI £g, MOXKEM pacCMaTpUBATh MOPUCTHIH C1oM
KaK BapU30HHBIA MOIYIIPOBOJHUK, Y KOTOPOro £g MakcUMallbHas B
TIPUTIOBEPXHOCTHOM 00JIaCTH.

Buoi6oow

1.OmpeneneHsl  OCHOBHBIE DJIEKTPO(U3NUECKHE CBOMCTBA CJIOEB
MOPUCTBIX Je(EeKTOB KPEMHHS B CTPYKTYpax: KpeMHHeBas MOJKJIaKa-
TOPUCTBIH ~ KPEMHUH, KOTOpble MOTYT OBITh  IOJYNPOBOJHHKAMHU,
CO3JJaHHBIMM XUMHYECKUM M JIIEKTPOXMMHUECKHM IPOTPABIMBAHUEM B
aKyCTHYEMKOM I10JI€ 711 PABHOMEPHOCTH I10P.

2.VccrenoBaHo BiIMSHUE ancopOIMM Ta30BOH cpeabl (Bo3myxa,
BJIarv) Ha BEJIMYMHY CKOPOCTH IMOBEPXHOCTHON pEKOMOHMHAIINY HA TPAHUIIE
paszena Mex 1y KpeMHUEM U CJIOEM MOPUCTOro AeeKTaMu KpEMHUSI.

3.MeTonoM penaxkcaroHHOW CIIEKTPOCKOIMU TIIYOOKHX YpOBHEH
OIIpEeJIeIeHbl JHEPreTHYECKUe XapaKTePUCTUKH TIIyOOKHX JIOBYIIEK B
JeeKTHBIX OT Op KPEMHHEBBIX cosX. [lomydeHHbIe SKCIIepUMEHTAIbHbIE
JIaHHBIE MOATBEPXKJAIOT CYILIECTBOBAHUE T'PAJUEHTOB IOPUCTOCTU U
IIMPYHBI 3aIPEIeHHOW 30HBI ISl aHOAWPOBAHHOTO KPEMHUSI, NMEIOIETO
CIJION M3 MOPHUCTHIX AE(EKTOB.

4. AripoOMpOBaHBI AJITOPUTMBI, YTO NPAKTHYECKH PEATH3YIOT METOL
TIPUBEJICHHBIX TOKOB, KOTOPHIA MO3BOJISIET OLEHHTH  OZHOPOAHOCTH
MapaMeTpOB KPEMHHEBBIX CTPYKTYp CO CJIOEM ITOPHCTHIX Je(eKTOB.

Jlumepamypa

1. boropomr A.T., BoponoB C.A., MypaBoB C.A. BuOpauusi kax
WUCTOYHMK HMHTEHCU(PHUKALMM KPUCTAJUIM3AIMM HOBBIX BEIIECTB U
MatepuanoB.//B ¢c0. TpymoB MexayHapoaHOW HaydYHOW KOH(epeHIHn
«CoBpeMeHHbIE JOCTIKEHHsT B Hayke W oOpazoBaHum», 9-17.09.07, r.
Haranwus, M3pawuns, 2007. C.50-54.
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Series 18, 1997.- 405 p.

3MIHA ®I3UUYHUX BJJACTUBOCTEM TA
HAHOCTPYKTYPHU KPUCTAJIIB KPEMHIIO ITI
JI€10 CJJABKOT'O MATHITHOTI'O ITOJIA

Maxkapa B.A., Cme6nenxo JLII., Bacumves M.O.%, Kypumox A.M.?,
Kobszap 0.1, Haymenko C.M., Konaax O.B.
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aKurylyuk_a@univ.kiev.ua, ®Yu_L_Kolchenko@univ.kiev.ua
Inemumym memanoghizuxu imeni I'.B.Kyporomosa HAH Ykpainu,
oyweap Arxademirxa Bepraocokoeo, 36, 03680 Kuis, Yrpaina

B kpucramax  KpeMHII0  €KCIIEPUMEHTAIbHO  JIOCIIiIKEHO
MarHiTOMEXaHIYHUH e]eKT, SKWi noniarae B 3MiHI MIKpOTBEPIOCTI
KpHUCTaJiB KpeMmHifo mig pgiero cmabkoro (B =0,17 Tn) mocriiiHOTO
MarHiTHOro mosusi. ExcriepuMeHTansHO pO3BHHYTa KOHIEHINS YIIPaBIiHHS
XapaKTepoOM peakcarlii MarHiTOMEXaHIYHOTO €QeKTy 3a JIOIOMOTOI0
PEHTIeHIBCHKOTO OIPOMIHEHHS, BOAM 1 XIMIYHOIO PpO3YMHY (TpaBHHK
Cipmia). BukoHasi B poOOTI TOCITIIXKSHHS CBiYaTh PO SBUIIC aAKTUBAIIT B
MarHiTHOMY IT0JIi TIOBEpXHEBHUX (PI3UKO-XIMIYHUX BIIACTHBOCTEH, 30KpeMa,
ancopOIiHUX BJIACTUBOCTEH. 3 TOCWIEHHSIM aJjcopOuiiHoi  (yHKIil
KpPEMHII0 Tpu HOro MarHiTHi#i 0OpoOIli MOB’s13aHi 0COOIMBOCTI perakcaii
MarHiTOMEXaHIYHOro e(eKTy IICis 3aBepHICHHsS MarHiTHOI O0OpOOKH.
BcranoBieno, mo penakcamisi MarHiTOMEXaHIYHOTO  e(eKTy  IMicis
3aBepIICHHs] MAarHITHOI JTil IPUCKOPIOETHCS TPHU BUTPHUMILI 3pa3KiB KPEMHIO
B 3BHYAHHOMY KHCHEBOMICTKOMY CEpEOBHINI 1 CIIOBUIBHIOETHCS IMPU iX
BUTPUMIII B BakyyMHiil kamepi. [aHi edexTn moB’s3aHi 3 IpPOTIKaHHAM
CTUMYJIbOBAHUX  MAarHITHUM  IONE€M  MDKAG(DEKTHHX  peakmid i
Mo u(iKaIi€ero Ha il OCHOBI CTPYKTYPH ITPUIIOBEPXHEBUX IIAPiB KPEMHIIO.

BcranoBieno, mo MarHiTHa 00poOka KpHCTaliB  KpPEMHIiIO
CYNpPOBO/IKYETBCSI  3MIHOIO B IIPUIOBEPXHEBHX IIapax KPEMHIIO
KOHLIEHTpALil 10HIB JOMIIIIKHK Pi3HUX XIMIYHHX €IEMEHTIB: Mi)KBY30JIEHOT'O
KHCHIO, BYIJICIFO, a30Ty, JYKHHX MertaniB. [licns MarHiTHOI 00poOKu
CIIOCTEpIraeThbcsi TAKOXK 3MiHA TOIOJOrii MOBEpXHI KPEMHilO, sKa
TIPOSIBIISIETHCSL B 301IIBIIEHH] TOBIIMHU OKHMCHOTO IIApy, B POCTI Mapamerpy
IIIOPOXOBATOCTI 1 B BUHUKHEHHI JI0IaTKOBUX IMOpYIIEHUX mapiB. OTpumani
B pOOOTI pe3yJbTaTH BKa3ylOTh Ha MOSBY HOBHUX MapaMarHiTHUX LEHTPIB B
KpHCTajax KPEMHII0 Iicias Mar"iTHOi oOpoOku. Tum camum, OTpHMaHO
eKCIIEpUMEHTAJbHE MIATBEP/PKEHHS BIUIMBY MAarHiTHOTO IOJs  Ha
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MoM(DiKaIilo HAHOCTPYKTYPH KPEMHII0 — TIiJICHCTEMY CTPYKTYPHHX
nedexTiB (BIacHi Ta JOMIMIKOBI Ae(EeKTH, IX KOMIUIEKCH) 1 Ha BiJIIOBIIHY
J0 1i€i Moandikalii 3MiHy CTPYKTYpHO-YYTJIMBHX BIACTUBOCTEH.

3anpornoHoBaHi MOJENBHI  YABJICHHS, SIKi TOSCHIOIOTH (DI3HUHY
CYTHICTh BUSIBJICHHX B KPHCTaJaX KPEMHIIO MarHiTOYYTJIMBHX €(EKTiB Ha
OCHOBI BIUIMBY MAarHiTHOI'O TIIOJIi Ha CIIHOBY KOHGQirypamito B
HaHOKJIACTepaxX CTPYKTYPHHX JIe(eKTiB.

Ha ocHOBI JieTabHUX KOMIUIEKCHHUX JOCIIIPKEHb HAMU BCTAHOBJIEHO,
o 00poOKa KpHUCTaJIiB MarHITHAM I10JIEM NPUBOAMTH 10 PO3MaLy XiMiYHUX
3B’sI3KiB, 30KpeMa, 3B’s13KiB Si-O B KHCHEBOMICTKHX KOMIDICKCAaX B KPEMHIi,
cepen SIKMX JOMiHYIOTh SiOy-mperumitatd. 3 iHIIOI CTOPOHH, MarHiTHE
TI0JIe TIOCHJIIOE a/ICOPOIIHHY 37]aTHICTh NPHUITOBEPXHEBUX HIAPIB KPUCTAIIB
Si. B pe3ynbTaTi MOCHJICHHS XiMIYHOI aKTUBHOCTI BiZIOYBAa€ThCS aacOpOIIis
Mmosekyn HoO i kucHro mosepxueto SiO,. Lle npuBoanTs 10 3MiHK (pOCTy)
TOBUIMHU IUTIBKM JIBOOKHCY Ha TIIOBEpXHI KpeMmHio. BkaszaHi mpouecu
MIPOTIKAIOTh OJJHOYACHO (CHHXPOHHO) 1 3MIHIOIOTH TOIOJIOTII0 MOBEpPXHI.
MerogamMu  aTOMHO-CHJIOBOI  MIKPOCKOIIII Ta pacTpoBOi  €JIEKTPOHHOI
MIKPOCKOMI{ BCTAaHOBJIEHO, IO B PE3YJIBTATI Aii MarHiTHOTO ITOJISI TOBEPXHS
KPHCTAJIB KPEMHIIO BUIO3MIHIOETHCS, CTA€ HEOJHOPIIHOIO B TOPIBHSHHI 3
BHXIJHOIO (sIKa HE 3a3HaBaJjla MarHiTHOI 00poOku) (nuB. puc.l), npu HbOMY
TIOPYIIYETHCS TUIAHAPHICTH TMOBEPXHI, CIIOCTEPIraeThesl SIPKO BHpaXKeHa
(parMeHTapHICTh OBEPXHi, pocTe ii IIOPOXOBATICTE.

Puc.1. 300paxeHHs CTPYKTYPH OKHCHOI IUTIBKU Ha IIOBEPXHI KPUCTATIB KPEMHII0, OTPHMaHe
METOJIOM PacTPOBOI eIEeKTPOHHOI MiKPOCKOMIT 3pa3y micis 3aBepIIeHHs] MAaTHITHOI 00 pOOKH.

Jlns  3paskiB, IO TNPOMIUIM MarHiTHy OOpoOKy, mapamerp
IIOPOXOBATOCTI 301IBLIYEThCS ~ B 6 pa3. 3MiHM TONOJOTii MOBEPXHI Ta
XapaxTepy peibedy CyIMpOBOIKYETHCS 3MIHOIO COpOLIHHMX BIIACTUBOCTEH
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TIOBEPXHi HAITiBITPOBiTHHKIB. Bussneno, 10 (bopmyBaHHS
HAHOCTPYKTYPHHX O0’€KTIB y BHIVISAI a/JCOpPOOBAaHMX XIMIYHMX TPyl Ha
TIOBEpXHI KPEMHII0 BifOYBa€ThCs JIErlie, HDK Ha Tiaakid mosepxHi. Lle
TIOB’SI3aHO 3 THM, 10 MOBEPXHS MiCJIs MarHiTHOI OOPOOKHM Mae€ CTYyIiHYaATy
CTPYKTYpY. AJCOpOIlisi OKHCHOK IUTIBKOIO, SKa 3aBXKIAW IPHUCYTHS Ha
TIOBEpXHi KpeMHiro, Moiekya HyO 1 KuCHIO Ha 6araToaTOMHHX CXOAWHKax
(BUCTYNax) IMPUBOAWTH JO POCTY TOBIIMHM IUTIBOK JIBOOKHCY KpPEMHIIO
SiO,. Came meit pesynprar 1 OyB 3adikcoBaHMHi HaMH METOAOM
PEHTIeHIBCHKOI (DOTOENEKTPOHHOI CIIEKTPOCKOITIi.

MarniTHa 00poOka mnpuBoauTH 10 CcyTTeBoi (~20%) 3MiHM
MEXaHIYHUX MapaMeTpiB KpPHUCTAJIIB KPEMHIIO: JUHAMIYHOI TBEpIOCTI,
MOJIYJIS PYKHOCTI Ta Koe(illi€HTa IIaCTHYHOCTI.

B npaHmii yac HaMu pO3BUBAETHCS HANPSMOK IO  pO3poOIi
TEXHOJOTIYHMUX  CXEM  OCa/DKEHHS  IOKpUTTIB  (MeTajiuHux 1
JUEeNeKTpUYHNX). Meron akTuBalii B MarHiTHOMY IIOJIi ITOBEPXHEBUX
BJIACTHBOCTEH KPEMHII0 MO)Ke OyTH BHUKOPHCTaHUH Uil YAOCKOHAJIEHHS
PI3HUX TEXHOJIOTIYHUX NPOLECIB, HAINPUKIAJ, 3HIWKEHHS TEMIIepaTypu
MIPOBECHHS OKUCIICHHSI, MiJBHUINCHHS MIBUAKOCTI XIMIYHUX pEaKIlii, sKi
MPOTIKAIOTh Ha ITOBEPXHI HAaMiBIIPOBITHHUKIB, HAHECEHHS IOKPHUTTIB Y
BUTJISII TUTIBOK 3 HOBUMH BJIACTHBOCTSIMH.

Jpyruii HampsMOK HamMX poOIT MoJsrac B TOMY, WO B SIKOCTI
Jokepena  Moaugikalii  HAHOKJIACTEpiB, YTBOPEHUX  CTPYKTYPHUMH
nedexkrtamMy, BHUKOPHCTOBYIOTHCS pi3HI TOJIS 30BHIIIHBOTO BIUIMBY 1
PI3HOMaHITHI TEXHOJIOTTYHI OOpOOKH HAMiBIIPOBIAHUKOBUX KPHUCTANIIB, TaKi
sik MikpoxBwiboBi HBY mors, nmazepHa i pafiamniiina 00poOKw.

BukopucranHs po3poOJcHUX METOIIB OOPOOKU MArHITHUM IOJIEM
HAITIBIIPOBIIHUKOBUX KPHUCTAJIB JO3BOJISE I[JICHANIPABIEHO YIIPABIISITH
npouecaMu  (opMyBaHHS HAHOCTPYKTYpH TIpHIIOBEpXHEBHX ImapiB. lle
JIO3BOJISIE  3MIHIOBAaTH EJEKTpO(i3WYHi, MIKpOMEXaHiYHi, ONTHYHI Ta
azcopOIiiHi BIacTUBOCTI HamiBIPoBiHKUKIB. KoMOiHOBaHEe BUKOpHUCTaHHS
MarHiTHOi OOpOOKM 3 IHIMUMH pI3HOMAaHITHUMH 0O0poOKaMu (JTa3epHa,
HEUTpOHA, YIBTPA3BYKOBA 1 T.IL.) JIO3BOJSE PO3MIMPHUTH (DYHKI[IOHATBHI
MOXIIUBOCTI 3aCTOCYBaHHsI HAITiBIIPOBiJIHUKIB Ta CTPYKTYp Ha iX OCHOBI, a
TAKOX MOJIEIIFOBATH IPOIIECH 30BHIIIHIX BILIMBIB B 00J1aCTi 010(i3UKH.

NMITYJBbCHASA AYT'OBASI OBPABOTKA
IHOBEPXHOCTH

Kano. mexn. nayk Kanexo Jlasuo Muxaiinosuy, Hncmumym snexmpoceapru um.E.O. Ilamona
HAH Ykpaunwi, 03680,2.Kues-150, yn.boocenxo, 11, 287-71-02, kaleko@paton.kiev.ua
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Beicokne TpeOoBaHMS K HaJEXKHOCTH JeTalield, palboTarommx B
YCJIOBUSIX MHTEHCHUBHBIX HAIPY30K, MOTYT OBITH BBITIONHEHBI TIPH CO3/IaHUU
Ha HUX MOBEPXHOCTHBIX CJIOEB C OCOOBIMH CBOWCTBAMH IYTEM H3MEHEHUS
X XUMHYECKOI'0 COCTaBa M CTPYKTYphl. B OOJBIIMHCTBE CilydaeB TaKuM
TpeOOBaHMSAM  Y/IOBJICTBOPSIIOT — IOBEPXHOCTHBIE CJIOM C  BBICOKOU
TBEPOCTHIO.

B Hacrosimee Bpemst IS TakoW MOIW(HKALMK ITOBEPXHOCTH BCE
IIMpe  HCHONB3YEeTCsl  TepMuyeckas o0pa0oTka ¢ NpUMEHEHHEM
BBICOKOKOHIIEHTPUPOBAHHBIX HCTOYHHKOB SHEPTHH, HauOosee
pacrpocTpaHeHHBIMH M3 KOTOPBIX  SIBIISIIOTCA  Jlazepbl. [Ipu  aTom
HAWJIyqIIMi pe3yabTaT JOCTUraeTcsi Nmpu o0paboTKe ¢ MOBEPXHOCTHBIM
ommaBienueM Jeraneil. OpjHako JazepHas o0OpabOoTka HMeeT psif
HeocTaTkoB [1]: BBICOKAas CTOMMOCTh M KpYNHbIE rabapuThl MOIIHOTO
JIa3epHOro TEXHOJIOTUIECKOr0 obopynoBaHus, HE0OX0IMMOCTh
MIPUMEHEHHSI CIIENHUANBHBIX TOKPHITUH Ha IOBEPXHOCTH OOIydaeMbIX
Jietaneil Ui yBeTMUEHNsI X TOTJIOMIAONIeH ClTIOCOOHOCTH M OpraHM3alin
MEpONPUATHH 110 3allUTe TNepcoHaja OT pPAacCesTHHOTO JIa3epHOro
n3JTydeHus. B CBSI3M ¢ 9TUM aKTyaJbHBIM SIBJISIETCS TTOMCK aIbTEPHATUBHBIX
METOJIOB.

HeoOxonmumbIM ~ yclloBHEM CO3JaHUsI B ITOBEPXHOCTHOM  CIIOE
0o0pabaThiBaeMOW JleTalll CTPYKTYPbI, COOTBETCTBYIOIIEH TpeOOBaHUIO
TIONYYEHHs] BBICOKOW TBEPIOCTH, SIBISIETCS BBICOKAas W CBEPXBBICOKAs
CKOPOCTH OXTTAMKICHHS Voy,>10° - 10° K/c. [2].

IIpu nyroBoit 00pabOTKEe neTalb HArpeBacTCs MOBEPXHOCTHBIM
WCTOYHHUKOM, KOTOPBIM SIBJISIETCSI aHOJHOE WJIM KaTOIHOE MATHO Ayru. Bue
3TOTO MTOBEPXHOCTHOT'O HCTOYHHKA TEIIoTa riepeiaeTcst
TEIJIONPOBOIHOCTHIO, U, CJIEN0BaTeIbHO, 00bEM HarpeToil objacTu W ee
TEMIIepaTypa 3aBHUCAT OT NMPOAOJLKUTEIBHOCTH TOpeHHs Ayru. Yem kKopode
BpeMsl TOPEHUS JIyI'¥, TEM MEHbIIE TEIUIOBas JHEPrHs, HAKOIUICHHAs B
obnactu, NpUMBIKaomell K o0pa0aTeiBaeMOi IOBEPXHOCTH, M BBIIIE
TEMIIepaTypHBI TpaJueHT. Pa3nuume TemIiepaTyp Harperoro ydacTka
TIOBEPXHOCTH U XOJIOJJHOW OCHOBHOW MAacCCHI JIETaJH OIPEAEIsIeT CKOPOCTh
oXJIaXKJeHus mepBoro. HamOosee BBICOKas CKOPOCTh OXJIQXJIEHHUS IOCIE
JIyrOBOH 00paOOTKM JOCTUTAeTCs IpPH NHUTAaHUKM HMIYJIbCHOH IyrH
SHEpruel paspsa KOHJEHCATOPOB BCIEJCTBUE €ro KpaTKOBPEMEHHOCTH. B
COOTBETCTBMM C pAacuyeToM, NpHUBENEHHBIM B padore [3], ckopocTh
OXJIQXKJICHUSI JINCTA TIOCJIE HarpeBa ero IOBEPXHOCTH JYTOBBIM Pa3psiioM
KOHJICHCATOPOB UMEET IOPAI0K ~10°K/c.

Kpome BBICOKMX CKOpPOCTEH OXJIQXIECHHS JyrOBOW  paspsnd
KOHJICHCATOPOB 00JIaaeT elle HeCKOJIbKUMHU JOCTOMHCTBAMH, JENAIOIIUMHU
TIEPCIIEKTUBHBIM €0 TPHUMEHEHHE JUIsi ITOBEPXHOCTHOH TEPMHUYECKOMH
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00paboTKU. DTOT METOA MO3BOJISIET HE TOJIBKO MOBBICUTH HEPTETHUECKYIO
3¢ PEKTUBHOCTH TpoOLlEcca, CHU3UTh 3aTpaThl Ha 000pYIOBaHUE U U30€XKaTh
BPEJHOIO JUIA 3/OpPOBBSl JIa3€pPHOTO OOJIydeHHs, HO W HAachlaTh
00pabaThIBaeMyI0 MTOBEPXHOCTh XMUMHUYECKHUMHU JJIEMEHTaMH,
YIY4IIaONMMU IKCILTYaTal[MOHHBIE XapaKTepPUCTUKHU aertaneid. s storo
NMpH UMIYJIBCHOA JYroBOd 00pabOTKEe HCHONB3YIOTCS —aTtMochepsl
COOTBETCTBYIOIINX Ta30B. Jn(p¢dy3nOHHOMY HACBHINIEHUIO B YCIOBHSX
JIyrOBOTO pa3psa KOHIEHCATOPOB CIOCOOCTBYET IEepeMElIMBAHUE BaHHBI
pacIulaBJIeHHOr0 MeTajljla MarHUTHBIM I10JIEM CHJIBHOTOYHOW AYTH, IpH
KOTOPOM TIPOMCXOJUT 3aXBaT MOJIEKYJISIPHOI'O U MOHU3MPOBAHHOTO ra3a U3
OKpyXarolield aTMocdepbl W ero IOCienylomas peakiys C OCHOBHBIM
XMUMHYECKUM  3JEMEHTOM oOpabatbiBaemMoii  jgerann. CoBpeMeHHbIE
HaKOIMTEIN DHEPrHU ITO3BOJISIOT JOCTUYb IPOM3BOAMTENBHOCTH a0 30
LUKJIOB 3apsiA-pa3psil KOHIACHCATOPOB B MHUHYTY P MAacce YCTAaHOBKH HE
O6onmee 18 kr. Bo3sMoXHO mNpHMEHEHHE pYYHOTO WMHCTPYMEHTA JIIS
TEPMHUUYECKOH 00paOOTKHM JIOKAJIBHBIX MOBEPXHOCTEH Ha MACCHUBHBIX
KOHCTPYKILUSX. Y CTAHOBOYHAsI MOIITHOCTH aIlapaToB ¢ KOHIAEHCATOPHBIMHU
HAKOIMTENSIMH ~ DHEPIWH, BBLAEIIEMOH B  HMIYJIbCHYIO JYIy C
MaKCHMAaJIbHOH yKa3aHHOM NpPOW3BOJIUTENBLHOCTBIO, COCTABIISET BCETO 2
kBT.

Ha w™opdonornueckne 0COOCHHOCTH CTPYKTYphl TEPMHYECKH
00paboTaHHOTO y4yacTKa MOBEPXHOCTH OKa3bIBAIOT BIIMSIHUE MAapaMeTPhl KaK
KOHJICHCATOPHOT'O HAKONUTENS SHEPTrUM, TaKk W paspsaHod nenu. [lis
TIOTYYeHHsI TIOBEPXHOCTEH C MaKCHMAalIbHOM TBEPAOCTbIO 0e3 OOoNbHIuX U
TITyOOKHX JIYHOK DPO3MH HE00XOJMMa X ONTUMH3ALIHSL.

JlyroBoii uMNynbCHOW 00pabOTKE 10 pPa3IMYHBIM  pEXHMaM
noaBeprasy oopasipl ToamuHoi 0,5 - 10 MM U3 pas3IMYHBIX YIIIEPOANCTHIX
craneit (tadi.). M3aMepsumu npoduias 00pabOTaHHOTO yJacTKa IMMOBEPXHOCTU
oOpaslia, OLEHHWBAJIM €ro CTPYKTYpy M MHKPOTBEPAOCTh CTaHIaPTHBIMHU
METOJIaMH.

Ta6nuna 1
2. CoxepxaHHe 3JIeMEHTOB,%
1. Cram C Mn S
20 0,22 0,60 0,30
35 0,40 0,60 0,15
35T 0,40 0,80 0,12
65T 0,66 1,00 0,17

Kak mokazamu 3KCHEpHMEHTBl, MOXXHO COXPaHHUTh ITOBEPXHOCTH
obpabaTsiBaeMoro uszenus 0e3 5po3uH, a B HEKOTOPBIX CIydasx Aaxe C
BBIMMYYMBaHHUEM  IOBEPXHOCTH, CHHUMAaeMOro uUIM(OBaHWUEM, IpH
BKJIIOUEHUH B Pa3psAHYIO IeNb 3HAYUTEIbHON HHIYKTUBHOCTH (puc.1). D10
TaKKe JaeT yBEIWYEeHHe TIyOMHBI 00paboTKM (T.e. TIyOWHA 30HBI
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IUTABJICHUS U 30HBI TepMudeckoro BiausHus) qo 0,9+0,1 MM, dro sBisercs
CYILIECTBEHHOM 3KCILTyaTallMOHHOMN XapaKTEepPUCTUKOM.
I[Ipu o00paOoTKE JAYTrOBBIM pPa3psIOM KOHICHCATOPOB  30HA

TEIJIOBOTO BO3JEHCTBHS COCTOMT U3 JBYX VYYacTKOB - CKOPOCTHOM
KPUCTA/UTU3allU W 3aKaJlKh W3 TBepAoro cocrosHus (puc.l,a). O
KPHUCTA/UTU3AI[MOHHOM MPOUCX 0K TEHHU MEPBOTO y4acTka

CBUJIETENBCTBYIOT MPU3HAKH ACHAPUTHOHN CTPYKTYpHI (puc.1,0). Ha ygactke
3aKaJKH M3 TBEPIOTO COCTOSHHSI COXpaHSETCS 3€pHOrpaHMYHas CeTKa
(deppuTa - U3-3a KPaTKOBPEMEHHOCTH HarpeBa 37IeCh HE YCIIEBaeT HMPOUTH
TMIPOLIECC XMMUUECKOTO BEIPABHUBAHMSI.

Puc.1. MuKpOCTpyKTypa y4yacTKka IOBEpXHOCTH MOCIe PIMHyJ'ILCOﬁ JyrOBOH 06 a0O0TKH CTaJIN
35:a-780; 6 - ?300.

MHUKpPOCTPYKTypa 30HBI 3aKaJIKU U3 KUAKOTO COCTOSIHMA cTanu 65T
TIPE/ICTaBIIsIET COOO0H B OOJIBIIMHCTBE CIy4aeB MEJIKO3EPHUCTHI MapTEHCHT
(puc.2,a). B 30He 3aKanKu U3 TBEPJOrO COCTOSHUS HAOM0AaeTcst peppuTHO-
OeiinuTHas cTpykTypa (puc.2,0), TunmyHast 1 3TB cBapHBIX coequHEHUH
MapraHioBH

Rt T,

i - o e Y V i
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Puc.2. MUKpOCTPYKTYpa 30HbI CKOPOCTHOM KpHCTaJUIM3aliH (2) ¥ 30HbI 3aKaJIKU U3 TBEPIOTO
coctostaust (0) Ha ctanu 6517, 06paboTaHHON TyTrOBBIM pa3psiioM KoHIeHcaTopoB. x300.
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1100 B pesymprare uccienoBaHUii

1000 ] ‘ ‘ BJIMSHUSI TAPaMETPOB  peKHMa
900 4 ‘ ‘ JTyrOBOM 00paboTkn Ha
35 o
2 00 ] ‘ MHUKPOTBEPAOCTh MOBEPXHOCTEH
& 700 35T . | cTajeil ¢ pa3HbIM COJEpXKaHUEM
& 65I"
R ‘ yriepoja W JICTHPYIOUIHX
soo f\ L . : J00aBOK  ycTaHOBiIEHO (puc.3),
| *
a0l gl e ‘ YTO MaKCHUMalbHas TBEPIOCTh
20
300 | | | | JlocTHTaeTCs npu sHeprusx 1-1,2
500 1000 1500 2000 2500 3000 3500
3Hepl’|/lﬂ‘ HakonneHHas B KOHAeHcaTopax, ,El)f( KI[)K'
Ilo- BHAUMOMY, YMECHBIICHHE
Puc3 TBEPIOCTH npH OONbIIHX

SHAUYCHUAX DHCPIUU CBA3AHO C

YBEIMYEHHEM O0BEMa M TEMIIEpPAaTypbl HAarpeToil oOJIacTH, YTO CHMKAET
TEIUIOBOM IpaJUeHT IO CEYEHHI0 00pasla M, COOTBEICTBEHHO, CKOPOCTb
oxnaxaenus. Crenyer  OTMETUTb, YTO Y4YacTKM  C MAaKCUMaJIbHOW
tBepaocTeio 1100 HV HabmonaroTest Kak B 30HE KPUCTALUTU3AIMHU, TaK U B
30HE 3aKaJKH U3 TBEPAOrO COCTOAHHA. MoxHO ObLIO OBl OXXUIATH Oolee
BBICOKYIO TBEPAOCTh B 30HE KPUCTAIM3ALUHM BCIIEACTBHE TEPMUYECKHX
HanpspkeHui. OHaKo Takoi A3 deKT He 3aMeUeH, UYTO CBS3aHO, BEPOSITHO, C
JIOCTH)KEHUEM TPEAENbHO BO3MOXHOW IPOYHOCTH (TBEPAOCTH)  JUIs
JTAHHOTO MaTepHuaa.
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TO QUESTION OF RELIABILITY OF
CONSTRUCTION OF BEADS OF QUARRIES AND
OPTIMIZATION OF THEIR CHARACTERISTICS

ENHANCEMENT
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In the conditions when the problems of rational nature management
acquired a primary value, actuality of lead through of geomechanical
investigations, directed on the follow-on of design factors of beads of
quarries and dumps is quite detectable. The change of components the
congtruction of beads allows in a number of cases substantially to decrease
the extents of overburden works, increase the resulting angles of lean of
bents. It, in same queue, allows improving efficiency of conduct of the
opened mountain works, decreasing a withdrawal under alotment of the
highly deficient land resources.

As dready marked higher, the traditionally in-use engineering
methods of assessment of fastness of bents are not foreseen by findings of
rational construction of bead of quarry of multi-stage contour. Naturaly,
what the state of affairs nowise can not satisfy the queries of engineering
experience. Existent engineering methods examine the fastness of the
isolated benches without the account of effect of angle of lean of bead of
quarry and site of bench on him. Thus, delineating the fastness of bead,
influence of benchesis not taken into account on geometry of floor of break
and extent of his coverage of fastness factor. Basal difficulties are here
related to the necessity of joint decision of two variation tasks; at the
assessment of fastness of beads of quarry and at finding of their rational
geometry.

Problems of optimization of contour of beads of drastic quarriesisto
date to one of issues of the day at mining by the opened method, that is
conditioned the necessity of the rational use of economic resources in
transition to the market relations.

One of the most substantial (in an economic chart) coefficients in
this case is an extent of overburden works, which must fit the maximally
possible count of extractive supplies of minerals.

Other no less important coefficient is a characteristic, delineating
fail-safety and fail-safety of conduct of the opened mountain works. Both
these the coefficient directly depend on the angle of lean of beads of quarry,
with the buildup of which the engineering-economical coefficients of
production activity are improved, but fail-safety of conduct of mountain
works declines. Therefore the angles of lean of beads of quarry must be
delineated taking into account these coefficients, i.e., find a «golden mean».
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Within the framework of the devel oped general going near rising and
decision of tasks of optimization (follow-ons) of design factors of beads of
step contour some of principle conditions were before formulated.

At fird, it is necessary to examine the bead of quarry as collection of
associate structural components; secondly, at the calculations of fastness of
bead and ground of his rational characteristics it is necessary to dispose
information about an assurance coefficient on al of his structural
components; thirdly, the algorithm of hunting of rational construction of
bead must foresee the redistribution of assurance coefficient on his
structural components with the purpose of smoothing of values of all of
structural coverage of fastness factors. In amathematical chart also tasks are
taken to the numeral decision of extreme tasks for the functions of many
variables.

A bead of quarry will be in ideally evenly the stable state, if
coverage of fastness of all of hisstructural components factor will strictly fit
the inspected normative values. Thus, at such determination of
characteristics of bead (dump), there is not a capability of further follow-on
of his design factors. Consequently, the got decision will be optimum and
maximally utilizing the resource of bearing strength of construction. Degree
of approaching of actual distribution of endurance capability on the
structural components of bead to the evenly-normative fastnessit is possible
to estimate by known intake of mathematical statistics and theory of
chances.
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The computer reconstruction of objects and environments has at
present huge possihilities. The wide range of applications appeared thanks
to fast and versatile devel opment technician computer. Manufacturing and
virtual prototyping, reverse engineering, urban design and analysis,
medicine, architecture, and cultura heritage are just few examples in which
process of reconstruction has significant part. Methods of obtainig 3D data,
which is the base of shapes reconstruction, have been rapidly progressing in
recent few years. The most significant examples for this process are
mechanical and laser scanners. The reconstruction of objects on the basis of
digital photos play till a significant part. The photography processings
mostly lead to perspective correction in order to reduce the view, which is
represented on photos, to ortophotography. This process requires collecting
many additiona datain aim of exact representation of object. However, this
process is not sufficient for creation realigtic object. In spite of having the
tool of work, enabling better reality reflection, there are gill problems with
efficiency and achievement of photorealizm. Nowadays advanced 3D
modelling computer technologies, all products of human creativity and
imagination link one word — the rendering.

In this article there are presented the problems of three
dimensional reconstruction basing on digital photos of mechanical
device - car. To make model of car morerealistic photo rendering was
applied. In the last paragraph there is presented rendering process on
basis of reconstructed mechanical device. This process is very
important to obtain photorealism. The project was realized by means
of opensource application — Blender.

The full reconstruction has to be supported a-priori al kinds of
available materials concerning object to take data. Three-dimensiona data
can be taken from real world, for example by means of computer-assisted
tomographs, three-dimensional scanners, from satellite and stereoscopic
photographs. Three-dimensional objects can aso be created by man in
process of reconstruction or modelling.

The geometry of three-dimensional objects can be represented on
several ways:

» The mesh of polygons, the object is constructed with flat
polygons ( the most often the triangles or quadrangles), which have the
common vertices and edges. In this way it is possible to create simple
solids, or — if mesh is sufficiently thick — to bring closer complicated
objects.
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> Voxele, object is constructed with elementary cubes (three-
dimensional piksels). This kind representation is widespread in
medical diagnostics particularly, where it gets a number of patient's
body intersections and creates on their basis three-dimensional models.

» Mathematical description, objects are definite by equations.
It can be for example the spheres, plane and particularly useful
parametral surfaces, for example the Bezier and Hermite surfaces or
the NURBS.

There is many of the specialisic programmes to 3D objects
reconstruction. However this time it was chosen the Blender programme
mainly because of it is an opensource application. It is not a typical tool
used in reconstruction, but integrated packet of tools allowing to create wide
comprehended 3D graphics. Besides, it offers unparalleled multi — platform
operativity, full functionality in modeling, rendering, animation,
postproduction, creating interactive 3D applications which have small size -
around 8MB. It is available on different hardware and programme platforms
like Windows and GNU/Linuks and also Solaris, IRIX, ZetaOS and
Windows Mobile, what is aso very important. The advantage of the packet
is its universality and wide range of tools used in one of the most
complicated and labour-consuming operation - rendering.

The process of rendering is not homogenous and coherent
algorithmic operation, definite by one method. However, it aims to get
visual realism. Therefore one of stages on which one should pay
attention is texturing. The object texture carries additional tips about
depth but it can also imitate the details of surface of real objects.
When details become more and more smaller and complicated, direct
modelling of details by means of polygons and different geometrical
primitivenesses becomes less and less practical. Alternative operation
lies in mapping on surfaces the picture implemented of digital form or
synthetic[1]. This approach is well-known as texture mapping or
formula mapping where picture or photo is defined as texture map and
itsindividual units are defined as teksels.

Texture mapping can be realized in the simplest case in two
steps (fig. 1):

1. mapping four corners of pixel onto surface (co-ordinate
system (s, t))

2. the points of pixel corners in co-ordinate system (s, t) of
surface are mapped to co-ordinate system (u,v) of texture.
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Pixel

Textmre Map

Surface (polygon)

Detailed review of texture mapping can find in dissertation [2].
Fig.1. Texture mapping: map pixel onto polygon and then into texture map[3]

There are many different methods of rendering which are
characterized by vary strategies of image generating. Rendering as the
last stage of creating three-dimensional visualization, is transforming
data describing shape, features and position 3D objects on two-
dimensional image. Many aspects concerning qualities and kind of
visualization is connected with this process.

The crucial factors are texturing, lighting, shading and the way
of effects transformations and objects feature transformations like
light reflection and transparency. These factors are in implementations
of different engines graphics which are based on various rendering
stream with different specific and algorithms. Each of these streams can
contain the different approaches for example in matter of lighting
transformation, which is effective different results of rendering for the same
scene. But visual effects is not everything, because significant differences
can appear in efficiency of individua methods.

Rendering stream can be illustrated by means of block diagram,
in which each of blocks starting from read data base into memory,
until the image appear on monitor.

Generally, sequence of stages of stream rendering can be presented
in the form of following diagram:

Frmais d v drEpEen Lidtad maidas
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Fig. 2. General block diagram of rendering stream
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Using adequate tools of Blender programme, accomplished
reconstruction of mechanical device which was the car. Photographic
material which was used in above-mentioned reconstruction, executed with
digital camera Nikon d100.

Stages of reconstruction:

»Preparing of photos

To reconstruction were used photos presenting the front, side and top
of car. Using tools of perspective correction the photos were reduced to
ortophotography form and also was made initial mutual orientation.

» Reconstruction by using projection.

There are two approaches towards modelling a car in Blender.
One is 'Box-modelling' and another is 'Plane-modelling’. They are
completely opposite in nature. One attempts to create a shape in blocks
with increasing amounts of detail, while the latter attempts to do it
directly, but in parts. Creating the mesh 'Box-modeling’ was used,
because the other method tend to cause artifacts in model. Apparently,
using quads is a much better alternative. Triangles should only be used
on flat areas of your mesh if they can be avoided.

» Refining the car model

»Texturing

» Rendering

In the last stage of creating three-dimensional visualizatio, it
was worked on obtainment the realism, which mainly depends on kind of
lighting model, shading and the way of effects transformations and
objects feature transformations.

Fundamental problem of 3D visualization used in elaborations on the
basis of digital photos is possibly photorealistic reconstruction and
presentation of real object. Most available on market of modelling and
visualization programmes use verified engines graphics. However, high
precision and quality of objects modelling corresponding with the reality it
is possible to obtain on the basis of 3D scenes which are generated in
digital photo pocessing.

In the article was presented process of obtaining precise
reconstruction of mechanica device — car, and equally high precision of
modelling, 3D visualization and additionaly special effects, thanks to
Blender application .

Received results are solid basis for next tests of modification of
proposed images reconstruction method, together with photos rendering, in
order to itsimprovement.
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In many cases computer modeling of mechanical devices was
reduced to reconstruction on the photographic documentation. Thanks to
photogrammetry it is possible to gain information of subject about shapes,
sizes and mutual position by registration, measurement and interpretation of
images and photos. First necessary execution the correction of distortion of
lens is, because there are no ideal optica system even as there is no ided
lenses, from which these systems are built. According to the principles of
geometrical optics, aberrations of lens disturb images formation: digtortion,
chromatic aberration, spherical aberration, astigmatism, curvature of field
and comma. The ways of correction of mentioned distortions will be
discussed. Then necessary, accomplishment of perspective transformations
will be.

The reconstruction of photographic documentation will be carried
out based on orthogonal photos which will be reduced to projection.
Because of lack of access to photogrammetric cameras which would permit
on definitely larger precision, pictures will be executed with the aid of
digital camera, Canon model 300D.

The parameters of optical system are following:

o focal length of lens, that is distance from point of main lensto his
optical focus, it was put like standard lens: f = 40 [mm]

o relative dot and the aperture number, that is the smallest value of
diaphragm for lens (the largest opening of diaphragm): 40/5
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o field of vision of lens, that islump angle including fragment space,
which the real image is created on matrix; by standard lens the angle of
view of lensis comparable from angle of eyeshot and the normal angle lens,
thisis called the field of view however it islimited by format of photo

e resolution, it is the ability of lens to disinguishing tiny details of
image; it defines how many lines on millimeter is able to digtinguish; photo
resolution is 3072 x 2048

o depth of focus, the areain front of and behind plane of sharpnessin
which picture is sharp; the depth of focus depends on three parameters:
distance from photographed object, focal length and the value of
diaphragm; it was put f/5

Hugin is the most advanced open source panorama stitching
solution. The Hugin software will be used to collect calibration data from
sample photographs of individual cameras. While gitching panoramas,
combining individua photographs taken in spatial sequence into a single
large image, Hugin employs techniques for correcting image distortion
courtesy of the panotools project. These distortions worsen the appearance
of seams between constituent photographs present in the fina stitched
image, so correcting for them is especialy important for combining
imaging. Given a centralized repository of calibration data for popular
cameras, users of photo management tools could make dramatic corrections
to abatch of images with a single click. EXIF data on the photographs
under operation could be used to select an appropriate calibration set from
the database.

Ideal optica system should realize the following conditions of
projection:

a. representation of point should be point,

b. representation of surface should be surface,

C. object and its representation should have the same shapes.

However there is not any ideal optical systems. The defects of
lenses, called aberrations were described mathematical and classified by
Seidd in 1856. To the most important aberrations belong:
spherical (aberration, comma, bend's field of image, bulgy and pulviniform
distortion of image. The primary forms of distortion Hugin addressed are;

¢ Radial distortion: an effect where the magnification at any given
point in an image varies as measured radially from the center. The
panotools method discerns three parameters for correction from an image
taken at a given focal length. For the database, calibration parameters for
several focal lengths would be noted, and corrections at other focal lengths
could be interpol ated.
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e Chromatic aberration: the bane of photographers, astronomers,
and others dedling with lenses for centuries, chromatic aberration is caused
by different wavelengths of light coming to focus at dightly different points
and producing multicolored fringes on the edges of objects in images.
Although calibrations must be determined for both the red and blue
channels at individua focal lengths, only one parameter is necessary for
correction.

e Vignetting: causes the brightness of an image to vary radially
from the center. Hugin requires two or three images taken at a given focal
length and aperture to identify three correction parameters. The large
number of samples required will likely make this the most difficult effect to
gather calibration data for.

First phase of transformation is the coordinates system of centers of
separate pixels to position on outcome image. In result we will receive
irregular mesh "new pixels'. Digital image has to be divided on regular
mesh pixels. Second phase is the "resampling”, it is interpolation of
brightness of regular pixels mesh based on the spread irregularly "new
pixels’. The opposite method consist on, that the transformation of position
of centers of pixelsis made in opposite direction than previoudly. Centers of
the pixels of outcome image are transformed on prime image. Then
brightness of transformed centre of pixel is interpolated based on the pixel
surrounding him on the prime image. Interpolated brightness is put down to
transformed pixel of secondary image.

Usually it is necessity of execution correction of perspective
distortions;, this process becomes significant matter propelled during
reconstruction of any object. The perspective distortion makes difficult
possibility of effective measurement of shape details. Measurement is
possible not till perspective correction and obtainment orthophotography.
The idea of correction of distortion bases on transformation on coordinates
of prime image to secondary image, to remove effect of perspective for
chosen elements of object. Suppose that we dispose 4 control points which
will afford to reduce perspective following approach, was proposed:

By use the example of impinging formula (camera moddl):

XW ab c||x
YW |=|d e fl||y «y
W g h if||1
where W = gx+ hy +1. We calculate sought coordinates X, Y:
_ax+hy+c vy - dx+ey+ f
gx+hy+1"  gx+hy+1
Get rid of fractional form and exchanging on linear form we receive:
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X =ax+by+c—Xxg— Xyh,Y =dx+ey+ f —Yxg—Yyh &)

Taking into consideration that we dispose control points x, y and X,
Y, we receive the following vectorial form of equation:

al
b

X ¥y 1 0 0 0 —-Xix, —-Xy1yq c X4

0 00 x vy 1 -Yixy -Yiyy d A (4)

: : : : : : : : . e = :

Xt vi 1 0 0 0 —Xux, —Xuy, ¢ X4

0 0 0 x Y1 1 =YaXq4 —Yuya g Y,

h
Treating above equation asA-x=b, it can be solved, importing to
normal form:

A-x=b
(A7 A)x=AT b (5)

x=(@7A)"-(a7b)

From formula (2) can mark coordinates after correction. Take into
consideration that for every point X, Y of destination image should make
the correction operation, should take under considering method of the
interpolation value of color points photo (bitmap). Exist several method of
interpol ation:

e nearest neighbor (pixel brightness of outcome image is equal
brightness of the nearest pixel from transformed centers of prime image; it
Is the quickest method, required smaller computationa power, however this
method gives not good visua results)

e interpolation of set several surrounding transformed centers of
prime image with using some function:

° bilinear method: value X, Y are averaged from neighboring
window with taken 2x2 pixels point, which gives better visual result but it
requires larger computational power

° bicubic method: value X, Y are averaged from neighboring
window with taken 4x4 pixels point what is the best solution, if it is about
quality of result image. It is unfortunately significant slower method than
the other.

Obvioudy choice of technique of interpolation depends on user,
although usage method which gives, satisfying visually results, as well as
and temporarily is recommended.
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Fig. 1. Example of reconstruction of photographic documentation with appointed control points
for two photos

The reconstruction of mosaic photographic documentation of
mechanical device was accomplished with administering appropriate tools
of program Hugin. The picture of separate projection of car was prepared
accordingly. Fragments of vehicle towards front, back as well as the side of
car were used to reconstruction orthogonal photos. Plans are result in
orthophotography figure by tools of perspective correction, and mutua
orientation was accomplished (agreement of control points on neighboring
photos) also it was introduced on figure 2. Then projections of scheme were
created in program and they were attributed bitmap executed earlier photos.
After calibration of position of photos transformations were executed
leveling formed distortions of lens.

IDENTIFICATION OF FUNCTION MODELLING
HARDNESS ON THE SURFACE OF HIP JOINT
ENDOPROSTHESIS

Renata DWORNICKA
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Jacek PIETRASZEK
Cracow University of Technology, Institute of Computing Science, pmpietra@mech.pk.edu.pl

The investigation on a hip joint endoprosthesis (Fig.1) started in

2005. The main target was to identify irregularity of ball’s (Fig.2) hardness
originated from normal life conditions.
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Fig.1. Hip joint endoprosthes's Fig.2. Ball of Hip joint endoprosthesis

Authors found that the investigation of hardness on a spheroid hip
joint prosthesis required to establish spherical coordination system as a best
for measures with latitude measured from polar point. Latitude was divide
into 4 intervals and longitude into eight intervals giving as results 25 cases.
It was treated as complete design of experiment [1]. The ideal modelling
function was established in form:

H=H(ad) (@

where o substitutes latitude and & substitutes longitude. In redity it

is necessary to take into considerations random noises. It may be described
with formula[1,2]:

H,=m+a+b +e,, (%3

where m is general average, g and by are main effects and ey is

random noise. Furthermore, the real measures on hip joint endoprosthesis

were performed in Ingitute of Materials in Cracow University of
Technology. Obtained results are presented below (Tab.1).

Tablel
Hardness HV'100 of hip joint ball

No iﬁglt Longitude Hardness No iﬁglt Longitude |Hardness

(deg) (deg) (HV100) (deg) (deg) (HV100)
1 0 0 597,0 14 90 180 435,9
2 45 0 506,0 15 90 225 451,1
3 45 45 422,0 16 90 270 4142
4 45 90 465,0 17 90 315 410,9
5 45 135 421,0 18 120 0 431,3
6 45 180 426,0 19 120 45 3875
7 45 225 500,0 20 120 90 4195
8 45 270 543,6 21 120 135 430,1
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9 45 315 500,9 22 120 180 390,7
10 90 0 462,0 23 120 225 457,0
11 90 45 473,0 24 120 270 508,1
12 90 90 4311 25 120 315 4219
13 90 135 427,0

An analysis of variance (ANOVA) was performed in Statsoft
Statistica software [3] to identify elements of above formula. The general
average and main effect originated from latitude were identified as
datistically significant (Tab.2, Fig.3), because obtained critical p-value is
less than assumed significance level 5% i.e. null hypothesis assuming no
dependency have to be rejected.

Table2
ANOVA table for dependency between hardness and zenith angle
Source Degree of freedom SS MS F p
Intercept 1 2734272 |2734272 1982,910  {0,000000
Zenit angle 3 29674 9891 7,173 0,001701
Error 21 28957 1379
Total 24 58631

The main effect originated from longitude was identified as
statistically insignificant (Tab.3, Fig.4), because obtained critical p-valueis
greater than assumed significance level 5% i.e. there is no necessary to
reject null hypothesis assuming no dependency between hardness and
longitude.

Table3
ANOVA table for dependency between hardness and longitude
Degree of

Source freedom SS MS F p
Intercept 1 204815 5048155 2333175 | 0,000000
Longitude 7 21849 3121 1,443 0,252521
Error 17 36782 2164
Total 24 58631
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700
- W

600

550 J

500 l

HV100

450 [T

400

Zenttal angle

Fig.3. Marginal means of hardness Fig.4. Marginal means of
vs. zenithangle hardnessvs. longitude

In the view of above results, the hardness may be treated as
dependent from latitude (zenith angle) and not dependent from longitude. In
addition, the homogeneity of variances was tested by Levene' s test (due to
unknown distribution of hardness it was impossible to use Bartlett’ s test) to
decideif the fundamentals of ANOV A was correctly assumed.

Table4
Levene stest of variances homogeneity
Source of
variability MS effect MS error F p
Latitude 885,9343 402,3428 2,201939 0,117874
Longitude 948,1913 484,1589 1,958430 0,122036

In both variants the critica p-values are greater than assumed
significance level 5% i.e there is no necessary to reject null hypothesis
assuming equality of all variances. It means that ANOVA analysis were
correct.

In conclusion, the modelling function describing distribution of
hardness on the surface of hip joint endoprosthesis may be written in
formula

H=H(a), A3)
and particularly in linear main effects mode!:
Hu‘k =Mm+a +§,, “)

where main effect may be modelled as second order polynomial of
zenith angle (latitude equivalence):

a(a)=b-a+b,-a’. 5)
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For above formulated model (Eq.5) the parameters identification
procedure was performed on Statsoft Statistica software and parameters
values and their confidence intervals were obtained (Tab.5).

Table5
Values of identified parameters
ram | cogt. | Coeff.SEm ﬁ?g\td confidence | avigic | pvalue
' -95% +95%
m 584,10 | 32,93 51561 | 17,73599 | 0,000000 | 652,59
by 3,01 0,97 5,04 -3,00270 | 0,005515 | -0,99
by 00147 | 0,0064 00012 | 2,27007 | 0033854 | 0,0281

)

If above identified mode is correct, a hisogram of residuals (Fig.5)
should be accepted by normality test. For diagnostic a normality plot of
residuals (Fig.6) and test of their normality were performed (Tab.6).
Visualy, it testsif all points may be treated asaligning to straight line.

Histogram of residuals
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Fig.5. Histogram of resduals
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Fig.6. Normality plot of resduals

Normality tests of residuals

Table 6

Normality test Value of test satistic p-value
Shapiro-Wilk 0,9659 0,5435
Kolmogorov lambda 0,0889 0,5435

The critical p-values calculated for both tests are greater than
assumed significance level 5% i.e. there is no necessary to reject null
hypothesis that histogram residuals originate from normal distributed
population. In the effect it means that model assumption and parameters
identification are correct.
There was identified mathematical modd for hardness distribution
on the surface of hip joint endoprosthesis ball. The statistical analysis for
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identification of possible model formula and parameters values was
performed. The diagnostic tests approved thismodel as correct.

OINNPEAEJIEHUE ®U3UNKO-MEXAHUYECKHUX
XAPAKTEPUCTHUK NIOJIMMEPHBIX MATEPHAJIOB
METOJIOM UWIEHTU®UKALIUHN

B.I1. Pousman, C.A. Ilempawyx, 1.1 Koemyn
Yrpauna, 2. Xmenvruuyvruii, XmeavHuykuii HayuoHatbHulil yHUeepcumem

Z[J'IH pacuera HaHpH)KeHPIfI, BO3HUKAIOIUX B S3JICKTPOHHBIX
9JIEMCHTAX, UMCHOIINUX (bOpMy TEJI BpalllCHUA, (pe3I/ICTOan, KOHACHCATOpax
u T.I[.) " BBIACJICHHOM CJIOC KOMIIayHJAd IPU U3MCHCHUU TEMIICPATYPLI, B

obmem  Bupe  00OCHOBaHA
BO3MOXHOCTh  HCIIONB30BAHHS
teopun Jlsame-T'agonuna [1, 2].
DJIEKTPOHHBI  BJIEMEHT U
BBIJICTICHHBII BOKPYT HEro CIIoi
KOMIIayHJa PAaCCMATPHBAKOTCS
KaK COCTaBHBIC TOJICTOCTCHHBIC
IWITHHAPHI (puc.1).

[ yCTaHOBHBIIETOCS
M0  pamuycy  3JEKTPOHHOTO
JIIeMEeHTa U KOMIIayH/ia
nepenaga  Temmeparyp AT
GbopMyNnBEl  UIA  ONpEIeTICHUS

1 —kommayH/, 2 — BBIIACICHHBII
KOMMAYH/HbINA HHUJIMHIP, 3 — 3JICKTPOHHBIN
DJIEMEHT

Puc.1 OGpa3oBaHue pacueTHOM CXEMBI

paguajbHbIX Oy, TaHICHHOHUAJIBbHBIX Gt HW OCEBbIX HaHpH)KeHI/Iﬁ (o)
HaHpH)KeHI/Iﬁ W KOHTAaKTHOI'O JaBJICHUA UMCIOT BU!

B B3JICKTPOHHOM 3JICMCHTC

PR3 R?
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PR3
RS - RS

PR3
6, =———2-,(3 S,

- . (6)
' ORI-R? ?

rae  Wq,Up- kodpdummentsr IlyaccoHa MaTepHanoB 3JIEKTPOHHOIO
aleMeHTa M KommayHzaa coorBerctBenHO; Eq,Eo- Momynn ynpyrocru

NEPBOro pojja MaTCpraIoB SJICKTPOHHOI'O 3JIEMECHTA U KOMIIAyH/Ja,0lp, Ol -
KO3(1)(1)I/IHI/IGHTBI JIMHEHHOr 0 TCILJIOBOI'O paclinpCHUs MaTepuajioB
3JIEKTPOHHOTO DBJIEMEHTa W KOMIayHaa; R, — pamdyc BHyTpeHHeit
I_[I/IJ'II/IHI[pI/I‘IeCKOﬁ MOBEPXHOCTH, R2 — paanyC NOBCPXHOCTHU KOHTAKTA, R3 -
BHENIHMI paguyc repmetuka; f, R -mepemennsie pamuychl: Ri<r<R,,
R<R<R;;

P - nmamieHne, BO3HHKAIOIIEE HA TPAHUIE KOMIIAYHJ - DIIEKTPOHHBIH
9JIEMEHT TIpH niepenaje Temmeparypbsl AT

[0+ g Jog = @t g Jorp AT @
(1+ ) RE + -y RS (1+ o RS + - wo )RS
El‘Bz R ) = ‘83 RZ)

[Tpn wcnonezoBanum pacueTHeIX (opmyn (1-7) anst momydeHus
JIOCTOBEPHBIX  PE3YyJIbTATOB  HEOOXOJMMO  TOJCTaBISATH B HHX
JIEWCTBUTENIbHBIE ~ 3HA4YeHUs]  (PU3MKO-MEXaHWYECKUX  XapaKTEPHCTHK
CONPSATaeMbIX MaTepUaioB (KOMIIAYH/Ia ¥ JIEKTPOHHBIX SJIEMEHTOB).

Uccnenyemble  MaTepuanbl — SABISIOTCA — MOJIUMEpaMH  C
HEOCTaTOYHO H3YYEHHBIMH MEXaHUYECKUMH XapakTepucrukamu. B
CIpaBOYHOH JIUTEpAType 3HAYCHUsI MOyIel ynpyroctu £, koadduireHTon
ITyaccona W, x03(h(UIMEHTOB JMHEHHOrO paCUIMPEHUs] O MOJIMMEPHBIX

MaTepuayioB OO BOOOIE HE PErIAMEHTHPOBAHBI, JIHOO HUMEIOT
3HAYUTEBHBIC OTJIWYUS I10 PAa3JIUYHBIM HCTOYHUKAM. OKCIEPHUMECHTHI,
MPOBEICHHBIC TPH CTAHJAPTHBIX HCIBITAHUSAX O0pPa3IoB KOMIAYHIOB
Mapok DK-242, 5K-242-1, 3K-93, 93K-25 Ha pacTskeHue, MOKa3aid, 9To
CYIIECTBYET 3HAYUTEIIBHBINA pa3bpoc (U3UKO-MEXaHMIECCKUX
xapakrepuctuk, nocrurarommii 100-300% u Oonee OT CpeaHUX 3HAUYCHUIA.
Takoe moNMOXCHWE BO3HHKAET IMOTOMY, YTO JAHHBIC MaTEpHAIIBI HMEIOT
KOMIIO3UTHYIO CTPYKTYPY U TEXHOJOTHSI WX IMPOH3BOJCTBA HECTAOWMIIBbHA,
COCTaBHBIC KOMITOHEHTHI UMECIOT Pa3JIMYHBIC CHIPhEBBIC 0a3bl, K TOMY K€
CyIIECTBYEeT OIOPOKpATH3M B BOMNPOCaxX IOCTABOK CHIpbsi. Ha 3HadYeHuUs
(U3UKO-MEXaHUICCKUX XAPAKTEPUCTUK HCCIENYEMBIX MAaTEpUANIOB KpOMe
HEOJTHOPOJHOCTH  COOCTBEHHOTO  COCTaBa  CYIICCTBEHHOC  BIIUSHUC
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OKa3bIBAIOT YCIIOBHUsI 00Opa30BaHUS CaMOr0 MaTepHaia B COCTaBe W3JCIHd,
dopma w3nmenus W Temmepatypa. B cBs3u Obul pa3paboTaH pacyeTHo-
EKCIIEPUMEHTAIbHBIA ~ METOJ] MJICHTU(PUKAIMHA  (UIUKO-MEXaHUUECKUX
XapaKTEPUCTUK  TOJUMEPHBIX MATEPHAIOB B  paMKaX BbLIOpaHHOMN
MaTeMaTH4eCKOW MOJIENH C Yy4YeTOM YCIOBUH OSKCIUTyatanuu. Meroa
OCHOBaH Ha pelIeHHH O00paTHBIX 3amau npounoct [3]. B atux 3amauax
OTHOCHTENBHBIC JeopMaldi B MaTepuaiax HU3JACIUs ONPEIeIITCS
9KCIIEPUMEHTAIILHO, 8 (DU3UKO-MEXAHUUYECKUE XAPAKTEPUCTUKH CUUTAIOTCS
HUCKOMBIMH.

Jlis ompesiesieHUs] XapaKTEPUCTUK KOMITayHAa HM3TOTaBIIABAIOTCS
TPU JABYXCIIOWHBIE IWIHHIAPHUUECKHE KOHCTPYKIUH (pUC. 2), B KOTOPBIX
BHYTPEHHUU IWIHHIAP — MEIHBINA, C XOPOIIO M3BECTHBIMU CBOWCTBAMH, a
BHEITHUN — KOMITAYH/IHBIN C XapaKTEPUCTUKAMH TIOKA €Il He U3BECTHBIMH.

IToBepXHOCTH MEIHOTO [UTHHPA MpenapupyeTcs
TEH30/IaTYUKAMH JIJISI U3MEPEHUSI Gy OJTH KOHCTPYKIUHU IOJBEPrarOTCs
Tepmoyaapam B auamasone -20°C...-60°C. I[Ipu nepenanax TeMmrepatyp Ha
rpaHUIEe IWIHHAPOB TMOSBISIOTCS OKPY)KHBIE JedopMmariu OT JeHCTBUS
KOHTaKTHOTO JIaBJieHMs. 3Ha4yeHus aedopMallvii CBSI3aHbl CO 3HAUYECHUSIMU
HanpsbKeHui 3akonoM I'yka

1

thE'(Gt_H'Gz_H'Gr)- )
IMoncraBue B 3akoH ['yka 3HaueHUs HANpsDKEHUH o;, G, Oy U3
¢dopmyn (1-3), momyuaem GopMyITy JUIS ONPEACICHUS KOHTAaKTHOTO
JNAaBICHWs HAa TpaHHIE pas3leia MaTepuajoB TPH  U3BECTHBIX
XapaKTePUCTUKAX BHYTPEHHEro (MEIHOrO) IIWIMHApPA, pPaJuabHBIX

pa3Mepax KOHCTPYKIUH U SKCTIEPUMEHTATIBHO HAWICHHBIX JehopMalusIx

-¢&
P= > t ) . 9)
R 1w, R 1-2

RF-RZ B RI-R? E

Takum 00pa3oM, KOHTAaKTHOE JaBJIEHHE MOXXHO CUYHUTaTh
9KCTIEPUMEHTAIIBHO ONpEeJeNsieMbIM MapaMeTpoM. A Terepb U3 (OpMYJIbI
JUIs. KOHTaKTHOTO JaBieHus (7), B KOTOPYIO BXOJST M U3BECTHBIE (hPHU3HKO-
MEXaHUYECKUE XapaKTEPUCTUKU MEJHOTO U HEU3BECTHBIE KOMIIAyHHOI'O
LHWINHPOB, HAXOIUM HEU3BECTHBIE.

IlockonbKy HEW3BECTHBIX XapaKTEPUCTHK TpU, TO peIIaeTcs
cUCTeMA TPeX YpPaBHEHMH JUIsl TPEX aHAJIOTHUHBIX KOHCTPYKIUM ¢ pa3HbIMU
TeOMETPUUECKUMHU pa3Mepamu.
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Jlns ompenenenuss (U3NKO-MEXAHUUECKHX XapaKTEPHCTHK KEpaMHKH
PE3UCTOPOB  M3rOTABJIMBAIOTCS TPU  JBYXCIOWHBIE IWIHMHAPUYECKUE
KOHCTPYKUMH (pHuc. 3), B KOTOPBIX NPOOHBI MaTepHal — TepPMETHK C
XapaKTEepUCTUKAaMU, OIpEICICHHBIMU paHee, a HCKOMBIH — KepaMuka
pe3ucTopoB. BmecTo momoro MeTHOro LWIMHApPA — HUCHOJIB3YHOTCA
KepaMHuuecKre TpyOKH pe3ucTOpOB.

" o
T
.
5
1
L
1 a
. ol . -
- - 1
1H 41
1 - mouBIit METHBINA HIUHD; 1 — kepamuueckas TpyOKa pe3nucropa;
2 - MOJIBII CTaJIbHON HWIIHHIIP; 2 - MOJIBII CTaJIbHON LWIIHHIIP;
3 — KOMIMayHI; 3 — KOMIayHI;
4 - oriopHas MIacTUHA. 4 - oriopHas MIacTUHA.
Puc. 2. Cxema mpucnocobmenus pans Puc. 3. Cxema mpucmocobieHHs st
orpeeeH st (DU3MKO-MEXaHUYECKUX  OMPECIICHUS (DU3MKO-MEXaHUYECKUX
XapaKTepPUCTUK KOMIIayH/1a XapaKTePHCTHK KePaMHUKH pE3NCTOPOB

(DOpMyJ'Ia JJIg ONpEACICHUS KOHTAKTHOI'O OABJICHUSA Ha T'paHULIC
pasaciia KEpaMuK pE3UCTOPOB U KOMIIAyHa IMPHU U3BECCTHLIX paaruaJIbHbIX
pasMepax KOHCTPYKIHH, OKPYKHBIX OTHOCHUTCIBbHBIX z[e(bopMauI/mx u
(1)I/I3I/IKO-M8X3HI/I‘IGCKI/IX XapaKTCPUCTUKAX BHCHIHETO KOMIIaYH/THOT'O
HUJIMHApPA, ONPCACICHHBIX paHee, UMECT BU

&t . (10)
RS 1l+pp, R 1-2.,
RR-RZ E R:-RZ B

P=

Takum  cmocoboM  ObUTH  WACHTU(PHUIUPOBAHBI  (U3HUKO-
MeXaHuueckue Xxapakrtepuctuku kommayHaa O3K-25 u  kepamuku
pesucropos C2-29B B auamnazone -20°C...-60°C.

Ha mnpumepe pesucropor C2-29B mo wuaeHTUGUIMPOBAHHBIM
XapaKTEPUCTUKAM IMPOBEJCHBI PacyeT U SKCIEPUMEHTAILHOE ONpEJIEeICHNE
HaIpsDKEHUH,KOTOphle  BO3HHMKAIOT B PE3UCTOpaX B COCTaBe
repMoMoOayaei.[lyis 3TOro HCHOIb30BATUCH PE3UCTOPHI ONHOW MapTHU.
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CpaBHEHHE pacyeTHBIX M YKCIICPUMEHTATBHBIX 3HAUCHHUH MOKA3aJ0, YTO UX
MOTPEeNHOCTh He npeBbimaetr 19% c vaaexnoctsio y=0,95.
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EKCITEPUMEHTAJIBHI JOCJILI>KEHHS ITPOLECY
ABTOMATHUYHOI'O BAJIAHCYBAHHSA POTOPA 3
I'OPU3OHTAJIBHOIO BICCHO OGEPTAHHSI

METOJI0M IIBUJIKICHOI BITEO3HOMKH

Poiisman B.I1., Tkauyk B.I1., /lpau I.B., Hiximin O.O.
Xmenvnuyvkuil nayionanbnuil ynigepcumem m. Xmenvnuyvkuil, gya. Inemumymcoka, 11,
men.(0382)728743, E-mail: roizman@mailhub.tup.km.ua

ExcriepumenTanbHi  AOCTI/DKEHHS  TpolLleCy — aBTOOalaHCYBaHHS
pOTOpa 3 TOPU3OHTAIBHOIO BiCCI0 00EpPTaHHS MPOBOAWIIMCH HA CIIENiaIbHO
po3po0IIeHiil ycTaHOoBII puc 1.

Jlns poropa 3 TOpPU3OHTAJIBHOIO BiCCIO 00epTaHHS PO3po0JEeHO Ta
BurotoBiacHo mMaker ABII 3 ontmyHO mpo3oporo marepiamy. Kamepu s
poOOYMX TiN  YTBOPIOIOTBCS TPhOMA  KUBIIEBUMH  IEPErOPOJAKAMH
nmiametpamu 420, 360, 290 mm. Bucora xamep ckinamae 50 mm. B mporieci
BHKOHAHHS po0O0TH 0Yi10 3p00JIeHO cripo0y 3’sACyBaTH XapaKTep MOBEIIHKA
pizman B ABIl Ha poropax 3 TOPH3OHTAILHOIO BiCCIO O0EpTaHHSA i
eQeKTUBHICTh 3HWKEHHs BiOpamiil poropa nBoxkamepaum ABII.

Ilin 4ac TpoOBeNeHHS EKCHEPUMEHTANBHHUX OCHIKeHb 3aIycK
poropa OYB CHHXPOHI30BaHMU i3 3aIlyCKOM Imiek(oBoro ocrmiorpada i
Bimeokamepu. OTpuMaHi B XOAi BUCOKOIIBUAKICHOI  Bif€0O3HOMKHU
BiJICOKAJpU CIIOBUIGHIOBAJIMCH Ha TpodeciiHoMy BijeoMarHiToQoHi
Panasonik NC-HC 1000 i meperBoproBanuch y muubpoBuii ¢Gopmar, 1o
JIO3BOJTHIIO 30€PErTH SIKICTh Bi1e0300pa)KeHb MPH HACTYITHOMY 1X Heperysii
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Ha TmepcoHanbHOMY KoM totepi Pentium I11-713 i3 Bigeokaproro Rialvision
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1- porop; 7 - aBToOanancup;

2 - bapabaw; 8- nBUTYH;

3 - NiJUITHAK KOYEHHS 9 - KIMHOMACOBA Iepeaaya;
4 - xopryc; 10 - nucbananc;

5 - Ipy>KHI eleMeHTH; 11 - akcenepomerp;

6 - MiAUITHIK KOYEHHS 12 - BigmiTumk 06epTiB

Pucynok 1 - Cxema ekcriepuMeHTaIbHO1 YCTaHOBKU

Jocnimkennst pooorn ABIT Ha rOpU30HTaIBHOMY POTOPI CKIJIaI0Ch
3 Takux etarmiB [9]:

- BH3HAYEHHS ONTHUMANBbHOro ocBiTiaeHHS ABIT;

- BU3HAYCHHs HEOOXiTHOI IMBUIKOCTI PyXy MarHITHOI BiJICOILTiBKY;

- BU3HAYCHHS OINTHMAJBHOTO IIOJIOKEHHSA Bijeokamepu (Kyra
oy i1 Bincrani 10 ABIT);

- OamaHcyBaHHs poTopa 3 makeroM ABII mpu BizcyTHOCTI piavHU B
HBOMY;;

- ma0ip BENWYMHU 1 MICIS TMOJOXEHHS MITYYHOro aucOaiaHcy
portopa;

- TpOOHI 3amyCKH BCi€i CHCTEMH Ui y3TOJDKCHHS B3aeMOMii il
OKpEMUX BY3IIiB;

- BHM3HAYEHHS ONTUMAaJILHOr0 00’ €My pianHu B ABIL
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- CHUHXPOHHMH 3aluc Ha BiJ€OIUTIBKY MoioxeHHs piauHu B ABIT ta
ocnmwiorpagiuay CTpiYKy CUTHATIB BiOPOMATYUKIB 1 BiIMITHUKA MICI[S ITiJ
4yac o0epTaHHs pOTOpa;

BanancyBannst poropa 3 makeroM ABII mpu BigCyTHOCTI pigvHHU B
HBOMY BHUKOHYBAJIOCh METOJIOM 00XOqy MpOOHMM BaHTaKeM Ha po0ouiit
4acToTi 00epTaHHS POTOpA.

Kpurepiem MakcMMaabHOIO 3HAYEHHS MAcH INTYYHOrO JucOanaHcy
BBaXKAJIM T€, MPU SKOMY aMIUTiTy/a BiOpaniii 4 He mepeBuiryBana 20 MM.
Buxonsun 3 mpuHATOrO KpUTEpil0, Ha BHYTPILIHIH CTOPOHI poTOpa
(6apabana Dy=400 mm) BcraHoBwiIM nucbananc macor 50 r. [{ucbamanc
portopa ckias 1000 r-cm.

CymicHa 00poOka BizeoszamuciB 1 ocuuiIorpadiyHuX CTPIiYOK
MoKasajia, IO MiCIs BUXOMY POTOpa HAa TOCTIHHY MIBUAKICTH OOCpTaHHS,
pianHa TparHe 3aiHATH MOJIOXKEHHsI HaBIPOTH JucOanaHcy. SIk mokasaia
BiJleo3iioMKa, TMpH 3ajJMBaHHI piauHU y 1Bi kamepuABIl, Bxxe Ha yacToTi
n=4 I'n (=24 ¢*), sKa BiANOBiNae JOPE3OHAHCHIl YacTOTi 0GepTaHHs, HA
TIOCTIHHHUX 00epTax, piJjiHa BCTAHOBIIIOETHCS Maike HABIPOTH AUCOATAHCY
poropa. Ha puc. 2.1 mpeacraBieHuWI Kaap  3amucy i3 BiJCOILTIBKA
PO3MIIIEHHSI PIAMHM, SKWI BiAIIOBiZa€ NOpE30HAHCHIN 4acToTi 0OepTaHHs
poropa w=24 ¢,

Ha puc. 2.2 npencraBiieHuid BiieoKaap, IO BiIOBIA€ PE3OHAHCHIN
qacToti obepTaHHS POTOpa, sKa aopiBHIOE ©=37 ¢. Sk i Ha puc. 2.1,
piavHa 3aifHsIIa CEKTOp, KU 1Mo OpMi Harajye IMiBMicsb, 3MIillIEHUH B
OiK ITPOTUIIKHUI UucOaaHcy.

L= PR ETED

Pucynox 2.1 - Po3mimenns piquau ipy PucyHok 2.2 - Po3MilleHHs pinuHu mpu
yactoti oGepranHs poropa v=24 ¢ yactoti oGepranus poropa v=37 ¢

[3 HaBeleHHMX BIJCOKAAPIB BHAHO, IO PiJMHA HAMATA€THCS
PO3MICTUTHCh HABOPOTH JWCOANAHCY, MPO IO CBIAYUTH CBITIUA TOH B
obmacti mgucOanmancy, 1 OUTBII TEMHI TOHM, NPHUCYTHI 31 CTOPOHH,
MIPOTHIICKHIH JucOanancy

Po3mimeHHs piiMHU B 3ape30HAHCHIN 30HI IOKa3aHoO Ha puc. 2.3 i
2.4 TlpencramieHi BifCOKaJpH BiNNOBIMAIOTh OOEPTAHHIO poTOpa 3
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. 1. 1. .
YacTOTaMH, 1110 IOPiBHIOIOTE ®=70 ¢~ 1 =93 ¢~ BIANOBIIHO, 3 IKUX BUJHO,
110 ITiBMICSIII PiIZIMHE PO3TAIIOBYIOTHCS YiTKO HABIIPOTH JMcOANaHCy.

IHELSUEINE

THEOLTNE
URLLIE]
PLEF
Pucynox 2.3 - Po3MimeHss piqusu npu Pucynox 2.4 - Po3MileHHs piquHu npu
yacroti o6epranns poropa ®=70 ¢’ yactoti oGepranHs poropa ©=93 ¢’

TakuM 4MHOM, aHAJI3 BiJIEO3ANNUCIB MOJIOKEHHS PIJIUHY IiJ] Yac pyxy
poTOpa HAaOYHO IATBEPAWB, IO piMHA HAMAaraeTbcsi pPO3MICTHTHUCH
HaBMNPOTH JHUCOATaHCy 1 JO3PIBHOBAXHUTH POTOp HE IJMIE HAa POOOUMX
(3ape3oHaHCHUX) YacToTaX OOepTaHHs, ajie i Ha PE3OHAHCI, a TAaKOXK 1 Ha
JIOPE30HAaHCHUX YaCTOTaX 00epTaHHS.

Piguna, sixka 3anura B pi3HI T'epMETHYHO 130JIbOBaHI KaMepw,
HaMaraeTbcsi pO3TallyBaTHCh IpoTH JucOanancy. lle mokasye, mio
6ararokamepHi ABII OynyTte mpamoBatu edeKTHBHIlIE, TaK SK piJUHA B
KOXKHIH Kamepi Oylae HamaraTHCh BCTAHOBHUTHCH HaBIIPOTH JHCOaTaHCy i
JI03pIBHOBaYKUTH POTOP.

KOHTPOJIb KAYECTBA
METAJLUTYPTUYECKOM MMPOJIYKITAM C
MoOMOHIIbIO MYJIIbTU®PAKTAJIBHOI'O

IKCIIPECC-AHAJIM3A

Muxanes A. 1., Boooaasckuit FO.A., Kosnos B.I1.
Hayuonanvhas memannypeuueckas akademus Ykpaunvl

mai @dmeti.dp.ua , vodolazsky@ua.fm, vpk@dmeti.dp.ua

[loBbllIeHNE KauecTBa MAaTEpUAlOB CBA3aHO C YIpaBIEHUEM
nporeccaMd  (OPMHUPOBAHHUS WX CTPYKTYphl, 4TO, B CBOIO OYepellb,
HEBO3MOXHO 0€3 IIpOBEIEHHs OJKCIpecc-aHauu3a Ipd IOTYyYCHUH
MaTepHasoB.
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B nannoii pabore ans moBbimeHus 3¢(deKTHBHOCTH 00paboTKH
JAHHBIX ~ aHajM3a  IpeJyiaraercsi  MyIbTH(PaKTanbHBIA  MOAXOM
(MyabTH(paKTaIBHBIN 3Kcnpecc-aHanms) [1, 2, 3].

AHanmu3 TIpOBOAWTCS B HECKOJIBKO ATANoOB: IOAIOTOBKA BXOIHBIX
JIAaHHBIX, BBIYHCIICHUE MYJIbTU(QPAKTAIBHBIX MApaMETPOB, UICHTH()HUKAIHS
TEXHOJIOTHYECKOTr0 Tporecca (IIOCTPOEHHE €ro MYJIbTH(PaKTaIBEHOM
MOJIETH).

BxoaHbiMu JIAHHBIMH JUIst KOMITBIOTEPHOM CHCTEMBI
MyNbTH(paKTaNbHOIO  aHaluM3a  SBISIOTCS  MeTajulorpaduyeckue
n300pakeHHsi WMCCIEAyeMbIX 00pas3loB, TIOJIY4YE€HHbIE B pe3yJbTare
urQpoBoll ChEMKH MM CKaHWpOBaHUs. J{J1s1 KOPpPEKTHOH pabOThI CUCTEMBI
HeoOXoauMa TpenBapuTenbHas o0paboTka SKCIEpUMEHTANBHBIX JaHHBIX,
KOTOpasl ~ 3aKiio4yaeTcss B OMHAapu3alMy LU(PPOBOIO HM300paXKEHUs! WU
TIPUBENICHNS] K M300PaKEHUIO B TPaJallisiX CEporo B 3aBUCUMOCTH OT TOTO,
KaKoW BapWaHT aJrOPUTMA BBIYHMCIIEHHS CIIEKTPOB UCIIOIb3YyeTCsl.

Brruuciienne MmynpTr(pakTanbHeix mapamerpoB (R) 3aximrouaercs B
pacyere MyJIbTU(PAKTAIBHBIX CIIEKTPOB U CIIEKTPOB pa3MepHocTel PeHbn
N300pakeHHs HCCIIeyeMoro oopasia.

Wnentndukanust TEXHOIOTMUECKOTO TIpolecca 3aKiovaeTrcss B

yctanossienun MozenbHoit 3aucumoct  D{ R} kpurepuen xauectsa (K)

MOJTy4aeMOM NPOAYKIMU OT BBIUUCIEHHBIX  HAa IHPEABLAYIIEM JTare
MYJIbTH(PAKTAIBHBIX TAPaMETPOB:

K=D{R} 1)

B cBoto ouepenp, MynbTH(PAKTIBHBIE NapaMeTpbl U KPUTEPHU
KayecTBa NPOW3BOJVMONH TPOJAYKIMHM 3aBUCAT OT TEXHOJIOIMYECKUX
rapameTpoB Mpon3BojcTBa T:

K=AT} )

R=B{T} 3)

TexHomornyeckue  ImapaMeTpsl — NPOW3BOJACTBA  BIMSIOT  HA
JMHAMHYECKME  mponecchl  (OPMUPOBAaHUS — MaTepuana,  KOTOpbIE
OTOOpaXaloTcsl B €ro MHKPOCTPYKTYpPE W HaxoAAT OTpaKeHHE B
MynbTH(pakTanpHeiX mapamerpax (3). KadectBo Martepmana HamnpsiMyro
3aBHCHT OT ero crtpoeHus. OTciona B BeIpaXeHHH (2) UIMEET MECTO CKpBITAast
3aBucuMocTh K ot R, KoTOpasi, B cBOI0 ouepenb, U PaCKphIBAETCS MOAENIBIO
(1). KonuyecTBeHHOE OICHMBAaHHWE TEXHOJIOTMYECKUX  IapaMeTpoB
TIOYYEHHs] MaTepHajoB MOXKET OTJIMYAThCS Ha pa3HBIX INPOHU3BOJICTBAX,
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YTO BHOCHT JOIOJIHUTENBHBIE TPYIHOCTH B MPOIECC MOJAEIUPOBAHUS.
Mogens (1) mo3Bonser M30ekKaTh ATHX TPYAHOCTEH, aOCTParupysch OT
TEXHOJIOTUYECKUX MapaMeTpOB.

JlanHas cuctema Obula HCIIONB30BaHA ISl OLCHMBAHUS KauyecTBa
ME/IHBIX TOKPBITHH, ITOyYEHHBIX IMYTEM 3JIEKTPOIUTUYECKOTO OCAKIACHHS
Meau [1,2]. IlpuMeHeHue cHCTeMBI IOKa3ajao, 4YTO CYLIECTBYET
OIITHUMAaJbHBIE TEXHOJIOTHYECKHE TapaMeTphl (paccMaTpuBajach IIIOTHOCTh
TOKa), ITPY KOTOPBIX ITOJYYAIOTCS MOKPHITHS HAWTYUIIIETO Ka4ecTBa.

B kauectBe MHCTpyMeHTa JUIsi BBIYMCIEHHUS MYJIbTH(PAKTATBHBIX
MapamMeTpoB  HCIIOJIb30BAIOCH AaBTOPCKOE NPOrpaMMHOE OOecredeHue
Multifractal Spectrum Researcher.

Jlumepamypa

1. Ouenka napaMeTpoB MYIBTHDPAKTATBEHBIX Mojeneit
MeTayuiorpaduueckux musodpaxenuii /| Muxanes A.U., [epersHro A.U.,
Bonmonazckuit  }HO.A., TlomymeB B.B. — CoBpemeHHble IpoOIeMBbl

Merautypruu, Tom 7, 2004

2. Muxanes A.W., Bopomasckmii 10.A. MynbTudpakraabHbId
aHaJMM3 B 3aJadax OLECHMBAHUS KadecTBa MEOHBIX MOKpbITHH // Hosi
Texnomnorii. — 2(12). — Kpemenuyk: KYEITY, 2006. — ctp. 184-188.

3. Beroeekmii I'.B., Kommakoe A.I'., bynun W.JK. BBeneHue B
MYNBTH()PAKTATEHYIO apaMeTpU3anuio CTPYKTYDp MaTepuaoB.
Monorpadus. — M.: Mxesck, 2001.

AKICTH ITPOIECY EKCILTY ATAIIII
PIBAJIBHOI'O IHCTPYMEHTY HA BAKKHUX
BEPCTATAX

Knumenxo Ianuna I[lempisna
Lonbacwvka deporcasna mawuno6yodiena akademis, m.Kpamamopcuk,
eyn. IlIxadinosa, 72, men. (06264) 41-47-82, E-mail: msi@dgma.donetsk.ua

Ha ocHOBi BUKOpHCTaHHS IPUHIMIIIB Mi>XKHApoAHOTO cTaHxapry ISO
9000: 2000 cTBOpeHa MOAENb CHCTEMH SIKOCTI MpOLECY eKCIuTyaTamii
IHCTpYMEHTIB Ha Ba)XKMX Bepcrarax. IIpu moOymoBi CTpyKTYpH CHCTEMH
(puc. 1) excruryarauis iHCTpyMEHTY BIEpIIE PO3TILIIAETHCS K CYKYITHICTD
MIPOLIECIiB:  OpraHi3aliifHOro, KepyBaHHS pecypcamH, OOCIYrOBYBaHHS
TEXHOJIOTIYHOI CHCTEMHU, MiAroTOBYO-iH(pOpMamiiHOro, mpormecy o0poOKu
Jeraneii 1 3a0e3MEUCHHS 3BOPOTHHOTO 3B'A3Ky (OIMIHKH, aHAII3Y,
YIOCKOHAJICHHS).
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CucTema KepyBaHHs PaLliOHANBHOIO eKCITyaTaLie
iHCTPYMEHTY

Ouinka, aHanis,
YAOCKOHANICHH S
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Bxinni Raxkropu

Puc. 1. Mozens cicTteMH KepyBaHHS IPOLIECOM €KCILTyaTalii iHCTpyMeHTy

Ilin pamioHaNEHOIO EKCIUTYyaTalliel0 pi3aJbHOrO  IHCTPYMEHTA
pPO3YyMi€ThCSl TaKMH TPOLEC WOro BUKOPHCTAHHS, NMPHU SKOMY, MOps i3
BHCOKOIO TPOJYKTHBHICTIO 1 MIiHIMQIGHUMHU BHTpPaTaMH, JOCSATAETHCS
MOXIIMBO MEHIIUA BHAATOK IHCTPYMEHTY IIpH 3aJaHOMYy piBHI HOro
Ha/iHHOCTI 1 IICMX0(i3NYHOr0 HABAaHTAXKEHHSI Ha BEPCTATHUKA.

JI71st KUTBKICHOI OIIHKM SIKOCTI TPOIIECY €KCIDTyaTallii BUKOPUCTAHO
KBaJiMeTpiuHUi mijaxig. Po3pobiena iepapxidHa cTpyKTypa BIacTHBOCTEH,
IO CKJIAaJaloTh SKICTh €KcIulyaTtalii iHcTpyMeHTy (puc. 2), MiCTHTh
BJIACTHBOCTI MPU3HAYEHHS, [0 XapaKTEPU3YIOThCS LITBOBUMHU (YHKIISIMHU
JuIss  OaraTOKpHUTEpiallbHOI ONTHMI3alil SKOCTI TpOLECy eKCIuIyaTamii
pi3aJpbHOTO IHCTPYMEHTY. BOHHM SBISIOTH COOOI BEKTOP KpUTEPIiB
KepyBaHHs SKiCTIO mporecy (mudpa T1Mo3Hayae piBeHb PO3TIALY)
ut=Q32uduiuiud,

Al
e K|‘] -

. .- . s . 2T
OIlIHKA KOMIIJIEKCHO1 [-BJIACTUBOCT1I HA |-p1BH1 PO3IJIIAY, |D| 1 F)| -

Oninka sKocTi Bu3HayaeTbes: K j| = f(P| / P|3T »

BUPOOHMYI TOKa3HUKH SKOCTI Ta eraynoHi (0a3zoBi). PiBeHp skocTi
eKkcrutyatarii (ki po3rasHyTo Ha  j+1  piBHI) BU3HAYAETHCS:

n
j+1 j j j . . . . ..
Y$ = Z Kij . Bij , TIE Bij — BAroOMicCTh i-BJIACTUBOCTI Ha j-M piBHI
i=1
posrasny. IlokasHWKM piBHIB BIACTMBOCTEH BM3HAYalMCAd Ha OCHOBI
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QHKETHOTO  ONUTYBaHHHS, MOMEHTHHUX  CIIOCTEPEXEHb, TpPUBAIUX
CTaTUCTUYHHX JIOCHI/PKEHb, JIAOOpaTOPHUX EKCIepUMEHTIB. basoBumu
MOKa3HUKaM{ TPUHHATI PEKOMEHAalil HOpMaTHBIB, CTaHIApTIB, IHIINX
perylaMeHTyIounX JIOKyMeHTiB. EkcrmepTHa oOIiHKa BJIAacTHBOCTEH, IO
XapaKTepU3yIoTh SIKICTh €KCIUTyaTalii, JO3BOIMIIA BUSIBUTH 3 HUX HaWO1IbII
BaXUJTUBI, 1[0 BPaxOBYBAIMCS NpH po3poldui iH(opMariiHO-MmiAroToBY0l
TiICHCTEMHU PalliOHAJILHOI eKCILTyaTalil iHCTPYMEHTY.

|}IKICTI> EKCIIJIY ATALIT PI3AJIBHOT O IHCTPYMEHTY'
I

I
BJIACTHBOCTI gg)é‘?fq]%g%ﬂ?g BJIACTUBOCTI OB- OPTAHI3ALIIHI
MMPU3HAYEHHS ORPOBKOIO CIIYTOBYBAHHS BJIACTHUBOCTI
AKICTb TEXHO- | [ IKICTb TEX- SKICTh THIII BJIACTH-
JIOTTYHOI IUC- | | HIYHOT MIf- BIJIHOB- | [ BOCTI OBCIJIY-
LUTUITHT TOTOBKU JIEHHSA TOBYBAHHS
MPUBEEHI SKICTb TIPOT'PECHB- SIKICTh 3A- | | [BIATIOBIAHICTE
BUTPATH 3ATOTOBOK| | | HICTb METO- | [ [TO4YBAHH IHCTPYMEHTY [
M JUB OJEP- JIOCT TATY
JKAHHS 3A-
PO STV K- CTAH OBJIA- TOTOBOK SKICT
THUBHICTH JHAHHS PEMOHTY
MIPOT PECH-
_ TIPABIUIG. | H BHICTb OB- 3AJIAUA
HAZIA- | LIHICTb BUBOPY| | | TAJTHAHHS AKICTb BIIXO/IIB
HICTh IHCTPYMEHTY TPAHCIIO-
TIPOTPECUB- | [PTYBAHHS
|
CTPYMEHTY TAHHS 30TC - SIKICTD 3BE- TEXHATIIS
CTPYMEHTY A

JIOTPAMY- MPOTPECH-
EPT'OHO- H BAHHS PEXXU- BHICTb 30TC,
MIYHICTh MIB PIBAHHSI 3ABE3IIE-

[IPOTPECUB-| |YEHICTHPL| [ [TEHTPAJII30-

THIIT TOTPAMY- HICTh TIOBY- SAJIbHUM LI | BAHICTb BU- | |
~| .| Y BAHHAHOPM | Y oBK TEX- IHCTPYME-| | TOTOBJIEHHS
KPUTEPH BUJIATKY TPOLIECY HTOM [HCTPYMEHTY

Puc. 2. Cucrema BIacTUBOCTEH SKICTI IPOLeCy eKCILTyaTalii iHCTpyMEHTY

CraTUCTHYHI OCHTI[DKEHHS SKOCTI eKCIuTyaTamii iHCTpyMEHTIB
TIPOBOJIMIIMCST Ha OCHOBI iH(OpMaliifHOro 0aHKy NaHWX, IO HapPaxOBYE
6inbme 5000 BumankiB oOpoOKH JeTaneil Ha BaKKUX BepcTaTtax, 310paHux
Ha 3aBOJIaX PI3HUX TaTy3ed MalIMHOOYIyBaHHSI.

Jis TEOpeTMYHUX JOCITIJDKEHb SIKOCTI eKCIUTyaTamii po3poOiieHi
MeToauKa i mporpamHe 3adesneuenns a1t EOM i3 BukopucTanHsM Teopii
KBaJIMETpii, a TAKO)K METOAWKH EKCIIEPTHOI OIIIHKU SIKOCTI EKCILTyaTarii
IHCTPYMEHTY.

Jlns BHOOpY KOHCTPYKLIi 1HCTpyMEHTy 3 iHQopMmauiiHOro OaHKy
KOHCTPYKIIIH 3alporoHOBaHO BUKOPHUCTOBYBATH METOIHKY KIIACTEPHOTO
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aHaizy, sKa po3pobicHa Ha 0a3i MPUKIAJHOI MATEMATHYHOI CTATHCTUKH 3
BukopucTtanHsM EOM (maker nporpam Statistica).

IIpn  ¢dopmyBaHHI  KJacTepiB  BHKOpPHCTaHa arjoMepaTuBHA
iepapxiuHa Kiactep-npouenypa. KoOHCTpyKmii iHCTpyMEHTIB i3 OaHKyY
00'€eTHYIOTBCSI B KJIAaCH, SIKI XapaKTepH3YIOThCS OOJIACTIO PErJIAaMEHTIB iX
panioHaJIbHOT eKCIITyaTallii.

MPOILIECCHO-OPUEHTAPOBAHBIN MMOJIXOI K
YIIPABJIEHUIO KAYECTBOM PABOTHBI
AJJAIITUBHOM TEXHOJOTHYECKOU CUCTEMBI
TAKEJBIX CTAHKOB

Koesanes Buxmop [Imumpuesuu, Bacurvuenxo Ana Bacunvesna, Maxapxuna Anna
Braoumuposa
Honbacckas 2ocyoapcmeennas MawuHoCmpoumenbas akademus,
2. Kpamamopck, ya. [llxaounosa, 72, men. (0626) 41-47-82/ E-mail: msi @dgma.donetsk.ua

Crienmguyeckne OCOOEHHOCTH TSDKEJIOTO0 MAIIMHOCTPOCHUS He
MO3BOJNSAIOT ~ MEXaHHYECKH  TMEPEHOCUTh  MPOTPECCHUBHBIE  METOJBI
TEXHOJOTHH M OpraHW3allid, MPUMEHSIEeMble B KPYMHOCEPHHHOM |
MacCOBOM TMPOU3BOJACTBAX, HA MPEINPHATHS, NPOU3BOAALINE PA3TUYHBIC
BUJIBl YHHUKAIBHBIX MaluH. [IpeqnpusaTusl TSHKEIOro MAIlHHOCTPOCHHS
HMEIOT CBOM OCOOCHHOCTH TEXHOJIIOTMYECKOrO IIMKJIa MOArOTOBKH
MPOU3BOJACTBA, MPOU3BOJACTBA, OOpPa0OTKH W COOPKH, KOTOpBIC
00YCJIOBIICHBl ~ YHHUKAIbHOCTBIO OOOpPYJIOBAHUS M  TEXHOJOTHUECKUX
TIPOIIECCOB 0OPAOOTKY HA TSDKEINIBIX CTAHKAX:

- Oonbire pa3Mepsl 00padaThIBaEMBIX JeTasicii (IHIHHIPHI, BaJbI,
IITOKH, OaHmaxu JuHOM 10 24000 MM 1 Gonee, quamerpoM 10 S000 MM,
Maccoii 10 250 ToHH);

— OoJIbLINE TTYOUHBI PE3aHUS U MOJa4H;

— BBICOKAsi CTOMMOCTb 3ar'0TOBOK;

— OOJNBIION ITYTh pPe3aHuUs;

— BBICOKHE TIPOU3BOJICTBEHHBIEC 3aTPATHI, CBSI3AHHBIC CO CTOUMOCTBIO
YHUKAJILHOT'O 000pY/I0BAHUS U PEXKYIIETO HHCTPYMEHTA,;

— HEPAaBHOMEPHOCTh MPHUITYCKOB;

— CIIO)KHOCTH HAOJIOJICHHsS W BIUSHHS HAa TMPOLECC pe3aHwus,
00YCJIOBIICHHbBIC Y)PrOHOMUYECKUMHE (HaKTOPAMHU;

— MIOBBILICHHBIC BUOPAIMH [TPH PE3aHHH U T.]I.

Ilpu oOpaboTKe KpYMHBIX JeTaled Yacto TPeOYIOTCS HWHBIC
TEeXHHYECKHE  PCIICHUsS, HE  CBOWCTBEHHBIC JIPYTUM  OTPACisiM
MAIIMHOCTPOCHHS. IJTH  OCOOCHHOCTH  BBI3BIBAIOT  HEOOXOIMMOCTh
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HCCIIC/IOBAHUS 3aKOHOMEPHOCTEH 00pa0OTKM Ha TSDKENBIX CTaHKaX,
VOpaBIeHUs]  TOpOLECCAaMH  pe3aHus, OOECMeYeHUs]  TOYHOCTH |
paboTOCIOCOOHOCTH — O0OPYIOBAHMS, TIOBBINICHHUS 3KCILTyaTaIl[HOHHBIX
CBOMCTB  PEXYUIMX HWHCTPYMEHTOB, ONTHMH3ALMH  XO3SHCTBEHHOM
JEATEIBHOCTH MPEANPHATHH.

[poBoauTcs psia paboT, HAPABICHHBIX HA MOBBINICHHE TOYHOCTH H
paborocrocobHoCcTH ~ cTaHOYHOro  obopymoBanusi [1], paspaboTky
KOHCTPYKIHI OMOPHBIX Y3JIOB U aJaNnTHBHBIX CHUCTEM YMPABICHHS IS
TSDKENBIX  CTAHKOB [2], pa3pabOTKy HWHTETPUPOBAHHBIX TEXHOJIOTHIl
MOBEPXHOCTHOTO M OOBEMHOTO YIPOYHCHUS HWHCTPYMEHTa M JeTalel
MammH [3], cO3JaHHME CHCTEM aBTOMATH3UPOBAHHOTO BBIOOpa U
MPOSKTUPOBAHUS PEKYIIEr0 HWHCTPyMEHTa [4], amanTHBHOE YHpaBiCHHE
MPOIIECCOM ~ PE3aHMsl Ha THKENBIX CTAHKAX C Y4ETOM COCTOSHHS
HHCTPYMEHTA, ONTHMHU3ALHUIO XO3SHCTBEHHON ACSITENBHOCTH MPEANPUITHIA
[5].

Cucrema aJanTUBHOIO YMPABICHHS TSOKENBIX CTAHKOB CO3JAeTCs
KaK HHTErPUPOBAHHbBIA KOMIUIEKC, KOTOPBIA BKJIIOYACT TSHKEINBIH CTaHOK,
CHCTEMbl ~ HHCTPYMEHTOB M  HHCTPYMEHTOOOCCIECUYEHHs, CHCTEMY
aJlaliTUBHOTO  YNPABJICHHS C  KOMIUIGKTAMH  U3MEPUTENBHBIX W
JIMArHOCTUYECKUX CPENCTB, MaTeMaTHYECKUEe MOJCTH ()YHKIIMOHHPOBAHHSI
TEXHOJOTHYECKOW CHUCTEMBI. ANTOPUTMBI pabOThl ONTHMAIBHONH CHCTEMBI
aJIalITUBHOTO  yIPAaBIICHUS (OPMHUPYIOTCS C BKIIOYEHHEM KPUTEPHUEB:
cebecTouMoCTh  00pabOTKH, MPOU3BOMUTEIHLHOCTh, TOYHOCTH, Ka4eCTBO,
HaJeKHOCTh cHCTeMbl W Ap. CTpyKTypa aJanTHBHOW TEXHOJIOTHYECKOM
CHCTEMbl HMMEET BBICOKYIO CTEMeHb 00XBaTa OOpATHBIMH CBS3SIMU: IO
OTHOCHTEIIFHOMY TIOJOXKEHHI0O U TPaeKTopusiM  (opMOoOpa3yroImx
JBIKCHHUI O3JIEMEHTOB CHCTEMBl; HUX (DH3UYECKOMY COCTOSHHIO |
BO30YKIAIOIIUM ¢akropam. KadectBo  paboTBl  aJaNTHBHON
TEXHOJIOTHYECKOW CHCTEMBbI OLICHUBAETCS HA OCHOBAHHH MPOLECCHO-
OPHUEHTHPOBAHHOTO TMOJXO0Ja C MOMOIIBI0 TEOPUH KBAJHMETPUH Kak
KauyecTBO CIIO)KHOW HEPapXH4eCKOH CHCTEMBI, KOTOpas MO3BOJISAET
KOJMYECTBEHHO OIECHUTh 3(G(EKTHBHOCTh pa3HbIX BAPUAHTOB CXEM,
OnpenenuTh  BecoMbie  (AKTOPhl M HMH(POPMATHBHBIC  KaHAIBI
JMATHOCTUPOBAHUs. AJAanTHBHOE YOpPaBICHHE  MPOLECCAMH  PE3aHHsI
cTpoutcs Ha 0a3e MHOTOYPOBHEBOM CHCTEMBbI HPHHSITHS DPELICHHH ¢
3JIEMEHTAMHU MCKYCCTBEHHOI'O HHTEIUICKTA.

Cucrema 00pabOTKH pe3aHUEM TPENCTABISICT CO00i HEOOXOaUM YO
Ui o0pabOTKM  JAaHHOW 3aroTOBKM Ha CTaHKE pEryJUpyeMylo
COBOKYITHOCTh MHCTPYMEHTOB, MPUCIIOCOOICHHUM, TEXHOIOIMYECKO# Cpebl,
C OJIHOW CTOPOHBI, W Tpolecca pe3aHus — ¢ Apyroi. [Ipomecc pesanus
XapaxrepusyeTcs: OOJbIIMM YMCIIOM mapaMeTpoB. B obmiem ciydae iro0oit
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W3 HUX MOXET OBbITh perynupyemMbiM. PerymupoBanue npoiecca 00paboTku
3aKJIFOYACTCSl B TOM, YTOOBI, HCXOMS M3 HAJMYMS MEPBUYHBIX MApaMeTpoOB,
XapaKTepU3yIOIMX BBIOPAHHBIA THI 3aroTOBKH (MaTepuan, pasMmep,
NpUINyck ©  T.J.) H TOPUHATOrO MeToja o0paboTKH  (CTaHOK,
HPHUCIIOCOONCHNE, CXeMa pe3aHus, TEXHOJOTHYecKas cpena), H3MEHss
yIpaBiisieMbie TApaMeTpbl (PEKUMBbI PE3aHUS, BApUAHT U [EOMETPHUUCCKHUE
napaMeTpbl MHCTPYMEHTA, MapaMeTpbl M CTPYKTypa HECYIIeH CHCTEMBI
CTaHKa), BO3/CHCTBOBATH Ha MAapaMeTPbl PEryIUPOBaHUS (MEXaHHKA
Ipolecca pe3aHus, HapocToOOpa3oBaHHE, CTPYXKKOAPOOJICHUE, TEIIOBbIE
SIBJICHHS, CHJIa M MOLIHOCTh PE3aHusl, BUOpALUH) U JAOOHTHCS MONYYCHHSI
HEOOXOJIMMBIX ~ TEXHOJNOTHYECKHX MNapaMeTpoB  (TOYHOCTh, Ka4yeCTBO
MOBEPXHOCTH, CTOWKOCTh HMHCTPYMEHTA, TPOYHOCTh HHCTPYMEHTA,
MPOU3BOMUTENIBHOCTh, ~ OKOHOMHYHOCTB,  (GopmMa  cTpykku). Ilpu
OCYII[ECTBJICHIN aBTOMAaTHYECKOrO IIMKJIA Pa0OTHI TSHKEIOro 000pyTOBaHUS
3aJ[a4M YIpaBIIeHUS SBIISIOTCSI MHOTOYPOBHEBBIMU M MHOTO(DAaKTOPHBIMH.

IMporiecCHO-OpUEHTUPOBAHHBIN  MOAXOA YIPABJICHHS KAauyeCTBOM
paboThl AJANTUBHOW TEXHONOTMYECKOH CHCTEMBI MPEAIONaraeT TaKKe
KOPPEKIUIO MEPBUYHBIX MAPAMETPOB yrpaBieHus. ViMerotcst pa3paboTku B
005acTH MOBBIINICHHS SKCILTYaTAIMOHHBIX CBOWCTB JeTalell M pPEeKyIIUX
HHCTPYMEHTOB ~ JUIi  TSDKEJIOr0  MAIIMHOCTPOCHHUs.  Pa3paboTaHsbl
9KOJIOTMYECKH YHUCTBIC TEXHOIOIMH MATHUTHO-UMITYJIBCHOTO, HOHHO-
IUIa3MEHHOTO,  JICKTPOUCKPOBOTO,  YIABTPa3BYKOBOIO  YHPOUHEHUS C
MOMOIIBIO KOTOPBIX MOXXHO TOBBICHTh OSKCIUTyaTAllMOHHbIE KayecTBa
(00BbEMHYIO MPOYHOCTD, MIOBEPXHOCTHYIO TBEPAOCTh, AHTU(PPUKIIUOHHBIE U
AHTUKOPPO3HIHBIC CBOMCTBA) M YCTPAHUTh HEJOCTATKU MPEIbLIYLINX
TEXHOJIOTHYECKUX IPOIIECCOB HW3TOTOBIICHUS] MHCTPYMEHTOB U JIeTaJeil.
VHTerpupoBaHHbIE  TEXHOIOTMH  YIPOYHEHHS  KOMOMHHUPYIOTCS U3
COYCTAHMI BBINICYMOMSHYTBIX TEXHONOIMH C YY4eTOM KOHKPETHBIX
0COOEHHOCTEH JIeTajell M yCIOBHH MX SKCILTYaTall|H.
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TO THE QUESTION OF RELIABILITY ESTIMATION
OF TECHNOLOGICAL SYSTEM S AND PROCESSES
ON TERRITORIESWITH MAN-CAUSED DAMAGES

Polishchuk Sergiy Zinovievich, Shapar Arkadyi Grigorievich National Academy Of Sciences of
Ukraine Institute Of Nature Manegement Problems Dnepropetrovsk, Ukraine, (056)-778-57-
48,ippe-sam@narajan.ua
Polishchuk Alla Viktorovna Dnepropetrovsk Ukrainian State Univerity of Chemical
Technologies, Dnepropetrovsk, Ukraine 8(0562)- 47-24-64

Among the coefficients of grade of life of man dominant is a
coefficient of fail-safety. This coefficient on the nature is complex and
bel ongs, both to the grade of life of separate individual and to the grade of
life of certain societies and by such method carries an integra kind.

The process of assurance of fail-safety is guilty to fit fail-safety of
engineering systems (ES) and fail-safety, as one of coefficients of grade of
life of man. Mediated, through ES taken into account and co-operating of
timber-toe all of other components of engineering-technological sphere,
both in the process of generation of ES and in the process of its production
activity and utilization at the end of its cycle of life,

Basal even reiability-oriented of ES actions. engineer (the
reliability-oriented action is from the stage of construction); technological
(reliability-oriented action on the stage of making of ES, both in
experimental and in serial variants); operating (reliability-oriented of ES
action in the conditions of production activity, including and repair
measures in the process of production activity). It is needed to mark that it
is made all of ES from those or other goods: metals, plastics, glass fibers
and others like that, which differ various characteristics which influence on
fail-safety of technological objects.

By such method an endurance capability, endurance capability and
fail-safety of components and features of ES, to a great extent depends on
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the physical, physical and chemical and physical-mechanical characteristics
of goods, and also from that, as far as these characteristics are grounded and
effectively utilized in constructions taking into account the characteristics of
production activity of these constructions. Infallibility of components and
features of ETSis anecessary and sufficient base of fail-safety of ES.

Modern installation becomes all more ecologically fail-safe and
dependable, and drop, that it inflicts an environment, diminish. However
much ramshackle installation which made the resource and inflicts a large
hurt an environment continues in this time to be exploited. In addition, even
new ingalation must a characterigtic fail to the function. Breakages as a
result of which extras are in surrounding space of heat and harmful matters
can happen thus. It can cause death of people, result in considerable
financial losses and inflict a hurt an environment.

Thus, modern ingallation must be not only ecological but aso to be
dependable and fail-safe. Must not bring an abort over in the robot of
installation to breakages and casudties. To provide installation the high
degree of rdiability, it is necessary to create and exploit him in accordance
with the modern going near assurance of man-caused fail-safety. Thus must
gtick to high degree of maintenance and check, on a condition ingtallation.

Modern ingallation must have not only high coefficients of
efficiency (large capacity, low unit which is a bleed cost, small energy
consumption and other) but also low level of man-caused danger. However
done this coefficient not aways can be low enough, because in installation
there are processes at which plenty of energy (potential, chemical, kinetic
and thermal) appears or outlaid, that, freeing onesdlf from an engineering
object, can inflict the hurt of life and to the health of personnd,
environment and nearby installation. In addition, the buildup of level of
man-caused danger of engineering object draws the considerable rising in
the price of ingallation, and consequently, and products, madein him.

For assurance of high peformance and sufficient man-caused
strength of engineering-technological objects security make the method of
definition of level of man-caused danger of engineering object, and then
conduct optimization of this coefficient for ingtallation at the goals of cost,
capacity, unit which isableed, and other, cost

Presently, there is a few going near assurance of man-caused fail-
safety of engineering object — adminigrative, methods of theory of fail-
safety, method of breaking conditions, method of "trees of events'.

The above-mentioned theoretical pre-conditions are the base of most
going near assurance of man-caused fail-safety of engineering object with
the use of methods of definition of hazard of the harmful clogging of
environment.
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IHOBBINEHHUE 3OPPEKTUBHOCTH
IKCIVIYATAIIUU CYJOBBIX TU3EJIEU 3A CUET
MOHUTOPHUHI'A PABOYEI'O ITPOIECCA

P.A.Bapbaney x.m.n., B.I.Meanosckuii 0.m.n
Vrpauna, Odecckuil HAYUOHATBHBIL MOPCKOU YHUSEPCUMEm

Beicokue TpeGoBaHMs K SKOHOMUYHOCTH M SKOJIOTHYHOCTH CYIOBBIX
Ju3enield TMPHUHSATHI B HACTOSIIEE BPEMs ITONABIISIONINM OOJBIIMHCTBOM
MOpPCKUX Jiep»aB. MHUpOBbIE LIEHbl Ha JKUIKOE TOILIMBO YBEJIWYWINCH C
2002 roma mo Hacrosiee BpeMs: Ha Tskenoe TommBo |IFO380 co 100 mo
300usd u Ha auzenbHOe TommBo MDO co 150 no 600usd [1]. Kpome Toro,
¢ 19 mas 2005 rona umeer 3akoHHyr0 cuiy Ilpunoxenue VI KonseHunu
MAPIIOJI 73/78, B KOTOpOM OrpaHUYEHBI HOPMBI BBIOPOCOB B atMochepy
BpEMIHBIX BEILECTB, NpH 3KcIuTyaTanuu ausensHsix COV [2]. CoBpeMeHHbIE
CyJIOBBIE JIN3EIIM, OTBEYAIONINE BHICOKUM TPeOOBAaHHMSIM IKOHOMHUYHOCTH U
9KOJIOTMYHOCTH, pacCUUTaHbl Ha paboTy B YCIOBHSIX IOBBIIIEHHON
MEXaHMYECKON M TEIUIOBOM HaNpshDKEHHOCTH. B 3TOM citydae KOMITIEKCHBIH
MOHHUTOPHHI' ~ pabodero Impomecca, BKIOYas KOHTPOJNb  KadecTBa
TOIUIMBOIIOJAYM M CrOpaHWs TOIUIMBA B IMJIMHJpAX, SBISETCS OCOOCHHO
aKTyaJIbHBIM.

[Ipn mpoBeneHMM MOHHTOpPHHIA pabodyero mporecca HeoOXOAUMO
pemats psJ TEXHWYECKHX 3aj[ad, TaKuX Kak: IOJATrOTOBKY HEOOXOIUMBIX
WHCTPYMEHTAIBHBIX CPEJCTB 3allMCH BBICOKOYACTOTHBIX JIWHAMUYECKHX
MIPOLIECCOB B TOIUIMBHOHM armaparype W IWIMHAPE IBHUTaTeNs; 3ajady
(a3oBOl CHHXPOHUW3AIMU JAaHHBIX; 3a/ady COIOCTaBJIEHHS JaHHBIX
peasbHOro paboyero mpouecca W pe3ylnbTaToB MaTeMaTHYECKOH MOJIEIH.
[Mocnennee nemaercst Uit TOro, YToOBI MPOU3BECTH KaYeCTBEHHBIH aHAIU3
3¢ PEeKTUBHOCTH pabOTHI IMIIMHIPA ¥ OLIEHUTH PE3EPBBI €T0 HATPY3KH.

B nacrosimee Bpemsi pa3paboTaH psii MaTeMaTHYECKUX MOJEINeH,
MO3BOJISIIOIMX ~ TPOM3BOAWTH  pa3JielibHbIe  pacyeTsl  Ipolecca
BIIPBICKMBAHMSl TOIUIMBA W pabouero mporecca B LWIMHIAPE AU3EINS.
[IIupokoe pacnpocTpaHeHHE TMOJIYYHWIa HSMIMPUYECKas 3aBHCUMOCTh
ckopoctu temtoBbinenenus .M. Bubde. Onnako, pacyer pabodero mporecca
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C HCMOJB30BaHHEM STOH (popmynbl obecredrBaeT IOCTOBEPHOCTh JIHIIb
Npyd  yIaYHOM  OIlGHKE [OoKasaTens  xapakrepa cropanust  Mu

IPOAOKUTEIIBHOCTH TCIIJIOBBIACIICHU A (DZ , TakK XKe, pacyer

ocymiecTBisieTcsl 0e3 yuera KOJMYecTBa TOILIMBA BIIPHICHYTOTO 3a HEPHOJ
3a/IepKKU BOCIUIAMEHEHUs] U NPOJODKUTENBHOCTH BIpBICKUBaHUS [3].
AnbpTepHaTUBON SBISETCA METOA MAaTE€MaTHYECKOrO MOJEIHpPOBAHUSA
pabouero nporiecca, paspadorannsriii B.C.CemenosiM u B.M. KBATKOBCKHM
B KOTOPOM HCIIOJB3yeTrcss Tpexda3Has MOJElb TEIUIOBBIICICHUS B
mwinHape [3]. Yka3aHHbIE BbIIE€ MapaMeTpbl BKIIOUEHBI B PACUETHBIE
YpaBHEHHs, B CBSI3U C YE€M, OTIAJAET HEOOXOAWMOCTb B MX YCIOBHOW
OLICHKE.

Paspaborannas Ha xadenpe COY u TD maremaTmyeckas MOICTh
pabouero mporecca OasupyeTcss Ha 1-M 3aKoHe TEPMOAWHAMUKH W
UCTIONB3YeT Tpex(a3Hylo MOENb TEIIOBBIZEICHUs ISl pacuera mpoiecca
cropanus. MogenupoBaHue pabouero mporecca IpH pasHBIX Yriax
ONepeKeHMs BIIPBICKA TOIUIMBA IOKa3aHO Ha pucyHke. Ilpu pemenun
3a7a4d  CUHXPOHHM3allMM JAaHHBIX, a TaKke JuId ONpeaeleHus
KO3(GHUIMEHTOB TP MOAENMPOBAHUM DPEATBHOM 3KCIUTyaTaluOHHON
CHUTyalld  WCIOJB3yeTcs  METOA  HeNMHEHHOM  Oe3rpaiueHTHOMN
ontummzaii  Powell’64, mo3BoJAIOMIME  MONYYHTh  ONTUMANBHBIC
3Ha4YeHHs] KOAPPUITUEHTOB N-MEPHON HENMMHEHHON (QPYHKIIMHU C IPHEMIIEMOI
JUISI IPAKTUYECKOT O MOZICTIUPOBAHUS CKOPOCTBIO.

Pucynox. uTepdeiic mporpaMMel pacueTa padodero npouecca ¢ yIeToM JHHAMUKH
TeroBbleneHus no merogqy B.C.Cemenona u B.JM.KBsTkOBCKOrO
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Jlis nomydeHunst AaHHBIX peaslbHOTO paboyero npomuecca paspadboran
nporpaMMHoO-anmnapatHeii  kommiekc DEPAS,  kotopeiii  mcmonms3yer
JTAHHBIC MaTEMAaTHICCKOTO MOJICIHPOBAHUS JIJIS OLICHKU Ka4ecTBa pabodero
nporecca. C MOMOMIBIO ATOr0 KOMILIEKCa MOXKHO IPOM3BOAWTH aHAIU3
texHuueckoro cocrostuust LTI, TorumBHON anmapaTypsl U MeXaHH3Ma
ra3opacrpe/eeHus..

C nomompro  kommuiekca DEPAS U pa3pabOTaHHOM
MaTeMaTH4ecKoil Mojenu paboyero mporecca OCyLIeCTBISETCS HACTPOHKa
MapaMeTpoB TOIUTUBHOM ammapatypbl U MEXaHU3Ma Ta30pachpeieicHus,
YCTPAHSFOTCS TEXHUYECKAE HEUCIIPABHOCTH B padOTE OTIEIBHBIX Y3JIOB U
MIPOU3BOUTCS PABHOMEPHOE PACHPEACICHHE MOIIHOCTEH MO IMUTHHIPAM.
YKka3aHHBICE MEPOIPUATHS TIO3BOJIIOT MPOU3BOMUTH AP (DEKTUBHYIO U
Oe3aBapuIHYIO SKCILTyaTaluio au3enbHoi COY.

Jlumepamypa

1.Annual Energy Review 2006. Report No.DOE/EIA-0384(2006).
June 27, 2007

2.Ilpunoxenue VI x MAPIIOJI 73/78. IlpaBuna npenoTBpalieHus
3arpsizHeHus armocgeps! ¢ cynos / [THUMM®: CTI6, 2004.-80 c.

3.CemenoB B.C. CoBpemeHHblE MpOOIEMBI TEOPUH CYHOBBIX
mmzeneir / B.C.CemenoB. — M.: B/O «Moprexundopmpekiaamay, 1991. —
112 c.

MHHOBBIINEHUE SOPEKTUBHOCTHU
CAD/CAM/CAE- CUCTEM 3YBYATBIX IIEPEJIAY

Boponyos b.C., Yanaunckuii [[.A.
Bocmounoyxkpaunckuii nayuonanonwiii ynusepcumem um. B. Jlans, Jlyeanck, Ykpauna,

Ten. 8-0642-61-33-42, E-mail: voronts@snu.edu.ua

PazBuTHe  KOMIBIOTEPHBIX  TEXHOJIOTHMHA  OTKPHIBAET  HOBBIE
BO3MOXKHOCTH JJISl CO3/IaHMsI OTBETCTBEHHBIX JETalled M y3J0B ¢ pabounMu
TIOBEPXHOCTSIMH ~ CIOKHOW  (opMmbl, un3fenuii camMoil  pa3HOOOpa3HOM
T€OMETPHH.

Mensiercst otHomeHue k 3-D monensam. Ecnu panee oHEM City:kwid
JUISl BU3yaJlU3aliid 00bEKTOB, TEHEpallH YepTeKei, KOHEUHORIIEMEHTHOTO
aHaJin3a, TO Terepb NpruoOpeny OoJbIIoe TPON3BOJICTBEHHOE 3HaueHne. Ha
ocHoBaHnu 3-D Mmopenelt MexaHooOpabOTKOH co3MAlOTCS  pa3iU4HBbIC
W3JIeNHsl, B TOM YHCIIe U 3yOuaTble Kojeca Ha crankax ¢ UITY. HUcnonb3ys
reHepaTUBHBIE METONBl MOCIOWHOrO HapalluBaHHUsS H3TOTaBINBAIOTCS
3y0uaThle XOHBI M Kojeca. TBepJOTeNbHbIE MOJENU SIBISIOTCS STaJIOHOM
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JUISl aHAlU3a TEOMETPUHM HU3JCNUA KOHTAKTHBIMA M OECKOHTAKTHBIMH
METOIaMH C MOMOIIBI0 KOOPIHHATHO-U3MEPHUTENBHBIX MAIIHH.

Anamus CAD/CAM/CAE — cucreM MOKa3bIBA€T, UYTO B HACTOSILEE
BpeMsI CO37[aHO HEMAJIO IPOrPaMMHBIX KOMILUIEKCOB JUIS aHAJU3a M CHHTE3a
3yOuaThIX meperad M HMHCTPYMEHTOB, JUIsI  pacdyera  HalaJoK
3y0000pabaThIBAIOIIMX CTAHKOB. OTH NPOrPaMMHBIE TPOAYKTHI MOXKHO
YCJIOBHO Pa3JeIUTh HA YEThIPE KATETOPUH:

< CamMmocTosTenbHbIe TIpOrpaMMHbIe TIPOIYKTHI ob1ero
NIpUMEHeHus1, co3laHHble B komMepueckux 1ensax (GEARCALC, UTS Gear
Software, APM Trans);

< Kommepueckne mporpaMMHbBIE MOAYIHM U OnOIMOTEKH,
co3anHbie Kak npunoxenue k onpeaenennoit CAD/CAM/CAE — cucreme
(GearTrax, KOMITAC-Shaft, CATIP ®pe3);

< [lporpaMMHBIE TNPOAYKTHI, CO3JaHHBIC M8 NPUMEHEHHS Ha
koHkpetHoM mpeanpustau (LTCA, Kimos);

< [lporpaMMHBIe  NPOAYKTHI, CO3JaHHbIC ACIHUPAHTAMH |
WCCIIEeOBAaTEeIsIMA ISl PEIEHHWs KOHKPETHBIX 3aJad  aHajuu3a W
NIPOEKTUPOBAaHMUA Tiepefad M WHCTPYMEHTOB  ONPENENIEHHOIO0  BHJA
(Oxcnepr, Bonra, SPDIAL+).

B 3THX mporpaMMHBIX MPOJYKTaX, HCIOIb3YIONIMX Pa3HOOOPa3HbIN
MaTeMaTU4ecKHii  amnmapaTt, BO3HHKAIOT  OIpEJENeHHbIE  CIOKHOCTH
creikoBku Mexxay CAD, CAM u CAE cucremamu. Hanpumep, npu cunTe3e
HOBBIX BUJIOB 3alICTUICHUH KOHTYP MPOQUIIST MOKET OMHCHIBATHCS KPUBBIMH
Pa3IMYHBIX BUJIOB WM BBIpakaThcsi TaOmmuHo. IIpu aHanmmse u co3maHun
3-D mopeneil kakaplii pa3 3TO HYXHO y4YHTBHIBaTh. [Ipu HccienoBaHuM
nporeccoB (OpMO- M CTPY)KKOOOpa3oBaHMSI HE BCETAa ONTUMAaJbHBIMU
SIBJISIFOTCSL OOLIETIPUHSATHIE METOABI TEOPHH 3alCIUICHUH JUTsl OIpeeNieHHs
CONPSDKEHHBIX MOBepXHOCTel. [Ipomecc ynpasieHns reOMEeTprel ¢ y4eToM
MHOTOKPUTEPHAIBHOCTH aHAJIN3a BBI3BIBAET TPYAHOCTH.

Hns  noseiienust 3¢ dekruBHocty  CAD/CAM/CAE — cuctem
3yOuaThIX Iiepeay npeiaraercs:

1. Jnsa co3maHusl YHU(HUIMPOBAHHBIX MAPAMETPUUYCCKUX MOJIENeH
WCIIOJIb30BaTh OTHOOOpA3HOE ONMCAHUE TEOMETPUH Ha OCHOBE CILIAHHOBBIX
KpUBBIX. B KauecTBe CIUTAHHOBBIX KPHBBIX M TOBEPXHOCTEH MPHUMEHSTH
UIMPOKO HCMONb3yeMbie B 3-D MOIETMPOBAHMU KPHBBIE U TMOBEPXHOCTH
NURBS 1 be3rbe.

Bce cymectByromme — MCXOOHBIE  KOHTYPBHI,  ITPOHM3BOJSINNE
MOBEPXHOCTH, TOBEPXHOCTH 3YObEB JIErKO MPEACTABUTH B TAKOM BHIE.
MaremaTuueckoe ONMMCAaHUE BKIIOYAET B Ce0sl YIPABISIONIUE DJIEMEHTHI, C
MOMOIIBI0 KOTOPBIX MOXXHO YIPABIATh TEOMETPHEH NPSIMO Ha IJKpaHe
MOHHUTOpa. JTH DJIEMEHTHI CIIyXKaT B Ka4eCTBE MapaMeTPOB MpPHU aHAIU3E U
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CHHTe3¢ 3yOuaThIX Mepenay, MO3BONSAIOT CO3JaBaTh YHU(DHIMPOBAHHBIC
6a3bl JaHHBIX.

2. TlpumeHsieMble METOJBI AHANW3a M CHHTE3a BBIPA3UTh Yepes3
YHU(UIUPOBAHHOE  TIpEACTaBIeHHE OOBEKTOB  HMCCIENOBaHHS.  IJTO
MO3BOJIUT TP  HMHTEPAKTHBHOM  YOPAaBICHHH TeoMeTpueil  3yObeB
OJIHOBPEMEHHO OCYIIECTBIATH MHOTOKPHTEPHANBHBIA aHAIU3 M CHHTE3
nepezay u nporecca popMoodpa3oBaHHUs.

3. HeaubdepenumanbHple  METOABI,  KOTOPbIE  MO3BOJISIOT
MOJICTUPOBATh TEXHONOIMYECKHE 3a/Jaud, B YACTHOCTH ChEM METaia,
TEOMETPHUIO TIOBEPXHOCTH HA MPOMEKYTOUHBIX OIEpalHsX, IJie B KAUueCTBe
pesyabrata IOIydaeTca He Iiaakas orudaromas, a JOMaHHasd
00BONAKMBAIOIIAsl, BIUCHIBATh B AU(QEpeHIHATbHbIE METOIbl TEOPUH
3y0uaThIX 3aleluieHui W (HOpMOOOpa30BaHUS MYTEM AMIPOKCHMAIUH C
MOMOIIBIO CIUIAWHOB M MPHUBEICHUIO K NPUBBIYHOMY YHH(UIIUPOBAHHOMY
BUJTY.

4. Tlpu cuHTE3¢ MW MOJCIUPOBAHUM 3YObEB CO CIOXKHBIM U
H3MEHSIEMbIM BJIOJb 3y0a CEYCHHEM HCIONB30BaTh METO/bI IIA3UPOBAHUSL.
B kauectBe mpoQuis CEYEHHS HCIONb30BATh  YHU(DHIMPOBAHHBIC
cIulaiiHOBele KpuBble. Ha oOCHOBE O3TUX CEYeHHMH JIETKO CO3Aar0TCs
napamerpuueckue 3-D momenu B mob6oit CAD cucreme, KoTopbie JIerko
PEIaKTHPOBATH B ABTOMATUYECKOM H TTOJTYaBTOMATHYECKOM PEXUME.

Ha ocHOBe NpeayoKeHHbIX MOJIOKEHUH pa3paboTaHO MPOrpaMMHOE
obecreueHue, KOTOpoe NOATBEpAMIO 3(h(HEKTUBHOCTD TAKOI'0 MOAX0/A.

OIEHKA JOJITOBEYHOCTHU CHJIOBBIX CUCTEM
1O KPUTEPUSAM JIOKAJIBHOTI'O IOBPEX/IEHUSA

! Bozoanosuu Anexcandp Barwoemaposuy, 2Enoeoii Onez Muxaiinosuv
YWupeacoenue o6pazosanus «I podnenckuii 2ocydapcmeentuiii ynusepcumen umenu Suxu
Kynanvry, Jluockuii konedorc, 231300, Pecnybauxa berapycs, 2. Jluda, yn. Cosemckas, 18,

men. +(375 1561) 2-35-04
2Iocydapcmeennoe nayunoe yupescoenue « O6eOunenibii uHCMumym MauuHoCmpoeHus»
Hayuonanvnoit akademuu Hayx benapycu, 220072, Pecny6auxa beaapycsy, e. MuHck, ya.
Axaodemuuecxas, 12, men. +(375 17) 284-24-09

CaMbIMM  OTBETCTBEHHBIMH B MalllMHAX SIBJISIOTCS  CHJIOBBIE
CHCTEMBI, B KOTOPBIX peajM3yercsi mporecc TpeHHs (MPU CKOJIBKEHHH,
KayeHHH WIN (PPETTHHTE) W KOTOpHIE OJHOBPEMEHHO BOCHPHUHHUMAIOT U
riepearoT MOBTOPHO-NIEPEMEHHYIO (BHEKOHTAKTHYIO) HAarpy3Ky. B crimoBbIx
CHCTEMAaxX peaau3yeTcs KOMIUIEKCHOE H3HOCOYCTAJIOCTHOE MOBPEXKICHHUE,
KOTOPOE €CTh PEe3yJbTaT CIOKHOIO B3aUMOAEHCTBUSA KaK MHUHUMYM JBYX
TIOBPEXIAIONINX SIBICHUH — TpeHHs (M W3HAIIMBAHUS) M YCTaJOCTH. OTH
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SIBJICHUsI HanOoJiee OMacHbI, TaK KaK MOAABIISIONIee OOJIBIIMHCTBO OTKa30B
MaIIWH U 000py0BaHUS 00YCIIOBIICHO UMH [1].

DKCHeprUMEHTAIFHO OBUTO MOKa3aHO, YTO MOBPEXIEHHOCTh Pa3HBIX
JIOKAJIBHBIX 30H DJIEMEHTA CHJIOBOH CHCTEMBI ITPU HATrPYXEHUH MOXET OBITh
CYIIECTBEHHO pa3IMYHONW M, B KOHEYHOM HTOre, JHUMHUTHPOBATH DPECypC
cucreMbl. Tak, ¢ TIOMOIIBIO JUCKPETHOI'O METOAA U3MEPEHUSI CYMMapHOT0
u3Hoca | (MU HCHBITAHHAX HA TPEHHE CKONBXKCHUS M (PUKIHOHHO-
MEXaHHUYECKYIO0 YCTaJOCTh) M BEIMYMHBI CMEIIEHUs! Oceil O, Mapbl TPEHUS
(Ipy  WCHBITaHWSIX HAa TPEHWE KaueHWs W KOHTAKTHO-MEXaHHYECKYIO
ycTanocts) B MamuHax cepur CU B BOCBMH TOUKax (JIOKaJIbHBIX 30HaX) IO
MepUMETpy OIAacHOTO CeUeHWs] o0pa3la-Bajla YCTAaHOBJIEHO, 4TO, XOTS
Harpy3ku (M3rHOHBIE M KOHTaKTHBIE) B TEYEHHE OJHOro o0opoTra He
W3MEHSIOTCS, pEeakiysi MOBEPXHOCTHBIX CJIOEB MeTalllla B Pa3JIMYHBIX
JIOKAIBHBIX ~ 30HaX MYTH TPEHUs CYIIECTBEHHO pa3JMyHa. TO
TIPE/ICTABIISIETCSl €CTECTBEHHBIM BBHY TOr0, 4TO (DM3MKO-MEXaHHUUECKHE
CBOMCTBAa TIOBEPXHOCTHBIX CJOEB MeETajlla TaKXe CYIIECTBEHHO
HEO/INHAKOBBI.

[MpennoxxeHsl  crenWanbHBIE  WHTErPalibHbIE  XapaKTePUCTHKH
JIOKQIBHOTO ~ TpOIlecca  HM3HOCOYCTAJIOCTHOTO  MOBpexnaeHus  [2]:
KO3(GHUIMEHT aCUMMETPUH

1 2 rmini
R=72.% (1)

i1 Tmax(i)

rae Ip U Iz — MEHBIIHI 1 OOJNBIINIA paauychl OJHOTO JHaMeTpa
00pasia, u KO3 PHUIMEHT HEPABHOMEPHOCTU
I
Mg =", @
rHaI/I6

rae Vs U Foans — HAUMEHBINNM ¥ HAXOONMBIINIA paJiychl 00Opasua B

TCYCHUE OAHOI'O o6op0Ta.
FeOMeTpI/I‘IeCKI/I OTO TMPCACTABIACTCA B BUAC AUATrPAMMBI (I/IJ'II/I
KOHTypa), MOKa3aHHOI'0 Ha puUcC. lc MPUHATBIMU 0003HAYEHUSIMHU paanycoB

KOHTYpa, a TaKK€ MPUBCACHHBIMH 3aBUCUMOCTAMU KOB(l)(l)I/IHI/IeHTOB Ra u
T'la OT YPOBHA HUKINYCCKUX HaHpH)KeHI/Iﬁ npu HUCIbITAHUU CHJIOBOM

cucreMsbl ctanb 45 / cranb 25XI'T Ha KOHTAKTHO-MEXaHUYECKYIO YCTaJIOCTh
METOJIOM  CTYICHYaTOro W3MEHCHUS W3THOAIONICH HArpy3KH IIpu

KOHTaKTHOM JaBIICHHH  [J, =0,7 P+ =const. BuaHo, 4Yro CTENEHb

HEPABHOMCEPHOCTH JIOKAJIbBHOI'O M3HOCOYCTAJIOCTHOI'O MMOBPECIKACHUA PACTECT
COOTBETCTBCHHO YBCIMYCHHUIO IUKINYCCKUX HaHpH)KeHHﬁ. 3aMeTI/IM, qTo
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HEPaBHOMEPHOCTh U3HOCOYCTAaJIOCTHOTO IIOBPEXIEHHA TeM OOJblle, 4eM
MeHblIe BemmunHbl R, u 1, .

Rll

1, N R

09 —\Qv/i\\

N | ,}\ \\
0,8 - \ 6< min! ¢ min
0,7
(O 8. min
0.6
66 132 198 264 G, MIla

a

Puc. 1. 3aBucumocTs K03 HUIIMESHTOB aCHMMETPHH U HEPABHOMEPHOCTH H3HOCOYCTAIOCTHOTO
MOBPEXKICHHS TP UCIIBITAHUSX HAa KOHTAKTHO-MEXaHHUYECKYI0 YCTAJIOCTh CHIIOBOW CHCTEMBI
cranb 45 / crans 25XT'T

HpI/I HUCHBITAHUAX Ha TPCHUC CKOJbXKCHUA W Ha (pr/IKHI/IOHHO-
MCXaHUYCCKYIO YCTAal10CTh KOB(l)(l)I/IHI/IeHTI)I ACUMMCTpHUHU u
HCPABHOMCPHOCTH KOHTYpa OLCHUBAIOTCA 110 H3MepeHHOI>i BCIIMYNHC

AMCKpEeTHOro u3Hoca |; 1o dopmynam:

180 i
_ min(j) __ Haum
R - Zz . ’ ni - . ' (3)
[ P | o
rnue |min u |max — HAUMEHBIINNA ¥ HAUOOIBIINN JIOKAIBLHBIA U3HOC

OJIHOrO JMameTpa 3a obopor obpasua, rae | wu | - — Hanmenbumii u

HAMOONBIINI JIOKAJIBHBIA M3HOC B TE€UEHHE NAHHOIO IMKJIA HATPYKEHUS
obpasiia. Ilpu wWCOBITAaHMSX HA TPEHHE KAYeHUS] M KOHTAKTHO-
MEXAHMYECKYI0 YCTANIOCTh OlEeHKa KOI(D(MHUIIMEHTOB aCUMMETPUU U
HEPAaBHOMEPHOCTH COOTBETCTBYIOIIErO KOHTYpPA BBITIONHACTCS aHATOTHYHO
o hopmyram:

M

_ 1 8cmin(i) _ 8CHaMM
R, = 444y N = . 4
cmax(i) CHaub
JI1s1 KONMMYEeCTBEHHON OIEHKU MapaMETPOB IMOBPEKICHUS MOXHO
UCIOJIB30BaTh KO3()(UIMEHTh HEPABHOMEPHOCTHU JIOKaIbHOro u3noca [3(i)
u commwkenust oceil [(8c), BBIUUCIIEMBIE MO OTHOMIEHHUIO K CPEIHEMY
3HAYCHUIO OIPEJICNIAEMBIX MaPaMETPOB:
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PO =™ Bty

I +|minj J—llmaXJ +|m|nj

. 5.

(5 ) cmax; ﬁ( )_ z cmax j
cmax; + 5cminj J 5cmaxj + 5cm|nj

[MpennoxxeHa MeTOAWMKA OLEHKH JIONITOBEYHOCTH C  YYETOM
XapaKTEPUCTUK JIOKAJIBHOTO TTOBPEXKACHHUS MPU PETYISIPHOM U OJIIOYHOM
HarpyxeHusix. [TokazaHo, YTO XapaKTEePUCTUKH JIOKAJIHLHOTO TTOBPEXKICHHS,
MOT'YT OBITH HCIOJB30BaHbI JJISl MPOTHO3UPOBAHUS JOJTOBEYHOCTH Y3JIOB
TpPEeHHsT U CHIIOBBIX CHCTEM B JMCKPETHBIX TOYKax (30Hax). Ha ocHoBe
aHaJM3a IPOBEJCHHBIX HCIBITAHUH IIOCTPOEHBI CXEMAaTHYHBIE KpPUBBIE
(pUKIMOHHOH (10 NpeIeNbHOMY UHTETPaIbHOMY U3HOCY) U JIOKAJIBHOM (110
TIpE/IeIFHOMY IMCKPETHOMY N3HOCY) YCTaJIOCTH, U300payKeHHBIE Ha puUC. 2.

Lo #*L( NL:)

Mﬂa ARG 1

il \

T

()

|
|
|
|
|
|

4
|
|
1=

Ng.(j'= No. N, yura

Puc. 2. Cxema B3aHMHOI'0 PacIONIOKEHHs KPUBBIX (PUKIMOHHOM ycTanoctH (1 —
MIOCTPOEHHAs 110 MPEIEIbHOMY 3Ha4E€HHIO HHTErPAIbHOI0 U3HOCA; 2 - HOCTPOEHHBIE MO
pe/Ie/IbHOMY 3HAa4eHHIO JIMCKPETHOTO W3HOCA B TOUKaX 1-8)

IMpu tpenun ckompxenuss 1 ®MY (PpHUKIMOHHOE HANpsDKEHUE B
Touke (j), JOCTWrmIeH IpEAENbHOrO W3HOCA,  ONpE’essercss U3

BBIpa)KEHUS: Tf(j) =T~ kf(j), rae Kj — ko3(hQUIMEHT JI0KaIbHOro

yrpoueHus / pa3ynpouHeHUss (JIOKaJbHBIA — (akTop ITOBPEXKIAEHHS)
Martepuaja B TOYKEe | M B o0uIeM ciydae sBisieTcs (GyHKIMEH
K03((HUIMEHTOB aCHMMETPHUU M HEPAaBHOMEPHOCTH KOHTYpa u3Hoca [2]:

kf(j) = l(j)(ﬂi): fz(j)(ni): f3(j)(R)-

JI71s1 KOHKPETHOH CHIIOBOM CHUCTEMBI MO PEe3YJIbTaTaM €¢ HCIbITAaHUit
(korma Touka (j) MO TYTH TpPEHHS MAOCTHINA TPEACTBHOTO H3HOCA)
OmpeNeNsieTcss JIOKAIBHBIA (haKTOp MOBPEXKICHUS M TMOKa3aTelb HAKJIOHA
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KpPUBOH (PUKIMOHHONW (WM (QPUKIMOHHO-MEXaHHUUYECKOH) YCTaJOCTH B
Touke (j)

M.y =M@,
rae (Dm_[ - (byHKI_[I/IH BIIUAHUSA HepaBHOMepHOCTI/I HN3HAIIIUBAHUA Ha

TIOKa3aTes b HAKJIOHA KPUBOH JIOKAJIbHOH (PPUKIIMOHHOM YCTalOCTH.
dopMysna Ui pacyera JONTOBEYHOCTH B TOYKe (j) KOHKPETHOMN
CHJIOBOW CHCTEMBI C YYETOM XapaKTEPHCTHK JIOKAIBLHOTO MOBPEXKICHUS
HMeEET CIEAYIOIUN BUJI:
TIPU PETYISIPHOM HarpyXeHUH

T ™ () .k M, Qe
_ (i) _ (i)
I\I(J') - NGT ) - NGT ) , (6)
TW TW

TIPY HEperyJsipHOM (OJIOYHOM) Harpy>KEHHH

gy ] Pewtd
m. w
3 Ngy 'TWE\}I;L)
N, iy = Nagy 14 2 1| 1= N (@
k=1 Ty~ Ne(h)

rae Npg), Nk — COOTBETCTBEHHO, OOIEe YMCIIO IMKIOB B OJOKE M
HapaboTka Ha K-Tolf crymeHm Oy0ka; S — KOJNMYECTBO CTyIeHeH (ypoBHeit
HanpsDKeHUH) B OJOKe; Oy, [lrj) — NapaMeTpbl pasynpoOuyHEHUs |
YIPOYHEHHUS B TOUKE (j) COOTBETCTBEHHO.

Jlumepamypa

1.  CocHoBckuii, JLA. TpubodaThka: UIHOCOYCTAJIOCTHEIC
MOBPEXJICHUS B mpobiemax pecypca u 6e3onmacHoctu / JILA. CocHOBCKUH,
H.A. MaxyroB. — MockBa-I'omens: HIIO «TPUBOD®ATUKA», OLIHTII
IIIT «be3omacHocThy, 2000. —304 c.

2. Enosoit, O.M. JlokanbHble XapaKTEPUCTUKH U3HOCOYCTATIOCTHOIO
TIOBPEXK/ICHNSI W CONPOTHUBIICHWE pa3pyLIeHUIO CHIOBBIX cucteM / O.M.
Enogoii, A.B. bornanosnu // I'opras mexanuka. —2007. - Ne 1. —C. 76-83.

NCCIEAOBAHMUME JOJI'OBEYHOCTHU I'PEBHA
KOJIECA 1 BOKOBOM MOBEPXHOCTH PEJIbLCA

Tymanuweunu I'ueopeuti Hocughosuy, 3suadaypu Buxmop Cyxaesuu u Yenudsze Mepa6
Axakuesuu
Tpysunckuti Texuuueckuii Yuusepcumem, Tounucu, Kocmasa, 77, 535213, 899 395997,
gtumanishvili@yahoo.com
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JlonroBeuyHOCTh PENbCOB U KOJEC MPH IKCIUTyaTallUU CYIIECTBEHHO
oTpaxxaercss Ha NPO(PUIAKTHYECKUE U PEMOHTHBIE PacXolIbl U OTHOCUTCS K
quCcIy Haunboee BAYKHBIX npobiiem (YHKIIMOHUPOBAHUS
KEJIE3HOJOPOXKHOI 0 TPAHCIOPTA. Pacxopl Ha PEMOHT KOJNECHBIX Map MOTYT
Ha 30% mpeBBICUTH PEMOHTHBIE PAcXOJIbl BCErO AKHUIMaxa. DTH PacXoibl B
OCHOBHOM CBSI3aHBI C 3aMEHOM W penpoHIMPOBBEIHUEM KOJECHBIX Iap.
JlonroBeyHOCTh KOJIEC M PEIHCOB B OCHOBHOM (OCOOEHHO [UIsi CTpaH
obBiero CCCP) ompenensercss MHTCHCUBHOCTBIO M3HAITUBAHUS TpeOHEH
Konéc M OOKOBBIX IOBEpXHOCTEHl penbcoB. KOHTAakT Koseca mpu ero
MOMEPEYHOM IEpEMEIEHUH OTHOCUTENBHO PENbCy OCYLIECTBISETCA Ha
pa3IMYHBIX MecTaXx. JTO MOXET NPUBECTH K JABYXTOUEUHOMY WIIH
KOHQOPMHOMY KOHTaKTy, T[IOBBIINICHUIO [OMCPEYHONH HATPY3KU U
npockaib3biBaHuio. J[ms  KoHTakra TrpeOHs Koimeca € OOKOBOM
TIOBEPXHOCTBIO PEJIbCa YacTO CO3JAIOTCS IKCTPEMANIbHBIE YCIIOBHS paboTHl,
MIPY KOTOPOM JJOMUHUPYIOIIUM BHJIOM M3HAIIMBAHHUS SIBJsIETCS 3aeianue. B
30HE KOHTaKTa TpeOHs Kojleca M pelibca HanpsHKeHHE MOXKET JIOCTHYb
npefesl TEKy4ecTH, a TeMIlepaTypa MOXKET IPEBBICUTH 800°C. Hmxe
MIPUBE/ICHBI PE3YAbTAThI, MOJTYYEHHbIE B MOMBITKAX PEIIEHUSI HEKOTOPBIX
MpoOJeM YMCHBINICHHUS WHTCHCUBHOCTH W3HANIMBAHUS TPEOHEH KOIiC U
OOKOBBIX ITOBEPXHOCTEH PETHCOB.
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c d
a- TIpU YU CTOM CKOJIBXKEHHUU KOJIECA, b - IIpU Ka4Y€HUH C IPOCKAJIb3bIBAHUEM | C- Ipyu YUCTOM
Ka4YCHHUU KoJieca, d - IpU Ka4Y€HUU C IPOCKAJIB3bIBAHUEM ITPU TOPMOKECHUH.
PI/IC. 1 BJIMAHUE CKOJIBKEHUS KOJIECa ITPU NP KAUYCHUU HA ITYTh TPEHUS U IIOJIOKECHUE
MI'HOBCHHOI'O HpI/IBeI[éHHOFO MI'HOBEHHOTI'O IEHTPA BpalllCHUS

CkospxeHre pedpa OCYIIECTBISIETCS MPU €ro KOHTAKTHPOBAHUH C
OOKOBOIl MOBEPXHOCTBIO TOJNOBKH peibca. IlocpeacTBOM KOMHIOTEPHOrO
MOJICTTUPOBAHUSI UCCIEIOBAHO HM3MEHEHHE MTHOBEHHOTO TMPHBEICHHOrO
paauyca BpalleHHs KOJeca U MyTh TPEHHs pedpa MpH pa3HIHbIX PEKUMAX
IBIDKCHHS Kojieca MO penbey. Kak BUIHO M3 TpadUKOB, H3MEHEHHUE
OTHOCHUTENBHOH CKOPOCTH TNPHBOAMT K H3MECHCHHIO MIHOBEHHOTO
MPUBEACHHOrO pajnyca BpamieHus (¢ HEHTPOM N) Kojeca M MyTH TPEHHS
rpeOHs koneca. IIpu CKONBXEHHH Kojleca C YBEIIMYCHHEM CKOPOCTH
KaueHHUsI 10 KaueHHsi 0e3 MpOCKAJIb3bIBAHKs, MTHOBEHHBIN pajnyc U MyTh
TpeHHsT yMEHBLIAIOTCS 10 MUHMMYyMa (npuOmmkatorcs K Hymo). [anee
(P TOPMOXXKHHHH) CKOPOCTh CKOJIBKCHUS W PAJAUYC BpALICHHS MOTYT
CTaTh PaBHBIMHU HYJBIO, U3MECHHUTh HATPABJICHHUE U CHOBO yBEIUYMBATHCS. B
peaNbHBIX YCIOBHUSX, HA NPSIMBIX M KPHBBIX Y4YacTKax MOyTH TpH
YCTaHOBHUBIIEMCS M HEYCTAHOBHUBIIEMCS PEKHMaxX pabOThl, COOTHOIICHHE
CKOPOCTEH KaYeHHS U CKOJIbKCHHUS MOXKET MEHSTHCS B IIMPOKOM JHANA30HEe
U €ro YIpaBJICHHE CBSI3aHO C PEIICHNEM KOMIUIEKCAa TEXHUYECKHX IIPOOIIEM.

IMpu KkaueHWH KONECHOM Mapbl, OTHOCUTENbHAsS CKOPOCTh
CKAJBXEHHS TPpeOHs Koyeca 1Mo OOKOBOIT MOBEPXHOCTH PENbCa 3aBUCUT OT
TeOMETPUH KOHTAKTHPYIOUIUX TOBEPXHOCTEH U TMOJNIOKEHHIO Koleca
OTHOCHTENEHO pelibca. PaccMOTpeHB! MPO(UIN U B3aUMHOE PacIIONIOKEHUE
PENBCOB U KOJNEC, 3aBUCHMOCTD yIJIa HAKIIOHA KAacaTENBHON Ha IIepeXOqHON
KPUBOH KoJieca OT KOOPAWHATEI KOHTaKTa, 3aBUCUMOCTE pajiyca Kojieca OT
KOOpJIUHATBI KOHTAKTa HA MEPEXOJHOW KPUBOH MyTh TPEHUS TPH OJHOM
obopore koneca. [IpuBeneHbI Takke rpaduKd 3aBUCUMOCTH MYTH TPEHHS
OT OTHOCHUTETIBHON CKOPOCTH CKOITBKEHHUSI.

Ha puc. 2 npuBe/ieHbl rpauKy 3aBUCUMOCTH MTyTH TPEHUS Kojieca U
penbca B 3aBUCHMOCTH OT OTHOCHTEIBHOH CKOPOCTH CKOJIBXKEHHS KoJeca
TIPH JIBIYKECHUH KoJieca 6e3 TOPMOKEHHs
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1] 1 2 3 4 -] 6 7 8 3 10

1. st penbea; 2 — st koseca; Rkoi.=500 mm; h=10 mm* w=20 1$cex* r=13,5 mm'&
VDTH:VCKAP&/VKB‘L pA&:(VquAp&'VO&)/VO
Puc. 2. I'paduk 3aBUCHMOCTH ITYTH TPEHHUsI peOpa OT OTHOCHTEILHOTO CKOJIBKEHHUS KOJIeca

W3meneHne cunm  TpeHMsT W KOHTAKTHOM  HarpyXeHHOCTH
o0ycnaBnuBalOT Take armochepusie sBieHus. [IpuBeneHsl rpaduky,
MOKA3bIBAIOINE KOJUYECUBO CHATHIX C 31eKTPOoB030B KONECHBIX map (N
o MecsIaM u3-3a mpenesibHoro usHoca pédep B 2001 r. B Towmmucckom
JIOKOMOTUBHOM Jierio U reperodeHHbIX (N;o,) M3-3a m3HOCca pédbep B YiaH-
Baropckotii xxene3Hoit mopore (1988 — 89 rr. opBmass CCCP). IpuseneHst
TaK)Xe KOJMYECTBO COIIEMIINX C PEBCOB KOJEC B Pa3sHOE BpPeMs roja Io
MecsnaM. VcciaenoBaHus MoKa3any CyIIECTBEHHOE BIMSHHE aTMOc(hepHOi
BJI&KHOCTH Ha WHTEHCHBHOCTb W3HAIIMBaHWA KOJNEC M PEIbCOB U
KOJIMYECTBA COUIE/ANINX C PEIbCOB ITOPOXKHBIX BaroHOB IO MecsiaMm B 1999
—2001 rr. Ha Poccuiickoii sxene3Hoi gopore.

Ha puc. 3 mnpueneHsl rpaduky 3aBUCHMOCTH WHTEHCHBHOCTH
W3HAIIMBAaHUS pEOEp BArOHHBIX KOJEC (BBIYMCIEHHOTO IO TPOHIEHHOMY
komecom nmyrn Mexnay Cubupckoir  cranmmer  Kopmynuxa u
HoBoky3Henkom).
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1- ucxonHas TonmmHa pedpa 33 Mm; 2 — HCXOHSS TONIIHHA pedpa — 30 MM.
Puc. 3. rpauku 3aBHCHMOCTH HHTEHCHBHOCTH U3HAIMBAHUS pEOEp BArOHHBIX KOJIEC

Jus YMEHBLICHUS ko3 punmenra TpEHUs, TEIUIOBOM
Harpy>KeHHOCTH KOHTAaKTa M NPEAyNpeXIeHUs aBapHUUHBIX CUTYaluu
MPUMEHSIOT ~ CMa3blBaHHWE.  ODKCIEPHUMEHTAIbHBIE  HCCIENOBAaHHUSA  C
WCIIONIb30BAHUEM KATSIIUXCSI CO CKOJIBKEHHEM POJIHMKOBBIX 00pa3IoB
TIO3BOJIMJTM BBISIBUTH HEOCTATKU TPAJULMOHHBIX CMa304YHBI3X MaTepHajioB
B OKCTPEMaJbHBIX YCIOBHAX paboTbl. CorocTaBleHHE HEKOTOPHIX
XapaKTepPUCTUK CMAa30YHBIX MaTepHajoB W MOIU(PHUKATOPOB TPEHUS
MOKa3aJI0 MPEHMYIIECTBO MOCIIEIHBIX.

OcHogHble pe3ynibmamal

1.BeIsIBJIEHA  3aBHCHUMOCTh IIYTH TPEHHS W MTHOBEHHOT'O
MIPUBEJICHHOI'0 pajnyca BpalleHUsl Kojieca OT OTHOCHUTEIBHOW CKOPOCTH
CKOJIb)KEHUSI KoJIeca;

2. IToxazaHO MHTEHCHUBHOCTH ITOBPEXICHUS U CX0/a KoJieca C peibca
OT Ce30Ha PKCILTyaTarmu s yenopuii osiBiiero CCCP;

3.[lpon3BeneHO  COMOCTaBIEHHE  HEKOTOPBIX  XapaKTepUaTHK
TPaJULMOHHBIX CMAa30YHBIX MAaTepHajioB M MOIU(UKATOPOB TpEHUS W
BBISIBJICHBI UX JIOCTOMHCTBA U HEJOCTATKH.

3aknrouenue

1. OCHOBHEIM BHW/IOM TIOBpEXJeHHUs TpeOHel Koinéc M OOKOBBIX
TIOBEPXHOCTEH PENbCOB SBIISETCS 3ae/laHuE;

2. C yMeHmeHWEM paJWyca KpPUBH3HBI MYTH TOYKAa KOHTAaKTa
MepeMEIIKHUST  Kojieca TIepeMelaeTcs K Tpe0HI0, YTO TPHBOOUT K
TIOBBILIIEHUIO OTHOCHTEIILHON CKOPOCTH CKOJIBKEHUS U IIYTH TPEHUS;

3. BoisiBnieHHbl  mpeliMymecTBa MOAM(HKATOPOB  TPEHUS 10
CPaBHEHUIO TPAJUIOHHBIMU CMa30YHBIMU MaTepHaIaMHu.
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3AKOHOMEPHOCTH U3HOCA JETAJIENA
UJIVHIPOIIOPIITHEBOM I'PYIIIIGI
MAJIOOBOPOTHBIX JIBUTATEJEN

Cmopooices Banenmun Iasnosuu, Conooosnuros Banepuii I'pucopvesuy
Odecckuil HAYUOHANLHBIN MOPCKOU YHUGEPCUMEN
Vrpauna 65029 2. Odecca, yn. Meunuxoea 34 Ten. 8-0482-34-49-63, mo6. 8-050-390-17-21
e-mail;_roman@osmu.odessa.ua

Bompocam TpeHnss u w3HOca JeTanieid, BXOIMIIUX B IMIMHAPO-
TIOPUIHEBYIO TPYNITy [H3€JeH, ITOCBAIMIEHO J0CTATOYHO MHOrO pador.
OpHako TpH BCEM CBOEM pa3HOOOpasuM 3TH pabOTHl HAIpaBIEHBl Ha
peleHre YacTHBIX, XOTSI U UCKITIOUYNUTEIBHO BaXKHBIX 33/1a4, B OOJNBIINHCTBE
CBOEM HE 3aTparuBarolUX OINpeeieHNe 3aKOHOB, KOTOPBIM ITOJYHUHSIOTCS
BEIMYMHBI H3HOCA TeX WIM WHBIX jeraneid. M Tem Oornee, He
paccmarpuBaroTcss  OOOOIIEHHBIE  CTATUCTUYECKHE  3aKOHOMEpPHOCTH,
KOTOpBle (DOPMHUPYIOTCS Ha OCHOBE OTKAa30B BCEX JJIEMEHTOB, BXOIIHX B
paccMaTpuBaeMyl0 CHCTEMY JieTaleil WIM nap TpeHHs LHIHHIPO-
TIOPITHEBOW TPYIITBI ANU3ENEH.

[MpuBeneHHble HIDKE JAaHHbIE OBUIM MOJYYEHBI IyTeM oOMepoB
OONBIIOTO YHCJIAa OCHOBHBIX JeTaledl ILMIMHIPONOPIIHEBOH TI'PYIIIBI
nIu3eneld pasMYHbIX THHOB. Ha MOpCKMX cymax B KadecTBE IIaBHBIX
CHJIOBBIX YCTaHOBOK IPHMEHSIOTCSI MaJIoOOOOPOTHBIE JIBUTATENH, TaKUe Kak
Bypwmeticrep u Baitn, MAH u 3ynsnep.

[pexxne Bcero, NMpencTOSIIO BBLICHUTH, HACKOJIBKO BEJIWKA OIS
OTKa30B M3-3a M3HOCA JIeTajleld TJIaBHBIX JIBUraTeNei 10 OTHOUICHUIO K MX
OTKa3aM, BBI3BIBAIONIMX OCTAHOBKY cynHa. [lomydyeHHble HamH JaHHBIE
cBeneHbl B Tabmuny 1. BumHO, 9YTO OCTAaHOBKM JBHUrartenedl nm3-3a M3HOCA
neranedl coctaBiAloT mopaaka 70 % IO OTHOIIEHHI0O K CyMMapHBIM
npuauHaM, npuHATHIM 32 100 %. [Tpuuem, HexoTopbIid pa3dpoc 10 5 % s
pa3HbIX ABHraTeNeld He W3MEHSET MOPSJIOK BEIWYUH, YTO JIA0 OCHOBAaHHE
Oojee JeTANBHO W3Y4YWTh BIMSHAE M3HOCHBIX COCTABISIONIMX HA
¢dbopmupoBanue 3tux 70 %.

Tab6muna 1
3HaveHMs BEIUUUH, XaPAKTEPU3YIONIHX OCTAHOBKHU CYJI0B, BBI3BAHHBIX
OTKa3aMM DJIEMEHTOB IJIaBHOIO ABUTATENA, B TOM YHCIIE M3-3a U3HOCA UX
neraieii (B 3HaMeHaTere)

Tun Komnuectso Cpennsist IIponomxurensuoct |[IpogomkuTens-
JBHTaTeNs |(4acToTa  OTKA30B) [IPOAOKHUTENb- b OCTAHOBOK  HAa|HOCTh OCTaHOBOK 3a
OCTaHOBOK Ha|HOCTh OJIHOH |OJTHY TBICSIYY YacOB|OJUH I'Of
THICAIY YacoB |OCTaHOBKH xonoBoro Bpemenn |(ipu T = 7500 u)

X0[0BOro Bpemenu |fo, 4. tm, a/10% - 4 t, 4.
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n, 1/10° - u.

JIKPH 24117 |70% 1,7/1,2 |70% [4,08/2,93 |71 % 31/22 70 %

Symeuep [1,6/1,2  |75% 1,7/1,3 |76% [2,72/2,05 |75% 21/15 71%

MAH 1914 |[73% 1,3/09 [69% [2,47/1,75 |70 % 19/13 68 %

[lpuBeneHHbIe BBIIE JaHHBIE TIO3BOJISIOT CHENATh BBIBOA O
HEoOX0oAUMOCTH OoJiee JIeTalbHOr0 HM3y4YeHHs 3aKOHOMEPHOCTEH H3HOoca
JeTaneil IWIMHIPO-TOPIIHEBOW TPYINBI JBUraTens C HpPOBEJACHHEM
WCCIIEIOBAaHUH ITPUMEHHUTENBHO K MOPIIHSM, BTYJIKaM, KOJbIAM, KPBIIIKaM
U KJIallaHaM MaJIoOOOPOTHBIX JABHTATEINEH.

BeimonHenre paboThl 3aKiI09aioch B UCCIIEAOBAHUN XapaKTEPHBIX
nedexToB W, Mpexke BCEro M3HOCOB, MMEIOUIMX HAMOOJIBIINKA yIETbHBINA
BEC ISl BBINICHIEPEUHMCICHHBIX JeTallell IMIMHAPONOPIIHEBONH T'PYNIIBI
MaJI000OPOTHBIN IBUTATETIEH.

IIpu »o5TOM paccMarpuBaIuUCh KOHCTPYKTHBHBIE —OCOOEHHOCTH
Jletaneil, WX Marepuai, YCIOBUs paboThl. OTH Jerand paboTalT B
YCIIOBUSIX 3HAYMTENIBHBIX HArpy30K, BBICOKMX TEMIIEpaTyp W NaBJICHHH, B
cpezie, CrocoOCTBYIOMINX KOPPO3HOHHOMY U3HOCY.

MarepuanoM 3TUX JeTalled SBISIOTCS YyTyHBI, YIJIEPOAWCTHIE U
HHU3KOJIETMPOBaHHBIE CTaJIH.

J1y1s1 TOJIOBOK TOpIIHEH HAaMOONBIINI MPOLIEHT OTKAa30B ITPOUCXOANUT
M3-33 U3HOCA KaHABOK MOJ mopirHeBbie kombia (RD — 64 %, JIKPH — 71 %,
MAH - 84 %). PabGora mopIiuHs CONpPOBOXAAETCS W3HOCOM CO BTYJIKOH
IWINHAPA, TaK M C IOPIIHEBHIMHM KOJIBLAMH. VI3HaImIMBaHWE STHX Hap
MIPOUCXOIUT TPH BO3BPATHO-IIOCTYNATENILHOM JIBM>KEHHH. HaunGonpmit
pamuanbHeli u3HOC (48 — 52 %) wmMeeT TmepBOE BEpXHEE KOIBIIO.
OHOBPEMEHHO TPOUCXOANT U W3HOC BTYJIKH IWIMHAPA, TOCTUTAOMNHA 28
%, XOTSI OCHOBHBIM JIC(PEKTOM SIBJISIFOTCS TPEIMUHEI 45 %.

Uro ke KacaeTcsl KPbIIIEK [WIHHIPOB, TO UX OCHOBHBIM Je(EeKTOM
SIBIIAIOTCS TpeUUHBI 48 %, X0Ts U U3HOCHI focTuratot 37 %.

Jis BBITYCKHBIX KJIANAHOB W HAIPABJSIIOLIIMX BTYJIOK HW3HOCHI
nocturatot 110 75 % ot Bcex Ae(eKToB.

HccnenoBanne 3aKkOHOMEPHOCTEH H3HOCA pas3MYHBIX JAeTaliel
IWIMHAPONIOPIIHEBO  TpyImBl  JABUTaTeded  morpeboBasio  cOopa
HEOOXOMMOro KOJIMYECTBA JIAHHBIX C IOCIEAYIONIEH MX CTaTUCTUYECKON
00paboTKoii. B kauecTBe KOMMYSCTBEHHOMN OIEHKH JIOJITOBEYHOCTH JIeTaIeH
MIPUHAMAIOTCSl TaKWe IOKa3aTesld KaK BEpOSTHOCTh OE30TKa3HOW paboThl,
IUIOTHOCTb BEPOSITHOCTH W WHTEHCUBHOCTH OTKa3a. Haubomee momHOM
XapaKTEePUCTUKON Ka4eCTBEHHBIX roKasaresnen JIONTOBEYHOCTH
BBIIICTIEPEYUCICHHBIX JIeTalleil SIBIISIETCSl HMHTETpalbHBIA  TOKa3aTens,
OIpe/IeIsIEMBIi  COBOKYNMHOCTBIO  (DYHKIIMOHAJIBHBIX, 3KOHOMHYECKHX,
KOHCTPYKTHUBHBIX M TEXHOJIOTHYECKNX apaMeTpPOB.
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Hamu  ompemeneHbl  3aKOHOMEPHOCTH — M3HOCA  JeTayled
IWJIMHAPOIIOPITHEBON IPYIIIBI pa3IMYHbIX aABurateneid. OCHOBHOM 3amadeit
SIBUJIOCH HAaXOXJICHWE 3aKOHOB pacIpellelieHuss BpeMeHH Oe30TKa3HOU
paboTBl pacCMOTpeHHBIX Bblme Jeraneil. [IpoBeneH craTMCTHYECKHN
aHaJIM3 JaHHBIX O JUTUTENBHOCTH MX Oe30TKa3zHOi paborel. HeobOxommumble
JlaHHBIE COOpaHbl M 00pPa0OTaHBI MO MaTepuaaM PEMOHTHBIX BEIOMOCTEN
CyJIOB, Ha OCHOBE JINYHOT'O NPOBE/IEHHs Ae(EKTAN U COOTBETCTBYIOIINX
N3MEpeHnil Ha CyIOPEMOHTHBIX 3aBOAAX, JaHHBIM Perncrpa. [lomydeHHbie
BBIOOPKH M3 T€HEPaJbHOM COBOKYITHOCTH SIBIISIIOTCS PEIpEe3eHTaTUBHBIMH,
00BbeMBI BEIOOPOK BO BCex cirydasx npeBblmanu 30, 4To JTOCTATOYHO IS
TIOYYeHHsI JTOCTOBEPHBIX BBIBOAOB. bblIo oOcrienoBano 39 romoBok
nopIHel, 37 BTYIOK HWINHAPOB, 32 KPBILKKA HUWINHAPOB JBUrarenei. B
pe3yabTaTe UCCIEA0BAHUN YCTAHOBJIEHO, YTO JOMUHHPYIOLIAs POJIb OKOJIO
70 % Bcex OTKa30B JeTajed IMIMHIPONOPIIHEBON TIpYMIMbl JBUraTenei
NIPUHAUISKUT M3HOCaM. VIMEIoTCsl TMCTOrpaMMBbl M KpHBBIE ITIOTHOCTH
pacnpeneneHus BpeMeHH Oe30Tka3zHOM paboTel stux jeraneid. Tak,
JUINTENBHOCTh 0€30TKa3HOW pabOoTHl T'OJOBOK IOPIIHEH COOTBETCTBYET
3aKOHY TaMMa pachlpeleseHus, a Uil BTYJIOK IWIMHJAPOB, KpBIIIEK
LUWIMHAPOB, TOPIIHEBBIX KOJIEN W BBIMTYCKHBIX KJIalaHOB HOPMAaJIbHOMY
3aKOHy pacmpeneneHus. Kpome 3akoHOB pacmpenesneHuss 0OOCHOBAHO
MIPOTHO3UPOBAHNE BpPEMEHU O€30TKa3HOH pabOTHI BBHIIETIEPEUNCIICHHBIX
JieTaneil ¢ y4eToM TpeHHsl M M3HOCa KaK OCHOBHOT'O CPEJIN COMYTCTBYIOIINX
(hakTopoB.

DTO0 maer BO3MOXHOCTh OOECIeunBaTh MOCTAaBKY 3allacHbBIX YacTei,
SKOHOMUTH (PHMHAHCOBBIE PECYPCHl U TOBBICHTH JIOJITOBEYHOCTH JIeTasei
LMTMHAPOIIOPITHEBOW TPYHITBI MaJIIOOOOPOTHBIX BUraTENeH.

OIEHKA PECYPCA PAMBI BATOHA-IIUCTEPHBI
NP MHOI'OLHIMKJIOBOM HAT'PY’KEHUH

botixo Anexcanop Quaunnosuy, Aysunvw Anuc [lemposuy
Puosiccruit Texnuueckuil ynusepcumem, dsepmanac 6, Puea LV-1006, Jlameus,
+371 7089396, boyko_af@yahoo.com, auzinsip@Iatnet.lv, www.rtu.lv/mmd/zpl.htm

B nanHO# paboTe BBHINMONHEHA OIEHKA YCTAJOCTHOW MPOYHOCTH
pambl BaroHa-IUCTEPHBI MIPU PeXMME OOKOBOM Kauku (NP IEpeBaJIKe) U3-
3a TIPONOJIBHBIX HEPOBHOCTEH pENbCOBOro IMyTH. B sKcmuryatammu gacto
00pa3yloTcsl TpeUMHbl B CBapHBIX IIBaX paMbl B 30HE COEAWHEHUS
MIPOIONIEHON (XpeOTOBOI) M MOIepevHOl (IIKBOpHEBOW) Oaok. bokoBas
IUHAMH4eckas cwia 2Hp (B mepecuere OT KOJIECHOW Haphl Ha TENEKKY)
B3aMMOJICHCTBUSI BaroH-IIyTh IPHUKJIAaAbIBaeTCsl K pame cwiamu Fi, Fp, kak
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HOKa3aHo Ha pucyHke 1, e Delta — cMmemmenue rieHTpa TSHKECTH BaroHa (0T
2Hp), h,, — BepTHKaIbHOE pAaCCTOSHHE OT LIEHTPA THKECTH BaroHa Mo
peccopHoro noasentuBanus, 2Q,; — BEC KOTJIa BaroHa-IIUCTEPHBI C TPY30M.
[Tpu >ToM OokoOBast AMHaMu4eckast cuia 2Hp Maja U He JOJDKHA BHI3BIBATH
HaNpsDKeHUH ONM3KUX K Mpezeny TekydecTd Matepuana. OpHaKko 3Ta cuia
U3MEHSeTC BO BpeMeHM B cpeaHeM c¢ uactorod 1,25 TI'm. Ilostomy
BBITMIOJIHEH IPOYHOCTHOM pacueT U ONpEAETeHbl 30Hbl MaKCHUMAaJIbHBIX
MEPEMEHHBIX HANpsOKEHUI, Ha OCHOBE KOTOPBIX BBIMOJIHEH pacyeT Ha
YCTaJIOCTHYIO IIPOYHOCTB.

Fhstda

Puc.1. Moens paMbl BaroHa-IMCTEPHBI U CXeMa MPUIIOKEHHBIX HATPy30K OT OOKOBOI CHITBI
2Hp.

Pacuer ycramocTHOW IPOYHOCTH BBHINOJHEH /IS paMbl BaroHa —
uuctepHbl 15-11863 JlaTBuiickoi xene3Hol qopord. Pama u3rororieHa u3
cramu  Ber3, mnpenmen Ttekydectn or =245 Mlla, mnpenen mnpoyHOCTH
og = 370 MIla, mpexen BBIHOCIMBOCTH CTaHAAPTHOrO TJIAAKOro oOpasia
nipu u3rude o.; = 170 MIla. HopmaTuBHBII CpPOK CITyXObI BaroHa-ICTEPHBI
Th =32 rona.

Pacuer conpoTHBiIeHNS! YCTAIOCTH MPOU3BOAUTCS O JTOIMTyCTUMOMY
ko3 durmenty 3amaca [N] = 1,8 st uccnenyeMoid 30HbI paMbl o hopmysie

[1]:

n=2a>n] (@
Oap

TJIe o,N - IPEACT BRIHOCIUBOCTH (IO aMIUIUTY/IE) I 30HBI COCIH-
HEHHS TIPOIOJIEHON U TIOMEPEYHOM OaJIOK paMbl MPH YCTAaHOBHUBIIEMCS Pe-
KHMe Harpy:KeHus npu 6a3oBom uncie mukinos N=10".

Oqp - PACUETHAS BETMYMHA AMIUIUTY/bI AUHAMUYECKOTO HATIPSKEHHS,
MIPUBEJCHHAS K YHCITy IUKIOB N, 3KBUBAJICHTHAs MO TOBPSKIAIOIIEMY
JNIEHCTBUIO pEaJbHOMY PEKUMY OKCIUTyaTAI[MOHHBIX HAMpPSDKCHUH —3a
MIPOCKTHBIA CPOK CITY)KOBI BaroHa. J[71s BepXHEro JMCTa MOMePeYHON Oanku
O4p = 60,5 MIla, s coeMHENNsI BEDXHUX M HIKHUX IIOJIOK IPOJIOJIBHON U
nonepevHoit 6anok o,, = 58,5 MIla u g,, = 55,5 MIla cOOTBETCTBEHHO.

[Ipenen BEIHOCIUBOCTH 0,y Onpeaessercs mo dpopmyse [1]:
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- 0,4 A
wE= ey e @
(o2
)
rae (ka - CpeaHee 3HaueHHE OOLIEro KodpQUUMEHTa CHIKCHUS

npezieNia BBIHOCIMBOCTH, MpuHuMaeM 1,5 (Oanku kopoOuaTble cCBapeHHbIE
W3 JINCTOBOTO MPOKaTa MPOJONBEHBIMH YIJIOBBIMH IIBaMHU 0€3 MOMEPEYHBIX
pebep JkecTKOCTH U 1radparM 1o CBapHOMY HIBY).

Z,- KBaHTUIIb PACTIPENIENEHH o,N, TPUHUMaeTcs 1,645.

VeeN - KOI(DQUIMEHT Bapualuy Npenena BBIHOCIMBOCTH IS
CBapHBIX paM M Oanok (aBToMaTHyeckas cBapka) npuHuMaem 0,05.

Takum o0pazom, Tpenen BBIHOCIUBOCTH o,y = 104 MIla, a
pacyeTHbIi K03 (GUIMEHT 3amaca /sl BEpXHEro JIMCTa MOoNepedHol Oaku
cocraBul N=1,71, nns coeAMHEHUS BEPXHUX U HIKHUX TOJIOK
TIPOJOBHON 1 onepeyHoi 6anok N = 1,78 u N = 1,87 cooTBETCTBEHHO.

W3 cooTHOIIEHUS pacueTHOro M JI0IyCKaeMoro Ko3(GpHIMEeHTOB 3araca
OTIPENENACTC  pacyeTHBI CpOK  ciykObl  Tp Pacuer moaTBepikmaet
BO3MO)KHOCTH TOSBJIEHUSI YCTaJOCTHBIX TPEUIMH B 30HAX BEPXHETO JIMCTA
nioriepedHoil Oanku Tp=267€eT M B 30HE COCJAWHEHUS] BEPXHUX MOJIOK
NpO/IONBHOW M TIonepedHoit Oanok 7p = 30 ieT, mpu HOPMATUBHOM CpPOKE
ciryx0b1 Ty = 32 roza.

Jlumepamypa

1. Hopmsl s pacuera W NPOCKTUPOBAHHS BAaroOHOB, KEIC3HBIX
nmopor MIIC xonen 1520 MM (HecaMOXOHBIX)”, I3MEHEHUS U JOTOTHCHUS
Nel u No2 BHUMB-BHUMXKT, M., 1996 1.

THE PRACTICE OF THE APPLYING ACOUSTIC
EMISSION PHENOMENA FOR NONDESTRUCTIVE
CONTROL AND DIAGNOSING OF WELDED JOINTS

A. Goroshko
Khmelnitskiy National University, Ukraine, E-mail: postgrad agor @rambler.ru

Nowadays, the transfer from resource maintenance to technical state
maintenance is specifically important. Reliable technical diagnostics alows
to prolong the term of exploitation for a considerable part of machines, that
have already worked their resource out, which produces a significant saving
rate. Unlike the traditional methods of nondestructive control and technical
diagnosing, such as ultrasonic crack detection and X-ray radiography, the
method of acoustic emission (AE), based on the radiation of material
dsuring the change of its inner structure of spring mechanical waves which
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are caused by the increasing flaws, provides better sengitivity, the ability to
discover and examine the flaws behaviour and integrality, enabling the
control the state of the material without scanning, is simple for usage in the
testing process, manufacture and exploitation, is capable of controlling
materials not only under the mechanical pressure but also in the process of
phase transformations.

The paper introduces the developed methods and means of computer
AE control and diagnosing the welded joints and the ingtances of their
practical use.

The investigations which have been earlier carried out by other
authors show that in the process of joint weld cooling, AE appears without
external strain, as a result of heat action which leads to phase
transformations in the material, under the action of internal local strains,
developing in the joint weld itself and the surrounding area, and due to the
irregularity of the material structure.

With the purpose of working out the methods of nondestructive
control and diagnosing technical state of joint welds in the process of flux
solidification, i.e. even before the weld is in equilibrium, high-quality and
defective joint welds of cast iron were investigated. It was stated, that the
process of flaw formation is characterized by an abrupt quantitative increase
of high amplitude AE sgnals.

The studies resulted in working out a method of detecting welding
defects in the process of joint weld formation:

- after burning of arc is over, the recording of AE signals is made
during the time of temperature change from 200°C to room temperature.

- if the maximum actual activity of AE signds during the
observations exceeds the permissible level N=1 imp/c-sm®, set according to
the results of static processing of the previous experimental data, then the
controlled joint weld is subjected to dangerous defect formation.

Microassembly frames of microwave frequency, manufactured from
aluminum alloy AMg-2, is a permanent connection of base and cover, made
with the help of laser welding. AE method enabled increasing reliability of
manufactured frames, making it possible to diagnose, control and
prognosticate the strength and hermiticity of frames in manufacturing and
operation.

A group of frames was studied, where the junctions of covers and
bases are pressurized by means of laser welding, while all the load of
externa overpressure is taken by either joint weld alone or by joint weld
and the product congtruction.

During the loading process the basic parameters of AE signals were
recorded. The program processing of AE signal parameters allowed to
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create 2 and 3-dimensional acoustograms, showing the dependence of AE
parameters on pressure and linear coordinate between the piezoceramic
transducers.

The coefficients of predicting depressurization stress, obtained by the
data of AE signals activity measurements and registering the interna
overpressure of tested frames, can be accordingly used for defining the leak-
off pressure in safe loading of frames.

The predictable |eak-off pressure is defined by the formula

P =P, K, (1)

Where P, . is pressure, under which the activity of AE signals
reaches the control point (14,9 imp/c).

The values of prognostication coefficients for tested frames,
calculated according to the formula (2), are within therange of 2-2,53. This
dispersion of the obtained values reflects the instability of physical and
mechanical characteristics of joint welds and comes from imperfection and
weakness of laser welding technology. In this Stuation, taking into account
a particular responsibility of tested frames (the operation on the plane
board), we take the minimum value of prognostication coefficient Kyin=2
for predicting the depressurization stress; then a mistake in prognostication
is considered the margin of safety.

For arranging nondestructive diagnosing and prognostication of
strength  and  hermiticity of frames for microwave frequency
microassemblies a safe level of pressure for frame testing is defined. Using
the minimum value of prognostication coefficient, testing pressure is
calcul ated according to the formula:

0 et :K—, )

Where P, ¢y - the value of internal overpressure, which must be
withstood by the frame according to technical conditions.

o Nondestructive loading of frame up to P makes it possible to
assess strength and hermiticity of tested frames according to AE signal
parameters.

e Consequently, there has been developed the method of
nondestructive  control, predicting strength and hermiticity  of
microassembly frames of microwave frequency.

e Diagnosing and predicting strength and hermiticity  of
microassembly frames of microwave frequency is performed with
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nondestructive testing of frames by means of internal pressure. Compressed
air is directed into the frame until it reaches the testing pressure
Press=Pnax(rcy/Knin, Where P, .. rc) isthe top possible internal overpressure of
the frames according to technical condition, Kyin - coefficient of predicting
the depressurization sress (Knin = 2). Simultaneous registering of pressure
and AE sgnal parametersis done during the testing.

o |f acoustic emission has appeared with the loading up to P, and
its activity exceeds the reference level (15imp/c), the frame is considered
unserviceable in the pressure range identified by technical conditions; if
necessary, its depressurization stress is cal culated with the formula:

« Py =P eKuin. Where P, — the pressure under which AE

signals activity hasreached the reference level.

o yet, if AE activity has not exceeded the reference level, the frame
is considered suitable for exploitation within the pressure range set by
technical conditions.

The authors have also tested microassembly frames of microwave
frequency with the help of internal overpressure in dynamic mode in the
pulsating cycle.

The AE signals were found to testify to the fact that the process of
joint weld destruction starts and devel ops long before the catastrophic
failure, i.e. depressurization of the frame, and their use allows for exercising
control of strength and hermiticity of microassembly frames of microwave
frequency in the conditions of loading in the pulsating cycle.

Consequently, there has been worked out the mehod of
nondestructive control of strength and prevention of dangerous states in
microassembly frames of microwave frequency, operating in the conditions
of internal pressure difference in the pulsating cycle. The devel oped method
is intended to exercise nondestructive control strength and hermiticity of
frames, operating aboard. The control of frames is done automatically
during the flights by means of acoustic emission measuring device, installed
on the board of plane. AE sensor, transmitting AE signals to the measuring
device, is set in the controlled frame with display panel, informing about the
emission of AE signals, in pilot’s cabin. If for some reason the AE device
cannot be installed aboard, the frame control is run by the technician who
services the equipment in the plane and tests the frames by internal
overpressure every 5 flights and landings. At the same time:

o the phenomenon of Kaiser effect, i.d. the absence of AE signals
after thefirst cycle, i.e. after taking off and landing, provesthat the frameis
strong and hermetic;

o if AE signals appear at the n-cycle, being commensurable with
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signals emitted during the first cycle, this should be the warning about the
process of catastrophic failure that has started, and such a frameis going to
depressurize after 6-10 flights and landings.

I'AJIbBBAHOIIOKPBITUA IPAI'METAJIJIAMMU J1JIA
MUKPODJIEKTPOHUKHU

BEPCHPOBA Oxcana Jleonudosna®, KYBJIAHOBCKHH Banepuii Cemenosuy®,
EMEJIBSHOB Buxmop AHIIPEEBUY?, AHY®PUEB Jleonud Ilemposuy®
YUnemumym o6weii u neopeanuueckoii xumuu um. B.M.Bepnadcrozo, HAH Vipaunsi
npocn.Ilamaouna 32/34, 03680, Kues-142, VKPAUHA
e-mail: bol @ionc.kar .net, kublanovsky@ionc.kar .net
2HI10 Humeepan”, Munck, berapyco
ya. Kopocenesckoeo, 220787 Munck, Beaapycw. Ten/paxc (80172) 774141

CTpeMHuTeNIbHOE  pa3BUTHE  MHKPOIJICKTPOHHBIX  MPOM3BOJCTB
TpeOyeT  3HAUUTEIbHOH  WHTeHcHUKarmuu  pabor B obiactu
(byHIaMEHTAJIBHBIX U MPUKIAJHBIX HCCICIOBAHUA. MOXHO OTMETUTB, YTO
TaKue BEAYIIHE MHKPOIICKTPOHHBbIC KOMIaHUM Kak «Intel», «Motorolay,
«Toshiba» u mp. HanpasisoT 10 25% cpeacTs Ha puHaHcupoBanue HUP,
OOHOBJIEHHE TEXHOJIOTUH.

OrpoMHOe MHOrooOpasue HU3AENUA MHUKPOIJICKTPOHHKU JHKTYET
KECTKHE TPEOOBAHUS K TMONYYCHUIO TMOKPBHITUH CO CBOMUMH, CTPOro
OTpeNIeNICHHBIMUA CBOWCTBAMH, HEOOXOIMMBIMH JUIS KaKIOTO OTIACIBHO
B3ATOrO0 BHAA HU3ACHUi. BBICOKYIHO CTaOMIBHOCTD U HAJCKHOCTH
TEXHOJOTHYECKUX TPOIIECCOB B  MPOHU3BOJCTBE  MHKPOIJICKTPOHUKH,
HaJIeKHOCTh B DKCIUTyaTallid U HEW3MEHHOCTh CBOWCTB MPH JUTUTEILHOM
XpaHEHHUH DICKTPOHHBIX M3JIENUA  MOryT O0ECMEYUTh  MOKPBITHS
JiparMeTaiaMu.

[IpuMeHeHHEe TOKPBITUA H3 OJArOPOAHBIX MeETawIoB (cepedpo,
30J10TO, MaJUIAJUIA U UX CIUIABbI) JJIsI MUKPOIJICKTPOHHKHU CBSI3aHO KaK C UX
BBICOKOH KOPPO3HOHHOIH CTOMKOCTBIO, TaK M C LEIbIM KOMILICKCOM
VHUKAIbHBIX ~ CBOWCTB:  HHU3KHMM  MEPEXOAHBIM  DJICKTPUYECCKUM
CONPOTHBIICHHEM, CTAOWIBHBIM BO BPEMEHH B IIHPOKOM HHTEpBAJe
TEeMIIEPATyp, TEILUIONPOBOAHOCTHIO, MPOYHOCTHIO CIEIUICHUSI ¢ OCHOBOIA,
CMOCOOHOCTHIO K Mmaiike, pasBapke, W.T.j [1-5].

DJIeKTpOHHAs MPOMBIILICHHOCTh SIBJISCTCS OCHOBHBIM
moTpeOUTEIeM MIPOMBIIUIEHHOTO 30J10Ta (110 80%) Kak B BHIE W3ICIIHIA, TAK
W Ui HaHeceHHs MOKpbITHH. OCHOBHBIC 00JACTH MPUMEHEHHUS 30JI0Ta B
SNIEKTPOHUKE: HW3TOTOBJIICHUE OJNEKTPHYECKHX COCAUHUTENCH (pa3beMbl,
KOHTAKTbI, MEYATHBIC IUIATBI) M MPOM3BOJACTBO 3JCKTPOHHBIX MPUOOPOB,
[JIABHBIM 00pa30M, HHTETPATbHBIX MUKPOCXEM.
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DJNEeKTPOIUTHl 30JIOYEHUS] MOXKHO pa3JeNUTh Ha JBe OOJbIIHe
TPYNIIBI: PAacTBOPHl Ha OCHOBE JUIMaHOaypaTa Kayus, LHAHUCTOTrO
KOMIUIEKCa 30JI0Ta M OeCIMaHHCThIE PacTBOPbI HAa OCHOBE pPa3IMYHBIX
HEOPTraHMUYECKUX KOMIUIEKCHBIX coeAnHeHui 3omoTa [1-2]. Ioxpeitus u3s
KHCHBIX 3JIEKTPOJIUTOB Moy4aroTcsi ONeCTAMMH W HE TpeOYIoT
JIOTIOTHUTENBEHON MEXaHHMYEeCKOH 00paboTKM MIIM XUMHYECKOW TTOJTMPOBKH.
IMokpbITHsT W3 IMAHWCTBIX pPAacTBOPOB CKJIOHHBI K  0Opa3oBaHUIO
IIEPOXOBATHIX MOBEPXHOCTEH € MHKpOBBICTYmamMu 1o IMkM. Tommuna
30JI0THIX ITOKPBITHH, HAHOCHMBIX M3 KUCJBIX W IIMAHUCTBIX AJIEKTPOJIHTOB,
cocraBisieT 3-5 MxM. [JlanbHelillee €€ yMEHBIIEHHE OrPaHUYEHO
MIOPUCTOCTBIO MOKPHITUH, OCOOEHHOCTSIMH pacIpeelieHUsi MeTajula IpH
OCaX/ICHUM Ha pa3iINuHble oBepXHOCcTU Kopmyca UMC [2].

[Ilupokoe npUMeHEHHE B MPAKTHUKE MONy4eHHS (PYHKIMOHAIBHBIX
30J10TBIX MOKPBHITHA s POA Haxomar ¢(ochOpHOKHCIBIE 3JEKTPOIUTHI
3010ueHus], Ha OocHoBe aunmanoaypata kamus KAU(CN),, 0coGeHHOCTBIO
KOTOPBIX SIBJISAICTCSl MPAKTHYECKOe OTCYTCTBHE LHAHUI-HOHOB [2-3].
XapakTepHOi 0COOEHHOCTBIO U JOCTOMHCTBOM 3THX JJIEKTPOJIMTOB SIBIISETCS
TO, YTO OHH CTAOMIIBHBI M HETOKCHYHEL.

CepeOpsiHBIE  TIOKPBITHSL  TaKXKe€ IIUPOKO  IPUMEHSIOTCS B
npousBogctBe MOT, Tak kak oOecrieyMBarOT MM HE TOJIBKO BBICOKYIO
KOPPO3HOHHYIO CTOHKOCTh, HO ¥ XOPOIIYIO MasieMOCTh, CBAPUBAEMOCTh NPH
BBINOJIHEHUH MOHTa)KHO-COOPOYHBIX Pa0OT.

Jlns ocaxkaeHust cepeOpsSTHBIX TOKPBITHIA N3BECTHBI PA3JIUYHbIE THITHI
KOMIUIEKCHBIX ~ BaHH:  [WaHWJAHBIE,  THOLMAHATHBIE,  HOIWIHBIE,
THOCYNb(aTHele, CynbbuTHeie W Ap [1-2]. Haumbomee mmpoxo
WCTIONB3YIOTCS IMAHUAHBIE BaHHBI, T.K. IMOKPHITUS, OCAXKAECHHBIE U3 TaKHX
BaHH, O00JaJal0T TPAKTUYECKH BCEM PSAAOM HEOOXOOMMBIX CBOWCTB. B
9JIEKTPOHHOM  NPOMBIIUIEHHOCTH Ul HaHeCeHUs (YHKUIMOHAJIBHBIX
rajJbBaHUYECKUX  CEPEOPSIHBIX  TOKPBITUA  IIUPOKO  HPUMEHSIOTCS
QJIEKTPONUTHI, TOJYYEHHbIE Ha OCHOBE XJIODUCTOrO cepedpa U
KEJIE3UCTOCHHEPOAUCTOTO KaJvsl. B HHUX MIPUCYTCTBYIOT
crabwimsupyromue OydepHble A00aBKH. OTH 3JICKTPOIUTHl UMEIOT PsT
MIPEUMYIIECTB Tepe]] MaHUCThIMU. OHM MeHee TOKCHYHBI, T.K. HE UMEIOT
n30bITKa HOHOB CN ™ 1 B TO e BpeMsi MO3BOJISIOT MOJTy4aTh Ka4eCTBEHHbIE
MOKPBITHSI. MBI pEKOMEHIYeM, pacTBOp, COAEpIKAIIMi IUIMAaHOApTEeHTAT
KaJMsl B KauecTBE UCTOYHHUKA cepeOpa. Ponb poHOBOro 31ekTponura B HeM
urpaer KoMIUiekCc OydepHbIX m00aBOK — cMmech OoparoB, (ocdaroB u
kapbonaros (B®K) [4].

Beicokne MexaHWuYecKHe CBOMCTBA, XOpomlasi KOPPO3WOHHAs
CTOMKOCTb M  YIOBJETBOPHUTENbHAS  3JIEKTPONPOBOAHOCTh  MaJUIAJHs
obecreunsii eMy IIMPOKOe NPUMEHEHHE B DJIEKTPOHHKE M PalUOTEXHHUKE
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JUI. TIOKPBITHSL KOHTAKTOB pa3JIMYHOM armaparypsl. B HerepmernuHoi
anmaparype najiaJieBble TOKPBITHI MOT'YT 3aMEHSTh 30JI0ThIE.

Jlis ocakeHus! aJu1aAneBbIX MOKPBHITHH CYIIECTBYIOT XJIOPUIHBIH,
cynbhamaTHBIN, aMHHOXJOPUAHBIH, (QOCPOpHBIA W Jp. 3IEKTPOIHTHI.
OCHOBHBIM HEJIOCTATKOM MaJuIaius SIBJISIETCS MUKPOTPEIIMHOBATOCTH [5].

OmuuM 13 3(GQEKTUBHBIX HANpaBICHUH YIIy4IIEHHs KavecTBa
¢yHxmonanbHbx Ol sBIsieTCSl MpUMEHEHHEe ePHOIUYECKIX TOKOB. OHH
TO3BOJISIIOT JIETKO M OIEpPaTUBHO YIIPABISATH TEXHOJIOTHEH HaHECeHUs
raJbBAHUYECKUX MOKPHITUH, YIPOCTHTH COCTAaBBI JIEKTPOJIUTOB, TIOBBICHTh
CKOPOCTh METaJUIM3alMM, CHU3UTh KOJIMYECTBO BKIIOYAEMBIX IpuMeceil u
T.1. IlomoxwurensHoe BIUSHUE IIEPUOJMYECKHX TOKOB Ha (usmko-
XMMHYECKAE CBOMCTBA TOHKMX IUICHOK B IIEPBYIO O4Yepelnb CBS3aHO C
COBEPILIEHCTBOBAaHUEM HX CTpYKTypsl [6]. C yBenuyeHHeM 4YacTOThl U
CKBR)XHOCTH CTPYKTypa TMOKPBITHS HW3MEIbUaeTCs, CTaHOBUTCA Ooiee
IUIOTHOH. DTO IIO3BOJISIET, M3MEHSS DJIEKTPHUECKUH PEXHUM OCaKIACHHMS,
BO3/IEHCTBOBATH U (POPMHUPOBATH TPEOYEMYIO CTPYKTYPY TOHKHUX IIJICHOK.

Hanbonee mepcrieKTHBHBIM HaIlpaBJIEHHEM B CHIDKEHHHM pacxoja
JIparMeTaJuIOB SIBJISIETCS 3aMEHa MOKPHITUSIMHM CIUIaBOB Ha HMX OCHOBE.
Hampumep, BecbMa mepclieKTHBHAa 3aMeHa cepebpa ciuiaBaMu cepedpo-
cypbMa, cepebpo-naiianuii, cepedpo-mMenb, cepedpo-Boiabhpam. Takue
TIOKPBITHSL  O0JIQIAlOT  TOBBINIEHHBIMM ~ MEXaHHMYECKUMH  CBOWCTBaMU
(m3HOCOCTOMKOCTh B 3-10 pa3 MeHblle 4yeM cepeOpsiHBIX, a TBEpPAOCTbH
350krc/MM%),  HEOOXOZMMOH  KAPONMPOYHOCTHIO M KOPPO3HOHHOI
CTOMKOCTBIO 0€3 3aMETHOTO CHIYKEHUSI AJIEKTPHUECKUX XapaKTEPUCTHK [5].
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OB OCOBEHHOCTSIX UCITOJIb30BAHUA CIIAHH
®YHKIUI B YYEBHOM ITIOCOEUA OCHOBBI
HAJEXXHOCTU TEXHUYECKUX CUCTEM

Cmebnsmxo Iasen Anexceesuy®, Kpvinosa Tamwsna Baueciasosna®
Hsawenxo Banepuii Hempoeuvz, Hsawenro Jluous Bﬂa()uMupoeHaz
Unenpoosepaicuncuii 2ocydapcmeennbiii mexuuueckuii yrugepcumen, yi.
Jnenpocmpoesckas, 2, [nenpoosepacunck, 51918, men. 0569 551552, E-mail
steblyanko@rambler.ru
2Hayuonanvnas memannypeuueckas akademus Yxpaunsi, np.lacapuna, 4, [uenponemposck,
49635, men. 056 474256, E-mail mai @dmeti.dp.ua

IIpencraBneHHblf  Kypc JIEKIMH 1O OCHOBaM  HAJEKHOCTH
TEXHUYECKUX CHUCTEM COCTABJICH C YYETOM OCHOBHBIX KBAJTU(PUKAIIMOHHBIX
TpeOOBaHUM, O0OS3aTEIBHBIX 3HAHUA W HABBIKOB, HEOOXOIUMBIX IS
MOATOTOBKU  CHEIHUAIUCTOB IO  HEpa3pylIalolEeMy KOHTPOIK U
TEXHUYECKON TUarHOCTUKE.

Marepuan €KUM MOCBSIIEH OCHOBHBIM PAacYETHBIM MOJEISM
OLICHKM HAaJIeKHOCTH HEBOCCTAHABIMBAEMBIX M  BOCCTaHABIMBAEMbBIX
TEXHUYECKUX OO0BEKTOB. [louepkHyTa YHHUBEPCATBHOCTH IPEITaracMbIX
MoJieleil, BO3MOXKHOCTD MPIJIOKEHUS UX B PA3JIMIHBIX 00JIACTAX TEXHUKU.

IMockonbky 0a30if OCHOBHBIX IOHATHH W MOJCICH HAICKHOCTU
SIBJISIFOTCSL MOJIENTM TEOPHU BEPOATHOCTEH, HEIOCTATOYHO WJIM HE BCerja
h3y4yaemble CTYIEHTaMHU, KypC JEKUUH COAEPKUT MPWIOKEHUE C
HEOOXOMUMBIMU  CBENCHUSIMH U3 TEOPHH BEPOATHOCTEH W TeOpUu
anmpoKCHUManuu (QyHKIuH. B dvacTHOCTH 0c000€ BHUMAaHUE YACICHO
BOMpocaM MpHOImKeHusT QYHKIMIA crutaiiHaMu. PaccMOTpeHBI KOHKPETHBIC
MpUMEpbl TPUMEHECHHS JUIS  aNNpPOKCHMAIUM  (YHKIUH KYOMYECKHX
CIUTAHOB M HANpSIKEHHBIX CIUIAMHOB, KOTOpPHIE MO3BOJISIOT MOJYYUTH
COOTBETCTBEHHO TPETUM U YETBEPTHINA MOPSTOK TOUHOCTH.

[MonpoOHyr0 UHPOPMAIHUIO O MPAKTUICCKAX MPUIOKCHUSIX OLCHKU
HAJCKHOCTH, OOCCICUYCHUS] HAICKHOCTH MPHU IKCIUTyaTallMid OOBEKTOB U
JIUATHOCTHPOBAHUN TEXHUYECKOTO COCTOSHUS OOBEKTOB MOXXHO MOJTYYHTH

Ha Ka(bez[pe BBICIIICH MAaTCMAaTHKH I[HerOIB CPIKUHCKOT'O
TroCy1apCTBEHHOI'O TEXHHUYCCKOI'O YHUBCPCUTECTA u Ka(bez[pe
I/IH(l)OpMaHI/IOHHBIX TEXHOJIOTUH u CHUCTEM HaHHOHaJ’IBHOﬁ

METaJUTypruuecKoi axKaJeMuu Y KpauHbI.

151



CopepxaHue

KopcyH B.U., Muxanes A.U., OemyeHko O.A.

MopenuposaHue TpaHcnopTHoun cuctemsl 'OK ¢ ucnonb3oBaHuem
HeuYeTKnNx ceTen

1 o R |
KoHoHoBa O.

YuncneHHoe MogenupoBaHme TedeHus pnbpobeTOHHbIX
cMmecen.......... 6

JInswny M.HO.

OnTuMn3aLmsa NnepexoqHbIX PEXUMOB TEXHOMOMMYECKNX YCTaHOBOK
HenpepbIBHOMO

nencTeus.. NP PDEPRRPRNN < |

Moctan M. Fl CTOpO)KeB B B

MeToa onTrMmnsaumm napameTpoB TPaHCNOPTHbLIX CPeAcTB B
OBYyXMOAansHON CUCTEME AO0CTaBKU

0]V F= 12

LLlaxoB A.B.

MopenupoBaHue XXU3HEHHOrO LIMKINa TeEXHUYECKNX
CUCTEM........c..n.. 15

MuxaneB A.U., Kanu6eppa 10.0.

O6ecne4veHne 6e3onacHOCTM KOPNOpaTUBHBIX CETEN NPeanpuUATUii
Ha OCHOBE MCNOMNb30BaHUS CUCTEM UCKYCCTBEHHOMO
UMMYHUTETA........... 18

HepeBsaHko A.UN., EBTyweHko A.B.

MccnegoBaHne XxaoTUYeCKOro nosedeHnst TEXHUYECKUX CUCTEM C
Lenbio NOBbLILLEHNS UX

HaOeXHOCTHU.. 21
PounsmaH B. I'I Bop;NOK P O

MaTtemaTnyHa Moaernb AOCNIAXEHHS THYYKOCTi repMoBy3na
CEKTOPHOI

KOHCTPYKLUT. . ettt ettt et e ettt e e et et e e e e e e
24

Andrusenko I., Januteniene J., Mickeviciene R.

Statistical Analysis of Ship Hull Corrosion

Defects.. . ..28

MuxaneB A VI I'op6 B I' NMomynes B.B., Benosepos B.E.
Mogenu d.)OpMI/IpOBaHI/IFl METanmnoCTPyKTyp KOHCTPYKLIMOHHbIX
MaTepuanoB TEXHUYECKNX CUCTEM Ha ocHoBe 3d NepKONSALMOHHBLIX
0 E= o (=T o o] J PR
32

152



Cinin P.l., TopaeeB ALl

BibpauijnHe obnagHaHHA ONs rigpokasiTauiiHOro BMnvBY Ha cknag
Ta BMNacTMBOCTI

=70 )11 PRI 1o
Pousman B.I., Boropow A.T.

Bubpauun camonetoB ¢ TypbOBUHTOBLIMM ABUraTeNsiMM U3-3a
Kocoro

L0 Lo = - P
37

Palevicius A., Rinkevicius A., Bubulis A., Zdanavicius J.
Experimental Investigation of Vibrations of the
Waveguide................ 39

Mazeika P., Barzdaitis V., Bogdeviéius M., Didziokas R.
Reliability of Rotating System With
Gearings.......coeovveviiiieiie e, 42

Enescu M., Banacu J., Popa N.

The Good Reliability by Equipments and Lubricants
Monitoring......... 46

Cepatok J1.U., OHuwieHko B.A.
MoBbILEHNE HAAEXHOCTM N LONTOBEYHOCTN BUOPALIMOHHOW TEXHUKM
C MCMOMNb30BaHMEM YNpaBnsieMbiX BUOPaLMOHHbIX

Mponpak, 10.C., Kosnos B.I., BnacoBa T.E.

[OnHamunyeckast Mogernb NPOCTPAHCTBEHHOMO ANNMHHOMEPHOTO
rMapoTpaHcnopTHOro TpybonpoBoaa B pacyeTax Ha COMpoTMBIIEHNE
e =11 (o1 1 T PP
...54

NM6unk IN.M., F'punbepr I'.J1., Koctiok O.B.

AKTMBHOE ralueHve Bubpaumin TeEXHUYECKMX CUCTEM MeTogamum
CeneKkTNBHO-MHBapUaHTHOro

YNPABIEHUS ...t 57

3suapaypu B.C., Tymanmwsunu I'.U., Hatpuawsunu T.M.
Bo3HMKHOBEHME NPOCTPAHCTBEHHbIX Napas3vTHbIX KonebaHuni n nx
BnusiHWe Ha paboune npouecchl

BMOPOMALLMH. .....vvveeeeeeevnennens .. 61

Cokon B.M.

BeckoHTakTHasi AMHaMOMETPUS BpaLLatoLLMXCA POTOPOB
(MaTemaTunyeckas

Yo 1Y 1 65



Bubulis A., Jonusas R., Jurenas V., Zebelys K.

Pecularities of Condition Monitoring in New Enterprises During the
Initial Period of

EXPIOItAtION. .. ...t e e 69
CmupHoBa P.C., 3akpxxeBckuin M.B., LlykuH U.T., EBcTUrHeeB
B.1O.

XaoTuyeckme konebdaHus B HEMMHENHbIX AUHAMUYECKMX CUCTEMAX:
TUMbl XaOTUYECKUX aTTPaKTOPOB, CLEHapun POXOeHUs 1
MHOTOPEKMMHOCTD ...+ et eeteet it ee et eet et et re eeaeet et ae e aeneanae e e
71

MypaBoB C., BopoHoB C., Boropouw A., By6ynuc A., BuwHsikoB
H.

Mpo coBpeMeHHble oxnaxagaemMble 1 Heoxnaxgaemole pokanbHble
MUKPOBONOMETPUYECKNE U MUPOINEKTPUYECKNE
MaTpuubl................ 75

Boropow A.T., BopoHoB C.A., llapkuH C.10., MypaBsos C.A,,
BuwHskos E.H., Menuxos U.B.

YnpaBnsiembli CUHTE3 CaMOOPraHN30BaHHbIX Sige HaHOCTPYKTYp Ha
KPEMHMEBbLIX NOAMOXKAX BHELLHUMN DU3NYECKUMU
dakTopamM......... 78

Boropow A.T., BopoHoB C.A., llapkuH C.10., MypaBsos C.A,,
BuwHskos E.H., Menuxos U.B.

PocT aedekToB B KpeMHUEBbLIX NOAKNaAKaxX HaBUraLMOHHBLIX

1] [o]o] o 1o )= F PP
.82

Makapa B.A., CtebneHko J1.M., Bacunbes M.O., Kypuniok A.M.,
Ko63ap 10.J1., HaymeHko C.M., Konnak O.B.

3MiHa isM4HUX BNACTUBOCTEN Ta HAHOCTPYKTYPW KpucTanis
KpeMmHito nig aieto cnabkoro marHiTHOro

Kaneko O.M.

MmnynbcHasa gyroeasi obpaboTka
MOBEPXHOCTU......vinieiiiiiiieaaeaans 87

Piven V., Romanenko O.

To Question of Reliability of Construction of Beads of Quarries and
Optimization of Their Characteristics
Enhancement......................... 91

Zakowska M. Pietraszek J.

154



The Use of Blender Programme to Reconstruction 3D Solids of
Mechanical Devices With Photo

Rendering.........ccoovvi i 93

Sikorska S., Pietraszek J

Photogrammetry in Computer Aided Design for Mechanical Devices
With Use of Program Hugin 0.7 Beta 4 to Reconstruction of
Photographic
Documentation..........coooii i e e 98
Dwornicka R., Pietraszek J.,

Identification of Function Modelling Hardness on The Surface of Hip
Joint

Endoprosthesis... . S 102
PounsmaH B.I., I'IeTpau.l,yK C A KOBTyH VI VI

Onpepgenexuve dJMSMKO MeXaHUYECKNX XapaKTepUCTMK NONUMEPHbIX
MaTepuanos METOOOM

naoeHTudmkauuu. .. ... ...107

PounsmaH B.I., TKaqu B I'I D,paq I B HIKITIH 0.0.
EKCI‘IepMMeHTaJ'IbHI OOCnioKEeHHSA npoLecy aBTOMaTU4HOro
GanaHcyBaHHs1 poTopa 3 ropM3OHTarNbHO BiCCIO 06epTaHHS
METOAOM LUBUAKICHOT

BiJ€O3MOMKM!. . S i
Muxanes A. VI Bo,qonascmu lO A Kosnoa B I'I

KoHTponb ka4yecTBa MeTannyprmyeckon NnpoayKuum ¢ NOMOLLIbHO
MYNbTUdPaKTanbHOro aKcnpecc-

AHAMMUBA. ..o 114

KnumeHko .M.

AkicTb npouecy ekcnnyaTauii pisanbHOro iHCTPYMEHTY Ha BaXKMX
22T 1o k=) = b PP
116

KoBaner B.A., BacunbueHko 4A.B., MakapkuHa A.B.,
IMpoueccHO-OpNEHTUPOBAHbLIN NOAXOA K YyNpaBneHuio Ka4eCTBOM
paboTbl aganTUBHOW TEXHOMNOMMYECKON CUCTEMBI
TsKenbIXCTaHkoB.. 119

Polishchuk S. Z., Shapar A. G.

To the Question of Reliability Estimation of Technological Systems
and Processes on Territories With Man-Caused
Damages..........c........ 122

Bap6aHey P.A., UBaHoBckun B.T.

MoBbliweHne adhHEKTUBHOCTU AKCNyaTaLmm CyaoBbIX An3enemn

3a cYeT MOHWUTOpUWHra paboyero

MPOLIECCA. ...t cv e ieeeieeeeeieanens 124



BopoHuos B.C., YannuHckun [.A.

MoBbiweHne acpdekTMBHOCTM cad/cam/cae — cuCTeM 3yG4yaTbIxX

L] 1= 1 = L PP |
26

BorpaHoBu4 A.B., Enoson O.M.

OueHka O0nroBeYHOCTH CUIOBBLIX CUCTEM MO KPUTEPUSIM FTOKANBHOro
MOBPEMKIECHUIS. .. .. e ettt et et ete e e ettt ettt e e e e et enaeneas 12
8

Tymanuwsunu I'.U., 3snanaypu B.C., Yenuase M.A.
VMccnenoBaHne [onroBe4YHOCTU rpebHs koneca n 60KoBom
NOBEPXHOCTU

01T = o= 1
132

Cropoxes B.I., ConogoBHukoB B.T.

3aKoHOMEPHOCTW N3HOCa AeTanen LMNMHAPONopLLUHEBON rpynmbl
MarnoobopOoTHbIX

OBUMATEIEM. ..o ieiiie e e eeeeieiieiieieeneeene e 137

Bownko A. ®., AyauHbu 4. M.

OueHka pecypca pambl BaroHa-LMCTEPHbI NPY MHOMOLMKNOBOM

a1 02 1
139

Goroshko A.

The Practice of the Applying Acoustic Emission Phenomena for
Nondestructive Control and Diagnosing of Welded

Joints............... 141

Bepcupoga O.J1., Ky6naHoBckun B. C., EmenbsiHoB B. A,
Anydppues J1. IN.

"anbBaHOMOKPLITUS AparmeTannaMmu gns

MUKPOSNEKTPOHUKMN......... 147

CrebnsaHko N.A., Kpbinosa T.B., UBaweHko B.I., UBaweHko J1.B.
O6 0cobeHHOCTSIX UCMONb30BaHWA CranH PyHKUMN B y4ebHOM
NocoOumn OCHOBbI HAOEXHOCTU TEXHUYECKMX

CUCTEM.....eivieanennnns 148

156



Scientific Edition

THE IMPROVEMENT OF THE QUALITY,
RELIABILITY AND LONG USAGE OF TECHNICAL SYSTEMS
AND TECHNOLOGICAL PROCESSES

VI International Conference
December 2-9, 2007, Hurghada, Egypt

HayyHoe nsgaHve

NOBbIWEHUE KAYECTBA, HAOEXHOCTHU
M 0ONroBeE4YHOCTU TEXHUYECKUX CUCTEM
N TEXHOJIOT'MYECKUX NMPOLIECCOB

C6opHuk Tpygos VI MexxayHapoaHOW Hay4HO-TEXHUYECKOW KoHdbepeHunm

2-9 dekabps 2007 e., Xypzada, Eaunem

HayKOBe BMOaHHA

NIABULLEHHA AKOCTI, HAQIMHOCTI | LOBrOBIYHOCTI
TEXHIYHUX CUCTEM | TEXHOJNIOIN4YHUX NMPOLIECIB

36ipHuK npaub VI MixxHapoaHOT HayKOBO-TEXHIYHOI KOHdepeHLi
2-9 epydHs 2007 p.,Xypeada (Ervner)

(YKpaiHCBKOIO, POCIHCHKOIO Ta aHTJTIHCHKOK MOBAMH)

BignosiganeHuii 3a Bunyck: PotiamaH B.I1.
TexHiuHWn pepnakTop: Spemyyk B.C.

Komm'toTepHa BepcTka: Yonenko O.B., HabaH T.B.

ITinnucano mo napyky 30.07.2007. ®opmar 30x42/4
IMamip odcernmii. apriTypa Times New Roman
Jpyx pizorpadiero. YM. apyk. apk. —10,73. O6mn.-Bua. apk. — 10,05
Tupax 100. 3am. Ne 287/12

BinnpykoBaHo B pegakuiitHo-BraaBHIYIOMY IIeHTpi XHY
29016, M. XMensHUIBKUH, ByA. IHCTHTYTCBKA, 7/1



